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Question No. 1 Marks : 5

Determine the singular points of the differential equation and classify them as regular or
irregular.

(x2 - 9)2y" +(x+3))y +2y=

Question No. 2 Marks : 10

Solve the given Bernoulli equation

Which of the following is singular point of the equation
2x2y" +10xy  +(x-1)y=0

iR alkat
1
~RND

* None of other

Question No. 4

Find the eigen value and eigen vector of the following system of linear differential equation

, (9 -12
X =(| |\X

\3 =3



Question No. 5 Marks : 10

Find solution of the differential equation

9y +y=

i

The non-trivial solution of the system exists only when

det(A-A1)=0

e True

’ 2
—y=xe
The form of the particular solution for the differential equation yoy 1s

y, = x-l-le-I-BO
Ae

= (Ax + B)ex

y,= (Ax, + Bx + C)es,

* None of above

Solve the following homogeneous system of differential equations

d d
Ry PO
dt dt

dx dy ¢

(Just find the general solution of the equation).



Solve the differential equation

inspire.com



y”—2y'+y=0

Question No. 10 Marks : 2

Which of the following is Legendre’s Equation
d’y_ dy
1 -2 -x=+7y=0
e S~

X 2

(1- 2)575—7%+35y=0

X
=T 2)= 0 iy =0

» All of three equations are legendre's equation
* None of other

2x°y = 2x7)dy + (4x" = 6x°y + 2x )dx =0
The differential equation (2xy v+ 4 7)) is

* Separable
* Exact
e Linear

e Bernoulli’s
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Question No: 1 (Marks: 2) - Please choose one

: o W(ee )=
The Wronskian of the function is
p 1
> 0
> -2
p None of these
Question No: 2 (Marks: 2) - Please choose one
2 3)
2 1}
The eigen values of matrix are
> A=o0,-1
> A=4-1
> A=15
p None of these
Question No: 3 (Marks: 2) - Please choose one
eyt =0
Roots of the equation will be
> 0,12
» 0+i,-i
» 0,1
p None of these
Question No: 4 (Marks: 2) - Please choose one

1!
y' ' +16y=0 withy(0)=0,y§ )=0

A differential equation is called

p Initial value problem

p Boundary value problem




p None of these

Question No: 5 (Marks: 2) - Please choose one

Ji1(x), f5(x), ., £, (X)

Suppose the functions possess at least n-1 derivatives on interval I , if

W(fff)#O0

1s called

p Linearly dependent
p Linearly independent

p None of these

Question No: 6 ( Marks: 5)

Solve the initial value problem

2y-Ddy= (x +4x+dx , y(0)=-1

Question No: 7 ( Marks: 10)

1
dl-}- Xy = xyf

dc 1 -x;

Solve

Question No: 8 ( Marks: 5)

0,
Find the general solution of the given differential equation on ( )

25x2y//+25xy/ +(25x2 -Hy=0

Question No: 9 ( Marks: 10)

Use the Gauss-Jordan elimination method to solve the linear system
5x-2y+4z=10

x+y+z=9

4x-3y+3z=1

Question No: 10 ( Marks: 10)

1

J,(x) for n=2—

Derive the expression of




Question No: 11 ( Marks: 5)

Solve by using Cauchy Euler method

Ly dy

2

—+x— +4y=0
* dx’ xdx Y

THEE (EESCT







" Question No: 4 Marks:2

Slx) =14 f(x) =x /(%) =x

The given functions are linearly independent.

T

F /E 02

Question No: 5 Marks: 2

A set of functions whose wronskian is zero guarantees that set of functions is linearly dependent.

T
F A 02
Question No: 6 Marks: 10

(a) Define separable form. Just separate the variables of the given differential equation.
(0 —4r+ 8 - 4)dr - (r’0 +20r° -0 -20) @ =0

l Solution:

The differential equation of the form d y / d x = f (X, y) is called separable if it can be written in the form

dy/dx=h(x)g(y)
(0 -4r+ 0 -4)dr-(r 8 +20r -0 -20) d® =0

(0 - 4r + 0 - 4)dr=(r?0 +20r> - © - 20) a0
[F®-4)+10-4] r*(6+2) - 1(0 +20) 40
dr =

(r41)(6-4)dr=(r*-1) (6 +2) a0

(r+ . _(6+2)

dr (9 _4)

de

1 (6 +20)
—dr= d0
r- (8 -4)

1
(b) Check whether the given differential equation is exact or not if not then make it exact also show that it is exact
(Just make the equation exact do not solve it further).

