Summer Packet for

students entering
AP Calculus AB or BC

The following pages include skills from previous courses that a successful AP Calculus student has. Each
topic includes links to YouTube videos to review the skills. Complete this packet at the end of the
summer to review these skills. Completion will be checked by your teacher by the end of the first week
of classes. Check your school email for Google Classroom Codes!

Additional Digital Resources:
Khan Academy Wolfram Alpha Paul's Online Math Notes  Purple Math Just Math Tutorials

YouTube:
Recommended YouTube searches: Organic Chemistry Tutor, Black Pen Red Pen, 3 Blue 1 Brown


file:///C:/Users/jshannon/Downloads/khanacademy.org
file:///C:/Users/jshannon/Downloads/wolframalpha.com
file:///C:/Users/jshannon/Downloads/tutorial.math.lamar.edu
file:///C:/Users/jshannon/Downloads/purplemath.com
file:///C:/Users/jshannon/Downloads/patrickjmt.com
file:///C:/Users/jshannon/Downloads/youtube.com

Algebra Skills: Factoring, Exponent Properties and Simplifying Rationals
Factor completely:

1 3
1 x3(x +4)° — 2x%(x + 4)° 2. 2x(5) (x+2)?%+ Zx(i)(x +2)3
Simplify completely:
1 4‘
3. (2x3y5) 4. (3x™%)?
8x(x+5)3—4x2(x+5)2 6 3(2x2-8)+12(x+2)?
16x2+80x ’ 12x2+6x—36

Sign Charts for solving polynomial Inequalities: Polynomial Inequalities

Example 1. x*-4x-5<0
Solution: (X + 1)(X — 5) <0 factor and determine critical values: x = -1, &
+ - +
-1 5
Answer: (-1, 5) MAark the zeros; pick 4 test point to determineg the sign of the

polumonnial im each inten/al- this (s called a SIGN CHARTT

Solve, include a Sign Chart
7. x3+7x>+10x >0 8.3x(x+2)3+9x2(x+2)?<0


https://www.youtube.com/watch?v=1QmbDMLt-XI
https://youtu.be/Zt2fdy3zrZU?si=txXay2AZQuzU70gq
https://youtu.be/uVpsz-xpnPo?si=w9vSaMrUT4M6YlNw
https://www.youtube.com/watch?v=Fd5ys4PQ-aM

Parent Functions Need to know! Determine any key characteristics, domain, interval of
continuity, symmetry, end behavior and type and location of any discontinuities.

Linear: y =x Quadratic: y = x? Cubic: y =x3
R 4 4 54 B P I JIE I 1 1
x,ifx=>0 . 1
Absolute Value: y = |x ={ o Rational: y == Root: y =+/x
i y = lxl —x,if x <0 Y =3 y Vx
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Exponential Growth: y = e* Exponential Decay: y = e Logarithmic Growth: y =Inx
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Sine: y = sin (x) Cosine: y = cos(x) Tangent: y = tan(x)



Absolute Value Functions: Absolute Value Functions
Write the absolute value function as a piecewise function then identify the vertex and sketch the graph.
9. f(x)=2]x-3]+1 10. f(x) = |1 —x|

Rational Expressions and Functions: Graphing Operations

Domain: excludes all zeros of the denominator - both removable and non-removable.

Range: effected by any horizontal asymptotes. Recall, a function may cross a horizontal asymptote.

End Behavior (limits at infinity): Jim £ (x) determined by ratio of leading terms (top heavy, bottom heavy or

balanced). If value that is HA if expression with x it follows the end behavior of that function.

Discontinuity: occur at the zeros of the denominator:

1. Zeros of the denominator that CANNOT be simplified: infinite discontinuities graph as vertical Asymptotes.
2. Zeros of the denominator that CAN be simplified: removable discontinuities graph as holes.

Simplifying: factor out and cancel common factors, simplify complex fractions by multiplying through by the
LCD over itself.

Solving: relate tferms to zero, combine all terms, determine the zeros of the numerator and denominator
(called critical values) and create a sign chart to determine the signs before, between and after all critical
values.

