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TIFR — 2022 [Solution]
Q1. Consider a square which can undergo rotations and reflections about its centre, where making
no transformation at all is counted as a rotation by 0°. The total number of such distinct rotations
and reflections which will keep the square unchanged is
(a) 8 (b) 4 (c) 16 (d) 32
Topic-Solid state Physics
Sub topic-Crystal symmetry
Ans.: (a)

Q2. Consider the two-dimensional polar integral
P= I drd@r®e™ sin® @ cos'' 6

If the integration is over only the first quadrant (0 <0<r/ 2) , the value of P is

(a) 180 (b) 887 (c) 20160 (d) 167
Topic-Mathematical Physics

Sub topic-Gamma function
Ans. (a)
Solution: The two-dimensional integration can be written as follows

pP= jdrder”e*” sin®(8) cos'' (0)

Consider r* =t = 2rdr = dt = rdr =%

, Pedt |
P= Idrdﬁrlge_” sin®(&)cos' (8) = '[— J‘ sin®(8)cos' (8)d6 = /21272
2 4 |21/2
~9151[9/2 915! 9/2 .
4 12172 4 Qxllxgxgxl—lxgxm
2 2 2 2 2 2
Q3. Consider a set of three 3 -dimensional vectors
0 1
0 2
These vectors undergo a linear transformation
A—> A =MA B— B'=MB C—->C'=MC

Where M is given by
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1 1 4
M=1 0 1
2 11

The volume of a parallelopiped whose sides are given by the transformed vectors 4, B" and C’ is
(a) 8 (b) 4 (c) 2 (d) 16
Topic-Mathematical Physics
Sub topic-Matrices

Ans. (a)
Solution: A set of three 3-dimensional vectors is given,

1 0 1

A=|0|B= 1) C = 1>
0 0 2

These vectors undergo a linear transformation,
A-> A" =MA, B->B' =MB, C->C' =MC

1)
(4
)

where M is given by

1
1
2
1
0

I

0
A
06

The volume of a parallelopiped whose sides are given by the transformed vectors A’, B’ and C’
is,
1 1 10
det(l 0 3 ) =8
2 15
Q4. A solid homogeneous sphere floats in water with a portion sticking

RO Rk OR

sphere.

If the density of water is 1g cm ™, the density of the material (in g cm ™) must be
() 27/32 (b) 5/32 (c) 13/18 (d) 5/18

Topic-Mechanics

Sub topic-Fluid mechanics
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Ans. : (a)
Solution: According to Archimedes principle, the weight of a sphere is equal to the weight of

water displaced by submerged water

3

pV.g=pV,g where volume of sphere V, = %R volume of water displaced by submerged

3 3 3
sphere 1, = 4T7TR3 27 oy _322R’—67R’ _267R

8 24 24

3 3
AzR™ _  267R g= py :épw hence water is above R/2 so best answeris 27/32
32

Ps T3 87wy

Q5. A particle of mass m moves under the action of a central potential
2
e
Vir)=——
(r)=-<

where e is a constant. Two vectors which remain conserved during the motion are

(i) the angular momentum L =7 x p
(ii) the Runge-Lenz vector K = px L —me*# (where #=7/r)

The conserved energy E of the particle can be written as

K? —m?ée m*e* — K* 2ml? 2ml?

b d) ——
@) 2ml? ®) 2ml? © K* —m’e! @ me’ —K?

Topic-Mechanics
Sub topic-Cetral force problem
Ans.: (a)
Solution: angular momentum vector L= Fxp and K= j)xi —me’7
K.L =0 where L is perpendicular to ﬁxz and 7

K7 =(ﬁxi).;7—me2r =K7=L(Fxp)-me’r=I"—me’r

2
krcosé’zlz—mezr:lzme (1+ k cosej

2 2
r me

It is equivalent to equation of orbit so

> is equivalent to eccentricity which is given by

me
2 2 2 2
K 2K me R2EE ke e kP
me m.(e) m-e me
2 4
So gk —me
2ml*
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Q6. The Principle of Linear Superposition of electron states in quantum mechanics is nicely

illustrated by the
(a) Davisson-Germer experiment (b) Compton scattering experiment
(c) Franck-Hertz experiment (d) Millikan oil-drop experiment
Topic-Quantum mechanics
Sub topic- Davisson Germer experiment
Ans. (a)

Solution: Davisson Germer effect will explain the wave nature of electrons which can be

explained from the superposition of electrons.
Q7. A particle moves in one-dimension x under the influence of a potential V(x) as sketched in
the figure below. The shaded region corresponds to infinite V', i.e., the particle is not allowed to

penetrate there. V(x)

A

0 a

7

If there is an energy eigenvalue £ =0, then a and V) are related by

2
(n+2j 71'2 2 2
(a) aV, =~——— (b) a*V, _nhz
2m m
(]H;j”z s
(©) 'y =2~ (d) @y =25
m

Topic-Quantum mechanics
Sub topic- Finite potential well

Ans.: (a)
Solution: The bound state can be given by 772 +§2 =R’ and n=-<¢coté where

2m(E+V,
52 (h2 O)Ll

2mE
and n=ya=,/— 2 a
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2m(0+7V,)

if energy £=0 for energy eigenvalue & = [n +%)7z = P

2
(n+1j 7
V.a* ——2
a =

2m

:[n+%)7zf0r E=0 so

Q8. In a hydrogenic atom of atomic number Z, the probability amplitude that the nucleus will
capture an electron from its own K -shell is proportional to the overlap between the nuclear wave-

function

v, (7)==

3
8rry

rlry

And the electron wave-function

32
Z

) — e—Zr/ao

(7

3
8ray

Where q, is the Bohr radius and 7, is the nuclear radius, which is known to vary as r, oc Z°".

The probability of electron capture, to a vary good approximation, will be proportional to Z“

where o is

(a) 4.11 (b) 2.22 (c) 2.05 (d) 1.11
Topic-Nuclear Physics
Sub topic- Radioactivity

Ans.: (a)

Solution: y, = Lo

87[rN3
Z3/2 e—Zr/ao

Vs \87a,’

The required probability can be written as follows

2
2

411
=7

P= |<'/’N |

v.)