(2y2 +3x) dx+ 2 xydy =0




(2y2 +3x) dx + 2xydy = 0
M(xy)=2y"+ N(xy)=2x

3x,
My=4 Nx=2y
Y
M #N
¥

X

Thus it is not/exactnow we apply techniques to make it exact

(2y2 +3x) dx +2xydy =0

N 2 xy 2xy x

(2xy2 + 3x2) dx+2x"ydy=0

M(xy)=2x,+
N(x,y) =2x2y

3x,,

M =4xy,Nx =
4x)y/

M, =N,

Which shows that now equation is exact

X
(a) Solve given Bernoulli equation dx (Just make the given equation linear in v, do not integrate)

puty_,=v
—2@ y -3 =_dV
dx dx
dyv _; ladv
e
dx 2 dx



1 dv

X2

—+wvx=¢e
2 dx

dv _ 2
—+2vx =12
dx

(14

Thus it is linear in “v”.




(b) The population of a town grows at rate proportional to the population at any time. Its initial population of 100
decreased by 20% in 20 years what will be the population in 30 years? (Just make the model of the
population dynamics as well as just describe the given conditions do not solve further)

Suppose that Py is the initial population of the town, as given Py is 100 and P(t) the population at any time t then
population growth by the differential equation

Integrate both sides

InP=kt+c

p= ekt te

P=c"¢

P=Pe" say By, = ¢°

Where P is the initial population of the town
P,=100 = P(0)

P(20)=100--2 (100
100

P(20)=80
P (30) =2

" Question No: 8 Marks: 10

(a) Find a second solution of following differential equations where the first solution is given (also write the
¥y =5xy"+9y= y =3Inx

formulae).

x> y"=Sxy'+ 9y=0;y =lnx

3
X

differential equation can be written as
5 9

Cy"-Txp'+, =0
x x

the 2™ solution is given by

|




y =xInx dx
: .[ 3lnx)2
2
_
( J‘Srdx
el
/
y =x Inx ( dx
: .f 31nx)2
Slnx
J* ¢ dx
y =X lnx( x31nx)
, 3
y2=x3lnxf R
In x5
dx
(x3lnx)
2
5
- 3 X
yz—x lnxjxé( lnx)czlx
y,=x;Inx S
(Inx) i
—_—
3 (ln.X)_ZH
»=x Inx
-2+1
!2 > Inx
X
W= - x’

(b) Solve the differential equation by the undetermined coefficient (superposition approach)

y"=2y'-3y=2cosO
If complimentary solution is given below
y, =cé tee

Then just find particular solution.

We find a particular solution of non-homogeneous differential equation.

Suppose input function
y, =AcosO +BsinB

Then



y' =-AsinB + BcosO
p

"

y" =-Acos® -BsinO
P
Substituting in the given differential equation

—~Acos® - Bsin® -2 ( - Asin® +Bcosd ) - 3( AcosB + Bsin O ) =2 cosO
(-4-2B-34) cos® +( -B+24-3B) sin® =2 cosb
From the resulting equations



-A-2B-34= -B+24-3B=0
2;
-44-2B=12; 24A-4B=0
24+ B=-1;
- 2(2B)+ B = -1
- 5B =-1

-1

- B=—

A-2B=0—-> 4=2B

(a) Solve the differential equation by the undetermined coefficient (annihilator operator).
y'"=4y'=x3 -2x+ 1
If complimentary solution is given below
y, =c, tcje
Then find general solution.

Solution

In this case of input function is
g(x)= ¥ =2x+1
further
D,(g(x)=D,(x;,-2x+1)=0
Therefore the differential operator D* annihilates the function g. operating on both sides
Dy(D, =4D)y = Dy(x3 —=2x+ 1)
D' (D’ -4D)y=0
This is the homogeneous equation of order 5. Next we solve this higher order equation.
Thus auxiliary equation is
my(m, —4m) =0
ms(m—-4)=0
m =0,0,0,0,0,4
Thus its general solution of the differential equation must be
y=cgtoxtgx +ex wex' tce'?

(b) Solve the differential equation by the variation of parameters

p"=2y'=-3yp= X

If complimentary solution is given below



— 3x -
y. =ce tce

Then just find particular solution (do not integrate).

