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HT-JAM 2022
Section A
Multiple Choice Questions

Q.1-Q.10 Carry ONE marks each.

Q1. The equation z°+Z* =4 in the complex plane (where Z is the complex conjugate of z)
represents

(a) Ellipse (b) Hyperbola (c) Circle of radius 2 (d) Circle of radius 4

Ans.1: (b)

Solution: z=x+1y & Z2=x-1ly
22422 =4=(x+iy) +(x-iy) =4

=x-y* =2 Equation of Hyperbola

Q2. A rocket (S ) moves at a speed %m/s along the positive x-axis, where c is the speed of

light. When it crosses the origin, the clocks attached to the rocket and the one with a stationary

observer (S) located at x=0 are both set to zero. If S observes an event at (x,t) the same

event occurs inthe S' frame at

(@ x'= X——|and t'=

(b) x'= and t'=

(c) x'= and t'=

d) x'= and t'=
@ 3 2

Ans. 2: (a)

Solution: From the question one Rocket S' moving with speed of C/2 and one observer is

standing x=0. For point P the coordinate at S frame is (x, y) and the coordinate at S' frame

is (x'y")
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Frame Frame

S| ¢
Rocket S’ —C/2

C/JE:,t:O t=t,

x=0

Observer

c 2
. t—xv/c2 B t—Ex/c

) J1-v?/c? - Ji-c?/4c?

So option (a) is correct.
Q3. Consider a classical ideal gas of N molecules equilibrium at temperature T . Each molecule
has two energy levels, — e and . The mean energy of the gas is

S S S
@0 (b) N e tanh(kB—T] (c) -Ne tanh[kB—Tj (d) >
Ans. 3: (c)
Solution: The partition function for a single gas molecule is
Zi=e+e”

Mean energy per particle,

olnzZ —8[In(e‘ﬂg +eﬂ5)}
s op
1

- —[(e‘ﬁ" (—&)+e” (8))j|

e/ P

<E1>:

e’ —e

g—
e’ +e
. for a classical system of N -molecules,

the mean energy is

e’ 1o

Pe —-pe
U=N (EQ:—Ngi——Ngtanh(ki]

4T
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Q4. At a temperature T, let f and k denote the volume expansively and isothermal

B

compressibility of a gas, respectively. Then " is equal to

oP oP oT
2 (a—Tl ) (a—vl © HV @ (a—vl
Ans. 4: (a)

Solution: given

ﬂ =£(ﬂj and k =__1(a_vj
ver v P ).

1(0oV
ﬁ@bl(ﬂ) V(ﬂj (@j (ﬂ) (@j
k -1(aV vier ), \aP ), ov ).\ oT ), \aT ),
%)

Here, in the last step we made use of reciprocity theorem i.e

oX )  [(OX) [oz
5-3)5)
Q5. The resultant of the binary subtraction 1110101-0011110 is
(@) 1001111 (b) 1010111 (c) 1010011 (d) 1010001
Ans. 5: (b)

Solution: 2s compliment of 0011110 —»

1100001
+1
1100010

Thus 1110101-0011110 is

1110101
1100010
11010111

Q6. Consider a particle trapped in a three-dimensional potential well such that

U(xy,z)=0 for 0<x<a0<y<a0<z<a and U(XYy,z)=c everywhere else. The

degeneracy of the 5" excited state is
(@)1 (b) 3 (c) 6 (d)9
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Ans. 6: ()
Solution: Energy for 3d Potential well is

222 2 2

7°hTln n
E= <4+ L4z
2m [az b? cz}

From question a=b =c =aso,
7*hn’

E =
2ma’

[nf+nj+nf]

Energy State (n,,n,,n,) Energy Degeneracy

Ground State (11,1) 37°h? [2ma’ 1

1% Excited State (1,1,2), (1,2,1), (2,1,1) 62°h%/2ma’ 3

2" Excited State (1,2,2), (2,1,2), (2,2,1) 97212/ 2ma’

3" Excited State (1,1,3), (1,3,1), (3,1,1) 117%h*/2ma?

