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TIFER-2017 (Mathematical Physics Question and Solution)
SECTION A-(For both Int. Ph.D. and Ph.D. candidates)

Denote the commutator of two matrices A and B by [A, B]=AB—BA and the

anticommutator by {A, B} = AB+BA.

If {A,B} =0, we can write [ABC] =

(a) -B[AC] (b) B{AC} (c) [AC]B (d) -B{AC}

Ans. : (d)

Solution: [A, BC]=ABC -

BCA=ABC -BCA+BAC -BAC = ABC +BAC —(BCA+ BAC)
=(AB+BA)C-B(AC+CA)={AB|C-B{AC}=-B{AC)

Hence 'd' is the correct answer.

Consider the waveform x(t) shown in the diagram below.

The Fourier series for x(t) which gives closest approximation to this waveform is

@) X(t): zt 1 Azt 1 3t :|

COS———C0S——+—C0S——+...
T 2 T 3 T

(b) X(t)= 2zt 1 4rt 1 67t }

—C0S——+—C0S—— ——C0S—— +...
L T 2 T 3 T

©) X(t): Azt 1 . 3xt

T 3 T

2
V4
2
V4
2 . 2t 1. }
—(SIN———SIN——+—=SIN——+...
| T 2

2
T

(d) x(t)= [—sin?—t+%sinﬁ—lsin@+..}

L AAS Ll
Ans. : (c)

Solution: The given wave form is from O to
T

Let's find equation of the line with end points

(0,0) and (%1} x—xlz)z%txl(t—tl)
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x—O:ﬂ(t—O); X=£t, 0<t<I
T 4 T 2
2

x=£t, i<t<0 as well
T 2

8 8

2 a4l 4Tz T2
ooT T2 _T{ }
-T/2 - -T/2
-2t .
As x(-t) =< —X(t) , function is odd, So a, =0

h == j 2t S tcos not| o 212|smn t|T’2

h 2 T/2
Ti2 T Nw |—T/2 n“w

4{ 1{T nol T na;T} 1 { naT .na;Tﬂ
=—| ———| —C0S——+—CO0S + sin > +sin 5

T? nNw| 2 2 2 2 n2w?

. Nl _ . 2n . .
smizsmTﬂ =sin(nz) =0. Therefore second term vanishes

2 forevenn
4 4 2 '
COSN7 = ——COS N7z = ——COS N7z =
NoT n2sz nz

i, for odd n
Nz

Thus, x(t)=a,+ Y a,cosnwt+ Y b, sinnawt

)=>_b, sm%_blsmﬁ+b sin 47t +b, sin 27t
T T T

T

2zt 1 . 4xt 1 . 6zt 1 . 8xt
sin———=sin——+=sin—— ——sin—

Y < TN

The matrix

100\/5 X

-x 0 =X
0 x 10042
where x>0, is known to have two equal eigenvalues. Find the value of x.
150
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Solution:
Given that the matrix has two eigen values

Let's find the eigen values

1002 x 0O 10 0 10082 -1 x 0
—X 0 X |-4/0 1 0|=0> —X -1 —X
x 10042 001 0 x 10072 -4

10072 - 2 4 - - - 0
= — —X =
x 100v2-24| |0 100v2-24

= (100@ —ﬂ)[ﬁz ~1004/24 + xz] + X2 [100& —/1} -0
- (100& —/1)[/12 —100~/24 + xz} L,

One of the eigen values = 100~/2

The other two eigen values are given by solution of
2% -100v21+2x* =0 (1)
Roots of (1) will be equal if b*>—4ac=0

:>(1oo\/§)2 _4x2xx% =0 = Ex* = 100 x100x Z
= x?=2500= x=50
The two eigen values will be l:wzwﬁ, 5042

value of x =50
SECTION B- (only for Int.-Ph.D. candidates)

izH
A unitary matrix U is expanded in terms of a Hermitian matrix H, such that U =e ?2

if we know that H = , then U must be

1

2

0

RER
2
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1
2
V3

2
s.:(a)
Solution:

If a matrix is unitary, uu’ = |
Let’s test this relation for every possible solution.

