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Unit 4 Review Problems

1. The radius of a circle is increasing at a rate of 0.2 meters per second. What is the rate of increase
in the area of the circle at the instant when the circumference of the circle is 20t meters?
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o Functions w, x, and y are differentiable with respect to time and are related by the equation w = Xy K xis

decreasing at a constant rate of 1 unit per minute and y is increasing at a constant rate of 4 urits per minute, at
what rate is w changing with respect to time when x =6 and y = 207
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3. The top of a 25-foot ladder is sliding down a vertical wall at a constant rate of 3 feet per minute.
When the top of the ladder is 7 feet from the ground, what is the rate of change of the distance
between the bottom of the ladder and the wall?
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4.1ff(3)=7 and f(3)=-2, what is the approximation of f(3.1) using the tangent line to the curve of y=f(x)
at x=37

TauyonJrLine: \[_(_l: 7(\(-3)
Lineari 2ation: Y—' 7(,(-3) ~2

atez3.\ ¥= 7(3-I *33"2
Y= 7(0-1)=2:4.3
£(31) & ~1.3
5.1fa(t) = e*(t — 2)(t + 3)3, then at what t-values is acceleration positive?

qu‘,{:l '61"3 Sign chﬁd{'
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£ A - YoM © Hive on ('°° '3) and
£ < gcctleradion 7 posit ¢
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e = |+ |t

6. The graph of v(t) is shown at the right for a particle moving along the

ko' Things ot cok of Gy 02835

vith ] /'\ N
a. On what interval(s) is the particle moving right? zﬂ/ \.
Justify your answer.
The. Paﬂ-tclct} mOl/Mﬁ n‘gM‘ when V(ﬁ) i3 4 "1 r
c\. 5 3 5) ) 3 } ://Me’\\\'
Cobc\lﬂ,'{"&)(d) . EOI l-S), (2/ (X g 03 ' 1,;\”‘2.////2.5 3

b. On what interval(s) is the particle’s speed increasing? Justify your answer.
Speed. Tinereasing o hen v(€) and a(t) have the same signi e, "'59), (15 l), (29, 3)

Hint ; You @n't jushiy This way, butleok for the goaph moving awey from O,
c. At what time(s) is the acceleration of the particle 0? Justify your answer.

Ac(c(m‘ior\bgpaf“de (59 when 5(opeo-{lu(;6) isO:4e 0.5’ 2, 3

d. At what time(s) does the particle change from moving left to moving right? Justify your answer.

? dicle (/‘\ e -an N 1y . . w , . |
et fots o aving Jed g ight when (9 chasges from ey bive
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7. CALC OK

a.If v(t) = 3sin (%t2 — 5t + 1) models the \(elocity of a particle for 0<t<4 as the particle moves along
fostic\C

the x-axis, on what interval(s) is is the fupetion moving to the right? Justify your answer.

i) L L3e €39

feo0.20¢ /\6: 177 /
€:0.9¢ \/’5 :-?—763

tr0.50Y B2 20

tarkicle is wovit] rightwhea vl)is positive:
(o) 0-20‘63, (.U, 1-77), (2.9¢3, &)

b. At what time(s) does the particle change direction? Justify your answer.

thtdgcw&g Mrectton whea v(£) CI’IA/L?Q ;27,41
- o204, 0-9U, 1717, 2.963

c. At what time(s) is the acceleration of the particle 0? Justify your answer.

ACMW'L‘\OVLD‘F %ﬁpﬂfd( ’s O wke«ﬂc)lope/of V(f) =0.
t= o5k, 1316, 2.3,3.40

d. Is the particle speeding up or slowing down at t=2.5? Justify your answer.

V(Q-ﬂ: -2.602 v(2.5) and 6(2-5) have difereat sigas, Jo 'Hl(/P‘V‘H‘{' e flow""ﬁ
a(2:5)= 3.733 down.

