Cal cul us Concepts and Contexts 4th Edition Stewart Test Bank

Section 2.1: The Tansirent and Velocitz Problems

1. For the curve fix) = ~fx+ 3, find the slope Mpo of the secant line through the points P = (1, f(1)) and

0=1(6,1(6)).

a. 2 e. 5

b. 1 f. 1

3

c. 2 g 1
3 2

d 3 h. 3
2

ANS: F PTS: 1

2. The displacement in meters of a particle moving in a straight line is given by s = £}, where ¢ is
measured in seconds. Find the average velocity in meters per second over the time period [1, 2].

a. 5 e. 7
b. 3 f. 6
c. 8 g 2
d 1 h. 9
ANS: E PTS: 1

3. Suppose you drive for 60 miles at 60 miles per hour, then for 60 miles at 30 miles per hour. In miles
per hour, what is your average velocity?

a. 45 e. 52
b. 40 f. 55
c. 36 g 50
d 42 h. 48
ANS: B PTS: 1

4. If aball is thrown into the air with a velocity of 80 ft/s, its height in feet after ¢ seconds is given by
s(t) = 80t - 162, 1t will be at maximum height when its instantaneous velocity is zero. Find its average
velocity from the time it is thrown (¢ = 0) to the time it reaches its maximum height.

a. 50 e. 40
b. 60 f. 30
c. 100 g. 48
d. 80 h. 32
ANS: E PTS: 1

5. A weight is attached to a spring. Suppose the position (in meters) of the weight above the floor

t seconds after it is released is given by () = 0.5 sm [m‘ + 5] + 1.2, What is the average rate of

change of the position of the weight (in m/s) over the time interval [3, 5]?

a. —1.7 e. 0.5
b. -1.0 f. 1.0
c. 05 g 1.7
d 0 h. Cannot be determined

ANS: D PTS: 1
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A car on a test track accelerates from 0 ft/s to 208 ft/s in 8 seconds. The car’s velocity is given in the
table below:

t(s) 0 1 2 3 4 5 6 7 8

v () (ft/s) 0 18 | 47 | 77 | 104 | 132 | 163 | 184 | 208

On what time interval does the car have the greatest average acceleration?

a. [0, 1] e. [4 5]
b. [1,2] £ [5 6]
c. [2 3] g [6,7]
d. [3, 4] h. [7, 8]
ANS: F PTS: 1

On what time interval does the car have the lowest average acceleration?
a. [0, 1] e. [4 5]
b. [1,2] f. [5, 6]
c. [2 3] g [6,7]
d. [3 4] h. [7, 8]
ANS: A PTS: 1

On what time interval does the car’s average acceleration most closely approximate the average
acceleration for the entire 8-second run?

a. [0, 1] e. [4 5]
b. [1,2] £ 1[5 6]
c. [23] g [67]
d. [3,4] h. [7, 8]
ANS: D PTS: 1

The point 2 (1, ./3) lies on the curve y = ~J4—x*. Let Q be the point [x, 4-x ]

(a) What is the slope of the secant line PQ (correct to 6 decimal places) for the following values of x?

() 2 (i) 1.5 (iii) 1.1 (iv) 1.01 (v) 1.001
(vi) 0 (vii) 0.5 (viii) 0.9 (ix) 0.99 (x) 0.999

(b) Use your results from part (a) to estimate the slope of the tangent line to the graph of
¥ = Jd-xtatx=1.
ANS:

(a)
(1)-1.732051 (i) -0.818350  (iii)~0.617215  (iv)—-0.581212  (v)—0.577735

(vi) —0.267949  (vii)—0.408882  (viii) —0.540063  (ix)-0.573514  (x)—0.576965

(b) The slope of the tangent line lies between —0:576965 and —0:577725, so it is approximately
—0:577.



10.

11.

PTS: 1

A car on a test track accelerates from 0 ft/s to 208 ft/s in 8 seconds. The car’s velocity is given in the
table below:

t(s) 0 1 2 3 4 5 6 7 8

v @) (f1s) 0 18 | 47 | 77 | 104 | 132 | 163 | 184 | 208

(a) Find the car's average acceleration for the following time intervals:

(1) [4, 6] (1) [4, 5] (i) [3, 4]

(b) Estimate the car's acceleration at ¢ = 4.

ANS:
. 1a3-104 59 3
(@ (@) 2 =3 = 29.5 fifs
. 132-104 28 a
(i) =2 ] = 25 fi's
a-7r 27

el 2
(iii) -5~ 1 = 27 fifs

(b) Answer may vary. One possibility would be to average the average accelerations [3, 4] and [4, 5]

ETJE’ZS = 77.5 fivs?

PTS: 1

A projectile is launched vertically upward from the surface of Mars. The table below gives the height
of the object at the indicated time following launch.

Time (seconds): 0 0.4 0.8 1.2 1.6 | 2.0 24 2.8 3.2 3.6

Height (feet): 0 182 | 344 | 484 | 60.4 | 70.4 | 783 | 84.2 | 88.1 | 90.0

Time (seconds): 4.0 4.4 4.8 5.2 5.6 6.0 6.4 6.8 7.2 7.6

Height (feet): 89.6 | 87.3 | 829 | 76.5 | 68.1 | 57.6 | 45.1 | 30.5 | 13.8 0

(a) Graph the data.

(b) Using the data, compute the average velocity of the projectile on the following time intervals:

(i) [0; 4.0] (i) [0.8;3.2]
(iii) [1.2,2.8] (iv) [1.6;2.4]
v) [2.0;2.4] vi) [1.6;2.0]

(c) Estimate the velocity of the projectile when ¢ = 2.0. Justify your results.



(d) Using your graph and the table of values, determine when the projectile reaches its maximum
height. Justify your answer.

(e) Using the graph and table of values, estimate the velocity of the projectile throughout the interval
[0, 7.6] and sketch a graph of this velocity.

ANS:
@ T
I-h" N < 1
n
' #
At ¢ ’
* L
=i
H]
o -
T F1 : L] Hd ¥ '.
. BR -0
(b) 1 v= . =224
§ B2 1-344 537
W v==7"gg =34 - %7
342-43.4 353
() w= SE- 17 - 14 = 22375
. 73.3-604 178
@) v=—3Ts =g -2
75.3-704 7.0
W) v=—T3g =94 - %7
. T0.4-604 10
W) v=—"9"T6 “02° 2
(c) Possible answer:
Time (seconds): 04 | 08 | 12 | 16 | 20 | 24 | 28 | 32 | 36 | 4
Velocity 424373323272 222171121 ] 71 | 20 | =3
(feet/sec):
Time (seconds): 4.4 4.8 5.2 5.6 6.0 6.4 6.8 7.2 7.6
Velocity 80 | —13.1|-181| 232|282 | 332|383 | 433 | —484
(feet/sec):

(d) The largest height given in the table is ¢ = 3.6, but the actual maximum height appears to occur for

a somewhat larger value — perhaps = 3.7 or 3.8.
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VA
(e) 40

20

PTS: 1

Suppose that the height of a projectile red vertically upward from a height of 80 feet with an initial
velocity of 64 feet per second is given by £ (¢) = —16£+ 64¢ + 80.

(a) Compute the height of the object for £ =0, 1, 2, 3, 4, 5, and 6 seconds.
(b) What is the physical significance of /4 (6)? What does that suggest about the domain of 4?
(c) What is the average velocity of the projectile for each of the following time intervals?
() [1; 3] (i1) [0, 2] (iii) [0, 4]
(d) What is the physical significance of an average velocity of 0?
(e) When does the projectile reach its maximum height?
(f) For what value(s) of ¢ is & (f) = 0? Are all solutions to the equation valid? Explain.

ANS:
(a)

t 0 1 2 3 4 5 6
h 80 128 144 128 80 0 -112

(b) & (6) =-112 suggests that the object has already struck the ground. The domain of 4 should be
[0, 5].

