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Part-A: 1-Mark Questions
The six faces of a cube are painted violet, blue, red, green, yellow and orange. If the cube
is rolled 4 times, what is the probability that the green face appears exactly 3 times?
3 5 5 15
(a) Y (b) 124 (©) 324 (d) 327
Ans: (¢)

Solution.:

Probability of occurrence of green face = % =p

Probability of not occurrence of green face = % =1-p=¢

Cube is rolled 4 times, then the probability that the green face appears exactly 3 times is

_ne e M 40 T B 3 Y (5
=repar=epe” = {e) (2)=45) [7)

Let ABCDEF be a regular hexagon. The vector AB+ AC + AD + AE + AF will be
(a) 0 (b) AD (c) 2AD (d) 3AD
Ans: (d)

Solution.:

=(A—C+C$)+(ﬁ++ﬁ)+ﬁ=ﬁ+ﬁ+ﬁ=3ﬁ

-+ AF =CD and ED = AB

What value the following infinite series will converge to?
0 n2
ey

7’ 1

(a) s (b) >

Ans: (d)

Solution:

4 9 16 25 4 9 16 25
+—4+—+—+—+... and 2S=1+—+—4+—+—+
4 8 16 32 2 4 8 16

5=+
2
57 9 1 1

Subtracting these two will give; S =1 +§+—+—+—+—+
2 4 8 16 32
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2S—2=3+=3+§+1+2+£+
2 4 8 16
Thus

2S—2—S=3+=2+2+£+g+£+...
2 4 81 6

=S5S-2=4 =S5=6
1 0 0 1
0O -2 0 O
0 -3 0
1 0 0 4

Consider the matrix A=

What is the determinant of the matrix exp(A)?

(a) 1 (b) exp(24) (c) 24

Ans: (a)

Solution.: dete® =e™™** =g’ =1 - TraceA=1-2-3+4=0

Part-B: 3-Mark Questions

Consider the infinite series

o

Which one of the following represents this series?

(a) (1+ X)ln(l_x) (b) exp [sin2 X —(cos X —1)2}

1+X)

(c) exp(xe*) (d) (1-x)™
Ans: (d)

Solution.:

Let

=Inz= ln(l - X)fln(m) =

H.No. 40-D, G.F,, Jia Sarai, Near IIT, Hauz Khas, New Delhi-16
UPhone: 011-26865455/+91-9871145498, [/ Website: www.physicsbyfiziks.com, Email: fiziks.physics@gmail.com




JEST Physics-2021 . - -
Solution- Mathematical Methods PhySICS by le lkS
Learn Physics in Right Way

Part-C: 2-Mark Numerical Questions

Consider a real tensor T, withi, j,k =1,....,5. It has the following properties:
Tijk =Tjik =Tikj9 z ik — =0

What is the number of independent real components of this tensor?
Ans: 0030

Solution:

Number of independent real components of this tensor=n(n+1)=5x6=30

Q7.  Evaluate the integral to the nearest integer
» dt
I =100] T[exp(—t)—e>q>(—10t)]

Ans: 0230

Solution.:

LE{exp(—t)—exp(—lOt)}} = T($— §+110jd§

1 s+1/[° 1+1/5 [ s+1 s+10
= L|—Jexp(—t)—exp(—-10t)} |=1n =In =0-In =In
[t{ p( ) p( )}} S+10, 1+10/5|, s+10 S+1

s+10
s+1

1 oo1 -10t) o7
'.'L{I{exp(—t) exp(—10t)} }z!; et-e 10‘) fdt %

NowputS=0,j% T -Odt—1n10:>|—100j T e )dt=1001n10=230.3
0

H.No. 40-D, G.F.,, Jia Sarai, Near IIT, Hauz Khas, New Delhi-16
LPhone: 011-26865455/+91-9871145498, [/ Website: www.physicsbyfiziks.com, Email: fiziks.physics@gmail.com




fiziks
LIxIK2

Q6.

JEST Physics-2021
Solution-Classical M echanics

Physics by fiziks
Learn Physics in Right Way
Part-A: 1-Mark Questions

A spaceship moves away from Earth with arelativistic speed v and fires a shuttle craft in
the forward direction at a speed v relative to the spaceship. The pilot of the shuttle craft
launches a probe in the forward direction at a speed v relative to the Earth? What will be
the speed of the probe relative to the Earth?

