Math 241 Final Exam Name:

Spring 2018
5/9/2018
Time limit: 120 minutes

Please read carefully

e No calculators or notes are allowed.
e Show your work.
e When applicable, indicate your final answer by drawing a box around it.

e Circle your instructor and section number:

Robertson 1 Lyons 4 Hadari 7
Antin 2 Lyons 5 Harron 8
Antin 3 Hadari 6 Harron 9

Grade Table (for instructor use only)

Page | Points | Score
2 24
3 24
4 32
5 8
6 8
7 8
8 8
9 8
10 8
11 6
12 16
13 16
14 - 10
15 12
16 12

Total: | 200
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1. Calculate the derivatives of the following functions. You do not have to simplify your

answer.

2

(a) (8 points) y=— : St3

\/:2)(’3+‘7x3

dy _| ¢4, 3
dx ~ X *ZX

2

1
2+ x2

(b) (8 points) y =

Quotient Rule
gv_ 2+x>) Yax (N -OYdx (2+x2) _[Q+x*) (0)- (N (2x)
(2+x2)? (2+x2)2

Product and Chain
V= (24X =) %\i =-(2+ x‘)’qdc—’x (24x2) =[- (24X " (2x)

(c) (8 points) y = cos (—g) tan x
clx ij cos( )) tanx + ch(—>( (tan x})
=-3In (%)d_X(E) +anx + CoS (%) sec?x

-sin(£) (L) ranx+ cos (L) secrx

(Continued on next page...)
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(d) (8 points) y = sin(3v1 — )

y=sIn (3 (-x)1)
—‘L cosczu—xB’z) d - (00" = cos (30x3"2) 3(F(1-x) Rt x))

cos (3(\~>0'2)(%(\-x) )

Yz —1

x—1

(e) (8 points) y =

dy _ D Yax B - CIX-1D) Yax (-1
dx x-n*

Z| =D (Y3 X7¥3) - (AX-D Q)
(x-1)?

(f) (8 points) y:/0v1 +t2dt

E}xL‘_J (wgt =- L [" [Terdy =[- lex@| Coy FTC)
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2. For each of the following limits, if it exists, compute it. If the limit is infinite, say
whether it is 0o or —oo. Do not use L’Hospital’s rule, even if you know it.
x® — 6z +4

8 points) li
(a) (8 points) lim —-——

Lim C-box+d _ (*-6(D+Y _ 8-12+4 _ O -[o]
=21 X+ 2+2 y Y

z—3
b) (8 points) lim ———
()(pomS)mlgg)\/‘%__\/§

u ]

type: O
(o}

Lim X-3 _ 2im X-3  {x+{3 _ Lim -DAXHR) _ Lim L=B(IX+3)
XX A3 W R 3 (KR)XHR) X %

= hm (X 32)= 3407 203

T X=3
3
1
(¢) (8 points) lim Tt =
T—C0 s
type: "X
yp s

Lim 34l _ Qim X33 dim 1+ %3 _ 140 =[]
X 00 3—X3 X 0o 3/x3_x'5/x‘5 X0 3'/X3_\ O-)

(d) (8 points) lim L

z—)O:E2/3
Lim | |
-, = —— — 6o
X900~ x¥#2 ot am |
. So X~ _’-/3_>|§|
1-|m L _)I_—) Oo ’ o X

a0t x22 ° ot
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3. (8 points) Using the limit definition of the derivative, find f'(z) if f(z) = i T
2

)= Him foem - £ - Lim Axeny+l = Ve, (nt D (x4
L2 h h-=0 h (h +1) (X+1)

= Lim Xt - () | Qi A-KhA _m oA
=20 h(#n+D(X+) 20 Khixsh+D) (x+) P20 M+ n+) (x+1)

- Lim __~ =l |-
N30 (irpeD(X+1)  (X+0+ 1)) | (x+D?
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4. (8 points) The following is the graph of a function f on the domain [—4, 4].

-2 corner SO f' DNE

On the same set of axes, sketch the graph of the derivative f’. If there are discontinuities,
indicate them clearly.
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5. The equation
4y + 2y +y=2

describes the following curve in the plane:

3

-3
: . dy :
(a) (4 points) Find %— at the point (0, 1).
gy + v -
Dy gy + 2y 2% GX ox Tax O
Pvg n X=0,y=I

J. J = dJ:— :g\L:i
2ax 2 g 0 P 3gr=2 =>4

(b) (2 points) Find an equation for the tangent line to this curve at the point (0, 1).

¥-1= F-(-0) = |y= Fx+!

(¢) (2 points) On the graph above, sketch the tangent lines to the curve at the points
(0,1) and (-2,2).
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6. You're pumping air into a spherical balloon at a steady rate of 5cm3/s.

4
3

(a) (4 points) At what rate is its radius increasing (in cm/s) when its radius is 3 cm?

(The volume of a sphere of radius r is $7r® while its surface area is 47r?.)

-y 58V - 2dr
V=zmrd = 3t Yy SE

Given: r=3 and d_v:5
dt

S om
3bT

- zdr . dr _— dr
5=Y47(3) =3NS = ot s

adt

(b) (4 points) At what rate is its surface area increasing (in cm?/s) when its radius is
3 cm?

