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Part I: Multiple Choice (5 points each)
There is no partial credit.

1. Use the Trapezoid Rule with 3 intervals to approximate szdx

168

118 correct choice
114

84

59

® 2 0o T o

X:u:z f(x):x2

3
Ts = x(%f(l) +1(3) +f(5) + %f(?)) = 2(% +9+25+ %49) =118

. . . . 94 .
2. If you use the trapezoid rule with 47 intervals to estimate 0 e dx your answer will be

too large because e* is concave down.

too small because €< is concave up.

too large because eX’ is concave up.  correct choice
too small because €< is increasing.

® 2 0o T o

too small because X is decreasing.

Since e¢ is concave up, the secant lines are all above the curve.
So the area under the trapezoids is larger than the area under the curve.

3. Compute Olzsec2 d

a. 2
b. 1
c. 0
d. -1

e. diverges  correct choice

?see d = [tan :|l2: lim tan - tan0=¥- 0 =¥
0 o TS



41
4. Compute _l7dx
5
a 5
3
b. 1
c. 0
-]
d. 2

e. diverges  correct choice

o S Sxoo [ [T =41 (4
(3 (A) (D) mE R =4y 3 ()
=¥-%+¥=¥

5. The integral ¥3+STm(x)dx IS

a. divergent by comparison with ¥ % dx.  correct choice
b. divergent by comparison with Y % dx

c. divergent by comparison with ¥ % dx.

d. convergent by comparison with Y % dx

e. convergent by comparison with ¥ % dx.

The integrals £ dx and * 2 dx both diverge because ’ Kax=kKInx]* =¥

Since ?’JFSTm(X) 3 % we have ¥ 3+STm(x)dx 3 ¥ and so diverges.
Since %STm(X) £ % we have 3-l's’Tm(X)dx £ ¥ and cannot conclude anything.
6. Find the integrating factor for % - %y = x?

a. x*

b. 4Inx

c. x*  correct choice

d. -4Inx

_Llys
e -3X

p=-% Pdx = - 4Inx | = g 4nx = x4



7. Which of the following diagrams is the direction field of the differential equation % = X%y ?

a. d. correct choice
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8. Suppose the function y =f (x) is the solution of d—i = x2 - y? satisfying the initial condition
f(1) =2 Findf (2).
a. -1
b. -2
c. -3  correct choice
d. 1
e. 2
_ - df
As a solution, y =f (x) satisfies X - x2- f(x)2. So f (1) =12- f(1)2=12-22=-3



9. Find the length of the curve x=2t2, and y=1t3 for O£t £ 1.

a. 732
b. 108
c. 7
ﬂ .
d. 57 correct choice
1
e. 3

As a t-integral, the differential of arc length is
2 2
ds= ‘/ (9)"+ (G dt= @07+ (377 ot = /167 + 98 dt = t/T6+ 9

So the arc length is
L= ds= (l)t./16+9t2 dt U= 16+t du = 18tdt

_ 1 _ i2u3/2 25_i ) _ 61
L =13 mJUd”‘[ls 3 ]16‘ 57(125- 64) = 57

10. Thecurve y=sinx for O£ X £ is rotated about the x-axis.
Which formula gives the area of the resulting surface?

a. 2 cosx,/m dx

b. 2 sinx/1+cosx dx  correct choice
c. cosx,/m dx

d. sinx /1 + cogx dx

e. o sinxdx

As an x-integral, the differential of arc length is
2
ds= [1+ (%) dx = 1+ cos’x dx

The radius of revolutionis r =y = sinx. So the surface area is
A= . 2 rds = . 2 sinxy1+ cogx dx



Part 1l: Work Out (10 points each)

Show all your work. Partial credit will be given.

11. Compute ¥Lr2‘xdx
10X

u=2Inx dv:%dx
Integrate by parts: X
du=%dx v:-%
¥ 2InX 4y — . 2Inx 2 av=T[_2Inx _ 27% _ 2Inx _ 2 2lnl1 _ 2
Bt ds - B Bak= [ 2R R = lim(- 2R - £) - (- 24P 2)
2
- 2Inx IH X _
_-)I(m;;[ X ]+2—-)I(|n;;|:T:|+2_2

12. Simpson’s Error Formula says:
The error Es in approximating :f(x) dx with n intervals satisfies
K(b- a)°
18n* A
Use this formula to estimate the error in approximating ) %dx using n =30 intervals.