A 1 T T
J‘e—Zr/ao B I sin(@)d 60 J. d¢
0 - 9=0

\87a, N 0=0

Given that 7, =kZ"

112
32 & _(Zlay—)
N

— 4”(]{20‘37)73/2]'1/26

0 0

Thus, P=
8
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2

037x—243 !
Pa |z oh # a‘ZO-"‘MXO-”‘ZQZ“'“ =7 >a=4.11
(= )

a, - PRy
Q9. Treat the hydrogen molecule H, as a rigid rotator. The next-to-largest wavelength in its

rotational spectrum is about 111xm . From this it can be estimated that the separation between the

pair of hydrogen atoms is about

(a) 0.12nm (b) 24.4nm (c) 64.4nm (d) 3.07um
Topic-Atomic, Molecular and Laser
Sub topic- Molecular Physics

Ans.: (a)

Solution: The energy of rigid rotator can be written as follows

2

E, ZEJ(J‘H); J = Rotational Quantum number =0,1,2,3,.....

I = Moment of inertia = ur,’

The selection rule for rotational transition is =>AJ =#1.

Thus, the energy of emitted photon during transition from J to J —1 can be written as follows
The minimum energy-maximum wavelength of emitted photon will be for J =0

The second largest wavelength will be for J =1

2 2 2 2
AE.=E2—E1=&=h—C:2h =E:> thzh—c:roz 24h
! 1 A 1 Ao A cuh

_myxmy, my _ | 111x107° x(1.05x107*)?
938x10°x1.6x10”
2

=0.12nm

x6.63x107* x3x10®

Q10. A falling raindrop, spherical in shape, with a diameter of 1um, acquires a uniform negative

charge due to friction with air. The electric field at a distance of 10um from the surface of the

droplet is measured to be 101Vm ™.

(a) 7 (b) 7.02x10° (c) 1.4x10% (d) 1414
Topic: EMT

Sub topic- Electrostatic
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Ans. (a)

Solution: Radius of drop
= R= b =0.5um
2
The electric field at a distance of » =10.5 um from the centre of drop is

o
q _ 9x10" xne 101

4z, (10.5x10°

9x10° xnx1.6x107"

——=101=13n=101=1=101/13=7
(10.5x10"”)

Q11. An electromagnet is made by winding N turns of wire around a wooden cylinder of diameter
d and passing a current / through it. When the current flows, a magnetic field of magnitude B
is produced at a perpendicular distance z, from the axis of the cylinder, where z, > d .
Ifthe number of turns N , the diameter of the wooden cylinder d and the current / are all doubled,
then the magnitude of the magnetic field will be B/2 at a distance z =
(a) 3.2z, (b) 0.5z, (c) 4.8z, (d) 2.4z,

Topic-EMT

Sub topic- Magnetostatic
Ans.: (a)

Solution: The magnetic field can be written as follows

gotom p_th NA o p Nlzd®
ar '’ dr ZO3 ’ 4 4ZO3

N —>2N,d >2d,1—>21

_ My 16NIzd’ _B/2:ﬂ16N]d2 4, NI

B 3 3 o 3
dr 47 Ar 47 81 4Z,

rd> > 7 =327,

Q12.If an electron is set into oscillatory motion by the electric field of a laser of intensity 150Wm ™

and wavelength 554nm , the amplitudes of its displacement and velocity, respectively, are expected

to be
(@) 5.1x10"®m,1.7x10 2 ms™" (b) 3.4x10™""m,1.0x10 " ms™'
(c) 3.4x107"°m,1.7x10 " ms™" (d) 3.4x10"%m,1.7x102ms™"

Topic-Oscillation, waves and optics

Sub topic- SHM
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Ans.: (a)

Solution: From the equation of motion, we can write

ma=m ? =qE = qE, sin(wt — kz)
t

D _ G Gt — k) = fav=] 950 Gin(or - k2)dr
dt m m
=>v= —q—EOcos(a)t —kz)= %cos(a)t —kz)

mao mao

The maximum speed can be written as follows

1.6x107"

V=—
maw

The intensity of laser light can be written as follows

I=teeEl = E, = 2—[:\/ 2050 _336x10°N/C
2 cg, 3x10°x8.85x10

8
%:3,4“015/3
554x10

E,

a)=27zv=27z%:2><3.14

The velocity amplitude can be written as follows

ek, 3 1.6x107%x3.36x102
mo  9.1x107'x3.4x10"

=0.17x10"""m/s=1.7x102m/s

dx _ ek cos(wt —kz) = J.dx = J.% cos(wt — kz)dt
d mo mao

-19 2
eEg sin(ar —kz) = Asin(or — kz), 4=-Eo o LOAOTX336xA07 g4y g0,

mao m’w 9.1x107" x(3.4x10" )

X =

Q13. A bicycle tyre is pumped with air to an internal pressure of 6 atm at 20°C, at which point
it suddenly bursts. Assuming the external pressure to be 1 atmosphere and the subsequent sudden
expansion to be adiabatic, the temperature immediately after the burst is approximately

(a) -97.5°C (b) -108.5°C (c) 45.5°C (d) 216.0°C

Topic-Thermodynamics and statistical
Sub topic- Thermodynamics

Ans.: (a)
Solution: The process is adiabatic

So, we can write

1=y
- 1-1.4

P7T =R, BT =PIy =T, = (ﬂj " T =614 x293=175K =-97.59°C
P,

2
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Q14. A vertical cylinder of height A is filled with an ideal gas of classical point particles each of
mass m and is allowed to come to equilibrium under gravity at a temperature T. The mean height

of these particles is

k,T mgH / k,T H mgH | k,T
(a) mg [1_ emgH/kET _1 (b) ?emgH/kBT +1
k,T 2mgH | k,T H mgH | k,T
(C) mg (1_ emgH/kBT +1 (d) ?emgH/kET -1
Topic: Thermodynamics and statistical
Sub topic: statistical
Ans.: (a)

Solution: The energy can be written as follows
2
E=myv +mgz

The mean hit can be write

H 00 m?
<z> = .[ J. dxdyj dzj d 3ve_ﬂ(7+mg2)
0 -

oo . 3/2
7 = AI.I eﬂmgz)dz.[od3veﬁ(2) :Eflﬂ(%j I:l_e—mgHﬂ:I

The probability distribution can be written as follows

et
=7
K T s
—Bm, 3

<> A'([ze 8Z)dzJ.d ve 2 A(Zﬂ j3/2 Zo~mellp I o eth

2= . =~ - dz
z z\mp) |~(mgp) ° —(mgp)

_ A[z;z' j3/2 Zeo el B o eHp B A(ZH)3/2 [[-] e—MgHB  ,~mgHP L ]
Z\mp) | -(mgB) (mgp) | Z\m ~mgB  (mgh)? " (mgp)?
A (2_n>3/2 1 [L—e ™gHB He—mgHﬁ]

__\mB) pmpl pmg

2m\32 1
20 _ ,—BmgH
A(mﬁ) Bmg 1~
_ (1—e—mgnB) _ He—MgHB _k_T[ B mgH /KT ]
_ﬁmg(l_e—mg+n/3) 1_e—ﬁmgH_mg emgH/KT_q
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y (27[]3/2|:1_emgHﬂ N He'"g”ﬂ}
_mp)\mp) | (mgp) 1 [1__ mgﬂh@”@m}

A(zﬁfu 1 (1—e’ﬂmgH) _mﬂg (l_e—ﬂmgﬂ)

mpg

k,T mgH S
<Z>= . [1_ —mgf/kT ]
Ch

Q15. Two students A and B, measure the time period of a simple pendulum in the laboratory using

mp

the same stopwatch but following two different methods.

