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 PHE-14  

BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 

June, 2021 

PHYSICS 

PHE-14 : MATHEMATICAL METHODS 

IN PHYSICS – III 

Time : 2 hours Maximum Marks : 50 

Note :  Attempt all questions. The marks for each question 

are indicated against it. Symbols have their usual 

meanings.  

1. Attempt any five parts : 52=10 

(a) If a real matrix is both symmetric and 

orthogonal, show that its eigenvalues can 

only be +1 or –1. 

(b) Define contravariant and covariant tensors 

of rank 2. 

(c) Show that the set of integers is a group under 

addition. 

(d) Show that f(z) = ez is an analytic function. 
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(e) Determine the Fourier transform of the function 
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(f) Obtain the Laplace transform of 5 + 2e3t. 

(g) Using the generating function 

g(t, x) = (1 – 2xt + t2)–1/2 = ,t)x(P n
n

0n




|t|< 1, 

 prove that Legendre polynomials satisfy the 

relation Pn (– 1) = (– 1)n. 

(h) Using the Rodrigues’ formula for Laguerre 

polynomials given by 

 Ln(x) = 
n

nx

dx

d

!n

e
(xne–x), 

determine L2(x). 

2. Attempt any one part : 

(a) (i) Verify the Cayley-Hamilton theorem 

for the matrix   
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(ii) If  A  is such that A3 = A, show that 

  cos( A) = I – 2 A2. 5 

(b) Diagonalize the matrix  
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3. Attempt any one part : 

(a) Using the method of residues, show that : 10 
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(b) Evaluate the following integral over the 

closed contour C formed by the lines  

x =  2, y =  2 : 10 

 dz
)–z(

zsin
2

C
  

4. Attempt any one part : 

(a) Use the method of Laplace transforms to 

solve the initial value problem  

 y + 2y – 8y = 0, y(0) = 1, y(0) = 8. 10 

(b) The general solution of Laplace’s equation for 

the steady state temperature distribution in a 

metal plate is  

 T(x, y) = 
0

B(k)e–ky sin kx dk 

 Using the method of Fourier transforms, 

obtain the particular solution for T(x, y) 

given that the initial temperature 

distribution is 

 T(x, 0) = 


 

otherwise,0

1x0),x–1(50
 10 
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5. Attempt any one part : 

(a) Using the recurrence relation  

(n + 1) Pn+1(x) = (2n + 1) x Pn(x) – n Pn–1(x), 

 evaluate the integrals : 10 

(i) 
1

1–

x Pn–1(x) Pn(x) dx, and 

(ii) 
1

1–

x Pn(x) dx 

(b) The Bessel function of the first kind of order 

n is given by 

Jn(x) = 
nk2

k
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  

Show that  

 J–1/2(x)  = 
x

xcos2


. 10 

 

  
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 nr.EM.B©.-14  

{dkmZ ñZmVH$ (~r.Eg gr.) 

gÌm§V narjm 

OyZ, 2021 

^m¡{VH$ {dkmZ 

nr.EM.B©.-14 : ^m¡{VH$s _| J{UVr` {d{Y`m±  – III 

g_` : 2 KÊQ>o  A{YH$V_ A§H$ : 50 

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

{XE JE h¢ & àVrH$m| Ho$ AnZo gm_mÝ` AW© h¢ & 
 

1. H$moB© nm±M  ^mJ H$s{OE : 52=10 

(H$) `{X EH$ dmñV{dH$ Amì`yh g_{_V Am¡a bm§{~H$ 

XmoZm| hmo, Vmo {gÕ H$s{OE {H$ BgHo$ AmBJoZ_mZ 

Ho$db +1 `m –1 hmo gH$Vo h¢ & 

(I) H$mo{Q> 2 dmbo à{Vn[adVu Am¡a ghn[adVu Q>oÝgam| H$mo 

n[a^m{fV H$s{OE & 

(J) {gÕ H$s{OE {H$ `moJ Ho$ AYrZ g^r nyUmªH$m| H$m 

g_wƒ` EH$ g_yh hmoVm h¡ & 

(K) {gÕ H$s{OE {H$  f(z) = ez  EH$ {díbo{fH$ \$bZ h¡ & 
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(L>) {ZåZ{b{IV \$bZ H$m \y$[a ò ê$nm§Va kmV H$s{OE : 
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
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(M) 5 + 2e3t H$m bmßbmg ê$nm§Va àmßV H$s{OE & 

