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CAUTION

USE EXTREME CAUTION FOR THE FOLLOWING EVENTS:

EVENT TITLE PAGF PRECAUTION
5.7 - GRIND A CRACKER 141 - DO NOT USE MORE THAN 0.5 craM OF EACH
OF THE CHEMICALS !
5.21 - Tve CHeEMIcAL FLae 155
5.92 - Tve BARKING LoG 156 )~ DO NOL SPILL THE PHOSPHOROUS SOLLTION
ON HANDS OR OTHER MATERIAL !
DISPOSE ANY LEFT OVER PHOSPHOROUS
SOLUTION OUTDOORS OR BURN OFF !
3.23 - (oLorR THE FLAMES 157 ‘
6.4 - THe Hot AciD 182 )- DO ML USE MORE THAN THE PRESCRIBED
AMOUNTS OF CHEMICALS !
CarrY our unDErR FUME HOOD oR outpoors !
7.20 - The CooL FLAME 218 - DO NOT USE AN EXCESSIVE AMOUNT OF THE

FLAMMABLE LIQUID IN THE MIXTURE !
A GENERAL SAFETY RULE TO FOLLOW: ADHERE TO THE INSTRUCTIONS !

IF UNSURE ABOUT THE AMOUNTS OF CHEMICALS TO BE USED,
ALWAYS START WITH VERY SMALL QUANTITIES !!!

THe AutHoR oF “INVITATIONS TO SCIENCE INQUIRY” 1S NOT RESPONSIBLE FOR ANY
ACCIDENTS RESULTING FROM IRRESPONSIBLE OR INCOMPETENT USE OF THE DEMONSTRATIONS
AND ACTIVITIES SUGGESTED IN THIS BOOK !
Tik L. Liem ‘




PREFACE

This book is written and designed for teachers of science, particularly for
those at the upper elementary and junior high or intermediate level, for college
students preparing to teach science, and for all those individuals who are
interested in science.

In the teaching of a science concept, it is most essential for the teacher to
urouse the students' curiosity. Unless the student wants to know what the teacher
has to say, it is most likely tha. time and effort in trying to teach the student
would have been ccmpletely wasted. The first task of a teacher is to attract the
attention of the student. This goes for all levels of learning, whether it is
primary grade or college. A student without interest is the desperation of any
teacher. In fact, the main objective of formai education is the arousing of the
students' interest, if nothing else. Once curiosity is aroused the student will
learn much more on his/her own than the teacher can ever teach him/her. Learning
only takes place if the student wants to learn.

The use of discrepant events in the teaching or science is one of the best
methods to do just that: to arouse interest and curiosity. The discrepant or

‘counterintuitive event in science, sometimes also called the mind-capture or the

intuition—offending event, is an occurrence or happening which goes counter to
what one thinks likely. This event is set up in such a way that it poses a
question to the student and asks him/her to come up with the explanation. There
is evidence that students will retain science concepts longer when they were
engaged in experiencing counterintuitive events. This book is a collection of
thoroughly tested discrepant events. They can be used to initiate or sustain a
lesson in virtually any topic of scierce at the upper elementary or intermediate
level. They can also be used as reinforcement activities for the students or as
challenging problems for further inquiry. Each of the events is a focus for
inquiry teaching, a most appropriate way of reflecting the true nature of science
in the classroom. The students are required to put into practice most of the
science processes when engaged in inquiry.

The description of each of the discrepant events is organized in such a way
as to provide the teacher with the maximum guidance for conducting a science
inquiry lesson. Emphasis has been placed on the use of simple material so that
most of the events may be carried out with things that are found in everyday life
or may be bought in local stores.

Although each of the events have been tested and the procedure, questioning,
and explanation constructed by the author, many of the ideas have come, probably
without realizing it, €rom others. The author is very conscious of his
indebtedness to numerous persons -- mostly teachers, colleagues, and students --
and wishes it were possible to thank each one individually. Perhaps his gratitude

e has made as a result of their inspiration.

.is best expressed by his desire to share with a larger audience any contribution

Tik Liem
St. Francis Xavier University
Antigonish, Nova Scotia, Canada B2G 1CO
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INTRODUCTION

A point of concern that dedicated science teachers will sooner or later face
in their career, is how to arouse the students” interest in the subject matter
that he or she is teaching. This is the age old problem that will confront every
single teacher, whether at the primary, the secondary, the university, or at the
post graduate level. It is a problem of motivation. The question is: how do we
teachers arouse the students’ interest? In modern terminology: how do we turn the
students on to whatever subject matter we teach, in our case science?

How do we turn sameone on to learn to play the piano? - or a toddler to eat
his/her meal? - or anybody to learn to swim? Harry Overstreet, in his
illuminating book: Influencing Human Behavior, said: "Action springs out of what
we fundamentally desire.... and the best piece of advice which can be given to
would-be persuaders, which you and I are, whether it is in the hame, in business,
in school or in politics, is: First arouse in the other person an eager want. He
who can do this will have the whole world with him. He who cannot, will walk the

lonely way."

We certainly do not want to be placed in the latter category. How can we
then create this eager want, in our case an eager want in the student to learn?
The answers to the above questions are thus quite obvious. By showing and letting
the person listen to beautiful piano playing we arouse in the other person a want
to play the piano. By showing the toddler that you yourself enjoy eating whatever
food you want him/her to eat, an eager want to eat is created in the young person.
By showing that swimming is a lot of fun, the want to learn to swim is aroused in
the other person.

Similarly, an eager want to learn science can be created in the student by
showing the student that doing science can be very enjoyable. Unless there is a
need, or a want in the person, or a reward for the other person, we cannot turn
anybody on to do anything. Ramey 1) stated that "the science teacher’s first task
is to establish a need to know". How can you make sameone try to taste a foreign
dish? Would you just describe the dish or force the person to take a bite?
Neitheri Unless you yourself show the other person that you enjoy eating the
particular dish and really show it (smacking your lips accompanied with
exclamations of ecstacy!), that person most likely won’t touch the strange dish.

So it goes with learning science or any other subject matter. In order to
get students fired up about something, first you yourself have to be enthused
about it. Like in a wood fire, in order for you to give others a spark, first you
yourself have to be aglow and burning. Thus, showing enthusiasm, to be dealt with
under Science Teacher’s Characteristics, is one of the conditions for good
teaching.

In the process of teaching and learning of science in the classroom, and the
interaction between teacher and student, in order for the teaching to be effective
and for the learning to be optimal, several key questions need to be answered:
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1) What are the characteristics of the really successful and outstanding
science teachers?

2) What is the nature of science itself as subject matter to be learned?

3, What are the characteristics of the learner and the condi.ions
that have to be met in order for learning to take place?

4) Is there a specific device, method or technique that would create
the need to know or the eager want to learn in the student?

This introductory section attempts to bring out the answers to the above

questions in a logical progression, with the assumption that you, *he reader, a:.e
already motivated yourself to read further.

1) Science Teacher’s Characteristics

The features that will be discussed here are the special attitudes of a
teacher that were seldan encountered in the average teacher, but that were always
present in successful and effective science teachers.

a) Enthusiasm

Do you show any enthusiasm in your own science teaching? Have you ever asked
yourself whether the degree of your enthusiasm in science that you show in class
is high enough for it to spill over to your students? High enough to turn .your
students on to science?

Several works have been published on the subject of enthusiasm. One is by
the author of "The Power of Positive Thinking", Norman Vincent Peale’s 2):
"Enthusiasm Makes the Difference", in which he states: "It is a proven law of
human nature that as you imagine yourself to be and as you act on the assumption
that you are what you see yourself as being, you will in time strongly tend to
become, provided you persevere in the process." In other words, if you want to be
enthusiastic, act enthasiastic! And you'll eventually be enthusiastic!

If you think back of your own education and ask yourself how you became
interested in science’or how you became a science teacher, you almost certainly
would be able to trace it back to one or two teachers, whether it was at the
elementary, secondary or college level, who were enthusiastic enough in science so
that he/she made you want to continue a career in that field.

Enthusiasm is a funny thing. Although you cannot teach it to the students,
they can actually catch it! "Enthusiasm, like measles, mumps and the cammon cold,
is highly contagious", says Emory Ward. One of the most enthusiastic teachers of
science I know is Hubert Alyea 3), originator of T.0.P.S. (Tested Overhead
Projection Series) and Armchair Chemistry. His boundless zest, self-reliance and
overflowing enthusiasm for chemistry teaching is very contagious. As a graduate
student I once visited him at Princeton University to interview him about TOPS.
Although he was very busy at that time, he made a special effort and insisted that
I should see one demonstration that he would like to do for me. This was the
“clock reaction” where a colourless liquid would turn to orange and blue on
comand! He did it with such enthusiasm that I caught some of it and could
actually weave same zest into my own presentations to pre- and in-service science
teachers.
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Another enthusiastic science educator is Vernon Rockcastle, Professor of
Science Education at Cornell University. His vitality and zest for science
teaching has made him not only an author of science texts, but also one of the
most outstanding science education presenters at conferences. His science
workshops offered at professional meetings are always some of the most enjoyable
ones to attend.

Other science educators who stand out in my mind are: Paul F. Brandwein,
researcher and author of numerous Science Methads textbooks; Harry K. Wong, Junior
High School Science Teacher, author, and most sought after speaker in the science
education world; Irwin Talesnick, Chemistry Professor at Queen’s University and
most dynamic demonstrator of chemistry; George VanderKuur, scientist an?® puysics
educator at the Ontario Science Centre; Alan McCormack, Professor of Science
Education and Zoology at the University of Wyoming; and many more that I could
mention.

What is a cammon characteristic that all these zestful and dynamic speakers
possess? It is enthusiasm! Moreover, they are not afraid or inhibited to show
it. They actually move faster, talk faster, smile more, and have a good time
themselves! What .re other features that they have in common?

b) A High Self-esteem

Every single science educator or teacher mentioned above. possesses a high
self-esteem. They feel good about themselves. They value themselves highly.
They know that they have samething of value to contribute and this shows in their
stance, poise, manner, and the voice volume and intonation that they use. In
other words, their attitude is right!

How can you develop the right attitude as a science teacher? Attitudes not
only show through but also "sound" through to the students. When you came in the
classroam, it is not only your clothing that students will look at, but they will
also listen to the voice and tone that you are using, which all determine your
attitude. Expressions, voice volume, and inflections that you are using will give
away your attitude towards science and science teaching in general. It will tell
the students whether vou 1like science, whether you are truly enjoying vyour
occupation as a science teacher.

David J. Schwartz 4), in his book The Magic of Thinking Big suggests to make
your attitudes your allies in everything you do. 1In the chapter that has the same
title as the suggestion, he talks about growing the following three attitudes to
win for you in every situation:

i. Develop the At.itude of "I m Activated”

Let me illustrate this with the chemistry class that I was enrolled in at the
Grade 12 level. At that point I actually already developed an interest in
chemistry because of the previous years’ chemistry courses, which were offered by
rather good teachers. Then came this grade 12 teacher (Mr. A), who was a
middle-aged gentleman, apparently knowing the chemistry content very well, but
nevertheless, was pathetically dull. He wrote constantly on the board all the
reactions that he talked about, but never showed us any demonstration. It was
amazing how he could change an exciting subject like chemistry into one that
seemed so terribly dull and boring.

Lo
)




xxH

You may well imagine what the effect of such a boredom was on the students. .
Almost no one paid attention, some were sleeping and some were reading camic
books, and actually almost none of the students learned anything.

Well, one day this teacher did not show up. As a matter of fact he
completely disappeared from school - I really did not know why - but I think it
was a lucky break for us students, because he could have turned everybody off in
chemistry, actually he was already in the process of doing so. If he had stayed
on, I know that I would certainly not be in the field of science education.

With the chemistry teacher missing, the grade 12 class had to go to the
medical college, where a chemical engineer (Mr. B) was offering our grade 12
students special chemistry classes. This teacher then was campletely the opposite
of Mr. A. He was enthusiastic and he accompanied and illustrated every single
reaction that he put on the board with a demonstration. How exciting! Chemistry
became alive to me! Everybody was spellbound and our eyes were glued to the
teacher and what he did. Questions were invited at any time and discussions were
quite frequent. Everybody was learning!

The most remarkable thing is that I still remember some of the details of
that course and Mr. B himself. I can still remember (and this is 34 years ago)
his face, his smile, and his name: Ir.(Engineer) Van Gyn; and the most outstanding
demonstrations of spontaneous combustion reactions, most of which are described in
this book under "Chemistry".

Can you see the difference between Mr. A and Mr. B? In the case of Mr. A the
students had no interest whatsoever in what the teacher was saying, because the
teacher himself was not interested - at least he did not show it - in the subject
matter. He must have been bored with chemistry and it certainly showed through.

The second teacher, Mr. B, just was himself and showed interest in his
subject matter. He showed to his students that he liked what he was doing, that
he enjoyed himself, and voila - his students became interested! His enthusiasm
spilled over and was caught by his students! Thus the lesson fram these examples
is: TO ACTIVATE OTHERS, YOU MUST FIRST ACTIVATE YOURSELF! In order to get people
enthusiastic, you must first be enthusiastic yourself. Before you can give off a
spark, you must first be aglow yourself.

ii. Develop the Attitude of "You are Important"

Every human being, .o matter whether rich or poor, young or old, backwards or
sharp, living in New York City or Timbuktu, has a desire to feel important. Man’s
most compelling, non-biological craving is this desire to e important.

John Dewey, one of America’s most profound philoso, 2rs, said that the
deepest urge in human nature is "the desire to be important".

Consider the following two classes and imagine yourself as a student coming
into these classes the first day of school:

Class A

The teacher starts the class by saying: "Boys and girls. I am your science
teacher. I am the boss and you have nothing to say. You are here only to learn
from me. Science is important for our future, that is why we are here to learn
science."
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Class B

The teacher starts the cla=s by saying: "Ladies and gentlemen. I am vour
science teacher. You are our future generation. You will be the leaders of our
country 10-20 years fram now. Since science plays such an important role in our
future, you are here to learn what science is all about."

In which of the two classes would you feel more at hame? In which of the two
classes would you feel more important? In which would you likely learn more? It
is quite obvious, of course in class B. Why? Because the teacher made you feel
that you will be the leader of the country and leaders must be knowledgeable about
science.

Why do we want to make others feel important? Because not -nly will people
do more for you, but when you help others feel important, you wil! help yourself
feel important too.

In the classroom we teachers can do this by praising the students whenever
they are doing the right thing, or whenever they respond with the correct answer.
Give praise at every opportunity you have. Respond to correct answers with:
"Excellent!" or "Bravo!". Build students up and make them feel that they are
contributing valuable information to the discussion. By praising the students you
make them feel good, and good fe=ling students will never give you trouble in
class. It is those students that have either bad feelings towards you or those
that hate to be in your class, that will give you discipline problems.

So MAKE YOUR STUDENTS FEEL IMPORTANT by praising them and 1looking at the
positive things that they did. In doing so, the students will feel good and love
to be in your class.

iii. Develop the Attitude of "I Care for You"

The third attitude to develop to get the right teacher’s attitude is showing
others, the students in this case, that you sincerely care for them. This
attitude should be quite apparent to the students. They should be able to sense
and feel that you actualiy love your students. Students should know that you, the
teacher, are there to help the students to learn in any way you possibly can,
because you love them.

This aspect of "love" is the most neglected one in the attitude of the
teacher in our educational system, whether it 1s at the elementary, secondary, or
at the college level. The kind of love we are talking about here is comparable to
parental love, or brotherly/sisterly love (when the age difference between teacher
and student is still small). The love of a parent that is totally and
unequivocally deperdable. The love that a child feels caming fram a parent, that
gets him/her through thick and thin in life.

Harry K. Wong 5) expresses his love to the students by actually touching
them. The kind of touch he is talking about and uses are the foliowing: a) shake
hands, b) a pat on the back, and c) a punch against the shoulder. This kind of
touch he uses to enforce his appreciation or approval after the student has
achieved something or has done samething correctly, accompanied with a camment
like: "Hey Tam, I knew I could count on you!" or "That-a-girl Susan, that’s the
way to do it!", builds the students’ self-esteem.
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Love in the classroam as expressed by the teacher for his/her students, is
the unconditional acceptance of the students, whether they are yellow, white, red,
or black, whether they have a 75 or 140 IQ. It is always "looking for the good"
in the student and noticing the positive side of things.

Denis Waitley 6) in his book Seeds of Greatness states: "With love, there can
be no fear. Love is natural and unconditional. Love asks no questions - neither
preaching nor demanding; neither camparing nor measuring. Love is - pure and
simple - the greatest value of all."

So bring love into your classroom, but before you can do that you must be
able to totally accept yourself. Waitley calls this one of his best kept secrets
of total success: "WE MUST FEEL LOVE INSIDE OURSELVES BEFORE WE CAN GIVE IT TO
OTHERS"

In developing a healthv self-esteem we must understand that the word esteem
means to appreciate the vaiue of. We must realize that each of us are unique
individuals and that we are a masterpiece of creation. Waitley says: "There will
never be a person who is more important than any other person, no matter how they
look and no matter what kind of work they do. Each of us is as valuable and
worthwhile as any other person."

c) Creativity

Another common characteristic that the successful science teacher possesses
is creativity. Among all living organisms on earth, only the human being is
endowed with creativity or creative imagination. Napoleon once stated:
"Imagination rules the world." Einstein said: "Imagination is more important than
knowledge, for knowledge is limited to all we now know and understand, while
imagination embraces the entire world, and all there ever will be to know and
understand. "

A study that was recently conducted by a research team of Stanford University
revealed that: "what we watch is having an effect on our imaginations, our
learning patterns, and our behaviors". This means that we have to be selective in
what we feed our minds with. Our mind is like a computer: feed it with good
stuff and good stuff will come out of our mouths. In the computer world there is
a term: GIGO meaning - garbage in, garbage out. Feed a canputer with garbage and
you can’t get more than garbage out of it.

Denis Waitley 7) has written a whole chapter on creativity related to success
in life. He mentioned a few characteristics of creative individuals. How many of
them fit your personality?

* Optimistic about the future

* Constructive discontent with status quo

* Highly curious and observant

* Open to alternatives

* Daydreamer, projecting into future

* Adventurous, with multiple interests

* Apbility to recognize and break bad habits

* Independent thinker

* Whole-brain thinker (innovative ideas into practical solutions)
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Have you met any individuals with most of the above mentioned features? If
so, make friends with them, make them your role models, associate with them, and
learn as much as you can from them.

d) Responsibility

Most teachers do possess this characteristic, which is one of the most
valuable features for a teacher to have in the teaching world and actually for
anyone to have in life in general. A responsible person is dependable, can be
trusted, is a person in wham other people have faith. In other words, his word is
to be trusted. When he says that he’ll be present at a certain place for an
appointment at such and such a time, he should be there at that particular time,
unless he has some legitimate reason for not showing up. This goes especially for
business people in the business world. Can you imagine a business man making a
very important appointment and the next day he comes with the excuse: "Oh, I
forgot!" Will he have credibility with his colleagues? Will his colleagues put
trust in his words?

What does this mean for the teaching world? 1In teaching the teacher’s word
should be believed by the students. The teacher should be consistent and should
actually do what he says he would do, whether it’s in giving back papers or
whether it is in carrying out penmalties for not doing homework, or any other
thing. It is just a matter of remembering whet you vourself said (or promised)
and carrying out/performing what you said. This means that one should actually do
what one preaches.

Many teachers (especially at the college level) say one thing and do another.
For instance, one might be lecturing about the excellent advantages/effectiveness
of the activity approach in teaching science, but one keeps teaching the students
science by lecturing! This way, the whole thrust of the course might be in
jeopardy. Students immediately lose trust in the teacher. Students will not put
any value to the ideas that the teacher may have to offer. By not putting into
practice what you, as a teacher, are saying - in theory -, your preaching about
the theory is mostly in vain!

Another aspect of this "doing what you preach" is the role model part. You,
the teacher, are usually the students’ role moiel. You give the example to the
students in your whole attitude towards science and learning, and in living your
life in general. So, if you want your students to develop responsibility, you
yourself have to demonstrate all the desired characteristics of a responsible,
dependable person of high integrity. So, your motto should be: "Never preach what
you don’t practice!"

In order to develop responsibility in your students, you need to give them
opportunities to do so. ILet them show you that they can be responsible
individuals. Give them tasks that demand same responsibility, like organizing
books in class, cleaning and organizing glassware and materials in the laboratory,
making posters, taking care of animals and plants, etc. The more we do for the
students thinas that we like for them to be able to do, the less they can do for
themselves.
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As a father of four children and a teacher of teachers, I know fram
experience that the most lasting gifts that parents can give to their children, or
that teachers can give to their students, are roots and wings: Roots of
Responsibility and Wings of Independence. When you, as a teacher, can leave your
students on their own, and learning is still continuing, then you have actually
taught your students responsibility and independence.

e) A Sense of Humour

A teacher should have a good sense of humour. This does not mean that he
must be a comedian or constantly have to come up with funny stories. A good sense
of humour means that the teacher must be able to look at his own mistakes and
laugh at himself.

Before you can laugh at yourself and the mistakes you made, you have to be
able to accept and admit that you have made a mistake. We are all human beings
and being human means that we all are bound to make mistakes. By admitting your
mistakes in front of the students you actually show them that you, as a teacher,
are human too. Students would rather see you admit your mistakes than see you try
to cover them up.

Not only should you be able to admit your mistakes, but also the answers to
questions that you don’t know! Paul Brandwein once stated that teachers should
not say: "I don’t know", they should say: "It’s not in my field". He was of ‘
course just joking when he made that statement. You may canfortably say: "I don’t
know" and the students do expect you to say it to some of the questions that t' ey
pose, but you might be able to suggest where they can lock for the answer. You
see, a teacher is just another human being that knows a little bit more than the
students, but he certainly is not a walking encyclopedia.

30 be optimistic, put a smile on your face ard get -xcited about the fact
that you are so privileged to be able to determine the thinking in our younger
generation and thus the future of our country!

f) Comunication

Successful science teachers and educators are always also successful
camunicators. They scem to be able to capture the attention of their audiences,
keep them awake for an extended period of time, and get across whatever concepts
or messages they wanted their audiences to know.

In order to get things across, we may want to communicate in different
languages if we are dealing with people of different nations. I was once in
Burope and saw a sign in front of a restaurant. It said: "all Languages Spoken
Here", so I stepped in and asked the waitress: "Who speaks all languages?"  She
said: "The custamers!" But even in the same English language, it can sometimes be
difficult to cammunicate well. Like this woman that wanted a divorce and saw her
pastor. He asked her: "Do you have any grounds?" "Yes", she said, "We own about .
15 acres north of town". "No, that is not what I meant", said the pastor. "I
mean, do you have any grudge?" "No", she answered, "But we do have a carport in
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our driveway". "No, rno", said the pastor, "How can I put it? Does your husband
beat you up?" To this question she reacted: "Beat me up? I almost always wake up
much earlier than he does every morning". Quite exasperated he said to the woman:
"Lady, would you please listen carefully! Does you husband give you any trouble?"
"Yes", she said, "He just cannot cammunicate!"

Nido R. Qubein 8) in his book "Communicate Like A Pro" stated: ....sincere,
honest, enthusiastic, and positive people make the best cammnicators. The better
you get to know them, the more you like and trust them; and the more you ara
willing to listen to what they have to say. 'This certainly is true for the
effective teacher and his success in communication with his students.

In science, however, above and heyond the general features above, successful
teachers have a particular way of communicating a concept to the students. They
do not only try to describe the concept with words, but they usually show the
swudents an object or event which applies the particular concept. A Law of
Teaching Science which Paul Brandweia 9) coined is: A COONCEPT IN SCIENCE IS
SYNONYMOUS WITH A CORRESPONDING SET OF OPERATIONS.

This means that whenever we want to convey or cawmunicate or teach a science
concept to the students, we should show or demonstrate a corresponding set of
operations in which that concept is applied. In other words, we should do a
science demonstration which applies the ccncept or principle.

In science, therefore, (and in my opinion even in other disciplines) if you
want to teach a concept, do also a demonstration which applies the concept. This
is why the demonstration is such an important tool for the science teacher. A
shorter version of Brandwein’s Iaw is: DEMONSTRATION IS TEACHING.

SUMMARY: SCIENCE TEACHER 'S CHARACTERISTICS

a) DEVELOP ENTHUSIASM
b) DEVELOP A HIGH SELF-ESTEEM
i. DEVELOP THE ATTITUDE OF "I'M ACTIVATED"
ii. DEVELOP THE ATTITUDE OF "YOU ARE IMPORTANT"
iii. DEVFICP THE ATTITUDE CF "I CARE FOR YOU"
c) BE CREATIVE
d) SHOW RESPONSIBILITY

e) DEVELOP A GOOD SENSE OF HUMCLR

f) DEVELOP YOUR CQMMUNICATION SKILLS
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2) The Nature of Science and the Scientist

In order to teach science properly, we have to know what particular
characteristics science has, and also the particular features that scientists
display.

a) The Nature of Science

If we look in Webster’s Dictionary, there are several definitions for
science, but the closest one to what teachers are concerned with in school is
this: "Science is a branch of study that is concerned with observation and
classification of facts and especially with the establishment or strictly with the
quantative formulation of verifiable general laws chiefly by induction and
hypotheses".

The science philosopher Benjamin 10) defined science as: "That mode of
inquiry which attempts to arrive at informati-n about our world (universe) by the
method of observation and by the method of confirmed hypotheses based on
observation."

In both definitions we can see that science is a process as well as a
product. In the latter one we can see more of an activity rather than just the
study of facts. If we hear the word "inquiry", what do we immediately think of?
A process of questioning and answering to search for the truth of the matter. It
is that part of the inquiry process which tries to obtain truthful information
about our universe by using our senses, by gathering data, by formulating
hypotheses, and by confirming these hypotheses on the basis of what we obtained
fram observation.

What are the implications in teaching this particular discipiine in the
classroam? The best way to teach a particular subject is to reflect the true
nature of that subject. In our case, reflecting the nature of science is by doing
science activities in the classroom. By having the students involved in
observing, measuring, calculating, formulating hypotheses, gathering data, etc. in
other words, involving them in all the science processes.

In dealing with the processes, it is virtually impossible to avoid dealing
with science concepts. We have to observe some event, hypothesize why scmething
is happening. TIut in other words: there has tobe a focus or science concept
around which students can practice the processes. This book provides the teacher
with the needed focuses -~ discrepant events which are interest arousing and
challenging.

By presenting these discrepant events to the students in the proper way (see
section under the discrepant event), it is very natural and logical for the

teacher to involve the student in the process of inquiry. Since the event is so
unexpected or against our intuition, it is easy for the teacher to ‘ask questions
about it. The teacher can ask questions requiring either simple answers or more
complicated answers, depending on how deep he wants to go into the subject. The
teacher can therefore adjust each of the discrepant events to his own teaching
level.
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b) The Nature of the Scientist

We teachers are especially interested in what makes a scientist work on one
topic with such dedication. How do scientists became curious about a particular
topic and start a series of investigations about it that could sometimes last for
a whole lifetime? What is it that triggers their attention to such a degree that
they can became so engrossed in it? In other words: what is it that makes them
tick?

Let us consider a couple of great discoveries and let us take a closer look
at their discoverers. Just before the turn of the century Henri Becquerel
discovered radioactivity and a few decades after the turn of the century Sir
Alexander Fleming discovered penicillin.

Becquerel was fascinated by Rontgen’s discovery of X-rays and wondered if the
natural luminescence, or glow, of certain minerals might also be accampanied by
similar x-ray emission. He took a thin crust of a uranium crystal and placed it
on a photographic plate wrapped in lightproof paper. The whole wrapping was
exposed to sunlight for several hours. When developed, an outline of the crystals
showed up or: the photographic plate. Subsequently, in a similar experiment he
found that where same uranium crystals had been left in a dark drawer, unexposed
to light, together with a photographic plate, they left even a stronger outline on
the developed plate' At that moment he must have been very surprised and could
have exclaimed: "Hey! There is a discrepancy here!" He became so interested in
this phenomenon that during the following years he became totally engrossed in his
work on this strange radiation.

Fleming was working in the laboratory with cultures of Staphylooocci,
bacteria that causes boils and blood poisoning. He had also cultures of
Penicillium mould around and one day same of his bacteria cultures were
contaminated with the Pemicillium. While he was in the process of discarding the
contaminated bacteria cultures his attention and interest was aroused by samething
unusual: there were certain spots in the bacteria cultures that were blank. 1In
other words, the poisoning causing bacteria did not grow where it was contaminated
with penicillium. From that moment on the investigation and further extraction of
penicillin from the penicillium mould continued.

From the above examples we can see that in both cases the major thing that
triggered the scientists” attention and interest was a discrepancy. Samething
that they did not expect to happen at all, samethirg that is against their
intuition. For most people in general something that is out of the ordinary may
on the whole attract one’s attention. Also something that is unusual generally
can be remembered for a longer period of time.

What are the implications in the teaching of science and making it
interesting for the students? Confronting the students with discrepant events and
meeting all the conditions for learning would be the ideal things for teachers to
rememmber. This brings us to the question which has pertinent influence on the
learning process:

a) How can new information be retained longer by students?

b) What are the conditions for information retention?
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3) The learning Process

In considering the Learning Process or the Process of Information Retention
as described by Vester 11), it can be seen that several conditions have to be met
in order for new information to penetrate our Permanent Memory Bank (see flowsheet
on page 12).

Vester mentioned the following conditions to be most essential in order for
new information to penetrate the Permanent Memory Bank:

a) Arousing curiosity: MOTIVATION

b) Accompanying with familiar information.

c) Establishing extra gateways.

d) Connecting with familiar observations: providing context.
e) Providing an atmosphere of JOY and ENTHUSIASM.

Let us take a closer look at each of these conditions:
a) Arouse Curiosity

Of the above mentioned conditions, the most important one is the arousing of
curiosity in the learner. Baez 12) mentioned that curiosity is one of the four
important traits in people that should enrich the quality of life. He called them
the four C’s, which stands for: "Curiosity, Creativity, Campetence, and
Campassion". About curiosity he further states: "Curiosity is the motor that
drives the scientist..... curiosity is the source of discoveries in science and
technology..... The spark of curiosity ought to be fanned into a flame by teachers
and parents. It can make learning a pleasurable experience., but it is sametimes

stifled by uninspired teachers who find it easier to demand rote learning."

How can we fan the spark of curiosity into a flame? What can the science
teacher do to arouse the student’s cusiosity? Ramey stated that: "One of the best
ways to stimulate interest is to offend the student’s intuition in same way or to
confront him with a situation that is not readily acceptable". Sund and
Trowbridge 13) are of the opinion that..."another technique for developing
motivation and interest in a discussion is to use pictorial riddles".

What better way to offend the student ‘s intuition in science than by doing a
demonstration? A demonstration of which the outcome is not expected or of which
the performance is thought impossible: a demonstration of a discrepant event.
Gagne 14) is of the opinion that in order for learning to occur, the student’s
brain must be awake. The learner must have a state of alertness that corresponds
to the coammon sense word ATTENTION.

b) Use Simple Materials

The use of simple materials or accompanying the question with familiar
information is also one of the essential conditions for the learning process. In
order for students to learn samething new, the teacher has to start with something
that the student already knows and is familiar with.
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Especially in presenting a demonstration to the student with the purpose of
showing a discrepant event, it will not be successful unless the demonstration is
carried out ' .th simple materials which the student is familiar with. Brandwein
15) says: "Unless an object or event is recognized, a problem is not recocnized".
In other words, a discrepancy or discrepant event is not recognized unless an

object or event is recognized."

c) Use all Gateways

With these we mean gateways into the human brain. There are of course, five
gateways or five entrances into our brain, each opened by the use of our five
senses: sight, hearing, touch, smell, and taste.

When teachers strictly lecture, they make use of only one gateway, which is
the students” hearing. As soon as teachers show or demonstrate samething, sight
is utilized as an entrance into the brain. But it is only when teachers give the
students an opportunity to do things themselves, it is then that they also utilize
the other three gateways into the brain: touch, smell, and taste. This means that
when teachers illustrate their lectures with a demonstration, and then involve the
students with a follow-up activity on the same concept, they make maximum use of
gaining entrance into the students’ brain.

d) Provide Context

Any science concept or principle when taught isolated from our daily life,
becomes campletely meaningless and thus much harder to learn.

Therefore, give examples of where that particular concept presents itself in
our daily life, or where that particular principle applies. Instead of talking
only about the Firct Law of Newton, ask: "Why do you hold on to samething solid
when stepping into a bus that is just about to leave?" (First part of First Law)
"Why do vou do the same when the bus is about to stop?" (Second part of First
Law).

It is when science concepts or principles are placed in context and connected
with familiar experiences of the student, that they will become much more
teaningful to the learner, and thus much easier to be learned.

e) Do it with JOY and ENTHUSIASM

Can you imagine yourself learning science from a teacher who thinks
him/herself that science is boring? No, most likely not, as you probably would
not learn any science, because it was portrayed as a boring discipline.

On the other hand, imagine yourself as a student coming into a classroom and
seeing the teacher whistling to himself while preparing for a demonstration,
jumping around to get the materials from the shelf here and from the shelf there,
looking forward to conducting the lesson and just enjoying himself during the few
minutes before the bell rings while waiting for the class to fill up. Would you
expect to learn science in this classroom?

32




XXXHI

The answer to the above question is: "Of course!" The teacher’s
characteristic of having enthusiasm is therefore a very important one to possess.
How do we acquire enthusiasm?

Not only is it a desirable teacher’s characteristic, enthusiasm will also
improve your personality. If you really want to change your personality, you can
and it is not that hard to do! Here are a few excerpts from Norman Vincent
Peale’s Fnthusiasm Makes the Difference:

....... It is the change fram apathy to enthusiasm, from
indifference to exciting participation; it is an astonishing personality
change which sensitizes the spirit, erases dullness and infuses the
individual with a powerful motivation that activates enthusiasm and

never allows it to run down.......

....... You can develop enthusiasm, and of a type that is continuous
and joyous in nature.......

ceseses It has been established by repeated demonstration that a

person can make of himself just about what he wants to, provided he
wants to badly enough and correctly goes about doing it. A method for
deliberately transforming yourself into whatever type of person you wish
to be is first to decide specifically what particular characteristic you
desire to possess and then to hold that image firmly in your
consciousness. Second, proceed to develop it by acting as if you
actually possessed the desired characteristic. And third, believe and
repeatedly affirm that you are in the process of self-creating the
quality you have undertaken to develop........

cesesen It is a proven law of human nature that as you imagine
yourself to be and as you act on the assumption that you are what you
see yourself as being, you will in time strongly tend to beocome,
provided you persevere in the process.

Fram the last two paragraphs we can conclude the following:
If you want to be enthusiastic, act enthusiastic!

SUMMARY: CONDITIONS FOR LEARNING

Remember the acronym: INSIGHT

IN INTEREST; DEVELOP INTEREST, AROUSE CURIOSITY

SI = SIMPLE; USE SIMPLE MATERIALS

G = GATEWAYS; USE AS MANY GATEWAYS AS POSSIBLE
H = HINGE; HINGE IT WITH EXAMPLES AND PUT IT IN CONTEXT
T = TIE; TIE IT ALL TOGETHER WITH JOY AND ENTHUSIASM!
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4) The Discrepant Event ‘

When properly used and presented to students, the discrepant event will
encampass all five conditions for learning.

a) Psychnlogical Background

The discrepant event in science finds its base in the Theory of Cognitive
Dissonance by Festinger 16), in which he proposes two basic hypotheses:

1. The existence of dissonance being psychologically uncomfortable,
will motivate the person to try to reduce the dissonance and
achieve consonance;

2. When dissonance is present, in addition to try‘ng to reduce it,
the person will actively avoid situations and information which
would likely increase the dissonance.

It is especially the first statement that applies to using discrepant events
to initiate learning. Festinger is further of the opinion that the discrepant
event functions by causing dissonance between what is physically observed to occur
and what one thinks should occur. Since it is impossible to change what is
physically observed to occur already, the only alternative is to begin to seek
information which will logically explain the occurrence.

Waetjen 17) stated that the discrepant event is a dissonant situation which .
results in arousal of conflict with a consequent need for the learner to
assimilate or articulate the wunknown, incongruous, unfamiliar material into
his/her cognitive structure. To do this, he/she engages in exploratory behaviour.

The discrepant event has also been called Disconfirmation of Expectancy. It
is a situation contrary to what the learner expects, and actual ly a state
necessary for cognitive development, for it moves the learner to try to resolve
the discrepancy between what was expected and what actually happened.

It has also been called Conceptual Conflict. When the learner faces a
situation which is in conflict with what he expects, the doubt, perplexity,
contradiction, and incongruity play an important role in stimulating the learner’s
curiosity.

Piaget 18) says that: "This state (of perplexity and doubt) is a necessary
first step in learning!", and further states that "puzzles are excellent sources
for learning simply because they unsettle the learner, upset his intellectual
equilibrium, and incite him to change or adapt his existing intellectual
scheme...... The learner who meets such a challenge develops and assimilates new
skiils that make him or her a cognitively richer individual."

The discrepant event then, whether it is a demonstration by the teacher or an
activity performed by the student, is mainly used for its motivational effect on
the learner. It creates the eager want in the student to know more about the
event, and thus do other activities that are aimed at dissonance reduction and
subsequent knowledge-seeking behaviour is easily aroused and strongly reinforced.
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b) what is a Discrepant Event?

Everybody has seen objects fall downwards. The fact is hardly surprising or
unusual. However, if one were to see an object fall upwards, it would be an
entirely different matter. It would be an event which defies gravity, and in this
case the moving of the test tube against the force of gravity is a discrepancy
(See The Upwards Falling Test Tube).

Most people know that men are stronger than women. However, if one were to
see men not being able to pick up a chair fram a bent position and wamen doing it
with ease, what would one think? Some feeling of surprise and curiosity would be
aroused. This would especially be true when one gets involved in trying to
perform the event oneself (See Are Wamen Stronger Than Men?).

All children know that a newspaper is £. light in weight that it can be
easily blown away by the wind. However, if one sheet of a newspaper placed on a
long flat wooden stick (protruding over the edge of the table) would hold the
stick down, even if one would hit the protruding end of the stick, what thoughts
are being aroused in one’s mind? (See The Heavy Newspaper).

One would expect that objects would fall down and not upwards, men are
usually stronger than women and the chair is certainly not so heavy that men would
not be able to lift it. One sheet of newspaper would surely not be heavy enough
to hold down a stick, even to breaking! These examples of discrepant events are
often described as surprising, counter-intuitive, unexpected, paradoxical, and
intuition-offending.

The discrepant: event has the tendency to arouse strong feelings within the
observer or the participant. Generally, one will have a sudden urge of wanting to
know more about the event. One gets curious and wishes to sulve the discrepancy
in one's mind. Children as well as adults will demonstrate a strong desire to
resolve the unexpu.cted. The enthusiasm of the first will certainly be much
greater. Children will simply not stop asking questions until they find out why
certain events uccurred the way they did!

When students ’ interest is thus hightened, he/she will more 1likely become
motivated to learn. Discrepant Events are therefore excellent means to create in
the stdent an eager want to learn more about science. Discrepant Events
capitalize on the students” own curiosity, already present within the person,
helping him/her to gain a better understanding and retention of science concepts.

c) How to Use Discrepant Events?

In order the achieve an atmosphere of inquiry in the classroom, it is
important that the teacher presents the discrepant event as a science problem to
be investigated or as a puzzle to be solved. The discrepant event or
intuition-offending demonstraticn must be presented in such a way that the science
principle or concept underlying the event is not immediately revealed. The
teacher using the discrepant event should in general lines follow the procedure
below:
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Teaching Procedure in Using Discrepant Events

1. Presentation
Present to the learner or involve the learner with the discrepant event by
describing or cammenting on the names of objects and operations only and not
menticning the reasons for the occurrence. In other words, the teacher may
tell the student what he/she is doing and what materials he/she is handling,
but. not why samething is happening.

2. Intcraction
Ask the learner questions that eventually will lead him/her to the main
reason for the occurrence. 1In doing this the students will be engaged in
science inquiry and actually practicing the science processes of observing,
measuring, inferring, predicting, interpreting data, identifying and
controlling variables, hypothesizing, and experimenting.

3. Involvement
Participate the learner in similar (and simpler) discrenant events or
counterintuitive activities illustrating and based on the same science
concept. This will reinforce the learning and retention of that particular
concept. Students may work individually or in pairs, or in groups depending
on the availability of ma:erials.

It is essential that the presentation of the intuition-offending
demonstration or the involvement of the students in the discrepant event takes
place under the following conditions (see also The Learning Process on page 13):

1. Arouse Interest
The event should confront the observer with a perplexing problem. It should
be presented almost like the way a magician would do a magic act.

2. Use Simple Materials
The event should be performed with materials that are familiar to the
learner, in other words use simple daily life materials.

3. Use All Gateways
The students should have the opportunity to observe as well as carry out the
events themselves. They should be allowed to totally experience the
discrepant event.

4. Hinge It With Examples
When dealing with the concept underlying the event, examples and applications
of the concept in our daily 1life should be mentioned to make it more
meaningful to the learner.

5. Tie It With Joy And Enthusiasm
The teacher should show genuine enthusiasm in presenting the puzzling event
and reveal his/her enjoyment in the subject matter in general.
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When all of the above elements are present during the learning process, the
student will be able to store or retain new information with much more ease. The
learning experience becomes more meaningful and enjoyable, resulting in a much
better retention of the science concept. The recalling process of the stored
information will bring back all the pleasant circumstances during which it was
learned, which makes it a nearly effortless mental activity.

The above conditions for learning a science concept may be attained when the
teacher is genuinely showing concern for the students, uses discrepant events to
initiate sciance inquiry, and most importantly is enthused about what he/she is
doing. Once this optimum condition is reached, teacher and students will enjoy
the teaching-learning prccess to a much greater extent.

d) The BEmpirical Evidence

Suchman 19) indicated in his study that the teaching technique with
discrepant events positively influence content achievement. The study showed that
this content achievement is affected by the arousal of student motivation, which
is directed at the camprehension of the causes of the observed events.

Marlins® 20} findings were confirmed by Liem 21), that "upper elementary
school students taught wusing the demonstration-discussion method with
counterintuicive events, had significantly higher retention scores campared to
those taught without counterintuitive events."

I followed up my studies on the effect of discrepant events on science
coricept retention at the junior high level 22). I subjected one group of students
(Control) to only discussion and reading of a text containing descriptions of
discrepant events positively influences content achievement. The study showec
that this content achievement is affected by the arousal of student motivation,
which is directed at the comprehension of the causes of the observed events.
measures were administered to both groups:

The Pretest: administered before the lessons.

Post-test A: administered immediately after the lessons.

Post-test B: administered one month after the lessons.

Post-test C: administered three months after the lessons.

The results and means of the tests were then compared and subjected to the
t-test described by Best 23). The following t-values were obtained: Pretest:
0.27; Test A: 1.96; Test B: 1.78; Test C: 2.72. This shows that there was a
significant difference between the means of Tests A and B at the .05 level, and of
Test ¢ at the .0l level, and also that there was no significant difference between
the me ans of the Pretests.

From these findings one would be led to the conclusion that the larger the
time lapse between the lessons and the administering of the test, the more
significant the difference becames between the mean score of the Experimental
canpared to that of the Control Group. In other wcrds, the group taught using the
discussion method whereby discrepant events were demonstrated by the teacher and
experienced by the students, retained the science concepts longer compared to the
group taught using the discussion method whereby discrepant events were only read.
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The findings of the studies conducted thus far would seem to justify the use
of discrepant events for teacher demonstration and student activities to increase
retention and understanding of science concepts at the elementary and intermediate
levels. One is also led to infer that the discrepant events lose their
discrepancy or motivating effect on the student, when they are merely described in
a text and 1cad by the student.

THE FORMAT

This book is organized in such a way that it offers to teachers the optimum
guidance for teaching science concepts and engaging the students in science
inquiry. The chapters of the book are organized under an introductory section and
four sections: Enviromment, Energy, Space and Forces, and Living Things. The
introductory section provides the teacher with the psychological background for
effective science teaching and the use of discrepant events. Each of the latter
four sections is preceded by a short introduction providing the teacher with same
information on the science concepts to be dealt with in the chapters.

The discrepant events, making up the main body of each chapter, are preceded
by a list of objectives. These are stated in behavioral terms in order that
student and teacher may work towards achieving these behaviors.

The discrepant events are invitations to science inquiry, which are all
fitted on one page each, for simplicity in format and easy location. Each event
is consistently constructed in the following format:

Upper left corner: Chapter Science Concept.

Upper right corner: Science Sub-concept or Science Properties.
Intriguing, curiosity arousing title of event.

Materials needed for the Jdemonstration or activity.

Sketch of materials set-up.

Procedure, in step by step fashion.

Questions for teacher’s use during demonstration.

Explanation, providing background information for the teacher.

W IOV W~

The book ends with a list of ‘Further Readings’ in which similar or more
detailed information may be obtained. A general index follows the reference list,
where users of the book may find concepts and sub-concepts and the relevant events
that are appropriate to use in teaching those concepts to students.




XXXIX

References
1. Ramey, W.D., INQUIRY TECHNIQUES FOR TEACHING SCIENCE, Prentice-Hall, Inc.,
1968, p 16.

2. Peale, Norman Vincent, ENTHUSIASM MAKES THE DIFFERENCE, Fawcett Crest,
New York, 1982.

3. Alyea, Hubert, TESTED OVERHEAD PROJECTION SERIES, & Dutton, Frederic B.,
TESTED DEMONSTRATIONS IN CHEMISTRY, J. of Chem. Ed., Easton, Penn.
1965.

4, Schwartz, David J., THE MAGIC OF THINKIMG BIG, Audio Tape, Sound Ideas,
Simon & Schuster Audio Publishing Division, 1230 Ave of the Americas,
New York, N.Y. 10020

5. Wong, Harry K., HOW YOU CAN BE A SUPER SUCCESSFUL TEACHER, Cassette
Audio Tape Series, 1536 Queenstown Court, Sunnyvale, CA 94087.

6. Waitley, Denis, SEEDS OF GREATNESS, Fleming H. Revell Co., 1983.
7. Ibid., pp 43-61.
8. Qubein, Nido R., COMMUNICATE LIKE A PRO, Berkley Books, NY 1983.

9. Brandwein, Paul F., THE METHOD OF INTELLIUWENCE, Presentation to NSTA
Convention, Toronto, 1968.

10. Benjamin, Abram Cornelius, SCIENCE TECHNOLOGY AND HUMAN VALUES,
Columbia, Univ. of Missouri Press. 1965.

11. Vester, Frederic, HOE WIJ DENKEN, LEREN EN VERGETEN (Original title:
DENKEN, LERNEN, VERGESSEN. Deutsche Verlags Anstalt GmbH, Stuttgart,
1975), Bosch en Keaning, Baarn, 1976.

12. Baez, Albert V., "Curiosity, Creativity, Campetence and Campassion -
Guidelines for Science Education in the Year 2000", WORLD TRENDS
IN SCIENCE EDUCATION, Atlantic Institute of Education, Halifax,
NS, 1980.

13. Sund, R.B. and Trowbridge, I1.W., TEACHING SCIENCE BY INQUIRY IN THE
SECONDARY SCHOOL, 2nd ed., Charles E. Merrill, 1973.

14. Gagne, R.M., THE CONDITIONS OF LEARNING, Holt, Rinehart and Winston,
Inc., Nev York, 1965.

4 15. Brandwein, Paul F., THE METHOD OF INTELLIGENCE, Presentation to NSTA
Convention, Toronto, 1968.
16. Festinger, Leon, A THEORY OF COGNITIVE DISSONANCE, Row, Peterson and Co.,

' 1957, p.3.

']

)




XXXX

17.

[}
(v}

19.

20.

21.

22.

23.

Waetjen, Walter B., "Learning and Motivation: Implication for the
Teaching of Science", READING IN SCIENCE EDUCATION FOR THE SECONDARY
SCHOOLS, New York: The MacMillan Co., 1969, p.91.

. Piaget, Jean, "The Child and Reality: Problems of Genetic Psychology",

transl. “ed by Arnold Rosin, London: Frederic Muller, 1974.

Suchman, J.R., "Inquiry Training in the Elementary School", THE SCIENCE
TEACHER, Vol. 27, Nov. 1960.

Marlins, James G., "A Study of the Effects of Using the Counterintuitive
Event in Science Teaching on Subject-matter Achievement and Subject-
matter Retention of Upper-elementary School Students", Doctoral Thesis,
The American University, 1973.

Liem, Tik L., "A Study of the Effects of Using Discrepant Events in Science
Teaching on Concept Retention of Upper Elementary School Students",
WORLD TRENDS IN SCIENCE EDUCATION, McFadden, C.P. (Ed), Atlantic
Institute of Education, Halifax, 1980, pp. 287-293.

Liem, Tik L., "Effects of Using Discrepant Events on Science Concept
Retention of Junior High School Students", Paper presented to the
National Co-Educators Conference, Winnipeg, October 1980.

Best, J.W., RESEARCH IN EDUCATION, Prentice~-Hall, New Jersey, 1977.

40




SECTION I

This section consists of five chapters dealing specifically with the
properties of matter in our immediate enviromment. This includes the following:

1. The air around us in its stationary form. It occupies space, it exerts
pressure, it expands when heated, it has weight, and it contains oxygen.

2. The air around us when it moves or flows. Flowing air exhibits properties

that are unexpected, namely a lower pressure compared to stationary air,
and the faster the flow, the lower the pressure exerted.

3. The weather and all the variables influencing it, liks: high and low
pressures, the wind direction and velocity, the temperature and humidity,
altitude and climate, and location on earth.

4. The characteristics of matter. This chapter deals with the molecular
spacing of matter, cohesion and adhesion, surface tension, the three
states of matter, boiling and melting point.

5. The chemicals in our environment and how they behave. Acids and bases,
salt formation, catalytic reactions, spontaneous cambustion, substitution
reactions and elect: - hemical reactions are dealt with.







CHAPTER 1

WHAT ARE THE PROPERTIES OF AIR?

OBJECTIVES

After dealing with and studying the concepts in this chapter, the students
should be able to:

a. recognize the correct explanation of an observed event based on each of
the sub-concepts;

b. explain in their own words which of the sub-concepts is determining the
ocourse of an event;

C. distinguish true fram false statements oconcerning each one of the sub-
concepts;

d. identify the correct explanation of an event in daily life appling one of
the sub-concepts;

all in relation to the following sub-concepts:

~-- Air exists all around us.

-- Air occupies space.

-- Air exerts pressure.

-- Air expands when heated, and rises as a result.
-- Air contains orygen.

-- Air has weight.

Py
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AIR OOCCUPYING SPACE

1.1. THE ATR CATCHER

Materials: 1. A medium plastic garbage bag.

1
2. One plastic sandwich bag per student.

==

plastic bag

Procedure:
1. Take the mediun size garbage bag, open its mouth and ask the students:
"What is in the bag?" (Anticipated answer: 'nothing').

‘ 2. Move the bag now with two hands back and forth (like wanting to catch a
bug in the bag), then quickly close the mouth of the bag with a twisting
motion.

3. Ask the students: "What do I have in the bag now?"
4. Distribute the sandwich bags to the students and let them try to catch air
in their own seats, without blowing into the bag.

Questions:
1. What was filling the bags?
2. Can we catch air under the bench or behind the door?
3. Is the air the same everywhere?
4, How else can we fill the bag?
5. Would the material in the bag be the same if we blew in it?
6. How can we keep the bag .nflated?
7. What would happen if we hit the inflated small plastic bag with the palm
of the other hand?

Explanation:

Air is found everywhere. The plastic bags may be filled with air above
the table, under the table, behind the door or anywhere else with the same
air. The bags can also be inflated by blowing in them, but then the bags
would contain exhaled air, which has a higher percentage of carbon dioxide
(002) and more water vapor.

When the filled bag is slammed between the two palms of the hands it will
burst with a loud pop. This explosion is caused by the sudden expansion of

' the air rushing out of the torn plastic bag.

An example of this is a popping balloon.
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OOCUPYING SPACE

1.2. THE BOTTLE AND THE BAG

Materials: 1. One or two plastic sandwich bags.

2, One or two large wide-mouthed glass jars (pickle jars).
3. Masking or transparent adhesive tape.

/
plastic 2
bags
-
Sketch B ) ,"l Sketch 4

Procedure:

1.

2.
3.

4.

5.

Invert the bag over the mouth of the jar, blow a little air in the bag
such that it stays inflated over the jar (see Sketch A).

Tape the bag air-tight against the jar.

Now ask one of the students to push the bag into the jar (without tearing
it): It won't work!

Place another plastic bag inside another wide-mouthed jar (or use the same
bag and jar) and let the edge of the bag hang over the jar rim (see Sketch
B) 3

TApe it air-tight against the jar and let a student try and take the bag
ouc of the jar (without tearing it): It won't work!

Questions:

1.

2.
3.
4.

Before putting the plastic bag on the jar, ask: '"what is inside the jar?
Inside the plastic bag?"

What is holding the bag out of the jar? (when trying to push it in).

What is holding the bag inside the jar? (when trying to take it out).

How could we get the bag inside the jar without making a hole in it?

Explanation:

It is the air occupying the space in the jar which kept the bag from going

inside after it had been taped air-tight against the jar. In trying to push
the bag in, the pressure increased (because the volume decreased) and this
held the bag out.

When trying to take the bag out of the jar, the air pressure inside the

jar decreased, because the volume increased, and this kept the bag inside.
The outside air pressure kept the bag inside the jar. We encounter the first
situation often when we try to fold up a plastic air mattress or inflatable
plastic toy.
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OOQUPYING SPACE

1.3. POUR AIR UNDER WATER

Materials: 1. Two glass cr transparent plastic cups.

2. A large transparent container (a small aquarium).

glass or plastic

container
glass or
—— - plastic cups

water

Procedure:

—
L]

Fill the plastic or glass container about 3/4 full with water.

2, Hold one cup in each hand upside down and push them under water.

3. Fill one of the cups with water by holding it slanted and thus releasing
the air bubbles (do not leave any bubbles).

4. Now we have one cup filled with water in the one hand, and one cup with
air in the other (still under water).

5. Now push the cup with air a little lower than the other, and pour the air
in the other cup by slowly slanting it (catch the air bubbles: see
Sketch).

6. We can repeat this pouring fraom one cup into the other.

Questions:

1. Before immersing the cups, ask: "What is in the beakers or cups?"
(anticipated answer: 'nothing').

2. At the time of immersing the inverted cups, ask: "Why dcesn't the water
enter the cups?"

3. Why do the bubbles rise and not sink?

4. Can the cup with water be held partly above the water level without
letting the water run out of the cup?

Explanation:

Air occupies space and also the space in the cups. At the time the cups

were immersed under water, they were filled with air, and that is why the
water could not enter the cups. By holding one cup slanted the air bubbles
were free to escape and thus the water could take its place. Air is much
lighter in weight than water and that is why air bubbles rise and not sink in
water. The water-filled cup can be held above the water level without
letting the watcor run out, because the atmosphere pressure is pushing on the
water surface.



AIR OCOUPYING SPACE

1.4. KEEP PAPER DRY UNDER WATER

Materials: 1. A dry glass or transparent plastic cup.
2. A large beaker or transparent plastic container (large enough to
it a person's hand).

erumpled paper
glass or
plastic container
cup

Procedure:

1. Fill the large container about 2/3 full with water.

2. Crumple a piece of dry paper and squeeze it to the bottom of the glass or
plastic cup.

3. Invert the glass (making sure that the crumpled paper stays up in the cup)
and immerse it completely ''nder water, holding it as vertically as
possible.

4. Take the cup back out of the water and let the water drip off (do not
shake off!l).

5. Take the crumpled paper out of the cup with a dry hand and let the
students feel and check whether it is dry or not.

Questions:
1. Before inserting the crump'ed paper, ask: "What is in the cup?"
(anticipated answer: 'nothing').
2. Before immersing the glass under water, ask: '"What else besides the paper
is in the cup?"
3. While immersing the cup: "Why doesn't the water enter the cup?"
4. Why does the paper have to be crumpled?

Explanation:

Air is space ooccupying. The glass is therefore filled with air, no matter
whether it is right side up or upside down. Besides the crumpled paper there
was air in the cup. This is why the water could not enter the cup during the
immersion process. The paper stayed therefore completely dry.

Applications of this characteristic of air can be found when people have
to work under water. Air is then pumped in and around the area where the
people are working, enclosed by a water-tight wall.
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OOCCUPYING SPACE

1.5. THE EMPTY BOX CANDLE SNUFFER

Materials: 1. One empty shoe box.

2. A birthday candle & matches.
3. Masking tape.

small hole e

candle

Procedure:

1.

Show the open shoe box to the students and ask: '"What is in the box?"
(anticipated answer: ‘nothing').

2. Make a small hole in the side of the long end of the box (about 1/2 am in
diameter) at the same height from the bottom as the candle length, and
tape the top to the box.

3. Light the candle and place it about 5 cm away from the box in front of the
hole (see Sketch).

4. Hit the box top with a sudden tap with the open hand (make sure that the
hole is in line with the candle flame).

5. The lighting and snuffing of the candle may be repeated by doing points 3
ard 4.

Questions:

1. What was blowing the candle rlame out?

2. What did the tap do to the volume of the box?

3. How far can you hold the candle from the box and yet be blown out?

4. What would happen to the flame if you pushed the box top in gently instead

of giving it a sharp tap?

Explanation:

The shoe box is ooccupied with air and by tapping the top of it, the air

was forced through the little hole, blowing the candle flame out, just like
when we pucker up our lips to blow out a candle. By tapping the box, the
volume of it suddenly becomes smaller for a short moment and this action
forces the air out. Pushing the box in gently is like blowing very lightly
against the flame. This demonstration shows that air is occupying all the
space arourd us, also .n an ‘empty’ box.
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AIR OOCUPYING SPACE

1.6. THE REFUSING FUNNEL

Materials: 1. Two identical glass or plastic funnels with narrow stem.
2. One two-hole stopper & one one-hole stopper.
3. Two identical empty jars or bottles.

— 2-hole watexr

atopper

pne-hole stopper

Procedure:

1. Set up the funnels with the stoppers on the bottles as shown in the sketch
above (do not tell that one of the stoppers has two holes).

2, Fill the funnels with water: in one the water will run through (2-hole
stopper) and in the other the water will stay in the funnel.

3. Take the bottle with the 2-hole stopper by the neck and put casually the
forefinger on the open hole, and pour water in the funnel.

4. Take the bcttle with the 1-hole stopper, squeeze the stopper open and the
water will run through.

Questions:
1. Before povring the water: "What is in the bottle?"
2. Why is the water only running through in one bottle?
3. After step 3 of procedure: Why is this funnel now also refusing?
4. What is holding back the flow of the water?
5. Before doing step 4 of procedure, ask: "How can we let the water run
through this funnel?"

Explanation:

The bottles were filled with air in the first place. In the bottle with
the two-hole stopper the air czn escape through the second hole and the water
will run through. But in the bottle with the 1-hole stopper, there is no way
for the air to escape and this will hold back the water.

An example of this phenomenon we find when trying to fill a perfume bottle
with water or other liquid, or any narrow mouthed bottle with water by
holding it under a large stream of water from the tap. There is only one
passage way for the water to came in and for the air to go out, in other
words, the air is blocking the way for the liquid to come in.

43




1.7. THE INVERTED GIASS OF WATER

Materials: 1. A transparent glass or plastic cup.
2. A paper card (slightly larger than the mouth of the cup).
=
L =5 ~—uwater
Procedure:

1. Fill the cup half way or full with water.
2. Place the paper card on the cup.

3. Put one hand on ton of the card and invert the cup holding the card in
. place (do this over a sink or large container to catch any water
|

drippings; also make sure that the hand holding the card is dry).
‘ 4. Take the hand that was holding the card slowly away.

Questions:
1. Why does the paper have to be rather stiff?

2. Why do we have to make sure that the hand holding the card on the cup is

1 dry? What will a wet hand do?
| 3. What is keeping the water in the inwverted cup?
| 4. Can we hold the cup slanted without letting the water pour out?

5. Will we be able to do the same thing with other liquids? (f.i. alcohol,

oil, carbonated drink, etc.?)
Explanation:

When the cup is completely filled with water, there is no air left in the
cup and thus no air pressure. The inverted cup can therefore hold the water
up, because the atmospheric pressure is working against the under-side of the

cup.

In case of a partially filled cup of water, we can explain it as follows:
During the process of inverting, some of the water is dripping out, this
increases the volume of the air pocket without increasing the amount of air,
thus decreasing the pressure of the air pocket above the water. Again, the
atmospheric pressure is therefore larger and thucs holding the water inside

the cup.

Aloohol and oil will also be held up inside the inverted cup, but the
‘ carbonated drink will not, because the carbon dioxide exerts pressure inside

the glass above the liquid and prevents a partial vacuum from forming.

1
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1.8. THE STRAN IRINKING RACE

Materials: 1. Two identical drinking straws (one punctured with a few needle
holes over the whole length).
2. Two small cups and some soda drink.

&

goda drink

Procedure:

1. Fill the two small cups halfway with soda pPop.

2. Ask two students to come up and comment: "Who would be the better
'sucker'?", and give each of them a straw (one of them with holes in it,
but do not mention this).

3. Let them start drinking (sucking) on the count of three.

4. Give another pair of students a turn to race (the one who has the straw
with the holes always loses).

Questions:

1. What makes the liquid go up the straw when we drink?

2. Why is it so hard to drink through a leaky straw?

3. What do we actually create when we suck through a straw?

4. Would we be able to drink through a straw if there was no air pressure
around us?

5. Would an astronaut in space or on the moon be able to drink liquid through
a straw?

Explanation:

By sucking we are creating a partial vacuum or a lower pressure in the
straw above the liquid that we drink. The higher pressure in the atmospheric
air pushes the liquid up the straw in our mouth.

The student with the leaky straw sucks in air and thus cannot create a
vacuum above the liquid, so the liquid is not pushed up.

If there were no air pressure in the atmosphere, we would not be able
to suck liquids through a straw. If the mouth of an astronaut was connected
to a straw through his space suit to an open cup with liquid on the moon
surface, he would not be able to drink the liquid by sucking through the
straw, because tiwre is no pressure on the liquid surface that will push it
up the straw.

ol




1.9. THE UPWARDS FALLING TEST TUBE

Materials: 1. Two test tubes, one just fitting into the other.
2. A little colored water.
colored water
hold the larger
test tube here—»
amaller teat tube

water drops moving upua

Procedure: é

1. Fill the larger test tube half way with colored water.

2. Let the smaller test tube float on the water; push it a little further in
so the water will overflos.

3. Now invert both test tubes uver a small container to catch the dripping
water and hold only the larger test tube (you may need to push the smaller
tube up to start the motion).

stions:

1. What happened to the volume of the water after inverting?

2. What made the smaller test tube move upwards?

3. What would be the total force pushing the test tuke upwards?

4. Would this 'falling upwards' also succeed with a much smaller test tube
floating on the water of a much larger test tube and then inverting it?
wWhy? Why not?

Explanation:

The smaller test tube has to be pushed a little further into the larger
one till the water overflows, so that no air will be left between the two
test tubes. After inverting the set of test tubes, the water is dripping out
decreasing the volume of the water. Since there is no air above the smaller
tube, the outside air pressure is pushing it up. The total force upwards is
1 kg per an2, For a test tube with about 1.2 cm diameter this upward force
is about 1 kg. This event of 'falling up' will not succeed with two test
tubes that have a larger difference in diameter, because the air will be able
to replace the dripping water and thus equalize the pressure above and under
the smaller test tube.

Other thought questions would be:

-- Would this event work on the surface of the moon?
~~ Would this event work in a pressurized satellite around the earth?

o2
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1.10. THE MYSTERIOUSLY RISING WATER (I)

Materials: 1. One small beaker (100 ml) & one large beaker (400 ml).
2. One hot plate or burner and stard.
3. Boiling chips and food coloring.

) colored
water

beakers
after
cooling

Procedure:

1. Put about 110 ml of water in the large beaker, a few drops of food
coloring and a few boiling chips.

2. Heat this beaker and the water to a boil, while the small beaker is placed
upside down inside the larger beaker.

3. Let the water boil for at least one full minute, taking care that the
small beaker does not tip over.

4. Take the two beakers off the fire and let them cool to room temperature.
Observe the water level in the small beaker.

ions:

. What is inside the inverted small beaker before the heating?

. What happens to the water when we boil it?

. Why does the small beaker keep botbing up and down?

. What do the bubbles consist of?

. Why does the weter level rise in the small beaker?

. What would happen if after the heating, we put a few drops of cold water
on the small inverted beaker?

Explanation:

By boiling the water, it is changing from the liquid state into the
gas~cus or vapor state. This water vapor is also formed under the inverted
beaker and it replaces the air under this beaker. The longer we let the
water boil, the more air will be replaced by water vapor. The cooling
process makes this water vapor condense and turn back into water, thus
reducing the pressure inside the small beaker. The water is therefore pushed
up inside the inverted beaker by the higher atmospheric pressure. By letting
a few drops of cold water drip on the inverted beaker, the cooling process is
speeded up and also the rising of the water.

S
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EXERTING PRESSURE

1.11. THE MYSTEROUSLY RISING WATER (II)

Materials: 1. One test tube & test tube holder.

-

2. One large beaker (400 ml) or other water container.
3. One Bunsen or alcohol burner & food coloring.

test tube

test tube
holder

colored water

\
:

1,

Procedure:
1. Fill the large beaker with cold water and color.

2. Put a little water in the test tube (about 3 ml) and boil it (A).

3. After the water has been boiling vigorously for about 10 seconds, invert
this test tube immediately in the colored water (making sure that the test
tube mouth stays under water: see Sketch B).

Questions:

1. What is in the test tube besides the water before heating?

2. What is in the test tube during the heating?

3. What happens during inverting of the test tube in the colored water?
4, what does water do when it is boiled?

5. What does water vapor do when it is cooled?

6. How did the temperature of the test tube change when it was inverted?
7. Why did the colored water rise in the inverted test tube?

Explanation:

Before the heating, the test tube was filled wiih a little water and the
rest was air. Water vapor was produced by boiling the water and this water
vapor pushed out the air in the test tube (vigorous boiling of the water).
After inverting the test tube in the colored cool water, the hot water from
the test tube poured out into the large container, the test tube slowly
cooled off, causing the water vapor to condense. This decreases the pressure
inside the test tube and thus the water is pushed up the tube by the existing
atmospheric air pressure.

Other very similar events are: The Mysteriously Rising Water (I) and The
Fomntain in a Flask. We encounter this kind of an event in daily life
sometimes when, after boiling water or soup in a pan with a well fitting top,
cooling the pan afterwards and trying to open the cover, only to find the
cover to be sticking to the pan.

<,
£7‘1
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1.12. THE QOLLAPSING CAN

1. One empty gallon (or 4-5 litre) can, or any other tin can that can
be closed off air-tight.
2. A hot plate or burner and tripod.

{

A?“’uy’

can
after
cooling

Procedure:

1. Put about 20 ml of water in the can (just enough to cover the bottam) and
heat it over the hot plate or burner.

2. Let the water boil vigorously for about 2 minutes (vapors should come out
of the can).

3. Take the can with the boiling water off the heat don't burn your
fingers!) and immediately cl..e off with the cap very tightly.

4. Let it stand upright on the table and cool off to room temperature, or for
faster results: cool off with we cowel.

estions:
1. What was in the can besides the water?
2. What happens when water is boiled?
3. What will the air in the can do when much water vapor is formed?
4. What would happen if we did not close the can very tightly?
5. What is the total force that is working on the outside of the can?

Explanation:

Before heating, the can v . 1illed with water and air. By boiling the
water, it changed states, from liquid to gaseous state (water vapor). The
water vapor or steam pushed the air that was inside, ou! of the can. In
closing off the can with an air-tight cap, we are actually *rapping the air
out of the can: we are preventing it from going back into the can. The
cooling condenses the water vapor back to water. All the vapor which took up
the interior space of the can before, is now turned into a few drops of
water, which take up much less space. This causes the pressure to drop and
the atmospheric pressure is therefore pushirj on the can ar i crushing it.

The total force working c. the outside of the can is the total of the
can's surface area in am? multiplied by 1 kg.

09
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1.13. THE GaliCON IN THE FIASK

Materials: 1. An Erlenmeyer flask (150-200 ml).
2. A round balloon with a large mouth (uninflated).
3. A hot plate or burner and stand.

Erlenmeyer alloon

flask

balloon

Procedure:
1. Put a little water (about 20 ml) in the flask and heat it to a boil (use a
few boiling chips)
‘ 2. Let the water boil vigorously for at least one full minute.

3. Take the flask off the fire and immediately place the balloon with the
mouth over the flask's mouth.

4. Let cool slowly at room temperature (the balloon will be sucked inside out
into the flask).

Questions:
1. What is in the flask besides the water?

2. What is water doing if we boil it?

3. What is the steam doing to the air in the flask?

4. Why did the balloon go inside the flask?

5. Why did the balloon continue to expand inside the flask?

Explanation:

By boiling the water in the flask, it was changed from the liquid state
into the vapor state. Water vapor or steam is formed and this pushes the air
that was originally present in the flask, out of the flask. The longer we
let the water boil, the less air will be left in the flask. After the flask
is closed off with the balloon, the air cannot get back into the flask. The
conling of the flask will slowly condense the water vapor and thus create a
partial vacmm in the flask. This will cause the sucking in of the balloon
and the atmospheric air pressure will further blow up the balloon inside the
flask.

During the cooling of the flask and the sucking in of the balloon, care
has to be taken that the balloon's mouth is not pinched closed (this will

. prevent the whole balloon from getting into the flask; only part will go in
and probebliy burstj.




1.14. FOUNTAIN IN A FIASK

Materials: 1. One round- or flat-bottomed flask /400 ml) & holder.
2. A glass tube drawn at one end in a 1-hole stopper.
3. A beaker (500 ml), rubber tubing, boiling chips.
4. A hot plate or burner and stand.
flat-bottom
flask
drawn
glass tube
—flask clamp
T \) one-hole
' atopper ' colored water
Sketch A Sketch B
Procedure:
1. Put about 30 ml of water in the flask and heat it over the fire. '

2. Let it boil for at least one full minute (see Sketch A).

3. Get ready with the glass tube, stopper and rubber tubing to close off tic
flask (see Sketch B).

4. Hold the flask by the flask holder, take it off the fire, anrd insert the
stopper with the drawn tube on the flask.

5. Immediately ir.vert the stoppered flask and dip the end of the rubber
tubing into the colored water in the beaker (see Sketch C).

Questions:
1. Why is water needed in the flask?
2. Would the water also be drawn up if the flask was heated without any water
in it?
5. What caused the water to go up the tube?
4. Why did the water go up the tube so slowly in the beginning? And why did
it suddenly speed up after the water hit the flask?

Explanation:
Boiling the water produced water vapor in the flask and this caused the
air to be pushed out. By closing the flask off with the stopper, the air was
trapped out. The cooling of the flask after inverting caused thr water vapor
to condense slowly and to contract, with a decrease of pressurz as a result.
The water is therefore sucked up the tube slowly. As soon as the cool water
hits the bottom of the flask, this latter cools off much faster and the water
vapor condenses much faster, crcating a sudden partial vacuum, thus sucking
up the water vigorously. (Bromthymol Blue in the beaker and acid in the .
flask gives color change).

S




1.15. THE STICKING CUP OF WATER

Materials: 1. A petri dish (or other shallow dish with smooth rim).
2. A smooth surface, ceiling, or underside of a table.
\ smooth
surface
water
Procedure:

1. Fill the petri dish brim-full with water.

2, Bring the dish to the smooth surface: push it against the surface making
sure that there are no air bubbles left in it.

3. At this point make sure that the dish will stick to the surface, then ask
a student to hold it up or do as if you need to get something and have to
leave the dish.

4. Give the student permission to let go of the dish or sa,: "Maybe I can let
go of the dish" (if holding it yourself).

Ruestions:
1. Why do we need a smooth surface?

2. Why does the dish stick to the surface?

3. How much force is holding the dish up?

4. How heavy a dish can we stick to the surface?

5. How long will the dish keep sticking to the surface?

Explanation:

By filling the dish completely full with water, there is no air left and
thus there is no air pressure working down on the dish. The only force working
down on the dish is gravity and thus the weight of the dish plus the water. The
force holding the dish against the surface is equal to the air pressure of 1 kg
per a2 of dish surface area. A dish with a 3 am radius will have a force of
about 27 kg holding it up minus the weight of the water and the dish itself.
Once the dish is sticking to the surface, it will stay up for quite a long time
until same water evaporates and air seeps into the dish.

The water, in this case, acted as a seal preventing the air from coming

into the dish. An application of this principle is when we wet suction cups
with water to make them stick better to smooth surtaces.

o
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AIR OOQUPYING SPACE
EXERTING PRESSURE

1.16. THE BIONIC FINGER (I)

Materials: 1. One heavy rubber plunger (to unpluy a sink).
2. A stool or chair with a smooth seat.

| ipush down
l cover
. hole

air
rushes
out

]l Sketeoh /.

Procedure:

1. Make a small hole in the plunger with a scissor's point.

2. Show the students the plunger and ask: "What is under the plunger when I
place it on the table?" (anticipated answer: 'nothing').

3. Ask one of the students to come up and put his/her cheek close to the hole
in the plunger.

4. Push the plunger in: air rushes out and blows against the cheek! AIR
OOOUPIES SPACE! (see Sketch A).

5. Show the students the plunger on top of a stool.

6. Tell them that you possess a bionic finger and that you can hold down the
plunger against the stool with one finger.

7. Push down on the plunger and hold it down with one finger covering the
hole (a wet finger will work better), and ask a .tudent to come up and
pull the plunger up (see Sketch B).

The whole stool will stick to the plunger and be lifted!

Questicns:
1. What was under the plunger?
2. What was helping my finger to keep the plunger down?
3. How much force is pressing down on the plunger?
4. How heavy can the stool be and still be lifted up?

Explanation:
There was air under the plunger and it rushed out when it was pushed in.

When holding the plunger down with one finger, the hole was covered and this
prevented the air from coming back in under the plunger, causing a lower
pressure under it. A moist finger works better to plug the hole, because the
water acts as a seal.

The force holding down the plunger is ejqual to the surface area of the
plunger multiplied by 1 kg (about 75 kg for a plunger with a 10 cm diameter).

a3




1.17. THE BIONIC FINGERS (II)

Materials: 1. Two heavy rubber plurgers (to unplug a sink).
(one of them with a small hole in it).

/ students pull

Procedure:

1. Ask two students to came up and push the two plungers against each other.

2. Ask them now to pull them apart (can be easily done).

3. Tell the students now that you have bionic fingers to keep the two
plungers together.

4. Let the students push the two plungers together again and this time hold
the plungers with thumb and forefinger, making sure that you cover the
hole with your thumb (a wet finger works better).

5. Now let the students try to pull the plungers apart (most likely the
wooden handle will come off first!).

Questions:
1. Why was it so easy to pull the plungers apart before I held them?
2. What did actually hold the plungers together?
3. Did I have to hold the plungers in a special way?
4. How much force was keeping the two plungers together?
5. Would larger or smaller plungers stick together better?

Explanation:

The plungers were quite easy (o separate before holding them together
because there was a hole in one of them, allowing the air to come inside
between the two plungers. By covering the hole, the air was prevented from
coming in (water on the finger acts as a seal) and when the students tried to
pull them apart, the volume increased between the plungers, thus decreasing
the pressure. It was again the atmospheric air pressure that was holding the
two plungers together. The total force that was holding them together can be
calculated from the total surface area of the two circles multiplied by 1 kg
(about 150 kg for plungers with a 10 cm diameter). A similar experience was
done with large steel half-spheres and horses pulling on each side:

Maagdenburg spheres.

63
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AIR EXFRTING PRESSURE

1.18. STOP THE LEAK

Materials: 1. An empty can or plastic bottle.
2. A one-hole stopper fitting the neck of the can or bottle.

ong-hole
stopper
g c@— _i;v\
water — —— T . =

— —— nat — lastic bottle
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Procedure:
1. Punch a hole in the side near the bottam of the can or bottle with a small
nail.

2. Fill the can or bottle with water and show the leaking container.

3. Ask: "How can I stop the leak without wetting my finger?"

4. Put the one-hole stopper on the can or bottle and cover the hole with one
finger: the leak is stopped!

5. Release your finger from the stopper: 1leak will start again.

Questions:
1. Why did the water stop flowing out of the can?
2. How could we stop the leak without the one-hole stopper?
3. Does the water stop flowing immediately after the hole is cuvered?
4. How does the air pressure inside the can compare with the atmospheric air
pressure after the water stops flowing?
5. What is it that we prevent fram entering the can by covering the hole?

Explanation:
The water does not stop flowing immediately after covering the stopper,

but it still keeps dripping out of the can for a while. This increases the
volume of the air pocket above the water. The amount of air stays the same
because air is prevented from coming into the hcle in the stopper. The
increase in volume causes a decrease in pressure (Boyle's Law). The outside
atmospheric air pressure pushes against the water and prevents it from
flowing out.

This is why we always punch two holes in a can of evaporated milk in order
to pour the miL. out. Also on a gallon frying-oil can, it usually is
recamended to punch a hole in a corner pposite the pouring spout. This
hole will allow air to enter the can while oil pours out. It will promote a
smooth flowing of oil out of the can.

61
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1.19. THE PERPETUAL FOUNTAIN?

Materials: 1. One medium size jar and two large bottles.
2. A 2-hole stopper fitting the jar, 2 glass tubes (the longer one
drawn to a point at one end).

3. Two lengths of rubber tubing (about 30 am).

[ 2-hole stopper

stack

of
books

1 (TN
LT

N

Sketeh A Sketeh B

Procedure:
1. Push the two pieces of glass tubing through the 2-hole stopper such that
' ‘ the one with the point extends farther than the other (see Sketch).

2. Connect the two lengths of rubber tubing to the glass tubes.

3. Fill one of the two large bottles full with cold water and set up the
flask and the two bottles as shown in Sketch A (Hold the jar).

4. Pour about 100 ml of water in the jar and insert the stopper tightly.

5. Invert this jar, making sure that the two rubber tubes stay in the two
bottles (the end of the tube in the bottle with water should stay under
water at all times.

Questions:
1. What was the first thing that happened after inverting the jar?
2. What happened to the volume of the air pocket above the water in the jar
as the water poured in the empty bottle?
3. Why was the water drawn up into the jar?
4. Why does the water-filled bottle have to stand higher than the other?
5. How can we make the fountain flow harder to slower?

Explanation:

The water in the jar was needed to 'prime' the siphoning action.
immediately after inverting the jar, the water ran down and out into the
empty bottle. This caused an increase in volume of the air pocket above the
water in the jar, thus decreasing the pressure. This lcwer rressure caused
the sucking up of the water from the water-filled bottle. In other words,
the atmospheric air pressure is pushing the water up .into the jar. The
larger the difference in height of the water levels ir tws wottles the

’ ‘ stronger the flow of water. As soon as the water levels ar2 the same height
in both bottles, the water flow will stop. This is the same principle of the
siphon.

| F\ 2
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1.20. TRANSFER WATER WITH A STRAW

Materials: 1. One drinking straw for each group of three students.
2. Two small cups for each group of three students.

hold index finger
against top of stray———"

water drops

Procedure:
1. Divide the class in groups of three students.
2, Provide each group with one straw and two cups.
3. Let one student hold a water-filled cup, another an empty cup and the
third transfer the water from one into the other cup.
4. Ask the students how they can do this without tilting the cups.
5. Demonstrate how the water can be held in the straw:
- dip the straw vertically in the water-filled cup;
- hold forefinger against top end of straw and 1lift;
- move straw with the water in it over the empty cup and release
finger: water drips out!

Questions:

1. How can we transfer the water without tilting the cups?

2. How can we hold water in the straw without sucking through it?

3. What holds the water in the straw when your forefinger is closing off the
top end of the straw?

4. What happens if we try to hold the water in the straw and not ciose tie
top end of the straw tightly?

5. What is prevented from coming in the straw at the end where our finger is
pressing?

6. What is holding the water back if we close the top end of the straw with
our finger before immersing it in the water?

Explanation:

By closing off the top end of the straw with our forefinger, we prevent
the air from coming in. Some water will drip out of the lower end of the
straw, enlarging the volume of the air pocket above the water and thus
creating a lower pressure inside the straw. The outside atmospheric pressure
is holding the water up in the straw. When the finger is released, air is
allowed to enter and the pressure is equalized.

63
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1.21. THE WATERTIGH. CLOTH

Materials: 1. A drinking glass.
2. A piece of cheese cloth (or any other thin cloth) large enough to
cover the mouth of the glass.

Procedure:

1. Fill the glass half way or full with water.

2. Wet the cloth under the tap and show students that water will flow easily
through the cloth.

‘ 3. Place the cloth now over the mouth of the glass and push the fringes

against the side of the glass.

4, Hold the fringes with one hand against the glass; with the other hand hold
the bottom part of the glass without holding the cloth and invert.

5. Let go of the first hand: cloth and water will stay up in the glass!

Questions:
1. Why would this not work with a dry cloth?
2. Why does the wet cloth cling to the sides of the glass?
3. Why does same water flow out of the glass in the beginning?
4, Why does the water stop flowing out?
’ 5. What is keeping the water and the cloth up?
6. Can we hold the glass slanted or sideways without letting the water flow
out?
’ 7. ¥hat shape Goes the cloth take when we hold the glcss vertically upside
down?

Explanation:

The cloth needed to be wet with water so that it could adhere to the sides
of the glass (adhesive forces between water and cloth, and water and glass).
During the process of inverting, same water poured out because the cloth is
porous, but this caused an increase of the air pocket volume above the water,
which in turn reduced the pressure inside the glass. This demonstration can
also be used to show the cohesive forces between the water molecules, as a
film of water molecules is formed in the little pores of the cloth.
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EXERTING PRESSURE

1.22. THE QUPS AND THE BALIOON

Materials: 1. An uninflated round balloon.
2. Two small plastic or glass cups (with a smooth rim).

Procedure: \ -
1. Blow up the balloon about one-third way.
2. Tell the students that you will hold the two cups against the sides of the

balloon and blow it further up.

3. Hold one cup in each hand, hold the cups against opposite sides of the
bailoon (while the balloon is ir the mouth) and blow fu.iher (until about
twice the size).

4. Let go of the two cups (they will stick to the balloon; if not, moisten
the cup rims) and hold the balloon in one hand by the mouth.

5. Show the students that the cups are not glued to the balloon by releasing
the air slowly out of the balloon (the cups will fall off as the kallocn
gets smaller),

Questions:

1. Why did the cups stick to the balloon?

2. Did the air pressure in the balloon have anythino to do with it?

3. How does the volime of t.c Cups change from stage A to stage B?

4. What does the pressure inside the cups have to be to stick to the balloon,
compared to the atmospheric pressure (in stage B)?

5. HownmchlargerdoestheballoonhavetobeinstageBcanparedtostageA
for the cups to stick to it?

Explanation:

Because of the increase in curvature or
actually a flattening of it fram A to B,
the volume in the cups increased, thus
causing the pressure to decrease. The air
pressure inside the balloon had nothing to
do with the sticking of the cups to the
balloon.

ea
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1.23. INFIATE A BALIOON BY SUCKING

Materials: 1. An empty glass jar & a fitting 2-hole stopper.
2. Two lengths of glass tubing (one with a 900 bend).
3

. A small balloon & tape or rubber band.

two-hole
- stopper
suck out air
amall
balloon

()

Procedure:
1. Insert the glass tubing inuto the stopper and tie or tape the small balloon
to the erd of the straight tube.
2. Place the stopper with the tubing and the balloon over the jar, insert
tightly, and set up the equipment as shown in the sketch above.

. 3. Suck through the bent glass tube until the balloon is inflated and close
off the end of the bent tube with your finger (prevent the air from
getting back into the jar).

4, ask the students all the questions.

Questions:

1. What was I doing to inflate the balloon?

2. ilow does the pressure inside the jar compare to the pressure outside the
jar during inflation of the balloon?

3. Why doesn't the balloon deflate? (finger over end of bent tube).

4. How else can the balloon be inflated?

5. What would happen if I blew through the bent tube?

6. How does the pressure inside the jar compare to that of outside during
inflation of the balloon by blowing through the straight tube?

Explanation:

By sucking through the bent tube, the pressure inside the jar is decreased
and the atmospheric air press'we is inflating the balloon. By placing the
finger over the end of the bent tube (after inflating the balloon), the air
is prevented from reentering the jar. A lower pressure inside the jar
(outside the balloon) is now mairtained, which causes the balloon to stay

» inflated even with an open mouth. Another way to inflate the balloon is to
blow through the straight tube, and by putting a finger over the bent tube it
can be kept inflated. This way, during inflation the pressure inside the jar
is higher than the atmospheric pressure.
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1.24. THE HEAVY NEWSPAPER

Materials: 1. One or two full sheets of an ordinary newspaper.
2. A stick of pine wood (.3x3x75 am or 1/4"x1"x2')
(a piece of wood paneling or old ruler is excellent).

|

Procedure:

1. Place the stick on a table with a smooth surface and let it protrude over
the edge about 8 om.

2. Ask: "what will happen if I hit this protruding end of the stick?"
(anticipated answer: ‘'stick will fly up').

3. Strike it and let the students catch the flying stick.

4. Place the stick back on the table like in point 1, and cover it with the
newspaper flush with the edge of the table.

5. Ask: "What do you think will happen now if I hit it again?" (anticipated
answer: 'the paper will fly up' or 'paper will tear').

6. Smooth down the paper with your left hand and strike the protruding end of
the stick with your right hand (a sudden sharp blow with the edge of the
palm): stick breaks!

7. By pulling the stick out another 8 cm after hreaking, the cycle of
smoothing the paper and breaking (point 6) may be repeated.

Questions:
1. What did I do with my left hand?
2. Why was it necessary to smooth the paper before hitting?
3. What would happen if the protruding end of the stick was slowly pushed
down?
4. How much weight wae actually holding the stick down?

Explanation:
By smoothing the paper down, there was almost no air under it, but a whole

colum of air exists above the paper, pushing down on the paper with the
atmospheric pressure. This is about 1 kg/am2 (14.6 or rounded 15 lbs per sq.
in.). The total weight or force pushing down on a 60 x 80 cm or 20" x 30"
paper is roughly: 60 x 80 x 1 kg = 4800 kg, or 20 x 30 x 15 lbs = 9000 1bs,
which is close to the weight of two large stationwagons! It is therefore
impossible to lift it with the thin stick!

67
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EXPANSION BY HEAT

1.25. THE MAGIC BEARER

Materials: 1. A small jar (50 ml) or small wine glass.
2. A piece of paper and matches.

beaker —\

Procedure:
1. Show that the jar or wine glass is empty by inverting it.
2, Crumple a small piece of paper.
3. Strike a match a 3 start burning the paper.

’ ‘ 4. Place the burning paper in the jar or wine glass and immediately press the
jar against your forehead or against the palm of your hand (keep pressing
until the fire is out or until you feel a :uction).

5. When you feel a suction inside the jar, slowly let go of it (it will stay
stuck against your forehead or paim).

Questions:
1. What was inside the jar or glass before burning the paper?
2. Why did the flame inside the jar go out?
3. What does the heat of the flame do to the air inside the jar?
4, What was left inside the jar after the flame went out?
5. What made the jar or glass stick to the forehead or palm?

Explanation:

Although you showed the pupils that there was 'nothing' in the jar by
holding it upside down, there was naturally air in it. By placing the
burning piece of paper in the jar, the air inside the jar was heated and
expanded. The expansion made the air rush out of the jar and when pressed
against the forehead or palm of the hand, the jar was closed off from the
outside air. This caused the flame to go out, because there was no more
oxygen to feed the burning process. The extinguishing of the flame caused
the air inside the jar to cool off and thus to contract. The pressure inside
the jar was therefore getting smaller than the atmospheric pressure outside
the beaker, and this higher air pressure kept the jar against the forehead or
palm. In other words, a partial vacum was created inside the jar, which

’ ‘ kept the jar stuck against the skin surface.
Warning: ‘The partial vacuum will leaw a red spot on the skin, which will
disappear in a few hours or longer, depending on how long the
beaker has been left against the skinl!

A3




AIR EXPANSTON BY HEAT
EXERTING PRESSURE

1.26. THE EGG AND THE MILX BOTTLE

Materials: 1. One hard-boiled egg.
2. One empty glass milk bottle.

burning g9
paper ( g /_2
\ A

il F

Tblow upwards
to get egg out

Procedure:

1. Peel the shell off from ‘2ie hard-boiled egg and place the egg on the mouth
of the milk bottle.

2. Ask: "What will happen if I put a burning piece of paper in the bottle
and place the egg back on the bottle?" (anticipated answer: ‘egg might
jump off', 'fire goes out', 'the bottam of the egg will get black', 'the
bottle might crack', etc.)

3. Burn a small piece of paper, lift the egg up, put the burning piece of
paper in the bottle and place the egg immediately back or the bottle's
mouth (egg will be sucked into the bottile).

4. Ask question number 4.

5. To get the egg out of the bottle whole: invert the bottle and let the egg
fall in the bottle neck, blow a short spurt of air up irnto the inverted
bottle and catch the falling eqq.

Questions:
1. Why did the egg get pushed irside the bottle?

2. What did the burning paper do to the air inside the bottle?

3. What did the egy do before it went into the bottle? (Observe!)
4. How can w: get the egg out of the bottle without cutting it up?
5. Is there another way to get the egg out whole?

Explana.ion:
The burning paper is heating the air in the bottle and expanding it, and

this is why the egg was vibrating before it was sucked into the bottle. Some
of the air slipped under the egg out of the bottle and thus there was less
air pressure in the bottle. An added cause for decreasing the pressure
inside the bottle is, that the burning of the paper took away the oxycen of
the remaining air, turning it into (0 and water vapor. The latter condensed
against the cold bottle. Another way to get the egqg out is, to warm the
bottle while the egg sits in the bottle neck.

fI
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AIR FXPANSION BY HEAT
!. EXERTING PRESSURE

1.27. TIE TWO BOTTIES IN LOVE

Materials: 1. Two identical bottles with thick smooth rims (medicine bottle).
2. A piece of filter paper or blotting paper.

i
burning
paper
N
Procedure:

1. Soak the filter paper in water and place it over one of the bottles.
2. Twist a small piece of paper and make sure that it will fit through the
‘ mouth of the other bottle.

3. Burn this twisted piece of paper, put it in the open bottle and
immediately cover ttis bottle with the filter-paper-covered bottle.

4. Press the top bottle for a few seconds longer on the lower one (until the
flame of the burning paper is completely extinguished).

5. Now lift the two bottles up by holding on only to the top bottle.

6. Hold both hottles, invert the set, and let go of the lower bottle.

moist filter paper

Questions:
1. What did the burning paper do to the air in the bottle?
. Why did the filter paper have to be soaked in water?
. Why did the two bottles stick to each other?
. Would the bottles stick to each other without the filter paper? Why?
. How long will the two bottles stick to each other?

Explanation:

The burning paper heated up the air in the open bottle, which caused thec
air to expand. Thus some of the air in this bottle escaped. By covering
this bottle immediately w. h the other bottle, the escaped air was trapped
outside. The air pressure outside the bottles is keeping the set pressed
together. The moist filter paper functions as a seal between the two bottles
making them almost airtight. Without this filter paper, the air would seep
between the two bottles and the trick will not work. The two bottles will
stick togetler as long ac the pressure inside is lower than the atmospheric
pressure. Slowly air will seep in through the filter paper and as soon as

‘ the air pressures inside and outside the bottles are equalized, the bottles
come apart.

b WN
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AIR EXPANSION BY HEAT

1.28. THE INVERTED PAPER BAG BALANCE

Materials: 1. Two small identical paper bags.

2. Two drinking straws and a pin.

3. Two short lengths of thread, tape and matches.

straws
pin—
paper
bags burning
4M\§</-—match

Procedure:

1. Open the two small paper bags, invert, and attach the thread to the center
of the bottam with a piece of tape.

2, Hang the two bags upside down on the ends of one of the straws, and
balance this on a pin attached to the other straw as shown in the sketch
(make sure that the straws move freely around the pin).

3. Let one of the students hold the vertical straw, strike a match and hold
the flame under one of the bags (be careful not to set the bag on fire).

4. This bag moves up. Take the flame away and the equilibrium is restored
(both bags will be in balance again).

5. Hold a flame under the other bag and this side will now move up.

Questions:
1. What is in the bags?
2. What is air doing if it is heated?
3. Why did the heated bag move up?
4. What happened after the flame was taken away from under the bag?
5. In which direction does heated air move?

Explanation:

The flame under the bag heats up the air in the bag and expands it. This
leaves less and lighter air in the bag. This lighter air pushes under
against the bag and the bag moves up. When we take the flame away, the warm
air cools down and slowly the balance of the two bags is restored.

This principle of making air lighter by heating is applied in hot air
balloons. Air inside the balloon is heated, it expands and becomes lighter
and the balloon is pushed up by the lighter air (compared to the surrounding
atmospheric air). The larger the balloon, the larger the force upward and
thus the more weight it can lift.
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AIR EXPANSION BY HEAT

1.29. SQUEEZE THE GIASS BOTTLE?

Materials: 1. An empty glass bottle.
2. Glass tubing (about 30 am) in a fitting 1-hole stopper.
3. Water and food coloring in a small beaker.

eolored water droplet
one-hole H/_

stopper

glass tube

Procedure:

1. Color a few millilitres of water with food coloring in the beaker.

2. Dip the end of the glass tubing in the colored water and close the other
end off with a finger. Take the tube ocut of the water, hold the tube
horizontal and let the waterdrop ride in the tube until close to the
stopper. (close off the end again with the finger).

3. Place the stopper in the bottle neck and insert tightly (waterdrop will
move up some).

4. Mark off the position of the waterdrop with a grease pencil, masking tape,
or rubber band.

5. Hold bottle in both hands: what happens to the waterdrop?

6. Let the bottle stand on the table: what happens to the waterdrop?

Questions:
1. What is in the bottle?
2. Why does the waterdrop not slide down into the bottle?
3. Why does the waterdrop move up when inserting the stopper?
4. what made the waterdrop move up when the bottle was held?
5. How can we get the waterdrop to move dow: the tube?

Explanation:

The 'empty' bottle is of course filled with air. In closing off the
bottle with the stopper and tube, the waterdrop was pushed upwards by the
air. It is because of the presence of air inside the bottle that the
waterdrop in the tube cannot slide Aown by itself. It is actually held up in
the tube by the air.

By holding the bottle in our hands, our body heat is warming up the
bottle, which in turn warms the air. This air expands and pushes the
waterdrop up the tube. By cocling the bottle with cool water and blowing,
the waterdrop can be made to move down the tube.