(@ 3v (b)

© 3+Vv3/c? v
1+3v%/c?
Ans: (c)

Solution:
S — gpaceship; E — Earth; C — shuttle craft; P — Probe

Vg =V; Vg =V; Voo =V; Upg =72

VCS VES -

VgV,
YcsVEs
1- 2

A particle of mass m is subject to the potential V (X, y,t) = K (x* + y*), where (x,y) are

the cartesian coordinates of the particle and K is a constant. Which one of the following
quantities is a constant of motion?

(@ yx+xy (b) yx—xy () y+x (d) yy+xx

Ans:. (b)
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Solution:
1
wL==m(x+ ¥ ) k(X +y?
SM0¢+37)-k(x+y?)
If we choose polar coordinatesx=r cosf@; y=rsing
:>L=1m(r'2+r26'?2)—kr2
2

As % =0, so 0 isthe cyclic coordinate

g(%j:dﬁzo
dt\ oo dt

Conjugate momentum p, = % = mr 26 = constant

p, =T x m(ré) =Fxmv, = p,=FxnV,=L,.So, angular momentum L, isconserved.

Xy 2
L=Fxp=mx y 0=LC=m(xy-yx)2 =L, =m(xy—yx) = constant
X y O
A particle of mass m having a non-zero angular momentum of magnitude | is subject to

a central force potential V (F)=KklIn(r), where k is a constant and r =|F|. What is the

radius R at which it will have a circular orbit? Will the circular orbit be stable or
unstable?

(@ R= | , unstable orbit (b) R= , Stable orbit

(c) R= unstable orbit (d) R= , Stable orbit

I
ﬁ’
Ans: (d)
Solution:

ov . Kk |2

F=-——"F=——7 (Attractive);  V,, =
r

or 2mr?

) ) \
For circular orbit aae” =0 =
r

Ny k3N, Kk 3 mk®  3mk?

+ =— + -+
or? r2omet oo | 1P/mk mlt/mPk? 12 12
—'o

2
a;V‘Z” +2|L2k >0 (Minima). So, circular orbit will stable.
r
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Q19. A solid sphere and a solid cylinder, both of uniform mass density, start rolling down

without slipping from rest from the same height along an inclined plane (see figure).

Which one of the following statements

Cylinder

IS correct? Sphere

@ The sphere would reach the
bottom faster.
The cylinder would reach the
bottom faster.
(c) The heavier one would reach
the bottom faster if both have identical radii.
(d) Both the objects would reach the bottom at the same time if their radii are
identical.
Ans. (a)
Solution:

1 |2h I
t=—= |2V /B p=1+
sné\ ¢ VB: B MR?

éMR2 7 ;MR2 3
Ps =1+ MR :§=1'4 and f. =1+ MRE :5:1.5 = fs<f. =1t <t

So, the time taken by the sphere will be lesser to reach the bottom.
If X, and X; are the position vectors of two points on a rigid body, which one of the

following is NOT necessarily true?
(@) X, —%, =0

(©) ()_(A_)_{B)'("

Ans: (@)

Solution:

For arigid body [%,—%;|=¢,

d. o
(&) %~ %[=0

(a) Acceleration of point A and point B is not necessarily |

equal.
For example rotation of asolid rod about afixed axis.
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Here X, # X; because point A is at rest
while B is rotating about the axis.

(B) Rag = Xy~ %5 Dpp = %p— %
Component of relative velocity along the
direction of X,; will aways be zero in

case of rigid

(¢) In the above example, one can

observe

that it is not necessary that o, = 0 ; but

component of relative velocity

Part-B: 3-Mark Questions
Q2. A hollow sphere of radiusR, with a small hole at the bottom, is
completely filled with a liquid of uniform density (see figure). The
liquid drains out of the sphere through the hole at an uniform rate in

timeT . Which one of the following graphs (a b, ¢, d) qualitatively

represents the height h of the center of mass (of sphere + liquid

inside it), measured from the bottom of the sphere with time?

T
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Ans: (d)
Solution: Water isdraining at a constant rate.
Here CM of sphere coincides with CM of water at O at timet =0.

n
»

Here CM of the system (A) will be just below the centre of sphere, at t=T/2.

A

t=T/2
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Here CM of the system (B) go down upto a particular time and after that it will start

moving up.

|

Attimet =T , when sphere will be completely empty, the CM of the system will be at the

[
>

centre of the sphere (O).