— Student 4 measures the time taken for one oscillation and repeats it for N, number of times
and finds the average.

— Student B, on the other hand, measures the time taken for N, number of oscillations and then
computes the period.

Given that N,,N, >1, to ensure that both students measure the time period with the same

uncertainty, the relation between N, and N, must be
(@) N, =N, (b) N, =[N, (©) N, =N, (d) In2N, =N,

Topic-Mechanics

Sub topic- Oscillation
Ans.: (a)
Q16. A commercial advertisement for a solar power converter claims that when the temperature
of the plate (area 1.6m”) absorbing 20% of the solar energy (solar constant is about 1.36kWm s~
) reaches 127°C and the rest of the device is at room temperature ( 27°C ), the system will deliver
a power of 100/ .
If a prospective customer comes to you for advice about buying this device, your advice should be
that
(a) it is an efficient device for the given specifications.
(b) the power delivered is very small for the given specifications.
(c) the advertisement is false and the device cannot deliver so much power.
(d) other similar devices are available which can deliver 1.5—-2.0 times the power with the same
specifications.

Topic-Solid state Physics

Sub topic: Semiconductor Physics
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Ans. (a)

Solution: It is an efficient device for the given specifications.

Q17. Since the refractive index of water is 4/3, the angular velocity (in degrees per hour) of the

Sun at noon is perceived by a fish in the ocean deep below the surface as around

(a) 11.3 (b) 15.0 (c) 132 (d) 20.0
Topic-Oscillation, waves and optics
Sub topic- Optics

Ans. : (a)

4
Solution: sin(i) Yo R N sin(i) = %sin(r)

sin(r) g 1
~di 4 dr : 4
cos(i)— =—cos(r)—, cos(i)w, =—cos(r)w,
(l)dt 3 () & (Na, 3 (o,

An normal incidence
i=r=0°

3 360 3
o, =—o. ,wg=—-=15/Hr, o, =15x—=11.3°/ Hr
P g% 00 ! 44

Q18. The circuit diagram on the right shows a block 4

representing a cubic structure comprising 12 identical

resistances of 120Q2 each, whose body diagonal vertices are

connected to the rest of the circuit with an inductor L =10mH &
, aresistor R =100Q2, and a capacitor C =1uF . R - | |
Now, the switch S is turned on at £ =0. The earliest time at | _f,n_

which the current reaches a steady value /, is
(a) Zero (b) 100 s (c) 200 us (d) Infinite
Topic-Electronics

Sub topic- Circuit analysis
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Ans. : (a)

Solution:

i=i+1i,
The equivalent resistant can be written as follows

_5R_ 5x120

= =100Q
6 6

l=ll+lz

, dy
e— 1 R—L—=0

dt
di1+R, €
dr LTI

iy = (1-e7Fh)

q . _ . _dq
€~ lzR—O,lz—dt
g—g—ﬂR: d_q+i=f

c adt dt © RC R
q = ce(1— e Y/RC)
iz:d_que—t/Rc

dt R

€ € €
=i, +i,= Ee_t/RC +E(1 — e R/e) = E[e_t/Rc +1— e R/
C = 1uf = 107°f
L =10mH =10x 1073 =10"%H

. & — +4 _ 4 . &
l=—[e tx10 —e tx10 +1],L=—
100 10

Which implies it is already in steady stateat 7=0.
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Q19. Consider a circuit with an operational amplifier (op amp) and four resistors as sketched

below. 1
= Vo
+12V o AAAA -
R
oV o mAVATAYA
2R R

-12V o WAAN
4R

The output voltage ¥} is

(a) 9V (b) OV (c) =12V (d) -6V
Topic-Electronics
Sub topic- Op-Amp

Ans.: (a)

Solution: The output voltage for inverting amplifier can be written as follows

R R R
Vo= 2Vt 2Vt =V
R R, R

1 3
v :—(512—£12J :—(512—512JV:—9V
R 4R R 4R
Q20. It is required to design a circuit with an impedance Z (co) such that
Z()=ik(o-a,)
for a range of frequencies @ such that |a)— a)0|/a)0 <1

where k and @, are constant real numbers.

A possible design for this circuit would correspond to

(@) 0—‘”“”'—”—0 (b) o (VWi L—¢

© o —o d o

(=}

Topic-Electronics
Sub topic- Circuit analysis

Ans.: (a)
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Solution: Let us consider the impedance of the series LC circuit. The total impedance is given by
the sum of the inductive and capacitive impedances:
Z=7Z +7Z
Writing the inductive impedance as Z; = jwl and capacitive impedance as Zc=1/jwC and
substituting gives

Z(w) =jowL+1/jwC

w? -1

wC

Z(w) = j( )

1
Resonance frequency wg = Nir

Z(w) = JL (=99, 7(0) = jL LI 7(y) = jj, Lredre)

For frequency range

Z(w) = 2jL (0 = wy) = jk(w = w,)

Q21. On a wet monsoon day at 12 noon, a thin film of oil of thickness 0.3 um is formed on a wet

road. If the refractive index of oil and water are 1.475 and 1.333, respectively, which of the

following wavelengths of light will be reflected with maximum intensity?

(a) 590nm (b) 407nm (c) 443nm (d) 640nm
Topic-Oscillation, waves and optics
Sub topic- Optics

Ans.: (a)

Solution: 27+ % =mA

dmmi-, a2 oo g 2 20T
2 1 1
m—— 2——
2 2

Q22. A gas of atoms, each of mass m, in thermal equilibrium at a temperature 7, is radiating with

a frequency v,. The Doppler broadening (full width at half maximum, or FWHM) of the observed

spectral line would be given by

(a) 2v, /2ln2kBT b Vo /ZkBT © 2y, /1n2kBT d) 2y, /ZkBT
c m c\ m c m c m

Topic-Atomic, Molecular and Laser Physics

Sub topic- Atomic Physics
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Ans. : (a)
Solution: The doppler broadening arises due to random motion of gasses molecules which are
source of photon. Due to the random motion the broadening in the spectral line can be written

as follows
Vv
v—v, ==V
c

Where Vis the speed of gas molecules. The V' can be considered as the most probable speed

S e
m

The intensity distribution can be written as follows

which will be

—moc?(wy + w)?
2kTw?

