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MATH140 Final Exam (Review of Exams 1, 2, & 3) - Sample Test Solutions
Problem 1

70,000 — 6000t¢, t<5

Answer: V(t) = { 40,000(.93)5, t>5

First 5 years:
Linear Function
b = 70,0000

m = —6,000

After 5 years:

Exponential Decay

A =70,000 —6,000(5) = 40,000
b=1-.07=093



Problem 2

T
Answer: D(t) = 4 + 2 cos <E (t— 7))

o216,
===

a=8"2_,
===

P=12

C=7

Use the cosine function since you are given a data point about when high-tide (the maximum) occurs.

21
D(t) =M + Acos <?(t - c))

D =442 2m 7
t)=4+ cos<ﬁ(t— ))



Problem 3

Answer:17 ft/s

s(ty) —s(ty)  s(5) —s(2)
t,—t;, = 5-2

(3(5)2-5)—(3(2)2-2) 70-10 60

52 ST5og T3 At
Problem 4
Answer: —x
When you plug in you get 0/0, so simplify by factoring
lim 25-x*  (5-x)(5+x) i (5+x)

x5t (5—x)2  xo5% (5—x)(5 —x)  xo8* (5 — x)

Now when you plug in you get #/0, so test a value on the right side of 5 to see if the limit approaches positive
infinity or negative infinity...

51+5 +
= — = —00

Try 5.1 - c_c1-_

Problem 5

Answer: 7 /4

When you plug in you get 0/0, so simplify by factoring

i 2x2—5x—3_l_ (2x+1)(x—3)_l_ (2x+1)
3 xZ—x—6 x5 (x—3)(x+2) 13 (x+2)

Now when you plug in you get...

2)+1 7

342 5



Problem 6
Answer: — 14

Since this is an absolute value limit, start by determining if what’s inside the absolute value will be positive or
negative as x — 7 from the right.

|7 — x| will be negative as x — 7 from the right, so to remove the absolute value signs, we must insert a negative...

o 14x — 2x? - 2x(7 —x) _
lim ——— = lim — = lim —2x = —-14
x—77F —(7 — x) x-7% —(7 — x) x—>7%

Problem 7
Answer: 1

When you evaluate the limit you get:

lim(f(x) — 1)
x-3 =5
0

Since this limit evaluates to a number, that means it must be a 0/0 limit. So the top of the fraction above must
equal 0.

lim(f(x) -1) =0

lim f(x) =1
x—3
Problem 8
Answer: 0
When you evaluate the limit you get:
5
—_ 0
lim g(x)
X2

Since this limit evaluates to oo, that means it must be a #/0 limit. So the bottom of the fraction must equal 0.

limg(x) =0
xX—2



Problem 9
f(20) = f(15) + 10

The population of Happy Valley in 2020 is 10,000 people more than the population of Happy Valley in
2015.

f@=5

The population of Happy Valley in 2005 is 17,000 people.

f21) =3

In 2021, the population of Happy Valley is increasing by approximately 3000 people/year.

Problem 10
Answer:
a)—7,1
b)—-7,—4,1

©)—7,-4,-2,1,5



Problem 11

Point: (0,2)
Slope: 2

To find the slope, take the derivative and plug in x = 0.
f'(x) = e*(—6x%) + (2 — 2x3)e*
f'(0)=0+2=2
Equation of the tangent line:
y—2=2(x—-0)

y=2x+2

Problem 12
Find where acceleration is 7, then plug that into the velocity equation.

vit) =t —-t+1
at) =2t—-1
7=2t—-1
t=4

v(4)=(4)?*-4+1=13m/s



Problem 13
Simplify first using rules of logs, then take the derivative using implicit differentiation.

In(x) +In(y) +y3 =8

Now plug in G, 2).

1 1dy dy
—+-—+43(2)?—=0
1/2-|_2dx+ ) dx



Problem 14
Use logarithmic differentiation.

In(y) = ln(sin(x))"2

In(y) = x? In(sin(x))

1dy , 1 ;
ydx x sin (x) 0s(e) # In(sin() (22)

dy .
= (x2 cot(x) + 2x In(sin x))y

dy . . 2
T (x? cot(x) + 2x In(sin x)) (sin x)*

Problem 15
a. Use product rule overall.