A

In the light of four above cases, option (d) is correct.
Which one of the following sets correctly represents the Hamilton’'s equations of motion

obtained from the Lagrangian L = % mxy—% Mo’ Xy

@ mi=2p,, p, =-Zmo’y, my=2p,, p, = mo’x

(©) mk=p,, p,=-M’X, My=p,, p,=-Mw’y

(@) mx=p,, p=—Ma’y, My=p,, p, =-Mo°X
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Ans. (a)
Solution:

oL 1 2p,
px a =_n1y rny 2px:>y_
X m

o 1 2p,
=—=—MX=NMX= ZpV:X_T

oy

" 2

2p,p, 2p,P, | _4P.P, }ﬁl‘pypr

H=xp, +yp, —L= L=
P YPy m m m Z

2ppy, 1

=H-= +=ma’Xxy

mx=2p,

Part-C: 2-Mark Numerical Questions
No Question
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Part-A: 1-Mark Questions
No Question
Part-B: 3-Mark Questions
Consider a sphere of radius R contaning a charge with volume
density p(r) =4z e, alr. The charge is zero outside the sphere. The electromagnetic

potentials (¢ and A) inside the sphere may be written in many ways. Which of the
following values of ¢ and A inside the sphere describe the situation correctly?
(@ ¢=0, A=2ratf (b) ¢ =2zar, A=0
(c) =0, A=—zatf (d) p=7war,A=0
Ans.: (a)
Solution.:
(ﬁEdé:% — ‘E‘x47rr2 :i(j(ém So ajx47rr2er
s &y €\ 0 r

2

. 1 r > h
=|E|x4zr? = “xAmegaxdr— = E=2raf GausNian surface
&y

Let us verify the given option (8) ¢ =0, A= -2z atf,

A o(-2ratf)

-.-é:_w_%:,éz_vo_ S E-2raf

Consider a spherical shell of radius R having a uniform
surface charge density o . Suppose we construct a spherical
Gaussian surface having the same radius R but its centre
shifted from the charged sphere by a distance R (see the

figure). What is the total electric flux SﬁE-dA through the

Gaussian surface?

@o0 (b) zR’o Surface  Gaussian
(© 27R (d) 4R Cirgeo)| surface
Ans.: (b)

Solution.:

Area of the shell under Gaussian Surfaceis
60° 27

A= { ! R2singdodg = R [-cosd]”” x2x

= A= RZ[—COS6OO+0030°]X27T = R{—%+1}<2ﬂ

= A=7R?

H.No. 40-D, G.F., Jia Sarai, Near IIT, Hauz Khas, New Delhi-16
[JPhone: 011-26865455/+91-9871145498, | Website: www.physicsbyfiziks.com, Email: fiziks.physics@gmail.com




Ifiziks JEST Physics-2021 - -
tisiK2 Solution- Electromagnetic Theory Physics by fiziks
Learn Physics in Right Way

':(JSE.dé;% Egﬁﬁ.déz oxR?
S S

&g &o

2
There is some correction in given options. So option (b) should be orR

o
Part-C: 2-Mark Numerical Questions
A circular ring of radius R with total charge Q,,, has uniform linear charge density. It
rotates about an axis passing through its centre and perpendicular to its plane with a
constant angular speedw . The magnetic field at the centre is found to be B, . Another thin

circular disk of the same radius R has a constant surface charge density with a total
chargeQ,4 - This disk too rotates about the same axis as the ring with the same constant

angular speed w . The magnetic field at the centre in this case is found to be10°B,. What
isthevalue of Q. / Qyg ?

Ans.: 2000

Solution.:

For circular ring, at centre

Bozﬂ_olzﬂx QringXRa) =lu0 ringa)
2R 2R | 2zR 47R

o :lv:/lRa):thw

2r
For circular disk, at centre
B udl _ Mo A9 _ pty o X 27rdr _ cou,dr
2r  2rdt 2r 277 2
(4]

—~B= oOuR _ Qdist; ouoR _ pQys @ _ 10°B,
2 7R® 2 27R

= M =107 Ho'<ring® — Qring
27R 4zR Qus

Assume the earth to be an uniform sphere of radius 6400 km and having a uniform

electric permittivity of 8.85x10** Farad/m. What would be the self capacitance (in

micro-Farads) of the earth? Round off your answer to the nearest integer.