1+0+3  0+0+0 /3+0-43
= 0+0+0 0+4+0 0+0+0 |=

J3+0-+/3 04040 3+0+1
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—2i1£
2

0

0 -2i

1
V3
2

4+1+% 2i—2i+0 \/§i+0—\/§i

3

-2i+2i+0 1+4+0 7+0—0

—J3i ++/3i §+0+0 %+0+4

Hence (a) is the correct answer.
Evaluate the expression

X X X, X3 Xy X

n!Jden_l j dx, , '[ dx, 5 I dx, _[ dxl'[dx0

0 0 0 0 0 0
Ans. : (a)
Solution:

n

Similarly, if we repeat the procedure, we will get | = n!x% =A"
SECTION B-(Only for Ph.D. candidates)

Q6.  The value of the integral I: ax IS
+

X4

@% @% @% (d) =

Revised Edition-2022
H.No. 40-D, G.F,, Jia Sarai, Near IIT, Hauz Khas, New Delhi-16
L/Phone: 011-26865455/+91-9871145498, | \Website: www.physicsbyfiziks.com, Email: fiziks.physics@gmail.com




fiziks TIFR-2017 : e
I; kg Physics by fiziks
Ans.: (a)
Solution:

Consider

1
' +4

f(z)=
Poles are given by z*+4=0

=-4=4¢" [e” =—1];

2n+1

z=4/%

) 2n+l)

z=\/§e'(T”

z,=-1-1, 7=l

z, and z, are located in the lower half complex plane. Hence, they do not contribute.
Let's calculate residue at z=z,and z=1z,.

z, : Residue

3z 3
CoS— —isin—
4 4

4dz =271 T Residue :I 4dx +I f (z)dz=27i% Residue
+4 =X +4 g,
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Take limit R — o and note that, limit R — oo jf z7)d

£x+4 200

Hence the answer is (a)

Write down x(t), where x(t) is the solution of the following differential equation

(i+2j(i+ljx =1,
dt dt

with the boundary conditions
dx

dt,

Ans.:
Solution:

jzl:i[%+x}r2[%+x} 1:>—+1+2—+2x 1

dt| dt

=>—+2—+2=0
dt dt
Auxiliary equation is given by D*+2D+2=0

-7+ _ 2+ 1
5 2_\2/4 8 _ 22_2|=_1ii

Thus, x(t)=e™ [Acost+Bsint]

1

x(0)=—E=e‘°[AcosO+B-0] =—==1[A+0]= A=—%

—e'[Acost+Bsint] +e™[-Asint+ Bcost]
x'(t)‘t=0 =0=-e"[Acos0+Bsin0]+e™[-Asin0+Bcos0]
0=e"[-A+B] :>B=A:>A=B=—%

Thus x(t)= —%e“ [cost+sint]
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TIEFR-2017 (EMT Question and Solution)

SECTION A-(For both Int. Ph.D. and Ph.D. candidates)
Two long hollow conducting cylinders, each of height h, are placed

concentrically on the ground, as shown in the figure (top view). The outer

cylinder is grounded, while the inner cylinder is insulated. A positive
V=0
charge (the black dot in the figure) is placed between the cylinders at a

height g from the ground. Which of the following figures gives the most accurate

representation (top view) of the lines of force?

(a)

Solution. :

Electric field can not penetrate the conductor.

A common model for the distribution of charge in a hydrogen atom has a point-like
proton of charge +q, at the centre and an electron with a static charge density

=2r

——e 2 where a is a constant. The electric field E at r=a due

distribution p(r)=——2
T

to this system of charges will be

50, - 5q R

Q) ————F b) ————2—F
® 4r e, €°a° (®) 4re,ea’
3q0 r (d) 5q0 l’,-‘

© —55F
4r e, €’a’ 4r e, e°a’
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0

N a -2r
Ex47ra2:i{ ~ % ~e? J47rrd }
& o’

