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Section A: Q. 1- Q. 10 Carry ONE mark each.

Q1. Consider a volume V enclosed by a closed surface S having unit surface normal 7. Forr = xi +
yj+ zk, the value of the surface integral

! & r-nds
— r-n
9

is

(A) V (B)3V (€) %

Ans.: (c)

=)
ol

Solutionzégﬁ 7-Ads ,7=xi+yj+z

Topic - Mathematical physics

Sub topic: Vectors
Q2. Two point-particles having masses m; and m, approach each other in perpendicular directions
with speeds v; and v,, respectively, as shown in the figure below. After an elastic collision, they
move away from each other in perpendicular directions with speeds v; and v, respectively.
Before collision  After collision
y m; m;
o—
(2 my V2
m !
X 3 121
' V1
The ratio v—f is
V1
m2v, myvy m2v, myv,
(A) m3v, (B) myv, (Q m3v, (D) myv,
Topic — Mechanics and properties of matter
Ans.: (a)

Sub topic: Conservation of momentum

! 2
\ ' mv
. . _ _ CORT] . 2 1M
Solution: - m,v, = m,v, and m,v, = m,v, after dividing equation =
1 272
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Q3.  Which one of the following figures represents the vector field A = yi ?
(T is the unit vector along the x-direction)
y y
= 4 = < p = 4 < -
— ey ey ey | D > — ———— | = — — —>
(a) B el B e S (b) CECEEEE D999
(0,0) e (0,0) i
bt s b o R o DIIIIIS | e
e | — —_—— = — | —— — —
y y
< P 4 ¢ € > NE <
—— —— | —— — — it d At 2k el S
(C) e | cecceccce (d) DIIIIID N
> X
0.0) > X (0,0)
S>> >>> | >>D>>>> B e e i Tl R e D
—_,— | ——— e ey [
5 5 ~ % — e— —  —
Topic - Mathematical physics
Sub topic — Vectors
Ans.: (a)

Solution: A = yi

Vector is { cap direction increases with y changes direction with y > 0,y <0
Q4. Two parallel light rays (1) and (2) are incident from air on a system consisting of media P, Q, and
air, as shown in the figure below. The incident angle is 45°. Ray (1) passes through medium P, air

air G)// n,=1 (@//

and medium Q and ray (2) passes through

media P and Q before leaving the system. After \
passing through the system, the angular P np = V3 Zcm
deviation (in radians) between the two raysis 1 cm |air n,=1 1
[The dimensions of the media and their Q ny= V2 |2cm
refractive indices (n,, np and nQ) are shown in ; *
air nd — 1

the figure].

-1 g -1 2 -1 1
(A)O (B) tan 5 (C) tan 3 (D) tan 3

Topic: Waves, oscillation and optics

Sub topic: Ray optics
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Ans.: (a)
Solution: Let the incident angle in air be 6, = 45°.
Ray (1): goes through P — air - Q
At each interface,
ngsin 6y = npsin Op = ngsin 6, = ngsin 6y = ngsin O, 4
Since the first and last media are the same air (n, = 1),
Sin By 1 = sin 6y = Oy 1 = Oy = 45°.
Ray (2): goes through P = Q
Similarly,
ngsin 6y = npsin Op = ngsin Oy = ngsin Ogy , = Ooy 2 = Oy = 45°.
Both rays emerge at the same angle as they entered (parallel entrance and exit faces guarantee
this), so they remain parallel after the system. Any differences are only lateral shifts, not angular.
So the angle of deviation is zero.
Q5. Acharge q is placed at the centre of the base of a square pyramid. The net outward electric flux
across each of the slanted faces is

(Consider permittivity as &, )

q 4
q q q q
(A) L (B) 5 (€)= (D) 5
Topic: Electromagnetics theory
Sub topic: electrostatics
Ans.: (d)
/2
Solution: O, =4'<
£

0

i VY
Qshaded - 4 2(90 880

Charge above plane is ¢ /2

(.. Base will get 0 flux)
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Q6. Consider a parallel plate capacitor (distance between the plates d, and permittivity &, ) as shown

in the figure below. The space charge density between the plates varies as p(x) = p,e™*. Voltage

V =0bothatx =0andx =d. x=d,V=0

P x

p(x) = poe”

.
]
X!
|
|
1

x=0,V=0

The voltage V (x) at point P between the plates is

[ po is a constant of appropriate dimensions]

(A)S—Z[e‘x+#x—1] (B)%[e‘x+#x—1]
(C) 2%00 [e_x + 1_2_dx - 1] (D) 38—20 [e‘x + 1_2_dx - 1]

Topic: Electromagnetic theory
Sub-topic: Electrostatics Poisson's Equation
Ans.: (a)

Solution:V-E = £

€o

2 -X -X
E=—VV,VV =—p/e, [ =0T =t 4
0

0x2 " ox €o

_poe”

€o
Atx=0,V=0,x=d,V =0

V =

+cix+cy

0=—L4c0=LVE)=-2t+x+20=-2%_4d+L2
€o €0 € 0 €o 0
—d -d _ 1
c1d=p0 —ﬁV()—ﬁ[—e‘x+( )x+1]
0 €o 0 d
_poe ™ p [y, (1= poe Poe p P
G = €od eod[ + 1]' V(x) + [ €od eod] €0
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Q7.

Consider a metal sphere enclosed concentrically within a spherical shell. The inner sphere of
radius a carries charge Q. The outer shell of radius 2a also has charge Q. The variation of the

magnitude E of the electric field as a function of distance r from the center O is

(a) (b)

=
N
=
Rl 4

(c) (d)

a 2a r

-~V

Topic — Electromagnetic theory

Sub-topic — Electrostatics

Ans.: (a)

Sqution:E=kr%a<r<2a,E=0r<a,E=k2r—?r>2a

Qs.