~J
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AIR EXPANSION BY HEAT

1.30. THE PAPER MERRY-GO-ROUND

Materials: 1. Two (5" x 8") paper cards.
2. A needle or pin, masking tape, scissors.
3. A pencil or straw, a lamp or candle and matches.

needle
1 cm taped on pencil
| —wide /-cut in
Sketeh B
bend
edges
bend
cut along over
Sketch A diagonals —— Sketch ¢

Procedure:
1. Draw a spiral on the paper card of about 1 cm width and cut out the spiral
with scissors following the line (Sketch A).
2. Tape the needle or pin to the pencil or straw.
3. Balance the paper spiral on the needle point and hold it about 10 cm above
a lit candle or lamp: the spiral turns!

4. Other types of merry-go-rounds can be made from paper cards or light paper
(construction paper) (see Sketch B & C).

Questions:
1. What does the burning candle do to the air?
2. What will heated air do?
3. What does a windmill need to turn?
4. Why did the spiral turn?
5. Can we make other paper cut-outs that will spin?

Explanation:

The lamp cr burning candle was the source of heat which heated the air.
Hot oir takes up a larger volume than cold air and is therefore lighter in
weight. Thus hot air rises and by holding the paper spiral in this stream of
air, it flows along the spiral and makes it turn.

Examples that are based on this same principle are the windmills, which
only turn when there is a wind blowing. The air stream here, however, is
flowing in a horizontal direction. The air stream which was moving the paper
spiral moved in a vertical direction. Other paper cut-outs are drawn in
figure B and C, which will also spin in a stream of air.

The needle point is the center point of rotation and it serves as a near
frictionless set up for the rotation of the object. A very slow moving
airflow would therefore be detectable.




EXPANSTON BY HEAT

1.31. THE DANCING PENNY

Materials: 1. One empty bottle with a narrow neck.

2. One large beaker or container for warm water.
3. A penny or dime, or other small coin.

penny or dime

pop bottle
\ r
= =
= =1 ———warm water
— =
= =
| =

Procedure:

1. Moisten the opening of the bottle and place the penny or dime flat on the
bottle mouth.

2. Fill the large beaker with hot water (not steaming, so that it would look
like cold water; if possible fill this container before doing the
demonstration).

3. Immerse the bottle, which is covered with the penny, in the water and
observe the dancing coin.

Questions:

1. What was in the bottle before covering it with the coin?

2. What kind of water was in the beaker?

3. What was the moisture on the bottle opening necessary for?

‘. Why did the penny or dime go up and down (vibrate)?

5. Would it also vibrate without moisture on the opening of the bottle?

Explanation:

The bottle was filled with air before covering it with the coin. The
moisture on the opening of the bottle functions as a seal between the inside
and outside of the bottle. When the bottle is placed in the hot water, the
air inside the bottle is heated and this causes the air inside the bottle to
expand. The only way it can escape fram the bottle is through the opening,
and thus it has to lift the coin. The coin falls back, more air expands and
lifts up the coin again. When this sequence of events happens quickly, a
vibration of the dime is caused.

Without the moisture on the opening of the bottle, the coin does not seal
off the air, so that the escaping air from inside the bottle could just seep
under the coin out into the open without lifting the coin. The coin would
thus not vibrate.

3
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AIR EXPANSION BY HEAT

1.32. THE LIVE BALLOON

Materials: 1. A small balloon (one that has been inflated before).
2. A large bottle with a narrow neck.
3. A large beaker or container for hot water.
expanding
—— balloon
N - _f
é_:———-_—: %:\’ho‘;
Sketch A = = —water
= =]
= =1 Sketch B
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Procedure:

1. If another identical bottle is available put a few small things in this
bottle; show the bottles to the students and ask them what is in the
bottles (anticipated answer: ‘nothing' in one of the bottles).

2. Place the small balloon over the mouth of the ‘empty' bottle and let it
hang limp against the side of the bottle (see Sketch A).

3. Fill the container with hot water (not steaming hot, if possible do not
show students that it is hot water).

4. Immerse the bottle with the balloon on it in the hot water (the balloon
will slowly fill with the expanding air) (see Sketch B).

Questions:
1. Before demonstrating: What is in the bottle?
2. Why did the balloon inflate itself?
3. What kind of water do you think was in the large container?
4. How can we deflate the balloon without taking it off the bottle?
5. What does air do when it is heated?
6. Is there more or less air in the warm bottle compared to the cold one?

Explanation:

The bottle was filled with air at the mament that the ballown was put over
it. The immersion of the bottle in the hot water heated the air inside the
bottle, which made it expand and fill the balloon. The larger the bottle,
the more air will expand, and the quicker the balloon will inflate., Taking
the bottle out of the warm water and leaving it to stand on the table will
cool it off and contract the air. This will deflate the balloon again. The
amount of air is not changing, whether it is hot -r cool, as no outside air
was allowed in or out of the bottle. It is just the volume of air that is

changing.

»
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EXPANSION BY HEAT

1.33. WHAT CAUSES THF WATER TO RISE? (I)

Materials: 1. Three identical saucers or one large flat tray.

2. Three identical glass cups.
3. Six small birthday caidles and matches.
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Procedure:

1. Attach one, two, and three candles to the center of each saucer or at
different spots of the tray (in case of using a flat tray).

2, Fill each saucer with at least 3/4 cup of water.

3. Light all six candles and wait till they all burn evenly.

4. Place the three cups at the same time over the candles on the saucer like
illustrated (let a student help you).

Questions:

1. Under which cup does the water level rise highest?

. Why did we take identical saucers, cups and candles?

. Do we need to pour the same amount of water in the saucers?

. Which variable is manipulated or changed in comparing A, B, and C?

. Above which saucer did heat develop most?

. Was the amount of air trapped under the cups the same for all three?
. Why did the water level rise highest in case C?

SO WN

Explanation:

In all three cases the saucers, cups, and candles were identical. This
meant that these variables did not influence the rising of the water level.
The only variable that was changed or manipulated was the number of candles,
and thus the amount of heat. This was the main factor causing the air under
the cup to expand just before it hit the water, thus under cup C the trapped
air was the least and thus exerting the lowest pressure. This is the reason
why the water is pushed up the highest in cup C. Most students will think
that the three candles will burn more oxygen, which is not the case. The use
of oxygen for the burning process also helped in decreasing the pressure
under the cups, but the amount of oxygen was the same for all three cases.

\T
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AIR EXPANSION BY HEAT

1.34. WHAT CAUSES THE WATER TO RISE? (IT)

Materials: . A small saucer and a glass cup.

1
2. A birthday candle or wooden matches and a coin.

() ()

colored half
broken

water
\ match \ ( coin

Sketeh A Sketeh B
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Procedure:

1. Attach the candle in the center of the saucer with a drop of melted wax
(see Sketch A), or if no candle is available: break a short end of a
couple of matches halfway and place them vertically on the saucer ( using a
ooin as a weight to support them: see Sketch B).

2. Fill the saucer with about half a cup of water.

3. Light the candle or the two matches and cover it immediately with the
inverted cup. Observe the water levell

Questions:

1. Why did the water level under the cup rise?

2. What does the candle need in order for it to burn?

3. Did the water level under the cup rise immediately after covering?

4. What did the heat of the flame do to the air under the cup?

5. Would the burning of two or three candles bring up the water level under
the cup to the same height?

b. How would the size of the cup influence the rising of the water level?
How can we set up experimer:s to test this?

Explanation:

The burning of the candle needs onygen and is therefore taking away all
the oxygen under the cup. The flame is extinguished as soon as all the
oxygen is used up. As the space under the cup does not contain any oxygen
any more, it is exerting less pressure compared to the atmospheric air. The
water is therefore pushed into the space under the cup.

Another major factor contributing to the decrease of pressure inside the
¢, is the fact that the heat of the flame expanded the air under the cup,
just before it hit the water. At that moment air escaped from under the cup.
After the flame extinguished, the remaining air cooled off and contracted and
in so doing it sucked up the water.
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1.35. THE CANILE UNDER THE JAR

Materials: 1. Three or more jars of different sizes.

2. Three or more Lirthday candles (depending on number of jars).
3. A large clock or watches for timing the burning candles.

N

Prcoedure:

1.
2I
3.

4,

5.

Divide the class in small groups of three to six stidents.

Give each group one jar, one candle and matches.

Make sure that the studencs can see the large clock or that each group of
students have a watch for timing.

Ask the groups to measure the burning time of the candle under the jar:
Start timing as soon as the jar is put over the candle and stop timing
when smoke evolves fram the wick (repeat several times, make sure to
replenish the air in the jar).

Compare size (volume) of jar with the burning times (plot on graph).

Questions:

1.
2.

3.
4,

5.
6.

Why do we measure the burning time more than once?

What should we do to the gas in the jar before repeating the msasuring of
the burning time of the candle?

What do you think the burning time of the candle would be, if we did not
replenish the air in the jar after the first reading?

Why did the candle stop burning under the jar?

How can we measure the volume of the jar?

What is the relationship between size or volume of the jar and the burning
time of the candle?

Explanation:

Air or actually oxygen in the air (about 20%) is needed to sustain the

burning of the candle. After the first burning, the jar has v more oxygen.
All the oxygen is replaced by carbon dioxide and water vapor, which can be
seen condensing on the ocold inside surface of the jar. Before doing a next
timing of the burning candle, the air or oxygen in the jar has to be
replenished. This can be done by pushing crumpled paper in and out of the
jar several times. A straight line relationship exists between the volume of
the jar and the burning time of the candle when the data are graphed.
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1.36. THE WATER-ATIRACTING STEEL WOOL

Materials: 1. Two graduated cylinders or two tall glasses.

steel wool: E 7

2. Two shallow dishes or trays.
3. A small batton of steel wool.
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Sketch A Sketch B overnight

Procedure:

1.
2.

3.
4.
5.

6.
7.

Fill both shallow dishes with water.

Place the steel wool batton close to the bottom of one of the cylinders or
tall glasses. (see Sketch A)

Wet this steel wool thoroughly by pouring some water in the cylinder.

Fill the cylinder one quarter full with water, cover it with a small paper
card, place it upside down on the dish, and take the card out from under
the inverted cylinder.

Adjust the water level in the cylinder evenly with the water lewvel in the
dish by letting an air bubble in the cylinder (holding it somewhat
slanted) if the water level inside is too high (see Sketch B).

Repeat steps 4 and 5 with the other cylinder without the steel wool.

Place them side by side and leave them overnight. Observe water level!

Questions:

1.
2.
3.
4.

Why did the water level under the cylinder with the steel wool rise?
Did the steel wool change color? What happened to it?

What part of the volume in the cylinder did the water level rise?
What other chemical can we use in place of the steel wool?

Explanation: 2

The steel wool in the cylinder reacted with the oxygen in the air forming

iron rust (Fez03). When all the oxygen under the cylinder has reacted with
the iron, the water level should have risen about one-fifth of the volume,
since 20% of the air consists of oxygen. Having taken away the oxygen under
the cylinder, the pressure of the remaining air is decreased, forming a
partial vacuum and thus sucking the water level higher up.

Magnesium ribbon or a chunk of white phosphorus may be used in place of

the steel wool to bind the oxygen out of the air.




AIR HAS WEIGHT

1.37. THE BALANCING BALLOONS

Materials: 1. Two drinking straws.
2. Three pins or needles & two pieces of thread.
3. Two identical uninflated balloons.

pins

inflated
balloon

Sketeh A Sketeh B

Procedure:

1. Tie a piece of thread to each of the two balloons and tie the threads to
the two ends of one of the straws.

‘ 2. Balance this straw on your finger, push a pin through the straw where it
is balancing and attach it to the other straw (see Sketch 3).

3. Make sure that the straws are moving freely around the needle; balance the
horizontal straw, then push a pin through at the spot where the threads
are attached (to prevent them from sliding).

4. Make sure that the two uninflated balloons are in perfect balance; then
blow air in one of them and tie a knot in the mouth. The balance will tip
down at the ena of the inflated balloon! (Sketch B).

Questions:

1. What is inside the uninflated balloons?

2. What kind of air was blown in one of the balloons?

3. What could happen if no pins were placed on the ends of the horizontal
straw where the threads were attached?

4. What does the balance indicate after inflating one balloon?

5. What would you expect the balance would dc if the other balloon was also
inflated?

6. How else could we show that air has weight?

Explanation:

The straw balance may be adjusted by moving the threads further or closer
to the end of the straw. In order to keep these attached threads from
sliding, we need the pins. The air that was blown in the balloon was exhaled
air, which is oontaining some water vapor but, for our purposes, may be
neglected. By inflating the other balloon, the balance should be in

‘ . equilibrium again.

1




1.38. THE BALL THAT GAINS WEIGHT

Materials: 1. A basketball or volleyball (with a valve).

2. A handpump (to pump up the ball).
3. A technical scale or balance (to weigh the ball).

¥ technical scale

Procedure:

1. Place a rather soft basketball or volleyball on the pan of the technical
scale and determine the weight.

2. Comnect the handpump to the ball and pump ten strokes of air into the
ball.

3. Disconnect the pump and read off the weight of the ball. How much did tne
ball gain in weight?

4. Repeat steps 2 and 3, and have students predict what the gain in weight
would be after 5, 10, 15, 20, 25 strokes of the pump.

Questions:

1. What made the ball gain in weight?

2. What can we stay about the relationship between the nuiber of pump strokes
and the gain in weight of the ball?

3. How can we make the ball lose weight?

4, How much would a beachball gain in weight when pumped with 5, 10, or 15
strokes of the same handpump?

5. Would an airtight bottle gain weight if air were pumped into it?

Explanation:

This demonstration shows that air has weight. By adding air to the ball,
it increases in weight. The same number of pump strokes should result in the
same gain in weight. Half the number of pump strokes gives half the gain in
weight. The number of pump strokes is therefore directly proportional to the
increase in weight. If the data were plotted on a graph, a straight line
relationship would be obtained between the number of pump strokes and the
weight of the ball. Whether a ball or an air mattress or an airtight bottle
is pumped, the increase in weight should be the same, provided that the same
pump is being used and the same number of strokes is applied.
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TECHNOLOGICAL APPLICATION

1.39. THE PIASTIC BAG AIR LIFT

Materials: 1. Twelve to twenty medium size garbage bags (plastic).

2. Two identical flat top tables.

Procedure:

1.

Ask as many students as can possibly stand around one of the tables to
stand around the table and give them each a plastic bag.

2. Iet them spread the bags out on the table and hold the bag's mouth in
their hands to get set to blow air in *hem (let the students stay in a
squatting position around the table).

3. Make sure that all students are ready to blow air into the bags with their
hands and fingers away from the table top!

4. Ask two or four other students to lift the other identical table, turn it
upside down and put it slowly on the first table (this has to be done
carefully as it has to move over the heads of the students!).

5. Ask one or two students “o climb up and sit on top of the set of tables.

6. Let the squatting students now blow air in the plastic bags all together
on the count of three.

Questions:

1. Did you expect a heavy weight like that to be lifted by air?

2. What made the top table rise?

3. How did the pressure of the air inside the plastic bags campare to the
outside atmospheric air pressure?

4. where do we find applications of this principle?

Explanation:

By blowing in the plastic bags, air is being campressed. Thiss campressed
air is exerting pressure underneath the inverted table causing che table to
rise. This principle is being applied when pumping tires of a bicycle or
automobile, or campressing air in air lifts (at gas stations or garages).
Tire pressures are twice or four times as high as the atmospheric pressure,
ana in air lifts these pressures go as high as 20 to 50 atmospheres.
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DENSITY OF MATERTAL

1.40. THE OBEDIEN. DIVER

Materials: 1. A milk bottle or other jar, and a large beaker.
2. A medium size test tube.
3. A medicine dropper, wooden match, a large balloon.
balloon
glass
medicine
dmpper__\
Sketch A —Séi Sketch B
Procedure:

1. Fill the beaker with water; fill the dropper half way with watecs and test
it in the beaker: it should just float (more or less water in the dropper
will make it sink or float).

2. Fill the bottle brimfull with water and tie an unin‘’:-ted balloon flac on
the bottle opening (do this after you transferred the dropper fram the
beaker into the bottle).

3. Put your finger on the stretched ballooi and contrel the sinking or
floating of the dropper by putting pressure on it.

4. Ask the students to say "up" or "down" or "stop" and the dropper will
respond to their command!

5. A broken off wooden match head in a water-filled test tube can bo
similarly controlled by pressure of the thumb (see Sketch B).

Questions:
1. What made the dropper or the match head sink? Or float?
2. Whac did the water level inside the dropper do when it dove down?
3. Did the air inside the dropper increase or decrease in volume during the
diving? Duri-g the floating?
4. Is water or air more compressible?

Explanrition:

By putting pressure on the stretched balloon with the finger, or with the
thumb on the test tuhe, the air inside the dropper (or inside the wood f_bers
of the wood match) gets compressed, the water level rises and thus the whele
dropper gets heavier and sinks. By releasing the pressure, the water is
pushed out again, *he dropper gets lighter and floats. This princip.2 is
applied in submarines, where water is pumpei in to submerge or pumped out to
surface. This demonstration is also suitable to initiate inquiry on sinking
and floating or on density.
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AIR TECH... .OGICAL APPLICATION

1.41. TURN A LITTLE WATER INTO A IOT OF LEMONADE

Materials: 1. Two identical gallon (4 litre) tin cans.
2. Two 2-hole stoppers (to fit the opening of the cans).
3. Glass tubing, rubber tubing, and a glass funnel.

rubber
tubing

Procedure: Sketch A Sketch B

1. Fit the glass ar.J rubber tubing, and the glass funnel in thc¢ cwo hole
stcppers as shown in the sketch above (See Sketch A).
2. F111 Can A about 3/4 full of water (add red coloring for lemonade
‘ effect), and pour about 100 ml of water in Can B.

3. Make sure that the stoppers are pressed tightly in the can openings.
Now you are ready for the demonstration (do not reveal the construction
of the tubes inside the cans - students only sc. things as in Sketch B).
4. Pour same water in the funnel and say: "I am turning a little water
into a lot of wine/lemonade", "Can you find out whet the structure of
the glass tubes inside the cans have to be to make it work like this?"
5. Have students work in groups, and have each group come up with their
hypothesis and explanation.
|
\

Questions: (Before seeing the inside structure)
1. Did you observe any water flowing fram Can B to Can A?
2. What would cause the water to flow from Can A?
3. What would adding water to the funnel do to the water level in Can B?
4. Do either of the two tubes in Can B have to extend into the water level
or not, or both?
5. The same question (4) for Can A?
(After seeirg the correct. inside structure):
6. What would happen if: the funnel did not extend into the water?

7. " " " : the glass tube in Can B also extended into the water?

8. " " " : the long tube in Can A did not extend into the wacer?

9. " " " : both tubes in Can A extendad into the water?
Explanation:

With the correct sty _ture in Sketch A above, after pciring some water into
the funnel, the water level in Can B rises, increasing the pressure of the air
‘ above the water, thus also increasing the air pressure in Can A. This will push
down the water level and thus push the water up in the long tube. The water drips
into the funnel and the cycle is repeated again. The flow of water will stop as
soon as either the water level in Can'A gets lower than the opening of the long
tube, or the water level in Can B reaches *he opening of the short tube.

()‘ 8.4




1.42. MAKE AN AIR BULLET SHOOTER

Materials: 1. A medium sized cardboard box.
2. A heavy polyethylene sheet (to cover one end of the box) .
2. Four long heavy rubber bands, a rubber stopper.
4. ™o small petrie dishes, conc. ammonia, conc. hydrochloric acid.

have someone hold
/j’/‘ piece of paper 10 m away
d / rubberbands

_fi / (\{7 7730
. ¢ //} = polyethylene
@ sheet

smoke rings —/

pull ot this
petrie dishes rubber stopper
Procedure:

1. Cut a circular hole of about 15 cm diameter in the bottam of the box,
and flip the flaps of the open side inwards.

2. St-ple the lon7 rubber bands to the four corners of the side with the
hole, and staple the other end of the bands to the rubber stopper. ‘ :

3. Cover the open end of the box rather loosely with the polyethylene
sheet and tape the edge of the sheet tightly against the box.

4. Push the rubber stopper against the center of the sheet, wrap the
sheet around the stopper, and tie it with a small thick rubber band.

5. Now the air shooter is ready. Have sameone hold a paper or cloth
sheet about 10 meters away and shoot air bullets at the sheet by
holding the box, aimiig the circular hole at the sheet, pulling the
rubber stopper and release it suddenly (see Sketch above).

6. The air shooter can also be used to produce smoke rings. Tape the two
small petri dishes next to each other inside the box, place a few
drops of conc. ammonia in one and a few drops of conc. HCl in the
otker dish, and shoot smoke rings!

Questions:
1. What makes it possible to blow at the paper sheet from 10 m away?

2. Would a square or triangular opening have the same effect?
3. What shape would the "air bullet" have?
4. What did the smoke consist of?

Explanation:

The circular opening in the box made .t possible for the air to form
ring-shaped "bullets" that can move through the stationary air much faster and
farther. Other shapes of the opening in the box would hamper this natural
travel of fluids. The smoke was formed by the gases or vapours of ammonia and
hydrochloric acid: NH, + HC1 --- NH,Cl , forming ammonium chloride, which is
a solid (smoke consistg of finely de\47ided solid particles in a gas).

Fill the air shooter box with air freshrer mist or perfume, and shoot
perfume "bullets" to the people in the audienc !
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ATR AFRODYNAMICS

1.43. THE SMOKE RING RACE

Materials: 1. The air bullet shooter (see Event 1.42)
2. Cigarettes (if you are able to make/blow smoke rings).

II

Procedure:

1. Place a few drops of conc. ammonia in one petri dish, and a few drops
of conc. hydrochloric acid in the other dish in the air shooter box.

2. Make a slow moving smoke ring by pulling the stopper halfway or not as
far out of the box and releasing it.

3. Immediately after making this slow moving ring, produce a fast moving
smoke ring by pulling the stopper out much farther and releasing it.
When making this second ring, do not change the direction of the box
opening, in other words, shoot directly at the first smoke ring.

4. Observe what the rings are doing!

5. If you are able to blow cigarette smoke rings: make a large ring, then
blow a smaller ring through this first one by holding your mouth
opening a little narrower.

(If the rings made with the air shooter are to even sized, hold a
cardboard with a smaller circular opening in front of the air shooter
to make the second smaller smoke ring).

Questions:
1. Do you notice that the rings are chasing each other?
2. What did the first ring do when the second ring went through it?
3. Which of the rings actually won the race?
4. Did the rings stay the same size during the race?
5. Which size rings would travel faster? The smaller or the larger ones?
6. Why would a ring be formed in the first place?

Explanation:

The circular opening in the box (or
the mouth) makes the air in the center
of the circle move fastest. The

W the outside of
outside of the circle of air is held ¢ } cmoke ring
back somewhat, thus a circular motion moves in
is created, causing a ring to be
formed. The smaller second ring will o

flow with the air in a circular path %
and thus became larger as soon as it
has gone through the first ring, while
the first ring gets smaller and passes
through the secord, etc.
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CHAPTER 2

WHAT CAN FLOWING AIR DO?

OBJECTIVES
After dealing with and studying the concepts in this chapter, the students
should be able to:

a. recognize the correct explanation of an observed event based on the
Principle of Bernoulli;

b. distinguish true fram false statements concerning events applyiny the
Principle of Bernoulli;

c. distinguish between air flow along a surface ané air flow against a
surface (wind energy);

d. identify the correct explanation of an event in daily life applying the
Principle of Bernoulli.




|
l
I

2.1. THE LIFTING PAPER

Materials: 1. Strips of paper of about 15 x 3 cm (for each of the students).

paper strip

Procedure:

1. Hand out a strip of paper to each of the students.

2. Have them make a fold at one end of the paper strip.

3. Holding the paper strip by the folded end, let them blow against the
underside of the paper: what do you observe?

4. Now hold the strip near the chin and blow over it (let the students try
and predict what will happen to the strip).

Questions:

1. What did you observe in the first instance? (blowing under it).

2. What did you observe in the second case? (blowing over it).

3. What do you know about the properties of sta’‘onary air?

4. What is different about the air on top ¢ the paper compered to that
underneath the paper, when we blow over it?

5. What effect does the moving air have on the gravity that is working on the
strip of paper?

Explanation:

Stationary air exerts pressure in all directions. When we blow over the
top of the paper strip, we are creating a faster moving flow of air above the
strip. The faster the flow of a fluid (in this case the air), the lower the
pressure it exerts (Bernoulli's Principle):

P + K.E. = Constant, where P = Pressure, K.E. = Kinetic Energy and V = Voiume.
\'%

This last ratio can be equated with the velocity of the moving fluid. The

effect of the moving air abcve the strip of paper is, that it reduces the

pressure above the strip. Thus the higher pressure under the strip pushes

the paper up into the lower pressure region.
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FIOWING AIR BERNOULLI'S PRINCIPLE

2.2. THE STUBBORN PAPER CARD

Materials: 1. Paper cards (3" x 5") for each of the students.

blow
undemeath the card

Sketch B

Procedure:
1. Distribute the 3 x 5 cards to each of the students.
2. Fold the cards either in the center (Sketch A) or fold them at each end
about 1 om from the edge (see Sketch B).
3. Place the folded card on the table or desk and try to blow the card off
the table by blowing underneath it. What do you observe?

Questions:
1. what did you observe when blowing underneath the paper?
2. What properties does stationary air hawve?
3. what is different about the air underneath the paper campared to that
above the paper, when blowing underneath it?
4. why do you think the paper did not fly off the table?
5. What is different about flowing air compared to stationary air?

Explanation:

This activity can be a follow-up to 'The Lifting Paper' in dealing with
Bernoulli's Principle. Among other properties, stationary air exerts
pressure. Flowing air exerts less pressure as ocampared to statiunary air.
The faster the flow, the lower the pressure it exerts. By blowing underneath
the card, we actually created less pressure underneath the paper, so that the
pressure above the paper became larger than below the paper, and this is why
the card got pressed down against the table.

In tems of moving molecules, we can see that by blowing undermeath the
card, the air molecules are pushed away from under the card. It is as if a
partial vacum is created at the spot where one is blowing. The air
molecules *hat surround the card, those on the - ide as well as those above
the air stream, are sucked towards this spot. In rushing to replace the
molecules that were blown away, these air molecules push on the upper side of
the card, thus bending it down towards the table.
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BERNOULLI'S PRINCIPLE

2.3. THE FUNNEL AND THE BALL

Materials: 1. One long-stem funnel (glass or plastic).
2. One ping-pong ball.
blow

v
T

ping-pong bal

Procedure:

1. Place the funnel and the ball next to each other on the table.

2. Ask: '"How can I pick up the ball with the funnel without sucking through
it? I may not touch the ball."

. 3. Pick up the funnel by the stem, place it over the ball and blow through

the stem, lift the frnnel while blowing.

4. Hold one hand under the funnel and stop blowing (kall drops).

5. Place the ball in the funnel and have a student try to blow it out of the
funnel (he/she will not succeed).

Questions:
1. How did we pick up the ball with the funnel without sucking through it?
2. What happened when s« stopped blowing?
‘ 3. Is 1t possible to blow the ball out of the funnel?
: 4. where is the air moving fastest when we blow tr mugh the furinel?
5. What is flowing air creating that stationary air doesn't?
6. What is the difference about the inside compared to the outside of the
funnel when blowing through it?

Explanation:
The ball can be picked up from the table with the funne! by blowing
through it. By blowing through the funnel, we create a lower pressure inside

the funnel, especially at the spot where the stem is attached to the oconical
shape of the funnel. Here the fastest flow of air occurs, because the air
molecules have suddenly more space to move about. The faster the flow of
air, the lower the pressure. This is why the ball is sucked into the funnel

by blowing, and for the same recson it is not possible to blow the ball out
of the funnel. The harder we blow through the funnel, the lower the pressure
gets in the mouth of the funnel.

(i)
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FLONING AIR BERNOULLI'S PRINCIPLE

2.4. THE ATTRACTING SPHERES

Materials: 1. Two plastic spheres (tennis balls or apples will work).
2. Two lengths of thread (about 40 am) & adhesive tape.

/-—thread taped to ball

tape
O
Procedure:

1. Tape the two pieces of thread to the two spheres.

2. Hang the two spheres about 3 am apart fram a horizontal support, or let
sameone hold them.

3. Ask: "What would you expect the balls to do when I blow in between them?"
(anticipated answer: fly apart).

4. Blow in between the two hanging spheres and observe the movement of the
two spheres (hard plastic spheres will click together).

Questions:
1. What do you observe when blowing straight against one ball?
2. What did you expect the two spheres would do when blowing between tnem?
3. What did you observe the two spheres were doing when blowing in between?
4. wWhat did we create between the balls by making the air flow?
5. What is different about the air between the two spheres as compared to the

surrounding air?

Explanacion:

When blowing head on against one sphere, v observe that the sphere moves
away from the source of the air flow. This is because the air molecules bump
directly against the surface of the sphere, the k' stic energy is transferred
to the sphere and it is thus pushed away. When blowing in between the two
spheres, we are actually pushing away the air molecules and thus creating a
lower pressure. The stationary air surrounding the two spheres on the
outside exerts a higher pressure and pushes them against each other.

Applications of Bermoulli's Principle with spheres are encountered in
playing tennis or baseball. A top spin in tennis creates a stronger and
faster air flow under the ball and curves the path down (in court). A spin
throw of a baseball curves the ball path in the direction of the spin.




2.5. THE CLANGING SCDA POP CANS

Materials: 1. Two empty soda pop cans.
2. About two dozen straight drinking straws.

drinking straws

Procedure:

1. Spread the straws parallel to each other on the table and le .ve about 1/2
to 1 am gap in between them.

2. Place the two cans upright about 2 an from each other on the straws and
show the students that they can easily move closer or further apart.

3. Ask: "what will happen to the cans if I blow in between them?"

4. Now spread the two cans about 5 cm apart. Ask: "Do I have to blow softer
or harder to get the two cans clanging?" Blow harder!

5. Now place the cans about 20 am apart. Ask: "Can I still get the two cans
clanging against each other?" Take a deep breath and blow a constant
stream of air on the right side of the left can and move your head towards
the right, while constantly blowing (Cans will clang!).

Questions:
1. What made the cans move towards each other?

2. How far apart could the cans be placed and still be drawn together?

3. What does the flowing air create in between the cans?

4. Was a stronger flow of air necessary to bring the cans that were 20 am
apart together?

Explanation:

Blowing in between the cans created a flow of air and thus a lower
pressure compared to the stationary air on the other side of the cans. It is
this lower pressure that drew them together. Theoretically, the cans could
be placed an infinite distance away from each other and still be drawn
together, as long as a constant flow of air on one side of one can moves
along with it, to move it to the other can. Indeed, the faster the flow of
air, the lower the presswre it exerts. But for the cans that were placed 20
an apart, only a constant flow that could move with the can, was necessary.




56

FLOWING AIR BERNOULLI'S PRINCIPLE

2.6. THE FLOATING CARD

Matsrials: 1. A paper card (3 x 5").
2. A thread spool and a pin.
‘ blow
place pin through card
and hold through hole
Procedure:

1. Hold the card up close to the mouth and blow against it. What do you
ocbserve? What did the card do?

2. Now push the pin through the center of the card.

3. Hold the card against the spool with the pin sticking in the hule of the
spool. Ask: "What would you expect the card to do when I blow through
the hole of the spool?" (Anticipated answer: 'blow away').

4. Now blow through the hole of the spool and let go of the card (card should
stick against the spool).

Questions:

1. What did you observe when blowing against the card without the spool?

2. What did you observe when blowing through the hole of the spool against
the card?

3. Where was the faster flow of air created?

4. What is different about the air above the card as compared to the air
under the card (while blowing through the spool hole)?

5. What is keeping the card against the spool?

Explanation:
By blowing in the hole of the spool, we are creating a faster flow of air

above the card, thus creating a partial vacuum at this spot: between the
card and the spool. The relatively slower moving air, which is surrounding
the card, exerts a highar pressure compared to the air between the card and
the spool. This makes the card stay close to the spool. As soon as we stop
blowing through the spool, the card drops, because the pressure above and
below the card is equalized.
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FLOWING AIR BERNOULLI'S PRINCIPLE

|
|
2.7. THE FLOATING BALL

Materials: 1. A ping-pong ball or a beach ball.
2. A 25 am length of rubber tubing.
3. A small compressor to produce a constant air flow (optional).
4., A vacuum cleaner (when using the beach ball).

. \\
g/—‘pﬂmg-pong ball beach ball
vacuum j

rubber tube cleaner

/ BLOW exhaust

Procedure:

1. Take the rubber tubing with each hand on one end of the tube.

2. Place the ping-pong ball on one end of the tubing and blow through the
other end, and balance the ball in the air flow.

3. When using a beach ball, you will need a vacuum cleaner. Detach the
vacuum cleaner hose and attach it to the exhaust end, so that it blows
through it rather than producing a suction.

4. Blow air into the beach ball and let the ball hang in the air stream that
the vacuum hose is producing.

5. When a small compressor is available, attach a small orifice to the
exhaust tube and hang a ping-pong ball in the air stream.

Questions:
1. Will we be able to do the same thing with other round objects?
2. What property of the round object is critical for it to stay afloat?
3. What does the blowing do to the movement of the air molecules?
4, How does the pressure of flowing air compare to that of stationary air?
5. Why does the ball stay afloat in the air stream?

Explanation:

By blowing through the rubber tubing or by using the campressor or the
exhaust of the vaco»m cleaner, we are creating an air flow. This air flow
causes the existern - of a lower pressure area compared to the surrounding
air, vhich is stationary or not moving as fast., Bernoulli's Principle states
that: the faster the flow of air, the lower the pressure. This means that
at the place of exhaust (end of the tube or lose), a cone of lower pressure
is created. All the surrounding air is eterting a highe: pressure and thus
the ball is kept in the lower pressure area, which is the cone above the
exhaust.



FLOWING AIR TECHNOLOGICAL APPLICATION

2.8. LIFT WATER BY BLOWING

Materials: 1. Two drinking straws (transparent ones).
2. A glass or beaker.
3. Food coloring or ink & white sheet of paper.

blow

colored == white
—] \ paper

water —

Procedure:

1. Fill the beaker about 3/4 full with water and add a few drops of food
ooloring or ink to it, and stir.

2. Cut one of the straws in half and dip this short straw vertically in the
oolored water (hold this with the left hand).

3. Place the long straw with the right hand horizontally agai.st the top
opening of the vertical straw (see Sketch above).

4. Ask a student to hold a white sheet of paper on the other side of the
equipment set-up.

5. Blow through the horizontal straw until the oolored water is sprayed
against the paper. (The horizontal straw might need same adjusting up or
down against the vertical one before the water comes out).

Questions:
1. What do you create by blowiug the air with the straw?
2. How does the pressure at e meeting place of the two straws compare with
that on the water surface of the beaker?
3. What is it that lifts the water in the vertical straw?
4. Would this also work with a longer vertical straw?
5. Where do we find this principle applied?

Explanation:
By blowing through the horizontal straw, we are creating a flow of air and
the faster the flow of air, the lower the pressure (Bernoulli's Principle:
see Event 2.1.). Thus the pressure at A is smaller than at B (sce Sketch),
and this pressure difference makes the water move upwards in the vertical
straw. The longer the vertical straw, the harder we have to blow to create a
larger pressure difference.
Applications of this principle are found in soray quns for painting, in .
spray bottles, spray pressure cans, etc.




Procedure:

FLOWING AIR BERNOULLI'S PRINCIPLE

2.9. THE MYSTERIOUSLY MOVING FLAME

Materials: 1. A candle and matches & a drinking straw.

blow
blow
Sketeh A ¢ j
Sketch B

1. Light the candle and attach it to the table.

2. Blow through the straw directly against the flame, such that the students
get the side view of it (Sketch A).

3. Now hold the straw to the side of the flame, blowing straight into the
face of the observer, ask: 'Where will the flame move to when I blow?
Towards or away from the straw?" (Sketch B).

4, By moving the straw radially in a semi-circle and repeating point 3, make
sure that every student has a good view of the moving flame.

Questions:

1. Why did the flame move away fram the straw in set-up A?
2, Why did the flame move towards the straw in set-up B?

3. What variable is decreased by increasing the flow of air?
4, what principle is this phenamenon based on?

5. Where do we find this principle applied in daily life?

Explanation:

This event again is based on Bernoulli's Principle, which states that the
faster the fluid flows, the lower the pressure the fluid exerts. 1In this
case the fluid is air. The air on the straw side of the flame is flowing and
thus compared to tne air on the cther side of the flame, which is stationary,
it exerts a lower pressure. For this reason the flame bends towards the
straw. When blowing straight against the flame, this latter gets immediately
into the air stream and can be compared to a flag waving in the wind.

Applications of Bernoulli's Principle are encountered in our daily life in
the lift that airplanes are getting when flying; the shape of the wings makes
the air flow faster over the wing than under it (Event 2.11.). Other
applications are found in throwing curved balls in baseball pitching and in

using top spins in playing tennis.

59



60

1.
2.

3.
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5.
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3.
4.

5.

2.10. WHICH WAY WILL THE FLAME FLICKER?

Materials: i. A candle and matches.

2. A paper card (3 x 5" or 10 x 15 am).

3. A large empty jar (pickle jar). 9

Jjar ?

blow I N ’

—_— blow

?
blow
Sketeh A . Sketch C
er oard._/
P Sketch B

Procedure:

Light the candle and attach it to the table.

Stand to the side of the candle and ask: "Which way will the candle flame
flicker when I blow from this side?"

Blow slowly against the flame: the flame moves away from you (Sketch A).
Place the card vertically between you and the candle, and ask again:
"Which way will the candle flame flicker when I blow?"

Blow hard against the card and let students observe the flame. (B)

Place the empty jar between you and the burning candle. Repeat the
question and blow hard against the jar (see Sketch C).

Questions:

What does flowing air against the card create?

From your observation of the candle flame movement with the card, on which
side of the candle was the air pressure lower?

wWhy did the candle flame not behave in the same way with the jar as with
the card when blown against?

What would happen with the candle flame behind the jar, if we blew really
hard against the jar?

Why are fast moving vehicles almost never squared off at the rear?

Explanation:

Blowing air against the card creates a turbulence of air behind the card

and thus a lower pressure. The flame is drawn to the spot of lower air
oressure and therefore is bent towards the card. When blowing against the
jar, the air can smoothly flow around the jar and when the blowing occurs
hard enough, the flame can easily be extinguished. This is an example of a
streamlined fast moving object. Vehicles that are squared off at the rear
have problems with turbulence, which is creating a pocket of low pressure in
the rear of the vehicle, forming a drag.

a7
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FLOWING AIR FLIGHT

2.11. THE PAPER WING

Materials: 1. A piece of paper or paper card and cellotape.

. A rourd pencil or straw.

N =

cellotape

Sketch A

Procedure:
1. Cut a piece of paper of about 5 x 15 am and bend it in the shape of an
airplane wing (Sketch A) and tape the ends together.
2. Put a pencil or straw through the wide end of the wing and let the paper
wing hang vertically down (see Sketch B).
3. Blow over the paper wing (it should move up horizontally).

Questions:
1. Why does the paper wing move up when blown over it?
2. What would happen if you blew under the paper wing?
3. What hapvens if you blow over the wing, but invert it (with the curved
side facing down)?
4, What gives airplanes the air lift?
5. What do airplanes do with their wings when they take off or land?

Explanation:
Bernoulli's Principle is underlying and

S ————— causing the airlift that the airplane wing

@E provides. The wing is built in such a way

———— —=——————-= that the air over it flows faster than the

MB N air under it. It has a greater curvature on
the top compared to the bottom side.

When we consider an air molecule A on the top side and molecule B below

the wing, and they have to run from point M to N, it can be seen that A has
to run faster than B, because of its longer path.

1

The wings of an airplane are provided with

adjustable adjustable flaps that can be extended or
extensions retracted. When extended, it increases the
m curvature of the wing on the upper side and
¢ - provides a greater lift for starting and
landing.
‘C;’.“
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2.12. THE PAPER AIRPIANE OONTEST

Materials: 1. Onion skin or tracing paper.
2. Small scissors (for each rair of students).

A

Sketeh 1

Sketch 3B

Procedure: ~
1. Take a rectangular shape of thin paper (10 x
20 am) and make two creases AA' and BB' by

bringing over B to B' and A to A' (Sketch 2).
2. Lift the middle of AB' = C and the middle of

BA' = D up (Sketch 3) and push points A and B

down over B' and A' (Sketch 4).

Now lift point B up and bring over to point

M. Do the same with flap A, and crease the

fold (Sketch 5).

Pinch flap F and fold over towards the front

(point M), and do the same with flap E

(Sketch 6).

Fold point M towards the back side of the Sketeh 7

paper (Sketch 7) and fold along the axis of
symmetry to obtain Sketch 8.
Cut the plane in any shape you want
(experiment with it) and bend wings up or
down, and tail elevators up or down.

7. Fly the planes: the longest one to stay up Sketch 8
wins (Sketch 1).

Questions:
1. What makes the paper plane fly farthest?
2. What makes the paper plane turn to the left or right?
3. Would thinner or thicker paper make the plane fly farther or longer®

Explanation:

When the elevators are angled up, the
flowing air pushes it down and the plane
climbs. The rudder works just like that of
a boat. Turning it to the right moves the
tail to 2 left and the whole plane turns
to the right. Ailerons are used to roll the
plane and the flaps to increase the
curvature of the wings and increase the
lift.
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FLOWING AIR WIND ENERGY

2.13. THE OORK RACE

Materials: 1. Different size corks (one per pair of students).

2. A shallow tray (one per pair of students).
shallow water-
filled tray
blow

Procedure: ! l [

1. Distribute one cork and one tray to each pair of students.

2. Let the students fill the tray with ater and float the cork on the water
(making sure that the cork does not drag on the bottom of the tray; add
more water if this is the case).

3. Position the students facing each other with the tray in between them (the
cork may not be touched during the race).

4. On the count of three, one student blows the cork across the tray, and the
other student indicates (raises hand) as soon as the cork has crossed over
(reachad the other side).

Questions:
1. What made the cork move over the water?
2. Which cork moved faster: the smaller or the larger one?
3. What are other factors that influence the speed of the moving cork?
4. What type of energy was used to move the cork?
5. Which side of the cork, when blown against, results in a faster speed?

Explanation:
The flowing air blowing against the cork consists of a stream of moving

air molecules possessing kinetic energy. This energy is imparted upon the
cork resulting in its movement. The speed of the cork depends on how hard
one blows against the cork, whether the stream of air hits the upright ends
or the round surface of the cork, and whether it is a larger or smaller cork.
The larger cork has a larger surface to blow the air against and thus may
move faster, even though it is slightly heavier than the smaller cork. Other
variables influencing the speed might be investigated like: the type of
liquid, the angle of air flow, etc.

This demonstration shows that moving air is a form of energy: kinetic
energy of moving air molecules.
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FLOWING ATR WIND ENERGY

2.14. THE PAPER FAN

Materials: 1. A paper card (5 x 8") or construction paper.

2. A small DC motor & battery (for activity a).
3. Straight pins and cellotape (fer activity B).

cut along

~—diagonals

g ‘—blow

Sketch A Sketch B

Procedure:

1. Cut a circle (12 an/5" diameter) out of the paper card.

2. Draw four diameters perpendicular to each other on the circle and cut in
with scissors till about 1 am from the center.

3. Qut four sections off and bend the edges of the remaining sections (see
Sketch A), and attach this fan to the small motor. Switch the motor on
(connect to batery): a flow of air is created.

4. For activity B no motor is needed.

Cut a square piece out of construction paper, draw the diagonals and cut
along these lines till about 2 cm fram the center.

5. Foldeveryotherpointbacktotheoenteraxﬂlnldtheninbypushingthe
straight pin through the points and the center of the paper.

6. Push the pin into the eraser part of a pencil and hold the paper mill in a
stream of air, or move it back and forth in the air (Sketch B).

Questions:

1. What type of energy was transformed into the air flow in activity A?

2. Which way would the wind blow if the fan were turning in the opposite
direction (in activity a)?

3. What type of energy did the air flow in activity B create?

4. What is needed to turn the paper mill in activity B?

Explanation:

In activity A electric energy was transformed into mechanical energy: the
moving of the paper fan. This in turn made the air flow, which is kinetic
energy of the air molecules. If the fan would turn in the opposite
direction, the air flow would also be reversed.

With activity B, the kinetic energy of the air flow is transformed into
mechanical energy: the turning of the paper mill. In order for this mill to
turn, wind or a moving flow of air is needed.
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FLOWING AIR WIND ENERGY
BERNOULLI ‘S PRINCIFLE

2.15. THE LFAPING BGG

Materials: 1. Two identical wine glasses (or plastic cups).
2. A hard-boiled egg (or ping-pony ball).

blow in

this direction blow
hard-boiled
eqg
ping-pong
~N ball
Procedure:

1. Place the two wine glasses or cups about 2-3 cm apart on the table and
secure them down with tape or just hold them down.

2. Put the hard-boiled egg in one of the glasses (or the ping-pong ball in
one of the cups) and ask the audience the question:
"How can I move the egg (or ball) from one glass into the other without
touching the egg and leaving the glasses as they are?":

3. Most people will respond with: "It’s impossible!"
Now blow a short and hard puff obliquely into the far side of the wine
glass that holds the egg or ball and watch the egg leap! (It may take a
few practice blows to make the egg leap successfully).

Questions:
1. What makes the egg or ball jump out of the first glass?

2. Why would the egg or ball not go toward the one that blows?

3. What does flowing air create?

4. How far apart can we place the second glass in order for this one
still to catch the leaping egg or ball?

5. What would happen if we blew on the near side of the egg or ball?

Explanation:

Blowing obliquelv into the far side of
the glass builds the pressure on that side.
It pushes the egg or ball out of the glass
and the flowing air above both glasses
guides the egg towards the second glass,
because the flowing air actually creates a
lower pressure. The harder we blow, the { )’/ pressure

flowing air reduces pressure

blow

farther the second glass can be placed to butlt up
catch the leaping egg. (Warning: do not
try this activity with a raw egg!)

ing
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FLOWING AIR FLONING FLUID
BERNOULLI ‘S PRINCIPLE ‘

2.16. LIFT A MOTH BALL WITH STREAMING WATER

Materials: 1. A small plastic vial (medicine vial or narrow jar).
2. Amoth ball (or raw egg plus a small drink glass).
3. A water tap above a sink.

moth ball

vtal or
narrow jar

Procedure:

1. Place the moth ball in the vial (or egg in the small glass), then ask

the students: "How can I lift the moth ball (or egg) up without

turning the vial or glass upside down?"
2. Now open the tap ana let the water run with . smooth medium size flow

(this should be tried out beforehand so that you know what size stream

you need for the lifting power). .
3. Hold the vial with the moth ball or glass with the egg under the water

stream, such that the water falls directly on top of the ball (or eqqg).

Observe the ball (or egg) rise to the water surface!

Questions:

1. What made the moth ball rise up in the water?

2. Does a moth ball sink or float in water?

3. What happens if the water flow is suddenly stopped?

4. Would the moth ball keep floating if the water keeps ruaning?
5. What would happen if the water stream was not falling nhead on?
6. What would happen to the ball if we used a larger/wider jar?
7
8

. What happens if we used a stronger or weaker flow of water?

. After the ball got lifted to the top, what would happen if the water
stream were increased or decreased?

- What happens to the kall if the vial was held in a slanted position?

Explanation:
Bernoulli’s Principle states: the faster the fluid flow, the 1lower the

pressure. In this case the fluid is the water streaming out of the tap. The
faster this flow of water, the lower the pressure, but the larger the downward
force. This means that there is an optimum flow where it creates a low enough
pressure above the ball. This makes the ball rise up with the water flow
until it reaches the: surface.

A sudden stop of the water flow will make the moth ball sink, showing that
indeed the lower pressure created by the water flow was the cause for the ball
going up. Increasing the water flow will also make the ball sink, but this ‘
time because of the downward force of the water.

A technological application is the Venturi tube, a measuring instrument for
fluid speed based on this same Bernoulli’s Principle.

1n3
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FLONING AIR FLONING FLUID
APPLICATIONS

2.17. THE SELF-PRIMING SIPHON

Materials: 1. A short wide glass tube, open on both ends (diam 2.5 cm,
length about 8-10 cm long).
2. A medicine dropper (o. glass tube drawn at one end).
3. One-hole stopper with a short glass tube.
4. Two-hole stopper (both stoppers fitting in the wide tube).

medicine dropper

wide (without bulb)
Set-up s
tube

2-hole stopper
Procedure:
1. Irsert a short glass tube into the one-hole stopper and connect a long
rubber tubi.J to the glass tube.
2. Take the rubber off from the medicine dropper and insert the glass tube
into one of the two lholes of the two-hole stopper.
3. Fit both stoppers into the wide glass tube, which is open on both ends,
and make sure that the drawn end of the medicine dropper extends into
the opening of the glass tube of the 1-hole stopper (see Sketch B).
4. Plunge the wide tube with stoppers and all in a large water container
on the table and bring the end of the rubber tubing below the table top.
(th2 extent to which the drawn tube goes into the top glass tube may
need save adjusting).

Questions:
1. what is the cause for this siphon to start by itself?

2. What happens to the air inside the wide tube at the moment that it is
plunged into the water?

3. What does the drawn tube create when water is pushed through it?

4. How is a regular siphon started?

. Explanation:

At the moment that the wide tube is immersed into the water, water ccmes up
in the wide tube through the open hole in the 2-hole stopper. This causes the
air inside the wide tube to flow through the small tube in the l-hole stopper.
Simultaneously, water is coming up through the drawn tube, and a small jet of
water is created. Both flows of air and water create a lower pressure and
thus an upward surge of the water, enough to overcame and fill the hump of the
rubber tubing. Once this hump is fillad with water and the wide tube is also
filled with water, the siphon will continue runnii.g.

A reqular siphon has to be primed, either by sucking through the rubber
tubing, or by filling the tubing with water - by immersing the tubing in the
water, pinching the end and pulling it quickly over the edge of the container
and letting go of the tubing.
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FLOW.NG AIR RESISTANCE

2.18. TFE SELF-DIRECTING CARDS

Materials: 1. A deck of playing/bridge cards. hold card

ZEBEPAN

horizontal ,_ ™ [ij:ﬂ
Procedure: T

1. Stand up straight with a deck of cards in your hand. Hold one card at

a time in front of you between two fingers horizontally and ask: "Where

do you think this card will end up on the floor? Straight underneath it

or off to the side?", then drop the card. (See Sketch A).
2. Hold the next card between thumb and index finger by the short sides,

vertically with a slight slant to the left; ask the same question, then

drop the card (See Sketch B). ‘
3. Hold the next card the same way, but now slant it slightly to the right,

ask: "Where will this card end up on the floor?", then drop the card.

Questions:

1. Where did the first, second and third card end up on the floor?

2. What made them fall so differently?

3. Which of the cards stayed steady while falling?

4. How could you separate the cards into three equal piles by dropping them
to the floor? (This question could be used before doing the demo).

. What do you think would happen if you held the cards by the long sides
and let them fall from the three different positions?

6. What do you think the cards would do when dropping two at a time?

7. Where would the cards end up on the floor, if the cards were held in a

random fashion before dropping?

Explanation:

When letting the card fall horizontally, it will stay horizontal and end up
quite plumb underneath the position before falling. This is caused Ly the
even flow of the air around the card. When holding th- card wvertical ly, the
leading edge of the card cuts into the air, encounters a slightly higher
pressure or resistance on one side, flips up, and the card starts rotating.
Once it spins it will keep on spinning. The ones slanted *o the left will
rotate in a clockwise direction, and the ones slanted to the right will rotate
counter-clockwise (from the point of view of the performer).

This demonstration must be done in a draft-free room. It will not have the
same results outdoors. On a windy day, dropping the cards will have the same
randam result as holding the cards at randam positions indoors before dropping
them.

(9]
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CHAPTER 3

WHAT FACTORS INFLUENCE THE WEATHER?

QBJECTIVES

After dealing with and studying the concepts and sub-concepts in this
chapter, the students should be able to:

a.

b.

Ce.

recognize the correct explanation of the influence of atmospheric
pressure, wind speed and direction, and humidity on the weather;

explain oorrectly in their own words how atmospheric pressure, wind speed
and direction, temperature and humidity are measured;

distinguish true from false statements concerning each one of the
variables influencing the weather;

identify the correct explanation conceruing variables that influence the
climate, length of days, and the sun's heat.
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3.1. A CLOUD IN A BOTMLE (I)

Materials: 1. A colorless transparent soda pop bottle.
2. A bicycle hand pump & bicycle tire valve.
3. A 1-hole stopper with short glass tube (fitting the bottle).
4. A short piece of thick walled rubber tubing.

valve

thick tubing
glass tubing

I-hole stopper

water

Procedure:

1. Place a few millilitres of water in the bottle.

2, Insert the 1-hole stopper tightly in the bottle opening and connect the
bicycle pump as shown in the sketch.

3. Pump air into the bottle and let the students observe the bottle very
carefully, especially the moment when the stopper pups outs.

4. when the cloud is not too visible, drop a lit match in the bottle or blow
a little smoke in the bottle, then repeat point 3.

Questions:

1. What do we peed the water in the bottle for?

2, At the moment that the stopper pops out, what does the air inside the
bottle do?

3. At the moment that the stopper pops out, what is the temperature of the
air inside the bottle doing?

4. What will water vapor do when it is cooled?

5. Why do we get a better cloud with a little smoke in the bottle?

6. Where do we see applications of this principle (with the smoke) in our
daily life?

Explanation:

At the moment that the stopper pops out, we get a sudden low pressure in
the bottle. The miniature atmosphere in the bottle had a high humidity
because of the presence of the water. At the moment that the stopper pops,
the air in the bottle rushes out, the temperature drops as air expands, and
the water vapor condenses. This condensation process is enhanced by the
presence of smoke, which is a suspension of solid particles in the air acting
like nuclei for the water vapor to condense on. This is the reason why it is
more likely that it will become foqgy or rainy over polluted areas, such as
larger cities with heavy industry, than over rural areas that have no
industry.
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3.2. A 00D IN A BOTILE (II)

Materials: 1. A wide mouth gallon jar (pickle jar).
2. An uninflated rubber beachball.
3. Same heavy rubber bands or masking tape.

cut 1/3 off rubberbands or
beachball masking tape

pZaZZ up w‘i'th

~——gharp jer
Sketch A
Sketch B
/—water
Procedure: ——

1. Place a few millilitres of water in the gallon jar.

2. Drop a lit match or blow some smoke in the jar.

3. Cut one third off of the beachball (Sketch A) and turn the larger part
inside out. Place it over the jar, such that the cut edge slips over the
rim of the jar, then fasten it with a few heavy rubber bands or masking
tape around the jar mouth (make sure it is airtight).

4. Pull the rubber sheet up with a short sharp jerk and observe what is
happening in the jar (see Sketch B).

Questions:
1. What. function does the water in the jar have?
2. What do we need the smoke in the jar for?
3. What is suddenly increased by pulling the rubber sheet up?
4. How does the pulling of the rubber sheet affect the temperature?
5. Why is it usually more cloudy and foggy over industrial areas as compared
to rural areas?
6. What would happen if the rubber sheet was not put on the jar airtight?
7. Would the cloud be more easily formed if the bottle were warm or cold?

Explanation:

The water in the jar is necessary to create a miniature atmosphere with a
high humidity. The smoke provides the nuclei on which the water vapor can
condense when the rubber sheet is suddenly pulled up. This pulling up of the
rubber sheet causes the volume of the air inside the jar to suddemnly
increase, and thus the temperature to decrease. As the humidity is very
high, the air contains the maximm capacity of water vapor. The slightest
drop in temperature, therefore, is enough to cause the water vapor to
condense and produce a mist or fog.
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3.3. THE JAR BAROMETER

' Materials: 1. A wide-mouth gallon jar (pickle jar).
. 2. A larye kalloon, 2 straws, a straight pin.
I 3. A ruler, masking tape, a thermometer.

pin ——8trave

~

<

rubber sheet
—— ruler

\

gallom jar

thermometenr-
(taped to jar;

Procedure:

1. Blow the balloon up (preferably a day before use or a few hours before

use) so that the rubber is stretched.
’ 2. Cut a piece off the stretched balloon (’arge enough to cover the jar

opening) and tape it airtight to the jar mouth.

3. Tape two straws pivoted with a pin to the center of the rubber sheet and
to the side of the jar (see Sketch).

4. Place the jar such that the straw indicator points along a ruler.

5. Place a thermometer close to the jar or tape it to the jar, and read the
pressure off the ruler at the same temperature, twice a day.

Questions:

1. When the atmospheric pressure ~ets higher, will the reading on the ruler
be higher or lower?

2. Why is it necessary to stretch the rubber sheet beforehand?

3. Why does the reading of the pressure have to be done at the same
temperature? What would a higher temperature do to the reading?

4, What does an increasing atmospheric pressure indicate for the weather
forecesting?

5. What does a decreasing atmospheric pressure indicate?

Explanation:

This simple barame ¢ is only good for measuring relative atmospheric

pressure changes. The ruler could be calibrated by listening to radio
announcements of atmospheric/barometric pressures. The rubber diaphragm is

more sensitive to pressure changes, when it is more flexible; that is why it

needs prestretching. The reading of this simple instrument has to occur at

the same temperature, as an increase in temperature will result in expansion

x of the air inside the jar, and thus a higher pressure in the jar and a lower
. reading. Cooling of the jar results in contraction of the air in the jar and
thus a higher reading.
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WEATHER PRESSURE
3.4. THE BOTTLE BAROMETER
Materials: 1. A bottle with a long narrow neck.
2. A cylindrical tall jar & thermameter.
3. A grease marker (a felt marker will do). ‘
long-necked bottle
graduations
tall jar\ water level
water ¥
Procedure:

1. Find a bottle with a long narrow neck and a jar that can support the wider
part of the bottle when inverted in the jar.
2. Draw horizontal even graduations on the bottle neck with a marker and
assign numbers to the graduations (hold bottle upside down). ‘
3. Fill the jar half full with water.
4. Pour same water in the bottle and invert it quickly into the slanted held
Jar, so that the water level in the bottle neck will be slightly higher
than that in the jar.
5. Position the bottle barameter in a place where the temperature does not
fluctuate, and read off the water lewvel in the neck. Do this twice a day

and campare readings.

Questions:
1. What should the water level in the bottle neck do if the atmospheric
pressure increases? 1f it decreases?
2.Whydoesthebarmneterhavetobeputinaplacewbarethetenperature
does not fluctuate?
3. At what point do these bottles function as a barometer?

Explanation:

When the atmospheric pressure increases, the water level in the jar is
pushed down and thus pushed up in the bottle neck. When the pressure
decreases, the water level in the jar goes up and thus the water level in the
bottle neck goes down.

This simple barareter will only work when the surrounding temperature
stays constant. When the surrounding temperature increases, the bottle and
the air inside it warm: up and expands, pushing and exerting pressure against
the water resulting in a lower reading of the water level. A cooler
surrounding temperature has the opposite reaction as a result.

Over a longer period of time, the water of the jar will evaporate and
water has to be added to bring the water level back up to its original level.
Otherwise it ceases to function,




3.5. WHICH IS THE BEGT WINDVANE?

Materials: 1. Drinking straws, straight pins, paperclips.

2. Cellotape, paper cards, clay, scissors.
3. An empty soda pop bottle.
4. A small electric fan.

pins

Sketch A | Sketch B

Procedure:

1.
2.

3.
4.

Questions:

1.
2.
3.

4,
5.

Provide students with straws, paper cards, pins, scissors, cellotape,
paper clips (poo bottles if available).

Ask students to construct a good working windvane (the best one will turn
fastest into the wind direction).

Ask students what the conditions are for tne windvane to work.

If students have trouble making one, give them clues by first constructing
windvane A (se Sketch A):

Tape a piece of card to the end of a straw and insert some paper clips to
the other end, find the balancing point (by letting it balance on your
finger) and stick a pin through the straw at that point. Let this straw
swivel in a vertically held straw. (set in a pop bottle: Sketch B)

What is the difference between the front and the rear part of the
windvane? Is there a difference in area?

what must the horizontal bar be able to do to turn in the direction of the
wind?

Where must the pivot of the arrow (hcrizontal bar) be located?

What can be used as a base or stand for the windvane?

How would you construct a windvane that points where the wind is blowing
to (opposite to where it comes fram)?

Explanation:

In order for a windvane to work, one end must be wider in surface area

than the other end. By taping a cut-out card to one end of the straw, we
increase the area at this end, but the weight at this end is thereby also
increased. To counterbalance this, paper clips are inserted at the other
end. This makes it possible to place the pivot in the center of the bar.
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3.6. HOW FAST DOES THE WIND BLOW?

Materials: 1. Paper caris (3 x 5"), cellotape, scissors.
2. An empty piastic bottle with a narrow neck.
3. A wooden stick (round), knife, nail.
4. A small electric fan.

small
cones

Sketch A ' Sketch B

Procedure:

1. Fold fourpapermrdsintooonesarﬂcutthenintoonelargeandthree
small cones. Tape the small cones to the edge of the lar jer cone,
pointing in the same direction. Let the large cone swivel around a pencil .
or pen by holding it in the wind of the fan (see Sketch A).

2. Cut slits in the side of the plastic bottle and bend the flaps slightly
outward. Make a small hole in the bottom of the bottle, turn it upside
down on the stick and nail it loosely on the end of the stick so that the
bottle can swivel easily (see Sketch B).

3. Oolor one of the small cones and one of the flaps of the plastic bottle
red or black. To calibrate the instrument, hold it out a car window when
the car moves with a speed of 20, 30, 40, 50 km/h and count the number of
revolutions for each of the velocities (do this on a day when there is no
wind blowing).,

Questions:
1. Will anenometer A turn in the same direction as B (see Sketch)?
2. How can we measure the wind speed with this anemometer?
3.Doesitmtterwherethewindcm|esfmnwhenusingthisanemter?
4. In calibrating the instrument, why do we have to wait for a day when there
is no wind?
5. What makes the anemometer turn only in one direction?

Explanation:
The anemometers as shown in the sketch will turn in opposite directions.

The simple anemometer turns only in one di-ection when held in a stream of
air, because the air resistance on one side of the cone or cylinder is less
than on the opposite side. After calibrating the instrument it is just a
matter of counting the number of revolutions to tell how fast the wind blows.
A day with no wind should be chosen to calibrate it, as the existing wind
will otherwise affect the reading.
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3.7. FIND WIND SPEED AND DIRECTION TOGETHER

Materials: 1. A nylon stocking & a medium size wire (about 80 cm).
2. A narrow test tube & a small electric fan.

Lre hoop

/——teat tube

Procedure:

1. Make a hoop (circle) with a 10-15 amn diameter from one end of the wire,
and let the other erd protrude for at least 20 am.

2. Fold the edge of the opening of the stocking around the hoop and tape it
secure to the hoop.

3. Stick the protruding end of the wire into the test tube and make sure it
can swivel freely in the tube.

4. Bring the "wind-anemo-vane” in the wind stream of the fan or place it
outside in the ground on a windy day.

Questions:
1. What other material can be used instead of the stocking?
2. Why does the stocking turn away from the wind?
3. How can we tell the speed or velocity of the wind?
4. How would you calibrate this instrument?
5. What is a wind velocity meter called?
6. Why is the measuring of the wind speed important?
7. What do we need in order to forecast the weather?

Explanation:
The stocking or strips of paper in the wind will act just like a flag in

the wind. It will wave away from the wind, similarly the stocking will point
in the direction where the wind is going to and not where it is coming from.
The windvane, on the other hand, is pointing into the wind, opposite to what
the stocking is doing.

The stocking may be called a "wind-anemo-vane" because it does both:
indicating the direction and the speed of the wind. The instrument measuring
the speed of the wind is called: anemometer. The more hrrizontal the
stocking, the stronger the wind is.

Measuring the wind speed and direction is very necessary in the
forecasting of the weather.
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3.8. CREATE WIND CURRENTS

Materials: 1. An empty aquarium or any large transparent container.
2. Thin cardboard (bristol board or manila folders).
3. Black bristol board or black carbon paper.
4. A small candle, an old rag, matches, masking tape.

:‘ [ )/

§ , smoldering cloth
chimmey A t i chimey B
| L
(g~ )
ﬁ w_
A' B’

Procedure:

1. Make a cover for the aquarium with two holes, and also two fitting pipes,
that will act as chimneys, from the thin cardboard.

2. Cover the backside of the container with black paper, so that the smoke
currents can be more easily seen (use a spotlight if available).

3. Fix thecandleurxieroneoftl‘xeholesinthebottanoftheaquarimnand
light the cardle.

4. Place the cover over the container and tape the edges airtight to it.

5. Make a smoke source from the rag (by burning it and letting it smolder) or
light a cigarette, and hold the smoke close to chimney B (see Sketch).

6. Let the smoke fall into chimney B (do not hold the smoke source directly
above the opening, but blow the smoke over the opening) and let the
students observe the smoke currents.

Questions:
1. What makes the smoke fall in chimney B?
2. Why does the air rise through chimney A?
3. What is the purpose of the burning candle?
4. How can we create wind currents without the burning candle?
5. What places on earth can spot A' and B' be compared with?

Explanation:
The burning candle is a source of heat. It heats the air above and arocund

the flame, and heated air rises. This makes the air rise through chimney A,
and because air goes out of the container, air must replace it, and this
comes in through chimney B, taking the smoke with it. Spot A' can be
compared with a hot place on earth (f.i. the tropics) and B' with a cold
place (the poles). The air currents or winds are created this way between
such places on earth. 1Instead of the candle we can also use an ice cube
above chimney B. Cold air will move down and create the same currents.

z
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3.9. MAKE YOUR OWN THERMOMETER

Materials: 1. A small soda pop bottle & food coloring or ink.
2. A transparent plastic straw or glass tube.
3. A cluwp of clay or a one-hole stopper.
4. An alcohol burner & stand, or a candle.

gluss tube in
one-hole stopper

colored water

Procedure:
1. Fill the pop bottle full with ocold water and color it with a few drops of
food coloring or ink.
‘ 2. Put some clay around the straw or insert the glass tube in the one-hole
stopper (make sure that only a short end will go in the bottle).
3. Inmerse the straw or glass tube in the water-filled bottle, insert the
stopper and mark off the water level in the straw or tube.
4, Heat the pop bottle or cool it down with an ice cube and let students
observe the change in water level.

Questions:
1. Why does the straw or glass tube connection to the bottle have to be
watertight?
2. What will heating or cooling do to the water level in the tube?
3. How similar is this instrument to a real thermometer?
4, How could we calibrate this simple instrument?
5. Could this instrument actually be used to measure temperatures?

Explanation:
The small soda pop bottle can be compared to the bulb of a regular

thermometer. The larger this bulb, the more sensitive the thermometer is:
thermometers for measuring body temperature have large bulbs and narrow
tubes. Heating the bottle will result in heating the liquid and thus
expanding it, causing the higher liquid level in the tube. Cooling the
bottle causes the liquid to contract, resulting in a lower reading level.
Calibrating of the bottle thermometer can be done by immersing the bottle in
melting ice (00 C), marking the water level; then leaving the bottle at room
temperature for some time (200 C), marking the water level in the tube, then
‘ dividing the space between the two marks by 20 for each degree Celsius.

P
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WEATHFR POINT

3.10. AT WHAT TEMPERATURE IS DEW FORMED?

Materials: 1. A beaker or regular drinking glass.
2. A thermometer (-5° to 50° or 100° C).
3. Ice cubes.

thermometer

1ce cules

observe formation
of dew on outside

/——of beaker
Procedure:

1. Fill the beaker almost full with water and add a few ice cubes.
2. Keep track of the temperature of the mixture and observe carefully the

outside of the beaker or glass. Q
3. Stir the mixture once in a while with the thermometer (carefully) and note

the temperature at which the dew is first formed on the outside of the

glass (look for a dullness on the glass).

Questions:
1. Where does the dew on the outside of the glass come from?

2. At what temperature was the dew formed?

3. Is there always the same amount of water vapor in the air?

4. Will the dew point be higher or lower on humid days?

5. Where do we encounter a similar event inside the house in winter?

water

Explanation:

e ice cubes in the water are cooling the mixture slowly down and
depending on how much moisture there is in the air, the sooner or later the
water vapor will condense on the outside of the beaker; thus the higher or
lower the dew point will be respectively.

medriertheairarwdmebeakeris,thelmrthetetperaturehasto
be, before any water vapor will condense on the beaker's surface, and thus
the lower the dew point. _

Just after a rainfall the air is very humid, meaning that this percentage
of water vapor in the air is high, and thus the dew point is also high. On
dry days or in areas of low humidity, the temperature has to drop quite low
before any dew drops are formed on the grass in the morning.
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. WATER CYCLE

3.11. RECYCIE THE WATER

Materials: 1. Two shallow trays or regular dinner plates. ( \‘
2. Electric water kettle.

‘ Sketch A L pour back in kettle

Procedure:

1. Heat water in a kettle until boiling.

2. Suspend a tray or plate in the steam or water vapor that comes from the
kettle, and place the second plate under the first to catch the water
drops (condensate). (Put cold water in the first plate).

3. Pour the water fram the second plate back in the kettle to complete the
cycle.

Questions:
1. What made the steam or water vapor turn back into water?

2. Would the steam also condense if the top plate was filled with hot water?

3. What are conditions for clouds to turn into rain?

4. what makes the water evaporate in nature?

5. What can the pouring back of water fram the lower plate into the kettle be
campared with in the natural water cycle?

Explanation:
The steam or water vapor is produced in the kettle, because the water in

the kettle is heated. When the steam hits the cold plate, it condenses back
into water. The kettle can be compared to the ocean water being heated by
the sun rays. The water vapor accumilates in the higher layers of the
atmosphere to form clouds. When these clouds move into colder regions, they
saturate the air with water vapor and the cold temperatures turn it into
rain--condensation. This may be compared to the steam hitting the cold
‘ surface of the first plate. The rain water in nature flows into rivers and
these flow back into the ocean (Sketch B).
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3.12. THE FROSTY CAN

Materials: 1. A tin can (fram which the label is taken off).
2. Crushed ice and coarse table salt.
3. A thermometer and stirrer.

thermometer stirrer

bgerve dull spot
(frost formation)

Procedure:

1. Fill the tin can, from which the label is taken off, with crushed ice and
a handful of salt.

2. Place the thermameter in the can and stir with a separate stirrer. ’

3. Have students read off the temperature every half minute.

4. Have other students observe carefully the outside surface of the can and
indicate to those observing the temperature, the moment that they observe
frost formation (when the shiny surface gets dull).

5. A further extension of the activity might be the graphing of the data of
observed temperature and the time elapsed. .

Questione:

1. What is the purpose of the salt mixed in with the crushed ice?

2. How low does the temperature inside the can have to be in order to form
frost on the outside?

3. What do you expect the temperature of the ice and salt will do after the
moment that frost is formed?

4. After observing the shape of the graph after frost formation, what is the
process of frost formation doing: absorbing or giving off heat?

5. Where does the frost came fram; what is needed in tn  ir?

Explanation:
'I’nesaltinthecrushedicenakestheicemeltinthebegimung, but

brings the temperature down below the normal freezing point of water (0° C).
The moisture in the air, hitting the cold ’
surface of the can, turns into the solid \

state (frost) without passing the liquid S

state: sublimation. This process, just & .

like condensation, is giving off heat, £

which is why the graph levels off after Time ‘

frost formation (see Graph on the right). fmatM;‘mtgn
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3.13. THE WET AND DRY THERMOMETER

Materials: 1. Two identical thermometers.
2. A small swab of ahsorbent cotton, or piece of cotton cloth.
3. A small beaker, two clamps and stand.

F

dry bulb cotton swab

water

| -

Procedure:
1. Clamp two thermometers close to each other on one stand.
2. Have students read off both temperatures.
‘ 3. Wrap one thermometer bulb with a small swab of absorbent cotton.
4. Place some water in the small beaker and keep the cotton around the bulb
wet at all times.
5. Have students read off both temperatures again.
6. Determine the relative humidity from the humidity chart.

Questions:

1. Why is there a difference between the dry and the wet bulb temperature?

2, What causes the wet bulb temperature to decrease?

3. What effect does a higher relative humidity have on the difference between
wet and dry bult temperatures?

4. what can we say about the relative humidity when the difference between
the two temperatures is large?

5. What can we say about the relative humidity when the difference between
the two temperatures is small?

Explanation:
The wet bulb temperature decreases, because the evaporating water

withdraws heat from its enviromment. The drier the atmosphere is, the faster
the water will evaporate, and thus the lower this wet bulb temperature gets,
resulting in a greater difference between the two temperatures. When the
relative humidity is high, the dry bulb can almost be considered to be a wet
bulb; also the rate of evaporation of the water is much slower, because the
air is almost saturated with water vapor. A smaller difference between the
. two temperatures therefore indicates a high relative humidity (see Humidity

Chart in Apperdix).
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3.14. THE JAR HYGROMETER

Materials: 1. A wide-mouth gallon jar (pickle jar).
2. A large balloon, 2 drinking straws, a straight pin.
3.A

ruler, adhesive tape, and a thermometer.

rubber sheet E

thermometer [
AN :4 _— ruler

waterﬁ\ :

Procedure:

1. Place a few millilitres of water in the jar.

2. Blow up the balloon (preferably a day or a few hours before use), so that
the rubber is stretched.

3. Cut a piece off the stretched balloon (large enough to cover the jar
opening) and tape it airtight to the jar mouth.

4. Tape two straws pivoted with a pin to the center of the rubber sheet and
to the side of the jar (see Sketch).

5. Place the jar such that the straw indicator points along a ruler.

6. Place a thermometer close to or tape it to the jar, and read the humidity
off the ruler at the same temperatuce, twice a day.

Questions:
1. When the humidity gets lower, will the reading on the ruler be higher or

lower?

2. What is the relative humidity inside the jar?

3. What is the absolute humidity as compared to the relative humidity?

4. How will an increase in temperature affect the relative humidity reading
on this instrument?

5. What is a most comfortable relative humidity to maintain?

6. How can we increase the humidity in our hames in the winter?

Explanation:

The hygrometer only measures the relative humidity in the air. The
absolute humidity is the actual amount of water vapor that the air holds at a
particular temperature. The presence of the water in the jar makes the
relative humidity 100%. This means that the air inside the jar cannot hold
more water vapor: it is saturated with water vapor. This miniature
atmosphere is being campared with the outside atmosphere. The less humidity
in the atmosphere, the more the rubber diaphragm will bulge up, and thus the
lower the reading. The term relative comes fram this comparison with the
maximum capacity of the air in holding water vapor.

A camfortable relative humidity is about 60 - 70%.
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3.15. THE HATIR HYGROMETER

Materials: 1. A wooden ciger box, 2 drinking straws, pins.
2. A long human hair, string, and a weight (20 g).

human hair_\\_f i pin
stral—_ | —~— indicator straw
=
pin— ] ]
string ——-4/_

\ eight
Procedure:

1. Attach a long human hair to the center of the topside of the box, and wind
the other end around a horizontally rolling straw, turning freely around
pins at each end (see Sketch) and tape the end of the hair to the straw.

2. Now tape a string or thread to the same straw and wind it such that the
weight on the other end of the string will pull the hair straight.

3. Attach another straw perpendicular to the first one with a pin or tape.
Attach a semi-circle cardboard to the side of the box closest to the
indicator straw (draw some graduations on the edge of the semi-circle
beforehand) (see Sketch).

4. Read off the relative humidity (position of the indicator straw) and
campare with the readings announced on the radio.

Questions:
1. What does more or less humidity do to human hair?
2. Does higher humidity cause the indicator straw to go down or up?
3. What is the purpose of the weight?
4, How can we calibrate this instrument?

Explanation: hrink
= Human hair stretches when the air is humid ')3 rin
and it shrinks when the air is dry. The hair dé' 5

weight just keeps the hair tight, thus when
the hair stretches, the horizontal straw
turns clockwise, and the indicator tip
lowers. Yower humidity in the air causes it 8&tretch srring
to move up higher.
Calibrating of this instrument may be done
by listening to radio weather reports and
assigning the appropriate values to the
graduations.
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WEATHER

3.16. MAKE A FIRE CYCLONE

Materials: 1. A old turntable (or a circular wooden board on marbles).

Procedure:

2. A metal mosquito wire screen (about 30 cm high to fit around the
turntable (or the turning wood board).
3. A watch glass or evaporating dish, cloth, kerosene.

wire screen\ ",

wateh glass -— | 'l
g \ :

A — flame

|-

kerosene soaked cloth

turntable

1. Roll the wire screen into a cylinder of about the diameter of the turntable
and wrap it around the disk, fasten it with staples or with a wire.

2. Place the watch glass or evaporating dish in the center of the turntable.

3. Soak a small piece of cloth (cotton) in kerosene and place it on the dish.

4. Strike a match and set the cloth on fire, wait till the flame is a good
size, then switch the turntable on (or start rotating the circular boar.).

5. Observe the flame shape!

Questions:

L. What hypotheses/inferences can you make to explain the event?

2. What does a flame need in order to sustain burning?

3. Where does the air come from to reach the flame?

4. In which direction do the air molecules move with respect to the rotation?
5. What shape did the fire take shortly after the rotation started?

6. What could we use instead of kerosene?

7. What event in nature does this resemble?

8. What is the reason for the flame to take that particular shape?

Explanation:

The reason for the flame to be shaped like a cyclone is the direction fram
which the air feeding the flame has to came. Because of the rotating screen
around the flame, the air molecules are given an initial angular mamentum at
the moment it enters the screen cylirder fram outside. This angular or
rotational momentum shapes the flame into this cyclone.

In nature, cyclones are formed when two winds of opposing direction pass
each other. At the border of the two passing masses of air, a cyclone or
vortex can be formed. These cyclones are also called tornados or hurricanes.
They are destructive wind storms that can occur over a large area, like
hundreds of miles wide. The winds forming the vortex blow spirally inward,
creating a low barametric pressure in its center. In the Northern hemisphere
these cyclones rotate counter-clockwise and in the Southern hemisphere in a
clockwise direction.
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3.17. WY LONGER (R SHORTER DAYS?

Materials: 1. A regular glowing light bulb or strong flashlight.
2. A medium size smooth rubber ball.
3. A knitting pin and marker.

III : Winter for A

5 r for B I : Summer for A

Winter for B

Procedure:
1. Stick the knitting pin through the center of the ball and light the bulb.
2. Hold the ball and knitting pin slanted to the left (top towards the ligh-;
: ’ at position I; and let the ball spin slowly around the pin.

3. Point out to the students spot A, B, and C (marked on the ball with a
marker). Ask: "Which spot gets the most light?"

4. Sequentially, move the position of thz ball globe fram I to II, to III,
and to position IV, and spin the ball around the pin as axis.

Questions:
1. At what position is it summer for place A on the globe?

2. At what position is it spring, winter, and fall for place A?

3. What makes the days longer in the summer for North Americans?

4. Why does the sun always set at 6 p.m. in a tropical country throughout the
whole year?

5. Which point represents a tropical country on cur globe?

Explanation:
The bulb represents the sun and the ball the earth with the knitting pin

as the earth's axle (the poles). This axle, around which the earth is
rotating, is not perpendicular to the plane in which the earth revolves
around the sun. This slanted axle is the reason why we have four seasons in
North America, Australia, and countries at about equal latitudes.

One turn around the axis represents one day and one revolution around the
light represents one year. The difference between point A and B should
especially be pointed out, at the moment that the shadow reaches one of them
when the globe is being spun around its axis. Position I represents summer
time, II autum, III winter, and IV spring for spot A on earth; and winter,

‘ spring, summer, and fall respectively for spot B.




3.18. THE COOL WINTER SUN

Materials: 1. A large smooth ball (without any designs).
2. A strong flashlight, a paper card or white cardboard.

uﬂ;‘——.- winter sun
Sketch A : summer sun Sketch B

-——

flashlight
Sketch C ~~N——card

Procedure:
1. Shine the flashlight to the center of the ball (Sketch A), then shine it
to the edge (Sketch B) and campare the brightness of the light spots.
2. The earth's surface in summer and winter may be ocompared with the
positions of the card. Hold the card perpendicular to the light rays (C)
and slant it away fram the flashlight (Sketch D).
3. Let students observe the intensity of the light spot on the card.

Questions:
1. Which position of the ball or card shows the light less bright?
2, What is different bhetween position A & B, or C & D?
3. Which of the positions has more surface area illuminated?
4. Was the amount of light changed to illuminate more surface area?

Explanation:
Wnen the sun rays strike the earth perpendicular to the surface, they are
hotter compared to when they strike the earth in a smaller angle. This is
because the same amount of sun is spread out over a larger area. the
intensity per square area is thus diminished.

The sun's rays in the summer are gu's
striking the earth's surface very similarly rays
as the sun's rays strike the tropical areas
on earth (perpendiculir). The angle of the
sun's rays striking the earth in winter may
be compared with the angle of the sun's 90°
rays and earth at sunset. Although the N
sun's rays and their mumber do not change,

sun's
rays

smaller
angle -\

l

their intensity is always much less at
sunrise or during sunset.
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CHAPTER 4

WHAT ARE THE CHARACTERISTICS OF MATTER ?

OBJECTIVES

After dealing with and studying the concepts and sub-concepts of this
chapter, the students should be able to:

recognize the correct explanation of an observed event based on each of
the sub-concepts;

explain in their own words which of the sub-concepts is determining the
course of an event;

distinguish true from false statements concerning each one of the sub-

oconcepts;

identify the correct explanation of an event in daily iife applying one
of the sub—conoepts;

all in relation to the following sub-concepts:

Between the molecules of matter there exists space.

Matter exists in three states: solid, liquid, and gas.

Melting and boiling points are specific for pure substances.

Cohesion is a force that keeps like molecules attracted to each other.
Adhesion is an attracting force between unlike molecules.

The forces in a soap film pull at the frame equally in all directions.
Surface tension exists at the surface of a liquid.

Surface tension is drastically lowered by soap molecules.

Density is characteristic for different materials.
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CHARACTERISTICS

’ OF MATTER

4.1. CAN THE CONTAINER HOLD MORE?

Materials: 1. A transparent container (glass or plastic).

1
2, Marbles, sand and water & a graduated beaker.

Procedure:
1. Fill the transparent container up to the brim with marbles.
. 2. Show the students that you still have sand and water; ask them: "Can I

add any other material to this container?"

3. Add sand to the container (shake to settle the sand in between the
marbles); ask the same question again.

4. Now add water to the mixture of water and sand.

5. Measure off the amount of sand and water added to the marbles (by
measuring how much is left over in a graduated beaker).

6. Do not neglect to tell students that the marbles, sand, and water
particles are only illustrating how molecules of matter are behaving and
that they are not molecules themselves! It is only a model!

Questions:
1. Why ocould the container that was already filled with marbles still hold
more sard ard water?
2. Could we have started with water, then sand and marbles?
3. What would you infer that the sizes of molecules of different materials or
substances would be?
4. wWhat other materials could be used to do this documentation?

Explanation:

The marbles, sand and water particles are used only as an analogy of how
molecules of different sizes would behave. The smaller sized molecules can
slip in between the larger ones. Thus it is possible to slip the sand or the
water in between the marbles, but not the other way around. It is especially
important to point out to students, that the marbles or sand grains are not
molecules, but that molecules are so small that we cannot see them, not even

‘ with a microscope.
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4.2. THE SHRINKING BALLOON

Materials: 1. A balloon for each of the students.
2, Flexible measuring tapes or string and meter sticks.

balloon
of group A

é measure balloon
p Jure: diameter of group C

1. Divide the class into three groups A, B, and C; distribute the balloons.

2. Have group A blow the balloon up and let about half the amount of air out,
group B blow the balloon up and then let about 1/4 of the air out, and
have group C leave the balloon blown up fully, and tie a knot in it.

3. Have each student measure the diameter and length of his or her balloon
with the measuring tape or place a length of string around the balloon and
measure the string with a meter stick.

4. Let each student record these measurements and mark their balloons with
their names, and put them away for the next day (they could be placed in
cupboards or stuck to the walls).

5. The next day, have students measure the diameter and length of their
balloons and compare these with those of the day before.

Questions:
1. What made the balloon shrink in size?
2. Which of the three groups had the fastest shrinking balloon?
3. Were there any leaks in the balloons?
4. What would the balloon do if kept for another day?
5. Where do we find applications of this principle in daily life?

Explanation:

The air molecules in the balloon are much smaller in size than the rubber
molecules of the balloon itself. Althouch many layers of rubber molecules
are contained in the balloon membrane, the tiny air molecules can slowly slip
through these bigger ones that hold them inside the balloon. As the pressure
inside is larger than outside, the air molecules move faster inside and push
through the rubber. Over time, so many air molecules diffuse through the
rubber that the pressure inside decreases, thus decreasing the size of the
balloon. The rate of losing air molecules is greater for the larger ballocn,
because of the higher pressure.
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CHARACTERISTICS MOLBOULAR SPACING

4.3. THE SHRINKING MIXTURE OF LIQUIDS

Materials: 1. A test tube and small beaker.
2. Aloohol - ethyl-, methyl-, or isopropyl-alcohol (methyl hydrate or
rubbing alcohol may be used).

aleohol

2rocedure:

1. Fill the test tube half way with water.

2. Hold this test tube slanted and pour the alcohol slowly from a beaker
until brim full.

3. Hold the test tube and place your thumb on the mouth of the tube, making
sure that no air bubble is trapped.

4. Show the students that the tube is campletely full.

5. Invert the tube several times (keep thumb on opening of test tube at all
times; do not release the pressure).

6. Show to students that now the liquid level is lowered.

stions:

1. Did the alcohol or water evaporate?

2. Was there any liquid spilled by inverting the tube?

3. Did the liquid shrink or contract?

4. Was there space between the water and alcohol molecules?

Explanation:
By closing the opening of the test tube tightly with the thumb, and not

taking it off while inverting, no evaporation or spilling of the liquid could
occur. By inverting the test tube, mixing of water and alcohol takes place,
and because there are spaces between the molecules, the alcohol molecules
slip in between the water molecules, thus making the total wvolume of the
mixture become less. Although the spaces between the molecules cannot be
seen by the naked eye, this demonsiration shows that there must be room
between the molecules. If ethyl aloohol is not available, methyl-hydrate
(methyl alcohol) or rubbing alcohol (isopropyl alcohol) can be easily
obtained from a drug store, and may replace it.

178
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CHARACTERTSTICS MIEQULAR SPACING
OF MATTER

4.4. IS THE QONTAINER LEAKING?

Materials: 1. Water softener salt pellets or table salt.
2. A graduated cylinder and a beaker.

liquid level .
liquid level

drops

Vi1

1
il

)

8alt solution

salt

Rl T TR

Procedure:
1. Fill the ¢vlinder 1/3 full with water softener salt pellets or with table

salt.

2. Add water until full and mark the liquid level with a grease pencil or '
tape or rubber band.

3. Let it stand for a few minutes and observe liquid level.

Questions:
1. Where did the water go?

2. Is the cylinder leaking any water?

3. What do the salt molecules do when they dissolve?
4. Can we use other salts to do this demonstration?
5. Can sugar be used to do this same demonstration?

Explanation:
Students might incorrectly infer that the water is absorbed by the salt.

As a follow-up to a response like this you might pour out the water before
all the salt is dissolved and re-fill it with fresh water: the water level
will drop again! The main cause of the water level dropping is, that the
salt molecules break down into ions: NaCl molecules into Na*+ and Cl- ions,
which are much smaller than the molecules, and these ions can slip in between
the water molecules. This makes the total volume decrease. Other salts that
dissolve in water will exhibit the same property. Most inorganic water-
soluble salts will do this. The sugar molecule is lar-e in size and does not
ionize when dissolved in water, so that the water level will stay at about
the same spot when sugar is used.

This demonstration shows students that there are spaces in existence
between water molecules that are not detected by the naked eye.
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CHARACTERISTICS MOLECULAR NATURE
OF MATTER
4.5 THE OOOLING RUBBER BAND
p
Materials: 1. A wide rubber band, match and ruler.
2. A stand and a 100 gram weight. 43 nqu
stretch rubberband
p”’x’;ﬂq\ . while holding against
3 ) upper lip
AR Y, ))
T T ler
™ / ru
2N\ g [ V7, zaptanedd to—\ = rubberband
« weight
Sketch B

Sketch A /‘
Procedure:

1. Hold the rubber band partly stretched between your forefingers, such
that the band touches your upper lip.

2. While the rubber band touches your lip, stretch the band fully and
release the tension slowly. What do you feel? (see Sketch A).

3. Hang the rubber band from a stand and hook a 100 gram weight to the
band (tape a paper arrow to the weight pointing to the vertical
ruler (see Sketch B).

4. Note the position of the paper arrow.

5. Now strike a match and hold the flame close to the rubber bang.
Observe the position (reading) of the paper arrow.

Questions:

1. How did the rubber band feel (against the upper lip) when it was
stretched? When the tension was released?

2. What would stretching of the rubber do to the rubber molecules?

3. What did the rubber band do in demonstration B, when the flame was
held near to it?

4. What do metals and other materials generally do when heated?

5. What other material behave the same way as rubber when heated?

Explanation:
Rubber is a high polymer, which means that it consists of large molecules

with many side branches. When stretched, these molecules bump and slide
against each other, creating heat. This makes the rubber band feel warm
against the upper lip. When the tension is released, the molecules can relax
back into their normal positions and cooling takes place in the rubber. This
ocooling process in the rubber means that it is withdrawing heat from its
environment.

In demonstration B, this heat is supplied by the environment and forces the
rubberband to contract. Other materials that are composed of polymers behave
similarly, like: polyethylene, polystyrene, and other plastics.
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4.6. THE VANISHING ICE CUBES

Materials: 1. A bag of ice cubes (3-4 cubes per pair of students).
2. A thermameter, beaker, alcohol burner and stand (for each pair).
3. Graph paper for all students.

thermometer

melting ice
stand

aleohol burmer

Procedure:

1. Distribute the materials to the students and have them work in pairs.

2, Have one student stir the ice-water mixture and another oue observe the
temperature every minute while it is being heated (a third student may
record the temperature called out).

3. After all the ice is melted, have the students keep on heating the water
and record the temperature every minute until the water boils for about
ten minutes.

4. Have the students plot the observed temperatures (Y axis) against the time
(X axis) on a graph.

Questions:
1. What was th temperature doing while there was still ice present?

2. Where did the heat from the alcohol flame go during that time?

3. What did the temperature do while the water was boiling?

4. Where did the heat from the flame go during this boiling time?

5. Whac will eventually be left over if the boiling was continued:

6. When heat is not added to the melting process, what will the melting ice
do to the enviromment?

7. When heat is not added to the evaporating process, what will water that is
evaporating do to the enviromment?

Explanation:
In the beginning of the heating process, the heat was used to melt the

ice. This is why the temperature stayed on 0° C. This remains at that
temperature as long as there is still ice present. As soon as all the ice is
melted, the temperature rises steadily till 1000 C, tnen it levels off and
stays at the boiling temperature until all the water is evaporated (this
temperature may be close to 980 C depending on the elevation of the place).
The heat during the boiling process is used to transfer the liquid into the
vapor state.

131

l Y




CHARACTERISTICS STATES OF MATTER

4.7. THE INVISIBLE FLAME EXTINGUISHER

Materials: 1. Two beakers (300 ml) (transparent plastic cups will do).
2, Marblc)a chips and hydrochloric acid (HCl) or carbon tetrachloride
(ccly).
3. A candle and matches.

extinguished CaC0z + HCL

Beaker II

Beaker I

Procedure:

1. the candle in the center of one of the beakers.

2. Put a teaspoonful of marble chips (calcium carbonate) in the other beaker
and pour a few drops of dilute HCl on it, or pour a little carbon
tetrachloride (CCl4) in the beaker.

3.Lightthecmr11einthefirstbeakerandpou.lrthegasthathasdeveloped
in the second beaker in the first (see Sketch): the flame will be
extinguished.

4.1brepeatt11elightirgofﬂ1ecarxdle, the air has to be replenished by
inve.rtingtlnbeakera:ﬂholding it upside down for a while, then the
cmﬂlecanbelitandt}ngaspwredtoextinguish it again.

Questions:
1. What was it that extinguished the candlz flame?
2. What gas was formed in the second beaker?
3. Could we observe the gas pouring down into the first beaker?
4. Why does the first beaker have to be inverted to replenish the air?
5. What are other invisible gases that you can name?

Explanation: -
The gas formed in the second beaker is carbon dioxide (or CCly vapor). By

adding dilute hydrochloric acid to marble chips, we get the following
reaction: 2 HCl + Ca®03 = CaCly + HpO + Dy, Carbon dioxide is an invisible
gas (and so is carbon tetrachloride vapor), which is heavier than air, and
which has the property of extinguishing flames. The fact that it is heavier
than air makes it possible to pour the gas from one container into the other.
This is also why it is necessary to invert the first container to replenish
the air.

By using carhon tetrachloride vapor we can make the illusion that an empty
beaker is extinguishing the candle flame (by concealing the pouring of a few
drops of the liquid in the second beaker fram the students).
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4.8. THE DISAPPFARING LIQUID

Materials: 1. A medicine dropper & wall clock or watches.
2. Rubbing aloohol (isopropyl alcohol) or methyl hydrate.

' e medicine
rubbing clechol ’ dropper

Procedure:

1. Have each of the students stretch out one of their hands with the palm
facing up and held horizontally.

2. Came around with the 'colorless liquid' and the dropper; place 3-4 drops
on each of the palms.

3. Have the students measure the time it takes for the liquid to evaporate
canpletely.

4. You may repeat the activity, but this time have the students race to
evaporate the liquid as fast as possible. They may do everything to the
liquid except removing it fram the palm or applying a match to it. Some

may try blowing, spreading it, etc.

Questions:
1. Where did the liquid disappear to?

2, What did you observe during the evaporation process?

3. How long did it take for three drops to evaporate?

4. Which method proved to be most effective to speed up evaporation?
5. Where did the energy to change the liquid into a gas come from?

Explanation:

As alcohol is very wvolatile, it evaporates quickly. The three drops on
the palm evaporate within a few minutes. The transfer of a liquid into its
vapor state takes energy. This energy is usually supplied to the liquid in
the form of heat. When this heat is not supplied to the liquid, and it
evaporates hy itself, it withdraws the heat from its environment. This is
why the palm feels cool.

The evaporation process can be speeded up by blowing over the liquid,
making the surface area larger by spreading it over the whole palm; doing
both at the same time would probably by most efficient. Blowing warm air
over the liquid would most likely increase the rate of evaporation.




4.9. MARE A PURPLE GAS

Materials:

1. An Erlenmeyer flask & small watch glass.
2. Alcohol burner and stand.

watch glass

1odine
erystals -

CAUTION
IODINE VAPOUR IS POISONOUS !
PERFORM UNDER HOOD OR OUTDOORS

Procedure:
1. Place a few iodine crystals in the Erlemmeyer flask and cover the opening
of the flask with the watchglass.
2. Warm the crystals slowly over a small flame, and observe the flask.

