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Question 1[4,4]. a ) Determine the region in the xy-plane for which t he 
following differential equation 

dy 
(1- y2) dx = xex, 

would have a unique solution through the origin (0, 0) . 
b) Find the solution of t he differential equation: 

dy X( ) dx - 2xy = e 1 - 2x . 

Question 2 [ 4,4]. a) Verify that the differential equation 

2 
cos xdx + (1 + -)sin xdy = 0, y -1= 0, 

y 

is not exact. F ind a suitable integrating factor to convert it to an exact 
equation, and t hen solve it . 

b) Solve the initial value problem 

{ 

~=:f+l/_ 
dx y x 

y(1) = 2 
x-#0, y#O 

Question 3[4]. Find the general solution of the differential equation 

dy tanx (4x + 5) 2 
3 - + --y = y 

dx 2 2 cos x ' 

7f 7f 
--<x<- . 

2 2 

Question 5[5]. A thermometer is removed from a room where the air 
temperature is 70° F to outside where the temperature is 10° F. After 1/ 2 
minute t he thermometer reads 50° F. What is reading at t = 1 minute?. How 
long wi ll it take for the thermometer to reach 15° F. 
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Solutions to Math 204 Mid I (36/37)S 2 (Exam he ld on: 
21-05-1437; March 1 , 2016) 

Solution to Question 1 

( ) :ilL - ~ - /' (· . ) a cix - (J-y2 ) - . . I. , V · ,.,.-·. 
Th qj_( · ) _ -xe ' (-2y ) _ ~ f'~, 

en ax x, y - ( t-y2)2 - (t-y2)2. ~ 

~; = f (.r:, y), y(O) = 0 has unique solut ion on the region containing 
(0, 0) whence f and U are continuous. 

f and U are continuous on {(x, y): y < -1} U {(x, y): - 1 < y < 
1}U{(x,y) : y > 1}. 

~/- /1 It follows that the requested region is: { ( x, y) : - 1 < y < 1}. L. 

(b) Here P(x) = -2x and Q(x) = ex(l- 2x). 
Integrating facto r: '1/J(x) = ef P(x)dx = ef -2xdx = e-x2

• (j~ ' 

So, J '1/J(x)Q(x)dx J e-x
2 
ex(l - 2x)dx = J (1 - 2x )ex-x2 dx = (/_,~ 

e1:-x2 +C. 

Hence the final solution is y(x ) I.e. , y(x) = 

eJ' + ce"·2 . 

Solution to Question 2 

(a ) Here oM = 0 EJN = (1 + ~)cos .1: {::} aM =I oN => the equation is 
By ' ox y iJy ox 

not. exact . 

'vVe have (Mv;;Nx) = - cotx. So the integrating factor: e- f cotxdx = 
cscx. 

Let Af = cosxcscx = cotx and N = (1 + ~)sin xcscx = 1 +~.so y y 

that My= 0 = Nx. 

Now from ~ = cotx, we get f(x,y) = ln(sinx) + h(y) whence 
h'(y) = 1 +~and h(y) = y + lny2 . 

y 

Hence the solution of the gin n diH'erent ial equation is ln (sin x) + y + 
lny 2 = C. 

(!-~. 

(bh ) H1e~e hf(x , y) = ~ + ; . Then f (tx, ty) = ~ + f; = f(x , y) implies (1~ 
t at IS omogeneous . 

Now let u = 1L, we have 
X 

rEL = :I:d" + 'IL . :!: + 1L = u +.!. implvin rr that du = (.!.)(.!.) dx dx · y x u .. b dx u x ' 

[:; · 
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· l dx · u 2 
1.e., 1u .u = -;- gtves 2 

~ = 2 ln lxl +C. 
In ILl + C =? ·u? = 2ln l:rl + C So, ~'; 

Since y( 1) = 2, C = 4, the solu t ion is y2 = x2(2 ln lxl + 4) 

Solution to Ques tion 3 

Diving Go t h sides of the given differential equation by y3 , one obtains: 

y- 3 ~ + ( ~tan x )y- 2 = ( ~:;55~
2

. Letting u = y- 2, we have 

du- (tan x)u = - (4x+s)
2

. Integrat ing factor is: ef - tan xdx = ef- :~~ ~dx. = dx cos x 
eln I cos xi =cos X. e.::-/\ 

Thus , we have u = - 1
- J- cos x (4

x+S)
2 
dx+_s;_ =? u cos x = --

1
1
2 
(4x+ 

COS X COS X COS X 

5) 3 + C, 

i e .l = --1 -(4x + 5) 3 + _s;_ · · ' y2 l2cosx cosx · 

Solution to Question 4 

Here Tm = 10° F. So , we have the DE: ~~ = k(T- 10) =? T (t.) ( ./) 
10 + n :H ~ 

As T (O) = 70 , one obtains: 
T(t.) = 10 + 60ekt 

70 = 10 + ce0 tmpltes c = 60° F so t ha t 

Also, as gtven T(~ ) = 50° F , we get 50= 10 + 60e~ =? k; = 2 l n ( ~ ) 

Hence T (t ) = 10 + 60e2 1 n (~J t. Now at t = 1, we get T (1) = 10 + 
60e 1 n(~) = 10 + 60(~) = 10 + 26 .6 = 36.7°F. 

1 ( lG )t In (_!._) If, then T (t) = 15°, we get 15 = 10 + 60e n 36 =? t = ln(lj) = 3.06 
mm . 
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