_ , . _ 3x2%+42x-1
11. Determine the following for the function f(x) = YT
Domain: Range:
x-intercept(s): y-intercept(s): Asymptote(s):

End Behavior:
lim f(x) = lim f(x) =

X——00 X—00

Interval of Continuity: Name and Location of Discontinuities:


https://www.youtube.com/watch?v=-_Co6jqJJU4
https://www.youtube.com/watch?v=XE-Z2-F3oWw&pp=ygUjT3JnYW5pYyBDaGVtaXN0cnkgVHV0b3IgLSBSYXRpb25hbHM%3D
https://www.youtube.com/watch?v=p-JyTt0L-Tk&pp=ygUjT3JnYW5pYyBDaGVtaXN0cnkgVHV0b3IgLSBSYXRpb25hbHM%3D

12. Evaluating and Simplifying Functions. Determine f(x + h), f(x + h) — f(x) and M for each
of the following functions.
a f(x)=3x%2+1 b.f(x)=ﬁ

Operations, Composition and Inverses Composition Inverses

Composition of a function g with a function f is defined as:
h(x) = g(f(x)) or (g ° f)(x)
The domain of h is the set of all x-values such that x is in the domain of f and f(x) is in the domain of g.
Inverses: Switch x and y.
Functions f and g are inverses of each other provided: f(g(x)) =x and g(f(x)) = x

The function g is denoted as f 71, read as "f inverse” and f~*(x) # }%

Horizontal Line Test: If any horizontal line which is drawn through the graph of a function f intersects
the graph no more than once, then f is said to be a one-to-one function and has an inverse.

13. Let f and g be functions whose values are given by the table below. Assume g is one-to-one.

a. f(g(3)
x| f(x) | g(x)
1| 6 | 2
b ; 1?) i
4l 1 | 6
c. fg='(6)

d. 7 (fl9@))


https://www.youtube.com/watch?v=Clsaq_GytpA&pp=ygUYY29tcG9zaXRpb24gb2YgZnVuY3Rpb25z
https://www.youtube.com/watch?v=GsIo3B46yjU&pp=ygURaW52ZXJzZSBmdW5jdGlvbnM%3D

TRIGONOMETRY Unit Circle Solving
UNIT CIRCLE: Complete angles (radian) and Sine/Cosine Key Trig Identities -
formulas you should know:

sin? x + cos?x =1
sin(2x) = 2sinx cos x
cos(2x) =1 — 2sin?x

1+ tan?x = sec?x
sin(—x) = —sinx 0ODD
cos(—x) = cosx EVEN
tan(—x) =tanx ODD

14. Without using a calculator or table, find each value:
a. cos (— g) b. sec (11?7:) c. tan"1(-1) d. sec71(-2)

15. Solve the trigonometric equations algebraically by using identities and without the use of a
calculator. Find all solutions in the interval 0 < 6 < 27.
a. 2sin?6—-1=0 b. sin(2x) = cosx


https://www.youtube.com/watch?v=V5ArB_GFGYQ&pp=ygUjb3JnYW5pYyBjaGVtaXN0cnkgdHV0b3IgVW5pdCBDaXJjbGU%3D
https://www.youtube.com/watch?v=DW5zjRv_JNY

EXPONENTIAL AND LOGARITHMIC FUNCTIONS: Logs Erocesettrom

- | | S - -
Logarithm: Inverse operation of exponential. log(X) =y log, M=1\ - N
b raisedtoy
Properties of Logarithms (for x,y,b > 0,b # 1) i
Exponential Properties: <Changing Between Forms Logarithmic Properties:

o b*-pY =p*¥tY log,(x - y) = log, x + log, v
bx

A

v

* 5= b*=Y < > logy, G) = log, x —log, y
o (b¥)Y =b¥ < > log, (x)” =y -log, x
o bH0=1 < y logy1=0o0rn1=0
Point on Exponential Graph: (O, 1)! Point on Logarithmic Graph: (1, 0)!
e bl=0bh < » Jog,b=1orlne=1
e b*¥=p* <

log, b* = x
log, b* = log, b*

v

o bloBX = x x>0

A

v

Simplify.

16. logs — 17. log, ¥16 18. 2In—

19. %lnet 20. e3In(x+5) 21 e-lnx

22. 4lne*’ 23 @3x+Ins 24 3(n(0)+In5)

25. Write 5in (x) — 3ln(y) + 2In(4x) — 61ln (y?) as a a single logarithm.

3x2
26. Expand In (2 y2_4>.