[_?dm‘vdive (use C‘")

c. What is the velocity of the particle the first time that acceleration is 0? Show the work that leads to

your answer.

Accelecationis 0 for e firsh Hime a-6=0-544. V(0.5 uk) = -3
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8. CALC OK

. . . S sin 3x2-1)
a. For a particle moving along the x-axis, the velocity is given by v(t) = 2¢°" 2 — 2 for 0<t<5. At
t=3, is the speed of the particle increasing or decreasing? Justify.

V()= 2 EW 5 - o512
a(ﬂ: ~3.95% .
The pwﬁd&s Speed v iacrus«‘m, blc VI3) and al3) have the same. sign

b. For the function above, identify all the times when the particle changes direction. Justify your answer.

Particle changes direction whea y (€) chasges sign:
= Lk, 2878, 3,317, %.566

v

9. CALC OK Create a velocity function for a particle moving along the x-axis. The function must satisfy the

following properties:

a) The speed of the particle is decreasing at t=2.
b) The acceleration of the particle is is positive at t=2

Answers may "“2"/3 g
V(i-): - aﬁv G(,t = q"é
w(2)2 -2(“,_;) a ()= Q(‘é‘) \ .
Specd i3 decrrasing ble v(2) end a(2) Mucdb%n{»srjnf. a) «s positive.

10. CALC OK Engineers are testing a new canal for ships. Water is let into the canal at a rate that can be
modeled by W (t) = 42sin (2 + cos(t?)) where tis hours and W is measured in thousands of gallons.

Water drains from the canal at a rate modeled by D(t) = 42cos (4tcos (t)) where t is hours and D is
measured in thousands of gallons.

a. Is the volume of water in the canal increasing or decreasing at t=3.1 hours? Justify your answer.
Overal| Rate = w(t) - P(E)
RE=wW(O-PE)
R (3.0=WG-N-D(3.])
R3)= -b660- 343 ) negalive, o the volume of wateris Acorwmg

b. Is the rate at which water is entering the canal increasing or decreasing at t=2.3? Justify your answer.

W'(2.3> =74 ‘f%l the rate of Which oaler .‘5&#6(1%,*& canal 5 inC(\&a«5‘i/L£
ble W '(2.3)[3 po)s#ve,
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(@\L 1. A particle moves along a straight line with velocity given by v (t) = 7 — (1.01)"t2 at time ¢ > 0.
What is the acceleration of the particle at time ¢ = 3 ?

(A) -0.914 Av

E 13
nse calwmof

V'(3)= 0.065

2. A particle moves on the x-axis so that at any time ts position is given by
z (t) = sin (27t) + 27t . For what value of t is the particle at rest?

@ o vt =0

1 x(#)=5\(art) + 1nt
’ Vit )= osQat)-dp+20= 0
© 1 Cos (2nt)- A = AT
cos(24) = |
® 3 e bl

® ©3

Cos () =~ |

Cﬂti’it, 3. A particle moves along a line so that its velocity is given by v (t) = —* + 2t + 27 for t > 0. For
what values of ¢ is the speed of the particle increasing?

G-raph ».177
N x=1.25¢
¢ 4 ~ 2057
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@ (0, 0.177) and (1.256, oo)
(0, 1.256) only
@ (0, 2.057) only

@ (0.177, 1.256) only

0.177, 1.256) and (2.057, o)

le 4. A particle moves along a line so that its velocity is given by v (t) = —t3 + 2¢> + 27 for t > 0. For
what values of t is the speed of the particle increasing?

(&) (0, 0.77) and (1.256, oo) Same. problem
@ (0, 1.256) on|y

@ (0, 2.057) only

@ (0.177, 1.256) only

(0.177, 1.256) and (2.057, o)

Cal(_ 5. Two particles start at the origin and move along the x-axis. For, 0 <t < 10 their respective position

functions are given by 1 = sint and @ = e~% — 1 . For how many values of t do the particles
have the same velocity?