© v=r‘z(3§:iz(1)= 128;128=DW5

_ A2 -A0) 14480

i) v= T 5 = 32 fifs

R(4)-R(0)  30-30
4-0 4
(d) An average velocity of 0 indicates that the object began and ended the interval at the same height.

() The maximum height occurs when # =2 s.
() A (f)=0when ¢t=>5 and r =—1. The negative value indicates a time before the object is red, and
this solution is outside of the domain. Thus, the solution ¢ = —1 is invalid.

=0ftfs

(i) v =

PTS: 1



13. A weight is attached to a spring. Suppose the position (in meters) of the weight above the floor ¢
seconds after it is released is given by P(#) = 0.5 s st + %} +1.2.

(a) What is the position of the weight when ¢ = 2? When ¢ =3? When t = 47?

(b) What is the average rate of change of the position of the weight (in m/s) over the time interval
[2, 4]? Over the time interval [2, 3]?

(c) The average rate of change of the position of the weight over the time period [2; 6] is 0. Does this
mean that the weight has come to a stop? Why or why not?

ANS:
(@ 1.7m,0.7m,1.7m
1\ 7-17 _ 07-17
(b) ﬁﬂ], T = 1.0

(¢) No, it simply means that the weight is in the same position at =2 and ¢ = 6.

PTS: 1



Section 2.2: The Limit of a Function

Use the graph below for the following questions:

.
=

,.
H-

1. For the function whose graph is given above, determine lm fx).

w3t

a. 3 e. 1

b. -2 f. 2

c. -1 g 3

d 0 h. Does not exist

ANS: B PTS: 1

2. For the function whose graph is given above, determine lin #x).

¥ 3

a. 3 e. 1

b. 2 f. 2

c. -1 g 3

d 0 h. Does not exist

ANS: H PTS: 1

3. For the function whose graph is given above, determine lim fix).

¥ -2

a. 3 e. 1

b. 2 f. 2

c. -1 g 3

d 0 h. Does not exist

ANS: C PTS: 1

4. For the function whose graph is given above, determine litrn 7).

¥ =2

a. 3 e. 1

b. 2 f. 2

c. -1 g 3

d 0 h. Does not exist

ANS: C PTS: 1

Use the graph below for the following questions:



[T w7 111

For the function whose graph is given above, determine f'(-2).

a. -3 e. 1

b. 2 f. 2

c. -1 g 3

d 0 h. Does not exist
ANS: H PTS: 1

For the function whose graph is given above, determine litn fx).

r=2

a. 3 e. 1

b. -2 f. 2

c. -1 g 3

d 0 h. Does not exist

ANS: C PTS: 1

For the function whose graph is given above, determine ln ;x).
¥

a. 3 e. 1

b. 2 f. 2

c. -1 g 3

d 0 h. Does not exist

ANS: H PTS: 1

For the function whose graph is given above, determine lm fTx).
¥ =2

a. 3 e. 1

b. -2 f. 2

c. -1 g 3

d 0 h. Does not exist

ANS: A PTS: 1

Use the given graph to find the indicated quantities:



ht
f’\\’l!-_ﬁ:,‘-i
— -
- i o
7 N
™
(2) lm fix) (b) Im fz) (c) limlﬂ?ﬂ'
Es-1" PP For -
(d) hm fiz) (e) lm fx) (® ]imlﬂ?f)
17 =17 wr
(g) lm fz) (h) lm fix) @) ]iﬂgﬂ?ﬂ'
E—s 27 r=sa” B
0 f=D k) f(0) (ORVACY:
(m) f(2)
ANS:
(a) lm fix)=1 (b) hm Axi=-1 (¢) lin fx) doesnotemst
PO vt ¥—=-1
(d) lm fix)=-2 (e) lm flxy=1 (H lun Ax) doesnot emst
1" st ¥ 1
(9 lm fin)=2 (h) lm fx) =2 (i) lim flx) =2
x=37 vzt ¥
g f=1)=0 k) £(0)~—-1.7 M f(H=1
(m) f(2)=-1
PTS: 1

. Use the graph of f'below to determine the value of each of the following quantities, if it exists. If it
does not exist, explain why.

fhan
N, 2 ‘

1 3 /’1/,/ FL I3 x




@ Im A ®) Imf @ I AD gy e) ( r

¥ -2 ¥—=+12 [

ANS:
(a) The limit does not exist because the left- and right-hand limits are different.
(b) lm flx)=1 (¢) lm fAx)=1
K2 K27
(d f(=2)=-1 (e) f(2)=2
PTS: 1

Use the given graph to find the indicated quantities:

I | _.’-J-:_:] | |1

| P

i ' . .‘I A :"'I'

1 I i III

t 7 |

A 1 |

= 7 5 G
“ ] /

@ hm ) (b) I 1) © /@)

() lhm fx) (e) h'mzﬂx} ® f2)
R, F -

ANS:

(a) 2 (b) Does not exist (©) 1

(d -1 (e) —1 () Undefined

PTS: 1

(a) Explain in your own words what is meant by ltn fx) =13
¥ -d

(b) Is it possible for this statement to be true yet for f—(2) = 5? Explain.

ANS:

(a) (Answers will vary.) lm fx) =3 means that the values of f can be made as close as desired to 3
¥ -2

by taking values of x close enough to —2, but not equal to —2.
(b) Yes, itis possible for lim fx) =3, but fi-21=5 The limit refers only to how the function

¥ =2
behaves when x is close to —2. It does not tell us anything about the value of the function at x = 2.

PTS: 1



13. Sketch the graph of a function f'on [-5, 5] that satisfies all of the following conditions:

fHA=2,/3)=-LA-2)=2,1)=-3,/2)= L,f3)=0,4)=-3, Im fz)=-3, lm flx)=-1,
¥—= -2

¥=27

and lun fix)=1

¥+

ANS:
(Answers will vary)

III'.
I
lII
I'- .-\H-\.
h o,
S I
| . J)
l\.\x. .l,n'
Y Iy
R
PTS: 1
- Gx+ 15
14.  Consider the function flx) = ——=————_ Make an appropriate table of values in order to determine
the indicated limits:
(@) lm fx) (b) lm fix)
PP =3

(¢) Does lm fix)

¥ -3

exist? If so, what is its value? If not, explain.

ANS:

X )
-2.9 =79
-2.99 -799
-2.999 —7999
—2.9999 -79999
—2.99999 —799999
—2.999999 —7999999

Using the table values, the limits appear to be:

x )
-3.000001 8000001
-3.00001 800001
-3.0001 80001
-3.001 8001
-3.01 801
-3.1 81




(@ lm fix)=co (b) lim Ax)=eo

PP ¥ -3
(c) Since the right-hand limit and the left-hand limit have different values, the limit does not exist at
x=-3.
PTS: 1

15. Use a table of values to estimate the value of each of the following limits, to 4 decimal places.

(@ fm 2 (b) tim 2232 (©) lm(1+x™"

v X v p SlL3X ¥=0

ANS:

(a) 1.0986
(b) 1.6667
(c) 2.7183
PTS: 1

16. A cellular phone company has a roaming charge of 32 cents for every minute or fraction of a minute
when you are out of your zone.

(a) Sketch a graph of the \out-of-your-zone" costs, C, of cellular phone usage as a function of the
length of the call, ¢, for 0 =t = 5.

(b) Evaluate:

() lm C@ (i) lm ()

127 toat
(c) Explain the significance of the left limit (i) and the right limit (ii) to the cell phone user.

(d) For what values of ¢ does C (¢) not have a limit? Justify your answer.

ANS:
A
(a)
I —
135 - —
1 B —
(A e —

n : g 3 1 e

(b) (1) 64 cents
(ii) 96 cents

(¢c) The factthat lim ()= lm () shows that there is an abrupt change in the cost of cellular
=27 t=2t
phone usage at ¢ = 2.