Solution

y"=2y'=-3y=x3

This equation is already in standard form
y'+ P(x)y’ +Q(x)y = f(x)

Therefore, we identify the function f(x) as
f(x) =x"

We construct the determinants

1 3x =)
Slnceyl=e"y =¢ " 50
2

e -x
e X=X X=X X
W(){,}j){?) . _x‘=—e3 3¢ = —4¢°
e —-e
0 e .
[/V1 =1, 0 = - x3e
x - - X
3x
e 0 .
W= 3" ¥’ =xe
We determine the derivatives of the function u, and u,
W, —xe " X .
u' =V71 _—4e2x -y = fxe ¥ dx
' W , x363x _)8
Ty e E ek
y, = ule“ tye "

iSTequired particular sotution






Population dynamics are not practical application of the first order differential equations.




Question No: 4 Marks: 2

A set
{ YV, y}

Of n linearly dependent solutions, on interval / , of the homogeneous linear nth-order differential equation

n-—1
d _y+ L+a1(x(~’;1+ ao(x)y= 0
dx"! dx

dﬂ
a, (X)dx_”y ta,_, (x)

Is said to be a fundamental set of solutions on the interval / .
T

F

Question No: 5 Marks: 2

The differential operator that annihilates 10x3 - 2xisD R

T

F

Question No: 6 Marks:10

(a) Define separable form. Just separate the variables of the given differential equation.
(3r9 - 36 +r—1) dr - ( 2/ +46 - r—2) a9 =0

I Solution

The differential equation of the form dy / d x = f (x, y) is called separable if it can be written in the form

dy/dx=h(x)g(y)
(330 -30 +r-1)dr-(20+40 -r-2) d® =0

(30 -30 +r-1) dr=(20+48 -r-2) 40

(360 "= D+ 1= D] a@r=T20 (r+2) = 1(-+2)7| a®
(r=1)(30+1)dr=(r+2)(20-1)db
(1), (20 g

S VY

(b) Check whether the given differential equation is exact or not if not then make it exact also show that it is
exact (Just make the equation exact do not solve it further).

3y2 -x dy | x

. =0
y’ dx 2y

I Solution

It can also be written as




xdx+2(3y2 —xz) dy=0

M(xy)=x N(xy)=6y -2x
Mv =0, NY =-4x

M #N
Thus it is not exact now we apply techniques to make it exact
xdx+(6y2 - 2x2) dy=0
N -M -4 x
X Y = =
M by

-4=g(y)

l.F= eI -4dy = g-4y

xe_4ydx + ¢, (3 y, - 2x2) dy=0

M( xﬁy) =xe_4ya N( xay) =e_4y(3y2 _2x2)
M, =-4 xe_4y,]y = —4xe

M =N
y X

Which shows that equation is exact

Question No: 7 Marks:10

3 dy 5
X —+2xy=y
(a) Solve the Bernoulli equation 49X (Just make the given equation linear in v, do not integrate)

dy
3 5
X —+2xy =
T Y=Yy
d 5 2 ., 1
- -|-_ =
dx Y X x
puty_4 =vy
dy . dv
-4 -y o=
dx dx
dy _ _ladv
&” T Adx
Then
ldv 2v 1
—_ + 5 =_3
4dx x x
dv & -4

Thus it is linear in “v”.




(b) Initially there were 200 milligrams of a radioactive substance present. After 8 hours the mass increased by
4%. If the rate of decay is proportional to the amount of the substance present at any time, determine half-life of
the radioactive substance? (Just make the model of the radioactive decay as well as describe the given
conditions do not solve further)

Suppose that A, is the initial amount, as given A is 200 and A(t) be the amount present at time t then its governed
by the differential equation

dA
— oA

dt

dA
—=kA

dt

dA

— = kdt

A
Integrate both sides
Ind=Fk+c

4= ekt +c

A — ekt ec

A=A say A =¢€°
ekt . o

'Where Ay is the initial amount
Ap=200 = A(0)
A(8)=200+ 4

100 ( 2()0)
A(8)=208

A (T) =100
||

(a) Find a second solution of following differential equations where the first solution is given (also write the

_ 2x

" ' _—

(142x) y"+2xp'=d4=0 , =¢>

Yy

differential equation can be written as
4
"y 2x - _
1+2 14+2x

X

0

the 2" solution is given by



_J;+2’x e
y = e'“] ¢ dx
(e j
2 -2x 2
f 1+ 2x
Lore e
y=e " dx
2 I €-4x
« -y
I 1+112r
-2x £
y=e |7 dx
2 e-4x
-x In(l42
x)
_ aaee
v, =] — &
B eZln(l+2x)
y =e ZXJ dx
2 BT
o1+ 2x)
y = f dx
2 —3'c
v = j 1+ 2x}e— dx —
3x
y, = [(1 + 2x) | (1429 ‘2 dx]

_ 2x 2e3x
y,=e [(112x%_j3 dx]

y, =(1+ 2x)e3 _2e

(b) Solve the differential equation by the undetermined coefficient (superposition approach)

y'=2y'=3y=

€4x

We find a particular solution of non-homogeneous differential equation.

