AP Calculus Name
Guided Notes: Introduction to Graphical Limits Date
Warm-up: Use the graphs provided to evaluate each expression.
Graph of f(x): Graph of g(x):
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1. f(1) 2, f(4) 3. f(-3) 4. g(b) 5. g(d) 6. (g o N(-1)

In general, what does it mean to say a graph is continuous?
Types of Discontinuities
Removable Discontinuity:

Non-removable Discontinuity:

Infinite Discontinuity:
Graphical Examples:

Jump Discontinuity:

Big picture question: So, if a graph is not continuous and there is not a function value, is there at least a value

that is being approached? Why should we care?
X2 —3x+2

Example: Sketch a rough graph of f(x)=
X p—

. Then complete the table that follows.

1.75 1.9 1.99 1.999 2.0001

2.01 2.1

2.25

X
f(x)




Limits

in Math terms:

In other words:

limf (x)

Xk

lim f (x)

x—k*

limf (x)

x—k

Important Note:

Use the calculator table displayed to evaluate each limit or function value.

a. f(1) b. limf (x) C. 1in;rlf(x) d. Eirr}f(x)
x—T X X

1.
X 0.8 0.9 0.99 0.999 1 1,001 1.01 1.1 1.5
f(x) 3.7 3.88 3.92 3.957 4 4,03 4.1 4.54 5
a. b. C. d

2.
X 0.8 0.9 0.99 0.999 1 1.001 1.01 1.1 1.5
f(x) 10.3 78.54 212.9 782 0 -0.03 -0.4 -1.7 -2
a b. c d

3.
X 0.8 0.9 0.99 0.999 1 1.001 1.01 1.1 1.5
f(x) 4.835 491 4.952 4993 error 4.993 4969 4.94 4.72
a b. C d -

4.
X 0.8 0.9 0.99 0,999 1 1.001 1.01 1.1 1.5
f(x) -1.71 -0.54 -0.12 -0.041 error -2.999 -2.991 -2.95 -2.9




For each graph shown, determine:
a. f(1) b. limf (x} c. limf (x) d. limf {x)

x—-T X1 x—1

S g By




CALCULUS Limits. Tuuctions defined by a graph

. Cousider the following function defined by its graph:

Find the following Hmits:

a) L f(x) b) dm, f@) o) i fle) )l fl) o e) lim f(a)

2. Consider the following function defined by its graph:

Find the following lhmits:
a) lim f(z) b) Einl'1+ fl=) e) 1im1 (=) d) lim_f(z) e} lim f{z)
T—1- T— L— x—+—H w—5
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CALCULUS Liniits. Fuuctious defiuied by a graph

3. Consider the following function defined by its graph:

Find the following limits:
o) lim f@@) 8 lm @) o lm f) & lim f@) ) linf@)

4. Consider the following function defined by its graph:

Find the following limits:
a) lim f(zx) h) lim f() c) im f(x) d) im f(=) e} im f(x)
T2 za 2t x—2 T——4 5
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Calculus Term I 1998 Mr. Stadler

Refer to the graph below in order to answer the following questions. If a limit doesn’t exist
explain why.

1. Jim_ gt = 2. lim_ g =
3. xﬁgg L 8x) = o 4. lim_g(x) =
5. lim g(xi = | 6. lim gt =
s o oy s -
9. }11‘1}’ glx) = 10. }n_gc glx) =
11. xliln_d gx) = 12 lim g(x) =
5. ge= ' 14. g0)=

14. g(b) =

| [
I




Calculus Teml = 1998

Mr. Stadler

Refer to the graph below in order to answer the following questions. If a limit doesn’t exist
explain why.