-2r B a
4q0 t%e a dr [=1 q _ 4% r’e”*'dr | where oz=g
g 0 Aty a

Thus _[rze“”dr _2
0

a 3 R 2
:>.|.r2e‘“'dr:2><a— l-e @ 1+Ea+i2a—
5 8 a a2

pt » 1 4q, | a° 2\
= |E|x4za —g—o{qo—a—;’{j(l—Se )t|=—

- 5 o
SE=——0 _j
Are,ea

A rectangular metallic loop with sides L and L, is
placed in the vertical plane, making an angle ¢ with
respect to the x-axis, as shown in the figure, and a

spatially uniform magnetic field B =By is applied. The

loop is free to rotate about the Z axis (shown in the

figure with a double line). The magnetic field changes
with time at a constant rate

a8 _
dt

If the resistance of the loop is R, the torque z required to prevent the loop from rotating

will be

@) KB(leLR) sin ¢Z (b) KB(lel;q) sin 2¢2

(c) KB(LilF;) sin ¢ cos ¢z (d) KB(Ll:;) sin ¢z
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s.: (b)
Solution. : The torque z required to prevent the loop
from rotating will
be 7=mxB.
Magnetic flux through the loop is
¢, =[Bda=(B§).(LLA)=LL,Bcos¢
s

Induced emf in the loop
dg dB
= m = _— L
|g| ot L,L,cos¢ o L,L, cos ¢gx

l&] L, cosgk

Induced current in the loop I, , =—
R R

(L1L2)2 cos¢z<ﬁ

Magnetic dipole moment of the current loop is m = I,,, x(L,L,)Ai=— ~

T =

(L1L2)R005¢K fix(B9) = _(Lle)RC05¢K

SECTION B- (only for Int.-Ph.D. candidates)
An electromagnetic wave in free space is described by

o= (LL)
(Bsingi)=—«xB——" R A= 27 sin2¢7

E(xY,2t)=2E,cos= (kx J3ky - Za)t)
The Poynting vector associated with this wave is along the direction
(@) X+~/3§ (b) \/3%+§ () X-~/3§ (d) —/3%+9
s.:(c)
Solution. : E(x,y,z,t)=2E, cos(RF

—

E(xY,zt)=2E,cos= (kx 3ky — Zwt) =k = g(f(—\@)‘/)

Poynting vector is in the direction of k.
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Q5.  Consider the following situations.

. @\&\\x\\\\w _

In situation A, two semi-infinite earthed conducting planes meet at right-angles. A point

charge q, is placed at a distance d from each plane, as shown in the figure A. The
magnitude of the force exerted on the charge q is denoted F,.

In situation B, the same charge q is kept at the same distance d from an infinite earthed

conducting plane, as shown in the figure B. The magnitude of the force exerted on the

charge q is denoted F;. Find the numerical ratio Ly
B

Ans. :

on.: [FulelFal kL andlFal ok T
Solqun..‘H‘—‘FZ‘ k4dzand":3‘ k(zﬁd)z 302 g

Resultant of F1, Fis F, = 1/Fl2 +F = J2k

q2
4d? "

= 1j q’
Net force F, =k—— \/5—— = 2\/5—1
A 4d2( 2 327zgod2( )

(towards the corner)

O R

F
® 4re, 4d*  1675,0?

L.ec (Zﬁ—l)xw”g;’dz=(2ﬁ_1):0.9142

F,  327,d q

Consider a spherical shell with radius R such that the potential on

the surface of the shell in spherical coordinates is given by,
V(r=R,0,¢)=V,cos’d
where the angle @ is shown in the figure. There are no charges

except for those on the shell. The potential outside the shell at the

point P adistance 2R away from its center C (see figure) is
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(@) V =-2(1+2cos* 0) (b) V ==2(1-cos’ )

)V = 5 °(1+cos’ 0) (d) V ==2(-2cos0+cos’ 0)

s.: (c)

Solution. :

i ,'+1P (cos@)=V,(6)

1=0

= i P, (cosd)+ REE P (cosd)+ E P,(cos8)=V,(6)

2 —_—
i+E§cos«9+B—§ e ofF =V, cos’ 0
R R R 2

R 2R?) R?

