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I BPHE-104/PHE-04 

BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 

December, 2018 

PHYSICS 
BPHE-104/PHE-04 : MATHEMATICAL METHODS IN 

PHYSICS-I 

Time : 1— 
1 

 hours 
2 

Maximum Marks : 25 

Note : Attempt all questions. The marks for each question 

are indicated against it. You can use a calculator or 

log tables. Symbols have their usual meanings. 

1. Answer any three parts : 	 3x4=12 

(a) Determine the unit vector normal to the 
A 	A 

plane formed by the vectors a 
--> 

= 2 i — k 
-9 	A 	A 

and b = 3j + 2k . 

(b) Calculate the work done by a force 

i 	
A 

F = xy`  + xy j in moving a particle along 

the curve y2  = 4x from (0, 0) to (1, 2). 

(c) The position vector of a particle moving in 
A 	A 

space is r=  x i +yj + z k. Obtain 

expression for components of its velocity in 

cylindrical coordinates. 
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(d) Calculate the directional derivative of 

V = 	A  
at the point (4, 4, 7) [x2 + y2 + z2]1/2 

A 	1 	A 

	

lin the direction n = 	(
A 
 j + - 2 k ). 

(e) Prove 	that 	for 	a 	vector 	field 

A (x, y, z) = 	j + A2   + A3 cE and a scalar 

field 4)(x, y, z) : 

	

-) 	 -4 -4 
V . (4) A ) = -> .A + A .V 

2. State Stokes' theorem. Use it for the vector field 

	

A 	 A 
A = P(x, y) i + Q(x, y) j to show that 

(P dx  + Q dy) = (
—
aQ - 6P dx dy 
ax 

OR 

State Gauss's divergence theorem. The electric 

field due to a point charge, q, at a point whose 

position vector with respect to the location of q is 
--> 	 kq --> -> 
r , is given by E = 	r , (r 0), where k is a 

r' 
constant, which depends on the nature of the 

medium. Calculate the flux of E through a 

sphere of radius a, whose centre is at the 

position of the charge q. 1+4 
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3. The probability that a molecule has 
speeds between v and v + dv is given by 
Maxwell-Boltzmann distribution of speeds. For 
gas molecules of mass m, it is given by 

3/2 
m. 	2 -mv2  /2 kBT 

f(v) = 4E 	v e 	 0 < v < 
2.7c kBT 

where T is temperature. Show that 

_
v — 1

18  kBT  
Mit 

OR 

The marks obtained by 6 students in two class 
tests denoted by x and y, are as follows : 

x 6 5 8 10 4 9 
y 8 6 7 10 6 8 

Obtain the least square regression line of y on x. 

4. A continuous random variable can assume any 
value between 2 and 5. If its density function 
f(x) = k(1 + x), calculate p(x < 4). 

OR 

The probability of success in a sequence of 

300 independent trials is 
4 
 . Assuming that the 

trials form a normal distribution, calculate the 
mean and the standard deviation of the 
distribution. 
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(E) kiRqi n —
1/6 	

+ j — 2fc 	31401 

A  
1Ir (4, 4, 7) 1R V= [x2 + y2 + z2]1/ 2 

*-ar4Wd7 lifkchroi *tf4R I 

kiRqi aq (x, y, z) = 	+ A2.1 + A3 fE 

alPOT tkq cp(x, y, z)* 	RTZ -4=tNgi : 

—> 	—> —) - 4 —> 
V . ( ) A ) = V .A + 	.V (I) 
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5 

(P dx + Q dy) = if 	--a—y ) clx dy aP 
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I  PHE-05 I 

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

December, 2018 

PHYSICS 

PHE-05 : MATHEMATICAL METHODS IN PHYSICS-II 

Time : I— hours 	 Maximum Marks : 25 
2 

Note : All questions are compulsory. However, internal 

choices are given. The marks for each question are 

indicated against it. You may use log tables or 

non-programmable calculators. 

1. Answer any three parts : 	 3x5=15 

(a) Show that the equation 

(ex +y-2)dx+(eY+x-5)dy= 0 

is exact and obtain its solution. 

(b) What do you understand by the terms Initial 
Value Problem and Boundary Value 
Problem ? Solve the equation 

d2y(x)dy(x)  
dx2 i") dx 

subject to the conditions y(0) = 2 and 
dy(0)  _ 4  

• dx - 

+ 2y(x) = 0 
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(c) Define ordinary and singular points. When 

is a singularity said to be regular ? Classify 

the singular points of the equation 

	

d2y 	dy (1 - 	dx2 	(ix  ) 	2x — + n(n + 1)y = 0 

(d) 1- D Schrtidinger equation is written as 

+ a-a-at) ly(x, t) = 0 

Use the method of separation of variables 

and reduce it to a set of ODEs. 

(e) (i) Show that the function 

z = ln(x2  + y2) 

satisfies the equation 

a2z a2z 
= . ax  ay4 

(ii) Classify the following equations by way 

of order and degree : 

2u n  a2u  

	

c` 	and at2 	ax2 

as + 	+ 1- 0 a 	ax ay 	- • 

2 

PHE-05 
	

9 	 P.T.O. 



2. A body dropped vertically from a height 

experiences air resistance. Its equation of motion 

can be written as m —
dv = mg - kv, where k is a 
dt 

constant and v is instantaneous velocity. Show 

that the velocity of the body when it hits the 

ground is given by v(t) = mg mg  - exp(- kt/m) . 5 
k k 

OR 

According to Newton's law of cooling, the rate at 

which a body cools is proportional to the 

temperature difference between the body and its 

surroundings. If the surroundings are at 300 K 

and the body cools from 370 K to 340 K in 

15 minutes, calculate the time in which it will 

attain a temperature of 310 K. 

3. Express the function flt) given below in a 

Fourier series : 

--T-<t<T- f(t) = 
T 	 2 	2 

and f(t + T) = f(t) 

OR 
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The general solution of the difffision equation 

ffr - k a2T ax2 

for heat flow in a uniform bar of length L is 

given by 

T(x, t) = (C 1  cos mx + C2 sin mx) e-kmt 

 Obtain the particular solution under the 

following conditions : 

T(0, t) = —°T (L, t) = 0, (t 0) 
ax 

and T(x, 0) = To  (0 < x < L) 
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