Ans.: 712

Solution.:

3

Q.9 _4pR=c= 00

v Q 9x10
4re,R

= 2x10% = 2000

C ~ T12uF
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Part-A: 1-Mark Questions
A particle with energy E is in a bound state of the one-dimensional

2 2
HamiltonianH = —2—% +V (). The expectation value of the momentum ( p)
m dx

(a) isaways zero

(b) depends on the degeneracy of the eigenstate

(c) iszeroif and only if the potential symmetric V (-x) =V (x)

(d) depends on the energy E of the eigenstate

Ans. ()

Solution:

The particle in bound state is moving back and forth, and so its average momentum for
any quantum stateis zero if y isreal.

If L isthe angular momentum operator in quantum mechanics, the value of Lx L will be
@0 (b) inL (© |E| (d) AL

Ans.  (b)

Solution:

CxC= (L4 + L, ]+ Lk)x (L + L, ]+ LK)

=(LyL,—LLy )T +(LL - LL,) f+(LL, - LL )k

[ LT+ L LT+ Lo, Kk =inLf +inL f+inlk =in(Li+L,]+Lk) =inl
The smallest dimension of the Hilbert space in which we can find operators X, p that
satisfy [X, p]=in is

@1 (b) 3 (c)4 (d) o

Ans.  (d)

Solution:

The commutation relation [x, p]=i7 cannot be satisfied if the dimension of Hilbert space
isfinite. In finite Hilbert space X and p can be written as finite matrix term. But for any

operator A and B having finite matrix element

trace([A, é}) =0

trace(Aé) = trace( éA)

Therefore, it can't be constant.
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Q18. Positronium is a short lived bound state of an electron and a positron. The energy

difference between the first excited state and ground state of positronium is expected to

be around

(a) four times that of the Hydrogen atom

(b) twice that of the Hydrogen atom

(c) half that of the Hydrogen atom

(d) the same as that of the Hydrogen atom

Ans.  (c)

Solution:

For Positronium: E, = _21:2'6(ev) = —%(ev)

—-E_ = —%+% =-17+6.8 = AE,=5.1eV

For H-atom: E, = —1:;6(ev)

AE_ =E

p n=2

13.6 13.6

AE, =E,,~E,, === +7>=102eV = AE, =102eV

Thus |AE = AE,
2

A one-dimensional box contains three identical particles in the ground state of the

system. Find the ratio of total energies of these particles if they were spi n-% fermions, to

that if they were bosons.

(81 O OF

Ans. (c)
Solution:

1 .
In case of spin- 5 fermions;

E- =2E +E, =2E +4E =6E
In case of Bosons, E; =3E;

ThusE=6—E1=2

E, 3E
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Q23. A quantum particle is moving in one dimension between rigid walls at x=-L and
x =L, under the influence of a potential (see figure). The potential has the uniform value
V, between -a<x<a, and is O otherwise. Which one of the following graphs
qualitatively represent the ground state wavefunction of this system? (Y ou can assume

that a< L, V,> z°/8mL*).

A

Ans.  (d)
Solution:
The ground state of wave function including first order correction is

v (X)=6, () +vi(x)  where g )=\/%cos(%xj and y (x) = 3 el A1)

= EY-EY

SinceE?) > E, thus y, () isnegative.

The ground state wave function will have cusp at the centre. The correct answer is (d)
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+L -L
Part-B: 3-Mark Questions

Consider the normalized wave function y =ay,+by, for a one-dimensiona simple
harmonic oscillator at some time, where y, and y, are the normalized ground state and
the first excited state respectively, and a, b are real numbers. For what values of a
andb , the magnitude of expectation value of x , i.e. |(X)|, is maximum?

(8 a=-b=1/2 (b) a=b=1/2

(c) a=1Lb=0 (d)a=0,b=1

Ans.  (b)
Solution:

[w)=2lwo)+blys)=2|0)+b|L)
(plw)=1= [af +]o =1= & +b? =1
Now (%)= (y ||y ) =2’ (0|% 0) + b? (1/%1) + ab(0|% 1)+ ba(1] 0)

Since (0]}0)=(1X1)=0 = (%) =ab(0[%1)+ab(1/%/0)

where (01) = \/% ((ofa+a"[1))- \/% ((olalz)+{oa"|1) ]

since <O|a|1> =1 and <0 at 1> =0

similarly (150)= "
. (X)=2ab /L = 2a/1-a’ {i whb=+J1-a°
2mw 2mw

~ 2 2
I NN . (2a)=0=2"2"& o

oa 2V1-a? V1-a?
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Since b=+y1-a°> =

0" (x)

