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

December, 2024 
PHYSICS 

BPHE-104/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. 



 [ 2 ] BPHE–104/PHE–04/PHE–05 

C–2417/BPHE–104/PHE–04/PHE–05  

               BPHE–104/PHE–04/PHE–05 

foKku Lukrd (ch- ,l&lh-) 

l=kkar ijh{kk 

fnlEcj] 2024 
HkkSfrd foKku 

oh-ih-,p-bZ--104/ih-,p-bZ--04 % HkkSfrdh esa  

xf.krh; fof/;k¡&I 

   ih-,p-bZ--05 % HkkSfrdh esa xf.krh; fof/;k¡µII 

le; % 3 ?k.Vs    vf/dre vad % 50 

fun sZ'k %  

(i) tks Nk=k ih- ,p- bZ-&04 vkSj ih- ,p- bZ-&05 nksuksa 

ikB~Øeksa ds fy, iathd`r gSa] nksuksa iz'u&i=kksa ds mÙkj 

vyx&vyx mÙkj iqfLrdkvksa esa viuk vuqØekad] 

ikB~;Øe dksM rFkk ikB~;Øe dk uke lkiQ&lkiQ 

fy[kdj nsaA 

(ii) tks Nk=k ih- ,p- bZ-&04 ;k ih- ,p- bZ-&05 fdlh 

,d ds fy, iathd`r gSa] vius mlh iz'u&i=k ds 

mÙkj] mÙkj iqfLrdk esa viuk vuqØekad] ikB~;Øe 

dksM rFkk ikB~;Øe dk uke lkiQ&lkiQ fy[kdj nsaA 
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      BPHE–104/PHE–04 

BACHELOR OF SCIENCE (B. Sc.) 

Term-End Examination 
December, 2024 

PHYSICS 

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

Time : 1
21  Hours    Maximum Marks : 25 

Note : (i) Attempt all questions.  

 (ii) The marks for each question are 

indicated against it. 

 (iii) You may use a calculator. 

 (iv) Symbols have their usual meanings.  

1. Answer any three parts : 3×4=12 

(a) Calculate the area of the ABC∆  if the 

coordinates A,B  and C  are 

(4,2,1),(2, 1,0)−  and (2,1, 2)− , respectively. 

(b) Obtain the unit normal to the surface 
2 34 4x y z+ =  at (1, 1,2)− . 
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(c) If 1
2 2 2 2

1( , , )
( )

f x y z

x y z

=

+ +

, determine 

( )f
→ →
∇⋅ ∇ . 

(d) A two-dimensional force field is defined as 

ˆ ˆF ( )xj yi
→
= − . Compute the work done by 

this force in taking a particle from point 

( )2, 0  to ( )0, 2  along a straight line.  

(e) In Cartesian coordinates, the position 

vector of a particle is given by 

ˆˆ ˆr xi yj zk→ = + + . Express it in terms of 

cylindrical coordinates ( , , )zρ φ  and 

determine its velocity in cylindrical 

coordinates. 

2. State Green’s theorem. Use it to evaluate : 1+4 

2 2 2
C

( ) ( )x xy dx x y dy+ + +∫   

where C is the square formed by the lines 

1, 1y x= ± = ± .  



 [ 5 ] BPHE–104/PHE–04/PHE–05 

C–2417/BPHE–104/PHE–04/PHE–05 P. T. O. 

Or 
State the Divergence theorem. Apply it to 

compute →⋅∫∫
S

ˆ Su n d , where S is the surface of 

the cylinder 2 2 2x y a+ =  bounded by planes 

= 0,z  and =z b  and where ˆˆ ˆu xi yj zk→ = − + . 1+4 

3. The probability that a person recovers from a 
serious illness is 0.4. What is the probability 
that at least 2 of the five persons admitted in a 
hospital survive ? 3 

Or 
A book of 600 pages contains 40 printing 
mistakes. Assume that these errors are 
randomly distributed throughout the book and 
X, the number of errors per page has a Poisson 
distribution. What is the probability that  
10 pages selected at random will be free of 
errors ?   3 

4. Obtain the regression line of y vs. x for the data 
given below : 5 

x y 
1 3 
4 1 
2 2 
3 5 
5 4 
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Or 

The normal distribution is given by the 
expression : 

