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

December, 2022 
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/PHE-05 

foKku Lukrd (ch- ,l&lh-) 

l=kkar ijh{kk 

fnlEcj] 2022 
HkkSfrd foKku 

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, 2022 

PHYSICS 

BPHE-104/PHE-04 : MATHEMATICAL METHODS 

IN PHYSICS—I 

Time : 1
21  Hours    Maximum Marks : 25 

Note : (i) Answer all questions. Internal choices 

are given. 

 (ii) Marks for each question are given 

against it. 

 (iii) Symbols have their usual meanings.  

 (iv) You can use non-programmable 

calculator.  

 



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

   

1. Answer any three parts :  
(a) Calculate the volume of a parallelopiped 

having sides : 4 

ˆˆ ˆ2 3
→
= + +a i j k  

ˆˆ ˆ2 2
→
= + −b i j k   

and           ˆˆ ˆ2 2
→
= + −c i j k    

(b) Show that for a scalar field ( , , )x y zφ  : 4 

0
→ →
∇ × ∇ φ =   

(c) Define irrotational and solenoidal vector 
fields. Determine the constant ‘a’ so that 

the vector field ˆ ˆA (2 3 ) ( 3 )
→
= + + −x y i y z j

ˆ( )+ +x az k  is solenoidal.  2+2 

(d) Consider vectors ˆˆ ˆA 5 3
→
= + −i j k  and 

ˆˆ ˆB 2 2 7
→
= − −i j k . Determine a vector of 

magnitude 6 units in the direction of A
→

. 

Also determine the projection of  B
→

  

along A .
→

  2+2 
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(e) Consider a force ˆ ˆ ˆF 20 (6 ) Ni j k
→

= − +  

acting at a point P which has the position 

vector ˆ ˆ ˆ( 3 5 )i j k− + +  m. Calculate the 

torque (in Nm) due to the force about the 
origin.  4   

2. State Stokes’ theorem. Use it to show that the 

curl of a conservative force field is zero 

everywhere.  1+4 

Or 

Using Green’s theorem, evaluate 

− +∫C
( )y dx x dy  if C is the circumference of 

the circle 2 2 4x y+ = .  

3. Answer any two parts : 4 each 

(a) The probability distribution function that a 
molecule has speeds between v and v + dv 
is given by Maxwell-Boltzmann 
distribution of speeds : 

2
B

3/2
/2 T2

B
( ) 4

2 T
mv kmf v v e

k
− 

= π  π 
  

0 < v < ∞    
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where T is temperature of gas and m is 
mass of gas molecules. Show that : 

B8 Tkv
m

=
π

 

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

x y 

6 8 

5 6 

8 7 

10 10 

4 6 

9 8 

Obtain the least square regression line of y 
on x. 

(c) The probability distribution of binomial 
random variable X representing the 
number of successes in n independent 
trials is given by : 

−=( ; , ) Cn x n x
xb x n p p q  

n = 0, 1, 2, ....., n. 
Show that the mean of the binomial 
distribution is np. 



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

  P. T. O. 

      BPHE-104/PHE-04 

foKku Lukrd (ch- ,l&lh-) 

l=kkar ijh{kk 

fnlEcj] 2022 

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 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  

 (iv) vki vizksxzkeh; dSYdqysVj dk iz;ksx dj 

ldrs gSaA 
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1- fdUgha rhu Hkkxksa ds mÙkj nhft, %  