Bl_o,EB— =V, > BZ=EVOR3, 5—8—23 =0=B,
2 R° 3 R 2R

:(BO B j+icose+gi—cos 0 =V, cos” 6

Thus B, =%VOR, B =0, B, =§V0R3

Potential outside r > Ris

(r.0) :ir (cos6)= E; P,(cos@)+ rB P, (cos@)+ ? P, (cosd)
=0

v(2R,0)—ix1VRx1 04 ><2VR3 (

3cos? -1
2R 3 (2R) 3°

2

2
SV(2R0)=1v, 4+ 2y, <30 2y L yr o)=Ly, + v, costo- Ly,
6 ° 24 2 24 ° 2 6° 8 24

:>V(2R,6’)z%°(1+cosz 0)
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TIFR-2017 (Quantum Mechanics Question and Solution)
SECTION A-(For both Int. Ph.D. and Ph.D. candidates)

Denote the commutator of two matrices A and B by [A B]=AB-BA and the

anticommutator by {A,B} = AB+BA.

If {A,B}=0, we can write [ABC| =

(@) -B[AC] (b) B{AC} () [AC]B (d) -B{A,C}

Ans. : (d)

Solution.: [A, BC]:B[A,C]+[A,B]C :B[A,C]+(AB—BA)C
= B(AC—CA)+(AB+BA-2BA)C =B(AC-CA)+({A B} -2BAC)
= B(AC-~CA-2AC)=-B(AC+CA)=-B{AC}

Consider the 1— D asymmetric double well potential V (x) as sketched below.

V()

The probability distribution p(x) of a particle in the ground state of this potential is best
represented by

(@) (b)
p(x) p(x)
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Solution. :
This problem is solved through elimination method.

@) Since the potential of the particle is not symmetrical, so the probability density of
the particle is also not symmetrical. This eliminates option(a) & (d).

(b) The depth of well in the region x <0 is lower than the depth of well in the region
x > 0, it implies that the probability of finding the particle in the region x <0 is
lower than finding the particle in regionx > 0.

(©) This is correctly depicted in the option (c).

The normalized wave function of a particle can be written as

5[5 00

where gon(x) are the normalized energy eigenfunctions of a given Hamiltonian. The

value of N is

(e—zﬁ ) 1 3 6
@ B (b) \E () \E (d) \E

Ans. : (d)
Solution. :

The normalized wave function of a particle can be written as

N[ 0000000+ a0+ 00+

Applying the condition of normalization, we have

N2 1+1+i2+.. NV DR J PNV R :>N=\E
797 =77 6 7

The value of N isy/6/7.
A guantum mechanical system consists of a one-dimensional infinite box, as indicated in

the figures below.
{ I ) o0 00000

EO

./ ra
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3 (three) identical non-interacting spin-1/2 particles; are first placed in the box, and the

ground state energy of the system is found to be E; =18eV . If 7 (seven) such identical

particles are placed in the box, what will be the ground state energy, in units of eV ?
Ans. :
Solution. :

2n2h? 2% x%n? B 672h? B 72h?

E, =2E +2E, = + =18 = =3eV
? ' ? 2ma? 2ma? 2ma? 2ma?

Now the seven particles are placed in the box, then the

distribution of fermion in ground state is shown below

ie.,

The ground state energy in this state is by

El = 2E, +2E, + 2E;+E,

27%h? 2.47%R* 297°h®  167°h° AArnth?
= 2 T 7 1 2+ 2 - 2
2ma 2ma 2ma 2ma 2ma

242
T _ aax3ev =132eV

El=44 =
! 2ma?

SECTION B- (only for Int.-Ph.D. candidates)
Electrons in a given system of hydrogen atoms are described by the wave function

v(r,0,9) =08y, +0.66" "y,
where the v, denote normalized energy eigenstates. If (I:X, I:y, I:Z)are the components
of the orbital angular momentum operator, the expectation value of I:2X in this system is
(@) 1.57° (b) 0.18%* (c) 0.364° (d) Zero
Ans. : (b)

Solution. :
The wave function of electron in a given system of hydrogen atom is defined as

w (r.0,4)=0.8 yygy +0.66™y, =0.8[1,0,0)+0.66"[3,1,1)
The expectation value of L2 is given by % = %[LZ -3 ]

Let us determine the expectation value of <L2>
L*|y)=L?(0.8[1,0,0)+0.6¢""'*[311)) = 0.8L°[1,0,0) + 0.6¢'"'*L*| 311)

=0.8% 0(0+1)[1.0,0)+0.8e""'*24%|311) = 0.6e""*2A* |311)
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or (y|L2|y) = 036x 2n* (311[311) = 0.72%°

