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MATHEMATICS 
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' 

( Ordinary Differential Equation) 

Full Marks : 60 

Time: 2½·hours 

; 

·The figures in the margin indicate full marks 
for the questions • 

1. Answer the following questions : 

'!il\b fiRrT !t:lC<H◄◄ ~ ~ : 

lx8=8 

(a) Write the order of the following 
differential equati<;>n : 

\§O,\§ fiRrT ~ci•ai >t!ft"◄ffl ~ ~ : 

• ·(dr)2 
d2r 

- = -.+1 
ds ds2 

(b) State whether the following equation is 
linear or nonlinear : 
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(c) Define integral curves of a first-order 
differential equation. 

~UT ~~-~UJ!l◄ ~iQ<pif ~•◄crt ~~ ~ 
(integral curve)~ 'f~e!I ~ I 

_ (d) Write the general form of a Bernoulli 
differential equation. 

~UT ~~ ~iQ<pif >i~<tS◄'R 'll~'T ~91iur ~ I 

(e) Find the integrating factor of the linear 
differential equation 

~+~=6x2 

dx X 

IIJl4¥! ~<f◄'T ~ + ~ = 6x2 ~ 
dx X 

"ti4'it-i 'G'ff ~~ I 

(/) Evaluate : 

~~~: 

(g) Write down the UC set of the 
UC function xn eax , . 
xn e~ UC 1fit-1tGF( UC ~~tGl ~ t 

(h) Define an exact differential equation. 

G l{ll{Jt( '=l◄iif ~ .. ~ ~ fihlT I 

A25/258A 



( 3 , 

2. Answer any six of the fallowing questions : 
2x6=12 

(a) For certain values of the constant m 

the function / def med by f (x) = emx is 

a solution of the diff er~ntial equation 

day -4 d2y + dy +6y=0 
wc3 dx2 dx 

Determine all such values of m . 

. ~ m·~ f<ti~t-i ~l-i◄ .qtC◄q /(x) = emx q61-il61 

day -4 d2y + dy +6y=O 
dx3 dx~ dx_ · 

~i4~il ~~◄'fiGR ~ ~ffl ~ I m ~ C\§'-ifi41 

)lqi,611 ~- f.t'AJ ~ I • 

(b) Examine _.whether or not, the differential 

equation (3x2y+2)~ ~(x~ _+ 11,dy = 0 is 

exact. 

(3x~y+2)dx-(x3 +1/Jdy =0 

~+.'liGT 11"1( ~ c-l ~ ~'Pl~ I 

(cJ Find the general solution of_ 

'11~1◄'1 ~ffl ~~ 
d2 Id 
_Y -2--1!.-3y=O 
ax2 . dx 

(Tum Over) 
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(d) Transform ·the equation 
• (x2 ..:..3y2)dx+2xydy=0 

to· a separable ~quation by appropriate change of v~ables. 
-

11•n~'1f 6-t4' ~~c1~~ ~ 

(x2 -3y2)dx +2xydy = 0 

15\C14it ~cfl◄•~ ~ 91~'1cfl◄~ ~cM~ . 
. 

(eJ · ShOw th~t the functions e:...x, e 3x and 
e4x\ a.re linearly independent. . . . -

~~ ~ e-x., e3x '511♦ e4x ¥-t-i,~61 
?◄~♦'elCcl ~ I 

(IJ _, For the differential equation 
- (4x+3y2)dx+2X!/dy=0 · 

I 

fmd ail integrating factor of the f offll xn , • 
where n is a positive integer, so ·that.~e 
equation_ becomes exact.. . 

. . 

c11,◄ xn '611♦1◄◄ ~ "li♦ilii -G'RS ~~, 11~ 
• ·n -~ ~-11'11♦ ~ 'l~, 111C! • 'l~♦◄'ttGt ·l(ttftt( 
~I 
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(g) The roots of the auxiliary equation 
corresponding to a certain 8th order 
homogeneous linear differential equation 
with constant coefficients are 

4, 4, 4, 4, 2 +3i, 2 -3i, 2 +3i, 2-3i 

Write the general solution. 

