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PHYSICS
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Course Code : PHY S(G)CC-OS-T(A),(B)&(C)
Full Mar_ks : 40 .Time : 2% Hours

The Jfigures 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:
2x5=10
a) Define accuracy and resolution for a D/A

converter.

b)  What is the diffgrenée between differential and
common mode inputs for an op-amp?

¢) Define ripplé factor and rectification efficiency
of a rectifier.

d)  The energy gap of the semiconducting material
of an LED is 1.37 eV. What is the wavelength
of the emitted light?
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Show that, I =B, +(B+1)I,, .

What is a Zener diode? Draw its volt-ampere
characteristic.

State the advantages of negative feedback.

What do you understand by biasing of a
transistor? Why there is a necessity of biasing?

GROUP-B

Answer any two of the following questions:

5x2=10
What is a rectifier? Explain the use of a p-n

Junction diode as a half-wave and a center tap
full-wave rectifier. 1+4

Draw the circuit diagram of a single stage
common emitter (CE) transistor amplifier
using 7-p-n transistor and explain the working
of a CE amplifier. 5

What is the difference between positive and
negative feedback? An amplifier has a gain of
100 without feedback. This gain is reduced to
50 with negative feedback. Find the feedback
fraction of the amplifier. 342

What is an OP-AMP? What are the
characteristics of an OP-AMP? Give its circuit
symbol and state its application. 14242
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GROUP-C

3. Answer any two of the following questions:
: G 10x2=20
a)  Why and which type of feedback is necessary
in oscillator circuits? Explain the condition
under which a feedback amplifier works as an
oscillator. State and explain Barkhausen
criterion for sustained oscillations, How do
oscillations get steady? 2+3+3+2
b) Explain. with the help of appropriate circuit
diagram the working of ;
1)  Adder (or summing amplifier)
ii)  Subtractor
iii) Integrator x
iv) Differentiator amplifier using OP-AMP.
24424424424

pe- ¢) 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.
' 142+5+2

d) 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? In 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+2+42
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OPTION-B
PHYS(G)CC-03-T(B)
(Elements of Modern Physics)
1. Answer any five questions: : 2x5=10
@@ ol @nyw T we ¢
a)  Why Compton effect cannot be observed with
visible light?
TN BCEAICS T>{5w1 Fa1 “AfReifes 27 1 oot 2

b) A particle of mass 10° gm has a speed of
1 m/sec. If the speed is uncertain by 0.01%,
what is the minimum uncertainty in the position
of the particle?

307 9N SN GIfb IFHIT TS S fibR/ s |
nﬁmmwﬁmoos%mmmm
TS T3Sl T2

¢) What is the wavelength associated with the
electron accelerated through 1000 volts?

000 (B K& 7Rl TS G g
Fo?

d) The minimum energy for a particle cntrapped
in a one-dimensional box is 3.2x10"® Joule.

What are the next energy in eV, the particle
can have?

(O.RX307 TR | IEPAHA 7S WfeT AW eV’
- P G |
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‘e) Define half-life of a radioactive element and
write down its expression.

w@ﬂwwﬁvﬂwm@zmﬁmwﬁ
(GEN

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

‘s B e Ake 39 7 &

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

e e Rsfe =fex St R
h) What do you mean by the term 'population
inversion'? :
‘ﬁwiﬁ@w’— o7 wid ofl & @ie
2. Answer any two questions: 5%2=10

@I S deya Tew e

a) i) What is nuclear reactor? What is its main
purpose?
fSfrn pfer <etes & mie uﬂwﬁ@‘m%?

ii) Write down the fission reaction when
U5 is bombarded by slow neutrons.

& eEw T wEede U2s-«a3 [efE
RaneEe [RiEh @

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

G TCIRGER TRz wie |
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b)

o
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Discuss the importance of
i)  Surface energy and

ii) Coulomb energy terms for the stability
of a nucleus in the ground state.