Consider radioactive decays A — B with half-life (Tl/Z)A and B — C with half-life (T1/2)B- At any

time t, the number of nuclides of B is given by

A
(Ng)¢ = —A (NA)O(e_AAt - e_lBt)
Ap — Aa

where (Ny), is the number of nuclides of A at t = 0. The decay constants of A and B are A4 and
Ag, respectively.

If (Tl/Z)B < (Tl/Z)A' then the ratio ENN—B;t attime t » (Tl/Z)A is [ (N,)¢ is the number of nuclides

Alt
of A attimet]
(a)

A4
Ap—2a

AB
A5—a

(b) = (c) = (d)
Topic —Modern physics

Sub-topic — Nuclear physics (radioactivity)
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Ans.: (a)
. A - - —
Solution: NB(t) = 4 NAo(e Aat _ e ABt), NA(t) = NAOe Aat
Ap=Aa
. Np(t) _ 2Aa e *at_e 2Bt ), o —g-Ant
Take the ratio: Na® — Teda oAt = Taia (1 e )

Fort >» (T1 /Z)A (hence t > 1/44 ), and since A5 > A4, the exponential term decays to zero:

e_(/lB_lA)t - O_

Np(t A
Thus,ﬂ — A
Na(t) t»oo A=Ay

Qo. For a non-relativistic free particle, the ratio of phase velocity to group velocity is

(A) 2 (B) 5 (€)1 (D)%

Topic —Modern physics
Sub-topic — Wave nature of particle (Group velocity and phase velocity)
Ans.: (b)
2
E 1
Solution: E:p— phase velocity v :—:Land group velocity v, =—= L ==
2m " p 2m ¢ dp v, 2

Q10. Iftheinput voltage waveform V;y is a ramp function (as shown in the V;y-t plot below), then the

output wave form (Vour) for the given Cr
circuit diagram having an ideal i
=
operational amplifier (Op-Amp) is
(0,0) t
(a) (b) .
3 >
>
(0,0) t
(0,0) t
%0 ‘ (0,0 t
(c) 5 (d) -
> =

Topic — Solid state and Electronics

Sub-topic — Operational amplifier
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Ans.: (d)
. V- avy
Solution: =0—-C
n Far Vo
d 2
Do kt, dV, = ktdt,Vy = ———R":
dt RanF RanF RinCr 2

Section A: Q. 11 - Q. 30 Carry TWO marks each.

Q11. In the circuit given below, the frequency of the input voltage Vjy is @ = 10%*rad/s. The output

voltage V,g leads Viy by
10 Q 10Q
7 t\,) Vas
™ < A B
1 mH T 10 pF
(A) 0° (B) 45° (c)90° (D) —90°

Topic — Solid state and Electronics
Sub-topic — AC circuit
Ans.: (c)
Solution: I;, = Iysin (wt + /4),I;, = Iysin (wt + m/4)
Vo=V =7 - (-n/8) =
4 2
Q12. Given a function f(x,y) =§e3’ +%ex, where x = at and y = bt ( a and b are non-zero

constants, the value of% att=0is
(A)-1 (B)O (01 (D)2
Topic: Mathematical physics
Sub topic: Differential equation
Ans.: (d)
Solution: f(x,y) = Eey + %ex

x=at,y =bt
df = (3£)dx +(af)dy,df (e— ) dx + (Se¥ +e*)dy

a
b GBS (o o)
af

s G5+ () 2

dt
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Q13. If the system of linear equations

x+my+az=20
2x +ay+mz=0
ax+2y—z=20

with m and a as non-zero constants, admits a non-trivial solution, then which one of the following
conditions is correct?
(A)m? —a?=3 B)ym?—-a?>=-3 (CQ)a’*-2m?=-3 (D)m?—-2a%*=3
Topic - Mathematical physics
Sub topic — Matrices and Determinant
Ans.: (b)

1 m alrx 0
Solution: |2 a m [y] =10
a 2 -—-1l1tz 0

For non trivial solutions det of matrix = 0

1(—a—2m)—m(-2—-ma)+a(4—a?)=0

—a-2m+2m+m?a+4a—ad=

am?+3a—a>=0,m?+3—-a’>=0,m?—a?=-3

Q14. If (E)Z = —1, where i = +/—1, one possible value of n is

(A)2 (B) 4 (€)6 (D)8
Topic - Mathematical physics
Sub topic — Complex number

Ans.: (b)
Solution: G—:)n/z =-1, (e__“m) — eim

—i J2\V/2 in _—i=n in —ih _ i
(e ) T =eme i =em n=4eM=¢

. 2

%e_mM " ; _imn ; nm

e =e', e zz2=e"(Forn>0), i—=in,n=4
i *

Q15. In Cartesian coordinates, consider the functions u(x,y) = %(x2 —y?andv(x,y) = xy.If (1, 0)

6(u,v)| .
a(r,0) I

are the polar coordinates, the Jacobian determinant |
(A) 7 (8) (€)r? (D) 7?
Topic: Mathematical physics

Sub topic: Jacobian
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Ans.: (d)
Solution: u = %(x2 —y?)
v=xy,x =rcos 0,y =rsin 0

1 1
u= Erz[cos2 0 —x%0] = Erzcos 26

J= 2((:';7)) , U =r2—zsin 20
Ju aJu 1 5 _
3 39 rcos 20 Er (—sin 20) -2
_|or _ o . e
J=1a0 avl= o 52 o = r3[cos 260 +sin® 20] =r
or agl 1M — Cos 26

Q1l16. Three particles of equal mass M, interacting via gravity, lie on the
vertices of an equilateral triangle of side d, as shown in the figure M

below. The whole system is rotating with an angular velocity w

about an axis perpendicular to the plane of the system and passing @ 4y
through the center of mass. The value of w, for which the distance
between the masses remains d, is ( G is the universal gravitational " d
constant)
(A) = (8) | = © |5 (D) \[(;E
Topic: Mechanics and properties of matter
Sub Topic: Central force problem
Ans.: (b)

Solution: Centripetal force must be equal to gravitational force in direction of radius

