P Unit 4B — Applications of
Derivatives

e Notes and some practice are included
e Homework will be assigned on a daily basis

Topics Covered:

7

**  Mean Value Theorem
Particle Motion
Optimization

Implicit Differentiation
Related Rates
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Unit 4B Derivative Applications Review

a.

b,

L os(t) = t3 - 122 [0,10]

Y W"W“";~A
b. What is the vel ’rﬁt at t = 3 seconds
c. When is the particle at rest? g

d. When is the particle moving rlg‘ht$ Ieft?
e. Whatis the acceleratlon funct|on'-’

f. . What is the acceleration at t = ol seconds\-
g What is the displacement?

h. What is the total'distance traveled?
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What is the velocity fi
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When is the particle speedmg‘qmgg}w' f BI» {
Down?

G Whenl |;5 thé béméle atrest? . &
0= -\ (B>t +40) Lz
0= -\ (BE-W)(-2) k=22

d. When is the particle moving right? Ieft? ekt

2. s(t) = —t3 + 13t — 40t [0,6]

e. What is the acceleration function?

a(£)= - ek +1é \’

f.

el

0

What is the acceleration at t = 1 second?
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g. What is the displacement?
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h. What is the total distance traveled?
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Impilicit Differentiation: Find the derivative with respect to x.
B2 =500

4. xy =x
s 2+ A4 AY/dx = O X %3.\-5 =
2 A .
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Xk iyt =5 X2+ y- 2 188 =0
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51 TG ERT I Ay (31D = 730
- = &y X
/. sin(y?) = 3x 8. cos(xy) =2
Cos () 2y A98x = 3 Sl ) (X0 ) =0
' oL *%CG§%) Xd‘fﬂ/o\x4—330
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9. x2+y+xy®=5 ' “
2% + 994+ -3+ ¢ = O OB -9
OY/AX 4 BXY™ O/ = - 2x —~333 X
OYx (| +2D) = - 2o
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Find the equation of the tangentlinetd®he curve given.

10. X%y + y = ZaiEs3)-ssis 11. x2+y? =9at(3,4)
X209k + 42U+ Oy/ax = O / 2K+ 4 A =0
OYdy (Y +V) = -2y | Au/dv = P2 _ ',é
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| Optimization & Related Rates:

| : ing. What

12. Four pens will be built side by side along a wall by using 150 feet of fencing. Wh -
l

dimensions will maximize the area of the pens. \EO) o= 1/ SN
= BX+ A= X (DXt - _ =5’
SR LT o D0 o SPrIEOL Ye-BUSHEC=TS
7 Al = 1Ok +\BO y % £ )
O= -IOX + 150 \5 X -

13. A boxwith an open top is to be constructed from a square piece of cd.ridbOGFd,Q_
feet wide, by cutting out a square from each of the four corners and bending up the
sides. Find the largest volume that such a box can have. vV

Bt =X V= 2 (3-2DB-2) 0= 15 o o
L= Vo Qy- s Uy 0> 3Qr-D63) V<8 :L\T‘

ﬁf‘*} N.fw.;_

; " Va. 34 S
y 14. Atravel agency is planning tours for groups of 20 or more. If the group size is
{ exactly 20, the cost is $400 per person. For each additional person, the price will be

reduced by $15 for every person in the group. What size group- will provide the largest

:) revenue?

| RW)=# ok pecple - price/person R(M)=-30X +IC§ sl 204X Y
| R®) = (20+) (Uco- 1) 0O = -BOX+] Sy

;‘ 2 - et

| RO = FCCO +100X - 1BX X '.L% .{\:"?— - 2.3
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| A D pecple )
15. The area of a healing wound is given by 4 = nr2. The radius is decreasing af the
rate of 1 mm/day. How fast is the area decreasing at the monument when r = 25

mme¢
K: 8Fdk=Armldey  A=r?
v OA/dk O3k = e OFAL
L =25 OA/ax =2 ERK)

e } ——
COMg=BOT re/dey ™

16. If the radius of a sphere is increasing at the constant rate of 3 mm/sec. How fast
is the volume changing when the surface area (4mr2) is 10 mm?22