4" Excited State (2.2,2) 127°1° /2ma’

5™ Excited State (1,2,3), (213),(23.1), | 142°#*/2ma’
(3,1,2), (3,2,1), (1,3,2)

Q7. A particle of mass m and angular momentum L moves in space where its potential energy is

U(r)=kr?(k >0)and r is the radial coordinate.

If the particle moves in a circular orbit, then the radius of the orbit is

L % L % 212 %
(@) (W} (b) (kaj © (Wj

Ans. 7: (b)
Solution: Let the velocity of the particle is v and angular momentum L .
Method 1:-  We have

U(r)=kr?

Force (F) :——aLgfr) =—2kr

We know that centripetal force
_mv?
r

F=

2
—2kr : v? =2kr Y
m
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angular momentum L = mvr

2 2
L=m 2kr r: Lzzmz(2kr jrz; L? =2kme*
\' m m

. L? % : o
r = oam r= o So option (b) is right.
m

Method:- 2
We know that the effective potential of the system is

2 dav
V, = L +kr?;

=— =—+2kr
2mr de mr

3

V
atr=r, d—e“=0
r

2 12 2 V"

2Kty :W; O omk :(kaj
Q8. Consider a two-dimensional force field
F (% y)=(5X" +ay* +bxy) X +(4x* +4xy +y*) ¥
If the force field is conservative, then the values of a and b are
(@ a=2and b=4 (b) a=2 and b=8
(c)a=4and b=2 (d) a=8and b=2
Ans. 8: (b)

Solution:

=0

?
9
0

ox
5x* +ay’+bxy 4x°+4xy+y> 0

= X(0-0)-§(0-0)+2(8x+4y—2ay—bx)=0 = 8x+4y=2ay+bx

= (8-b)x+(4-2a)y=0 =b=8 a=2

Q0. Consider an electrostatic field E in a region of space. Identify the INCORRECT statement.
(a) The work done in moving a charge in a closed path inside the region is zero

(b) The curl of E is zero

(c) The field can be expressed as the gradient of a scalar potential

(d) The potential difference between any two points in the region is always zero
Ans. 9: (d)
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Q10. Which one of the following figures correctly depicts the intensity distribution for
Fraunhofer diffraction due to a single slit? Here, x denotes the distance from centre of the

central fringe and | denotes the intensity.

(@) (b)

AVAY VAVANNRVAVYATANS

(d)

A

N/ LVVNER AVIVAY.

Ans. 10: (c)

Sinacj2

Solution: Resultant intensity | = Az(
(04

|

AA/
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Q.11-Q.30 Carry TWO marks each.

Q11. The function f(x)=e e s expanded as a Taylor series in x, around x=0, in the form

D ,ax". Thevalue of a,+a, +a, is

3 5
@?o (b) 2 (© 2
Ans. 11: (c)
Solution: f (x)=e""

Taylor’s series around x =0

ianx where a, = " (0) =a,=f(0)

n=0 n I

(X) esmx:>t(0) eS|n0_e0=1

(x)=e e . cos X =cosx f (x)= f'(0)=1x1=1
f"(x)==sinx f(x)+cosx f'(x)= f"(0)=-0x1+1x1=1
f'(0) f"(0) 1 1+1=§

2 2

+ =1+
1! 2!

Q12. Consider a unit circle C in the xy plane, centered at the origin. The value of the integral

=a,+a,+a,=f(0)+

[ (sinx—y)dx—(sin y—x)dy | over the circle C, traversed anticlockwise, is

@) 0 () 27 () 37 (d) 4z
Ans. 12: (b)
Solution: ¢, (sinx—y)dx—(siny—x)dy

Using Green’s theorem for a plane

¢. pdx+y dy = J'L(%—VX/ —%] dxdy

o __,

¢=smx—y:>a

y/:—siny+x:a—l//:1
oX

= ¢, (sinx—y)dx—(siny—x)dy = J.L (1+1)dxdy

=2-”dedy=2-;zr2

r =1 for unit circle =2r
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Q13. The current through a series RL circuit, subjected to a constant emf &. Obeys

L%HR:g. Let L=1mH,R=1kQ and ¢=1V. The initial condition is i(0)=0at t=1us,

the current in mA is

(@) 1-2e™* (b) 1-2e™ (c) 1-e™ (d) 2—2e™
Ans. 13: (c)