9'(0) = f(0)e™ (220 + e f'(x)
') =fDe' (@) +e'f'(1)
g'(1) =10(e)(2) + e(—4) = 20e — 4e = 16e
b. Simplify first using rules of logs, then take the derivative using log rules

i(x) =In(x) + ln(f(x))

., _ 1 1 ,
i'(x) —;+mf (x)
f'(2)
f(2)

(2) ==+
bl =5

4@)_1+—5
T

i'2) = %
c. Use the chain rule overall.
k') =f'(e*)-(e*)-(2)
k'(0) =f"(e%)- (%) (2
k'(0) = f'(1)- (1)~ (2)

k'(0) = -8



Problem 16
Related Rates

e &

A
%{2 2T dc':\ct

C%/_i; _om(0)(10)
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Problem 17
Related Rates

—» ™Mi ss\ns , SO
imincde ¢
Erom equeron




Problem 18
fx) =vx,x =16

Point: (16,4)
Slope: 1/8

1
f(x):ﬁ

(16) = —— = 1
N T
4—1 16
y—4=5kx-16)
=4 ! 16
y= +§(x— )
1
L(x)=4+§(x—16)
1
L(15:8) = 4 +5 (158 - 16)

L(15.8) = 4 + % (—0.2)

0.2
L(15.8) = 4 ——~ = 4 - 0.025 = 3.975



Problem 19
Note that f is continuous and differentiable so the MVT can be applied.

f@Q-f-0
—2-(p /¥
7-@»H-0T-1>»
2+ 1 =/
3—6 o
ST1- fx)
freo0=-1
—2x=-1
x=1/2
Problem 20
Find the critical numbers within the interval...
ff)=1-—
x% 4
frx) = Y2 %2
2 _
HOEE

x = 2 is the only critical number within the interval

Take x = 2, and the endpoints of the interval, x = 1, x = 8 and plug them into f(x).

=1 4—5
f=1+7=

2)=2 4—4
f@)=2+7=

8) =8 4-—85
f(8) = tg=8

Absolute maximum value: 8.5
Absolute minimum value: 4



Problem 21
a. Take the derivative and set up a first derivative number line...

s g 2 sox 13
3 3

1 .
£o0 = 53X 50
3 6 a3

£'ix)s SX + 20 5 =x400=0

3x'3 .
Ly 3x\l3:o
Xz O
2 Xy P
+ —
< i —— %PI()()
=i
-5) v %W

Critical Numbers:
x = —4, local max
x = 0, local min

b. Take the second derivative and set up a second derivative number line...

' _\l
Chsne w09 Hp =
3 3
o s ke ; 29X-L\/3
G =
%) = M\

XY . 28
qx’l3 \ % qx“/?

£ (x): 10X 20 & W -306:0
qx™3 as

» G\XH‘3 =0
Xe:o

' —y V)

Concave up: (2, )

c. Inflection Point: x = 2 only



Problem 22
In this problem we are trying to maximize distance:

d=J(x-2V+ (N-OY

Constraaot:

SX>x» 2= S5k
¥ = S6-ox”

D= (x-2¥* y>
D=(x-2Y & 56 -oX>

D' 2 2(x-2) -\X

\ )
11}

2ax ~H - \X

O

—1MX - o

\LX = -

— _"x=“

T
P




Problem 23
In this problem we are trying to minimize cost:

© =z \2ax - Qaé
x‘z

46

»

X
w
T

x®=

X=22 —» \=

Dimensions DA *x 2m * ’Q_M\

\le_r\'—C\{ p Second Derivorive Test

-2
C’/ = vax - qEX
c = 12+ A6
3
C’(2) = 2« e vo

Since C'(D)=o, c’tNVYo Then

C= X + \QX\/

C= X+ \')X(@_B
x‘:-
C= x>+ qex™"
/ -
c’/ = \ax -~ abkx

X=2

is

= RRIxy + Ax>

o Py



Problem 24

AX=z= b-a  w-o .
= - =X

|
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