5 <0=a=-b=

_3(x) 1 -
For maxima, —>-<0=a=b=—; Forminima
oa 2 oa

Thus correct answer is (b)
Consider a 4-dimensional vector space V that is a direct product of two 2-dimensional

vector spaces V, andV, . A linear transformation H actingon V is specified by the direct
product of linear transformations H, and H, acting on V, andV,, respectively. In a

particular basis,

3 0 21
H, = , H,=
0 2 11

What is the lowest eigenvalue of H ?
3 1
@1 (b 3 (d) 5(3_J§)

Ans: (c)
Solution:
V=VxV,; HV=HV,xH),

30 2 1
H, = and H, =

0 2 11
Eigenvaluesof H, =3,2;

Eigenvaluesof H,; [H,-41]=0= SR
J 2 b - 1 1-4]

=(2-4)(1-2)-1=0=>4°-31+1=0=> 4= 3:/9-4 345
2 2

3++/5 :ﬁ

and
2 % 2

- //{1:
3-5

The smallest eigenvaluesis 4 =

A particle is in the nth energy eigenstate of an infinite one-dimensional potential well
between x=0 and x=L. Let P be the probability of finding the particle between x=0
and x=1/3. Inthelimit n— o, thevalueof P is

(@) 1/9 (b) 2/3 (©1/3 (d) 1//3

Ans.  (c)

H.No. 40-D, G.F,, Jia Sarai, Near IIT, Hauz Khas, New Delhi-16
UPhone: 011-26865455/+91-9871145498, [/ Website: www.physicsbyfiziks.com, Email: fiziks.physics@gmail.com




Fizik JEST Physics-2021 - .
E y Physics by fiziks

Solution- Quantum M echanics
Learn Physics in Right Way

Solution:

5_ 2nr

when n—- o=

Part-C: 2-Mark Numerical Questions
The uncertainty Ax in the position of a particle with mass m in the ground state of a
harmonic oscillator is27/mc. What is the energy (in units of 107*mc?) required to excite
the system to the first excited state?
Ans. 1250
Solution:

AE =#iow; Now Ax:ﬁ
mc

Since

AU <X2>_<X>2 :\/@ Z\/%(Znﬂ) :\/%
Thus L:ﬁ3L=%
V2mew mc  2mw  m'c

2
= ha)=lmc2 _ M 10x10*
8 8

. AE=heo= @(10-4 mcz) = 1250(10-4 mcz)
8
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Part-A: 1-Mark Questions

Anideal gas at temperature T is composed of particles of massm, with the x-component

of velocityv, . The average value of |v,| is

@o (b) /3kT/m (©) \JKsT/27zm (d) 2k T/7zm
Ans.  (d)
Solution.:

2f|u/P(u,)
(u)y=————=

[P(u)

—00

2

U2l
dNux _ m e_ZKBT dux
N 27IKBT

mu.

12 my 1/2
=2 m I|Ux|e KTy, = 2 m 12KgT 2K, T
27K T | % 27K T | 2 m m

Consider a system consisting of three non-degenerate energy levels, with energies 0, €
and2 <. In the limit of infinite temperatureT — oo, the probability of finding a particlein
the ground state is

@0 (b) 1/2 (c)1/3 (d)1

Ans.  (c)

Solution.:

Z=1+e” +g%*

X
P(e=0)-——— 1

£ —2¢

1+e KT +ekT

__ 1 1
1+1+1 3

The free energy density of a gas a a constant temperature is given

Inthelimit of T — 0 ; P(£=0)

by f (p)=CplIn(p/p,), where p representsthe density of the gas, while C and p, are
positive constants. The pressure of the systemis

@ Cp (b) Cp*/ p, (©) Cp,In(p/ py,) (d) Colin(p! py)
Ans.. (a)
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Solution.:

f(p)=CplIn(p/p,), p indensity of gas C and p, are positive constants.

dF =—SdT - PdV ; At fix T, P:—(fj
EY;

F=Vf(p)=VCpIn(p/p,) =CM In(M /V p,)
pz_(a_':j —_CM ﬂﬂ{_%} =CM /V =Cp
oV ); M p,
Part-B: 3-Mark Questions

M grams of water at temperature T, is adiabatically mixed with an equal mass of water
at temperature T, keeping the pressure constant. Find the change in entropy of the
system (specific heat of water isC,).