Solution:

I:l_e—t/L/R}z%l:l_el;xik}=|:1_e_1:|

Q14. An ideal gas in equilibrium at temperature T expands isothermally to twice its initial

volume. If AS,AU and AF denote the changes in its entropy, internal energy and Helmholtz

free energy respectively, then

(@) AS <0,AU >0,AF <0 (b) AS >0,AU =0,AF <0
(c) AS <0,AU =0,AF >0 (d) AS >0,AU >0,AF =0
Ans. 14: (b)

Solution: For an Ideal gas undergoing isothermal expression

du =d&-dw

du =0

dé =dw = PdV

as = [ds =if¥:§$dv =ann(\\’/—f]>o

AF = —Pdv—SdT

dT =0,dvV >0

= AF <0

- AS >0,AU =0,AF <0

Q15. In a dilute gas, the number of molecules with free path length >x is given by

N (x)=Nye™*, where N, is the total number of molecules and A is the mean free path. The

fraction of molecules with free path lengths between A and 24 is

1 e e? e—1
@ o (b) a1 (© = (d) o2

Ans. 15: (d)
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Solution: The fraction of molecules that do not undergo collisions after path length x is =e™'*,

Therefore, the fraction of molecules with free path length between

A — 241s given by

Q16. Consider a quantum particle trapped in a one-dimensional potential well in the region

[-L/2<x<L/2], with infinitely high barriers at x=—L/2 and x=L/2. The stationary wave

function for the ground state is W(x):\/%cos(ﬂ—l_xj. The uncertainties in momentum and

position satisfy

(@) Ap:ﬁ—Lh and Ax=0 (b) Ap_¥ and 0<Ax<L

23

(c) Ap:”—Lh and Ax>L (d) Ap=0 and Ax=%

23

Ans. 16: (b)

Solution: The stationary wave function for the ground state is w(X) = \E cos(”—l_xj

(x) = .[X|'/’(X 0 dx—jx cos ( 3 de—— Lj'z xz{cos(zij 1}dx

-0 L/2

(x)=0
(x*)= T X2 |y (x,1)| dx = T xz%cos ( de—— LJI'Z X2 ;{cos(zil_x)—l}dx

—o0 —o0 L/2

L/2 2 2
<x2>:l I x2* cos(zm(j—l dx:L— Lz
L. L 12 27

2 2 2 2
AX = <X2>_<X>2: L L 0= L or L (1_EJZL

12 272 12 272 23 7t ) 23

So 0<Ax<L

243
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We know that (E}z%

Putthe n=1and a=L/2

<p2>:47lr_22h2

A% h? A7*h?* 2zh
S R

Q17. Consider a particle of mass m moving in a plane with a constant radial speed f and a

constant angular speed €. The acceleration of the particle in (r,H) coordinates is
(a) 2rO*f - réo (b) —ré?F +2¢66  (c) iF+rdo (d) FOF +réo
Ans. 17: (b)
Solution: We have & = Constant 6 = Constant

So  &=0 6=0

We know that &= (&-£0°)2+(&0 +2£0)0

a=—c68 +2£00

So option (b) is right.
Q18. A planet of mass m moves in an elliptical orbit. Its maximum and minimum distances
from the Sun are R andr, respectively. Let G denote the universal gravitational constant, and
M the mass of the Sun. Assuming M >>m, the angular momentum of the planet with respect to

the center of the Sun is

@ m 2GMRr (b) m GMRr © m GMRr (d) 2m 2GMRr
(R+r) 2(R+r) (R+r) (R+r)

Ans. 18: (a)

Solution: Assume Sun is at the center of the elliptical orbit.