IEs| £ where K 3 max|f @(x)| for a£x£b.

b-a=4-1=3
:% =x! f =-x2 f =23 f =-6x* @& =245>
The largest value of 24x® occurs when x =1. Sothe smallest K is K = 24,
_ 4\5 5
Eo|< KbB-2)° _ 248" _ 243 __8 ___4 _, qp5

18n* 180(30)* ~ 180(10)* = 20(10)* ~ 10(10)*

13. Find the centroid of the region in the first quadrant bounded by y = /X, the x-axis and x = 4.

_ 4 _ 4 _ [ 2x32 4_243/2_&
A= Cf(x)dx= Oﬂdx—[ 3 }0_ ==X

4
My = oxigdx= x/Rx= [ 265 ] = 242 - o

5 5 5
2
o= My _ 3 64_12 /
A 165 5 1
2 4
My = %f(x)zdx— %xdx=[xj}o=4 0¥ + '
X
- My _3,_3
Y="A T 167 1



14. Consider the differential equation: dy _

a. Find the general solution:

METHOD 1: The equation is separable.

Xy

dx ~ x2+9

Separate and integrate.

dy o «x R o
Yy - X2+9dx |n|y|—2|n(X +9)+C—|n1/X +9 +C
Solve for v:
lyl = e“Vx*+9 y=A/x2+9  where A= +eC
METHOD 2: The equation is linear:  Put in standard form. d—z(/ - X2’i 5
= - X = - X = 1 2
P(X) 2 + 9 P(X) dx 7+ 9 ax 5 |n(x + 9)
. . . 1 2, 1 1
Find the integrating factor. | = e PO = g 29 = (24 g)"¥2 =
IX2+9
1 dy X _

Multiply the standard equation by I(t).

Recognize the left side as a derivative of a pro

duct. d(__1
dx(,/m

Integrate and solve. 21 y=A y=AJx*+9
X<+9
b. Find the solution satisfying the initial condition: y(0) =6

Substitute x=0 and y=6:

6=A/0+9 =3A A=2 y=2/x*+9

c. Find y(4):

y(4) = 2/#+9 =10

X _y=0
J@+9 & (@r9®’




15. A salt water fish tank contains 20 liters of water with 700grams of salt. In order to reduce
the salt concentration, you pour in salt water with a concentration of 15 grams of salt per liter
at 2 liters per minute. You keep the tank well mixed and drain the mixture at 2 liters per
minute. Let St) be the amount of salt (in grams) in the tank at time t (in minutes).

a. Write the differential equation and initial condition for t).

aS _ 459 51 . S o5 | das _ gp. L
dt 15| min 20 min or dt 30 10S
S0) = 700

b. Solve the initial value problem for ).

METHOD 1: The equation is separable.  Separate and integrate.

. das_ - . 1lgl =
P dt 10|n|3o 10s| t+C
10
_lgl-.t C .1 q| = a-croq-t10
Solve. In|30 10s| 1= 5 |3o 10s| e C/10g
.1 o pnti0 — 4a-C/10 1 c_ _ A t/10
30 108 Ae where A = te 108 30- Ae

S=300- 10Ae Y10

Use the initial condition. At t =0, we have S= 700
700 = 300- 10A 10A = -400 A=-40
Substitute back. S = 300+ 400e V10

METHOD 2:  The equation is linear:  Put in standard form. as, 1s-3p

d 10

; ; : — 1 — al10
Find the integrating factor. | = exp( 10 dt) e
Multiply the standard equation by I(t). et’locé—ts + %oet’los = 30e!10
Recognize the left side as a derivative of a product. %(eﬂlOS) = 3010
Integrate and solve. eSS = 30e'1°dt = 300V + C S= 300+ Ceg V10
Use the initial condition. At t =0, we have S= 700.
700=300+C C =400

Substitute back. S = 300+ 400 Y10

c. After how many minutes will the amount of salt in the tank drop to 400grams?

Set S=400 and solve for t:
400 = 300+ 400e" 10 400e- 10 = 100 e 1110 = % -t - In(%)

- -10In(%) t = 10In4