I(w) = Iyexp [
Thus, the broadening can be defined as

1
I(a))on, ®,— 0= Ao

—moc?(wy — w)z]

10/2 = IoeXp [ kTa)z
0

Which can further be written as

Aw=235% /2kBT:ﬁ [21n 2k, T
c\ m c m

Q23. Two particles, as specified in the table below, both enter a region of uniform magnetic field

in a direction perpendicular to the field direction.

Particle RestMass Kinetic Energy
Alpha 3.7GeV 11.2GeV
Deutron  1.9GeV 20.0MeV

If both the particles then follow circular trajectories in the magnetic field, the ratio of their time
periods for one full revolution must be
(a)4.0 (b) 3.0 (c)2.0 (d) 1.0

Topic-EMT

Sub topic- Magnetostatic
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Ans.: (a)
Solution: The time period of circular motion can be written as follows

_ 2zmmyy 1

T Sy=——=;T=mc’-myc’ = y=1+
qB V4 VZ 0 4 mocz
==
c
2 2 2
T, - 2zm,c 14+ T2 _ 2 (macz+T): T, =—”(macz+T), TDz—ﬂ.chz
2eB m,c 2eB 2eB eB
2
my,c+T
I, 27 (macz+T)2 — - . 2 ) =22y
T, 2eB lchz mpc 1.9
eB

Q24. Natural potassium contains a radioactive component of * K that has two decay modes.

— In the first mode, **K undergoes a £ decay to the ground state of *’Ca .

— In the second mode, *’K undergoes an electron capture to the excited state of

“ 4r , followed by a single y transition to the ground state of ** Ar .

The amount of radioactive *’ K in a natural potassium (atomic weight of 39.089) sample is known

to be 0.0118 percent. It is also known that in the decay of * K, for every
1004 particles emitted, there number of y -photons emitted is 12.

If the number of f3 -particles emitted per second by 1kg of natural potassium is 2.7 x10*, the mean

lifetime of “K in years is

(a) 1.9x10° (b) 1.3x10° (c) 1.7x10° (d) 1.1x10°
Topic: Nuclear and particle Physics
Subtopic: Radioactivity
Ans.: (a)
Q25. The free electron model of metals (Drude model) explains several physical properties, but
cannot be used to explain
(a) positive value of Hall coefficient (b) magnetic susceptibility of the metal
(c) electrical conductivity of the metal (d) thermal conductivity of the metal
Topic- Solid state Physics
Sub topic-Hall effect
Ans.: (a)

Solution: positive values of Hall coefficient for metals can be explanined using drude theory.
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Section B
(Only for Integrated M.Sc.-Ph.D. candidates)
This Section consists of 15 questions. All are of multiple-choice type. Mark only one option on
the online interface provided to you. If more than one option is marked, it will be assumed that the
question has not been attempted. A correct answer will get +5 marks, an incorrect answer will get
0 mark.

Q26. The value of the integral

+7/2
J. dx cosh kx? sin® x

-zl2
In the large - £ limit, will be
2 2

1 iz 4 1 4 1 i
—_— b) cos| — ——cosh| — d) —
@ ¢ ®) (4} © 22 (4} @ 25

Topic- Mathematical Physics
Sub topic-Integration
Ans.: (a)

2 2
Solution: 7 = I dx cosh kx* sin”® xdx = 2jdxcosh kx* sin” xdx it is given kis very large so
V4 0

cosk? = P the integration
3 expks? : 2 : .
I= ZI e PR G2 e = I 2o PR G2 v = de2kx exphe’ | 2 iy
0 2 0 kx 0 ka

Using integration by parts

2/ 7 % .2 2
J_ SXpkx [Smx)sinx _J-i sin’ x expkxzdszexp Z2R I
k X o odx\ kx kmr 4

e
J‘i S x exp kx*dx will contain Lz term which will be zero at large k.
Vx| kx k
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Q27. A hollow metal sphere filled with a thick, highly viscous oil is rotating about a vertical axis

with an initial angular velocity @,. However, there is a small hole at the bottom of this sphere,

through which drops of oil are leaking out vertically at a steady rate. The variation of the angular

velocity a)(t) of the sphere with time t is best represented graphically by

(@ jm/_(b)}t)\/_()%@ v

t t

¢ t
Topic-Mechanics

Sub topic- Fluid mechanics
Ans.: (a)
Q28. A pendulum which is suspended from the ceiling of a train has time period 7, when the train

is stationary. When the train moves with a small but steady speed v around a horizontal circular

track of radius R, the time period of the pendulum will be

V2T2 -1/2 v2T2 -1/2 v4 -1/4 v4 1/4
(a) T‘)(I_MZOR] (b) TO(HMZORJ (c) %[l_ﬁj (d) To(”ﬁ)

Topic-Mechanics

Sub topic- Pendulum

Ans.(c)
2 \/7 \/7 2
a)o = —_—= —_— = _—=—
T, g g T

> 2
v
The effective acceleration along the parallel to direction of tension is g, = (E] +g2
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Q29. A cricket ball, bowled by a fast bowler, rises from the pitch at an

angle of 30° with a speed of 72km/ hr, then moves straight ahead and, at
a height of 0.5m, strikes the flat surface of the bat held firmly at rest in a

horizontal position (see figure). As a result, the ball bounces off elastically,

providing a return catch straight back to the bowler.

If the coefficient of restitution between the bat and the ball is 0.577, the acceleration due to gravity
is 10ms™ and air resistance can be neglected, the catch will carry, before hitting the ground, to a
distance of approximately
(a) 19.5m (b) 37.0m (c) 9.5m (d) 21.0m

Topic-Mechanics

Sub topic-Newtons law

Ans. (a)

Solution:

20cos 30 = 20+/3/2 — 10v3

, ) 20m/s
Wy’ =uy + 2as 0.5m 20sin30=10m/s
V? = (10)* + 2 x (—=10)0.5 30’
12 =90 i

20c0s30=20—m/s
vy = =Y. m/s
, =90 = 9.48 m/ 2

After collision — ex 10v/3 = 0.577 x 10v/3 = 9.99 m/s
After the collision, the y-component of velocity

=9-48m/s

= ut + = gt?
s=u Zg

1
—0.5 = 9.48t + > (~10)¢"2

5t> —9.48t —0.5=0
t =194
s=ut =999 x 1.94 = 19.45
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Q30. In a matrix mechanics formulation, a spin-1 particle has angular momentum components