=l O (T+T)
(8 AS=MC,In 1—M (b) AS=MC, In 1+w

a'b 4TaTb

(c) AS= MCHn{Hﬂ] (d) AS:MCpIn T.+T, }

4T T,

a

(4T,T)"”
Ans.: (c)
Solution.:

MT,oMT, LaT,>T,
MC,(T,-T,)=MC,(T,-T,) =T, =

T
AS =MC, "{T_fj =MC, nleth

a a

2
T +T)/2
AS:ASl+A82:MCp|n{("‘J_FI_—b)}_

=MCpIn{

2
AS= MCpln{1+—(Ta_Tb) }

ATT +T2+T2-2T.T,
41T,

4T.T,
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A large box, of volume V is fitted with a vertical glass tube of

cross-sectional area A, in which a metal ball of mass m fits

exactly. The box contains an ideal gas at a pressure dightly

higher than atmospheric pressure P because of the weight of the
ball. If the ball is displaced dlightly from equilibrium, find the

angular frequency @ of simple harmonic oscillations. Assume adiabatic behaviour, with

ratio of specific heatsy =C,/C, .

@ w:\/AZ(PH‘ng/A) (b)w:\/ZyAz(PH‘ng/A)
2/Nm

Q w:\/AZ(Perg/A)
Nm

Ans.  (d)
Solution.:

Letinitial pressurebeR; B = P+™ and o=/
A

Final pressure when ball is displaced dlightly above
P,=R+AP Pressure, dx

V, =V —AV, AV = Adx

Applying egation
RV =RV; =(R+AP)(V-AV)

V4
P \

1+—
il

1{ AP}[:L_ AV AP AP AV

=l-y—+——y——— = AP=yP—
H Y, R I i i

7AR , _ —7ARX
\/ Vv

2
Acceleration of the ball is a:i=—7/A R
m mv

2 2
W= 7APl:>a)= 7A(p+@
VmV mv A

Restoring forceon ball is F = —AAP = —
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Part-C: 2-Mark Numerical Questions
Five distinguishable particles are distributed in energy levels E, and E, with degeneracy
of 2 and 3 respectively. Find the number of microstates with three particles in energy
level E, and two particlesinE,.
Ans. 0720
Solution.: No of distinguishable particles =5
Out of these 5,3 havetobein E and 2 in E,.

5 5.4.31

.. Possible arrangementsare Q, = ——=———=10
321 3.2
Considering degeneracy, Level E, is 2 fold degenerate

No of ways particle 1 can be placed =2

No of ways particle 2 can be placed =2

No of ways particle 3 can be placed = 2

. No of ways of arranging 3 particlesinE, with g=2 are =2°
Similarly no of ways of arranging 2 particlesin E, with g =3 are = 3°

5!

. Total microstates for arranging 5 particles Q. = ﬁ2332 =720

A thin tube of length 1080mm and uniform cross-section is sealed at both ends, and
placed horizontally on atable. At the exact center of the tube isamercury (Hg ) pellet of
length 180mm. The pressure of the air on both sides of the mercury pellet is P,. When

the tube is held at an angle of 60 degrees with the vertical, the length of the air column
above and below the Hg become 480mm and 420mm, respectively. Assuming the

temperature of the system to be constant, calculate the pressure P, in mm of Hg .

+— 450 mMmmM—>+—><«—450mm——
180 mm
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Ans. 0671

Solution.:

When tubeis held at an angle of 60° with vertical

Length of upper part = ¢, =48cm; Length of Lower part =/, =42cm
When tube lies horizontal, length of air column on both sides

Al +l, 48+42
2

=45cm

:fo

Let B, and P, be the pressuresin upper and lower parts when tubeis kept inclined. As T

is uniform throught, we apply Boyle'slaw PV = cons.

For upper part B4, A= R/, A = R =0k o

1

Similarly for the lower part, B/,A=P/(,A= P, = Pzﬁo @
2

When the tube is held vertically at 60° the Hg column will be displaced to lower end

and

P =R+ cos60" = 100 _Folo 10 _, Poé{i
A

0, ¢, 2A ’,

mg
ZMO[l_lj
gz g1

The pressure P, isequal to height h of mercury; B, = pgh, also m:(18cm) Ap

=P =

pgh= 18Apg —he 18 18cm

1 1 1 1] 1 1
2A0 | — —— 20 | ——— | 2x 450m{—}
O(éz Elj 0|:£2 gljl 42 48

= P, =67.11cm=671.1mm of Hg

= h=67.11cm
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Part-A: 1-Mark Questions

Q1. A negative logic is the one in which the0’s and the 1's in the truth tables are
interchanged. In such a negative logic, the normal NAND gate would behave like a
(@) NOR gate (b) AND gate
(c) OR gate (d) NAND gate
Ans.: (a)
Solution.:
+ve Logic —ve Logic
0— Low 1> Low
1— High 0— High
The NAND Gate Truth Table