R: OFdk="DenenfSec  SzUme> v Uerd ®
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I:)Z).HA 13 me’r.er ladder slides down the side of a water tower. At the moment, the
¥ om endis 12 m from the water tower, the opposite end of the ladder is sliding

\)mownect arate of 3 m/hr. How fast is the bottom of the ladder moving away from the
WEr¢ - 2 | =
‘ oy | (- =2 (O
L=\3™ s A + 2UE)
W Y=\ =5 L2113 ox o
R X’-)\d; ‘Lq_ ~ 24 ,/A‘{'ﬁ'?oﬂ
v = : = A
18. A streetlight is 18 feet above the sidewalk. A man 6 ft. tall walks away from the
light at the rate of 15 ft/sec. Determine the rate at which the man’s shadow is
lengthening at the moment he is 12 ft from the base of the light.

s
Y Ok = IS Stisec -QS‘L:X—'S %5;:_)305/&
LI e BT 18 = ox+ (S

s LB
S X 88 yeatet 28 = (X %}""( \)
sohx (a5 - SR

19. A pebble is dropped into a calm pond, causing ripples in the form of concentric
circles. The radius of the outer ripple is increasing at a constant rate of 1 foot per

.\second. When the radius is 4 feet, at what rate is the total area A of the disturbed
~~water changing?

R x A G
\; ﬂﬁ{ B e
| AT Sogy =2 (D)
5 o A8k - v FE/set™

20. All edges of a cube are expanding at a rate of 6 inches per second. Find the rate
of change of the volume of the cube when the area of one side is equal to 25 in2.

K 0g%= (ein)seC Wi
F: OVdx Ak = B€ ie,logr ‘ .
ol OV/ak _3@)) =(UB0InY/s

21. Suppose you are drinking root beer from a conical paper cup. The cup has a
diameter of 6 cm and a depth of 10 cm. As you drink root beer through a straw, the
root beer is leaving the cup at a rate of 7 cmd/sec. At what ratfe is the level of the
root beer in the cup changing when the root beeris 6 cm deep?¢

OYak= 2R

o =28 K OV/ak= - ed/sec V= %’!‘r\""\’,}_ ___/_,df—ﬁﬁ (&Y (%
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Unit 4B Derivative Applications: Additional Review

Use implicit differentiation to find %

T2t y2e= 16 2 x3—xy+y’=x 3. sinx+2cos(2y) =1
axév'.‘«bde/ctx & . o (1A rg)eySh =) Cosx +-asm@®%‘=0
da/o\x =2 -xd%u v2ydgdy = -2y -4 Smﬁﬁ)ﬁ s

= =¥y Oofyy . Bl Ay GOK

Find the equat:on of the zangent line to the graph of the FunCaonsbelow at the given S'ﬂ(%\

point.
4. XY=¢ @ (-4, -1) 5. x3+y3=2xy @(1,1)
pSagz B9+ BRAYUX = 24 A+ 92
d.e - ____ o — 1
it it T 3b=da/ou -2x du/dx = B + 29
d{:yd,y. - '_%_"_:-J
Y= (x4t TN e
===V (X—) B oL e o)) e
Optimization 9 ‘ 5 AR %b' 5

6. A farmer plans to fence a rectangular pasture adjacent to a river. The pasture must
Containgo,000 square meters in order to provide enough grass for the herd. What
dimensions would require the least amount of fencing if ng fencing is needed along the

river? “P=2XY Y A:of’&j 5 __.1)9‘99> ' 0= ]?O,co.o
| s CoOX™ > oo
mx X220 mM ?g._._ \ SO 0C ?, QX+|\;‘:)000\ by Q;f':., ‘32000
Y b"l—aoogo Y ?:’1—____;.(_.5 X: o
Y- (e00m  Z00m x(QOOrvy»(o—.a- \_‘g_oi%g? o