17.

18.

(d) Forty=1, 2 3 and4, lm () does not exist, since lim &g = lm &H2) .
= !'u : — ru_ : s ::
PTS: 1
If f(x) = 2%, how close to 3 does x have to be to ensure that f'(x) is within 0.1 of 8?
ANS:
Answers will vary. One reasonable answer is that f'(x) is within 0.1 of 8 when x is within 0.017 of 3,

that is, when 2.983 < x < 3.017.

PTS: 1

1000 _

Determine hm

=1 l

by producing an appropriate table.

ANS:
1000
X fx) X x 1
x—1
1.001 1716.924 0.99 99.995683
1.0001 1051.654 0.999 632.304575
1.00001 1005.012 0.9999 951.671108
1.000001 1000.500 0.99999 995.021352
1.0000001 1000.049 0.999999 999.499236
0.9999999 999.950052
From the tables, it appears that
S L o ooy S LU
litn = 1000 and lim = 1000 and therefore litm ——— = 1000.
+ x-1 - ox-1 a1l X-—1
r=1 ¥=1

PTS: 1



Section 2.3: Calculating Limits Using the Limit Laws

1. Find the value of the limit lim {x'" -z + 3.

=1
a. 4 e. -8
b. 3 f. 2
c. 2 g 0
d 1 h. -16
ANS: B PTS: 1
2 —
2. Find the value of the limit lin M
=1 X X
a. 5 e E
2
b. 4 f. 3
2
c. 3 g l
2
d 2 h. 0
ANS: A PTS: 1
. T Lk
3. Find the value of the limit lim — T
xaa’t x
a. 4 e. —1
b. 4 f. 2
c. 1 g 1
2
d =2 h. 1
2
ANS: G PTS: 1
. T £
4. Find the value of the limit lim —— 7
¥ 27 X
a. 1 e. -1
b. 2 f. 4
c. 1 g 1
2 2
d 4 h. 2
ANS: E PTS: 1
5. Find the value of the limit lim ——t—
¥ 1 »q'l';— 1
a. ﬁ e. 2
b. 1 f. 4
c. -1 g 4
d. h. =2



ANS: E PTS: 1

. 1
Find the value of the limit lim [ +
¥ -2 +4
a. 4
b. 2
C. _l
2
d 1
4
ANS: D PTS: 1
~ -1
Find the value of the limit lim — I
r=1 -
a. -3
b. 2
c. -1
d 0
ANS: B PTS: 1
. T -1
Find the value of the limit lm .
rs1 % —1
a. 0
b. 2
C. l
3
d. 8
ANS: C PTS: 1
. o x—73
Find the value of the limit lm
rs AT 3
a. -5
b. -3
c. -1
d 0

ANS: H PTS: 1

T oo

| — E|'—“ cal— s —

O] — N W —



10. Use the graphs of fand g below to evaluate each limit, if it exists. If it does not exist, explain why.

= 3
I -...l' l ’ "?I.I
=5 Lo oo f dE _j F ...1. i A
L 1 -
(@) lm [ A=)+ g(x)] © i i:x;
K= 2
(©) 1in11[ﬁx) £ ] (@ tim |G- gd)]
L ¥—=0
ANS:
(a) lm [ﬂx)+g(x)] =2+0=2
gz o
R el
(c) ]im [ﬂx:l -g(x:l] does not exist because litr [ﬂx} -g(x)] =2=0= . 1+ [ﬂ;{) g(xj]
=17

(d) [(x g =9-1=9

¥=0

PTS: 1

11. Given that lm fx) =5, ]JI‘ﬂ gix) =10, and lwn A(x)= -5, find the following limits, if they exist. If a

¥23 ¥
limit does not exist, explam why.

() h’m () + Bz (b) ]jm A (c) lm Fx)
=3
J) gx) i T8
@ 2k © M7 e
. 2hix) fin 3 (7
® IS R () A
ANS:
(a) 3 (b) 45 ) 25 « —% ) 0
(f) Does not exist; the denominator is litn gix) = 0, and the nuneratoris b fz) = 5.
K3 ¥+ 3
16
@ -3 02

PTS: 1



12. Evaluate the limit, if it exists. If it does not exist, explain why.

13.

(a) lim (5x* - 3x° + 4 by G 2 oxt-
it © ¥=8 ’\"{;_3 © x]J—-t}Til x* -1
2 2
£_= . x4 x|
.x 3 (e) lm (f) lm
(o)) x]-‘in3 3 vz X+ B s 3" 2x+ 1
ANS:
(@) lm (527 -3 +41=5.2"-3.2% + 4 =32
¥
. -8
b) lim = =
( ) ¥ ,\,ll';_j
. ..'-'f4 -1 . 2
(¢) lin = lm (x°+1)=2
rs-1 x50 -1 ¥=-1
2_2
. x 3 . f-iIx etk
() 3 & 3 ¥=3 I:X—E:I-EI K3 I:X—E:I-EX 8
|2+ 3| o : - .
(e) 3 does not exist since the let- and right-hand limits are different.
¥ =3 x+ 6
0 |x+3|_ _ —(x+3)__l
- EHE - - 2+ 3) 2
PTS: 1
—2-x fx=-2
Letf(x) = qx if =2 < x =2, Find the following limits. Justify your answers.
X —d4x+6 ifx»2
(a) lm fix) (b) lm fix) (¢) lm fix)
rs -2 rsat = -2
(d) lm fz) () lm Az (H) lm fx)
xa” oot ¥
ANS:
(@ Im fx)=./-2-(-2)=0
¥=-2
(b) Im flx)=-2
P, S
(¢) lm fix)doesnotemstaince ln Ax)= lm fx).
¥ =2 T N
(d lm fix)=12
¥ 27

() lm Ax)=2*-4D+6=4-3+6=2

¥+



14.

15.

(H) lm flx) = 2 since
¥

¥=27

i Ax)=2= lm Ax),

¥

PTS: 1
Jx—Zyx—4 . (G- 2z -4 _
Explain why w = 3x—2, but lin w = limn (3x-2).
x-4 x4 x—+4 ¥4
ANS:
(Gx— Z)ix-4) : . : :
-4 = 3x— 2 because the expression on the left does not permit x = 4, while there is no

similar restriction on the right.

However, since

(Gx—2(x -4

—4

= 3x— 2 whenever x = 4, and neither lim

o (Gx-2x-4)
—

r—=d

lirn (3x - 2) involve x ever being equal to 4, the second equation is true.

=4

PTS: 1

For each of the following problems, make an appropriate table to determine the limits.

. ax-x . cosx-1 R F IR WA
@ fim (b) fim 222X 1 © fim 27U
rs1 X1 x¥—0 P =3
ANS:
(a)
| x| | x|-x
* x-1 * x-1
1.01 0 0.99 0
1.001 0 0.999 0
1.0001 0 0.9999 0
1.0001 0
: - x-x
From the tables, it appears that lm = 1.
rsl &7 1
Algebraically: Note that as x — 1, we can assume that x > 0 and therefore |x| = x, so
x5 - - .
tim i 22F i oo—0
rs1 X1 rs1 X1 r=1
(b)
x (radians) cosx— | x (radians) cosx— |
x x
0.01 —4:999958 x 107 -0.01 4:999958 x 10
0.001 -5x10* —0.001 5% 10*
0.0002 -1x10* —0.0002 1 x10*
0.00004 -2x107 —0.00004 2x 103




cosx—1 o

From the tables, it appears that lm
¥=0
2

Algebraically:
cosx—1 . (cosx—Dfcosx+1) —sinx
imd X ran xlcosx+ 1) g Xicosx+ 1)
_ o CSMX-smE |
im0 x cosx+ 1
= fim —sin - fin 22% . fin —
Py ael X gopCosx+]
1
=0-1. 7= 0
()
1.1 1.1
X x 3 X x 3
x=73 =3
2.9 —0.1149425 3.01 —0.1107420
2.98 —0.1118568 3.002 -0.111037
2.999 -0.1111481 3.0005 —0.1110926
2.9999 —0.1111148 3.00001 —0.1111108
N
=3 andso

r=3

]jmﬂx]l=—é.
K3
1.1
xr 3 .a- l
=,31in3 Gx ox—3

x—13

-

Algebraically: lin
K= 3

PTS: 1
2x— 1if x1z rational

16. Letfix) = {
1 if x 15 trrational

(i) lm flx)
¥—=0 ¥ -1

¥ d

(b) Find a value b for which lim fx) exists.

