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Mathematical Physics-1
(Solved paper 2016)
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Q. 1. (a) By cal ing the We. . '
P whei’h f}llﬂe;tmg the Wronskian of the functions e*, xe* and
: ertihe lunctions are linearly dependent or independent

Ans. s Rt - 2
xex

2
[ S
|

Il
a




Mathematical Physics — | [Solved Paper - 2016]
e xe™

= le* e*(x+1)

e’ e*(x+2)

1

1 x : ¢
= W= el a¥l--1
1 x+2 1
0. L% 1
W= %12 x+1 -1
0. X402 -1
= ef=2)[x.1-1
= -2 (x—x-2)
= 4e¥£ 0

Hence the solutions are linearly independent.

(b) Solve the inexact equation
(y4+2y)dx+(xy3+2y4-4x)_dy=0

! g o T I |
124920
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Ans, (y* + 2y) dx + (xy® + 291 = 4%) c'ly'=0

M= y'+2
aﬂ = 4y3+2 ;
9y
N= xy3+2y' —4x
e oo
. = -4
ox X
The equation is not exact.
.1_[21‘1;21\_’] - 3046 3
M| oy ox ¥ +2y oy
This isa—functiqn ofy .
_}'Edy
LE @ s .= o0key ooy

Multiplying (i) by v, we have
(y+-2?)dx+[x+2y —4—3{]dy =0
5 T
Or M, dx+N;dy= 0 -
This (11) is an exact equation.

- Mdx = :v+~2§ dx
J
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(3
: y+—9 x
y" ®

[Ndy = [2ydy
2
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Therefore, the required solution is

“ 2
y+—2- X+y-= (O
Y

(c) Solve the differential equation

d2y S %
77T r= COS x
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Ans. :—x‘}—y = efcos xr
The auxilliary equation is m? — 1=0
= m? = i
= m=~11
CF.= Cie*+ C, e
Let Y= e*andy,=e*
i I.}'x‘ Yo| _[e* e
N Wt olar &
| = I+1=2+9
Let PL= wy +uy,

Sy = -fiﬁdx= _fe‘ e cos x dx
“ 2

e B
=, ""Z‘IC xCOSi'd.T
ar
We have, Ie"?‘,oosbx dx = '--,,—e—-—,-,-(asinbx-bcosbx)
a” + b
Here a= 2.b=1

1| &%=,
W, = ) m-(Zsinx-cosx)J
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- --—1—e2x(25inx-—cosx)
10
s 1 2x . -X
uyy, = —-——-e*(2sinx—cosx)e
10 —
1

——¢"(2sinx - cosx)

10

wR e ¥ -e’cosx

5 bk d
J W j B

-;—J'cosx dx

I

Il

Uy

,
—sinx

1

Uy Yo = .;2—,sinx~e"' =—¢*sinx

1
2
Rl = Yy,
The complete solutionisy = C.F.+P.lL
Q. 2. (a) Solve the differential equation
d'y _ dy

—-4—+4y = e¥+sin8x
it A




Mathematical Physics — | [Solved Paper - 2016] https://alllabexperiments.com

Given 0,7:,(&1113 w18 e ——
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A uxil\cwd 81 uati®to i

mg”—um—f-q =0
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o o

[ a)m{D‘er @O'LJABW L& ey )
d ( = ol e leq .

(b) Solve the differental equation using method of undermined

coeflicients
d*y dy
s
d*y dy
Ans, Rl B o 2
s a s v dv+ 4
Yi+y = X+ 2x4 4
Aux. Equation: {(m*+m) = 0
= mim+1)= 0
= m= 0,-)
CF.=2C+C, e
Let y= -1\ +ﬂr-‘(.'x
3= 3AF 4+ 2Bx+ C
y'= GAJ“‘ZB

Putting the value of y" and y*" in (D).
GAX+2B+3 AP+ 2 Bx+ C= x4+ 2x+ 4
Comparing the coefficients of same powers of x.

3A=
= 1= 1
3
GA+2B = 2
> JA+B=1
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= B=0
C 4
Y= C+C 5+ A+ B2+ Cx
y'= —C e+ 848+ C

¥ = Cye*+6Ax
Y4y = 3AC+-6Ac+ C

= '{.—-)1 +6 %]

= X+ 2xc+4

Hence the solution 15 {ii).