0 1 -1 20 0
szg 1 V2 0 Lzzgo -1 -1
-1 0 =2 0 -1 -1
It follows that L, =
0 - i 0 i —i
(a)E i 0 -2 (b)E i 0 2
i 2 0 i —iv2 0
0 V2 0 0 —2 0
©\2n|2 1 0 @~2n 2 -1 0
0o 0 -1 0 0 1
Topic-Quantum Mechanics
Sub topic-Angular momentum
Ans. (a)

Solution: The commutation between [L_,L |=iAL, = L, = %(LZLX ~-L.L)
: 1

20 oMO 1 =130 1 -=1Y2 o0 o

2
L=~Z0lo -1 211 V2 0 |1 42 0 |lo -1 -
ih 4
0 -1 -l-1 0 —~2) (-1 0o 20 -1 -1
0 - i
=M o0 -2
* 72

~i W2 0
Q31. Two equal positive point charges Q=+1 are

placed on either side of an x -axis normal to a grounded

infinite conducting plane at distances of x =42 units

leo
+ o0

and x=-1 unit respectively (see figure) w.r.t. the

point of intersection of the axis with the conducting

H

plane as origin.
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The electrostatic potential along the axis will correspond to the graph in

V(x)
(a) (b)
st
10k
st
-20
4 2 X 2 4
20
S O V(x) 15t
V(x) 5t 8 l
(©) ~ (d)
s|
T 0
0 Al
i 110 +
A6l
sl
sl
20 | * 4 2 x 2 4
4 2 x 2 4
Topic-EMT
Sub topic-Electrostatic
Ans. (a)

Q32. Two co-axial solenoids A and B, one placed completely inside the other, have the following

parameters:
Solenoid Number of turns Length Diameter
A 1000 50cm 2cm
B 2000 50cm 4cm

The mutual inductance between the solenoids is

(a) 1.58mH (b) 125.7mH (c) 395.0mH (d) 12.57TmH
Topic-EMT

Sub topic- Self inductance

Ans.: (a)
. N,
Solution: B =y ni _ KN
IA
; 2
¢=BAc050=yoni=%Z_NAJ”jA

A
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Flux passes through solenoid B

U NN ird}
N,yp== BV 4 4
l, 4

The mutual inductance is

o Nyp  u,NyN, 7Z'dA2

i l, 4
_ U,N,N, 7d, _ amx10~"x1000x2000xmx(2x1072)*
l, 4 4x50%x1072
m=1.58mH

Q33. A particle of mass m in a three-dimensional potential well has a Hamiltonian of the form
H = %+%+%+Ema)2xz vL%ma)zy2 +2ma’z’
Where @ is a constant. If there are two identical spin —1/2 particles in this potential having a
total energy
E=6hw
The entropy of the system will be
(a) k;Inl4 (b) k;Inl6 (c) kyInl2 (d) k;In10
Topic-Thermodynamics and statistical mechanics

Sub topic- Thermodynamics

Ans. (a)
- 1 1 1
Solution: E=£nx+—jha)+(n +—)ha)+(nz+—j2ha)
2 Y2 2
E=(nx+ny+2nz+2)ha) 1 2
P 2ho — (0,0,0) | 4hew — (0,0,1)
> =k (1,1,0)
n.+n,+2n +2=6 (2,0,0)
(0,0,2)
Q=12, S=k,Inl2
3w — (1,0,0) 3w — (1,0,0)
(0,1,0)
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Q34. A quantum dot is constructed such that it has just three energy levels, with energies E, 2E
and 3E respectively. The chemical potential in the system has the value x=2FE and the

temperature is given by

r-t
2k,

The expected number of electrons populating the quantum dot will be

(a) 3.0 (b) 2.5 () 1.5 (d) 4.0
Topic: Thermodynamics and statistical mechanics
Sub topic: statistical mechanics

Ans.: (a)

Solution: The fermi Dirac distribution tells the probability of occupancy

1
SE) =
e B +1
The chemical potential is givenas u=2E=F "y
1 1 1
F(E)= E_ —u =TE 28 ¢ fE)= E  2E
emek‘TT +1 ek‘TTekTT +1 elC‘T[el‘“7 +1
Att £
emperature T =
2k,
1 1 _
FE) =gy =" ’ At b =E

=,
ekBEe kgE +l eEe +1

J(E)=—t—088, AtE=2E

efe*+l

1
2E)=—=0.5, At E =3E
/2B ete +1

1

efe™ +1

fBE)= =0.27

The expected number of electrons

N =2(0.88+0.5+0.27)=3.3~3
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Q35. The non-inverting amplifier shown in the figure on

the right is constructed using a non-ideal operational o—+ Vou
amplified (op amp) with a finite open loop gain 4. - B
The value of feedback fraction is
——AWW—
"R, ?Rz =0 % =
R;
If the gain A varies such that
10° < 4<10° =

Then the approximate percentage variation in the closed loop gain will be

(a) 0.09% (b) 0.0% (c) 0.9% (d) 9.0%
Topic-Electronics
Sub topic- Op-AmP

Ans. (a)

Solution : Closed loop gain

A A
7 1+4B

If gain A = 10* and B = 0.1

Then

Ao, = 10° =9.99
¢ T14108 T 7

If gain A = 10° and B = 0.1

Then, ACL = oot 9.999

Percentage variation in closed loop gain, AA:;% = w X 100 = 0.09%

Q36. In a standardized entrance exam, the passing rates for the past 10 years are tabulated below.

Year 2011 | 2012 | 2013 | 2014 | 2015 |2016 |2017 |2018 |2019 |2020
Passing Rate | 22% | 16% | 23% |[21% |22% |14% |17% |20% |24% |21%

If 1000 candidates appear for the exam every year, the probability that more than 250 students will

pass the exam this year is about

(a) 6% (b) 20% (c) 25% (d) 0.1%
Topic-Mathematical Physics

Sub-topic- Probability
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Ans.: (a)

o ) = = e 1)
Solution: f(x) = A
f(x) = probability density function
o = standard deviation
u = mean

jz;;l (x;— %7
g =

n

Where:

e nis the number of observations (10 years).

e x; is each individual passing rate.

e X is the mean passing rate.

e o0 = 3.28, u = 20 can be calculated from the data.

lesoo e—(05(x=2 )2)/10.76 4,

. 20V = 0.0637245~ 6 %

Q37. A spectrographic method to search for exoplanets is by measuring its velocity along the line
of sight, using the Doppler shift in the spectrum. If a star of mass M and a planet of mass m are
moving around their common centre of mass, this component of velocity will vary periodically
with an amplitude.

