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U.G. 3rd Semester Examination - 2019 

PHYSICS 
[PROGRAMME] 

Course Code: PHYS(G)CC-03-T(A),(B)&(C) 

Full Marks : 40 Time : 21 Hours 

· The figures in the right-hand margin indicate marks. 

Candidates are required to give their answers in their 
own words as far as practicable. 

Answer all the questions from Selected Option. 

OPTION-A 

PHYS(G)CC-03-T(A) 

(Analog Systems and Applications) 

GROUP-A 

1. Answer any five of the following questions: 
2x 5=1 0 

a) Define accuracy and ··. resolution for a D/ A 
converter. 

b) 

d) 

What is the difference between differential and 
common m~de inputs for an op-amp? 

Define ripple factor and r~ctification efficiency 
of a rectifier. 

The energy gap of th~ semiconducting material 
of an LED is 1.37 eV. What is the wavelength 
of the emitted light? 
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e) 

f) 

g) 

h) 

• 

Show that, Is = ~ IB + (~ + 1) Icao . 

Whh at is a Zener diode? Draw its 1 3. 
c aracteristic. · vo t-ampere 

State the advant ages of negative feedback 

What do you underst d . . . 
transistor? Why th . an by biasmg of a 

ere is a necessity of biasing? 

GROUP-B 
2. Answer any two f . . 

o the following questions: 

~ Wh. · 5x2=I0 
/' . at ts a rectifier? Explain th 

Junction diode as h e use of a p-n 
full a alf-wave and 

-wave rectifier. a center tap 

A Draw the '·c· . 1+4 
ircmt diagram of . 

common emitter (CE) . a smgle stage 

using n-p-n transistor and t:ans1~tor amplifier 
of a CE amplifiet;. xpla_m the working 

c) What is the d" J:-c. 5 . Iu.erence bet . 
negative feedback? An am ~een positive and 

100 without feedback Th. pbfier has a gain of 

50 with negative feed.b is gain is reduced to 
fraction of th . ack. Find the feedb 

e amplifier. ack 

. • d) Wh at is an OP 3+2 
char . -AMP? Wh 

actenstics of an O . at are th 
symbol P-AMP? ff . . e 

and state ifs ap 1· . ive its circuit . 
P 1cation . 1+2+2 
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GROUP-C 

Answer any two of the following questions: 
1ox2=26 

a) 

y 

c) 

d) 
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Why and which type of feedback is necessary 

in o·scillator circuits? Explain the condition 

under which a feedback amplifier w~ks as an 
oscillator. State and explain Barkhausen 
criterion for sustained oscillations. How do 
oscillations get steady? 2+ 3+ 3+2 
Explain with the help of appropriate . ~ircuit 
diagram the working of ' 

/ i) Adder (or summing amplifier) 

A · Subtractor 

c.11lJ Integrator 
Differentiator amplifier using OP-AMP. 

iv) 
2½+2½+2½+2½ 

What is a p-n junction diode?. What are 
diffusion and drift currents for a p-n junction 
diode? Draw the energy level diagram for an 
unbiased, forward and reverse biased p-n 
junction and explain the mechanism of current 
flow under forward and reverse bias. Draw the 
full I-V characteristic for such a diode. 

1+2+5+2 

What is the use of coupling in amplifiers? 
Draw a diagram of RC coupled transistor 
amplifier. Explain its frequency response graph. 
What are its advantages? 1n the three stages of 
a multistage amplifier the voltage gains are 10, 
20 and 30 respectively. Calculate the overall 
voltage gain of the amplifier. 2+4+:Z+2 
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OPTION-B 

PHYS(G)CC-03-T(B) 

(Elements of Modern Physics) 

l. Answer any five questions: 

(.<f-~ ~ ~ ffi 111'8 ~ 

2x5=10 

a) 

b) 

c) 

d) 

Why Compton effect cannot be observed with 
visible light? 

~~'f '511<.ailc~ ~ ~ 91§c1M ~ ~ ~? 

A ~<l;rticle of mass 1 Q-6 gm has a speed of 
1 m/~ec. If the speed is uncertain by O O 1 o/c 
what 1s the minim . . · 

0

, 

f h 
. um uncertamty m the position 

o t e particle? 