2

2
1 ( )( ) exp
2 2

xf x
 − µ

= − 
σ π σ  

  

where µ  is the mean and σ  the standard 

deviation. Show that E( )x = µ . 
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      BPHE–104/PHE–04 

foKku Lukrd (ch- ,l&lh-) 

l=kkar ijh{kk 

fnlEcj] 2024 

HkkSfrd foKku 

ch-ih-,p-bZ--104@ih-,p-bZ--04 % HkkSfrdh esa xf.krh; 

fof/;k¡&I 

le; % 1
21  ?k.Vs    vf/dre vad % 25 

uk sV % (i) lHkh iz'u dhft,A  

 (ii) izR;sd iz'u ds vad mlds lkeus fn, x, gSaA  

 (iii) vki dSYdqysVj dk iz;ksx dj ldrs gSaA 

 (iv) izrhdksa ds vius lkekU; vFkZ gSaA  

1- dksbZ rhu Hkkx dhft, % 3×4=12 

(d) fcUnq  A,   B  vkSj  C   ds  funsZ'kkad Øe'k% 

(4,2,1),(2, 1,0)−  vkSj (2,1, 2)−  gSaA ABC∆  

dk {ks=kiQy ifjdfyr dhft,A 
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([k) fcUnq (1, 1,2)−  ij i`"B 2 34 4x y z+ =  ds fy, 

yacor~ ,dd lfn'k Kkr dhft,A 

(x) ;fn 1
2 2 2 2

1( , , )
( )

f x y z

x y z

=

+ +

] rks ( )f
→ →
∇⋅ ∇  

izkIr dhft,A 

(?k) ,d f}foeh; cy {ks=k ˆ ˆF ( )xj yi
→
= −  fn;k gSA 

bl cy }kjk fdlh d.k dks fcUnq ( )2, 0  ls 

( )0, 2  rd lh/h js[kk ds vuqfn'k ys tkus esa 

fd;k x;k dk;Z ifjdfyr dhft,A 

(³) dkrhZ; funsZ'kkadksa esa fdlh d.k dk fLFkfr lfn'k 

ˆˆ ˆr xi yj zk→ = + +  gSA bls csyuh funsZ'kkadksa 

( , , )zρ φ  esa O;Dr dhft, rFkk csyuh funsZ'kkadksa 

esa d.k dk osx fu/kZfjr dhft,A 

2- xzhu dk izes; fyf[k;sA bldk iz;ksx djds fuEufyf[kr 

dk eku fu/kZfjr dhft, % 1$4 

2 2 2
C

( ) ( )x xy dx x y dy+ + +∫  

tgk¡ C ] js[kkvksa 1, 1y x= ± = ±  ls cuk oxZ gSA 
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vFkok 

MkbotsZUl izes; dk dFku nhft,A bldk iz;ksx djds 

→⋅∫∫
S

ˆ Su n d  ifjdfyr dhft,] tgk¡ ˆˆ ˆu xi yj zk→ = − +  

gS vkSj S ] leryksa 0z =  vkSj z b=  }kjk ifjc¼ 

csyu 2 2 2x y a+ =  dk i`"B gSA 1$4 

3- ,d xaHkhj chekjh ls ihfM+r jksxh ds Bhd gksus dh 

izkf;drk 0-4 gSA vLirky esa HkrhZ fd, x, ,sls ik¡p 

O;fDr;ksa esa ls de ls de nks O;fDr;ksa ds cpus dh 

izkf;drk D;k gksxh \ 3 

vFkok 

600 i`"Bksa dh fdlh fdrkc esa 40 eqnz.k xyfr;k¡] 

ik;h tkrh gSaA eku yhft, fd ;s xyfr;k¡ iwjh fdrkc 

esa ;kn`fPNd rjhds ls forfjr gSa vkSj izR;sd i`"B ij 

xyfr;ksa dh la[;k X ] ,d IokW;lka forj.k dk 

vuqlj.k djrh gSA bl ckr dh izkf;drk ifjdfyr 

dhft, fd ;kn`fPNd rjhds ls pqus x;s 10 i`"Bksa ij 

dksbZ xyrh ugha gSA 3 
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4- fuEufyf[kr vk¡dM+ksa ds fy, y  cuke x  dh 

lekJ;.k js[kk izkIr dhft, % 5 

x y 

1 3 

4 1 

2 2 

3 5 

5 4 

vFkok 

izlkekU; caVu fuEufyf[kr O;atd }kjk fn;k tkrk gS % 
2

2
1 ( )( ) exp
2 2

xf x
 − µ

= − 
σ π σ  

 

tgk¡ µ ekè; vkSj σ  ekud fopyu gSA fl¼ dhft, 

fd E( )x = µ A 
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      PHE–05 

BACHELOR OF SCIENCE (B. Sc.) 

Term-End Examination 

December, 2024 

PHYSICS 

PHE-05 : MATHEMATICAL METHODS IN 

PHYSICS—II 

 Time : 1
21  Hours    Maximum Marks : 25 

Note : (i) All questions are compulsory. However, 

internal choices are given. 

 (ii) Marks for each question are indicated 

against it. 

 (iii) Symbols have their usual meanings.  

1. Answer any three parts : 3×5=15 
(a) Show that the following differential 

equation is exact : 1+4 
33 ( 2) ( 2 ) 0x xy dx x y dy− + + =   

and solve it. 
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(b) Determine the particular integral for the 

following ODE : 5 

22 3y y y x′′ ′+ + =  

(c) Determine all the first and second order 

partial derivatives of the function : 5 

( , ) sinkyf x y e nx−=   

where k and n are constants. 
(d) Use the method of separation of variables 

to reduce the following PDE to a set of 

ordinary differential equations : 5 

2 2

2 2
T 1 T T 0

r rr z
∂ ∂ ∂

+ + =
∂∂ ∂

. 

