Name

MATH 172 Exam 1 Spring 2023

Sections 502 Solutions P. Yasskin

Multiple Choice: (7 points each. No part credit. Circle your answers.)

1. Find the area between the curves x =y? and x = 2y.

2
a. 3
b. % Correct
8
c. 3
16
d. 3
32
e. 3

Solution: The curves intersect when > =2y or y=0,2. At y=1, we have

y*=1 and 2y=2. So 2y isbigger and the areais

2 2 , P 8 _ 4
4= IO(Zy—y )dy = |:y _T:|o =4-3 =3
2. Compute the average value of f{x) = ¢* on the interval [0,2].

1,2
a. 2(e +1)

c

1,2
4(e +1)

o
[u—
~
Q
[

—1) Correct

e —=e

2
Solution: f,. = % Ioexdx = %[ex]é = %(e2 -1)

1-7 149 9 120
8 15 10 120
Total /104




. . . . .2 3; L .
3. Compute the right Riemann sum  lim Z 2+i4 ) 4 by converting it into an integral
i=1
and using the FTC to compute the integral.

a. 20
b. 40
c. 60 Correct
d. 320
e. 960

Solution: A right Riemann sum has the form  lim Zf(x,»)Ax
i=1
where Ax = % and x; = a+iAx.

3
Comparing the given sum to the general sum, we have f(x;) = (2 + 1%) and Ax = %
So fix)=x% and x; =2+i% and b-a=2. So a=2 and b=4.

So the Riemann sum is the integral

Ijx3dx= [2—4};‘:474—274 — 644 =60

4. Compute J.xcos(4x)dx.

% sin(4x) + % cos(4x) + C  Correct
X g _1
b. A sin(4x) 7] cos(4x) + C
X

X g _ 1

7] sin(4x) 16 cos(4x) + C
d. 4xsin(4x) + 16 cos(4x) + C
e. 4xsin(4x) —4 cos(4x) + C

u=x dv = cos(4x)dx
Solution: Integrate by parts with sin(4x)
du=dx v= —a
[ xcos(@x)dy = £ sin(4x) - L [ sin(4x)dx = £ sin(4r) - L _Lost) ) | ¢
4 4 4 4 4

= X 1
= sin(4x) + 16 cos(4x) + C



5. Compute

1
8

b, —Lex cos(3x) —

8

——e*sin(3x) +

j e* sin(3x) dx.

8

8

e*sin(3x) — 3e*cos(3x) + C

3 cos(3x) + C

3 exsin(3x) + C

L v _3
d. 10°¢ sin(3x) 0 cos(3x) + C  Correct
L X _ i X o1
T cos(3x) 0°¢ sin(3x) + C
= sin(3 dv = e*d
Solution: Integrate by parts with u = sin(3x) voew
du =3cos(3x)dx v=¢"
1= [esinGx)dx = e*sin(3x) - 3 [ " cos(3x) d
= 3 dv = e*d
Now integrate by parts with u = cos(3x) voew
du = -3sin(3x)dx v =¢€*

1= [etsin(3x)dr = e sin(3x) - 3[ex cos(3x) +3 [ e* sin(3x)dx} — ¢*sin(3x) — 3¢* cos(3x) — 91

[=-Ler sin(3x) — 3 e cos(3x) + C

10/ = e*sin(3x) — 3e* cos(3x) 10 0

6. Compute Itan70 sec?0do.
a. %tange sec2 + C
b. ﬁtangﬁ sec0 + C
c. —% +C
d. % +C
e. tan®) +C  Correct

8

Solution: We make the substitution « = tanf and du = sec?0df. Then

Itan79se020d0 = Iu7du _ub o tan®0 C

8 8



7. jo sin?(36) cos2(30) do

a. 2n

b. %n Correct

C. 27r—l

Solution: We use the identity sin(24) = 2sindcosA4 with 4 = 36.
So sin(36)cos(30) = % sin(60).

= j”sinz(se)cosz(se)de -1 " sin2(60) d6
0 4 Jy

Now we use the identity sin’4 = 1_#5(214) with 4 = 66.
So sin2(60) — 1‘#5(129).

_ 1 (" _ 1 _M}”_L
1_8j0(1 cos(120))d0—8|:0 Pa M



Work Out: (Points indicated. Part credit possible. Show all work.)

%kg/m where x is measured

8. (15 points) A bar of length 1 m has linear density 6 = 1+x)
+x

from one end.

a. Find the total mass of the bar.

1
1
Solution: M = |5dx = 1| —=L | -1, ,1_3
j Io (1+x)° |:2(1+x)2:|0 8 2

If necessary, use the substitution u =1+ x.

b. Find the center of mass of the bar.

1
Solution: M, = jx&dx =I %dx Use the substitution v =1+x and du =dx and

0 (1+x
x=u-1.
M_J'zu—ld_J'zl 1d_[1 1}2_(1 LY (-141) =1
[ FR7E e P A e PN T VAN DA
s M _ 18 _ 1
M 833

km

9. (20 points) A balloon is descending straight down with acceleration a(¢) = —20e~* : where ¢ is
min
in minutes.
It has initial height »(0) = 2000 km and initial velocity v(0) = —10 k_m
min
a. Find its velocity at ¢ = 2 min.

Solution:
% =a(t) = 20et  v(t)=20e+C  v(0)=20+C=-10 C=-30
v(1) = 201 =30  v(2) = 20e2-30 = 30+ 24

eZ

b. Find its heightat =2 min.

Solution:
% =v(t) =20eT-30  y(t) = 20e-30t+K  p(0) = 20+K=2000 K =2020

y(£) = —20e71 =301 +2020  p(2) = —20e2 — 60 + 2020 = 1960 - 20
e



10. (20 points) Consider the curve #(t) = (%t”,t—%) between t=0 and ¢=1.

a. Find the arclength.

ion. dx _ 4300 _Han ﬂ:_
Solution: r 3 t 2t 0 1—¢

2
= dx ? ﬂ)2 — 122 N2 g — 3 _ 5
dS—J<dt> +(dz dl—,/(2t )+ (=0 dt = [4r+(1-2+2)dt = J1+2+2dt

= J(L+0)*dt = (1 +1)dt

1 2 71
_ _ - £l 14123
L—J.dS—Jo(lth)dt—[tJrz}o 1+ -3

b. If the curve is rotated about the x-axis, find the surface area swept out.

Solution: r =y = - % ds = (1+1)dt

1 5 1 1
4= [2nrds = | 2n(z—%)(1+t)dz=j 7= 2)(1+0)de = | 7(u+20 — ¢~ %) dn
0 0 0

zfén(2t+t2—t3)dt=7r|:t2+%—%:|;=n<l+%—%> :%n