Consider conservation of Energy
1 ., GMm 1 ., GMm

2 R 2 ° r
(1)

Conservation of angular momentum

mrv, = mv,R

Sun (Mass M)
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From Eq (1)

1 , 1 , GMm GMm
-my; —=mv, =———
2 R r

> Sum(MassM )

R+rj_GMm
r R

1o GMmr | V2 = 2GMr " 2GMr
2 ' R(r+R)" ' R(r+R)’ Y\ R(r+R)

L=mv,R

2GMr )
Zm( R(r+R)JXR’

So option (a) is correct.
Q19. Consider a conical region of height h hand base radius R with its vertex at the origin, Let

the outward normal to its base be along the positive z -axis, as shown in the figure. A uniform

magnetic field, B =B,2 exists everywhere. Then the magnetic flux through the base (4,) and

that through the curved surface of the cone (¢,) are

A
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(2) ¢, = ByrR? ¢t =0 (6) d =2 By7R? 34, = By’

(c) 4, =0:4, =—By7R’ (d) ¢, = By7R* ¢, = —By7R’
Ans. 19: (d)
Solution:

2z 2
Base ¢, = [B-da= [ [ (B,2)-(rdrdg?) = Box%xzﬁ:ﬁBORz

S 0
= ¢, =—nB,R? Because ¢, +¢, =0.
Q20. Consider a thin annular sheet, lying on the xy-plane, with R, and
R, as its inner and outer radii, respectively. If the sheet carries a uniform

surface-charge density o and spins about the origin O with a constant
angular velocity @ = w,Z then, the total current flow on the sheet is
2row, (R} —R?

) (R -R?)

3
oW, (Rg’ - Rf) 270w, (R, — R, )3

(d)

3 8

Ans. 20: (a)

Solution:

(b) oo, (RS - RY)

(©)

ow,

> (R )

_d_q_ o x2xrdr

dl =—=
dt  27/w,

R,
=ow,rdr =1 :O'%J.R rdr =
Q21. A radioactive nucleus has a decay constant A4 and its radioactive daughter nucleus has a
decay constant 104 . At time t =0, N,. No is the number of parent nuclei and there are no
daughter nuclei present. N, (t) and N, (t) are the number of parent and daughter nuclei present

attime t, respectively. The ratio N, (t)/N,(t) is

(a) %[1—e“‘] (b) %[1—&”] (©) [1-e™"] (d) [1-e]

Ans. 21: (a)
Solution:
We know that

N, (t) = Noe™

N, (t)= —%No_a [e“lt - e‘“]
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A=A, A, =104

N, (t)=Nge ™

Nod - .
Nz(t)zloﬂo_ﬂ[e A _ g 1o,u:|
N, (t) Nee™ . Ny(t)

N, (t) B Ml:e-,u _e—lo,u:l "N, (1)
91

I:e—,u _ e—1o,u]

e—/lt

1
9

N, (t) 9 N, (t)

So option (a) is correct.
Q22. A uniform magnetic field B = B,Z, where B, >0 exists
as shown in the figure. A charged particle of mass m and

charge q(q>0) is released at the origin, in the yz-plane,

with a velocity vV directed at an angle ¢ =45 with respect to

the positive z-axis. Ignoring gravity, which one of the
following is TRUE.

qvB, R

J2m

(a) The initial acceleration a =

qvB, J
J2m

(c) The particle moves in a circular path

(b) The initial acceleration & =

(d) The particle continues in a straight. line with constant in a straight line with constant speed
Ans. 22: (a)

Solution:

qB,v

J2m

Q23. For an ideal intrinsic semiconductor, the Fermi energy at 0K

If:quéjmézq(VxBoi):qBovsin45°>”< S X

(a) Lies at the top of the valence band
(b) Lies at the bottom of the conduction band
(c) Lies at the center of the band gap

(d) Lies midway between center of the band gap and bottom the of conduction band
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Ans. 23: (c)
Solution:

Conduction Band
Ec

Band-gap
Fermi Energy (Ex)

Valence Band

Q24. A circular loop of wire with radius R is centered at the origin of the xy-plane. The
magnetic field at a point within the loop is, B(p,¢,2,t)=kp’’Z, where k is a positive constant

of appropriate dimensions. Neglecting the effects of any current induced in the loop, the

magnitude of the induced emf intheloopatt itis

6kt’R® 57rkt R® 3rkt’R® 7rkt R®
(@) E (b) (c) 5 (d)

Ans. 24: (a)

