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3 (a) y' = y + 2x
3

cosx
2 

;y(.J;)=o 
X y 

It is not in separable form, so we change the variable to 

u(x) = y 
X 

==>y= u(x)x 

y' = u'( x )x + u( x) 

Then the D. E. reduces to 

2x2 cosx2 

u'(x )x+ u(x) = u(x) + ---
u 

2 2 2 
u'(x )x= _x_c_o_s_x_ 

u 

uu'( x) = 2xcos x 2 

Integrating both sides with respect to x 

f u du = 2 f x cos x 2 dx + c 

u2 

2 = f COS t dt + C 

2 u . 
- = smt +c 
2 

2 
u . 2 - = smx +c 
2 

u 2 = 2sinx 2 + 2c 

2 

L = 2sinx2 + 2c x2 

y 2 = 2x2 sinx 2 + 2c x 2 

y = ± ..J2x2 sinx 2 + 2cx2 

Given that y ( .J; ) = 0 

0 = ± .J21e sin tr+ 2ctc 

0 = ±.J2ctc 

c=O 

y = ± ..J2x2 sinx2 or y = ± x..J2sinx2 

use integration by substitution 

x 2 = t 2x dx = dt , 

sintr = 0 
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3 (b) 2x tan y dx + sec 2 y dy = 0 

P (x,y) = 2xtany 

Q (x, y) = sec2 y 

aP 
- = 2xsec 2 y ay ' 

FindR, 

aP aQ 2 
--- = 2xsec y 
ay ax 

aQ =O 
ax 

: . .l (ap - aQJ = 1 (2xsec2 y) = 2x 
Q 8y ax sec 2 Y 

Integrating factor, 

F= exp J 2xdx 

Multiply ODE by Fto get 

F= efRd, 

,2 x2 2 
2xe· tanydx+e· sec ydy=O 

M (x, y) = 2xex
2 

tany 

( ) 
, 2 2 N x, y = e· sec y 

Not exact. 

aM 2 2 aN ,2 2 
- = 2xex sec y - = 2xe· sec y ay , ax It is now exact. 

u = J M dx + k(y) = J ( 2xex
2 

tan y) dx + k(y) 

u = J ( 2xex
2 

tan y) dx + k(y) 

use substitution, sett= x 2
, dx = 2x 

dt 

:. u = J ( e1 tany ) dt + k(y) 

:. u= e1 tany + k(y) 

:. u= ex
2 

tany + k(y) 

au = ex2 sec2 y + k'(y) 
ay This must be equal to N. 



3 (c) 
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ex
2 

sec 2 Y + k'(y )= ex
2 

sec2 Y 

:. k'(y) = 0 

k(y) = c' a constant 

x2 x2 
=? e · tany + c' = c" =? e tany = c, c = c" -c' 

x 2 y" -5xy' +9y = 0 

fl 5 I 9 
0 =? y --y +-y= 

X X
2 

5 
p(x) = --, 

X 

9 
q(x) =-2 

X 

U - l -fp(x)dr _ l -fp(x)dr _ l 5f~dr _ 1 51nlxl --e ---e --e --e 2 ( 3 )2 x6 x6 
Y1 X 

Now evaluate f U dx = f _!_ dx lnlxl 
X 

:. Y2 = y1f u dx = x
3 lnlxl 
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4 (b) x2 y" - 4x y' + 6 y = 0 

Comparing with 

x 2 y" + axy' +by = 0 

a=-4, b = 6 

Characteristic equation 

m2 + (a-l)m + b = 0 

m 2 +-5m+6 = 0 

(m-3Xm-2)= 0 

Hence, two real roots, m1 = 3, m2 = 2 

- 3 Yi - X , 

y~ = 2x 

= x 3 2x - x 2 3x 2 

= 2x 4 -3x4 

:. W=-x 4 

Wronskian is non-zero, except at x = 0. Hence these Yi and y 2 form 

basis of solutions. 

Does this mean that these solutions do not form the basis of solutions? 

No. 



4 (c) 
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y" +6y' +9y = 18cos3x 

Homogeneous solution is obtained from the characteristic equation: 

;l,2 + 6/4 +9 = 0 

Double roots, Ai = /42 = -3 

Y = e-3x y = xe-3x 
I , 2 

Y = C e - 3x + C Xe - 3x 
h 1 2 

Y = e-3
x (c + c x) h 1 2 

For y P , we set 

yP = acos3x+bsin3x 

y~ = -3asin3x + 3b cos3x 

y; = -9acos3x-9bsin3x 

=-9yp 

Substituting we get 

-9y+ 6(-3asin3x+3bcos3x) + 9y = 18cos3x 

-18asin3x + 18bcos3x = 18cos3x 

:. a= 0, b = 1 

:. yP = sin3x 



5 (a) 

- /h -

yi(o) = 1, 

I 

Y2 = Y1 

In the matrix form it can be written as: 

det(A-,U) = -A l 0 
1 -A 

A2 -1 = 0 

=> Ai = 1, A2 = -1 

Now determine the eigenvectors: 

For Ai= 1 

For A2 =-1 

General solution: 

Y = c e1 + c e-1 
1 1 2 

Y = c e1 
- c e-1 

2 1 2 

Initial value problem: 

given Yi (o) = 1, y 2 (0)=0 

y2 (0)=0 
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5 (b) J(x)=J(x+p) 

f(ax) ~ f(ax+p) ~ 1(a(x<)) =>period: 



~, 

1 
d-

S(c) 
-- ,~- ._ 

f (:x.) = ?( 

f {- )() :c - X ::c - f (;;c) 

\ ·n...,;, ; s. a--v, ~ µ~ ~e Ju~ 
\ ' P, I /l, ~ . • /Jo Jr ' i:tw F{9-,l(r( /'1>--1 f)-.12.-;Ja-, iM,J_(' (9,v,,..J tLP G\ /"4'V'--'C, I-~ la-, 

0() 

1 (?\ I ·::- ?( ::: 1- b,-n fh'v, "1 n. 

'n = I 

1f 

bl :: ¼ f--x Av, 1'/ ;.y cl:x. 

7::Jj ' lit., 3 ~,vC: ~- Jo,_, l; ,I ::: ;p -x 1-. ~~,i-t Jo 

::i-.~·nJT - ·- -- .Y 
0rJ 

·--· - d lw7p 

l 

:;) f!Ap :;) 'fT - --
?-

·--

-· 2 

2 

lo?,; = -I 



- {°} --

3 



- )_D -

<)-f 0} 
~ - l/-1-.-· 

== ~,2, j ::::-6~ 
9 ;x 

----Co j 

~} ?-'l .--- --· 
0) '2 

Jfe-Ye t :::: L f+X1 
G1j

1
:?i] 

---

a 
::: :::.- 1J 

1{~11 

$ ;:: .le \ \; 6 I,- 2 J 
~s L 

' ~ Cl 1 C p) ;: ~ . ')'oiJ>"'/ f ( p c:: ·k-L I/ 0 / - 1,J ' l 5} /£ J bl 
L-f 

::: J;:- c~ -121 ~ ~ ---
J<; ~ 

/M_t,- 1 cte ~ P' ~ /4-. ur~ or· .9: 



6 (b) r(t) = [t, cos t, sin t] ; 0 ::;; t ::;; 2Jr 

(i) y 2 + z 2 = l 

z 

X 

(ii) r'(t) = [1, -sint, cost] 

r'(t) r'(t) = 1 + sin 2 t+cos 2 t 

=2 

lr'(t ~ = ~r'(t )• r'(t) = Ji 

y 
1 
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