Similarly the expectation value of <L§> is

L, |w)=L,(0.8[1,0,0)+0.6e""L,|3,1,1)) =0.8(0.72)1,0,0)+0.6¢" "*n|311)
L2 |y) = 0.66""? |311)

or , (w|L3|w)=0.36%" (311[311) = 0.36%”

The expectation value of L is given by

(12)= <y/ E(L2 12 y/> =%(<l/l‘L2‘l//>—(l//) 2 |w>) - %(0.721‘12 ~0.36%%) = 0.1872

SECTION B-(Only for Ph.D. candidates)

A one-dimensional quantum harmonic oscillator of natural frequency® is in thermal

equilibrium with a heat bath at temperatureT . The mean value <E> of the energy of the

oscillator can be written as

hw ho
(@) —coth[2k T] (b) TCSCh(ZkBT]

©) 2 socn| @ @) 2 tanh| 11
2 2k.T 2 2K.T

Ans. : (a)
Solution. :
Consider a one-dimensional quantum harmonic oscillator of natural frequency o is in
thermal equilibrium with a heat bath at temperature T . The energy of the oscillator

x 1

E= Zhw(ni +—j

=) 2

The single oscillator partition function is

N ﬂhw(nJr;):e_ﬂh%ie_ﬂhwn _ e_ﬁh% — 1 L

Z,=>¢e =
' nzz(‘j pary 1—eFre eﬁh%_e—'””T” 2sinhhph/ 2

The partition function for the system is

N

1
Z. =(z\' = ———
v=(2) [Zsinhﬂhwlzj

This yields for the partition function
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InZ,=NInz,=N (ln%—msinhﬂiz“’j

Which enables us to determine the internal energy

~ Z, =(E)= LAY (Ini— Insinh (@ﬂ
op op 2 2
ho
o cosh(ﬁzj

sinh(ﬂhzwj

The mean value <E>/ N of the energy of the oscillator can be written as

@zh—wcoth[ e j
N 2 2k, T

A quantum mechanical system which has stationary states |1),/2)and |3), corresponding

ho fiw
=N—coth| f—
S oon( %)

to energy levels 0eV,1eV and 2eV respectively, is perturbed by a potential of the form
U = eft)(3]+2[3)(1
where, in eV,0<e<x1.

The new ground state, correct to order ¢, is approximately.
& & &
@ (1_EJ|1>+E|3> ® [1)+5]2)-[3)

£ £
© [B-2[3) @ [5+2]3
Ans. : (c)
Solution. :

The correction for wave function is given by |n) = ‘ n°>+ E k°>

k+n

gO _ Eéo)

o _ 1jv|2 1v[3
The correction in the ground state is |1)  =|1)+|2) E1(<°) - EZO) +]3) E1(<°) - E>§°)

Let us evaluate the value of <1|v| 2> ie.

(1M2) = (1/(3[1) (3] +e[3) )[2) = £ 1}1)(3]2)+ £ 1[3) 2f2) = 0

Similarly, Let us evaluate the value of (1)v|3)

(UM3) = Al(e[2) 3]+ £ al)[3) = £22)(3[3)+ £ 3)2[3) =¢

Substituting the value of (1jv[2) and (1|v|3) in the equation for wave function we get

I A B

(0-1) "0-2
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A particle of mass m, confined to one dimension x, is in the ground state of a harmonic
oscillator potential with a normalized wave function

vin-(2) e

T

where a = r;]_;o Find the expectation value of x® in terms of the parameter a

Ans. : &54
256a

Solution. :

The ground state wave function for a particle of must in confined in one dimensional

2aV4 .
harmonic potential is given by  y, (x)= [—j g™
T

The expectation value of x® is given by <x8> = <y/‘x8‘y/> = (@)% T x%e 72 dx
73 —0

Introducing new variable, 2ax’ =t= x= L g Lt

J2a V2a 2

Substituting the value of x in above equation, we get

o (2aY2% 4 e (2aV2(1Y 1 %y
<x>=(7a Ixe dx=(7aj (Z_aj }/.Z.J‘tée dt

e 2(2&) 2.0

TIFR-2017 (Electronics Question and Solution)
SECTION A-(For both Int. Ph.D. and Ph.D. candidates)

A current source produces a square wave | (t) of 1.0V peak-to-peak voltage and is used

to drive the RC circuit shown below.