R 27 5
Solution: Mag flux ¢, :Ié-dé :_H Pt z pdpd¢z) =@, = k%t3x27r
8 00

dg,  —6zkt°R°

dt 5
Q25. For the given circuit, R=125Q,R, =470Q,V, =9V ,and 1, =65mA. The minimum

and maximum value of the input voltage (V™" and V,™) for which the Zener diode will be in

the 'ON ' state are
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(@ V"™ =9.0V and V"> =11.4V (b) V™ =9.0V and V™ =19.5V
(c) V™ =11.4V and V"™ =155V (d) V™ =11.4V and V,"™* =19.5V
Ans. 25: (d)
595

e =ﬂxvimi" =V =V™ =9V x—-=11.39V
125+ 470 470

V™ =1 x1250 + 9V =(Izmax +%)x125§2+9v =(65MA+19mA)x125+9V =19.5V

Q26. A square laminar sheet with side aand massM , has mass v A

per unit area given by o(x)=o, [1—2] (see figure). Moment of 3
2

inertia of the sheet about y -axis is

Ma’ Ma?
@ > (b) 1

Ma?
d
(d) B
Ans. 26: (c)

Solution: We have mass per unit area given by

o(x)=0, [1—5}

a

So mass of square linear sheet

M = Ha(x)dxdy
= 7o

M =[] (1 o

x2 a X
M :o'o(a)x[x——} M :aoax{a—2——0+0}

2a

0 a

2 2
M:O'Oax a_g =O'0a—; M:O-Oa. :}()'0:@
2 2 2 a

The moment of Inertia with y -axis

lyy :Ixzdm
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dm
O'(X) —d—A
dx = o (x)dA= o (x)dxdy

Ly :sza(x)dxdy

a pal2 X a X3 al2
hy :J.o j-alzo-oxz {1_E}dXdy; b z.[o GO(XZ —;]dx —a/zdy

¥ x| a® a*
| x =0 xa

3 daj, | 3 4a

a’|_ ., _2M a_4

a; ly = — Iy = X
" 6{12 2 12

So,  Option (c) is Correct.
Q27. A particle is subjected to two simple harmonic motions along the x and y axes, described
by x(t)=asin(2wt+7) and y(t)=_2asin(wt). The resultant motion is given by
2 2

X y
(@) ?+4—a2=1 (b) x*+y*=1

4a? 4a*

© y2=x (1—X—zj (d) X = yZ[ —V—Z]

Ans. 27: (d)
Solution: From question

x(t)=asin (20t +7)

y(t)=2asin ot
From Eq. (1), we have

x(t) =a[sin(2wt) cos 77 + cos(2awt) sin r |
We know that cosz=-1, sinz=0

X(t) = —asin 2et = —2asin ot cos wt
y(t)=2asinot =sinwt=y/2a

So x*+y’ =4a’sin® wt cos® wt +4a’sin’ ot
X’ +y* ==4a’sin’ at| cos’ wt +1]

X’ +y* ==4a’sin’ et 1-sin’ ot +1]|
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Put the value of sinwt=y/2a
X2 4yt = y2[2— y? /4a2]

4

Yy
4a*

2 _ 2 1_y_2
43°

Q28. For a certain thermodynamic system, the internal energy U =PV and P is proportional to

X? =2y - y’; X =y’ -y*l4a*; xzzyz[l—y2/4a2J

T?2. The entropy of the system is s proportional to

(a) UV (b) @ ©) \E (d) Vuv

Ans. 28: (d)

Solution:

=5, -5, =(kv)" U

1/2

=S, =k'(UV) "+S,

1/2

:Soc(UV)

S, being constant.

Q29. The dispersion relation for certain type of wave is given by o =+k*+a*, where k is the

wave vector and a is a constant. Which one of the following sketches represents v, the group

velocity?
v 4 v 4

(@) ‘ (o) °

»
»

k/a
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»
>

Ans. 29: (b) k/a

Solution: From question, we have

w=+R?*+a’

We know that

v, :?j_i):;_k( k2+a2)

k/
V P —

yd 2
(k +1
a

Let k/a=y

Yo+
Put the value y=0=V_ =0

y=1=V, =1/4/2=0.70

y=2=V, =2//5=0.89
y=3=V, =3/410=0.94

For higher values of y the value of V, tends to 1.
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Q30. Consider a binary number with m digits, where m is an even number. This binary number
has alternating 1's and 0's, with digit 1 in the highest place value. The decimal equivalent of

this binary number is

. 2m _1 m+l_ 2 .
() 2" -1 (b)% (c)(—s) (d) 5(2 -1)