27. Evaluate:

a. In1 b. In3e c. Ine d. In0 e. In(Ine)


https://www.youtube.com/watch?v=oqHJ5xQYTEI&pp=ygUuT3JnYW5pYyBDaGVtaXN0cnkgVHV0b3IgLSBMb2dhcml0aG1pYyBGdW5jdGlvbg%3D%3D

Limits: }ciincf(x) = N ‘"Limit as x approaches c of f(x) equals N" Limits

LIMIT = CONTINUITY

Understanding the difference between limits and continuity: Limit is the value (y) that the function
APPROACHES as you get close to c (either from one side or from both sides). Continuity implies that
the limit exists (from both sides) and that the limit = the value at c!

Limit Exists: lim f(x) = xlir?_ fx) - ng f(x) exists and will equal all the same value or +oo.
xX—=C - -

Continuous: lim f(x) = xlirgl_f(x) AND = f(c) = A (Where A is a constant not + ©) MUST SHOW ALL 3!l
X—C i

One-Sided limit: exists if graph approaches a value from one side: + (right) or — (left)

limc=c )lci_r)rlll[f(x)ig(x)] =L+M }Ci_rgkf(x) =k)l(i_r)r‘11f(x) = kL )lci_r)rtll[f(x)-g(x)] LM lim[f2]=L

x-a xoalg)] M
Evaluating Limits:
Tables: either from table or by graphing and viewing table looking for values of y approaching the same
number. Check one sided limits first and if they are equal the overall limit exists.
Graphically: Check one sided limits (again - value of limit is the y-value or the height of the graph) and
if they are approaching the same height, then the overall limit exists.
Algebraically - Direct substitution: plug in c. If you get a constant then limit exists. Rational functions
may need to be simplified first!
When Direct substitution results in:

then the limit is equal to O
number

0 most likely a removable discontinuity, try simplifying or conjugate.

b
T most likely an infinite discontinuity, look at each side and evaluate one sided limit or
if asking for two sided limit make sure the function is approaching the same height from
both sides.
End Behavior:

Polynomial: use degree (even or odd) and sign of leading coefficient.
Rational: analyze the ratio of the leading terms.
Other "Known" Graphs: know the graphs and consider transformations.

Limits at Infinity:  lim  £(x) Calculating lim f(x)
o r—ra
Known Graph of £(x) e ———— A. Direct substitution
Try to evaluate the function directly
Polynomial ei— b Rational .
(leading term) Radical (ratio of leading terms) / (” )
Transformations Periodic so DNE ¥
o fla)=§ fla)=1b f(a) =9
e v me bEnae bl -y vin b " b ' nhe
Exponential
Transformations Transformations
of of Try rewriting the limit in an equivalent form .:_1' -
-2 II

" ~t


https://www.youtube.com/watch?v=p00flTHInX8

Examples: Evaluate the limits. Justify any limits that do not exist.

. 1 . 3
28. lim(2x?) 29. lim — 30. lim(xsinx) 31. lim—
x-3 x——21x+2 x—>§ x—5Xx—5
. 3x“—2x—-1
32. lim In(x) 33. lim, tan(x) 34. lim 3% 35. lim ===
x—-0t x—>—§ X——00 x—-1 x4“-1
2 - 3
36. lim — 37. limi— 38. lim 2x(x —3)%(x+1) 39. lim ——
x—o00 X—1 x-1x—1 X——00 x—>—00 X—5

2x =3, ifx < -1
40.If f(x) = § 2, if x = —1 , determine the following:
5x, if x > —1
a. lim_ f(x) b. lim f(x) c. lim f(x) d. Is f continuous?
x-—1 x-—-1t x—-—1

A Iff)= lx+2|= {_fx-:_zé)x f<_2_2 determine the following:
a. xLiEnz_f(x) b. xLigq2+f(x) c. xl_i)IIlzf(x) d. Is f continuous?

42. Determine whether f(x) is continuous. Justify. Then, determine domain, interval of continuity and
location and type of any discontinuities.