1. lim  g(x) =
3. lim gix) =
X —*q

5 Jim, g =

7. x]i—tfb} L8 =
9 im0 -

11. x]:izn)d glx) =

13. gle=

14. gb)=

2. lim_g(x) =
4 Jim g =
6. x}il_l,_'lo glx) =

8. xﬁg" glxy =
10. lim g(x) =
12, Jim gx) =

14. g0)y=

.—W——.'—.‘M-——-l—-—.-——_—

Ao




MATH 1205: Limits In-Class Worksheet
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Using the above graph, find each of the following (You should assume that y=0 is a
horizontal asymptote and x = -4 is a vertical asymptote):

ni2)=___ 2) x'_i)rj;f(x):__u 8) lim f(x)=____
4) lim f(x)=____ 5) lim f(x)=____ 6) imi(x)=_____
7) imf)=____ 8) imfx)=____ 9) limf(x)=___

10) f3)=_____ 1) limf)=___ 12) fim f00= ___
13) lim fo)=____ 14) lim f)=___ 15) limf(x)=____

18) (1) = 17) fim f(x)= 18) f(-4) =




AP Calculus Name

Guided Notes- Evaluating Limits Date

WARM-UP

Given f(x) = 2x° + 5x - 5, find each of the following.

1. f(D) 2. f(1) 3. f(-4) 4, flx+ Ax)

Use your graphing calculator to graph f(x) = 2%% + ®x - 5. Based on the graph, answer the following questions.
5. f(0) G. Iimof(x) 7. iimf(x) 5. Iirlf(x)

When does a limit not exist?
1.

2.

3.

Evaluating Limits

Strategy It
2
-1
Ex.1 1imldx” —3x—7 Ex, 2 L
1_3_1:19( ) lgp 3 3,12
Some Properties of Limits
1. 2. a.
Ex. 3 ]im3 Ex. 4 |im* Ex. D ]imx2
x—>2 x4 x-2
Strategy 2;
2
: x 1 . 24x-42
Ex. © Ex. 7
l}gl x2=3x+2 1}31 X
i 1
.2 -2 . 2
Ex. & 11m—-—~(x+Ax) x Ex 9 |jmati—2
Ax->0 A)C x->0) X




More Properties of Limits
Let lim f(x) = L and lim g{x) = K

1. Scalar Multiple:

2. Sum or Difference:

3. Product:

4, Quotient:

5. Power:

Ex. 10 Given that |im f(*) =9 and |1m g(x) = —4. evaluate sach of the following limits.

x—k x—k

o [ImB/@ -] o lim/ () o lim gf ((;c))
ONE FOR THE ROAD:
3x-T7,x<2

13.921 x*=5x>2




Kuta Software - Infinite Calculus

Evaluating Limits
Kvaluate each limit.

1) Hm 5

x-r—1

3) lim (x* — x* — 4)

a2

5) im—Vx+3

x—=3

7 lim-——————
)Hl x*—6x+8

9) lim sin (x)

=3 T

Critical thinking questions:

11) Give an example of a limit that evaluates to 4.

Name

Trate

2) lims (—x +2)

Ao
2

2
4) lim (—% +2x+4)

A1

6) lim —\2x+4
3

X
2

10) lim 2cos (x)
in

X——

Period

12) Give an example of a limit of a quadratic

function where the limit evaluates to 9.




For each of the following problems, find the requested limit.

1) im7 =

x—2

2} 1xim«/x— =

-5

2_.
3) lim =22 =
x5 X+5

4) fim—>—=
x+3 X+ 3

43
5) lim2X ~X *5_
= 10-2X

3x* —x+1
8} lim-———— =
) x—e By — Tx*

2

. X°—X-6
7) Iim————— =
)xﬂ~>2 X+2
2 —_—
8) lim>X_—X=6

ke X+ 2




Kuta Software - Infinite Calculus
Evaluating Limits

LEvaluate each limit.
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Em
1
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A

=Y

Name

Drate Period__

2) lim_ f(x), /(d)= { o

A fix)
e

A

TES

X, x<—1

—x*+2x, x2-1

2 tim £, £(9)= {

A JSix)

"

i\
!




