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BACHELOR OF SCIENCE (B. Sc.) 
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June, 2023 

PHYSICS 

PHE-04 : MATHEMATICAL METHODS  

IN PHYSICS—I 

PHE-05 : MATHEMATICAL METHODS  

IN PHYSICS—II 

Time : 3 Hours    Maximum Marks : 50 

Instructions :  

(i) Students registered for both PHE-04 and  

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. 

(ii) 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. 
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      BPHE–104/PHE-04 

BACHELOR OF SCIENCE (B. Sc.) 

Term-End Examination 

June, 2023 

PHYSICS 

BPHE–104/PHE-04 : MATHEMATICAL  

METHODS IN PHYSICS—I 

Time : 1

2
1  Hours    Maximum Marks : 25 

Note : (i) Attempt all questions.  

 (ii) The marks for each question are 

indicated against it. 

 (iii) Symbols have their usual meanings.  

 (iv) You may use a calculator.  

1. Answer any three parts : 4 each 

(a) Determine the torque about the point  

(0, 2, –1) due to a force ˆ ˆ ˆF 3i j k


    

acting at the point (4, 1, 2). 

(b) In what direction does the scalar field 

  2 2, 2 4f x y x y xy    decrease most 

rapidly at the point (1, – 2) ? 
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(c) Calculate the work done by a force 

 2 2 ˆ ˆF x y i xy j


   in moving a particle 

from the point (0, 0) to (1, 2) along a path 

defined by the equation 2; 2x t y t  . 

(d) For an arbitrary vector field : 

 
 1

ˆF F , ,x y z i



 + 

 2
ˆF , ,x y z j 

 
 3

ˆF , ,x y z k
,  

show that  : 

. F 0
   
    

 
. 

(e) Derive an expression for the velocity of a 

particle moving in space in cylindrical 

coordinates.  

2. Calculate the mass of a unit cube which has a 

density :   5 

       3 3, , 8 kg mx y z z   

and is bound by the planes 

0; 1; 0; 1;x x y y     0z   and 1z  . 

Or 

State Guass’ divergence theorem. Use the 

divergence theorem to calculate the flux of a 

vector field 2ˆ ˆ ˆA 2 6x i xzj zk


    through the 

surface of a sphere 2 2 2 4x y z   . 1+4 
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3. Out of 60 applicants for a job, 40 are found to be 

qualified. Using a binomial distribution, 

calculate the probability, that if 5 applicants 

are selected at random out of these, for an 

interview, only, two of them would be qualified. 

3 

Or 

An ace is drawn from a pack of cards in 26 

trials. Calculate the probability that it will be 

drawn at least once on the basis of the Poisson’s 

distribution law. 3 

4. The probability density function for a 

continuous normal variable X is : 5 

 
2

1 1
; , exp

22

x
n x

   
      

    

  

, 0x       

Calculate the mean of the distribution. 

Or 

The time taken by a pendulum (T) of length (L) 

for 20 oscillations is tabulated below for 

different values of L : 5 

Length L (cm) Time T (s) 

5 

10 

15 

20 

25 

9 

13 

16 

19 

21 

Obtain the correlation coefficient for this data.  
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(i) 

(ii) 

(iii) 

(iv) 

 4,1,2

ˆ ˆ ˆF 3i j k


   ]  0,2, 1

 1, 2

  2 2, 2 4f x y x y xy    
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]

 2 2 ˆ ˆF x y i xy j


   

2; 2x t y t 

 0,0

 1,2

 1
ˆF F , ,x y z i



  +  2
ˆF , ,x y z j   3

ˆF , ,x y z k , 

. F 0
   
    

 

³

0; 1; 0; 1;x x y y     0z    

1z 

      3 3, , 8 kg mx y z z
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2 2 2 4x y z    

2ˆ ˆ ˆA 2 6x i xzj zk


    

]

X

         

 
2

1 1
; , exp

22

x
n x

   
      

    

  

     , 0.x
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      PHE-05 

BACHELOR OF SCIENCE (B. Sc.) 

Term-End Examination 

June, 2023 

PHYSICS 

PHE-05 : MATHEMATICAL METHODS IN 

PHYSICS—II 

 Time : 1

2
1  Hours    Maximum Marks : 25 

Note : (i) Answer all questions.  

 (ii) The marks for each question are 

indicated against it. 

 (iii) You may use a  calculators.  

 (iv) Symbols have their usual meanings. 

1. Answer any three parts : 4 each 

(a) Solve the following ODE : 

3 2 xy y y e      

(b) Use the method of seperation of variables 

to reduce the Laplace equation 2 0f   

into three ODEs. 
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(c) Write the standard form of an exact 

equation. State the condition of exactness. 

Show that the following equation is exact : 

   3 3 0y x dx x y dy      

(d) Define ordinary and singular points of a 

2nd order ODE. When is a singularity 

regular ? Identify the singular points of the 

following equation : 

                
2

2
2

1 2 1 0
d y dy

x x n n y
dxdx

       

(e) Show that the function : 

 2 2lnz x y    

satisfies the equation : 

 
 

 

2 2

2 2
0.

z z

x y
  

2. When a body is dropped vertically from a 

height, it experiences air resistance and its 

equation of motion is : 6 

dv
m mg kv

dt
     

where k is a constant and v is instantaneous 

velocity. Show that the velocity of this body 

when it hits the ground in given by : 

  1 exp
mg mg kt

v t c
k k m

 
   

 
    

where c1 is a constant. 
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Or 

Determine the singular points of the ODE : 

2 2 1
0

4
x y xy x y

 
     

 
  

Obtain the indicial equation and its roots.  

3. Obtain Fourier series of the function  f t  

defined as : 

 
2

T
f t t        


 

T T

2 2
t   

and       Tf t f t  . 7 

Or 

Write the one-dimensional partial differential 

equation for heat flow for a uniform rod of 

length L insulated along its length. Obtain the 

general solution for its temperature 

distribution under the following boundary 

conditions : 

 

 

T 0, 0, 0

T
L, 0, 0

t t

t t
x

 


 


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(i) 

(ii) 

(iii) 

(iv) 

3 2 xy y y e     
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2 0f 

   3 3 0y x dx x y dy     

ODE

               
2

2
2

1 2 1 0
d y dy

x x n n y
dxdx

      

 2 2lnz x y   

2 2

2 2
0

z z

x y

 
 

 
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]

dv
m mg kv

dt
   

k v

]

  1 exp
mg mg kt

v t c
k k m

 
   

 
 

1c

2 2 1
0

4
x y xy x y

 
     

 
 

           
 

2

T
f t t       


 

T T

2 2
t  

   Tf t f t    



 [ 16 ] BPHE-104/PHE-04/PHE-05 

   

L

]

 

 

 


 



T 0, 0, 0

T
L, 0, 0.

t t

t t
x  
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