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LEARNING OBJECTIVES A

Upon completing this chapteryau should be abile to: - Re
- Describe the motions of the Sun, Moon, and stars as they apy|
tise alang the eastern horizan, move across the sky, and thi
set along the western horizon. - Ex
= Recognize the kinds of fixed patterns of stars called chi
constellations. fer
» Explainwhy different constellations are visible at different » De
times of the year. ecl
» Define the cycles of the Sun, Moon, and stars that are the ate
basis for the day, month, and year. « Ex
» Describe how and why the shape of the lit portion of the shl

Moon seen from Earth changes during the month.
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The angle of the Sun above the horizon at noon is almost
never straight overhead, contrary to common belief. The
only place the Sun ever passes straight overhead is in the
tropics (between latitudes 23 5° South and 23 5% North),
and this happens on only one or two days each year.

Because the celestial sphere’s equator and poles lie
directly above Earth's equator and poles, an chserver’s
zenith is as far north or south of the celestial equator as
the observer’s latitude is north or south of Earth's equa
tor. This tells you where the noon Sunwill be an the equ
noxes, when the Sun is on the celestial equator.
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For example, consider Phoenix, Arizona, at latitude
33.5° North. At noon on the equinoxes, the Sunis 33.57
south of the zenith. Because the zenith is by definition
90" above the horizon, this means the Sun is 56.5% above
the herizon. And the Sun is never straight overhead.

On the summer solstice in Phoenix, the Sun is 23.5°
narth of the celestial equator, so it is only 107 from the
zenith, or BO/ 07) above the horizon. On the

other hand, at the winter selstice, the Sunis 2357 south
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EXTE"NDING

When the Moan is full, it lies approximately oppo
where the Sun lies, but when the M

OBSERVING THE MOON
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dle of fig. 1.20). These connections between the Moon’s the horizon, the crescent moon must be below the ho-

phase and its position with resp the Sun are the key  rizon too. Moreover, the crescent moon is hard to see
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Sun, it rises above the eastern horizon at about the 123 PrDbmgtheSunsCore 3
time that the Sun sefs bel the western horizon.
wise, the full moon sefs at about the time the Sun f

an introduction to astronomy Therefore, the full maen is visible all night and hig Neutrino detectors are constructed deep underground or underwater to shield them
9th edit the sky near midnight. from the many other kinds of particles besides neutrinos that constantly bombard Earth.
e For example, protons, electrons, and a variety of other subatomic particles constantly
shower our planet. These particles, traveling at nearly the speed of light, are called cosmic
rays and are thought to be particks blasted across space when a massive star explodes.
Muost cosmic rays penetrate only a short distance into Earth; so if a detector is located deep
underground, nearty all the cosmic rays are filtered out. Neutrinos, however, are unfazed by
amere mik of solid ground: on the average they could travel through a light-year of lead!
Thomas T. Arny When astronomers first tried to detect solar neutrinos in the 1960s, they found
Stephen E. Schneider only one-third the expected number coming from the Sun. At first it was assumed that
the_detectors were simnhe not workinge as we |l as sxnected_bnt over decades of afforis
SCIENCE SOLVING THE SOLAR NEUTRINO PUZZLE
art work
In the 1960s American scientist Raymond Davis designed the three kinds, thus perhaps explaining why only one
and built the first detector that successfully measured third the expected number were observed. However,
neutrinos emitted by the Sun. After the factor of three the kind of neutrina Davis's experiment could detect
discrepancy in solar neutrino counts was discovered, was the same kind that was produced by the nuclear
Davis worked for two decades improving the detector and  reactions in the Sun, so most particle physicists were
measurements and searching for any errors, but could skeptical that the factor of three was anything more
4  find none. Astronomers proposed a wide variety of ideas than a coincidence. A revised model of neutrinos was
bo explain the discrepancy. Might the Sun's interior be developed that suggested these elusive particles could | o waves
d nuch different from what we thought? Was our under change into each other if they were not the massless penes
standing of the nuclear reactions taking place in the Sun particles they had been previously believed to be. With
ncomplete? Was the Sun was undergoing a change inits this new hypothesis about the nature of neutrines. in

. ) . core that did not yet show up inits light output? Each of the 1980s scientists began building a new generation of

When the Moan is full, it lies approximateh these possibilities was carefully examined and eventually neutrino detectors that could detect all three varieties.
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SUMMARY

The night sky looks like a giant dome, which we model as part
of a celestial sphere. Star patiermns on the celestial sphere are
called constellations. According to this model, stars rise in the
east and set in the west as the celestial sphere rotates around
Earth. This apparent motion is actually caused by Earth's spin.