Evaluate each limit. You may use the provided graph to sketch the function.

-x—3, x<-1 —x*—4x—5, x<-2
5) lim_ f(x), x:{ 6) lim f(x), f(x}= ’
tim FW@, = T ) tim £ 7= ] e
L — e
......... e . 2 .‘
< | ¢ & ] gt
A bt 4
\l’ : Y
Evaluate each limit.
1, x<0 ‘ xl
T lim flx), flxi= 8) lim —
)HO* fa), £) {—x2+4x—3, x>0 ) =07y
9) lim | 2x+ 1] | x,9 v<l
10) lim f(x), flx)={2 2
x*—6x+10, x> 1
3|x+1] P, x<=2
R 12) tim £(x), £(2)
X im flx), fix)=
T K2 -—+3,x>-2
Critical thinking questions:
13) Give an example of a two-sided limit of a 14) Given an example of a two-sided limit of a
piecewise function where the limit does not function with an absolute value where the limit

exist. does not exist.




Calculus

Limits Practice

Evaluate each Hmit.

2
1 lig X~ 4x+3
1 x—1
x =3

5) lim f{x), /() = {_ )

7) lim 7 {x), f(x) = {

-4,

9) lim

x—-2

x?—6x+8, x#3

x2—6x+7,x¢2

Name m: 1
Date Period
2
2) lim -5
x-r—1 x + 1
.2 .
4 lim- 5 t¥22
x+1 x—1

x—-2,x#-2
6) li f(x) =
) lim /(x), 1(x) L e
X+2,x# -2
8) Ii ) =
) lim /(x), /x) o e

10) lim

x—+0 X




2
1) lim 2 Ex)
X0 4x

x2+4x+5,x<—2

13) lim f(x), f(x)={ x

X2 -5, x2-2
2
—2x-1,x<0
15) lim flx), /(x) = L

17) lim 2%
=1t oy — ]
19) lim —>—>

=30yt 2x -3

. sin (3x)
12) 1
) 0 sin (},)

16) lim f(x), fx)={ 2

X2

18) lim —

A

20) lim ——————
3 x?—5x+6




AP Calcutus Name:
Limits Quiz Date: __________ Period: ___

Find the limit given the graph below.

1 4 1) iiméf(x) 1.
‘! P e d
M [y
N I /1 2.) xiijggf()() 2,
——i—h 3) limFf(x 3.
1 P 5 \0 ) lim (x)
4 = 'S .
i 4) Ilmz F(x) 4.
R f
| 5 lim, 7(x) 5,
!
1 I -
l i 6.) iu_r)r;f(x) 6.
Find the limit analytically.
2
7)) lim x% + 4x -3 8.) lim %! 7
x-32 x=-1 x 41
8.
9.} lim tanx 10.) Iim53\/x+4 9,
10.
sini ! “1
11) lim —2 12.) lim X2 2 11,
x—0 X x—0 X

12.




13)) lim yx+1-2 14.) lim_z_"icosj
x~3 X -3 x—0 X
10x° =75+  tan7x
15)  lim ——2-% 16) |
) aidh Bx® + 4x° ) Joad sin3x

17. Determine whether the limit exists. If so, state the limit.
leading to your answer.

. 4x° —Bx+ix<?
lim
9-3x,x>2

x—=2

I sinx —CcosSx
BoNUs:

X
4

tanx —1

13.

14,

18.

16.

If not, tell why not. Show all work




AP Calculus
Limits at Infinity, cont.

Part 1: Evaluate each limit. The graph is provided on the first two to help you.

