3.3 Velocity and other Rates of Change

PRACTICE

| Use the information given to answer the following.

1. The home price index as a percentage change from
2003 in year ¢, is represented by y = p(t).
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a) What year does p’(t) = 0?2 =/0O D

b) Is p’(2008) positiver zero?

c) Find the average rate of change from 2006 to 2008.

ARC = PID-P(8)  p(2008) ~¢(2e0k) _(zs)-bio) _-15X
e (2o - (2000) 5 T3 yur

2. A particle moves along a line so that its position at any
time t > 0 is given by the function
s(t) = —t3 + 7t? — 16t + 8 where s is measured in
meters and 7 is measured in seconds. < =weters
= SewdS
a) Find the instantaneous velocity at any time .

V[t)= -3+t

b) Find the acceleration of the particle at any time 7.

o[t)= -Gt 74

¢) When is the particle at rest? Firo N ; o) (
.
O =-3t"+4t L o = (3t-§)(t+2)
0=3t-g -t+270
O =(-3t 484+t - /) g=3t 2:¢
0= -£(3t-8)+2(3t -§) %a=e At 2¢ 23 SelondS
d) What is the dlsplacement of the particle for the first 3

seconds? S/z\=- (N +7GEY - 1L +E
= =(>) +(3)- 48 +g

= -9+ 63-40
s(x) =-4

3. Write the surface area, 4, of a cube as function of
its side, s, measured in inches. A = i+

R ol

a) Find the instantaneous rate of change of surface area

with respect to its side when s = 4 in.
dA = IQs|
s
=y

sy = 48 int Per in

b) Evaluate the rate of change of 4 at s =1 and s = 5.
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4. The position, in meters, of a body at time 7 sec is
s(t) = t3 — 6t? + 9t. Find the body’s acceleration
each time the velocity is zero.

\V o= 3tt -t xg g = wetess
a= Gt 12 + = Selonds
when ¢ V= 0—)
0= 3t -2t +4 a() —((‘;(l\j‘?
o = - 3 +F1 ) al =-ew/
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5. The following table shows oil production by Pemex,
Mexico’s national oil company, for 2001-2007 (=1
represents 2001)

2001 206 oS 200671

t (year since 2000) 1 3 5 7

P (million gallons/day) | 3.1 3.4 3.5 3.7

a) Approximate P'(2). Label alng Jlb@}lgy'
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6. A particle P moves on the number line. The graph
s = f(t) shows the position of P as function of time 7.

a) When is P moving to

, . | the lefi?(Wegative Slope)
: (23)u(5,0)

b) When is P moving to
the right?( Posifive. slepe)

©.)

c) When is P standing
still? (sloge = 0©)

(I.Q\u(Z,Q

d) Graph the particle’s velocity where defined.




7. The number of iPods sold by Apple each year from
2004 through 2007 can be approximated by
f(t) = —t? + 20t + 3 in millions of iPods where
t = 0 represents 2004, =il ped”
T=Hime §'5e
a) Isthe number. of iPods sold in 2006 increasing or
decreasing?y £ © §'(5)=-2al2)+z0
'F 'ft) = -t +20 £'19) ;,—:ji/x\
. /nec rmSiﬂ

b) What is the average rate of change from 2004-2007?
Sz - (Y +200+3 AZ“%
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8. The figure shows the velocity v = == f(t) of abody
moving along a coordinate line in meters per second.
£ =meters
= SectondS

t = Secon
a) When does the body reverse direction? At 2 ard 2-¢ seconds

“fs

;Séfc,z

b) When is the body
moving at a constant
speed?

