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PHE-04 

BACHELOR OF SCIENCE (B.Sc.) 
Term-End Examination 

December, 2013 

PHYSICS 

PHE-04 : MATHEMATICAL METHODS IN 
PHYSICS-I 

Time :11/2 hours 	 Maximum Marks : 25 

B.Sc. EXAMINATION, 

PHE-04 : MATHEMATICAL METHODS 

IN PHYSICS-I 

PHE-05 : MATHEMATICAL METHODS 

IN PHYSICS-II 

Instructions : 

1. Students registered for both PHE-04 & PHE-05 courses 

should answer both the question papers in two separate 

answer books entering their enrolment number, course 

code and course title clearly on both the answer books. 

2. Students who have registered for PHE-04 or PHE-05 

should answer the relevant question paper after entering 

their enrolment number, course code and course title on 

the answer book. 

Note : Attempt all questions. The marks for each question are 

indicated against it. You may use log tables or 

calculators. Symbols have their usual meanings. 
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1. 	Attempt any three parts : 
	

4x3=12 

(a) Determine the volume of the parallelepiped 

formed 	by 

---> 	A 	A 	A 

= 2 i + 4 j — 5k, 

—>A 	A 	A —)AA 

r2 = i + 2j + 3k, r3 = i + j 

(b) A particular electromagnetic field in free 

space is given by Ex  = 0, 

Ey  = Eosin(kx + ctit),Ez  = 0 Bx  = 0, By  = 0, 

= — E0  sin(kx + wt). Obtain the relation 

between w and k for which the following 

equation holds : 

	

V X E = - 	
B 

  
c at 

(c) The position vector of a particle of mass m 

	

A 	A 

is r =xi + yj + zk . Obtain its angular 

(m

-->  

momentum r x V in cylindrical 

coordinates. 

(d) Show that for a scalar field .4)(x, y, z), 

Vx(V(I))= 0 
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(e) If F = xyi-zj+ x2  IC and C is the curve 

x = t2, y = 2t, z = t3  from t = 0 to t = 1, 

-4 

evaluate the integral J 
F.d r  

C 

2. 	State Stoke's theorem and evaluate the integral 	5 

jA.d s for  A=. 	 2 	2 (2 x-y ) z -yz r-y z k , where S is 
S 

the upper half surface of the sphere x2 + y2 + z2 

= 1. 

OR 

Use Green's theorem : 	 5 

C 	 R 

Pdx + Qdy = j
rirr apj  

is a region in xy-plane bounded by a simple 
closed curve C, to evaluate 

[(y - sin x)dx + cosxdy] where c is a 
C 

triangle OAB such that the co-ordinates of 0, A 

and B are respectively (0, 0),( -2  0  )and 1--; 1). 

(h a:, 	ay 	ay where R 
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3. In an objective type examination, 10 questions are 	3 

true-false type. Caculate the probability of 

guessing at least 8 correct answers. 

OR 

Let y designate the number of tails which appear 	3 
when 3 coins are tossed. Calculate E(y). 

4. The Maxwell-Boltzmann distribution of velocity 
	5 

v, of particles each of mass m, is given by 

f(v) =- 411-( 
)3/2 

m 	 M V
2 

27kBT 
V2  expi-- 	 

2kBT 

0.5_v. cc , where T is the temperature and kB  is 

the Boltzmann constant. Show that the mean 

velocity, v = 
8kBT 
MIT • 

OR 

The pressure of a gas corresponding to various 

volume V is measured, yielding the following 

data : 
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V(cm3) 50 60 70 90 100 

p(kg cm-2) 65 50 40 25 10 

Fit the data to the equation pV-1  = c. 
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4t. 4-04 : 	c c -4 IN 	I 	fafuze—I 

Tri=r-q : 11/2 Twir - 	 37r aiw-dff 37w : 25 

AIT:r trfivr, 
4.1.-04 : 1.1r9-4 A' 11 ru c1 t.1 	IT-I
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 05 : 	A' 11 ro I 	cl feErze-11 

1. ot) 077 T77'.7.F.-04 30 T17-.4-05 

roN Li4212c1 	Y.Y.-1 41=?? .  c72 drH 31 17-3> drk 

ICsl q 	217. 	511  

114-1 FITT—TIFF c'kIcH 

2. rit.k1r1.1.-04 77 	 fT/7" qTh- 

q.'172(1 377-4  M'"" d 	rI dr/ 	 31'qT 

3T s Al 	vld~lshH 	T27T ql ,:?4-1 11H R7W—TI1EF 
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1. 	ch)i W17 ITITT ch-k : 