(t)

WV (t)
lc:

Which of the following represents the correct voltage across the capacitor C ?

(@) (b)

AVAVAN

Revised Edition-2022
H.No. 40-D, G.F,, Jia Saral Near IIT, Hauz Khas, New Delhi-16
: .physicsbyfiziks.com, Email: fizil




E TIER=20L1 Physics by fiziks

[SOLUTION]
(c)

Ans. : (b)
Solution. :

RC circuit behaves as an integrator circuit.

The output (Y ) of the following circuit will be

AABBCC

(d) C (b) B (d) A+B+C
Ans. : (a) > _
Solution. :

Y =YY,Y,Y, =Y1+Y2+Ys+Y,

Y, = ABC, Y,=ABC, Y,=ABC, Y,=ABC

—Y = ABC + ABC + ABC + ABC

=Y = ABC + ABC + ABC + ABC

=Y = (K+ A)§E+(K+ A) BC

=Y =BC+BC=(B+B)C=C

An AC voltage source has an internal resistance of 50Q2 and is specified to deliver an
rms voltage of 50V to a matched load. If you connect this AC source to a cathode- ray
oscilloscope with 1M Q input setting, what will be the peak-to-peak voltage you

observe?
. 50Q

Ans. : 283 AN

Solution. :

If R, =50Q, v, =50V rms, then v,, =100V rms.
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10°Q)
If R =IMQ, v, = ——————x100V rms =100V rms
50Q+10°Q

Peak voltage of input is V,,, =100~/2V .
Thus peak to peak voltage of inputis 2V, = 200~/2 V =283V .

SECTION B- (only for Int.-Ph.D. candidates)
For exact calculation and minimum complexity, two four-digit binary numbers can be
added with
(a) 3 full adders and 1 half-adder (b) 2 full adders and 2 half-adders
(c) 1 full adder and 3 half-adders (d)4 full adders
s.: (a)

Solution. :

Which digital logic gate is mimicked by the following silicon diode and silicon transistor

circuit?

Solution:
AND Gate
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[SOLUTION]

SECTION B-(Only for Ph.D. candidates)

Q6.  The following circuit is fed with an input sine wave of frequency 50 Hz .

10pF

10k Q2
MWW

Which of the following graphs (solid line is input and dashed line is output) best

represents the correct situation?

(@)

n
7\ /\
JAVIAV
\n / \\ // \I /

A A A

Ans. : (c)
Solution. :
Y __XC I Re _ Xc:Re 3 R- R-

v_o R, R(Xc+Re) R(L+R./X.)  R(1+jaoCR:)

i ,
Vol (RelRe = (Re /R) '™ where 6 =tan™ (27 fC.R;).
Vol \1+(271C R, Ve \[1+(271C.R. )

Let us calculate 277 fC. R, =2x3.14x50x(10x10™*F )x(10x10°Q) =314x107 — 0.

Vol (Re/R) (@)
Vol \JL+(271C.R.)  (1+(0)

and O =tan™ (27 fC.R.)=tan™(0)=0=>¢ =7

-1 = |l

=
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TIER-2017 (Atomic- Molecular Physics Questions and Solution)

SECTION A-(For both Int. Ph.D. and Ph.D. candidates)
The separation between neighbouring absorption lines in a pure rotational spectrum of

the hydrogen bromide (HBr) molecule is 2.23meV . If this molecule is considered as a

rigid rotor and the atomic mass number of Br is 80, the corresponding absorption line
separation in deuterium bromide (DBr) molecule, in units of meV ,would be

(a) 2.234 (b) 1.115 (c) 4.461 (d) 1.128

Ans.: (d)

Solution:

& =BJ(J+1) m*, &, -6 =2B(J+1) m*

E,.—E, =2Bhc(J +1) Joule

~h h
8z%le 8x°ur’e

myMg _ 1x80
m, +m,  1+80
myMg,  2x80
my,+mg 2+80

x1.66x10* kg

Hupr =

x1.66x10 kg

Hoer =

(EJH_EJ )DBr _ Mppr _@ 2 41

(Eyi—E,),, Hosr 81 160 81

(Eyi—Ey )y = gixz 23=1.128 meV

The energy of an electron in the ground state of the He atom is —79eV . Considering the
Bohr model of the atom, what would be 10 times the first ionization potential for a He"
ion, in units of eV ?