CB,HB

¢) What is the body’s
maximum speed?

d) What time interval(s) is the body speeding up?
@0 u (22)u(4.6)u(7.6,9)

9. A rock thrown vertically upward from the surface of
the moon at a velocity of 32 meters per second reaches

10. The table shows the stopping distance d, in meters, of
an automobile traveling at a speed v, in kilometers

a height of s(t) = 32t — 0.8t meters in 7 seconds. per hour.  d= mets
S=wetess v =kw/,
= Setond
a) Find the rock’s%elocitygand acceleration as functions velocity, v 20 40 60 80 100
of time. \/ - 22- /.Lt distance, d 2.3 8.9 20.2 | 359 | 56.7
q= -6 a) Approximate d’'(50). Label and justify!
I N d (woy —d(+0o
b) How long did it take the rock to reach its highest _ (200)-(¥% ﬁ)
point?(Highest point is a max. A woax wes horinmdal Fangad lw) - 20
[£\=32-LLt .3
V;\:';:)-}.Lt d '(%32 %
let =30
1 =70SecondS
11. The data in the table gives selected values for —
the velocity, in meters per minute, of a particle Time ¢ 0 2 5 6 8 12
moving along the x-axis. The velocity vis a Velocity
differentiable function of time .~V = "/m:+, v(t) -3 2 3 S 7 S
= wmin

a) Att = 0, is the particle moving to the right or left? Explain. At v (o) =-3 | Siace +he velecrly s neaatie,

+re pawh'de (S wioviag left

b) Is there a time during the time interval 0 < t < 12 minutes when the particle is at rest? Justify.
\/eSJ belweern £50 oul £=2 +fhe ve!bcH’y Changs from mﬂa‘l‘i‘re + PcS|'+rue. Since fue pth:f.'t)h 'S flfue(en'}-'ﬂlob and Continuous,
+he TV T, applieS, The IVT Siedes +hat eveey Vgloc{-}y between =3 and D wel exist o +he +ime iatecval (0,2)_ Since O is between

-3 and 2, He pacticde must ke of vest ow v Fime i deam| LDP\

¢) Use the data from the data to approximate v'(10). Explain the meaning of v'(10) in terms of the particle

! (2)-v (€ SV\-0 Qo[ ol emin
v (18)= ARC (3,12) :V(I':l_m\ - &% ) - 2 Ledmin

At /O minutes, Hhe vel ocik{ is Jfrreusing by ;/ Min EVEN Second

(o\f | w/s every 2 Sfrcwdg)

d) Let a(t) denote the acceleration of the particle at time ¢. Is there guaranteed to be a time t = ¢ in the interval

0 <t<12suchthata(c) =07? Justify. \/e<,

(1)~ s-5_
The -pu\dion i 0‘1#0"?*‘}5“”6’ so Pra MVT q;:p/ils_ “The AAZC' m«[b,l'a 'S o, betaus %’?;’A = =5 = 0. The MYT +hus Says Faat +here

exsst a pomt € Such it v'ley=o



12. The graph represents the velocity, in feet per second, L (),
of a particle moving along the x-axis over the time 0 1 /\
interval from ¢ = 0 to t = 9 seconds. /S" N EERN \
p /| \
a) Att = 4, is the particle moving to the right or left? Explain. T / '
¢ "
Ad 1=14, ve Pa,/}ic)e (S moving fo +he right belauwse i+ st/ q”‘d.
has a pesitwe velocity N A \\\“ A
b) Over what time interval is the particle moving left? Explain. i ] ] .
TR pacdicle s moving left Stom S seconds Fo T Seconds :;“ 1 6718 ol
[ a ' i 1 ! ] |
\Yecausz 14+ has ”Ej’-ﬂ( L velot 7 by | \
c) Att = 4, is the acceleration positive or negative? Explain. o1 \

Tde accelaralion s ne_ja'fiv@ becaug +he slop_eo\c +ke
\/e.‘OCIJ?( IS o Vl@ga‘f'ﬂ/e N um bes

d) What is the average acceleration of the particle over the interval 2 < t < 4 ? Show the computations and label

your answer. Accelecution 15 +he cote st Chamge ot velocity.