Suppose input function




y,= Ade

Then
y', =44e™
y" =164

Substituting in the given differential equation
16 de, -2(44de, | -34e, =e

4x

eMU6A—8A—3A)=e

4x
From the resulting equations
5A=1

[u—

Question No: 9 Marks: 10

(a) Solve differential equation by the undetermined coefficient (annihilator operator).

dzy_ 4dy _
2
dx dx

If complimentary solution is given below

XCOS X

4x
ye=ctage
Then just find general solution.
I Solution

In this case of input function is

g(x)= x cosx

further
(D, +1),(g(x)=(D, +1),(xcosx)=0

Therefore the differential operator (D2 + 1)2 annihilates the function g. operating on both sides
(D, +1),(D, =4D)y = (D, + 1), (x cos x)
(D, +1), (D, -4D)y=0

This is the homogeneous equation of order 6. Next we solve this higher order equation.

Thus auxiliary equation is




(my + 1),(my —4m)y =0
m(m =4)(m, + 1), =0
m=0,4,i,i,—i, =i
Thus its general solution of the differential equation must be

y=ctge +(¢ +¢x)cosx+(c +ecx)sinx

(b) Solve the differential equation by the variation of parameters
y'=y=x,

Complimentary solution is given below If

y.=ce +tge "

Then just find particular solution (do not integrate).

I Solution
y"-y=x2
This equation is already in standard form

¥+ PR)y’ +Q(X)y = f(x)

Therefore, we identify the function f(x) as
flx)=x"

We construct the determinants

Since y,=e” , 3 =e¢ " so

X e_X
W(y,y)=t =-e -t =2
2 X _e—x
0 e
W= L =-xe "
—e
1 2 -x
et 0
VVZ = X 2 = xze‘c
x
We determine the derivatives of the function «, and u,
L W =xe " X’
u'=—~=——-oy = f—e “dx
w 2 2
W 2 -x 2
u', = 2 2 € —>u2=—jx—e”‘dx
w 2

is required particular solution










2 2 .
The given functions Silx) =5af (x) =cos . f(x)= SUteinearly independent.

T
F
Question No: 5 Marks: 2

A set of functions whose wronskian is zero then set of functions may or may not be dependent.

T
F
Question No: 6 Marks: 10

(a) Define separable form. Just separate the variables of the given differential equation.

secy—+sin(x—y) =sin(x+y)
X

I Solution

The differential equation of the form d y / d x = f (X, y) is called separable if it can be written in the form
. dy/dx=h(x)g(y)

secy—y+sin( x—y) =sin( x+y)
dx

|

secyj—y=sin(x+y) - sin( x-y)
x

secyd—y=sin( x+y) —sin(x—y)
dx

dy . ,
secygllynydmxcosy+cosxsmy— SIn X COS y + COS x
secyg dx 2 cos x sin

voooo_

= cos xdx
2 cos y sin y

, = COS xdx
sin2 y

cosec? ydy = cos xdx

(b) Check whether the given differential equation is exact or not if not then make it exact also show that it is
exact (Just make the equation exact do not solve it further).

exdx+(excoty+2ycosecy) dy=0




e dx + (ex coty + 2ycosecy) dy=0
M( x,y) =e, N( x,y) =e coty+2ycosecy
M,=0, N,=¢e coty
M #N
y X
Thus it is not exact now we apply techniques to make it exact

edrxtle coty+2ycmeq) dy=0

N =M, “ecoty-0
To= =coty

M e
I1.F= €J. cotydy = €lnsiny = siny

e sinydx+(e cosy+2y) dy=0

lVl\A,.}/l _Cxﬂllly, lV\./\/,.)/l _CX \/UD)/ 1 A)/
Question No: 7 Marks: 10
d
y 2 =y (x- 1)
(a) Solve Bernoulli equation dx (Just make the given equation linear in v, do not integrate)
dy 3

Xy ——= x-1
y ==V )

L dy _
=y = (k- 1)

dx
put Yy, =v
—2d_y -3 =iv
dx dx

dy 5 ldv

dx 2 dx
Then
1d
il tw=(x-1)
2 dx

(b) The radioactive isotope of the lead, Pb-209, decay at a rate proportional to the amount present at any time and
has a half-life of 4 hours. If 2 grams of the lead is present initially, how long will it take for 80% of the lead to
decay? (Just make the model of the radioactive decay as well as describe the given conditions do not solve
further)

I Solution




Suppose that A is the initial amount of isotope, as given Agis 100 and A (t) be the amount present at time t it
governed by the differential equation.