Questions:
1. Did the solid iodine crystals melt by heating?
2. What is the process called when a solid changes directly into gas?
3. Is this process also reversible? Changing gas into solid?
4. What is needed to chang: gas into liquid or solid?
5. Where do we find gas to solid change in our daily life?

Explanation:
The iodine crystals, when heated, change directly into the gaseous state,

and this process is called sublimation. When the purple iodine gas hits the
cold surface of the flask or watchglass, it will sublimate back to the solid
state. When we leave the alcohol flame on for a few minutes and then leave
it to cool till the purple ocolor starts to fade, we can see very tiny
crystals forming on the cold glass surfaces of the upper part of the flask
and the watchglass.

Do not lift the watchglass while the heating is taking place, as the
iodine vapor is not fit to inhale. Keep the watchglass on the flask at all
times to prevent the iodine fumes from escaping.

Sublimation from gas into solid in our daily life occurs when a freezer
door is accidentally left open. Water vapor in the air hits the cold surface
of the freezer and immediately turns into solid without passing the liquid
state: the frost found in the freezer campartment.




4.10. CHANGING GAS INTO CRYSTALS

Materials: 1. A medium size beaker.
2. Erlemmeyer flask or heaker with a larger base than beaker
m. 1.
3. Alcohol burner and stand, moth balls.

cold water

naphtalene moth balls

erystals

Procedure:

1. Place 4 or 5 moth balls or a scoop of flakes in the beaker and heat it
slowly over a small flame.

2. Fill the flask halfway with cold water and stack the flask on top of the
beaker holding the moth balls.

3. Leave the alcohol burner on until all the moth balls are melted, then blow
the flame out and leave the flask on top of the beaker for another 5-10
minutes. (A longer time is even better.)

4. Lift the flask carefully and slant the bottom towards the students to show
the crystals.

Questions:
1. What is the process of solid to liquid change called?
2. What is the process of solid to gas change called?
3. What is the process of gas to solid change called?
4. Where does the solid to gas change occur in daily life?
5. What purpose does the cold water have in the flask?
6. What other material behaves like the moth balls when heated?

Explanation:
By heating the moth balls, they change from solid into liquid state and

also into the gaseous state directly. This first process is called melting
or and the second is sublimation. Other processes are named in
the following scheme:

GAS

Condensati on/( Evaporation

Sublimation LIQUI Sublimation
Solidifying .( Liquifying

freezing) SOLID_ (melting)

Other materials that sublimate like moth balls are sulfur (found in
craters of volcances), iodine, and ice.
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4.11. MAKE MITK FROM WATER AND OIL

Materials: 1. A glass/plastic clear jar (or beaker), stirrer.
2. Cooking oil, liquid detergent.

stirrer

otl 1 detergent
added

becomes milky

Procedure:

1. Fill the jar about half full with water and pour half of that volume
(1/4 of the jar volume) of oil over the water.

2. Stir the two liquids with a spoon or glass stirrer and leave it for a
while, and observe what is happening to the mixture.

\ ' 3. Ask the students: "How can I make the two liquids stay mixed?" Now

add a few squirts of liquid detergent and stir thoroughly.

4. After mixing thoroughly, leave the jar alone and observe (if the
emulsion separates again you may need more detergent or wore vigorous
stirring or both).

Questions:
1. After stirring without detergent, what did you observe in the jar?
2. What made the two liquids stay mixed as an emulsion?
3. How would you define "emulsion"?
4. What is the term for a finely divided solid in a liquid?
5. Can you name some examples of finely divided solids in a liquid?
6. What is a finely divided solid in a gas? Examples?
7. What do we usually call fine dropléts of liquid in the air?
8. What do we call finely divided gas bubbles in liquid?

Explanation:
When mixing oil and water, the oil will bre . up in small droplets and be

dispersed in the water very temporarily. After leaving the jar with the
mixture alone for a while, the two clear liquids will separate: oil forming a
layer above the water because of its smaller density. After adding same
liquid detergent (the emlsifyer) and some vigorous stirring, the small
droplets of oil will stay dispersed forming an emlsion. Examples of an

: emulsion: milk, mayonnaise, salad dressigs, butter, etc.

j ‘ Finely divided droplets of liquid in gas is mist or fog, colloidal solid in
liquid is called a suspension: muddy water; a solid colloid in gas is called
smoke. An example of a colloidal dispersion of solid in solid is gold
particles in ruby glass; gas bubbles in liquid is commonly called: foam.
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CHWACTERISTICS STEAM & MOISTURE
OF MATTER STATES OF MATTER

4.12. THE INVISIBLE STEAM

Materials: 1. An ordinary steam kettle ¢for boiling water).
2. A large candle or an alcohol burner.

steam kettle

candle

Procedure:
1. Boil some water in the kettle.
2. As soon as the water boils, observe the steam leaving the kettle spout.
3. Light the candle/alcohol burner and place the flame slightly under the
path of the steam. What o you observe?
4. Move the burning candle/alcohol burner to another spot in the steam
path; what do you observe about the steam?

Questions:

1. Did you observe any st¢.n above the burning candle flame?
2. What makes steam visible to the human eye?

3. How is fog formed in the atmosphere?

4. Does cold or warm air contain more moisture?

5. Why are clouds mostly formed at higher elevations?

6. What are conditions for fog to form?

Explanation:

The steam is not visible in hot or wam air, because steam can only be seen
when it is in the form of tiny condensed droplets. These droplets turn into
vapour at higher temperatures. Fog and clouds are only formed when the
atmosphere contains a lot of moisture and when the temperature is so low that
the water vapour condenses. These lower temperatures are present usually at
higher elevations.

Moisture comes in the atmosphere fram the soil, from plants, even from the
breath that humans and animals exhale, but mostly from the ocean. Try
exhaling against a mirror and you will see condensation of vapour,

Hot air can contain much more water vapour than cold air. Wher tne
atmosphere is saturated with moisture, the decreasing of the temperature will
precipitate out excess moisture. This precipitate is in the form of fog or
rain or snow, depending on how low the temperature is.

‘ !
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CHARACTERISTICS MELTING POINT
OF MATTER

4.13. LIFT AN ICE CUEBE WITH SALT

Materials: 1. Ar ice cube floating in cold water in a cup.
2. A sewing thread and salt shaker.

aalt shaker

thread lying on
ice cube

Procedure:

1. Let an ice cube float in 4 full cup with cold water.

4. Show students the salt shaker and the thread and ask: "How can I lift the
ice cube out of the water without getting under the cube?"

3. Let the thread lie on the ice cube and sprinkle salt on it--especially
close to the thread.

4. Wait a minute or so, lift the thread slowly tc check whether the water
above it has frozen; if so, lift both ends of the thread and lift the ice
cube out of the water.

Questions:
1. What does salt do to ice on the road in the winter time?
2. At what temperature does ice melt?
3. What do you think salt does to the melting point of ice?
4. What must tie melted ice above the string do in order to lift the cube?
5. Where else do we find this principle of lcwering the melting point of ice
applied in daily life?

Explanation:
As salt water has a lower melting or freezing point than pure water, the

addition of salt to the ice cube makes it melt at the places where the salt
is sprinkled. This means that the ice around the thread will melt, but the
temperature of this water above the ice cube is still below 0° C. When the
w21t dissolves in more of the melted ice, the solution gets more dilute,
ircreasing the freezing point close to 00 ¢, As this water still has a
temperature of a few degrees below 0° C, it freezes again. This makes it
possible to lift the ice cube out of the water. When making ice cream at
home, crushed ice and salt are mixed in the mantle of the ice cream maker to
lower the temperature below the freezing point of water.
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4.14. CUT THROUGH ICE WITH A WIRE

Materials: 1. A rather large ice block.

Procedure:

2. An iron or copper wire (about 1 m long).
3. T™wo 1 kg weights or large rocks, tripod or tall tin can.

tce block

-~ tce block

Sketeh A Sketch B

1. Place the ice block on the stand or on a tall tin can such that the ice
block overhangs the edge of the can (the ice block should be larger in
ciameter than the can or tripod).

2. Tie the wire ends to the weights and hang it over the ice block, such that
the weights are hanging freely (see Sketch).

3. Leave the wire hanging for a while and observe the top part of the ice
block on which the wire rests (hang heavier weights on the wire to speed

Jap the process).

Questions:

1. Why does the wire cut into the ice?

2. What happened to the water above the wire?

3. What property is being lowered by increasing the temperature?
4. Would a smaller ice block be cut faster?

5. Would larger weights cut the ice block faster?

6. Will the wire cut faster through block A or B? (see Sketch)

Explanation:

Under high pressure the melting point of solids gets lowered. Uader the
wire, the ice molecules are pressed and thus they move faster. Immediately
under the wire then, we get faster woving molecules, thus higher temperatures
and melting of the ice. The wire moves through this water, but as soon as
that water gets above the wire, the pressure is off and the temperature of
the water gets below 00 C and it freezes again.

The larger the weights, the higher the pressure on the ice, and thus the
faster the temperature under the wire is raised. This increases the rate at
which the wire cuts through the ice. The same thing happens when the size of
the ice block or the surface area between the wire and the ice is reduced
(Sketch B).
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4.15. HEAT WATER ABOVE ITS BOILING POINT

1. A small beaker (100 ml) & thermometer.
2. A burner and stard.
3. Table salt (sodium chloride).

Materials:

thermometer

boiling water

Procedure:
1. Let students work in pairs. Distribute the above materials to each pair

of students.

" 2. Heat about 20 ml of water, place the thermometer in the beaker and record
the temperature every half minute (one student stirs with the thermometer
and reads off the temperature wnile the other records it).

3. As soon as the water boils, let students add different amounts of salt to
the water (2, 4, and 6 g of salt could be given to three groups of student
pairs).

4. Continue heating, stirring, observing the temperature, and recoriling it
very half minute vntil the water boils again.

Questions:
1. What happened to the boiling when the salt was added?
2. What happened to the temperature after the salt was added?
3. What is the normal boiling peint of water?
4. Which of the three groups had the highest boiling point?

Fxplanation:
As soon as the salt is added to the boiling water, the temperature drops

and the water stops boiling. This is becaure the salt has a lower
temperature and dissolving it in the water absorbed some of the heat. With
the salt in the water, the water molecules adhere not only to each o -
adhesion, but also to the salt ions, which makes it harder to transfer the
water into the gaseous state. This is why the water has to have a higher
temperature to boil. The more salt, the higher the boiling temperature of
the solution, but the temperature of the water vapor stays at 1000 C (this
can be checked by lifting the thermometer above the liquid).

“ This demonstration shows that impure water (water that contains minerals

and salts) has a higher boiling point than pure (distilled) water.
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4.16. BOIL WATER WITH QOLD WATER

or flat bottam flask, clamp, boiling chips.
hole stopper & thennometer.

cold water

thermometer
in one-hole
8topper

Procedure:

1. Fill the flask 3/4 full with water, put a few boiling chips in it, and
heat over the burner and stand until boiling.

2. Attach clamp on flask's neck, shut flame off and immediately close flask
with the one-hole stopper with the thermometer in it, and have a student
read off the temperature (should be about 98°-100° C).

3.Inverttheflaskarﬂholditunderaooldstreamofwaterfranthetap
above a sink, or wipe the bottom of the flask with a towel socaked in cold
w ter.

4. Observe boiling water and have students read off the temperature.

Questions:

1. Why does the water stop boiling after the heat is taker. away?

2. At what temperature does water boil at normal pressw 2?

3. what is the cold water doing to the water vapor in the flask?

4. What do you think the pressure above the water in the cooled flask is?

5. what is the lowest temperature at which the water is still able to boil in
the coolel tlask?

Explanation:
By boiling the water (the purpose of the boiling chips is to obtain an

even boiling), steam is formed and this replaces almost all the air above the
water in the flask. By closing it off immediately after boiling point is
reached with the stopper and the thermometer, the air is trapped out of the
flask. When the flask is cooled off with the cold water, the water vapor
above the water condenses on the colder surface and a partial vacuum above
the water is created. This makes the water boil at much lower temperatures
than the normal boiling point of 1000 C. Normal indicates the boiling point
at nonml pressure, which is 760 mm mercury or the barometric pressure at sea

level.
141
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CHARACTERISTICS DISTILIATION
OF MATTER BOILING POINT

4.17. IRINK MUDDY WATER

Materials: 1. Distillation apparatus (flask, thermometer, ocooler) (if not
g available revert to point 2).

2. Two beakers (200 ml) and a dinner plate.

3. Burner (propane) and starnd.

dirmer

plate _—\

b
0

‘
Procedure: Sketeh A Sketch L

1. Set the distillation apparatus up as in Sketch A. Place same muddy water
in the flask and start heating it. (If the distillation apparatus is not
available, proceed with the following points).

2. Place one beaker on the stand and burner, and fill it with some muddy
water. Start heating this.

3. As soon as it starts to boil, hold a large dinner plate samewhat slanted
above the beaker (in the steam) and let the condensed water drip into the
other beaker (see Sketch B).

Questions:
1. At what temperature does water boil at normal pressure?

2. What temperature do you think would the boiling muddy water have?
3. Why do the impurities stay back in the flask (or 1st beaker)?

4. wWhat is the purpose of the cooler (or dinner plate)?

5. What would be another way to purify the muddy water?

6. Would rain water be the same as distilled water?

water from tap

Explanation:

The muddy water in the flask or first beaker would most likely reach a
temperature above 1000 C before it starts to boil, because of the impurities
in the water. T2 thermometer, however, would indicate the boiling
temperature of pure water, which would be a little below or close to 1000
Celsius, depending on the elevation of the place. The impurities stay back
in the flask, because it is only the water molecules that jump out of the
liquid state into the vapor state, which are condensed back into the liquid
state by the cooler or the cool plate. Another way of purifying water for
cooler drinking would be to filter it through a thick layer of sand, although
it would contain minerals, which distilled water would not. Rain water would
pick up dust and chemicals in the air (especially in polluted areas).
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4.18. THE CLINGING WATER STREAMS

Materials: 1. An empty milk carton or tin can.

———milk carton

/

/_3 amall holes

1

Procedure:
1. Make three small holesinoneoftl"lesidesnearthebottanofthemilk
carton--about 1/2 cm away from each other.
2, Fill the carton full with water an?
of the holes.

by pushing one f
stream (usually it requires several

Questions:
1. Why does the water stayinonestreammcetheyarebrwghttogether?
2, How far can the holes be placed apart for the water still to be able to
cling together?
3. Is it easier to separate (or bring together) the streams with a full or
almost empty carton?

Explanation:
The closer the holis are placed in the carton, the easier to get a whole

stream out of the carton, but the harder to separate it into three separate

streams, The farther the holes are, thehardertobringtheseparatestreams

together. It is the oochesive forces

the streams together. The fuller the carton,

the easier the separate streams are obtained. With less water in the carton,

we will get lower water pressure and thus an easier cohesive whole stream,
We fimithisphenanenmmdaily lifeinthesm:erheadwiththemany

holes in it. When the valve is turned wide open, separate streams are

distinguished, but when the valve is only partially oper. 1, the many small

streams will cling together and form one whole stream.
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4.19. THE SMALIER, THE STRONGER

Materials: 1. Three or four capillary tubes of different diameter.
2. A small beaker & food coloring.

different diameter

/_ capillary tubes

olored water

Y 77

Procedure:
1. Fill the beaker with water and place a few drops of food coloring in it.
2. Hold the three or four capillaries close to r ach other and dip them in the
‘ water; observe the water level in each of the capillaries.
3. When a flat cell is available, the capillaries can be projected on the
screen by slanting the overhead projector slightly.

Questions:
1. Will the water level in the capillaries change when the tubes are either
moved higher or lower in the beaker?
2. What makes the water go up in the tubes in the first place?
3. Why does the water move up higher in the narrower capillary?
4, where do we find an application of this capiliary action in daily life?
5. What is the force between unlike or like molecules of matter called?

Explanation:
When a capillary tube is dipped in water, the adhesive forces between the

water and the glass of the tube are so large that the water is pulled
upwards. The smaller the capillary, the more glass surface per unit number
of water molecules exists, and thus the larger *he adhesive force.
Furthermore, the distance between the water molecules and the glass molecules
is so much shorter in the narrower tube, that the adhesive attraction between
these unlike molecules is greatly increased.

This is how the fibers in plants and trees bring up the water from deep in
the ground to high up in the leaves. Capillary action combined with ocsmotic
pressure caused by the semi-permeable walls of the fibers and the plant
juices, push up the water to the tree top. Another example of adhesion is
the application of paint on any surface. The paint clings to the surface

‘ because of the adhesive forces between the paint and the surface molecules.

14.




4.20. POUR WATER ALONG A STRING

Materials: 1. Two beakers or plastic cups.
2. A water-absorbent string (thin rope).

~—- 8tring

LAY

A

Procedure:
1. Fill one of the beakers about 3/4 full with water.
2. Stand a book about 20 cm away from the empty beaker.
3. Show students the string and ask: "How can I transfer the water from ‘

beaker A to B without moving beaker A over or around the book?

4. Wet the string thoroughly in the water.

5. Hold one end of the string in beaker A and the other end over beaker B
(see Sketch) and pour the water slowly along the string.

Questions:
1. Why was it necessary for the string to be wet?
2. What forces were holding the water to the string?
3. What other materials can be used in place of the string?
4. Is it possible to pour other liquids along a string?

Explanation:

'Ihestringneedstobewettedsothatwatermleculeswouldadl'xeretothe
molecules of the string. The water molecules are attracted to the string
molecules by adhesion. Once the string is we*, the water can cling to the
already present water molecules, because of the cohesive foroes between like
molecules of water. The transfer of water will not succeed with a dry string
or any material which is not water absorbent.

Other materials that would have the same properties as the water-absorbent
string would do the same job, like: cotton, cloth, paper, wood, etc.
Matarials that are not water-absorbent, like nylon or wool cannot be used for
this .

Liquids that have strong ochesive forces between their molecules, like
oil, vinegar, syrup, etc. can be poured along a string as well, provided that

we make sure that the string or whatever material is used to transfer the
liquid can absorb it.
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CHARACTERISTICS QOHESTON & ADHESION
OF MATTER

4.21. WHERE DCES THE OORK FIOAT?

Materials: 1. A regular drinking glass.
2. A small cork.

cork

Procedure:

1. Fill the glass half way with water and float the cork on the water
surface: observe!

2. Where does the cork float? (It should be attracted toward the side of the
glass; move it samewhat if it stays in the middle.)

3. Now add more water to the glass and fill it brimful. Observe where the
cork now floats.

4. Try to push the cork towards the edge: it will not stay there!

Questions:
1. Why is the cork moving towards and sticking to the side of the glass (with
the glass half-filled)?
2. Where is the water level highest in the half-filled glass?
3. Why is the cork floating in the center of the full glass?
4. Where is the water level highest in the full glass?
5. Why can we fill the glass more than full without overflowing the water?

Explanation:

When the glass is half-filled with water, the circumference of the
meniscus is the highest level. This is caused by the adhesive forces between
the water and the glass molecules. As a result of this high level at the
side of the glass, the cork moves to that place.

When the glass is brimful fiiled with water, the surface tension and the
cohesive forces between the vater molecules form a £ilm on the surface of the
water, making it possible to fill the glass more than full. The highest
level of the meniscus iz now in the center of the glass, which is where the
cork will float. As floating objects tend to float at the highest spots of
the meniscus, the center would be the spot where the cork would float when
the glass is full.
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4.22. HOW MANY PENNIES CAN GO IN?

Materials: 1. Two regular drinking glasses, liquid detergent.
2. About 50 pennies (or other small coins).

drop pennies — convex meniscus
vertically ~

filled to the r
brim with water—~__

~ how many

| _— pennies?
) 1™

Procedure: )

1. Make sure that the drink §lasses are very clean. Place one on the table
and fill it to the brim (not too overfull, just full).

2. Now ask the students: "How many pennies can I put in the glass before it
overflows?" Anticipated aanswer: "S5, 10, 15, even 20 maybe".

3. start putting the pennies in the glass of water, very carefully with its
edge in first (vertically), and let the students count.

4. Surprised at the result? Now place the other glass on the table, in which
you put a drop of detergent beforehand (without the students noticing it),
and also fill this to the brim with water.

5. Now ask a student to put just as many pennies in this glass.

What happened here?

Questions:
1. How many pennies could go in the first glass? In the second?

2. What made the water overflow so easily in the second glass?

3. What kept the water from overflowing in the first glass?

4. What shape did the meniscus take form in the first glass?

5. How would the number of coins campare if we used dimes instead of pennies?
Nickels instead of pennies?

Explanation:
It is possible to put close to 50 pennies in the full glass of water,

depending on how full the glass was filled. A thick-rimmed glass will look
full even when the meniscus is a little below the rim. Then it is possible to
put many more pennies in. A larger glass also increases the number of pennies
that can be dropped. The water forms a convex meniscus due to the surface
tension, which is nothing but a manifestation of cohesion of the surface
molecules.

In the second glass, where detergent was present, this surface tension is
broken. The cohesion between the surface water molecules is much smal ler, and
thus the water overflows much sooner. (Another way of inconspicuously putting
detergent in the secand glass, is wetting the second bunch of pennies with a
little detergent before giving it to the student).

14

147




CHARACTERISTICS SURFACE TENSION
GF MATTER

4.23. FIOAT METAL ON WATER

Materials: 1. A needle, razor blade, or thin wire gauze.

2. A beaker, and a ~=.ddle.

needle —

Sketoh A Sketch B

1. Fill the beaker with water.

2. Teke the needle or razor blade and show that the density of the metal is
h:gher than that of water i; dropping the object vertically in the water
(see Sketch A).

3. Fish the needle out of the water and dry it off, or use another needle.

4. Now hold the needle horizontally as close as possible to the surface of
the water (without touching the water) and drop it (Sketch B).

5. If this does not succeed, rub the needle against the candle before
dropping it on the surface of the water.

Procedure:

tions:

1. Why is it not possible to float the needle on the water when it is dropped
vertically?

2. Why Goes the needle have to be dry before floating it?

3. What purpose does the rubbing of the needle against the candle have?

4. What property of the water keeps the needle afloat?

5. How can we make a floating needle sink without touching it?

Explanation:

When the needle is dropped vertically in the water, it pierces the water
surface. The surface tension at that very small area of the needle point is
not large enough to hold the needle afloat. But when the needle is dropped
horizontally, parallel with the surface of the water, a much larger area of
the water surface is inwvolved, and the combined cohesion forces between the
water molecules under and around the needle, which forms the surface temsion,
is large enough to hold the needle afloat. The rubbing against the candle
makes the object more water repellent and increases the chance the needle
will lie afloat on the film of water molecules.
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4.24. SINK THE PEPPER

Materials: 1. A beaker or transparent container.

2. Whole and ground pepper. 3
3. Liquid detergent & dropper. ‘

det t
pepper sroen

water

Procedure:

1. Fill the beaker with water.

2. Show the students a whole pepper kernel and ask: "Will the pepper sink or
float in the water?" Then drop it in the water: it sinks!

3. Now shake some ground pepper on the water surface. Ask: "why is the same
pepper now not sinking?"

4. Place a drop of detergent in the water and observe the fine pepper now
sink to the bottaom.

Questions:
1. Why did the same pepper in fine state float on the water?

2, Do you think that pepper has a higher or lower density than water?

3. Did we change the density of the pepper by grinding it?

4. what did the detergent do to the water surface?

5. What forces were weakened between the water molecules when the detergent
was added?

Explanation:

By showing the sinking of the whole pepper kernel in the water, the
students should be able to conclude that the density of pepper is higher than
that of water. The grinding of the pepper is not changing the density of it,
yet it floats on the water because the pepper particles are light enough to
be held up by the surface tension of the water. The water molecules and
their cohesive forces on the surface form a film, which can hold up
relatively light objects like a needle, razor blade, gauze, etc.

Detergent has the property of breaking the cchesive attraction forces
between the water molecules, and thus weakening the surface tension of water.
The film on the surface is removed, and the pepper sinks.

149




4.25. THE DELIERGENT PROPELLED BOAT

Materials:

1. A paper card (3x5"), a shallow tray or sink.
2. A piece of soap or a few drops of liquid detergeut.

touch 8oap or
drop of detergent

Top view

of
paper boat

ater-filled

Sketeh A tray
Procedure:

1. Fill the shallow tray (or sink) with water.

2. Cut out a boat from the paper card in the form of Sketch A.

3. Let the paper boat float on the water and touch a corner of the soap block
to the water in the center opening of the boat (or place a drop of liquid
detergent here).

4. Observe the movement of the boat!

Questions:
1. Why does the paper boat move fcrward only when the soap touches the water?
2. What made the paper boat be pulled forward?
3. What did the soap or detergent do to the cohesive forces between the water
molecules?
4. What other shapes of boats would work the same way?
5. Would it work without a hole in the paper card?
6. What would happen if we touched the soap to the side of the boat?

Explanation:

The soap touching the water or the drop of detergent in the water is
breaking the surface tension. There are ocohesive farces between the water
molecules in front and in the back of the boat, as well as on both sides. By
touching the socap towards the rear of the boat, these cohesive forces are
broken in the rear but not in the front of the boat. This makes the boat to
be pulled towards the front. Similarly, before the detergent was dropped,
the water molecules on the surface of the water were pulling the boat on all
sides with an equal force. After the detergent was dropped, the attracting
force in the rear of the boat was eliminated, so that the resultant force is
to the front. The shape of the boat is irrelevant. Any shape will do the
same thing. When the surface tension on the left is broken, the paper shape
will move to the right. The propelling can continue until the detergent has
lowered the surface tension considerably.
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4.26. THE WATER-FILLED CUPS

Materials: 1. Two regular identical drinking glasses.
2. A paper card and a dime (or razor blade).

push dime
from the
side
alip dime .
in between
glasses
Procedure:

1. Fill the two glasses with water up to the brim.

2. Place a paper card on one of them and turn the glass upside down while
holding the card against the glass.

3. Let g0 of the cand, place the inverted glass on the other water-filled
glass, and slip out the card carefully (keeping the top glass exactly over
the Lottom glass)-

4. Place a paper towel around the bottam glass to guard eventual spillage.

5. Ask students: "Can anything ~. added to the water inside the cups?"
(anticipated answer: 'No, not a thing').

6. Take the dime (or razor blade), push the dime in between the two glasses
and slip it inside the glasses while holding the top glass.

Questions:
1. Why did the water not run out while the dime was slipped in?
<. U1d any water spill while the coin was pushed in?
3. What indicated that same water must have run out?
4. What other objects could have been slipped inside the glasgses?

Explanation:
In placing the top glass upside down on the bottom water-filled glass, it

was the air pressure that held up the card and the water. While the dime (or
razor blade) is pushed between the two glasses, same weter is running out,
which can be detected from the small air buhbles that f1mat up in the top
glass. The water in the top glass is held back mnstly by air pressure
pushing on the water surface between the two glasses. It is as if a film is
covering the surface of the water - surface {ension.
Other objects that are as thin magnified glass

as a dime or even thinner could be \ rims

. . warer
slipped inside the glasses. eunface-
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4.27. THE DETERGENT-FEARING POWDER

Materials: 1. A petri dish (bottom or top), a medicine dropper.
2. Liquid detergent or soap (solid or powder).
3. Lycopodium powder (or baking flour or fine pepper).

detergent

Procedure:

1. Fill a Petrie dish about half full with water (place it on an overhead
projector and project the dish on a screen).

2. Sprinkle fine powder (face powder, baking flour, or fine pepper will do)
on the water surface.

3. If you have liquid detergent: place a drop in the center of the Petrie
dish. Observe the spreading of the powder.

4. If you use solid soap: touch the water surface with a corner of the soap
block. Observe!

5. If you have powder soap: drop one or two flakes on the water surface.
Observe!

Questions:
1. What made the powder move away from the detergent or soap?
2. what is thc detergent doing to the surface tension of the water?

3. What ferces are acting on the powder particles on the water surface?
4. What forces are acting betweer the water molecules on the water surface?

Explanation:

At the surface of the water, the molecules form a film-like layer, where
cohesive forces are most prominent. The surface molecules have only three
sides, where cohesive forces act upon them, as no water molecules are above
them. When these cohesive attraction
forces are weakened by the detergent at P o VI o PRI o PRI
a particular spot, the molecules that O O ? O O
are farther away from this spot will

} $
111 these weaker held molecules towards ' @) O @)
them. As the water molecules move, they
bring the powder particles with them. surface molecules
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4.28. WHICH BUBRLK IS STRONGER?

Materials: 1. A three-way glass valve or a T-tube with 3 rubber tube clamps.

2. Two (or three) short rubber tubes.
3. Two L-shaped glass tubes.
4. Liquid detergent, glycerine, a small beaker.

lblow rubber l
valve e
elamp A T-tube
¢ ¢ l
8o 80ap
bubb%gs bubbies
Sketeh 1 Sketeh 2
Procedure: - -

1.

7.
8.

Clamp the three-way glass valve and connect the L-tubes to the short
rubber tubes as in Sketch 1.

When no valve is available: use a T-tube with 3 rubber tubes and 3 tube
clamps, and set the materials up as in Sketch 2.

Mix in a small beaker: 1 volume detergent, 2-1/2 volume glycerine ard 3
volumes of water.

Dip the end of the L-tubes in the detergent mixture by bringing the beaker
with the mixture to the set-up.

Set the valve such that tubes A & B are connected (when using a valwve), or
press open clamp A & B (close ciamp B) and blow a small bubble on C.

Now freeze the air flow and ask: "Which one will blow which bubble up if
they are connected to each other?"
Connectthetwombblesbyturningthevalve (when using a valve) or by

C, {close clamp A) and choorve

s a2 e qnn‘“- Pt et IR ¥ )
L

pressing (opanis clamps

[}
@x

Questions:

1.
2.

Which one is blowing which bubble up?
What —can we conclude about the relationship between surface tension and
radius of a soap bubble?

Explanation:

The smaller bubble will blow up the larger one, once the two bubbles are

connected. This is because the surface tension in a soap bubble is inversely
proportional to the radius of the bubble: the larger the bubble, the smaller
the surface tension, thus the lower the pressure inside it.
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4.25. THE THREAD CIRCIE IN THE SOAP FIIM

Materials: 1. A liquid detergent (preferably JOY), & glycerin.
2. A square or rectangle wire frame and thread.
3. A wide shallow container/tray (to fit the wire frame).

soap film
*

Sketch A Sketch B

soap film

Procedure:

1. Make a soap solution by mixing the following liquids: 1 part JOY, 2-1/2
parts glycerin, and 3 parts water.

2. Place this soap solution in the shallow container, make a soap film by
&ipping the wire frame in the solution and taking it slowly out.

3. Make a small loop of thread (diam. 3-4 am), wet it in the soap solution
and lay it carefully in the soap film (see Sketch A).

4. Once the thread loop lies in the soap film, pierce the center of the loop
with a dry object (pencil or dry finger).

5. Slant the wire frame, wiggle it, and observe the perfect thread circle
move and travel throughout the whole framel

Questions:
1. What made the wrinkly thread turn into a perfect circle?

2. What does the circular loop indicate about the forces working on it.

2. The tiread circle stays Uw saie shape no macter where it is in the wire
frame, what does this indicate about the forces working on it in the soap
film?

Explanation: .

This demonstration shows that there is indeed a tension working in the
soup film. The wrinkly thread loop lying in the soap film suddenly turns
into a perfect circle, after the inside of the loop is pierced, because the
forces inside the loop are eliminated, and equal forces at all points on the
outside of the loop are working and pulling on it.

By tilting and wiggling the wire frame, the thread loop can move around
the frame without changing shape, as a result of the cohesion forces in the
soap film that are of equal magnitude throughout the whole film.,
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4.30. THE STRONG SQAP FIIM

Materials: 1. A piece of coat hanger or thick wire & thin sewing thread.
2. A medium sized glass or plastic tuniel, a candle.
3. Liquid detergent (no additives e.g. JOY), glycerin.

Sketch A Str'aight/ Sketch B Sketeh C
wire
Procedure:

1. Make a soap solution by mdixing 1 part of JOY, 2 1/2 parts of glycerin, and
3 parts of water.
2. Tie a short straight piece of wire (abcit 10 cm) with equal lengths of
thread to the T-shaped wire (soldered together beforehand - see Sketch A). '
3. Dip the wires into the soap solution and pull them slowly out, holding the ‘
T-shaped wire by the leg, and observe (see Sketch B).
4. Light the candle and secure it to the table top.
5. Hold the funnel by its long end and dip it into the soap solution. Blow
through the funnel and form a medium sized bubble, but make sure that you
let the bubble stick to the funnel.
6. Point the funnel opening (long end) tc the candle flame and observe the
candle flame (see Sketch C).

Questions:
1. What made the threads between the wires curve?

2. What muld happen if the soap film between the wires is punctured?
3. What | appened to the candle flame?
4. What ropponcd o the s%ap wubbie in the funncl? 7

5 What do both events indicate about the forces in a soap film?

Explanation:

In the soap film between the wires and thread there exists a force called:
surface tension. It consists of adhesive forces between the liquid molecules
and the solids (called adhesion), and cohesive forces between the molecules of
the soap solution (called cohesion).

This same adhesive/cohesive force or sometimes also called capillary force
exists in the bubble which is attached to the funnel. This force is pushing
the air in the funnel out of the opening and is almost strong enough to blow
the candle out.

Examples of capillary forces in action are: the sucking of water from the . |
roots of plants travelling into the top leaves (also called osmotic pressure); I
the glueing of two pieces of plexiglass with a thin organic liquid (by placing
a few drops of the liguid between the two solid surfaces).
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4.31. THE FLOATING OIL SPHERE

Materials: 1. A large, wide test tube or small beaker (100 ml).
2. A medicine dropper.
3. Ethyl or methyl alcohel, frying or light motor oil.

medicine drovper

aleohol

Procedure:
Pour about 50 ml of water in the beaker (or test tube).

2. Hold this beaker in a slant and slowly pour the alcohol on top of the water
‘ (about 50 ml - an equal amount as the water).

._a

. Let the beaker stand on the table.

. Fill the medicine dropper with oil, bring the opening of the dropper in the
beaker where the two liquids meet, and squeeze the oil out.
Then withdraw the dropper carefully out of the liquid.

W

Questions:
1. why does the alocohol float on top of the water?

2. What would happen if we poured the alcohol carelessly on top of the water?
3. Is alcohol completely immiscible with water?

4, Why does the oil take the ‘shape of a sphere?

5. Why does the oil sphere stay between the two layers of liquid?

6. What would happen if the oil was squirted out of the dropper in the alcohol

. 'lnvnr _and_not _whore tho 4on liomide moodD ol o e e s

LHERAS wR

7 What would happen if the oil was squirted out in the water layer?
8. What would happen if the oil was squirted out in water only?

[PPSR

Explanation:
As ethyl aloohol has a density of 0.794 and methyl aloohol even less than

that, it can float on water and form a layer. It is not totally immiscible
with water, but when poured slowly and carefully on the water it can form a
layer and stay above it. Where the two liquids meet, however, the water and
alcohol mix and form a liquid with a density very close to that of oil. This
is why the oil forms a perfect sphere between the two liquid layers.
A sphere is formed because it has the smallest surface area as compared to
other three dimensional shapes. When the beaker is left . tanding, the alcohol
' evaporates slowly, and the oil sphere moves up slowly until it reaches the
surface and then the sphere is knotted off at the top and slowly becomes a
flat circle when all the alcchol has cvaporated.
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4.32. THE FUNNY WATER

Materials: 1. Two identical beakers, two identical watch glasses.

2. One small. and one larger piece of candle.
3. Alcohol (methyl, ethyl, or isopropyl).

L—f A_’ alcohol

watch glasa

e — ——

water _\E-::—_;i L:'—’A/ candle piece
== e
Beaker A Beaker B

Procedure:

T. Fill beaker A about 3/4 full with water and beaker B with the same amount
of alcohol and cover them with the watch glasses (do not reveal to
students that the liquids are different).

2, Show the students the two pieces of candle: drop the short piece in beaker
A and the longer candle in beaker B.

3. Ask: "Why is one candle floating and the other sinking?" "what will the
cardles do if I switch them around?"

4. Drop the long candle in beaker A (it still floats) and the short one in
beaker B (it sinks).

Questions:

1. Why does the candle float in beaker A?
2. Why does the candle sink in beaker B?
3. What does it depend on whether something floats or sinks in water

Explanation:

The alcohol has a lower density than water. This is why the candle sank
in the alcohol and stayed afloat in water. Some students may suggest that it
sank in beaker B because it is longer than the other piece that stayed
afloat. But then, after switching the pieces of candle arourd, the longer
candle stays afloat in the water and the shorter one sinks in beaker B. This
most likely will give students a clue, that the liquid in beaker B is some
kird of "funny water." This liquid may be methyl, ethyl or isopropyl
alcohol, which all have a density of around .76. The density of water is 1,
and that of wa. “n the vicinity of .85.

Density is derined as the ratio of mass and volume of a substance.

D= M in which D = Density, M = Mass, anu V = Volume.
\

Whether something sinks or floats depends on the relative density of the
object compared to that of the liquid it ic immersed in. Any cbject that has
a density between that of water (1) and that of alcohol (.76) may be used for
this demonstration.
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4.33. WHICH WILL FLOAT WHERE?

Materials: 1. Mercury, Carbontetrachloride, Kerosene (or gasoline).
2. A piece of steel (bolt or nut), a piece of ebony wood, paraffin
or candle), and a cork.
3. A long thin measuring cylinder (100 ml), three small beakers.

cork
—~\\4_ gasoline

.....

ecandle Has
\vm /_— water
ebony ~ ]
| —

carbontetrachloride

Sketch A steel —~J=5 mereury

Procedure:

1. Pour about 20 ml of mercury in the cylinder, followed by 20 ml each of
carbontetrachloride, water and gasoline. Do this pouring by holding the
cylinder slanted so the liquids will slide on top of each other (Sketch A).

2. Now pick up the piece of ebony, and ask the students: "where will this
dbject end up, between which layers, or maybe on the bottom?"

3. Pick up the steel bolt and ask the same question (record students’ answers)
then drop it in the cylinder and observe.

4. Do the same with the piece of candle and the cork.

Questions:
1. Where did the piece of steel end up, was it on the bottom?

2. Where did the other objects end up floating?

3. How do the densities of steel and mercury compare?

4. How do the densities of the four liquids compare?

8. If we know that the dencity of water aquals 1, what can wa say about the L
densities of ebony, steel, carbontetrachloride and mercury?

6. What can we say about the densities of paraffin, cork, and gasoline?

7. On what property of the material does it depend, whether an object will
float on a liquid or sink in it?

Explanation:

In ascending order the densities of the solids and liquids are as follows:

cork, kerosene/gasoline, paraffin/candle, water (1), ebony,

carbontetrachloride, steel, mercury. This demonstration shows that even steel
can float on a liquid, as long as the liquid has a higher density than steel
(see the Table of Densities in the Appendix).

The four layers of liquid can be used to roughly determine the density of
an object. This can be done by just dropping the object in the cylinder and
observing where the object ends up floating. In the order above, all those
preceding water have a density of less than 1. Those that come after water
have a density of greater than 1.
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4.34. THE BOBBING MOTH BALLS

Materials: 1. A gradvated cylinder or narrow tall jar.
2. Four or five moth balls.
3. One or two Alka Seltzer tablets.

HAK
1‘1'

/—--——-moth balls

water —\

i
hasX

E

o= Alka Seltzer tablet
;‘g 0 4/*
Procedure:

1. Fill the cylinder or jar with water.

2. Drop an Alka Seltzer tablet (or any tablet that produces carbon dioxide
gas) in the water, and immediately afterwards the moth balls.

3. Let the students observe the moth balls (bobbing up and down).

Questions:
1. Why do the moth balls sink in the beginning (when they were dropped)?
2. What makes some moth balls bob up?
3. Why do the moth balls float only for a short while at the surface
of the vater?
4. What is the purpose of the Alka Seltzer tablet?
5. Would the moth balls bob up and down without the Alka Seltzer?
6. What do you observe the difference is between the rising and sinking
. . moth balls? (Observe closelv!)
7. What other liquid would give off carbon dioxide bubbles by itself?

Explanation:

The moth balls have a density of a little over 1, so that they just
sink in water. When the gas bubbles from the Alka Seltzer tablet adhere
to their surfaces, they get lighter and rise up. As soon as they reach
the surface of the water, the bubbles burst. This makes the moth ball
become h.avier again -~ causing it *o sink.

If Alka Seltzer tablets are not available, other tablets that fizz in
water may be used. Soda pop drinks, like 7-Up could be used as a
replacement. These have the gas already dissolved in them and when they
are poured into the jar, the bubbles escape, giving the same effect as
the Alka Seltzer tablet's bubbles.
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4.35, WHICH GRAPE I- HEAVIER?

Materialis. . Fresh grapes & 7-Up soda pop.

2. A clear drinking glass.

L//—— unpeeled grape

Procedure:

1. Pour and fill the glass with 7-Up soda pop.

2. Peel one crape (take the skin off and leave the grape whole).

3. Take another unpeeled grape in the other hand and pose the students the
question: "which of the two grapes is heavier?" (anticipated answer: 'the
unpeeled one'--which is true!l).

4. Drop both grapes (a peeled and unpeeled one) in the 7-Up and observe what
they do.

Questions:

1. Why does the peeled grape sink to the bottam?

2. Which of the two grapes is lighter in weight?

3. What makes the unpeeled grape float?

4, Would an unpeeled grape also float in water?

5. Could we do this same demonstration with water and Alka Seltzer?

6. What property does the grape peel hawve?

Explanations

This demonstration is also very suitable in the teaching of adhesive and
cohesive forces (bubbles adhering to the grape skin). The unpeeled grape has
water repelling--hydrophobe--properties and thus the 00 bubbles fram the 7-
Up can adhere to this surface.

The peeled grape lacks this hydrophobe skin (it is hydrophyl: water-
attracting) and the bubbles of the 7-Up have no way of adhering to the grape.
This causes the grape to stay at the bottom of the glass. The unpeeled grape
becames lighter in weight, because of the adhering bubbles, and rises to the
surface of the liquid. There it loses same of the bubbles to becaome heavier
again. It may sink a while, picking up more bubbles, to bob up to the
surface again.
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4.36. THE DIFFERENT (IAY STICKS

Materials: 1. Molding clay and a short wooden stick.

2. A technical balance or equal arm balance.
3. Two beakers (glass or clear plastic).

elay and wood —~

Procedure:

1. Wrap just enough clay around a short wooden stick, so that it would just
barely float in water.

2. Place this on one pan of the equal arm balance and weigh off the same mass
of clay on the other pan.

3. Roll a cylinder out of this mass of clay. You are now ready for the
inquiry demonstration.

4. Show the students the two beakers filled with water and the two clay
cylirders (to be placed in the water).

5. Show them that they weigh exactly the same, by placing them on each pan of
the equal arm balance.

6. Now drop them in the two beakers with water (one sinks and one floats!).

Questions:

1. Why does one clay cylinder sink and why does the other float?
2. what property is the =ame for both sticks?

3. Wial property does 1t depend on whether an object sinks or floats in a

certain liquid?
4. What force is holding the floating object afloat?

Explanation:

water

Although the mass of the two clay sticks are equal, the volume is
definitely not the same, because the much lighter wooden stick is inside the
one that floats. Since the density may be calculated from D = M/V, it can be
seen that the density of the floating cylinder is smaller than the one that
sinks. The force that holds up the floating cylinder is the buoyant force,

which is the mass of the displaced

buoyant force liquid (water in this case). If the

mass of the displaced water is the same

as the mass of the object, it will

float. If the former is less than the
mass, the object sinks.
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4.37. IS THE CROWN MADE OF PURE CIAY?
Materials: 1. Molding clay, some sawdust or wood chips.

1
2. A graduated cylinder or graduated beaker.
3. An equal arm balance o~ technical balance.

clay clay
erowm ball —\

| O

"

graduated
beaker

same
weight

Procedure:

1.
2.

3.
4'

Make "impure" clay by mixing same sawdust or wood chips in the clay.

Now make an intricate shape (like a crown) out of the "impure" clay, and
ask: "How can I find out whether the crown is made of pure clay or not?"
(or tell the story of the King and Archimedes).

Weigh pure clay on the balance of the same mass as that of the crown.
Determine the volume of the crown and the pure clay by immersing them one
by one in the graduated beaker. (Read off the water level before and
after immersion and calculai: the difference).

stions:

1.

2.
3.
5.
6.
7.

If the crown and the clay ball were to displace the same amount of water,
what may we conclude about the crown?

If the crown is made of impure clay, how would the two volumes differ?
Why does the ball need to be of the same mass as the crown?

Whal peowerty are we actually detemmining of the crown?

What property is determined by immersing the object in water?

How did Archimedes determine the density of the King's crown?

Is density a specific characteristic of a substance?

Explanation:

The King suspected that i..is crown maker had cheated on him (by mixing in

copper with the gold), so he summoned Archimedes to check whether his crown
was made of pure gold or not. Archimedes made use of the definition of
density (D = M/V); so he weighed in pure gold, the same mass as that of the
crown, and then determined the volume of the crown and the chunk of gold by
immersing it in water. If the crown were made of pure gold, the density of
both objects should be the same, thus also the volume of the displaced water.
If the volume of the crown came to be larver than that of the gold chunk, it
would have been made of impure gold.
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4.38. FIOAT THE EGG WITH SALT

Materials: 1. A raw chicken egg & table salt.

2. A large beaker or plastic container & stirrer.

stirrer

wvater ﬂ 1
g G:

Procedure:

1. Fill the beaker about 2/3 full with water.

2. Ask students: "what will the egg do in the water, sink or float?" Immerse
the egg carefully in the water.

3. Add salt to the water while stirring carefully (remember it is a raw eqq),
until the egg starts to float.

4. Try to dissolve other chemicals (instead of salt) in the water, like
sugar, baking soda, corn syrup, etc.

Questions:

1. Mntmﬂdthedensityoftheraweggbecanparedtomrevater?

2. By adding the salt to the water, what property was increased?

3. What two entities are we comparing, when we want to know whether an abject
will float in a particular liquid or not?

4. Would the egg float in alcohol? In corn syrup? In o0il?

5. How can we determine the volume of an egg?

6. How can we calculate the density of an egg?

Explanation:

Fram the behavior of the egg in water, it can be seen that the density of
the raw egg is a little larger than that of pure water. It can actually be
determined by weighing the egg and finding the volume of it my measuring the
displayed water (the difference between the water levels), and bv dividing
this volume into the mass (weight) of the egg.

By adding the salt to the water, the density of the water is increased.
The mass of the displaced water is therefore also increased, and as this mass
equals the buoyant force, the egg gets a larger force acting upwards upon it,
and thus at a certain moment floats up. At this moment, the buoyant force is
equal to the egg's mass. For this same reason it is much easier to swim in
sea water campared to fresh water.
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CHARACTERISTICS DENSTTY
OF MATTER

4.39. CAN YOU MAKE CIAY FLOAT?

Materials: 1. A lump of molding clay.

2. A large beaker or transparent container.

clay
Y ( ] boat
initial V_
water- —_ .
N e level —wh_ N 1" \displaced water

elay ball ——

e L J

1. Make a ball of clay with a diameter of about 5 am.

2. Fill the beaker half way with water and mark off the water level.

3. Ask students: "Will clay float or sink in water?" Plunge the clay ball in
the water, mark off the water level, and take it back out.

4. Transform the same ball of clay into a small boat (make sure it is
watertight), and let it float on the water.

5. Draw students' attention to the water level with the floating clay boat on
the water.

Procedure:

Questions:

1. Was the clay ball heavier than the clay boat?

2. Which of the two displaced more water?

3. What is the volume of the displaced water equal to?
4. What is the weight of the displaced water equal to?
5. Would we ke able to float iron or lead this same way?

Explanation:

The clay ball and clay boat were of the same weight, because the boat was
made of the one and the same clay ball, and as mass is conserved and no clay
has been taken away or added, the mass and thus the weight is the same. The
boat, however, displaced more water because of its shape. The volume of this
displaced water is equal to the volume of the submerged part of the boat or
ball, whereas the weight of the
displaced water is equal to the
buoyant force, which is the force
upward. This is equal to the mass of 4y pmenged
the clay boat when floating, but less part
than the mass of the clay ball (this
is vhy the hall sinks).

buoyant force

weight of boat
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CHARACTERISTICS DENS
OF MATTER 3

4.40. MAKE YOUR OWN LETTER SCALE!

Materials: 1. A measuring cylinder or tull slim jar.
2. A 20-30 cm piece of broam handle, or wooden dowel or pencil with an
eraser end, and 10-20 pennies.
3. A 3x5 card, thumbtack, a small metal weight (steel nut).

thumbtack

3" x 5" card

wooden dowel ——_ _~—uvater

steel nut —_|

/-— measuring cylinder
5\_4:
Procedure:

1. Tie a short thread to the weight and hook it to one end of the wooden dowel
with a small nail or thumbtack. ‘

2. Place it vertically in the water-filled cylinder to test whether it will
float about half way in the water (if it floats too deeply, the weight is
too big).

. Attach the 3x5 card to the other end of the dowel with the thumbtack.

. You are now ready to calibrate your hame-made scale: a) Place a pencil mark
at the water surface on the dowel. b) Put ten pennies on the card, and mark
the dowel at the water surface (meniscus). c) Take the whole scale out of
the water and divide the distance between the two marks in ten equal parts.

5. You are now ready to use the scale to weigh letters or small objects

weighing less then 1 ounce or 30 grams (each line of the scale indicates
.1 ounce or 3 grams: this depends on the weight of the coins used).

L OS)

Questions:

1. what is the function of the small weight at the lower end of the dowel?

2. What would you say the denuity of wood is campared to water?

3. What other material could be used instead of a wooden dowel?

4. What veriables influence the sinking distance of the dowel?

5. The capacity of the scale might be only 2 ounces or 60 grams; how can we

increase its capacity?
€ How would using 2 or 3 dowels (bundled) influence the sinking distance?

Explanation:
The function of the small weight at the bottom end of the dowel is to make

the dowel sink half way in the water and also to keep it floating vertically.
The more dowels are used or the larger the diameter of the dowel, the greater

the capacity of the scale, as the displaced water is increased and thus also .
the buoyancy force.

The placing of already known weights on the scale makes it possible to
calibrate the wooden dowel against the siniting distance.: In a less dense
liquid the scale would float much lower, and in a denser liquid it would float
much h.gher. i
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CHARACTERISTICS BUOYANCY
| . OF MATTER MELTING POINT

4.4]1. THE WATER CANDLE?

Materials: 1. A drink glass or glass beaker.
2. A thick short candle, a small metal screw (or thumbtacks).
candle
water
metal serew
Procedure:

1. Attach the screw or thumbtacks to the bottam of the candle.

2. Fill the drink glass with water and let the candle float in it (if it sinks
, the screw size is too large or you used too many thumbtacks; use a smaller
. one or use less thumbtacks).

3. Light the candle and start asking questions.

Questions:
1. what is the function of the screw/thumbtacks in the bottom of the candle?
2. When the candle burns shorter, will the water extinguish the flame?
3. Will the candle float higher or lower in the water over time?
4. With time, will the density of the floating system change?
5. With time, wilil the buoyancy cf the system change?
6. Will the candle actually become shorter over time?
7. When will the candle flame be extinquished?
8. What shape will the top of the cardle be forming?
9. Will the candle tip over if the flame burns unevenly?
10. What would a long narrow candle do when floated in water and then 1lit?

Explanation:
The purpose of the metal screw or thumbtacks in the bottom of the candle ‘s

to make the candle heavier at the bottum, thus making it float in a vertical
position. The top of the indle will burn leaving a concave cavity containing
a1e molten wax. The outside of the candle which is in touch with the water
stays cool and is therefore not melting. Slowly, however, the wax is burning
off and the total weight/mass of the candle gets smaller.

As the mass as well as the volume of the candle became smaller, the density
(mass over volume) stays the same - at least in the beginning of +he burning

process -, thus the part that is above water stays above water (3just like
| ‘ 1/10th of an ice cube stays above water no matter what size of <. ‘. But
towards the end of the candle, the density becames greater (because of the

screw) and it will reach a point where the buoyancy force is not great enough
to keep the candle floating.
o~
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CHARACTERISTICS DENSITY OF GASES

OF MATTER ‘,

Materials: 1. Soap solution (1 pt Joy, 2 1/2 pts glycerine, 3 pts water).

]

4.42. THE FLOATING SOAP BUBBLE

2. A large beaker (2 litre) or clear plastic/glass container).
3. Calcium carbonate or baking soda + dilute HCl or CC14.
4. A large plastic straw, and a small cup.

A

[ __— soap bubble
large beaker\

|_——Cat0, + HCL or few drops;

g of C‘CZ4

Procedure:

1.
2.

3.

4.

Pour the soap solution in the cup and get ready to blow a medium size
bubble with the straw.

Put a scoop of calcium carbonate/baking soda in the large beaker and add
about 50 ml dilute hydrochloric acid or a few drops of CCl,.

Blow a medium size soap bubble (smaller than the beaker s éiameter) and
let it calmly fall in the large beaker (either guide it into the beaker
or move the beaker to catch the bubble).

Observe the soap bubble (this demonstration/activity should be
performed in a draft-free roam).

Questions:

1.
2.

3.
4.

What is being produced in the large beaker? (when using CaCO, and HC1?
Why did the soap bubhle float above the liquid in the large geaker and
not descend all the way to the bottam?

How does the density of carbondioxide or carbontetrachloride gas compare
with that of atmospheric air?

What other gas could be used instead of carbondioxide?

Explanation:

The chemicals, calcium carbonate or baking soda plus the dilute

hydrochloric acid produce carbondioxide gas in the large beaker. This gas has
a larger density (in other words is heavier) than air, and therefore stays in
the beaker. The concentration of this gas is most likely higher closer to the
surface of the liquid or bottom of the beaker.

The density of a soap bubble is just slightly greater than that of air.

This is why bubbles ever so slowly descend in the air. 1In the large beaker
the denser carbondioxide gas acts like a cushion, and this is why the bubble

is not dropping all the way to the bottam.

Instead of carbondioxide gas a few drops of carbontetrachloride can be used ‘

in the large beaker. This liquid will evaporate and the gases are also
heavier than air.
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CHAPTER 5

HOW DO CHEMICALS BEHAVE IN OUR DAILY LIFE ?

OBJICTIVES

After dealing with and studying the concepts and sub-concepts of this
chapter, the students should be able to:

recognize the correct explanation of an observed event based on each ¢~
the sub-concepts;

explain in their own words which of the sub-concepts is determining the
course of an event;

distinguish true from false statements concerning each one of the sub-
concepts;

identify the correct explanation of an event in daily life applying one
of the sub-concepts;

all in relation to the following sub-concepts:

The existence of physical versus chemical changes.

Different indicators will give different colors in acids and in bases.
Some reactions produce gas, some produce precipitates.

The solubility of chemicals in water differ greatly.

Replacement and catalytic reactions.

Exothermic, endothermic, and spontaneous combustion reactions.
Addition reactions with unsaturated double bonds.

Polymerization or formation of large molecules.
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| CHEMISTRY PHYSICAL &
‘ CHEMICAL CHANGE

5.1. THE CHARCOAL SAUSAGE

Materials: 1. About 100 ml of sugar crystals.
2. Two 100 ml beakers, two glass stirrers.
3. Concentrated sulfuric acid (H2S04).

riging
charcoal

sugar +
water

sugar +
concentrated

Beaker I

Procedure:
1. Fill each beaker half full with sugar.

' 2. Add about 40 ml of water to the first beaker and the same amount of

oconcentrat._d sulfuric acid to the second beaker; stir and let stand.

3. Observe the difference between the two changes in the sugar. Ask: "In
which beaker do the reactants still have the same properties?" (the
reaction should preferably be carried out under a fume hood or close to an

open window, or in the outdoors).

stions:
1. What is the difference between the processes in beaker I and II?

2. How can we recognize or distinguish between a physical change and a

chemical change?
3. In which of the two beakers could we get the sugar back as sugar?
4. What do you think happened in the second beaker?
5. What property do you think concentrated sulfuric acid has?
6. What do you think the black material in beaker two is?

Explanation:

In beaker I, where the sugar was mixed with the water, a physical change
was taking place. This means that the components of the mixture retained
their properties; they could be separated and still have the exact properties
as before the change. The water could be left to evaporate and the sugar

would crystallize ocut of the colution.

In beaker II a chemical change took place, leaving products, which have
properties that are campletely different from the original components of the
mixture. A black charooal mass is produced, which is expanding up because of

‘ the gases (SO2) and water vapor being released. This is caused by the

dehydrating properties of concentrated sulfuric acid.
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CHEMISTRY PHYSICAL CHANGE

5.2. WALK THROUGH A HOLE IN ORDINARY NOTEBOCK PAPER

Materials: 1. One sheet of ordinary notebook paper.

2. A pair of large, sharp scissors.

cut here (2)

|
{
{
‘
(
{

L-\—“““ ———— -

Sketch A Sketch B

eut herc (3)

Procedure:

1. Tell the students that you are going to cut a hole in the ordinary piece
of paper, and that you are going to walk right through the hole without
tearing the paper!

2. Fold the paper in half, then make a series of straight cuts from _ne
folded side, about 2 cm apart stopping about 1 cm from the edge of the
opposite side (see Sketch A).

3. Turn the paper around and make cuts from the other side (see dotted lines
in sketch B), and also stop about 1 cm fram the edge of the opposite
side.

4. Except for the first and last strip at each end, now snip off the folded
ends of the strips.

5. Then carefully open up the paper without tearing anything and walk through
the hole!

Questions:

L. Do you think you could ride a bicycle through the hole?

2. We’ve changed the paper by cutting it; was it a physical or chemical change
that the paper underwent?

3. Did we change any of the chemical properties of the paper?

4. What is the difference berween a physical change and a chemical change in a
sample of matter?

5. What are some other ways that you could make a physical change in this
piece of paper?

6. What are some ways that you could make a chemical change in the paper?

Explanation:

Of course, the change that we made in the paper was a physical one. No
chemical properties of the paper were changed, before or after the change.
When a chemical change is occurring in a sample of matter, the chemical
properties in the products after the change are camwpletely different fram
those before the change. To make a chemical charnge in the paper, it could be
burned or placed in sulfuric acid. The products of the burning process of
paper would be CO, (carbondioxide) which is a gas, plus water vapour and
carbon. All threé products having totally different properties campared to
those of paper (the sample of matter before the change).
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CHEMISTRY ACIDS & BASES

5.3. THE BLUE AND RED CABRAGE

Materials: 1. A few leaves of red cabbage.

2. A small beaker and four test tubes (test tube rack).
3. An alcohol burner and stand.
4, Vinegar, lemon juice, baking soda, lime.

i

test tubes

cabbage -

Procedure:

1. Cut a red cabbage leaf in small pieces; place it in the beaker and add
about 10 ml of water to it.

2. Heat it above the burner until boiling, then pour equal amounts of the
liquid in the four test tubes.

3. Place a few drops of vinegar in the first and a few drops of lemon juice
in the second test tube: have students cbserve closely the color of the
liquid.

4. Now add a pinch of baking soda to the third and a pinch of lime to the
fourth test tube: observe the color change!

tions:

1. Which two chemicals colored the cabbage juice red?

2. Which two colored the cabbage juice blue?

3. What would happen if we added baking soda to the cabbage leaf?

4, To which of the two groups of chemicals would orange juice belong?
Pineapple juice? Grape juice? Soap water?

5. What would happen if we adderd vinegar to the blue liquid?

Explanation:

The red cabbage juice acts like litmus, an indicatoc that turns red in
acids and blue in bases. Vinegar, lemon juice, and other sour tasting juices
are all acids; whereas baking soda, lime, and soap water are bases. Chemists
are talking in terms of pH (which will be dealt with in higher grades: the
negative logarithm of the hydrogen ion concentration). A pH of 7 for a
neutral liquid, less than 7 for acids, and higher than 7 (up to 12) for
bases.

Other common indicators are: litmus paper, phenolphthalein, methyl orange,
methyl red, universal indicator.
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5.4. THE FUNNY GOLORS

Materials: 1. A test tube rack with six test tubes.

2. Dilute hydrochloric acid (HCl). (1 Normal)

3. Dilute sodium hydroxide solution (NaOH). (1 Normal)
4. Phenolphthalein indicator, and a drinking straw.

5. Medicine dropper, an opaque cup (styrofoam will do).

L {lell (1] ¥[ 1

Procedure:

1.
2.

1.
2.
3.
4‘

Number the six test tubes to avoid confusion.

Tape a white paper behind the tube rack for easier distinction of the pink
color in the test tubes (a spot light will help).

Place 3 drops of phenolphthalein in test tube No. 2 and 4; and 1 drop of
NaOH in test tube No. 6 and the cup each; and 3 drops of HCl in test tube
No. 5.

Fill the opaque cup with drinking water from a pitcher, then halfway fill
test tube 1, 2, 3, & 4 from the cup (2 & 4 appear pink).

Say: "There must be something wrong!" Pour the four test tube contents
back into the cup. Now fill test tubes 1, 2, 3, 4, & 5. (All are pink
except for No. 5).

Say: "What now?" Pour all 5 tubes back and fill all six tubes. No. 6
stays pink. Blow color away with the straw!

Questions:

What made the pink color in test tube No. 2 and 4?
What made the color disappear in test tube No. 5?
What is in our breath that can neutralize the basic solution?
What else could we use to take away that pink color of tube 6?

Explanation:

Phenolphthalein is an indicator for bhasic solutions. It turns pinkish red

in dilute sodium hydroxide solution or any other basic solution (with a pH
higher than 7). Test tube 5 contains hydrochloric acid, which will
neutralize the Lase being poured in it. The pH is brought back to lower than
7 and thus turning the liquid colorless.

The air that human beings are exhaling contains more carbon dioxide than

atmospheric air. This gas is slightly acid in water and neutralizes the weak
basic solution. Other substances that can be use.! to neutralize bases are:
vinegar (acetic acid), lemon juice (citric acid), etc.

-’
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CHEMISTRY OXIDATION REACTION

5.5. DRAW WITH FIRE

Materials: 1. Potassium or sodium nitrate (saltpeter).
2. A small beaker and a glass stirring rod.

—_—

paper

marked spot.
X touch with
glowing match

Procedure:

1. Dissolve a full scoop of potassium nitrate (or sodium nitrate) in about
20 ml of water in the beaker, and stir with the glass rod until all the
solid material dissoived.

‘ 2. Keep adding another scoop of KNO, or NaNO, and stir until the solid
material stays as a solid on the bottom o% the beaker.

3. Take a blank sheet of paper and draw an animal or other object on the paper
with the glass rod dipped in the saturated solution. (make the lines
rather thick and use the liquid rather liberally).

4. Leave the paper to dry at room temperature. Before it is completely dry,
mark one spot where the drawing was started with a pencil.

5. Show the students the campletely blank sheet of paper, ana tell them that
you will start a drawing on the paper with fire! Strike a match, blow it
out, and with the glowing tip touch the marked spot on the paper; observe!

Questions:
1. Why does the pencil mark have to be made just before the drawing was
canpletely dry?
2. What made the glowing continue further on the paper?
3. Was it actually a flame that made the drawing?
4. what kind of a reaction was it endothermic or exothermic?
5. Is this type of a reaction a spontaneous reaction?
6. What was the glowing wood tip initially needed for?

Explanation:

Potassium or sodium nitrate is a strong oxidant. After the water of the
saturated solution evaporated, there was only potassium nitrate left on the
paper in a very finely divided state. The glowing tip of the match supplied
the initial activation energy needed to release very active oxygen from the

. potassium nitrate. This active oxygen is further oxydizing the paper (seen in
the form of a burning glow), which is exothermic (giving off heat). This
energy is enough to keep further releasing the oxygen fram the KNO,. Since
this is only found on the line of the drawing, the glow of the paper™ burn is
only following the path of the drawing.
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CHEMISTRY REDUCTION REACTION

5.6. TURN A RED ROSE INTO A WHITE ONE

Materials: 1. A small red rose, and sulfur powder (S).
2. A short metal strip, and a short metal wire.
3. A glass beaker ond a watchglass to cover it.

wateh glass

wire - metal strip

/—— burning sulfur
red rose —_| &,

1 J | — beaker

-

Procedure:

1. Attach the wire to the stem of the rose and let it hang inside the beaker
from the rim (make a hook in the wire).

2. Berd the short metal strip in an S-shape so that it caa hang fram the rim
of the beaker (hang this on the opposite side: see Sketch above).

3. Take this metal strip out of the beaker and place a small heap of sulfur
powder on the bent part of the metal strip, hold a lit match close to the
sulfur until it catches fire. Imrediately lower the metal strip into the
beaker and cover it with the watchglass. Observe!

(Keep the beaker covered; it would be best to perform this under the fume-
hood or outdoors).

Questions:

1. What color did the red rose turn into?

2. What part of the rose started to change color first?

. What type of reaction is actually taking place?

. Wnat gas was formed by burning the sulfur?

- What other bleaching agents do you know?

- What is the function of the watchglass over the beaker?

Explanation:

By burning the sulfur, sulfurdioxide gas is formed (SO.) which is a strong
reductor. The red coloring in the rose is being reducea and turns white.
Sulfurdioxide is a very pungent gas and also poisonous when inhaled in large
doses. This is why it is very important to dispose of the fumes under an
exhaust hood or outdoors.

Other bleaching agents are chlorine campounds, like: chloride of lime,
sodium chlorite, sodium hypochlorite (used in laundry bleaches) and calcium
hypochlorite. 1In solution, these agents release chlorine gas, which reacts
with colour molecules anu thus also remove colour.

The sulfurdioxide gas plus the water in the rose petals form sulfurous ‘
acid, which works as a reducing agent. The reaction with the water is as

follows: 802 + H20 - sto3

fo 2 T2 Y ST UV
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5.7. GRIND A CRACKER

Materials: 1. A mortar and pestle, & scoop.
2. Potassium chlorate (KClO3), and sulfur (S) powder.

CAUTION pestle

DO NOT USE MORE THAN THE
PRESCRIBED AMOUNT OF CHEMICALS !

VERY EXPLOSIVE !! \ mortar
rrocedure:

1. Take a _tip of a scoop of potassium chlorate and the same amount of sulfur
and place it in the mortar. (less than .5 g of each!)

2. Now show .e students as if you were just casually mixing the two powders.
Put a little pressure on the pestle (hold the mortar and pestle with
outstretched amms), and watch the students jump out of their seats!

3. Place cotton balls in your sars if you can't stand loud noises!

Questions:
1. What are the products of the reaction?
2, Why do we hear an explosion in general?
3. What happens to the air in a bursting balloon?
4, what made the explosions in the mortar?
5. What do you think the rate of gas production is in this reaction?

Explanation:
We can hear an explosion, because a sudden large wave in the air hits our

ear drums. This large wave is usually caused by a sudden expansion or

production of gas. In this case a sudden production of sulfur dioxide (SOj)

is the cause of the explosions. The reaction is as follows:
I(CIO3=KC.1+30[']...0-(1)
S+20n=3)2.......(2)

The grinding of the powder causes heat to develop between the mortar and
the pestle, which triggers reaction (1) to proceed to the right. The oxygen
released in status nacendi (O,) is in atomic form and very reactive, thus
immediately attacking the surrounding sulfur (reaction 2).

The sudden production of SO gas causes a sudden movement of the
surrounding air, thus a large wave is created and this reaches our eardrum,
with the result of hearing the explosion. Potassium chlorate is very much
used in the firecracker industry, together with charcoal and sulfur.
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5.8. WHICH GAS IS WHICH?

Materials: 1. Zinc powder or chips, calcium carbonate (marble chips), potassium
chlorate, and hydrochloric acid (diiute).
2. An alcohol burner and wood splints.

3. Three test tubes.
burning glowing
splint '{/—- splint

) o \T \

Zn Cac0z
+

HCl \% HCl _\@ KC105 Nw
Procedure:

1. Place a few zinc chips in the first test tube, add about 3 ml of dilute
HCl, and place your thumb over thc tube. Light a match and bring it close
to the test tube's mouth: release thumb!

2. In the second test tube, put a few marble chips and add about 3 ml of
dilute HCl. Burn a wood splint and lower the flame into the test tube.
(What happens to the flame?)

3. Put a little KClO3 plus a little of the burnt ashes fram the wood splint
into the third test tube. Mix them by shaking the tube and heat it slowly
over the alcoho. flame. Test the gas with a glowing wood splint (not a
burning one; flame should be blown off before inserting in tube).

Questions:
1. What gas is oroduced in the first test tube?
2. What unique characteristics does this gas possess?
3. What gas is produced in the second test tube?
4. How can we recognize this second gas from the others?
5. What gas is produced in the third test tube?
6. How different is this third gas campared to the otber two?

Explanation:
In test tube I: Z2n + 2 HCl = ZnClj + Hy; Zinc chloride and Hydrogen gas is

produced. This gas is highly flammable and gives off a charactenstic small
explosion, when ignited in the test tube.

In test tube II: CaC03 + 2 HCl = CaCly + H20 + (02; calcium chloride,
water, and carbon dioxide are formed. This gas is also invisible, but it has
the property of extinguishing a flame.

In test tube III: 2 KC103 = 2 HC1 + 3 O3; potassium chlorate is decamposed
by heat into potassium chloride and oxygen gas, which makes a glowing splint
flare up. Oxygen is present in the air and makes up 20% of the atmospheric
air: a necessary component for all living things.
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5.9. TURN WATER INTO WINE, MILK, AND BEER!

Materials: 1. Sodium bicarbonate (NaHCO3), sodium carbonate (Na.,CO,)
2. Phenolphtalein, saturated~barium chloride solutio% (BaClz)
3. T™wo drink glasses, a wine glass, a beer mug.
4, Conc. HCl, and Bramothymol Blue.

glass 1 wine glass glass 2 beer mug
(mi1k)

Procedure:

1. Fill glass No. 1 three-quarters full of water and add 10 ml of saturated
NaHQO.,, and 20% Na,CO solution (pH 9).

2. To th% wine glass ada a few drops of phenolphtalein.

3. To glass No. 2 add about 25 ml of saturated BaCl, solution.

4. To the beer mug add 5 ml of conc. HCl and about % ml of bromothymol blue.
(Points 1-4 should be done without the students’ knowing).

5. Now you are ready for the demonstration:
Starting with glass No. 1, tell the class/audience that you have water in
the glass; then pour contents into the wine glass while saying: "Now I am
turning it into wine!"
Now pick the wine glass up and pour contents into glass No. 2, saying:
"Then I am turning it into milk!"
Pick this glass with "milk" up and pour its contents into the beer mug,
while saying: "Now the milk turns into beer!"

Questions:

. What made the colourless solution turn red in the wine glass?
. What chemicals would produce a white precipitate?

. What reaction would produce a gas?

. Conld we turn the beer back into milk?

. What is a one-way reaction like the above one called?

. What re'ersible reactions do you know?

YN W

Explanation:

The change of the colourless liquid in glass No. 1 into the red coloured
solution in the wine glass is caused by the phenolphtalein, which turns red in
basic solutions. The barium ions in glass No.2 precipitated out in the
presence of carbonate ions from the Na, CO.,, and thus gave the milky white
appearance. This milky mixture is a?:?tuaﬂy a suspension of BaCO, solid
particles in water. Pouring this suspension into the concéntrated
hydrochloric acid and bromothymol blue produces CO., gas throughout the liquid,
thus forming the foam like in a beer. The bromothymol blue gave it the yellow
colour at that particular pH.

This demonstration would be most effective if steps 1 through 4 were not
shown to the students!
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uAISTRY SALT FORMATION

5.10. MAKE A SMORE SCREEN

. Two wide (large size) test tubes.

. Four L-shaped glass tubes in two 2-hole stoppers.
« A T-tube and two pieces of rubber tubing.

. Concentrated HCl and ammonia (NH40H).

short end —\
[

Sketch A

Materials:

[ TS I o

Procedure:

1. Fit the four L-tubes in the two 2-hole stoppers as in Sketch A.

2. Attach two rubber tubes to the short ends of the L-tubes above the rubber
stopper (see Sketch A).

3. Attach the other end of the two rubber tubes to the glass T-tube (see
Sketch B).

4. Place about 10 ml of concentrated hydrochloric acid (HCl) in one test tube
and 1¢ ml of concentrated ammonia (NH40H) in the other.

5. Close the test tubes off with the stoppers (and tubes in them).

6. Hold the two test tubes in one hand (making sure that the two free ends of
the glass tubes are close together), hold the T-tube in the other hand,
and blow through the free end of the T-tube.

Questions:
1. What reaction is taking place?
2. What is making up the smoke particles?
3. How could we do this reaction without the glass and rubber tubes?
4. What does smoke in general consist of?

Explanation:

The reaction that takes place where the smoke is formed, is as follows:
NH4OH + HCLl = NH4Cl + Hp0. The NH4Cl (ammonium chloride) is a <ulid and as
the reactants are gases or actually fine mists, the ammonium chloride
formation results in very fine solid particles. Smoke is exactly this: a
fine suspension of solid particles in a gas. Smoke that is used for sky-
writing by planes, is produced by spraying special o:ls and paraffins on the
hot e.haust of the airplane.

If glass and rubber tubes are not available, the reaction can also be
accamplished by holding the mouths of the two test tubes with HCl and NH4O0H
close to each other.
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CHEMISTRY RATE OF REACTION

5.11. THE RETURNING OLOR

Materials: 1. One Erlermeyer flask (medium size), & two beakers.
2. Potassium iodide (KI), hydrogen peroxide (H202), sodium

thiosulfate (Na2S203), starch solution, and dilute hydrochloric

acid (dCl).
XTI
+
starch
+ NapS5405
HCL
—\\ 4 I- ions

(eolorless)

Procedure:

1. Dissolve a little KI in water, add some starch solution and a little
dilute HCl (Sketch A).

‘ 2. Prepare solutions in beaker B and C. Place a 3% Hy0p solution in beaker
B; dissolve same Na3S303 in about 100 ml of water in beaker C.

3. Add to flask A some of liquid B (turns hLt:>-black) and immediately
afterwrrds a little of liquid C (turns colorles.j.

4. Place flask on table and cbserve: sudden color change!

5. The addition of liquid C can be repeater! several times. (To make it more
interesting, after addition of liquid C, hold the flask behind your back
for a few moments and bring it back on the table as a blue-black
solution).

Questions:
1. How is the blue-black color created?

2. What was it that took away the color?

3. Which reaction is slower? The color-producing or the color-removing one?
4. How long can we keep repeating the second reaction?

5. What rear~tions are usually slower in rate?

Explanation:
The reactions that are taking place are the following:
HC1

Flask A + Beaker B : 2 KI + Hy0p 2 KOH + Ip
Starch (blue-black)
Addition of Beaker C : I3 + Na2SyJ3 NaI + Na»S20s
(colorless)
Reaction (1) is an oxidizing reaction, where the iodide ions ar. oxidized
‘ into iodine, which turns starch intc a blue-black color. The addition of
NapS203 reduces the iodine back into iodide ions, which are colorless. The
fact that the blue-black color keeps un returning, even after the NaSp03 is
added, shows that the first reaction is sti’l proceeding and thus is a much
slower reaction than the second. '
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5.12. DISSOLVE MORE SALT BY COQLING?

Materials: 1. Sodium nitrate, sodium chloride, potassium nitrate, potassium
chloride, calcium acetate.
2. Three beakers {250 ml), stirrers, & SCoop.

3. Alcohol burner & stand.
K add salt

while stirring—/
a little

at a time

Procedure:

1. Make a saturated solution of each of the following salts: potassium
nitrate (or sodium nitrate or potassium chloride) ¢ sodium chloride, and
calcium acetate, at room temperature, by adding half a teaspoon at a time
to 100 ml of water, until some solid is left behir-" after stirring for one
minute. (Stir after every addition of solid).

2. Now heat beaker I (with KNO3) and as soon as the solid particles dissolve,
add half teaspoon at a time until some solid stays undissolved.

3. Do the same with beaker II (NaCl): not as much can be dissolved!

4. Heat beaker III (with Ca acetate): more solid precipitates out!

stions:
1. How could we dissolve more Ca acetate in Peaker ITI?
2. Most salts behave like the first two salts; what variable gees up with
increasing temerature?
3. Which of the salts could dissolve much more with increasing temperatures?
4. What happened “o the three salt solutions after being cooled?

Explanation:

The solubility of a substance
is generally increasing with
increasing tocmperatures (see
solubility curves I and II on the
right). Solubility curve III is
very seldom encountere: .,
Students can keep trac™ of the
amount of salt added to he water
and the temperature, in order to
plot a solubility curve.

of grams

substaice diss-

II

III

olved in 100 ml Ho0

Amow .

S

Temp.

180

‘ !




Materials:

Procedure:

Questions:
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5.13. THE THREE-LAYERED LIQUID

1. Carbon tetrachloride (CClg). _—
2. Ether (di-ethyl), iodine crystals.
3. A tall (graduated) cylinder (100 ml).
tweezer

itodine \ (

Sketeh B

1. Pour about 30 ml of carbon tetrachloride in the cylinder.
2. Carefully pour 30 ml of water on top of the carbon tet, by slanting the
‘ cylinder when pouring (see Sketch a).
3. Do the same thing with 30 ml of ether on top of the water.
4. Stand the cylinder on the table and drop several crystals of iodine in the
layered liquid. Observe the colors.

1. wWhy did the water float on top of the carbon tet?

2. Would ether be abla2 to float on top of carbon tetrachloride?

3. What does it deperd on whether we can make layered liquids or not?
4. Why did we get different colors in the liquid?

5. What does a dark color indicate about the solubility?

A. In what liquid did iodine dissolve the least?

/.

Explanation:
The liquids could stay layered on top of each other, firstly because one

With what other liquids could we make layers?

is lighter than the other (smaller in density), and secondly because they are
insoluble in each other: the carbon tetrachloride is ’wmiscible with water,
and the ether is also insoluble in water. But ether can dissolve, or is
miscible in carbon tetrachloride and thus floating the first into the other
would not work. Most organic liquids, like oils, gasoline, benzene, etc.
except alcohols, are not soluble in weter or immiscible with water.

The iodine crystal, when dropped through the layered liquid, discolves in

different degrees in each of the solvents. This is why different color
intensities appear in the liquid layers.
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PRECIPTIOUS REACTION

5.14. THE DISAPPEARING PRECIPITATE

Materials: 1. Calcium hydroxide solution -- Ca(CH)j,

2. A wide test tube & a drinking straw.

Procedure: »
1. Fill the test tube about one-third with calcium hydroxide solution. If in

powder form, make a saturated solution by dissolving some in warm water
and filtering excess powdci; use filtrate.

2. Blow through the straw into the colcium hydroxide solution mmtil a
precipitate is formed (cloudy solution).

3. Now continue blowing into the cloudy liquid until the liquid clears up
again: the cloud is blown away!

Questions:

1. What is the reaction that forms the precipitate?

2. In general, why and when is a precipitate formed?

3. What made the formed precipitate disappear?

4. When is a precipitate or solid powder in a liquid invisible?
5. Can you name other precipitous reactions?

Explanation:

By blowing into the solution, we were adding carbon dioxide gas to it. The
reaction is as follows: O + Ca(OH); = Ca0D3 + HY0, where the calcium
carbonate formed is the precipitate. Although this precipitate is in the
form of a milky or cloudy substance, it is still a deposit of solid material.
This is apparent when the blowing is ended at this stage and the test tube
left standing for a while. A precipitate will then collect a. the bottom of
the test tube.

By continuing the blowing, more carbon dioxide is added to the
precipitate, resulting in the reaction: Ca003 + Hy0 + (02 = Ca(HOD3)2, which
is calcium bicarbonate, and this substance is soluble in water.

In general, a precipitate is ormed when the compound formed has a low
solubility in water. When this solubility is increased, either by raising
the temperature or by changing the compound ictself, it goes back into
solution and becomes invisible (clear liquid).
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CHEMISTRY SOWUBILITY OF GASES

5.15. THE AMMONIA FOUNTAIN

Materials: 1. One round- or flat-bottomed flask (400 ml).
2. One test tube and a 1-hole stopper and bent glass tube.
3. A 2-hole stopper with a long glass tube drawn at one end in one
hole and a dropper in the other hole.
4. A 500 ml beaker, a propane or alcohol burner.
5. Ammonium chloride (NH4C1) and calcium carbonate (CaCO3).

flask \

test tube
\‘:—-JJ dropper
@?‘ filled
) WHCL + CaCO, With water™

2-hole stopper

——

colored water

T

Procedure:
1. Mix one scoop of NH,Cl and a scoop of CaCO, in the test tube and clamp
‘ the test tube slantéd over the burner (see”Sketch A).

2. Insert the l-hole stopper with the bent tube in the test tube.

3. Fill the dropper (in the 2-hole stopper) with water.

4. Light the burner and heat the mixture of powders in the test tube while
holding the flask upside down over the bent tubing (see Sketch A again).

5. As soon as ammonia vapours are detected (strong pungent smell), continue a
few seconds longer with the heating, then close the flask off with the
2-hole stopper (with the long tube and dropper).

6. Immerse the end of the long tube in the beaker of water, then squirt the
water from the dropper into the flask by pinching the rubber bulb (see
Sketch B). Observe what is happening!

Questions:
1. What was produced by heating the two powders?
2. Why does the gas have to be collected in an upside down flask?
3. What was the function of the water in the dropper?
4. At what mament did the water rush into the flask?
5. What made the water rush up into the flask like a fountain?

Explanation:
The following reaction takes place in the test tube by heating the two

St -—
powder: 2 NH4C1 + CaCO3 2 NH3 + CaCL2 + H20.

The ammonia gas is lighter than air and therefore it is oollected in an
upside down flask. As soon as the flask is full of ammonia, it is closed off
' and sinc. ammonia is very soluble in water, the squirt of water from the
dropper was enough to dissolve all the ammonia. This made a sudden partial
vacuum in the flask and the water fram the beaker is therefore sucked into the
flask. This demonstrates the solubility of ammonia gas in water.
To make it more interesting we may put a few drops of an indicator like
methyl red or bramothymol blue in the water of the beaker.

183




150

5.16. MAKE A SILVER TREE

Materials: 1. A thick solid copper wire (about 10 am long).
2, Silver nitrate solution--AgNO3,
3. A test tube or when available: petri dish & overhead projector.

copper
wire
AgNO, empty
overhead beaker
projector
8tlver
tree

1. Str:n.p the insulation off a heavy electric wire.

2, Place about 10 ml of AgNO3 (silver nitrate) in a petri dish, or in the
test tube (when dish & overhead projector are not available).

3. 2ut the dish on the overhead projector and slant the project towards the
screen by placing same books under the far end.

4, Place the cooper wire in the dish, such that the projection shows up
vertically on the screen {or insert the wire in the test tube).

5. Let students observe closely when doing the reaction in a test tube, but
they may not jar or touch the test tube.

Questions:
1. What did you observe on the screen or in the test tube?

2, What is the 'tree' composed of?

3. What specific reaction took place?

4. what would happen if the test tube were jarred or touched?
5. What caused the liquid to turn blue?

Explanation:

The reaction that takes place in the petri dish or test tube is as
follows: Cu + 2 AgNO3 = Cu(NO3)2 + 2 Ag. The silver precipitates out of the
solution but clings to be copper wire, which gives the illusion of a growing
tree. The reaction occurs because copper has a larger tendency to go into
solution than silver. As the copper ones into solution, it forms copper
ions, which are responsible for the blue color of the liquid. The longer the
copper is left in the liguid, the more copper is going into solution, thus
the more copper ions are formed and the deeper blue the liquid gets.

The silver, which i3 deposited along the wire, is just hanging loosely on
it and 7 very slight disturbance (jarring of the container) will send the

silver crashing down.
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CHEMISTRY REPLACEMENT REACTION

5.17. THE OONFUSED BIJE SGLUTION

Materials: 1. Dilute copper sulfate solution & dilute HCl.
2. Coarse iron filings (steel wool will also do).
3. T™wo small Erlemmeyer flasks.
4. A funnel and filter paper.

Fe ~—— \riask 4
CuS0y
colorless
! blue
filtrate filtrate

Flask A

Procedure:

1. Place a filter paper in the funnel and about half a teaspoon of iron
filings or a wad of steelwool on it (do not show this to students).

2. Put about 1 ml of dilute acid in flask A.

3. Place the funnel on flask A and pour slowly the copper sulfate solution
through the filter (the filtrate should come through colorless).

4. Move the funnel now to flask B and pour the filtrate through the filter
paper again (the filtrate should become blue again).

Questions:
1. What made the blue color Gisappear in the first filtrate?

2. What do you infer would be in the funnel?

3. Can we filter out the blue color of copper sulfate?

4. what made the blue color reappear in the second filtrate?
5. What is actually responsible for the blue coloring?

Explanation:
The replacement reaction during the first pouring of the copper sulfate

solution through the filter is as follows: CuSO4 + Fe = FeSO4 + Cu. Copper
sulfate + iron = ferrous sulfate + copper. It is the replacement of the
copper ion in the solution with ferrous ions that makes the solution
colorless. With the acid in the first filtrate, and pouring this the second
time through the filter, we get the following reaction: Cu + 2 HCl = QCl;) +
Hp. The ocopper is transformed into the copper ion again and this ion is
responsible for the blue color in the liquid.

The first reaction occurs because iron has a greater tendency to go into
solution or to form ions compared to copper, thus iron replaces the copper,
and the copper ion is transformed into the copper metal, which is retained by
the filter paper. Ions will pass through filter paper, whereas solid metal
particles will not.
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CATALYTIC REACTION

5.18. THE FIERY WATER

Materials: 1. An asbestos rlate or evaporating dish.
2. A medicine dropper, mortar and pestle.

3. Aluminum powder and iodine crystals.

CAUTION !
— ]

PERFORM UNDER FUMEHOOD OR OUTDOORS !

water

asbestos

IZ + Al sheet

Procedure:
1. Grind the iodine crystals (about a teaspoonful) in the mortar.
2. Take about the same amount of aluminum powder (make sure that the aluminum
powder is dry, otherwise heat in oven before using). P
3.Mixthetwodrypovdersontheasbestossheetorintheevaporatingdi
with a spatula and make a small indentation in the heap.
4. Place the asbestos plate or evaporating dish under an exhaust hood or

outdoors, and add just one drop of water to the mixture of powders (use
the medicine dropper).
5. Stand back and observe!

Questions:
1. Why do the iodine cry:tals have to be finely ground?
2. Why do the reagents have to be dry?
3. What function does the water have in this reactic..?
4. Would the two substances react without the water?
5. Where in daily life does water speed up a reaction like this?

Explanation:

The iodine crystals have to be ground first to increase the ocontact
surface between the two reagents. Smaller particles have a2 much larger
surface area than the relatively larger crystals. If the aluminum powder is
damp, the reaction may not succeed too well, because the moisture might take
away the released heat needed to initiate the reaction. The water's function
is that of a catalyst, which brings the molecules of the reagents even closer
together. Heat is evolved from the first few molecules reacting, and this
heat sets off the rest of the reaction.

In our daily life, water speeds up the rusting process of metals when left
in the damp outdoors, like bicycles, nails, etc. ‘
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CHEMISTRY CATALYTIC REACTION

5.19. THE GLOWING PENNY

Materials: 1. A penny or other copper coin.
2. Copper or other thin metal wire.
3. A glass stirrer, small beaker, alcohol or propane burner.
4. Acetone (about 20 ml).

,-_._glaas rod
’ glowing penny
acetone

Sketch A Sketch B

Procedure:

~ 1, Make a small hole in a penny (punch a small nail through) and tie a short
length of wire (about 10 an) through the hole.

2. Wind the other end of the wire around the middle of a glass stirrer and
heat the coin in an alcohol or propane flame until red hot (Sketch A).

3. Immediately after heating, hang the coin about 3 mm above the acetone
level in a beaker (check this level before heating the coin, by rolling
more or less windings around the glass stirrer--see Sketch B).

4. Observe the glowing penny in the dark.

tions:

1. What made the penny glow in the flame?

2. What made the penny glow in the beaker?

3. Would the penny glow if it was hanging higher above the acetone level?
4. How high can the coin hang and still have it glowing?

5. How long will the penny stay glowing?
6. Would other metals do the same when hung above the acetone?

Explanation:
Holding the penny in the flame makes it <o hot that it gives off a red
glow. While the temperature of the penny is still high, it can speed up or
facilitate the reaction of:

Cu
G - 00 - o3 CH300H
acetone acetaldehyde

without participating in the reaction itself. Copper functions as a catalyst
for the above reaction. The reaction is exothermic, thus it produces heat,
which keeps the penny glowing. The glowing will stop only when all the
acetone has evaporated. No other metal is as efficient a catalyst as copper
for this particular reaction.
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CHEMISTRY CATALYTIC REACTION

5.20. THE RISING SUDS

Materials: 1. Two tall cylinders or narrow jars.
2. Liquid detergent, glycerine, hydrogen peroxide (H20;), manganese
dioxide (MnO3).
3. ™wo long stirrers (long straws will do).

<
{ suds

Holy + Ho0g + MmOy +
deterggni + dgtergent +
glycerine glycerine
Procedure:
1. Place about 10 ml of hydrogen peraxide and 5 ml of detergent, and about 5
ml of glycerine in each cylinder. ‘

2. Add a pinch of MnO; to one of the cylinders and stir the mixture in both
cylinders with the long stirrers.

3. Observe the difference in height of the produced suds in the two tall
cylinders.

Questions:
1. In which of the two cylinders did the suds rise higher?

2. What causes the suds to go up higher in one of the cylinders?
3. What do we need to make soap bubbles?

4. What function does the peroxide have in this reaction?

5. What do the MnOy and the glycerine do?

6. Would the suds rise just as high without the stirring?

7. What other substances might be used in place of Mn0O;?

Explanation:
The detergent functions 1like the soap when blowing soap bubbles. By

adding some glycerine to the detergent, the surface tension of the liquid is
increased, and the bubbles will stay longer before collapsing. In order to
get suds in a soap solution when blowing bubbles, we need to blow through a
straw into the detergent mixture. 1In this case we do not need to blow.
Where are we getting the gas to blow the bubbles fram? The gas is supplied
by the hydrogen peroxide, which decomposes into water and oxygen. The Mn0Op
acts as a catalyst for this oxygen producing reaction. It does not partake
in the reations but only facilitates it. This means that the properties of
MnO2 before and after the reaction are unchanged. Dust and dirt particles or
ashes could replace the MnOj.
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SPONTANEOUS QOMBUSTION

5.21. THE CHEMICAL FIAG

Materials: 1. A pair of tongs, a filter paper.
2. A test tube and tube holder.

3. White phosphorus and carbon disulfide.

pair of tongs

a few drops of
white P in CSz
on filter paper

CAUTION

DISPOSE EXCESS PHOSPHORUS SOLUTION
ON BARE SOIL, CR BURN OFF !

Procedure:

1. Cut a small piece of white phosphorus off a stick (do not touch the

phosphorus with your fingers).
‘ 2. Place the piece of phosphorus in about 5 ml of carbon disulfide (CS3) in a

test tube.

3. After all the phosphorus has dissolved, pour a few drops of the solution
on a filter paper which is held with a pair of tongs.

4. Wave the filter paper slowly in the air (like waving a flag): let students
observe the 'chemical flag' catching fire!

Questions:
1. Why does white phosphorus have to be kept under water when it is stored?
2. Why is it dangerous to touch white phosphorus with the fingers?
3. At what moment did the flame burst?
4. In what state is the phosphorus spread on the filter paper?
5. What is the phosphorus reacting with?
6. Is the reaction endothermic or exothermic?

Explanation:
White phosphorus is kept under water when stored, because it would

otherwise reect with the oxygen in the air. By dissolving the phosphorus in
carbon disulfide, it is dispersed in atomic particles (status nacendi). This
makes the phosphorus much more reactive, and as soon as the solvent (carbon
disulfide--CSy) is evaporated, the finely dispersed phosphorus that is left
on the filter paper reacts with the oxygen in the air. As this reaction: 4 P

+ 5 02 = 2 P05 is exothermic, the evolved heat kindles the paper and bursts
into flame.

This is the reason why it is dangerous to get the solution on the skin or
‘ any other combustible material. When accidentally dropped on the skin, it
should be washed off immediately with soap and water.

183




156

5.22. THE BARKING DOG

Materials: 1, Three or four different size cylinders.
2. A test tube and tube holder, & medicine dropper.
3. Filter paper or paper towel pieces.
4. White phosphorus (P), and carbon disulfide (CS3).

filter paper/

different size
eylinders —/
Procedure.:

1. Cut a piece of white phosphorus (hold phosphorus with a pair of tongs) and
dissolve it in about 10 ml of CS; in the test tube.

2. Hold the test tube with the test tube holder and do not touch or spill the
liquid (wash off immediately when spilled accidentally).

3. Place a filter paper on each of the cylinders, then carefully place five
drops of the phosphorus solution on each of the filter papers (use a long- -
stemmed medicine dropper).

4. Move the original phosphorus solution away f-m the cylinder, stand back
and observe the cylinders. CAUTTION: PERFORM UNDER HOOD OR OUTDOORS!

Questions:
1. Where did we get the lowest "bark"? where the highest?
2. What was causing the small explosions?
3. What did we need to have in the cylinders for it to cause an explosion?
4. Would CSp gas be lighter or heavier than air?
5. What initiated the first spark for the expl-isions?
6. What should you do to the cylinders when repeating the demonstration?

Explanation:
The white phosphorus dissolves in the carbon disulfide and is dispersed

throughout the liquid in atomic form. When a few drops of the solution are
poured on the filter paper covering the cylinders, the solvent (CS))
evaporates and leaves the phosphorus behind in status nacendi, which means in
atomic state. Thi- state is much more reactive than when it is in the
molecular state. ..us the phosphorus atoms react immediately with oxygen
from tie air. This is an exothermic reaction and the temperature exceeds the
kindling point of the paper. This spontanecus ocambustion forms the first
spark, which sets off the explosion of the CS; and air mixture in the
cylinders. The different heights in the cylinders produce the high and low
pitches in the "barks," the tallest giving the lovest "bark."

phosphorus
solution
in CS 2

AR

T T8

L
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CHEMISTRY STRONG OXIDANTS

5.23. CICR THE FLAME

Materials: 1. A mortar and pestle, medicine dropper.

2. Four asbestos sheets or evaporating dishes.

3. Pctassium permanganate (KMnO4), potassium chlorate (KCl03), fine
sugars, concentrated sulfuric acid (H2SO4), barium-(Ba),
strontium-(Sr), copper- (Cu), and sodium- (Na) nitrates or

chlorides.
H 250 4
asbestos
kMo, + sheet
—
KCZO§ + sugar — //

Procedure:

1. Grind about half a teaspoonful of KMnO4 in the mortar and put it aside on
a piece of paper.

2. Do the same with half a teaspoonful of KClO3, put it aside and grind a
full teaspoon of fine sugar (or sugar crystals).

3. Mix all three powders very carefully in the mortar (do not apply pressure
on the pestle; heat of friction might set off the reaction!) and divide
the mixture into four small heaps on the four separate asbestos sheets (or
evaporating dishes).