Ma)zr=2GMzM c0s30 where r=-L w:‘/ﬂ
d 3 d
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Ql17. Two masses, M; and M,, are connected through a massless spring of spring constant k, as shown
in the figure below. The mass M, is at rest against a rigid wall. Both M; and M, are on a frictionless
surface. The mass M, is pushed towards M; by a distance x from its equilibrium position and
then released. After M; leaves the wall, the speed of the center of mass of the composite system
is 2
Z
v
f X
i o
7
1 M v M,
; I
777777777777777777777777777 777777 7777777777 777777

) frcx B) |« () L () L

M, My+M, My+M, My+M,
Topic: Mechanics and properties of matter
Subtopic: Centre of Mass
Ans. : (¢)
) . M, 0+M,(L+x . M x
Solution: Center of mass is X, =— . ) =X, = L
M, +M, M, +M,

1 _2 1 2 . k k . . .

—M,Xx" =—kx” = x=_ _|—xso where ®=_ |— because M, is attached to rigid support

2 2 M, M,

. kM,
So x, =———Xx
M, +M,

Q18. One end of a long chain is lifted vertically from flat ground to a height H with constant speed v
by a force of magnitude F. Assume that the length of the chain is greater than H and that it has
a uniform mass per unit length p. The magnitude of the force F at height H is
( g is the acceleration due to gravity)

(A) p(gH +v?) (B)p(gH +2v*)  (C)p(2gH +v*) (D)2 (gH +v?)
Topic: Mechanics and properties of matter
Subtopic —Variable mass
Ans. : (a)

Solution: Force FF =—

dP _dmv _ a’v+ dm

— — v_
dt dt dt dt

mﬂ—m = handvd—m—v ﬂ—v V= pv?
ar g = pg ar 'Odt PV =p

So, force is pgh+ pv*
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Q19. For a two-slit Fraunhofer diffraction, each slit is 0.1 mm wide, and the separation between the
two slits is 0.8 mm . The total number of interference minima between the first diffraction
minima on both sides of the central maxima is
(A) 16 (B) 18 (c)8 (D)9

Topic: Wave oscillation and optics
Subtopic: Diffraction
Ans.: (a)
Solution: Here the double-slit has slit width a = 0.1 mm and slit separation d = 0.8 mm.
Diffraction envelope (single slit):

First minima at
. . A
asin 8 = £1 = |sin 8| < —
a
inside the central diffraction maximum.

Interference minima (two slits): dsin 8 = (m + %) AmEeTZ

To lie inside the central diffraction maximum:
|(m+l)i| <&:> |m+1| <g=%=8.
2/dl a 2[ a 01
Thus, =8 <m +-<8= —85<m <75,
so m can take the integer values
m=-8,-7,..,6,7,
which is 16 values (minima), counting both sides of the central maximum.
Q20. Consider the superposition of two orthogonal simple harmonic motions y; = acos 2wt and
Y, = bcos (wt + ¢). If ¢ = m, the resultant motion will represent
(a, b and w are constants with appropriate dimensions)
(A) a parabola (B) a hyperbola (C) an ellipse (D) a circle
Topic: Wave oscillation and optics
Subtopic: Lissajous figure
Ans.: (a)
Solution: Given two perpendicular SHMs:
X = acos 2wt,y = bcos (wt + ¢)
With ¢ =7 = y = bcos (wt + m) = —bcos wt.

Use the double-angle identity:
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x = acos 2wt = a(2cos? wt — 1).

Letu = cos wt. Theny = —bu > u = —%.

Substitute u into x :
2
y 2a
X = a(2u2 - 1) = a(Zﬁ— 1) =ﬁy2 —da.
This is a quadratic relation in y and linear in x :

2a )
x=ﬁy —a

Q21. An unpolarized light ray passing through air (refractive index n, = 1) is incident on a glass slab
(refractive index ng = V3)atan angle of 60°, y
as shown in the figure below. The amplitude l‘_
of the in-plane ( x—y ) electric field = X
component of the incident light is 4 V/m and n, =1
amplitude of the out of plane (z) electric field
component is 3 V/m. After passing through e \/§
the glass slab, the electric field amplitude (in n, =1
V/m) of the light is
(A)5 ()4 Q)7 (D)3
Topic: Electromagnetic Theory
Subtopic: Optics
Ans.: (b)

Solution: The slab at 60° (Brewster angle) as an ideal polarizer.

For air (n, = 1) - glass (n, = V3), tan 85 = n,/n, =3 = 65 = 60°.
At Brewster angle an ideal interface transmits only the p-polarized (in-plane) component and

completely suppresses the s-polarized (out-of-plane) compone
Given amplitudes: ES) = 4 V/m (in-plane), Es(i) = 3 V/m (out-of-plane).
; ; oy (O ®© _ 0O _
After the slab (ideal polarizer assumption): Eg” = 0,E,” = E;;” = 4V/m.

Resultant electric-field amplitude:

E,. = \[(E,(,”)Z + (ES(”)2 =42 4 02 = 4V/m.
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Q22. Consider a slowly charging parallel plate capacitor (distance between the plates is d ) having
circular plates each with an area A, as shown in the figure below. An electric field of magnitude
E = Esin (wt) exists between the plates while charging. The associated magnitude of the

magnetic field B at the periphery (outer edge) of the capacitor is (Neglect fringe effects)

(A)%\/%Eowcos (wt)
~ Plate arca = A

1 A .
(B)ﬁ\/;an)sm (wt) gd

(C) %J%Eowcos (wt)

(D)C%\/%an)sin (wt)
Topic: Electromagnetic Theory
Subtopic: Maxwell's Equations (Displacement Current)
Ans.: (a)
Solution: ¢ B-di= Uolern, ( Ampere's law )
B - 2nr = pugJ A
Displacement current /; = €, 2—?, Ja = €gEqwcos wt

= B - 2nr = pytyEqwcos wtA

2 _ _ /A _1
nre=A4,r = —[,Lt——
’ \/T[ 0%0 c?