Integrate both sides
InAd=kt+c

A=e

kt+c

kt
A=¢e"e

A=PRe" say A, = e
Where 4, is the initial amount of isotope
A,=2=A(0)

A(4)=2/2=1
Then we have to find time when radioactive isotope will take 80% decay. So as A initially given 2 and 80% of 2
is 8/5 so decay would be 1-8/5 =-3/5

P(t)=-3/5 ,t=?

Question No: 8 Marks:10

(a) Find a second solution of following differential equations where the first solution is given (also write the

2 2
formulae). xy —4xy +6y= y =X
0;

x2y"—4xy'+ 6y=0;y = X,
differential equation can be written as

4 6
y'= xy't, =0
X X

the 2" solution is given by

e—fpﬁ
v, =y | zdx
J)’l




=1 e
s R
y =x2j élnxa’x
2 X4

4
X

eln

3

=x In dx
yz X‘[ X4

y = xzf dx

2 Xy
&t

_ 3
V=X

(b) Solve the differential equation by the undetermined coefficient (superposition approach)
y"-2y'-3y=4sin0
If complimentary solution is given below

y.=ce +ge

We find a particular solution of non-homogeneous differential equation.
Suppose input function
v, = AcosO + Bsin 6

Then

y', =-4sin0 + Bcosd

y" o= - Acos® - Bsin O

Substituting in the given differential equation

- Acos® -Bsin®-2(-Asin® +Bcos®) -3( AcosB +BsinB) =4sinB
(-4-2B-34)cos®+(-B+24-3B)sin6=4sin6

From the resulting equations




-A-2B-34= -B+24-3B=4

0,
-44-2B=0; 24A-4B=4
+B=0;

24+ B=0; A-2B=2—- A=2+2B
- 202+28)+B=0
- 4+5B=0

-4
- B=—_

5

2 4
y,= gcose < sin ©

(a) Solve differential equation by the undetermined coefficient (annihilator operator).

d_zy - 4d_y = "
dx’ dx
If complimentary solution is given below

e

Then just find general solution.

In this case of input function is

X

gx)= ¢’
further
(D-2(g(x)=(D=2)e, )=0 annihilates the function g. operating on both sides

Therefore the differential operator D’

(D =2)(D, = 4D)y = (D - 2)(e2.)

(D -2)(D* -4D)y =0
This is the homogeneous equation of order 3. Next we solve this higher order equation.
Thus auxiliary equation is

(m=2)(m, —4m) =0

m(m =2)m-4)=0

m=024

1 —t 1 h B £41 1. CC Vi | ki 1
TTIUS IIS ZCTICTdl SOIULIOI O UIT JIIICTCIIUAT C(UdiIonn IMTuUsSt DT
X

y=gtce tge

(b) Solve the differential equation by the variation of parameters



y"=4y+3=cosx
If complimentary solution is given below
V= C1€3x tge’

Then just find particular solution (do not integrate).

nswtion

y"-4y+3=cosx

This equation is already in standard form
¥+ Py’ +Q)y = f(x)

Therefore, we identify the function f(x) as
f(x) = cos x

We construct the determinants

Since y,=e’" , y,=e" s0

3x X
e e
W(){a)ﬁ)= . . =e3x+x_3e3x+x=_2e4x
e e
0 €
W = . |= cos xe’
osx e
eSx
w,=|", = cos xe’*
X
e CoS X

We determine the derivatives of the function «, and u,

. _W _cosxe COS X -3¢
u'' =—= - u = f—e dx
. W 2ey, 1 -2
3 -
. W , cosxe’” COS X _,
u' =—“+=_—_"_ >y = I—e dx
» W —2e,, 2 -2

y,= ule3)r +ye

is required particular solution







flx)=1+x%f(x)zxf(x)=x

Question No: 5 Marks:2

The differential operator that annihilates 10 x, =2 x is:

D4
Question No: 6 Marks:10
Solve the following differential equation by using an appropriate substitution.
d y x
=L 4
dx x y
Solution
dy Yy, X
dx x 'y
= d_y = y ’ + X
dx Xy
= Homogeneous equation, so put y = vx, IV + X
dv_vx+x
= v+x = 5
dx. _xv
dv 1
= v+x =v+t
dx v
dv 1
= X dx =v = vdv = X dx
_ VAR
= jvdv=dex = =lnx+hC
X 2
2
= Y = mxC -

X
Question No: 7 Marks:10

The population of a town grows at a rate proportional to the population at any time. Its initial population of
500 increases by 15% in 10 years. What will be the population in 30 years?