4. Put a pinch of each of the salts containing the element Ba, Sr, Cu, and Na
on the heap and mix it in well with the pcwder.

5. Place with a stretched-out arm (using the dropper) one drop of
oconcentrated sulfuric acid on one heap of mixture at a time (this is most
dramatic in a darkened room). CAUTION: PERFORM UNDER HOOD OR OUTDOCRS!

Questions: )
1. What reaction is taking place?

2. What color did each of the flames give?
3. What caused the different colors in the flames?
4. what purpose did the drop of sulfuric acid hae?

Explanation:

The drop of concentrated sulfuric acid reacts mainly with the sugar in the
mixture and releases heat. This heat triggers the decamposition of KC103 and
KMnO4, which produce oxygen in status nacendi (atomic form). This very
active oxygen combines with the sugar and supplies the needed agent -for the
burning process.

The different ions of Barium, Strontium, Copper and Sodium produce the
following colors respectively in the flame: yellowish green, red, bluish
green, and yellow. These salts are very much used in the fire cracker
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CIREMISTRY EXOTHERMIC REACTION

5.24. 'ME MAGIC WAND

Materials: 1. Potassium permanganate & concentrated sulfuric acid.

2. Mortar & pestle, alcohol burner.
3. A small evaporating dish & glass stirrer.

glass
stirrer wet zzucl'.z ;:od
wick we
KMnO,
+
HyS0,

aleonol burmer

Procedure:

1. Grind about half a teaspoon of KMnO4 (Potassium permanganate) in the
mortar with the pestle, and transfer it to the evaporating dish,

2. Make sure that the alcohol burner's wick is soaked and wet with the
alcohol by turning the burner upside down.

3. Mix a few drops of concentrated sulfuric acid with the KMnO4 in the
evaporating dish.

4. Turn the glass rod into the 'magic wand': touch the wick of the alochol
burner with the rod end that was dipped in the mixture.

5. The spontaneous lighting of the alcohol flame may be repeated as many
times as needed.

Questions:

1. Why did the potassium permanganate have to be finely ground?

2. What made the alcohol burner's wick burst into flame?

3. What is the reaction that occurred between the mixture of potassium
permanganate + HS04 and the alcohol?

4. why did the wick have to be soaking wet with alcochol?

5. What other substances would also burst into flame when touched with the
mixture of KMnO4 and HSO04?

Explanation:

The potassium permanganate had to be ground to increase its surface area.
This compound is a very strong oxidant, just like concentrated sulfuric acid
is. When the two are mixed, heat is produced and oxygen atoms are released,
which attack any material in its neighborhood that can be oxidized. The
reaction is as follows: 2 KMnO4 + HpSO4 = K2SO4 + 2 MnO7 + H0 + 3 Op; this
oxygen in status nacendi is very reactive, and attacks easy oxidizable
substances lik2: alcohols, sugars, and other carbohydrates. In the process
of oxidation, much heat is being released--exothermic, reaching a temperature
above the kindling point of alcohol. This causes the aloohol to burst into

flame.
192
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5.25. THE ROCKET EXHAUST

Materials: 1. An alcohol burner, test tube and holder.
2. A medicine dropper, a scopula.
3. Potassium chlorate (KCl03), glycerine, and MOy .

glycerine
tube
holder
y O¢
d
KCl05 hold in flame
+ until smoke
/_ M0, develops

' ’ Sketch A Sketch B
Procedure:

1. Place a small amount of potassium chlorate (KClO3) and a scopula tip of
manganese dioxide (MnO2) in the test tube and mix by shaking.

2. Hold the test tube vertical and let 3 - 4 drops of glycerine fall on the
powder (use a medicine dropper--see Sketch A).

3. Hold the test tube (with the holder) above an alcohol or small Bunsen
flame, just until the moment that smoke develops, then remove fram flame.

4, Observe the test tube and the sudden burst of flame.

Questions:
1. What reaction takes place in the test tube?
2, What purpose or function do each of the reagents have?
3. Why was it necessary to heat the mixture?
4. why was it heated only until it started to smoke?
5. If the test tube were suspended freely hanging horizontally from two
strings, would the burst of flame move it? Wwhich way?

Explanation:
The potassium chlorate (KClO3) is the source of oxygen, the manganese
dioxide (MnO2) functions as the catalyst for the decamposition of KClO3 into
KCl and O (potassium chloride and oxygen). This atomic oxygen immediately
attacks the glycerine, which can easily be oxidized into alcohols, aldehydes,
acids, and other gases. This reaction needs heat only in the beginning to
supply the initial energy (to produce the oxygen). Once the oxygen producing
' reaction is going (it is extremely exothermic), tne heat produced is enough
to set the rest of the glycerine into flame.

-1933




194

5.26. THE ANGRY BUCKET

Materials: 1. A syrup bucket or any can with a tightly fitting friction 1lid.
2. A small funnel & rubber tubing (1 m).
3. A 15 om candle & small piece of tissue paper.
4. Lyoopodium powder or corn starch.

tightly closed 1id
—~— it candle

Q /Puff
Procedure:

1. Punch a hole in the bottom of the bucket (somewhat to the side) to fit the
funnel stem (with the rubber tubing attached).

2. Set the bucket on two stacks of books to allow the funnel stem to protrude
below the bottam (see Sketch).

3. Place a single thickness of tissue paper in the funnel mouth to support a

of lycopodium powder or corn starch.

4. Attach the candle on the opposite side of the bucket from the funnel and
light it.

5. Close the bucket lid firmly and blow a sharp puff through the rubber tube
(make sure you are demonstrating it under a sturdy ceiling and away from
the lights!).

Questions:
1. What made the bucket blow its top?

2. What is the purpose of the burning candle?

3. What reaction occusred inside the bucket?

4. Did all of the powder react? How do we know?

5. What other powders could we use in place of lycopodium?

6. Wheie do we find examples of this phenomenon in daily life?

Explanation:
At the moment that the powder was blown into the bucket, it was spread

finely throughout the space and mixed with the existing air. As the powder
consists of combustible hydrocarbcns, it forms an explosive mixture with the
oxygen in the air, and the lit candle is there to trigzer the explosion.
Mostofthepo»derreactedwi&tlwoxygenbofommz'mWatervapor.
These are gases, and the.r sudden production suddenly increased the pressure
inside the bucket, resulti.g in blowing the bucket's top.

This phenomenon is encountered in coal mines full of coal dust; and when
someone carelessly strikes a match an explosion is triggered.

powder in
funnel




CHEMISTRY SPONTANBOUS OOMBUSTION

5.27. BURN PAPER WITH ICE?

Materials: 1. Sodium peroxide - Na,O
2. Finely chcpped tissué Saper, or sawdust, or starch.
3. A small chip of ice.

Na.0 chip of ice

272
\ . paper snippens

T —

T~ asbestos plate

Procedure:

1. Before doing anything, show students a piece of tissue paper and ask:
"Would I be able to burn this piece of paper with a chip of ice?"
Anticipated answer: "Impossible!"

2. Tear or cut the tissue paper into very tiny pieces and place them on a
heap on an asbestos/tile plate, and build it up to a cone which is about
5 am high in the center.

. On top of this cone, place a half teaspoon of sodium peroxide.
. Now show the students the small chip of ice and put it on top of the heap
stand back and observe!

Questions:

1. What reaction took place? What made the paper burn?

2. that does the burning process actually need in terms of chemicals?

3. What was the function of the sodium peroxide?

4. Why was it necessary to divide the paper in such small pieces?

5. What else beside sawdust or starch can be used to replace the paper?
6. What does the ice co when left at room temperature?
7
8
9

[~ 8]

. What is the reaction between sodium peroxide and water?
. Would this reaction be endothermic or exothermic?
. Would regular writing paper -ork better or worse than tissue paper? Why?

Explanation:

The chip of ice at roam temperature will melt and turn into water. The
reaction between water and sodium peiroxide is as follows:

Na202 + H,0 -=-= 2NaCH + O, + energy (heat)

n

The oxygen released from the above reaction is in status nacendi, this
means that it is in atamic form, and thus very reactive. The very reactive
oxygen immediately attacks the cambustible paper snippers and set it into
flame. By chopping the paper into fine smv :1 snippers, we actually decrease
the kindling temperature.

In place of the paper we can use fine sugar, lycopodium powder, fine coal
dust, or any other easily combustible material. The decamposition reaction
above is very exothermmic, and the released heat is enough to decaapose more of
the sodium peroxide, which releases more active oxygen.
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CHEMISTRY SPONTANEOUS COMBUSTION

GAS PRODUCTION

5.28. THE POTASSIUM CHLORATE BOMBS

Materials: 1. Potassium chlorate, whitz phosphorus (kept under water).

2. Carbon disulfide, Kleenex tissue.
3. Asbestos plate (or tile).
4. Small beaker and medicine dropper.

tiles
—— phosphorus solution

KClo 3 wrappings

—
c - —

Procedure:

1. Make a solution of white phosphorus in carbon disulfide, by cutting a
small chunk off the white phosphorus stick (hold with tongs) and placing
it in some carbon disulfide in the small beaker (a haif cam cube of
phospnorus in about 10 ml of carbon disulfide).

2. Wrap a very small amount of potassium chlorate in tissue paper and tie it
off with a thread, such that it makes pea-size wrappings (cut the excess
tissue paper off).

3. Place these little wrappings on the tile or asbestos plate, one on each
tile and place the tiles about 10 am apart fram each other.

4. Now, with the cropper place two or three drops of the phosphorus solution
on each of the wrappings, and stand back!

1. What triggered the sudden explosions?

2. What does the phosphorus do when dissolving in the carbon disul fide?
3. What kind of liquid is carbon disulfide?

4. What do we call a liquid which evaporates quickly?

5. Why is white phosphorus “ept under water when stored?

6. What happens to the P-snlution after dropping it on the wrappings?
7. What gas is released by the potassium chlorate?

8. What is it that makes us hear an explosion?

Explanation:

White phosphorus is very reactive in the presence of oxygen. This is the
reason why it is kept under water when stored. Dissolving it in carbon
disulfide, which is a very wolatile and combustible liquid, breaks it up in
very smali, atomic particles. After dropping the solution on the wrappings of
potassium chlorate, the volatile (easily evaporating) carbon disulfide
evaporates and atomic phosphorus is left on the tissue paper. The phosphorus
reacts with the oxygen in the air, releasing heat, and heat causes the
breakdown of the potassium chlorate into potassium chloride and atomic oxygen:
KC10-—- KC1 + 30 . Thus a sudden formation of gases is the result, causing a
suddgn large wave 'in the air, which our eardrum senses in the form of a BANG!
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CHEMISTRY SFONTANEOUS COMBUSTION
REACTIVITY OF SODIUM

5.29. BURN A PIECE OF METAL IN WATER

Materials: 1. Sodium metal (kept under liquid paraffin or oil).
2. A petri dish, and phenolphtalein.
3. An overhead projector (for large audiences).
sodium tongs
petrie dish _— water + p.p
———— overhead projector
Top View Side View
Procedure:

1. Fill the petri dish about half way wiih water and place it on the
overhead projector. Add a few drops of phenolphtalein and stir.

2. Cut a small chunk of souium metal (use tongs to take the sodium out of
the liquid, dry the sodium off on a paper towel and cut a piece off with
a knife) and place the rest of the sodium back in the liquid.

3. Pick the piece of sodium up with the tongs and drop it in the water in
the petri dish on the overhead projector (with an outstretched arm).
Let students observe the screen as well as the dish from the siae!

Questions:
1. What did the sodium do after it was dropped in the water?
2. What. did you notice about the colour of the water after the dropping?
3. In what environment does phenolphtalein turn reddish pink?
4. What do you expect the pH of the water to be after the dropping?
5. What are the products of the reaction of sodium and water?
6. What was the cause of the flame? (Not every time is a flame created).
7. Why did the sodium piece make such eratic motions over the water?
8. Why would it be dangerous to use too large a chunk of sodium?

Explanation:
Sodium metal is so reactive that it has to be kept under liquid garaffin.

If it is kept in the open air, it will react with the water vapour in the air.
Dropping a piece of sodium in water will give the following reaction:

2Na + 2H,0 ---- 2NaOH + H, (gas) . This is an exothemic reaction, and
since hydro%en gas is flamna%le, the heat produced is high enough to ignite
the hydrogen. The sodium hydroxide produced gives the water a basic reaction.
The pH gets to be higher than 7 and the phenolphtalein is turning red.

Since the hydrogen gas is produced more on the contact point with water on
one side than on the opposite side of the piece of sodium, a movement of the
piece is caused in the water. This movement is eratic and random because the
sodium piece is irregular.

Too large a chunk of sodium in water might produce sudden large amounts of
hydrogen gas, which may explode when brought in contact with the water.
Therefore this is very dangerous!
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5.30. THE AIR-BURNING FLASK

Materials: 1. A distillation flask (with a small hole in the bottaom).
2. Glass tubing (25 am long) & a 1-hcle stopper.
3. A glass tube (10 am lorg) & 1-hole stopper (fits on side arm).
4. Propane or earth gas source, clap & stand.

put finger on this hole
L and ignite gas later

distillation

flask — — congegl_this_part

elamp

glass tube

Procedure:

1. Make a small hole in the bottam of the distillation flask by heating the
flask with a torch and pushing the back end of a file or other sharp tool
through the red hot glass.

2. Set the flask up as pictured in the sketch with the gas valve closed
(conceal the gas connection by covering it with cardboard).

3. Open the gas valve, keeping a finger over the hole in the bottom of the
flask until the gas flows out through the glass tube (check smell).

4. Ignite the gas coming from the glass tube, then release the finger holding
the hold at the top of the apparatus (flame will travel up and continue to
burn inside the flask).

5. Ignite the unburned gases coming out of the top hole.

Questions:
1. Is it air that burns in the flask?
2. If the top flame is a gas flame burning in an air atmosphere, how can you
describe the flame in the flask?
3. What would happen if we turned the whole apparatus upside down?
4, Why is the gas only burning at the end of the tube in the flask?

Explanation:

This demonstration shows students that gas fuel cannot burn without the
presence of air. The flame inside the flask is oily burning at the end of
the glass tube, because that is where air is present, and that is the only
place where air is continuously being supplied. There is not enough air
supplied to burn all the gas issued to the flask, and whatever is in excess
can be burned off at the top like a regular flame coming directly from the
gas supply (source).

When the whole apparatus is turned upside down, the flames are switched
around: the bottam hole supplies air for the flame inside the flask and the
excess gas will burn at the end of the tube.
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CHEMISTRY FLAME AND BURNING

5.31. THE HUMAN FLAME THROWER

Materials: 1. A sheet of paper (towel or writing paper).
2. A candle and match.
3. A container of water.

NEZg

blow observe
white flash
Sketch 4 here /t

Procedure:

1. Light the candle and attach it to the table top

2. Roll up che sheet of paper rather tightly in a cylinder of about 3 cm
diameter (see Sketch A).

3. Light one end of the paper roll with the burning candle and hold the
roll horizontally with the burning end slightly upwards.

‘ 4. Without touching your lips to the other end of the paper roll, blow a

short puff through the roll (the blowing can be repeated).

5. Observe a brighter flash of light and listen to the sound it makes!

6. Dump the burning paper in the container of water.

Questions:

1. What makes the flame move outwards?
2. What causes the brighter flash of light?
3. What kind of sound did the flame make during the blowing?
4. Why must we hold the roll with the burning end slanted upwards?
5. What would happen if the burning end was held lower than the other end?
6. Why is it better to hold your lips a little away fram the roll of paper
when blowing through it?
7. What are the products of the burning process?
8. What are the elements that paper molecules are made up of?
Explanation:

After burning one end of the paper roll, it is better to hold the burning
end slightly higher than the other end, so that the smoke formed by the
burning is flowing up and not through the roll to your mouth side. This
demonstration works best if the roll was held perfectly horizontal. This way
the smoke will be kept inside the roll and at the time that we blow, the smoke
cames out the other end. This smoke mixed with the air burst into flame and
; gives a bright flash of light. At this moment we hear a ...pllaap...sound,
‘ indicating the sudden formation of gases.

‘ Paper is composed of plant fibers and these consist of cellulose molecules:
and when burned gives off CO, (carbondioxide) gas, and water vapour,
ajlia féa%%s behind the black material, %hlch is carbon (C).
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CHEMISTRY FLAME AND BURNING

5.32. THE MAGIC CANDLE

Materials: 1. A medium size candle.

2. A book of matches.

hold flame
in smoke path

freshly
extinguished

candle

Procedure:

1. Light the candle and let it burn until the flame becomes a good size.

2. Strike another match. While holding the burning match in your hand, blow
out the candle flame with a short puff.

3. Im=diately after the flame is out, hold the flame of the burning match in
the smoke trail coming fram the candlewick (about 3-4 cm from the wick).

4. Observe the travelling flame! (If smoke trail is not thick enough, repeat
points 1, 2, and 3 again. A draft-free room is needed to carry this out).

Questions:

1. What makes the fiame travel to the candlewick?

2. Why does this demo have to be carried cut in a draft-free room?
3. What is actually burning of the candle?

4. Would wax without a wick sustain a flame?

5. What else beside a wick can we use to make wax sustain a flame?
6. What creates the smoke after a candle is blown out?

Explanat.ion:

What is actuatly burning of a candle is the vapour which comes from the
heated candlewax. When a candle is being lit, it is the wick that burns
first. The heat of the flame melts the wax, the wick absorbs the molten wax
and the hot wax vapours burn around the wick. When blowing out the candle
flame, the hot wick keeps heating the molten wax. This is the reason why a
smoke trail is formed. This smoke actually consists of very small dispersed
particles of wax in the air, making it highly combustible. Holding a flame
within this smoke trail sets it aflame and the flame "travels" to the wick.

The "Magic Candles" that can be bought in confectionary stores are candles
which cannot be blown out. After blowing the fiames out of these candles,
they light themselves again. This is because the wax is treated with red
phosphorus. The glowing wick will make the little particles of phosphorus
spark up and make the candle burst back into flame.
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‘ CHEMISTRY REACTION ENERGY

5.33. THE GLOWING ALUMINGM

Materials: 1. Aluminum chunks (small pea size), and bromine (poisonous vapours) .

2. A 300~-400 ml Erlemmeyer flask + cork, wide masking tape.

taped down
cork

Erlenmeyer
flask
glowing Al chunks

bromine

Procedure:

1. Pour some bromine into the Erlemmeyer flask (cover the bottam with about
i am layer. Use gloves when working with bromine and work under a fume
hood or outdoors!)

2. Open the cork and drop two or three aluminum chunks in the bramine.
Stopper the flask immediately and tape the cork down securely.

3. Darken the room and observe the glowing aluminum!

Questions:

1. What made the aluminum glow?

2. What particular reaction was taking place?

3. Did the reaction give off or take in energy?

4. Why did the stopper have to be taped down to the flask?

5. Would other halogens also react the same way with aluminum?

6. Which of the halogens would react faster or slower with aluminum?

7. How can we pramote contact between two substances that are both solids?

Explanation:

The reaction between aluminum and bromine is exothermic. This means that
it is giving off energy in the form of heat. This heat makes the aluminum
glow in the dark. The reaction between aluminum and bromine is as follows:

2 Al (s)+3 Br, (1) ———= 2 AlBr3 (s) + energy

Other halogens are chlorine and iodir.e, and both will react with aluminum.
Chlorine is a gas and will react much faster with aluminum than bromine.
Iodine reacts much less readily with aluminum. In order to let them react
with each other, both solids have to be divided in very small particles, in
other words they have to be very finely ground. Wwhen mixed with each other,
they still do not react, but a tiny drop of water will ctart the reaction (see
THE FIERY WATER).

"R01
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5.34. TOUCH A CRACKER!

Materials: 1. Concentrated ammonia - NH
2. Iodine (solid crystals).
3. A meter stick, filter paper, a balloon, a pin.

3(aq)Conc.

touch with

\ k / -~ pin meter stick

tri-todide

crystals—\
N
N
\ fi’ter paper

balloon

Procedure:

1. Dissolve same iodine in concentrated ammonia; make sure that all solid
material disappears (use a glass stirrer and a small beaker).

2. Let the solution stand in the air for a while until same solid brown
material is formed on the bottam of the beaker. ‘

3. While this solid material is still wet, transfer it with the stirrer to
a filter paper and le* it dry in the air (this will take about an hour
to completely dry; the drier the better).

4. Place these dry crystals about a meter away from you, let students stand
back, hold the meter stick at the end and tap the other end of it on the
crystals. (CAUTION: TAP ONLY A FEW CRYSTALS AT A TIME: VERY EXPLOSIVE!)

Questions:
1. What compound was formed by dissolving the iodine in ammonia?
. What is it that makes a chemical so explosive?
. What are other chemicals or chemical mixtures that are explosive?
. What makes us hear the loud noise in an explosion?
. What is always suddenly formed in an explosion?
. Does an explosion always have to be accampanied with a fire?
. Coes oxygen always have to be present for an explosion to occur?
. What can we campare the trapped energy in the nitrogen tri-iodide with?
9. How does a bursting air balloon compare with this explosion?

@I WN

Explanation:

The wet nitrogen tri-iodide is still safe to handle, but as soon as all
liquid is evaporated (usually excess ammonia), the dry solid is very unstable
and explodes the moment it is touched or walked on. It is harmless when very
small quantities at a time are used.

Nitrogen tri-iodide can be compared to a set mousetrap, and the touching of
it to the releasing of the trap. It is an unstable compound that suddenly
forms nitrogen gas when it is mechanically upset. This sudden formaticn of gas
is the cause for us to hear the explosion. Explosions are always accompanied
with the sudden formation of gases, whether it is in the formation of water
vapour from its elements, or the igniting of explosive mixtures (See Events
5.7; 5.26; and 5.28).
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CHEMISTRY ENDOTHERMIC REACTION

5.35. THE STICKY BOARD

Materials: 1. A small beaker (250 ml), glass or plastic stirrer.
2. A small thin wooden board (10 cm x 10 cm)
3. Barium hydroxide - Ba(OH)2 and ammonium thiocyanide - NH 4SCN

stirrer

moisture

wooden board

Procedure:

1. Wet one side of the wooden board thoroughly with water.

2. Place the beaker on the wet side of the board.

3. Add one teaspoon of each of the chemicals to the beaker and stir while
holding the beaker down tight to the board.

4. After the two chemicals are thoroughly mixed, lift the beaker slowly up
«formation of frost on the outside of the beaker is an indication that
it is ready to be lifted).

Questions:
1. why did the wooden board have to be wetted?

2. What kind of reaction occurred between the two chemicals?
3. Why did the wooden board stick to the beaker?

4. How else can we show that the reaction took away heat?

5. What other types of reactions do you know?

Explaration:

Mist reactions are exothermic, which means that the reaction gives off heat
(See Events 5.23 - 5.29), but this particular one is endothermic. This means
that the reaction takes away heat, in other words the reaction requires
calories in order for it to occur and if this heat is not supplied. it
withdraws the heat from its environment. This cocls cdown the environmment and
thus freezes the moisture that is between the beaker and the wocden board.
This is the reason why the wooden board sticks to the beaker after the two
chemicals are mixed in it.

The reaction between the two chemicals is as follows:

Ba(OH)2 + 2NH SCN.(H20)4 - Ba(SCN)2 + 2NH4OH + 8H2

4 O - energy
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CHEMISTRY REVERSIBLE REACTION

5.36. SHAKING 1HE "BLUES"

Materials: 1. An Erlenmeyer flask (250/400 ml) and stopper.
2. Potassium hydroxide (5g), Glucose or dextrose (3g).
3. Methylere blue.

N qé
clear ) fades to ctlear
shake/swirl on standing
Procedure:

1. Dissolve the above chemicals in the Erlenmeyer flask with 250 ml of water.
2. Show to the students that it is a clear colourless liquid.
3. Stopper the flask and shake the solution vigorously and show the change
of colour.
4. Place the flask on the table and leave it standing.
5. Draw students’ attention to the colour of the solution.
(The shaking may be repeated to show the colour change for several hours).

Questions:
1. what type of reaction is this? One that can ke repeated seemingly almost

endlessly?
2. When will the turning into the blue colour stop? Or will it ever stop?
3. What makes the clear, colourless liquid turn blue?
4. What can we do to make the liquid turn blue again? (after it has stopped
turning colour?

Explanation:
Methylene blue is reduced to a colourless compound by an alkaline solution

of a reducing sugar: in this case the glucose or dextrose. When we shake the
flask, the colourless solution is reoxydized by the oxygen above the liquid
into the blue dye: methylene blue. When it is left standing, it is being
reduced again, thus the gradual fading of the blue colour.

Slowly, however, the oxygen in the flask above the liguid is seeping
through the cork and is also reacting with the reducing sugar. This is why it
eventually (after a few hours) stops changing into the blue colour. To make
the solution turn colcur again, the oxXygen has to be replenished. This can be
done by leaving the flask open to the air for a few moments. ‘

A

After a few days standing, the solution will turn yellow and to brown.
freshly prepared solution should Le used for this demonstration.
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5.37. THE COLOR ABSORBING BACON

Materials: 1. Three or four strips of crisply fried bacon.
2. Bromire in an Erlenmeyer flask (250/400 ml), stoppered with cork.

Procedure:

1. Place a few drops of bramine in an Erlenmeyer flask and quickly stopper it
with a cork (make sure that the cork fits the flazk prior to adding the
bromine to the flask!).

2. Show students the brown colour of the bromine vapours, and tell them that
in compound form, that is if they react with other chemicals, that there is
no characteristic of bramine vapour left.

3. Open the stopper of the flask and quickly drop the bacon strips into the
flask, close again and shake.

‘ 4, Hold a white sheet of paper behind the flask and ‘et students cbserve the
colour change!

Questions:

. What colcar did the brown vapour turn into?

. What made the brown colour disappear?

. What do double bonds do when a halogen is added to it?

. What other halogens would behave the same way as the bramine?
. How do we know whether all the bramine has reacted?

How do we know whether all the unsat rated bonds have reacted?
What are unsaturated bonds in organic compounds?

N OUE e W

Explanation:
Crisply fried bacon has a high content of unsaturated fats. These are

organic campounds containing double or triple bonds between the carbon atams.
When halogens are added to these campounds, the halogens are active enough to
open these bonds and attach themselves to the nrganic molecule. See reaction

below:
i H H H Cl Cl
Br, + -(|2 = (|:— - —(|2 - (ll— or Cl, + €=C -—- —(|2 - (l}-
]lar ér (|21 (|21
brown colourless green colourless

: ‘ gas gas

These reactions are called addition reactions. Iodine vapours would most
likely also react with the bacon strips, except that it would take a little
longer, as iodine is the least 1 :active of the three halogens.
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THEMISTRY ORGANIC CHEMISTRY
HIGH POLYMERS

5.38. MAKE A NYLON THREAD OUT OF TWO LIQUIDS

Materials: 1. Hexamethylene diamine (1,6 hexanediamine) NH.(CH.) NH,
2. Sebacyl chloride (1,10 decanedioxyl chloride? COEI?CIL)BCOCI.
3. Carbontetrachloride (tetrachloroethane). -
4. Sodium carbonate, 2 beakers, tweezer, stirrer. wind around
tweeszers / stirrer |
N :
N T
/ | _ solution 2
B N solution 1
y \_ S
Sketeh I Sketch II Sketch III
Procedure:
1. Make in a 100 ml beaker a solution of 2 ml sebacyl chloride in 50 ml of
carbontetrachloride.

2. Make in another beaker a solution of 2 g of 1,6 hexanediamine and 4.0 g
of sodium carbonate in 50 ml of water.

3. Pour this second solution very carefully on top of the first solution by
slanting the first beaker and slowly pouring the second solution over
the first one.

4. With the pair of tweezers, pick up the center interface between the two
liquids and pull it slowly out of the liquid (see Sketch I and II).

5. Then wind this thread around a glass stirrer and keep turning the glass
rod to continue pullirg the nylon thread out.

Questions:
1. what compound is formed at the interface of the two liquids?

2. What would happen if the top liquid was just poured carelessly into the
first solution?

3. What would happen if the two liquids were stirred together?

4. Is the formed compound ideatical to the industrial Nylon 66?

5

6

. How long do you think the thread can be pulled?
- At what point would the thread stop forming?

Explanation:
The liquid containing sebacyl (or adipyl) chloride and the other liquid
containing hexamethylene diamine react at the interface to form Nylon-610.

H H

"2y Nk, 1 coct (e ) ' M
2 2/gC0C1 ———> -N-(CH,) _} ~_ | H

2 )G‘N‘C'(C'Hz )8_

-HC1
hexamethylene sebacyl chloride Nylan-610 ‘

The above reaction is a polymerization reaction. Large and extremely long
molecules are formed. This same pclymerization occurs in the production of
high polymers 1like, polyethylene, polystyrene, polyurethane, and other
plastics.
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5.39. THE STICKY MATCHES

Materials: 1. A box of wooden safety matches.

Procedure:

1. Take two match sticks out of the wux and hold one in each of your hands.

2. Strike the one in your right hand against the box (if you are right
handed) to light the match.

3. Imnediately hold the lit match head against the match head in your left
hand and wait till the left match gets lit.

4. As soon as the hissing sound of the ignition stops, blow out the flame.
Make sure that you are holding the two matches with a steady hand against
each other (see Sketch above).

5. Slowly let go of the match in your right hand (without moving/jarring
the match - if you don’t succeed the first time, try again!)

Questions:
1. What made the two matches stick tcgether?
2. What would happen if the first match was put against the second match
not immediately after it was 1lit?
3. How are matches produced?
4. what are matches made of?
5. What is the match head made of?
6. What makes a match head burst into flame when rubbed against the box?
7. What chemical is on the striking surface of the box?

Explanation:
The red tips of the matches burn and fuse together, making the matches

stick. The burning of the red tips form chemicals that are porous and rough
in texture. These porous and rough tips "grab" each other and thus making the
matches stick together.

The match stick itself is made of softwood veneer. The wood splints are
soaked into a bath of sodium silicate, ammonium phosphate or sodium phosphate
and then dried. This impregnation prevents the afterglow. The wood splint is
then dipped in a paraffin bath, which sustains burning. The match head
consists of an oxygen carrier (potassiuam chlorate, chramate or lead oxide),
sulfur and abrasives like powdered glass, and binding agents (dextrin or
gums) .

The side of the box contains red phosphorus and powdered glass. Safety
matches can only be lit by striking against the side of the box. The friction
produces heat, which releases the oxygen from the potassium chlorate and this
reacts with the sulfur to produce the flame.
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SECTION II

This section consists of seven chapters dealing with the different types or
forms of energy and the transformation from one into the other. Each of the
chapters contains demcnstrations that can be used to start off lessons dealing
with the sources of energy, heat, magnetism, static and current electricity,
light and sourd.

Chapter 6 deals with how heat campares with temperature, heat of fusion and
vaporization, the sources c¢f energy: chemical, mechanical, heat energy, and
nuclear energy, and how they can be transformed from one into the other. It also
deals with potential versus kinetic energy.

Chapter 7 deals with heat and how it travels. It moves from one place to the
other by conduction in solids, by convection in fluids, and by radiation through
fluids and vacuums. Heat makes solids, liquids, and gases expand.

Chapter 8 contains demonstrations to snow the characteristics of magnets, the
nature of magnetism, and the rules of magnetism. The oconstruction of simple
compasses, the showing o magnetic lines, and magnetic induction are dealt with
in this chapter.

Chapter 9 should be used when dealing with static electricity. It deals with
the attraction of uncharged objects, the positive and negative charges and how
they attract or repel each other, the induction of static charges, and the
storage of static charges in capacitors.

Chapter 10 deals with current electricity. The discrepant events can be used
to start lessons in conductivity, circuits, sources of electricity, and
electramagnetism.

Chapter 11 contains discrepant events to initiate lessons dealing with light,
its reflection, refraction, and defraction properties.

Chapter 12 deals with sound and its properties: the medium of travel, how

lowiness and pitch are influenced, the natire of resonance, and its welocity in
air.
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CHAPTER 6

WHAT FORMS OF ENFRGY ARE THERE ?

OBJECTIVES

After dealing with and studying the concepts and sub-concepts of this
chapter, the students should be able to:

recognize the correct explanation of an observed event based on each of
the sub-concepts;

explain in their own words which of the sub-concepts is determining the
course of an event;

distinguish true from false statements concerning each one of the sub-
concepts;

identify the correct explanation of an event in daily life applying one
of the sub-concepts;

all in relation to the following sub-concepts:

The ability to hold heat depends on the mass and material of the object.
Temperature is a measure of how hot or cold an object or substance is.
Heat is required to change a solid into a liquid, a liquid into a gas,
or a solid into a gas.

Energy can be developed from chemical, mechanical, magnetic, or nuclear
sources.

All forms of energy can be transformed from one form into the other.

All forms of energy can be traced back to solar energy.
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ENERGY HEAT vs TEMPERATURE

6.1. THE HOT BOLT

Materials: 1. A heavy steel bolt, a small iron nail.
2. Two identical beakers, two thermameters.
3. One beaker or tin can (to boil water in).
4. A pair of tweezers or tongs.
5. Burner & stand, or hot plate.

Beaker B

Procedure:
. 1. Place the bolt and nail together in a beaker or tin can in about 100 ml of
water, heat over burmer or hot plate and bring to a boil.
2. Pour 100 ml of water in each of the two identical beakers and read their
temperature off with the thermometer,
3. TransferthebolttobeakerAarﬂthenailtobeakerBwithﬂmtongs.
4, Read off the temperature in each of the beakers every 15 seconds until the
temperature starts to level off (have a student assist you).

Questions:
1. What is the temperature of the boiling water?

2. What is the temperature of the bolt and nail before the transfer?

3. In which of the two beakers did the temperature rise higher?

4. why did the water in the two beakers rise in temperature?

5. Which has a higher heat capacity, the bolt or the nail?

6. What detemmines the ability for an object to hold heat (heat capacity)?

Explanation:
The water is boiling at 1000 C, at nomal pressure. The bolt and the nail

that were in the same water have also the same temperature of 1000 C before
they were transferred to Beaker A & B, but they did not absorb the same
amount of heat. The large bolt holds more heat or its heat capacity is
higher, because it is larger in mass compared to the nail. The extra heat is
enough to raise the temperature of the water in beaker A more than that in
beaker B, The ability to hold heat or the heat capacity of an object is
determined by its mass and the material it is made of. Temperature is a

' measure of how hot or cold an object or substance is in degrees Celsius or
Fahrenheit. Heat refers to the total energy of the moving molecules of a
substance, measured in calories or BIU's (British Thermal Units).
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ENERGY HEAT OF FUSION

6.2. MELTING ICE BELOW FREEZING?

Materials: 1. A medium size beaker & thermometer.
2. Common table salt, crushed ice.

thermometer

erushed ice + salt

Procedure:
1. (Before class starts) Fill the beaker one-third full with crushed ice.
2. Pour 3 or 4 tablespoons of table salt in the center of the beaker on the

crushed ice,
3. Cover this with another one-third beaker full of crushed ice. ‘
4. Now show the students the beaker with crushed ice and ask: "At what
temperature will ice melt?" (Anticipated answer: ‘'at 0°© C').
5. Insert a thermameter in the ice and let a student read it off.

stions:
1. What is the themmometer reading of the melting ice?
2, At what temperature does ice usually melt?
3. What do you think made the ice melt below freezing point?
4. Does the melting process need heat or does it give off heat?
5. Was any heat supplied or withdrawn from the system?

Explanation:
freezing or melting point of salt water is much lower than that of ‘
pure water. The addition of salt to the ice at 00 C causes it to melt,
because salt water cannot freeze at 0° C, just as pure water does not freeze
at 50 C,

The melting process decreases the temperature because melting needs heat,
and as heat was not supplied to the system of melting ice, it withdraws heat
from its own environment. Just as the forced evaporation of liquid without
any heat supply will have a cooling effect, this decrease in temperature is a
result of a forced melting process.

In colder climates salt is used to melt ice on slippery roads in winter.

R12




181

ENERGY HEAT OF VAPORTZATION

6.3. WARMING

Materials: 1. A small electric fan.
2, Two identical thermometers.

an
thermometer A

hi
thermometer B
Procedure:

1. Show the students the two identical thermometers A and B, and let two
students read the temperature of each of the thermometers.

2. Place thermometer A in the breeze of the fan and thermometer B near the

' fan, but not in the breeze.

3. Ask the students: "Which of the two thermometers will show a lower
temperature?" (Anticipated answer: Thenmometer A).,

4, After leaving the fan on for several minutes and leaving the two
thermometers in the two designated places, have two other students read
off the two temperatures.

Questions:

1. Which of the two thermometers do you predict will show a lower
temperature? The one in the breeze or the one not in the breeze?

2, What temperature did the two thermometers show?

3. Why was there no difference in temperature?

4, What causes the cool feeling on our skin in a breeze?

5. What would you predict would happen to temperatures A and B if the bulbs
of the thermometers were moistened?

Explanation:

Most of the students will predict that thermometer A will show a lower
temperature. Actually, both temperatures stay the same. A very sensitive
thermometer might even show that spot A (the one in the breeze) is slightly
warmer than spot B, since the motor of the fan gets a little warmer and this
heat is carried in the wind stream. An additional reason for it to get a
little warmer is the friction of air molecules colliding with the bulb.

The decrease in temperature in a breeze is only caused by the evaporation
of moisture., For evaporation to occur, heat is needed. When heat is not

‘ supplied, this heat of evaporation is withdrawn from the liquid's
, resulting in the decrease of temperature. If the thermometer
bulbs were moistened, temperature A would show up much lower.
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6.4. THE HOT ACID

Materials: 1. Potassium chlorate (KCl03), powdered sugar, concentrated sulfuric
acid (HpsO4).
2. Ashestos plate or evaporating 3ish, medicine dropper.

CAUTION

PERFORM UNDER FUMEHOOD
OR OUTDOORS !?! medicine dropper

concentrated
H 250 4

sugar + KC‘ZO3 _—\’i —asbestos plate
Procedure:

1. Mix about one teaspoon of powdered sugar and one teaspoon of potassium
chlorate on the asbestos plate or evaporating dish.

2. Leave the powder in a heap and make a small dent on top of the heap.

3. Suck same of the concentrated sulfuric acid in the medicine dropper (be
very careful not to get any of the acid on the skin or clothing).

4. Place one drop of the acid on the heap of powder (stretch your arm as far
out as possible in doing this)--do this outdoors or under the exhaust
hood.

tions:

1. What type of energy source was creating the heat?

2. Which of the two powders was actually burning?

3. What do you think was the oxygen supply for the burning?
4, What created the heat for this spontaneous combustion?

Explanation:

This is an example of a chemical source for heat: . spontaneous
cambustion. The initial heat needed for the oxygen to be . .eased from the
potassium chlorate was created by the drop of concentrated sulfuric acid and
the sugar. This heat activated the release of very active oxygen in atomic
form from the potassium chlorate (KC103). This oxygen further oxidized the
sugar that was presant. This further oxidation released so much heat that
the sugar burst into flame. Of the two powders then, it is the sugar that
was burning and the potassium chlorate provided the needed oxygen for the
burning process. Most chemical reactions are releasing heat: exothermic.
Same withdraw heat: endcthermic reactions.
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ENERGY CAEMICAL SOURCES

6.5. THE LIGHTER-FUEL CANNON

Materials: 1. Three empty soda pop cans.

2. Two styrofoam cups.
3. Lighter fuel (or gasoline) and a match.

double styrofoam cup
/K—_— "ewmmon ball"
can No. 1

with half baffle —
N

can No. 2

without ends —\4 . 4
~

can No. 3 ‘ L
with Ds end N /_—nail hole
Procedure: LL

1.Witha¢anopenercutopentheendsofthesodapopcans, except for one
half-end of one can (top), and the bottom and one half of the other end of
the third can (bottam can).

2.0omectthethreemnsmtopofeachotherwithmaskingtape.

3. Punch a hole about 2 on from the bottom, in the side of the bottam can
about 1/2 am in diameter (use a large nail).

4. Tape the two styrofoam cups together rim to rim, and place it tightly in
the top opening (see Sketch).

5. Place two or three squirts of lighter fuel in the bottam hole and shake
the stack of cans (let the fuel drip along the walls), and let it stand
for a few seconds. You are now ready for ignition!

6. Strikeamatchandholdtheflameclosetothebottanopening(Watchout
for the double cup cannon balll).

tions:

1. What are the two baffles in the 'cannon' for?

2. What purpose did the shaking of the stack of cans have?

3. What kind of energy resulted from the chemical explosion?

4. What other kinds of liquids do you think could be used in place of the
lighter fuel?

Explanation:

The baffles were left in the soda pop can 'cannon' to enhance the mixing
of the fuel with the air in the cylinder. The shaking of the cylinder was
done immediately after the fuel was injected for exactly the same reason.
The better the mixture of fuel vapors and the air, the better the explosion,
The chemical energy stored in the lighter fuel is transformed by the
cambustion into kinetic energy of the moving cannon ball. Gasoline or
alcohol may be used instead of lighter fuel.
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6.6. WARM A BOTTLE BY SHAKING

Materials: 1. A medium size jar with lid.
2. Dry sand (beach sand).
3. A thermometer.,

thermometer

jar lid

Procedure:

1. Fill the jar about two-thirds full with dry sand.

2. Push a thermometer in the sand and let one of the students read off the
temperature.

3. Take the thermometer out of the jar, close the jar tightly and let the
students take turns shaking the jar for 5 to 6 minutes in total (about 1/2
minute each for 10 to 12 students).

4, Open the jar after the shaking, push the thermometer in the sand and let a
student read off the temperature again.

Questions:
7. What were the temperature readings before and after the shaking?

2. What is the cause for the temperature to rise?

3. What type of energy was turned into heat?

4, To what type of energy as the original source can this produced heat be
traced back?

Explanation:
The shaking of the bottle or jar is mechanical energy, which was turned

into heat. The mechanical shaking of the sand gave the sand particles
kinetic energy, which caused friction between the sand particles, thus
creating heat. The energy needed for the shaking of the jar was supplied by
muscle power of the students. To give this energy, the students needed to
eat (chemical energy), and the food the students ate came fram plants and
animals. The animals also needed to eat plants, and the plants in their turn
obtained the energy from the sun to grow. All forms of energy can thus be
traced back to solar energy.
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ENERGY MECHANICAL SOURCES

6.7. THE WIRE HEATER

Materials: 1. A piece of heavy wire (coat hanger).
2. A wire cutter.

feel this spot
after bending

Procedure:
1. Take a coat hanger and cut about a length of 30 cm piece off with the wire
cutter.
2. Hold the two ends in each hand and bend the wire several times back and
‘ forth at the same spot.
3. Let students touch the spot that was bent, with their fingers.

tions:

1. Did the spot you touched feel warm or cold?

2. What type of energy was used to bend the wire?

3. What made the wire heat up (explain in termms of moving molecules)?
4. Would the same happen with a plastic or wooden rod?

5. What would eventually happen if we keep bending the wire?

Explanation:

Bending the metal wire back and forth is actually putting mechanical
energy from our muscles into the wire. This energy forces the molecules of
metal to move faster at the bent spot and the friction of the faster moving
molecules produces heat, thus causing the bent spot of the wire to feel warm
to the touch. When this bending of the wire is continued, it will eventually
break: this is called metal fatigue.

When using a plastic or wooden rod instead of a metal one, the bending can
be carried on for a longer period before it breaks, because of the
flexibility and elasticity of the material, unless it is bent beyond its
flexibility point. The molecules here are not sliding past @ach other as
much as in the metal wire, so that heat is not likely generated so readily.
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ENERGY HEAT SOURCES

6.8. USE HEAT TO TURN A WHEEL?

Materials: 1. A hot water kettle.

2. A fitting one-hole stopper for the kettle spout.
3. A bent glass tube fitting in the stopper.

4. A cork, 6 old ink pens, 4 paper clips.

5. A piece of soft wood or board.

ink pens

cork

paperclip
stand

. Procedure:

1. Fill the electric kettle with water and plug it in.

2. Insert the bent glass tube in the one-hole stopper and cover the kettle
spout with the stopper.

3. Stick the six old ink pens (or any other small metal nurrow plates) in the
side of the cork and set up the cork to move freely as in the sketch, with
modified paper clips as a stand on the wood board.

4.Assomasthevaterboils,directthesteamtowaxdsﬂ1elowerorupper
side of the cork against the baffles.

tions:

1. What is the original source of energy used to turn the wheel?

2. What forms of energy do we encounter in this event?

3. Where do we find this principle applied?

4. How is electricity produced and what could be the original form of energy
that is transformed into electricity?

Explanation:

The original source of energy used is electricity for the electric kettle,
which may be traced back to chemical sources or water power. The electricity
is turned into heat in the heating coils of the kettle, which causes the
water to boil and thus forming the steam. By leading this steam through a
narrow tube, the vapor particles are pushed out with a velocity and thus qain
in kinetic energy. In directing this steam flow to the scoops of the wheel,
the kinetic energy is converted into mechanical energy. This finds
application in the production of electricity in turning the turbo engines and
in other steam engines.
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6.9. MAGNETIC PERPETUAL MOTION?

Materials: 1. A small steel ball (from a ball bearing).
' 2. A strong bar magnet.
3. A plastic ruler (with a ridge on top side).
{ 4. Two lengths of heavy wire (coat hanger wire).
' rod
steel ball
ruler
Top View
magnet ~ . '
ridge filed .
of f here ruler very slightly elevated

at the magnet side

wire path Lide View
Procedure:
1. Make a wire path out of two heavy wires in the shape of three quarters
of a segment cf a circle.
2. File one side of the ridge of the ruler off about one third of one end
‘ about the width of the ridge.
3. Mount the wires by glueing them to the ruler in the set-up as in the
sketch above.
4. Experiment with the slant of the ruler (this should be almost horizontal,
slightly higher at the magnet side).
5. The steel ball should roll smoothly over the ridge of the ruler and over
the wire rail, gaining speed as soon as it comes off the ruler on the
wire rail.

Questions:
1. Will this motion of the steel ball be perpetual?

2. Where is the energy caming fram? Where is it lost?

3. If the magnet is too strong, what would we need to keep the ball from going
towards the magnet?

4. In order for the ball to be able to shoot up the ruler ramp, what is the
minimum height required for the initial entrance of the wire rail?

5. Which force or component force have tc be overcame to pull the ball up?

6. Where and in what form is energy being lost?

only very small

Explanation: o
The force to overcome  t.e {:‘gr ce Zrllele; il
gravitational camponent becomes ro all up

smaller when the slant of the ruler
is less steep. The <nergy to Kkeep
the ball moving cames from the

‘ magnet, which eventually will be
depleted, at which mament the ball

would stop rolling.

Energy is lost on the track in the
form of heat. Thus the smoocther the
track the morc efficient the ball
will roll.

experiment with slant of
ruler and wire track
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6.10. FISSION AND FUSION

Materials: 1. Soap solution (1 pt Joy, 2-1/2 pt glycerine, 3 pt water).
2. Two ciroilar wire frames.
3. A wide shallow tray.

0-11-9 ¢

THE FISSION PROCESS Z—uire T

QO-00 ~

Jures THE FUSION PROCESS wire frames

1. Place the soap solution in the shallow tray and dip the two circular wire
frames in the solution.

2. Blow through the wire frame and blow a bubble with a diameter a little
larger than the frame, and catch the bubble between the two frames.

3. Now stretch the bubble by pulling the two frames farther apart until the
bubble separates into two bubbles in each frame (fission). When this is
done a litle faster a small bubble is released, illustrating the released
neutron.

4. Bring the frames and the bubbles in it together; let the bubbles press
against each other until they form one large bubble (fusion).

Questions:
1. Why are bubbles always spherical in shape?
2, What is missing from this model of fission or fusion?
3. What examples can you give on nuclear energy sources in nature?
4. What are the dangers in the use of nuclear energy?

Explanation:
This demonstration with the soap bubbles is only a model for the actual

process of fission or fusion. 1In the case of fission, a very heavy nucleus
splits and forms medium-weight nuclei. When two light-weight nuclei combine
to form heavier, more stable nuclei, it is called fusion. The elements that
are missing in the socap bubble model, are the neutrons and the energy
released during fission, and the protons and energy released during fusion.

A nuclear source of energy in nature is the sun, where four hydrogen atoms
fuse into one helium atam, and in the process of fusion it releases energy in
the form of sunshine.

The dangers in using nuclear energy lie in radiation leakages and the ‘
doses of radiation that the human being can withstand without being harmed.




ENERGY SOLAR SOURCES

6.11. THE TEST TUBE GREENHOUSE

Materials: 1. Two thermameters (0-100°C).
2. A large, wide test tube or long jar with a narrow mouth.
3. One-hole stopper to fit the thermameter in the test tube.
4. A white or infra red spot light.

thermometer
B

large test tube
thermometer /_
A

—_—

—_—

e - oS

1. Insert one thermometer in the one-hole stopper and place this over the
large test tube or jar (if a loose thermometer is not available, a paper
' covered jar may be used instead of the large test tube and the stopper).

spot light

2. Place both thermometers in the sunlight or shine tr2 spot light on them
from about 50 cm away (see Sketch above).

3. Have the students read and record the temperatures of both thermometers
every minute for about 15 minutes.

Questions:
1. which of the thermometers shows a higher temperature?

2. What is the light heating around thermometer A, and what is it heating
around thermometer B? (see Sketch above)

3. What do these results tell us when applied to a sun room or greenhouse?

4. Which direction should these sun roams face when your hame is located in
the Northern hemisphere? In the Southern hemisphere?

5. Would the temperature on thermometer B be higher or lower if the tube or
jar were made of opaque glass? If the tube or jar were covered with white
paper? If it were cowvered with black paper?

Explanation:

Like the atmosphere of the earth, glass around the thermometer can trap
heat energy. The light rays heat up the air in the tube, which cannot move
around, contrary to the air around thermameter A.

Similarly, sunlight energy is trapped in the atmosphere, as the sun’s
energy is absorbed by the earth. Part of this energy is reradiated into the
atmosphere but cannot pass out of the atmosphere.

A greenhouse works on the same principle. If the glass walls of a
greenhouse were covered with black material, it would make the room much

. hotter, but since plants need light, glass is needed. Other examples of
energy traps are: closed cars left in the sun, especially the dark oolored
ones; attics of homes with black roofs, etc.
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6.12. START A FIRE WITH A MAGNIFYING GIASS

Materials: 1. A large magnifying glass (or strong reading glasses).
2. A bright sunny day, over-exposed film or dark glasses.
3. A piece of tissue paper (or any easily cambustible material).
— magnifying glass
focused
on cormer
of tissue paper
— tissue paper
e or dry leaf
N
Procedure:

1. Take the class outdoors on a bright sunny day, and bring the large
magnifying glass or a pair of strong reading glasses with you. You also
should have a piece of tissue paper or any thin paper in your pocket.

2. Place the tissue paper on a spot where everybody can see it. Iet the
students use the darkened film or dark glasses to observe the paper,
while you hold the magnifying glass about 20-30 cm above the paper. Th .
distance has to be varied by moving the lens up or down, such that the sun
rays are focussed on the paper. (The small bright circle has to became a
small point if it is well focussed).

3. Hold the magnifying glass at that position (focussed position) for awhile
(about 15-20 sec) until suddenly the paper starts to smolder and burn.

Questions:
1. what made the paper burn?

2. Why would the paper not burn without the magnifying glass?

3. What would it depend on how hish we have to hold the lens to focus it?
4. What else beside thin paper can we use to burn?

5. How are forest fires sametimes started by nature?

6. What did the magnifying glass actually do with the sun rays?

Explanation:

What the magnifying glass or lens does, is concentrating all the sun rays
that were falling on it, into one point. This increased the intensity of the
heat 100 or may be 200 fold, depending on how large and how strong the lens
is. You will find that on clear sunny days it is much easier to start the
fire, than it is on hazy or cloudy days. The stronger the lens (more convex)
the closer we have to hold the lemns to the piece of paper to focus the sun
rays.

Dry leaves can easily be substituted for the tissue paper. In nature,
forest fires are sametimes caused by concentrated sun rays. Lingering dew
drops between plant leaves can act as lenses and che concentrated sun rays may
fall on very dry leaves, and a forest fire is in the making!
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ENERGY POTENTIAL vs KINETIC

6.13. DOES A BOOK HAVE ENERGY?

Materials: 1. A heavy book (encyclopedia or dictionary).

2. A meter stick, pencil and eraser.

3. A high stool.
oh s push book

/off atool

atool

eraser

place pencil
1/3 in from
higher end

Procedure:
1.Pfaceastoolmthetabletopandwtaheavybookmthestool. Ask

students: '"Does the book have any energy at this position?"

2. Place the meter stick on the table top about 20-30 cm in front of the
stool, such that when the book is pushed off the stool, it will fall on
the end of the ruler.

3. Insert a thick pencil under the meter stick, about one-third fram the end
where the book will be falling on.

4. Place an eraser on the other end of the meter stick.

5. Push the book off the stool (and lat it fall on the meter stick). Observe

the eraser fly up!

stions:

1. t kind of energy did the book have when it was lying on the stool?
When it was falling on the ruler?

2. Does the book have any energy lying on the table top?

3. What type of energy did the book impart on the meter stick?

4. What kind of energy did the eraser obtain?

5. What was the original source of energy that triggered the flying eraser?

Explanation:

When the book was lying on top of the stool, it had potential energy. As
long as the book has the potential of falling towards the center of the
earth, it has potential energy. Thus when it was lying on the table top
after falling off the stool, it still possesses potential energy (to fall off
the table and send another eraser flying). At the moment that the book was
falling, this potential energy was transformed into kinetic energy, which was
turned into mechanical energy of the moving meter stick, and this was
imparted to the eraser, which obtained kinetic energy.

The original source of energy of this whole chain reaction was humar
nmuscle energy, which can be traced back to solar energy.

_2
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6.14. DOES WATER IN A LAKE HAVE ENERGY?

Materials: 1. A large beaker, two short glass tubes.
2. A cork, 6 old ink pens, 2 paper clips.
3. Two clamps and two stands.

dam lake in mountain

water

straightened
paperclip

cork

ink pens
Procedure:
1. Push the six ink pens radially in the cork and set the materials up like
in the sketch, so that the cork can rotate freely.
2. Hold the water-filled beaker above the cork and tell students: "This
represents water in a lake up in the mountains."
3. Ask the students: '"Does the water have energy? What kind?" Pour the
water on one side of the cork on the protruding pens (do this over a sink
or a container to catch the water).

Questions:
1. What kind of energy does the water in the beaker have?

2. What kind of energy was moving the cork?

3. What is the resultant type of energy produced?

4, If the water in the beaker can be compared to the water in a lake, what
can we campare the rotating cork with?

5. What kind of energy do we need to bring the water up in the beaker?

6. What type of energy is needed to fill up a lake with water?

Explanation:
The water in the beaker, held up high, is camparable to the water in a

lake up high in the mountains, possessing potential energy. The energy may
be released and transformed into kinetic energy by building a dam and
controlling the flow of the water. By letting the flow of water pass the
turbines, represented by the cork and protru.ing ink pens, the kinetic energy
of the water is transformed into mechanical energy, which in turn is
transformed into electrical energy. ™.us last step takes place in the
generators, being rotated by the turbines.
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[ 6.15. THE SPINNING RINGS

Materials: 1. A 1 cm diameter woodcn dowel (about 1 m long).
2. Large rubber washers (about 2-1/2 - 3 an in diameter).

rubber washer l

/— wooden dowel

Procedure: -
1. Hold the dowel vertically; on the table top and the rubber washer at the
top of the dowel. Ask the students: "How long will it take for the ring

to drop the length of the wooden dowel?" (anticipated answer: 'A fraction

‘ of a second').

2. Give the ring a spin at the top of the dowel and time its fall., Ask: "why
is the fall not occurring in a uniform motion?" Observe the spinning and
the falling speed carefully (when the falling slows down, the spinning or
rotation of the washer increases).

Questions:
1. How long did it take for the spinning ring to fall?

2. What made the ring keep on spinning?
3. What kind of energy did the ring at the top of the dowel have?
4. why did the ring spin faster after a sudden drop in height?

Explanation:

The friction between the dowel and the ring prevents the ring fram
dropping straight down. The faster the ring is spinning, the larger the
force perpendicular to the dowel, and thus the stabler its plane of rotation.
By dropping, potential energy is transferred into rotational kinetic energy.
It can be shown that the rotation of the ring requires energy by spinning it
on a horizontal dowel (one spin will probably spin it for a few seconds).
The potential energy that the ring possessed at the top of the dowel is not
campletely transformed into the rotational kinetic energy, but some heat of
friction has no doubt developed between the dowel and the ring.
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ENERGY POTENTIAL VS KINETIC
THE PENDULIM '

6.16. WILL THE HEAVY BRICK HIT YOUR NOSE?

Materials: 1. A heavy masoruv brick or large bowling ball.
2. A strong nylon rope.

ceiling ——/

Procedure:
1. Tie the brick or bowling ball to one end of the rope and suspend the
pendulum about 3 m fram the wall to the ceiling.
2. Before securing the knot in the rope, adjust the length of the pendulum
such that the highest swing just reaches your nose when you stand with
your back against the wall (see Sketch above).
3. Make sure that the knots are tight and secure and cannot slip.
4. Now bring the pendulum as close as possible to your nose and let go.
(CAUTION: DO NOT PUSH THE PENDULIM AWAY!). '
5. Stay perfectly still against the wall and let the pendulum swing back.
(Ask the students: "Who dares to do this?")

Questions:

. Why is it perfectly safe to stand against the wall and not get hit?

. Will the pendulum ever swing higher than its first position?

. What would give the brick a higher swing?

. What forms of energy are involved in a swinging pendilum?

. Where does the energy go? What does it turn into?

- In which positions of the swing does the pendulum have the greatest
kinetic energy? The greatest potential energy?

. What would happen if the brick was swung in a vacuum?

. What makes a clock pendulum swing? When does it stop?

Explanation:
When the brick pendulum is released for the first time, it loses scme of

its energy due to friction at the suspension point and mostly in air
resistance. This energy is turned into heat or actually faster moving rope
and air molecules. This loss occurs with every swing of the brick and thus
each swing becames lower and lower (amplitude gets smaller). A higher swing
would only be obtained if we add energy to the pendulum by giving it a push
(do not do this while you are still standing against the wall!).

If this brick pendulum was swung in a vacuum, energy loss would only occur
in the rope and the suspension point, and the swinging would last for a much
longer time before it stops. .

In a clock pendulum the swinging is kept going by the spring of the clock.
A small amount of energy is added to each swing by the potential energy of the
wound up spring. When the spring is completely urwound the ciock and the swing

2 Lo
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ENERGY ENERGY TRANSFER

THE PENDULUM

6.17. THE TWIN PENDULIM

Materials: 1. Two identical washers (or any other object to make a hob).

2. Thin string or strong thread.
3. Two vertical stands.

F

stand

set one washer
in motion

string

J
e,

1. Place the two vertical stands about 30 cm apart from each other and tie
a piece of string horizontally fram one stand to the other.

2. Tie a short piece of string (about 15 cm) to each of the washers (or
pendulum bobs) and tie the other end to the horizontal string, about 5 cm
apart from each other - make sure that the bobs hang down from the
horizontal string at the same height!

3. Let the two pendulums hang perfectly still: now you are ready for the
demonstration. Ask: "What will happen to the second pendulim if I start
swinging the first one?" Anticipated answer: "Nothing!"

4. Pull out the first pendulum carefully by the bob (hold the string tight)
and let go of the bob: OBSERVE!

Questions:

1. What happened to the second pendulum?

2. Where did all ti : energy of the first pendulum go to?

3. What made the second pendulum pick up the energy?

4. Would a pendulum that was a little longer or shorter than the first one
also be able to pick up the energy?

5. Would t..e secand pendulum also pick up energy from the first if they were
both tied to a solid metal rod instead of a string?

6. Did the first pendulum completely stop after the energy was transferred?

7. If compared to just one pendulum swinging from a similar support, which of
the two systems would swing the longest? Which are the variables?

Explanation:

Only when the two pendulums are perfectly identical in length, will the
energy of the first pendulum be transferred totally to the second. The first
pendulum then stops and in turn picks up the energy from the secand, etc.
until the energy is dissipated into heat, and both penduiwns stop swinging.

The energy from the first pendulum is transferred to the second only
because of the flexible horizontal support, which moves in phase with the
swing of the second pendulum. These movements keep on strengthening the swing
just like the push that we give to a child on & real swing in the park (see

also Events 12.6 & 12.7). r\7
o ‘:

195




197

CHAPTER 7

HOW DOES HEAT AFFECT THINGS?

OBJECTIVES

After dealing with and studying the ooncepts and sub-concepts in this
chapter, the students should be able to:

a. recognize the correct explanation of an observed event based on each of
the sub-concepts;

b. explain in their own words which of the sub-concepts is determining the
course of an event;

c. distinguish true from false statements concerning each one of the sub-

concepts;
d. identify the correct explanation of an event in daily life applying one of

the sub-concepts;
all in relation to the fo.lowing sub-concepts:

-- Heat travels by conduction in solids.

-- Heat travels by convection in fluids - liquids and gases.

-- Heat travels by radiation in fluids and in vacuum.

-- Heat makes solids, liquids, and gases expand.

-- Oooling makes solids, liquids, and gases contract.

-~ A substance does not burn unless its kindlinjy point is surpassed.

20
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HEA COONDUCTTON

7.1. THE OOIL CANDLE-SNUFFER

Materials: Insulated solid copper wire (about 30 cm).

1.
2. A wire stripper or knife.
3. A birthday candle & matches.

copper
cozlz —\ inaulation
S, " (hold here)
J

burning
candle

rr. sedure:
1. Take the copper wire and strip 3/4 of the insulation off one end (use the
wire stripper or knife).
. 2. Make a spiralling coil of the stripped end of the copper wire.
3. Light the candle and fasten it to the table with a drop of molten wax.
4, Lower the coil over the candle flame quickly; flame snuffed!
5. Relight the candle; and now lower the coil slowly over the flame (hold it
in the flame for a while), then lower the coil over the candle: flame
stays on!

tiona:

1. What made the flame go out when the coil was lowered quickly?

2. Was the flame cut off from the air?

3. Why did the flame stay on after the coil was held in the flame for a
longer period?

4. What was the temperature of the coil the first time compared to the second
time it was lowered over the flame?

5. Why was the insulation not completely stripped off the wire?

Explanation:

In lowering the copper spiral over the flame, it was conducting the heat
away fram the flame. This made the surrounding of the flame suddenly drop in
temperature, which made the flame go out. In other words, the temperature
dropped below the kindling temperature of the candle wax.

When holding the coil for a longer period of time in the flame, it is
heated to a higher temperature. Wwhen this hot coil is now lowered over the
flame, it will not extinguish it, because the surroundings of the flame have
a temperature which is higher than the kindling point of candle wax.

The insulation of the wire was left on at one end of the wire in order to
prevent conduction of the heat to the fingers. Without insulation it would
be too hot to hold the coil with the bare fingers.
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7.2. THE CHARLESS QOTTON

Materials: 1. A quarter coin or any large coin (copper is best).
2. A pi>ce of old cotton cloth.
3. A cigarette and matches.
\

burming
cigarette

cotton eloth
pulled tight
around coin

Procedure:
1. Take the piece of cotton cloth, light the cigarette and shcw students how
easy it is to burn a hole through the cloth (in the corner of it).
2. Wrap the cotton cloth over the coin tightly and hold it in one hand.
3. With the other hand, push the lit cigarette against the cloth on the coin
~— cotton cannot be charred or burnt!
4. Take the cigarette off the cloth and show no charred spot on the cloth.

Questions:
1. Why was it not possible to char the cotton on the coin?

2.Whyisitsoeasytobnnal'loleinthecotbmwitl'mtthecoin?

3. Aftertheattetpttocharthecott'm, how does the coin feel?

4.00».11dthequarterbereplacedwitnapexmy?Anickel? An iron disc? A
wooden disc? A plastic disc?

5.Whattenperaturedoesthecottmhavetoreachinorderforittobum?

6. What was the purpose of the coin?

7. How did the heat travel away from the cotton?

Explanation:
The heat from the lit cigarette is enough to easily char or bum a hole in

the cotton cloth. with the cloth drawn over a coin, however, this heat was
absorbedbytmcoinarﬂconductedawayfmnthecloth. The heat of the
burning cigarette disappeared into the coin, lowering the temperature of the
cloth, with the result that the cloth could not be charred.

'meclothhastobeheldverytightcverﬂ\ecoininorderforthis
demonstration to succeed. The closer the contact between cloth and coin, the
better the conduction of the heat away from the cloth.
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7.3. THE SOORCHING PAPER

Materials: 1. A short wooden dowel (about 10 am).

2. A piece of copper rod or tubing (with the same diameter as the
wooden dowel).
3. Paper, cellotape, alcohol burner.

copper
tubing

wooden
dowel

white paper

aleohol
burner

Procedure:
1.

Take the wooden dowel and the copper rod (or tubing) of the same diameter,
and join them together by wrapping one lay=r of white paper around them
(use cellotape only at the end of the paper--make sure that the paper is
tight against the rods).

Hold the metal rod and heat the piece of paper evenly over the colorless
flame of the alcohol burner, by moving it back and forth above it (do not
let the paper touch the flame). Continue this heating until some

scorching of the paper occurs.

Questions:
1. shere did the scorching occur?

Why did the paper only scorch on one side?

Could a candle flame replace the alcohol burner?

Why do we need to heat the paper evenly?

What would happen to the paper if the copper rod were replaced by a piece
of rubber tubing? Glass tubing?

What would the paper do if we had more than one layer of paper wrapped
around the rods?

Explanation:

The oopper tubing, compared to the wooden dowel, is a much better heat

conductor. The heat on the copper side was therefore conducted away fram the
joint which was heated, whereas the heat on the wood side stayed where it
was. The temperature at the wood side got much higher than that at the
copper side, thus soorching occurred on the wood side.

When the metal rod is replaced with less good conductors of heat, like

rubber or glass, the scorching will most likely occur on both sides of the
paper, as the heat build-up will take place on both sides.
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7.4. THE HEAT RACE (I)

Materials: 1. T™wo s.all corks.
2. One long and 2 short pieces of copper wire.
3. An alcohol burner

Mr. A

hold her:
e-l Y|

T 3 -

Procedure: '
1. Cut the following lengths of copper wire: 10 cm, two 4-1/2 om.
2. Push the 10 am wire through one of the small corks (see Cork 3).
3. Push the two short wires through each end of the other cork (Cork B).
4.Iettwostudentsho1doneendofthewireandkeeptheotherendinthe
alcohol burner flame. (Do not reveal to the students that the wire in
cork B is broken--soon Mr. A will let go of the wirel).

Questions:
1. Why did Mr. A have to let go of the wire?
2. Why can Mr. B keep on holding the wire in cork B?
3. What can you infer about the wire in cork B?
4. By what means was the heat transferred to Mr. A's fingers?
5. What would Mr. A have to do in order to be able to further heat cork A?

Explanation:

Mr. A had to let go of the wire containing cork A, because the heat from
the alcohol flame was conducted to the end where the wire was held. This end
eventually became too hot to hold. The students could infer about the wire
in cork B, that it was made of poor-conducting metal or some other non-
conductive material, or that it was broken in the cork and thus not further
conducting the heat to the fingers.

In order for Mr. A to keep on holding the wire with covk A, he has to put
same non-conductor of heat between the wire and his fingers. This will stop
theheatconductimtohisfingersandhewillbeabletokeepholdingthe
wire. In Mr. B's case the heat conduction was stopped in the cork, because
the wire was broken in cork B.
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7.5. THP HEAT RACE (IT)

Materials: 1. A glass rod or tube (about 20 am long).
2. A copper, iron, and aluminum wire (15 am each).
3. An alcohol burner.
4, A candle and three paper clips.

three wires

twisted together
ld glass
rod here
| candle wax drop
| holding papercli J
{ g pap P %/’, / \

Procedure:
1. Take equal lengths (15 cam) of a copper, iron, and aluminum wire and twist
' them together at one end.

2. Spread the other end wide out with about 120° angle between them,

3. Attach a paper clip at equal distances (10 am) from the twisted end with a
drop of melted wax (fram the candle).

4. Bend the twisted end so it can hang over the glass rod.

5. Heat the twisted end over the alcohol flame and measure the time it takes

for the paper clips to drop.

|
| Questions:
| t, Which of the paper clips dropped first, second, and last?
2. Which of the metals is the best heat conductor? Which the worst?
| 3. Which variables do we have to keep constant for this race?
4, which are the manipulated and responding variables?
5. Would more or less wax holding the clip hae any influence in the race?

Explanation:

Although the paper clips are attached at the same distances from the
twisted end and thus from the alocohol flame, they do not fall off at the same
time. This is because the thermal conductivity of each of the metals is
different. Copper has the highest thermal conductivity, then comes alumimum,
and last is iron. The variables that are influencing the race are: the
position of the flame, the amount of wax used to attach the paper clip, the
dimensions of the wire, the distance of ‘he paper clip fram the flame, the
size of the paper clip, and many more, which have to be held constant fcu
this race. The manipulated variable is the kind of metal (this is . iffere.t
in the three wires) and the responding variable is the time the clip could

‘ hang on to the wire after heating was started, or the thermal conductivity of

: the metal. The heat is conducted from the twisted end towards the open end
in each wire. The heat melts the drop of wax to which the paper clip is
attached, and this latter falls off.
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7.6. CAN ICE-VATER BOIL?

Materials: 1. Small ice ches (crushed ice).

2. A wide test tube and holder.

3. A small weight or rock.

4. An aloohol or Bunsen burner.

teet tube holder

rock

ice

Bunsen burmer

Procedure:
1. Place same ice cubes in the test tube (about 1/3 full) and put a rock or

small weight on it in the tube.

2. Pour water in the tube until almost full.

3. Clamp the test tube in the tube holder and hold the upper part of the test
tube in the flame of the alcohol or Bunsen burner (see Sketch), until the
water boils.

4. Show students that the ice cubes are still present beside the boiling
water in the top of the tube.

Questionss

1. Why did the ice not melt by the heating?

2. What is the purpose of the rock?

3. Would this demonstration work without the rock?

4. Was the water conducting the heat well?

5. Were there convection currents taking place in the test tube?

Explanation:

ice is kept in the lower part of the test tube by the rock or small
weight. wWithout the weight, the ice would flcat in the test tube and heating
this woul . melt the ice first before the water can boil. By keeping the ice
down in tii: test tube, tre water in the upper part can be heated and boiled
without melting the ice, because hot water is lighter than cold water. Very
little convection takes place: only in the upper part of the test tube.
Another reason for the ice not melting is, that water is a poor conductor of
heat. The bheat fram the upper part of the test tube is therefore not
conducted to the ice in the lower part of the tube.
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7.7. THE CONVECTION TESTER

Materials: 1. Candles (for each pair of students).
2. Matches (a book for each pair of students).

H

~ 7
~ -

—~— /x
-— é — approach burning candle

with matches
/ﬂ ~
Procedure:

1. Distribute a candle and a book of matches to each pair of students in the
class, and instruct them to do the following points.

2. Light the candle and secure it to the desk.

3. Approach the candle flame with the match head from different angles until
it bursts into flame (make sure that the flame is straight up).

4, Estimate (or measure) and record the nearest distance between the unburnt
match and the flame at the different locations (see Sketch).

Questions:
1. Why can we approach the flame closer at the bottam of the flame?

2. What does the air do above the flame?

3. Why can't we come closer to the flame if we approach it with the match
head from above without burning it?

4, What temperature is exceeded when the match head bursts into flame?

5. Do the match heads burst into flame at exactly the same temperature?

6. What are the variables influencing the ignition of the match heads?

7. Would a propane or Bunsen burner flame behave in the same manner?

Explanation:
The heat from the flame creates a convection in the air, making the spot

have the flame hotter than anywhere else around the flame. The reason for
this is that hot air is lighter than cool air. As the spot above the flame
is hotter, the match heads can approach the flame at the bottam of it much
closer than at the top of the candle flame before bursting into flame. The
heat reaching the match heads at the lower part of the candle flame is mostly
by radiation and not convection of heat.




7.8. THE OONFUSED BOTTLES

Materials: 1. Pcur empty identical soda pop bottles.

2. Food ooloring.
3. A 3x5" card.

‘ bottle By
?szf;ewﬁie;\ (cold water)

bottle A | | bottle B,
(ecold watclar+\ (warm water +
coloring) coloring)

Procedure:

1. Fill two bottles (A1 an? By) with cold and two bottles (A2 and B2) with
warm water (do not reveal to students the temperature difference).

2. Color the water in bottles A1 and By with a few drops of food coloring and
mix the color evenly (cover the bottle with your thumb and turn upside
down).

3. Cover the bottles Ay and By with a small piece of the paper card, and
place them upside down on the colored bottles (one finger on the card will
keep the water from spilling while turning it upside down: center the
bottles Ay and By carefully over A1 and By and slip out the piece of card
by holding the top bottle).

4. Let the students observe what is happening to the color

tions:

1. Why did the top bottle B get colored and not Bottle A?

2. Do you think the temperature of all four bottles of water was the same?

3. Which of the four bottles were warmer?

4. Does bottle Ay ever get colored; if so, when?

5. What would happen to the color if the temperature of all four bottles were
the same?

Explanation:

The water in bottles A1 and By was cold and that in Ay and By was warm.
Warm water is lighter in weight or less dense than cold water and thus rises.
Since the warm water in By was colored this water rises into the top bottle
and the cold water sinks bringing with it convection currents. As the water
in A is warm and already above the cold water in A, no convection is
occurring in this set of bottles, and thus no coloring of the top bottle.

When the water temperature of this top bottle gets to be equal to that of
the lower bottle, diffusion of the color will occur, but no comvection. This
process is much slower than convection and is caused by the constant
vibration of molecules.
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Procedure:

7.9. INTERESTING QURRENTS

Materials: 1. A larce beaker (800 - 1000 ml).

2. An alocohol or propane burner, and tripod.
3. Potassium permanganate (KMnO4) or food coloring or ink.

[ drop crystals here

KMnO _\

1. Fill the large beaker with water and place it on the stand.

2. Light the alcohol or propane burner, but keep it away fram the beaker.

3. Drop a few crystals of potassium permanganate (KMnO4) or a few drops of
food coloring close to one side of the beaker.

4. Quickly place the flame under the opposite side of the beaker, and let
students observe the color movements in the water.

tions:

1. What makes the KMnO4 crystals sink to the bottam of the beaker?

2. What does the flame do to the water?

3. W n the fluid expands, does it get lighter or heavier per unit volume?

4. When the fluid is heated, what characteristic is decreased?

5. Instcad of using the flame, what could we use to achieve the same
convection currents?

6. Where do we find these interesting currents in our dail: lifer

Explanation:

The flame of the bwrner is heating the water on one side of the beaker,
which makes the water expand at this spot, making the water less dense. As
the density lrere decreases, the water gets lighter per unit volume and rises.
The crystals of KMnO4 are greater in density than water and thus they sink.
As the hot water on one side of the beaker rises, the coli water on the
oppcsitesideofthebeakermvesdown,arﬂacmvectimamtiscreated
in the water. This convection current is made visible by the color in the
water, which is moved along with it.

In our daily life, warm currents can occur in oceans, like the warm Gulf
Stream moving up north along the American Ezstern Seaboard.
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7.10. THE MYSTERIOUSLY RISING NAPKIN

Materials: 1. A thin paper napkin (the cheapest quality, rather crisp to the

touch, used to replenish refillable dispensers).

R S %

rolled up

. Mt p
napkin : "You may go!

©rocedure:

1. Test the napkin before the actual demonstration:

a. Roll the napkin in a cylinder with about 3 cm diameter and let it stand
upright on the table.

b. Burn the napkin at the top and see whether the ashes say together and
lift off the table at the end of the burning.

c. If the ashes stay together and it does not rise up towards the end of
the burning, try it with 3/4 or 1/2 of the napkin, by tearing 1/4 or
1/2 of it off.

d. Once the right kind of paper is found, you are ready for the actual
demonstration.

2. Roll the napkin in a cylinder and let it stand on the table top.

3. Start to burn the napkin at the top of the cylinder. At this moment you
may tell a story (abwtthreeguyswhopassedawaymﬂv&nwerewaithrgto
go into heaven at the pearly gate: St. Peter looking at the three stacked-
up quys, was judging them for what they have done on earth; the first was
not good enough, the second did not do enough good but the third was OK
and cen go).

4. Just before the flame hits the table, say: "You may go!" (or whatever
coment suits your c-wa story).

Questions:
1. What made the ash shoot up in the air?

2. Why did the burning paper wot rise up in the air before the flame reached
the bottam?
3. Where can we see this phenomenon in our daily life?

Explanation:
The ash content of the paper is critical in this demonstration. If the

ash stays together and is light enough, it will reach the proper weight to be
carried up by the convection current created by the flame.
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7.11. WHICH IS THE WARMER COLOR?

Materials: 1. Two identical beakers (100 ml).
2. Two identical thermometers.
3. A flood light or spot light.
4, A piece of white and a piece of black paper.

covered with
white paper

flood-1light —

[
covered with
black paper
Procedure:
1. p 1 of the beakers with white and the other with black paper on the
‘ outside (tight against the glas.).

2, Fill both beakers with the same amoi... of water and irmerse a thermometer
in each and read off the temperature.

3. Place both beakers at the same distance (about 50 cm) fram the spot light
and switch the light on.

4. Read the temperature of each beaker after a 5 minute enposure to the light
or radiated heat.

Questions:
1. Which thermometer is indicating a higher temperature?

2. Why would the two beakers show different temperatures?

3. Which are the warmer colors in general?

4. What happens to the radiated energy hitting warm colored surfaces? And
cold ocolored surfaces?

Explanation:
The black surface absorbs the radiated heat much more than the white

surface, which reflects all colors back. The black color is actually the

absence of all other oolors, and thus no emission of any other color occurs.

The white ocolor emits or reflects back all colors and thus does not absorb

the radiated heat on the surface. In terms of molecules then, we can

visualize that the molecules of the black surface vibrate much stronger than

those of the white surface. The radiated energy is therefore imparted much
easier to the water by the black surface than by the white ore.

The warmer colors are red, orange, brown, and yellow in contrast to the

‘ cold colors of green, blue, purple, violet. An experimnt could be set up to
test the absorption of radiated heat on these colored surfaces.
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7.12. WHICH COIN WILL STAY ON LONGER?

Materials: 1. An empty juice can (or any other large tin can) of which the top
and bottam has been taken o*f (remove with can opener).
2. A medium size candle, two identical coins.

tin can
coin ‘\' '/~ coin
burning
candle i \- hold can
over candle
Sketeh A

rrocedure:

1. Light the candle and blacken one half of the inside of the can w.th soot
from the candle, by holding it sideways close to the candle flame (see
Sketch A). Once this is done, let stand and cool.

2. Against the outside of the tin can, attach one coin on each side of the
can (the blank side and the soot-blackened side) with one drop ot molten
wax from the candle.

3. Now place the tin can (with the two coins attached) over the burning
candle, and ask the students: "which ot the two coins will stay sticking
to the can longer?" - Make sure that you place the can such that the
candle is exactly in the center of the can. (see Sketch B).

Questions:

1. What is the cause of one coin dropping first?

2. Whach of the coins dropped first?

3. Will the other coin aiso arop oft eventually or not?

4. Would blackening the outside ot the can have the same effect?
5. How aid the neat travel from the flame to the can?

Explanation:
The coin attached to the side of the tin can that was blackened with the

candle soot would fall otf first. This 1s because the neat that was radiated
from the candle flame was absorbed more by the black surtace, as campared to
the shiny metallic surface. Because of the higher degree ot absorption of
heat by the black half, the temperature increased more rapidly and thus the
wax melted sooner and the coin would drop otf.

If the outside of the can was blackened with soot instead ot the inside
surface, there would be no difference in the absorption of heat trom the
candle flame, as the inside surtace w:uld reflect the heat rays away 1in the
same fashion. Absorption of heat fram outside the can might then have an
influence on making the difference in temperature, and thus in the length ot
adherance of the coins to the tin can.
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Materials:

7.13. THE RISING JUICES

1. A flask or bottle with a narrow neck.

2. A glass tube (30 am) in a 1-hole stopper (for flask).
3. One large and one small container for water.

4, Food ooloring or ink.

glass tube in
one-hole stopper

warm water

=
]
& colored vater
H

Procedure?

1. Fill the flask or bottle 1/4 full with water and put a few drops of food
coloring in the water.

2. Insert the one-hole stopper with the glass tube in the flask opening such
that the lower end is immersed in the water.

3. Push on the stopper: the water level should rise in the tube.

4. Place the closed off flask in the larger container.

5. Pour some warm water from the smaller container over the flask: observe
the water level inside the glass tube!

tions:

1. What made the water level in the tube rise?

2. When the pouring is stopped, what made the water level in che tube go
down? Where will the water level stop?

3. Was the water that was poured on the flask cold or warm?

4. How different will the rising and falling of the water level be, if we
poured oil instead of water on the flask?

Explanation:

The water poured on the flask was warm, and this caused the air inside the
flask to expand, pushing the water up in the tube. The higher the
temperature of the poured water, the more thz air inside the flask will
expand and the higher the water inside the small tube is pushed up. When the
pouring is discontinued, the water outside the flask is evaporating and
cooling. This cooling contracts the air inside the flask and the water
colum descends. If we use cold water instead of warm water to pour over the
flask, the air inside it will contract and bring down the water level in the
tube.
When using oil instead of water of the same temperature to pour over the
fiask, the rising of the water level inside the tube will be the same, but
the falling will most likely be at a slower rate, because oil does not
evaporate as quickly as water, and is thus not cooliny as much.
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HEAT EXPANSION & OONTRACTION

7.14. WITHDRAWING JUICES

Materials: 1. An Erlemmeyer flask (250 ml).

2. A glass tube in a one-hole stopper (fitting in flask).
3. A large transparent container, small beaker.
4, Food coloring.

glass tube in
one-hole stopper

cold water
Erienmeyer flask -

colored water

Procedure:
1. Fill the Erlemmeyer flask 1/4 full with colored water.

2. Insert the tube with the one-hole stopper over the flask (make sure that
the tube dips in the water before pushing down on the stopper--the water
level in the tube should stand higher than in the flask).

3. Pour cold colorless water over the Erlemmeyer flask and have the students
observe the water level in the tube.

Questions:

1. why did the water level in the tube go down?

2. Why did the water level in the tube rise again after the pouring was
discontinued?

3. Was the poured water of the same temperature as the water inside?

4, what would happen to the water inside the tube if we would blow on the wet
flask?

5. How can we make the water level in the tube rise in the first place?

Explanation:

The cold water that was poured over the Erlemmeyer flask made the air
inside the flask contract, thus the pressure on the water inside the flask
was lowered. This made the water colvim inside the tube go down. When the
pouring of the cold water is discontinued, the cooling action is not
campletely stopped because the flask is still wet, and evaporation of the
water takes place. Not until the flask is campletely dry, will the water
column inside the tube rise again.

By blowing on the wet flask, the cooling action--by evaporation of the
water--is even more increased and a quick descent of the water results.

The water level in the tube can be raised by pouringy warm water over the
flask or simply by holding the flask in both hands. Heating the flask over a
flame will have th~ same results.

i
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7.15. THE CIRVING TAPE

1. Masking tape and cellotape.
2. An aloohol burner or other burner with colorless flame,

”

”

—-———
hold tape here —/

alcohol burner

Procedure:

1. a 10 cm piece of masking tape and an equal length of cellotape.

2. Stick the two pieces of tape with their sticky side together, such that
one covers the other campletely (cut any excess off).

. 3. Hold one end of the double tape above the alcohol flame and let students

observe what happens with the tape.

4, Take the tape away from the heat, straighten it out, flip it upside down
(conceal this from students) and bring it back over the flame: which way
does tape bend now?

Questions:
1. Why did the tape curve up or down when heated?
2. Would a regular piece of masking tape behave the same way?
3. What would two pieces of masking tape stuck together do over the flame?
4, Which of the two tapes, masking or cello, expands more when heated?

Explanation:
A regular strip (single or double) of masking tape would not curve up or

down when held above the flame. The curving occurs, lecause the cellotape
expands more than the masking tape, and because one cannot slide past the
other, it makes the double tape bend towards the masking tape.

T™is same principle is in operation in the himetallic strip, which is a
strip of two different metals with different expansion coefficients (they
expand at different rates). These bimetallic strips are used for thermal
switches, thermostats, on-off lights, etc. When the temperature reaches a
certain point, the strip bends enough to switch the current off; when it gets
cooler, the strip bends back and switches the current on again.




7.16. THE MOVING ROD

Materials: 1. A metal rod (about 50 am long).
2. Two small pieces of window glass.
3. A straw ard pin.
4. Four or five candles or aloohol burners.

— straw

rod taped
pin to glass N\

h)) ?? \) é) ptece of
| — glass

1. Place the metal rod on the two small pleces of window glass on two stacks
of books, so that it lies horizontally (see Sketch).

2.'1‘apeoneendoftherodagainsttlng?assarﬂplaoeaheavybookagainst
the end of the rod.

3.Pushapint}mwghastrawandplaoethepinbetweentheotherendofthe
rod and the glass piece, such that it can rotate freely.

4. Place four or five candle flames or alcohol flames under the red.

5. Let students observe the straw.

Questions:
1. How long after the candles were 1lit did the straw move?

2. In which direction did the straw move?

3. What was the cause for the straw to move?

4.ledﬂlestrawmvethesamewayiftheheavybookwasremvedbeforethe
heating of the rod?

5. What function do the glass picces have?

G.Mntdifferencewmldweseeinﬂlemvementofthestraw, if we were to
use more candles to heat the rod?

7.}wamldad1angeinﬂ\elengﬂmoftherodaffectthestrawmvetent?

Explanation:
The pin is tightinthestrawandthuswhentherodisheated, it expands

and tums the pin. This is magnified by the movement of the straw. The
straw does not move immediately after the candles are 1it, but probably a few
minutes afterwards. This is because the rod needs to absorb the heat and
impart this energy to its molecules.
Thetwoglasspimuxﬂertherodfmctimasaninsulatorofheat,as
well as provide a smooth surface for the to roll evenly. The heavy book
liding. More candles will heat
rodtoahighertetperatureandthusexparﬂitmre. The longer the rod,
the increase in length.
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7.17. THE HEAVY HEAT

Materials: 1. A brass rod or tube with screw in one end.
2. A razor blade, or small wooden block or molding clay.
3. An alcohol burner.

brass rod
or tube

razor blade

alcohol -

burner
Procedure:

1. Turn the screw into the brass rod or tube about half way.
2. Stand the razor blade vertically in the block of wood or clump of clay
‘ (this tunctions as the pivot for the balance).
3. Place the rod or tube on the pivot and balance it, by moving it more to
the left or to the right.
4. Turn the screw out so that the rod goes off balance (towards the screw).
5. Heat the other end of the tube with the alcohol burner (see Sketch).

Questions:
1. What made the rod go off balance before the heating?

2. What happened to the rod when it was heated?

3. What made the rod tip towards the heated end?

4. What happened to the rod after the heat was taken off (after the rod
tipped towards the heated end)?

Explanation:
Turning the screw out shifted the center of gravity of the rod a little

towards the screw's end, causing the rod to tip over to the right, because
there is more weight at that end. When the other end of
it expands and actually gets a tiny bit longer, causing the cen
to shift towards the heated side. As a result the rod is coming back to a
level position. When the heating is continued, the rod would expand even
more, and the rod tips over to the heated end. After the rod has tipped over
towards the heated end and the heating has ceased, the rod cools off,
contracts, gets lighter on this end, and tips back to the screw end.

It might seem that the heating caused the mass of the heated end to
increase, but this is not so. It only increased in length.
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HEAT EXPANSTON & CONTRACTTON

7.18. THE WEAKENING: WIRE

Materials: 1. A length of wire (copper or iron) about 3 m long.
2. A1/2 - 1 kg weight (or rock of the same weight).
3. Eight candles or alcohol burners, a meter stick.
4. Two straight-back chairs.
wire move bugner
alung wire

position
indicator 500g
wetight

Procedure:

1. Cut a length of about 50 cm off the wire.

2. Attach the remaining wire to two straight-back chairs and keep the wire as
straight as possible by moving the chairs out.

3. Attach the 50 am long wire to the center of the stretched wire, and hang
the 1/2 kg weight at the end of this wire. (You might need some weight on
the chairs to keep them from moving--books or students sitting).

4. Tape a small paper arrow to the weight and point it to a ruler, held
vertically next to the vertical wire (taped against wall or table).

5. Heat the stretched wire with at least two alcohol burners (have a student
assist you in heating one side of the wire--move the burner slowly under
the wire along the whole length of it). Observe arrow!

Questions:
1. why did the weight sag down when the wire was heated?
2. How much did the weight caome down?
3. Would the number of burners or candles affect the amount of sagging?
4. Would wires of different materials sag the same distance?
5. How can we calculate from the sagging of the weight how much the wire has
stretched?

Explanation:

The heating of the wire by the burner flames made the wire expand, and
this made the weight descend. The heating made the point of attachment of
the weight move from Pg 4 p B
to P2. By measuring the W‘?"
lengths AP and PP, we
are able to calculate the Py
size of angle x' from tg x' = PP1/AP, and the length AP from sin x' =
PP1/APi. Similarly the angle x" can be obtained fram tg x" = PP/AP7, and
the length AP; from sin x" = PP2/AP;. The expansion of the wire is APy - AP
times 2. Another way is to use the Pythagorean theorem.

The more burners are used for the heating, the more the weight will sag.
Wires of different metals will expand differently and thus result in specific
amounts of sagging distances.
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7.19. BOIL WATER IN A PAPER CUP

Materiais: 1. An unwexed paper cup (cupcake baking cup suits).
2. Alcohol burr.er and stand, or candle.

3. Two cloth pins.

( clothes
.- eup —_—
Sketeh 4 Sketeh B

rrocedure:
“+ If paper cups are not available, a container can easily be made out of a
paper card (3x5"), by folding the four corners up and clipping them with
’ four paper clifs.
2. Half fill the paper container with water and place it on the stand (see
Sketch A) or use the cloth pins to hold the cup over the flane (Sketch B).

3. Light the alcohol burner or candle, and heat the water until boiling.

Queotions:
1. Why doesn't the paper burn?

2. What would a waxed paper cup do if used?

3. Mzeredoestheheatoftmflamego?

4. How high will the temperature of the water reach?

5. What temperatur> does it have to reach for the paper to catch fire?

Explanation:
by the water in the paper cup.

Itisusedtoincmasemeteuperatureofthemterfmnroantaxperatureto
the boiling point, which is 1000 C. At this temperature the heat is then
further needed to convert the wat ‘v 'nto water vapor. The temperature of the
water will stay at the boiling .oint (1000 C) and not increase that of the
cup either, until all the water is evaporated. Because the kirdling point of
paper (the temperature at which paper catches fire) is much hi, her than 1000
C (depending on the thickness of the paper), it will not zatch rire before
all the water is evaporated. In other words, wet paper wi.. not burn until
it is dry. This same principle is applied when "green" wood 1s burned in
fireplaces: it is hard to catch fire.
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HEAT KINDLING POINT

7.20. THE COOL FLAME

Materials: 1. Carbon disulfide (CSp) & Carbon tetrachloride (CCl4) or ethyl

alcohol & water.
2. A medium size beaker & watch glass.
3. Two glass stirrers.
4. A piece of window glass. CAUTION
DO NOT USE EXCESSIVE

lass burming
g handkerchief AMOUNIS OF CS, OR ALCOHOL

stirrers
YA
burning
. handkerchief
wendow (only with
C ¢S, + CCly)
. |
Procedure:

1. Mix the two liquids CS + CCl4 or ethyl alcohol + water in the ratio of
four to six in volume.

Pour a small sample of this mixture on the watch glass and test with a
match for icnition. If it does not ignite, add a few ml at a time of Cs2
or alcohol to the main mixture, until a faint ocool flame is sustained in
the small sample.

bill in the mixture and place it on the window glass. Light it with a
match and keep it moving with the two glass stirrers until the flame is
out (it is most effective to do the demonstration in the dark).

2.

tions:

1. What made it possible to hold the burning handkerchief when using the CSp
+ OCl4 mixture?

2. What is the purpose of the (Cl4 or the water?

3. Why did the bandkerchief have to be kept moving?

4. Will it work if the mixture of alcohol in water or CS2 in OCl4 were

stronger or weaker?

Explanation:

The carbon disulfide, in the presence of carbon tetrachloride or the
alcohol in the presence of water, gives off a flame with a rather low
temperature. This low temperature is caused by the absorption of the heat by
the evaporation of CCl4y or water present. By constantly keeping the
handkerchief moving, allpaxtsofitarekeptwetwiththeinsulatingd!hor
water. If it is not kept moving one part of it might dry out and a hot spot
milgfe:develop. The more CSy or alocohol is used in the mixture the hotter the
f will ke,
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CHAPTER 8

HOW DOES MAGNETISM WORK?

OBJECTIVES

After dealing with and studying the concepts and sub-concepts in this
chapter, the students should be able to:

a. recognize the correct explanation of an observed event based on each of
the sub-concepts;

b. explain in their own words which of the sub-concepts is detemmining the
course of an event;

c. distinguish true fraom false statements concerning each one of the sub-
concepts;

d. identify the correct explanation of an event in daily life applying one of
the sub-concepts;

all in relation .o the following sub-concepts:

-~ Materials that can be magnetized or attracted to a magnet are made up of
or contain either iron, nickel, or cobalt.

-- Like poles repel and unlike poles attract each other.

-~ Arourd a magnet there exists a magnetic field, the magnetic lines of which
run from pole to opposite pole.

-~ A magnet is made up of small dipole particles that are lined up in one
direction.

-- The North geographic pole of the earth contains South magnetism and the
South geographic pole North magnetism.

-- The North pole of a compass points North because man named this pole
North.

-- Magnetic materials can be temporarily magnetized by induction.
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8.1. THE FLOATING PAPER CLIP

Materiais: 1. A rod magnet, stand and clamp.
2. A paper clip and thread (transparent or black).

cardboard with sign:
"The Floating Paper Clip"

paperclip 11

mayriet

thread taped to base

Procedure:

1. Clamp a rod magnet vertically and tape a cardboard sign, "THE FLOATING
PAPER CLIP" in front of it. (The bottom edge should be flush with the
magnet. )

2, Tie a paper clip to a thread and tape the other end of the thread to the
base of the stand, such that the clip is still help up by the magnet, but
leaving a gap between the two.

3. Show to students that no thread is holding the clip up by sliding thin
objects through the gap (a ruler, a card, a comb, etc.).

4. Mw take a pair of scissors and "cut" the magnetic lines that are holding

-he paper clip up.

Questions:
1. What materials could be slid through the gap without dropping the paper

clip?