I nputs Outputs Outputs
X X

1
1
1
0

NOR Gate

Q5. An ideal op-amp and a silicon transistor T are used in the following circuit. Find the
output voltage V.,

+

—_——WM/

6V -15V

(a) +5.3V ) (b) 0.7V (©) +0.7V (d) —15V
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Ans.: (b)
Solution.:
*Vge =0.7Volts

Vi =V = Ve =—-0.7Volts

In an open circuited p-n junction diode, the barrier voltage at the junction is generated
dueto
(a) Minority carriersin the p and n sides
(b) Magjority carriersin the p and n sides
(c) Immobile negative charge in the p-side and positive charge in the n-side
(d) Immobile positive charge in the p-side and negative charge in the n-side
Ans.: (¢)
Solution.:
Depletion region

V, =0V
(no bias)

0 + =0

Figure: p-njunction with no applied bias.
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Q15. In the figure below with ideal op-amps, the value of R=10kQ,V,=-10mV,

andV, =-30mV . CalculateV,, .

(@ +40mv (b) —40mV (c) +20mv (d) —20mv
Ans.: (¢)
Solution.:

, , R R
Vou =Vor +V, = _Evm _Evz = _(_Vl)_VZ =V, -V,

=V, =V, -V, =-10mV —(-30mV ) = +20mV

out
Part-B: 3-Mark Questions
Q7. Thecircuit given in the figure below is composed of ideal diodes and resistancesR. The

input waveform is shown on the | eft.

" K B
- T
VOLIt

The output waveform would be
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-5V

Ans.: (a)
Solution.:
Positive half Cycle: Identify which diodeis ON and which diode is OFF.

%T L VM

="

Kl Dhe— +
R

]

N 1
- 1 N

Negative half Cycle: Identify which diode is ON and which diode is OFF.
1 Dié_{

K

1
N

So in both half cycles output will be positive. So option (a) is correct.
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Part-C: 2-Mark Numerical Questions

the following transistor  circuitR =0.5kQ, R. = R, = 2k, R; = 200kQ2,
I

=% =100, V.. =10V,V,. =0.7V . Determine the V. in mV .

g

V.. = +10V

Ans.: 950
Solution.:

Apply KVL ininput section:
—-10V +0.5Kk (I +1g) +200kx 15 +0.7V +2kx 1. =0

—10V +0.5k(S+1) 15 +200kx I3 + 0.7V + 2kx(B+1) 15 =0

R, = 200kQ ¥

~10V +0.5kx 1011 , + 200k x I , + 0.7V + 2k x 101 , =0

~ 9.3V ~ 9.3V
® "~ 0.5kx101+200k+2kx101  (50.5+200+202)k

=23V 5 0omA
452 5K

Apply KVL in output section:
—10V +0.5K(B+1) 15+ 2kx Sl +Ve + 2kx(B+1) 15 =0

= Vg =10V —[0.5k x101+ 2k x100+ +2k x 101] x 0.02mA

=V =10V - [50.5+ 200+ +202] x0.02V

=V, =10V —(452.5x0.02)V = (10-9.05)V = 0.95V = 950mV
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Part-A: 1-Mark Questions
A glass of radius R and refractive index n actslike alenswith focal length
nR nR
a) — b) +
@ 2(n-1) (b) 2(n-1)
nR nR

— d+—=
2(n-1) 2(n-1)

(c) -
Ans:. (b)

Solution:

For thick lens; l:(n_1)[i_i+(n_1)t}
f R R nRR

R=+R, R, =-R, t=2R

1 1 1 (n-1)2K 1 2(n-1, n-1
T(n_l)[ﬁ_—_R+—n(+R)(_R)]:>T_ S

A flat soap film has a uniform thickness of 510 nm. White light (having wavelengths in

the range of about 390 — 700 nm) is incident normally on the film. If the refractive index
of the soap is 1.33, what will be the dominant colour of the reflected light?

(aViolet (b) Green (c) Red (d) White

Ans.: (b)

Solution:

Condition of maximain reflected light; 2.t = (2n+1)%; n=012, ...

aut _4x13S10 2713
(2n+1)  (2n+1) ~(2n+1)

On substituting n=0,1, 2,3 4.... we get

A =2713nm,904.3nm, 542.6nm, 387.5nm, 301.4nm etc.