[ 276Gy " m
T M2/3

For a particular planet-star system, if the time period is T = (12 + 0.3) years, and 4 and

M are measured with an accuracy of 3% each, then the error in the measurement of the mass

m 1is
(a) 3.7% (b) 8.5% (c) 5.8% (d) 6.3%
Ans. (d)
Solution: The amplitude is given as
27G, m
A — (T)l/:; M2/3
272G ;5 m AT 23 2 1 1
A=(—2)" " —==>m=—M" = In(m)=In(A) +=In(M) +—In(T) ——In(27zG
O R v e e (m) =In(4)+ ZIn(M) + < In(T) = £ In(27G, )

LAT A 100 = 3%+ 23% + 22 <100
3 M 3T m 377312

Am_ A4 2 AM
m A
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Am o 100=3%+23%+193 . 100=5.8%
m 3 312

Q38. A satellite used to make Google Earth images carries on board a telescope which must be
designed, when operating at a wavelength A, to be able to resolve objects on the ground of length
as small as O .

If the satellite goes around the Earth in a circular orbit with uniform speed v, the minimum
diameter

D, of the telescope mirror can be determined in terms of R, the radius of the Earth, and

g , the acceleration due to gravity at the surface, to be

1.224( gR? 1.224 gRZ( R]
a) ——=| S--R by — 8N 1 X
@ o ( v’ j (®) s v A
1.224 gR? 1.221 |gR’
b = d) ===~ &
© = W @ =57
Topic-Mechanics
Sub topic- Gravity
Ans. (a)
2
GM; GM GM
Solution: - m2 :>(R+h): —=>R=—7-h
+h (R+h) v v
| :1.22/1 o ?
A0 "
2
D - 1.22/1h:1.22/1[G1;/[ _Rjzg gli R GM = gR?
) ) v o v

Q39. An observer O, moving with relativistic speed v away from a fixed plane mirror M in a

line perpendicular to the mirror surface, sends a pulse of light of wavelength A towards the mirror.

v

>

0

b

<

The wavelength of the light reflected back to the observer will be

(a) A[C-H}j (b) ﬂ[c+2vj ©) ﬂ(c—vj (d) A[c—Zvj
c—v c—2v c+v c+2v

Topic-Oscillation, waves and optics

Sub topic-
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Ans.: (a)

Solution: Mirror receive a wavelength 4, =1 source (observer) is moving away from light

Y

towards mirror fig.

Pt
T<

0]
M
1+2 1+ 1+2 ctv
Now observer receive the wave length 4 =1, -2 ¢ ¢ —
% % vV c—vy
=Y 1-2\1-2
C C C

(Again, observer is moving away from the light coming from mirror)

Q40. The low-temperature specific heat of a certain material is primarily due to acoustic phonons.
The frequency @ of a phonon is related to its wavevector £ by @ = ck, where, c is the speed of
sound in the material. The phonons have a Bose distribution

1
n(k)= kT _]

And the energy of a phonon has a maximum possible value @,

In a two-dimensional sample, the specific heat at low-temperature behaves as

(@ (ij (b) (ij © (iJ @ L
a)D CUD CUD a)D

Topic-Solid state Physics
Sub topic- Density of States
Ans.: (a)
Solution: The distribution of Phonon is given as follows

1

n(k)y=——
( ) ehcw/kBT -1

The density of states in 2-d can be written as follows
LY r
g(k)dk = 2(—) 2rwkdk = g(k)dk = — kdk
2r T

The wave vector can be written as follows

k=2 ar =2
C C
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I’ wdw I} o* N o°
w)dw=— = N = D =D — p’ =2rnc’
g(@) 7T c? cr 2 I’ 2xc? P

The average energy can be written as follows

“ 1 1 r

0 eistein

@y 2 2 Wy
=IthL—2wdw+2NhL—2 %%a)da): A+£2T3
0 e ¢ e -1 6,

As we know that the Debye temperature can be written as follows

_ha,

4
d k,

At very low temperature

<6,

The average energy at very low temperature can be written as follows
B
(E)a| A+—T°
HD
The heat capacity can be written as follows

d{E 2
C:—< >:i A+12T3 :>C0:T—2
ar  dr\" e, 0

D
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Section C
(only for Ph.D. candidates)
This Section consists of 15 questions. All are of multiple-choice type. Mark only one option on

the online interface provided to you. If more than one option is marked, it will be assumed that
the question has not been attempted. A correct answer will get +5 marks, an incorrect answer
will get 0 mark.

Q41. Consider the inner product in the space of normalisable functions defined on the interval

[-1.1]
<F|g> z'[jldx(l+x2)f(x)g(x)

The projection of the vector 1 along the vector x* is

142 16 [35 , 162
(@ — (b) \/; () (d)

Topic-Quantum Mechanics
Sub topic- Vector space

Ans.: (a)
Solution: (fg)= [ (1+°) 7 (x)g (x)
Here f(x) = l,g(x) =x’

(flf)= j(1+x2)1.1dx=2i(1+x2)dx=2(1+3:

-1

Normalized |f> =\/§

p 1 1) 24
<g|g>=j1(1+x)x Xdx = 2(5 7) =

Normalised |g> = \/gxz

Projection of unit vector |f> along unit vector |g> is

516
<f| \/7\/7_[ 1+ x? lxzdx—(\/72jx+x VX—(J: (3 5) \/7 415
The projection is \/7,/ > 1 ‘/ 35 x? = 335 16x2 \/gﬁxz
24 15 824 15 89

W | oo
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The magnitude of |f> =\/§

314
So projection of \/7|f anng direction |g> is \/:x ——x —x2

Q42. A dumbbell consists of two small spherical masses M each, |z
connected by a thin massless rod of length 27.

This dumbbell is centred at the origin, and is rotating about the z -
axis with a uniform angular velocity @, making an angle € with
the z -axis (see figure). N

Neglecting effects due to gravity, at the instant when the dumbbell

is wholly in the yz -plane (as shown in the figure), the magnitude 4~ '

of torque about the origin will be
(a) M (*w*sin26 (b) 2M ’w*sin® @  (c) 2M *w’ cos* @ (d) Zero

Topic-Mechanics

Sub topic- Moment of Inertia
Ans.: (a)
Solution: Moment of inertia about principal axis i.e. axis passing
through mass less rod and center of mass is as origin is given by
I, =2MP,1,=0,1_=2MI* figure. & =(wsin6,wcos0,0)
L =2MPwsin 0%

Torque &x L =2MI*w” sin@cos@(jx%)=MI’w’ sin20(-2)

Q43. A system with two generalized coordinates (q1 , qz) is described by the Lagrangian

L=m(q'f+2q'lq‘2+§q'§j—k(3

2qf+2qlq2+q§j

where m is the mass, and & is a constant.

