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 BPHE-104/PHE-04  

BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 

February, 2021 

PHYSICS 

BPHE-104/PHE-04 : MATHEMATICAL METHODS IN  

PHYSICS-I 

Time : 1
2

1
 hours Maximum Marks : 25 

Note :  Attempt all questions. The marks for each question 

are indicated against it. You can use a calculator. 

Symbols have their usual meanings. 

 

1. Answer any three parts : 34=12 

(a) Determine the area of a triangle  

with vertices at (3, – 1, 2), (1, – 1, – 3) and  

(4, – 3, 2). 

(b) Determine the directional derivative of the 

scalar field  = x2y2z2 at the point (2, 1, – 1) 

in the direction of the vector 

a  = 3

^
i  + 4

^
k . 
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(c) Show that 

 . (r3 


r ) = 6r3. 

(d) For a constant vector 

a , if 


v  = 


a   


r , 

show that 

a  = 

2

1
 (

 


v ). 

(e) A particle is moving through space. Show 

that its velocity in cylindrical coordinates is 

given by 

v  = 

.
ρ

^
e

 + 

.


^
e

 + 

.
z

^
e z.  

2. State Stokes theorem and evaluate  

  
C


F . d


r  where  

 

F  = xy

^
i  + (x + y + z)

^
j + x2 

^
k  and C is a circle 

of radius 1, in the xy plane centred at the origin. 

Use plane polar coordinates.  1+4=5 

OR 

 Calculate the work done by a force  

 

F  = – z

^
i  + x

^
j + 

^
k  in moving a particle from 

the origin to the point (1, 1, 1) along the path 

defined by the functions y = x2;  z = x3. 5 
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3. The probability of a football team winning a 

match is 0·6. If the team plays 5 matches, 

calculate the probability of the team winning 1+2=3 

(i) exactly 3 matches. 

(ii) at least 2 matches.  

OR 

 The probability of success in a Bernoulli trial is 

3

1
. Calculate the mean and variance for a 

sequence of 450 independent trials.  3 

 

4. Calculate the mean and variance of the  

Maxwell-Boltzmann distribution for the speeds 

of gaseous molecules : 

 f(v) = 4 

2/3

BTkπ2

m










 v2 exp 















Tk2

mv–

B

2

,  

 for  0  v   

 where v is the speed of the molecule, m is mass 

of a molecule, T is absolute temperature of gas 

and kB is Boltzmann constant.   2+3=5 

OR 
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 Obtain the regression equation for the following 

data set : 5 

X 1 2 3 4 5 

Y 2 5 3 8 7 
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 ~r.nr.EM.B©.-104/nr.EM.B©.-04  

{dkmZ ñZmVH$ (~r.Eg gr.)  

gÌm§V narjm 

\$adar,  2021 

^m¡{VH$ {dkmZ 

~r.nr.EM.B©.-104/nr.EM.B©.-04 : ^m¡{VH$s _| J{UVr`  
                                  {d{Y`m±-I 

g_` : 1
2

1
 KÊQ>o  A{YH$V_ A§H$ : 25 

ZmoQ> :  g^r àíZm| Ho$ CÎma Xr{OE & àË`oH$ àíZ Ho$ A§H$ CgHo$ gm_Zo 

{XE JE h¢ & Amn H¡$ëHw$boQ>a H$m à`moJ H$a gH$Vo h¢ &  àVrH$m| 

Ho$ AnZo gm_mÝ` AW© h¢ & 

 

1. {H$Ýht VrZ  ^mJm| Ho$ CÎma Xr{OE :  34=12 

(H$) {H$gr {Ì^wO Ho$ erf© (3, – 1, 2), (1, – 1, – 3) Am¡a  

(4, – 3, 2) na h¢ & {Ì ŵO H$m joÌ\$b kmV H$s{OE & 

(I) q~Xþ (2, 1, – 1) na, g{Xe 

a  = 3

^
i  + 4

^
k  H$s {Xem 

‘|, A{Xe joÌ  = x2y2z2 H$m {XH²$-AdH$bO {ZYm©[aV 

H$s{OE & 
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(J) {gÕ H$s{OE {H$ 

 . (r3r ) = 6r3. 

(K) {H$gr AMa g{Xe 

a  Ho$ {bE, `{X 


v  = 


a   


r   

hmo, Vmo {gÕ H$s{OE {H$ 

a  = 

2

1
 (

   


v ). 

(L>) {gÕ H$s{OE {H$ g_{îQ> _|  J{V_mZ EH$ H$U H$m doJ, 
~obZr {ZX}em§H$m| _| {ZåZ{b{IV h¡ :  

 

v  = 

.
ρ

^
e

 + 

.