The Sun's glare hides the stars behind it. However, as
Earth orbits the Sun, the Sun changes its position with re-
spect to the stars, making different constellations visible at
different times of year. The path that the Sun follows around
the celestial sphere is called the ecliptic, and the 12 constel-
lations close to the ecliptic are called the zodiac.

The ecliptic is tipped at an angle of 23.5” to the celes-
tial equator because Earth’s rotation axis is tipped by that
amount with respect to its orbit. The solstices and equinoxes
mark when the Sun reaches its maximum angle from the ce-
lestial equator and when it crosses the equator, respectively.
These dates define the onsets of the seasons.

Earth's spin keeps its rotation axis pointing in nearly
a fixed direction as we orbit the Sun. Because the axis is

QUESTIONS FOR REVIEW A

. (1.1) What is the celestial sphere? What are the celestial

SUMMARY

equator and the ecliptic?

. (1.1)What is the difference betweaen rotation and revolution?
. (1.1/1.2) What is a constellation, and what is special about

the zodiac conste llations?

4. (1.2) What causes the seasons?

The night sky looks like a giant dome, which we model as part
of a celestial sphere. Star patiemns on the celestial sphere are
called constellations. According to this model, stars rise in the
east and set in the west as the celestial sphere rotates around
Earth. This apparent motion is actually caused by Earth's spin.

9

10.

|

tipped, the Sun shines more directly on the Morthern Hemi-
sphere for half the year and on the Southern Hemisphere for
the other half of the year. This difference in exposure to the
Sun’s light and warmth creates the seasons.

Ancient peoples built monuments to trace the mo-

(1.2) Why do we have time zones? Sketch and label a dia-
gram to justify your answer.

(1.3) Provide two or three pieces of evidence you could
use toexplain to someone that the Moon's phases are not
caused by Earth’s shadow.

(1.3) If the Moon orbited Earth in the opposite direction,
but everything else emained the same, how would the si-
dereal and solar months change (if at all)? Creale a drawing

5. (1.3) What causes the Moon's phases? like figure 1.19 epresenting this situation.
6. (1.3)How long does it take the Moon to go through a cycle
of phases? PROBLEMS J4—
7. (1.4)What s the difference between lunar and solar eclipses?
8. (1.4)Why aren’t there eclipses each month? I. (1.1} If Earth turns one full rotation in approximately

THOUGHT QUESTIONS 4

. (L.1) If you were standing on Earth's equator, where would

you look to see the north celestial pole? Could you see this
pole from Ausirakia?

. (1.1) Draw a sketch of Earth and a distant North Star, and

show that your latitude is the angle of the north celestial
pole above the northern horizon.

2

24 hours, how many degrees per hour does the sky turn?
(1.2) From a latitude of 557, what is the highest and lowest
angle above the horizon of the noon Sun? What will the
angle be on September 227

. (1.3) Make a sketch to calculate what times the waxing

crescent moon will rise and sef. Indicate the observer's lo-
cation and lines of sight to the Moon for these times.

. (1.3) Calculate how many degrees the Moon moves in its

orhit in one day based on its 273 day period mlative to the

3. (1.1} Can you think of an astronomical reason why the zo- stars. Use this resalt and the answer to problem 1 to deter-
: . - diac may have been divided into 12 signs rather than £ or 167 mine how much later the Moon rises each day.
ll:prpcd. fhe Sum shines muae 4. (1.1) Draw skeiches to show the angles setting stars would 5. (1.3/1.4) The Moon crosses down through the ecliptic every
phere for half the year and on i N - i 5 N . . A N i

the other half of the vear. This make relative to the horizon for someone watching at the 27.21222 days (“draconic period”). Its synodic period, the
Sun’s light and warmth creates equator, the north pole, and a midlatitude. period of the phases, is 29.5306 days. Show that 242 dra-
Ancient peoples built 5. (L.1V1.2) When it is winter in New York, what season is it in conic periods very nearly equals 223 synodic periods. How
tions of the Sun through the Australia, and in Paris? If you see Orion in the evening in New long is this in years? W hat does this suggest about eclipses
the position of the Moon, w York, would you see it in the evening in Australia or Paris? and why? (This match of cycles is called the saros and was

of phases every 29.5 days. T} 6. (1.2) If the shape of Earth's orbit were unaltered but its used by ancient astronomers to predict eclipses. )
around Earth is at a small 2 rotation axis were shifted so that it had no tilt with espect 6. (1.4) Find how many hours it takes the Moon to move inits
around the Sun (the ecliptic). to the orbit, how would the seasons be affected? orbit a distance equal to Earth’s diameter. (You will need to
close to the ecliptic, therz ca 7. (1.2) Why does the position of sunrise along the eastzm detzrmine the speed of the Moon in its orbit. You can find

respectively.
Because of the small size
the full moon can be complete

horizon change during the year?