This system can execute oscillations with two possible time periods

(a) T =27 2m and T =27, %
\ & \ 2k
m m
(b) T =27 /5(5—2\/8) and T =27 /2—k(5+2J€)
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(d) TZZ”\/E and Tzzﬁ\/@
3k 2k

Topic-Classical Mechanics

Sub topic- Oscillation
Ans. (a)

. .3 3
Solution: L:m(qlz"'qu%+Eq22j_k(§%2+2%%+%2]

Kinetic energy T =m| g, +2q1q2+5q2 in matrix form 7' =

2m 3m

. . 35 2 . (3K 2k
Potential energyis V' =k qu +2q,9, +q, | potential energy matrix is ok ok

2 2
Secular equation is |V - a)2T| =0= (3k @ 2m 2k =20 mJ =

2k —2w*m 2k -w*3m
(3%~ @ 2m) 2k~ 3m) ~(k—@’m) =0

6k* =13k’ m+60'm* —k* + 20’ km—0*m* =0

L 1m+N12162m? —4x 5 x5k m?

5k —1lkao*m+50'm* =0 = @

e 11k+x/—k 11+ _ k(1=
10 m| 10

3
L= m(ql +2q,q, + 2%) k(

2(11 +2q,9, +Q2]

(3k —@*2m) 2k~ @*3m) ~(2k —20m) =0
2k* = 5ko*m+ w*m* =0

5k, 25k kK Sk 3k

2 2 - 77_47 -t
kK —=ko'm+o'm” =0= s _Sko +k—2:>a)2:2m Am__m _2m 2m
2 m m 2 2
Sk 3k
T PP P LN P
2 2m 2 2" 2m w 2k k

H.N. 28 A/1, Jia Sarai, Near IIT-Delhi, Hauz Khas, New Delhi-110016
#: +91-89207-59559, 99715-85002
Website: www.pravegaa.com | Email: pravegaaeducation@gmail.com

31



Pravegagl Education

CSIR NET-JRF, GATE, IIT-JAM, JEST, TIFR and GRE for Physics

Q44. A system was formed of three spin- 1/2 particles 4,B and C, respectively and it was

prepared in an initial state

W)= [P [P e [Py T e[t e [t g [ )t [

where the symbols ‘T> and ‘i«> indicate states with S. =+1/2 (spin-up)and S. =—-1/2 (spin-
down) respectively. A measurement was made on the system in the initial state and this
identified the spin state of the particle A to be ‘~L> (spin-down). Now the expectation value of
<SZ> for the particle C could be calculated as

|2

P (b)

2 2 2
les| e =] =le Cs+C +c—¢

(a) 2 2 2 2 2 2 2
les| s +eq| +eg les| e g +e)

(c;"'C; _C: _C:)(c5+c7 — ¢ —C) (e "‘Cv)*(cs +¢; )= (eg+eg) (e +¢)

(c) I R (d) TR R
fes|" +les [ +leel +leil jes|” +ler [ +leel +leil
Topic-Mechanics
Sub topic- Spin
Ans.: (a)
Solution:

W)= [P e [P )y [Ty [T ) e W) UM ) g [ )k g [

If measurement have been done such that it is identified particle A has down state so the state

will proportional to,

[ o 5 P 2 A S R 5 e A

Now S, is measured for C

The measurement is value 5 with probability |2
2 2
el +les]

And —E with probability > > 3 3
2 |cs| +|cé| +|c7| +|cg|

2 2 2 2
<sz>=[ﬁx e +lc rH‘EX e

2 |c5|2 +|C6|2 +|c7|2 +le; 2 |CS|2 +|c6|2 +|c7|2 +leg

(el
-4 |2

2 2 2
es] el +lesl" +ley
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Q45. A particle is confined to a one-dimensional lattice with a lattice spacing §. In the position

space, the Hamiltonian operator for this particle is given by the matrix

/ 0 0 0 0 \
[ 2 -1 0 0 |
H=Elo -1 2 -1 0 0 I
lo 0o -1 2 -1 o |
\0 0 0 -1 2 - /

0 0 0 0

Noting that it commutes with the generator T of translations

T =

SO R O OO
o O oo

\.
)

S ook OO

a
'\

0
0
0
0

coococo:
cCocoocor:

iP8/h

where T = e in terms of the momentum operator P, the energy of a state with momentum p

will be
(a) 4Egsin® (p§/2h) (b) Eqcos (pS/h)  (c) Egsin (pd/h) (d) Eo(pd/2h)?

Topic- Solid state Physics
Sub topic- Band theory
Ans.: (a)
Solution: From the given Hamiltonian it is clear that the interaction energy of a particular site

with its own is £, and the interaction energy with neighbour is —£,.

The energy can be written as follows
ik O —ik, 0 - 2 k 5
£=2E,-2E, (" +e ™) =2, - 2E, cos(k,5) = 2, [1 - cos(k,5)] = 4, sin =)

k,

. o . 2, PO
& =4E, sin? =4F sin* (£
o sin”( 5 ) 0 (Zh)
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Q46. According to a standard table, the refractive index of water at 4°C is 1.33 at a wavelength
of 590 nm. However, a carefully performed experiment in the lab yielded a refractive index of

1.41.

Which one of the following statements could be the explanation of this discrepancy?
(a) The experiment was performed at a wavelength lower than 590 nm.

(b) The experiment was performed at a wavelength higher than 590 nm.

(c) The water sample was at a temperature lower than 4°C.

(d) The water sample was at a temperature much higher than 4°C.

Topic-Oscillation, waves and optics
Sub topic: optics
Ans.: (a)

Q47. The power radiated by a point charge ¢ moving rapidly with a uniform speed v in a circle

of radius R will be

@ glc 2oy o) g’c 2 Y
67g,R*\ ¢ —v* 67g,R* \ ¢ —v*
© g 2 @ PR

671g,R* ¢* -V 671,R’ > =V’

Topic-EMT

Sub topic: Radiation
Ans.: (a)

Solution: Power radiated can be written as follows

P= fuoqz7/6 [az _|V><a|zj

6rc c |

Here the angle is 90°, y = -

v
1-—
c2
pe ﬂ0q202 | v2 ~ q2a264 ~ q2v4c
- v, el ) g,6mc’(c? =)’ B £,6mR* (> =)’
67rc(l—c—2)

~ q%c 2 \?
P= 6megR? \ c? — v?
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Q48. A pseudo-potential V, between every pair of particles in an ideal gas is to be constructed

which will reproduce the effects of quantum statistics if the gas particles are bosonic in nature. A

correct formula for this, in terms of the inter-particle distance 7, and a mean distance A, will be

of the form

(@ Vy ==k, Tln(1+¢777) (b) ¥,y ==k, T In(1-¢77* )