ANS:

From the tables, it appears that litn fx) = —0. 1= —% and lm Ax)=-0.1
e

(a) Determine whether or not the following limits exist. Justify your answers.
hm fix)

(i) lm fx)

(iii)

¥ 42



(a) (i) If we consider only rational values of x, then lin fx) = lrn (2x— 13 =—1. If we consider

¥—=0 ¥=0
only irrational values of x, then litn flx)=lml = 1.
¥—=0 ¥—=0
Because these two values are different, lin fx) does not exist.
¥—=0
(ii) If we consider only rational values of x, then litn fx) = (2x— 1) = -3 If we consider only
¥=-1
irrational values of x, then lmm fz)= lm 1= 1 Because these two values are different,
¥—=-1 = -1
lim #x) does not exist.
¥ -1
(iii) If we consider only rational values of x, then lim fz)= lhm (Zx—-11=2+/2-1 Ifwe
L+JE ¥ 42
consider only irrational values of x, then lin fix)= lm 1= 1 Because these two values
P+JE ¥ 42
are different, lirn #x) does not exist.
L+JE
(b) If we consider only rational values of x, lin fx) = lm (2x— 1) = 24 - 1. If we consider only
¥ d ¥ d
irrational values of x, then lin flx) = ltn = 1. In order for lLm fix) to exist (and equal, say, L),
¥ d X d ¥ d
the one-sided limits must be equal, so we must have L =2b—1=1 = b= 1. So the limit exists
only for b= 1.
PTS: 1

17. Suppose we know that -xt Ex sm[ . ] “xiforx e [ 1, 1] Use the Squeeze Theorem to determine

. | w
lim x%sin | = |.
¥=0 X

ANS:
Since —x* £ x° sin[i] x forx e [-1,1] and Im [—xgj =0=lm [xgj, by the Squeeze
X ¥=0 x=0
Theorem, lmn x sm[ﬁ] =
¥=0 X

PTS: 1



Section 2.4: Continuitz

+ 1)2

x
1. At what value(s) of x does the function—; have a removable discontinuity?
X% —

a. 3 e. 1
b. 3 f. 4
c. 2 g 2
d -1 h. 4
ANS: D PTS: 1

2
x
2. At what value(s) of x does the function —; s have an infinite discontinuity?

x —

a. 3 e. -1

b. 4 f. 1

c. 2 g 2

d -3 h. 4

ANS: C PTS: 1

3. Find the distance between the two values of x at which the function ——— ; . is discontinuous.
r-G3x4+

a. 3 e. 5

b. 2 f. 4

c. 8 g 7

d 1 h. 6

ANS: D PTS: 1

r+2ifx -1

2

4. At what value(s) of x is the function fix) = :x° 1f-1 <x <1 discontinuous?

F-xifx=1
a. -1 e. 0,1
b. 0 f. -1,1
c. 1 g -1,0,1
d -1,0 h. None
ANS: C PTS: 1

ct-xt fxez

5. Find the constant(s) ¢ that make(s) the function fx) = continuous on (—m, mj.
de—-x) ifx=2

a. _49 _2 c. _2, 4

b. 2,0 f. =2

c. 2 g 0

d 4 h. Does not exist
ANS: B PTS: 1

6. The definition of continuity of f'(x) at a point requires three things. List these three conditions, and in
each case give an example (a graph or a formula) which illustrates how this condition can fail at x = a.



ANS:

The example below fails the The example below fails the The example below fails
requirement that @ must lie requirement that lirn #x) the requirement that
in the domain of f'(x). ) ¥a lin fix) = fla)
must exist. rsa
Fa F ] Fa
. A ir—gi '_1 oo - s
.-"‘ﬂ ’ .l'"l--
- -
o 5 J K &
.i".. I|J
i K
.". .

PTS: 1

7. Given the graph of f below, state the intervals on which f'is continuous.

ANS:
[-5, 1), (1, 3),and (3, 5]

PTS: 1
|x+1-1 ifx =0
8. At what value(s) of x is the function fx) = 2 ax if0=x <1 discontinuous?

i-x ifl =x

ANS:
It is obvious that f'(x) is continuous on {—co, 07, (0, 13, and (1,c0). We need only examine

x=0andx=1.



f(x) is continuous at x = 0, since

lim fiz)= lm |x+1-1=0= ]Jmf[x}— lim (x +x) 0 ]Jmﬂx}—lil A,

¥= 0" ¥=0" =0’ =0’
Ax)is continuous atx = 1, since bm (x*+x)=2= lim (3-2)s0 ]Jmﬂx)— 2=f1.
¥ 17 1"

So fis continuous everywhere.

PTS: 1
P +dr+s ifx -2
At what value(s) of x is the function fix) = % x if-2<x<2
l+x—-2 ifxz2
ANS:

We need only examine x = -2 and x = 2 as the function is clearly continuous
elsewhere.

f{x) is discontinuous at x =2, because lim Ax)= lim (x* +4x+5) =1, but
¥—= 27 ¥=-2
lm flx)=

+ +
¥ -2 ¥

x=-1,s50 lm fx) does not exist.

¥— -2

] —

f(x) is continuous at x = 2, because f(2)=1 and both

lim fx) = (2)—1511(1 litny f(x]l— +af2=2 =180 lim fix)=1=7(2)

¥ 27 rsat ¥ = =2

Thus f'is discontinuous at x = 2.

PTS: 1

2 f—
Consider f1x) = jxj—ﬁ” .
x —

(a) For what value(s) of x does f'have an infinite discontinuity?

(b) For what value(s) of x does fhave a removable discontinuity?

ANS:
We need only examine x = £2 since f'is continuous everywhere else.

. 3%t - Tx4 2 o Gx-Dix-D o 3x-1
a) Note that ltn flx)= ltm ———— = S
() x—}—zﬂ) ¥ -2 X2—4 ¥ -2 (x+2)(x—2] ¥ -2 X+

Thus we have



11.

12.

13.

so f has an infinite discontinuity at x = 2.

. . 3x—=1 5
(b) lin flx) = lm xx+ = =7 Since this limit exists, /has a removable discontinuity at x =2
¥+ ¥+
A - Tx+ 2
T4 x=d 4
because we can define fx) = * so that ]Jrﬂ2 Ax= 3= A,
K=
% =1
PTS: 1
ix-5 afx <l

Constder f1x) = { The function f'is not defined for x = 2. How should we define f(2)

(s—2x)° ifx > 2
so that fis continuous at x = 2? Use the definition of continuity to verify your answer.

ANS:

Since lim fix)=1= lm fx), if we define /(2) = 1, then f'is continuous at x = 2, by definition.
¥—= 27 rsat

PTS: 1

Use the Intermediate Value Theorem to show that x* — 5x — 7 = 0 for some value of x in (2, 3).

ANS:
Answers will vary. One possible answer: Let f(x) = x> — 5x — 7. Since f'is a polynomial, it is

continuous on %> and thus continuous on [2, 3]. Since ' (2) =-9 <0 <5 =£(3), by the Intermediate
Value Theorem, there must be some number ¢ (2, 3) such that f(c)=c*-5¢—7=0.