2
3x%, x_<0 Inx, x <e? 3x2—-1, x<2
a. f(x) = 4, x=0 b. f(x) = . c. f(x)= cxt+ 1 % >2
3sin’x, x >0 - ’



43. Let f(x) be the graph below. Determine the following:

a. lim f(x) =

x—->=3"

b. li£n3+f(x) =

c. xlirgf(x) -

—
-
]
A
Lk

d f(=3)=

e. Is f continuous at —3?

f. lim f(x) =

x->-1"

S IS SV IS PN [

-
>

--S$==——— g -—----->

<

g. lim f(x)=

holimfG) = L fCD= . limf@)= k limfG)= | limfCo) =
m. f(1) = n. lim f(x) = o. lim f(x) = p. lim f(x) = q. f3) =
r. lim f(x) = s. lim f(x) = t. Continuity Interval:

u. Location and type of each discontinuity: v. Domain:

44. Draw a graph given the following conditions:

¢ f(0)=0 * xl_i)r_noof(x)z—l
o f(1) =2 ¢ limfQ) =1
¢ f(4) =3 ¢ lim f(x) = —oo

¢ lim f(x) = 00
x—3~

45. Draw a graph given the following conditions:
¢ f(=2)=0 . xlir_noof(x) = —o0

¢ f(2) =2 . ;i_)r?of(x)=5
¢ lim f(x)=14 * xEEanrf(x)z 0

x—>—2"




46. Let f be the function that is continuous on the closed interval [3,5] with f(3) =9 and
f(5) = 22. Which of the following is guaranteed by the Intermediate Value Theorem?

A) f(x) = 11 has at least one solution in the open interval (3,5).
B) f(4) =13

C) f(x) has at least one zero in the open interval (3,5).

D) f attains a maximum value on the open interval (3,5).

47. If f(x) = 3x? + 4x, then }lir%w

A) 6x
B) 6x +4
C) 0
D) DNE

48. lim 2 A) B) —o c) -3 D) 3

. . (x?2=3x,x<2 : :
49. Given the function H(x) = & x> Which of the following statements

is/are true?

I. lim H(x) = -2 IT. lim H(x) exists ILL. H(x) is continuous
x—2" x =2 atx=2
D) None of
A) Ionly B) IT only C) T and IT only these

50. Given —x?+4x—3 < g(x) < %xz — 2x + 3. What is the value of lim g(x)?
x—

A)O
B)1
C)2

D) The limit cannot be determined from the information given.



51. True or False

a)

b)

f)

9)

) 2x 8 . 2x ) 8
lim(— ——) =lim— — lim—
x—>4 \X—4 x—4 x—4 X—4 x—4 xX—4

2 i 2 -
. (x +6x—7) _ limG+ex-7)
x—>1 \x2+5x-6 lim (x2+5x-6)
x—1

x-3 )lci_rg(x—S)

X1 x242x—4  lim(x2+2x—4)
x—-1

If limf(x) =2and limg(x) =0,
x-5 x—5

then }Ci_rg[f(x)/g(x)] does not exist.

If limf(x) =0and limg(x) =0,
x-5 X—5

then }Ci_rg[f(x)/g(x)] does not exist.

If }cilré f(x)g(x) exists, then the limit

must be f(6)g(6).

If p is a polynomial, then lim p(x) =

p(b)

52.Find 161_13} g(h(x))

h) If chiir&l; f(x) = w0 and }Ci_rg g(x) = oo, then
lim[f(x) — g(x)] = 0.

i) If theline x =1 is avertical asymptote
of y = f(x), then f is not defined at 1.

j) If f(1) > 0and f(3) <0, then there
exists a number ¢ between 1 and 3 such
that f(c) = 0.

k) If f is continuous at 5 and f(5) =2 and
f(#) = 3, then lim f (4x2 - 11) = 2.

1 lim X = 1

x—0 X

m) If }Ci_r)rgf(x) =L, then f(c) = L.

n) If f is undefined at x = ¢ , then the
limit of f(x) as x approaches c does not
exist.




BC ONLY TOPICS:

CONICS: Parabola Circle Ellipse

Identify they type of conic, write in standard form and graph. Label key features.

1.4y +8y—4x+8=0 2. 4x2+36y—32x+9y?+64=0 3. x2+y2—6x+8y=0



https://www.youtube.com/watch?v=KYgmOTLbuqE&pp=ygUgT3JnYW5pYyBDaGVtaXN0cnkgVHV0b3IgLSBDb25pY3M%3D
https://www.youtube.com/watch?v=u_39J-syjB0&pp=ygUgT3JnYW5pYyBDaGVtaXN0cnkgVHV0b3IgLSBDb25pY3M%3D
https://youtu.be/6HVYX8FRSGA


