Part . Multiple choice. Please write your answers (A, B, C, ...) in the boxes on the Cight

1. @3 points) Determine values of the constants a and b that make the differential equation eXact

(3z%y — bz°y’) dz + (azd + z°y%) dy = 0 (1)

A a=2b=— P
®a=i,b=—; %1 - 7)\1- Bb k??!z'

2. (3 points) Consider the initial value problem

y' = (y* = 1) sin®(ty), y(0) = 2.
Which of the tollowing is true? / 22 /

A. =1 < y(t) < 1 for all ¢ for which y is defined. ¥ (©) : - |
B\ y(t) < sin®(t) for all ¢ for which y 18 defined.
@:’ y(t) > 1 for all ¢ for which y 1S defined.

D. y(t) > t* =1 for all  for which y 18 defined.
E. None of the above.

Page 1




=8 |+
| | I | | |
n T T " ||1_ \Iﬂu ™ > > ™
) 5 A 5 - L 7 . . e ©
g = ° " 7 5 @B O A
.M = g
<M

Page 2



4. (4 points) Determine if the equation

(%-1—89:) dz+ (Inz — 3)dy = 0

- 18 exact (you may assume that we are working in a rectangle R in the plane such that z > 0 for
all (z,y) in R). If it is exact, find the solutlon

A. F(z,y) =ylnz+422-3y . - E ] a(l ;

— amp——

B. Flo,g)=-%+2+8 X T~ x

C. -%+‘%+8=C’ ¢ F(*//)%\ (’ﬂ* 3\ ()7

D Jylnz + 422 — 3y =
E. ihe e:uatlon iynotc;xact Y,n -z 51 ¥ 3 C \)
% +0'O‘)t -—;t—- Qo
9'(\)t 1~
(KD« L}xz F C

d.
(4 pomts) Which of the follomnélntegratmg tactors is suitable for the differential equation

(4 '}_2>~C S')fd{.}&c\( ¢
(37+2)smydx+zcosydy 0? ah 7 ! (3)

B. sinz 4 Y. e C R LIRS B

Nzxe® '
@ 1 ‘ ”~ » - > f"nx

"

D. 1+ o [ (1)
o e ORY -

E. None of the above. ‘Kf(aw‘i i,\. \/ (o f)T) a e:-r
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6. (4 oo N
( points) The function pu(z,y) = is an integrating factor for the equation

32+y2
($2+y2—a:)da:—ydy=0. | (4)

U . . . ‘ .
Se this to solve the differential equation. You may assume that we are working in a rectangle

R which does not contain the point (0, 0).

Z L4 |
W(l‘,y) =x—arctan(x2+y21 4 > ", /,_T,' { a)- - —
“BuF(z,y)=z—-3In(z?+4?%) Ty
@ —3l(@*+¢7) =0 A
D. z — arctan(z® +y*) =C F(“/’O K 2yt aY
E. None of the above A ()> : /
| | am ) G — | | | |
. < S T— < '
w 7 {‘4 N L"}’l) |

(&=

7. (3 points) True or false: there exists a differential equation of the form y' = f (t,y) such that f
has continuous partial derivatives on a rectangle R containing (0,0) and such that

yy =2t and Yy =3t ' (5)

are both solutions in R.
A False. The existence theorem forbids it.

/"B False. The uniqueness theorem forbids it.
¢ True. The existence theorem guarantees 1it.

D. True. The uniqueness theorem guarantees it.
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Part IT: Free Response. Write up a full solution for each problem. A correct answer with ap
Incomplete or incorrect solution will not receive full credit.

3. (6 points) Find the general solution of the linear equation
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9. : S
(8 points) Consider two tanks, labeled tank A and tank B. Tank A contains 150 gal of solution

G

12% T{)I:CI; IS dissolved 12 Ibs of salt. Tank B contains 300 gal of solution in which is dissolved
"8 of salt. Pure vx.'ater flows into tank A at a rate of 4 gal/s. There is a drain at the bottom
_ ank A. The solution leaves tank A via this drain at a rate of 4 gal/s and flows immediately
Into tank B at the same rate. A drain at the bottom of tank B allows the solution to leave tank
B at g ?ate of 1 gal/s. Set up, but do not evalute, a system of differential equations involving
the variables x (amount of salt in tank A), y (amount of salt in tank B), and ¢ (time in seconds).

Do not forget to include any 1nitial conditions. " |
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4 10. (5 points) The differential equation

y” -+ 2t(y’)2 = ()

is.’ ~ example of a second order differential equation. The change of variable v = ¥ (so0 that

, U'=1y") turns this equation into a first-order separable equation. Using this change of variable,
1 find the particular solution which satisfies

y(1) = g', y'(0) = 1.




Py = —18 4 3¢t (6)
'3

7’1 ﬂ)\l /\

= 1° turns this equation into a first-order linear differential
the linear equation above in the form 2’ = a(t)z + f (t). (I will

I this problem, just your answer).
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