(e) Solve the ODE : 5 

3 2 0y y y′′ ′+ + =   

given the initial conditions (0) 2y =  and 
(0) 1y′ = . 

 2. Answer any two parts : 2×5=10 
(a) Using the Frobenius method, obtain the 

indicial equation and its roots for the ODE : 
5 

2 2( 1) 0x y xy x y′′ ′+ + − = . 
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(b) State whether the following function is 
even or odd : 1+4 

         
=
π

( ) ,xf x
   
−π < < πx   

Obtain its Fourier series expansion. 
(c) A string of length L is plucked at its mid- 

point and then released from rest. The 
resulting vibrations can be modelled by the 
equation : 5 

             
∂ ∂

=
∂ ∂

2 2

2 2 ,u u
x t    

< <0 L,x
   

≥ 0t   

with the following initial and boundary 
conditions : 

(0, ) (L, ) 0u t u t= =   

        ( ,0) 0u x =   

   0
2| 0.1sin

Lt
u x
t =

∂ π
=

∂
  

Determine ( , )u x t . 
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      BPHE–104/PHE–05 

foKku Lukrd (ch- ,l&lh-) 

l=kkar ijh{kk 

fnlEcj] 2024 

HkkSfrd foKku 

ih-,p-bZ--05 % HkkSfrdh esa xf.krh; fof/;k¡µII 

le; % 1
21  ?k.Vs    vf/dre vad % 25 

uk sV % (i) lHkh iz'uksa ds mÙkj nhft,A ysfdu vkUrfjd 

fodYi fn;s x;s gSaA 

 (ii) izR;sd iz'u ds vad mlds lkeus fn, x, gSaA  

 (iii) izrhdksa ds vius lkekU; vFkZ gSaA  

1- fdUgha rhu Hkkxksa ds mÙkj nhft, % 3×5=15 

(d) fl¼ dhft, fd fuEufyf[kr vody lehdj.k 

;FkkrFk gS vkSj bldk gy izkIr dhft, % 1$4 

33 ( 2) ( 2 ) 0x xy dx x y dy− + + =  
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([k) fuEufyf[kr lk/kj.k vody lehdj.k dk 

fo'ks"k lekdy izkIr dhft, % 5 

22 3y y y x′′ ′+ + =  

(x) fuEufyf[kr iQyu ds lHkh izFke vkSj f}rh; 

dksfV vkaf'kd vodyt izkIr dhft, % 5 

( , ) sinkyf x y e nx−=  
tgk¡ k vkSj n fLFkjkad gSaA 

(?k) pj i`FkDdj.k fof/ dk iz;ksx djds fuEukafdr 

vkaf'kd vody lehdj.k dks lk/kj.k vody 

lehdj.kksa ds lewg esa lekuhr dhft, % 5 

2 2

2 2
T 1 T T 0

r rr z
∂ ∂ ∂

+ + =
∂∂ ∂

 

(³) vkfn izfrca/ksa (0) 2y =  vkSj (0) 1y′ =  ds fy, 

fuEufyf[kr lk/kj.k vody lehdj.k dk gy 

izkIr dhft, % 5 
3 2 0y y y′′ ′+ + =  

2- fdUgha nks Hkkxksa ds mÙkj nhft, % 2×5=10 

(d) Úkscsfu;l fof/ dk iz;ksx djrs gq, fuEufyf[kr 

lk/kj.k vody lehdj.k ds fy, ?kkrkadh 

lehdj.k vkSj mlds ewy izkIr dhft, % 5 
2 2( 1) 0x y xy x y′′ ′+ + − =  
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([k) crkb, fd fuEufyf[kr iQyu le gS vFkok 

fo"ke vkSj mldh iQwfj, Js.kh izkIr dhft, % 

1+4 

   
=
π

( ) ,xf x
  
−π < < πx  

(x) yEckbZ L  ds rkj dks mlds eè; fcUnq ij 

[khapdj fojkekoLFkk ls NksM+ fn;k tkrk gSA 

ifj.kkeh daiuksa dks fuEufyf[kr lehdj.k }kjk 

fu:fir fd;k tkrk gS % 5 

             
∂ ∂

=
∂ ∂

2 2

2 2 ,u u
x t    

< <0 L,x
   

≥ 0t  

blds vkfn ,oa ifjlhek izfrca/ fuEufyf[kr gSa % 
(0, ) (L, ) 0u t u t= =   

        ( ,0) 0u x =   

   0
2| 0.1sin

Lt
u x
t =

∂ π
=

∂
  

( , )u x t  fu/kZfjr dhft,A 

 

 

 

 
× × × × × × × 