Q. 3.-{a) Solve the di.l‘t.'en:ntiai equation
diy . dy

_43

dx? dx
giwn:u mr = Dand v (0) =1,

i T
1 - Bx-

Y43y =1-92
Aux. Equationis m2+3m = 0
= m{m+3)=0
< _ : m=0,-3
CF. = Cptg, e
Let the trial solutlon be y= Ax3 + Bx2 + Ck
y = 3Ax2+2Bx+C
6Ax + 2B
Putting these Values in (1)
6Ax+ 2B+ 3 (BAx®>+ 2Bx+ C)=1— 952
or 6Ax+ 2B +9Ax* +6Bx+3C=1-9x2

- Comparing the co-efficients of various powers of x on both sides,

94= -9

= A= —1

6Ax+6Bx= 0

L ' A+B=10
Since - A =

: B= g

& 2B+3C=1

= - 2(E3CE 3
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Ans.
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=5 iC = -

3 N

Y= C+C,e%+ A3 + B2 + Cx
Y'= 8C,e3+ 3422 + 2Bx + C
Y’ = 9C, e3*+ 64x + 2B
' Y= C,-3C,=0=> C,=3C,

But' C, = *
- 9

(b) Solve the differential equation using method of variation of

parameters
2
32_’.*_ a_g:y = C:'O.S.ex ax
dx

e |

Sel § Given e7ua1u9w "
O
4y + a"d = Sec oot .
ax?*
= 2 2 2. 2%,
Aux‘a”md u?“ 43 m 40~ =6 25 M=-a

(3
P =2 £ Lo,

wnplemwl'aﬂtd j{unoﬂsw u

CF = A cosar + B snas
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Hesw fi = cosan (73 = 8inasc
Aond B l HI 30_ ", Cosant Zinasc
Y, 7. ~ainanl) casanca)

o
w = a/cos:’a% +4a4in A% = Q.

Mow, P T = WY+ Vil

39 R0C QI o = ,,'j Sinax A¢caot dor
W

wl

s
R
(
i

jtan om A0 _a AL on(gec 9¢)

a')—
- Q,OQ(COS%)
a’l—
Now, V = Y, secandx = sta% gecas dy
Vo ‘o
== e
ou
‘ PT. . COSON 00360541% + % sthaa
g = ag‘ a,
= A g
qu ol , U (wson -+ B Rin gax + CDSQ'}, ’-Oawsq%
al—

—+ O RO
o




Mathematical Physics — | [Solved Paper - 2016] https://alllabexperiments.com

————

di\ - dt >}

-3 - =
Q. 4. (a) Find i({}.dV d*Vv
- dt - g¢?

-
where V is a function of £

d dV d*v
b vl . ) 3 7o g2 :
Kk, dt( dtxdt2 =V-%¥x%;{+v dzvng V+dV'dV d2v
i

R R

(b) Find the Jacob; %32
e Jacobian J m of the transformation

= 42 33 AR ‘
Awis Taopws ro 2 y e

G]'lven 2 we )KQ -Q-(\r.p- z"

v = xI— yt—22

s = xﬁ+d‘-z?
J (wv,w |2V v Qu
x'dlz) % 2 2.
ov v Qv

M ETNRE
20 Jw  dw
! D% Y az
| =3 22 35 a2 1
ax -8y -3z =

2 24 —-Jz
= 3axz.
u,s‘num, P‘b”ond\‘I OF qu:obWN
j(;ikz = : L
VvV, w0

TJiovw 39xYZ
Eyn) P
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= =3 - —
(c) If v =wxr, find the whether v is irrotational or not, wh

—
- w5 R
# 1s a constant vector and r = xi + yj + zk.

L ] I
Ans. . curl v = ?xu='i?><(m><_r)=?xm1 My m;gl
x y =z

Vx(0z~0;y) i+ (03 x—0,2) j+ (@, y— 0, x) k]

i J k
= E i i = 2(01+ Wo ] + WLk) =
x oy ox ; 2) + 03k) = 20
Wy2=W3Y WX—0;2 Y — WX

Since curl U is not zero, it is not irrotational

—3 i —» - x i
(d) Find Vx (f(r) r), where r = xi + yj + zk.
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= i ) d d - . :
Ans. Vx[f(")’] (3’ +—;J+a—ka{xf(r)t+yf(r)1+2f(r)k}
[ r=oxi+y + 2k
) ] k
=19 -9 9
dx dy oz
) ¥ @)
~{ellay ) (L2 QAN Lo 20 ;
L(zay Yz J\ dz "axJ \ 9% oy ) gl

Again _3/ af or af_ d
ox or d9x or ax ¥

e e

’(x +y% +2%)

— = —, Similarly
f(xZ +},2+zl) r
Y = -‘2[- 4 = af Thus by putting there values in (1)
dy r dz
We get curl {rf (r)}
= L(Lf 2 Jz-_f”]+j[£_2fo (yxf _ﬁf_.J
r r r r r r

orcurl {r f(r)=0.