PTS: 1

Suppose that f(x) is defined on [1, 3] and that /(1) = 3 and f'(3) = 5. Sketch a possible graph of fthat
does not satisfy the conclusion of the Intermediate Value Theorem.

ANS:
Answers will vary. One possible answer:




14.

15.

16.

PTS: 1

(x+ 1)°

-1

Letflx) =

(a) At what value(s), if any, does fhave a removable discontinuity? Justify your answer.

(b) At what value(s), if any, does f'have an infinite discontinuity? Justify your answer.

ANS:
r+1 .
] o ifx=-1
(@) f(x)has a removable discontinuity at x = —1. We redefine flx)= ¢x—1
0 ifr=-1
(b) f(x) has a infinite discontinuity at x = 1, since lim fix)=cand lm fx) = -m
17 =1
PTS: 1

A cellular phone company has a roaming charge of 32 cents for every minute or fraction of a minute

when you are out of your zone.

(a) Sketch a graph of the “out-of-your-zone” costs of cellular phone usage as a function of the length

of the call.

(b) Discuss the discontinuities of this function and their significance to the cell phone user.

ANS:
Siepa
-
(a)
|,!"| L—g
(I L ——
(] L—i
LH. Je—
gl T—
| 1 3 - E

Timinl

(b) Weconsider ¢=1: lm f#) =32 cents and lun f) = 64 cents. These limits show that there is

t— 1" t=1t

an abrupt change in the cost of cellular phone usage at # = 1. The left limit represents the cost of a
call lasting less than one minute, and the right limit represents the cost of a call lasting more than
one minute. A similar situation exists at each positive integer n. Thus, the cellular phone user
should try to avoid calls which are slightly over » minutes long, and instead hang up just before an

integral number of minutes has passed.
PTS: 1

Determine whether each function is continuous or discontinuous. Explain your choice.



(a) Postage charges to send a letter by first class mail.

(b) The altitude of an airplane as a function of the time it has been in the air.

(¢) The temperature of an oven as it is run through its self cleaning cycle.

(d) The number of people waiting in a queue for a bank teller.

ANS:

(a) The cost of sending a letter changes abruptly at certain weights. Therefore, this is not a continuous

function.

(b) The altitude of an airplane as a function of time is a continuous function, since a plane cannot
jump from one altitude to another without passing through the intermediate altitudes.

(¢) The temperature of an oven changes gradually, so this is a continuous function.

(d) At the point in time when a person either enters or leaves the queue, the number of people
abruptly changes by one, therefore the function is not continuous.

PTS: 1



Section 2.5: Limits Involving Inﬁnitz

1. Find the value of the limit lm %
I
a. 3 e. 3
1
b. 3 f. 7
4
c. 7 g —7
d. 3 h. 7
4 4
ANS: E PTS: 1
2
2. Find the value of the limit fim =32+
¥ow T4 2X— 2%
a. 1 e. -1
2
b. 1 f. 4
7
c. 2 g 2
d 1 h. 4
2 7
ANS: G PTS: 1
x+8x°
3. Find the value of the limit E}n 1
a. —2 e. 1
2
b. 1 f. 2
c | g 0
]
d 4 h. -1
ANS: F PTS: 1

4. Find the value of the limit lmn ['\.II Pax- x].

a. 1 €. o
2
b .[2 £ 1
4
c. _.f2 g 0
d 1 h. 1
4 2

ANS: H PTS: 1



Find the value of the limit litn [f\.l'xz + 2x - Ex]_

§—= -
a. 3 e. 2
b. 3 f.
2
c. 0 g -
d 1 h. -3
ANS: F PTS: 1
s
Find the value of the limit lim ———.
row g+ 1
a. -2 e. —1
b. 1 f. 3
c. 2 g 0
d 4 h. 3
ANS: B PTS: 1
. . 2x+ 1 .

Find the value of x at which the curve ¥ = ————— has a vertical asymptote.

2xt +77x+ 3
a. —4 e. 1

2
b. -3 f. 1
c. 2 g.
d -1 h. 3
ANS: B PTS: 1
X - 16

Find the value of x at which the curve ¥ = m has a vertical asymptote.

X -ix+
a. 4 e. 0
b. -3 f. 1
c. 2 g 2
d -1 h. 3
ANS: F PTS: 1

Given the following information about limits, select a graph which could be the graph of y = £ (x).

fim A= m Ax) = -1 fim fx)= lim fx) = eo
o w ¥ o rsat ¥ -1"

lim flx)= fm fx) = —oo

r—s-1" 1t

o
- —
K
-
-
(¢}

;
-

-._.,‘M. |

-



ll |
1 ! I
i r'. . 1 I
1 | " - |
N Ml IL |
1| 3 L. il
|
1 ¥ |
C I g. "
| | 1
i i._- r
e " — T r .-'. _.-"'
' Ii 1 L'-—-"".
|1 7
d . h
AT I
5 : !
..l',-' |1 — . —_—
- 1 |
o [
: |
ANS: A PTS: 1

Given the following information about limits, select a graph which could be the graph of y = £ (x).

lim fx) = bm Ax) =0 lim fx)= lm fix) = oo
K= ¥ - ya 1" - 1+
im fx) = bm Ax) = —co
-1t ¥ 1"
a | e .
L '. ,'
N | .1
-—-—u._—._\;.———JI':_;_l-—- 'I: .L:' Il
-li: IIF :l- .II -
: I s b
b. f S
| . |
; h 1!
S T - II I :
VoY L
1 '
1 I "'h.._____,_fl |
C . "
| | 8 ,
|
. 1 :i'-.__ _.r
o n - T ! -"r
' Ii 1 L'-—-"".
|1 7




11.

12.

ANS: C PTS: 1

Given the following information about limits, select a graph which could be the graph of y = £ (x).

lim flx)= lm Ax) =0 lim Ax)= lim fx)=co
¥t ¥ PP =1t
lim Ax) = lim Ax)=—co
r=-1" =17
a. | e. '
L '. ,'
N | .1
e e L !
i N .:I- W
: I 4 b
b. f S
| | |
' h ' !
S T - II I :
VoY L
1 '
1 I "'-.,_\____,_f |
C . "
I | g E
I -
. 1 :i._-.- _.r
— f I
' Ii ll- L'-—-"".
|1 /
d. . h.
Ea |
K . |
’ I| .I —
i : —— | 7
- 1 |
i [
. |
ANS: B PTS: 1

Using the graph below, determine the following:



13.

14.

() lm fx) (b) lm jix) (c) lm fix)

rw x=at v2
(d) lm Az (e) lm fAx) () lm fx)
¥ e P ¥=0"

(g) Find the horizontal asymptote(s) of the graph of y = f'(x).

(h) Find the vertical asymptote(s) of the graph of y = f (x).

ANS:

(a) 3 (b) @ () —w (d 2

(e) o (f) -e (&) y=3 (h) x=0,x=2
PTS: 1

Suppose that fix) = xj— 39 .. fis not defined for x = £3..
x —

(a) For which of these two values does f'have an infinite discontinuity? Explain.

(b) For which of these two values does fhave a removable discontinuity? Explain.

ANS:
. . x—3 . =73 . |
(a) Since lm fix)= n ———= lm =-—7—== lm =, f has an infinite
E— 3 K= -3 xj -5 E— 3 (x_ 3';II:X+ 3) K= -3 X+
discontinuity at x = —3.
. .ox=3 . x=3 . l l
(b) bm fz)= lim him lin / has a removable

¥ -3 r—=3 xg—9=x—>3=(-’f_3:":?f+3:'=x—>3 ;{+3=E’
discontinuity at x = 3.