2. What materials will definitely "cut" the magnetic lines?

3. Which coins will go through the gap without dropping the clip?

4. Why do only some dimes (old ones) pass the gap without "cutting" the
magnetic lines?

5. What were the scissors actually doing to the magnetic lines?

Explanation:
The paper clip is held up by magnetic lines indeed. When the magnetic

lines are prevented from going through the clip, it falls. Materials that
can absorb the magnetic lines from the magnet are materials which are iron,
nickel or cobalt or contain any amount of it (for instances in an alloy).
Magnetism originates from within the atom. In the magnetic materials:
iron, nickel and cobalt, the electrons around the nuclei although paired
together, do not completely cancel out the magnetic fields. They could be
considered as consisting of minute magnets that are randamly arranged. When
these minute magnets are all lined up in one direction, the object can became

a strong magnet.
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MAGNETTSM RULE OF

8.2. WHICH POLE IS ATTRACTED?

Materials: 1. Two marked bar magnets.
2. One unmarked bar magnet.
3. A piece of string.

I hang magmet
from string

s ?

/Sketch A Sketeh B

———

Procedure:

1. Tie a string to a marked bar magnet and let the magnet hang horizontally
fram the left hand (or from a stand).

2. Approach this free rotating magnet with another marked bar magnet in your
right hand. ILet students observe what the north and south end of the
hanging magnet will do when another north or south end approaches it.

3. Now replace the marked bar magnet in your right hand with an unmarked bar
nagneg,"and ask students: "Which pole will swing towards this approaching
magnet?

4. Wait for students' reactions (some anticipated answers: 'We don't know
until you tell us what pole is coming near the hanging magnet').

5. Say: "If I tell you what pole I have in my right hand, can you tell me
which one will be attracted to it?"

Questions:
1. Can you make a rule that all magnets will follow?
2. What would the hanging magnet do when approached with a regular steel bar?
3. What can you tell about the approaching bar if the N as well as the S pole
swings towards it?

Explanation:
The main purpose of this demonstration is to elicit the rule of magnetism

-~ "Like poles repel and unlike poles attract" -- from the students
themselves. By showing them the phenomenon sketch several times, with
different poles approaching the hanging magnet, they should be able to form
and understand the concept themselves.

By approaching the hanging magnet with an identical steer bar, which is
not magnetized, both poles will be swinging towards it. This happens because
the molecules in the non-magnetized bar are still randomly arranged and a
north as well as a south pole of a magnet can attract the steel bar. A nail
will have the same properties.
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8.3. THE MAGIC DANCER

Materials: 1. Two small disc magnets,
2. A wooden stand, tape.

concealed
magnets

Procedure:

1. Construct a stand of wire in a wooden base and cut out a cardboard
dancerine figure.
‘ 2. Hang the dancer on the stand with a thread.
3. Tape a disc magnet directly under the figurine and conceal another disc
magnet at the end of the leg of the figurine.
4. Move the dancer a little and observe.

Questions:
1. Why does the figurine keep on moving?
2. How do the magnet poles have to be arranged?
3. Why does the base have to be made out of wood?

Explanation:
The two concealed disc magnets are placed facing each other with like

poles, so that they repel each other. This way the figurine keeps on
bouncing away from the point vertically under it, causing it to move and
twirl for quite an extended time. If the base of the stand were made out of
iron or any other magnetic material, the magnet concealed in the base would
lose much of its magnetism and the upper magnet would be attracted to any
part of the base and would stop moving.

dise magnet in dancer's feet

S

N disc magnet under sheet of paper
N

q v




224

8.4. THE FLOATING DISCS

Materials: 1. Six or eight small disc magnets (or ring magnets).
2. A test tube (for the discs) or a glass tube in a one-hole stopper
(for the rings).

glase tube
in one-hole _———two disc magnets
stopper
ring magnets
one-kole
stopper

Procedure:

1. Stick the six or eight disc magnets together two by two.

2. Slide the first pair in the bottom of the test tube.

3. Slide the second pair in the tube, such that they repel the first pair.
(If they are attracted to the first pair, take all four out, turn the two
upper discs upside down and slide them back in the tube).

4. Do the same with the next two pairs of disc magnets.

5. If case ring magnets are used: slide them around the glass tube, such
that they repel each other (see Sketch B).

Questions:

1. Why do the pairs of discs stick together?
2. Where would the poles of the disc magnets be located?
3. Assign a letter N or S for each of the poles.
4. How ocould we get the discs out of the test tube without turning the tube
upside down?
Explanation:

The pairs of discs have unlike poles facing each other and therefore they
attract each other. The poles of the disc magnets are located at its two
circular flats, and the 'floating' occurs
because the same poles face and thus repel
each other. If the bottam pole is assigned
to be North, the other poles have to be in
the order as in the ».. *ch on the right, in
order to get the 'floating' pair
arrangement.

The same can be done with the ring
magnets.

Y

S(outh)

N(orta)
test tube -

2R Li=nz ;WL Wy

Side view of
disc magnet

@
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MAGNETTSM MAGNETIC LINES
OF FORCE

8.5. SEEING MAGNETIC LINES

Materials: 1. Two rod or bar magnets (and other shape magnets).

2. A transparency or glass sheet.
3. Iron filings.

Procedure:

1. Place two bar magnets with the unlike poles about 4-5 am apart on an
overhead projector (if not available: let students gather around).

2. Cover the magnets with a blank transparency and sprinkle some iron filings
close to the poles especially. (When an overhead projector is not
available, a sheet of window glass or white paper will do.)

3. After sprinkling the iron filings, tap lightly on the transparency (glass
or paper).

4, Do the same (step 1 to 3) with the two like poles together or facing each
other (Sketch B).

Questions:

1. What do the two different patterns of lines indicate?

2. How would the magnetic-line-pattern of a horseshoe magnet look?

3. How would the pattern of lines look, if the bar magnets were placed
parallel to each other, with like poles next to each other? With unlike
poles next to each other?

4. How would the magnetic line pattern of one bar magnet look?

Explanation:
Any thin sheet of material that is not magnetic (not iron, nickel or

cobalt) can be used to show the magnetic lines with iron filings. The use of
the transparency and overhead projector has the advantage, that it can be
clearly shown to the whole class at one time. Students should gather around
a little closer when it is not projected. These are the patterns that will
show up for a horseshoe magnet and the parallel bar magnets:
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8.6. WHICH ONE IS THE MAGNET?
Materials: 1. A strong bar magnet.
2. An identical steel bar (not magnetized).
F <
?
?
Sketch A U Sketch B Sketch C

Procedure:

1. Show the students the two identical bars and say: "One of these bars is a
magnet. How can we tell which one it is, without using any other
materials?"

2. Carry out whatever the students want you to do (let one bar roll on the
table attracted to the other bar (Sketch A) or put pole against pole
(Sketch B), might be some suggestions.

3. If students do not suggest the set-up of Sketch C, give them a clue to
think about the magnetic lines flowing around a bar magnet (Event 8.5.),
and ask: "Where would the magnet be weakest in attraction force?"

4. Then show and demonstrate configuration C,

Questions:

1. Can we tell which one is the magnet with set-up A or B?

2, If the vertical bar attracts the horizontal bar (Sketch C), which one is
the magnet?

3. Why would the end of the steel bar (the non-magnet) not attract the middle
of the bar magnet?

4. How do the magnetic lines of force flow around the bar magnet?

Explanation:
Whether the bars are placed against each other as in Sketch A or B, there

is no way to tell which of the two bars is the magnet, because there is no
repulsion, as (ne of the bars is a regular

non-magnetized steel bar. The only way to

tell which one is which, is by holding the .
bars as in Sketch C, as the magnetic field no “tflmc“o"
in the center of the bar magnet is weakest. ere
You might say that the two poles of the
magnet neutralize each other in the center
of the bar.
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8.7. THE MYSTERIOUSLY MOVING NEEDLE

Materials: L. Or. rtrong bar magnet, a meaium size sewing needle.
2. A wiace and shallow glass or plastic tray (to hold water).
3. A small cork or small piece of styrofoam.

ptece of N
-- = y filled
ggzoigggle s T \\ with water

bar magnet
under tray

Procedure:

1. Magnetize the needle by rubbing the North pole of the rod magnet several
times from the point towards the hole end (see step 1 under procedure for
Make a Needle Campass).

. 2. Fill the tray with water (about 2 cm deep) and place it on top of the bar

magnet (propping the sides so the water level stays nhorizontat).

3. Pierce the needle through half of a small cork or a small piece of
styrofoam, such chat the sharp end points vertically down.

4. Place this needle near the North pole of the magnet and observe!
(make sure that the sharp point just floats 2-3 mm above the bottom of the
tray. If it is not, just add some more water to the tray).

Questions:

L. What did you observe the needle doing?

2. What would 1t do if the needle 1s placed near the South pole?

3. Would rubbing the needle with the South pole of the magnet make any
ditference in movement?

4. what ditference would it make if the needle was rubbed with the North pole
but in the opposite direction (tram hole to sharp end)?

5. Why doesn't the needle move in a straight line towards the poles?

Explanation:
By rubbing the needle with the North pole of the strong magnet from the

sharp end towards the hole end, the needle itself will became a magnet, the
sharp end being the North pole and the other end the South. After placing the
needle vertically on the water surface, it 1s free to move, and it 1s thus
repelled by the North pole and attracted by the South pole of the magnet
(which is lying underneath the tray). It travels in a curved line following
the magnetic lines of the strong magnet. The strongest field is closest to

. the poles of the magnet and thus the movement of the needle is tastest when
approaching each ot the poles.

A needle that 1s not magnetized would just move straight towards whatever
pole is closest to the needle. What would happen with the needle it we had a
horseshoe magnet under the tray of water?
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MAKE-UP OF A MAGNET

8.8. THE TEST TUBE MAGNET

Materials: 1. A test tube and fitting cork.

2. A strong magnet and iron filings.
3. A small compass (or needle compass: Event 8.9).

iron filings — w
N

3 & . //
tron filings // banr

magnet

@ “J S
compasgs move magnet

in eircular
Procedure: motion
1. Place some iron filings in the test tube, cork it and shake the filings
while holding the tube horizontally.
2.Bringtheendofthetubeclosetothecmpassarﬁshmt}ntthecanpass ”
needle is not or very little attracted; also let students note that the
same needle end is attracted to the test tube, no matter which end of it
is approaching the needle (compass).
3. Now take the strong bar magnet and magnetize the iron filings in the test
tube by stroking the bottom side of the horizontally held tube with one
pole of the magnet in a circular motion (see Sketch).
4. After stroking the tube with the magnet for about 5-6 times, show that the
test tube acts as a regular bar magnet by approaching the compass with the
two ends of the tube.

~

Questions:
1. why is the compass needle attracted to the iron filirgs before the tube
was magnetized? v
2. Why does the stroking of the test tube have to be done with a circular
motion?
3. How can we know whether the iron filings in the test tube are magnetized
or whether they are not?
4. Yow would the campass needle behave, if a regular bar magnet approached
the compass?
5. What could we use if we did not have a campass?

Explanation:

A bar magnet is made up of very tiny particles that have very weak dipoles
or North and South magnetism, just like the iron filings in the tube. They
are scattered randomly in the bar. When these particles are lined up by
stroking with a strong magnet, the bar becomes a magnet. This is ‘
demonstrated by the iron filings in the test tube. When the tube is shaken
after it is magnetized, the particles are distributed randomly again, and no
magnetism is left in the tube.
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MAGNETTSM EARTH MAGNETISM
MAGNETIC RULE

8.9. MAGNETIC OO.WFUSION

Materials: 1. A small campass (one for each pair of students).
2. A marked bar magnet.

compass

bar
magnet
% S(outh Pole of Earth)
Procedure:

1. Distribute the compasses and ask: '"Which end of the needle is the North
end, and which one is the South end?"

2, "How can we find out?" Come around with the marked bar magnet and
approach each campass with the North pole of the bar magnet.

3. Now that the students already know which end of the compasz needle is
North ar.i which end is Scuth, ask: '"which end of the compass points in
the North direction?"

4. "Is North attracted by North? Is this not against our magnetic rule?"

stions:

1. How did we find out which end of the compass was North?

2. If we did not have the marked bar magnet, how could we find this out?

3. If the marked bar magnet was hung on a string, which pole would point to
the North pole of the earth?

4. If there were no marked bar magnets to find in the whole world (which was
the case before magnetism was discovered), how would we label the first
bar magnet?

Explanation:
This activity poses the student with a real discrepancy, especially after

learning the magnetic rule: wunlike poles attract and like poles repel. The
fact that the North end of the compass needle points to the North pole of the
earth, is because this compass needle end is a north-seeking one and thus
named ‘North'. The situation is then that, either the earth's North pole
contains South magnetism, or that all North labeled bar magnets are actually
the South pole. The most simple fact to remember for students is: that the
North end of the campass needle i3 named North, because it is North-seeking.

All bar magnets, when hung from a string, will line up in the North-South
direction. Tne North pole of the bar will point to the North pole of the
earth, because it is North-seeking.




8.10. MAKE A NEEDLE QOOMPASS

Materials: 1. A fine sewing needle, a piece of candle.
2. A strong magnet, and a glass or cup.
needle needle /North
AN floating -
/ \ on water -

move magnet x
in eircular

motion

Sketch A Sketch B

Procedure:

1. Take the needle between the fingers of one hand, and with the other hand
rub the pole of the magnet against the needle in only one direction.
After each stroke, move the magnet away fram the needle and approach the
needle fram the ‘eye'-side (Sketch A). Do this about 10 times.

2. Hold the needle between thumb and forefinger horizontally and approach the
water surface as close as possible without touching it, then drop the
needle. (When needle sinks, rub it against the candle before floating it,
so that it would repel the water). |

3. Once the needle is afloat, it will point only in one direction. Test this
by approaching the cup with a magnet and removing it.

Questions:
1. When stroking the needle with the magnet, why can't we rub the needle back
ard forth against the magnet?
2. When rubbing the needle fram eye to point with the south pole of the
magnet, which end of the needle will point north?
3. Which end of a compass needle will point north?

Explanation:

The rubbing of the needle with one pole of a magnet should be done only
with one-direction strokes, because the purpose of the rubbing is to align
the tiny particles of the needle in only one direction. When the rubbing is
done with a back and forth motion, this alignment is not achieved as well.
Whenthesmthendofthemgnetisusedtorubtheneedlefraneyetopoint,
the point will be the north pole of the needle, and thus this will point
north. This is not because ‘north' is attracted by 'north', but because the
earth's north pole contains 'south' magnetism.

Other ways to suspend the magnetic needle are: hanging it on a thread in
a jar from a glass rod or wooden stick, which is resting on the opening of
the jar; floating it on a wide flat cork disc on the water surface.
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8.11. THE TEMPORARY MAGNET

Materials: 1. A strong bar magnet.
2. A long iron nail.
3. Paper clips or thumbtacks or small nails.

permanert /

magnet

Procedure: ﬁ‘)

1. Place same paper clips, thumbtacks or small nails on a sheet of paper.

2. Touch the point of an iron nail to the heap of paper clips and see if it
will pick up any of the objects (it should not pick up any).

3. Hold one pole of the strong magnet against the nail head and touch the
other end %o the small iron objects again (som2 will be picked up now:
see Sketch above).

4. Remove the magnet now from the nail (the small objects will drop).

5. Repeat point 2, 3, and 4 to show the temporary nature of the nail as a
magnet (induction).

Questions:
1. What made the nail becane magnetic?

2. Could a copper or aluminum nail do the same thing?

3. If the north pole of the magnet were touching the nail, what pole would
the nail point be?

4, What is the process of temporary magnetization called?

5. What other materials can be temporarily magnetized?

Explanation:

The magnetic field surrounding the strong magnet can temporarily magnetize
objects made of iron, nickel or cobalt. When this happens, it is said that
the object is magnetized by induction and that the object is a temporary
magnet. When the north pole of the magnet touches the nail head, this
becames the south pole and the nail point becomes the north pole.

The particles (dipoles) of the nail are lined up in one direction and the
whole nail becomes temporarily a magnet. As soon as the permanent magnet is
taken away, the particles revert back to their random distribution and the
nail's magnetism disappears.
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CHAPTER 9

WHAT IS STATIC ELBECIRICITY?

OBJECTIVES

After dealing with and studying th= concepts and sub-concepts in this
chapter, the students should be able to:

a. recognize the correct explanation of an observed event based on each of
the sub-concepts;

b. expiain in their own words which of the sub-concepts is detarmining the
course of an event;

c. distinguish true from falsc statements concerning each one of the sub-
ooncepts;

d. identify the correct explanation of an event in daily life applying one of
the sub-concepts;

&all in relation to the following sub-concepts:

~-- Rubbing certain objects will result in the removal of electrons and a
build up of positive or negative charges.

-- Certain uncharged objects are attracted by charged objects.

~-- There are two kinds of static charges: positive and negative.

—-- Certain objects may be charged ~; induction.

—-- Capacitors are ccllectors of s-1ll static charges.

o
-
Pt
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\ STATIC ELECIRTCTTY ATTRACTICN QF
l‘ UNCHARGED OBJECTS

9.1. THE DW\GINARY SHELF

Materials: 1. Three or four balloons.
‘ 2. A clean blackboard or dry wall space.

blackboard

; L Q Q Q—;r\'\_bazwons

Procedure:

1. Blow three or four balloons up. Tell students that you constructed an
imaginary shelf on the blackboard.

2. Rub the balloons carefully (do not press too hard) against your sleeve or
shirt, as if cleaning the dust off the balloon, then stick it to the
blackboard in a horizontal row.

3. When students catch on about the rubbing of the balloons, have them try to

‘ make a second lower 'shelf' with other balloons rubbed against their hair
or shirt.

Questions:
| 1. How did the balloons get L, stick to the board?
2. What did the rubbing do to the balloon?
! 3. Try rubbing the balloon against wool, silk, cotton, or hair. Do you find
|
I

any difference in the static charge built up?

4. Why do you think the balloons will stick better to the wall on a very cold
winter day than on a rainy day?

5. What are other materials that can be charged by rubbing?

6. Can the balloons stick to the walls indefinitely?

Explanation:
By rubbing the balloons, the material that was rubbed against it lost some

electrons, and thus the balloon obtained an excess of electrons, which means
that it has a negative charge. The easie. the material used to rub the
|
|
|
\

balloon is able to lose electrons, the easier the balloon gets charged. Wool,
cotton or hair are the most common
materials to charge the balloons When the

negat’ 2ly charged balloon approaches the & —_
board, the negative charges are repelled

and thus a positive charge is induced at charged
the spot where the balloon touches the balloon

board. Because of this, the balloon sticks

to the surface of the board. Over a longer period of time, electrons will
‘ ' transfer from the balloon to the board and so the balloon gets neutralized

and falls to the floor. The losing of the excess charoe occurs easier in

damp weather, and this is the reason why it is easier to build up charges in

winter,
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STATIC ELECIRICITY ATTRACTION OF
UNCHARGED OBJECTS

9.2. THE MAGNETIC RULER

Materials: 1. A regular plastic ruler and handkerchief.
2. A short thin strip of paper.

as gsoon as paper roll
paper moves, move ruler in

roll : this direction
\é——\
Procedure:

1. Make a small roll (about 2 cm diameter) from the strip of paper, so that
it can roll over a smooth surface.

2, Take the ruler in one hand and the handkerchief in the other, and rub the
ruler with it vigorously.

3. Approach the paper roll slowly until it moves, then move it away from the
roll (try to keep pace with the rolling of the paper).

stions:
1. What initiated the attraction of the paper to the ruler?
2. Is the ruler or the paper magnetic?
3. Can static electricity be considered a force?
4. Where did the initial energy originate?

Explanation:
The rubbing of the ruler was muscle energy, or mechanical energy, turned

into static electricity. The ruler is charged with an excess of negative
charges and approaching the uncharged roll of paper, the latter gets
attracted to the ruler. Almost anything can be rubbed and charged; some
materials are easier to charge than others. The paper roll is attracted to
the charged ruler, because the opposite charge is being induced in the paper,
and an attraction occurs. Any attraction resulting in a movement of an
object shows that a force is involved, thus electrostatic energy is a force.
This can easily be observed, where the paper cylinder rolls from one end of
the table to the other, as a result of the attraction of the charged ruler.

Static electricity charges with their attraction and repulsion properties
are often confused with magnetic properties. These are two separate and
distinct entities. The first is obtained by the removal or addition of
electrons by mechanical means (rubbing), and the latter by sorting or
arranging the randomly distributed magnetic fields of the tiny particles
(dipoles) of the material in one direction.
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STATIC ELECTRICITY

9.3. THE PAPER JUMPING JACKS

Materials: 1. A piece of window glass, a wool rag.
2. A plastic ruler and a handkerchief.

window glass rub glass
—\ here
-

Procedure:

1. Place two books of the same thickness about 10 om apart.

2. Put same small paper snippers between the books and cover them with the
piece of window glass.

3. Rub the top of the glass with the wool rag (do not push too hard) and lst
students observe the paper snippers.

4. When window glass is not available, use the plastic ruler and rub it with
a handkerchief. Approach the paper snippers and observe them jump up to
the ruler and fall down again.

Questions:
1. What did the rubbing do to the glass or plastic?
2, why did the paper snippers jump up and down?
3. What other materials can be used instead of the paper snippers?
4. What other materials can replzce the glass or the ruler?

Explanation:

Dy rubbing the window glass or plastic ruler, negative charges are built
up on the glass and ruler. The paper snippers are attracted to this charge,
because the opposite charge is induced in them. At the moment that they
touch the glass or ruler, the electrons can migrate to the paper; this gives
it the same charge and thus they are suddenly repelled. As soon as they are
back on the table, the paper snippers lose this excess charge to the table
top, leaving them neutral, and the process can start all over again. This
jumping back and forth from table to glass sheet can occur in very quick
succession or it may take a longer time.

Other materials to replace the paper snippers would be: confetti, pepper,
cork powder, fine dry sawdust, etc. Instead of the glass sheet or the ruler,
we may also use: a blown up balloon, a transparency (for an overhead
projector), a plastic comb, or any other plastic object, etc.
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STATIC ELECIRICTTY ATTRACTION OF
UNCHARGED OBJECTS

".4. SEPAPATE THE PEPPER FROM THE SALT

Materials: 1. Table salt and ground pepper.
2. A plastic petri dish, flannel or wool cloth.
3. A plastic ruler, flannel or wool cloth.

rubbed
lasti
rubbed eover lr)'uler ¢
of dish

b, &

\—mixture of salt

and pepper on
sheet of paper

Petrie dish

2rocedure:

1. Place same salt and pepper in the plastic petri dish and put the cover on.
Shake the two granulated substances and mix them. Ask the students: "How
can I separate the ..pper fram the salt without using water?"

2. Rub the cover of the dish with the flannel or wool cloth (or your dry palm
of the hand) and turn the dish upside down for a short moment (the pepper
should stick to the cover).

3. The pepper can also be separated by placing the mixture on a sheet of
paper and holding a plastic ruler that was rubbed with the wool cloth,
over the mixture (the pepper should fly up and stick to the ruler).

Questions:
1. What made the pepper stick to the dish cover or ruler?
2. What did the rubbing do to the dish cover or ruler?
3. Why did only the pepper stick to the rubbed surfaces?
4, What would be another way to separate the two substances?

Explanation:
By rubbing the plastic surfaces with the wool cloth, these surfaces were

charged with static electricity (from the excess electrons left on the
plastic by the wool). The uncharged pepper particles got attracted to these
surfaces, as opposite charges were induced in them, whereas no charges are
induced in the salt particles.

Another way of separating the two substances is to sprinkle the grains of
the mixture over the water surface in a container. The salt would sink and
the pepper particles would float on the water surface, which could be scooped
out. The salt will recrystallize after the water evaporates.
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STATIC ELECIRICITY ATTRACTION QF
UNCHARGED OBJECTS

9.5. THE PEPPER REPRODUCTION

Materials: 1. A plastic petri dish and 1id (for each pair of students).
2. A piece of wool cloth (for each pair of students).
3. A pepper shaker.
4. Paper and scissors. e
pepper sticking to
— rubbed part of lid

—— Petrie dish

Procedure:

1. Distribute the petri dishes and the wool cloths to the students.

2. Have them place a pinch of pepper in each of the petri dishes, puc the
cover on them and scatter the pepper over the bottom.

3. Let the students take a piece of paper the size of the plastic dish and
cut out a stencil from it (a letter or any shape).

4. Have them, while holding the paper stencil against the top of the dish,
rub the open area with the wool cloth vigorously.

5. Now have them remove the stencil and invert the dish and then turn it
right side up. Ask: "What do you see sticking to the cover?"

Questions:
1. Why did the pepper stick only to the rubbed parts of the 1id?

2. What charge did the pepper have?
3. Why Jid the pepper stay attracted to the plastic?
4. What are the industrial applications of this principle?

Explanation:

The paper stencil allowed rubbing of the plasti~ lid at certain confined
areas. Only these areas were charged and thus the paper, which was
uncharged, was attracted to the charged areas. The pepper particles stayed
attracted, because they are electrical insulators and also because they are
irregularly shaped. It is thus not so easy for the electrical charges to
transfer themselves from the plastic to the

pepper particles. El_as_tzlc_
Rubbing the plastic with the wool v,
created negative static electricity, which enlarged &

induced positive charges on the upper side pepper
of the pepper particles. (see Sketch on partinle
the right).
Industrial applications of this principle can be found in photocopying,
removing of dust from exhaust fumes, industrial painting (paint particles

negatively charged and target strongly positive charged).

ocn
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STATIC ELECIRICITY ATTRACTION OF
UNCHARGED OBJECTS

9.6. BEND THE WATER STREAM

Materials: 1. A large plastic camb.
2. A wool, flannel, or felt cloth.
3. A small water stream (from tap or small hole in a can).

charged comb

water stream

Procedure: '
1. Open the tap and adjust it such that a small stream of water runs o - of
the tap (or hold a leaking can with water above a bucket).
camb with a wool, flannel or felt cloth and hold the back of the
can from the stream (move the camb slowly closer to the stream
if it is not attracted to it).
3. Make sure that all students observe the stream being bent, as a side view.
In order to do this, approach the stream from different sides.

Questions:
1. Why did the water stream bend towards the comb?

2. Was it a magnetic force that at*racted the water?

3. What other materials can we use instead of the camb?
4. Would a larger stream of water also be bent?

5. What would happen if the charged comb got wet?

Explanation:

The charged comb induces an ogposite charge in the water stream and this
latter therefore gets attracted by the comb. The mass has to be small enough
for the electrostatic charge to move the mass. The static attraction force
is relatively small and thus larger masses are not moved. This is why the
water stream has to be small so that it can be attracted by the charged comb.
A larger stream needs a much larger static charge to berd.

It is suggested not to get the comb wet. The water would take away all
charges and it would be very hard to get the comb recharged with static
electricity. Other materials that can be used instead of the comb are: a
balloon, hard rubber, a ruler, a glass rod rubbed by silk, etc.
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STATIC ATTRACTION OF
, ‘ ELBCTRICITY UNCHARGED OBJECTS

9.7. THE ELECTRIC METER STICK

Materials: 1. A wooden meter stick.
2. A plastic camp, a piece ot flannel or wool.

rubbed —%
comb

balanced ryler

table edge

Procedure:

1. Find a table with a rather sharp edge and let nalt of the ruler protrude
over the edge of the table.

2. Tip the ruler down over the edge, and by pulling it more or less over the
edge, let the ruler balance in a slanted position. (see sketch above).

3. Rub the piece of flannel over the comb and approach the higher end of the
ruler with the charged comb.

4. Ncw touch the upper end of the ruler with the charged comb and wait a bit

‘ till the ruler stops moving.

5. Rub the ccab again and approach the same end of the ruler that was touched

before. 4hich way does the ruler move now?

Questions:

1. which way did the upper end of the ruler move when first approached with
tne charged camb?

2. Was the ruler end attracted or repelled by the comb?

3. After touching the same end of the ruler with the charged comb, was the
ruler attracted or repelled by the comb?

4. If the comb was positively charged, can you explain in terms of moving
electrons why the ruler behaved the way i1t did before it was charged?
After it was charged (touched by the comp)?

Explanation:
The wooden ruler balances or the edge of the table on 1ts centre of gravity
and becomes a very sensitive balance. A minute force will tip the ruler up or
down on one side.

By rubbing the comb with a plece of -

tlannel, it gets charged with static ?-H-:,_—\ Sketch A
electricity (most likely positive). T
Approaching the uncharged raler with j\'
the positive charge attracts the
negative charges in the ruler towards @{/@W
the comb. As negative is attracted by
positive, the ruler tips up (Sketch 3 _

' A). Touching the ruler with the comb %\ Sketeh B
withdraws the negative charges out of \l

the ruler and leaves it positively
charged. The second time we approach
the ruler with the camb, the ruler 238
moves down (see Sketch B).




9.8. THE ALIMINUM FOIL ELRCTROSOOPE

Materials: 1. A strip of aluminum foil, masking tape.
2. A plastic ruler (30 an), an empty jar.
3. A plastic comb and wool cloth.
4. A glass rod and silk cloth.

approach
with

charged
comb

Al-fotl

Procedure:

1. Tape the ruler horizontally to the side of the jar like in the Sketch.

2. Fold a strip of alumimm foil double (about 2 am wide and 20 am long) and
let it hang over the enrd of the ruler.

3. Make sure that the foil strips are hanging very close to each other (this
can be done by folding or rubbing/smoothing the strips).

4. Rub the comb with a wool cloth and approach the top of the strips with it
(strip ends open), and wit'draw comb (strip ends close).

5. Rub the camb again with a wool cloth, approach the top of the strips and
touch it (strip end will stay open).

6. Rub the glass rod with a silk cloth and approach the top of the charged
electroscope with the glass rod (strip ends close), then withdraw the
charged rod (strip ends open again).

Ques.ions:
1. What happens to the charges in the A1-foil when approached with a positive
charge?
2. why did the Al-strips stay open when touched with the charged camb?
3. What happened to the charges of the foil when approached by the charged
glass rod?

Explanation:
The sequence of flow of charges in the aluminum foil is best explained in

the following sketches: I) Uncharged strips. II) Foil strips induced. III)
and IV) Touching and removing the charged comb leaves foil strips charged.
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V) Approaching the positively charged foils with the glass rod neutralizes
them., VI) Removing the glass rod makes the foil strips repel each other
again, because of the same negative charge leaving the tips of the foil.
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STATIC EINCTRICITY ATTRACTION &

. REPULSTON

9.9. THE OONFUSED PTTHBALL

Materials: 1. A pithball and thread (the pithball can be made out of a styrofoam
ball covered with pencil lead).
2. A plastic camb and a wool cloth.

thread

/——pith ball
charged
ﬁ comb
uncharged charged

Procedure:
1. Suspend the pithball fram 2 thread attached to a stand.
2. Rub the comb with the wool cloth and ask the students: "What will the
pithball do when it is approached by the camb?"
‘ 3. Bring the camb near the suspended pithball and show that indeed the ball
is attracted towards it.
4. Show this attraction several times witlout touching the ball. Now come a
little closer to the ball with the comb and let them touch each other.
5. Now approach the charged ball with your finger.

Questions:
1. What caused the ball to be attracted by the comb?
2, If the comb was negatively charged, what charges were induced in the
pithball?
3. What made the ball suddenly repel the charged comb?
4. what charge does the repelling ball have?
5. Why is the charged ball attracted by the finger?
6. Whet happens after the charged ball is touched by the finger?

Explanation:

1. When the camb is approaching the ball, there is an No. 1
attraction, because a charged object attracts an AT,
uncharged object (the pithball) (Sketch 1).

2. As soon as the camb touches the ball, charges of the " No.2
comb are transferred to the ball (Sketch 2).

3. The ball is now repelled because like charges repel m No.3
(Sketch 3).

4. In bringing the finger close to the charged ball, it PP
is attracted to the finger (uncharged object) (Sketch l} x| No. 4
4)0 < T = v

‘ 5. As soon as the ball touches the finger, the charges 2\ No. 5

are neutralized and there is no attraction nor
repulsion by the finger (Sketch 5).
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9.10. THE BALLOON ELECTROSCOPE

Materials: 1. Two identically shaped balloons.
2. A wool cloth and thread.
3. A water sprayer.

charged
balloons

uncharged
balloons

Procedure: Sketch B

1. Blow two identical balloons up to about the same size and tie a thread to
each of them.

2. Hold the two threads together and show that the balloons will hand against
each other (without anr rubbing beforehand) (Sketch A).

3. Now let a student hold the threads, rub the balloons with the wool cloth,
and let them hang back (balloons will not touch: Sketch B).

4, Spray a mist of water against the balloons (they will fall back against
each other like in Sketch A).

Questions:
1. Why did the balloons repel each other after the rubbing?
2. Why did the balloons fall back against each other after spraying?
3. How else could we let the balloons fall back against each other?
4. What needs to be done to have the balloon fall back?
5. During which time of year would it be best to do experiments on static
electricity?
6. What is damp weather doing to the electric charges?

Explanation:
After rubbing the balloons, they were charged with the same charge and

thus they repelled each other. By spraying water droplets in their vicinity
the water droplets carry the charges away from the balloons, rendering them
neutral, with the result that they fall against each other.

Another way to neutralize the charges on the balloons is to touch them
with a damp or moist hand.
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STATIC ELECIRICITY INDUCTTON

9.11. THE INDUCED CHARGE

Materials: 1. A pithball and thread.
2. A plastic rod & fur, or glass rod & silk.

— uncharged pith ball
p2
( =

negatwe Zy

charged

touch ball

Procedure:

1. Suspend the pithball from a thread.

2. Rub the plastic rod with the fur (or the glass with the silk) to produce
negative charges.

3. Approach the pithball with the charged rod (do not touch) with one hand,
while touching the other side of the kail with the finger of the other
hand (see Sketch above).

4. Remove the finger and then remove the charged rod.

5. Now approach the pithball with a finger: what happens?

Questions:
1. What was the pithball doing when approached by the charged rod?

2, What charges would be iaduced in the ball by the charged rod?

3. What did the touching with the finger do to the charges on the ball?

4, Why does the finger have to be removed first before the rod?

5. What final charge does the ball have?

6. What final induced charge would the ball have, if it was approached with a

positively charged rod?

Explanation:
Here follow three steps each for the induction of the pithball with a

negative (first row) and a positive rod (second row):

ﬁ-*

= &+
L ==zl
1. uncharged—/ 2, remove negative 3. induced
ball charges ball
| ) @ = ez
positive rod~" AN
1. uncharged ball— 2. supply neg. charges 3. induced ball
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STATIC ELECTRICITY INDUCTTON

9.12., THE SPARK-PRODUCING FINGER

Materials: 1. A flat metal candle holder {or dish).
2. A candle (medium size), a large round balloon.
3. A wool or flannel cloth.

toucn with left hand

50 hold candle

:‘)\with right hand |

7
eandle holder
Procedure:

1. Inflate the balloon and rub it vigorously with the wool cloth.

2. Attach the candle to the candle holder, place the candle holder on the
rubbed surface of the balloon, using the candle itself as a handle (hold
with right hand).

3. Now touch the upper side of the candle holder with a fingertip of the left
hand (a small spark may jump to your finger),

4. Lift the candle holder fram the balloon, still holding on to the candle
with the right harnd.

5. Now approach the bottom edge of the candle holder with a fingertip of the
left hand (a spark will jump).

6. Steps 2-5 may now be repeated several times.

Questions:
1. Was it actually the finger that produced the spark?

2. Where did the energy originally come from?

3. What type of energy was the original source?

4. What happened when the finger touched the upper side of the holder?

5. What charges jumped fram the finger to the holder, when approaching the
bottam of the holder?

Explanation:

Rubbing the balloon with the wool leaves
the balloon negatively charged.
Approaching this with the candle holder
pushes all negative charges to the upper
side of the holder (1). Touching this
upper side will remove the negative charges
(2), leaving a positive induced charge on
the electrophorus (3). Negative charges
will jump from the finger when brought near
the bottom edge of the electrophorus (4).

Fyn
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STATIC huea IRICITY CAPACTTURS

9.13. THE ELECTROSTATIC STORAGE

Materiuls: 1. A gallon jar (wide mouth) & lid.
2. A spike (10 an nail) & paper clips.
3. A one-hole stopper, aluminum foil.
4. A plastic rod & wool cloth (or Electrophorus: Frent 9.11).

spike

lid one-hole stopper

aluminum string of paperclips

wide mouth jar

Procedure:

1. Make a hole in the jar 1id the same size as the one-hole stopper.

2. Cover the bottom to about one-third of the sides up with aluminum foil, on
the inside of the gallon jar.

3. Do the same thing with the outside of the jar (see Sketch).

4. Insert the spike in the one-hole :stopper and attach a string of paper
clips to the end of it, such that the end of the chain will drag on the
bottom of the jar.

5. Now insert the stopper in the hole of the jar 1id and close off the jar.

6. Charge up the jar with negative static, by rubbing the plastic rod with
the wool and touching the spike (or with the electrophorus: Event 9.11)
and do this about 10 times.

Questions:
1. What is the purpose of the chain of paper clips?
2. Would the storage jar work without the paper clips?
3. What type of static electricity would we store with the use of the

electrophorus from 9.11?
4. What would be the danger if we used too small a stopper?

Explanation:

The two sheets of aluminum foil, separated by the bottom of the jar, act
as a capacitor. The charges obtained by rubbing the wool over the plzstic
rc1 are small charges, which can be accumlated in this Leyden Jar. The
purpose of the paper clips is to comnect the inner layer of aluminum foil to
the spike. It would be much better if the 1lid were made of insulating
material (material that does not conduct electricity: plastic, hard rubber,
etc.). With a metal 1id, we must use a rather large rubber stopper in order
to prevent charges from jumping from the spike to the 1lid. With the
electrophocus (Event 9.11) the jar may be charged with 5 or 6 sparks, but
with the rod and wool it will take 8-10 times of touching. Wwhen the jar is
fully charged, we may short the outer foil with the spike with a wire
connecting the two, arﬂobserveal?rgesparkjmtpover.
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STATIC ELRCIRICITY CAPACTTORS

9.14. THE WATER (UP SPARK OMLIECICR

Materials. 1. A plastic cup, a plastic container (larger in diameter).
2. Two pieces of bare copper wire.
3. A glass rod & silk or a plastic rod & wool.
4. A plastic or wooden clota pin.

copper wire

P lastic cup

plastic container

equalized
water levels

Procedure:

1. Place the plastic cup in the larger plastic container.

2. Fill the cup 3/4 full with tap water and fill the outer container with
water to the same height.

3. Bend the two pieces of copper wire at one end, so tn+" it can stand
upright in the c-ntainers. Place one in the center and ‘che other in the
outer container, immersed in the water.

4. Charge up the capacitor now with the glass rod and silk, or with the
plastic rod and wool, by touching the center wire after erery rubbing.
Repeat this about 10 times.

5. Hold the wire fram the outer container with a cloth pin aid move the tip
closer to the center wire and observe the jumping of the spark!

Questions:
1. How similar is this apparatus to the Electrostatic Storage (9.12)?

2. In which part of the apparatus do the charges collect?

3. What other equipment mayv be used to charge up the collector?

4. What is the difference in using glass and silk or plastic and wool?

5. What would we neel to increase, if we wanted to collect a much larger
electrostatic charge?

Explanation.
This apparatus is very similar to the Leyden Jar (Event 9.12). The only

difference is, that the collecting surfaces are now, instead of aluminum
layers, water layers that are separated by an insulating layer of plastic:
the wall of *the plastic beaker. Each ~f the layers is connected with the
bareoopperwire,andeachomhastheoppositeclmrgeoftheother. Tue
glass and silk will produce positive ia the center, and so will the
electrophorus (see Event 9.11), whereas the plastic rod and wool cloth will
produce negative in the center wire.
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CHAPTER 10

HOW IS QURRENT ELECIRICITY CREATED?

OBJECTIVES

After dealing with and studying the concepts and sub-concepts ‘n this
chapter, the students shou J be able to:

a.
b.

C.

recognize the correct explanation of an observed event based on each of
the sub-concepts;

explain in their own words which of the sub-concepts is determining the
course of an event;

distinguish true from false statements concerning & h one of the sub-
ococepts;

identify the correct explanation of an event in daily life applying one of
the sub-concepts;

all in relation to the following sub-concepts:

The conductivity of metals and semi- conductivity of carbon.
Current electricity can only flow in ¢ completed circuit.

A circuit may be controlled or broken by switches or fuses.
Current electricity may be transformed into heat.

Electricity can be produced fram chemical sources.

A magnetic field exists around a wire which carries electricity.
A coil of wire can e turned into a strong magnet by electricity.
Electromagnets have many applications.

_27%
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10.1. MAKE A CONDUCTIVITY TESTER

Materials: 1. A battery (dry cell) and masking tape.
2. A 1,2 volt bulb and bulb holder.
3. Three short wires (bent out paper clips will do).

tape wire against this pole

ﬁ-\\_ place material to be
tested between these
two terminals

. bulb holder
tape wise
to battery
Procedure:
1. Conne~t one pole of the bulb holder to the negative pole of the battery
' (use masking tape).

2. Connect another wire to the other pole of the bulb holder.

3. Tape one end of the third wire to the positive pole of the battery.

4. The two loose ends are the test termminals. Test the light and when the
two loose ends are touching each other, the light should go on.

5. Test any material for conductivity, by placing it between the two * o
terminals.

Questions:

1. What should the light do when a conductor is placed between the two
terminals?

2, If hoth terminals are touching one and the same object, and the light does
not go on, what does it mean?

3. Which of the following materials are conductors: a penny, dime, nickel,
quarter, aluminum foil, paper, wood, glass, the faucet, watch band, gold
ring, ruler, pencil carbon, eraser, etc.?

Explanation:

The difference between static and current electricity is, that in the
former case there is only a build-up of electric charges, but no flow of
charges except in a spark (a short jump of charges). The latter needs a
campleted circuit for electrons to flow continuously. In the case of the
conductivity tester, there is a break in the circuit between the two louse
terminals. When a conductor is placed between these terminals, the circuit
is completed and the light goes on. When a non-conductor is placed between

‘ the terminals, the circuit is still broken, because electrons cannot flow
through non-conductors, and thus the light stays off. Objects that are made
of metal are all electric conductors. Cartn of a pencil is a partial
conductor, or semi-conductor.
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OQURRENT CONDUCTIVITY &

10.2. THE SECRET BURGLAR ALARM

Materials: 1. A battery (dry cell).

2. 1.2 volt bulb and a short solid bare copper wire.
3. Sewing thread and masking tape.

thread taped
cotl «eross door
/f light bulb
tape tape © ptece of paper
Procedure:

1. Take the copper wire and wind it along the groove of the bulb and bend the
wire around the battery and tape the end of the wire against the negative
pole of the battery (see Sketch A).

2. Turn the bulb to the right and make sure the bulb lights.

2. Place a piece of paper between the bulb and the battery.

(Pull it out, and the light should go on.)

4. Tape a thread to the piece of paper (long enough to span across the
doorway) .

5. Tape the battery plus bulb to one sill of the door and tape the other end
of the thread to the other side of the door sill. (Sketch B)

Questions:

1. What should the light do if sameone comes in the door?

2. What is preventing the bulb fram switching on?

3. What other materials may be used in place of the piece of paper?
4, How is a real burglar alamm triggered?

Explanation:

The function of the paper is to prevent completion of the circuit. When
the alarm is set the light is not on and when the door is opened or when
scmeone comes in the roam the thread and the attached paper is pulled away.
This leaves the circuit campleted and the light is on. Other materjils that
may be used to break the circuit are non-conductors like: plastic,
cardboard, cloth, etc.

A real burglar alarm is triggered by the breaking of a light or laser
beam, which is invisible to the human eye, but needed to prevent the
canpletion of the alarm circuit. Breaking of the light beam thus campletes
the circuit and the alarm sounds.
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10.3. LIGHT THE BULB

1. A battery (dry cell) & a small bulb (1.2 V).
2. Two short wires (paper clips or aluminum foil will do).
(a set of materials for each pair of students).

r
-

__J
battery bulb _/ wire
Proced

ures
1. Provide each pair of students with a battery (dry cell), a bulb, and two
short wires (or bent out paperclips or aluminum foil strips).
2. Ask the students to light the bulb, with two wires, then with one wire.
3. Ask: "In how many ways can you light the bulb?"
4. Place the above circuits intermixed with the following circuits on the
board, and let students identify the correct ones.

Questions:
1. Will any set-up of the second set of circuits light the bulb?
2. which of the schematics above are correct to light the bulb?
3. Which two poles of the battery and two poles of the bulb have to be
cannected to light the bulb?
4. Is it possible to light the bulb without wires or any other materials?
5. What other materials can we use instead of the wires?

Explanation: pole — «

As long as one pole of the bu.o is _ ' 'qr
connected to either + or - (f the battery insulation 1
pole B

and the other pole of the bulb to the free
pole of the battery, the bulb will light.
Without wires, the set-up on the right
sketch might work, when the insulation of
the rim of the battery is scratched off, -
and the batter; is placed on a piece of foil insula-
aluminum foil (some of the bottom rim paint “scratch tion
should be scratched off). pc;;nt pote
0
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ELBCTRICITY

10.4. REGULATE THE QURRENT WITH A PENCIL

Materials: 1. A long pencil.
2. A 6 Volt battery & 3 alligator clip leads.
3. A bulb (6 V) and bulb holder.

exposed
pencil lead

free moving

all’gator
alligator clip

elip at
pencil point

bulb + holder

battery

Procedure:

1. 2ut the wood of the pencil away to expose the lead.

2. Connect the three wire leads with the alligator clips as follows:
a. Fram the poncil point to one pole of the light bulb.
b. Frar the other pole of the light to one terminal of the battery.
C. Fram the other teminal of the battery to the open exposed pencil lead

(free moving end of the wire).

3. Hold the free end of the third wire lead and slide the alligator cli~ over

the exposed pencil lead. Observe the light bulb!

tions:

1. Is pencil lead a conductor of current electricity?

2. Why did the light bulb glow dimmer and brighter?

3. What did we have to do in order to make the bulb glow dimmer?

4. Do you think there is more or less resistance for the current to flow

through pencil lead compared to copper wire?

Explanation:

Pencil lead is a semi-conductor of current electricity. This means that
not all the electrons can fiow through, thus the voltage is hereby reduced.
The longer the length of the pencil lead is in the circuit, the more the
resistance for the electrons to flow through, and so the lower the voltage,
with the result that the bulb is glowing dimmer. By sliding the free end of
the wire closer to the stationary end of the pencil (pencil point), this

‘istance gets less and thus it gets easier for the electrons to flow,

alting in a brighter glow of the bulb.

A very long metal wire will have the same effect as the short pencil lead.
A variable resistance--a resistance that can be changed at will--is called a ‘
rheostat. Rheostats are applied in dimmer switches, stove and owven
temperature controls, and other appliances requiring current flow regulators.
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ELECIRICTTY

10.5. THEK DIMMER AND BRIGHTER BULBS

Materials: 1. A battery (dry cell) and holder.

2. T™wo 1.2 Volt bulbs and bulb holders.
3. Four lengths of copper wire.

dim bright

Sketch A : Series Circuit Sketch B : Parallel Circuit

Procedure:

1. Take a battery in its holder and two bulbs in their holders and connect
them as pictured in Sketch A.

2. Turn one of the bulbs loose in the socket (both bulbs go off).

3. Change the circuit and oconnect the wires as pictured in Sketch B (the
bulbs burn with a hrighter light).

4. Now turn one of the bulbs loose in its socket (only this one bulb turns
off and the other stays on).

Questions:

1. Why are the bulbs in the first circuit glowing dimly?

2. Why are the bulbs in the second circuit giowing brightly?

3. what is the reason that both bulbs are turned off when only one is turned
loose in its socket in the first circuit?

4, Why does the second bulb stay on in the second circuit, when one bulb is
turned off?

5. What type of circuit would we have in our home?

Explanation:

A glowing bulb in an electric circuit gives a certain resistance to the
electron flow in the circuit. In the series circuit, the bulbs follcw one
after another in one wire, adding to the resistance in the curcrent flow, and
thus dimming the glow of the bulb. In the

parallel circuit this is not the case.
Each bulb is individually connected to the
battery, indenendent from each other. This

,is the wiring system used in our homes. An SERIES battery

example of a suries and parallel circuit is

found in the Christmas lights. Those with
one wire in between the bulbs are wired in
series, whereas those with two wires in 3,75 h

between the bulbs have a parallel circuit.
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CURRENT CIRQUITS
ELECIRICITY

10.6. THE ALUMINUM FOIL FUSE

Materials: 1. A strong battery (6V) or five 1.2 V batteries.
« Copper wire and aluminum foil.

« Bulb (6V) and holder, and simple switch.

W N -

metal

Sketch B

Al-foil _/
alligator clip
Procedure:

1. Cut a piece of aluminum foil (a gun wrapper will do) in the shape
illustrated in the circuit of Sketch B.

2. Make a simple switch from a piece of wood, a metal strip (or paper clip)
and two small wood screws (Sketch A).

3. Connect the aluminum foil fuse, the switch and the ligh: bulb to the
battery in a circuit pictured in Sketch B (when the switch is open, the
bulb should be on).

4. Now draw students' attention to the light and the fuse: push the switch
closed; the fuse blows and the light goes out (even when the switch is
released, the light stays out),

Questions:
1. Why does the fuse not blow when the switch is left open?
2, Why does the fuse blow when the switch is closed?
3. What does the switch actually do to the circuit when it is closed?
4. What is the purpose of a fuse in an electrical circuit?

Explanation:

The switch in this circuit has the purpose to short the circuit. When tie
switch is closed, the current from the battery can flow much faster, because
it does not have to pass the bulb. Electric current, just like a flow of
water through pipes, seeks the path of lowest resistance. When there are two
paths of which one has a higher resistance, the current will flow through the
one with the lowest resistance: in this case the closed switch rather than
the bulb. The sudden stronger current makes the thin aluminum foil too hot
to stay whole and burns off. When the switch is now released, the circuit
stays broken, because of the broken fuse, and thus the light stays off until
the fuse is restored.

The purpose of a fuse is to prevent the start of a fire in case of a short
circuit. This ltter can heat the wires so much that the insulation might
catch fire. A fuse will break the circuit immediately when shorted.
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ELECTRICITY

i 10.7. THE BALIOON FUSE

] Materials: 1. A small balloon, aluminum toil, simple switch.
Z. A strong pattery (6V) or five 1.2 V D-batteries.
3. Bulb {6V), bulb holder, copper wire, steelwool.

steelwool
strand -

buldb & // ;

bulb hold L -
u older < \%\9 battery
— 7 diin
balloon
Al-foil
3 < switch
Procedure:
‘ 1. Cut two strips of aluminum foil and tape one strand of steelwool between
the two strips against the balloon (see Sketch).

2. Use the copper wire to complete the circuit as laid out in the Sketch.
(same circuit as in kvent 10.6).

3. Show students that the light is burning because the circuit 1s complete.
4. Draw their attention now to the switch, which will make the short circuit
when closed, and the single strand of steelwool on top ot the balloon.

5. Insist on everybody’s attention, then push the switch: BANG! The fuse
broke and the light is oft.

Questions:
L. What made the balloon pop when the switch was pushed?

2. What is a short circuit?
3. Which way would electricity rather flow, through the switch or the bulb?
4. Why did the light go out after the balloon popped?

Explanation:
The single strand of steelwool had the function the fuse wire. When the

circuit was shorted by pushing the switch, a sudden surge of electric current
was flowing through the circuit causing the single strand of steelwool to heat
up. As this strand of steelwool was taped agains. the balloon, 1t melted the
rubber and bursted 1t. With the steelwool strand broken, the circuit in which
the bulb is wired is thus incamplete, and so the light stays out.
In our daily lite, i1n most electrical appliances, all automobiles and hames
are protected with fuses. These fuses can let a certain amount of electricity
. pass through them (f.1. 10, 15, or 20 amperes). When a sudden surge of
electrical flow occurs the fuse breaks, ¢~ in the new homes they are called
circuit breakers which can be reset.
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EIBCIRICITY

10.8. THE INFERENCE BOARDS

Materials: 1.Cardboard sheets (15 x 20cm), paper fasteners.

2, Metal clips (large), copper wire (bare), masking tape.
3. Light bulb & holder, battery & holder.
4. Wire leads with alligator clips.

metal clip

\
é paper fasteners

é

\_ ~

double sheet of calr'cﬂyoar'dl
(inference board) battery

bulb + holder—/

Procedure:

1.

2.

Make 4 to 8 different inferenc : boards, by pushing paper fasteners through
the cardboard sheets, bending the two prongs, connecting the fasteners
with the bare copper wire (Sketch below), covering the back with another
cardboard sheet (tape together) and placing the metal clips over each pair
of paper fasteners. The 8 patterns are as follows:

2ol A NINAL =] =]

Connect the bulb and battery with the wire leads as in the sketch above
and clamp two terminals with the alligator clips (f.i. B & C), take clip A
or D (one at a time) off the paper fasteners, and infer the wire pattem
from the light bulb's off or on observations.

Questions:

1.
2.

When the alligator clips are connected to terminal B and C, and the light
is on, what would be your inference?

With alligator clips on B and C, light on, taking off metal clip A, and
the light goes off, what would be your inference now?

Explanation:

instrument on B and C, the light will go on,

With the alligator clips of the testing B
Q

because the current will pass through A. But
as soon as the clip A is taken off, the light
will go off. Taking off clip D will not affect

A
Ot}

the burning light bulb. N
c

o
The oconnections behind the cardboard should D

be soldered.
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10.9. CHANGE ELECTRICITY INTO HEAT

Materials: 1. Nickel-chrome wire and alligator clips stard.
2. A battery (€V), 3 wires, a simple switch.

. , alligator
Ni-chrome wire clips
L\
N battery crews
wood block

Procedure:
1. Connect the wires in the circuit as outlined in the sketch.
2. Clip the Ni-chrame wire between the alligator clips, making sure that they
make connection (by doubling or tripling the wire where it is clipped).
3. Push the switch to complete the circuit and observe the Ni-chrome wire.
4, Show that the wire is actually red hot by touching a piece of paper to the
Ni-chrame wire, while keeping the circuit closed.

Questions:
1. What is the original source of energy?
. What is the electricity changed into?
. What would a thin copper wire do in place of the Ni-chrome wire?
. Where do we find an application of this principle?
. What made the electricity change into heat?

Explanation:
The 6 Volt battery is the original chemical source of energy, vnich is

turned into electrical current. It passes through the Ni-chrome wire and is
transferred into heat at that spot. The flow of electrons through the Ni-
chrane wire may be compared to the flow of water through a narrow pipe. The
current is flowing without resistance through the rest of the circuit, but in
the Ni-chrame wire, the flow is hampered because of the small size of the
wire (in diameter). The flow of electrons in this part of the circuit
creates friction between the electrons and the wire molecules, resulting in
thz formation of heat.

As the melting point of Ni-chrame is much higher than copper, the wire can
glow without melting, but if a fine copper wire were used in its place, it
would melt and break the circuit as a fuse would. This change of electric
energy into heat is applied in electric stoves, ovens, toasters, heaters,
dry ‘rs, kettles, etc,

s W
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ELECTRICITY

10.10. THE LIQUID BATTERY

Materials: 1. A copper and a zinc (or magnesium) strip.
2. Dilute sulfuric acid, copper wire leads.
3. A beaker, a flash bulb & holder (or 0.2 V bulb).

use book

s lectrv e
as shield ecec ¢

water

~———dil. HgSO p

\—copper wire
Procedure:

1. Fill the beaker half full with water and add dilute sulfuric acid till the
beaker is 3/4 full.

2. Make small nail holes in one end of each of the electrodes and connect the
copper wires from each of the electrodes to the two terminals of the bulb
nolder (do not dip the electrodes in the beaker yet!).

3. Stand a book in front of the flash bulb (to prevent stdents fram getting
blinded by the flash of light).

4. Hold the two electrodes, one in each hand, let students observe, and
immerse the electrodes quickly in the liquid. (The electrodes should be
gleaming clean: scraping with sand paper may help.)

Questions:
1. What made the flash bulb light?
2. what materials made up the source of the electric current?
3. Why was a shield necessary between the bulb and the observer?
4. What triggers the flash in a camera flash?

Explanation:
This battery is normally called a wet cell, because liquid is involved.

Car batteries are usually wet cells: sulfuric acid and water acting as the
electrolyte and lead (and lead oxide) as the electrodes. In this case the
copper ard zinc strips were t’ - electrodes. 2Zinc (or magnesium) having more
of a tendency to iose electroi.s compared to the copper, act together with the
H2504 electrolyte as the source of electron flow.

Without the book as a shield, students might get trmporarily blinded by
the bright flash, especially when they look directly «t the bulb. It is a
good precaution to use a shield, as the flash is bright enough to be seen
without directly looking at the bulb. When using a regular small bulb, this
shielding is not necessary.

The flash of a camera flash is trijygered by the built-in battery, eithc~
in the camera, the flash holder, or the flash cube itself.
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10.11. ELECIRICITY FRJ! A ILEMON

Materials: 1. A copper and a zinc strip (electrodes).
2. Two copper wire leads.
3. A galvanameter or a 0.2 Volt bulb.

natl hole

2 em

0.2 Volt bulb

& holder 1
emon

Procedure:

1. Make a small nail hole in the end of the metal strips.

2. Insert the copper and zinc strip into the lemon vertically, about 2 am
apart from each other.

3. Connect the wire leads to each of the electrodes and connect ai.2 of the
other ends to one terminal of the bulb holder.

4. Get ready with the other loose end of the wire to touch the open terminal
of the bulb holder. Before touching it, draw students' attention to the
bulb (or galvancmeter).

5. Touch the terminal with the loose end of the wire for short moments at a
time (the current is so weak that you will not get electrocuted!)

Questions:
1. Where does the current come fram?
2. What is current electricity actually?
3. Can we use other metals to make electricity with the lemon?
4. Would two strips of the same metal produce electricity?
5. What other fruit can be used instead of the lemon?

Explanation:

Current electricity is a flow of electrons through a ccmpleted circuit of

oconductors. The source of the electron flow in this case is the cambination

of copper and zinc strips in the citric acid of the lemon. 2inc has more of

a tendency to lose electrons campared to copper, and thus connected through

the wires and light bulb, the electrons flow from the zinc to the copper
strip.

Other metal pairs that could be used to develop potential differences or
electramotor forces (EW), are: copper and silver, copper and iron, copper
and magnesium, etc. Other fruit that could replace the lemon are: orange,
grapefruit; less potential difference comes fram apple, pear and peach. Tt
is the acidity (the citric acid) in the fruit, which is necessary to conduct
the electrons fram one electrode to the other.

2R

261




262

EXLECIRICITY

10.12. THE COIN BATTERY

Materials: 1. Two pennies and two dimes.
2. Blotting paper or thick paper towel.
3. Copper wire and a galvanameter.

4. Common table salt. galvano-

blotting db _—meter
ﬂ

paper

/’
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dime
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Sketch A penny
Sketch B

Sketch C

Procedure:

1. Clean the coins thoroughly with a brush, soap and water until gleaming.

2. Punch a nail hole close to the edge of the four coins, and attach a short
and a longer copper wire to the two pennies, and do the same to the two
dimes (see Sketch A).

3. Soak pieces of blotting paper in salt water and arrange the pennies and
dimes between the blotting paper as in Sketch B.

4. Attach the wires to the galvanameter like in Sketch C. Before completing
the circuit, draw students' attention to the galvancmeter needle, then
touch the terminal with the loose wire. (You will not feel any electric
shock, as the currents are just very weak ones.)

Questions:
1. Why do the coins have to be cleaned?
2. Where does the electricity come fram?
3. What is the source of the electron flow?
4. What is the function of the salt water?
5. Would using more pennies and dimes increase the current?

Explanation:
The dime and the penny act as silver and copper electrodes. The salt

water in the blotting paper is the electrolyte needed to get a transfer of
electrons from the silver to the copper. In this case, copper has a greate-
tendency to lose electrons than silver, and a flow of electrons is created
fram the copper to the silver electrode when the circuit is completed. The
sodium (Na*) and chloride (Cl-) ions are the electron carriers in the
electrolyte. Without the salt, the electrons cannot flow and thus no current
is produced.

The larger the surface of the electrodes, the larger the potential
difference between the electrodes. The increase in the number of pairs of
coins would therefore increase the voltage as well as the current /amperage).

The common dry cell uses carbon and zinc as slectrodes, with damp ammonium
chloride (NH4Cl) as electrolyte.
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10.13. ELECIRICITY FROM A COIL?

Materials: 1. Bell wire, a large nail, a strong magnet.
2. A simple galvanameter (or compass and coil of wire).

wire cotl move magnet
large natl
galvanometer's e =)
terminals

~— galvanometer
(see Event 10.15)

Procedure:

1. Wrap the bell wire around a large nail (or steel bolt) wich at least 20
windings to make the coil.

2. Attach the ends of the coil to the terminals of the galvanometer (the
simple galvanometer of Event 10.15 may be used).

3. Now take the strong magnet and move one pole of it back and forth near the
coil, while observing the needle of the galvanameter.

4, Turn the rod magnet end for end and move the other pole back and forth
near the coil. What does the galvanometer show?

Questions:
. After reversing the magnet, what happens to the galvanometer?
2. What is the source of energy that is converted to electricity?
3. What factors are influencing the increase of the current output?
4, Where do we find this principle applied in daily life or industry?

Explanation:
This is an example of an electromotive source of electricity, where

mechanical energy is converted into electrical energy. By moving the pole of
the rod magnet back and forth near the coil, an electric current is produced
in the coil, which is detected by the galvanometer (an instrument to detect
weak currents). By moving the magnet in one direction along the coil and
then back again, we can see that the deflection of the galvanometer needle
changes direction, meaning that the current altermates fram one direction
into the other. The electrical generators in power plants are based on the
same principle, where coils are moving in a strong magnetic field to produce
altemating current (AC). The bicycle dynamo is an example of a generator
that produces direct current (DC).




10.14. THE NAIL MAGNET

Matecials: 1. A large nail (10 cam long), bell wire (1 m long).
2. A 6 V battery (or 3 1.2 V D-size batteries).

3. A box of clips.
" paper ps touch this end

tc the battery

nail /—for short periods

coil of bell wire

battery
heap of
paperclips —,

Procedure: )

1. Wind the bell wire around the nail (about 20 times).

2. Scrape the insulation off fram the ends of the wire and place the paper
clips in a heap on the table.

3. Have someone hold the nail above the heap of paper clips, touch the two
ends of the wire to the battery poles and let the student raise the nail.
How many paper clips were picked up?

4. Wind another ten loops of the wire around the nail and complete the
circuit again. Have the students count the number of clips picked up.

5. Increase the number of batteries (by placing them in series and connecting
+ pole to - pole of the next battery). Have students count the number of

paper clips picked up.

Questions:
1. What made the coil became a magnet?

2. What effect did increasing the number of windings have cn the magnetic
attraction force of the nail?

3. What did two or three batteries in series do to the magnetic force?

4, Would removing the iron core of the coil weaken or stwengthen the magnetic
attraction?

5. How does the maguetic attraction of the coil change when the core is
changed into a wooden, glass, or other kind of rod?

Explanation:
When an electric current flows through a

coil, it acts as a magnet. By placing an
iron rod inside the coil, the magnetic
lines pass through the iron rod and the
coil becomes a much stronger magnet, as
long as the electric current flows through
the coil. The more windings in the coil,
the stronger the macmetic frrce. This
force is also directly proportional to the
magnitude of current.

/2N
[}

WY,
N

<
;N
~

s
k‘\ Y1
>

2

7/
’

230




265

10.15. THE DEFLECTING COMPASS

Materials: 1. A D-size battery (1.2 V).
2. Copper bell wire (and a simple switch).

3. A magnetic campass.

line up this wire
—~—with compass needle
— battery

~— compass
tape

Procedure:
1. Distribute one compass, one battery and a length of bell wire to each pair
of students.
2. Instruct students to do the following:

a. Line up one wire caming from the positive pole of the battery with the
compass needle by holding it above the compass (tape the wire end to
the battery).

b. Bring the other end of the wire to the negative pole of the battery but
do not complete the circuit yet (use a switch if available).

Cc. Pay attention to the compass needle, touch the battery with the loose
end of the wire for short periods.

d. Place the compass above the wire, camplete the circuit, what happens?

Questicns:
1. What did the campass needle do when the circuit was completed?
2. How did the compass needle deflect when it was above or under the wire?
3. What is the reason for the campass needle to move?
4. What would the compass needle do were a magnet to approach it?
5. What can we conclude about the surroundings of an electric current?

Explanation:
This demonstration shows that a magnetic field exists around an electric

current. As soon as the circuit is completed, by touching the loose end of
the wire to the battery, the North-pointing needle of the campass will

deflect to the left (the way it is set up
in the sketch). The left hand rule may be
discovered by the students: When L. lling
the left hand over a campass, such that the oD +
flow of electrons is from the wrist tothe —— . - . - T _———-

fingertips, the North-pointing needle /
wi

compass below
left hand

deflects along the opening thumb. (Make

sure that the palm is facing the compass.) re above compass

connected from negative
291 to positive pole of battery
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10.16. THE SIMPLE GALVANOMETER

Materials: 1. A small compass (magnetic), bell wire, twc alligator clips.
2. Cardboard, plastic ruler (30 an) and masking tape.

cotl terminals
(alligator clips)

notches in
cardboard

bell wire
cotl

ecardboard

Pocedure:
1. Cut out a circle (diameter about 10 am) out of a sheet of cardboard, and
make two notches opposite each other.
2. Wind the bell wire in a coil of at least 10 windings, with the same
diameter (10 an) and fit it in the two notches perpendicular to the

3.Tapearulertothetabletopandtapethecardboardwiththecoiltothe
protruding end of the ruler (see Sketch).

4, Oomlxec:::oglligator Clips to the two ends of the coil and leave this on the
table .

S.T‘apethes;allomlpassintheoenterofthemrdboardardlineupme
needle with the coil (by moving the ruler).

6.Ywarereadytotestthegalvamneter: any small current through the
coil will move the compass needle.

Questions:
1. mtnakesacatpassneedlemveingeneral?

2. What does the coil turn into when current passes through it?
3. What will make the gelvanameter more sensitive?
4. What does a galvancmeter measure?

Explanation:
When an electric current is led through a coil, the latter is turned into

a magnet. A magnetic field is thus created around the compass, when a small
current passes through the coil, and this field deflects the campass needle.
The more windings in the coil, the stronger the magnetic field and thus the
more sensitive the instrument.

The stronger the current passing through the coil, the stronger the
magnetic field created arourd the coil and the more the compass needle will
deflect. A large deflectior therefore indicates a larger current. When the

poles switch and the compass needle deflects in the opposite direction. The
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10.17. THE SIMPLE TELEGRAPH

Materials: 1. A simple switch, nail and bell wire.
2. A battery (6 V) and bulb (and holder).
3. A small block of wood, strip of tin, and small screw.

/‘ nattery bulb & holder
metal

\\

— strp

natl

2\
bell
\_ switch \ wire
Procedure:

1. Hammer the nail 1/4 way into the block of wood, wind about 20-30 loops
around the nail, and further connect the bell wire to the bulb, battery,
and switch (see circuit in the sketch).

2. Bend the tin strip (cut from a tin can) in an S-form and screw it to the
other end of the wood block, such that a small gap is left between the
strip and the nail head.

3. Push on the simple switch for short periods of time to close the circuit
and observe the light go on and the metal strip move down.

Questions:
1. What made the metal strip bend down towards the nail?

2. Would the metal strip still be dipping down, even when this 'nail switch'
ard light are several km away from the simple switch?

3. What does the light suggest about the circuit, when it is on?

4. Does the light bulb have to be part of the circuit in order for the metal
strip to be attracted to the nail?

Explanation:
The closing of the simple switch completes the circuit, resulting in a
flow of electrons through the coil of wire around the nail. This produces a
magnetic field around the coil as the coil turns into a magnet, attracting
the metal strip down towards the nail head. The completed circuit also makes
the light go on. Without the light in the circuit, the metal strip still
bends down towards the nail when the simple switch is pushed down. The
completed circuit also makes the light go on. Whenever the simple switch is
released, the circuit is broken, and the coil stops acting as a magnet,
resulting in the release of the metal strip. As the strip has some spring
action properties, it springs back up, as soon as the attraction forces
disappear. Tris is the principle of the telegraph, where Morse codes are
sent over lorys distances. Ships at sea commmnicate by Morse codes in terms
of long and short flashes of light.
293
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10.18. TURN ELECIRICITY INTO SOUND

Materials: 1. A simple doorbell and switch.
2. ™wo wire leads ani a dry cell \6V).
wire
_— leads
o contact points
T N~
battery_\ 5 hammer —__ rrg
) N bell -~ - door
O bell |
electro-
magnet
p Jure: ~—8witch

1. Take the cover off the doorbell and expose the electramagnet, bell, hammer '
and contact points.

2. Comnect one wire to one terminal of the simple switch, and the other wire
with a wire lead (with alligator clips) to the dry cell.

3. Attach the other wire lead between the simple switch and the free pole of
the battery (circuit is pictured in Sketch).

4. Camplete the circuit now by pushing the simple switch.

Questions:
1. What is accomplished in the circuit by holding down the simple switch?
2. As soon as electricity runs through the coil, what does it became?
3. What will the hammer do to the circuit when it hits the bell?
4, Whydo&sthehamnernnvebacktmrdstheomtactpoint?

Explanation: '
When the simple switch is pushed down the circuit is campleted, ard

electricity flows through the coil. This turns the coil into a magnet,
pulling the hammer towards it and in doirg so it hits the bell. In the B
position (see sketch on right) against the
bell, the hammer actually breaks the
circuit and the coil dc2s not attract the
hammer any more; thus it flips back towards A
the contact point, resulting in closing the B
circuit again, and the whole cycle starts

break in
eircutlt

over. This on and off switching of the '®)

circuit nappens very rapidly and a

vibration of the hammer results., )
current flow
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CHAP™ER 11

HOW DOES LIGHT BEHAVE ?

OBJECTIVES

After dealing with and studying the concepts and sub-concepts of this
chapter, the students should be able to:

recognize the correct explanation of an observed event based on each of
the sub-concepts;

explain in their own words which of the sub-concepts is determining the
course of an event;

distinguish true from false statements concerning each one of the sub-

concepts;

identify the correct explanation of an event in daily life applying one
of the sub-concepts;

all in relation to the following sub-concepts:

Light travels in straight lines.

The image of an object is seen exactly the same distance behind the
mirror as the object is in front of it.

The angle of incidence is the same as the angle of reflection.

Light is refracted towards the normal when caming fram a less dense
medium into a denser medium.

When the critical angle is exceeded, the border between two different
media will act as a mirror.

Real images may be formed by holding a lens between a light source
and a paper card.

White light is scattered into a spectrum of rainbow colors when passed
through a prism of denser material.
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LIGHT TRAVELS IN
STRAIGHT LINES

11.1. MAKE A PINHOILE CAMERA

Materials: 1. A shoebox and onion skin paper (thin paper).

2. A candle.
onion skin or
wax paper taped
to end of box
burning
candle

Procedure:

1. Tale the shoe box and cut out the side of one end of the bux and tape the
thin onion skin paper to it.

2, Make a small round hole in the other end of the box and tape the lid to
the box. (Make the hole a little larger than a pin hole).

3. Point the hole-end of the box towards a window or a light source: lamp or
candle, and observe the image on the thin paper (prevent light from
falling on the outside of the onion skin paper).

Questions:
1. What do you observe on the onion skin paper?
2, Why is the image on the paper always upside down?
3. What would happen to the image if the pinhole were enlarged?
4. How do the light rays travel fram the abject to the image?

Explanation:
Light travels in straight lines. This is why the image is always
inverted. The light from point A of the object trawvels in a straight line
through the pinhole to point A' on the onion skin of the box, and point B to
Point B' thus inverting the image. When the pin hole is enlarged the image
will get blurred. The smaller the hole (aperture in a camera), the sharper
the image.
The onion skin paper at the end of the box may be replaced with a
photographic plate and exposed for a short time. (The box has to be held
steady. )

A

image

pinhole
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11.2. THE OOOL CANILE FLAME

Materials: 1. A rectangular piece of window glass.
2. T™wo identical candles (same height, diameter).

glass sheet

students’ bricks or
: stack of
view
books

Procedure: : ~

1. Mount the glass sheet vertically between four bricks or four stacks of
books. (Or hold it in twc mounts of molding clay).

2, Fix one candle in front of the glass sheet on the table (10 cm measured on
the perpendicular to the glass).

3. Fix the second candle in the back of the glass sheet on the table (exactly
the same distance fram the glass). Block the student's view of the first
candle with a large book or folder, and light only this candle (do as if
you light both candles),»then remove the folder. (Student's should sit in
places, such that they cannot see the second candle without looking
through the glass sheet--students' vicew, in sketch).

4. Place ycur (or a student's hand) above the second (unlit) candle for a
very short while and withdraw., Increase this time 2 or 3 seconds
(accompanied with an 'ouch' for dramatic effect).

Questions:

1. Why can you hold your hand above the second candle?

2. Where does the second candle have to be placed?

3. Why is it necessary to cover the student's view when lighting the first
(front) candle?

4. Why can't the students see the second candle without looking through the
glass sheet?

5. What happens if the second candle is not exactly the same distance fram
the glass sheet as the first?

Explanation:
It is essential that the students think that both candles are lit; this is

why the front candle has to be blocked from the student'- view. This is the
same reason why students may not see the second candle in plain view. Once
the student knows that the candle behind the glass sheet is not 1lit, the
whole effect of the demonstration is lost.

Both candles have to be placed exactly the same distance from the glass
sheet, so that the image of the front candle will coincide with the rear
candle. If the rear candle is just a trifle off this exact spot, it will
show a double image and again the effect of the demonstration will be lost.

This shows that the image of an object in a mirror is located behind the
mirror, exactly the same distance from the mirror as the object is in front
cf it.

207




273

11.3. FUNNY REFLECIIONS

Materials: 1. Unframed square or rectangular mirror (for each pair of students).

nirror

white paper

Procedure:
1. Print the following words each on a separate piece of blank paper in large
even capital letters. CHEEK, BIKE, DECIDE, BOX, CHICK, CHOKE, BOOK, HIDE,
CODE, DOCK, COOKIE.
2. Cut each piece of paper in half, right through the middle of each word
' printed on, leaving the lower half of
the word on the paper.

3. Now place the mirror vertically against ;Z,th’?-r
the paper (perpendicular oa the table) —K—%_of
and look in the corner of the paper and DUV word
the mirror.

4, Do this for each one of the words.

Questions:

1. Will this work with any printed word?

2. Which of the letters, when cut in half, will appear whole with the mirror
above it?

3. Which letters, when cut in half vertically, will give the other half in
the mirror, when the half letter is held against it?

Explanation:

This activity will provide the student with the ability to recognize
symmetrical objects and printed letters. It gives the student an opportunity
to manipulate spatial relations. The image in the mirror shows that all
images are actually forined behind the mirror.

s It is only with the letters: B, C, D, E, H, I, K, O and X, that the above
activity can be carried out. All other letters will not give the upper half
in the mirror. The following can be cut vertically in half and the other
half will show up in the mirror, when held against it: A, H, I, M, O, T, U,
V, W and X, Y. This activity gives the students an idea of symmetry and

‘ symmetrical shapes.
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11.4. HOW HIGH TO PLACE THE MIRROR?

Materials: 1. A meter long narrow mirror or several smaller mirrors.
2. A meter stick.

"Can I see my *3
beautiful shoes? g3\~ -.

N
» ~~— mirror

‘ { ? T+ How high above
' 1 the floor?
Procedure:

1. Pose the students with the question: "How high do I have to hang the
mirror in order to see all of myself inclvding my shoes?"

2. Record the student's predictions of the distance the mirror should be
above the floor.

3. Let two students hold the mirror against the wall, a third student looks
at her/himself in the mirror, and a fourth measures the maximum height of
the mirror off the floor.

4. Attach tne mirror at that height and let all the students see themselves
in the mirror.

tions:

1. Does the distance, fram where you stand to the mirror, affect the imege of
yourself in the mirror?

2, How high off the floor does the mirror have to be hung to see your feet in
the mirror when standing in front of it?

3. Would a shorter person have to move the mirror i order to see his/her
feet?

4. Can you draw the paths of light rays that you see coming from your shoes?

Explanation:

Because the image of the person is
exactly the same distance behind the mirror
(AB=BC), the height BE is always half the
height of the person (1/20D). It does not
matter where the person stands in front of
the mirror. The height BE is not affected
by the distance BC.

il
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‘ LIGHT REFLECTTON

11.5. LOCK AT YOURSELF AS OTHERS SEE YOU

Materials: 1. Two square or rectangular mirrors without frame (one set for each
group of 6 students).

two mirrors
held perpendicular
to each other

‘ Procedure:

1. Have one studen® stand the two rectangular mirrors perpendicular to each
other on the table, facing away fram him,

2. Let each student observe himself in the two mirrors by looking in the
cormer (joint) of them, and let them touch their hair with one of their
hands or wink an eye.

3. Now let the student holding the mirrors place them in one plane (in each
other's extension) and let the students observe themselves again.

tions:

1. Why did the left hand appear on the right in the perpendicular mirrors?

2. How do light rays travel from object to mirror and back to the observer's
eye?

3. What happened to your image when the mirrors were straightened?

4, How are the light rays travelling now?

Explanation:
The light rays of the object (which is yourself) are reflected in 900

angles from one mirror to the other and then back to the eye. In a regular
straight mirror, the rays bounce right
back to the eye, without being
reflected to another mirror. With the
two mirrors perpendicular to each
other, anything on the left of the
object is reflected to the right hand

‘ side. All points of the object on the
left side is seen on the right and
vice versa (see sketch on right).
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11.6. THE SWLGEN FINGER

Materials: 1. A plastic vial (about 2 cam diameter)
(an olive jar is quite suitable)

va.er-filled
plastic vial

Procedure:
1. Fill the vial or jar about 3/4 full with water.
2. Immerse your forefinger in the water and show the difference in size with
the other fingers. '
3. Pcr out the water and compare the size of the fingers again without the
water in the vial.

tions:

1. Why does the forefinger look so much larger than the other fingers?
2. Did the finger look larger without the water in the vial?

3. What is the basic cause for magnification?

4, Would we get magnification by loc™ing through a rectangular jar?

5. What other liquids can we use in the vial?

Explanation:
The basic reason why the finger looks so much larger is that the water in

the vial acts like a magnifying lens. The shape of the vial resembles the
shape of a convex lens. If the container were a flat rectangular container,
this lens effect would be lost.

The material inside the container may be campared with the glass, which
the magnifying lens is made of. Other materials that have high refraction
.ndices may be used to obt: ‘1 this szme effect.
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, 11.7. THE REAPPEARING COIN

‘ Materials: 1. An opaque cup (foam or polystyrene).
2. A coin (or any small object that sinks in water).

|
~

/

: /—— coin ——\

Sketch A Sketch B

Procedure:
1. Let the students gather around the cup placed on a low stool.

’ 2. Place a coin in the opagque cup and let the students move their heads down
from where they can see the coin, so that they just cannot see it (because
it disappears behind the rim of the cup), and let them hold their eyes
steady at the spot (Sketch A--the coin may be taped to the bottam of the
cup, so it won't slide when water is poured in).

3. Pour water into the cup until it is almost full: coin reappears!

Questions:
1. What made the coin disappear before the water was poured?
2. What made the coin reappear?
3. Did you have to move the position of your eyes to see the coin again?
4. What can you tell about the path of the light rays coming fram the coin?
5. What other liquids can be used instead of water?

Explanation:
The eyes were positioned, such that the light rays coming fram the coin

were blocked by the rim of the cup. By adding water to the cup, these same
light rays from the coin now are refracted away from the normal, as it
travels from denser to a less dense medium (see Sketch B & C).

The .normal is the line perpendicular to

the surface separating the two media
through which the light ray travels, Other "o N Jess
liquids with high refractive indices, I dense
usually the denser ones, may replace water | mediwn
in this case. y

. This phenomenon is the reason why same | denser
deep waters seem to look shallow. ! medium

'

Sketeh C

302




278

11.8. THE INVISIELE PENNY

Materials: 1. Two regular dri king glasses.
2. A small saucer and a penny (or other coin).

» observer'a
view coin view

Pogie | N N

Sketch 4 Sketoh B

Procer’ure:

1. Fill one of the glasses almost full with water.

2, Cover the empty glass with the saucer and place the covered glass on the
coin. Let the students observe the coin only from the side of the glass
(Coin can be seen in Sketch A).

3. Fill this glass with water, tilting the saucer towards the observing
students (see Sketch B), and place back the saucer.

4, Ask students: "Where did the penny go?"
Move the glass to the side and reveal penny.

tions:

1. What made the penny or coin invisible?

2. Where do the light rays of the coin travel?

3. Why do we need a saucer to cover the glass?

4, Why does the saucer have to slant towards the observer?
5. What other objects may be used in place of the coin?

Explanation:

The coin is still visible with the empty glass and saucer on top of it,
because the light rays are not refracted by the air filled glass, and the
coin can be seen from the side of the glass. By filling the glass with
water, the naterial thmugh which the rays are travelling is denser and thus,

when they hit the side of the glass they

I

totally are being totally reflected or refracted

reflected very closely to the side of the glass.

ray The saucer on top of the glass prevents

seeing these rays and thus seeing the

coin. The saucer has to be tilted

refracted towards the observer, while filling the
ray glass with water, for the same reason.

Other objects in place of the coin would be, anything which is flat and
thin, and that can be covered by the bottom of the glass; like a stamp, a
thin button, a piece of paper, a washer, etc.
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11.9. THE WATERDROP MAANIFIER

Materials: 1. A roll of wax paper.
2. A small cup.

water drop

wax paper

Procedure:

1. Tear off about 10 am wide strips of wax paper from the roll and distribute
this to each student or to each pair of students.

2. Let the students place the wax paper over small print or anything small

‘ that they want to see magnified.

3. Come aroundi with water in a cup and put a drop on the wax paper--make a
circle about 1/2 cm in diameter.

4. Let the students try out drops with different diameters.

Questions:
1. How can a water drop act as a magnifier?
2. Which drop magnifies better, the smaller or the larger?
3. What property of the drop makes the amplification larger or smaller?
4. What other material could we use to replace the wax paper?

Explanation:
The vater drop on the wax paper stays rounded on the top (convex) because

of the water-repellent properties of the paper (hydrophobe). This is why the
water drop resembles the shape of a magnifying glass. The smaller the water
drop, the stronger the curvature, in other words the more curved the upper

surface is, and thus the stronger the A
magnification. Any other material that is

translucent and hydrophobe may be used to light
replace the wax paper. If wax paper is not rays

available, overhead transparencies or glass
sheets may be used. Regular writing paper
might be used which is made translucent.
(See "The Peek-a-boo paper," Cvent 11.16.)

lens or
‘ droplet
yd

magnified object
\ — ObjeCt
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11.10. THE GIASS ROD MAGNIFIER

Materials: 1. Glass stirrers (one for each or a pair of students).
2. Plastic vials or olive jars.

glass rod
lying on paper

glase rod
held 1 em away
from paper

printed material
(fine print)

Proc. ..e:

1. Distribute the glass stirrers to each or each pair of students. If glass
rods are not available, fill plastic vials or empty olive jars with water,
replace the top, and pass it arourd.

2. Let students place the glass rod or water-filled cylinder over printed
material and look through the transparent cylinder.

3. Now let them hold the rod or cylinder about 1 cm away from the printed
material (print is turned upside down).

Questions:
1. What made the rod or cylinder act like a magnifying glass?
2. How far fran the printed letters could we hold the rod or cylinder before
getting distorticns in the letters?
3. What is necessary for the letters to be seen upside down?
4, How are the light rays travelling from the object to the eye?
5. What type of image is the magnified or inverted image?
6. Would a regular magnifying glass also invert the image?

Explanation:
The best way to clarify the magnification and inverting of the image is by

studying the light rays coming fram the object and the ones that are detected
by the eye. These latter are drawn in the sketches below.

In both instances the image is a virtual image, one which is seen by the
eye but not projected on the paper (which would be a real image).

Y Y

eylinder . cylinder
object object
inverted .magnif 1;ed
virtual image virtual image
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11.11. THE BROKEN PENCIL

Materials: 1. A medium size beaker or glass jar.
2. A pencil (or pen or straw). observers face

l_ this eide

~— pencil
later
-~ move pencil
N— along thie plane

Sketech A Sketeh B : Top view of beaker

Procedure:

1. Fill the beaker or jar about 2/3 full with water.

2. Take a pencil, pen or straw and immerse it vertically about halfway into
tttliawe)atﬁr, and say to the students: "I have now broken the pencil (pen or
straw).

3.!bveﬂxepencilbackarﬂforthalaxgaverti@alplanesmmhatcloserto
the demonstrator (see Sketch B) and parallel to the observer's eyes.

Questions:
1. Is the pencil actually broken?
2. Why does the pencil look like it is broken?
3. Would we get the same effect without the water?
4. What other liquids can be used for this demonstration?
5. What other objects can we use to immerse?

uxplanation:

The light rays fram the pencil seen ' _normal
pencil travel from a denser at thie position
medium (water) to a less
dense medium (air). This actual position
makes the light ray refract
away from the nonmal (see
Sketch 1), and the pencil !
is seen at the extension of . Sketeh 1
the refracted ray. plane of

l movement

observer's
eye

’ » >

Sketeh 2 : : Penetl in center Sketech 3 4 Penceil on other side
oReéven < ¢ vReren o

When the pencil is in the center of the beaker the ray is not refracted,
because the light ray is travelling along the normal (Sketch 2). Sketch 3
showsthelightrayfmnthepemilmtheoppositesideofthebeaker.
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LIGHT REFRACTTON
11.12. PRODICE AN IMAGE OF THE WINDOW
Materials: 1. Two or three identical magnifying glasses.
2. A 3x5" paper card (7 x 12 am).
3. A 15 am or 30 om ruler.
lens
window—_ card

)// Z measure this distance

Procedure:

1.
2.

3.

4.

5.

Divide the students in groups of three and distribute to each of the
groups a set of the above materials.

Let one student hold the lens parailel to "he window. (If there is no
window, hold the lens horizontally parallel with the light in the
classroam) .

Let the second student hold the paper card behind the lens and move the
card slowly farther away fram the lens until a sharp image of ine window
(or light source) is formed.

As soon as a sharp image is formed on the card, let the third student in
the group measure the distance between the lens and the card (image
distance).

Place two lenses together and see how the image distance changes, and
three lenses and see how the image distance changes with the number of
lenses (measure fram the middle of the combined lenses to the card for the
image distance).

tions:

1.
2.
3.
4.

What kind of lens is the magnifying glass?

How did the image distance change with the number of lenses?

What other aobjects can we use to produce an image of?

Would a near- or far-sighted person use glasses that can produce positive
images like the magnifying glass?

Explanation:

Any magnifying lens is either a double convex or single convex lens., Far-

sighted people wear convex lenses, and their glasses may be used to produce
the same images like magnifying glasses do. As the light rays from the
window are almost parallel, the image is

formed at the focal point of the lens. —_—
Doubling the lens means cutting the image
distance in half, as 1 + 1. =1

f1 £ £

in which f1 = focal distance of lens number 1

f2 = focal distance of lens number 2

fr = focal distance of total systems card
where image
i8 formed

307




11.13. WHY DO WE SEE TWO QOINS?

Materials: 1. A penny or nickel (or any other coin).
2. A clear colorless drink glass, or beaker.
/—-\
\_/r
@ angle of observation
put wet /
@ finger here-
eoin
Procedure:
1. Fill the glass about three quarters full with water.
2. Drop the coin in the glass and maneuver the glass till the coin sits in
the middle of the bottam.

3. Let the glass with the water and coin now stand still on a table and
observe the surface of the water fram about a 15-20 degree angle.

4. Touch the far side of the glass with a dry finger: does anything happen
to the image of the coin?

5. Wet your tinger, then touch the far side of the glass with the wet finger:
what happens to the image ot the coin?

Questions:
1. What makes us see another coin on the surtace of the water?
2. Does the image of the coin get inverted?
3. What do we see when the angle of observation is larger?
4. Why 1s the image of the coin disappearing when the glass wall is touched
with a wet finger?
5. Where is reflection occurring, and where refraction?

Explanation: refraction
There is total reflection of the oceurs here
irage of the coin occurring at tne /—
back wall of the glass, then a

refraction cccurs at the surtace of /
the water. ]
If a wet finger 1s placed on the /

back wall where the total reflection
is supposed to occur, a layer of water total /

‘ is actually placed on the outside of neflection
the glass. This equalizes the .y, here

refraction indices on both sides of

the glass, and total reflection is

eliminated. 308




LIGHT REFRACTION
TOTAL REFLECTION .

11.14. USE WATER AS A MIRRCR?

A small candle & matches.

Materials: 1.
2. A 400 ml beaker or regular large drink glass.

image

observer's eye
seen

water -/ burning
beaker candle

Procedure:

1. Light the candle and place it on a shelf or stand at about eye level in
a dark corner of the roam (when sitting it should be somewhat lower but
still at eye level).

2. Fill the beaker or glass full with water.

3. Hold the beaker a little higher than the candle, and look up against the
water surface, such that the candle tlame will reflect in 1t - the height
of the beaker may need adjusting in order to see the reflection of the
candle flame (see Sketch above).

Questions:
1. why do we see an inverted candle flame image?
2. How can water give a reflection like a mirror?
3. Why do we need a dark background to see the reflection?
4. What other substances will act similarly like the water?
5. What property was different between the water and the air?
6. Would different gases or gases of different densities be able to act like
a mirror?

Explanation: /’ normal
The boundary between water and air

act like a miri>r because water has a ] |

higher density than air and its arr |

refraction index is also higher. wWhen }

the angle of incidence is too large water
(exceeding the critical angle), total
reflection occurs rather than I

refraction of the light rays (see |
Sketch on right). Hot air bordering eritical
on cold air will act similarly. Hot angle .
air over a road on a hot sumer day total lection
will give one the illusion of water on for total reflectio
the road. Mirages over a desert are
formed in the same way. )
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REFRACTION
TOTAL REFLECTION

®

11.15. THE REFLECTING BRICK WALL

Materials: A long (minimum 10 m) wall on a hot sunny day.

1.
2. A bright metallic object (like a shiny key).

corner of building

—— student holding
shiny object

hot wall surface

Procedure:

1. Take the class outdoors on a bright sunny day. Stand on one end in front

of a brick or concrete wall against which the sun is shining.
' 2. Let one of the students hold a shiny metallic object, like a key or knife,

abou® 5 to 10 cm from the wall, such that you can see it.

3. Observe an image of the object in the wall! (If you don’t see the image,
move in closer to the wall or let the student move the object closer to
the wall).

Questions:
1. what made the wall act like a mirror?
2. why does it have to be a sunny day, where the sun shines against the wall?
3. What other surfaces would act in the same manner?
4. In what other situations may we encounter the same phenamena?
5. Why would a shiny object work better than a dull object?
6. Why can we only see a reflection when we are so close to the wall?

Explanation:
When the sun shines against the wall, i1t heats it up and the hot wall heats

the air surrounding it. This hot layer of air has different index of
refraction as compared to cooler air. It therefore . s as a different medium
against which light can be totally reflected. This angle of total reflection
occurs only at very large angles of incidence. This 1s why we have to be so
close to the wall to see the reflection of the shiny object. A shiny object
works better because 1t can easily be seen from such a distance.

This same phenomena occurs in the mirages that we see over deserts. The
reflecting medium in this case 1s colder air, which hovers above the hot air
over the desert sands. Another example is when we are driving on a hot day,
we may see far off on the road a shiny spot as if it was wet or oily, but on

. approaching it, it suddenly disappears. Here the hot air above the road acted
like a mirror, giving total reflection only at large angles of incidence.
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11.16. MAKE RAINBOW OOLORS

Materials: 1. A triangular prism (glass).

2. A blank piece of paper and sun rays.

window —_

Procedure:
1.P1aoeablanksheetofpapermthetabletopwherethesmraysshine ‘

through the window.
2. Hold a triangular glass prism in the sun rays and turn it around its
lengthwise axis until rainkow spectrum falls on the blank paper.

tions:

1. How can white light give the colors of the rainbow?

2. What are the colors of the rainbow?

3. Which oolor is bent most? (farthest away from the straight line?)
4. What source can we use instead of sun rays?

Explanation:

White light is made up of the rainbow colors: violet, blue, green, red,
yellow and orange. The violet is refracted or bent most, and the red is bent
the least (see sketch on right). This ,
is why the sky stays blue when the sun
sets in the west and becomes red. The
moisture in the atmosphere would act
as prisms and scatter or separate the A
blue light out. Viewing the sun rays white —~ red
from 900 angle, the color will appear Toht ~d i1
blue (sky) whereas looking directly 9 violet
into the setting sun, the color is
red.,
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LIGHT REFRACTION & SCATTERING
TOTAL REFLECTION

11.17. MAKE YOUR OWNN RATNBOW

Materials: 1. A garden hose + sprayer nozzle (connected to water outlet).
2. Bright sunlight (when sun 1s low in the sky).

sunlight

spray nozzle

garden hose

Procedure:
1. Take the class outdoors on a bright sunny day. Attach your garden hose
to the outdoor tap, hold the spray nozzle in your hand and position
yourself such that you face away from the sun (the sun behind you).
2. Squeeze the spray nozzle and produce a fine spray of water in front of
you, and Voila! A beautiful rainbow!

Questions:
1. What are the conditions for seeing a rainbow?
2. When is a rainbow actually seen in nature?
3. What makes the different colours in the rainbow?
4. What colour is on top, what colour on the lower side?
5. Why is the rainbow always circular/ a segment of a circle?
6. Why is the rainbow never a square, triangle, or straight line?
7. Way does the sun always have to be behind us to see a rainbow?
8. Where do we see rainbows, besides in the sky?

Explanation:

The conditions tor seeing a rainbow are: the sun has to be behind us, we
have to look away fram the sun towards fine droplets in the sky (clouds after
a rain). These droplets can be a few meters, a few hundred meters or a few
thousand meters or kilameters away from us.

The rainbow is always a segment of enlarged droplet
a circle, because it 1s a part of the
circular base of a cone. These are >
the only droplets that we can see sunrays
because of the critical angle that
gives a total reflection of the sun
ray talling into it. The blue colour
1s always on top since 1t is the most
refracted one (with che largest -
refraction). Other places where we ~ - /

-

could see rainbows ace: fountains,

waterfalls in bright sunlight

(provided we stand in the right ,
observer's eye

position).
312
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LIGHT REFRACTTON
SCATTERING ‘
11.18. THE SIMULATED SUNSET
Materials: 1. A beaker or glass jar.
2. Sodium thiosulfate (Na3S203) and concentrated sulfuric acid
(1.2804) .
yellow
orange 8un (projection)
red
) __—— blue sky (beaker placec? on
overhead projector)
Procedure:

1. Cut a circular hole in a large piece of paper with the same diameter as
the beaker or jar, place it on the overhead projector and a water-filled
beaker over the hole. '

2. Dissolve a scoop of sodium thiosulfate in the water until no crystals can
be distinguished in the water.

3. Pour a few ml of concentrated sulfuric acid in the solution, stir, stand
back and observe.

4, When the oolor of the beaker (seen fram the side) starts to turn bluish
draw students attention to the color of the sun (projection) and the color
of the sky (side view of beaker). (When the sun's color gets orange-red,
a torn piece of paper may be pushed under the beaker to simulete a
mountain. )

Questions:
1. How do you think the bluish color in the beaker was created?
2. Why was the sideview of the beaker blue and the projection of it yellow or
orange?
3. How is this demonstration similar to the actual sunset?
4. Why does the sun get red when it sets in the west?