Solution:

Let P (t ) be the population at any time t, then rate of grows will be




_O(P
dt
dP

= —=kP
dt

Here £ is constant of proportionality. Since initially population was 500, therefore P ( 0) =500 . Also this
15
population increases by 15% in 10 years. The 15% of 500 is E(SOO) =75, therefore population after 10 years is

(1n1t1al population + increase in 10 years) =500+75=5751e. p (10) =575 . So we have the boundary value
problem

dP

= = kP subject to boundary conditions P (0) =500,P(10) =575.

This first order differential equation. Its solution is given by
P = Cée" where C is constant of integration.

Applying boundary conditions, we get C = 500, k£ = 0.0139 . So the solution is

P(t) =500¢"

Thus population after 30 years is obtained by putting ¢ = 30 in above equation i.e.

P (30) = 5006(00139)30
= 760.
Duestion No: 8 Marks:10

Find a second solution of following differential equations where the first solution is given. You can use any
method (reduction of order or formula given in handouts).

Xy +2x) —6y= y =%
0;

Solution: Comparing with V4 P( x) Y+ Q( x) y=0

2
Here P( x) =" . But second solution is given be
X




Note:

y2 =y1j dx
dx
2
32!
_IZ dx
e X
= =x2f dx
x! .
elnx
= = x fe_zlnxdx=x2j —dx
2 7 x
X
-2
= =x2J‘x—4dx=x2f176
X X
-5 dx
[ x
SR
7
1
= =-—
5x

This question can also solve using other method.







Question No: 5

The differential operator that annihilates 4e " 2 s

2D -1

Question No: 6 Marks:10
Solve the following differential equations.

(l+lnx+—)j\dx=(l—lnx) dy
x

Solution:

Here

M=1+lnx+—y,N=—(l—lnx)
X
0 1 ON 1
= M=—=_’ N = —=—
0y «x X X
y x
= M =N

So the given equation is an exact equation. Thus there exists a function f ( X,y ) such that

6—f=M and 6f—
0 x

= 6—f=1+lnx+—y ——(1) and 6—f=
0 x x

55 Inx-1--(2)
= f=x+xlnx—x+ylnx+H(y) =x1nx+ylnx+H(y)

(2) =>1nx—l=lnx+H'(y)
= -1=H(y)
= H(y)=-y

Hence f( x,y) =xlnx+ylnx-y

Question No: 7 Marks:10

[nitially there were 100 milligrams of a radioactive substance present. After 6 hours the mass decreased by 3%. If
the rate of decay is proportional to the amount of the substance present at any time, find the amount remaining
after 24 hours.

Solution:

Marks:2




Let 4 (t ) be amount present at any time ¢. Then by given conditions, we have

dA
—x 4
dt
dA
= =
dt
Initially there were 100 milligrams, therefore 4 (O) = 100 . Moreover, decreased by 3% will give us

100 —%(100) = 97 milligrams after 6 hours i.e. 4 (6) =97 . So we have boundary value problem

dA
= = kA subject to boundary conditions 4 (0) =100, 4 (6) =97
The solution of this equation is given by

A (t) = Ce" where C is constant of integration.

Applying boundary conditions, we get
C=100, k=-0.005076

N A (t) = 1006—0,00507&

Amount remaining after 24 hours is obtained by putting ¢ = 24 in above equation i.e.
- 4 (t) - 1008-0‘005076( 24)

= 88.529 mg.

Question No: 8 Marks:10

Find a second solution of following differential equations where the first solution is given. You can use any
method (reduction of order or formula given in handouts).

Xy +y =y =lhx
0;
Solution:
Comparing this equation with " + P( x) y +0( x) y =0, we get

P(x)?l.

But second solution is given by

~[ rn)
e’

r dx
Y, =y ———dx
Y,




I'his 1s the answer.
Note: This question can also solve using second method.