PTS: 1

Given the following information about limits, sketch a graph which could be the graph of y = £ (x).
Label all horizontal and vertical asymptotes.

itn A2)= lm fx)=1 litn fix)= lm fix)=-co
Fw ¥ o et v 1"
in fAzx)= lm flxi=eo F=i{=-1

¥ -1" =17



15.

16.

ANS:

PTS: 1

Given the following information about limits, sketch a graph which could be the graph of y = £ (x).
Label all horizontal and vertical asymptotes.

lim fxi= lm Ax) =0, lim 7x) = oo lm Ax) = —co, and 0) = 0
r=1

¥ w ¥ —o = -1

ANS:
DT
1 W 1
1 N kY
] Do,
1 [
1 F S
1 1 '\".,,
1 1 ., .
1 3 | - -
- L 3
T 1 e
4
", 1 £ 1
W[ 1
L I 1
EN B 1
N | ]
‘Ii‘l 1
[ 1] |
PTS: 1

Given the following information about limits, sketch a graph which could be the graph of y = £ (x).
Label all horizontal and vertical asymptotes.

lim Ax)= lm Ax)=-1, m Ax)= hm Ax)=-o

K= m K= —

im fix)= lm fx)=co, and f= (0) = 1

-1t ¥=327

=2 ¥ -l”

ANS:



17.

18.

19.

20.

P 1
s

1
—_
P
—

- e mEEmEEs
-

PTS: 1

Find the limit.

(a) lhm 1 (b) lim 1-2x° (©) ]jm[«.l'xz+x—x]

2 3
¥ vow X+ X Y=w

ANS:
(2) o ®) -2 © 3
PTS: 1

Find the limit.

() a!]i‘ﬂ sl X (b) lim 2™ (©) lim £+t

ANS:
(a) Does not exist (b) 0 (c) O

PTS: 1

Find the limit.

(@) fm — ) mn[Jx2+x-Jx2_x] (©)

Y=o X ¥—=m

ANS:
(@ 0 (b) 1 (c) —eo

PTS: 1

X -4

Find the vertical asymptote(s) of the curve y = —4———.
¥ =3x-10

ANS:




=—to, so x = 5 is a vertical asymptote.



Section 2.6: Tan(irents, Velocities, and Other Rates of Chansire

1. Find an equation of the line tangent to f (x) = x*>- 4x at the point (3, — 3).

a. 2x—y=9 e. x—y=9
b. x—2y=9 f. y—x=9
c. y—2x=9 g 2x—y=4
d 2y—x=9 h. x-2y=4
ANS: A PTS: 1

26
2. Find an equation of the line tangent to the curve y = x + (1/x) at the point [5, 75 ]

a. 24x—-25y=94 e. 24x—24y=94
b. 24x—-25y=-94 f. 24x—-24y=-94
c. 25x-24y=94 g 25x-25y=94
d. 25x-24y=-94 h. 25x—-25y=-94
ANS: B PTS: 1

The next questions refer to the following table:

Average Daily Temperatures in Moorhead, Minnesota
Month 1 (Jan) 2 (Feb) 3 (Mar) 4 (Apr) 5 (May) 6 (Jun)
Temperature (°F) 6 14 26 43 57 66
Month 7 (Jul) 8 (Aug) 9 (Sep) 10 (Oct) | 11 (Nov) | 12 (Dec)
Temperature (°F) 71 70 58 46 27 13

During which of the following periods was the rate of change of the average daily temperature the
greatest?

a. [2, 3] e. [6,7]
b. [3, 4] f. [2,4]
c. [4 5] g [3, 5]
d. [5, 6] h. [3, 6]
ANS: B PTS: 1

During which of the following periods was the rate of change of the average daily temperature the
smallest?

a. [2 6] e. [8 10]
b. [4, 8] £ [9 10]
c. [4 9] g [10, 11]
d. [6,10] h. [11,12]
ANS: G PTS: 1

The following table contains data from the historic flood of the Cedar River at Cedar Rapids, lowa
during June 2008. Readings were taken at 6:00 A.M. each day.




Day Stage (ft)
08 10.46
09 13.79
10 17.54
11 19.62
12 25.88
13 31.03
14 29.23
15 24.93
16 21.95
17 20.13
18 18.85
19 16.25
20 13.63
21 12.12
22 10.94

Source: US Army Corps of Engineers - Rock Island District - Water Control Center
(a) Find the average daily rate of change of the river level over each of the following periods:
(i) [08, 13] (i) [13,22]

(i) [12, 13] (iv) [13, 14]

(b) Estimate the daily rate of change of the stage level on June 14th.

ANS:
(a)

. 31.03-1046 .. 1094 -31.03
(1) T 411 ftllldEl.j? (11) ﬂ a—2.23 ftllldEl.j?

... 31032588 . 29.23-31.03
(111) W 515 ﬂ.l"dElj.? (IV) W g2 —1.80 ﬂ.l"dElj.?

. 24 93-31.03

(b) Answers may vary. One possible response would be =13 " —-3.05 fiday

PTS: 1

The following table shows the relationship between pressure (in atmospheres) and volume (in liters) of
hydrogen gas at 0° C.

Pressure (atm) 1 2 3 4 5 6

Volume (L) 22.4 11.2 7.5 5.6 45 3.7




(a) Find the average rate of change of volume with respect to pressure for the following pressure
intervals:

@ [3 5] (i) [3, 4] (i) [2, 3]

(b) Estimate the rate of change of volume with respect to pressure if the pressure is 2 atmospheres.

ANS:
(a)
o A5=T75 liters o 5A-T5 liters oo .2=-745 liters
@) 3 =-1.5 e, (i1) I =-119 e, (iii) 1 =-37 .

(b) About —2.8 liters=atm (answers may vary).
PTS: 1

Below are the sunrise and sunset times (in standard time) for Moorhead, Minnesota on the 21st of each
month in 2007.

Sunrise and Sunset in Moorhead, Minnesota on the 21st of each month in 2007

Date Day of Year Sunrise Sunset Day Length (h)
Jan 21 21 08:03 17:14 9.18
Feb 21 52 07:21 18:01 10.67
Mar 21 80 06:28 18:41 12.22
Apr 21 111 05:29 19:24 13.92
May 21 141 04:45 20:02 15.28
Jun 21 172 04:32 20:25 15.88
Jul 21 202 04:54 20:12 15.30
Aug 21 233 05:32 19:27 13.92
Sep 21 264 06:12 18:27 12.25
Oct 21 294 06:53 17:29 10.60
Nov 21 325 07:39 16:47 9.13
Dec 21 355 08:09 16:41 8.53

(a) Find the rate of change in day length with respect to time (in hours per day)
(i)  from March 21 through July 21.
(ii))  from March 21 through May 21.
(iii)  from March 21 through April 21.

(b) Estimate the instantaneous rate of change in day length per day (in hours per day) for March 21.
(c) During which one-month period did the day length change the greatest amount?

(d) During which one month period did the average change in day length change the greatest amount?
Is this the same time period as in part (c)? Explain.



ANS:
(a) (i) 0.025 hr/day (i1) 0.050 hr/day (iii) 0.055 hr/day

(b) Answers will vary. Using February through April, we get approximately 0:055 hr/day.

(c) The one month period with the greatest change in day length was March 21 to April 21, 1.7 hours
in one month.

(d) The period from February 21 to March 21 had an average daily rate of change of 0.0553 hr/day.
This is not the same time period we found in part (c). The reason for this is that while from
February 21 to March 21 there was a gain of 1.49 hours over the period, slightly less than the 1.55
hours for the March 21 to April 21 period, it was over a period of only 28 days compared to 31
days for the March to April interval.

PTS: 1

The following table shows the concentration (in mol/l) of a certain chemical in terms of reaction time
(in hours) during a decomposition reaction.