~o-~ ~ ~ ~~•1~ ~ctrn ~~~/~I 
<IBT~~l5lH•l>?.IGl 0.0~% ~~"\!5Bf'51<1 j 
~ 15lH•l>?.!Gl ~? . ~ C--1~ 

What is the w 1 ave ength associated · h 
electron accelerated thr h wit the .oug 1000 volts? 
~ooo (:5lC-U ~ ~ ~ 
~? . ~I G l_tci!<f)~C--1~ \!5~'tt~(J 

Th .. 
. e mm1mum energy for a . 
m a one-dimensional b . particle entrapped 
What are th ox IS 3.2x10-1s Joule 

e next energy . . 
can have? m eV, the particle 

~~~ '111.~~~~~~~ 
. ~.~X~o-~o-~ ~~-j_--i)\!5~ ~ 
. ._-, I ~~ ~ ~ 

. ~~~~I . ,,~~~1 -11~~ ~ 'eV' 

2. 

e) Define half-life of a radioactive element and 
write down its expr~ssfon. 

C'-!llSiffisi;~ ~\!if~~~ "tt-e I~ ~ ~~ 
ec,~ I 

f) What is mass defect? How is it related to 

binding energy? 

~~, ~? <1~~•1w~ ~ ~ ~ ~? 

g) What is the source of fission energy?- explain. 

P\~Qs{l f<l<.~tlSi<.--1 ~~ ~ ~~~ ~? 

h) What do you mean by the term 'population 

inversion'? 

Answer any two questions: 

(.<f-~'ift,~ ~'11'8 ~ 

5x2=10 

a) i) What is nuclear reactor? What is its main 

purpose? 

F\~~{t~~~~?~~~~c.'1t"1Jf<ii? 

ii) Write down the fission reaction when 
U235 is bombarded by slow neutrons. 

an P\1£~-i ~ '51Ml\!5~ lJ23S~~ ~Q5{1 
Fl(.~\'Sf{.--1~ FIM-{lt\'G ~ I 

iii) Give an example of a moderator. 
(1+2)+1+1=5 

~~ ~'51<.~'Gc.~BI tt;'ft(~M "'ft6 I 



b) 

c) 

d) 

Discuss the importance of 

i) Surface energy ~d 

ii) Coulomb energy t 
of a nucleus in th enns for the stability 

e ground state. 

21. x2=5 

"~ =...G-- 2 ffi \(:j ¥1\il"INi'~ ~~ HIS@~1c,rn ~~~...,,....._-
-(1. ~~ ~ ~ '51ll'1lb~I ~ 1 • • '&<31~ 

Define metastable state. Expl . h 
spontaneous emission and . am t e tenns 
What are ff • stimulated emission 

mstem co-efficients? · 

1 +( 1 ½ + 1 ½ )+ 1 

C~lc}G.qiij w-m "VO=-t ~ \:1\,-:-t-:-t •J\Q:>I r11,o I ~o~ F{" ~~~ f.:{-~~'f ~ ~ 0 ~';:J ~~'f '{3 

~'ft,~~ ~? ~? '51l~~j,f;f~c~~ 

i) Show that operator j_ and a -ax -;- commute 
. at 

with each other. 

~ l_ '{3 a ax at"5l~1ffe-~~ 
~I 

ii) Calculate the co and r mmutator for position 
mear momentum operator. 

2½x2=5 

'51.q?J_I~ -e ~ ~~ 
<ql>JOl\;1;~ f.ffil <qi,! I . . "'19llld{;m "'li'U 

3. 

1ox2=20 
Answer any two questions: 

(<1- (.<f>IT!TT ~ ~ ~ ~ ~ 
a) i) W'!iat is Compton effect? Derive an 

expression for Compton shift and 
wavelength of scattered photon. 

~ ~ ~? ~ ~'1 '{3 ~~ 
~(.'i<t>IW-1~ '5~&WTC'4J~ ~,R~I~ f;{'fif ~ I 

ii) Find the de-Broglie wavelength -of an 
electron in the first Bohr orbit of 

hydrogen atom. 
~(.@IC$(.•Hl° ft~ ~ ~ ~(.a,<tsUOi~ 

W;-31,;ffef '5~5''ufil1 frl"~ ~ I 
iii) Define work function. (2+5)+2+1=10 

~-~~ j{~ ~ I 
b) i) State Heisenberg's uncertainty principle. 

Using this principle explain the existence 
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of finite zero point energy. 

?@:CJ\--t<Htc;fu '51H"6~'5f ~ ~ I ~ ~ 
'zero point energy'-~ ~ ~ ~ I 

ii) What do you mean by wave packet? 
Explain how a localized particle is 
represented by wave packet. 

'Wave packet'~~~?~~ 
~9f 'localized particle'-~ ~~ ~ 
~~~I 

iii) Write down the wave function of a free 
particle. (2+3)+(2+2)+1=10 

~ ~'trn ~ "l!>fe9f'ff ( wave function)-$ 

(Fl~ I 
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c) State Schrodinger's wave equation for a free 

particle in one-dimensional closed box with 
infinitely hard· walls. Show that in this box 
linear momentum and energy of an entrapped 
particle is quantized. Also derive the expression 
for wave function and probability density of 
the particle. In all case the length of box is /. 

