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MATHEMATICS — HONOURS
Paper : CC-9
(Partial Differential Equation and Multivariate Calculus - IT)
Full Marks : 65

The figures in the margin indicate full marks.

Candidates are required to give their answers in their own words
as far as practicable.

All symbols have their usual meaning.

Group - A
(Marks : 20)
1. Answer all questions with proper justification (ome mark for correct answer and one mark for
justification) : (1+1)x10
2
(a) Nature of the partial differential equation z—?—f+zza—z=0, where z is a function of
oy ox” Ox
x and y, is
(i) linear and second order (i) linear and first order
(iii) non-linear and first order (iv) non-linear and second order.

(b)

(©)

For any arbitrary function f, the equation x + y + z = f(x2 + y2 + z2) satisfy the partial differential
equation

0 0-2p-G-xg9=@x-y) (i) C-xp+@-2)g=0x-y)

(i) 0 -2p+(z-x)g=(x-Y) ) E-x)p+(-2)g=@x-y).

) i the Charpit’ ili
ax’q ay’ e Charpit’s auxiliary

For the partial differential equation z2 = pgxy, where p =

equations are

dp _

dq _dz _ dx dy
-pgy+2pz  —pgx+2qz 2pgxy  —qX)  pXy

dq dz _dc _ dy

dp _ .
-pqy+2pz  —pgx+2qz  2pgxy  qxy  —pXy

(iD)
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dp dq __dz dx dy

(iif) W T —pgqx+29z  2pgxy - —— —py
dp dq dz dx _ dy

(iv) _pqy+2pz —-pgx+29z  2pgxy - oy pxy
(d) The partial differential equation y3u , — (x2 — D, = 0 will be hyperbolic if

G y<0,-1<x<l () y=0,x=-lor+]1
(i) y>0,x>1lorx<-1 (iv) None of these.
(¢) The characteristic curves of the partial differential equation yZu, — xzuyy = 0 are given by
@) 2+y2=c,x-y2=c) (i) x2+y2=c,y2-2%=c,
i) 32 +y2=cp,x2-292=¢, (v) x2+y2=c, 2x2 -2 =c,.

(f) If ¢, =V, and @), ==V, then ¢ and V satisfy :

() V2=0,Viy=0 (i) V2p#0,Viy=0
(i) v2%=0,V2y=0 (iv) V2 =0,V2>y #0.
2 2
(2) If the order of integration in Idxjg(x, y) dy is reversed, then it will take the form
1 x
2 2-y 2y
O [a [ gty ax @ [ty ax
1 1 1 1
2 1 2 2
(iif) Idy I g(x, y) dx (iv) jdyfg(x, y)dx.
1 y 1y

(h) The value of line integral (JSI_ (—4 y dx + 6x dy), where T is the circle defined by I : x2 + y2 =1, is

@) 10m (i) 5=
(iii) 157 (iv) None of these.
(i) Value of the integral H cos(x + y) dx dy over the domain x =0,y =7, y = x is
@ 1 () -2
(iii) 2 (iv) None of these.
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() If H=Vx A4 and # is the outer drawn unit normal to any closed surface S, then the value

of J'Is(ﬁn) ds is

M 4 Gi) 2
(i) 1 @iv) .
Group - B
(Marks : 21)

Answer any three questions.

- (a) Find the partial differential equation of the family of right circular cones whose axes coincide with
the z-axis.

(b) Solve the partial differential equation (y+ z)% +(z+ x)% =x + y by Lagrange’s method. 3+4

. (a) Find the complete integral of px + gy = pq using Charpit’s method.

(b) Find the integral surface of the equation x% + y% =z passing through ther parabola
P=dx,z=1. 4+3

. Derive one-dimensional heat equation of the form u, = ku,, by stating all the basic assumptions. 7

- Reduce the equation y%u, — xzuyy = (0 to its canonical form. 7

. Obtain the d’Alembert solution of the following Cauchy problem for the one-dimensionat wave
equation :
u,—c2u,=0, xe R t>0,

ulx, 0) = f(x), x e R,
ufx, 0) = g(x), x € R,
where f and g are given continuously differentiable functions. 7
Group - C
(Marks : 24)
Answer any four questions.

. Using differentiation under the sign of integration, prove that

%

? 2 a+b
Ilog(az cos? @ + b sin 9)d9=nlog( s
0

where a > 0, b > 0. 6
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8.

10.

11.

12.

13.

1
x

1
Changing the order of integration, show that J'dx J‘ )2'dy == m-1 ¢
o U+’ a+yy 4

Evaluate J.IR,,{MZ -xt - yz} dx dy, where R is the upper half of the circle x? + y* = 2ax. 6

dxdydz

: : —— " 3..2,.2..2

Find the value of the integral HIE 2+ +(z-22 where E ={(x,y,z) R’ :x" + y“ +2z" <1}. 6
Prove that the field of force F = ( y2 cosx + z3) i+ (2y sinx - 4) j+ (3xz2 + 2) k is conservative. Find
the scalar potential for F . Also find the work done in moving a particle in this field

from (0, 1, 1) to (-’25 4, 2). 24242

Verify Stoke’s theorem for the function F = xf + z>j + y2k over the plane surface x +y + z =1 lying
in the first octant. 6

Prove that the volume common to the sphere x2 + 32 + z2 = a2 and the cylinder x> + y2 = ay

is %(31r—4)a3. 6