^
e

 + 

.
z

^
e z  

2. ñQ>moŠg à_ò  H$m H$WZ Xr{OE VWm g_mH$b 
C


F . d


r  

H$m _mZ kmV H$s{OE Ohm±  

 

F  = xy

^
i  + (x + y + z)

^
j + x2 

^
k  h¡ Am¡a C, xy g_Vb 

_| pñWV EH$ d¥Îm h¡ {OgH$s {ÌÁ`m 1 h¡ Am¡a {OgH$m Ho$ÝÐ 

_yb-{~ÝXþ na h¡ & g_Vb Y«wdr` {ZX}em§H$m| H$m à`moJ  

H$s{OE & 1+4=5 

AWdm 

 ~b 

F  = – z

^
i  + x

^
j + 

^
k  Ûmam EH$ H$U H$mo _yb-{~ÝXþ go 

{~ÝXþ (1, 1, 1) VH$ bo OmZo _| {H$`m J`m H$m`© n[aH${bV 

H$s{OE `{X H$U \$bZ y = x2;  z = x3  Ûmam n[a^m{fV nW 

Ho$ AZw{Xe J{V_mZ hmo & 5 



BPHE-104/PHE-04 8 

3. EH$ \w$Q>~mb Q>r_ H$s _¡M OrVZo H$s àm{`H$Vm 0·6 h¡ & `{X 

Q>r_ 5 _¡M IobVr h¡, Vmo `h àm{`H$Vm n[aH${bV H$s{OE {H$ 

Q>r_  1+2=3 

(i) R>rH$ 3 _¡M OrVVr h¡ & 

(ii) H$_-go-H$_ Xmo _¡M OrVVr h¡ & 

AWdm 

 EH$ ~Zy©br A{^à`moJ _| g\$bVm H$s àm{`H$Vm 
3

1
 h¡ &  

450 ñdV§Ì A{^à`moJm| Ho$ AZwH«$_ Ho$ {bE _mÜ` Am¡a àgaU 

n[aH${bV H$s{OE & 3 

4. J¡gr` AUwAm| H$s Mmbm| Ûmam AZwnm{bV _¡Šgdob-~moëQ²>g_mZ 

~§Q>Z {ZåZ{b{IV h¡ :  

 f(v) = 4 

2/3

BTkπ2

m










 v2 exp 















Tk2

mv–

B

2

, 

 0  v    Ho$ {bE 

 Ohm± v AUw H$s Mmb h¡, m AUw H$m Ðì`_mZ h¡, T J¡g H$m 

na_ Vmn_mZ h¡ Am¡a kB ~moëQ²>g_mZ {Z`Vm§H$ h¡ & Bg ~§Q>Z 

H$m _mÜ` Am¡a àgaU n[aH${bV H$s{OE & 2+3=5 

AWdm 
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 {ZåZ{b{IV Am±H$‹S>m| Ho$ g_wƒ` Ho$ {bE g_ml`U g_rH$aU 
àmßV H$s{OE : 5 

  

X 1 2 3 4 5 

Y 2 5 3 8 7 
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 PHE-05  

BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 

February, 2021 

 

PHYSICS 

PHE-05 : MATHEMATICAL METHODS IN PHYSICS-II 

Time : 1
2

1
 hours  Maximum Marks : 25 

Note : All questions are compulsory. However, internal 

choices are given. The marks for each question are 

indicated against it. You may use calculators. 

Symbols have their usual meanings.   

 

1. Answer any three parts :  34=12 

(a) Show that solutions of the ODE   

 (y + 4) y + x = 0 

is a family of concentric circles centred at  

(0, – 4). 

(b) Obtain the general solution of the ODE   

 y + 4y – 5 = 7 exp (2x) 

PHE-05 
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(c) Write 3-D heat flow equation and separate it 

into two ODEs in space and time 

coordinates.  

(d) Classify the following PDEs by way of order 

and degree, linearity/non-linearity and 

homogeneity/non-homogeneity : 

(i) 
2

2

t

u




 – c2 

2

2

x

u




 = 0 

(ii) 
t


 +  























z

v

y

u

x

v
 = 0 

(e) Determine which of the following ODEs are 

exact : 

(i) cos x cos2 y dx + 2 sin x sin y cos y dy = 0 

(ii) (2xy3 + y cos x) dx + (3x2y2 + sin x) dy = 0  

2. A glass of water at 370 K is placed in a room 

kept at 300 K. It cools to 340 K in 15 minutes. 

Assuming Newton’s law of cooling to describe the 

process, calculate the time when the 

temperature of water will be 310 K. 6 

OR 

PHE-05 
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 Determine the singular points of the ODE 

 x (x – 1) 
2

2

dx

yd
 + (3x – 1) 

dx

dy
 + y = 0. 