. 3~
V=03 Ef Gruph both. See howmany sadersechon s
v,2e €3
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6. The position of a particle moving along a straight line at any time t is given by s (t) = 4t 44,
What is the acceleration of the particle whent =4 ?
—_—__——————q -

Mo gz tiuteu

1::] Vi) 224 +4
2 a(f)cl

(jﬁi(_ 7. A particle moves along a line so that at time f, where 0 <t < =, its position is given by
8(t) = —4cost — 5; + 10. What is the velocity ofthe particle when its acceleration is zero?

viH) = sig ) -t
a(£)= Q—co)(‘f)‘( =0
SRR
Gm(ﬂ\ a ) sd ind 0
£21.318161 15 Whea a($)=0
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@ -5.19

8. Let® and ¥ be functions of time t such that the sum of  and ¥ is constant. Which of the following
equations describes the relationship between the rate of change of ¢ with respect to time and the

rate of change of ¥ with respect to time?

de _ dy W X+Y:C

v Ay

M7 =0
e _ _dy
de @ 4K \where K is a function of ¢ dt IC

dat dt *

®
©
®

a d H i
%t; =y .d% = K, where K is a function of £

9. Boyle’s law states that if the temperature of an ideal gas is held constant, then the pressure P of
the gas and its volume V satisfy the relationship P = % where k is a constant. Which of the
following best describes the relationship between the rate of change, with respect to time t, of the

pressure and the rate of change, with respect to time ¢, of the volume?

p=k.
VvV
p-ky!

R\ R 4 -
T A S v
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Pk
@ &~ @
dP —k

® « @
@dP____k__
®

dt y?

10. An isosceles right triangle with legs of length s has area 4 = -;-82- At the instant when s = /32
centimeters, the area of the triangle is increasing at a rate of 12 square centimeters per second. At

what rate is the length of the hypotenuse of the triangle increasing, in centimeters per second, at
that instant?

™ i 2 % Z12enYs whea =%
S LR
3 &y s2oh? Help: 232 =h? ?;ts
C .2 =n? -
() v3 'lsl:h 64»}:\ ﬁv5%%

L A cube with edges of length x centimeters has volume V(x) = x° cubic centimeters. The volume is
increasing at a constant rate of 40 cubic centimeters per minute. At the instant when x = 2, what is
the rate of change of x, in centimeters per minute, with respect to time?

\Y f)”u{ = 40 owfmin V< )c'3

X

when X =2, 3‘_-;_:7 az:sx {
#093(2)2%’@

%oz WG 4
k0 dx e - 15

=@ 3
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12. The function fis twice differentiable with f{(2) = 1 ,f(2) =4 , and f'(2) = 3 . What is the value of the
approximation of f{1.9) using the line tangent to the graph of fat x =2 ?

® os y-1= 4(x—i§);

1) o6 F=gbe2l
\{:q(l.q_ﬂﬂ
(©) 07 Y =ul-0.00¢]
() 1.3 ¥z 0.6
(e) 14

13. For the function f, f'(z) = 2z + 1 and f(1) = 4 . What is the approximation for f(1.2) found by
using the line tangent to the graph of fatz =1 ?

e&(N=24=3

Y-Y=3 (x-1)
V= 3(c-1)+4
Y=3(t2-D+4
y=3(0. 0+
=% 0
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(a) 08
(B) 34

14. Let fbe the function given by f(x) = 2 cos x + 1. What is the approximation for f(1.5) found by using
the line tangent to the graph of fat x =1/2 ?

@ g f BRG] =R+ TH

1z _

%) Y=-2(15) 4+ 4]

1 slope”. € "(x)=-2Asin(x) V= 34 = -2t
-2 F(5)= -2 (£)=-2

@4—71' \/-l:-'l()(/%>
Y =-2x-3) H

when x=1.9
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