Question No: 5 Marks:2

The differential operator that annihilates 4¢™" is:

(p-2) (D45l

Question No: 6 Marks:10
Find the general solution of the given differential equation.
dl+ 2xy=x
dx
Solution:

d
It is of the form dl+ P( x)y=0/( x) ie. Linear First Order Differential Equation with
X

P( x) =2x, Q( x) =X
Thus integration factor is given by
IF=ulx)=e ),
= =e =e

2 xdx X,

But the solution in this case is

u(x) Q(x)d
y= I +(C ¢




9 +C
y=- =
e
Question No: 7 Marks:10

théheonemgtesddd3sh froandmibsideriamde the reuthisle e the Winsenzpdrataicias emperddlies dNtisutoihe
Solution:

Let T (t ) be temperature at any time t and 7, be the temperature of the surroundings. Then by Newton’s
Method, we know that

dT

5 SR

Where k is constant of proportionality. Here we are given 7, =5 and T (1) =55,T (5) =30 . Solving above
equation we get

T=T,+Cée"
= T=5+Ce
kt
Using above conditions we get
k=-0.173, C=59.44.

So the initial temperature is given by

T =54 Ceo
=5+C

=5+59.44 = 64.44O F.

Question No: 8 Marks:10

Find a second solution of following differential equations where the first solution is given. You can use any
method (reduction of order or formula given in handouts).

45y +y=0; y,=x""Inx

Solution:




Comparing this equation with y” + P x) y + O( x) y =0, we get

P( X ) =0.
As second solution is given by
. I P x)

y2=y]j dx
dx

2
N
Using given conditions, we get

0
y,=x"? lnxf—e—2 dx

1
dx
=x"? lnxj
=x”21nxfx(lnx)2
1 1
dx
(lnx ) X
(nx)")
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Time Allowed: 90 Minutes

1. The duration of this examination is 90 minutes.

2. Symbols by using math type should be pasted on the paper direct
from the math type not from the word document otherwise it would

not be visible.
3. Do not ask any questions about the contents of this examination from
anyone.

a. If you think that there is something wrong with any of the
questions, attempt it to the best of your understanding.

b. If you believe that some essential piece of information is missing,
make an appropriate assumption and use it to solve the problem.

c. Write all steps, missing steps may lead to deduction of marks.
4. This examination is closed book and closed notes.

5. Use of Calculator is allowed.
6. Attempt all questions. Marks are written adjacent to each question.

**WARNING: Please note that Virtual University takes serious note of
unfair means. Anyone found involved in cheating will be awarded

grade 'F in this course.

| Question No. 1 Marks : 1

The method of undetermined coefficient is limited to homogeneous linear differential equation

True
False



Question No. 2 Marks : 1

In the homogeneous differential equation after substitution v=y/x the equation reduces to.

Separable differential equation.
Exact differential equation.
Remain homogeneous equation.
None of the other

Question No. 3 Marks : 10

Solve the differential equation by the variation of parameters
Y =9y +9y=xe’"

If complimentary solution is given below

—_ X 3x
y. = ¢+ c,xeé

Then just find the particular solution.

Question No. 4 Marks : 5

Determine whether the functions are linearly independent or dependent on ( -0, 0 )

H(x) = fi(x)=xf(x)=2

0,
Question No. 5 Marks : 10
Solve
dy 2
—+xy=x
I Yy =Xy
Question No. 6 Marks : 10

Solve the differential equation by integrating factor technique

y2dx + xydy = 0

Question No. 7 Marks : 1

If the Wronskian W of three function f(x),g(x),h(x) is zero, what can be said about the
dependency of the functions



May or may not be dependent
Always dependent

Never dependent

None of the other

Question No. 8 Marks : 1

a (x)=0
f in the differential equation

dﬂ n-1 n-2
a, (Tt a F T, F 2o (F et a(y=g
dx dx" dx" X

for some x € then
1

L. Solution of initial value problem may not unique.

II. Solution of initial value problem may not even exist.
I11. Solution of initial value problem should exist.
IV. Solution of initial value problem is unique.

I is correct only

I and II are correct
I and III are correct
IV is correct only

Question No. 9 Marks : 1

d
Equation of the form d_y +y=x"y? is called
X

First order linear differential equation
Bernoulli equation

Separable equation

None of the other.
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| Marks

Question 11
| Marks




Question No: 1 (Marks: 2) - Please choose one

If the variation of the path of the curves can be describrd by the concept of differential equations
y = axis
then which of the following differential equation describe the path for

> b
dx
> dy _
dx
> dy_
dx
> dy
dx = ©
Question No: 2 (Marks: 2) - Please choose one

Suggestive form of the constant input function for the non homogeneous differential equation under the

method entitled as "Method of the undetermined coefficient" is
> f(x)=e,

> f(x)=a

» f(x)= eax( ACosx + BSinx

> Suggestive form is impossible.