Explanation:

White light is dispersed or scattered into the colors of the rainbow if it
hits a prism. When the sun sets in the west we are looking through a much
thicker layer of atmosphere campared to noon time. This means that when we

O sun at noon look to the west, we are looking through

more dust and moisture particles. Each

O of these particles acts like prisms,

eun scattering white light into red at ome

in vesr €nd of the spectrum and blue at the other

observer on earth end. Blue has the shortest wavelength

and refracts with the largest angle. The reaction of HzS04 + Na2S03

precipitated sulfur (S) slowly out of the solution, simulating the increasing
concentration of the dust and water particles.
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11.19. THE CONFUSED FLASHLIGHT

Materials: 1.A s trong flashlight.
A large beaker & medicine dropper & stirrer.
3.A few ml of regular cow milk.

N

flashlight beam
in line with
observer's observer's view—
_eye

~
~

flashlight beam
perpendicular to
observer's view

Procedure:
1. Fill the beaker nearly full with water.
2. With the medicine dropper, place one drop at a time of milk in the water

ard stir.
3. After each drop of milk added to the water, shine the flashlight through
the water by holding it on the side of the be-<er: 1let the light Leams

shine perpendicular to and into the student's view.

4 Keepaddingthedropsofmilktotl'xewateruntllthelightsrnxeintothe
student's view becames red.

stions:
1. What made the color of the light change?
2. What purpose does the milk have?
3. If the water were the earth's atmosphere and the flashlight were the sun
what can the milk droplets be equated with?
4. which of the colors do you think are refracted most? which the least?

Explanation:

Increasing che milk droplets in the water is like increasing the water and
dust particles in the atmosphere. When the sun moves to the west approaching
sunset, the atmosphere through which we are looking is much thicker. This
means that we are actually looking through more dust and water particles.
When we look to the west during sunset, we look directly into the sun rays,
seeing the sun as a red ball. Looking up towards the sky when the sun is in
the west, still leaves the sky blue. The sun rays are now perpendicular to
the direction of our view. This difference in color is caused by the
refraction of the blue light. The shorter the wavelength (blue), the more it
is bent or refracted by milk droplets. The light with the longer wavelength
(red) is not as much refracted and this is why the light fram the flashlight
is red when we look directly into it (through the beaker with milk). (See
event 11.14.)
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11.20. THE PEEK-A-BOO PAPER

Materials: 1. Any kind of writing or typing paper.
2. Regular frying oil (motor or machine oil will do).
3. Paper tovel.

otl spot
» N paper held
§ ‘ NEHR against light
Procedure:

1. Distribute sheets of paper to each one of the students.

2. Dip a corner of paper towel in the oil and come around to each of the
students.

3. Make an oil spot in the center of each of the paper.

4. Give the students same paper towel, and let them wipe the excess oil off
the oil spot.

5. Let the students look through the spot by placing the paper over printed
or written material.

6. Let the students hold the paper against the light and compare the
lightness and the darkness of the spot with the rest of the peper.

tions:

1. How can oil make opaque paper translucent?

2. What does it mean in temms of light rays when something is opaque or
translucent?

3. vhy is the oil spot dark compared to the rest of the paper when the light
falls on the paper?

Explanation:
The oil penetrates all the pores and fibers of the paper when it touches

it. This makes the paper completely impregmated with oil and thus more
uniform for the light to pass. Thus the light rays penetrate the oil spot
and get reflected by the rest of the paper. This is why the oil spot looks
darker, because the light rays are not reflected back. When the light source
is behind the paper the opposite happens: light passes through the spot and
it hits the observer's eye, whereas the rest of the paper blocks the light
and appears darker.
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CHAPTER 12

WHAT ARE THE PROPERTIES OF SOUND?

OBJECTIVES

After dealing with and studying the concepts and sub-concepts in this
chapter, the students should be able to: '

a. recognize the correct explanation of an observed event based on each of
the sub-concepts,

‘ b. explain in their own words which of the sub-concepts is determmining the
course of an event,

c. distinguish true from false statements concerning each one of the sub-

concepts;
4. identify the correct explanation of an event in daily life applying one of
the sub-concepts;

all in relation to the following sub-concepts:

-~ Sound is produced by vibrating objects.

-- The loudness of sound is deotermined by the distance form the source, the
intensity of the vibration, and the surface area of the vibrating object.

-- The pitch of note is determined by the mass of the vibrating object: the
larger the mass, the lower the pitcn.

-- In resonance, the resonating object has the same frequency of vibration as
that of the sound source.

-~ Sound does not travel through a vacuum.

-~ Sound travels faster through liquids and even faster through solids
campared to gas.:s.

-- The speed of sound through air is around 340 m/s.
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Materials:

12.1. WHICE AMPLIFIER WORKS BEST?

1. A cheap polystyrene camb for each student.

comb's teeth
plucked with
finger nail

hold comb
against table

l

2.
3.
4.

Hold a comb in the air and pluck the teeth with your fingernmail.

Ask students: "How can I amplify the sound?"

Hold the end of the comb against the table top and pluck again.
Distribute different combs to each of the students and let them try to

hold it against different material in the class and listen which of them
gives the best amplification.

Point out to the students that the different lengths of the teeth give
different pitches (simple tunes might be plucked by the teacher).

5.

tions:

1. How did the sound get amplified?

2. Why do we hear the sound louder when the comb is held against other
materials?

3. Which factors are influencing the loudness of a sound?

4, What material is the hest amplifier for the comb?

5. What made the different pitches in the plucking of the teeth?

Explanation:
In holding the camb against the table top while plucking the camb's teeth,

it was not only the teeth and the comb that were vibrating but the whole
table top vibrated with it. This means an increased surface of the vibrating
object, which is the main reason for an
increasing loudness or an amplification.
The factors that are affecting the loudness
of a sound are: 1. distance from sound
source; 2. the amplitude of the wave,
i.e., how hard the teeth are plucked; 3.
the surface area of the vibrating object. SOUND WAVE

In general wood sheets and wooden boxes are the best materials for quality
in sourd amplification. This is why sound boards (for the piano), guitar and

! amplitude

violin bodies, and speaker boxes are all made out of wood.

~
o
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12.2. THE REVERSING PTICH

Materials: 1. Three identical empty bottles.

2. A wooden stick or ruler.

blow in this
— direction

5\— hit with
Z ruler
4 B c

rocedure:

1. Fill the three identical bottles with different amounts of water, and ask

the students: "Which will give the highest tone when I hit it on the side
with the ruler?"

2. Lift the bottle with 2 fingers at the neck and hit the side of each bottle
with the ruler and listen to the pitch of the tone.

3. Now ask the students: "Will bottle C always give the highest pit: .?"

4. Blow over the bottle mwuth, by placing your lower lip on the bottle rim
and blowing a narrow stream of air almost horizontally over the mouth.
Listen to the tone/pitch.

Questions:

1. What was vibrating when the bottles were hit on the sides?

2. What produced the tone when the bottles were blown into?

3. Wnat. is generally affecting the pitch of a tone?

4. Would different liquids of the same height in the bottles affect the pitch
of the tone? When hitting the bottle? When blowing over the bottle

¥hen the bottles were hit on the side with the wooden ruler, he bottle

ce the sound pitchi. The more water there was
in the bottle, the lower the pitch. When blowing over the bottle mouth, the
air above the water in the bottle vibrated to produce the tone. The larger

a
pitch obtained.

By using different liquids in the bottles, but filling them to the same
height, the pitch would probably be different when hit on the side (because

of the different masses of the liquids), but stay the same when blown over
the mouth (because the air column stays the same).
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12.3. THE STRAN GBCE

Materials: 1. Two plastic drinking straws.

2, A pair of scissors.
place lips
\ "
‘ ~blow

cut small

pieces off
straw while
blowing

Procedure:

1. Cut small holes on one side of a strew, about 1 to 1.5 am apart from each

other,

ptece of straw
2. Flatten one end of both straws and cut m::thj/‘acts like reed
triangle pieces out.

3. Place this end of the straw with holes in the mouth, holding your lips

just where the cut ends, and blow until an oboe sound is produced.

(Shifting the straw samewhat in or out of the mouth might help obtaining

the sound.)

4, Placetlu'eefingersofthelefthandmthefarthestthreeholesandthree
fingersoftherightharﬁmtlnnearestthreehol&sofﬂxestmw; and

open or close holes for the different pitches.

5. Now blow the straw with no holes. Make the oboe sound, take the pair of

scissors and cut small pieces off the straw while blowing.

Questions:
1. What was actually producing the sound?

2, What pitch did we get when all holes were closed, compared to when all

holes were open?

3.M'Aatdoesopeningorclosingaholeinthestrawreallymeanintemsof

vibrating an air colum?
4. Which musical instruments are based on this principle?

Explanation:

This demonstration especially shows that the pitch of a note is determined
by the length of vibrating air. By cutting the end of the straw we are

actually making two reed-like protrusions, which when air blown through them,

will vibrate and produce the oboe sound. The air colum in the straw is
vibrating with it and produces the pitch. With the holes in the straw we are
abletonakethevihratingaircolmmlongerorstnrter,byeitherclosingor

opening a hole or several holes at a time.

This principle is applied in the flute, clarinet, oboe, saxophone, and

their varieties in soprano, alto, tenor and bass instructions.
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12.4. PLUCK A RUBBER BAND

Materials: 1. A small medium thick rubber band.

stretch

rubber band

rrocedure:
1. Place the rubber band between thumb and forefinger, and stretch it a

little.
2. Hold 1t close to your ear and pluck it with the other hand. ‘
3. Stretch the rubber band by widening the gap between thumb and torefinger

and pluck again. What pitch do you hear now?

Questions:

. Did the pitch of the sound change after widening the gap?

. Which properties of the rubber band changed while being stretched?
. What property changes when a guitar string is tightened?

. Which properties do not change when a quitar string is tightened?
. How do these properties campare to those of the rubber band?

. In what ways can we change the pitch of a quitar string?

. How could we change the pitch of the rubber band?

Explanation:

When the rubber band stretched and was plucked again, the pitch ot the
sound was staying about the same, if not getting a little lower. This is
definitely contrary to what one would expect, which is a higher pitch for the
stretched rubber band.

When a guitar string is tightened, the pitch becomes higher, because the
tension is higher, thus the string vibrates with a higher frequency; the
length and the density of this string, however, 1s staying constant.

With the stretching of the rubber 1 nd, all three properties: tension,
length, and density change. The higher tension tend to increase the pitch,
but this is compensated by the incres-e of the length, which tends to lower
the pitch.

When the length of the rubber band 1s held constant, the pitch changes ‘
simlarly like a regular guitar string. This can be done by stretching the
rubber band over an empty open box.
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12.5. THE PIPE AND STRAN TROMBONES

Materials: 1. Two rigid plastic tubes (one slightly larger in diameter than the
other so that they can slide into each other, about 40-50 cm

length each).

2. Two straws (plastic drinking), with the same specifications as
above.,

3. A propane torch or Bunsen burner.

slzde this tube —

in and out
hold thie tube -
/— propane burmer

blow through AN

this straw

.Prooedure

1. L1 Light the propane torch or Bunsen burner and turn it to the largest
setting with the air valve open.

2. Hold one of the rigid tubes vertically and lower it slowly over the flame
until a resonating tone is produced.

3. Slide the larger tube up and down over the first one /ile holding them
both over the flame (trombone effect).

4. Flatten one end of the straw and cut small triangle pieces out of each
side to make a straw oboe (see Event 12.3).

5. While blowing through this oboe, producing the tone, slide the other straw
over the first one in and out (trombone effect).

tions:

1. How was the resonating tone in the rigid tube produced?
2, What changed the pitch in the sliding tubes?

3. What produced the tone in the straw oboe?

Explanation:

in the tube suddenly expands the air in it and the
up the tube, resulting .. a resonating tone:
in

air begins to oscillal a
standing wave is created a tube with open ends. The longer the tube, the
longer wavelengths are produced in the standing wave and thus the lower the
tone. The same goes for the sliding straws, except that the sound is

produced in the standing wave and thus the lower the tone. The same goes for
the sliding straws, except that the sound is produced by the vibrating reeds.
These are made to vibrate by Llowing the air stream between them.
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12.6. THE SINGING GLASS

Materials: 1. A wine glass (or any other thin drinking glass with a smooth rim).
2. A little vinegar or dilute acid.

~ —rub with finger

Procedure:

1. Wash your ha.ds with soap and place the wine glass on the table.

2. Dip the fore- or middle-finger in a little vinegar, hold the wine glass
steady with the other hand (hold base down on table) and rub the rim of
the glass with the dipped finger.

3. The rubbing should be done rather slowly (if the finger slips without
giving off a sound, then either the glass rim is greasy or your finger is
not quite clean).

4. Pour a little water in the wine glass and rub again. Notice the pitch

change.

tions:

1. What is the purpose of the vinegar?

2. why do the hands and glass have to be clean?

3. What is the finger actually doing when it rubs the glass rim?
4. What is the pitch doing when water is added to the glass?

Explanation:
When the finger is rubbing against the rim of the glass, it is not

supposed to just slide over it, but it catches and slides in very quick
succession. It is just like hitting the side of the glass with a hard
aobject, softly and in very quick sucoession. It almost works like a bell
hammer. As soon as the first few vibrations are produced, they make the
glass resonate, because the pitch produced is exactly the same as that of the
glass itself.

By adding water to the glass, the vibrating mass increased and thus the
pitch got lowered.




12.7. TUNED-IN WASHERS

Materials: 1. Two upright stands and 7 identical washers.

2. Light string or sewing thread.

string or

/—thread

start to swing

this washer x

Procedure:

1. Place the two upright stands about 50 com apart and attach a string between
them at the same height.

2. Now tie the short lengths of string to the seven washers.

3. Hang the washers on the horizontal string at the followirg lengths:

washer No. 1 - 20 cm. No. 5 -5 cnm.
washer No. 2 - 15 an. No. 6 - 10 onm.
washer No. 3 - 20 am. No. 7 - 15 onm.
washer No. 4 - 15 cm. (samewhat farther apart).

4, Start to swing washer No. 7 and observe the other washers.

tions:

1. Why did washer No. 2 and No. 4 swing with No. 7?

2. If washe: No. 2 were swinging first, which one would swing with it?

3. If washer No. 1 were swinging first, which one would swing with it?

4, How can we compare this event with a sound source and resonating objects?

Explan~*ions:

This demonstration is another excellent illustration of the phencmenon of
rescnance., When washer No. 7 starts to swing, washers Nos. 2 and 4 will
swing with it. Washer No. 7 can be compared with the source of vibration anc
washers Nos. 2 and 4 are "timed in" with or have the same frequency of
vibration as washer No. 7. The same happens when washer 2 or 4 is started
with the swinging first. The washers that have the same string length will
swing with the original "swinger." So when washer No. 1 is started to swing,
then only washer No. 3 will swing with it.

In resonance, the resonating object has to have the same frequency of
vibration as the source. Sometimes the source of vibration can be the object
itself and then it will increase its own vibrations. This was the case with
the collapsing Tacoma bridge in Washington state, which started to vibrate
because of a high wind that blew against the bridge.
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12.8. THE SWINGING BOOK

Materials: 1. A paperback pocketbook.
2. A horizontal bar stand and string.
‘\
\p‘
blow against o
book With ~ e—b 0
short puffs
Sketch A
Sketeh B
Procedure:

1. Tie two strings to the paperback pocketbook and hang it fram a horizontal
bar stand (see Sketch A). ‘

2. Hold the book about 450 from the vertical line out and ask the students:
"Would I be able to blow against the book until it is this far out?" ‘
(Anticipated answer: "NO").

3. Let the book hang back vertically and blow with huffs in phase with the
swings of the book. (Just like pushing someone on a swing in the park.)

Questions:

1. Why is it not possible to blow the book to 450 from the vertical line with
one huff?

Z.Wtismstmportanttogetﬂxebodcswnginghigherarﬂhigmrwiﬂlﬂxe
huffs?

3.Ebwwnwestopthebod<fmnswingingwit}mttwchingit?

4.Ibwcanwecauparetheswingingofthebookandtheblwmg, with sound
and resonance?

Explanation:

This is an excellent demonstration to illustrate what resonance actually
is. Mwedealwithreeamwethereisalwaysasmrceorodgian
vibration (sound) and an object which is resonating with the source of
vibration.

The huffing against the book can be campared with the source of vibration
and the swinging of the book as the object which resomates with the source.
Mmtlnhuffingisinﬂnsewiththeswingingbodc, it will swing higher and
higher. In sound temms: when the sound source has the same frequency as the
vibrating object, it will resonate with the sound source. In order to stop
thesdngingofﬂnbodc,thetmffinghastobedmewtofphaseorin
opposite phase with the swinging. Again, in terms of sound we would say: to
stopthecbjectfmrewnting,ﬂxeswrcehastotnveadiffermtfreqmmy
that the vibrating object, or the object should vibrate with a different
frequency than the source of vibration.

37

-




12.9. THE SINGING BOTIE

1. Three or four identical bottles.
2. A tuning £

tuning fork
— bottles

Procedure:

1. Place the four bottles on the table and fill them with different amounts
of water.

2. Strike the tuning fork and listen to the tone.

3. Fill one of the bottles with just enough water, so that the air colum
above the water (when blown into) will vibrate with the same tone as the
tuning fork.

4. Place this bottle back in row with the other bottles, strike the tuning
fork and hold it over each of the four bottles (stopping a second above
each one, then moving on to the next).

Questions:

1. Which botcle is "singing" with the tuning fork?

2. Why are the other bottles not "singing" with the tuning fork?
3. How can we make the other bottles "sing" too?

4. What is it that makes the bottle resonate with the tuning fork?
5. Where do we find this event appliad in daily life?

Explanation:
Since only one bottle's water height was adjusted such that the air above

it would vibrate with the tone of the tuning fork, this bottle is the only
oi.e that is resonating with the tuning fork. The colums of the other
bottles were either too long or shart to "sing" or resomate with the tuning
fork. ‘I‘heﬁ.'egnx:yofthetoneintheselatterbottl&s is not the same as
that of the tuning fork, and thus they do not vibrate with it. For z further
explanation of resonance see Events 12.6. ard 12.7.

An application of this event in daily life is encountered when a certain
tone is sounded in front of a guitar open grand piano; only certain
strings that have the same pitch or octa thereof, will resonate with the
original tone or pitch.




12.10. THE SOUNDLESS BEIL

1. A round-bottamed flask (cr flat-bottamed).

2. A small bell (that fits through the neck of the flask).
3. A rubber stopper and short piece of iron wire.

4. A Bunsen or propane burner & stand, a cloth.

wire stuck,
in stopper

bell

Procedure:

1. Attach the small bell to the wire and stick the other end in the rubber
stopper. Adjustthelengthofthewiresothatthebellwillhangabwt
in the center of the flask when closed off.

2. Closet:heflaskoffwiththestopperandbell_.shaketheflaskarﬂletthe
students listen to the tinkle of the bell (a faint high note should still
be detected).

3.'1‘akethestopperoff,pouraboutZOmlofwaterintheflask,andheatit
overthe&msenorpu:’cpanehameraxﬁstarﬂuntilboiling.

4.Ietthewaterboilforaminuteorsoarﬂthenshuttheflameoff,and
immediately insert the stopper with the attached bell (hold the flask with
the cloth to prevent burning of fingers).

S. Let the flask cool off for a minute, shake the flask again and try to
detect the same faint high note of the bell.

tions:

1.Whydidtheringofthebelldisappearafterboilingvaterintheflask?

2. What is the purpose of boiling water in the flask?

3. If sound does not travel through a vacuum, could we hear rocket exhaust in
outer space?

4. Why can sound not travel through a vacuum?

Explanation:

In order for human beings to hear a sound, sound waves or vibrations have
toreachtheireardnm,vmetheritistlmxghagas,aliquidorasolid.
Iherehastobeamdiminonderforwamtotravelfranoneplacetothe
other. We hear sound and noises around us, because air is present
everywhere. In the flask we created a partial vacuum. By boiling water,
steam was produced and this pushed most of the air out of the flask. After
theflaskcooled,thesteanoaﬂemedhadcintowaterardahmstmairis
left in the flask. This is why the bell could not be heard after the water
has been boiled in the flask.

Any sound sources that are located in outer space (i.e., in a vacuum), are
not propagating any sound. This is one of the reasons why we do not hear the
tremendous sun explosions and the space travel sounds from the surface of the
!Il. v s
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SOUND MEDIUM OF TRAVEL

12.11. LISTEN TO THE POPPING BUBBLES

Materials: 1. A can of fresh soda pop.
2. A round-bottamed flask or drinking glass.
3. A tablet of Alka Seltzer (or other tablet which gives off gas
bubbles when dissolved in water).

dissolving
Alka Seltzer
in water-filled

flask

Procedure:

1. Open a can of soda pop and place it ‘mmediately against your ear (or pour
the soda in the flask, and place the rlask against your ear). If soda pop
is not available, do point 2.

2. Fill the flask or drinking glass with water and plunge a tablet of Alka
Seltzer in it. Place the flask or glass immediately against your ear.
3. Listen to the popping bubbles.

tions:

1. What kind of sounds did you hear in the can or flask?

2. why couldn't you hear the popping bubbles through the air?

3. what do you do when you want to hear something better?

4. What medium did sound travel through?

5. Would you think t sound travels easier through liquid or gas?

Explanation:

The source of sound in this case is formed by the bursting bubbles of
carbon dioxide from the soda pop or the Alka Seltzer tablet. The bursting
bubbles creates waves in the liquid, which reach the can or glass container.
This vibrates in turn and the air close to the ear carries the vibrations to
the ear drum.

As soon as we bring the source of sound closer to the ear, we can hear it
better. Like the ticking of a watch or sameone's heartbeat, that we likea to
hear, we must bring the ear closer to the source. Sound trawvels through
liquids faster and easier compared to that in gases. This is why the tapping
of two rocks can be he2rd better under water than above water (try this in a
swimming pool).
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SOUND MEDIUM OF TRAVEL

12.12. THE SODA CAN TELEPHONE

Materials: 1. Two empty soda pop cans.

2. A string (same as length of the classroom).

3. Nail & hammer, a can opener.

listen to
_~—— tightly held this can —
atring
speak into
— this can

Procedure:

1. Cut one end of the two soda cans campletely open with the can opener.

2. Punch a hole in the center of the other end with the nail and hammer.

3. Thread the string through the holes, such that the closed ends face each
other and tie a large knot at the end of the string, so that it will not
slip out of the hole.

4. Let two students stand at the far ends of the classroom, hold the cans
keeping the string tight, and alternately speak softly and listen in tle
can (see sketch).

Questions:
1. How did the sound travel to the student's ear?
2. What did speaking in the can do to the bottam of the can?
3. Why did the string have to be held tightly?
4. Would this set-up work if we had a solid pipe or bar instead of the string
between the two cans?
5. Could a whisper be heard from one end of the classroom to the other end,

through the 'telephone’'? Through the air?

Explanation:
By talking into the can, the vibrations from the v -:al chords make the air

in the can vibrate. These vibrations are transferr.d to the bottom of the
can, which in turn vibrate. The same vibrationc are travelling along the
string in longitudinal waves, making the bottom of the other can vibrate.
The air in the receiving can is thus reproducing the exact vibrations of the
first can, resulting in the same voice of the original sender. A whisper
could not be heard through the air compared to a whisper through the
'telephone'. The waves travel through the solid string in the latter case,
and it is much more facilitated. Sound travels faster and easier through
solids than through gases.
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SOUND MEDIUM OF TRAVEL

12.13. ".£E COAT HANGER CHURCH BEIL

Materials: 1. A pencil with eraser end.
2. A short piece of string.
3. A metal wire coat hanger.

hold erqser—end —

of penstl on ear

stmng

wire coat hanger

Procedure:
1. Tie the string tightly to the pencil (opposite eraser end) and to the hook
of the coat hanger.
2. Place the eraser end of the pencil in the ear and while holding it there,
swing the coat hanger and let it hit a solid object (or hit the hanging
coat hanger with another pencil).

tions:

1. Mntdoyouhearwit'htheearinmuchthepencilisplaced?

2. Why didn't you hear _ne coat hanger vibrations through the air?

3. What was the source of the sound?

4, Describe how the vibrations reached the ear from the source.

5. What other objects could we hang from the string for a source of sound?
6. What would you do to hear someone's heartbeat?

7. What other applications of this principle do you encounter in daily life?

Explanation:
The coat hanger hitting a solid object would vibxate and act as the source

of the sound. The vibrations travel though the string and the pencil to the
ear drum. As the string and pencil are solids, it is much easier for the
sound waves to travel through them than through the air. It is the
vibrations of the pencil that are immediately transferred to the ear Adrum,
that make the sound so audible.

Similarly, we place our ear against someone's chest, in order to heoar
his/her heartbeat. By placing our ear against the railroad tracks, w~ can
t?arratrainapproachinglom;beforewecanhearthetrainswr 5 thre ¢ the
air.
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SOUND LONGTTUDINAL WAVES

12.14. THR RESONATING BAR

Materials: 1. An aluminum solid bar or hollow pipe (3/4" or 2 cm diameter and
about 3' or 1 m long).
2. A damp cloth.

rub this end of pipe

\\\ S~—— hold in middie
- of pipe

Procedure:

1. Iat the aluminum bar balance on your right hand, by holding it between
forefinger and thumb in the middle of the bar.

2. Rub the left hand side of the bar with the damp cloth, slowly and gripping
the bar rather lightly (try this several times until a high pitched tone
is produced).

3. If the rubbing does not succeed, tap the bar vertically on a hard surface
or hit the end of the bar with a hard object.

4. Stop the vibration by holding the bar on either end of the center with the
left hand.

sstions:

1. What did the rubbing of the bar do to it?

2, Why does the rubbing as well as the tapping produce the same tone in the
bar?

3. Would hitting the bar on the side produce the same tone?

4. Why can the vibration be stopped on the side of the bar that was not
rubbed or hit?

Explanation:
The rubbing with the damp cloth of the aluminum bar made the cloth slip

and grab, slip and grab alternately, causing a longitudinal or lengthwise
wave in the bar. The tapping at the end of the bar causes the same
lon;itudinal wave, which will travel throughout the whole bar, not only on
the side when the ribration originated. This is why the vibration can be
stopped by holding even the end of the bar that was not rubbed. When the bar
ishitmthesideinsteadofattheerxi,atzamvemevaveiscreated,whidl
hasanuchlmgervavelmgthamithusamdmlmertmeorpitchcmpamdto
the lonjitudinal wave.
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12.15. THE MUATIiPIE TONING PIFPE

Materials: 1. An aluminum pipe (1" or 2.5 an diameter and i
about 3' or 1 m long).
2. A golf ball or other hard rubber object.

hit here K‘

hold at

marked spot /
hit here

hold
at middle

=
Procedure:
1. Let the pipe balance by holding it with the right hand between thumb and
forefinger in the middle of the pipe.
2. Hit the pipe with the golf ball close to the middle of the pipe.
3. With a grease pencil or other marker, place marks on the pipe at places:
13, 25, 35, and 39 cn on each side away fram the center (these are
approximate distances: the correct spots may be found by holdiiyg the pipe
at a spot and hitting it with the golf ball; the correct spot will be
revealed by a pure resonating tone).
4. Hold the pipe between thumb and forefinger vertically at the marks and hit
the pipe with the golf ball. What tones do you hear?

tions:

1. Why did the pipe give different tones?

2. Did holding the pipe at different spots determine the tone?

3. Could the vibration continue by holding the pipe at more than one spot?
More than two spots? Which of the spots?

4. Holding which of the spots would give the same tone?

5. Holding which of the spots on the pipe would give the highest pitch? The
lowest pitch?

Explanation:
By holding the pipe at one spot and hitting it with the golf ball, we are
getting a vibration in the pipe, resulting in a standing wave, detectable by
a certain tone/pitch depending on where it is held. The spot 25 am away fram
the center gives the
lowest pitch, whereas
the spots 13 and 39 cm
fran the center give
the highest pitch.
This is because of the
shorter wavelength

produced.




SOUND RESONANCE & HARMONICS
BERNOULLI'S EFFECT ‘

12.16. THE TWIRLING BUGLE

Materials: 1. A corrugated plastic tube (a swimming pool drain hose or vacuum
hose; about 6' or 1.5 m long, 4 cm diameter).,

wing tube

paper snippers

Sketch A
Sketeh B
Procedure:

1. Hold the plastic tube in one hand at one end, and swing it above your
head, first slowly, then faster and faster (different pitches will be
heard--see Sketch a).

2, Tear a piece of paper up into a few small snippers and leave them in a
heap on the edge of the table. Hold with one hand the stationary end of
the tube above the snippers and with the other hand, swing the tube (the
pieces of paper will be flying all over--see Sketch B).

Questions:
1. What made or produced the sound?
2, why did we get different pitches by twirling the tuhe faster?
3. Why did the note skip in pitch; what is the next higher pitch called?
4. Which way is the air flowing in the tube?

Explanation:

The air flows from the stationary end to ‘he circling end, because the air
flowing past the moving end of the tube reduces the air pressure (Principle
of Bernoulli-—see chapter on flowing air). As the air flows along the
corrugations of the tube, it starts to oscillate. The corrugations determine
the frequency of the oscillations and thus the tone. The faster the air
flo.'s through the tube, the easier the higher frequency hammonics are
excited, thus producing the higher harmonic tones.

The pitch is also determined by the length of the twirling tube. The
shorter the tube the higher the pitch. With a little practice in slowing
down and speeding up the twirling, the sound of a bugle can be easily
imitated.
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12.17. THE TWO-NOTE TURE

Materials: 1. A length of rigid plastic or copper tubing (2-1/2" or 8 am
diameter, 1-1/2' or 50 cm long).

! i

tap with palm of hand ~ .

$§ rigid plastic tube
/_ (or copper tube/
Procedure:

1. Hold the tube with your right hand vertically and tap the top end with
your flat left palm (hold the palm against the tube): a certain tone is
produced.

2. Now tap the top end of the tube with the flat of your left hand palm and
release the contact with the tube immediately after the tap; in other
words: move your hand immediately away from the tube (it is like tapping
the tube very lightly): another note is produced.

3. Keep alternating the two kinds of taps and let the students try to
distinguish the two notes.

Ques! ions:
1. How was the tone in the tube produced?
2, Which of the two tones produced had a higher pitch?
3. How are the two tones or pitches related to each other?
4. what type of waves did we create with the two kinds »f taps?

Explanation:
By tapping the tube at the top end, a vibration of the air within tue tube

was created, producing a tone. When the palm is kept against the end of the
tuke, the wave is occurring in a tube with a closed or fixed end, producing a
low tone. When the palm is tapped

against the tube only lightly, the —hold

wave occurs in a tube with open ends,

sroducing a tone an octave higher.

._/ «hold he
This can be illustrated by holding % 1 v move do 1

a short slinky vertically at the top o hold
only (closed end wave), or in the

middle and moving the top faster (open

end wave - see sketch on the right).
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12.18. MEASURE THE SPEED OF SOND

Materials: 1. A bright colored ball and string.

2. Two pieces of wood (to make a clapping sound).
3. A long measuring tape (or long rope and a short measuring tape).

.. /
swinging pendulum — /
(period: 1 sec) \ S/
<4
« )
N N

measure this
distance

elap wood at
maximum height

k observer of pendulum

Procedure:

1. Make a pendulum from the bright oolored ball and string, such that it
swings a full period (back and forth) within one second (by adjusting the
length of the string).

2. Take the class out to an open field (it should be 170-180 m long), attach
the pendulum to a horizontal bar or tree branch and have one student clap
the two pieces of wood together at the exact moment that the pendulum
reaches the highest point of the swing.

3. Have another student stand next to the one clapping, to keep the pendulum
bob swinging (by giving it a reinforcing push).

4. Once the clapping and swinging are synchronized, let the rest of the
students walk back fram the pendulum while observing the swing and
listening to the clapping (soon the taps will get out of phase with the
swings, and slowly get back in phase with the swings).

5. Stop moving away from the pendulum, as soon as the taps are synchronized

gain with th- swings of the bob, and measure the distance fram where you

are now to the swinging pendulum.

]

Questions:

1. Why was there a lag reated between the taps and the swings?
2. What made the taps become synchronized again with the swings?
3. How can we calculate the speed of sound from the data?

Explanation:

Asﬂleperiodoftheswmgingperdulunvasmefullseoaﬂa'ﬂﬂ\etappkg
of the wood was at each maximum height of the bob, the claps were 1/2 second

fram each other. The distance from the observer to the pendulum (170 m)
divided by the time (1/2 second) would be the speed or velocity of the
travelling sound (340 m/sec). 3q4
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12.19. THE ECHD SPEED CALAOIATOR

Materials: 1. Two pieces of wood (to make a clapping sourd). |
2. An open space and a large vertical flat surface outdoors (such as
a high wall of the school building).

wall
observer X

\Cmeaaure this distance
Procedure:

1. Take the class outside to the side or back of the school building.

2. Start from about 20 meters from e wall (facing the wall) and move very
slowly backwards while clapping with the wood pieces.

3. As soon as an echo of the clapping sound can be detected by sameone, stand
still and double check whether indeed an echo can be heard.

4, If indeedn an echo can be heard, measure the dist~nce fram the ohserver to
the wall.

Questions:
1. How can we calculate the speed of sound in this event?
2. Could we start the clapping by approaching the wall fram further out?
3. why do you think we cannot hear an echo when we are too cluse to the wall
or vertical surface?

Explanation:
The minimum time interval that the human ear can detect between two claps
is 0.1 second. When this interval between the clap and the echo is shorter
than 0.1 second, no echo is heard. This is why no echo is heard when we
stand too close to the wall. By moving slowly backwards away fram the wall,
an echo will be heard at a certain moment. At this moment the echo came back
within 0.1 second, the distance between observer and the wall is measured
(about 17 m), and the speed can be calculated from: distance sound travelled

(2 x 17 m = 34 m) divided by the time (0.1 sec) equals 340 m/sec.
when the speed of sound is already known, an approaching stomm's distance
may be estimated by counting the seconds between t'.. lightning and the
thunder, and multiplying this by the speed.




312

SOUND
12.20. THE ELLIPTICAL WONDER
Materials: 1. Two thumotacks, a pencil, and a marble.
2. A thick thread or thin rope.
3. A smooth table surtace or large cardboard.
4. A long 3 cm wide cardboard strip and molding clay.
L/‘pencil
thread "
cardboard
thumbtacks strip
elay
table top
— or cardboard
Procedure:

1. Press two thumbtacks about 30 cm apart in the cardboard or table top
(this can be closer or wider apart depending on the size of the surface -
area of the table or cardboard).

2. Make a loop with the thread, where the total length of the thread is ‘
5-10 cm longer than twice the distance between the thumbtacks.

3. Hold this loop of thread tight between the thumbtacks and the pencil tip
(holding the pencil vertically) and describe a perfect elipse with the
pencil on the cardboard.

4. Build a wall with the cardboard strip and the molding clay on this elipse
by pressing blobs of clay between the strip and the table (or cardboard).

5. Roll a marble from one tocal point (thumbtack) 1in any direction to the
eliptical wall. Which way does it bounce back?

Questions:
1. Why does the marble always bounce back to the other thumbtack?
2. What points are the thumbtacks in the elipse?
3. How large an elipse can be constructed this way?
4. How would sound or light waves bounce off the eliptical wall?

Explanation:
The reason why a perfect elipse results by keeping the thread tight between

the two focal points and the pencil 1s, because the sum of the two radii stays
the same. + normal
Another feature ot the elipse is !
that the angle of incidence (i) of one
radius is the same as the angle of
reflection (r) of the other radius
(see Sketch on right). This makes it
possible that softly spoken words in
one focal point can be heard at
another focal point quite a long
distance away from the tirst focal

point.
336
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SECTION III

FORCES AND MOTION ON EARTH AND IN SPACE

This section onnsists of three chapters dealing with Newton's Laws of force
and motion, appliel on earth as well as in outer space. Same aspects of geology
ard astronomy are also discussed.

Chapter 13 deals specifically with the concept of gravity and the center of
gravity of objects and systems, how torques can keen objects in balance, latent
foroces in rubber bands, the effect of sudden forces, siiple machines, and the
rate of falling objects.

' Chapter 14 ooncentrates more on concepts and laws that can be applied to
space science, like: inertia; Newtcn's First, Second, and Third Law; centripetal
and centrifugal forces; conservation of momentum and plane of rotation; and
weightlessness.

Chapter 15 deals with some aspects of geology and a few phenaomena in

astronomy. Erosion and weathering, wolcanic action, and eclipses are some of the
concepts dealt with.
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CHAPTER 13

HOW DO FORCES AFFECT THINGS ?

OBJECTIVES

After dealing with and studying the concepts and sub-concepts of this
chapter, the students should be able to:

recognize the correct explanation of an observed event based on each of
the sub-concepts;

explain in their own words which of the sub-concepts is determining the
oourse of an event;

distinguish true from false statements concerning each one of the sub-

ooncepts;

identify the correct explanation of an event in daily life applying one
of the sub—concepts;

all in relation to the following sub-concepts:

Gravity pulls objects toward the center of the earth.

Falling objects fall at the same rate (in a vacuum).

If the center of gravity of a system is located below its point of
support (pivot point), it is a stable system.

Spinning objects spin around their center of gravity.

A torque consists of two forces working in opposite directions, which
cause an object to spin or rotate.

Water pressure increases with the depth of the water.

The frequency of a pendulum swing depends only on the length of the
pendulum: the shorter the pendulum, the higher the frequency.
Corrugations, filling with campressed air, or weaving will generally
strengthen the material.

In a first class lever the fulcrum is between effort and resistance.
In a second class lever, resistance is between fulcrum and effort.
In a third class lever, effort is between fulcrum and resistance.
Inclined planes and pulleys, like first and second class levers, are
meant to reduce the effort the lift or move heavy objects.

339

315



317

‘muas GRAVITY

13.1. ROLLING UPHIIL?

Materials: 1. Strips of cardboard (about 3 am wide).
2. Paper cards and cellotape.

higher end

\——tape cones

wtogether

Sketch A Sketch B

Procedure:

1. Make a cardboard ramp in the shape of a narrow V, and tape a wider

cardboard strip to the ope:: end of the V, so that this end will be about 2
‘ an higher (see Sketch B).

2. Onstruct two identical cones from the paper cards and tape them together
(see Sketch A). Make sure that the surface of the double cone is smooth
(especially where it is taped).

3. Place the double cone on the lower end of the V-shaped ramp and give it a

starting push toward the higher end.

Questions:
1. How can an object roll uphill?
2. Does the double cone actually end up higher above the table?
3. Would a cylinder roll up the V-shaped ramp?
4., what force made the double cone roll toward the open end of the V?
5. What would a sphere: do on the V-shaped ramp?

Explanation:
This demonstration invites students to be very ocbservant. It gives

illusion of the double cone rolling uphill. The fact is that the double
actually rolls downhill. It started higher above the table at the lower
of the V-shaped ramp and ends up lower above the table at the higher end
the ramp. It can bz observed by fixing the eye on the tip of the double cone
or actually messuring the distance between this point and the table top
before and after the rolling.

It is because of the shape of the double cone and that of the ramp, that
the object's center of gravity slightly gets lowered when rolling from the
tip to the open end of the V-shaped ramp. A cylindrical shaped object would
not be able to roll "uphill" on this ramp. A spherical shaped oject, like a

’ ball for instance, would be able to roll towards the higher end of the ramp,
but drops down much sooner between the legs of the V-shaped ramp.

SEE:
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13.2. WILL PAPER FALL LIKE A STONE?

Materials: 1. A hard cover book.
2. A sheet of paper (the size of the book).

/ sheet of paper

ldrop 1 drop

Procedure:

1. Drop a sheet of paper to the floor from arm's height (it will slowly fall,
moving from side to side).

2. Drop a book separately (or beside the paper) to the floor from the same
height (it will drop like a stone).

3. Now place the paper sheet on the book. Ask the students: "With the same
gravity working on the paper and the book, will the sheet of paper fall at
the same rate as the book?" (Anticipated answer: 'No').

with the paper sheet on top of it (make sure that the
is equal to or smaller than the book).

tions:

1. Together why did the sheet of paper drop just as fast as the book?

2. Separatelywhydidtmsheetofpaperdropslowerthanthebook?

3. W!ntvmldhappenifthebo:kweresnallerttanthesheetofpaperarﬂthe

two were dropped together?
4. mtwuﬂdhappmifthesheetofpaperweredroppedinavacuuntube?

Explanation:
Dmppi.ngthesheetofpapertothefloorbyitselfwillnakeitmvefran

side to side and descend slowly, because of the air resistance. The book is
heavyelulghtoovercanetheairfrictimaxﬂitdropsinthatshortdistanoe
as if there were no resistance. Together, our intuition that the paper
should stay behind the book in falling to the floor, but fall at the
same rate, becausemderthepaperthereismairandthusmresistance.
It is as if the paper fell in a vacuum.
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13.3. THE FALLING PENNIES

Materials: 1. Two pennies (or other coins).
2. A paper card (3x5" / 7x12 cm).

flizk card in this

: — N o
1st fold in card direction
ond fold in card —- \‘:( ’w\\\

NG

T——pennies
Procedure:
1. Fold the paper card in half, then fold each side one-third fraom the end
outward.

2.Placethepenniesmeachsideofthecenterridgeofthecardandhold
one ernd on the table edge (see Sketch).

3.Nowflicktheridgeofthecardtothesidewiththemiddlefingerofywr
right hand., This will fling one penny about 5 m away and at the exact
same moment the other penny will drop straight to the floor.

4. Ask the students: "Which of the two falling pennies will hit the floor
first?" (Anticipated answer: 'the straight falling one') Flick the card
and listen to the click of the pennies hitting the floor.

Questions:

1. Did you hear one or two loud clicks of the falling pennies?

2. What would it mean if you heard only one click?

3. Does the direction of a falling object have any influence on the speed or
rate of fall?

4. What was disregarded in this demonstration?

5. What can we conclude fram this demonstration about the rate of fall of
aobjects with different initial directions?

Explanation:

As both pennies were released at the same moment, the foroe of gravity
started to work on the pennies at the same time. The downward component of
theforcesworkingmeachofthepemdesisthereforethesme,axﬂthus
also the acceleration they obtain, resulting in reaching the floor in exactly
the same time. This is why only one loud click (first click) is heard of the
two pennies falling, regardless of the initial horizontal force imparted on
one of them. When one of the pennies is replaced with a marble, the same one
click will result, implying that all objects fall with the same rate (in a
vacum). In our case the air resistance was disregarded, because of the
relatively short distance of fall.
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13.4.

HIT THE FALLING CAN

GRAVITY
NEWION'S SECOND LAW ‘ ‘

Materials:

1. An empty soda pop can.

2. A test tube and steel ball (which fits in the tube).

3. Fishing line (6-7 m long) & short piece of string.

4. T™wo strong rigid heavy stands (two pillars about 4-5 m away from
each other is ideal).

5. A wooden stick, paper clip, splint, masking tape.

wooden
stick —_

-~

pillar —~

Procedure:

_— 8tring
fishing
line

/" T~ pop can

|
“t\\\‘\~—. point of

oolligion

‘___blow here

fishing
— line

looee
“—wood splint

\\;_ trigger
pillar

steel ball —

1.

2.
3.

4.
5.
6.

7.

8.

Bresk the bottom of the test tube by letting the steel ball roll down in
it (a wide glass tubing cu.ld be used here instead).

Tape this tube horizontally abwt mouth-height to one of the pillars.
Punch a nail hole through the . of a 20 an long wooden stick and get the
fishing line though the hole.

Tie a paper clip to the end of the fishing line,

Tape the stick, slightly higher than the tube, to the other pillar.

Pull the fishing line rather tight from one pillar to the other (to where
the)tube is taped; the line should be slightly higher at the wooden stick
erd L]
Tieashortstringtotheenptycanandpinchtheendofthestring
between the paper clip and the wooden stick. Set the trigger by placing a
wood splint at the end of the tube (can should be held up when set, when
wood splint falls the can should fall).

Place the steel ball in t*: tube and blow it hard in the direction of the
hanging can (tube and ¢ .: suould be lined up).

Questions:
1. Why does the cteel ball always hit the falling can?

2.
3.

Does jt matter how hard we blow through the tube?
What force is pulling at falling abjects?

Explanation:

is

Dj. the air friction in this case (actuall- in vacuam),
pulling at the can and at the steel ball with the same force,

gravity

thus no

matter whether the ball had a horizontal component or not, they fall at the
same rate and should meet each other in their path of fall.
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FREE FALL

13.5. THE MYSTERIOGSLY MOVING STEEL BALL

Materials: 1. A large steel ball (abcut Z cm diameter) tram a ball bearing.

2. A wooden lath (1 m long) or meter stick.
3. T™wo small cups (the size of large coke bottle caps).
4, Adhesive tape, and a little moulding clay.

steel ball in cup

hold right finger here

clay on bottom
of secon’ cup

hold your

left finger

here — - table
surface

rrocedure:

1. Attach one cup to one end of the lath and the other about 5 cm apart from
the first (centre to centre), by using masking or scotch tape.

2. Place the steel ball in the tirst cup, and place same clay in the bottom of
the second cup.

3. llold the left end of the lath (the empty end) down to the table top with
your left forefinger and 1lift the right end of the lath with your right
torefinger (let the left end ninge around the left finger and the table
surface, keeping the finger steady to keep the lath trom sliding).

4. Hold the lath in about a 30 degree angie above the table surtace, and
suddenly release the right-hand end of the lath: the ball moved from one
cup into the other! (If it did not work the first time, try again at
larger angles or more sudden releases of your right finger).

Questions:

1. What made the ball move from one cup into the other?

. Do falling objects fall with different rates?

Is the gravity acceleration not the same for all objects on earth?

If air friction was negligible, how woi.d the acceleration of the lath

camrare to that of the steel ball?

5. Which point of the lath would fall at the same rate as the steel ball?

6. What does the right end of the lath have to do, in order for the steel
ball to be abie to move out of the first cup?

oW N
P

Explanation:

The centre ot gravity of the lath with the cups attached 1is about 2/3rd
away from the hinged end. This point falls at the same rate as the steel
ball.

As point A (centre of gravity) is .
not as high above the table as point B gravity
(right end), point B has to fall
faster than a regular free tall.

Thus, the right-hand end of the 1lath

indeed falls faster than the steel

ball, and as the ball falls in a
straight path, it ends up in the 344
second cup.

centre of
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13.6. THE BALANCING PINS

Materials: 1. Three knitting needles, or iron wires (30 cm).
2. Four one-hole rubber stoppers.
3. A cck (medium size), a styrofoam ball or cube.

cork

Sketch 4
Sketch B

one-hole rubber
stoppers

Procedure:

1. Stick one of the knitting needles, lengthwise, through the center of the
cork, cut the head of the pin off, and stick the styrofoam ball to this
end of the needle.

2. Let two of the stoppers fall in each of the remaining knitting needles
through their holes.

3. Stick these pins rather slanted down into the side of the cork (Sketch A).

4. Let the whole system balance on your finger with the pin point as the

pivot (use any protruding point as support).

Questions:
1. Why does the system of pins and stoppers stay up?
2. What is the purpose of the rubber stoppers?
3. What is the purpose of the styrofoam ball?
4. Where is the center of gravity of the system located? Without tne pin
with rubber stoppers? With the rubber stoppers?

Explanation:

The cork and styrofoam ball are very light in weight, compared to the
rubber stoppers. By slanting the pins with the rubber stoppers down, the
center of gravity is lowered below the pivot
point. Another way of lowering this center
of gravity of the system is to shift the cork
down. The lower the center of gravity of the

system, the more stable the sysiam is.

It is because of this principle that
race cars are built as low as possible, so
that in sharp turns they will hug the road
and not roll over.
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13.7. THE BALANCING ACT

Materials: 1.A tall pop or wine bottle.
2.Two strainer scoops, 2 forks, 2 knives.
3.A barbecue fork and a metal skewer.

Procedure:

1. Attach the strainers through the handle holes to the barbecue fork, and
push the skewer through the handle hole of the barbecue fork (see Sketch
above) .

2. While holding the system of utensils by the end of the barbecue fork, hang
more weight on the strainers by pushing the fork teeth through the
strainer holes and the knives through the fork teeth.

3. Balance the whole system of utensils now on top of the coke bottle by the
end of the skewer.

Questions:
1. What .~2kes the system stay balanced?
2. What is the purpose of the forks and knives?
3. Why doesn't the system stay balanced without the fcrks and knives?
4. What property is critical in deciding whether an object stays stable or
unstable on a pivot point?
5. Where can we find applications of this principle?

Explanation:

The purpose of hanging the forks and knives on the strainers is to lower
the center of gravity of the whole system, so that the system can stay stable
on top of the pop bottle (pivot point). When the center of mass or center of
gravity of a system is situated below the pivot point, the system is stable.
The lower the center of gravity of the system, the more stable the system is.

An application of this principle is found with rope dancers. When they
walk the ropes they carry long heavy bent poles (probably weighted at the
ends) in order to stabilize themselves.
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13.8. THE PLATE CAROUSEL

Materials: 1. A reqgular dining plate and 4 forks.
2. Two corks or a small raw potato.
3. A corked bottle and a needle.

half corks or
pieces of potato

forks

_bottle with cork & needle

Procedure:

1. Insert the needle verticully in the cork ot the bottle and place the
bottle i1n the middle ot the table.

2. Cut the two corks in half with a sharp knite (so that the cut surtaces
are smooth) or, when corks are not available, cut four equal pieces of
potato out of a small raw potato. ‘

3. Stick the four forks in the rour half corks (or four chunks ot potato)
and hang them from the edge of the plate (see Sketch).

4. Balance the whole system of plate and forks on the blunt end of the
needle (or the sharp end it you can push the blunt end in the cork).

5. Now gently bilow against the forks (or tap against them) 1in one direction
to make the plate rotate.

Questions:
1. Could the plate palance on the needle without the forks?
2. what is the tunction ot the hanging forks?
3. What did the forks do to the centre ot gravity ot the system?
4. Where 1s the centre ot gravity located of the plate without the forks?
5. Where 1s the centre ot gravity ot the system of plate and forks?
6. Would halt corks or pieces ot potato be better to make the system more
stable, or does it matter at all?
7. Would smaller or larger pieces ot potato be better to make a more stable

system? Why?

Explanation:

The plate on its own would not be able to balance on the needle, because
its center of gravity would be located above the point of support (pivot
point). By hanging the forks from the edge of the plate, the center of
gravity oi the system got lowered. it goL lowered rar enough welow tne pivot
point that the system became stable. The more mass is placed below the pivot
point, the stabler the system. ‘rhus, when camparing the nalt corks with the
pieces of potato, the first would be better, as the corks are mch l.ghter in.
welght (less mass). The bigger the pieces of potato we use, the 1:ss staple
the system, as more mass is placed above the pivot point - whici: s the top of
the needle.
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13.9. HANG A HAMMER ON A IOOSE RULER

Materials: 1. A hammer with a wooden handle.
2. A wooden or plastic ruler.
3. A short string or wire.

str'ing or wire — /—-"Uler table tOp

hammer

Procedure:
1. Take a flat wooden or plastic stick (the length of a ruler) and hang the
hammer (with a wooden handle), with the iron part of it down, by meaas of

a string.

‘ 2. Make a loop out of the string or wire {(about 10 au diameter), and slip it
around the ruler and the handle of the hammer (let the end of the handle
press against the ruler end).

3. Let the other end of the ruler hang from the edge of < table top.

tions:

1. what made the heavy hammer stay up at the edge of the table?

2. Why do we need a hanimer with a wooden handle?

3. Can we consider the ruler really to be loose?

4. Where is the center of gravity of the hammer alone?

5. Where is the center of gravity of the whole system of ruler, string, and
hammer?

6. What is the difference between a stable and labile system?

Explanation:

This demonstration can only be carried out when the hammer has a wooden
handle, as the center of gravity is located in the iron part of the hammer.
The plastic or wooden ruler and string do not add much to the weight of the
system on the handle side. They make y
the position of the center of gravity -
of the whole system shift just a § UL L
little towards the right and upwards.

i
N pivot point

If this center of gravity is under /
the pivot point (point of support), it y i
is a stable system. If the center of ~—center of
' gravity is above the pivot point, it gravity of
is labile and it falls. system
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13.10. ARE WMEN STRONGER THAN MEN?

Materials: 1. A straight-back chair, some wall space.
2. A few adult men and wamen (or teenage boys and girls).

wall — -—~
' »./’

T~—~——2" from wall —-
Procedure:
1. what the people have to do:
a. Stard exactly two foot-lengths away from the wall (by measuring toe to
heel off the wall with shoes on).
b. Bend over with a straight back (turning in the hips) and let your head
lean against the wall (see Sketch).
c. Ask someone to hand you the straight-ba~k chair (with the back against
the wall).
d. Lift the chair while your head is still leaning against tie wall.
e. With the chair in lifted position, try to stre.ighten up (men cannot do
this, but women can!)
2. Ask women and men to do the above alternately (hand them the chair after
they have stepped back from the wall).

Questions:
1. Why can girls or women straighten up and boys or men not?
2. Is the ‘weaker' sex really stronger?
3. What is the difference in body build of male versus female?
4. "here is the center of gravity of the body located?
5. What is the average shoe or foot size of females versus males?

Explanation:
The result of this event has nothing to do with strength. It lies in the

difference of the location of the center of gravity of the female campared to

the male body, and the difference in foot size. The center of gravity of the

female body is .. the hip, while that of the male body is situation higher

than the hip, because of the hroader shoulars and narrower hips. The male

foot size is generally larger than the female one, so he stands actually
farther away from the wall than she does. When he bends over his center of
gravity get shifted beyond his toes, but with the female person this center ‘
of gravity stays above the foot, and straightening up poses no problem. (See

also Event 17.20.)

313




327

FORCES CENTER OF GRAVITY

HUMAN BODY

13.11. THE UNREACHABLE CUP

Materials: 1. A cup or pop can (or any other smail object).

Procedure:

wall

— feet against wall

10-20 em

1. Place a cup or pop can about 2U-3U cm in front of your feet on the floor
and show how easy it is to pick 1t up without moving or bending your teet.

2. Let someone (student) stand straight with the back against the wall with
his/ner neels touching the wall.

3. Place a cup or pop can about 20-30 cm away in front of the student's feet
on the floor.

4. let the student pick up the cup from the rloor without ending the knees
and witnout failing forwards. Is it possible?

Questions:

1. what makes 1t so ditficult to pick up the cup rrom the flcoy?

2. why do we tend to fail forward when bending our body to the front?

3. Let the student stand away fram the wall and let him/her pick up the cup
from the tloor without pbending the knees. Observe the student tram the
side. what happens to the legs and lower part ot the body?

Explanation:

Wnen picking up an object from the tloor without penaing our knees, our
legs and lower part ot out body have to move backwards 1n order to stay
balanced. The centzr of gravity of our body has to remain above our feet,
which 1s the pivot point, supporting our pody.

Standing straight with our back against a wall makes it impossible to move
the lower part of our body backwards. Tne forward penaing of the upper body
shifts the body’s center of gravity towards the front of the pivot point (our

If there is no wall or one that is not too easily accessible, like in an
auditorium or the outdoors, you can let two students stand back to back and
let them at the same time pick up the cup fram the rloor in front of each one
of them.
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13.12. STUCK TO THE WALL?

Materials: 1. Just yourselt ana the wail.

press shoulder
e against wall

- — wall

try to move

left leg —\
Procedure:

1. stand up straight with your right foot and your rignt shouider against the

keep right feet
/_ against wall

wall,
2. 1ry to move your lett leg without raliing or taking a step. ‘
5. Now stana straight and touch tne wall witn your left root ana keep your

teft shoulcer pressea against the wall.
4. '1ry to l1ft or move you right leg: IMPUSSIBLE!

Questions:

L. What makes it impossible to move your ieft leg when your rignt foot and
rignt shouider are touching the wali?

2. What did you have to do in order for your rignt shouider to press against
the wal1?

3. What would happen if someone else forced your ieft leg to move while you
are standing in that position?

4. Where 1s your center of gravity Located when you are stanaing up straignt?

5. Wnere does your center of gravity nave to pe located in order for you to
pbe aple to lift your lert leg without raliing?

kxplanation:

In order to stand straignt with your right root ana right shoulder touching
the wall, your lett leg has to push against the tloor. 'this is necessary 1in
order to move the upper pody ana your right shoulaer against the wall.
Because of the strain in your ieft leg it i1s impossible to move 1t away. If
rorced py someone else, you will rali towaras the left, mainly because tne
center ot gravity ot your body 1s on the lett side of your rignt foot, which
wouurd be the oniy support.

In order not to fail, your center of gravity shoula be Locatea exactiy
apove the pivot point or support - in this case: your teet. Atter your left.
1eg 1s knocked away, your body needs to move towards the right in order not to
tall, but the wall prevents tnis.
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13.13. THE CENTER-SEEKING PAPER

Materials: . A small piece ot writing paper (1/8 ot letter size). |
2. A wide shallow tray.

wetted
parallelogram

water-filled

floating paper — tray

rrocedure:

1. Draw a small parallelogram (about 2x3 cm) with its diagonals on the little
piece of paper.

2. Wet the paral lelogram (not the whole paper) with water by letting droplets
fall fram your wetted forefinger one at a tame.

3. Fill the tray with water, Lift the piece of paper carefully and let it
tloat on the water surtace.

4. Touch the tip of your torefinger to the water on the parallelogram at a
spot other than the crossing ot the diagonals. What 1s the paper doing?

Questions:
1. Why does the water not spread to the other parts of the paper?
Z. What force keeps the water on the paper together?
3. when touching the wetted part of the paper near one edge, which way does
the paper shape move to?
4. At what point does the tinger end up above the paper shape?
5. What makes the wet paper shape move?
6. What makes the paper stop moving eventually?

Explanaticn:
The water drops on the paper are held together by cohesive forces. This 1s

the reason why the water is not spreading to the other parts of the paper.
When the tinger tip 1s touched to
one side of the raper shape, it 1is

pulled to the other side by a larger touch touch
cohesive torce (see Sketch A). When here here
touching the opposite side, the
movement of the paper goes opposite
too (see Sketch B).

Whenever the paper stops moving,
all adhesive and cohesive forces are _ ———
in balance. It is also the center ot ™Moves this way moves this waj
gravity ot the wetted shape. This can
b2 used as a special way to find the  Sketeh 4 Sketeh B
center of gravity of an irreqular
shape.
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13.14. THE STANDING MATCHBOX

Materials: 1. One full or almost full wooden matchbox.
It used for class activity: 10-20 matchboxes needed.

draver
halfway out

rrocedure:

1. Dastribute nne matchbox per coupie ot students. Ask them to hoid the box
vertically above the table (apout 15-20 am anove) ard let go of the pOx.
Then ask the question: "Can you arop it and teave it standing up?" or “Can
you drop the box without 1t tipping over?" Give them time to try it out.
Anticipated answer: "impossible!"

- Tnen you say: "Remember, nothing is impossiple:" ‘
Take the pox, open the drawer apbout haif way out, nola the box verticaliy
with the arawer up, and drop it rrom about the same height.

3. If you do not succeed in the first two or three tries, lower the height.

Ask the students to try aropping the closed box ten times and counting the
numoer of times it was ieft standing versus the nalr open box.

~

Questions:

1. why aoces the closed matchoox almost invariably tip over wnen aropped?

2. What makes the haif open pox more stable?

3. What did we do to the center ot gravity ot the box by puliing the drawer
kaif way out?

4. Wnat nappens to the ceiter of gravity at the moment that the nalr open box
hits the tabie surface?

5. How ao people usually tessen the impact when jumping orf a nign ledge or
lofte

Explanation:

As the matcnbox is made out of caraboard, it 1s scmewhat springy. ‘thus
when dropped on a nara surface it is bound to bounce sige ways, as 1t is
almost impossible to let it land exactly fiat on tne smallest rectangular
surrace. Most of tne times it lanas on an edge or a corner of the bpox, ana
the box tips over. If the pox was made out of clay, it would not bounce, it
would actually give at the point of impact and stana up straignt.

the nalr open box almost acts the same way as the clay cupe. +the outer
sleeve acts Like a cushion, as at tne time of impact tne drawer, where most of
the mass 1S, keepe siiding in furtner, thus breaking the fail. its center of ‘
gravity, which 1s located in tne center or the drawer, keeps moving in rurther
at the point or impact. This 1s exactly now pecple preak tneir fail wnen
Jumping ofr high piaces, py bending their knees just arter or at tne point of

umpact.
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13.15. STAND A JUOLLAR BILL ON YOUR FINGER

Materiais: 1. A crisp acollar pbili, or any other strip or paper of tne same size
or somewhat larger.

Procedure: k“‘a W
1. '1ake the crisp aoliar pili ana stand i1t verticaily on tne table top.

{ Snow the aud.ence tnat 1t is pretty dirficult to keep it standing.
| Z. Ask the students: "How long do you think can I keep it standing on my
stretcned-out finger?" anticipated answer: "About <-3 seconds".
|‘ 3. Now bend/curve the pili samewhat length-wise and place it on your ringer.
1 Watch the tip of the bill and balance it (move your ringer quickly to the
left if the tip of the bill moves left, ama to the rignt as soon as the
tip of the pbili moves rignt).
4. Let the students time now tong you could keep the bill stanaing on your

] forefinger.
Questions:
1. How tong can you balancc the dollar kill on your ringery
2. 1s tnere a limit to the i1ength of time you can palance its
3. what keeps the pbili from falling over?
4. Would a longer or shorter strip of paper be easier to balances
5. would a wider or thinner (narrower) strip be easier to palance?

Explanation:

This balancing act can aiso pe performed with any sheet or writing paper,
as long as there 1s a slight pena in the paper to make it stand rather stable
on your nana (or finger). ‘'ine larger the area of the paper, the higher the
air resistance when moving 1t fram ieft to rignt or the otner way. There 1s a
cusnion of air surrounding it ana hoiding it up, as 1t were. The taliler the
strip of paper, the higher tne celiter or gravity or the piece, ana thus the
easier the balancing. ‘the wider the strip of paper, the larger the surrace
area, and thus also the easier to batance it, as the air friction (or cushion)
will keep it vertical.

1n juggling acts where the juggler balances a verticai pole on his head,

‘ the more mass is carried at the top of the pole, the easier it is to balance
the whole system. ‘'this is pecause the top ena will then pe more inert, and 1t
is easier to move the bottom ena without moving the top end, and thus to move
and place the support point under the center ot gravity or the svstem.
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13.16. THE WOBBLING CIRCLES

Materials: 1. A piece of cardboard, a pair of scissors.
2. A drawing compass, a felt marker.
throw and spin
I observe circles
while cardboard
i8 gpimning
Procedure:

1. Cut the cardboard in a kidney shape.

2. Find the center of gravity of the cardboard shape by letting it balance on
your finger and find the point where it balances: mark this spot.

3. Draw concentric circles around this spot with the compass and thicken the
circles with the marker. '

4. Draw exactly the same concentric circles on the reverse side of the
cardboard, but around a spot 3 am away fram the center of gravity.

5. Have students now cbserve the following demonstration:

a. Let the cardboard piece spin vertically in the air, by flipping it
upward holding the piece by one of its ends, (use wrist action when
throwing) and catching it when it cames down.

b. Flip the board, so that the students would see the other side (be
inconspicuous in doing this) and spin the cardboard again.

C. Let students observe and follow the circles while the cardboard is
spinning in the air.

Questions:

1. Why are the circles sometimes wobbling and sametimes steady?

2. How did I get the circles to wobble?

3. How can I find the center of gravity of the cardboard?

4. Arourd what point would an axe or hammer (with wooden handle) spin?

Explanation:

Steps1tlmxgh4oftl'epmcedures}mldbedonebeforethedemnstratim
without having the students observe it. All objects spin around their center
of gravity. By drawing the concentric circles around the center of gravity
monesideofthecardboard,thecirclesstaysteadywtmtheboardisspm.
When the other side of the board is shown to the students, the circles
wobble, because it is off center and the circle actually spin around a point
outside the circle's center making a wobbling motion.

Wlmanaxeorhaxmerwithawoodenharﬂleisspmintheair, it will
also spin around its center of gravity, which is very close to the iron part
of the tool. This makes the handle seem to swing out much more than the

metal part.




13.17. KICK A STRAIGHT LINE

Materials: 1. A wood plock («x4" about 1 ft iong) or any other shape.
Z. Four ballpoint pens.
3. A long piece of newsprint paper (Or brown wrapping peper).

/-pens - long piece of paper
- kick in
this direction
) 2SI
“~__pen marks

rrocedure: block of wood

L. Drill three noles in the wood block: two at one end and one at the
opposite end. ‘the size of the noles should be such that the pens can be
inserted rather tightly in the holes.

2. Insert three pens in the tliree holes, such that the point just sticks out
on the other sic » of the boara.

3. Now find the center ot gravity ot the tctal system by finding the palance
point on the tip ot your finger. mark that point.

4. Dr1ll the same size hole through this point and insert the final rourth
pen the same way (make sure that all four nens are evenly touching the
tabie top).

5. rlace the wood pblock with the pen points on the long stretched out paper
in the hall way.

6. Kick the plock ot wood, such that you send 1t spinning down the hall over
the paper (kick towards the end of tne biock). Ubserve the pen marks:

Questions:

1. What kind of lines do you observe?

2. Why did only one line stay straight?

3. What kind ot tracks would we get with only the first three pens inserted?

4. Woula there pe any difference i1n tracks it we eliminated one of the tirst
three pens? (by retracting it such that the point does not protrude enouch
to make a track, but leave the pen in the hole).

5. Wnat would happen to the straight iine track if we took one ot the first
three pens completely out of the nhole?

Explanation:

This demonstration 1s arother proof that spinning objects spin around its
center of gravity. ‘he rourth nole in the plock or wood was made exactly in
1ts center of gravity. By kicking the block against one ena in the airection
of the long piece ot paper, it was spinning down the hali way arouna its
center of gravity. Thus the tourth pen aid not move sice ways, ana a straight
line was obtained. Without this pen no straignt line couid be obtained.

If one of the first three pens is campletely removed, the tourth pen
actually woula not be iocated exactly at the sysvem’s center of gravity
anymore, thus the straignht line pecomes also a wobply line.
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FORCES CENTER OF GRAVITY
SPINNING OBJECTS ‘

13.18. STAND A RAW EGG ON ITS HEAD

Materials: 1. One raw chicken ega.
2. Une hara-boiled chicken egq.
3. A piece of paper towel or handkerchief.

ispin @ ? @ 7
Procedure:

"~ 1. place bott eggs on the table and ask students: "How can L tell which one
of the two eggs is nara boileq, without preaking the eggs:?
2. bpln tae eqgs one at a time with the same force: Which eqg spins much
easier and faster?
3. Ask a student to stand the raw eqg on 1ts nead on the table (with a table
cloth). It the table nis no table cloth, place the egg on a paper towel,
napkin, or handkerchief. 1t is almost impossible to do. .

4. Now nold the raw eqg firmly in your hand and shake it vigorously for about
30 secords, then place it immediately on its head on the table (on the
paper or cloth). Voila! It stands!

Questions:
1. Wny did the hard-boiled eqg spin faster than the raw egqg:

2. How else can we tell which of the two eggs was the raw one?
3. where is the center of gravity of a raw edg located?
4. Wnat was achieved by shaking the raw egg vigorously?
5. what made it possible tor the raw egg to stand on 1ts head?
6. Would 1t be possible to stand the hard-boiled egg on its head?
7. Would you expect it to be haruer or easier to stand the hard-boilea eqg
on i1ts head, as campared to ~he raw one?
Explanation:

A chicken eqg consists of a yoke, egg white, and the shell. The voke 1s
where most mass 1s concentrated and thus the center of gravity of the egg is
close to the voke or in the yoke. when a raw egg is spun, the yoke swings out
(see Sketch) and swing back to the other side, thus slmmg down the rotation.

when the eqg is nara-boiled, the mass inside the eqg is solid, thus the
center of gravity is stationary and the eqg can spin fast around this point.

Shaking a raw egg vigorously will yoke moves
make the yoke more mobile or movable back and
inside the egg-white, thus after forth
shaking the yoke can move aown lower

; t
in the head of the egg. ‘'this lowers ;in:;iyOf
the center of gravity and the eqg is in yoke

therefore much more stable. '1rvy to
stand the eqg on 1its smaller end: it’s
possible too!
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13.19. THE FLOATING BELT HANGER

Materials: 1. A small piece of plywood cut in the shape pictured in sketch or a
piece of coat hanger bent in an S shape.
2. A leather belt.

wood pzecex Jire

leather bel

4

Procedure:

1. students: "What will the wood piece do if I put it on my finger like
this (see sketch but without belt) and let go of it?" (Anticipated answer
'it will fall').

2. Let go of the wood piece or wire and let it fall.

3. Now hang a leather belt on the incline of the plywood piece or at the end
of the iron wire (make sure that it balances).

4. Hold both ends of the belt in your right hand and pull at it--the belt is
held up!

Questions:
1. Why doesn't the belt fall?

2. Which forces are working on the piece of wood?

3. In what position is the belt only exerting a downward force?

4, Can belts made of other materials also be hung on the 'hanger'?
5. How steep does the incline have to be for the belt to stay up?

Expianation:
At this position (Sketch 1) the belt is

exerting only a downward force and no

other. fThe incline is now a horizoatal

ridge. As soon as the shape is turned

around point P in a counterclockirise gravity
direstion, the belt hangs on an incline. Sketeh 1
o it exerts more than 2 downward force. —_—
It now exerts a torque in a clockwise
direction. This means that two equal but
oppousite forces that tend to rotate are now
working on the wood piece. The force which
is exerting upward farther away from the »P
pivot point P is the one that holds up the " _/{
belt. The harder the pull downward on the orque

belt, the larger this torque becomes, and Sketch 2
thus the larger the force upward.

LI V3
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13.20. THE FORK AND SPOON ACT

Materials: 1. A fork and spoon (regular dinner silver).
2. A toothpick or wooden match, a drinking glass.

fork

burm this end
toothpick —— of toothpick
(when this end sticks
out enough, it may
also be burmed off)

| __——— drinking glas 3

spoon

Procedure:

1. Attach the spoon to the fork by pushing it in between the teeth.

2. Place a toothpick or wooden match between two of the fork's teeth and let
the system balance from the toothpick resting on the rim of a drinking
glass (see sketch).

3. Once the spoon and fork are in balance on the glass rim, dramatize by
burning off the end of the toothpick or match.

Questions:
1. What keeps the toothpick floating horizontally beyond the glass rim?
2. How far in or out can the toothpick protrude beyond the glass rim?
3. Why did the burning of the toothpick stop exactly at the fork or the glass
rim?
4. What forces are working on the toothpick?
5. What other objects could be used in place of the toothpick?

Explanation:
The spoon and fork are hanging almost on their sides from the toothpick
and this is the reason why they are actually exerting a torque on the

toothpick (see sketch on right).

The burning of the pick stops T' (and T" is the torque exerted
exactly at the glass rim, because the by the fork and
heat of the flame is suddenly absorbed ) spoon on
by the glass, and the temperature toothpick toothpick

drops below the wood's kindling point.
When the toothpick is protruding on
both ends, it may be burned on both

ends. The flame at the fork end will 7 ~—pivot point

be extinguished for the same reason ~—uweight of system
(the heat of the flame will be acting on center .
absorbed by the metal of the fork). of mass of system
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13.21. THE WEIGHTED PIPE

Materials: 1. A 1 m long water pipe (weighted at one end with lead).

move fingers )
towards each other

weighted end of tube ——

Procedure:
1. Take the water pipe and stuff one end with empty toothpaste tubes (do not
show this to the students).
2. Place the weighted tube on your two stretched out forefingers at the far
erds of the.tube.
3. Move your hands slowly towards each other and ask: "Where will my fingers
meet?" (they will not meet in the center of the pipe).

Questions:
1. Why did the fingers not meet at the center of the tube?
2. Holding the tube at the center of mass, which end of the tube is heavier?
The short end or the long end?
3. Where are the actual forces working on the pipe in relation tc the pivot
point, which is the center of mass of the whole pipe?
4. Where would the fingers end up if the pipe were not weighted?

Explanation:
Under the weighted pipe, the sliding fingers will end up under the center

of mass of the whole pipe, which is off center, more shifted towards the
heavy end. The short end of the pipe
is heavier than the long end, yet they
are in balance, because the larger
force (M1) has a shorter amm (a) and
the smaller force (My) has a longer center of mass
arm (b} in relation to the pivot point \

(center of mass--see sketch on right).  —

When the object is in equilibrium, a'l a
clockwise couples (M1 x a) equal the M,

sum of all counter clockwise ocouples M;

(My x b).

weighted
end of pive
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FORCES CENTER OF GRAVITY
FRICTION & TORQUES .

13.22. THE GOLDEN MIDDLE

Materials: 1. A meter stick (one for each pair of students).
2. A weight (200 g) or rock.

move fingers

towards each other:

Y

lay ruler on top of
stretched out fingers

Procedure:

1. Take the meter stick and place it in any position on your two stretched
out forefingers.

2. Move the fingers towards each other: they always end up in the middle of
the ruler.

3. Distribute the meter sticks to each pair of students and let them try to
do the event themselves.

4. Pla~e a weight or rock at 25 or 75 an fram the end, and let students bring
their fingers together. Where do they end up?

Questions:
1. Why do the fingers always end up in the middle of the ruler?
2. Does it matter where the two fingers are placed initially?
3. Which finger moves more: the one closer or farther fram the center?
4. What is keeping the finger ciocser to the middle from moving?
5. Where is the center of gravity of the ruler (without the weight)?
6. Between which finger and the ruler is there more friction: the one closer
or farther fram the middle?

Explanation:
Since the center of gravity (center of mass) of the ruler is in the middle

of the ruler, it presses more on the finger which is closest to the middle.
This causes a greater friction for this finger when moving it. So the finger
which is farther from the middle would move first, until both fingers are the
same distance fram the middle, then both fingers move at the same rate
towards the middle.

If a weight was placed at one erd

of the ruler, we will notice that the weight ruler's
fingers will end up very close to the /—centel" of mase
mass or weight, or rock placed on the — ——
ruler. This is because the center of . L .
gravity of the whole system (stick + finger - fingeps finger
weignt) is shifted. will end

up here
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FORCES ADHESIVE FORCES

‘ FRICTION

13.23. THE MAGIC STRIP OF NEWSPAPER

Materials: 1. A 3-4 cm wide strip of newspaper (about 30 am long doubled) .
(unfolded strip: 60 cm long).
2. Rubber cement, talcum powder (or any kind of flour).

fold

cut small piece off
and unfold strip

Procedure:
1. Unfold and lay the paper strip on a newspaper.
2. Cover one side of the strip with a layer of rubber cement and leave to dry.
3. Sprinkle some powder or flour over the dried rubber cement and wipe excess
‘ off the strip (make sure all of the paper is covered with the powder) .
4. Now you are ready for the demonstration: show the audience the paper strip.
5. Hold the strip close to the fold. Take a pair of scissors and cut about
2 cm off fram the top, hold one end of the strip and hold it up: it is
one whole piece again!
6. This cutting procedure may be repeated several times.
Let students came up with hypotheses of how this can happen.

! Questions:
1 What makes the strip whole again?

4. After cutting, is the strip actually whole?

3. What is the function of the powder or flour?

4. What is the function of the rubber cement?

5. What other material can we use besides rubber cement?

6. What would happen if you cut the strip in an angle?

7. What hypotheses can you came up with to explain this event?

Explanation:
The function of the rubber cement is to make the two cut strips after

cutting the long strip with the scissors, to adhere to each other. The powder
or flour spread on top of the rubber cement makes the surface smooth and not
sticky. The two rubber cement covered surfaces can be placed on top of each
other without stickiig to each other. At the edge where the paper has been
cut with the scissors, however, the pressure was high enough that just the
‘ edge is sticking to each other. The two cut picces then look like one whole

piece again.

A variation to this demonstration is to cut bo*h the top end and the bottom
end, separate the top end and let it hang fram ore of the strip ends. It is
an excellent demonstration to make the students think.
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FORCES FRICTION .

13.24. THE INVISIBLE GIUE

lastic or glass bottle with a long tapered neck.

Materials: 1. A p
2. A piece of thin rope, a small cork.

small
pick bottle up maks rope

by the rope cork ball

glass

pop bottle —\1

Procedure:

1. Preparation: Make a small ball (sphere) of the cork by cutting and filing
until it just fits in the bottle neck (it should be a tiny bit larger so
that you have to force the ball cork in).

2. Push the ball cork in the bottle and cover the bottle with paper or paint
the whole bottle (so that it becomes opaque).

3. Now you are ready for the demonstration:

Hold the rope in your hand and say to the audience: "I have same invisible
glue in this small bottle" (an empty small bottle), "I’ll dip the end of
this rope in it and let it stick to this large bottle".

4. Do the dipping and let the rope slide inside the opaque bottle, turn the
bottle upside down, pull slowly at the rope until you feel some resistance,
then turn the bottle rightside up, keep the tension in the rope, and let
the bottle hang from the rope. Let students make inferences/hvpotheses.

Questions:
1. What hypotheses/inferences can you make to explain the event?
After students know about the cork ball:
2. What is the function of the cork ball?
3 Why does it have to be somewhat larger than the bottle neck?
4. What other material can we use instead of cork?
5. How can we get a regular cork that went in, out of a wine bottle?
6. What is the principle made use or in this demonstration?

Explanation:
The reason why the bottle can keep hanging fram the loose rope is friction.
When the bottle is turned upside down, the cork ball rolls in the bottle neck
and pinches the rope against the side of the bottle. By pulling the rope, it
pulls the cork in even tighter as the neck is tapered. The friction between
the rope and the cork is greater than that between the glass and the cork, so
the cork gets pulled a little farther in the neck, thus pinching the rope.
The rope can be pulled out of the bottle with a sharp yank. 1In place of the
cork we can also use a rubber ball. A marble of a slightly smaller diameter
than that of the bottle neck may also be used, but the rope has to be quite a
bit thicker.

Making use of the same principle, we can take a cork out of an empty wine
bottle with a cloth napkin (serviette). Get one of the corners of the napkin
inside the bottle neck, let the cork roll over the napkin, slowly pull the
napkin until the cork tightens in the neck, then pull hard on the napkin; the
cork will pop out! ‘
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13.25. THE CARDBOARD BOTTOM

Materials: 1. A qiass or plastic open tube (open at both ends).
(about 2-3 cm diameter and 10-15 cm long).
2. A glass or oth~r transparent container (4-500 ml beaker).
3. A staff paper (or piastic) card, tape and thread, smali beaker.

E—hold thread =
water or
aleohol or
+ oil or
tube - carbon tet.
eard
water
Sketch A Sketeh B

rrocedure:

L. Tape the end of the tnread to the miadle of the cara, let the other ena
of the thread rali through the open tube, and hold the cara by the thread
against the bottam sice or the tupe (see sketch A).

<. Lower the tupe verticallv 1in the water fillea glass container, while
nolaing the card against the pottom of the tube, until about half the
1tength of the tube 1s immersen.

3. You can now let go of the tnread (the card will be kept in place), and
pour carefulilv and graauallv some water 1n the tube rrom the small peaker
(see Sketcn B).

4. Continue to pour water in the tube until the moment that the card falls
away fram the tube.

Questions:

1. At what point does the card rall away from the tube?

2. What kept the cara in place even after releasing the tnread?

3. Wny did the card not rali ofr even arter pouring a iittle water insice?

4. Woula the card fall off 1f we pourea alocohol or oi. in the tube ir stead
ot water? How about pouring carbon tetrachloride?

5. In order to pour the same amount of carbontet as the amount or water in
the tube, what do we nave to do with the tube (so the card woulda stay)?

6. Ls it possible to pour carpontet up to the level of tne water (without
the cara to rali ofr)?

/. Wnat iiquids can be poured 1in tne tube up to the water ievel, without the
card falling off¢

Explanation:
water pressure is exerted equally in all directions. Tne card ralis orf
from the pottam of tne tube only when tne water coiumn above 1t is flush witn
the water ievel outside the tube.
Lighter 1iquids (those of 1ower
densitv) can stay up even higher apove
the water level, as it would take more
of it to make the same weight of
water. Heavier liquias will drop the
card sooner. 1t is thererore
impossible to fill the tube up to the
water level with liquids of densities
greater than 1. (see Sketch on right).
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13.26. THE SQUIRTING WATER HOLES

Materials: 1. A large tin can (juice can) or milk carton.
2. A medium sized nail, and bucket or sink.

holes in gide
of can

It

A - AN

|

N

|

1
I
/

Sketch A Sketeh B

Procedure:

1. Punch 4 holes in the side of the tin can in a vertical line, about 3 cm
apart from each other, the lowest one also about 3 cm from the bottom
(make the holes the same size and shape).

2. Hold the can above the sink or bucket, have one of the student (X) cover
the four holes with his/her fingers, and fill the caa full with water.

3. Now ask the students: "Which hole will squirt water the farthest when
student X takes away bis/her fingers?", and let student X release the flow ’
of water. Compare prediction and result.

Questions:
1. Which hole squirted the water out the farthest? In other words: which of
the two sketches above is the correct one, A or B?
2. What factor determined the squirt distance from the can?
3. What are other variables that might influence the squirt distance?
4. How would different sizes of holes in the can campare?
5. Would the diameter of the can influence the squirt distance?
6. Would the height of the can or the height of the water level have more
influence on the squirt distance?
. How would water campare to ~lcohol or oil in the squirt distance?

~J

Explanation:

The correct sketch above is Sketch .., showing that the top hole in the tin
can would give the shortest squirt, and the lowest hole the farthest. This
immediately shows that the height of the water level is influencing the squirt
distance. The more viscous the liquid, the less the squirt distance, this
means that oil would not squirt as fast as compared to water. A smaller hole
compared to a large hole, with all other variables held constant (the same).
will give a larger squirt distance.

Whether the liquid inside the can will squirt out at all, depends on the
liquid pressure inside the can. This is caused only by the height of the
liquid level above the point of puncture. This in turn is caused by the
weight of the liquid or the gravity force. If there were no gravity working
on a campletely closed juice can, like in a satelite capsule, puncturing it at
any place would not make the juice came out.
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WATER PRESSURE
VORTEX IN A LIQUID

@

13.27. THE QUTPOUR RACE
Materials: 1. Two identical gallcn jugs (with narrow neck).
2. Sink or buckets.
Procedure: D) \

L 3N (

1.+ Fill both jugs three quarters full of water. Place them naxt to each other
and show the students that they have the same amount of water.
Ask two students to came forward to pour the water out as fast as they can
into the sink or the buckets (student A already got inst.uctions beforehand
to swirl the water before pouring it out: Hold your palm over the opening
while holding the jug upside down, make a turning motion to swirl the water
until it forms a vortex, then let go of your palm covering the opening).
The rules are: The pourers may do anything to the jug before and during the
pouring of the water (except break it).
. Have two other students time the outpour with a stopwatch or by putting

their hands up as soon as all the water has poured out.

Questions:

. Which jug invariably wins? Jug A or Jug B?

. What does the swirling do to the water level?

Why does it take so long for water to pour out of the jug?

What is trying hard to get into the jug while pouring the water out?

. What is usually the cause of the vortex formation in the water surface?
. What would you expect the pressure to be in the center of a vortex,
higher or lower than the periphery?

In what places in nature can you find vortex formation?

2.

AU W

7.

Explanation:

By moving the jug in a clockwise or counter-clockwise rotation before
pouring the water out, a vortex is formed, indicated by a funnel-like shape of
the water surface. At that moment the center of the vortex has a mich lower
pressure than the outer areas, making it easier for the air to came into the
jug. Thus the water will pour out faster. Keeping the water swirling while
the water pours out will make it pour out steadily as the vortex is
maintained.

Vortex formation is found in nature in fast flowing rivers, where the water
has to go around a corner or around a large rock. In pools below a waterfall

we can also find vortex formation, caused by strong currents of water. As the
pressure in the center of the vortex is lower than its surrounding outer area,
swimming near a waterfall can be quite dangerous.
the best thing to do to get out of it would be to go with the flow,
downward and came up to the surface at another spot.

When caught in a vortex,
which is

1686
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13.28. HIT THE BOTTLE ON THE BACK SWING?

Materials: 1. A soft ball or base ball.
2. A thin string & hook or nail.
3. An empty coke bottle.
I hook on cetiling
I\ plumbline from hook
|
|
base ball !
bottle plumb
/ wnder hook
Procedure:

1. Tie the base ball to the string and hang it from the ceiling in such a way
that it hangs about 2 cm higher than the bottle above the floor (do not
make a knot in the string).

2. Let the ball hang very still and place the bottle plumb under the ball.
Mark the position of the bottle on the floor with chalk.

3. Now lower the ball until it is about 10 cm above the floor, then put a
permanent knot in the string (at the hook on the ceiling).

4. Bring the ball out towards you (about 2-3 m away from the bottle), swing
the ball to the side of the bottle and try to hit the bottle with the hall
on the back swing.

Questions:
1. Is it possible to hit the bottle on the back swing?

2. Why does the ball always swing back on the other side?

3. What is the energy of the swinging ball transformed into?

4. Will the ball eventually hit the bottle when it is allowed to swing more
than once?

5. How should we swing the ball to obtain the least number of swings to hit
the bottle?

Explanation:
The energy of the pendulum is transformed into heat at the point of

attachment of the pendulum and in the air as friction. The amplitude or

height of the swing is therefore almost the same for the first few swings.
When looking from the top of the

pendulun and the bottle, we <can

decampose the movement of the pendulum

along axes X and Y. As the swing

stays almost constant along both axes, -

the ball can not hit the bottle on the

back swing (for the first few swings).

After a while the ball will fall back

to the vertical position and

evenitually hit the bottle. 3(;7 Top View

t

~ bottle

ball
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Materials: 1. Fifteen washers (for a class of 30).
2. Thin string or strong thread, and scissors.
3. Wooden meter stick, a dozen small hooks (to place in ruler).

13.29. HOW MANY SWINGS CAM YOU GET?

L sr r ¢ 9 3 [ 2
/’ s ¢
ruler
taped to hooks .
board vashers into ruler
Procedure: &L

1. Place the small hooks into the wooden meter stick at the following spocs:
39, 40, 42, 44, 47, 50, 54, 60, 66, 74, 94. To be safe, you may want to
add a few more hooks about half or one cm away froh each of the above
points, then tape the ruler against the board (up high).

2. Tie a string to each of the 15 washers and make a knot at the washer and
another knot the following lengths away: 60, 55, 50, 45, 40, 35, 30, 25,
20, 15, ard 10 cm, and cut the string off 2 cm above this last knot, and
make a small loop (to hang the pendulum on the hook).

3. Give each pair of students one pendulum. Let one student hold the pendulum

‘ with a steady hand, and let the other count the number of swings (whole
periods) per minute (count the number of times it cames back to your hand
in 30 seconds, then double it). Let them do this two or three times and
take the average of the value.

4. Once they have the number, let them came to the board and hang their
pendulum at the correct spot on the ruler (similar to plotting length of
pendulum against frequency of swings).

Questions:

Which of the pendulums got the most number of swings?

. What determines the number of swings per minute of a pendulum?

. Would a different/heavier pendulum bob affect the frequency of swings?
. Would a thinner or heavier string make a difference?

What are other variables that would affect the number of swings?
Which of the pendulums could be used as a timer?

Explanation:

This activity is especially effective to demonstrate that the number of
swings per minute (frequency) in a pendulum depends solely on the length of
the pendulum. It is independent of the mass of the bob.

Variables like air friction,
friction of the suspension
construction, movement of the
suspension point (in our case whether
the student has a steady hand or not),

. may have same influence on the slowing
down of the pendulum and tius on the
number of swings. Pendulum length (cm)

When plotti: the number of swings per minute or frequency against the
length of the , :ndulum, we will get a very similar parabolical curve as the
one on the board.

OY UV b N
. e .

Frequency

3h8
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FORCES LATENT FORCES

13.30. THE MAGIC OOME-BACK CAN

Materials: 1. A tin can with an opaque 1id.

2. A thick, long rubber band and a short piece of string.
3. A weight or stone.

rubberband’'s ends

/_ tied together r.cre

-3 holes in can

weight or stone

Procedure:

1. Make two small holes in the bottam and also in the 1id of the can about 2
cm apart.

2. Cut the rubber band and push it through the holes, and tie the loose ends
together inside the can (see sketch).

3. Tie a short piece of string around the weight or stone and tie the otber
end of the string to the center of the rubber band (do not let the weight
or stone drag on the side of the can).

4. Place the 1id back on the can, and you are now ready for the
demonstration: Roll the can on a horizontal plane (the table top) amd it
camnes rolling back! :

5. Wind the rubber band up first, and let it roll uphill on an inclined
plane.

tions:

1. Why did the can roll back (or roll uphill)?

2. What is the purpose of the rubber band?

3. What else is inside the can besides the rubber band?
4. How is the construction inside the can?

Explanation:

The purpose of the rubber band is to provide the rolling-back action. The
weightorstoneholdsthembberbardstationaryinthecenterofthecan, ="]
that when the can rolls, the rubber band twists itself, building up a latent
force inside it, and when it untwists itself the cylinder rolls back. It can
even roll up not too steep an incline,

This demonstration is quite suitable for a black box activity, where
students have to figure out what is inside the can that makes it move,
without looking inside it (exercise on inferring).
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FORCES CENTER OF GRAVITY
‘ SUDDEN STRESSES

13.31. THE INCREDIBIE STICK

Materials: 1. A thin and long pine stick (2mx 1 an x 1/2 am).
2. Two wine glasses or small beakers.
3. Two pins, a thick meter stick (or other g stick).
. Two sharp kitchen knives & masking tape.

hit here with
I meterstick
Sketch A

sharp edge of
Sketch B paper knife
Procedure: rnng
' T. Push the pins into each end of the wooden stick.
2. Place the wine glasses or the beakers each on the edge of a chair or
table, space them 2 m apart, and let the long wooden stick rest on the rim
of the glasses suspended from the pins (see Sketch A).
3. An alternative would be to suspend the wooden stick on two thin paper
rings hung on the sharp edge of the kitchen knives (taped against the back
of two straight-back chairs--see Sketch B).
4. Hold the strong meter stick like an axe over your head and give the long
horizontal stick a sharp blow in the center of its length.

Questions:
1. Why did the beakers not break or fall? (for alternative A)
2. Why did the paper rings not tear? (for alternative B)
3. Was the force exerted on the center of the stick large or small?
4. How did the two broken pieces of wood move when they were hit?
5. Around what point do rotating objects move?

Explanation:
The force of the blow was so sudden in the center of the woodea stick,

that it broke before the force could be exerted on the paper rings or on the
glass rims. The.descending cudgel hits the center of the stick with such a
great and sudden force that the center part descends and breaks. The two
broken pieces are actually being suddenly rotated, one in a clockwise and tho
other in a counterclockwise direction. As rotating objects rotate around
their center of gravity, the far ends of the long stick actually move

‘ slightly upwards, as the two pieces start rotating. The result of the blow
is spectacular: The center of the stick falls victim to the sudden influx of
energy, whereas the ends remain pretty well stationary or even more slightly
upwards
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FORCES ELASTICITY
CONSERVATION OF MOMENTUM

13.32. IS THE RBALL REPELLED?

Materials: 1. A strong rod magnet (or horseshoe magnet).
2. A small steel ball and a larger steel ball
or two small identical steel balls.

hold magnet
in line with
diameters of baZZ;\

steel rod
balls magnet — "\
OR
e 0*—-—' . -—3
Procedvie:

1. Show to the students that the two steel balls are both attracted by the
strong magnet, and that both can easily hang on the magnet.

2. Place the two balls on a smooth surface, next to and touching each other.

3. Approach the balls slowly with the magnet from a direction which is in
line with the two diameters of the steel balls (if cne ball 1s larger
than the other, approach the larger ball with t+. .nagnet).

4. Ask: "W.at made the second ball move away from the first one?"
A clue: if the magnet is not held in lir- with the extension of the two
diameters, the second ball will not be muving away!

Questions:
1. What would the balls do when they are approached by . he magnet in an angle

to the two diameters?

2. What would the balls do when they are apnroached from the smaller one (in
case of two different sized balls)?

3. What would you expect the balls to do when using an overly strong magnet?
Would they behave the same way?

4. How close does the magret have to be before the balls are attracted?

5. Why do th. two balls have to be touching each other? What would happen if
they were not?

Expianation:
The first hypothesis that an observer will form when seeing the second ball

moving away fram the first is, that it does this because it is repeiled by the
magnet samehow (by a change of polarity, which is completely erroneous!).

Both balls are attracted by the magnet and at the time of impact the second
bali is bounced back because of the momentum it has and the elacticity of
steel metal. It moves away out of tiie magnetic field and is thus not
attracted any more by the magnet. This bounce will not occur when the magnet ‘
is not held in line with the two diameters of the balls. An overly strong
magnet will hold both balls in its magnetic field and the hounce will not
occur.
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Materials: 1. A large raw potato.
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RIGIDITY

13.33. PIERCE A POTATO WITH A STRAW?

2. Two regular drinking straws.

Procedure:

1. Hold one straw in your hand and push it against a hard surface, like f.i.
the table surface and show the students that the straw is bending/folding.

2. Now hold the large potato in your left hand and the straw in your right
(when you are right handed) with the forefinger tightly pressed against
the end opening of the straw (see Sketch above).

3. Pierce the potato with one forceful stroke of the right hand. The straw
goes right through the potato! This may be repeated.

Questions:

1. Why does the straw bend when pushed against a hard surface?

2. What is the purpose of holding the forefinger tightly pressed against the
end of the straw?

3. What would happen if the forefinger was not held there?

4, What is inside the straw at ‘‘ne moment that it hit the potato?

5. Would the pressure inside the straw be higher or lower than the atmospheric
pressure?

6. What are other examples where a higher pressure of air or water inside the
cbject would make it more rigid and strong?

Explanation:

The purpose of placing the forefinger tightly against the end of the straw
is to prevent the air inside the straw from escaping. At the mament that the
straw hits the potato, ti.: air inside the straw i campressed and the higher
pressure nakes the straw rigid and strong. The flerxible straw then acts 1like
a solid spear and penetrates the potato very easily. If the forefinger was
not placed at the end of the straw, it would just bend when hitting the potato
with it, just like it did when hitting the table top with it.