(b) ¥,y =+k,TIn (14777 (d) V;, =+k,TIn (1774 )
Topic-Thermodynamics and Statistical Mechanics
Sub topic: Statistical Mechanics

Ans.: (a)

Q49. Three students A, B and C are given identical counters and each is asked to measure the
number of gamma rays emitted per second by a given radioactive source. They are expected to
perform the counting many times and find the mean and the standard deviation. The students find

the following:

Student A B C

Measurement (counts/second) 482 + 22 495+ 10 501 + 22

If a counting experiment conducted previously by the instructor on this same sample with another
identical counter had recorded exactly 30,000 gamma rays in a minute, then which of the following
interpretations is valid?
(a) The measurement by student B is too precise to be believable.
(b) The measurement of student B is more correct than that of student A.
(¢) The measurements of A and C have too large standard deviations.
(d) The measurement of C is much more precise than that of A.
Topic-Nuclear and particle Physics

Sub topic: Radioactivity
Ans.: (a)
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Q50. A thyratron consists of a tube filled with Xenon « AN

gas which can be used as a high-power electrical

switch. Electrons are emitted from a cathode K heated

by a filament F', and made to accelerate to some

energy E by a voltage V' applied across the anode

<
H

plate P.

Electrons that scatter from the Xe atoms get deviated

from their path and hit the shield S, which is a

conducting envelope that transports the electrons back

to ground potential (see figure on the right). The rest of

the electrons strike the plate and contribute to the plate current i, .
Which of the following graphs of the variation of the plate current i, with increase in the

accelerating voltage V' could indicate the wave nature of the electron?

i, 2
(a) (b)
V V
i, I
© @ ﬁ
v 14
Topic-Quantum Mechanics
Sub topic- Scattering
Ans.: (a)

Solution: This problem can be solved from scattering amplitude
£(0,¢)=(21+1)e” sin(6,) P (cos 0)

The total scattering correction can be written as, o, = |f(¢9,¢)|2
At some particular applied potential,

At certain voltage we will have 5, =7,27,.......
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J6H=0
o,, =0, it means no scattering. We will get maximum current.

So, the correct option will be (a)
Q51. In a semiclassical approach, the Hamiltonian of a He atom is modified by adding a
magnetic interaction term between the two electrons, of the form
H, = A2‘§1 "§2
Where S, and .§2 are the electron spins and 4, is a coupling constant. This leads, for the

configuration 1s°, to the energy shift

(a) —=34,/4 (b) +34,/4 (c) +4,/4 (d) -34,/4
Topic-Atomic, Molecular and Laser Physics
Sub topic- Atomic Physis

Ans.: (a)
Solution: H, = A2§1.§2
For two electrons system, net spin S can be written as follows

. . . . SZ_SZ_SZ
=S/ +8, =55 =(S5+5,).(S,+5, ) =57 +5,7 +25,.5, = 5.8, ===

i

SS+1)=S8,(S, +1D)=8,(S, +1)

H=4S.5,=E=(H)=4,(5.5,)=4,

2
Since, S, and S, bothare 1/2,
But, in 1s” the electrons are anti parallel. Thus, S=0
0_3_3 ;
Thus, the energy shift can be written as follows, E = %Az = _ZAZ

Q52. In the shell model of the nucleus, it is known that orbitals get filled in the order

Is,, 1py, lpy, lds, 2s,, 1d;, andsoon
For a nucleus of ;'O the two neutrons outside the doubly-magic core of 'O will occupy the

same orbital. The allowed value of J? will be

(a) 47 (b) 57 (c) 2 (d) 3
Topic-Nuclear and Particle Physics

Sub topic- Shell Model
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Ans. (a)
Solution: Two neutrons are outside the core. They are at the same orbital. So the distribution will

be

(151/2 )2 (1p3/2 )4 (lpl/Z )2 (ldS/z )1 (1d3/z )1

Now the nuclear spin can be written as follows

J=2-2_4
2 2
Q53. From the knowledge that you already have about the length of one year and the fact that the

Sun subtends 0.5° in the sky, the average density of the Sun can be computed in kg —m~ as

(a) 1.7x10° (b) 7.5x10° (c) 1.7x10° (d) 7.5x10°
Topic-Mechanics

Sub topic- Central force Problem

Ans.: (a)
Solution: ™" _ GmM, _ (> _ GM,
r r r
27 27r Y GM,
V=r= , = :
T T r

(oMY _((6.67x107" x1.987x10" (365 x 24x3600)’
4r’ Ar’

1/3
j =r=14.9x10"m

11
Now D:er:1‘49X10 ><()'5X7T:1.3><10"m; D = Diameter of sun

180

The radius of sun can be written as, R=D/2=6.5x10°m

The volume will be V=4T7[R3 =1.16x10" m®
The density _M, —M—l 7x10°
P T ex10”
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Q54. At very low temperatures, the electrical resistivity of most metals is dominated by
(a) Collisions of conduction electrons with impurity atoms and lattice vacancies.
(b) Absorption of conduction electrons by ions in the lattice.
(c) Collisions of conduction electrons with lattice phonons.
(d) Transfer of conduction electrons to the valence band.
Topic-Solid state Physics
Sub topic- Transport Properties
Ans.: (a)
Solution: At very low temperature the electrical resistivity of metal is dominated by collision

conduction electrons with impurity atoms and impurity.

QS55. There are two conceivable channels by which a vector p° meson can decay into a pair of
pseudoscalar pions. These are
P’ o>+’ and p° >t 4

The probability that the decay takes place through the process p’ — z* + 7~ is approximately
(@) 1 (b) m,/2m (c) m’, /m (d) Zero
Topic-Nuclear and Particle Physics
Sub topic- Particle Physics
Ans. (a)
Solution: Note that this is just a general rule, and does not apply in 100% of cases. It does apply
here for the primary decay- the probability for po — "+ is overwhelmingly higher than any
of the others. But for instance, the decay p° — z° + 7" is just straight up forbidden by exchange

symmetry- from conservation of angular momentum, the angular momentum of the final state
implies that the state must be antisymmetric, but the fact that the final state is two identical

bosons implies that the state must be symmetric. This is a contradiction, so the decay cannot

occur at all. Thus, probability of po -+ sl

H.N. 28 A/1, Jia Sarai, Near IIT-Delhi, Hauz Khas, New Delhi-110016
#: +91-89207-59559, 99715-85002
Website: www.pravegaa.com | Email: pravegaaeducation@gmail.com

39