    x 3    ( x + 4 ) 5 − 2   x 2    ( x + 4 ) 6


  2   x   (  1 2 )    ( x + 2 ) 2 + 2   x   (  3 2 )    ( x + 2 ) 3


     ( 2   x 3   y   1 2 ) 4


     ( 3   x  − 4 ) 2


    8 x    ( x + 5 ) 3 − 4   x 2    ( x + 5 ) 2  16   x 2 + 80 x


    3  ( 2   x 2 − 8 ) + 12    ( x + 2 ) 2  12   x 2 + 6 x − 36


    x 3 + 7   x 2 + 10 x   > 0


  3 x    ( x + 2 ) 3 + 9   x 2    ( x + 2 ) 2 ≤ 0


  y = x


  y =   x 2


  y =   x 3


  y =  | x | =  {     x ,   i f   x ≥ 0    − x ,   i f   x < 0


  y =  1  x


    y =  x


  y =   e  x


  y =   e  − x


  y =  ln ⁡  x


  y = sin ⁡ ( x )


  y =  cos ⁡   ( x )


  y =  tan ⁡   ( x )


  f  ( x ) = 2  | x − 3 | + 1


  f  ( x ) =    | 1 − x |


     lim  x → ± ∞ ⁡  f ( x )


  f  ( x ) =   3   x 2 + 2 x − 1  2   x 2 + x − 1


     lim  x → − ∞ ⁡  f  ( x ) =


     lim  x → ∞ ⁡  f  ( x ) =


  f ( x + h )


  f  ( x + h ) − f  ( x )


    f  ( x + h ) − f  ( x ) h


  f  ( x ) = 3   x 2 + 1


  f  ( x ) =  1  x − 1


  g


  f


  h  ( x ) = g  ( f  ( x ) )   o r    ( g ∘ f ) ( x )


  h


  f


  f ( x )


  g


  x


  y


  f  


  g


  f  ( g  ( x ) ) = x


  g  ( f  ( x ) ) = x


    f  − 1


    f  − 1  ( x ) ≠  1  f  ( x )


  g


  f  ( g  ( 3 ) )


  x


  f ( x )


  g ( x )


    g  − 1  ( 4 )


  f (   g  − 1  ( 6 ) )


    f  − 1  ( f  ( g  ( 2 ) ) )


     sin 2 ⁡  x +    cos 2 ⁡  x = 1


   sin ⁡   ( 2 x ) = 2  sin ⁡  x  cos ⁡  x


   sin ⁡   ( 2 x ) = 2  sin ⁡  x  cos ⁡  x


   cos ⁡   ( 2 x ) = 1 − 2    sin 2 ⁡  x


   cos ⁡   ( 2 x ) = 1 − 2    sin 2 ⁡  x


  1 +    tan 2 ⁡  x =    sec 2 ⁡  x


  1 +    tan 2 ⁡  x =    sec 2 ⁡  x


   sin ⁡   ( − x ) = −  sin ⁡  x     O D D


   sin ⁡   ( − x ) = −  sin ⁡  x     O D D


   cos ⁡   ( − x ) =  cos ⁡  x     E V E N


   cos ⁡   ( − x ) =  cos ⁡  x     E V E N


   tan ⁡   ( − x ) =  tan ⁡  x     O D D


   tan ⁡   ( − x ) =  tan ⁡  x     O D D


   cos ⁡   ( −   𝜋 3 )


   sec ⁡   (   11 𝜋 6 )


     tan  − 1 ⁡   ( − 1 )


     sec  − 1 ⁡  ( − 2 )


  0 ≤ 𝜃 ≤ 2 𝜋


  2    sin 2 ⁡  𝜃 − 1 = 0


   sin ⁡   ( 2 x ) =  cos ⁡  x


  x ,   y ,   b > 0 ,   b ≠ 1


    b  x ∙   b  y =   b  x + y


     log  b ⁡   ( x ∙ y ) =      log  b ⁡  x +    log  b ⁡  y


      b  x    b  y =   b  x − y


     log  b ⁡   (   x  y ) =      log  b ⁡  x −    log  b ⁡  y


     (   b  x )  y =   b  x y


     log  b ⁡     ( x )  y = y ∙    log  b ⁡  x


    b 0 = 1


     log  b ⁡ 1 = 0  


   ln ⁡ 1 = 0


    b 1 = b


     log  b ⁡  b = 1  


   ln ⁡  e = 1


    b  x =   b  x


     log  b ⁡    b  x = x


    b     log  b ⁡  x = x ,   x > 0


     log  b ⁡    b  x =    log  b ⁡    b  x


     log 5 ⁡   1 125


     log 4 ⁡   16 8


  2  ln ⁡   1    e 3


   1  t  ln ⁡    e  t


    e  3  ln ⁡   ( x + 5 )


    e  − l n x


  4  ln ⁡    e    x 2


    e  3 x + l n 5


    e  3  (  ln ⁡   ( x ) +  ln ⁡ 5 )