Time (hours) 0 5 10 20 30 50
Concentration (mol/L) 2.32 1.86 1.49 0.98 0.62 0.25

(a) Find the average rate of change of concentration with respect to time for the following time

intervals:
1) [0, 5] (i) [10;20] (iii) [30, 50]

(b) Plot the points from the table and fit an appropriate exponential model to the data.

(¢) From your model in part (b), determine the instantaneous rate of change of concentration with
respect to time.

(d) Is the rate of change of concentration increasing or decreasing with respect to time? Justify your
answer.

ANS:
(a)
(i)  -0.092 mol/L/h
@ii)  —0.051 mol/L/h
(iil)  —0.0185 mol/L/h

(b) L

k! We 2 a0 MWy =0

(c) Clt)= 23357 " malfL, ‘fi—f = —0.1039 "™ moliLik



d . . . .
(d) Since —- a7 < [, the rate of change of concentration is decreasing with respect to time.
PTS: 1
(a) Find the slope of the tangent line to the curve y = x— % at (1,00

(i)  using Definition 1 from Section 2.6.
(i)  using Definition 2 from Section 2.6.

(b) Using your results from part (a), find an equation of the tangent line at (1, 0).

ANS:
__1 ;z—L] B
@ @ m- ﬂl+§2) Al _ fm (1+4) 1+ k D_]jm [(1+ ) L+k (+h)
.&—}u E—s0 A _.E—HZI A1+ i)
(4R -1 (1+2h+h¥-1 B2+ F)
S Ren T ROeR SRR
1 _1
Ax-fa1n . x—z—0 (x x]x N
':11:' m_x—ﬂ -1 _:}1211 x—-1 _E}nl (x I:IX _x—>1|:x_1)x
i (x— I:II:I+1:I=2

=1 (X ljx
b) m=2;y-0=2(x-1)ory=2x-2

PTS: 1



Section 2.7 Derivatives

1. Iffdx= Jx_ which of the following represents £'(4)7

o e RN
lim lim
rsd X—4 r—d X

b mn’J__z f mn.J§+2
¥4 x—4 ¥4 x—4

c. ,u.f; —4 g. Does not exist
lirn x=2
r—4 -

d. v — h. None of the above
x—4

ANS: B PTS: 1

2. Iffix) = x*-2x, which of the following represents j {1)?

a. o (l+d° -2(1+k)-1 e. h_m;z?+1—2(1+;33|+1
k=10 f k=10 h
b. L4k - 2+k-1 f. L4k -2+ 2h+1
i L i
=1 b=
¢ +§zj2 — 21+ + 1 g. Does not exist
limn h
k=10
d. (1+ ;2:,2 1+ k-1 h. None of the above
b
ANS: C PTS: 1
x+1 . . ‘
3. Iffix)= 1 which of the following represents /" {0?
a. Byl L1 e. j41 L1
firn -1 -1
h—=0 : k
b. R+l | f. b 1
R . 2k
in ———— litn
b= h b= h
C. R+l | g. Does not exist
ank—1+
k=10 f
d. el | h. None of the above
ank—1+
k=10 f
ANS: D PTS: 1

4. Iff(x) =5, which of the following represents {37
a. . 5 e. . H-3
Ax =10 Tibs Ax =10 bx



b. 3 .. 3

ax =10 hx
c. ,  5-3 g. Does not exist
ax =0 Ax
d 5 h. None of the above
ANS: E PTS: 1

If f(1)=5and (1) = =3 find an equation of the tangent line at x = 1.
a

. y=-3x+5 e. y=3x+38
b. y=5x-3 f. y=3x-8
c. y=-3x+8 g. Does not exist
d y=-3x-8 h. None of the above
ANS: C PTS: 1

Iff(~1) =3 and 7'{-1) = 2, find an equation of the tangent line at x = —1.

a. y=-5+2% e. y=-1+2x

b. y=1+2x f. y=5+2x

c. y=-2x+1 g. Does not exist

d y=5-2x h. None of the above
ANS: F PTS: 1

The graph of fis given below. State, with reasons, the number(s) at which

(a) fis not differentiable. (b) fis not continuous.
&
E
—_— = f
-7 \. .f'j
- . /
Y F
r kY d g
I . ‘.I‘J ™,
H i s )
] L] ) r a
_i i '-,l_.."'-I Te_w -
# i) o b 3 12 1= 1 -
ANS:

(a) fisnot differentiable at x = 6 or at x = 8, because the graph has a corner there; and at x = 11,
because there is a discontinuity there.

(b) fis not continuous at x = 11 because ltn fix) does not exist.
¥ 11

PTS: 1

Consider the function fx) = |x—2|.

(a) What is the domain of f?

(b) At what number(s), if any, is f'discontinuous? Explain your answer.

(c) At what number(s), if any, is f not differentiable? Explain your answer.



ANS:

(a) Duornainis (—co, o).

(b) ;s contimous on (—co, o).

(c) fisnot differentiable at 2 because the graph of fhas a corner there.

PTS: 1

The graph of fis given below. State, with reasons, the number(s) at which

(a) fis not differentiable. (b) fis not continuous.
J- »
i I'II : Y !
h - -
r: o 5 i . oy - !\I H £
- ’ o
ANS:

(a) fisnot differentiable at x =—3 or at x = 4, because the graph has a corner there; atx=-1 orx =1,

because the limit does not exist there; and at x = 2, because lim flx) = f2).
K= d

(b) fis not continuous at x =—1 or x = 1 because the limit does not exist there; and at x = 2, because

lim fx) = A2

¥—=+12
PTS: 1

For the function f'whose graph is given, arrange the following values in increasing order and explain
your reasoning.

P4 0 0 S, S S

ANS:
Fi= = {0 < £ < 10« £1-3) < £(=13 < £(4) by inspection of slopes.

PTS: 1



11. Determine a function f'and a number @ where the given limit represents the derivative of fat a.

JEemi-s-2 o)t 8B 56 R 11-55

(a) ,&hn_fu h k=0 h
3’3 x4

() lbm — (@ lm —

ANS:

(a) Axi=Jx*-5 a=73 (b) AX)=x"-Sx-11,a=6

() flxy=3e" a=10 ) f=x a=4

PTS: 1

12. Water is flowing into a large cylindrical tank at a constant rate. Let H (f) represent the height of the
water level at time 7.

(a) Sketch a possible graph of H (z).
(b) Describe how the rate of change of H with respect to ¢ varies as ¢ increases.
(c) Sketch a graph of & (%),

ANS:

(@ ™ Iy (c)

(b) ') is constant.
PTS: 1

13. A tank is in the shape of a large, inverted (point-down) cone. Water is owing into the tank
at a constant rate. Let H (¢) represent the height of the water level at time .

(a) Sketch a possible graph of H (z).
(b) Describe how the rate of change of H with respect to ¢ varies as ¢ increases.
(c) Sketch a graph of & (%)

ANS:



(b) H'(#) is always positive and decreasing.

PTS: 1



Section 2.8: The Derivative as a Function

1. Given the graph of y = f(x) below, select a graph which best represents the graph of y = 7'(x].
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ANS: B PTS: 1

2. Given the graph of y = f(x) below, select a graph which best represents the graph of y = 7'{x).
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ANS: A PTS: 1

3. Given the graph of y = f(x) below, select a graph which best represents the graph of ¥ = 7'(x].
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ANS: F PTS: 1

4. Given the graph of y = f(x) below, select a graph which best represents the graph of y = #(x).
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ANS: E PTS: 1

5. Given the graph of y = f(x) below, select a graph which best represents the graph of y = (x).
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ANS: H PTS: 1

6. Given the graph of y = f'(x) below, select a graph which best represents the graph of ¥ = 7'(x].
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ANS: F PTS: 1
7. Given the graph of y = f'(x) below, select a graph which best represents the graph of 3 = 7'(x).
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ANS: C PTS: 1
8. Given the graph of y = f(x) below, select a graph which best represents the graph of y = (x).
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ANS: D PTS: 1

Given the graph of y = f (x), sketch the graph of y = 7(x).
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PTS: 1

10. In order to determine an appropriate delivery schedule to a group of rural homes in North Dakota, a

fuel oil distributor monitors fuel oil consumption and the daily outdoor temperature (in degrees

Fahrenheit). A table was constructed for a function F (7) of fuel oil consumption (in gallons per day)
as a function of the temperature 7.