values for the diameter of Earth and the radius and period

axis were shifted so that it had no tilt with respect 6. (1.4) Find how many hours it takes the Moon to move in its
prbit, how would the seasons be affected? orbit a distance equal to Earth’s diameter. (You will need to
hy does the position of sunrise along the eastern determing the speed of the Moon in its orbit. You can find
b change during the year? values for the diameter of Earth and the radius and period

lunar eclipse, but during a solar eclipse the Moon's shadow
covers only a narrow path across Earth. The dates close to
when the orbital planes of the Moon and Earth cross are
called eclipse seasons, which gradually shift as the orienta-

tion of the Moon's orbit changes over time.
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. I 3.6 Measuring an Object’s Mass Using Orbital Motion 79

m Measuring an Ogject’s Mass Using OreitaL MoTion

Knowledge of orbital motion is important for more than jost understanding the paths of )
astronomical objects. From the orbit’s properties (such as size and orbital period), as- Mewton drew upon Kepler's third law
Do s dnce phweical nroanerties of the abdting ahiente ench g thair maecas in deriving the law of gravity. Although
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Initial Velocity: 7.9 km/sec
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Planetary Mass: 1 Earth mass

Height Above Earth: 1.00 km

Planet
Escape Rocket (using Ve) Orbital Rocket (using Vo) O Earth O Mars O Mercury O Venus

Ve (km/s): 1.46 Vo (km/s): 7.93
Height (km): 5253.66 Height (km): 28.36 Sound

Elapsed Time (s): 2242 Elapsed Time (s): 2242 o] :{*Bl O :r) ‘j]"\}‘_‘[‘ O om
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Environmental science helps us understand our remarkable
planet

Imagine that you were an astronaut returning home after a trip to the moon or Mars. What a relief it would be, after the
silent void of outer space, to return to this beautiful, bountiful planet ( fig. 1.3). We live in an incredibly prolific and
colorful world that is, as far as we know, unique in the universe. Compared with other planets in our solar system,
temperatures on the earth are mild and relatively constant. Plentiful supplies of clean air, fresh water, and fertile soil are
regenerated endlessly and spontaneously by biogeochemical cycles and biological communities (discussed in

chapters 2 and (¥’ 3). The value of these ecological services is almost incalculable, although economists estimate that

they account for a substantial proportion of global economic activity (

m @ @ [ B 9 x

0 @ O

P FIGURE 1.3 The life-sustaining ecosystems on which we all
depend are unique in the universe, as far as we know.

Source: Norman Kuring/NASA
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Biotic factors

e biofic factors of an organism’s environment include all other forms of life that it interacts with. Some broad categories are: plants
that carry on photosynthesis: animals that eat other organisms; bacteria and fungi that cause decay: bacteria, viruses, and other
parasitic organisms that cause disease; and other individuals of the same species.

Limiting Factors

Although organisms interact with their surroundings in many ways, certain factors may be critical to a particular species’ success. A
shortage or absence of a specific factor restricts the success of the species; thus, it is known as a limiting factor Limiting factors may be
either abiotic or biotic and can be quite different from one species to another. Many plants are limited by scarcity of water, light, or
specific soil nutrients such as nitrogen or phosphorus. Monarch butterflies are limited by the number of available milkweed plants.
since their developing caterpillars use this plant as their only food source. (See{{-‘—rﬁgme 5.2)

Highlighted
content adapts
as students
work through
the practice
sets.

MDD o o9 conceps compeea

Multiple Select Question

Select all that apply
Which of the following are ways humans have negatively impacted the environment?

O We have drained wetlands.

[0 We have polluted our waters and atmosphere.

O we have developed alternate fuel sources.

[0 We recycle. W 00 18 Cancepts compieted (T

Your Answer () comeet

(%) Need help? Review these concept resources. Examples of agricultural practices that could aid in the restoration of ecological balance include which of the following?

ncreasing water and energy consumptian for the growing of

EE Read About the Concept

Reason: Humans must apply more water and energy co

vation sirategles In agriculture.

Rate your confidence to submit your answer. | ‘ | ‘ ‘ ‘

Practice sets with instant feedback
o measure understanding and
personalize the learning path based
on student responses.

Retumning organic material to the soll post-harvest to
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