Ans. 30: (d)
Solution:

(10),(2), (1010), ~(10),; (101010, - (42),
Decimal equivalent of binary number = %(2’“ -1)

Form = 2; Decimal equivalent=2
Form =4 ; Decimal equivalent=10

Form =6; Decimal equivalent= 42
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SECTION -B
MULTIPLE SELECT QUESTIONS (MSQ)
Q.31-0.4 Q.40 Carry TWO marks arks each.

0
Q31. Consider the 2x2 matrix M :(a

Zj .where a,b>0. Then,

(@) M is areal symmetric matrix

(b) One of the eigenvalues of M is greater than b
(c) One of the eigenvalues of M is negative

(d) Product of eigenvalues M is b

Ans. 31: (a), (b), (c)

0 a
Solution: m :( bj =m'= Symmetric option (a) is correct
a

|m—ﬂ||:‘_j baﬁ‘=o:—z(b—z)—a2 —0= A*-bi-a?=0

_ b++/b®+4a*

2

=1

a&b>0= 4 = Option (b) is correct

b—+/b® +4a® b
2

_n2 2
2, =bb+4a:>\/b2 +4a* <b
=(-)ve Option (c) is correct
Q32. In the Compton scattering of electrons, by photons incident with wave length 4,

@) % is independent of 1

(b) %’1 increases with decreasing A

(c) there is no change in photon’s wave length for all angle of deflection of the photon
(d) % increases with increasing angle of deflection of the photon

Ans. 32: (b), (d)
Solution: We know that

AL A [1-cosg]
A )
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(@) A7/1is dependent of 4. So option (a) is incorrect.

(b) With Eq. (2), A—j increases with decreasing 4. So option (b) is correct.

(c) If we change the value of deflection angle ¢. So option (c) is incorrect.

(d) The maximum value of cosé¢ is 1 for deflection angle ¢ = 0. Then if we increase the
. AV . .
value of deflection angle - increases. So option (d) is correct.

Q33. The figure shows a section of the phase boundary separating the

vapour (1) and liquid (2) states of water in the P—T plane. Here, C

is the critical point. z,v, and s, are the chemical potential, specific

volume and specific entropy of the vapour phase respectively, while B vapour

,,V, and s, respectively denote the same for the liquid phase. Then

A
(@) 44 = u, along AB (b) v, =v, along AB

(c) s,=s, along AB (d) v, =v, at the point C
Ans. 33: (a), (d)
Solution: Along equilibrium line AB
=My
Above line AB, u, < 14
Below line AB, 14 < 1,
At critical point (and above) the distinction between liquid and vapour phase disappear, as a
result v, =v, at point C.
Q34. A particle is executing simple harmonic motion with time period T . Let x,v and a denote

the displacement, velocity and acceleration of the particle, respectively, at time t. Then,

(@) ar does not change with time
X

(b) (aT +27v) does not change with time

(c) x and v are related by an equation of a straight line

(d) v and a are related by an equation of an ellipse

Ans. 34: (a), (d)

Solution: We know that simple harmonic motion of a particle, the variation of the displacement

the velocity and the acieration is sinusoidal with time. So
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x = Asin(awt+0)

Vv =%= Aw’ cos(at+0) )

a:E:—Aa)2 sin(wt+6) (3)

Multiply with ZT—” both sides in Equation (2)

2—”V _2nho cos” (ot +6)
T T

Option (a):-

a=—Aw’sin(wt+0)

a=-w'xX put a)=2—7[
T

—Ar? T -4r°
a= id X a_: & = Constant

T? X
This equation is independent of tine (t) . So option (a) is correct.

Option (b):-

=al +2xv

Put the values of a and vfrom Eqg. (2) and (3)
aT +27v =—Aw’T sin(wt +6)+ 27 Awsin(wt +6)

aT +27v=—Aw’T sin (ot +0)+ 27 Awcos(wt +0)

This equation has variation of t. So option (b )is incorrect.
Option (c):-

From Eq. (1) and (2)

X+V = Asin(ot+0)+ Aw(cosw+0)

This equation has variation of t. So option () is incorrect.