Other exxamples whe : a higher pressure of air makes ithe object rigid are:
bicycle and car tires, inflated plastic or canvas beds and toys. Higher
pressure of water inside the fibers and capillaries of plant tissue makes them
more rigid and strong: fresh looking plants as campared to limp and drooping
leaves because of water shortage.
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FORCES STRENGTH OF
WEAVED SUPPORTS ‘

13.34. THE LOOSE KNIFE SUPPORTS

Materials: 1. Four regular drinking glasses.
<. Three table knives.

weave knives,
one supporting the other

Procedure:

1. Place the three glasses in a triangle configuration on the table a i...le
further than a knife long span away from each other.

2. Ask the audience: "How can I support the fourth glass in the middle of the
other glasses at glass-height above the table with the three knives?"

3. Anticipated answer: "It's impossible!"

4. Wecave the knives as shown in the sketch above, and a strong support is
created, which can hold the fourth glass quite easily. You may even want
to fill this fourth glass full with water.

Questions:
1. How can the three knives make such a strong support?
2. How are the knife ends held up?
3. What does the weaving of the knives actually accomplish?
4. What other materials could we use instead of the krives?

Explanation:
The end point of each of the knives is resting on the middle of the next

knife, which the weaving structure actually accomplishes. By weaving the
knives they act like a solid metal plate, which is certainly strong enough to
hold up a considerable amount of weight.

Any other stiff material, like forks or spoons, or chop sticks may be used
instead of the knives.
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13.35. THE DOLIAR BILL BRIDGE

Materials: 1. A dollar bill (any denomination or other currency).

2. Three drinking glasses (one empty, the others may be full).

corrugated dollar bill

two glasses
//_ about 10 cm apart

-

Procedure:

1.

2.

3.

Place two drinking glasses (that may be full or empty) about 4 cm less than
the length of the dollar bill apart from each other.

Show pecple the third empty glass and the dollar bill. Ask: "Can you
support the third glass at glass-height in between the two glasses?"
Anticipated answer: "It’s impossible!"

Say: "Nothing is impossible!" Proceed to fold the bill in half lengthwise
then fold this in half again, and once more in half. Unfold the bill and
fold it now in and the next crease out as in pleads of a skirt (in zig-zag
pattern when seen from the side). Make sure that the folds are sharply
creased (use your nail to press).

Spread the pleated bar somewhat out and place it over the two glasses,
bridging the two, and carefully place the third glass in the center on top
of the dollar bill. Voila! The dollar bill bridge!

Questions:

1.
2
3.

4.

What made the dollar bill so much stronger?

. Where do we sec this similar structure in nature?

Can you find similar zig-zag structures (corrugated) that strengthen
different materials in our daily life?

Would more and smaller corrugations be stronger than fewer and larger
corrugations in the dollar bill?

Explanation:

Providing the dollar bill with the length-wise corrugations actually turned
the bill into a strong beam across the two drinking glasses.

optimum number of corrugations whi~h gives it an optimal strength. The larger

the corrugations the less we can make fram the width of the dollar bill,

the more corrugations the smaller they are and thus the weaker.

In nature we find similar corrugations in celery stalks and other plant

tissues. In our daily life we encounter the zig-zag or corrugated structures

in bridges, plastic roofing, cardboard boxes - cardboard consists of two

layers of heavy paper with a corrugated layer in between.
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STRESSES IN PAPER

13.36. HOW LONG CAN YOU HOLD THE BURNING PAPER?

Materials: 1. A strip of paper (about 30 cm long, 4 cm wide).

2. A sharp edge of the table, and a match.

/_bum this end

table edge

Sketch A Sketch B

Procedure:

1.

2.

4.

Take the ends of the paper strip, one end in each hand, and rub it over a
sharp edge of furniture (edge of table or chair). Do this 2 or 3 times
(see Sketch A).

Notice that the paper strip curls up. Now fold the paper in the center in
the opposite direction of the curl (see Sketch B), and hold the two ends
together. (You may want to tape the ends together if you like to leave it .
lying on the table beforehand).

Now you are ready to ask a student: "If you hold the strin of paper (at
the taped end) vertically, and I burn the top, how long do you think it
will take before you have to let go of the paper?"

Anticipated answer: "About half a minute".

Have a student hold the paper upright and burn the folded end. In about

3 seconds he/she will let go of the paper!

Questions:

. What did the rubbing of the paper over the sharp edge do to it?

What made the student drop the paper so quickly?

. How can we uncurl a curly strip of paper?
- What did the burning of the folded end of the strip of paper do?

What would happen if we held the paper horizontally and hurned it?
Would you hold the paper vertically downwards and start burning it from
the bottam?

Explanation:

By rubbing the paper ove the sharp edge, we caused the outside of the

paper to stretch more, and thus a tension in the paper is created. When the
paper is burned at the folded end, it separates and the two loose burning ends
cume curling downwards with lighuning speed. Nobody would be holding on to a
burning piece of paper if the flame suddenly moves towards the person. The
immediate reaction of the person would be to let go of the burning paper.

Straighten. g out a curling strip of paper can be done by rubbing the '

outside of the curl over a sharp edge. Another way would be to apply heat to
the piece of paper, by ironing for example.
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13.37. THE CONFUSED TWIRLING PAPER

Materials: 1. A strip of paper (about 15 cm long, 5 cm wide).
2. A pair of small scissors.

cut

S—— cut in
Sketeh A Sketch B folded

Procedure:

1. Take the paper strip and cut about 5 cm into the center of the strip and
fold the two parts to opposite sides of the strip (see Sketch A).

2. At about 5 cm from the other end of the strip, cut crosswise one third
into the width of the strip and fold the two parts on top of each other,
making the bottom part thicker (see Sketch A).

‘ 3. Teke the paper piece in the middle and drop it to the floor from standing

height. Wwhich way does the paper piece rotate? (See Sketch B)

4. Now fold the two "wings" to the opposite side. Drop the papur piece
again from standing height to the floor. Which direction does it rotate?

Questions:
1. What makes the paper piece rotate when dropped » the floor?

2. What are the forces working on the paper piece:

3. What direction did it rotate the first time? And the second time?
4. What made the rotation change direction?

5. Can you find examples in nature making use cf this principle?

Explanation:
The forces worklng on the paper plece when dropped to the floor are caused
by air f:r.ction. When louking at the piece fran above {(obliquely, 1like in

Sketch B above), and the right wing is folded away from you and the left
towards you, dropping it will make it rotate clockwise.
When the "wings" are folded in the
opposite way, the paper piece rotates axes of
counterclockwise. When we look at the rotation
forces working on the paper we note a
torque working in both cases (see
Sketch on right).
Many seeds of different fruits in

. nature ave equipped with "wings" which

air resistence

will pramote the propagation of the
seeds when released fram the ripe dry ]
fruit. Top View
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FORCES ROTATIONAL VIBRATIONS

DIRECTIONAL OSCILIATION ‘

13.38. THE YIP-YIP STICK

Materials: 1. Two wooden dowels (one samewhat thinner than the other).
or two small pine sticks (about 1x1x15 cm).
2. A coffee stirrer and a small nail.

small nail
rnotches

small stick coffee stirrer

~—— not *hed stick

P
A

/

Procedure:

1. iiake small notches on one edge of the pine stick abot 1 cm gpart fram
each other. The notches should be about 3 mm deep and about 2 mm wide.

2. Cut a 6 am piece off fram the coffee stirrer ard make the same rounding
edge on the cut erd.

3. Nail the middle of this piece of stirrer to the top end of the pine stick,
and wiggle it so that it will turn loosely around the nail (the nail should
be hammered in only half way).

4. Hold the smaller stick in your right hand (if you are right handed) with
your index finger pointing out (see Sketch) and hold the notched stick in

your left hand. ‘
5. Rub the notched stick with the smaller stick over the notches and let your

thurb slide on the right side of the notched stick (stirrer will rotate

ocounter-clockwise as seen from the performer’s viewpoint).
6. Tell the audience that the stirrer (rotor) will turn the opposite way when

you say "Yip-yip". Say "Yip-yip" and keep rubbing the notched stick but

this time let your index finger slide against the notched stick.

Observe the rotor rotate in a clockwise direction!

Questions:
1. what made the rotor turn?

2. What caused it to turn one way and what caused it to turn in reverse?

3. Did the saying of "Yip-yip" have anything to do with turning it in reverse?

4. Does the distance between the notches have an influence on the rotation?

5. Does the speed of the rubbing have anything to do with it?

6. Would rubbing the notched stick on one side, then turning it to the other
side, have anything to do with it?

7. What would happen if you held the smaller stick another way?

Explanation:
The rubbing of the smaller stick against the notched stick with the rotor

on, produces vibrations. When the thumb is held against the notched stick
while rubbing, the oscillations take the form of an elipse causing the stick
to vibrate ir a counter-clockwise direction, and thus the rotor rotates that
way too.

When the index finger is held against the notched stick, the oscillations
are slanted in a clockwise direction. This changing of rotational direction
can also be achieved by turning the .iotched stick slightly to the left or to
the right, in other wcrds by rubbing the notches on the left side as campared
to rubbing it on the right side.
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FORCES SIMPLE MACHINES
FIRST CLASS LEVERS

13.39. TILT A HEAVY LOAD WITH ONE FINGER

Materials: 1. A long wooden stick (shovel handle) or an iron water pipe (3-4 m).
2. Two or three small wooden blocks.
3. A heavy piece of furniture.

push with one finger
i heavy table
-Lu

wooden stick or
metal water pipe—/

wooden blocks

Procedure:

1. Have students try to lift one side of the heavy piece of furniture to give
them an idea of its weight.

2. Place the two or three wooden blocks close to the side of the table to be
tilted, place the end of the long stick under the table rung and use the
blocks as a fulcrum for the lever (see Sketch).

3. Now push the long end of the stick with one finger down (as a heavy load,
a desk or table, or a chair with a student sitting on it, may be used;
make sure that a rung or horizontal bar is present, close to the bottom of
the load to be lifted, to hook the lever on).

Questions:
1. What type or class of lever are we dealing with:

2. What functions as the resistance in this case?
3. What were the effort and the fulcrum in this lever?
4, what other examples can you name that are based on this class lever?

Explanation:

This lever of the first class has the pivot or fulcrum in between the

effart and the resistance. The latter one being the heavy load (tible, desk,

or chair with someone seated on it) and the effort being the finger pushing

on the long end of the lever, and the

blocks of wood serve as the pivot or effort

fulcrum. resistance
Other examples applying the first

class lever are: a pair of pliers, a

pair of scissors, wire and chain

cutters, most car Jacks, teeter

totters, crowbars, etc.
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SEOOND CLASS LEVERS

13.40. IS THE HAMMER A LEVER?

Materials: 1. A hammer (which can be used to pull nails out).
2. A wooden board and small common nails.

pull hammer down \
push up
on hammer
. wooden
nav board
Sketch B

Sketeh A

Procedure:
1. Hammer a oouple of nails into the wooden board (half way) and pull cne
nail out by pulling down on the hammer (see Sketch A).
2. Pull the other nail out by pushing up on the hammer (see S:etch B).
3. Ask students the questions listed.

Questions:
1. Which of the two methods of taking out the nails was an application of the
second class lever?
2. What class lever vas the other method applying?
3. Where is the fulcrum, effort and resistance located in method A? Where
are these in method B?
4. What other examples can you name that apply the second class lever?

Explanation:
The best way to clarify where the forces are at work with the hammer
pulling the nail, is to draw a sketch of both methods and the relationships
and location of the forces and fulcrum.

effort ffort

— fulerum

resistance resistance

Method A is applying the second class and method B the third class lever.
Other examples of second class lever applications are: the wheelbarrow,
crowbar, nutcrackers, paper cutters, two-hole punchers.
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. THIRD CLASS LEVERS

) 13.41. THE THIRD CIASS BICEP

Materials: 1. Two pieces of wood (or two rulers).
2. A small hinge (or masking tape), & thick rubber band.

bicep (muscle) piece of wood

tie rubberband
at notches

\\ ./,
A\ ::) /
‘ - ’\\ih
tendons - “' ) hinge
ball joint

Procedure:
. 1. Attach the two pieces of wood together by means of the hinge (or tape the
two rulers loosely together).
2. Cut grooves for the rubber band close to the free end of one arm and close
to the hinged end of the other arm.
3. Tie the rubber band around each arm where the grooves are. You are now
ready to show the bicep action.

tions:

1. What class lever is the movement of the lower arm based on?

2. What does the rubber band simulate?

3. Locate the fulcrum, effort, and resistance in this arm lever.

4. Are other muscles in our body and the movement of the body parts based on
the same class of levers?

5. What other examples can you name that are applying the third class lever
in our daily life?

Explanation:

The bicep is the effort in a third class lever when moving the lower arm
upwards. This is illustrated by the rubber band when it is contracting. The
hinge is the joinc or fulcrum between the lower and upper amm, and the
resistance is the weight of the arm alone or any additional weight that the
am is lifting (see sketch on the
right). resistance

Other third class levers in our effort
daily life are: a pair of tweezers,

ice tongs, movingy a hockey stick, /
. using a shovel, broom, or rake, etc.

fulcrum
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13.42. WHICH ONE IS HEAVIER?

Materials: 1. A 200 g and a 300 g weight.
2. A spring scale (500 g maximum).
3. & 30 om plastic ruler & a stack of books.

spring scale —

300 g weight

—— inelined ruler

Procedure:
1. Place three or four textbooks on top of each other.
2. Place the two weights next to the stack of books and tell students that
your task is to move the weights up on top of the stack.
3. Ask students: "Which ane will take more effort to move?" Place the ruler
on an incline (one end on top of the books and the other end on the
table), and pull the 300 g weight over the ruler up on the stack of books

with the spring scale (read the effort off this scale while moving the
load).

Questions:
1. How much effort did it take to move the 200 g weight straight up?
2. How much effort did it take to move the 300 g weight over the incline on
top of the stack?
3. Why was the effort much less than 300 g on the incline?
4. How are the force components working on the incline?
5. What are other applications on the inclined plane?

Explanation:
It takes much less effort than the full weight to move the 300 g mass over
the inclined ruler, as the incline
camponent force (W') is much smaller.
The less steep the slopa of the inelined plane
incline, the smaller the effort. The
weight on the incline (W) may be
decomposed into a component
perperdicular to the incline (W") and
one along the incline (W'). The
effort would be slightly larger than
W' (to overcome friction). Other
applications are: the screw, the
wedge, axe, chisel, etc.

effort
(slightly
W" larger than

component W')
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13.43. WHICH ONE WILL BE MOVED?

Materials: 1. Two clothesline pulleys.
2. A sturdy rope and two strong sticks or pipes (50 cm).
3. Two straight-back chairs.

| pull rope -

rope wound around
pulley

heavy set
student
small student

strong pipe

Chair B Chair A

Procedure:
1. Attach each pulley to the center of each of the rods or pipes with a short
‘ piece of rope, and slip the rod between the seat and back of each chair,
so that it catches on the frame when the pulley is pulled backwards.
2. Tie the end of a long rope to the other hanger of one pulley (see sketch
Chair A), and thread the other end of the rope around the pulley of Chair
B, and hold the end of the rope on the side of Chair A.
3. Have a tiny built student sit on Chair A and a heavy set student on Chair
B, ard ask: "which of the two will be moved when I pull on the rope?"
(anticipated answer: A). Pull and observe Chair B movel

tions:

1. Which of the two students is heaviar?

2. Why did Chair B, the heavier one, move and not Chair A?

3. Which of tne chairs would move if the students were of equal weight?

4. Which one would move if the rope were also wound around pulley A, and the
rope end attached to the floor?

Explanation: ‘
There is only one rope pulling at Chair A and two ropes pulling at Chair
B. The force or tension in each of the ropes is equal and thus the force
pulling at Chair B ‘s twice as large
as that at Chair A. This is why even

wound around pulley A, Chair A would A

the heavier student sitting on Chair B
is moving. 1If the rope were also (o) (G)
B
be moved (with the lighter student-- B A
' see Sketch B on the right). Sketch A Sketch B




CHAPTER 14

WHAT OC WE LEARN WHFN DEALING WITH SPACE SCIENCE ?

OBJECTIVES

»

After dealing with and studying the concepts and sub-concepts of this
chapter, the students should pbe able to:

recognize the correct explanation of an observed event based on each of
the sub—concepts;

explain in their own words which of the sub-concepts is determining the
course of an event;

distinguish true from false statements oconcerning each one of the sub-

concepts;

identify the correct explanation of an event in dailv life app_ying one
of the sub-concepts;

all in relation to the following sub-concepts:

Inertia is the tendency of still objects to stay still or at rest.
The larger the mass of an object, the more inert it is.

Newton s First Law: a. An object at rest tends to stay at rest.

b. An object in motion tends to stay in a linear 1otion.

Newton s Second Law: The acceleration of a moving object is directly
proportional to the force exerted on it and inversely proportional to
its mass (F = m x a).

Newton s Third Law: When a body exerts a force upon a second body, an
equal and opposite force is exerted upon the first body: for every
action there 1s an equal and opposite reaction.

When an object is swung in a circular motion, there is an inward
centripetal force working on the string.

The mamentum of an object is equal to the product of its mass and the
velocity it has.

When a moving object collides with another object, its momentun is
conserved (m =m,v

The angular marentux% %f an object is unchanged unless an external
torque acts on it (conservation of angular momentum).

In spinning objects, the more the object’s mass is located towards
the center of rotation, the faster the dbject spins.
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SPACE SCIENCE INERTTIA

14.1. PUT TUE OOIN IN THE CUP

Materials: 1. A paper card and a coin.

1
2. A cup or drinking glass.

flick the card

e -
i — \
|

— cup or glass

Procedure:
1. Cover the cup with the paper card and put the coin on top of the card.
2. Now ask the students: "How can I get the coin in the cup without lifting
the card?"
3. After hearing all the different suggestions, flick the card with your
forefinger in a horizontal direction.

Questions:
1. Why does the coin drop in the cup when the card is flicked away?

2. What held the coin back when the card was moved?

3. What happens to the coin if the card is pulled slowly?
4., Could we pull the card away rather than pushing it away?
5. Where do we see this event applied in daily life?

Explanation:

This event is based on the cammon characteristic that all objects have and
that is inertia. The coin lies inert on the card and by pushing the card
suddenly away, the coin slides over the card and drops in the cup. The more
sudden the movement of the card, the easier the coin will stay at rest. If
the card is pulled slowly awry, the ccin will move with it When pulling at
the card instead of flicking it, the pulling has to be carried out with a
sudden motion as well.

We find this event in our daily life when we stand in a city or school
bus, which suddenly starts to move. The bus moves forward with an abrupt
motion and the standing person falls backward, because he/she had the
inertia, which is also called the tendency to stay at rest. The larger the
mass of an adbject, the greater its inertia. The inertia of an dbject is
directly proportional to its mass.
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SPACE SCIENCE INERTIA

14.2. PULL THE TABLECIOTH

Materials: 1. A large beaker (or other glass container with a smooth base).
2. A long narrow cloth without seam (paper towel will do).

water-filled
beaker —

Procedure:

1. Fill the beaker with water and make sure that the outside of the beaker is
bone dry.

2. Find a very smooth table top, wipe and dry it off, place the water-filled
beaker close to the edge on top of the strip of paper.

3. Now pull at the paper strip, first slowly until the beaker comes to about
2 an or so fram the edge of the table, then pull with a sudden jerk (do
not hesitate!).

scions:

1. Why didn't the beaker fall off the table?

2, What made the beaker move closer toward the edge?

3. Why do we need a smooth table top for this demonstration?
4. What is the purnose of the water in the beaker?

5. What events in daily life make use of this principle?

Explanation:
This demonstration can be made most dramatic by placing the beaker about

50 om from the edge of the table at the start and then pulling it to about 2
can from the edge. This shows the students that pulling the paper will pull
the beaker with it. The slow pull gives enough friction between the paper
and the beaker, so that the beaker stays on the paper. The water in the
beaker makes it heavier, and the heavier the abject, the greater its inertia
ar its tendency to stay at rest. This is why it works easier with the water
in it. The table top and the bottom of the beaker need to be smooth and dry,
sothataminimmoffrictime:dstswl'nentl'aepaperispulledfranmﬁerthe
beaker.

An application of this first part of Newton's First Law in daily life is
encountered when we move gravel or other heavy material with a shovel from
one place to another: we pull the shovel with a sudden move out from under
the gravel or in under the pile of gravel.
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14.3. THE IMMOVABLE PENNY

Materials: 1. A penny, paper card, and thin paper.
2. A short glass tube, clamp and stand.
3. A sharp long kitchen knife or hacksaw blade.

_~— flick zard off

PeTRY =\ hit knife
4 _ —A l thin paper
glass
tube
Sketch A elamp Sketch B

Procedure:

1. Cut a 3 x 5" card in half, place the penny in the center on the tip of the
card, ard balance the card and penny on your left index finger top (see
Sketch a).

2. Flick the card off your finger with your right middle finger (do this
horizontally in the plane of the card): penny stays on finger tip!

3. Clamp the glass tube vertically, place a short thin strip of thin writing
paper on the top end of the glass tube, weighted by the penny (see Sketch
B)n

4. Hit the protruding end of the paper with the sharp edge of the kitchen
knife or saw blade: penny stays on glass tube!

Questions:

1. What made the penny stay on the finger or on the glass tube?

2. Will the slow removal of the card or the paper have the same effect?
3. What other cbjects can we use instead of the penny?

4, what implicaticns do you see when doing this on the mcon?

Explanation:

The removal of the card or paper has to be done with a quick action
otherwise the friction factor will play a role. A slower movement of the
card or paper will bring the coin with it. Also the flicking of the card has
to be carried out, such that the card will slide off horizontally without
tipping the coin.

In hitting the protruding paper with the sharp edge of the knife, the
paper is folded up exactly where the knife hits it, and the sharp edge grabs
on to the paper and pulls it away.

Other objects that can be used instead of the penny are: other coins,
washers, etc. On the moon this event can be done much easier, as the mass
stays the same but the weight is less, and thus the friction is less.
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Materials: egg holder
l. One raw eqq.

2. One egg holder. pie plate
3. One aluminum pie plate.
4. A large drink glass.

5. A household broanm.

AN
\table top

hold back glass with water
broom stick
and flick

Procedure:
1. Fill the drink glass three quarters ful! with water.
2. Put the empty pie plate on the glass and center the egg holder and raw egg
on the pie plate directly over the glass.
3. Place the glass with everything else on top, close to the edge of the table
such that the rim of the pie plate hangs over the table edge (see Sketch).

4. Ask the students: "How can I get the egg in the glass with the broom
without breaking it?" Anticipated answer: "Have no idea!"

5. Hold the broom directly in front of the set up, push down on it so the
sweep part of the broam bends. Place one foot on the broom while holding
back the wooden handle, then suddenly release the pole and flick it hard
against the pie plate (see Sketch).

Questions:
1. What made the egg fall exactly in the glass?

2. What was the function of the water in the glass?

3. What would happen if we had a plate without a rim on the glass?
4. Why did the pie plate have to protrude over the table edge?

5. Would any other object in the egg holder end up in the glass?

Explanation:
The broam stick hit the edge of the pie plate without hitting the glass or

the egg, because its motion was stopped by the table edge.

This sudden force moved the pie
blate out fram under the egg carrying
with it the egg holder, as this was
caught by the plate’s rim (see
Sketch).The egg was at rest and tended
to stay at rest (first part of
Newton’s First Law). The water was
needed to catch the raw egg and
prevent it from breaking. Any other
object on the egqg holder would have
fallen in the glass, provided it has a
heavy enough mass (and thus have
enough inertia).
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SPACE SCIENCE

367

DIRECTION OF FORCE

14.5. GET THE CHAIX IN THE BOTTILE

2. A bottle with a narrow neck.
3. A small piece of chalk.

plastic hoop

Procedure:

1. A flexible plastic hoop (cut fram a polyethylene container).

ptece of chalk

1. Cut a narrow (1 cm wide) hoop fraom a flexible polyethylene container.

2. Place it on the mouth of the bottle and center a small piece of chalk
vertically over the opening of the bottle.

3. Flick the hoop with your finger from under the chalk by hitting the hoop
on the inside (but holding the finger on the outside of the hoop before

the flicking itself).

4, Let students observe carefully where you hit the hoop with telling them

what vou are doing.

5. Let students try to get the chalk in the bottle (those that know where to
hit the hoop will be able to do it, others will not).

tions:

1. Did you observe where the hoop was hit with the finger?

2. Why does the chalk fly off if the hoop is hit on the outside?

3. what force acts on the chalk when the hoop is hit on the outside?
4, what will the hoop do if hit on the outside or on the inside?

Explanation:

The demonstration can be used to
focus students' attention on careful
and accurate observation skills.
Without telling them where the hoop is
hit, they should be able to find out
for themselves.

When the hoop is hit on the inside,
it flattens and slips out under the
chalk. When it is hit on the outside,
the force is upwards, and the chalk
gets pushed up (see sketches on the
right).

t force up

- hit on
outside

e

{force down

" hit on
inside
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SPACE SCIENCE NEWION'S FIRST LAW

14.6. BREAK THE STRING WHEREVER YOU WANT

1. Two paperback pocket books (same thickness).
2. A horizontal stand and sewing thread.

— v
I f -
|[¢— breal K|

here

Ry

slowly —_| break aes | pull with

N here 1/' sharp jerk
Procedure:

1. Tie threads around each of the books, such that a loose end comes out fram
each side of the book.

2. Tie one end of the thread around the horizontal stand and lest both books
hang side by side (see sketch).

3. Now ask the students: "Where do you want me to break the thread of book
No. 1?2 Above or below the book?"
If they answer: 'above the book,' pull slowly at the thread.

4. For book No. 2, pull the thread with a short jerk: thread will break
below the book!

Materials:

Questions:
1. Do you see any difference in the way the thread was pulled?
2. Why does a slow pull at the thread break it above the book?
3. Why does a sharp jerk hreak the thread below the book?
4, which of the two breaks makes special use of the book's inertia?

Explanation:
By pulling the thread slowly, we are not only putting a strain in the

thread, but in the thread above the book, the book's weight adds to this
pull. Thus compared to the strain below the book, this is much larger and
the thread snaps wherever the strain is highest.

When a sharp jerk is exerted on the thread, the inertia of the book keeps
the strain below the book. Although there is some strain in the thread above
the book, campared to that below the book, the strain in the latter is still
higher, and the thread snaps below the book.
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SPACE SCIENCE NEWION'S FIRST LAW

14.7. WHAT BREAKS THE THREAD?

Materials: 1. A1l kg mass or a stone of about 1 kg weight.
2. A medium size string and sewing thread.
3. A stand and clamp.

string —
pull
4-’ thread

tie thread
around weight

Procedure:

1. Hang the weight on a string tied to the clamp and stand.

2. Tie a length of sewing thread around the weight and pull slowly on the
thread and show to students that it is possible to move the weight up high
without breaking the thread.

3. Let the weight hang vertically and give the thread a sudden pull. Ask:
"What property of the weight made the thread break?"

4, Tie another thread to the weight, pull the weight and let it swing back
and forth, but let your hand swing in phase with it (holding the thread),
then suddenly stop the hand. Ask: 'what property of the weight made the
thread snap?"

Questions:
1. Which part of Newton's First Law was the first break based on?

2. What events in daily life are based on this principle?

3. Which part of Newton's First Law was the second break based on?

4, Can you mention any events in our daily life that are based on this second
principle?

Explanation:
When the thread was broken the first time around, it was done by pulling

the thread with » sharp jerk. The weight was at rest and it had the tendency
to stay at rest. (First part of Newton's First Law.) An application of this
principle in daily life is pulling a table cloth out from under dishes,
pushing a shovel under a heap of gravel, etc.

Breaking the thread the second time around was caused by a sudden stop of
the moving hand, when the weight was still moving. The weight was in motion
and it tended to stay in motion (second part of Newton's First Law). Events
in daily life based on this principle are for example: the tightening of a
loose axe on its handle, the sudden stop of a bus and the tendency of the

passengers to keep moving forward, etc.
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SPACE SCIENCE NEWION'S FIRST LAW ‘

14.8. THE APPLE AND THE RNIFE

Materials: 1. Two fresh apples, a long kitchen knife.
2. A wooden rod or stick (tc hit the knife with).

hit here with

wooden rod —l

|  —move doum fast
’ on table top

Sketch A

Sketch B
Procedure: [
1. Press the kitchen knife about 1/4 way throvgh the first apple, hold the
knife horizontally and hit the end of it with the wooden rod (see Sketch
A}. The apple will split in half illustrating the first part of Newton's
First Law.
2.Nowp.lshthepointofthekitchenlmifeallthewaytlnxghtheseoo:ﬁ
apple. "Ask the students: "How can I get the apple to slide closer to the
handle?
3. Hold the knife vertically above the table with the point upwards. Move
the knife fast to the table top, hitting it hard with the knife handle.
The apple will slide closer to the handle, illustrating the second part of
Newton's First Law (see Sketch B).

tions:

1. Why did the first apple split in two halves?

2. Was it the apple or the knife that followed Newton's Law?

3. In sliding the apple, which of the two (apple or knife) followed the
second part of Newton's First Law?

4. What other daily examples can you rame that are based on the first part
and second part of Newton's First Law?

Explanation:
Newton's First law states that: an abject at rest tends to stay at rest,

arﬂmmjectinmtimteﬂstoke@mviminastmightlim. The first
apple split in two halves, because it tended to stay at rest when the knife
was hit. The sec~nd apple slid closer to the knife handle because it tended
to stay in motion when the knife was suddenly stopped by the table top.
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SPACE SCIENCE NEWION'S SEOOND LAW
ACCELFRATED MOTTION

14.9. THE FALLING WASHERS

Materials: 1. Six or seven metal washers )

2. A strong thin threud ) for each demonstration.
3. An old film canister )
0\- thread " Tetc.
w\_ washers _/“
® 356 em
) [«
30cem apart 25 em
fil 15 em
im 5 om
L } /_cannieter\ 3
Sketch A Sketch B

Procedure:

1. Tie the six or seven washers exactly 30 cm from each other on the thread
and tape the end of the threal to the film canister, such that the first
(lowest) washer is 30 cm above it.

2. Stand on a chair and hold the thread tight above the canister, while this
latter is lying on the floor. Ask students: "What kind of tapping sound
will the washers give us when I let them fall; even or faster and faster?"
Now drop the washers (see Sketch A).

3. Tie seven washers to another thread the following distances fram each
other: canister to first washer 5 am, the next six washers: 15, 25, 35,
45, 55, and 65 am from zach other respectively.

4. Repeat point 2 (see Sketch B).

stions:

1. What kind of tapping sound did the washers give us in demonstration a,
ocampared to that in demonstration B?

2. Which of the seven washers had the highest wvelocity when hitting the
bottam?

3. What kind of motion is the free fall of the washers?

4. What gives a falling object its acceleration?

Explanation:
The falling washers are all subjected to gravity, which forre imparts an

accelerated motion to each of them. Newton's Second Iaw states that F = MA
(F = force, M = mass, and A = acceleration), and as the force and mass of the
washers are equal, the acceleration of each of the washers is the same. The
higher, the larger the wvelocity of the washer hitting the canister. The
distances between the washers in B were obtained fram § = 1/2at (where S =
distance, a = acceleration, and t = time).

392




372

SFACE SCIENCE NEWION'S THIRD LAW

14.10. THE BALLOON RACE

Materials: 1. Two long cylindrical balloons.
2. A roll of fishing line (or smooth string).
3. Two straws and masking tape.

fishing line

straw

baltoon magking tape

—
shoots up _/

air rushes out f
Procedure:

1. Divide the class in two groups: there is going to be a race!

2. Have one student of each group tie one end of 10 m length of fishing line
to a pipe (or fire sprinkler) close to the ceiling at one end of the
classroom (in the front).

3. Bring the other end of the fishing line to the rear of the classroom and
have another student of each group push the fishing line through the
straw, and hold the line tight.

4. Now have another student of each group blow up the balloon and hold the
mouth closed (do mot put a knot in it), and hold the balloon under the
straw with its mouth facing the rear of the room.

5. Let another student tape the balloon to the straw (one strip of tape over
the middle of the straw). You are now ready for the race.

6. Have the students release the balloon on the count of three.

Questions:
1. In which direction did the air of the balloon go?
2. What made the balloon shoot up?
3. Will a smaller or larger balloon shoot up faster?
4, Ifwewanttheballoontoshootdown, which way do we have to face the
balloon's mouth?

Explanation:

At the time that the balloon was held
with its mouth closed at the rear of the
roam, all forces inside the balloon were '

balanced by an equal and opposite force.

This will also be the cause when we put a

knot in the balloon's mouth or in the case

of a closed pressured chamber in space (see all forces resultant

Sketch 1 on the right). in balance force: up
When the balloon is released, the down-

ward force is eliminated, and the resultant force is upwards. This is quite

similar to the operation of a pressure chamber in a rocket or satellite.

When a lelt turn has to be made, a valve on the right hand side of the

vehicle is opened.
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SPACE SCIFNCE NEWION'S THIRD LAW

14.11. THE MATCH MISSILE

Materials: 1. A box of wooden matches, a box of paper clips.

2. A roll of aluminum foil.
L— reaction

Al-foil
wrap one Q&/
end of clip
% for exhaust paperclip stand
Sketch A ac*ion  Sketch B

Procedure:
1. Distribute two matches and two paper clips and a str~ip of aluminum foil to
each pair of students (let students work in pairs)
2. Demonstrate to students how to make the missile:

a. Wrap the match airtight with one end of the paper clip against the
match stick (see Sketch A) and slide the clip out (this provides the
exhaust pipe).

b. Bend out another clip to make a ..and and lay the wrapped match against
it (see Sketch B).

c. Heat the wrapped match head with another 1lit match.

3. Let students try to make the farthest r=aching missile.

Questions:
1. What makes the "missile" shoot up?
2. What would happen if we heated the wrapped match without providing for an
exhaust?
3. Does the angle of the bent up clip make any difference in the distance
that the missile can reach?
4, What are othexr factors that influence the reach of the missile?

Explanations
When wrapping the match (missile) with aluminum foil, we need to lay one
leg of a paper clip (bent out) against the wooden stick, to provide an
exhaust for the expanding gases when the match ignites. Sometimes when this
exhaust is not working properly, a bursting of the alumimum foil near the
match head will occur.
Factors that influence the reach of the missile would be:
a. the weight of the missile--in our case the Al-foil, the less used,
the lighter, but the less strong to keep the gases in.
b. the match itself--some have larger heads, which would provide more
power (try wrapping in an additional match head).
c. the angle of blasting--450 angle is optimal; larger or smalier
angles with the horizontal plane will give shorver distances.
This event is based on Newton's Third Law, which states that: For ewvery
action, there is an equal and opposite reaction.
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SPACE SCIENCE

Materials:

NEWION'S THIRD LAW

14.12. THE MIIK CARTON SFRYNKLER

2. A length of sturdy string.

fill with string
water -~
~ one hole
in each
78 cormer
! 7%‘ of ecarton
Procedure:

1. An empty milk carton (2 1) or large tin can.

tin can

make holes
with natl and
slant in one
direction

1. Make four small holes, one in each right hand lower worner, in the sides

of the milk carton.

2. Tie the string through a hole in tha top of the carton, to hang it over
the sink from a support (or from your hand).
3. Fill the carton full with water over a sink and let it hang fram the

strirg, and observe!

Questions:
1. Looking fram above, which way does the carton turn?

2. Is it possible to turn the carton in the opposite direction?
3. Where do the holes have to be placed in order for the carton to move in

the opposite direction?
4. When would the carton stop turning?

5. What principle is this everit based on?

Explanation:
This event is based on the Third Law of Newton: action is reaction. The

action here is the water spouting out from each lower right hand corner of

the side of the carton (see Sketch 1).

The reaction is an equal and
opposite force on the carton (see
Sketch 2), which makes the carton turn
counterclockwise. 1In order to make
the carton turn clockwise, the holes
have to be placed in the left hand
lower corner of each side.

A tin can could replace the carton
by making nail holes near the bottam
and slanting the nails in omne
direction.
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SPACE SCIE..E NEWION 'S THIRD IAW

14.13. THE STRAW ROCKET

Materials: 1. A plastic flexible bottle.
2. Two drinking straws of two different sizes.
3. Same molding clay and construction paper.

paper loops

flexitle plastic
bottle

blob of
molding clay

rubber stopper
or molding clay

Procedure:

1. Prepare the ‘bottle starter” by putting a roli of molding clay around one
end of the smaller straw and fitting it into the mouth of the plastic
flexible bottle - test for leaks by plugging the other end of the straw
with a finger, then squeezing the bottle: this should feel hard to squeeze
when there are no leaks.

2. Prepare the rocket by taping two paper loops to the larger straw. One
smaller loop to the front end and a larger loop to the back end. Stuff
the front end of the straw with a blob of clay.

3. You are now ready to launch the rocket. Place the larger straw over the
smaller one, hold the paper loops on the top side of the rocket with
another straw, and squeeze the bottle with a sudden motion.

Questions:
1. what made the rocket move forward?
2. Why does the smaller straw have to fit tightly in the bottle?
3. What is the function of the blob of clay in the larger straw?
4. What is the function of the paper loops?
5. What initial action gave the rocket its energy to shoot forward?

Explanation:
By squeezing the plastic bottle, air is blown through the smaller straw

into the larger straw. As this latter one is plugged at the front end, a
higher pressure is built up in the larger straw and this makes the rocket
shoot forward. As Newton’s Law states: For every action there is an equal and
opposite reaction. The action here is air chooting out of the rear of the
vocket (larger straw), and the reaction is that the rocket moves forward. The
function of the paper loops is to keep the straw floating in a horizontal
direction.

Toys that shoot plastic balls by squeezing a plastic gun, and air guns
(Beebee guns) are applications of this basic principle of action is reaction.
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NEWTON'S THIRD LAW

14.14. BLOW fOUR OWN SATL?

Materials: 1. A roller skate, a small motor and propeller.
2. Six 1.5V C-size batteries & 2 short lengths of bell wire.
3. A piece of cardboard.

motor & propeller

batteries 0

@ ° skate
Procedure:

1. Mount the motor and propeller by means of wooden or metal strips on one
end of the skate.

2, Tape the six bacteries three by three in series together, and place them
on the skate. OConnect the wires fram the batteries to the motor (leave
the connection of one lead off for the nmoment).

3. Tay2 a piece of cardboard to the other end of the skate, such that the
propeller klows air against the cardboard.

4, Ask the students: "What will the skate do when the fan is turned on?"
Now camplete the circuit and turn on the propeller.

5. Ask the students: "what will the skate do when the sail is taken off?"
Take the cardboard away while *he proveller is still turning.

tions:

1. What forces are acting on the skate with fan on and sail on?

2. What forces are acting on the skate with fan on and sail off?

3. Why does blowing your own sail in a sailboat on a windless day not make
you move forward?

4. What is the propeller blowing against when the sail is taken off?

Explanations .
With the propeller " wing against the cardboard, two forces of the same

size but in opposite direction are working on the skate. When the cardboard

or sail is taken away, that force ‘is also eliminated, leaving one force in
the opposite direction of the blzwing as resultant force., For the same
reason, blowing your own sail on a windless day will not work, as two equal
and opposite forces are working on the boat. The same two equal and opposite
forces are present when we push down on the table top. We feel the table
pushing back against our hand,
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14.15. THE REQOILING SKATE

Materials: 1. A rollerskate and a stone.
2. A heavy rubber band and a piece of string.

rubberband

roller skate

Procedure:
1. Cut the rubber band and attach the two ends to the front sides of the
skate.
2. Tie a string to the center of the rubber band and pull it back like a
catapult (see sketch) and attach the other end of the string to the back

' of the skate.
3. Place a medium size stone in front of the rubber band and cut the string
with a pair of scissors (make sure that you do not touch the skate when
cutting the string).

Questions:

1. What did the skate do when the stone was flung to the front?

2. How far Aid the skate recoil, and how far did the stone fly?

3. Would the skate recoil more or less with a larger stone?

4. What events in daily life would be similar to this one?

5. What other objects or set-ups could we use instead of the skate?

Explanation:
The action in this demonstration is the flinging of the stone by the

rubber band to the front of the skate. The reaction is that the skate rolls
backwards. The Third Law of Newton states that the force flinging the stone
is equal to the force pushing the skate back. Because the masses of the two
objects are not equal, the accelerations or velocities of the objects are
also different. The momentum imparted on the stone is equal to the momentum
of the skate: MjV4 = MyVy, where M; = mass of stone, V1 = velocity of stone,
M2 = mass of skate, V2 = velocity of skate.
This conservation of momentuim principle
shows clearly ia this event, where the

thumbtack

stone has a much higher speed than the ?g?'ngg marble
skate. >

Other equipment that can replace the
skate would be: a wooden board on marbles O SST oo g0

or straws. The rubber band and string ber-2/Q G o
could be attached to the board with and
thumbtacks (see sketch on right).
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14.16. THE STICKY PENNY

Materials: 1. A wire coat “anger, a penny (or any other ccin).

pull

this out -—\

swing
hanger

hold here

penny

Sketch A Sketch B

P.ocedure:

1. Pulltl'xemiddleoftmlmgeststraightpartofthehangerwt (see Sketch
A) and shape it into a long narrow shape (Sketch B).

2, Let the hanger hang on your right index finger (left, if you are left
handed) and place a penny on the end of the wire (sometimes this end needs
to be filed, especially if it is not flat).

3. Start to swing the hanger--first slowly back and forth, then do full loops
(this needs a little practice, without dropping the penny).

4. Swing it slower (when ending the swing) and try to catch the penny.

stions:
1. How could the penny stay stuck against the end of the hanger?
2. What kept the penny against the coat hanger?
3. Would the coin still stick to the hanger if the swinging was done much
slower?
4. What events in our daily life are similar to the moving penny?

Explanation: .
The spinning of the penny gives it centripetal force of inertia

a centrifugal force holding the coin (centrifugal)
against the end of the hanger. The

faster the spinning, the larger this

centrifugal force; the slower the

spinning, the smaller this force is,

that keeps the coin up against the

hanger. This is why the ocoin falls

when the spinning is done too slow.

Centrifugal forces are applied in the automatic cloth washer, where the
drum filled with clothes and water spins fast to separate the water from the
clothes. (The tendency to stay moving in a straight line causes this farce of ‘
inertia or centrifugal force).
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14.17. THE FLYING WINE GLASSES

Materials: 1. Three or four plastic wine glasses.
2. A sturdy plastic try (or cardboard sheet).
3. A strong flexible rmpe.
bundled ropese
wine glasses
—_— . swing
Procedure: -
7. Drill four small holes in the four corners of the plastic tray.
‘ 2. Tie four pieces of rope to each corner of the tray (through the hole),
bring them together to the center above the tray while it lies

horizontally on the table, and tie a knot in all four strings together.

3. Tie another knot at the end (about 1 m away) of the bundled rope.

4. Place the four wine glasses on the tray and fill them 3/4 full with red
ocolored weter (or real wine for that matter).

5. Start swinging the tray with the glasses and swing full loops, making sure
that the tension in the rope is maintained.

Questions:
1. What made the wine stay in the glasses even when inverted?
2. What kept the glasses pressed against the tray?
3. Whit is the tension in the rope, while swinging, an indication of?
4. What would happen if we lost this tension in the rope, while the tray was
in an upside down position?
5. How can we keep a rather even tension in the rope when swinging?

Explanation:
While in motion, the wine as well as the wine glasses tend to move in a

straight line (second part of Newton's First Law). As they are kept in a

circular motion, they are pressed against the tray (centrifugal force) and an

equal center seeking force, ce:tripetal force, is felt as a tension in the

rope. The faster the swing, the strunger the tension in the rope. A rather

even tension in this rope may be obtained by swinging the tray back and forth

in the beginning and making the full loops when the swing almost reaches the
. horizontal position. (Practice by swinging a stone tied to a string.)
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14.18. A MEASURE OF CENIRIPETAL FORCE

Materials: 1. A one-hole rubber stopper.
2. A piece of glass tubing (about 15 cm long and nicely rounded off

at the ends).
3. Metal washers, a strong string, paper clips.
. .7 \\ one-hole
glass tubing { rubber stopper

(with smooth rim) \_

paperclip taped
to string

_—— metal washers hung on
bent-out paperclip

Procedure:

1. Thread the string through the glass tubing and let about 50 cm comes out
on each end of the tubing.

2. Tietheone—holerubberstoppertoanerdandapapercliptotheother
end of the string. Bend the paper clip leg somewhat out.

3. Hang a few washers on the bent-out paper clip and tape another paper clip
about 30 cm from the paper clip end to the string (as an indicator to see
whether the string is sliding up or down the tube).

4.mir1thembberstopperabweyourheadbymldingtheglasstubingard
swinging the stopper. Try to keep the paper clip indicator at the same
height by adjusting the twirling speed.

5. Add more washers to the bottom paper clip: "What do you have to do with
the twirling speed?"

tions:

1. What is the relationship between rotational speed and number of washers?

2. What relationship is there between speed of rotation and the diameter?

3. What relationship is there between diameter of swinging abject and the
number of washers?

4. How can we measure the centripetal force of the swinging stopper?

Explanation:
Holding the diameter of the swinging object (length of string above the

tubing) constant, the faster the speed of rotation (number of rewvolutions per
second) , the more washers have to be hung on the bottom paper clip. The same
goes for increasing the diameter when the speed is held constant. With the
same nmumber of washers, the smaller the diameter, the higher the speed of
rotation, in order to keep the forces in balance. 'The centripetal force is
the total weight of the washers hung on the paper clip.
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‘ GRAVITATION

14.19. THE GRAVITY MACHINE (I)

Materials: 1. An old variable speed turntable.
2. A wooden stick (double the width and length of a 30 am ruler).
3. ™wo identical empty jam jars (with lid).
4. Two medium size candles.
5. Epoxy glue or some other strong cement.

Jar lids glued
to stick

candles turntable

Procedure:
' 1. Make a small hole in the center of the wooden stick, such that it will fit

tightly over the spindle of the turntable.

2. Cement the two jar lids upside down on each end of the wooden stick with
epoxy glue or other strong cement.

3. Attach each candle to the center of each of the jar lids (with candle wax).

4. Light the candles and show what the flames are doing when the turntable is
switched on (use the low speed for this).

5. Ask students to predict what the candle flames will do when the glass jars
are screwed on just before the table is turned on.

6. Screw the glass jars over the burning candles into the lids and ..mediately
switch on the turntable (using higher speeds). Observe the flames!

Questions:
1. what made the flames point towards the center of the turntable?
2. Which way does a candle flame point in still air? Wwhy?
3. What does the spinning of the jars do to the air molecules in the jar?
4. What part of the jars would contain denser air?
5. In which direction did the spinning create a gravitational force?

Explanation:

The spinning of the jars on the turntable creaced a centripetal force
(center seeking). The air molecules in the jars are put in motion and tend to
stay moving in a straight line. As the jars move in a circular motion, the
air molecules tend to move toward the outside (farthest fram the spindle),
thus making the outside part of the jars more dense. Since candle flames

. always point towards less dense areas of air - in still air they point upwarcds
as the heat makes the air above the flame less dense - in the jars they point
towards the inside part or towards the center ot the turntable.

In space, satellite stations' gravity will most likely be created in the
same fashion. Other applications are found in amusement parks where we find
rotating drums and motorcycles riding agaiTh éhe walls of a drunlike pit.
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14.20. THE GRAVITY MACHINE (II)

Materials: 1. Two identical empty jam jars (with 1id).
2. Two ping-pong balls, thread, and tape.
3. A sturdy wooden board, a turntable.
ping-pong ball

waterfilled jar
thread f

—wooden b
taped to bottom wooaen board

turntable

Procedure:

1. Drill a small hole in the center of the wooden board, such that it will fit
tightly over the spindle of the turntable; and fit the board on it.

2. Tape the two jars right side up against the ends of the board (see Sketch).

3. Attach a short (about 10 cm) piece of thread to each of the ping-pong
balls, and attach the other end of the thread against the b~ttam of each
of the jars (make sure that when the thread is held up tight, the ball will '
only came up about three quarters of the jar’s height).

4. Fill the jars full with water (the ping-pong balls should be totally sub-
merged under water and hanging up from the thread), and close tightly.

5. Before rotating, ask: "Which way will the ping-pong balls move to, when the
table rotates?" Anticipated answer: "Outward, or against the direction of
the rotation". Now switch the turntable on, and observe!

Questions:
1. which way did the ping-pong balls move towards during rotation?

2. Why did the ping-pong balls hang upwards in the water?

3. What would you expect the ping-pong balls to do if they were hung from the
lids in air-filled jars?

4. What would golf balls do, when hung by threads fram the 1ids in water-
filled jars? 1In air-filled jars?

5. Which way would a helium-filled balloon (tied to a thread) in an accelerat-
ing bus move to? Forwards or backwards or stay stationary?

Explanation:

Just like the candle flames in Event 14.19. THE GRAVITY MACHINE I, the
ping-pong balls are lighter than water, and tend to float towards areas of
lesser density. As soon as the water-filled jars are being rotated, the water
molecules are flung outward, making the outside of the jar denser and the
inside (toward the center of the turntable) less dense. This is the cause of
the balls to be flung inwards.

If the ping-pong balls were suspended from the 1id in air-filled jars, the
balls would fling outwards, as they are heavier than air. So will golf balls
in water or air behave. But helium-filled balloons in a suddenly moving bus
would move forward when the bus accelerates, and move backwards when the bus

suddenly stops.
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14.21. THE FUNNY MARBLES

Materials: 1. A plastic ruler (30 am long, with center groove).
2. Seven identical marbles.

moving marble

Procedure:

1. Place the seven marbles in the groove of the ruler all next to and
touching each other.

2. Now take one marble and let it roll from about 10 cm away, with some speed
against the other six (only one will move away).

3. Place the marbles back on their original position and do the same with
two marbles bumping against the remaining five.

4. Now separate four and before letting them roll against the remaining
three, ask the students: "How many marbles will .nove away?"

tions:

1. When one marble bumps against six, why does only one marble move away?

2. Are the other five marbles moving much after the collision?

3. How many would move away if five marbles were pushed against two?

4, Would a marble twice as heavy also move only one away?

5. Would the end marble move also faster when one is hitting the row with a

faster speed.

Explanation:

This event demonstrates the conservation of momentym. If all the marbles
are identical in mass and size, whatever number rolls against a row of
stationary ones, will move the same number away fram the stationary row.
These last moving marbles are just taking over the momentum that the first
marbles were imparting to the row of stationary marbles. The momentum of a
moving object is the product of its mass and its velocity (mv). When this is
imparted to another stationary object, this second object will have the sw.oe
initial nmomentum (mivy = mpyvy). When both objects have the same mass, the
velocity of the second object (v3) will be the same as the first abject's
velocity (v1). Wwhen the moving ball is twice as heavy (mq = 2mp), then two
balls with masses my will move away. A faster moving marble will impert the
same speed to a marble of the same mass. A marble with half the mass of a
stationary one will only impart half the speed to the heavy marble.

Applications of this principle are encountered in head-on collisions of
trucks and cars, where the truck driver almost always survives the accident
but not the car passengers.
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14.22. THE CRASHING SKATES

Materials: 1. A pair of skates (boards on marbles or straws will also do).
2. A brick or other heavy weight.

brick or
heavy weight

@ @

L—— crash point

Procedure:
1.PIaceabridcorotherheavyweightmoneoftheskates.
2, Hold the two skates about a meter apart on a smooth surface (table or
floor surface will do. Each skate can be held by one student).
3. Ask the students to push their skates toward each other with about the
same speed on the count of three.

tions:

1. Which of the skates keeps moving in the same initial direction?

2, Which of the skates has a larger momentum?

3. If an egg were tied with a rubber band to each of the skates, which one do
you think would most likely break?

4, What vehicles on the road can the skates be compared with?

5. In a head-on collision between a car and a truck, why does the truck
driver usually survive the crash and not the car driver?

Explanation:

Theskatewiththebrickmtophasamchlargermssarﬂthusanmch
larger momentum. At the point of impact, the object with the larger momentum
will keep on moving in the same direction, whereas the one with the smaller
momentum suddenly has to reverse its direction of movement. This is the main
reasmwhyinahead-moollisimofatmckarﬂa@r,thetruckdriver
usually survives the crash. At the point of impact, the truck with a much
lazgernassthanthecar,keepsmmvmgfomard,alﬂnxghwithamch
slower speed. The car, however, i3 suddenly pushed in a reverse direction
and the people in this car are flung forward. The velocity of the people
upon impact is the sum of the speeds of both wehicles. If for example the
truckwasdrivingwo}qn/handthecar%lcn/h,atthepointofimpact,the
people in the car would have a speed of 90 plus a little less than 100--it is
like having a speed of 190 km/h hitting a brick wall, whereas the truck
driver's speed would probably only be drastically reduced.

405




585

SPACE SCIENCE OONSERVATTON

14.23. THE QOLLIDING STEEL BALLS

Materials: 1. Two medium size steel balls (about 1 am diameter).
2. A plastic ruler (30 om long), metal washer.
3. Rather stiff wire (coat hanger wire), masking tape.
4. Four sheets of carbon paper.

steelball ——

bent ruler

catch after
first bounce

earbon paper
over blank paper

Procedure:

1. Make two 90° hooks at both ends of the stiff wire, such that the length
from hook to hook is exactly the length of the ruler.

2. Bend the plastic ruler and keep it bent by hooking the wire behind the

ruler and bending the wire with it (keep the center groove free).

3. Tape the end of the ruler to the table edge (by taping only the back and

the ruler and keeping the center grocve free).

4. Make a small steel ball holder (stand) from a paper clip and tape this to
the edge of the table, such that a steel ball can sit just off center in
front of the groove (see sketch).

5. Hang a metal washer fram a string attached tc the paper clip stand and

6. Tape four carbon sheets on top of four white sheets to the floor, such
that the rolling steel balls will hit the paper.

7. Let a ball roll off the ruler 4-5 times and make sure that you catch it
after the first bounce. Place a second steel ball on the stand in front
of the groove and let the first ball coliide into it, fram the same height
as when it was roliing by itself (catch both balls after their first
bounce wi.a the help of a student). Do this 4-5 times.

8. Take the sheets of carbon paper off and dr=w vectors from the point of
impact (plumb under the end of the ruler) t. ere the single ball fell
and to where the two balls together bounced ¢ .he floor.