(e) Find the directional derivative of a scalar function 0=2xz-y?

at the point (1, 8, 2) in the direction of xzi + yz]: - xyl; _ - (3x5=15)
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f)c"sw C1-'v¢n P = Q%2 _dﬁ.,
. A Py

v o v » L4 - k sz‘ )
Biswctional dedvaties , V @ -(L 2 J%+ 2 J

A N A
e & A | -—9(7\} + @ k
Ay Tolnf (l 3, 2)
a(9) T &(3)\‘ + 3R
- ‘Q( -6\1 ’9&
a?um wnd  vectoy at pt-C132)

unit wetoy g the  diechion
)\‘Z-,i\ -+ z:j\-ﬁ- * :.k

- ol im@] Fu o R

- g'j\ *6? -t?)?(\

Rence Wejutied oline B Ao 2
PR =)+ 9R ) (9 THe] +3%)

[oeseea

= &-9%¢L+¢ - — 3239
==

Q. 5. (a) Prove that _

(Bxé).[zx5)+(5xz).(gx5)+(zx§)-(ax5)=o :
Bt ao )

. Y <3 -5
(c x AJ-th DJ =
Add () , (1) and (iii),
L.H.S. of given expression
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Hence Proved.
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(b) Evaluate v {r v ( iq)]
=

where

Ans.

But
Also

Similarly,

and

r:2= x2+y2+~2
V["'IE{} = grad r
gl TR O
o -a;(r 3)L+ 5-;(7‘ 3)J+"a°-;(7’ )k
S o A ¢
=) = s -
jo= 52 +‘}'2+z3
27‘-—a—r- = 2x sy ﬁzﬁ
ox &
_a,_(r"s) = "‘3?'-45"‘—3 Y
ox b 6
0 [ _
5:7(’" V= -y
g/
—a;(r 3) — __3.,.—52

1,—) = ~3r
rO

=5 (xi +y7 + zk)
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L el
= Vo[rv.—l_) i —@“(—37‘_42:)-}'——-(-3 ~4 o 4
P x 4 y)-l-a—z(—Br z)
Again _8__ s s = O
ax("3’ x) = 12r -3
= 1277952 ~3r4
Similarly, = <& =
1mllarly, ay (-37‘-4‘}1) = 192r°° y2 — g4
And _8_ a4y ~6_9 >
_ 8z( 3r .z) = 12r "z <304
= (rv -1_ ] =% 6f 2 9 9
k \?’3 J = i2Zr (x +9y 42z )_9r.-4

= 12r %, ;2 _g,4
3r

"

'Q. 6. (a) Verify Stoke’s theorem when 1'} = {2xy = xz){ = (x2 w y2) j

where C is the boundary of the région enclosed by y*=xand x?=y
‘ 10
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Ans. F =(2xy-— x(")z:—('l’z -.)'2).;

J R
= d d d
curl F = E 3.- 5;:
2xy-x" %=y 0

d 8 e [3 3t
= —(0) = —(x* - ¥*) |- j| =@y -22)- (0
c[ay(o) az(r k ] Jl_az(2rﬁ x) ax( )}

7%
=0

and ;* dr = [(21}' g A ¥? )j:j ' {idx + jdy+ kdz]
= dx (2xy) ~dy (2> =)

Since both(zero). the Stokes theorem is verified.

(b) Using Gauss Divergenc;e theorem, prove that

[[VxFav = [[a8xF
v s

where Vis the volume enclosed by surface S.
Sol: refer Q6 (b) in solved paper 2015

v

o ~ ]
Q. 7. (a)Derive an expression of curl of a vector field in orthogonal
curvilinear coordinates. Express it in spherical coordinates. 6
Sol: Refe; Q2 ch_a_ptgr 4

(b) Evaluate H (»® +22)dV, where V is the volume bounded by
1% : ;

the cylinder x% + y* = a2 and the planes x =0 and z = A, 6
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(¢) Define the Dirac Delta function and establish

j f(x)8"(x)dx = —'f ) i : 3
Ans. | Tf(x)é'(x)dx = =1 (0

[ F@Fdx = @] - [ Bof (dx

3

If hrﬁc is finite, then the first term in the R.H.S. of above equatiori is zero
T X

and we get
[ @ = -] 87 @dv
or j (@) f(x)dx = —F (0).

-

Hence Proved.