(N>) {ZåZ{b{IV OZH$ \$bZ  

g(t, x) = (1 – 2xt + t2)–1/2 = ,t)x(P n
n

0n




|t|< 1 

 H$m Cn`moJ H$a, {gÕ H$s{OE {H$ boOmÝŚ>o ~hþnX 
g§~§Y Pn (– 1) = (– 1)n H$mo g§VwîQ> H$aVo h¢ & 

(O) bmJoa ~hþnXm| Ho$ amo{S´>JoµO gyÌ 

 Ln(x) = 
n

nx

dx

d

!n

e
(xne–x) 

 H$m Cn`moJ H$a, L2(x) kmV H$s{OE &  

2. H$moB© EH$  ^mJ H$s{OE : 
(H$) (i) Amì`yh 

 


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











sincos–

cossin
M  

 Ho$ {bE H¡$bo-h¡{_ëQ>Z-à_ò  H$mo gË`m{nV 
H$s{OE & 5 

(ii) `{X A Eogm hmo {H$ A3 = A h¡, Vmo {gÕ H$s{OE 
{H$ cos( A) = I – 2 A2  h¡ & 5 

(I) Amì`yh 
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01
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 H$m {dH$U©Z H$s{OE & 10 

  
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3. H$moB© EH$  ^mJ H$s{OE :  

(H$) Ad{eîQ> {d{Y H$m Cn`moJ H$a, {gÕ H$s{OE {H$ : 10 

 
2)1x(

dx
22

0




   

(I) aoImAm| x =  2, y =  2 go ~Zo g§d¥V H§$Qy>a C na 

{ZåZ{b{IV g_mH$b H$m _mZ kmV H$s{OE : 10 

 dz
)–z(

zsin
2

C
  

4. H$moB© EH$  ^mJ H$s{OE : 

(H$) bmßbmg ê$nm§Va {d{Y H$m Cn`moJ H$a Am{X _mZ 

g_ñ`m  

 y + 2y – 8y = 0, y(0) = 1, y(0) = 8 

 H$mo hb H$s{OE & 10 

(I) YmVw H$s ßboQ> _| ñWm`r AdñWm Vmn_mZ ~§Q>Z Ho$ {bE 
bmßbmg g_rH$aU H$m ì`mnH$ hb {ZåZ{b{IV h¡ : 

T(x, y) = 
0

B(k)e–ky sin kx dk 

  \y$[a`o ê$nm§Va {d{Y H$m Cn`moJ H$a, T(x, y) Ho$ {bE 
{deof hb àmßV H$s{OE, Ohm± àma§{^H$ Vmn_mZ ~§Q>Z 
{ZåZ{b{IV Ûmam {X`m J`m h¡ : 

 T(x, 0) = 


 

AÝ`Wm,0

1x0),x–1(50
 10 

  

  
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5. H$moB© EH$  ^mJ H$s{OE : 

(H$) {ZåZ{b{IV nwZamd¥{Îm g§~§Y  
(n + 1) Pn+1(x) = (2n + 1) x Pn(x) – n Pn–1(x) 

 H$m Cn`moJ H$a, {ZåZ{b{IV g_mH$bm| Ho$ _mZ kmV 
H$s{OE : 10 

(i) 
1

1–

x Pn–1(x) Pn(x) dx, Am¡a 

(ii) 
1

1–

x Pn(x) dx 

(I) H$mo{Q> n dmbo àW_ àH$ma H$m ~ogb \$bZ {ZåZ{b{IV 

Ûmam {X`m J`m h¡ :  

Jn(x) = 
nk2

k

0k
2

x

)1kn(!k
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
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  

  {gÕ H$s{OE {H$ 

 J–1/2(x)  = 
x

xcos2


. 10 

  