  5   l n   ( x )   −   3   l n   ( y )   +   2   l n   ( 4 x )   −   6   l n   (   y 2 )


   ln ⁡   (   3   x 2  2    y 2 − 4 )


   ln ⁡ 1


   ln ⁡  3 e


   ln ⁡  e


   ln ⁡ 0


   ln ⁡   (  ln ⁡  e )


     lim  x → c ⁡  f ( x ) = N


     lim  x →   c + ⁡  f ( x ) =    lim  x →   c − ⁡  f ( x )       ∴          lim  x → c ⁡  f  ( x )   e x i s t s  


  ± ∞


     lim  x →   c + ⁡  f ( x ) =    lim  x →   c − ⁡  f ( x )   A N D = f  ( c ) = A   ( w h e r e   A   i s   a   c o n s t a n t   n o t   ± ∞ )


  +   ( r i g h t )


  −   ( l e f t )


     lim  x → a ⁡  c = c


     lim  x → a ⁡   [ f  ( x ) ± g  ( x ) ] = L ± M


     lim  x → a ⁡  k f  ( x ) = k    lim  x → a ⁡  f  ( x ) = k L  


     lim  x → a ⁡   [ f  ( x ) ∙ g  ( x ) ] = L ∙ M


     lim  x → a ⁡   [   f  ( x )  g  ( x ) ] =   L  M


   0  n u m b e r


   0 0


    n u m b e r 0


      𝐥 𝐢 𝐦  𝒙 → ± ∞ ⁡  𝒇  ( 𝒙 ) :    


     lim  x → 3 ⁡   ( 2   x 2 )


     lim  x → −  2 + ⁡   1  x + 2


     lim  x →   𝜋 2 ⁡   ( x  sin ⁡  x )


     lim  x → 5 ⁡   3  x − 5


     lim  x →  0 + ⁡   ln ⁡   ( x )


     lim  x → −   𝜋 2 ⁡   tan ⁡   ( x )


     lim  x → − ∞ ⁡  3   e  2 x


     lim  x → 1 ⁡    3   x 2 − 2 x − 1    x 2 − 1


     lim  x → ∞ ⁡    2 x  x − 1


     lim  x → 1 ⁡     1  x − 1  x − 1


     lim  x → − ∞ ⁡  2 x    ( x − 3 ) 2  ( x + 1 )


     lim  x → − ∞ ⁡   3  x − 5


  f  ( x ) =    {     2 x − 3 ,     i f   x   <   − 1    2   ,                   i f   x =   − 1    5 x ,       i f   x   >   − 1


     lim  x → −  1 − ⁡  f ( x )


     lim  x → −  1 + ⁡  f ( x )


     lim  x → − 1 ⁡  f ( x )


  f  ( x ) =    | x + 2 | =  {     x + 2 ,       x ≥ − 2    −  ( x + 2 ) ,       x < − 2


     lim  x → −  2 − ⁡  f ( x )


     lim  x → −  2 + ⁡  f ( x )


     lim  x → − 2 ⁡  f ( x )


  f  ( x )


  f  ( x ) =    {     3   x 2 ,             x   < 0    4 ,           x = 0    3    sin 2 ⁡  x ,           x   > 0


  f  ( x ) =    {      ln ⁡  x ,             x   <   e 2     x ,             x   ≥   e 2