!'~<fS ~'it~~ ~ ~ ~1JII~ >t~~nfli4' ?◄~~ 
~~ctSil >t~~◄'R >t~~<fS ~<fS◄(ITtffl \ilC;ql◄ ~'"if 

4, 4, 4, ·4, 2 +.3i; 2-3i, 2 +3i, 2-3i 
·, . J 

; 
• . ..,., r . 

(h) Giv~n that a parti~ul~ integral _of 
' ' . . , ,. ~ . . 

., "".. . . .. . .. .__ 

. 2 
d y -5~+6y=l -' -

. dx2 dx. 

is y = !. and, a . particular integral of 
6 . . -

d2Y _5~+6y=x is y=~+_§_. Then 
dx2 . dx . " > 6 36 

~ "' .. . " ~ • 

_ fmd Ute_ p~l~ ~tegral .of __ ., • ••.. 
, " 

. ' ; ... 2 .. ,· .. , . , , 

d Y ~S!!Il+61i=2-12x 
dJc~ . ·.·.dJC _· :··. 

,~<9iie,-J- \ 
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. ~ '5(1,, ~ <!(~~ii ~~◄'l 

d2Y _5~+6y=l-.. 
dx2 dx 

1 ~ 'bl'i"il y = 6 '511'¥ 15\4¥il 

d2Y _5~+6y=x-.. ~ dx~ dx 

y = ~ + _§___ ~C&I 15\Cl'lSil ~~◄Cf • .6 36 · . . 

d
2
y -5~+6y=2~12x-.. ·dx2 dx 
. . . . . 

. 

• : . ~ 15\i<liil ~~ i • • : 
. . .. 

•. ·. · ... : (i) 

.:. . .- . . . . . . · .. 
.. . . . . . Show· that every function / defined by • . • . .. 2. , .. /(x) = 2_.+ ce-2x • ,' whe~e c·is an ·arbitrary 

. constant, is .a solution ·o(the differential equation • .. • • .. • . . . • · • • · · • . 
. . . . ' . .• . • . . . 

-- ~+4X!i=8x ·••-· • . -- -__ · -. . .. dx· . .. · .. '..... . . . . . . . . 

.. . ' .. . • •. • 
o 

I 

.. °'1~ · • · Qt_ • f (x) = 2 + ce -2x2 °' -~•t<I\ - _ 
JJl<l50il1Cql◄ qa,-1 /,.~~ c-"''Gt ~ c~tc-11 ~ ~, . . . 

. • .. . d . 
-· -1l+4xy=8x dx .. 

~cl<liil ~<15◄ffl "IUl ~~ ~ I 
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0) The general solution of a second-order 

homogeneous differential equation with 

constant coefficients is 

· y=c1ex +c2xex 

Construct the equation. 

~tr · ~~1<!.◄ ~ ~,rPl~ >t~~1Qi♦ <!14~if 

~~◄'R ~~'T ~ffi ~'il • 

y=c1ex +c2xex 
,. • • • 4 

,)t'fl~◄~-~~~ i 
. . . :.. . . 

' . . 
: • •. • • \ r • 

. -. 

. ~-··Answer anyfourof t1:i:e·following questions: 
. .. : . . . . . . . . , . 

. . . . . . Sx4=20 
. • 

r, 

·"if'! fm ~,~1◄◄·.~ ·,¥1,~,-bff~C~.ffl~.:· .· 
,. . 

• •' • • I 

• 
• 

: . . . .. 

·-·(a) • Sher~~- .·that 5x2y2 ·.:..2~3y2 =·1 is an 
• 

• 

• I 

·. _· .•• _·.· -~plicit • sol:-,ition··. ·or .. ·-the·· • differential 
. . ' . .. . . • . ' ~ - . . .. 

. · • · . · ... _ .- equation .•• • .. :: • . • • : ·. . • .. · . 
• '. • .. I :_ • . • ' ' • a. .. · . . . I : . ••.' '. • • • , . • . • 

• • . : . . x.11.. +yl. :X3y3 • ·_ : • 

.. . . ..... dx .·· . -· 
. . . . . 

• · •. • on.the:interval O '< x < ~- • 
. • • • • 

• ••I 2• 
. . . . 

.. . . ' . 5 

Of1~ · ~ ~ 0 < X < - \!fV◄illil\! 
·2 

• 5x2y2 -2x31i ~1~ x~+y=x3y 3 

dx 
11:1: .l'fti:t ~ I • 

(7um01Jer) 
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(b) Determine the constant A such that 
the equation 

(x2 +3xy)dx+(Ax2 +4y)dy=0 

is exact. Then solve the exact equation. 

1+4.5 
(x2 +3xy)dxi-(Ax2 +4y)dy=0 'ii◄"'1 

Ji~1i◄'1,~I ffl ,~cut♦ A 4' 1fr-f -~ I ~ 
~1i◄'1,'Gl '1~1'41-i ~ I 