B = ! AE t
= 5.2 |7 Eowcos w

Q23. Asurface currentdensity K = ae ™ exists on a thin strip of width b, as shown in the figure below.

The associated surface current is

_____ y=b
—_— K
_____ y = 0
(a is a constant of appropriate dimensions)
(A)a(l—e™P) (B)a(l+e™?) (Qa(e™®-1) (D) a(e? + e7P)

Topic: Electromagnetic theory

Subtopic: Magnetostatics
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Ans.: (a)
Solution: K = a
dy
dl = kdy

I = fobae_ydy = _il[e_y]g =—ale®—1]=a[l —e™?]

Q24. For an electromagnetic wave, consider an electric field E = E e~ e+ -otlf The
corresponding magnetic field B is
( Ey, a, w are constants of appropriate dimensions and c is the speed of light)
1 _ —wilra  w 1 _ —wtlra 1 a
(A) — Eoe et =@t (1 — ) (B) 5 Eoe 10 )M (1 + )
1 _ _ I 1 _ _ I
(C) 75 Eoe HaGan=ot(—i —j) (D) 775 Eoe HaGtn=e I(—i + )
Topic: Electromagnetic theory
Subtopic: Maxwell's Equations
Ans.: (a)

Solution: E = Eoe‘i[“(xﬂ’)-wc]f{

Q25.

UxE JdB
XE=——
at
. i j I% .
a a 0 _ _0p
a @ a_ a(x+y)-wt] — _E
0 0 E,
i[Epetletty-otl(+iq)] = —Z—f, k =k +ky,=2a
a —i(a(x+y)-wt) .1 _ OB kc _ _w
][Eoe ][—La]——a,z—l,ﬁa—;
B = 20 p-itagery-wnp; - = Fo. @
w d 2c
Consider Maxwell's relation (Z—i) = (Z—;) . The equation of state of a thermodynamic system is
T v
3
givenas P = % + i, where A and B are constants of appropriate dimensions. Then (aﬂ) of
v v v )

the system varies with temperature as ( Cy is the heat capacity at constant volume)
(A) T? (B)T (C) Tt (D) T3
Topic: Kinetic theory and thermodynamics

Subtopic: Maxwell relation
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Ans.: (a)
Solution: (Z—i)T (g_;)v’ P = i_: + BTT3’ T (Z_ti)T =T (g_;)v

&), =7, (5, = (3, &), = (), =+ 5er?

at/y
Q26. Consider a relativistic particle of rest mass 2m moving with a speed v along the x direction. It

collides with another relativistic particle of rest mass m moving with the same speed but in the
opposite direction. These two particles coalesce to form one particle whose rest mass M is

(B = E, where c is the speed of light)

(wym =5 (8) 2m £ €2 \[j - (D)2 \/;jﬁﬁ
Topic —Modern physics
Subtopic — STR (Mass Energy equivalence)
Ans.: (a)

Solution: Initial momentum of system is

2my mv my D .
= which is also momentum of composite mass

p= -
ISR
62 02 C2

Using conservation of energy

2

2mc mc’ myv . .
+ = wlpzcz + M?*c* where p =———— and M is rest mass of composite mass
V2 Vv v?
1-— 1-— 1-—
c c c

2 _ _ 2

So 9mc2 mvi +M ¢t =M= \/9mc m'y’ =m 2 ’82 whereﬂzz

LA = 1 c
c’ c’

Q27. A particle of mass m is subjected to a potential V (x). If its wavefunction is given by

PY(x,t) = axle Prelrt/h x > 0
Yx,t)=0,x<0

then V(x) is

(@, B and y are constants of appropriate dimensions)

h2 (2 4 h2 (2 4
W=y +5 o (G-T+87) B) -y +5. (G +T+5)
a2 4B 52 a2 4B 5
(C) y+2m(x2 x ﬁ) (D) y+2m( x2 x+ﬁ)

Topic —Modern physics

Subtopic —postulates of quantum mechanics
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Ans.: (a)

Solution: Use the time-dependent Schrodinger equation

L0V _ h? 92 ’
l E—[—%w-i' (X)]lp
d
lha—l/t)=—ytl/

Let f(x) = x?e# . Then
f'=eP*(2x—Bx?), f" = e P*(2+ B?x* — 4Bx)

YT _2piaiapx 2 4B 5o
Thus,w—f— = ==, tB
hzl/)” hZ 2 4,8
Y=t V() V() =~y +— (= — — 2)
V=g PV S V@ =y (Gt h
h? /2 4P
V) = —y + (= - 22 2)
€ Y+2m(x2 x +B

Q28. Two non-relativistic particles with masses m; and m, move with momenta p; and p,,
respectively, in an inertial frame S. In another inertial frame S’, moving with a constant speed
with respect to S, the same particles are observed to have momenta p] and p5, respectively.
Galilean invariance implies that
(A) mypy — mypy = myp; — Myp, (B) mapy + mypy = mypy + myp,

(C) myp; — Map; = Mypy — Myp; (D) myp; + myp; = mypy + myp,
Topic: Mechanics and properties of matter
Subtopic: Conservation of momentum
Ans.: (a)
Solution: Let us assume speed of S’ with respect to Sisv

We know that v, g =v,, +v, s0o py=p +my...... A
Vys =V, TV SO py=pytmyy...... B

m,A—m,B will give rise to m, p, —m,p, =m p,—m,p,
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Q29. The binding energy B(A, Z) of an atomic nucleus of mass number A, atomic number Z, and
number of neutrons N = A — Z, can be expressed as
2 Z? (A—22)?
B(A,Z) = a1A — a,A3 — az—1— a4T,
A3
where a4, a,, a3, and a, are constants of appropriate dimensions. Let B(4,Z") be the binding
energy of a mirror nucleus (which has the same A, but the number of protons and neutrons are
interchanged).
Then, at constant 4, [B(A,Z) — B(A,Z")] is
(A) proportional to Z2 (B) Proportional to (Z2 — N?)
(C) Proportional to N2 (D) Constant
Topic: Modern physics
Subtopic: Nuclear physics (Binding energy)
Ans.: (b)

z2 (4-22)?