- _< das dr
S=Ymrr* = >(:H_'-8Tr\rd{7

Given: dr _
at % (from (@) and r=3
d— = 5 \. 1% _[10 em?
g¢ - 813 3be gn(mx =127 s
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7. (8 points) A designer wants to make a new line of bookcases. They want to make at
least 10 of them and not more than 40. They predict that the average cost of producing

2 bookcases is
400

Az) =42 (:c - —;) dollars.

Find the number of bookcases that minimizes the average cost.

A =42 (x+qoox™

A =42 (1-4900X2)

H2(1-400K2) =0 = 1-400X >= O
H0O _y =5 )= 400 —yy2-ypp =y x= 20

= X2
e -+ t (or cneck endpts)

Check +\S 1S @ Min | ] 1A
10 26 4o

|x=2Q ook cgsgsl
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8. Let

Then 5 fo¥ 5
/ — x 17" _ .
f@)=—agmm =4 F@=gras

(a) (4 points) Find the intervals on which the graph of f is increasing and those on
which it is decreasing. Find the local minimums and maximums, if there are any,
and determine which of them are absolute.

+'(x) never undefineqd

+ =

'}\I
F(x)=0 = 2")1-o—v~2x O =X=0 2
Increasing on (00,03  decreasing on (0,0)

relafive max at x=0 (and absolute) pont (0,f(6)) = (0,1

(b) (4 points) Find the intervals on which the graph of f is concave up and those on
which it is concave down. Find the points of inflection, if any exist.

(<) never undefined

"N = —LD 2 =0 = N 2= = 1:L = =1 A
F=0= 7y 0 T xx2 =0 @ bX=2 D X=m => k=2
‘{_\n * . T concave VP BN (-60,-'IV3), (N3, 09)

-T":'s _%_5 toncave down on (', NZ)
Inflection pomis ot x=t 2
-1 I | -3 = -1 _3
Nﬁ) \+( =) I+ BTN J;(ﬁ) +(3)* MR Y4 Y

Inflection points : (tﬁ %

(Continued on next page...)
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(c) (2 points) Find the asymptotes, if there are any.

§0) = l+‘x1 1s never undefined => no vertical asymptotes

Horizontal Asymptotes:

Lim _\  _ 2im I\ _ _
X260 |+x% S o - O N

(d) (4 points) Sketch the graph on the axes below. Label the asymptotes, maximums,
minimums, and points of inflection, if there are any.

y

SO S — — y:o
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9. Compute the following integrals.
/2
(a) (8 points) / cos(26) df
0

uz28 du=2do = do =4t

bounds: 6=0=> u=0, T/z"’ u=T

2 | M I L
S e CR A
j cos(20)do = j Cos(u) > Jo cosu du 7 Sinu .

=¢Zsmuﬂ- sIN(o) = 0-0 = |§[

(b) (8 points) /(\3/5 — 223 dy

{GR-x")dx = Tx-—m =

12K+
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sin 3z

(c) (8 points) / P dx

u=co8(3X) => du=-SIn(3x) (3) dx => dx = ;g?,\éx)
SN Sm{%ﬁ duz U e - l&—
_| cos® (20

= % tC

V8 Xz
d) (8 point s igh
(@) (8 points) [ —Zde

du

zl+Xt = = = =
u= 1t X% =y du=2xdx => dx oM

new ounds: X=0=>U=|
X=J§ = u=19

N IR
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10. The following is the graph of a function f on the interval [0,2] :

251,
y = f(z)

2
1.5

1
0.5

. &
0.5 1 1.5 2

You are asked to compute an approximation to f02 f(z) dz by means of a lower Riemann
sum using 4 subintervals of equal width. ‘

(a) (5 points) On the graph above, draw the rectangles you should use.
(b) (5 points) Compute the Riemann sum.

‘_2{:(o)+ '7{-‘ (0.5)+ Lz F(l.5)+L2F(7')

‘: _'Z_(D+‘?(|5)+‘—?_(|,S)+2|—U) = |+].5=]25
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11. Consider the region enclosed by the graphs of y = z? and y = —z® between z = 0 and
&=

(a) (6 points) Compute the area of this region.

A= S;(X"— Cx®)dx =j;(x”“+x”)dx = X%+’f,—q |
K

©
A -1, 1_49.,3._
(3*!)"(0*0>'3+l|'12+12' 12

(b) (6 points) Set up, but do not evaluate, an integral that gives the volume of the
solid obtained by revolving this region around the y-axis.

Shell method

z V= SO' 2mx (XD X
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12. The Road Runner is running in a straight line and the Coyote is chasing after him.
Suppose that at time ¢t = 0, the Road Runner has a head start of 96 ft. The Road
Runner’s speed is a constant 4 ft/sec, while the Coyote’s is 4¢ ft/sec.

The Coyote The Road Runner

(a) (5 points) Find the Road Runner’s position as a function of time.

Selt)=position of Road Runner
Se(0)=90

Ve (£)=velotity of Road Runner = 4
Sett)= Sve leddt = Jddt = 4etc
Sel®)=C=906
=)[$e )= 4+ +90b|

(b) (5 points) Find the Coyote’s position as a function of time.

Se(t)= posihon of Coyote
Sc®)=0

Velt)= \elocity of Coyote =4%
Sele)= [Vett)di = Jutdb= Hee = 2enc
Sc(o)=C =0

Sfsete)=267]

{¢) (2 points) How long would it take for the Coyote to catch up with the Road Runner?

Ue+Qo=2t2% = 262 4¢+96=0
= tL2£-48 =0
= (-t =0
=> t=§,-0
=) £=¢§

|8second SI