(c) Solve the Bernoulli equation : 

~'11fi ~+-t'liGT 'lill~l-1 ~ : 

x~+y=-2x6y4 

dx 

(d) Solve the ~ .vffl4>t4bl 

~l◄fl♦ .111-t\+ 'lil'IJl,61 Jtll~l!1 ~ : • 

(x2 +I .!fr+ 
l& 

(e) 



. 
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(JJ Solve the Cauchy-Euler equation : 

. ~-~ift◄ '1~'45◄"lrol ~'fr-{ <RT : 

3x2 d
2
y -4x!!l!.+2y=O 

dx2 dx 

(g) Solve · the fallowing initial value 

problem using method of undetermined 
. 
coefficients : 

• I 

· • :~~ ~,r.- 91~R;,◄ \§if'! fiR1T !fl◄~♦ 111~1_'l§ 

~♦◄"lrol ~~ ~: 
. 2 - . . . ' . . .. 

d i-4!!1f.+31/=9x2 +4, y{O) =6:·y'(O) = 8 
dx dx ' 

(h) Show that the function / defmed by 

/ (x) = (2x2. + 2e3~ + 3) e-2x satisfies the 
. ' 

differential equation· 
. . d. . .. , . ,.' 

.lt.+2y=6ex +4xe~2~ . dx . .. 

·and _also the conditi~n /(0) = 5 . 

• \ G'i, /{x);.; (2x2 +2e3x +3)e-2x~ 

•I◄\ /. 'fifefcGl'4 'qcl'fif ~♦◄~ •. 
• ' ' 

.• •. !!M+2y~6e~ ~-4.u-2~ -.· • 
.. tl,c. . .. · . . . . 

. . . . 
• I • • 

·"-•••,,a,.s.•-~~,-
. . 

--· 
. . . 
• . (Tum Over)· 
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Answer any two of the following questions : 
. 10><2==20 

'-'iii'-' film ~,"li◄◄ ~ C<filC-ll ~ ~ <!PU : 

(a} Show that the linear diff erentiat 

equation 

!!:J!. + P(x)y = Q(x) 
dx 

has an integrating factor of the form 

el P(x)dx and a ~ne-parameter family of 

solution 

yef P(x) dx ~ f ef P(x) dx Q(x) dx + C 

Clf1.~ ~ C◄~• l!ifel.61 ~ ... ~ 
dy •. 
-+P(x)y = Q(x)~ 
dx 

C 

~ ef P (x)dx l!iflf~◄ 1511"61-l. -S'f<li ~ \!ill◄-
~~ )l~♦◄ffi ~Uf ~~ ~lbifi'ei ~~ 

91~~'"' ~~ 

yef P(~l~ = f ef P(x)dxQ(x)dx+C 

{b) Solve by transforming to hoinogeneous 
equation : 

'li410fJl, >t'il,◄'ltir ~~ ~ "PIT~ <!PU : 

-r..-2y + 1) dx + (4x -3y ~ 6) dy = 0 

( Continued); 
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(c) Consider the following differential 

equation : 

A25/258A 

x2 d
2
y -2x!!1t.+2y=O 

dx:2 dx 

(i) Show that x and x 2 are linearly 

independent solutions of this 

equation on the interval O < x < oo. 

(ii) Write the general solution of the 

equation. ' 

(iii) Find the solution that satisfies the 

conditions y(l) = 3, y'(l) = 2. Explain 

why this solution is unique. 4+1+5=10 

"61" fiRlT "fc1¥61 'f~<f$◄~ C61rcrl : 

x 2 d
2
Y-2x!!1t.+2y=O 

dx:2 dx 

(i) ~~ ~ 0 < X < oo ~S◄f61~ X '611♦ x 2 

)f~~◄~ ~ ~ 'f!tj ~~ I 

(iii) y(l) = 3, y'(l) = 2 ~ ~ ~ ~ 

~~J~CUl tsfir~ I~, ~~1-ic'Gl ~ ~~, 

~Jf'tffl ~ I 

(Tum Over) 
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(d) Find the general solution using method 

of undetermined coefficients 

d4y d2y 2 
-+- =3x +4sinx-2cosx 
dx4 dx2 . 

~~ ~'if ~qiR,C◄ ~'IR'f ~~ ~~ 

d4y d 2y 2 
-+ 2 

=3x +4sinx-2cosx 
dx4 dx 

- (e) Solve by the· method of variation of 

parameters 

!11561◄ t!l◄'-'~l 9tiijiR,C◄ ~~ <RT 

d2y 
-+y=cotx 
dx2 

*** 
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