Solution: B(4,Z) = a,A — a2A2/3 A3 g T e

Mirror nucleus has same A but with Z' = N = A — Z.
Compute the difference at fixed 4 :

AB=B(A,Z)—BAZ' =A-2).
The first two terms are independent of Z — cancel.

Asymmetry term:
_Ea o [ A oA = — B Aoz + 2 ca— o2 =
(4~ 22) [ —(A=2(4~2)) ] (A= 22)* + = (A~ 22)? =0.

Coulomb term:
as
A1/3

as
A1/3

as
EVE

as
T 41/3

2

- (A— 2)2] = ——3[22 - (A—-2)%] = ———[24Z — A?].

So
AB = —a;A**(2Z - A) «x (2Z-A)=Z—-(A—-2Z)=Z—N.
At fixed A,Z? — N?> = (Z — N)(Z + N) = A(Z — N), hence
AB « (Z? — N?).
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Q30. A magnetic field is given by B =V X A where A is the magnetic vector potential. If A =

(ax? + by?)i, the corresponding current density / is ( @ and b are non-zero constants)
(A) —i (2a + 2b)i  (B) i (a+2b)  (C) —i a)i (D) —i (2b)i
Topic —Electromagnetic theory
Subtopic — Magnetostatics vector Potential
Ans.: (d)
Solution: B =V X 4
VXB=pu ,VXVXA=puy,V(V-A4)—V2A = p,f
~VZA = ), J =~ V24

_— 62+62( 2+ by?)L = L 120+ 20)i
T Ho |02 ay? “ Y - Ho[a :
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Section B: Q. 31 - Q. 40 Carry TWO marks each.

Q31. Inthelogic circuit shown below, for which of the following combination(s) of inputs P and Q, the
output Y will be 0 ? ‘
=D orDorDa
(AYP=0,Q=0 B)P=0,Q=1 C)p=1,Q=0 D)P=1,Q=1
Topic: Solid state and electronics
Subtopic: Digital electronics
Ans.: (d)

Solution: Evaluate for all input pairs:

Q32.

1.LP=0,Q=0

=0-1=1,Y=1-1=0
Thus the output Y = 0 only when P =1 and Q = 1.
Two particles of masses m; and m,, interacting via gravity, rotate in circular orbits about their
common center of mass with the same angular velocity w.
For masses m, and m,, respectively,
e 1, and r, are the constant distances from the center of mass,
e L, and L, are the magnitudes of the angular momenta about the center of mass, and
e K, and K, are the kinetic energies.
Which of the following is(are) correct?
(G is the universal gravitational constant)

Li _me K _ma _  [Gmitma) _
A= (B, = KM—JGWW (d) mary = mym,

Topic — Mechanics and properties of matter

Sub topic — two body problem
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Ans. : (a),(b) and (c)

Solution: l—T—
° o °
m, c-m m,
Yo
. . myTy mq
myr, =m,r, 1,=1+T1, solving these two equations we get 7, = and r, =
m, +m, m, +m,

Option D is wrong

And we know that two body will behave like one body on Centre of mass reference frame .

Angular momentum of system is given by L= (mlrl2 +myry )a) when we put value of 7 and r,

. . 2 . m,m
and using relation m,5, = m,r, we can get L = ur; @ where fis reduce mass y=—"-2
m, +m,
. L mrio m,r1, 7 L m,.
Option A Now —-=—L—put value , =—"—and r, =—"—we get — =—2is correct
L, mpro m, +m, m, +m, , m
mr " m,r, m, T m
Option B Now L =2 put value r,=—=—and r, =—"%— we get —- =—2is correct
I, 1 myrla’ m, +m, m, +m, T, m

. . .. Gmm 5 Gm,m mm ) m, +m .
Condition of circular orbit ——= = pw’'ry, > ——-—==—"-0"r, => o= |G——=—= so option
I I m, +m, I

Q33. Which of these cubic lattice plane pairs is(are) perpendicular to each other?
(A) (100), (010) (B) (220), (001) (C) (110), (010) (D) (112), (220)
Topic: Solid state and electronics
Subtopic: crystallography
Ans.: (a)and (b)
Solution: For cubic crystals, planes (h;k,l;) and (hyk,l,) are perpendicular if their normals [h,k4l;] and
[hyk,l5] satisfy
hihy, + kik, + 1,1, =0
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Q34.

For a thin convex lens of focal length f, the image of an object at 0 is formed at |, as shown in

the figure below. The distances of object and image from the two focal points (Fg and Fy) are x

and xj, respectively. Which of the

following graphs correctly
represent(s) the variation of the

guantities shown in the figure?

(a)

[xox;]

[x1]

(c)

Ans.: (a) and (c)

0¥, ol
i f | f ix
1 Slope=f (b)

[x1
[xol
(d)

[xol

Topic: Wave oscillation and optics

Subtopic: Optics

Solution: Let the object and image distances from the lens be

For a thin convex lens,

Substitute:

Simplify:
2f + x9 + x4

Expanding and cancelling gives

1
=— =

(f +x)(f +x1) Bl

So = f +x0,5;i = f + x1.

1 1 1

Ftx ftxm f

7 fQf +x0+x1) = +x0)(f +x1).

fz = XoX1-
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Q35.

Identify which of the following wave functions describe (s) travelling wave (s).
(Ag, Bg,a and b are positive constants of appropriate dimensions)

(A) Y(x,t) = Ag(x + t)? (B) Y(x,t) = Agsin (ax? + bt?)