7. A real estate office handles 50 apartment units. When the rent is $720 permonth, all
units are occupied. However, on the average, for each $¢0 inCrease in rent, ohe unit.
becomes VacCant. EacCh occupied unit requires ah average of $48 per month for services and
repairs. What rent should be Charged to obtain the maximum profit? %3 )

RE)~ @Qo«rqo@ (56-1) )= (So-(d T

- Co

TGO = LoeO + \2TOX - HOP eud)= o.»\oo- UeX v(c,?, ’%%t"‘%%?
= - + |
PLY = RO - C)= (Bl + P30 -H0) - RY00-GEx)

2= lo.lo
%_m»rqo(l(o‘h'

8. An open rectangular box (no lid) with a square base has Volume of 5000 CubiC mchesﬁ /
What dimensions yield the minimum surface area? What is the mm:mum Surface area? n:\m\\,\
Y V=xY SA= ¥*+ \-\Y-F ) 22°)
: Qx

B0 Fe= Lo T 0 - oﬁ 20,000 :
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TRelated Rates

9. A spheri o .
. e fahdi U:cal balloon is mF!ated with gas at the rate of 20 cubiC feet per minute. How fast
§ Of the balloon increasing at the instant the radius is 2 feet?

Y V=209 mmin  \[= S

¥ Oc/dx e 240
B8 G= 2Tk %r/m\rr e
aCs = U (AP074x

O g = 22 &g - 2 Fkfmin.

10. At a sand and st T Y

e gravel pl.ant, sand is Féllmg Off @ conveyor and onto a ConicCal pile at a

S Fget per minute. T he.dlameter Of the base of the cone is approximately
imes the height. At what rate is the height of the pile Changing when the pile is 15

feet high? K OVt = 16§ /min V?'}g/ﬁr—}h AV _ Aiab
e SRR VAN - 2B
AC = %2 RV = S
God=\a AL H%B—,Tr%/min

11. A ladder 25 feet |ong is [eaning against the wall of a house. The base of the ladder is
pulled away from the wall at a rate of 2 feew per second. How fast is the top moving down

the wall when the base of the ladder is 7 feet from the w ‘
all? -
@& Kudid as Sepises X= e byt

P /b D YK+ Dy O = 2 A/
¥ L X= 7 3 =25 ) 3—_:}1' 2N +.’>C¢-*%0\:th =72 @53(0)
Y& \37—” (G q%d‘a—/dk = i
o Gl A 25> % d@ ; d&g}d?k’: —2X/E
(G=fSTle =4 Yok = -7/~ O fsec.

12. A man 7 feet tall walking at a rate of 7 £t/sec away from a light that is 1¢ feet above the

m V' (" t w t i i
b b ;i "" ha a ,s he l - 3 OF h!s
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Particle Motion
Position is measured in meters and time is in seconds for a particle moving along the X-axis.

Given: s(t) =2t —27t2+ 108t +5 (0,7] Sec. Find the following: v
13. Velocity as a function of time t.

VU(.’B = (DY ++10%

14. Velocity at t = 3 seC.

¢(D)= L@ FH@HSE  VE@)=0%Rye
15. ACcCeleration as a function of time .

A0 =12k ~5Y

16. When is the particle standing still?

O = L -DUk +\0¥ ttaveen
; 0= (o (£F-9¢ + IF) s
! 172 Whg)n :s&%he gr::g?mgw%ng n(gbnt? Moving left? ./
N /RO‘{\'\& (O?)}U((Q.—Y>
| O3S Ryaie LeSt (3,@

18. What is the displacement?

5(&—’5 .SC"D". 2
| Yabee S0 YiS e

19. What is the total distance traveled?

e (UL e e
)= 11D (& =gt

AL |
20.When is th?l:('artnde speedmg up? slowing down? |
a\ﬁ Y2} =5 Ve "t.)g'—‘— ‘H+‘ f)\cwncxda.oq (G, 33U((”5 (.%
G =i
| %o qe} o) =t =iskery, 596€C\‘n%up (2,uB)V (&7

f ‘45
21. Find the velocmy‘ wheh acceleration is o.

oz \2k - ok Vi )= UD-EUD +10% e
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