Option (d):-

2 272 2
Lj'l_ﬂ; v’ +a’ =+A2a>4sin2(a)t+6?)+£m_r#cosz(wt+9)

Putt a)=2—7r
T

2 2

ail sinz(a)t+6?)+£}r7z2 cosz(a)t+9)}

T2
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Ar?
T 2

[sin” (et +6)+cos® (wt+0) ]

a2 V2

+
167° A% T 4n° A

=1 This equation is

independent of tine (t). So option (d) is correct.
Q35. A linearly polarized light beam travels from origin to point A(1,0,0). At the pointA, the
light is reflected by a mirror towards point B(1,—1,0). A second mirror located at point B then
reflects the light towards point C(1,-1,1). Let fi(x,y,z) represent the direction of polarization
of light at (X, y,z).
(a) If (0,0,0) =¥, then (1, -11)=X (b) If A(0,0,0)=12, then
(c) If i(0,0,0)=§, then A(1,-11)=§ (d) If A(0,0,0)=2, then
Ans. 35: (a), (b)

Solution: If plane polarized light is incident on a mirror at some oblique angle, then only that
component of electric field will propagate after reflection, whose direction is perpendicular to
the propagation vector.

(@)
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Q36. Let (r,&) denote the polar coordinates of a particle moving in a plane. If ¥ and 0

represent the corresponding unit vectors, then

A

de A
C) —=—F
()de

Ans. 36: (a), (c)

Solution: f =coséi +sin6]

0 =—sindi +cosd]

Now I — _sin Of +cos] =6
do

option (a) is correct

A

%:—cosef—sin 0j=-f option (c) is correct

Q37. The electric field associated with an electromagnetic radiation is given by
E= a(1+ cos colt)cos a,t . Which of the following frequencies are present in the field?
@) o (b) @ + e, () |o,~ | (d) @,

Ans. 37: (b), (c), (d)

Solution:

+ J—
E =a(cosw,t+cosmt-cosm,t) = a{cos o,t+ Zcos(%jt -COS (%}t}

Q38. A string of length L is stretched between two points x=0 and x = L. The endpoints are
rigidly clamped. Which of the following can represent the displacement of the string from the

equilibrium position?

X . 7X X x Y
@) xcos(T) (b) xsm(T) (©) X(E_lj (d) X(I_lj

Ans. 38: (b), (c), (d)
Solution: As string is clamped at x=0and x=L, so following two condition should be
satisfied:

(i) Displacement y=0 at x=0

(ii) Displacement y=a at x=1L

Above mentioned conditions are satisfied in case of options (b), (c) and (d).
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Q39. The Boolean expression Y = PQR+ QR + PQR+ PQR simplifies to
(@) PR+Q (b) PR+Q (c) P+R (d) Q+R
Ans. 39: (d)

Solution:

Y =(%+ PQ)R+Q(§+ PR)

Y = R+Q(F‘a+ﬁ§)= R+Q(R+P)=R+RQ+PQ=R+Q+PQ=R+Q

Q40. For an n-type silicon, an extrinsic semiconductor, the natural logarithm of normalized

conductivity (o) is plotted as a function of inverse temperature. Temperature interval- |

corresponds to the intrinsic regime, interval- 1l corresponds to saturation regime and interval- 111

corresponds to the freeze-out regime, respectively. Then

In(o) T 1

—
1
T

The magnitude of the slope of the curve in the temperature interval-1 is proportional to

the band gap, E,

The magnitude of the slope of the curve in the temperature interval- 111 is proportional to

the ionization n energy of the donor, E,

(c) In the temperature interval- 11, the carrier density in the conduction band is equal to the
density of donors

(d) In the temperature interval- 111, all the donor levels are ionized

Ans. 40: (a), (b), (c)
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SECTION-C
NUMERICAL ANSWER TYPE (NAT)
Q.41 - Q.50 Carry ONE mark each.

Q41. The integral [[(x*+y®)dxdy over the area of a disk of radius 2 in the xy plane is

T.