(a) Sketch a graph which you believe would approximate the graph of y = F (7).

(b) What is the meaning of #'{T)7 What are its units?

(c) Write a sentence that would explain to an intelligent layperson the meaning of {0} = —0.4.

ANS:
.
(a) relirmsnios g

1F:
(There are many possible graphs, though presumably they are all decreasing!)

(b) F'(T represents the rate of change of fuel oil consumption with respect to temperature. Its units
are (gallons/day) / (°F).

(c) F'(0)=-0.4 means that as the temperature increases past 0° F, the fuel consumption is
decreasing by 0.4 (gallons/day) / (F).

PTS: 1

11. Given the graph of y = f'(x) below, sketch the graph of y = 7"{x}.
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PTS: 1

12. Given the graph of y = f(x) below, sketch the graph of ¥ = f"(x).
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ANS:
v
PTS: 1

13. Given the graph of y = f (x) below, sketch the graph of y = /()

da



PTS: 1

14. Given the graph of y = f'(x) below, sketch the graph of y = 7"{x}.

ANS:

PTS: 1

15. Below are the graphs of a function and its first and second derivatives. Identify which of the following
graphs (a, b, and c) is f(x), which is 7 '{x}, and which is /"{x). Justify your choices.



16.

17.

ANS:
a must be the derivative of ¢ since it is above the x-axis where ¢ increases, below the x-axis where ¢
decreases, and is 0 where ¢ has a horizontal tangent line. Similarly, b must be the derivative of graph a.

So fixi=c, F'(x)=a, and " (x) = &.
PTS: 1

Given the graph of y = f(x), find all values of x for which

(a) f(x)=0 (b) f(x) <0 (¢) flx=10 d) =)=
e ~ . -i--
I-\. | .-__.-"'
g, .__.-'"' M a.‘ ."'- 1
-r_"-mlk ! A v ihL~ 54, Wk,
R AR
ANS:

@ 7> Donlx, x,)and (ks 7y).

(®) F(x) <0on (%, x,) and (x,, x5), and (xy, xy9).
(©) /()= Datx, xgandz,

(d) G > Don (xy, x;) and (%, %g).

PTS: 1

Find the derivative of f(x) = 3x — 5 using the definition of the derivative.

ANS:
i) - M+ k) -5-(3x-5 —5_
ot EEBAD D5 Gio5) L s 5 e
L] ";2 L] ;3 ] .;E
.Gk
— lim 3 =3
.E—}IZI'EE

PTS: 1



18. Find the derivative of f{x) = ~/4 —x using the definition of the derivative.

ANS:
f(x+k} A -Gk 4o
fl::l_.&—ﬂil .&—}IZI ';3
(J4 (eh) - Af4-2) (JA- el - AJ4-2) a-xak-@-2)
= lm
- o h (- ek + Afa-x) 0 R J4—(x+ k) + fd-2)
d-x-h-4+x -k

=Eﬂlu (\}[4—(x+kj+ \}r4—xj| B (,\.'r4—(x+§z) + \}r4—x)
: -1 -1

= ]_1_‘['_[1 =
k-0 N'r4—|:x+}z}+«f4—x 2aJ4-x

PTS: 1



Section 2.9: What Does f~ Saz About f?

1. Given the graph of y = f"'(x) below, select a graph which could be that of y = f'(x).
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ANS: E PTS: 1

2. Given the graph of ¥ = f(x) below, select a graph which could be that of y = f'(x).
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ANS: F PTS: 1

Given the graph of ¥ = /'(x} below, select a graph which could be that of y = f(x).
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ANS: E e
4. Given the graph of y = /"(x) below, select a graph which could be that of y = £ (x).
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ANS: G PTS: 1

Given the graph of ¥ = f(x) below, select a graph which could be that of y = £ (x).
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ANS: F PTS: 1
Given the graph of ¥ =7"'{x) below, select a graph which could be that of y = £'(x).
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ANS: H PTS: 1

7. Given the graph of y = f(x), answer the following questions.



Find all values of x at which

(@ x>0 (b) F'(x) =0 (c) f'ixy=0
(d) fis increasing. (e) fis decreasing. O Mx =0
(2) F(x) <0 (h) fhas an inflection point. (i) " isincreasing

(G) 7' decreasmng

ANS:
(@ F(x)=0onix,, x).

(b) Fx) < 0onixy, xy)and (x5, x,).

() F(xy=0atx,andx=x,.

(d) fis increasing on (xz, Xs).

(e) f'is decreasing on (xo, x2) and (xs, x7).
(O Fx) = Dondxg, x,)

(g) F(x) <0onix,, x:).

(h) fhas an inflection point at x = x4.

(i) isncreasing on (x,, x,).

(G) 7"z decreasing on (x,, x,).

PTS: 1

8. Given the graph of y = f'{x), answer the questions that follow.



e T
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S

(a) Find all values of x at which

(i) fis increasing. (iv) 7z <0

(ii) fis decreasing. v) Fix=0

(i) F(x)=0. (vi) /' isincreasing

(b) Sketch a graph which could represent y = f(x).

ANS:
(a)

(1)
(i)
(iif)
(iv)
v)
(vi)
(vii)
(viii)

(ix)

(b)

PTS: 1

f1s increasing on [xo, x1].

fis decreasing on [x1, x2].

F(x) » Dnowhere.

7 < Don(xg, xq).

77(x) = 0 nowhere.

7" is increasing nowhere.

7' is decreasing on [xo, x2].
fhas a local maximum at x = xi.

/f'has no local minimum.

L

¥

(vii) "1z decreasmng,
(viii) fhas a local maximum.

(ix) fhas a local minimum.



9. Given the graph of y = f(x), answer the questions that follow.
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(a) Find all values of x at which
(i) fis increasing. G(v) 7z <0 (vii) f'is decreasing
(i1) fis decreasing. (v) fhas an inflection point.  (viii) fhas a local maximum.

(i) Mx)y =0
(b) Sketch a graph which could represent y = f(x).

ANS:
(a)

(1)  f1is increasing on [x1, x3].
(i)  fis decreasing on [xo, x1] and [x3, x4].
(i) F(x) = Don[xg, x,).
(iv) U <Donix,, z,).
(v)  fhas an inflection point at x = x».
(vi)  Fizincreasing on [z, x;].
(vil) " is decreasing on [x2, x4].
(viii)  fhas a local maximum at x = x3.

(ix)  fhas a local minimum at x = x».

(b) R
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10. Given the graph of y = f(x), answer the questions that follow.

(a) Find all values of x at which

(i) fis increasing.
(i1) fis decreasing.

(iii) F(x) = 0.

(iv) £ <.

(v) fhas an inflection point.

(vii) f'is decreasing
(viii) fhas a local maximum.

(vi) /' isincreasing (ix) fhas a local minimum.

(b) Sketch a graph which could represent y = f(x).

ANS:
(a)
(1)  fis increasing on [xo, x1] and [x3, x4].
(i)  fis decreasing on [x1, x3].
(i) ) = 0o [xg, x,].
(iv) U < Donixg, x5).
(v)  fhas an inflection point at x = x2.
(vi)  F'ismcreasing on[x,, x,].
(vil)  f" is decreasing on [xo, x2].
(viii)  fhas a local maximum at x = x;.
(ix)  fhas a local maximum at x = x3.
(b) T
e o iy 3y .
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e,
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PTS:
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