Ans.: 246

Solution:

Ground state energy of He atom ES =-79eV

He - atom becomes He" ion after ionization.
Ground state energy of He" is

2
ES —-1365--136x4 = ES —-54dev

First ionization potential (IP) of He" =E°° —E’ =-54.4—(-79) =24.6eV
So, ten times of first I.P =10x24.6 = 246 eV
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SECTION B-(Only for Ph.D. candidates)
Hydrogen atoms in the atmosphere of a star are in thermal equilibrium, with an average

kinetic energy of 1eV . The ratio of the number of hydrogen atoms in the 2nd excited

state (n=23) to the number in the ground state (n=1) is

(a) 5.62x10°° (b) 3.16x107"
(c) 3.16x10°® (d) 1.33x10°®
Ans.: (d)

Solution:

Average Kinetic energy =ng =1eV

Energy of ground state E, =-13.6eV

Energy of second excited state (n=3); E, = 136 —@ev

3? 9
136
& _ B _ e(+T—13.6]/(2/3) o e—%xgxll%ﬁ _ g3 i & _1.33x10°°
Nl Nl

TIFR-2017 (Solid State Physics Questions and Solution)

SECTION A-(For both Int. Ph.D. and Ph.D. candidates)
Consider a 2—D square lattice. The ratio of the kinetic energy of a free electron at a

corner of the first Brillouin zone (E,) to that of an electron at the midpoint of a side

face-of the same zone (E,, ) is

(@) 2 (b) 2 (d) %

Ans: (a)
Solution:

21,2
. N . . K
Kinetic energy of the free electron is written as a function of kisE = h2
m

Kinetic energy of the free electron at a corner of the first Brillouin zone (EC) is
Rk n2n’

E - 2
2Zm  2m a

C
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Kinetic energy of the free electron at the midpoint of a side face-of the same zone (E,, )
is
h2k2 h2 72_2
“om 2ma’

C

The ratio is
” 2
E_2ma® _,
E, nz
2m a?

Thus, the correction answer is

option (a) P

a

SECTION B- (only for Int.-Ph.D. candidates)
In two dimensions, two metals A and B, ha the number density of free electrons in the
ratio
n,:ng=1:2
The ratio of their Fermi energies is
(@ 2:3 (b) 1:8
Ans: (c)
Solution:
A d-dimensional metal with volume L* contain N electrons and can be written as
hZ

Be = 2mL?

(Né,d )2/d

For d =1, §d=%; d=2, ¢,=x; ad d=3, ¢,=37°

For two dimensions, the Fermi energy is
h 202 W Nz ah?
£ = 5oa(Ne) =g
2mL 2m L 2m

The ratio of the Fermi energy of two metals Aand B is

Thus, the correct answer is option (c).
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SECTION B-(Only for Ph.D. candidates)

Electrons in a metal are scattered by both impurities and phonons. The impurity

scattering time is 8x10™s and the phonon scattering time is 2x10s. Taking the
density of electrons to be 3x10* m™, find the conductivity of the metal in units of

AV 'm™. [Assume that the effective mass of the electrons is the same as that of a free
electron.]
Ans: 1.4x107°

Solution:

Conductivity (o) and hence the resistivity (p = l)of the metal is
(o)

*

1 m

o ne’r’
Where, nis the electron concentration, m’is the effective mass of the electron that is
equal to the rest mass of the electron and z is the collision time.
According to the Matthiessen rule the total resistivity p total can be approximated by
adding up several different terms:

m m m 1 1
p = pphonons + pimpurity = + = 2 r +

2 2
ne’r N oy  NE T

phonon phonon impurity

Given, 7, =8x107"s, 7, =2x107"%s, n=3x10"m™ and m=9.1x10"*"kg

-31
9.1x10 )2( 1 1 j:7_4X104Q_m

= +
P 3x10" x (1.6 x1079) \8x10™%  2x107

The electrical conductivity is

1 1

o=—= YT 0.135x107*AV'm™* =1.4x10° AV 'm™
p  [1.4x

TIFR-2017 (Nuclear Physics Questions and Solution)
SECTION A-(For both Int. Ph.D. and Ph.D. candidates)