X+ 4
COPLERITICLITS

1 } Ih‘ﬂ Raeses

b

P k:‘i o A 1

Name

2)

Date

D

3. 1T ———
T S st

-

¢ X
6. liry

s o3 A0S

Foe-§ g
e 4,

9. Him

A

£
=23

x

e e |

12. Him

X [ Raash Vit
P

15. i -

s 4x+4

18. Hm

ARG §bgpl

A

] Zx
4. lim -——
FYRETE L

x>

7. Hinp =
s Xd

. 2t st

Tt 2 o

F e

BET P X

13, Hm -
ST e %

16. Hm (1% — 4x% + 5)
I A e i)

VaxB 307 —4

19, lim

A Sy ¥

Y

5. Hi —
peren XT g

% P
g, lim -
X3 X d

date 2?4

i1, im

A O a-x

14. Hm

et B

17. hm (x% = 4x + 5)

et




Part 2: Sketch a possible graph of a function that meets all the given criteria.

1e fimfx}=2 b lmflxy=2 < Ff(@)=-3

2 o fimf(x)=2 b limAx)=-6 o f(2)is undefined

v e
s Mo

imflx)=2 7 limfx)=4  limFx)=-8

4, @ ﬁﬁ‘}f(x)m 4 b. ﬁi‘?‘if{){’}m g ¢ limf{:x'} - o

Nt Koyl

Kot

d fimfx)=-0 B0 f fimAx)=0




AP Calculus
Practice Problem Set 1- Limits

10

11.

12,

13.

14,

15.

. Lim{x* -5x-11)=

Iim( x+3 ]:
=5 4% 15

limn® =

r=+)

, (xz—Zx—S)z
x—3 x—3

Hm(10x2+25x+1 B
X—joa x‘5_8

. Ii.m( x'-8
el 10x% + 25x +1

1im[%xg -8
= 10x% + 255 +1

ﬁ?wﬂ}

Hm 2 =
x—soob e Xl

x+2
6\ — fx — 12

_xe2
=\ 2% - dx~12

hm ,,_W,M__ =
6\ x4y 12
lim| * |=

&

X
107 Il!

o x ] _
lim =
x-57* xz —49

Name

Date

Period ___




¥ -5x<3

17. Let f(x)z{

x+2,x>3
Find: (a) 1:143:71\} fix); (b) 155‘ f(x); and (c) 1‘1531 flx)

¥?-5,x<3

18. Let f(x):{

x+1x>3
Find: (2) lim f(x); (b) lim flx); and (c) lim f(x)

19, Find lirrnl 3cosx.

X

X

-90. Find lim3
=0 ~a5x

51, Find lim3——.
=0 ginx

22. Find lim sian'
0 gin 8x

2. Find lim 207X
=4 gin 5x

24. Find limsinx.

x—pen

25. Find limsin.
x—pos ¥

L2 e
26, Find lim-= X
=0 ] .. cos® ¥

27. Find mﬁShlz 7x
340 gin® 11y

28, Find 1im &0 =2,
b= h

29, Find ljmsm(x+ h)—sinx
) om0 I )

211
30. Find lim Xth X
h—=0 h




Name

AP Calculus

Guided Notes- Continuity Date Period

Warm-up: Sketch a possible graph of the function that meets all the given conditions.

1. f(2)=3, lunj(x) =-1

a2

2. (=5 Ihm/ =0, Iim/&)=>5

X P

3. f(-3) is undefined, ]/ (x)exists

r——3

Continuity at a Point (By Calculus)

1.

2,

3.

Continuity on an Interval
A function is continuous on an interval if it is continuous at every point in that interval. A function can be:

i. Continuous on

2. Continuous on

3. Continuous

Types of Discontinuities

L 2.

Use the graph to answer each question below. :

4. Find all values at which x is not continuous. i

R e

b. Classify each discontinuity by type. EEEDERF Sl

c. Find the intervals for which the function Ei
is continuous. ;




Determine the x-values at which f is not continuous, and classify each by type.

Ex.1 f(x)=4x2 4 2x - 3 Ex. 2 f(x)=—2
X+5

Ex.3 f{x)= Ex. 4 f(x) =tanx

x? +5x

Find the constant g such that the function is continuous on the entire real number line.