€ Y(x,t) =

Ao

e — — (ax+bt)?
Bo(x—t)2+1 (D) Y(x,t) = Age

Topic: Wave oscillation and optics

Subtopic: Wave

Ans.: (a) and (c)

Solution: Travelling wave < dependence on x + vt.

Only (A) and (C) have arguments of that linear form.

Q36. A spherical ball having a uniformly distributed charge Q and radius R pulsates with frequency w
such that the radius changes by £10%, as shown in the figure below. Which of the following
is(are) correct? P Tl
(A) The net outward electric flux across a spherical surface of radius r > 1.5R pulsates with a
frequency w
(B) The net outward electric flux across a spherical surface of radius r = 2R is %
(C) The potential fluctuates with frequency w atr = 2R
(D) The electric field inside the sphere at r = 0.5R will not be time dependent

Topic: Electromagnetic theory
Subtopic: Electrostatics
Ans : (b)

Solution: Use Gauss's Law to see the charge enclosed within a fluctuating radius.
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Q37. Which of the following relations is(are) valid for linear dielectrics?
[ E = Electric field, P = Polarization, D = Electric displacement, &, = Permittivity of free space,
¢ = Dielectric permittivity, y, = Electric susceptibility, p; = Free charge density, p, = Bound
charge density]
(A) P = goxE (B)e=¢g(1+xe) (COD=¢gE+P (D)V-D =pr+pp
Topic: Electromagnetic theory
Subtopic: Electrostatics
Ans.: (a),(b) and (c)
Solution: V-D = p,
Q38. Three gaseous systems, G, G,, and G3 with pressure and volume (Py,V;), (P,,V5), and (P5,Vs3),
respectively, are such that
() when G; and G, are in thermal equilibrium, P,V; — P,V, + aP, = 0, is satisfied, and

() when G; and G5 are in thermal equilibrium, P;V; — P, V; + % = 0, is satisfied.
3

The relation(s) valid at thermal equilibrium is(are)
(@ and B are constants of appropriate dimensions)

(A) P3V5 — (P,Vy, — aPy) (1 - V%) =0 (B) P3V3 + (P,V, + aP,) (1 + Vﬁs) =0

(C) P,Vy = P,V, = P,V (D) Ps¥s + PV; (= 1) = 0

Topic — Kinetic theory of gases and thermodynamics

Subtopic —kinetic theory of gases

Ans.: (a) and (d)

Solution: Gl — Gz P1171 - szz + apz =0

P1vy

Gl_)G3 P3v3_P1v1+ﬁ :0

VU3
P1v1=P2v2—0£P2

P3v3 + (UE(B3 - 1)P1v1 = 0
3

Pyv; + (1% — 1) (Pyv, — aP,) =0 (A)”

P3U3+P1U1|:v£3_1:|:0
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Q39. An ideal mono-atomic gas is expanded adiabatically from A to B . It is then compressed in an
isobaric process from B to C. Finally, the pressure is increased in an isochoric process from C to

A . The cyclic process is shown in the figure below. For this system, which of the following is(are)

correct? 1

Py |-=nnm

\ 4

Vi V2
(A) Work done along the path ABis (P,V; — P,V,)

(B) Total work done during the entire process is % PV, — PVy) + P (Vy — V)
(C) Total heat absorbed during the entire process is % (P, — PV,

(D) Total change in internal energy during the entire process is ;PZ W, =)

Topic: Kinetic theory of gases and thermodynamics
Subtopic: First law of thermodynamics
Ans.: (b), (c) and (d)
Solution: A — B (Adiabatic)
dQ =dU+dw =0

R Y 3 5
=E[P.17,—P,171] - (5) = _ER[RZUZ — Py, r =3

-3
w ZTR[PZUZ _Plvl] + Cz[vl _Uz] + 0

PiVi PV, PV

HZHML+9KC+9CA:0+deT+CvdT, TA:TBZTC:nR
p2V1 piVa piVi pVa
= Olle = Tal + Glla = Tel = 6o 57 = hR] VIhe hR]
P 1RV PZVZ] TPy P1V1—P2V1] 3 SA
= —~ + =~ [V, = V1P, + — [PV, — P,V
r—1[r r r—1 r 2[1 21P, 2/8[11 2 Vil
3 3 5 5
= §V1P2 _EVZPZ + §P1V1 —Eszl
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Q40. For abody-cantered cubic (bcc) system, the X-ray diffraction peaks are observed for the following
h? + k? + 1? value (s) [ h, k, and [ are Miller indices]
(A) 3 (B) 4 (€)5 (D)7
Topic: Solid state and electronics
Sub topic: Crystallography
Ans.: (b)
Solution: Only h? + k? + [2 = 4 gives a bcc reflection.
Section C: Q. 41 - Q. 50 Carry ONE mark each.

Q41. Two solid cylinders of the same density are found to have the same moment of inertia about
their respective principal axes. The length of the second cylinder is 16 times that of the first
cylinder. If the radius of the first cylinder is 4 cm , the radius of the second cylinder is cm.
(in integer)

Topic — Mechanics and properties of mechanics

Sub topic —-Moment of inertia

Ans.: 2
MlRlz _ ]Msz2 - ”RlzllpRlz _ ”Rzzlszzz
2 2 2

1/4
R_[L :ﬁ=(16)”“=2:>122=&=f=2
R, 1 ) 2 2

Solution:

Q42. The shortest distance between an object and its real image formed by a thin convex lens of focal
length 20 cm is cm. (in integer)
Topic —Wave oscillation and optics

Sub topic — Ray optics ( lens)

Ans.: 80
Solution: The shortest distance between an object and its real image in a convex lens occurs when both

the object and the image are at 2 f, i.e. both at the center of curvature.