Cosmic ray muons, which decay spontaneously with proper lifetime 2.2 us, are produced

in the atmosphere, at a height of 5km above sea level. These move straight downwards at

B

98% of the speed of light. Find the percent ratio 100{%} of the number of muons

measured at the top of two mountains A and B, which are at heights 4,848 m and

2,682m respectively above mean sea level.
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Ans.: 52
Solution.:

Proper life time 7, =2.2x10°s

r,  22x10°

\/1_ Zz - i-(098)

Time taken by muon to reach at the top of mountain A, t, =

Life time measured from the earth 7 = =11.06x10"°s

(5000-4848) 152
098  0.98¢c

- 152
NA — Noe—/ltA = Noe—tA/f - NA — Noe 0.98cx11.06x10° NA — Noe 3251

2318 2318
Similarly’ N =N e ©0.98cx11.06x107° = N =N e 3251

152
3251
SN B e = Ma e 2195 = 100x| N2 | 105
N N,

B N e 3251 B

:ﬁzizo.sz =100x| —=& N =52
N, 195 NA

SECTION B- (only for Int.-Ph.D. candidates)
A deuteron of mass M and binding energy B is struck by a gamma ray photon of energy
E, and is observed to disintegrate into a neutron and a proton. If B <« Mc?, the minimum
value of E, must be
2

B 1 B?
a) 2B+ b) =| 3B+
@ 2Mc? ()2[ MCZJ

B? 1 B?
(c) B+ I (d) E[ZB+ Mczj
Ans.: (d)

Solution: D+y— p+n;

E
Momentum of photon = Ty Combined momentum of (p+n)=—=-

Q -value of the nuclear reaction,

Q:Mcz—(mp+mn)c2:0—B :>B:(mp+mn)c2—Mc2

2
. 2 2 4 Ey 2
Apply the conservation of energy  E, +Mc” = |(m,+m, ) ¢ +| == | ¢
c

E?+M?%"*+2E,.Mc? = B2+ 2BMc? + M ¢’ + E? = 2E,Mc? = B? + 2BMc’

2
B +B :>E=1 B +2B
C 2| Mc?

/4
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SECTION B-(Only for Ph.D. candidates)

A subatomic particle  and its excited state y~ have rest masses 3.1GeV /c® and

3.7GeV /c? respectively. A table of its assigned quantum numbers is given below.

Angular Momentum | Parity | C-Parity | Isospin | Electric charge
J=1 P=-1| C=-1]| 1=0 Q=0

If 7% is an excited state of 7° with a mass of about 1.3GeV /c?, which of the following

reactions is possible when the above quantum numbers are conserved?
@y = () v~ - 7°2°

@y syrx )y syr”
Ans.: (c)
Solution:
Bosons and their antiparticles have same parity.
W ow+n +m

S 1 1 0 O -conserved
parity -1 -1 -1 -1 conserved
Isospin 0 0 O O conserved

Q 0 0 +1 -1 conserved
In a theoretical model of the nucleus, the binding energy per nucleon was predicted as

shown in the figure below

oOF N WD O oo N O ©

Binding energy per nucleon (Bg/A) (MeV)

50 100 150 200 250

Mass Number (A)
If a nucleus of mass number A=240 undergoes a symmetric fission to two daughter
nuclei each of mass number A=120, write down the amount of energy released in this

process, in units of MeV , using this theoretical model.
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Ans.: 240
Solution: 20X 20y 4y

AE = 2BE, - BE, =(2x120x8.5)—(240x7.5) = 240 (8.5—7.5) = 240 MeV

General Physics

SECTION A-(For both Int. Ph.D. and Ph.D. candidates)
A solid tetrahedron (solid with four plane sides) has the following projections (drawn to
scale) when seen from three different sides:

Left Top

When viewed from the front, its projection will be

(@) (b)

Ans: (b)

Solution:

The projection seen from front will have one of its side non-modulated and will be equal
in length to one of sides of the left or right view. Only option which fits into this scheme
is choice (b). Hence choice is (b)
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