(d)  ,d lekarj "kV~iQyd dk vk;ru ifjdfyr 

dhft, ftldh Hkqtk,¡ fuEuor~ gSa % 4 

ˆˆ ˆ2 3
→
= + +a i j k  

ˆˆ ˆ2 2
→
= + −b i j k   

 rFkk     ˆˆ ˆ2 2 .c i j k
→
= + −  

([k)  fl¼ dhft, fd vfn'k {ks=k ( , , )x y zφ  ds 

fy, 0
→ →
∇ × ∇ φ = A 4 

(x)  v?kw.khZ vkSj ifjukfydh; lfn'k {ks=kksa dh 

ifjHkk"kk nhft,A vpj ‘a’ dk og eku Kkr 

dhft, ftlls lfn'k {ks=k  

                    ˆA (2 3 )x y i
→
= + ˆ( 3 )y z j+ − ˆ( )+ +x az k   

 ifjukfydh; gksA 2$2 
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(?k)  nks lfn'k ˆˆ ˆA 5 3
→
= + −i j k  vkSj 

ˆˆ ˆB 2 2 7
→
= − −i j k  fn, gSaA A

→
 dh fn'kk esa ,d 

lfn'k Kkr dhft, ftldk ifjek.k 6 gSA lkFk 

gh A
→
 ds vuqfn'k B

→
 dk iz{ksi Hkh Kkr 

dhft,A 2$2 

(Ä)  eku yhft, fd cy ˆ ˆ ˆF 20 (6 ) Ni j k
→

= − +  

fLFkfr lfn'k ˆ ˆ ˆ( 3 5 )i j k− + +  m okys fcUnq ij 

vkjksfir gksrk gSA ewy fcUnq ds lkis{k bl cy 

ds dkj.k cy vk?kw.kZ (Nm esa) ifjdfyr 

dhft,A 4 

2- LVksDl izes; dk dFku fyf[k, A bldk mi;ksx djds 

fl¼ dhft, fd laj{kh cy {ks=k dk dyZ loZ=k 'kwU; 

gksrk gSA   1$4 

vFkok 

xzhe izes; dk mi;ksx djds − +∫C
( )y dx x dy  dk 

ifjdyu dhft,] tgk¡ C, o`Ùk 2 2 4x y+ =  dh 

ifjf/ gSA 
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3- dksbZ n k s Hkkx dhft, % izR;sd 4 

(d)  fdlh xSl ds v.kq dh pky v rFkk v + dv ds 

chp gksus dh izkf;drk eSDlosy&cksYV~teku 

caVu iQyu }kjk O;Dr dh tkrh gS % 

2
B

3/2
/2 T2

B
( ) 4

2 T
mv kmf v v e

k
− 

= π  π 
  

0 < v < ∞    
 tgk¡ T xSl dk rki rFkk m xSl ds v.kqvksa dk 

nzO;eku gSA fl¼ dhft, fd % 

B8 Tkv
m

=
π  

([k)  6 Nk=kksa }kjk nks d{kk ijh{kkvksa eas izkIr vadksa 

dks Øe'k% x rFkk y }kjk fu:fir fd;k x;k gS 

rFkk ;s fuEuor~ gSa % 

x y 

6 8 

5 6 

8 7 

10 10 

4 6 

9 8 
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 x ij y dh U;wure oxZ lekJ;.k js[kk izkIr 

dhft,A 

(x)  n LorU=k vfHkiz;ksxksa eas liQyrkvksa dh la[;k 

dks fu:fir djus okys f}in ;kn`fPNd pj X 

dk izkf;dr caVu fuEuor~ gS % 

−=( ; , ) Cn x n x
xb x n p p q  

n = 0, 1, 2, ......, n 

 fl¼ dhft, fd f}in caVu dk ekè; np gSA 
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      PHE-05 

BACHELOR OF SCIENCE (B. Sc.) 

Term-End Examination 
December, 2022 

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) The marks for each question are 

indicated against it. 

 (iii) Symbols have their usual meanings. 

1. Answer any three parts : 4 each 

(a) Solve the ODE : 
3 3

2
dy x y
dx xy

+
=    
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(b) Show that the following ODE is exact and 

solve it : 

               (2 3 1) ( 3 7) 0x ye y dx e x dy+ − + + − =  

(c) Determine the general solution of the 

equation : 

y" + 9y = cos x 

(d) Show that : 

3 2( , ) 3u x y x xy= −   

 is a solution of the two-dimensional 

Laplace equation. 