00 x*x<2
X)=
gx* x> 2

Continuity of Compound Functions:

Intermediate Value Theorem

If fis continuous [a, b}, and k is any number between f(a) and f(b), then there is at least one number cin [a, b]
such that f(c) = k.

{¢, k)

J SR —

€7 Remmemana

-3
e ude mam———————

Application: Use the IVT to show that the polynomial function f(x) = x? + 2x - 1 has a zero on [0, 11

Does the IVT guarantee that the following functions have a zero on [-1, 1]? Explain your answer.
2
X -1

Ex.1 f(x)=
x+1

Ex.2 f(x)=sinx




PRACTICE PROBLEM SET 2

Now try these problems, The answers are in Chapter 21.

x+7, x<2
1. Is the function f(x)=149, x=2 continuous at x = 27
3x+3, x>2

4x*—2x, x<3
2. Is the function f(x}=410x- 1, x=3 continuous at ¥ = 3?
30, x>3

5x+7, x<3
3. Is the function f(x}= { * <2 continuous at x =37

7x+1, >3

4. Is the function f(x) = sec x continuous everywhere?

5. Is the function f{x) = sec x continuous on the interval ‘:—“E ,E]?
2 2

6. Is the function flx) = sec x continuous on the interval [—E ,E)?
2 2

3x?-11x—4, x<4
7 For what value(s) of k is the function flx} = { ¥ * x

) continuous at x = 47
kx?-2x-1,x>4

CONTINUITY B 21

_______—-—__—_—




—6x—-12, x<-3
8. For what value(s) of k is the function f(x) = {k*— 5k, x=—3 continuous at x = -3?
6, x>-3

x*+5x-24,

9. At what point is the removable discontinuity for the function f(x) = A
X -x-6

BESCEEARTES
/—\ _1
a1

et e e (AL — - = - - — — - = — =
an

10. Given the graph of f{x) above, find:

@ lim f(x) B}
®)  limf(x)
@ lim f(x)

=3

@ I fE)

x—3

() f3)

{(f)  Any other discontinuities.

22 B (RACKING THE AP CALCULUS AB & BC EXAMS




Per

Name Date
Review of Limits end Continuity
MATCHING
i sin2x ;
Lo| <50 3p A. 2
2. | Test for Continuity at x =1:
x3 -1 C. ‘2.5
, x#1
f(x): x—1 g
3, x=]
lim 1 '
30| e 2 D. 0
limil = '
4, | ™ E. 4
I. _ il__ .
5.0 v F. 5
6. | lim 49 , 36
H . -1 x— 7 i H i
Test for continuity at x = 2;
" x4 x#2 : 1
f(x)x x-2" 2
4, x=2
. ) . .
8 | lim et J Continuous @ x =1
Loyt 40y ' _
lim(x+1)= : .
9. | =1 ' K. Not Continuous @ x =1
. 5x-8x?
10, | lim = L. DNE
2 34 x
. 1257 -7 "
C e 15y 0y M. -
15 | lim Xt +2x-3 N ' s
S o s N. Continuous @ x =
i Vx+1-2
13,1 773 0. Continuous @ x = 2
. x*—4x .
14, il_{l} -4 = P. Not Continuous @ x =5
Test for continuity at x = 2:
15. 52 R. Not Continuous @ x = 2
f) =
X =2
| 16. | Test for continuity at x = 5 S. 4




3
Jf(x)
x—1
17. }mx _ T. :E i
x-36 145
18, | m =~ U 11
V. 1
4
W, 3
2
Y. 3
7, NONE OF THE ABOVE

1. Match each problem on fhe left (above) with an answer from the right-hand column.

9. Now write the corresponding letter to each problem in the spaces below.

7 5 3 10 9 8 17 -
18 1 9 8 17 14 15 6

16 7 13 415 3 12 e
18 17 14 1 2 4 6 18
18 14 16 3 g 7

v 16 11 12 16 12 18 1




AP Calculus 2018-2019 Name

AP Packet for Unit 1- Limits and Continuity Period

Multiple Choice. Write the letter of the best answer choice in the blank provided. Capital letters please! @