Question No: 3 (Marks: 2) - Please choose one




Which of the following function is linearly dependant to the exponential function ?
> €
> €
> xe*
> —Xe_ x
Question No: 4 (Marks: 2) - Please choose one
Eigen values for the system of the differential equations X =4X are evaluated for the
> Solution vector X
Coefficient matrix A
P Differentiated solution vector X
Transpose of the Coefficient matrix A
Question No: 5 (Marks: 2) - Please choose one
\A A/
X, X, X
n
Fundamental set of the solution vectors for any system of the differential
equations are obtained by
> =
(¥} ={c X0, X,.......e, X,
Developing the singleton set of the linear

combinitions of the solution vectors.

p  Taking derivative of the each solution vector and forming the set

[-X,.X,." ".X’-]




p Taking Integral of the each solution vector and forming the set
ey
“ dex,fXde, , Xy ]
L J

p Just verifying their linear independance and establishing the set

{Xl,ijvv ",Xn}

Question No: 6 ( Marks: 5)

a
For the family with parameter 'a', of rectangular hyperbola V= x_, find its corresponding

orthogonal trajectorie and induce the parameter of the new family.

Question No: 7 (Marks: 5)

2 x) = sin 3x
D’ +9 4 nihilates the function ” 3)

snhl H e FE-x

(b) Evaluate Wronskian of functions a r provided that for

(@) Justify whether

x<0 @

Question No: 8 ( Marks: 8)

o k
>
k=0 k
(a) Determine the interval of convergence of power series
C))
z ne,x and z ne, . x
n=0 n n=1 ntl
(b) If are power series solutions for a differential equation then

find their sum
wwmwhd—
Question No: 9 ( Marks: 10)

y =xy=0
(a) Develop a recurrence relation for the differential equation by applying power
series method. (8)




(b) Discuss shortly the linear independence of the power series solutions

|- 0 k -f
y=Axl2+ S X
PSRRI [EX 0} P— 3k +2) I
| I
L
and
I- 00 k
v,= BelB + 2 X
ek 11AT 3k-2] |
L - ]
Question No: 10 ( Marks: 10)
1, 1
Vo= ﬁy =0
X x =1
(a) Determine the singular points of differential equation Also
classify each singular point as regular or irregular.
C)) o ,
P{x) = x° -1
A%) 2" n! dx”\|
(b)Using Rodrigues Formula; to generate fourth Legendre's
P, (x)
polynomial . (5
Question No: 11 (Marks: 5)
%;de 3x - 4
] =4x-7
X = |- 12 e_St dt Y
L= Ll T

Verify that the vector is a solution of the system ;
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Question 1 2 3 4 5 6 7 8 9 Total
| Marks
Question No: 1 (Marks: 1) - Please choose one

The differential equation




Gx’y +2)dx + (X y)dy=0
+ 1S




Exact

Linear

v v VY

Homogenous

p Separable

Question No: 2 (Marks: 1) - Please choose one

The assumed particular solution for the U.C(Undetermined Coefficient) differential equation
2 2x

y —y=xe

1S

> x2
Vv, =¢qe +¢ x2

» ), =(Ax+B)e™"

> ye = (Ax* + Bx + c)é’

p None of these.

Question No: 3 (Marks: 1) - Please choose one
v
X +y=y Inx
The differential equation is an example of

p Separable
p Homogenous
p Exact

P None of these.

Question No: 4 (Marks: 1) - Please choose one

For the differential equation
y' —2xy=x

Integrating factor is

> X




e
> i’
Question No: 5 (Marks: 1) - Please choose one
dy x+3y-5
dx x—-y—1

Identify the ordinary differential equation

p Homogenous
p Separable
p Exact

P None of these.

Question No: 6 ( Marks: 5)

Solve the differential equation

. 2
dl+‘/ y2=O
dx 1 —x

Question No: 7 ( Marks: 10)

Solve
(ySec’x + Secx tan x) dx + (tanx + 2 y) dy = 0

Question No: 8 ( Marks: 10)

Find the equation of orthogonal trajectories of the curve

xz+y2 =cx

Question No: 9 ( Marks: 10)

Solve the differential equation by method of variations of parameters

dz
Y
x’ +y =tanx secx
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