21x2=5

“sppifie ¢ Ferifen ewe MeRRITR ghmEs
AT CHCG FOO! AN F91

Define metastable state. Explain the terms
spontaneous emission and stimulated emission.
What are Einstein co-efficients?

1+(11+11)+1

CBITHIE BEF @ W8 | Forgs A 8
Twifre MeTad qece F @R WIZTH1RET
adpala &Fe

i)  Show that operator i and 2 commute

ox ot
with each other.
g2 '
GPM3§;13gguﬁmﬁmﬁﬁﬁmwﬁmﬁawﬁ

IE

ii) Calculate the commutator for position
and linear momentum operator.

24x2=5

I 8 (AT SIERIF FAIOE N
FYEea e 741
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ii)

e i g e e Wit =

e v s e e A SRR oy ] e e

3.  Answer any two quéstions;: - 10%2=20
- g6 zlr.ﬁa Tex We 2

What is Compton effect? Derive an

~ expression for Compton shift and

wavelength of scattered photon.

o Bt Ree o S 6 RERS
~ Find the de-Broglie wavelength of an

electron in the first Bohr orbit of

- Rezoffe wemond fefa 31 :
Define work function.  (2+5)+2+1=10
| RS S WS | _
State Hemenberg's uncertainty principle.
 Using this principle explain the existence
- of finite zero point energy. :
| ZRpERe STl s ¢ 3R wE

‘zero point energy’-3 ST I I |

‘What do you mean by wave packet?

Explain how a localized particle is

represented by wave packet.
‘Wave packet’ J#e & @RI? 39 @t

- RF=meA “localized particle-@ Woime i
R A

Write down the wave function of a free
particle. (243)+(2+2)+1=10

TG IFHE O AT (wave function)®
T4
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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+242=10

SN W Al Je GIEfET A SIE

CFGa CEIEs S FNFT T4 | 4R Cea orite
7 (ART S @ *ife PrRroiReS | @3B i
2%fba wave function @ probability densxty ﬁ‘fﬂ
39| I wh=11 .

i)  Define the terms 'disintegration constant

and ‘activity' of a radioactive substance.
What does the unit ‘curie' represent?

(TGN (MR CFeq A6 99 8 SfFme
e e | FA 93B [ @R

ii) Obtain the expression of radioactive
decay law. Using this relatlon derive
mean life.

c@w@awmﬁ‘fam|mm
T 9e wRE e T 57

iii) The half life of radon is 3.82 days. What
fraction of freshly prepared sample of
radon will disintegrate in 10 days?

(1+1+1)+21+24)+2=10
TR O 0.0 [ | Yo i o7 3w todt
(RCI (PIA! AT Fo o Rwfoe a2
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_ OPTION-C
PHYS(G)CC-03-T(C)
“(Mathematical Physics-IIT)

1. Answer any five questions: 2x5=10
-G stiofb erga Tea whe ¢

Write down De Moivre's theorem.
De Moim s-a7 ool @ |

Write down Euler's formula in connection with
complex numbers. .

wfte i R 7=RFS Euler-a7 7@ @ |
Write down Cauchy's integral formula. '
3fba Pt @l @

Prove that f(z)=In(z) has a branch point at z=0.

_mwmﬁzkuz)wﬁoﬁq@ﬁ

=1t &9 | £
State and prove the ﬁrst shifting property of

- Laplace Transforms.

- e FelEAeRiE e e welR 3 fiw
- i e T

Write down the three dimensional Fourier
transform of a function f(¥) where

r=(x,y, 2)- ’

et £(7)-am fafee gRaw weeat e

@A ?=(x3 Yy, 2) |
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g2)

h)

State convolution theorem in connection with
Fourier transforms.

FiaE weirewefl A TS SISO
Tl =141

Show that

sin(x +iy) =sin xcosh y +icosxsinh y .