2+2+2+2+2=10 

~ W ~ ~ ~<fS~l!Ji<tS ~ ~ ~'f@ 

~ ~~~ )j~;qs~'lffl ~ I l£1~ ~ ~ 
~ ~ ~51 16 W C<Pl~I-U~et\S I lfl~ ~QJ 

~ wave function 16 probability density Hern 
~I~ ~=/1 

d) i) Define the terms '.disintegration constant' 
and 'activity' of a radioactive substance. 
What does the unit 'curie' represent? 

ii) 

C\!5~f$~ ~ ~ ~ ~ '6 JiQ.~\!51~ 
~~~I ~' lfl~ ~ ~ -? 

Obtain the expression of radioactive 
decay law. Using this relation derive 
mean life. . · 

C\!l~~~ ~ ~ H~ ~ I ~ >!l~JC?,/J 
~~~H'rn~I 

iii) The half life of radon is 3 82 d Wh 
fl f . ays. at 
rac wn . of freshly prepared sample of 

radon will disintegrate in 10 days? 

(I+ l + l)+(2 ½+2 ½ )+2=1 O 
~ / 

. ~~~.b-~ ~I ~o ~9@~~ 
~ ~ ·1·u (.-..:J~I 

~ ~ "57~xt" M~ffl\5 ~? 

1. 

OPTION-C 

PHYS(G)CC-03-T(C) 

(Mathematical Physics-Ill) 

Answer any five questions: 
2xS=lO 

C<T-~ ~ ~ ~ ~ ~ 

a) 

. b) 

c) 

d) 

e) 

f) 

Write down De Moivre's theorem. 

De Moivre's-lfl~ ~9f~ <PM 1 

Write d~wn Euler's formula in connection with 

complex numbers. . 

~ mfirn ~~ ~ Euler~~~ ~ I 

Write down Cauchy's integral formula. 

~~~~CPMI 

Prove that f(z)=ln(z) has a branch point at z=O. 

~'f ~ ~ f(z)=ln(z} ~~ r-0 fct-'l_·l£1~ 

~~I 
State and prove the first shifting propercy of 

Laplace Transforms. 

G1Jt~ ~~~ -~~ -(1--11~~ ~ ~ ~ 
~~'f~I 

Write down the three dimensional _Fourier 

transform of a function f{r) where 

r=(x, y, z). 

~~ f (r)~~ ~-~ ,ra~1~ ffl-PIN& ~ 

~ r=(x, y, z) I 



2. 

g) 

h) 

State convolution theorem in connection with 
Fourier transforms. 

~~~I~ ~~ffl ~Qf ~ ~.:i06J1~~ 

~9f 9ft"Ufu ~ I 
Show that 

sin(x + iy) = sinxcosh y + i cos xsinhy. 

dMf6 8l sin(x+iy) = sinxcoshy+icosxsinhy I 

Answer any two questions: 

8f-~~~ffi11!'8 ~ 

5x2=10 

a) Given a complex number (vector) z, interpret 

geometrically zia, where a is real. 5 

IQ~~~ ( ~) z CYf\Sm ~ ~Jl~N><fS'8IC<1 

z/a -\£1~ ~ ~. 81"~ a \Q<fSfu ~ jf~~ I 

b) Define the Dirac delta function. Write down 
the expression for the Fourier transform of a 
function f(x). Determine the Fourier transform 

of 8(x). I +2+2 

~ 0S--Gl ~~~~~I f(x) ~~ 
>trnm.gi ~~ ~@r<fS ca,~, 8(x)-\Q~ >frn{lj.gi 
Qi"~~'rn~I 

c) Prove that :l{ea'}=_!_, s>a' where ;l 
s-a 

denotes Laplace transform. Explain change of 
scale property of Laplace Transforms. 3+2 
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3. 

d) 