(a) TIfq7T 

-4 	A 	A 	A-*A 	A 	A 

=r1  =2i + 4j — 5k,r2  = i +2j + 3k, 

4x3=12 

A 	 4 014 -11111.(ti*Lhrich r3 = + j 

3TrziTi TEL cf-).  I 

(b) ly*r 31.7 *-71 fdlf fd-ED V-4-*171 	fqz11 t I 
E0  = 0, Ey  = E0  sin (kx +cot), Ez  = 0, Bx  =0, 

By  = 0, Bz  = —E0  sin(kx+ wt) 	w 3-1.17 k 

1 4.I tT 1)-FTr 	 kzi-r 

-14411,ku1 Tf-gt : 

1 a  B 
X E = - 

c at 
(c) m 	 fT-21ta. -Rfq7T 

r 	x + y + zk 	-F-Riia,1* 

(r X mV)tiRcbrod 

(d) #1-Zc Fch 3IfTRT 	(1)(x, y, z) 

V X ( Vi4) = 0 

(e)  
A 	 r 

	

F= xyi—zj+x`k   (,igicho 	F.d r 

cif HI-1t=0, t = 1 i 	MILd 	Tit c 
vs* a* t X11 x = t2, y = 2t, z = t3  

Forrftsrd t 

--> 	-4 
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r  

2. Ttzt 	 W-IlchC1 J A'd s 	TET9. 	5 

317i 

 

ms, 	= (2x - y)i—yz2 }—y2 z 317 

iid X2  + y2 + z2 = 1 t -Tzrt 31* tR4 	t I 

3-11TaT 

~111 T: : 

	

	 5 

r 
Pdx + Qdy = 

r 
j( 

 aQ 
 - 

ap
)dxdy 	R 

c 	
Tiv 

x 	a y 	- 

C -g17T j 	 xi/ -14-11c1 T 	T t, chi 1;r'M 

ant 1:14--1roi6d 	 ail 6c-i m : 

[(y - sin x)dx + cosxdy],11eic 	OAB 

,f,--1-T4 0, A 1t B 	541J-M :( 0 , 0), 

i
ll", 0   (1 1  \ I 
2  

3. -) 	 10 	- 410 ci 7WR 	t I c0-1 	3 

8 4:4V->i d d t Ohl vT 	c.-1 4 114 	.Wcf chi I 

31.4-4T 

4-111 (111-,31' 	f 	y1 	a3-117 Y y 	3 

	t 	E (y) LIFtchrrici 	I 
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4. 	q«.14-11-t m 	wqf 4Tr 	 5 

	Oci t : 

)3/2 

T 	

2 

2 
f(v) = 4-rr( 	V2 exp 	

2k
mV

T 
1— 	; 	«,

7rkB B 

	T 	 I1k13.1-1(411-1 r-poich t fq--4 ciA Fa, v 

Triu4 1.01 v 	\I8kBT  
I 

mqr 

3POT 

fq-N-R 3Trzr-dt v *Tfrm 4 q1.1* 3#-*-1 	5 

Tffl tl 

V(cm3) 50 60 70 90 100 

p(kg cm-2) 65 50 40 25 10 

31-4-  Ch) 	ch 	pV)/  =c14 31-r#F—A- 
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PHE-05 

BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 

December, 2013 

PHYSICS 

PHE-05 : MATHEMATICAL METHODS IN 
PHYSICS-II 

Time :11/2 hours 	 Maximum Marks : 25 

Note : Attempt all questions. The marks for each question are 

indicated against it. Symbols have their usual 

meanings. Use of log tables or a non programmable 

calulator is allowed. 

1. 	Answer any three parts : 

(a) Solve the equation 

xdy—ydx= \IA.2 y2d x  

(b) Show that the ODE of the form 

(2xy + eY)dx + (x2  + xeY)dy = 0 is an exact 
equation and hence solve it. 