Questions:
7. What is the relationship between the vectors?
2. What do the vectors indicate about the force or momentum imparted fram the
first ball onto the second steel ball?
~~~~~ =\ 8ingle
ball

Explanation:
The vector of the ball rolling

alone, is like the resultant of the
two smaller vectors of the 2 balls
falling together (see sketch).
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14.24. HOW HIGH WILL THE BALL BOUNCE?

Materials: 1. One golf ball.
2. One ping-pong ball.

drop both
ping-pong/@ golf ) stmultaneously
bail ‘ ball l
? table top

4 / or floor
Procedure:

1. Hold the golf ball about waist high above a smooth hard floor or about half
a meter above the table, and let it fall. Let students observe the height
of the first bounce.

2. Do the same with the ping-pong ball and let the students again notice the
height of the first bounce.

3. Now place the ping-pong ball on top of the golf ball and ask the students
to predict how high the ping-pong ball will bounce up.

4. Drop the two balls simultaneously on the hard surface and observe!
(sometimes the ping-pong ball will shoot off in an angle; repeat until both
balls fall vertically on top of each other).

5. Invert the order of the balls and ask: "What do you expect the balls to do
now?" Drop the balls and observe!

Questions:

1. What made the ping-pong ball bounce up so high?

2. Was the height of the bounce the sum of the heights of the separate balls

bouncing? Was it higher than the sum?

3. Where did the ping-pong ball get its energy from, to bounce so high?
4. Why did the balls hardly bounce up when the golf ball was on top?
5
6

. What would happen if we used a tennis ball instead of the golf ball?
. How wouid the bounce of two ping-pong balls campare to our first bounce?

Explanation:

The height of the bounce of each individual ball is about three quarters of
the original height. When the ping-pong ball falls together with the golf
ball (vertically underneath it), one would expect the bounce to be the sun of
each bal] individually making it twice as high, but it bounces up much higher.
This is caused by the much larger mass of the golf ball as compared to the
ping-pong ball. As the mamentum (of the golf ball is conserved, it is
actually imparted on the ping-pong ball (MlV = M2V2). Because the mass of
the ping-pong ball is much smaller, it has t& lllave d much larger velocity (v2)

in order for the product o. mass and velocity to stay the same.

When the two balls are inverted, there is only a small momentum imparted on .
the golf ball after the bounce, which is not large enough to bounce the golf
ball back, thus both balls fall dead on the surface.
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14.25. THE TEST TUBE CANNON

Materials: 1. A thick walled test tube + cork or rubber stopper.
2. Tall stand, thin wire, Bunsen burner. /
3. Protective goggles. :

X I;z;ttmg stoppered
wires \\\\\ test tube
NN e test . -
Sketch A AN L7 tube wire tied to
g knitting pin
stopper and test tube
flies out -
water elamp water
stoppered test
tube % Bunsen or propane burner
Procedure: A:\ propane burner Sketch B

1. Tie two wires to the test tube and hang it from the tall stand as shown in
Sketch A (samewhat slanted with opening up).

2. Pour a few ml of water in the tube and stopper with the cork or solid
rubber stopper. CAUTION: DO NOT INSERT STOPPER TOO TIGHTLY!!

3. Put your safety goggles on and start heating the tube. Make sure that the
mouth of the tube is facing away from people and breakable material.

4. Keep heating to boil the water - hold the burner with an outstretched arm
and keep your face as far as possible from the tube, and wait for the POP!
Observe the movement of the test tube!

5. An alternative way for suspending the test tube is shown in Sketch B.

Questions:
. What made the test tube move at the time of the "POP"?

. How does the use of a rubber stopper compare to a cork?

. Will the use of more or less water influence the amount of recoil?
. How would a longer or wider test tube influence the recoil?

. What is the danger in inserting the stopper too tightly?

6. Will the tightness of the stopper influence the amount of recoil?

Explanation:

By boiling the water in the test tube, vapour is being created, and thus
pressure is built up, as the test tube is stoppered tightly. The vapour
molecules move faster and faster as energy is supplied to the steam by the
heat, and at the moment that the pressure is high enough to overcame the
friction of the stopper against the glass, the stopper POPS out.

The heavier the mass of the stopper (rubber as caompared to cork), the
larger the recoil distance, as the momentum (M.V.) of the stopper is equal to
the momentum of the test tube (M, V,) in which M ="mass and V = velocity. When
only M. is increased, and alY Other variables are held constant, it will
result 1n an increase of V..

Using a wider test tube“means increasing the stopper ‘s mass, but also that
of the test tube, this the recoil would most likely stay the same. Using a
longer test tube would change M, and thus the amount of recoil is not as
large. This can be compared to“using a revolver and a rifle (less recoil in a
rifle).

O N~
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14.26. THE SPINNING PLANETS

Materials: 1. An aluminum or copper rod or tube (1 an diameter, 50 cm long).
2. A large and a small styrofoam ball, string.
string
geometric center
center of mass
weighted end
Procedure:

1. Stuff one end of the tube with the lead (solder wire would do fine) and ‘
attach the larger ball to the weighted end and the smaller one to the
other end of the tube.

2. Find the balance point of the tube and mark the center of gravity by
drawing a line around the tube with a marker.

3. Tie the string to the geametric center of the tube and show that the tube
cannot balance horizontally at that point. Ask: "How can I balance the
tube horizontally from the string?"

4. Now spin the tube while holding the string with the other hand, and keep
spinning the tube around (the tube is now hanging horizontally fram the
string). Observe the marked center of mass/gravity!

Questions:
1. Did the geometric center stay in the middle of the rotating system?
2. Around what point did the system spin?
3. What kept the pipe hanging horizontally from the string?

Explanation:
All spinning objects spin around their center of mass, and this is why the

marked spot stayed at the same place while the tube was spun. The geometric
center, not being the center of mass, because the tube was weighted at one
end, had to spin around the center of mass. This is the reason why we could
keep the tube spinning. As the tube was spinning in a horizontal plane, it
was actually kept horizontal and hanging horizontally fram the string, even
though it was not hanging from its center of balance (center of
mass/gravity). The plane of rotation of the tube happened to be in a
horizontal plane. If the tube could be spun at a higher speed, this plane of
rotation could take up any position.
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14.27. THE PAPER CARD BOOMERANG

Materials: 1. A stiff paper card (5x3" / 12x20 cm).
2. A pair of scissors.
boomerang
Procedure:
1. Cut the paper card in the shape of a boomerang with a pair of scissors
(see sketch).

2. Hold the paper boomerang with two fingr -tips at the bend, a i slightly
turn the legs upwards (by stroking them).

3. Hold the boomerang at an angle of 45° very lightly between index finger
and thumb of your left hand, and flick it away with the middle finger of
the right hand (see sketch).

stions:
1. What made the boomerang return by itself?
2. What is most essential for a boamerang to be able to return?
3. If the paper boomerang were not spun, would it return?
4. Why does the boomerang have to be thrown slightly upwards?
5. Would other shapes work to make a boomerang?

Explanatica:
When we flick the boomerang, a édouble movement is imparted to it: a

spinning or fast rotation and a general upward motion. The spinning forces
it to rise obliquely and conserve its angular momentum in the plane of
rotation until the general upward momentum is exhausted. At this point it is
still spinning, but instead of rising further, its weight causes it to
descend. However, it does not drop straight down, but as it tends to
oconserve its anjular momentum and also its plane of rotation, it slides back
to the thrower in almost the same plane. The air resistance helps the
boamerang to stay in its plane of rotation and it actually rides on the air,
returning to the man who threw it in the first place.

"Frisbees" may be thrown like a boomerang based on this same principle,
when a partner for a catcher is not available.
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14.28. THE SPLWNING FOOTBALL

Materials: 1. An American football (actual or toy size).
2. A smooth table top.
spin
z apin
Procedure:

1. Place the football horizontally on the table top.

2. Hold it down firmly with the fingers of one hand and give it a quick spin.
Observe! (If nothing happens, it was not spinning fast enough: try again).

3. Instead of a football, a hard-bviled egg may be used and it will behave the
same way.

Questions:
1. What did you observe the ball doing?
2. What made the football spin vertically?
3. What would happen if you spin the football slowly (horizontally)?
4. What would happen if you spin the ball vertically?
5. Why doesn’t the football stay spinning vertically?
6. What would happen if you spin the football fast vertically?
7. Why can’t you spin the football fast horizontally and keep the ball
spinning horizontally?

Explanation:

It takes more energy to rotate or spin the football horizontally as
compared to vertically. This is because the mass of the football is spread
out further fram the center of gravity which is also the center of rotation,
when it is in the horizontal position. There is a tendency for a system to
move toward a state of lowest internal energy or enthalpy, which is the case
when the football moves fram the horizontal to the vertical position. But in
order to spin at this position a certain energy level is required. This is
why a slow spin at the hcorizontal position will just keep it spinning
horizontally.

We find this principle applied in our daily life in figure skating, where
the skater will spin faster when hc/she pulls in his/her arms closer to the
body while spinning. (Conservation of Angular Momentum).

During the high dive in the swimming sport, we see that divers keep their
body closely tucked in when doing forward or backward saltos or flips. when
they want to slow down the rotation, they stretch their body and this usually
happens just before they enter the water.

411




SPACE SCIENCE ANGULAR MOMENTUM

14.29. TF= HUMAN GYROSCOPE

Materials: 1. An old bicycle wheel.
2. A wooden board (about 50 x50 cm), an old broom stick.
3. A hand full of steel ball bearings.
wheel right arm
wheel turns on top
person turns
this vay
Top View rotating platform
Procedure:

1. Cut a couple of pieces of broom handle and attach them to the axle on each
side of the bicycle wheel for handles (drill holes in one end of the wood
and screw the wood in the axle end).

2. Place the wooden board on the ball bearings on a smooth floor surface and
have someane stand on the board.

3. Hand the wheel to the person standing on the board and let him/her hold the
wheel vertically while you spin it with a downward motion.

4. Now ask the person holding the spinning wheel to rotate the plane of
rctation fram the vertical position to a horizontal position by turning it
to the left. (What happens to the person?)

5. Now ask him/her to bring it back to the vertical position and keep turning
it to the right to a hnrizontal position (What happens now?).

Questions:

1. Which way did the person holding the whec! turn, clockwise or counter-
clockwise (top view) when turning the spinning wheel to the left?

2. After turning the wheel to the left, in what directioun does the wheel spin?
Clockwise or counter-clockwise? (looking fram the top).

3. After bringing the wheel back to its original vertical position, what
happened to the person holding the spinning wheel?

4. In which directions did the wheel and person rotate by turning the spinning
wheel to the right?

Explanation:

By turning the spinning wheel to the left, the wheel was turning in a
clockwise direction and the person on the platform rotated counter-clockwise :
conservation of angular momentum. The faster the wheel spins and also the
more mass the wheel has (attaching lead weights to the wheel rim would be
effective), the greater the angular momentum; thus the more difficult to turn
the plane of rotation (flywheels in ships). The turning tc the left of the
person when the wheel is tipped to the left is called precession. This occurs
f.i. in motorcycle riding: in order to tucn left the motorcyclist tips the
vehicle to the left and almost doesn't have to move his steering. A right
turn is made by tipping the vehicle to the right.
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14.30. THE TIN CAN RACE

Materials: 1. A variety of round tin cans of soup, vegetables, fruit cocktail,
tamato juice, including solid dog food.
2. A one meter long inclined plane (a wooden board propped up at one
ernd with a stack of books).
3. A stop watch (optional).
tin cans to be raced

stack of books
inelined plane

i. Set up the board as in the Sketch to form the inclined plane.

2. Divide the class in groups of at least three students in each group: one
student to release the cans at the top of the plane, one to catch the cans
at the bottam end of the plane, and one to record the time or to observe
which of the two cans won the race.

. Let each group of students choose a tin can that they think should roll the
inclined plane the fastest and be the winning can (take average of three).
Let two groups at a time race their tin can against each other. The winner
of this race will compete against the next group, etc. until all groups
have participated. Declare the overall winner!

Questions:

. Which of the tin cans is the overall winner?

. What is the consistency of the contents of the winning can?
How did the tamato soup compare to the chunky soup?
tow did the larger tin cans campare to the smaller ones?

. Were the heavier cans always winning fram the lighter ones?
What are the variables involved in determining the rolling speed?
Which are the manipulated and responding variables?

. How can we control the other variables?

Explanation:

The variables involved in the tin can race are: rol ling speed (responding),
size, contents, waight of can, incline of the plane, etc. Any of the latter
variables can be the manipulated one. Say we wanted to manipulate the size of
the can; then we take two different sizes of cans containing the same thing.
If we take, £.i. a can of soup and the solid dog food (with the same size),
then we are manipulating the contents (ia this case the consistency).
Invariably, the can with the solid contents will win the race, as the mament
of inertia is the smallest to cvercome. Cans containing loose chunks of mass,
like chunky soup or fruit cocktail arc most likely the slowest, as they have
the tendency to get the mass on the periphery of the can and thus the highest
moment of inertia. (Hollow and solid cylinders can alsc be used to campare

rolling speed).
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14.31. THE CUP OF COFFEE DROP

Materials: 1. A styrofoam cup, a large wide and deep bucket.
2. Coffee or intensely coloured water.

cup of coffee

wide

\ r bucket ’\ J
crocedure:

1. With a pencil point poke a hole near the bottam in the side of the foam
cup. Place a finger over it and fill the cup with coffee or coloured water
(if coloured water is used, make sure it is intensely coloured).
2. Stand and hold the liquid-filled cup over the bucket, which is placed on
‘ the floor in front of you. Let go of your finger over the hole and show

that the liquid squirts out of the cup.

3. Flace your finger back over the hole and tell students that y~1 are going
to drop the whole cup. Let them follow the falling cup and c.serve closely
whether any liquid is squirting out of the hole while the cup is falling.
Now drop the cup and simultaneously remove your finger which was covering
the hole.

Questions:

1. What makes the liquid squirt out of the hole in the beginning?

2. Would the strength of the squirt be the same on the surface of the moon,
all other variables being equal?

3. Why did the liquid stop squirting during the fall?

4. What would happen il the finger covering the hole is removed a little
sooner than the release of the cup?

5. If this same liquid-filled cup is held in an orbiting satellite, would any
liquid squirt out of the hole? Would it be possible to hold the liquid in
an open cup?

Explanation:
When the liquid-filled cup is held stationary, the liquid is pulled down by

the earth’s gravity causing a liquid pressure at the point of the opening in
the side of the cup, resulting in the squirt. When the cup is falling, the
1iquid pressure is suddenly eliminated, and no liquid is squirting out.

All variables being equal, when this liquid-filled cup is held on the
surface of the moon, the liquid will only squirt about one sixth of the

. distance from what it was on the earth, as the gravity pull is about 1/6th of

the earth’s.

In a space satellite, no liquid will come out of the hole at all, just like
in the falling cup, all materials actually are weightless. It would be very
difficult to keep liquids in an open container in a satellite.
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14.32. THE FALLING ELEVATOR

Materials: 1. A bathroom scale.

2. A fast moving elevator.

student observing
scale dial

"

bathroom scale dowward mving

elevator

|

Procedure:
1. Take the students in small groups into a fast moving elevator.

2. Let one student stand on the scale in the center of the elevator ard have
the other students observe the indicator of the scale.

3. Send the elevator up and down, and draw attention to the weight change at
the start and end of the upward or downward motion.

Questions:
. t did the scale indicate at the start of the upward motion?

2. what was your weight at the beginning of the downward motion?

3. How do you usually tell, without looking at the lights (indicators), which
direction the elevator takes you?

4. what would happen to your weight if the elevator were to fall freely?

5. What is it that causes things to have weight?

6. Does weightlessness have any effect on the mass of objects?

Explanation:

It is the attraction of objects by the earth that gives them their weight.
This weight is measured by the deflecting needle of a scale, usually based on
the degree of stretch in a spring. In the motionless elevator, the weight of
the student is the same as that on the solid floor. But, as soon as the
elevator starts its upward motion, an added force upward is exerted on the
scale, which increases the student's weight. This force, however, is only
exerted during the accelerated part of the upward motion.

When the elevator moves down, a downward force is exerted, resulting in a
smaller upward force on the scale, and thus showing a lower weight. If the
elevator were to fall freely, a omstant acceleration and thus a force
dowrward is exerted on the scale, eliminating the upward reactive force of
the student's weight, resulting in weightlessness of the person.
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CHAPTER 15

WHAT ARE SOME PHENOMENA ABOUT THE EARTH AND THE MOON?

OBJECTIVES

After dealing with and studying the concepts and sub-concepts in this
chapter, the students should be able to:

A.

b.

recognize the correct explanation of an observed event based on each of
the sub-concepts;

explain in their own words which of the sub-concepts is determining the
ccurse of an event;

distinguish true from false statements concerning each one of the sub-
concepts;

idnetify the correct explanation of an event in daily life applying one of
the sub-concepts;

all in relation to the following sub-concepts:

Dissolved salts in ground water are deposited when the water evaporates,
as in stalactite and stalagmite formation.

Some rocks are softer and more soluble in dilute acids than others.
Erosion and weathering may occur by plant growth or the freezing of water.
Continents and ocean floors stay at the same level in spite of erosion and
deposits of material, because of the liquid mass in the inner core of the
earth (isostatics). .

Volcanic and geyser eruptions are caused by pressures in deeper lying
layers of the earth.

The phases of the moon are caused by the different positions of the moon
in relation to the earth and to the sun.

A solar eclipse is caused by *he moon's shadow on the earth.
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EARTH SCIENCE EROSION &

15.1. MAKE STALACITTES & STALAGMITES

~

Materials: 1. Magnesium sulfate (Epsam salt).
2. A large beaker and stirrer.
3. T™wo small beakers, a thick water-absorbent string or cloth.

thick string or
cotton cloth

saturated
- /_ solution
of Epsom salt

stolagmite —_ —~ - —- A

stalactite

vood board ——
Procedure:

1. Make a saturated solution of magnesium sulfate in water in the large
beaker, by dissolving as much of the powder as you can in about 200 ml of
water (until some solid stays undissolved'.

2, Fill the two small beakers with the saturated solution and place a thick
water-absorbent string or cloth between the two beakers, such that the
center part hangs somewhat lower than the beaker's rim (see sketch above).

3. Let stand for a few days and observe.

Questions:
1. Which cone is called stalactite and which stalagmite?

2. How were the cones formed?

3. What material are the stalactite and stalagmite made up of?

4, What other materials can we use instead of the string or cloth?
5. Where in nature are stalactites and stalagmites formed?

Explanation:

Stalactites and stalagmites in nature may be found in underground caves.
Groundwater which contains dissolved salts and minerals, drips from the
ceiling of the cave. While the drop hangs down, the water evaporates and
leaves some of the salts deposited on the ceiling, forming the stalactites.
Similarly, the stalagmites are formed on the bottum of the cave. The water
drops containing the dissolved salts evaporate and keep depositing the salts
on the same spot, leaving a cone of salts that were dissolved in the water.

This demonstration is a simulation of the stalactite and stalagmite
formation in caves, which may have taken centuries to build up Water-
absorbent paper towel, blotting paper, etc. may be used instead of the string
or cloth.
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EARTH SCTENCE EROSION &

WEATHERING
15.2. CAN STONES DISSOLVE?
Materials: 1. Pieces of limestone, marble, granite.
2. Vinegar or dilute hydrochloric acid.
vinegar or
dilute HC1

§

Limestone Marble Granite

Procedure:
1. Observe the pieces of limestone, marble, and granite. Ask: "How do they
differ? How do we know which is which?" ‘
2. Place a few drops of vinegar or dilute HCl on a flat surface of each of
the rocks and observe for chemical reaction.
3. Let stand for a few minutes, then place again a few drops of acid on each
of the rocks. Ask: 'Which one reacted most?"
4. Scratch the surface of each of the stones with the fingernail or a pen
knife. Ask: "which one is the softest? Which the hardest?"

Questions:
1. How can we distinguish which stone is which?
2. What are the characteristics of each of the stones?
3. Which of the stones would be eroded most when subjected to the same
erosive forces in nature?
4. How would you tell the difference between common salt and marble?
5. What other methods are geologists using to identify minerals?

Explanation:
The limestone is the softest of the three and granite the hardest.

limestone can most likely be scratched by the human fingernail (number 4 in
the hardness scale), whereas tne other two cannot. Limestone reacts most
with the vinegar or dilute hydrochloric acid. Marble does react with the
acid, but not as readily, because of its more campact structure. Chemically
they are the same (calcium carbonate). Other methods that geologists use to
identify minerals are: hreaking the rock and observing the crystal structure
with magnifying glasses or microscopes.
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EARTH FROSTON &
WEATHERING

15.3. CAN PLANTS BREAK ROCKS?

Materials: 1. Dried lima beans, red beans, or corn seeds.

seeds

2. Two small flowerpots & soil.
3. Plaster of Paris (or 'Polyfilla').
4. A piece of window glass (the size of the pot).

plaster eracks in

of paris plaster window glass

sprouting
seeds

sotil
Pot 1 Pot 2

Procedure:

1.

Soak six to ten beans or seeds in water and let stand overnight.

2. Plant the seeds just under the soil surface in the pot, and water.
3. Cover the soil with 1 am thick layer of plaster of Paris (or Polyfilla);
cover the other pot (with planted seeds) with window glass.
4, Observe and examine the two pots daily (in pot 1, cracks will appear in
the plaster; in pot 2, the glass will be lifted).
Questions:

1. Why did the seeds have to be soaked before planting?

2. What happened to the plaster of Paris after a few days?
3. What did you observe the window glass was doing after a few days?
4. Can we find places where plants have broken through asphalt, brick or
cement?
5. If sprouting seeds have such strength, can you imagine how strong the
roots of tall trees are?
Explanation:

This demonstration may be used as an activity for students to discover the

strength of sprouting seeds, and how they can cause rocks to move out of
their path of growth or break them up into smaller pieces.

Take the students out on the school yard to find plants that have grovn

through cracks in the sidewalk, lower edges of the wall, or other such
places.

Roots of tall trees can easily break foundations of concrete when the

trees are planted too close to the buildingc. Large rocks can similarly be
broken up oy the growth of roots, causing pulverization or erosion of the
rocks
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EARTH SCIENCE

15.4. HOW CAN WATER BREAK ROCKS?

Materials: 1. Two empty jars (one with a screw lid).
2. A piece of sandstone, limestone, and pumice,
3. Four small polyethylene bags.

AN open

. _~—— frozen
’< Jar
2\% elosed '
N racked
Jjar
Procedure:

1. Fill the two jars brimful with water.

2. Close one off with the screw lid, leave the other open, and place both ‘
jars in the freezer, after wrapping them in a plastic bag.

3. Observe what happened to the jars after three or four hours, or at the end
of the day.

4. Soak the pieces of rock in water and place them in the freezer, after each
one is wrapped in ¢ plastic bag.

5. Observe what happened to the rocks at the end of the day.

Questions:

1. What happened to the two jars with water after the water froze?

2. Would the closed jar also break if it was not canpletely filled?

3. How much air space do we need above the water in order for the jar not to
break in the freezer?

4. How similar is this breaking of the filled and ~losed jar in the freezer
to the breaking up of rocks in nature?

5. In what regions of the world does this process of erosion occur?

Explanation:
The jar that was closed off broke into pieces after the water froze. This

happens because water expands when it changes into ice. This freezing action
is so strong, that it can break basement walls when the drainage outside the
basement is not adequate.

Similarly, when water seeps into cracks or pores of rock, especially of
pumice, and the temperature drops below freezing, the water freezes, expands
and breaks up the rock. This type of erosion only occurs in regions of the
world where temperatures drop below 0° C in winter.

4
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EARTH SCIENCE ISOSTATICS

15.5. WHY DO ERODED MOUNTAINS KEEP RISING?

Materials: 1. A thin and a thick block of wood.
2. Sand and a scoop, a short piece of string.
3. A transparent plastic container (or aquarium).

trang fer sand
with scoop

~~———transparent container
Procedure:

1. Tie two short pieces of string to the wooden blocks in such a way that
about 10 am is separating the pieces of wood.

2. Fill the large container with water and let the two wooden blocks float on
the water surface.

3. Place a heap of sand on the thick block, such that it just floats above
the surface of the water.

4. Transfer the sand little by little to the thin block with the scoop.
Observe the rising and sinking of each block.

tions:

1. What do the two blocks represent?

2. How was the erosion of the mountain similated?

3. How was the total height of the mountain affected by the transfer of the
sand?

4, Why does the ocean floor stay relatively stable in depth?

Explanation:
The thick block of wood and the sard on top of it represent land with a
in

mountain on it. The rain water and the weathering erodes the mountain and
transports the eroded material to the ocean floor: represented by the thin
block of wood. The erosion process is simulated by the moving of the sand
with the scoop. The total height of the mountain above the water surface
stays about the same, even after taking some sand off, because the block gets
lighter and floats higher above the water surface.

Similarly, the ocean floor (thin block) does not get much higher relative
to the water surface, as it becomes heavier and thus floats lower.
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FARTH SCIENCE GEYSER ACTION &
VOLCANIC ACTION ‘

15.6. HOW DOES A GEYSER WORK?

Materials: 1. A pyrex or aluminum pie plate.
2. A medium size Pyrex funnel, three bottle caps.
3. A hot plate or burner & stand, cardboard box.

~ hole in bottom of box

~ P pte plate

water — — ——————bottle caps

~—hot plate

Procedure:
1. Fill the pie plate half full with water and place the funnel on it,
resting on the three bottle caps.
2. Place the pie plate on the hot plate or over the burner (see sketch).
3. Heat the water in the pie plate until boiling. Make a hole in the bottom
of the box, cover the whole set-up with it and let the funnel stem
protrude through the hole. Observe geyser action!

Questions:
1. What did the water do when it was heated?
. What made the water spurt out of the funnel?
. What can we campare the cardboard surface to?
. Why does the hot water inside the earth escape to the surface?
. What will happen when the heat is turned off?
. How can we let the geyser erupt again?
. How similar is volcanic action compared to geyser action?

Explanation:
By heating the water, it expands. At the moment that it boils, water

vapor is formed, pressure is built up under the funnel and this force pushes
the water out of the funnel. When the heat is taken away, the water cools
down and the eruptions stop. In order to start the geyser to erupt again,
the water needs to be heated to boiling.

This demonstration illustrates clearly the similar working of the hot
water under the earth's surface, the build-up of pressure, and the release of
the water through small cracks in the earth's surface: called the Geyser. ‘
Volcanic action is quite similar except that instead of water, we have molten
lava, which cames out of the mouths of volcanoes.

To make it inquiry oriented, conceal the set-up and let students find out
the reason why the water spurts out.

47
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EARTH SCIENCE ROCKS & DENSITY

15.7. HOW CAN WE DETERMINE THE ROCK’S VOLIME?

Materials: 1. A medium size tin can.
2. A measuring cylinder, a piece of thread.
3. Different rocks, including: pumice, sandstone, granite.

immerse rock from thread :!
f: trough cut open

Ve overflow can

overflow can —~JC !

- = fill water
= o up to

stack of == measuring bend

books = eylinder make

= trough
§z
Procedure:

1. Make an overflow can by cutting a 2 am vertical strip of about 5 cm long
out of the side of the can and bend this strip outward, making a small
gutter out of the strip by bending the outer edges up (see Sketch).

2. Place this overflow can on a stack of books and fill it with water until
the water just overflows.

3. Place the measuring cylinder underneath the end of the overflow trough to

‘ catch the overflowing water. .

4. Tie the rock to be measured to a string and lower it slowly into the over-
flow can until it is campletely submerged. Read off the volume of the.
water in the cylinder (for floating objects, like pumice, use a needle to
immerse the whole object underneath the surface of the water).

5. Weigh 2ach of the rocks on a scale and let students detemmine the densities
of each of the rocks (D =M / V).

Questions:
1. What made the water overflow?

2. What influences the amount of water overflowing?

. Why does the pumice stone have to be pushed under water?

. What result would we get if the pumice was not completely submerged?

. What are the variables to be controlled if we wanted to campare the water
displaced by the different rocks?

6. Does the shape of the rocks influence the amount of overflow?

7. Would a round and a cubical rock cf the same type and weight (mass) have

different amounts of overflow?

Explanation:

The different types of rocks have different densities, and as density is
defined as being mass of the object per unit of volume, it is necessary to
determine the volume and the mass of each of the rocks. The volume of an odd
shaped object (which rocks usually are) can easily be determined by sukmerging
it in water and measuring the displaced water. This can be done with the

U b W

‘ overflow can.

When rocks of the same weight but of different types are submerged in the
overflow can, different volumes of displaced water will be obtained. This is
caused by the different densities of the rocks. The amount of overflow for
the same type of rock will be the same, as long as the mass of the rock is

held constant (the same), no matter what shape it is in.

' 423




EARTH SCIENCE VOLCANO ERUPTION

15.8. SIMULATE A VOLCANO ERUPTION

Material-: 1. Ordinary earth clay & a wooden board (about 1m x 1m).
2. Ammunium bichromate (50 g), magnesium powder (12 g).
3. Magnesium ribbon (about 1 m long).

CAUTION:

PERFORM OUTDOORS
OR UNDER FUMEHOOD!

clay mountain /// T\

L

Mg ribbon

broomstick cavity
filled with mizture
(erater)

S B
Procedure: board

1. With the wood board as a base, have the students build a volcanic cone of
about 30 cm high and a diameter of 60 cm at the base. Push the handle of
a broom in the middle of the volcano down to about 6 cm deep to form the

Crater,

2. The 50 g ammonium bichramate is enough for about 3-4 eruptions. Mix about ‘
one third of the amount of bichromate with about 4 g of magnesium powder
and pour the mixture in the crater.

3. Cut a 10 cm strip of magnesium ribbon and push one end into the mixture
filling the crater, let the other end stick out of the crater for a fuse.

4. Light the magnesium ribbon fuse with a match and stand back! (If the
eruption did not set off, wait a few moments, then insert a second fuse
and try again).

5. After the eruption, a second eruption can be simulated by pouring more of
the bichramate-magnesium powder mixture into the crater while it is still
hot (use a long paper or cardboard chute to fill crater).

Questions:
1. What is the function of the magnesium ribbon?

2. What was the cause of the eruption (as a chemical reaction)?
3. What causes an actual volcano to erupt?

4. What cames out of the crater of an actual volcano?

5. How can actual volcanic eruptions be predictei?

Explanation:

Ammonium bichromate (NH 4)2Cr O, is a very strong oxidant and unstable when
heated. At the time that thé mignesium ribbon flare touches the mixture of
bichromate and magnesium powder, the bichramate decomposes into ammonia gas,
chromium oxide, and oxygen. In the presence of the magnesium powder it alsc
forms magnesium chromate. The sudden formation of the gases is the main cause
for the upward spray and spewing out of the crater.

A real volcano erupts because of the pressure built up in the earth. The
craters in the volcanoes are acting as valves through which this earth’s
pressure is released. When erupting, a volcano spews hot molten earth, called
magma (underneath the earth’s surface) or lava (above the earth’s surface) out

of the crater.
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EARTH SCIENCE ASTRONOMY

15.9. WHP'. CAUSES THE PHASES OF THE MOON?

Materiais: 1. A large shoe box, carbon paper or other black paper.
2. A styrofoam ball (about 5 am in d_.meter).
3. A small strong flashlight, masking tape, black thread.

styrofoam ball _\

~ - LT m?’/éé'mﬂ////&"//%w -

flashlight

o eye hole

Procedure:

1. Cover the inside of the shoe box with black paper by gluing or placing
small rolls of masking tape between the paper and the bao:.

2. Suspend the styrofoam ball from a black thread of about 2 am long, and
tape the thread against the center of the 1lid (see sketch).

3. Cut a hole the size of the flashlight at the end of the box and seal any
space around it with masking tape.

4. Make five eye holes in the sides of the box: two on each long side and
one at the end of *he box obliquely under the flashlicht.

5. Put the lid with _.:e suspended ball on the box and seal the edges arour.’
it with masking tape.

6. Look through the eye holes and observe the ball (with the flashlight on)
in the order numbered in the sketch.

Questions:
1. What do you see when you look through the eye holes?
2. Turn the flashlight off; what do you see through the eye holes?
3. Locking through which of the holes gives you a similar picture as looking
at the new moon?
4. What is it that causes tle phases of the mcon?

Explanation: full moon
Perhaps the best way to explain seeing
the eight different phases of the moon is LY
the illustration on the right. A quarter O
new moon would correspond with looking :
through hole 1, half moon and three quarter __/O Q
moon with looking through hole 2, full moon 3/4 moon -/‘) < new moon
half moon

—~— earth

with looking through hole 3, etc.




EARTH SCIENCE ASTRONOMY

15.10. WHAT CAUSES AN ECLIPSE?

Materials: 1. A strong flashlight, slide projector, or other light source.
2. A "arge (20 an diameter) solid color sphere,
3. A small (5 com diameter) rubber or styrofoam ball.
4. A knitting needle.

small ball strong

/_ flashlight

7

~——— .

knitting needle

Prccedure:

1. Stick the knitting needle into the small ball, so that you can hold it
between the light source and the large ball without casting a shadow of
your hand.

2. Hold the smaller ball between the light source and the large sphere and
adjust the distance from the sphere, such that the small ball casts a dark
shadow in the center and a greyish shadow on the edges.

Questions:

1. What does it mean if samething is eclipsed?

2. For a solar eclipse to occur, how must the earth, sun, and moon be
positioned in relation to each other?

3. Would all people on earth be able to see a solar eclipse when it occurs?

4. At what time (day or night) can a solar eclipse be observed?

5. How must the earth, sun, and moon be positioned in relation to each other,
in order for a lunar eclipse to occur?

6. What are safe ways to observe a solar eclipse?

Explanation:
The light source represents the sun, the large sphere the earth, and the

small call the moon. In order for a solar eclipse to occur, the moon must
be positioned between the earth ard
reé sun. For a lunar eclipse to
ccour, the earth must be between the
sun and the moon. Only those people

living in the eclipse path can see 23 G /H’
either a partial (those in pemumbra) prOER

or a total eclipse (those living in S "
the umhra). 9% umbra

eclipse path
4/ G on earth
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SECTION IV

LIVING THINGS

This section consists of two chapters, one dealing with plants and the
different variables that are influencing their growth, and the last chapter
contains demonstrations and activities about human biology.

Chapter 16 deals with the variables affecting the growth of a plant, like:
light, gravity, the amount of water. Osmosis and capillary action, respiration
and photosynthesis are also dealt with.

Chapter 17 contains demonstrations and activities to start off lessons about

the senses, the nervous system, the circulatory, the respiratory, and digestive
system in the human body.
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CHAPTER 16

WHAT VARTABLES ARE AFFECTING THE GROWTH OF PLANTS?

OBJECTIVES

After dealing with and studying the oconcepts and sub-concepts in this
chapter, the students should be able to:

a. recognize the correct explanation of an observed event based on each of

the sub-concepts;
‘ b. explain in their own words which of the sub-concepts is detemiining the
course of an event;
c. distinquish true from false statements concerning each one of the sub-
concepts;
d. identify the correct explanation of an event in daily life applying one of
the sub-concepts;

all in relation to the following sub-concepts:

-- Corditions for germination of seeds are: moisture, warm temperatures, and
air supply.

—- Plants grow in the direction of the light source.

-~ Plant roots grow down towards the center of the earth.

-~ The parts of a plant that are above the ground grow vertically up.

-- Water moves into the plant roots by osmosis.

-~ Water moves into higher parts of the plant by capillary action.

-- Leavex give off water vapor.

-- Grern leaves exhale oxygen in sun light and carbon dioxide in the dark.

-- Photosynthesis is the production of sugar fram water and carbon dioxide in
chlorophyll of the plant leaf.

-~ Chlorophyll production needs sunlight.
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16.1. HOW DO SEEDS GERMINATE?

Materials: 1. Small seeds (mustard, radish, green beans, etc.).
2. Blotting paper or several layers of paper towel.
3. A drinking glass or beaker.

blotting paper
or paper towel

sprouting

8eeds —\

water

Procedure:

1. Cut a rectangular piece of blotting paper as wide as the glass is tall (if
paper towel is used, triple or quadruple the layers).

2. Moisten the paper and place the seeds on it.

3. With the seeds sticking to the moist paper, roll the paper in a cylinder
slightly smaller in diameter than the glass and insert the roll into the
glass.

4, Let the paper stand against the glass wall and pour same water into the
glass to keep the paper moist.

5. Put the glass in a warm piace and cover loosely (make sure that same water
stays in the glass at all times).

Questions:
1. Which seeds sprouted first? Which last?

2. In which direction did the rootlets grow?

3. How could the paper stay moist at all times?

4. why did the glass have to be loosely covered?

5. What are the conditions for germination of seeds?

Explanation:

In three to six days, depending on what seeds, the seeds will sprout and
send their rootlets in a downward direction: this is in the direction of the
water. The blotting paper stayed moist, because the water worked itself up
through capillary action in the paper fihres.

The glass has to be covered in order to prevent fast evaporation of the
water, but it has to be done loosely so that the seeds are not cut off fram
the atmospheric air.

The ideal conditinns for germination of seeds are: presence of moisture,
warm temperatures, and supply of air.
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16.2. THE BENDING PLANT

Materials: 1. Bean or radish seeds.
2. A small flower pot and soil.
3. A cardboard box.

take cover off_/ |

to water plant
and return
in place

flower pot
(8hould not bz moved)
Procedure: meve

1. Plant one seed on one small flower pot and water daily.
2. After the seed has started to sprout, let it grow until it is about 5 cm
o ®
3.Nowplacethepotinthecardhuardboxinwhichaholehasbeencutwtin
its end side (sec sketch).
4, Keeptheboxclosetoawirdowtoletlightint}moughthehole.
5. Keep the pot in the same position, water daily for the next few days.
(replace cover after watering), and observe plant grocwth!

Questions:
1. How did the plant grow? Ir which direction?
2. How would the plant grow, ifthepotweretumedarqmdeveryday?
3. How would the plant grow, iftheboxweretumedeveryday?
4. How would the plant grow, if the box cover were left open?
5. Wlntdoplantsneedinorde.rtogrow?

Explanation:

Plants grow in the direction fram where the light comes, in this case
towards the hole in the box, and even through the hole when left for a longer
time. 'Ihissrnwsthattheplantneedslightinorderforittogrw. By
turning toward the light (hole in the box) its leaves will catch more light
and thus grow better.

If the plant were turned half way around every day, it would grow straight
up, or keep bending back and forth. If the box were turned, the plant would
still bend towards the hole. Without the box cover, the plant would just
grow straight up (and slightly bend toward the window)
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16.3. THE CROOKED ROOT

Materials: 1. A small young plant and potting soil.
2. A flat, square, transparent container or two 10 x 10 cm pieces of
window glass & three 1 x 1 x 10 cm wooden blocks.
3. Cardboard or black paper.

e
right side up tipped on 8ide

right side up =
Procedure:
1. If a transparent thin square container (chemical cell) is not available,
‘ oconstruct one by taping two pieces of window glass against each other with
the three wooden blocks in between them.
2. Fill the container with potting soil and place the plant on one side in
the soil of the container.
3. Cover the sides of the container with cardboard or black paper and let the
plant grow for 3-4 days.
4. Tip the container on its side (cover the open top with cardboard if the
soil tends to fall out), and let the plant further grow.
5. After another 3-4 days, turn the container right side up again.
6. Point 4 and 5 can be repeated once more, then remove the covering
cardboard or black paper and observe the roots.

F

How did the roots of the plant grow?

In what direction do roots grow?

Why did the sides of the container have to be covered?

. On the day just before turning the container right side up, in which
direction did the plant grow?

Explanation:

Plant roots grow downward in a vertical direction. They grow towards the
center of the earth, opposite to the direction of the plant parts that are
above the ground, which grow vertically upwards. Regardless of the position
of the container, the roots will grow downward, this is why turning the
container on its side makes the roots turn in their direction ot growth. The

‘ covering of the sides of the container keeps the roots in the dark,
simulating the earth or an opaque pot of soil.

oW N -
.
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16.4. THE WATER-SUCKING ROOTS

Materials: 1. A beaker (250 ml), a one-hole stopper, a glass tube.

2. A carrot or a cylinder shaped potato, syrup (sugar), candle wax.
3. A coring knife (apple corer), a stand and clamp.

water level
in glass tube

one-hole stopper
clamp

P e o S

water in beaker

Procedure:

1. With the coring knife, cut a hole in the carrot or potato about three-
quarters down its length, such that the one-hole stopper will fit in it
and close it tightly (see sketch).

2. Insert a 20 am long glass tube in the one-hole stopper.

3. Fill the hole in the carrot or pctato with syrup or a concentrated
solution of sugar in water brimful.

4. Push the stopper with the glass tube in the hole (liquid level should rise
mﬂntube)ardsealanyoperxingsbetvemthestopperandﬂxemmtor
potato with candle wax (light a candle and let the melted wax drop on the
places that you want sealed).

5. Mark the liquid level in the glass tube with a piece of masking tape, a
grease pencil, or a rubber band.

6. Clamp the carrot or potato and immerse it in water. Observe the water
level in the glass tube at the erd of the period.

Questions:

1. What made the water level in the glass tube rise?

2. Would this water level also rise if the tube were filled with plain water?
With salt water?

3. Why did the stopper have to be sealed with wax?

4. What would happen if the carrot and tube were filled with plain water and
the beaker with sugar solution?

Explanation:

The skin, tissue, and fibres of the carrot or potato act like a semi-
permeable membrane, letting only the small water molecules through, but not
the large sugar molecules. This makes the water move from the beaker into
the carrot and up the tube. If the concentration of sugar is higher in the
beakercanparedtothatinsideﬂncarrot, the water will move out of the
carrot and thus the water level in the tube will go down.

This action and migration of water molecules through a semi-permeable
membrane is called: osmosis.
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16.5. MAKE AN EGG OSMOMETER

Materials: 1. A fresh chicken egg, soda straw (transparent) glass tubing.
2. Dilute HCl or strong vinegar, household cement or sealing wax.
3. A saucer, a drinking glass, a thin wire.

. straw or glass tubs
wires

(to hold tube
in place)

/—cement or seal wax

/—water

=7 T —~— eaposed membrane
k=
Procedure: -

1. Put same dilute ! ydrochloric acid or strong vinegar on the saucer and hold |
. thelargeendoftheegginthellquiduntlltheshellhasbeeneaten

away, leaving the thin membrane exposed.

2. Afteranareaofabmt4an20fthethinneubranehasbeenexposed rinse
the acid off viith fresh water.

3. At the other end of the egg, make a hole the size of the straw or glass
tube (take care that the egg does not crack).

4. Insert the straw or glass tube through the hole into the interior of the
egg and seal any excess opening between the egg and the tube off with
cement or wax (candle wax will do).

5. Place the osmometer in a glass of water and hold the tube in place
(vertically up) by wrapping the thin wire around it and bending the wire
over the rim of the glass (see sketch).

6. Let stand for a few hours and observe liquid level in the tube.

Questions:
1. What do you think the egg shell consists of?

2. Why does the seal between the egg and the tube have to be absolutely
tight? wWhat would happen if it were not?
3. why did the liquid level in the tube rise?

Explanation:

The thin membrane of the egg acts like a semi-permeable membrane, which
allows small size molecules of water to pass through it, but not the large
protein molecules in the egg. The water thus migrates from the outside of
the egg “o the inside, and in so doing pushes the liquid level up the tube.

. This liquid iewel difference, between that in the tube and that of the water
in the glass, is called camotic pressure.
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16.6. THE SWOLIEN BGG

Materials: 1. A fresh chicken egg.
2. An old fashioned milk bottle (or wine carafe or any bottle of which
the mouth diameter is a bit smaller than the egg’s).
3. Dilute HCl or strong vinegar, a cup or beaker.

flexible
S/ egg ‘
milk bottle or | — swollen egg
wine carafe T\ hot
— vater
N

Procedure:

1. Place the egg in the cup and add dilute HC1 (hydrochloric acid) or strong
vinegar to it until it is completely immersed. Hold the egg under the
surface of the liquid or keep rotating the egg. Do this for 10 minutes.

2. Check whether all the egg shell has dissolved by touching the egg and
very carefully pressing on it. When only the membrane is left, it should
feel soft and flexible.

3. Fill the milk bottle about 3/4 full with hot water (almost boiling) and
place the egg immediately on the mouth of the bottle and let stand.

4. Observe! Leave for an hour or so and observe again!

Questions:
1. Why did the egg became soft and flexible after placing it in acid?

2. What did the hot water do to the air in the milk bottle?

3. What did the flexible egg do after it was placed on the bottle?
4. What did the egg do after an hour wait?

5. What made the egg grow larger in the bottle?

6. How can we get the egg out of the bottle without breaking it?
7. How can we reverse the process of osmosis?

Explanation:

The shell of an egg consists mainly of calcium carbonate. By placing the
egg in dilute hydrochloric acid or strong vinegar, the calcium carbonate
reacts with the acid to form a soluble calcium salt and carbondioxide gas.
This leaves only the membrane around the egg, which makes the egg feel soft
and flexible.

The steam of the hot water drives the air partly out of the bottle, thus by
placing the flexible egg on the bottle, the egg is slowly sucked into the
bottle while the water is cooling off.

After the egg is totally plunged in the water, osmosis is taking place.
Water molecules are migrating through the semi-permeable membrane of the egg
from the outside into the egg and thus making the egg swell. In order to get ‘
the egg back out, we have to shrink the egg, which can be done by pouring all
the water out and letting the egg dry out and shrink. Then by heating the
bottle while the egg sits in the neck, it will slowly be pushed out by the

expanding air.
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16.7. HOW DOES GRAVITY AFFECT GROWTH?

Materials: 1. Three small plants (identical in size and kind).
2. A ring stand, two pieces of wire, cardboard.

window

ring stand

pot on its side

Procedure: =

1. Turn one flower pot with the small plant in it on its side and face the
plant away from the window.

2. Place another flower puc with the small plant upside down on the ring
stand supported on the two wires (tape cardboard securely over soil to
prevent it from falling out), and place this stand below the window.

3. Place the third flower pot with plant normally in front of the window.

4, Observe plant growth in all three pots and campare.

Questions:
1. How did the plant on its side grow?

2. How did the upside down plant grow?

3. In what direction did all three plants grow?

4, Why did the plant on its side have to be faced away from the window?

5. How did the light from the window affect the growth?

6. Can we be absolutely sure that the ligiit was not the cause of the plants
to bend upwards?

7. How would we set up an experiment to investigate the influence of only

gravity on the growth of a plant?

Explanation:

Plants in general grow in the opposite direction of the growth of the
roots, which is vertically upwards. They grow in the opposite direction of
the gravity force. In nature, we can especially notice this when trees are
growing on a steep hill or on the side of a mountain or cliff.

An experiment investigating the influence of gravity only would need to
have all variables controlled, including the light variable, which has to
come from all sides toward the plant. An open-ended question would be: How
would a plant grow without gravity?




16.8. MAKE SOOT PRINTS OF LEAVES

Materials: 1. Two empty jars with tight lids.

2. A cardle, grease or Vaseline,
3. 0ld newspaper, white blank paper, different leaves.

V— newspaper clean slopzrtlt
sooted jar Jar P

fresh leaf sooted leaf

vein side up

Sketch A clean Sketch B
- newspaper -

Procedure:

1. Cover the side of a smooth Jar with a thin layer of grease or Vaseline,
Fill the jar with cold water and screw the 1id on tightly.

2.0overtl'legreasedpartofthejarwithsootbyholdingitoveracandle
flame until it is evenly black.

3. Place a leaf with theveinsideupmanewspaperandmllthesoot—
covered part of the jar over the leaf (see Sketch a).

4. Take the leaf and place it on a clean newspaper. Cover the leaf with a
sheet of white paper and roll a clean jar over the paper and leaf. (see
Sketch B).

tions:

1. What is the purpose of the grease or Vaseline layer?

2. Why did we need cold water in the first jar?

3. Why was the leaf placed on the newspapzr vein side up?
4. Which part of the leaf was covered with the black soot?
5. What type of leaves would give the best soot prints?

Explanation:

covertheveinsoftheleafwithathinlayerofsoot. The leaf had to be
placed vein side up, because the veins are bulging up (protruding) campared
to the other parts of the leaf, and this makes it possible to color only the
veins. When the white paper was placed on the sooted leaf, the veins only
would give a black print on the paper. ILeaves with strong bulging veins make
the best soot prints.
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16.9. DO LEAVES GIVE OFF WATER?

Materials: 1. A large wide leaf or small plant.
2. Four large drinking glasses (of the same size).
3. Two paper cards.

<

. Sketch A Sketch B
Procedure:

1. Fill two of the glasses halfway with water.

2. Cut a small hole in each of the two paper cards, such that the stem of the
leaf or small plant would fit through it.

3. Cover the glasses with the paper cards, insert through one card the leaf
stem, and cover with the invarted glasses (see sketch).

4, Observe and compare the inside of the upper glasses.

Questions:
1. In which glass did water droplets form?
2. Why did we need the set of glasses in Sketch B?
3. Where did the water droplets come fram?
4, what kind of leaves would give off most water?
5. What variables would influence the amount of water transpired?
6. Would a whole plant covered in the same manner give off water too?

Explanation:

The water transpired fram the leaf is in the form of water vapor. This
latter condenses on the cold surface of the upper glass in Sketch A and thus
water droplets are formed. In order to show that these droplets are indeed
coming from the leaf rather than the water in the lower glass, the set-up in
A is being compared with one without a leaf in it.

A small plant covered in the same way with a card around the stem in the
pot and an inverted glass over the whole plant, would give the same results.

' Variables that would influence the amount of water transpired are: type of
leaf, surface area of the leaf, age of leaf, etc.
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16.10. WHAT DO GREEN LEAVES BREATHE OUT? (I)

Materials: 1. Gruen weed & wood split.
2. A large beaker, a funnel, a test tube.
3. A stand and clamp.

[ [ released
gas
clamp
\ .
( [ E
raised 7
-~ position — M-
of funnel ;;_:_ = green
- weed
stand = N~

Z y -

Procedure:

1. Fill the beaker with water, immerse the funnel and the test tube in the
water, and set the apparatus up as in Sketch A.

2. Raise the funnel and place some green weed under it.

3. Leave the apvaratus i. strong sunlight or under a spotlight and observe
the bubbles given off by the leaves.

4. After collecting almost ¢ ‘ull test tube of gas, test it with a glowing
wood splint.

tions:

1. What gas is collected from the test tube?

2. What diéd the glowing wood splint do when lowered in the test tube?

3. What inade the water in the test tube stand so much higher than the water
level in the beakexr? (Sketch A).

Explanation:
The green in the leaves, which is chlorophyll, produces sugar and

cellulose and starch in t'e plant. During this process of sugar production
carbon dioxide and r.ter, oxygen is released. This only occurs during
daytime when the sunlight is shining on it. The purpose of the funnel is to
bring all the bubbles released by the weed together under the test tube. As
the glowing splint flares up into the bright fiome in the gas, it indicates
that the gas is oxygen.

The fact that plants give off oxygen during the daytime makes having them
in the living roam a good thing. The air is enrichea with oxygen and it is
therefore healthy to have plants in the rocm.
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16.11. WHAT DO GREEN LEAVES BRFATHE OUT? (IT)

Materials: 1. A wide-mouthed gallon jar & lid.
2. A small potted plant.
3. Limewater (calcium hydroxide).

/—gallon Jar

/——potted plant
-

5 limewater
Procedure:

‘ 1. Place the potted plant on the inverted 1id of the jar and invert the large
‘ jar over the whole plant, and turn the jar into the lid.
2. Leave the jar and plant in a campletely dark place for several hours.
, 3. Turn the 1id loose and remove the plant carefully.
4, Turn the jar right side up and pour about 100 ml of limewater in it, screw
the 1lid on, and shake.
5. Observe the limewater (turning milky).

Questions:
1. What gas was released by the leaves in the dark?
2. What reaction did the gas give with the limewater?
3. How would this gas react with a glowing wooden splint?
4, With many plants in a room, how would the composition of the air change
from daytime to nighttime?
5. Why is it better to take plants out Of the bedroom at night?

Explanation:

Plants give off carbon dioxide when placed in the dark. This is indicated
by the reaction with the limewater (calcium hydroxide): GOz + Ca (OH)2 = Ca
03 + Hy0, forming calcium carbonate which is insoluble in water. This is
the cause for the limewater to turn milky.

When this gas produced in the dark is tested with the glowing splint, it
would extinguish the glow completely, as carbon dioxide does not support the
burning process. With many plants in a room, the air would be rich in oxygen
content durirg the day and high in carbon dioxide content at night. This is
why it is better to take plants ou. of the bedroom at nighttime.
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16.12. HOW IS THE GREEN IN THE LEAVES PRODUCED?

Materials: 1. A plant with large wide leaves.
2, Carbon paper or black construction paper.
3. Paper clips or masking tape.

green spots

paperclip

cut out
shapes pale green

in earbon

paper
Procedure:
1. Cut out several patterns (circle, square, triangle) in several pieces of
the carbon paper.
2.Goverthreeormreleavesasnmchaspossiblewiththecutoutcarbm
paper by attaching it to the leaves with the paper clip or maskirg tape.
3. Cover same leaves halfway with carbon paper close to the stem (or any
other pattern of covering) and leave it attached for 2 or 3 days.
4, After leaving the black paper against the leaves for several days, remove
the attached paper and abserve the leaves.

Questions:
1. wadidtlncoveredareasoftheleavescanparetotheunooveredones?
2. Do plants need sunshine to produce the green color?
3. What is the green color in the plant leaves called?
4. What is the process of production of the green color called?
5. What is the function of the chlorophyll in plant leaves?

Explanation:
The covered areas of the leaves will become much paler. The longer it

stays covered, the paler the color, because no sunshine is penetrating the
green pigment that enables every plant that possesses it to combine water and
carbon dioxide from the air to form sugar. This process in which sunshine is
an essential ingredient is called photosynthesis. It is the sugar in the
plantswhichgivesanimalsandnantheenergywhen it is consumed by them.

The chlorophyll also produces cellulose, a much larger molecule than
sugar, which is the basic building material in plants. Thus, without
sunshine the leaves do not produce chlorophyll, no cellulose, and therefore
plant do not grow.
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16.13. CAN AIR ENTER THROUGH A LFAF?

Materials: 1. A leaf with a long stem.
2. A small Erlemmeyer flask.
3. A 2-hole stopper that fits in the flask.
4. A bent glass tube.
5. A cardle & matches.
seal here
—p
suck
water
Procedure:

1. Stick the leaf stem through one of the holes in the 2-hole stopper and
seal it with dripping wax fram a 1it candle.

Z. Insert the bent glass tube in the other hole of the stopper.

3. Fill the Erlenmeyer flask with water to such a level that only the leaf
stem immerses in it and not the glass tube.

4. Place the stopper tightly into the flask and stuck through the side tube.

5. Observe air bubbles issuing fram the end of the stalk.

Questions:
1. Why does the stem have to be sealed in the stopper?
2. What would happen if the glass tube were also immersed in the water?
3. Are the leaf and stem actually that porous that air can go through them?
4. what is the actual structure of the leaves?

Explanation:
The sucking through the side tube lowered the pressure inside the flask,
causing the atmospheric air to seep through the leaf and the stalk resulting
in the bubbles issuing from the end of the stalk. When looking through a

microscope and examining the underside of
leaves, we can see breathing pores or

stomata with two little guard cells on each ¢
side of the stamata (see sketch on right).

stomota

guard
cell




16.14. GROW SWEET POTATO AND CARROT LEAVES

1. A sweet potato.

2. A drinking glass or beaker.

3. A shallow disk (petri dish).

4. Three toothpicks or thin nails.
5. Some pebbles or gravel.

toothpick

water

Procedure:
1.I-b1dthesweetpotatowiththeeyesorb1dsmthetopside.
Z.Bmerseﬂxepotatoabmtale-tlﬂrdinﬂlemtercmtaMedinthedrinkirg
glass.

3. Support the potato by sticking three toothpicks or nails into its side and
resting it on the glass rim.

4. Remove the old leaves from the top of the carrot and cut off all of the
lower part except about 5 cm.

5. Place this stump in water in the shallow dish and support with pebbles or
gravel arourd it.

6. Putsweetpotatoandcarrotinawamarxisunnyplacearﬂobservefoliage

growth.

tions:

. did the potato or carrot plant get its food fram?
2. How does the potato leaf differ from that of the carrot?
3. Would these plants develop new potatoes or carrots?

4. What other plants could be grown this way?

Explanation:
T.e potato, like the carrot, best or turnip, contains much stored food.

When placed in water, it is enough to produce thick foliage. When this food
supply is depleted, it needs to be placed in soil and receive other nutrients

in order to produce new potatoes and carrots. When a pineapple is cut about

5 om below the base of the leaves and placed in water, the leaves will
continue to grow for quite some time drawing nutrients fraom its stored food

in the pineapple itself.
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16.15. MAKE A RED-BLUE CARNATION

Materials: 1. A white carnation (with a long stem).
2. Red food coloring & blue ink,
3. Two small beakers or cups.

\J

-

blue ~—— red

split stem in two

. water +
water + ink red food coloring

Procedure:
1. Take the carnation and cut the stem to leave about 25 am on the flower.
‘ 2, Split the stem in half, starting a cut with a knife and further splitting
it along the fibres (without breaking them!)
3. Fill the two small beakers with water, color one red with the food
ooloring and the other blue with the ink.
4, Place each half of the stem in each beaker and observe the flower.

Questions:
1. What was the purpose of splitting the stem in half?

2. Did the whole white carnation get colored?

3. Is it possible to oolor only part of the flower and leave another part
white?

4, How would the stem have to be split to obtain three colors in the flower,
say red, blue ard white?

5. What force is pulling the colored solution up the stem?

6. Would leaves be able to be colored the same way?

Explanation:
The colored water is drawn up the stem of the carnation by osmosis and

capillary action. The water molecules diffuse through the fibre membranes
from a less to a larger concentration of plant sap (osmosis). The fibres are
so tiny that the adhesive force of the water molecules to the fibre walls
becames very great. This capillary force in cambination with the osmotic
pressure sucks the water up the flower.

When the stem is split three ways, it is very likely that the flower will
be three way colored. This shows that the fibres m st somehow run all the

‘ way fram the stem to the petals of the flowers.
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ABSCRPTION

16.16. THE TOOTHPICK STAR

Materials: 1. Five toothpicks (flat kind), 1 box for the whole class of 30.

2. A cup of water.
place water drop

here
Sketch B
Sketch A
Procedure:
1. Break five toothpicks in half but leave the parts together, and leave them

in a V-shape.

2. Place the five V-shaped toothpicks on a smooth surface with their points
as close as possible together (see Sketch A).
3. Dip your finger tip in the cup of water and let one drop fall in the center
of the toothpick configuration.
4. Observe carefully what is happening to the toothpicks!
Questions:

1

2.
3.
4.

S n

What happened to the toothpicks?

What did the water do with the toothpicks?

What material do the toothpicks consist of?

What will happen to picked flowers when they are not placed in a vase in
water? Why do they need water?

. How does water reach the top leaves in a tall tree?
. Campare a dry broken toothpick with one that was wetted by holding one of

the legs of the V-shape and pushing the other leg down: Which one stays
closed/down?

Explanation:

By breaking the toothpick in half, not all the vessels/fibers are cut off.

The water is absorbed by the wood fibers by capillary action, which consist
rostly of adhesive forces. Also diffusion through the fiber walls is taking
Place: water is thus filling the unbroken vessels or fibers. This makes the
toothpick te..” +to straighten up and make it more springy than the dry one.

This is the reason why picked flowers became limp when they are not placed

in water. Capillary action and osmotic pressure are the forces that bring the
water from the roots of a tree all the way up to the top leaves.

When repeating the activity, dry toothpicks have to be used. The wet ones
will not form and stay in a narrow V-shape. They become more springy than the
dry toothpicks and form a much wider V-shape.
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16.17. HOW DO MOLDS REPRODUCE?

Materials: 1. Eight slices of bread.
2. Saran Wrap or cellophane.

3. A magnifying glass.
4. A shallow dish (saucer or petri dish).

TS i magnifying glass

s /

1. two slices of bread. Wrap one slice in the Saran Wrap and seal off
from the air and leave the other one open to the air.

2. Take two other slices: place one in a dry spot and place the other over a
shallow dish filled with water.

3. Expose two other slices: one to a strong light (flood light) and keep the
other in a dark place.

4, Expose two more slices: keep one in a warm dark place and the other in a
cold dark place.

5. Observe the surface of the bread slices daily through the magnifying glass
and record the changes. Make a note of the mold colonies, the number of
them and their growth rate.

Questions:
1. What variable was manipulated in step 1 of the procedure?
2. What variable did I choose to change in Steps 2, 3, and 4?
3. What was the responding variable in all four cases?
4. In which case did the mold develop best?
5. How should bread be stored to keep it mold free?
6. What other types of food will develop molds if kept over a longer period
of time?

Explanation:
Mold Jgrows best in moist, dark and warmm places. Dry, light and onld

conditions will discourage the growth of molds. Under step 1 of the
procedure the presence or absence of air was the manipulated variable, under
step 2, moisture, step 3, the presence of light, and step 4, the temperature.
Other foods that will Jevelop molds are: cheese, jam, leftover food or
meats, etc.

mold colonies
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PLANTS TENSILE STRENGTH

16.18. PICK UP A CAR’FE WITH A STRAW

Materials: 1. A wine carafe (or other long necked bottle).

2. A wheat straw.

pull slowly up 1

bent wheat straw

Procedure:

1. Fill the carafe half full with water.

2.Bendthestrawsuchthattheshortbentpartwill fit in the wider part of
the bottle (see sketch).

3. Iaeerthestrawinthebottlearﬂallmthebentpartofthest:rawtoopen
up.

4. Now pull the carafe slowly upwards by holding the protruding straw.

%tions;

1. Why did the straw not break?

2. What force was exerted on the straw?

3. What will happen to the straw if we wait a while before pulling the carafe
up?

4. What will water do when plant material is soaked in it?

5. Where or in what direction lies the greatest strength of a wheat stalk?

6. What implications can we see in living plants?

Explanation:

It is especially critical where the fold in the straw is made. It should
befoldedataspotsuchthattheslnrtpartwilljustfitinthewiderpart
of the carafe. By pulling the straw up, the bottom part of the straw should
pressmﬂleside,arxiﬂwetopparts}mldmd(mtheratherlDrizmtalpart
of the bottle. 'I‘hestressintl'xestrawwuﬂdbemstly lengthwise and as the
tissue of the wheat stalk is made up of tubular capillaries and vessels, it
can withstand a rather high stress. Over time, the water will penetrate into
the straw tissue and weaken it. 'Ihiswillbemresotlwcasewhenadry
straw is used rather than a fresh one.
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CHAPTER 17

WHAT CAN WE LEARN ABOUT THE HUMAN BODY?

OBJECTIVES

After dealing with and studying the concepts and sub-concepts of this
chapter, the students should be able to:

recognize the correct explanation of an observed event based on each of
the sub-concepts;

explain in their own words which of the sub-concepts is determining the
course of an event;

distinguish true from false statements concerning each one of the sub-

ooncepts;

identify the correct explanation of an event in daily life applying one
of the sub—concepts;

all in relation to the following sub-concepts:

All objects seen by the human eye cast an upside down image on the
retina, which is interpreted by our brain as right side up.

People need two eyes to see objects in three dimensions.

The majority of people are right-sighted (possible correlation with
right-handedness).

The cones in tre human eye pair the following colors: red-green,
yellow-blue, and white-black.

Illusion is an interpretation of the brain, which deviates from the
true perception by the eyes.

The number of nerve endings is larger at the finger tips compared to
other parts of the human body.

It takes time for an impulse to travel from the receiver (eyes, ears,
or other hand) to the arm muscle.

The human brain is composed of two hemispheres: the left half controls
the right-hand side of the body, while the right half controls the left
side of the body.

The number of heartbeats increases with intensity of exercise.

Exhaled air contains more carbon dioxide than inhaled air.

Enzymes in saliva break down starch into sugar.

Food is pushed down the esophagqus by peristaltic action.
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HOMAN BIOLOGY THE HUMAN EYE

17.1. THE RE

Materials: 1. A paper card (3x5"/8x12 am).
2. A reqular sewing straight pin.

| card

the center of the card.

3.Nowholdtheholdinthecardabmt3cnfrantheeyeandholdyoureyelid
almost closed: upside aown images of the eyelashes will be seen!

Questions:
1. Why do we see an upside down image of the pin?

2. Why did the image of the pin disappear from in front of the card?
3. What did the eye actually focus on?

4. What was the purpose of the pinhole?

5. wWhy do we have to view the pin against a window or a light?

Explanation:

All objects will cast an upside down image onto the retina when the human
eye is focussed on them, which the brain interprets as rightside up (see
Sketch A).

The small hole in the card serves as a slit to admit the light, forming a
small bundle of light that enters the eye (see Sketch B). This small light
beam casts a shadow of the pin upside down onto the retina (actually
rightside up, but interpreted by the brain as upside down).

) ] upside down
right side up image
image
i
Sketch A card —-/) Sketch B
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HUMAN BIOLOGY THE HUMAN EYE

17.2. ARE WE PARTIALLY BLIND?

Materials: 1. & blank sheet of paper.
2. A pencil or pen.

° \
¥ focus on this spot

\ with left eye
\ (right eye closed)
bring paper closer to face
Procedure:

1. Draw a small circle (about .5 cm diameter) and a small triangle (about the
same size), about 15 cm apart on the white blank sheet, and campletely .

darken them in.

2. Hold the paper about 30 cm in front of your eyes and shorten this distance
very gradually (bring the paper closer to you slowly). While doing this
look with your left eye (close right eye) and focus on the triangle or look
with your right eye (left eye closed) and focus on the circle.

3. If you do not notice anything happening with the other dot, you may want to
hold the paper somewhat higher or samewhat lower whilc approaching it.

Questions:

1. Why does the circle disappear at a certain distance from your left eye?
2. Is the angle or the distance between the circle and the left eye more
important in getting it to disappear?

3. Does it make any difference if we had other shapes on the paper?

4. What makes us see the circle although we ‘re focussing on the triangle?

5. How does the human eye function?

6. Is the retina of our eye totally complete and continuous?
Explanation: ..

The retina of the human eye may be wres
campared with the photographic film in / lens
a camera. The big difference is that

in the human eye it is nerve cells

that send electrical impulses to the ,

brain when 1light ra)lgp fall on the blind spot
retina. These nerves are bunched up

and coming into the retina at a retina nerves entemlng‘
certain spot the blind spot, and it is

at this spot that very small images

are undetectable (see Sketch on Top view of left eyeball
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17.3. WHY DO WE NEED TWO EYES?

Materials: 1. A pencil & a piece of molding clay.

stretched

outa.m—\

pencil

hand covering

clay one eye

Procedure:
1. Place the pencil vertically in a piece of clay on the table top.

‘ 2. Let the students one by one try the following, while the rest of the class
observes: Approach the pencil from the side about 3 - 4 meters away with
one eye (cover the other eye with your hand). Hold the other hand
stretched out and without hesitation, point down with the index finger and
try to touch the pencil. Repeat again. Now repeat with both eyes open.

Questions:
1. Why did most students miss touching the pencil end?

2. After a student tried to do the trick several times, why did he/she get
better at touching the pencil?

3. Do you think it would be easier to do by approaching the pencil slowly?

4. what happens when the experiment is done with both eyes open?

5. What do you lack when just one eye is used?

6. Why must the pencil be touched without hesitation?

7. If we see differently with each eye, why don't we see two imeges when both

eyes are open?

Explanation:
Most people will not be able to touch the pencil on the first try, because

they do not see with one eye, how far in front of them the pencil is located.
One camnot judge depth and distance as well with one eye as with two. With
one eye, one sees everything in the same plane (as in a picture). In other
words, becames two dimensional rather than three dimensional.

With a little practice one will get better at judging distances with only
one eye.
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17.4. DO WE REALLY USE BOTH EYES?

Materials: 1. Two cardboard cylinders (about 30 am long)--the core of wrapping
paper or paper towel suits fine.
2. T™wo different pages of a newspaper.

M‘{\
=
N E
cardboard tubes ’

/~—— newspapers

Procedure:
1. Place the two sheets of newspaper on the desk in front of you.
2. Hold the cardboard tubes in front of each of your eyes, such that you can
look at one sheet with one eye and at the other sheet with the other eye.
3. Keep both eyes open at all times--can you read both pages at the same
time? Which do you read more easily?

Questions:
1. Which page do you read more readily?
2.Doyouhavetoshuttheothereyewhenreadingoneofthepages?
3. Why is it not possible to read both pages at the same time?
4. What does the preference of using one of your eyes indicate?
5. In what instances do we have to use just one eye?

Explanation:
We shall not be able to read both pages simultaneously, because we can

valy focus on one thing at a time. Although both eyes remain open, we can
focus on one page or the other at will., It takes a simple act of will for
one eye to see properly and for the other to stare blankly. It may thus be
argued that we often make use of only one eye, even when we keep the other
wide open. Evidently we do not have to cover one eye, either by holding a
hand in front or closing the eye 1id, when the use of only one eye is
required, like when aiming a gun or looking through a microscope, or any
other instrument requiring the use of only one eye. ‘

People, however, do prefer to use either the left or the right eye when
they have the option, indicating that there are left-sighted or right-sighted
people, just as there are left or right-handed people. Which group do you
belong to?
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17.5. ARE YOU LEFT- OR RIGHT-SIGHTED? (I)

Materials: 1. Two blank sheets of white paper.
2. A pencil.

paper with
~—hole in center

' : paper with
/ Q’_ dot in center
®

Procedure:
‘ 1. Pierce a hole in the center of one sheet of paper with a pencil.

2. Draw a black dot in the center of the other sheet of paper the size of a
penny, and place this about 40 am in front of you on the table.

3. With both eyes open, hold the sheet with the hole between your face and
the sheet with the dot, and move the first sheet about until the black dot
can be seen through the hole.

4, while holding this sheet steady (while seeing the dot), close first your
left eye and then your right. When does the dot disappear?

Questions:

1. Does the dot disappear after closing your left or your right eye?

2. If the dot disappears when closing your left eye, are you left-sighted or
right-sighted?

3. If the dot disappear: when closing your right eye, are you left-sighted or
right-sighted?

4. After determining that you are right-sighted, does it make any difference
+ hether you are closing your left eye or not in locking at the dot?

Explanation:

For most people the dot will disappear when closing the right eye. This
indicates that most people are right-sighted. It means that most people
prefer to use their right eye over the left, if they are confronted with the
option of using only one. 1In this case it means that those peuple can see
the dot with both eyes open or with only the right eye open, but not with
only the left eye. In other words, when both eyes are open, the left eye

‘ does not work. There is probably a connection between this phenomenon and
the right-handedness of most people, although it would pe hard to say which
is the cause and which the effect.
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17.6. ARE YOU LEFT- OR RIGHT-SIGHTED? (II)

Materials: 1. A pencil or straw or ruler (or any straight edge).
2. A vertical straight edge of the room (inside/outside corners).
-—‘~——~.__-.--_-—-~T corner of rcom
Procedure:

1. Hold the pencil (or straw, or any other straight edge) with an outstretched
arm vertically in front of you.

2. Find a straight vertical edge (corner) of the room and align the pencil
with it, holding both eyes open.

3. While keeping the percil aligned with the straight edge of the room, close
one eye at a time. Which eye do you close to make it look like the pencil
jumps aside?

Questions:

1. Does the pencil jump aside when closing your left or right eye?

2. If the pencil jumps aside when closing your right eye, are you using more
your left or your right eye?

3. If the pencil jumps aside when closing your left eye, are ycu left-sighted
or right-sighted?

4. What makes the pencil jump aside when one of the eyes is closed?

Explanation:

For the majority of people the pencil or whatever straicht edge is aligned
with the vertical line of the room, will jump aside when the right eye 1ic
closed. This indicates that most peopl« are right-sighted. The reason for
the pencil to jump aside, i that the right-sighted person uses his/her right

y@ more than the left. 'hus the pencil is lined up in a straight line
between the straight edge of the room and the right eye. When this eye is
closed, the left eye still sees the pencil, but it is not in line with the
edge of the roam.

This is one of the easiest ways to tell whether a person is left-or
right-sighted. If a pencil is not available, a forefinger held vertically mav
be used just the same.
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17.7. HOW DO WE PERCEIVE CIIOR?

Materials: 1. A drawing of a heart-shaped figure (or other shape) having a

yellow border, a green interior, and a small black dot in the
center (on a double page size paper).

2. A plain double page size paper with a small black dot in the
center of it.

| — yellow border

| green interior

| _—— grey background

Procedure:

1. Let the students one by one stare at the colored heart for twenty seconds
without blinking their eyes, focussing on the black dot.

2. Let them immediately after look at the plain piece of white paper,
focussing on the black dot.

3. Ask the students to report what they see.

Questions:

1. What coler is the interior of the heart? The border?

2. What did you see when looking at the plain white paper?

3. What were the colors as compared to the first heart you viewed?

4, Why do you think was the second heart not the same as the first one?
5. Was there any neart drawn on the blank sheet of paper?

6. What colors does the human brain pair together?

Explanation:

There appears to be an unusual relationship between the eye and the brain
in the human being. There is a relationship among lour primary colors: red,
green, blue, and yellow. As the retina absorbs light, ocders farther back in
the eye discriminate between the colors. The black-white coders can send a
cambined grey image, but one coder relays signals for green or red, and
another coder for blue or yellow. These colors oppose each other and will
not mix. Steady exposure to any color tends to weaken the brain's response:
a bleaching effect makes the color fade or makes it grey. After staring at
the yellow and green heart, a clear after-image was seen of a red heart
bordered in blue. There is a temporary switching of signals to the brain.
Since red and green share a single coding mechanism, as do yellow and blue,
withdrawal of the color stimulus shuts down one part of the mechanism and
triggers the other part for a mament or two.

The cones in the human eye pair the foilowing colors: red-green, yellow-
blue, and white-black.
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17.8. WHAT GIVES US THE ILLUSION?

Materials: 1. Rulers (30 an) & pictures or drawings of sketches below:

("—_\

< - e

Sketch II

— e

N S R -
Sketch I

<\ ——
g /////A\\\\
Sketch III n o Sketch I/ ’

A

Procedure:
1. Let the students lock at the pictures and ask the questions corresponding
with each of the sketches.
2. Let the students measure or place the ruler along the lines.

Questions:
1. How tall is the top hat compared to its width? (Sketch I)
2. Which of the two lines A or B is longer? (Sketch II)
3. which of the two puppets ic taller? (Sketch III)
4. Are the two lines A and B straight or curved? (Sketch IV)
5. What gave us the illusion in each of the sketches?

Explanation:

In Sketch I of the top hat, people do not take the brim of the hat into
account, and this is why the hat looks taller than it is wide. In the second
sketch, people tend to look at the picture as a whoie: 1line plus arrows at
the end, and then line B looks longer. In picture III, the two puppets are
seen in a three dimensional enviromment, where puppet B looks farther away
than puppet A, and thus puppet B seems much taller. In Sketch IV it is the
environment again that gives us the illusion that the two heavy drawn lines
are curved,

By measuring each of the dimensions and by placing the ruler against the
lines (for Sketch IV), we soon see that the dimensions of the hat, the two
lines (in Sketch II), and the two puppets are exactly the same, and also that
the two lines (in Sketch IV) are straight and running parallel to each other.
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17.9. THE SWAYING CARDBOARD

Matzrials: 1. A white 5 x 8" cardboard or heavy paper.

Sketoh A ~ketch B
Procedure:
1. Fold the paper card along the long axis in half.
2. Place the folded card directly in front of you on the table with the ridge
' pointinc in your direction (See Sketch A).

3. Select a spot in the center of the fold and stare at it steadily with one
eye shut (if you’re right-sighted cover your left with your hand).

4. First you will see the card like in Sketch A. Continue staring at it until
suddenly you see the card in its second position (like in Sketch B).

5. When you see the card in its second position (standing up), move your head
slowly fram side to side (still keeping one eye shut). Do you observe the
card swaying back and forth?

Questions:
1. How long did it take you to see the card in its standing position?
2. What did you see the card do when moving your head fram side to side (with
one eye shut)?
3. When seeing the card in its second pcsition, are all the depth information
and the way the light and shadow falls on paper and table, consistent?
4. What do you see when moving your head closer and farther from the card?

Explanation:

This interesting double illusion demonstrates a phenomenon called parallax.
When first seeing the folded card, it is lying down and you see it lying down
as in Sketch A. All the information of the depth and how the light and
shadows are falling, are consistent. When seeing it in the second position
(like in Sketch B), the cues are all contradictory: the near point of the fold
becames the farthest point and the far corners of the paper become closest.
Normally, when moving your head from side to side, near points will move more
‘ than far points of an object (try it with both eyes open). Seeing the card in
its second position reverses these points and thus gives us an unusual
distorted image.
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17.10. SEE A HALE IN YOUR HAND

Materials: 1. A cardboard cylinder (the core of paper towel or wrapping paper
serves well) about 30 an long (for each pair of students).

NN Look through
Q&’ cylinder with the

—ﬁ_—_——& right eye

N
\‘\M-(E/"
e\ .
Procedure:

1. Pass the cardboard cylinders to the students (one for each pair or let two
or three cylinders float around).

2. Demonstrate how to hold the cylinder and hand: Hold the cylinder with the
right hand in front of the right e¢ye, hold the left hand next to the
Cylinder close to the end of it, keey both eyes open and look (focus) at a
distant point.

3. Now close each eye one at a time; open both eyes again. Do you see the
hole in your left hand?

did your left eye see (when the right was closed)?
2. What did your right eye see (when the left was closed)?
id you come to see a hole in your left hand?
i. Whatdoyouhavetodotoseeatbleinymrrighthand?
5. What can you infer from this, that the brain is doing with the vision or
perception of each individual eye?

Explanation:
By focussing at a distant point, the left eye in front of which the left

hand is held, does register an image of the hand, but it is more the imege of
the right eye which is registered in the brain (because the eyes were
focussed at a far point through the cylinder). When both eyes are open, it
istheimgeofbotheyesthatareregisteredandcanbinedbythehrain.
This is the reason why a hole is seen in the left hand. By switching the
roles of the hands, it is possible to see a hole in the right hand.
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17.11. THE FIQATING PIECE OF I'INGER

Materials: 1. Yourself and your two index fingers.

look at a far point
and keep both
eyes open

Procedure:

1. Hold ycur left and your right forefinger about 30 cm in front of you at
the height of your eyes. Hold them horizontally about two-three cm apart
(see Sketch above).

2. Do not focus your eyes on the fingers but look over them ari focus at a far
point.

3. Wiggle the fingers slightly up ard down. Can you see a double-nailed piece
of finger floating in the air?!

Questions:
1. what made you see only a piece of each finger?
2. What happens if you focus your eyes on the fingers?
3. What happens if you look under the fingers and focus at a tar point?
4. What do you see if you put your thumbs in the same position?
5. How can you check what your left eye is actually seeing?
6. Try closing one eye at a time; what do you see?

Explanation:

Even though the eyes are focussed on a far point, we still see objects that

are closer to the eyes. The image from the left eye and the image projected

in the right eye are both combinad in our brain.
This is the reason why we

see only a piece of the overlap
finger. Whatever image ——
overlaps is seen more

clearly. You would never be U | e

able to see the same
floating piece of finger
with one eye closed. We are
not able to see depth with
onl; one eye. It 1is like
looking at a two dimensional
picture, if we use only one

eye.
left eye right eye
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17.12. THE HAND IS QUICKER T1AN THE EYE

Materials: 1. Two quarters or two other identical coins.

slide these coins quickly
back and forth

Procedure:

1. Place two coins between your two index fingers (conceal this from the
students or audience, do not tell them how many coins you have).

2. Then rub the two coins back and forth as quickly as you can.

3. While rubbing, show them to the students (close up), and ask: "How many
coins do you see?" Anticipated answer: "Three". If the answer is "Two",
let them take a good look again at the moving coins.

4. After the majority of students (ideally all students) say that there are
three coins between your fingers, go to the student that said "definitely
three", and drop the two coins in his/her hand.

Questions:
L. How many coins were actually moving?
2. Why do we see three coins when the coins are rubbrd against each nther?
3. What does it mean: the hand is quicker than the eye?
4. What do you see when the rubbing is considerably slowed down?
5. What are daily applications of this same principle?

Explanation:

The human eye is a marvelous instrument. It operates on the same principle
as the camera. The eye, however, is able to take two simultaneous pictures,
one in black and white and the other in colour. Cells called rods in the
retina register black and white only; and other cells called cones register
the different colours. The retinal cells are so sensitive that they can
detect light as feeble as a 100-trillionth of a Watt. This is 1 x 10 “~ Watt.
The retina also has the capacity to retain an image a little shorter than half
a second, this means that if the coins are moved faster than half a second,
the eye still sees the coin at the original spot. Thus it sees three coins

instead of two.
Other applications of this same principle are: motion pictures, animated
cartoons, spokes of a moving wheel that sametime- are seen moving in reverse,

etc.
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17.13. PUT THE BIRD IN THE CAGE

A half dollar or dollar coin (a quarter is CK too).

Materials: 1.
2. Two large sewing needles.

Procedure:

1. Cover both sides of the coin with tape that you can write on (masking or
3M magic tape) and trim the edges off.

2. First draw a cage on one side, then you draw a bird on the other side,
making sure that you flip the coin upside down, and not sideways, before
drawing the kird.

3. Show the drawings to the audience and ask them: "How can I put the bird
in the cage?"

4. Find the diameter of the coin half way up the cage by cutting out a piece
of paper the size of the coin and fold it in half.

5. Place the coin on top of the paper circle and pick the coin up with the
two needles exactly along the diameter of the coin (see Sketch).

6. With the two needles bring the coin close to your mouth and blow against
the upper half of the coin.

7. Repeat the blowing with short puffs.

Observe the spinning coin: Bird in the cage!

Questions:
1. Why do we place the two needles along a diameter of the coin?
2. What would happen if they wcre not placed along a diameter?
3. Around what point do spinning objects rotate?
4. What made us see the bird in the cage?
5. Did the bird actually go in the cage?

Explanation:

All spinning objects spin around their center of gravity. This is why it
is necessary to find a true diameter of the coin and place the two needles
along this diameter. If the needles were not placed along a diameter, the
spinning would not go very smoothly.

Seeing the bird in the cage is only an illusion, just 1like in moving
pictures. The image of the cage or the bird is retained longer by our eyes
than the time it takes for the coin to flip around. Thus both images are
cambined by our brain and we see the bird in the cage.

461




444 |

HUMAN BIOLOGY ILLUSTON

EYESIGHT ‘

17.14. THE ELLIPTICAL PENDULUM SWING

Materials: 1. A thin string, a washer or nut (or other bob).
2. A polaroid filter, or one lens of a pair of sun glasses, or
semi-dark film negative.

\
\
\
\
\
\
I
Sketch A Sketch B @) ,@
~ o —— e -~
film over left eye Film over right eye
Procedure:

1. Attach the washer or metal nut to the thin string to nake a pendulum.

2. Let the pendulur swing fram a fixed point (someone could hold the end of
the pendulum with a steady hand).

3. Look at the swinging washer with both eyes open, but cover your left eye
with the polaroid filter (or other screens). What do you observe?

4. Now look at the swinging pendulum with the film over your right eye.
What do you observe? In which direction is the bob swinging?

Questions:

1. What is the reason for seeing the pendulum swinging in an eliptical path?

2. Would it be easier to see objects in a dark or in a bright room?

3. Would the eye perceive an object faster or slower if that object is
brightly or less brightly illuminated?

4. If one eye is perceiving a moving object a fraction of a second slower,
where would this eye actually see the object? In front or behind the
actual position of the object?

Explanation:
The eye that is covered by the darkened filter perceives the pendulum a

fraction of a second later than the open eye. This means that the left eye

(say that this eye was covered with the filter) perceives the washer a little

behind the actual position A (see Sketch below). Our brain interprets these

two perceptions as caming from one object and combines the two images, thus we

see it either a little farther or a little closer than the actual position.
The Sketch on the right illustrates /’c‘\

the washer A moving to the right. The Q P

left eye (covered) perceives it at
position B and the brain interprets it \
in position C. On the way back the \
brain interprets the pusition of the

washer as being cioser than the actual

spot. Thus the motion is perceived as

being eliptical.

Left eye Right eye
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17.15. HOW MANY POINTS ARE TOUCHING?

Materials: 1. A bobby pin (hair pin) for each pair of students.

face away from
extended arm

/

)i— tester's arm

\

testee's

arm
bobby pin

‘ (move slowly up
Procedure: testee's arm)

1. Let students work in pairs: one be the testee aud the other the tester.
The latter holding the pin.

2. Instruct the tester to spread the two tips of the bobby pin and place it
on the testee's finger, hand, and arm, moving slowly up the arm starting
from the middle finger, touching the skin randomly either with one or two
tips.

3. The testee should look away from the touched arm (see sketch) and tell the
tester how many tips he/she feels (without looking at the pin).

4, The tes’.r should keep track of the number of mistakes made at the
different parts of the amm. (Let tester and testee change roles).

Questions:
1. Where was it easier to tell how many tips were touching?
2. Why did we make more mistakes the higher up the arm the pin was touched to
the skin?
3. What makes our touch sense more sensitive?
4. Where would a cut in the skin hurt most?

Explanation:

This activity demonstrates the distribution of the nerve endings in the
human body, in our zase from the fingertips to the shoulder. It is
increasingly difficult to tell without looking how many tips are actually
touching the skin, the higher up the arm the pin is placed. This is caused
by the fact that there are many more nerve endings in the fingertips and
hands campared to the upper arm. It would therefore be more painful to
experience a cut in the skin closer to the fingertips than higher up the arm.
For this same reason, our sense of touch is most sensitive at our fingertips

campared to other parts of the body.
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17.16. IS THE WATER WARM OR COLD?

Materials: 1. Three beakers (400 ml) or large ~Ips.

hold
right hand
1 min. in water

hold left hand
1 min. in water M ‘/th/e_p%

very
hot water ool cold
water water
A B c
Procedure:

1. Fill a beaker (A) three quarters full with hot water (about 50°C) and
another beaker (C) three quarters full with very cold water (about 5°C)
(add a few ice cubes if water is not cold enough in the summer t:jme)(5

2. Fill the third beaker (B) with regular water of room temperature (20°C)
and place it in between the hot and the cold water beaker.

3. Immerse your left hand in the hot water and hold it under water for one
minute, then move it in the center beal=r. Does the water feel warm?

4. Immerse your right hand in the cold water and hold it under water for one
minute, then move it in the center beaker. Does the water feel warm or
coldz

Questions:
1. Did the water in the center beaker (B) change in temperature?
2. Why did the water in beaker B feel warm with one hand and cold w.th the
other?
3. What gives us the sensation of warm or cold in our body?
4. What are cther similar situations where this same principle applies?

Explanation:
When the left hand is placed in the hot water, the nerve endings in our

nervous system send a message to our brain, telling it that it feels warm.
Over time, however, the nerve endings are dulled and the hand adapts itself to
the warm sensation. When it is placed into the water of room temperature,
there is a difference of about 30°C lower, and the water suddenly feels cold
to this hand.

The same interpretation can be put forth for the hand immersed in the cold
water. This time it’s only going the opposite way: fram cold to warm.

Similar situations are encountered when we take a shower with very cold
hands and adjusting the water temperature with the touch of our cold hands;
placing our body under the shower, the water still feels cold because to the
hand the shower water already felt very warm. '

Someone used to living in a hame with 18°C room tamperature might find on
visiting a friend’s house with a 22°C roam temperature quite warm, and of
course visa versa.
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17.17. CATCH THE DOLIAR BILL

Materials: 1. A crisp dollar bill (any denomination).
(ideally: one of each denamination up to $20).

hand of tester

dollar bill

Procedure:
1. Hold your forefinge. and thumb of your left hand about 5 cm (2 inches)
apart, place the dollar bill about half way in between the two fingers.

2. let the dollar bill fall and show the audience that you can easily catch
it between your two fingers.

3. Ask the members of the audience to hold their forefinger and thumb in the
same position to try to catch the dollar bill.

4. Hold the dollar bill between their fingers. The rule is that they may not
go down with their hand, and the gap between the fingers should be not
smaller than 5 cm.

5. Vary the time between placing the dollar bill between their fingers and the
moment that you let go of the bill. Tell the audience that whoever catches
the bill may keep it. Continue doing it with larger denominations, but
remember to vary the dropping time, otherwise the bill might get caught
by anticipation.

Questions:
1. why can you catch the dollar bill so easily when you drop it yourself?
2. Why do you need to vary the time between placing the dollar bill and the
releasing of it?
3. What is the reason that the bill can never be caught?
4. What makes muscles contract?
5. How did the finger muscles get the order to catch the bill?
6. Where did the initial stimulus come from?

Explanation:

The initial stimulus to catch the dollar bill was from seeing the falling
of it. The eyes got the stimulus, they sent a signal to the brain and the
brain in turn sent an electrical impulse to the finger muscles to contract and
catch the bill. But all that took a longer time than the falling of the
dollar bill, although both take only a fraction of a second.

The bill can only be caught by sameone who anticipates the falling and
actually start closing the fingers before the bill falls. This is the reason
why we should vary the time between placing the bill between the fingers and
the actual releasing of it.
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17.18. HOW FAST CAN YOU REACT?

Materials: 1. A meter stick (15 meter sticks for a class of 30).

-

have someone
else hold the stick

here (tester) /— meter stick

qE:n — +———— let testee's hand
- rest on table edge

L]

Procedure:
1. Place your hand over the edgz of a table and leave about 3 cm opening
between the thumb and forefingers.
2. Let your tester (someone else) hold the meter stick vertically fram the
top end of the stick.
3. Read off the spot where your thumb is on the meter stick before the tester
drops the stick (start at. an even number f.i. 10 or 20).

- Let the tester drop the stick. The moment that you see the stick drop -
catch the stick immediately and do another reading of where vour thumb
endad up. Record the difference (distance in drop) .

. To test the other stimuli: Hearing: close your eyes and let tester say:
"Now" exactly at the mo.ont that he/she drops the stick.

Testing for tactile (touch): close your eyes and let tester touch your
other hand exactly at the moment that he/she let go of the stick.

Questions:
- How do giris campare to boys in reaction time?
- In doing the above comparison, what variables have to be controlled?
- How do the different stimuli campare in your reaction time?
- What is the actual falling time for the distance in the drop?
. What are all the variables involved in this experiment?

Explanation:

The different variables in this experiment are: the manipulaced variable is
the stimulus: through the eyes, hearing, and touch (or sex: when camparing
boys versus girls). The responding variable is the falling time or distance on
the meter stick. 2

As the distance in free fall is: d = 1/2 gt™ , the time derived from that
is * = square root of 2d over g , where g is the gravity acceleration.

ALl other variables, like: distance between fingers, the place where the
tester holds the stick, catching with two fingers or with the whole hand, the
accuracy of saying "now" and simultaneously letting go of the stick, etc. have
to be held constant, in other words they have to be done the same way.
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HOMAN BQOLOGY COONDITIONING

17.19. THE STIMILUS-RESPONSE ACTTON

Materials: 1. A wooden rod or block (a ruler would do).
2. Paper and pencil for each student.

tapping with

wooden/ ro/d/ —\
( ( (P>

making
tally

marks
A\

class behind the studernts.

make a tally mark every time you say "write.”

3. Strike a desk with the wooden rod and simitaneously say "writ. ' for a
total of 20 times with 2 second intervals.

4. Continue striking the desk, but stop saying "write" until everyone has
stopped writing.

5. Have the students count their tally marks.

6. Tcll the students that you said "write" exactly 20 times.

Questions:
1. Why did most students make more than 20 tallies?
2. What was the stimulus and what was *he response?
3. Why did I pair the strikes with the saying of "write"?
4, What was the purpose of the taps with the wooden roG?
5. Why did everyone stop writing eventually?

Explanation: .
When a resenonea-ealicitinc stimilus (the sayi g of "write') is paired with

a neutral stimulus (taps with the wooden rod), the student becomes
conditioned to the neutral stimulus, sc that the neutral stimulus will elicit
the response, even when it is presented alone. The conditioning will become
extinguished after a certain time, if the presentation of the conditioned
stimlus (tapping noise) is continued without pairing with the unconditioned
stimilus (the saying of "writce").

This conditioring of tiv» human being to neutral stimuli c~curs in daily
life for axample, when the preperation of food or a meal 1s constantly
acocampanied by the clatter of kitchen utensils; hearing only the clatter will
stimilate the feeling of hunger or might even stimulate the production of
saliva in the salivary glands (drooling).
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HUMAN BRIOLOGY CIRQULATORY SYSTEM

17.20. HOW FAST DOES YOUR HEART BEAT?

Materials: 1. Low step stools.
2. A stopwatch or a vatch with a second hard.

tegtee 's

step up
on stool -

tester’s
hand

Procedure:
1. Let students work in pairs: one being the tester and the other the testee.
o« Instruct the tester to count the number of heartbeats of the testee by
placing his fingers on the testee's wrist, anu counting the pulses within
10 seconds (and multiply this by 6).
3. Now let the testee step up and down the stool 10 times, and immediately
after that let the tester take the testee's pulse (repeat point 2).
4. The number of steps up and down the stool can now be increased to 20 and
30, immediately followed by a palse count.
5. Let the tester and testee change roles,

tions:
wh What was the pulse hefore the steps up and down the stool?
2. What was the pulse after {0, 20, and 30 steps up and down the stool?
3. What made the heart beat faster after the exercise?
4. What did tae muscles need to do all that work?

Explanation:
'Ihepulseorheartbeatiscausedbythebloodmneinpactmthe

arteries as the heart rmiscles contract. It can be felt by placing a finger
on the rrdial artery at the wrast. By doing vigorous exercise, like the
steps up and down the stool, the leg muscles need more oxygen and thus more
blood to carry this oxygen. The heartbeat thus autamatically siceds up to
pump more blood to the working muscl.s, from around 72 beats per minute to
more than 120. Wit’ 'n three minutes this speeded pul: e should return to the
normal 72. With inceasing number of steps up on the stool, an increase in
the pulse should be observed in the testee. Same riations from these
values may be normal for certain individuals.
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HOMAN BIOLOGY RESPIRATION

17.21. WHICH OONTAINS MORE CARBON DIOXIDE?

Materials: 1. Two Erlenmeyer flasks.
2. Two sets of glass tubing in 2-hole stoppers (see sketch).
3. Saturated lime water (calcium hydroxide).

i [P T
(exhale) f (inhale)

Cal0H)

Procedure:

1. Make a saturated solution of calcium hydroxide by adding small amounts of
the solid powder, a little at a time to warm water while stirring, until
no more solid dissolves.

2. Fill each fiask half fuil with the lime water and cover them with the two-
hole rubber stoppers (and fitted glass tubing).

3. Suck through the tube which ends above the water surface in flask A and
exhale)through the tube that extends into the liquid in flask B (see
sketch).

stions:

1. Which of the two flasks is getting milky first?

2. What gas is actually led through the liquid in flask A?

3. What does it indicate if the liquid turns milky?

4. What chemical reaction is taking place?

5. Will flask A eventually also turn milky if the sucking is continued?

6. What will the liquid in flask B eventually do if the blowing through it is
continued?

7. Which of the two, inhaled or exhaled air, contains more 007?

saturated calcium hydroxide solution (this air is the same as the air we
inhale). By blowing through the tube in flask B, exhaled air is led through
the liquid, which turns milky sooner than that in flask A. This indicates
that there is more 07 present in exhaled air. The reaction is as follows:
Q02 + Ca(OH)2 = CaCD3 + Hp0, in which the calcium carbonate precipitates out
and makes the solution appear milky. The 007 in the air will eventually turn
the liquid in flask A also milky, and when the blowing is continued in flask
B, the 1eaction: 002 + Ca®03 + Hx0 = Ca(HOD3)2 will turn the liquid clear
again (Ca-bicarborate is soluble in weter).

4R9




17.22. MEASURE THE CAPACITY OF YOUR LINGS

Materials: 1. A large glass jar (pickle gallon jar).
2. An unused aquarium (or other transparent container).
3. A length of rubber tubing (about 40 am long).
4. A 1 litre measuring cylinder (or other litre container).

calibrations A .
— ] gallon jar

blow —m—m—p

—— L—

(exhale) | .
T aquarium
= |

rubber — - T

] /— flat rocks

Procedure:

1. Calibrate the large jar by filling it with water, litre by litre, and
marking the water level with a marker or masking tape.

2, Fill the gallon jar completely full and the aquarium 3/4 full with water.

3. Place three flat stones of the same thickness (or other heavy objects) on
the bottam of the aquarium, and invert the gallon jar into the water-
filled aguarium so that it rests on the three stonec.

4, Insert one end of the rubber tubing under the mouth of the gallon jar and
let the other end hang over the rim of the aguarium.

5. Let one student hold the inverted jar steady and another student, whose
lung capacity is to be measured, exhale through the tube after inhaling as
deeply as he/she can.

6. Measure volume of exhaled air in jar.

Questions:
1. What made the water stay up in the inverted jar?

2. Why did the student have to inhale as deeply as possible before inhaling?
3. In exhaling, what does the student have to do in order to obtain a true
measure of his/her total lung capacity?

Tl anatim:

By inhaling as deeply as we can, we are actually filliag our lungs full
with air. When we blow all the air out through the tube and catch this
exhaled air in the jar above the water, the volume or capacity of our lungs
can thus be measured. This we do by reading off the volume of air in the

jar. The larger this lung capacity, the more it is indicating that the
individual involved is enjoying better health.




17.23. HOW DO WE BREATHE?

Materials: 1. A large bottle with a rather narrow neck.
2. A one-hole stopper (fitting in the bottle neck).
3. A Y-glass tube (or straight tube).
4, Two small balloons & rubber bands.
5. One large balloon (or beach ball balloor).

one-hole stopper

Y-tube —.

| __——small balloons

pull rubber sheet
up and down

' 1. Cut the bottom of the large jar out, by covering it with a cam thick layer
of hot oil, and touching the outside of the jar with an ice cube exactly
at the surface of the oil (the jar will crack and the bottom will drop

out). Smooth the edge by filing or firing.

2. Tie the two small balloons to the ends of the Y-tube with the rubber
bands. Hold the long end of the Y-tube through the jar neck and insert
the one-hole stopper over the Y-tube and in the jar neck.

3. Cut the large balloon in half, stretch it over the open bottom of the jar
and tie or tape it around airtight (it represents the diaphragm).

4. Pull the center of the diaphragm up and down and observe the balloons

expand and collapse.

tions:

1. what does the Y-tube represent in this demonstration?

2. What do the small balloons and the stretched rubber sheet represent?

3. What made the small balloons expand?
4.Whatstageofthebreathingcwldtheexpandedstateoftheballomsbe

5. How different would it ¥ to oommare the glass jar with our chest cavity?
How are they th. same?

Explanation:
The Y-tube in our demonstration represents the bronchial tube, the small

balloons, the lungs, the rubber sheet, the diaphragm, and the jar, the chest
cavity. This latter one, however, can be expanded or contracted through the

‘ flex Sle rib joints, which is not the case with the glass jar. By pulling
the rubber sheet down, the pressure inside the jar decreases, thus sucking
the air fraom outside into the small balloons (inhaling).
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HUMAN BIOLOGY MUSCLE COORDINATION

17.24. THE UNCONTROLIABLE FOOT

Materials: 1. A blank sheet of paper

Procedure:

2. A pencil or pen.

cerebellum

sensory message
to brain

motor message
from brain
to feet

1. Stand up next to the table with the paper in tront of you.

2. Hold the pen or pencil in your right hand (if you’re right-handed).

3. If you’'re right-handed, let your right foot rotate in a clockwise direction
(describing small circles on the floor with you right foot).

4. Try to keep your foot rotating while simultaneously writing a large number
6 on the paper. Observe what your foot is doing!

5. Now repeat point 3 and 4 but with your left foot making the clockwise
motions. Try drawing the six now with your right foot making counter-
clockwise motions. Then do the same with your left foot.

Questions:

1. Which of the four combinations was easiest to carry out?

2. When moving your foot in a clockwise direction, was it easier to do it
with your left or right foot (while drawing = 6)?

3. Did you try to write the sixes with your lef. hand (if you’re right-handed)
while rotating your foot?

4. What makes it so difficult to rotate your right foot (when right-handed) or
your left foot (when left-handed) in a clockwise direction?

5. What part of the human body controls the muscles?

Explanation:

The cerebellum located in the base of the cerebrum of the human brain
controls the coordination of voluntary movements. The cerebellum is important
for such activities as walking, dancing, playing ball, or even for such
routine tasks as tving a shoelace or writing a figure 6.

Doctors have known for generations that nerve fibres fram the right side of
the body cross over in the brain sten to the left side of the brain.
Similarly, nerve fibres fram the left side of the body cross over to the right
side of the brain. In other words, the whole left side of the body is
ocontrolled by the right half of the brain, and similarly, the whole right side
of the body is controlled by the left half of the brain.

By writing a figure 6 with the right hand, the left half of the brain has
instructed the right hand to make a counter-clockwise motion. The right foot
could easily make the same counter-clockwise motion, but the opposite movement

requires a special effort.
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HUMAN BIOLOGY MUSCLE COORDINATION

17.25. THE KICKING FROG LHEGS

Materials: 1. A freshly cut frog leg.
2. A copper (bronze) bolt, and two nuts.
3. 2n iron stard or frame (galvanized iron strip will do).
copper bolt
T frog leg
—— galvanized
iron strip
bend
iron strip
\ )
Procedure:

1. Drill a hnle in one end of the iron strip and attach the copper bolt
tightly to this strip with the two nuts.
2. Bend the iron strip at a spot in such a way that when the frog leg is hung
from the bolt, the foot will touch the lower part cf the iron strip.
3. Pierce the frog leg through the copper bolt in the thigh and let the lej
‘ droop down. Observe the spasms!

Questions:
1. What made the frog leg go into spasms?

2. What would be necessary for a muscle to contract?

3. Would an iron bolt do the same thing for the frog leg?

4. Would this demonstration work if you use an iron bolt in a copper stand?
5. What other metals would give this same contraction in the frog leg?

6. How can we find out which metals give the potential difference?

7. How can we compare this with human muscles and their contraction?

8. Why is it dangerous to grab a live wire on purpose?

9. How should we test a live wire with our hands?

Explanation:

There is a potential difference between copper and iron. At the mament
that the frog leg touches the iron frame, while it is suspended from the
copper bolt, an electrical current (a flow of electrons) is running through
the muscle and makas it to contract. After a while the leg muscles relax and
the leg droops down, the foot touchcz the iron and the leg goes into spasms
again.

The further apart two metals are in the electramotive series, the larger
the potential difference, 1n other words the larger the difference in
tel dencies to go into solution or give off electrons. Other combinations are:
copper and zinc, magnesium and copper, iron and silver, etc.

Human muscles are also controlled by electric currents. It is therefore
very dangerous to deliberately grab a "live" wire, as you may not be able to

‘ let go of the wire. In order to test a live wire, use the back of your
fingers or hand and touch it for a short moment. If the wire sends
electricity through your muscle, your fingers will be moving away from the
wire rather than clamping around it tight ~.
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HUMAN BIOLOGY BODY BUILD OF
MEN VS WOMEN

17.26. ARE WOMEN MCRE AGILE THEN MEN?

Materials: 1. A cigarette box (or any other object of the same dimensions).

Procedure:
1. Let one of the ladies in the audience sit on her knees and lower leg (like
in a kneeling position) on the floor.
2. Place a cigarette box (or other small object) in front of her the length
of her forearm away from her knees on the floor.
3. With arms behind her back, let her bend forward and knock the object over
with her nose! Men cannot do this without falling forward!

Questions:
1. Why can wamen knock che object over without falling, but not men?
2. Are women actually more agile and lean compared o men?
3. What is different in the basic skeleton built of -vamen compared to men?
4. Where is the center of gravity of wamen located?
5. Where is the center of gravity of men located as campared to women?
6. How would the exceptions of wamen that cannot do the trick be built?
7. How would the exceptions of men that can do the trick be built?

Explanation:

In general, women’s body structure is such that they have a lower center of
gravity, because of their wider hips and heavier bone structure in the lower
abdomen part of the skeleton as campared to men’s structure. Similarly we can
say for men in general, that they have wider shoulders as compared to women.
This makes the center of gravity of men’s bodies higher than women ’s.

This lower center of gravity is the main cause for women to be able to bend
forward in the kneeling position without falling over forward. When men try
to bend over they will fall forward because of the locaticr ~f their center of
gravity. When this center of gravity passes beyond the knees, their bodies
will topple forward. (See also Event 13.10 for a similar activity).
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HOMAN BIOLOGY DIGESTIVE SYSTEM

17.27. TURN A CRACKER INTO SUGAR

Materials: 1. Unsalted and unsweetened crackers.

G \

chew cracker—__ \’}) \'
)
!

§\~/ b

Procedure:
1. Distribute one cracker to each student.
2. Let them chew the cracker without swallowing it for a minute or two.
3. Ask them the following questions.

‘ Questions:
1. How did the cracker taste in the beginning of the chewing?
2. How did the cracker taste at the end of the chewing period?
3. What was the cracker mixed with in your mouth?
4. what does your saliva do to the cracker while chewing?
5. What agent in your saliva breaks down the starch molecules?
6. Are sugar molecules smaller or larger than starch molecules?
7. Why is it better to chew food a little loger before swallowing?
8. What would happen if we almost did nct chew our food?

Explanation:
The cracker that was put in the mouth consists of carbohydrates (starch).

This being unsalted and unsweetened, will taste quite bland in the beginning
of the chewing period. While the cracker is being pulverized into the pulpy
mass calied a bolus, the digestive juice of the salivary glands begins a
breakdown of the carbohydrates. An enzyme (amylase) in saliva splits the
molecules of starch into smaller molecules of sugar. This enzyme cannot
break down starch particles that ar still enclosed in their natwal
cellulose envelopes, therefore starches should be cocked before eating.

Another purpose of the saliva is to provide moisture needed by the taste
buds. Saliva also has a cleansing action on the teeth. It washes away food
particles that otherwise might provide a hame for bacteria.

By chewing food a little longer before swallowing, it gets mixed more
thoroughly with our saliva, providing an opportunity for the enzymes to bra2ak
down the large starch molecules, and by the time tue food reaches the stamach

‘ and the intestines, it can be easily digested.
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HFMAN BIOLOGY DIGESTIVE SYSTEM

17.28. TRY DRINKING WHILE STANDING ON YOUR HEAD

Materials: 1. A glass of driniing water or juice.

1
2. A bent drinking tube or flexible drinking straw.

water or
Jjutice

Procedure:

1. Ask one of the students to assist you, to put the straw in your mouth as
soon as you are ready to drink.

2. Try to stand on your head against the wall (if this is not possible, bend
fram your waist down until your head touches the floor).

3. Have your student assistant bring you the glass and straw so that you can
drink fraom it.

4. Suck through the straw while your body (or upper body) is upside down, and
empty the s#hole glass.

Questions:
1. Is gravity needed to make fluids come down the esophagus?

2. Can we drink water while we stand on our head?

3. How does food go down the esophagus into the stomach?

4. Is the esophagus like a glass or rubber tube going in the stamach?

5. Why did the fluid not flow out of the mouth when drinking upside down?
6. What is the muscle action called, which pushes fuaxd into the stomach?

Explanation:
|
|
|
\

After fond is swallowed, it enters the esophagus. Here it is pushed along
by muscle action, which is called peristalsis. This movement of the food iz
carried out by involuntary muscles. There are two layers of muscles: the
innerlayerformsaseriesofcirclesamnﬂthetube,arﬂthemterlayeris
longitudinal. When the inner layer contracts, the tube becomes smaller at
that point, anu when they relax the longitudinal muscles contract. This
alternmate contraction and relaxation of the two sets of muscles push the food
along the tube in peristaltic waves. This is the reason why food, whether it
is in solia or liquid form, may be swallowed with the body pasitioned in any
direction. Gravity has little or no influence on this.
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APPENDIX

Table 1.

HUMIDITY CHART

Difference between Dry- and Wet-bulb Thermometers

Degrees - C 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0
Reading of
Dry-bulb Percent Humidity
\ Thermometer
Degrees - C
17.5 95 89 84 79 74 69 64 60 55 51 46 42 38 33
18 95 89 84 79 74 70 65 60 56 51 47 43 38 34
‘ 18.5 95 90 85 80 75 70 €5 61 56 52 48 44 39 35
19 95 90 85 8 75 71 66 61 57 53 49 45 40 36
19.5 95 90 85 80 76 71 66 62 58 53 49 45 41 37
20 95 90 8 8 76 71 67 63 58 54 50 46 42 38
20.5 95 90 8 a1 76 72 67 63 59 55 51 47 43 39
21 95 90 8 8 77 72 68 64 60 55 52 48 44 40
21.5 95 91 8 81 77 T2 68 64 60 56 52 48 45 41
22 95 91 86 8 77 73 69 65 61 57 53 49 45 42
22.5 95 91 8 82 78 73 69 65 61 57 53 50 46 42
23 95 91 86 82 78 74 70 66 62 58 54 5) 47 43
23.5 95 of 87 82 78 74 70 66 62 58 55 51 47 44

Table 2. DENSITIES OF SUBSTANCES

Hydrogen

Substance. Density (g/cc)
Mercury 13.6
Lead 1.3
Steel 7.6 - 7.8
Aluminum 2.70
Glass 2.4 - 2.8
Glycerine 1.27
The Human Body 1.07 (Average)
Water 1

Q Ice 0.917
Aloohol 0.794
Cork 0.24
Room Air .2 x 103

Table 3. INDEXES OF REFRACTION

Substance Index of Refraction
Diamaond 2.4173
Glass, dense flint 1.655

, Srown 1.517
Carbondisulfide 1.6255 (209)
Carbontetrachloride 1.460 (200
Ethyl alcohol 1.361 (200
Water 1.33299 (2
Ethyl ether 1.00152
Carbondioxide 1.000450
Air 1.000293
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INDEX

ACETONE, 5.19
ACETALDEHYDE, 5.19
ACIDS & BASES, 5.3, 5.4

ACTION, capillary, 4.19, 16.15, 16.16

force in, 14.10, 14.15
ADHESION, 4.19-4.21
AIR, 1.1-1.43, 5.14, 5.30, 16.13
AIR, burning of, 5.30
exhaled, 5.14, 17.21
expansion of, 1.25-1.34
flowing, 2.1-2.8
inhaled, 17.21
lift, 1.39
occupying space, l.1-1.6, 1.16
pressure of, 1.7-1,27
ALQOHOL, 4.3, 4.8, 4.32, 7.20
burner, 1.11, 1.13, 1.14,
4.6, 5.3, 5.12, 5.19,
5.24, 5.25, 7.3, 7.4,
7.5, 7.9, 7.15, 7.17,
7.18, 7.19,
ALKA SELTZER, 4.34
ALUMINUM, 5.18
ALUMINUM BAR, 12.14
FOIL, 9.8, 10.6, 14.11
PIPE, 12.15
AMMON1A, 1.42, 5.10, 5.15
AMMONIUM CHLORIDE, 1.42, 5.10, 5.15
AMPLIFIER, sound, 12.1
ANEMOMETER, 3.6, 3.7
APPLE, 14.8
ARCHIMEDES, 4.37
ARM, 13.41, 17.15
ASTRONOMY, 15.9, 15.10

BAG, paper, 1.28
plastic, 1.1, 1.2, 1.39
BAKING SODA, 5.3
BATANCE, 1.28
BRALL, 1.38, 2.3, 2.7, 3.17
styrofoam, 13.6, 15.9
BALIOON, 1.13, 1.22, 1.23, 1.32,
1.37, 4.2, 9.1, 14.10, 17.23
BALIOON, charged, 9.1, 9.10, 9.12
BARIUM NITRATE, 5.23
BARCMETER, 3.3, 3.4

BATTERY, 10.1-10.9, 10.14, 10.15, 10.17,
10.18, 14.14
BATTERY, coin, 10.12
liquid, 10.10
BATTERY POLES, 10.3
BELL, 10.18, 12.10
soundless, 12.10
BELT HANGER, 13.19
BERNOULLI, principle of, 2.1-2.7, 2.9,
12.16
BICEP, 13.41
BIOLOGY, human, 17.1-17.28
BIONIC FINGER, 1.16, 1.17
BLACKBOARD, 9.1
BOILING POINT, 4.15-4.17
BOLT, hot, 6.1
BOOK, 6.13, 7.16, 9.3, 10.10, 12.8, 13.2,
13.42, 14.6
swinging, 12.8
BOOMERANG, 14.27
BOTTLE, confused, 7.8
glass, 1.29, 6.6, 122, 13.24
medicine, 1.27
singing, 12.9 |
soda-pop, 3.1, 7.8, 14.5
wide mouth, 1.2, 3.2, 3.3
BOX, 1.5, 15.6, 15.9, 16.2
BREEZES, 6.3
BUBBLES, popping, 12.11
BUCKET, angry, 5.26
BUGLE, 12.16
BULB, 10.1-10.8, 10.11, 10.17
flash, 10.10
BULB POLES, 10.3
BUOYANT FORCE, 4.36, 4.38, 4.39
BURGLAR ALARM, 10.2
RURNER, Bunsen, 7.6
propane, 12.5

CABBAGE, 5.3
CAICIUM BICARBONATE, 5.14, 17.21
CARBONATE, 4.7, 5.8, 5.14, 15.2,
16.11, 17.21
HYLROXIDE, 5.14, 16.11, 17.21
CAMERA, 11.1
CAN, come-back, 13.30
falling, 13.4
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CAN, soda-pop, 2.5, 6.5, 12.12
tin, 1.12, 1.18, 3.12, 14.12

CANDLE, 1.33-1.35, 4.32, 5.26
7.16, 16.18

CANDLE FIAME, 2.9, 2.10, 7.7
HOLDER, 9.12
SNUFFER, 1.5, 7.1

CANNISTER, 14.9

CANNON, 6.5

CAPACITOR, static, 9.13-9.14

CAPILIARY ACTION, 4.19, 16.15

CARAFE, 16.18

CARBON, 5.1

CARBON DIOXIDE, 5.8, 5.14, 17.21
DISULFIDE, 5.21, 5.22, 7.20
TETRACHLORIDE, 5.13, 7.20

CARD, paper, 1.7, 2.2, 2.6, 4.25
13.1, 13.3, 14.27, 17.1

CARNATION, 16.15

CARROT, 16.4, 16.14

CATALYST, 5.18-5.20

CELL, guard, 16.13

CHAIK, 14.5

CHANGE, physical & chemical, 5.1, 5.2

CHARCQAL, 5.1
CHARGE, induced static, 9.11
CHEMISTRY, 5.1-5.39
CHLOROPHYILIL, 16.10-16.12
CIGARETTE, 7.2
CIRCLES, wobbling, 13.16
CIRCUIT BREAKER, 10.18
CIRCUIT, parallel & series, 10.5
CIRCUITS, 10.2, 10.3, 10.5-10.9,
10.18

CIRCULATORY SYSTEM, human, 17.20
CLAY, 4.36-4.7, 4.39, 17.3
CLIMATE, 3.17, 3.18
CLOTH, 1.21, 15.1

damp, 12.14
cLoup, 3.1, 3.2, 3.11
COAT HANGER, 6.7, 12.13, 14.16
QODERS, in human eye, 17.7
COHESION, 4.18, 4.20, 4.21

COIL, Wire, 7-].' ].0..1.3, ].0.].4, ].0-].7

COIN, 1.31, 7.2, 10.12

COLOR, 5.4, 5.11, 5.23, 7.11, 17.7
warm & cold, 7.11

cavB, 9.6-9.9, 12.1

CQMBUSTION, 5.30

COMBUSTION, spontaneous, 5.21-5.25
COMPASS, magnetic, 8.8-8.10, 10.15,
10.16
CONDZNSATION, 3.10, 3.11, 4.10
CONDITIONING, 17.19
CONDUCTION, heat, 7.1-7.6
CONDUCTIVITY, current, 10.1-10.4
CONDUCTOR, 10.1, 10.2, 10.4
semi-, 10.4

CONVECTION, heat, 7.6-7.10
COPPER, 5.17, 5.19, 10.10, 10.11
COPPER NITRATE, 5.16, 5.23

SULFATE, 5.17

TUBING, 7.3
CORK, 2.13, 4.21, 7.4, 13.6
COTTON, charless, 7.2
CRACKER, 5.7
CROWN, 4.37
CRYSTALS, 4.10
cup, 1.15, 1.22, 4.26, 9.14

paper, 7.19

CURRENT, fluid, 7.9
CURRENT SOURCES, 10.12-10.13
CYLINDER, cardboard, 17.4, 17.10

glass, 1.36, 4.3, 4.27, 5.20,

5.22
DAYS, 3.17
DENSITY, 4.32-4.42
DEPTH, 17.3

DETERGENT, 4.24, 4.25, 4.27, 5.20
DEW POINT, 3.10

DIFFUSION, 7.8

DIGESTIVE SYSTEM, 17.27, 17.28
DIME, 4.26

DISH, Petrie, 9.4, 9.5
DISPERSION, 11.16-11.19
DISPLACED WATER, 4.36-4.42
DISTILIATION, 4.17

DIVER, 1.40

DOG, barking, 5.22

DOORBELL, 10.8

DOWEL, wooden, 7.3

DYNAMO, 10.13

EARTH, 15.9, 15.10
EARTH SCIENCE, 15.1-15.8
ECLIPSE, 15.10

EFFORT, 13.39-13.42



EGG, 1.26, 4.38, 16.5
ELFECTRICITY, current, 10.1-10.8
static, 9.1-9.14

ELECTRODE, 10.10, 10.11

ELECTROLYTE, 10.10, 10.12

ELECTROMAGNET, 10.14, 10.17, 10.18

ELECTROMAGNETISM, 10.14-10.18

ELECTROPHORUS, 9.12

ELECTROSCOPE, 9.8, 9.10

ELEVATOR, 14.32

ENERGY, 6.1-6.17
chemical sources, 6.4, 6.5
heat sources, 6.8
magnetic sources, 6.9
mechanical sources, 6.6, 6.7
nuclear sources, 6.10
potential vs. kinetic, 6.13-

6.16

ENZYME, 17.27

EROSION, 15.1-15.5

ESOPHAGUS, 17.28

ETHER, 5.13

EVAPORATION, 3.13, 4.8

EXHAUST, rocket, 5.25

EXPANSION by heat, 7.13-7.18

EXPANSION of water, 15.4

EXPLOSION, 5.7, 5.26, 6.5

EYE, human, 17.1-17.14

FAN, electric, 3.5, 6.3
paper, 2.14
FERROUS SULFATE, 5.17
FINGER(S), 1.15-1.18, 9.9, 9.11
9.12, 13.13, 13.19, 13.21, 14.16
FINGER, bionic, 1.16, 1.17
FISHING LINE, 13.4, 14.10
FISSION, 6.10
FLAG, chemical, 5.21
FLAME, 2.9, 2.10, 4.7, 5.23, 7.7
cool, 7.2C
FLAME EXTINGUISHER, 4.7
FLASHLIGHT, 15.19
FLASK, distillation, 4.17, 5.30
Erlemmeyer, 1.13, 4.9, 4.10
5.33, 7.14
round-bottam, 1.14, 7.13,
12.10, 12.11
FORCE, buoyant, 4.36, 4.38, 4.39

FORCE, centripetal, 14.16-14.20
centrifugal, 14.16-14.20
direction of, 14.5

FORCES, 13.1-13.43

latent, 13.30

FORK, 13.7, 13.20

FOUNTAIN, 1.14, 1.19

FREEZING, 3.12, 4.10, 6.2

FREEZING POINT, 6.2

FROST, 3.12

FULCRUM, 13.6-13.9, 13.20, 13.39-13.41

FUNNEL, 1.6, 2.3, 5.26, 15.6

FUSE, 10.6

FUSION, 6.10

GALVANOMETER, 10.12, 10.13, 10.16
simple, 10.13, 10.16
Gas, 4.9, 4.10
burning of, 5.30
properties of, 5.8

GAS PRODUCTION, 5.7-5.9
GENERATOR, 10.13
GERMINATION, 16.1
GEYSER ACTION, 15.6
GlASS, drinking, 1.7, 13.20, 16.1, 16.9

magnifying, 11.12, 16.17

singing, 12.6

window, 9.3, 15.3, 16.3

wine, 12.6, 13.31, 14.17
GLYCERINE, 4.28, 5.20, 5.25, 6.10
GRANITE, 15.2
GRAPE, 4.35
GRAVITATIONAL PULL, 13.3, 13.4, 14.19-20
GRAVITY, 13.1-13.5, 14.19, 14.20, 16.7

center of, 1,.6-13.18, 13.22,
13.31

GROWTH, plant, 16.2-16.7

HAIR, 3.15
HAMMER, 13.9, 13.16, 13.40
HAND, 17.10-17.12, 17.16
HARMONICS, 12.16
HEARTBEAT, 17.20
HEAT, 6.8, 7.1-7.20
heavy, 7.17
HEAT CAPACITY, 6.1
OF FUSION, 6.2
OF VAPORIZATION, 6.3
RACE, 7.4, 7.5




HEAT vs. TEMPERATURE, 6.1

HOLE, 17.10

HOOP, 14.5

HOTPLATE, 15.6

HUMIDITY, 3.13-3.15

HYDROCHLORIC ACID, 4.7, 5.4, 5.8,
5.10, 5.17, 15.2

HYDROGEN, 5.8, 5.29

HYDROGEN PEROXIDE, 5.11, 5.20

HYGROMETER, 3.14, 3.15

ICE, 4.6, 4.13, 4.14, 6.2, 7.6
ICE-WATER, 7.6

ILLUSION, 17.8-17.14

IMAGE, 11.12, 17.1

INDICATCR, 5.3, 5.4
INFERENCE BOARLS, 10.8
INERTIA, '4.1-14.6
INSULATION, 7.1, 10.3

IODINE, 4.9, 5.1, 5.13, 5.18
IRON FILINGS, 5.17, 8.5, 8.8
ISOSTATICS, 15.5

JAR, gallon, 3.2, 3.3, 3.14, 9.13,

17.22
glass, 15.4
JUICES, 7.13, 7.14
JUMI'ING JACKS, 9.3

KETTLE, 3.11
KINDLING POINT, 7.19, 7.20
KNIFE, 13.7, 13.31, 14.8

LAvVA, 15.6, 15.8

LEAVES, 16.8-16.14

LEMON, 10.11

LEFT HAND RULE, 10.15

LEVERS, first class, 13.29
second class, 13.40
third class, 13.41

LIGHT, 11.1-11.20, 16.2
traavel of, 11.1

LIGHTER FUEL, ©.5

LIMESTONE, 15.2

LIMEWATER, 5.14, 16.11, 17.21

LIQUID, 4.8

LOUDNESS, sound, 12.1

LUNGS, human, 17.22, 17.23

MAGIC, 1.25, 5.24, 8.3, 13.23, 13.30
MGNEI‘, bar, 8.1, 8.2, 8-5"8.11
disc, 8.3, 8.4
make-up of, 8.8
ring, 8.4
tamporary, 8.11
MAGN.STIC CONFUSION, 8.9
INDUCTION, 8.11
LINES, 8.5, 8.6, 10.14
MATERIALS, 8.1, 8.8
POLE, 8.2
RULE, 8.2, 8.9
MAGNETISM, 8.1-8.il1
attraction in, 8.3, 8.4
repulsion in, 8.3, 8.4
earth, 8.9, 8.10
MANGANESE DIOXIDFE, 5.20, 5.25
MARBLE CHIPS, 4.7
ORE, 15.7
MARBLES, 4.1, i4.15, 14.21
MASS, center of, 13.5-13.16, 13.21, 13.22,
13.31, 14.6
MATCHES, 7.7, 14.11
MATTEK, characteristics of, 4.1-4.42
MEDIUM OF TRAVEL, sound, 12.10, 12.13
MELTING, 4.6, 4.10-4.14, 6.2
MELTING POINT, 6.2
MEMBRANE, semi-permvable, 16.4, 16.5
MEN, 13.10
METAL, 4.23
METERSTICK, 6.13, 13.22, 13.31
MIDDLE. golden, 13,22
MIIK, 11.19
MILK BOTTLE, 1.26
CARTON, 4.18, 14.12
MIRRCR, 11.4, 11.5
MIXTURE, 4.3
MOLD, 16.17
MOLECULAR SPACING, 4.1-4.4
MOMENTUM, 14.15, 14.21, 14.27
angular, 14.26, 14.27
conservation of, 14.15,
14,21-14.25
MOON, 15.9, 15.10
phases of, 15.9
MOTHBA'.LS, 4.10, 4.34
MOTION,accelerated, 14.9
MOUNTAIN, 15.5
MUSCLE, 13.41




MUSCIE, involuntary, 17.28

NAIL, 8.11, 9.13, 10.13, 10.14,
10.17

NAIL MAGNET, 10.14

NAPKIN, rising, 7.10

NEEDLE, 4.23, 8.10

NERVE ENCINGS, 17.15

NERVOUS 3YSTEM, human, 17.15

NBEWSPAPER, 1.24, 17.4

NEWTON 'S FIRST IAW, 14.6-14.8
SECOND LAW, 13.4, 4.9
THIRD IAW, 14.10-14.15

NICKEL-CHROME WIRE, 10.9

NODES & ANTINODES, 12.15

OBOE, straw, 12.3

oL, 4.11, 4.31, 11.20
OPAQUENESS, 11.20
OSMOMETER, 1€.5

OSMOSIS, 16.4-16.6, 16.15
OXYDANT, strong, 5.23
OXYGEN, 5.8, 16.10

PAPER, 1.4, 1.30, 2.1, 7.3, 9.2,
11.20, 13.2, 13.31, 17.5
blotting, 10.12, 16.1
carbon, 7.11, 14.23, 16.12
scorching, 7.3

PAPER AIRPIANE, 2.12
CARD, 1.7, 2.2, 2.6, 4.25,

13.1, 13.3, 14.27, 17.1

PAPERCLIP, 8.11, 9.13, 10.1, 10.14,

14.11
floating, 8.1

PAPER FAN, 2.14

SNIPPERS, 9.3, 12.16
WING, 2.11

PEN, ink, 6.14

PENCIL, 10.4, 12.13, 17.3

PENDULUM, 6.16, 12.18, 13.28, 13.29,

17.3

PENNY, 1.31, 5.19, 13.3, 14.16

PENUMBRA, 15.10

PEPPER, 4.24, 9.4, 9.5

PERCEPTION, 17-7-17.11

color, 17.7

PERISTALSIS, 17.28

PHENOLPHTALEINE, 5.4

PHOSPHORUS, white, 5.21, 5.22
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PHOTOSYNTHESIS, 16.12
PIN, bobby, 17.15
knitting, 3.17, 13.6
PINHOLE, 11.1, 17.1
PIPE, water, 13.21, 13.39
weighted, 13.21
PITCH, reversing, 12.2
PITHRALL, 9.9, 9.11
PIVOT POINT, 13.6-13.9, 13.20
PIANE, inclined, 13.42, 14.30
paper, 2.12
PLANET, 14.26
PLANT, bending, 16.2
PIANTS, 15.3, 16.1-16.18
PLASTER OF PARIS, 15.3
pPOT, flower, 15.3, 16.2, 16.7
POTASSIUM CHIORATE, 5.7, 5.8, 5.23, 5.25,
5.28, 6.4
IODIDE, 5.11
PERMANGANATE, 5.23, 5.24, 7.9
POTATO, sweet, 16.14
POURING AIR, 1.3
POWDER, 4.27, 5.26
PRECIPITATE, 5.14
PRINT, soot, 16.8
PROJECTOR, overhead, 5.16, 5.29
PROPELLFR, 14.14
PULLEYS, 13.43

RACE, balloon, 14.10
cork, 2.13
neat, 7.4, 7.5
smoke ring, 1.43
straw drinking, 1.8
RADIATION, heat, 7.11
RAZOR BLADE, 4.23, 7.17
REACTION, catalytic, 5.18-5.20
exothermic, 5.24-5.26, 6.4, 6.5
endothermic, 5.35
force of, 14.10-14.15
precipitous, 5.14
rate of, 5.11
replacement, 5.16, 5.17
REFLECTION, 11.2-11.5, 11.13-11.15, 11.17
REFRACTION, 11.6-11.18
REPRODUCTION, 9.5
REPRODUCTION IN PLANTS, 16.17
REPULSION, static, 9.8-9.10
RESISTANCE, electric, 10.4-10.6, 10.9
in forces, 13.29, 13.41
variable, 10.4

4R3
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RESONANCE, 12.8, 12.9, 12.16
RESPIRATION OF PLANTS, 16.9-16.11
RESPIRATORY SYSTEM, human, 17.21-17.23
RETINA, 17.1
RING, 6.15
paper, 13.31
ROCK, 15.3, 15.4
ROCKET, 5.25
ROD, brass, 7.17
glass, 7.5
metal, 7.16
wooden, 14.8
ROOT, 16.3, 16.4
ROPE, 13.43, 14.7
ROTATION, 13.16, 13.31
plane of, 14.26, 14.27
RUBBER BAND, 4.5, 13.30, 13.41, 14.15
RULER, 9.3, 9.4, 9.8, 10.13, 10.16,
13.9, 13.42, 14.21, 14.23
magnetic, 9.2

SAIL, 14.14
SALIVA, 17.27
SALT, 4.4, 4.13, 4.39, 5.12, 9.4,
10.12
epsom, 15.1
SALT FORMATION, 5.10, 15.1
SAND, 4.1, 6.6, 15.5
SAUSAGE, charcoal, 5.1
SCALE, bathroom, 14.32
hardness, 15.2
spring, 13.42
SEEDS, 15.3, 16.1
SHOEBOX, 1.5
SIGHT, human eye, 17.1-17.10
SILVER NITRATE, 5.16
SIPHON, broken, 1.19
SKATE, roller, 14.14, 14.15, 14.22
SMOKE SCREEN, 5.10
SOAP, 4.25, 4.27-4.29, 6.10
SQOAP FIIM, 4.29, 6.10
SODA-POP, 4.35
SODIUM HYDROXIDE, 5.4
NITRATE, 5.23
THIOSULFATE, 5.11, 11.18
SOIL, 15.3
SOLUBILITY, 5.12-5.15
SOLUTION, saturated, 5.12, 15.1
SOUND, 12.1-12.20

SOUND ECHO, 12.19
PITCH, 12.1-12.6
TRAVEL, 12.10-12.13
VELOCITY, 12.18, 12.19
SOURCEY, current, 10.9-10.13
SPACE SCIENCE, 14.1-14.32
SPHERE, 2.4
SPINNING, 6.15, 13.31
SPLINT, wood, 5.8
SPOON, 13.20
SPRING SCALE, 13.42
STALAGMITE & STALACTITE, 15.1
STARCH, 5.11, 5.26
STATES OF MATTER, 4.6-4.12
STEEL BAILL, 13.4, 14.23
STEEL BAR, 8.6
STEELWOOL, 1.36
STICK, wooden, 1.24, 13.31, 13.29
STIMJLUS-RESPONSE, 17.19
STOMATA, 16.13
STONE, 13.2, 14.15, 15.2
STOPPER, one-hole, 13.6, 14.18
STORAGE, electrostatic, 9.13, 9.14
STRAW, drinking, 1.8, 1.20, 1.37, 2.9, 3.5,
3.15, 5.4, 7.16, 12.3, 12.5,
14.10
wheat, 16.18
STRENGTH, tensile, 16.18
STRESS, sudden, 13.31
STRING, 14.6, 14.7, 14.12
STRONTIUM NITRATE, 5.23
SuDs, 5.20
SUGAR, 5.1, 5.23, 6.4, 16.4
SULFUR, 5.7
SULFURIC ACID, 5.1, 5.23, 5.24, 6.4, 10.10
11.18
SUN, 3.18, 6.12, 15.9, 15.10
SUNSET, 11.18
SURFACE TENSION, 4.22-4.31
SWITCH, simple, 10.6, 10.9, 10.17, 10.18

’

TAPE, curving, 7.15
TELBGRAPH, 10.17
TELEPHONE, 12.12
TEMPERATURE, 3.9-3.12, 6.1
TEMPERATURE vs. HFAT, 6.1
TENDON, 13.41
TESTER, conductivity, 10.1
convection, 7.7




TEST TUBE, 1.9, 1.11, 8.8

THERMOMETER, 3.9, 3.13, 4.6, 4.15-
4.17, 6.1-6.3, 6.6

J THREAD, 14.7, 14.9

TORQJE, 13.19-13.21

TRANSLUCENCY, 11.20

TRAY, plastic, 14.17

TREE, silver, 5.16

TROMBONE, straw, 12.5

TUBE, plastic rigid, 12.17

TUNING FORK, 12.9

TURBINE, 6.14

TURBULENCE, 2.10

UMBRA, 15.10

VACUUWM, 13.3, 13.4
partial, 1.10-1.14, 1.16,
1.17, 12.10
VINEGAR, 5.3, 12.6, 15.2
VEINS, leaf, 16.8
VOLCANIC ACTION, 15.6

WAND, magic, 5.24
WASHFR, me*al, 12.7, 14.9, 14.18
WATER, 1.3, 1.4, 1.7-1.15, 1.18-1.21,
1.29, 1.33, 1.34, 1.36, 1.40,
3.11, 4.15, 4.27, 4.32, 4.39,
5.18, 6.14, 7.13, 7.14, 9.14,
10.10, 15.4, 16.4, 16.9
WATER, boiling, 1.10-1.14, 4.16,
7.6, 7.19
muddy, 4.17
rising, 1.10, 1.11, 1.14, 1.19,
1.29, 1.33, 1.34, 1.36, 2.8
WATER CYCLE, 3.11
STREAM, 4.18, 4.20, 9.6
WATERTIGHT, 1.21
WAVES, closed & open end, 12.17
longitudinal, 12.12, 12.14
standing, 12.8, 12.15, 12.17
transverse, 12.14, 12.15
WAX, candle, 7.5, 16.5
seal, 16.5
WEATHER, 3.1-3.18
hi-lo pressure, 3.1-3.4
WEATHERING, 15.1-15.4
WEIGHT, 1.38, 7.6, 13.22, 13.30,
13.42, 14.7, 14.22

WEIGHTLESSNESS, 14.32
WHEEL, 6.8
WIND, in weather, 3.5-3.8
WIND CURRENT, 3.8
WIND DIRECTION, 3.5, 3.7
WIND ENERGY, 2.13, 2.14
WIND SPEED, 3.6, 3.7
WINDVANE, 3.5
WINTER, 3.16, 3.17
WIRE, aluminum, 7.5
copper, 5.16, 7.4, 7.5, 7.18, 9.14,
10.1-10.8
iron, 4.14, 6.7, 7.5, 13.19, 14.23
WIRE FRAME, 4.14, 6.10
wWooD, 13.19, 13.41, 15.1, 15.5
WOMEN, 13.10

ZINC, 5.8, 10.10, 10.11
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Are you looking for ways to capture the interest of your
students? What is the secret to create in your students that
eager want to know more about science?

Find out how DISCREPANT EVENTS car work for you and help you put
more srark and spunk in your teaching. Dr. Liem will
demonstrate a selected number of DISCREPANT EVENTS, involve you
in doing the same with very simple materials, and leave you
totally motivated in the teaching of science!
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‘ conduct an Inservice Workshop, please contact:
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Tel:(902)867-2225/863~1314

486




ABOUT THE AZITIOR

The author obtained his Bachelor
and Master of Chemical Engineering in
1957 and 1958 respectively fram the
University of Indonesia, and in 1965
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with teachers and students gave him
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science teachers at hame and abroad.

Tik Liem, who has illustrated this
book himself, is also an accamplished
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