Hence, Dy, = 4f.
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Q43. Consider two media 1 and 2 having permittivities &, and &, (= 2¢,), respectively. The interface
between the two media aligns with the x — y plane. An electric field E; = 47 — 5] — k exists in
medium 1. The magnitude of the displacement vector D, in medium 2 is &p. (up to two
decimal places)

Topic: Electromagnetic theory
Subtopic: Electrostatics ( Boundary condition)

Ans.: 12.65 to 13.05

Solution: P;, = Dy
(—1) = 2t4e,
€ =—1/2

D, = 2¢, [42—5j+§fc],p = ¢, - [81— 10 + 1k],

ID,| = V64 + 100 + 1 = V165 = 12.84e
Q44. G1 and G2 are two ideal gases at temperatures T; and T, respectively. The molecular weight of

the constituents of G1 is half that of G2 If the average speeds of the molecules of both gases are

. o . T
equal, then assuming Maxwell-Boltzmann distributions for the molecular speeds, the ratio T—z
1

is (ininteger)
Topic: Kinetics theory and thermodynamics
Subtopic: Kinetic theory of gases
Ans.: 2
L ! _ 8RTy _ [8RT,

o 1, =00 01, 5 -

h_ T T Ma_,

Ma1 Maz’ T, Ma1

Q45. An ideal p-n junction diode (ideality factor n =1 ) is operating in forward bias at room
temperature (thermal energy = 26meV ). If the diode current is 26 mA for an applied bias of 1.0

V, the dynamic resistance (7y.) is Q. (up to two decimal places)

Topic: Solid state and electronics
Subtopic: Diode

Ans.: 0.95to0 1.05

Solution: Vi = 26mV

nVr 1x26mV

V.. = -
ac I 26 mA
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Q46. In atwo-level atomic system, the excited state is 0.2 eV above the ground state. Considering the
Maxwell-Boltzmann distribution, the temperature at which 2% of the atoms will be in the excited
state is K. (up to two decimal places)

(Boltzmann constant kz = 8.62 x 10™°eV/K)
Topic: Kinetics theory of gases and thermodynamics
Subtopic: identical particle
Ans.: 591.00 to 597.00

Solution: 0.2

n = nye=Fo2ev

12 n 0.2eV
50n  n, ksl
0.2 eV
kgT
0.2x1.6x1071 0.32
= 138x10-2 xIn50 _ 1.38x150

—In1l — In50 = —

x 1023719 = 0.0593, T = 593 K

Q47. Neutrons of energy 8 MeV are incident on a potential step of height 48 MeV . As they penetrate
the classically forbidden region, the distance at which the probability density of finding neutrons

decreases by a factor of 100 is fm. (up to two decimal places)

(Take ic = 200MeVfm, and the rest mass energy of neutron = 1GeV.)
Topic —Modern physics
Subtopic —Quantum mechanics (step potential )

Ans.: 1.55t0 1.70

_ 2m(V, - E) 2mc’ (V, - E)
Solution: T'=exp—2||— 5 |x=>T=exp-2| \[——5— |x
n h'c

1 expo2 ,/w x = 0.01 = exp—242x = x = 2.07
100 200200

Q48. At a particular temperature T, Planck's energy density of black body radiation in terms of

3
frequency is pr(v) = 8 X 10‘18]/Tn;at v = 3 X 10'* Hz. Then Planck's energy density pr(4) at

3
the corresponding wavelength (1) has the value x 10? I/Tm (ininteger)

[Speed of light c = 3 X 108 m/s ]
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Topic: Modern physics
Subtopic: Black body radiation
Ans.: 24
Solution: Given:
pr(v) =8x 10718 ]/m3/Hz atv = 3 X 101* Hz

Relation:
c

A—C
220y

pr(4) = pr(v)

3x 108
(1076)2
Q49. The ratio of the density of atoms between the (111) and (110) planes in a simple cubic (sc) lattice

pr(1) =8x 10718 x =8x 10718 x 3 x10%° =24 x 10%b

is . (up to two decimal places)
Topic —Solid state and electro
Sub topic — black body radiation
Ans.: 0.80to 0.84

Solution: For cubic lattice,

a . 1
dpkr = NS and planar density & —

hk

P _ duo _ @NVZ _ 3
So, 212 i = 7= 122

pio dinn
Q50. The packing fraction for a two-dimensional hexagonal lattice having sides 2r with atoms of radii
T placed at each vertex and at the center is . (up to two decimal places)
Topic —Solid state and electronics
Sub topic — black body radiation

Ans.: 0.89 to 0.93

Solution: For a 2D hexagonal lattice of side 2r, total atoms per unit cell = 6 X % +1=2.

Area of unit cell Ay = ¥ (2r)? = 6/3r2.

Area occupied by atoms Ay, = 2772,

Hence, packing fraction

Aatoms _ 2nr?

T
A 6372 343

= 0.60.

Packing fraction = 0.60
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Section C: Q. 51 - Q. 60 Carry TWO marks each.

Q51. A NPN bipolar junction transistor (BJT) is connected in common emitter (CE) configuration as
shown in the circuit diagram below. The amplifier is operating in the saturation regime. The
collector-emitter saturation voltage (VE2") is 0.2 V . The current gain f = 100. The maximum
value of base resistance Rgg is kQ. (in integer)

+
1V _.l._
Topic —Solid state and electronics
Sub topic — Transistor
Ans.: 20

Solution: =1 + IzRpg + 0.68 = 0

Q52.

31C+5+VEC:0

[ =222 =28 16, % =100, Ryp = (1-0.68)/ Iy = 20
3 3 Ig

For a Zener diode as shown in the circuit diagram below, the Zener voltage V; is 3.7 V. For a load
resistance (R;) of 1kQ, a current I; flows through the load. If Ry, is decreased to 5002, the

current changes to [,. 1 kQ

—ANWY
+ R
10V =——t— x .