~'f ~ 8l ;t{e0'}==_!_, s>a ~ f.~ 
s-a · 

~( '1Jl~ ~~I~~ ~~iiffl ~ 
~~<Ul~~I 

( ) · · · 1 in thtf region 
Expand f z == ( z _ 1 )( z _ 2) 

f (z) I C<f5 <Yf'6m ~~~ M'!Blffi\!J ~ 
(z-l){z-2) 

i) lzl<l 

ii) l<lzl<2 

Answer any two questions: 

2½+2½ 

1ox2=20 

(.<T-~ iiTT' ~ ffl ~ g 

i) Prove that a necessary condition for 
a) ( ) . ( ) to be 

W == f ( z) :: U X,.S + lV X, y 
analytic in a region is that the Cauchy-

. au av au - - av 
Riemann equations ax == oy' ay - ax 

5 

~I 



ii) 

b) i) 

ii) 
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Using residue theorem show that 

5 
2,r f cos3e tr 

0 5-4cos0 =u· 
Gqf}!N,~ (Resi~ue) ~9f9fflU ~ ~ ~ 

2,r 

8i f cos3e !!._ 1 

0 5-4cose 12 

Use finite Fourier transforms to solve 

au a2u 
at= ax2 , U(O, t)=O, U(4, t)=O, 

U ( x, 0) = 2x where O < x < 4, t > o. 5 

~~~ ~rn{ll~ ~~ ~ ~ 
au a2u 
a:-= ax2 , U(O, t) = 0, U(4, t) = o, 

U(x, 0)= 2x. 8T~ 0<x<4, t>O I 

Find the Fourier transform of 

{ 
I for lxl < 1 

and O for lxl > 1 Hence evaluate 

f 
.. sin x 
- dx . 

o X . • 2½+2½ 

{ 
1 for Jxl < I 

and O for lxl>I~~~~~~'rn 

~, ~o Joo sinx 
• . ~..., ~ I\ -dx ~~ ~ 

o X -~-u ,~..., ~ I 

c) i) Determine the residues of each 
at the indicated poles. 

Plc~m ~ (pole) ~ 'fJft 

'61<1~~ (Residue)~~ <P.fl 

A) 
2 

z 2, • . 
2 

at z = r,.-1 
(z- 2) z +1 

B) 
1 

at z = 0, -2 
z(z+ 2)3 

ii) Given a function f(x), assume that the 
Taylor series for f(x), 

f(x) =a
0 
+~~ (x -a)+a2 (x-a)

2 +~(x-a)3 

+ ... +an (x-a)° + ... 

Calculate f(a), f'(a), f"(a), ... , f0 (a)' 

where f° ( x) is the n:..th derivative of f(x) 

at x. Write the Taylor series of f(x) about 

x=a. Hence define an analytic function 

in terms . of expansion in Taylor series. 
2+2+2 

~~ f(x)~~ ~ ~ : 

f(x) =a
0 
+a

1 
(x-a)+a2 (x-a)2 +~(x-a)3 

+ ... +an (x-ar + ... 



r 
t 
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fta}. f'(u). f"'(n) . .... f" (n) ~~ ~~ I x 

~ flx )~~ n-~ ~~ ~~~ fn ( ~) f X 8 

~ 'Ut~N flx) ~ ~~,, C'i~I ~ 
~~~ ~~It~ >t1t~N -!!~ ~~ ~~ 

~lfi€1 

d) i) Us~ Luplar~ Trnnsfom1 method to solve 

a=x _.., d1: 4-_x=e' with x=2 dx =-I at 
d1-: - dr ' dt 

t=O. 

dx 
~~ r-0 ~ x=2, -.=-11 

dt 

ii) ;\n inducior of 2 heruys, a resistor of 16 

ohms and a capacitor of 0.02 farads are 

connected in series with an emf of E 

volts. At t=O the charge on the capacitor 

and current in the circuit are zero. Find 

the charge and current at any t>O if 

E=300 volts. 5+5 

2 ~ ~ ~"Ff=, 16 '<3~c-T1 @t~ ~<f, 
0.Q2 <f31?11Cl5?1 ~ ~TWf-, E [\SfC~ ~~ 

~~~ ~ ~ ~91 ~fGJ ~ ~I 

t=O ~ ~ ~<fR ~~~ ~ ~<ff~~~ 

"fU t lfN E=300 Cet.'{; l.11 ~ ~ 
t>O ~t1R ul~ ~<tt~IJII f.1(1 WI 

----, E \.----, 

2H 

16 ohms 

.028 


