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B.Sc./3rd Sem/MTM/25(NEP)
2025

3rd Semester Examination (CCFUP : NEP)
MATHEMATICS G

K &)
Paper : MJ 4-T (Single Core Major) N
[Differential Equations and Vector Calculus]

Full Marks : 60 | Time : Three Hours
The figures in the margin indicate full marks.

Candidates are required to give their answers
in their own words as far as practicable.
Group - A
Answer any fen questions : 2x10=20 «
\)./ Define fundamental set of solutions for system of ordinary
differential equation.
2. Let y,(x) and y,(x) be two linearly independent solution °

of x 2 dy 59, dy

dx2 xdx for all x in [0, 10] consider the

dy, dy |
Wronskian W (x) = y, (x) 52~ =Ly, (x). If W(1)=1

then find the value of W(3) - W(2).
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/ Show that f(x,y)=xy? on R:{|x|51,‘y|g1}
satisfying a Lipschitz condition. But this function does not
satisfy a Lipschitz condition on the strip

S:{lx|$1,|yl£oo}.

4. If y(x)=x’sinx is a solution of an n-th order
linear ODE

"(x)+aly"_1 (x)+---+an 1,).1’(x)+a y(x)=0

with real constant coefficients, then prove that the least
possible value of n is 6.

\,5/ Evaluate | (rxj——]dt where 7 =137 + 212 j+3tk

\/6./ If the volume of the tetrahedron is 2 cubic units and
v three of its vertices have position vectors (1,1,0),
(1,0,1), (2,-1, 1), find the locus of the fourth vertex.

\/ Find the formula for curvature (k) and torsion (z) for
t the curve: x=x(), y=y (), z=0.
B Show that the point at infinity is a regular singular point

2
of the differential equation x2%+(3x—1)%+y =0.

f+2k, whenr=2
\9/ Given that 7(f)= B W . Show
41—2]+3k when ¢ =3

_ dr
that [, 7-—-dt=10.
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( 3)
\}thiven that G=21-3m+4n, b=1I+2m+77,
=5 —m+37, where I, m, 7 are three non-
coplanar vectors. Find G-5 x&.

1¥. Show that y =x and y=(x+1) ! are linearly
independent solutions of

dy

(2x+1)(x+1)—+2xdx

—2y=(2x+1)%.

\)é’ Examine the nature and stability of the critical point of

dx dy
the system E——4x—-y, E-x—Zy.

2&{ Find the volume of the parallelopiped whose edges are
represented by (37+2 J-4k), (31+ j+3k) and
(1-27+ k)

\714. If 17=t2‘—tf+(2t+1)lfr, V=(2t-3)i+ j—tk then
d ,._ _
find the value of E(u-v) atr=1.

\\}2{. If F=adcosnt+bsinnt then show that
d* =
—;+n2r =0.
dar
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Group - B

Answer any four questions : 5%x4=20

6. Show that the solution of the ODE %=2x+ y and
N

d . . :
7); =3x satisfy the relation 3x+y = Ke*, where X is.
a real constant.

ﬂ Find a vector §, which is perpendicular to both
a=4i+5]-k and p=7-47+5k and which satisfies

the relation 8.y =21 where y=3i+f ~k.

N8 If F =(2x2y—x4)t‘+(e"y —ysinx)f+(x2 cosy)lrt, .

2= 2~
then find 27 87
ox? oy?

2
9. Solve the differential equation Z—ZX—ZQ+ y =xe* by
e ;

dx
the method of undetermined coefficients.

. Show that the Frenet-Serret formulae can be written in
¢ the form:
i _ . dh db

——=WXI, ——=171'1Xﬁ, -E

ds ds

\/21. Find the values of p for which all solutions of

d? d
2_‘_ix_;'_3x:1¥—py=0 tend to zero as x — 0.

=W><l;; determine w.

|-_"" 5
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Group -C

Answer any fwo questions : 10x2=20

22. (a) The functions y;, y,,-.- ¥, will be n linearly
independent solutions of the equation
(D"+P1Dn_l+Pan—2+ ......... +Pn)y::F(x)
on [a, b] if and only if (3, 7,5 -+, ) (®) % 0
Vxe [a, b].

(b) Find the vector equation of the plane through
the point 87 +2f -3k and perpendicular to each
of the planes F.(Zi—5f+21€)=0 and

7.(1+37-5k)+5=0. 5+5

\?/5 . (a) Let r and g be the roots of the indicial polynomial

. d*y d
for the equation k—x—;i+aay+by= 0, where a, b

are constants. If r#g, then show that two
independent solutions are €™ and &%

(b) Prove that
(Exa)-(axJ)Jr(Exa)-(ExJ)+(5x5).(ax3)=o.
6+4
P.TO.
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}/24. @) If A=x2yzi—2xz°j+xz%, B=2zi+yj—xk:

find %(Zx B) at (1,0,-2).

(b) Consider the system of linear differential equations :
dx dy L, . :
prdy -3x+y; rka 3y. Find the trajectories

and phase curve in the phase plane of the system.

Discuss the stability of the system. 4+6

\/2’{. (a) Solve the differential equation

( dzy

a2 +;Ex"‘_;y=10gx by the method of

variation of parameters.

(b) If 7 =(2x2y—x4)z‘+(e"y -—ysinx)j‘+(x3 cosy)_le

2= 2=
menﬁndzgxgy’z'. | 5+5
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