Grle @ sin(x+iy) =sinxcosh y+icosxsinhy |

Answer any two questions: 5x2=10

- S 0ya TeE e 3

a)

o
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Given a complex number (vector) z, interpret
geometrically ze'”, where o isreal, *: 35
<t wet 7 (939) 2 Crel TACE, SIffeFela
26'% -4 Y I, @AV o a3 AT A |

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). 1+2+42

AR (OB SRR W@ Me | f(x) SARPS

A TS IgF @ 5(x)-a7 ghRAE
oAl e 41

1

Prove that ;f,{e“’}= , s>a, where .

s—a ,
denotes Laplace transform. Explain change of
scale property of Laplace Transforms. 3+2
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S e p— Wm TolETORE Can
'ﬁﬁmmw -

d) Expan f(z)—(z—'_l—)(;—ﬁ mthémglon

f(z )*m ﬁmwﬁmﬁsw

re Jz]<1
= i) 1<|z[<2 24424
- Answer any two questions: 10x2=2¢
- G-I 9f6 @eym Ter e o

a) 1) Prove that a necessary condition for
w=f(z)= =u(x,p)+iv(x, ¥) to  be
analyuc i1l @ region is that the Cauchy- .
v

du _9v du
= e “’".m"'s CRE
be sausﬁed in the region. - iad

Y W e @me SR

- w=f(z)= u(x, y)+w(x y) Ry
Q6T BT AT AT 2 -

[ u_ o . o
—__ay,’ e R wreereT oy
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ii) Using residue theorem show that

]-" cos 30 _T 5
0 d—4cos0 12

- @fFfee (Residue) evm I I W28

C’JI cos 30 1
5-4cos@

b) i) Use finite Fourier transforms to solve

2 : :
%—?—‘3({. U(0.0=0, U41)=0,

U(x, 0)=2x where O0<x<4,t>0. 5

TIICR &) F50 TR meites 927 39
2 5 .
%?a%x—?, U(0.6)=0, U(4,+)=0,

U(x,0)=2x @A 0<x<4, t>0 | ‘
ii) Find the Fourier transform of
{ 1 for |x|<1

. Hence evaluate
and 0 for [x|>1 :

]"——dx.' 24421

{ e

and 0 for [x|>1

sin x

91 J@AR I———dx-u‘l?lij?mWWI
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Determine the residues of each function
at the indicated poles. 2+2
faufRre GRFTS (pole) efef wwerwtea

mﬁm« (Residue) izt 3411
2
A) (;.2)_(;‘--#_1)0‘2 =2-F —~
0,-2
- z(z+2) s

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

f(x)=§°+a, (X—a)+az (x—a)z -.|-a3 (x—a)3 _

+..+a, (x—-a) +...

Calculate f(a), f’(a), £”(a),.... f"(a),

 where £ (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

| Gmﬁﬁﬁiﬂx}dﬂid%ﬁfafﬁ%

£(x) =8+, (x—a) +a, (x—-a) + % (x—a) _

+..+a, (x—a) +...
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d)
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f(a), f'(a), £”(a),..., f"(a) AT F21 x

RS f(x)~q7 n-ox wree 231 £ (x) 1x=a
R SeoeF f(x) o @B @= Gorr

I R sAiesiee = AR sietwe
R 7S |

Use Laplace Transform method to solve
d’x _ix dx
———2—-+ S A e

a o x=e' with x=2, s 1 at
t=0. : : :
WA TAGI owfe TR P
d’x _dx

T R LT AT T 37,
dr? dt -

-C‘WTC;{ t=0 T x=2, -—=—1 v

dr®

An inductor of 2 henrys, a resistor of 16
ohms and a capacitor of 0.02 farads are
connected in series with an emf of E

~volts. At t=0 the charge on the capacitor

and current in the circuit are zero. Find
the charge and current at any t>0 if
E=300 volts. 5+5

2 @ @3 S, 16 ST @Y @33
0.02 FANCT @ 47T, E (63 a3
OS5I I M T FFRIE I& IEE|
t=0 I LA WY G T6A1F 2=l
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