(e) Using the method of separation of 

variables, reduce the following partial 

differential equation to a set of two 

independent ODEs :  

2 2

2 2 2
T 1 T 1 T 0

r rr r
∂ ∂ ∂

+ + =
∂∂ ∂θ

   

2. Obtain the indicial equation and its root for the 

series solution of the ODE : 6 

2 2 2 0
9

x y x y ′′ + + = 
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Or 
A sinusoidally varying e.m.f. is applied to a 
series RC circuit. Determine the current 
through the circuit as a function of time. 

3. Obtain the Fourier series for the following 
function with the period 2π : 7 

( 0)( )
(0 )

xf x
x x

= −π −π ≤ ≤
= ≤ ≤ π

  

Or 
Solve the partial differential equation : 

2

2 ,u u
tx

∂ ∂
=

∂∂
 (0 < x < L, t > 0) 

Subject to the following conditions : 

(0, ) 0;u t
x
∂

=
∂

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

and       u (x, 0) = 2, 0 < x < L. 
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      PHE-05 

foKku Lukrd (ch- ,l&lh-) 

l=kkar ijh{kk 

fnlEcj] 2022 

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'u djuk vfuok;Z gSA rFkkfi vkarfjd 

fodYi fn, x, gSaA 

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

 (iii) izrhdksa ds vius lkekU; vFkZ gSaA 
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1- dksbZ rhu Hkkx gy dhft, % izR;sd 4 

(d)  fuEufyf[kr lk/kj.k vody lehdj.k dks gy 

dhft, % 

3 3

2
dy x y
dx xy

+
=

 

([k)  fl¼ dhft, fd fuEufyf[kr lk/kj.k vody 

lehdj.k ;FkkrFk gS vkSj mls gy dhft, % 

              (2 3 1) ( 3 7) 0x ye y dx e x dy+ − + + − =  

(x)  fuEufyf[kr lehdj.k dk O;kid gy Kkr 

dhft, % 

y" + 9y = cos x 
(?k)  fl¼ dhft, fd % 

3 2( , ) 3u x y x xy= −  

 f}&foeh; ykIykl lehdj.k dk gy gSA  

( )  pj i`FkDdj.k fof/ dk mi;ksx dj fuEufyf[kr 

vkaf'kd vody lehdj.k dks nks Lora=k 

vody lehdj.kksa esa lekuhr dhft, % 

2 2

2 2 2
T 1 T 1 T 0

r rr r
∂ ∂ ∂

+ + =
∂∂ ∂θ
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2- lk/kj.k vody lehdj.k % 

2 2 2 0
9

x y x y ′′ + + = 
 

 

ds fy, ?kkrkadh lehdj.k rFkk blds ewy Kkr 

dhft,A   6 

vFkok 

,d T;koØh; ifjorhZ fo|qr&okgd cy ds lzksr dks 

,d Js.kh RC (vkj- lh-) ifjiFk esa yxk;k x;k gSA 

le; ds iQyu ds :i eas ifjiFk dh /kjk Kkr 

dhft,A 

3- vkorZdky 2π okys fuEufyf[kr iQyu % 
( 0)( )
(0 )

xf x
x x

= −π −π ≤ ≤
= ≤ ≤ π

 

dh iQwfj, Js.kh Kkr dhft,A 7 

vFkok 

fuEufyf[kr vkaf'kd vody lehdj.k % 
2

2 ,u u
tx

∂ ∂
=

∂∂
 (0 < x < L, t > 0) 

dks fuEufyf[kr izfrca/ksa ds v/hu gy dhft, % 

    
(0, ) 0;u t

x
∂

=
∂

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

vkSj     u (x, 0) = 2, 0 < x < LA
 BPHE-104/PHE–04/PHE–05  