Vi« —-\/('L) -9 _ — 3 ft/sec
ARC = (Ln)— O N
¢) Is there guaranteed to be a time ¢ in the interval 2 < t < 4 such that v'(t) = —% ft/sec? ? Justify.

N0, +re velocity is ot Abfecentiable ot £=3 chedo o comec points Tt e |VT dlocs not apply.

=

f) At what time t in the given interval is the particle farthest to the right. Explain.
The pacticle s Lecthost +o He wight ot S Secands. That is when it shps 90114 r{ﬁh‘l' and goes [ef4.

13. A particle moves along the x-axis so that at time 7 its position is given by:

x(t) = t3 —6t% + 9t + 11 where ¢ is measured in seconds and x is measured in feet
x(t)=F+ X = feet
£<Sec t = SecondS
a) Att = 0, is the particle moving to the right or left? Explain.

\/L‘l‘:S: 3'61— 2t +9 Tle Darf}r_[& \ S \mov'm_ﬁ ria,’\"' bEc‘aug_ H»q VC,]DLi'/7/ P r)os)+',v€
v ()= 3(eY ~12(d) 14
v (o) =9

b) Att = 1, is the velocity of the

alty= Gt -iaf alh = W) 12
T -1

particle increasing or decreasing? Explain.
T velocity 15 decreasing at | 2w
becaug e acceltration 8 neyatie.

c) Find all values of 7 for which the particle is moving left.
3¢F- 12t +920 3(t-3)(t-)2zo

TE woving left, vz o, 2 (£ ueDLO [ﬂi\bil.ell-\m.mtrtﬂ
zZHh = =0
—5(*‘3.3)3:-.340 o iz 3 4
O tnda
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d) What is the displacement of the first 6 seconds?

End  — beginmiag xa,;(.,\‘—z.co;&qmm
Displacerny = x (o) - x(o) S e Gl
= sk - WA o) = oS 4
= SY £+ X (o) (0¥ —GLoY" +a(a +1)

X[o\illf}i




3.3 Velocity and other Rates of Change TEST PREP

MULTIPLE CHOICE
1. The graph of the differentiable function y = f(x) is shown below. Which of the following is true?

(A) f'(0)>f(0) [neg >V F

B fW<fD (o2 -1) F A )

©) Q) <f(2) (pc:S L ca} - Y Ny

(@) fD =10 (o=0) —f

E) f'2) = f@) (pss=0) F /
F'=o

2. The position of the particle traveling along a straight line is x(t) = t3 — 9t2 + 15t + 3.

On the interval t = 0 to t = 10, when is the particle farthest to the left? -
O=3(£ Y -12

A V()= 3T -i1gE +1S 2
(A) t=0 \I 7 = 3(tet ) ris 2= 2_(;:31—13
%t=; "z[t “ut Gyl - —(t 3
t = +9 = -
\,/(\\/& 3ft-y-a 422 4-3 or -7 &3
(E t=10 FacthnedT lef s=¢ [ =t

(3; 2
3. If the position of an ant traveling along a horizontal path at time 7is 3t2 + 1, what is the ant’s average

velocity fromt =1tot =6 ?
[30»3*1] f?smﬂl

(A) = AV=ARC= "y
(B) ?09 _ [3Ge)+0) - [3¢0+1)
© —

Y
_ g1} — [341)
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(E) 220 _ Jon -+
s

- oS
=
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4. Find all values of ¢ that satisfy the Mean Value Theorem for f(x) = x3+ 1 on[-2,4].

£ =(aYie | Ly= [+ . 2 —
(B) c =+2 o %g#(-‘)-{-t-;) ~ ArcC = £
o A‘ECI a) == [:):30.1
(C) c=-2 ___(bgj—(_—')) .
(D) c=0 . =
- H+a=c

(E) No such value of ¢ exists  , _
2c = 1D
“The mean velue +heorew Says

o € exisk between =2 and Y,
Sé) _DQ/ C—?,“[B