==
V,=3.7V

LIy, .
The ratio I—Z is . (up to two decimal places)
1

Topic —Solid state and electronics

Sub topic — Zener diode
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Ans.: 1.78 to 1.82
Solution: R; = 1kQ
Check Zener regulation

If Zener is ON, output voltage:

V,=V, =37V
Load current, I; = Z—‘: = % = 3.7 mA
Current through series resistor
Is = M = 6.3 mA
1000

Zener current:

Zener remains ON, so

I = 3.7mA
R; =500Q
If Zener were ON:
I, = ﬂ = 7.4 mA
500
But maximum available current from source:
I = 6.3 mA

Since I, > I, Zener cannot conduct = Zener turns OFF.
Circuit becomes a simple voltage divider
Total resistance:

Ry = 1000 + 500 = 15000

Current through load:
10 6.67

I = —==667mA, = =2 ~ 1.80,2 = 1.80
1

~ 1500 L 37
Q53. One kg of water at 27°C is brought in contact with a heat reservoir kept at 37°C. Upon reaching
thermal equilibrium, this mass of water is brought in contact with another heat reservoir kept at
47°C. The final temperature of water is 47°C. The change in entropy of the whole system in this
entire process is cal/K. (up to two decimal places)
[Take specific heat at constant pressure of water as 1cal/(gK) ]
Topic: Kinetic theory of gases and thermodynamics

Subtopic: Second law of thermodynamics
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Ans.: 0.90to 1.10

310 10000 320 10000

Solution: AS;,;;; = 1000In — — + 1000In — —
300 310 310 320

= 1.03cal/K

Q54. Consider a vector F = %[—sin yi+ x(1 — cos y)j]. The value of the integral § F - dr over a
circle x2 + y? = 1 evaluated in the anti-clockwise direction is . (in integer)
Topic: Mathematical physics
Subtopic: Vector

Ans.: 1

Solution: F = %(—sin yi + x(1 = cos y)j + 0k)

gﬁcF-dr:ff (VX F) - AdS

S

VX F= oany 0L\ _ 001 1 1 —(001
S\ "7ox oy ) "n( cosy) n( cosy) | = "n)

For anticlockwise C in xy-plane, n = k, and S is the unit disk:
) Fd—ffldA—l =1
c r= - = (m) =

Q55. A particle is moving with a constant angular velocity 2rad/s in an orbit on a plane. The radial
distance of the particle from the origin at time t is given by r = roezﬁ where ry and (8 are positive
constants. The radial component of the acceleration vanishesfor § = _ rad/s. (in integer)

Topic- Mechanics and general properties of matter
Subtopic — Newton’s law in polar coordinates

Ans. : 1

Solution: @ =2,r = 1y exp2 Bt
a, = i—ro* = 7 exp2,6’t(2,6’)2 -r4= r(2ﬁ)2 -r4
a=0= =1

Q56. A planet rotates in an elliptical orbit with a star situated at one of the foci. The distance from the
center of the ellipse to any foci is half of the semi-major axis. The ratio of the speed of the planet
when it is nearest (perihelion) to the star to that at the farthest (aphelion) is . (ininteger)

Topic: Mechanics and general properties of matter

Subtopic: Central force problem
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Ans.: 3
Solution:

7

max

<]
\4—,’

. . a a v,
Using conservation of angular momentum mv,| a—— |=mv,| a+— |=—=3
%

Q57. Alight beam given by E(z,t) = Ey;sin (kz — wt)i + Ej,sin (kz — wt + g)j passes through an
ideal linear polarizer whose transmission axis is tilted by 60° from x-axis (in x-y plane). If Ey; =

4V/m and Ey, = 2V/m, the electric field amplitude of the emerging light beam from the

polarizer is V/m. (up to two decimal places)
Topic: Electromagnetic Theory

Subtopic: Polarisation

Ans.: 3.59 to 3.63

Solution: @t = cos 60°f + sin 60°] = %i +—=7

Eu:E-i:(4-%>sin ¢+(2-?>sin (¢+%)=25in ¢+\/§sin (¢+%)

Eamp = JZZ + (v/3)2 + 2(2)(v/3)cos (%) =V4+3+6=+v/13=3.61V/m

Q58. A wedge-shaped thin film is formed using soap-water solution. The refractive index of the film is
1.25 . At near normal incidence, when the film is illuminated by a monochromatic light of
wavelength 600 nm, 10 interference fringes per cm are observed. The wedge angle (in radians)
is x 107>, (iin integer )

Topic: Wave Oscillation and Optics
Subtopic: Interference

Ans.: 24

Solution: For wedge fringes at near-normal incidence, the spacing between successive fringes is

Ax = A
x_Zna

so the number of fringes per unit length is
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1 2na

A A
Given N =10cm ' =1000m 3,n =1.251=600nm =6 X 10™" m,
_NA_1000x6x1077 6x 1074
T T 2x125 25

Q59. In an orthorhombic crystal, the lattice constants are 3.04,3.24, and 4.0 A. The distance d;o,

= 2.4 % 107%*rad = 24 x 10~ °rad.

between the successive (101) planes is A. (up to one decimal place)
Topic: Solid state physics and electronics
Subtopic: Crystallography
Ans.:2.3t0 2.5
Solution: For an orthorhombic crystal, the interplanar spacing is given by
1 h? k? I?
Z Tatrta
Given a = 3.0A,b = 3.2A, ¢ = 4.0A and plane (101): h=1,k=0,l =1
1 12 02 12 1 1
2. 3032 a0 90 16

1
Tz 0.1111 + 0.0625 = 0.1736

101

1
dygy = ———— = 2.40A
11T /01736

Q60. Consider a chamber at room temperature (27°C) filled with a gas having a molecular diameter
of 0.35 nm . The pressure (in Pascal) to which the chamber needs to be evacuated so that the
molecules have a mean free path of 1 km is x 107> Pa. (up to two decimal places)
(Boltzmann constant kg = 1.38 X 1072 J/K)

Topic kinetic theory and thermodynamics
Sub topic — kinetic theory
Ans.: 0.70to 1.20

kT
V2md?p

Solution: A =

kgT ~_ (1.38x107%3)(300)

= = -5
P=Fnaza — VA0 35x10-)2(10%) 0.76 X 107> Pa, 0.76
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