 Obtain the indicial equation and its roots.  6 

3. Obtain Fourier series of the function 

 E(t) = 












2

T
t0fortsinE

0t
2

T
–for0

0

 

 where T = 2/.  7 

OR 

 Write the one-dimensional wave equation for a 

string of length L fixed at both ends. Write down 

the boundary conditions and obtain the general 

solution.  7 

 

 

PHE-05 



BPHE-104/PHE-04 13   P.T.O. 

 nr.EM.B©.-05  

{dkmZ ñZmVH$ (~r.Eg gr.)  

gÌm§V narjm 

\$adar,  2021 

^m¡{VH$ {dkmZ 

nr.EM.B©.-05 : ^m¡{VH$s _| J{UVr` {d{Y`m±-II 

g_` : 1
2

1
 KÊQ>o  A{YH$V_ A§H$ : 25 

ZmoQ> : g^r àíZ A{Zdm ©̀ h¢ & naÝVw, Am§V[aH$ {dH$ën {XE JE h¢ & 
àË`oH$ àíZ Ho$ A§H$ CgHo$ gm_Zo {XE JE h¢ & Amn H¡$ëHw$boQ>am| 
H$m à`moJ H$a gH$Vo h¢ & àVrH$m| Ho$ AnZo gm_mÝ` AW© h¢ &   

1. {H$Ýht VrZ  ^mJm| Ho$ CÎma Xr{OE :  34=12 

(H$) {gÕ H$s{OE {H$ {ZåZ{b{IV gmYmaU AdH$b 
g‘rH$aU 

 (y + 4) y + x = 0 

 Ho$ hb EH$ g§Ho$ÝÐr d¥Îm Hw$b h¢ {OZHo$ Ho$ÝÐ (0, – 4) 

na pñWV h¢ & 

(I) gmYmaU AdH$b g‘rH$aU  

 y + 4y – 5 = 7 exp (2x) 

 H$m ì`mnH$ hb àmßV H$s{OE & 

PHE-05 
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(J) {Ì{d_ D$î_m àdmh g_rH$aU {b{IE VWm Cgo g_{îQ> 
Ed§ g_` Ho$ {ZX}em§H$m| dmbo Xmo gmYmaU AdH$b 
g_rH$aUm| _| g_mZrV H$s{OE &      

(K) {ZåZ{b{IV Am§{eH$ AdH$b g‘rH$aUm| H$mo H$mo{Q> Am¡a 
KmV, a¡{IH$Vm/Aa¡{IH$Vm VWm g_KmVVm/Ag_KmVVm 
Ho$ AZwgma dJuH¥$V H$s{OE : 

(i) 
2

2

t

u




 – c2 

2

2

x

u




 = 0 

(ii) 
t


 +  























z

v

y

u

x

v
 = 0 

(L>) {ZYm©[aV H$s{OE {H$ {ZåZ{b{IV g_rH$aUm| _| go  
H$m¡Z-go gmYmaU AdH$b g_rH$aU `WmVW h¢ :  

(i) cos x cos2 y dx + 2 sin x sin y cos y dy = 0 

(ii) (2xy3 + y cos x) dx + (3x2y2 + sin x) dy = 0 

2. Ob go ^ao 370 K Vmn_mZ dmbo {Jbmg H$mo 300 K na H$_ao 

_| aIm OmVm h¡ & BgH$m Vmn 15 {_ZQ> _| 340 K hmo OmVm  

h¡ & `{X Ý ỳQ>Z Ho$ erVbZ {Z`_ Ûmam Bg àH«$_ H$s  {ddoMZm 

H$s OmVr h¡, Vmo n[aH${bV H$s{OE {H$ Ob H$m Vmn 310 K 

{H$VZo g_` Ho$ ~mX hmoJm & 6 

AWdm 

PHE-05 



BPHE-104/PHE-04 15   P.T.O. 

 gmYmaU AdH$b g_rH$aU 

x (x – 1) 
2

2

dx

yd
 + (3x – 1) 

dx

dy
 + y = 0 

 Ho$ {d{MÌ {~ÝXþ {ZYm©[aV H$s{OE &  

 Bg g_rH$aU Ho$ {bE KmVm§H$s g_rH$aU àmßV H$s{OE Am¡a 

CgHo$ _yb kmV H$s{OE & 6 

3. {ZåZ{b{IV \$bZ Ho$ {bE \y$[aE loUr àmßV H$s{OE :   

 E(t) = 












{bE Ho$

{bE Ho$

2

T
t0tsinE

0t
2

T
–0

0

 

 Ohm± T = 2/ h¡ &   7 

AWdm 

 XmoZm| {gam| na ~§Yr b§~mB© L H$s S>moar Ho$ {bE EH$-{d_r` Va§J 

g_rH$aU {b{IE & n[agr_m à{V~§Y {b{IE Am¡a ì`mnH$ hb 

àmßV H$s{OE &  7 
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