Out of these values 1 =542.6nm liesin white light wavelength range(390—700nm), so
the Dominant colour will be corresponding to A =542.6nm

Violet -390 nm; Red — 700 nm; so, 4 =542.6 nm will be corresponding to green

colour.
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Q21. A monochromatic linearly polarized light with  electromagnetic field

E = E,sin(aot—kz)(X+Y) is incident normally on a birefringent calcite crystal. The
wavelength of the wave is 590nm and the refractive indices of the crystal along the
x- directions and y - directions are 1.66 and 1.49, respectively. If the thickness of the
crystal is434nm, what will be the polarization of the light that emerges from the crystal?

(a) Linearly polarized aong the same axis as the incident light

(b) Linearly polarized but along a different axis than the incident light
(c) Circularly polarized

(d) Neither linearly nor circularly polarized but elliptically polarized
Ans: (d)

Solution:

: S ! b (n=1.49)
Incident light is linearly polarized

light, given by oA

E, =E,sin(ot-kz);

A

E, = E,sin(ot -kz)

Cdlcite crysta is a negative

crystal (ng <ny).

Phase difference introduced between

O-ray and E-ray by

2 2
th stal 0 =—(n,— Nz )t=—-(1.66-1.49)x 434
ecry 2 (np—ng) 590( )%

5=0257 =% radian.

Emergent light will be givenby E, = E;sinat ; E, = Esin(a)t+%j which isédliptically

polarized light.
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Part-B: 3-Mark Questions
An ideal polariser is placed in between two @
crossed polarisersin a coaxial geometry as
shown. The middle polariser is rotated at

the angular speed of @ about the common

axis. If unpolarized light of intensity 1, is

incident on this system, the emergent

intensity of the light would be

(a) [1 cos4dat] (b) [1 cos4at |

(c) 1'—%[1— cosot | (d) {1—%coswt}

Ans:. (b)
Solution: Let pass axis of middle polarize makes an 6 with the pass axis of first polariser.

|—°, |2=|—°COSZQ9, I3:I—°(:0326?cos2 Z_gl=Lognz2g
2 2 2 2 8

Il

I, = ll—g(l— cos40) = 1'—%(1— cos4at)

Two equal masses A and B are connected to a fixed
support at the origin by two identical springs with spring
constant K and the same unstretched length L. They are
also connected to each other by a spring with spring
constant K' and unstretched length ~/2L . The equilibrium
position, with all springs unstretched, is shown in the
figure. If A is constrained to move only along the x axis

and B isconstrained to move only along the y axis, then the angular frequencies @, w,

of the normal modes are

f K+K' /K /ZK’
(a) w, = (b) WD) = | Oy = | —
m m
2K K+ K’ K K+ 2K’
(c) a)1=,/—, ®, = (d) a)l=‘/—, ®, =
m m m m

Ans: (a)
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Solution:

<
<«

_—
In case of normal mode both blocks oscillate with the same frequencies. There are two

ways in which A and B can oscillate with same frequencies.
(1) Total force acting on block A

F = —kx—+/2k'xcos45°

ma=—(K+K')x:>a=—K+K'x

m
K +K’
:colz,/ -

(2) Tota force acting on block A
F =-kx = ma=—-kx

K
—>a=—-——X
m

k
=>w,=,|—
m
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Part-C: 2-Mark Numerical Questions
A binary star system consists of two stars with same mass M revolving about a common
centre of mass in a circular orbit with velocities much smaller than the speed of light,
c=3.0x10°m/s. The axis of the plane of rotation is perpendicular to our line of sight.
The wavelength of a particular spectral line from one of the stars is observed to change
with a period of 2.40x10° seconds. If the ratio of maximum to minimum wavelength of
the line is1.0022, the distance between the stars (in 10°m) to the nearest integer is
Ans. 0025
Solution:
For the observer, the observed wavelength will increase (or frequency decrease) when
source moves away from him.

e Py i (Non-relativistic case as v < ¢)
c

The observed wavelength decreases (frequency increases) when source moves toward

observer:

ﬂrpax _CHV 002 1+v/c
Awin  C—V 1-v/c

min

v 0.0022

c 2.0022

Now v=Rw = RZT—”

VT 0.0022x 3x10° x 2.4x10°
T 27 20022x2x3.14

_ 2.2x3x2.4x10°
© 2.0022x2x3.14

Distance between the states = 2R = 2x12.59x10°m = 25.18x10°m

R

=12.59x10°m
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