(c) Show that the function 

T(x,y,z,t) = Ae -3kt sinx siny sinz, satisfies 
the three dimensional heat diffusion 
equation : 

v2T  = 1 aT 
k at 

(d) Reduce the given PDE into two ODEs 

ukp 	 ci 
kL 021 = 0 

ar+ r 	r2 a02 

4x3=12 
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(e) In an electric circuit, a resistance R and an 
inductance L are connected in series with a 
battery which provides the driving voltage 
E(t). Write down the differential equation 
for the electric current i in the circuit and 
solve it for E(t) = 

2. 	Attempt any one part : 	 6 
(a) Using the Frobenius method, determine the 

roots of the indicial equation for the 
following equation : 
8x2y"(x) +10xy' (x) — (1+ x)y(x) = 0 

(b) Determine the Fourier series of the function 

f(x) = 
1 --

1 
 <x < 1 — 

2 	2 

0 1 — 5_ X < 
3 
— 

2 	2 

  

3. 	Attempt any one part : 	 7 
Solve the heat diffusion equation 

a 
2 a 2T

— 
 aT o<x<I, 

ax- 	at 

0 < t for a rod with both ends kept at 0°C. 
The initial temperature distribution in the 
rod is given by 

T( x, 0) = 
x 

—x 

0 < x < — 
2 

- 
1 
2- <x<1 

Determine 

the temperature distribution in the rod. 
(b) A uniform stretched string of length 1 is 

plucked at x = —
2 

to a height 'h' and then 

(a) 
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released. Solve the wave equation for the 

a2u 1 a2u  
string . 	=

a x2 	V2 
 at2 for the initial 

conditions : 

0) = 

2h x 

/ 

2h (1 — 
*) 
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tft.75.1.-05 

	

fa-jri 	(*.TT*. ) 

fq-PIZTT, 2013 

fa-gri 

	

: 	TT 1 	i 	faraget4I 

TR-ET:11/2 ET4 	 31fETWUTT 31T : 25 

T1F: mff 	 ch?'/ 	 afW 374 RT1T4 A.q 	g 

	37-21 g 

1. 	w1.9.  1.1171q,  : 	 4x3=12 

(a) 1-14-11016cf 	,141111.01 c) 	ch.k : 

xdy — ydx= VX2  - y2 dx 

(b) fg-4 et;   I19R' T 	(1414,,01: 

(2xy+eY)dx+ (x2 + xeY)dy= 0 z121id9-1 t, 

Tf'Wf cSFR1 ci.; I 

(c) f cP 1 	fiHrorod 4,(1-1 : 

T(x, y, z, t) = Ae 3kt  sinx siny sinz 

?A-NIT 	b1-11 -NTRut 

-2_  
V 1 — 	c` 	is t

k at 
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(d) 	d aiftW 	ki 41 ctl .tu 	TPIRTIT 

	

-41 	cb.k : 

2 
(J

2 A, 	
CI + 1 y 	1 CI 

1(`.4) = 0 
art 	rar 	r2 aO2 

(e) 47,17r772.1* -4 	-51f-AW R 3 1 .41 

Lm fad arr 	010 *1ff Trr2T 1-ufr Tf-4rzm 

t, \I) Ith-71.21 	E(t) 5-q9't I lift721 

tqtp. 	 f-o-d* 

E(t) = E0  t" Fri V, 34 	cir; I 

2. 	ch 	q,ch `4-1TTI 	: 

(a) N1'1 	fq-RT cri 

chtui : 

8x2y"(x)+10xy' (x)— (1 + x) y(x) = 0 t 

.14-11,411-11 t 	5111-71 	I 

(b) 	rdcr 	 chi 	3RTR 79-  

f(x) = 
1 	--

1 
 ._<_x < 1— 

2 	2 

0 1 — < x< 
3 
— 

2 	2 
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a2u 	1 a2u 

3. 	et) 	94T7T 	: 

(a) 	•) 	 Risk 0°C 	t 	t Fri 

WslIT fdTRITT tiH ch(uf : 

7 

a 2 a2T 	aT o<x<i 

ax2 
= —

at o < t 

qrq 	-91-tfir 	f-a-d-Tur 

r-t4-1R-11-6dt : 

x 0 < x < —
/ 

2 

—x — < x <l 
2 

T( x , 0) = 

(b) 	/   dIrld dig ml X = — 
2 

ui 	h d t1T74 	c 	i T 	1Idi t I dR t Fri 

741,1771. 	 : 

, Trf vtriT -5rf-6-4q F-14-1F(11-(5d 
axe 	v2  at2  

2h x 
0 < x < — 

u(x,0)-= 	1 	 2 

2h (1 — ) , — x < 1 
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