  f  ( x ) =    {     3   x 2 − 1 ,       x ≤ 2    5 x + 1 ,           x   > 2


     lim  x → −  3 − ⁡  f  ( x ) =


     lim  x →   − 3 + ⁡  f  ( x ) =


     lim  x → − 3 ⁡  f  ( x ) =


  f  ( − 3 ) =


  f


  − 3


     lim  x →   − 1 − ⁡  f  ( x ) =


     lim  x →   − 1 + ⁡  f  ( x ) =


     lim  x → − 1 ⁡  f  ( x ) =


  f  ( − 1 ) =


     lim  x →  1 − ⁡  f  ( x ) =


     lim  x →  1 + ⁡  f  ( x ) =  


     lim  x → 1 ⁡  f  ( x ) =


  f  ( 1 ) =


     lim  x →  3 − ⁡  f  ( x ) =


     lim  x →  3 + ⁡  f  ( x ) =


     lim  x → 3 ⁡  f  ( x ) =


  f  ( 3 ) =


     lim  x → − ∞ ⁡  f  ( x ) =


     lim  x → ∞ ⁡  f  ( x ) =


  f  ( 0 ) = 0


     lim  x → − ∞ ⁡  f  ( x ) = − 1


  f ( 1 )   =   2


     lim  x → ∞ ⁡  f  ( x ) = 1


  f ( 4 )   =   − 3


     lim  x →  3 + ⁡  f  ( x ) =   − ∞


     lim  x →  3 − ⁡  f  ( x ) =   ∞


  f  ( − 2 ) = 0


     lim  x → − ∞ ⁡  f  ( x ) = − ∞


  f ( 2 )   =   2


     lim  x → ∞ ⁡  f  ( x ) = 5


     lim  x → −  2 − ⁡  f  ( x ) = 4


     lim  x → −  2 + ⁡  f  ( x ) =   0


  f  


  [ 3 ,   5 ]


  f  ( 3 ) = 9


  f  ( 5 ) = 22


  f  ( x ) = 11


  ( 3 ,   5 )


  f  ( 4 ) = 13


  f ( x )


  ( 3 ,   5 )


  f


  ( 3 ,   5 )


  f  ( x ) = 3   x 2 + 4 x


     lim  h → 0 ⁡        f  ( x + h )   −     f  ( x )     h


  6 x


  6 x + 4


  0


     lim  x → − ∞ ⁡    5   −   3 x       x 2   +   3    


  ∞


  − ∞


  − 3


  H  ( x ) =    {       x 2 − 3 x   ,     x < 2    2 x − 5   ,   x ≥ 2


     lim  x →  2 − ⁡  H  ( x ) =   − 2


     lim  x   → 2 ⁡  H  ( x )


  H ( x )


  x = 2


  −   x 2 + 4 x − 3   ≤ g  ( x ) ≤    1 2 x 2 − 2 x + 3


     lim  x → 2 ⁡  g ( x )


     lim  x → 4 ⁡   (   2 x  x − 4 −  8  x − 4 ) =  lim  x → 4   2 x  x − 4 −    lim  x → 4  8  x − 4


     lim  x → 5 ⁡  f  ( x ) = ∞


     lim  x → 5 ⁡  g  ( x ) = ∞


     lim  x → 5 ⁡   [ f  ( x ) − g ( x ) ] = 0


     lim  x → 1 ⁡   (     x 2 + 6 x − 7    x 2 + 5 x − 6 ) =    lim  x → 1 (   x 2 + 6 x − 7 )   lim  x → 1   (   x 2 + 5 x − 6 )


  x = 1


  y = f ( x )


  f


     lim  x → 1 ⁡    x − 3    x 2 + 2 x − 4 =        lim  x → 1 ⁡   ( x − 3 )     lim  x → 1 ⁡   (   x 2 + 2 x − 4 )


  f  ( 1 ) > 0


  f  ( 3 ) < 0


  c


  f  ( c ) = 0


     lim  x → 5 ⁡  f  ( x ) = 2


     lim  x → 5 ⁡  g  ( x ) = 0


     lim  x → 5 ⁡   [ f  ( x ) / g ( x ) ]


  f


  f  ( 5 ) = 2


  f  ( 4 ) = 3


     lim  x → 2 ⁡  f  ( 4   x 2 − 11 ) = 2 .


     lim  x → 5 ⁡  f  ( x ) = 0


     lim  x → 5 ⁡  g  ( x ) = 0


     lim  x → 5 ⁡   [ f  ( x ) / g ( x ) ]


     lim  x → 0 ⁡     | x |  x = 1


     lim  x → 6 ⁡  f  ( x ) g ( x )


  f  ( 6 ) g ( 6 )


     lim  x → c ⁡  f  ( x ) = L


  f  ( c ) = L


  p


     lim  x → b ⁡  p  ( x ) = p ( b )


  f


  x = c


  f ( x )


  x


  c


     lim  x → 1 ⁡  g  ( h  ( x ) )


    4 y 2 + 8 y − 4 x + 8 = 0


  4   x 2 + 36 y − 32 x + 9   y 2 + 64 = 0


    x 2 +   y 2 − 6 x + 8 y = 0