1. The graph of the function f is shown below. Which of the following limits does not exist?

A, Y FU C. lim f
gyt S
B. M f{x} D. i f{x

Graph of §

o

2. The graph of the function fis shown below. For what values of a does 1 | {yie=

.‘:‘: Oy
[
) A. 2only
- B. 2and 4
] e C. Oand 2 only
_ D.0,1,and 2
7 0

Uraphoot §

3. For which of the graphs shown does the i f (X} exist?

R

F . 3 P 4
L 41 L R 1A
34 / 3T 4 3
74 / 27 ONL ™ 23 TN
Wi “~ vt ‘ \h
{4 14 : 14 o
[ e ANt ¢ S > 133 L et o
¢ 1 2 3 4 [ S S G v 2 3 4
A. lonly B. Hionly C. land 1l only D. land iif only

A DO B. 3/5 C % D. 9/4




5. Whatis 1M
B s} i

A. O B. 3/2 c.1 B. 6

. xrfu“ﬁ
6. Evaluate the limit, if it exists: im —}

L S S
1 1
A 5. 25 c ¥ D. ©
6 lim{xescx)is
x—0
o - c o D. 1
. T
ginl x — —
. ( 4} .
7. lim———% s
i o
4
1 T
A O B. —= “ 7 o
2 4
I—~cost
8. lim-~————1s
5-0 2gin” @
1 1
A 0 B. < “ 3 >
g 4

9. The graph of the function f is shown below. At what value of x does f have a jump discontinuity?

X

w
W
=
fany
=

Ceaghy of




——_—
¥

10. If fis a continuous function such that £{2) = 6, which of the following statements must be true?

Eing Fiaxy =3 C. i f{2x) =12
+ X

ot

ve o pF g . v 5
i flet )= 36 D. Hmf{f{x¥y = 36
g T ey AT

S

B 0 ) = Dy i 5%
: U _

12.

IA} {BY &~ (O {5 ? {Fy indindie

Liet f e s Fumction that {8 contbuiaiis on thetlosed faterval 1,3 with f{1) = 10 aid A3} = 18 Which olthe
follawing statements sl he true?

EAY

By f Wisoreaking eths terval [:L- *e}
() Flad = 17 has ot least one saludiion by the intereat {1, 3

e = hag ot e one solion i the ierval (33

[ s 20

14. ,-~(Y1.._}»s--,sma_.fr.\-} s

3 o ! 3 oy
1&“ B~ 33 forx 2l

Feor § b the fiactiog defined abave, where ¢ 158 conkie. For what velue nl o, 30 aay i § soalingmus

a2

A1 2 By 7 LY [ e - §E There i4 fie such vite of o

el

15. Function f is defined such that foralix 2 0, theliney=31is a horizontal asymptote. Which of the following

must be true?

A,

F(3) is undefined 8. fix)#3foralixz0 C. My flui=3 D. None of these

it
w




16, The vesticad line 5 = 3 ds an axpropote for the grapl of the fuaction £ Which of the following stalements Tinesd

b False?
(A} Jim Axi=t

(B lim ) = oo

Anta

() B f{x) = »

Aorrel

it fhe fixi= X

Lot

TRy fist fa} e o

AT

Free Response. Write a complete answer in the space provided.
1. Let f be the function defined below. Is f continuousat x =17
et e st fwx s
j{\J mod

LS

3 4 408t fary o i

2. The function fand g are continuous for all real numbers. The table below gives values of the functions and their
first derivatives at selected values of x. The function h is given by h(x} = f(g{x)} — 6. Explain why there must be a
value of ron [1, 3] for which h{r} = -5.

g ] ALy L xY ) ptey | g

B
oy

H & 4

2 g I i
ESN T T R S 3