Ans. 41: 8to 8

Solution: ”(x2 +y? ) dxdy
in polar coordinate
X=rcosé
y=rsin@= x> +y*=r?
for dxdy = Jacobean

oX ©OX

or 00| |cos@ -—rsing
J(xy;ro)= o 90 : =r(c0329+sin29)=r
oy dy| |sin@ rcosd

o 06
= dxdy =rdrdé

:>H(x2+y2)dxdy=joRj:”r2 -rdrd9,R =2

4\? 4
-1 2ﬂ=2—~27r
4 ) 4
=8r
Q42. For the given operational amplifier circuit

R, =120Q,R, =1.5kQ and V,=0.6V, then the output

current 1, is mA.

Ans.42:5t05

Solution:

v, =1+ R |y, :(1+ﬂ)xo.6v :(1+@jxo.6v ~8.1V
R, 120

120Q

V-V, 8IV-06V 7.5V

1, =2 —5mA
R, 1.5k 1.5k
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Q43. For an ideal gas, AB and CD are two isothermals at temperatures T, and T,(T,>T,) ,

respectively. AD and BC represent two adiabatic paths as shown in figure.

Let V,,V;,V. and V, be the volumes of the gas at A,B,C and D respectively. If Yo _ 2, then
v

B
VD

Va

Ans.43:2to 2

Solution: Point B and C are connected aria adiabatic process

ATV =TV

T (Ve “
f‘[vJ S

points A& D are also connected uia adiabatic process

STV =TV

T) (Ve )
(T—]m @

From Eqg. (1) and Eq. (2) implies x—c = \\;—D =2

B A
Q44. A satellite is revolving around the Earth in a closed orbit. The height of the satellite above

Earth's surface at perigee and apogee are 2500km and 4500km, respectively. Consider the
radius of the Earth to be 6500km. The eccentricity of the satellite's orbit is (Round off to

1 decimal place).
Ans.44:0.1t00.1

Solution: 6400(6400

r_ =4500+6400 =10400km 4500km kam

F.un = 2500+ 6400 =8900km
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[ —F. 109008900
[ +r. 10900+8900

719800 98 49
Q45. Three masses m, =1,m, =2 and m, =3 are located on the x -axis such that their center of

,_ 2000 10 5

mass is at x=1. Another mass m, =4 is placed at x,, and the new center of mass is at x=3.

The value of x, is

Ans. 45: 6to 6

Solution:

_mx +myx,  6x1+4xx

Xcm
m, +m, 6+4

_ 6+4x,
10

3 = 6+4x, =30

4%, =24 = X, =6Cm
Q46. A normal human eye can distinguish two objects separated by 0.35m when viewed from a
distance of 1.0km. The angular resolution of eye is seconds (Round off to the

nearest integer).
Ans. 46: 71to 73 objectl

Solution: We know that
#xR = are length
~0.35m

1x10°m

1rad:@; 1I"'=60"; 1'=60"
T

=3.5%x10"*rad

6=35x10"" ><180 x60'x60"

V4
0 =718200x10""; #=71.82"; 0 =72"

Q47. A rod with a proper length of 3m moves along x-axis, making an angle of 30° with

respect to the x-axis. If its speed is %m/s, where c is the speed of light, the change in length

due to Lorentz contraction is m (Round off to 2 decimal places).

Usec =3x10°m/s
I ]
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Ans. 47: 0.29 to 0.31
Solution:

Frame S' is moving with the speed % and the length of the rod is 3m in the frame of
S'. So
Xg =X, =AX Xy —a, =AX'
Yo —Ya=AY Yg—Ya=4Y'
We know that

> 7 Frame S’
v |
Ax:Ax',/l—C—2 Frame s !

Ay = Ay’ iAx’zlocoge
1=y c0s30

Y

2 _ 12 12 "
lo = Ax"+ Ay Observer X Xa  XBiXg X

For observer at S from 1 = AX® + Ay? Moving frame
2 2 v 2
I© = Ax' [1—C—2}+Ay'

= AX?+A 'Z—Ax'Zﬁ
= y =

2
2V
2

=12 — AX
0 c

2

LV

=1 —1¢ cos*30" —
c

|z=.gH

=2.704m.

16

1372 . 3x3.605
=1 | 22| 1 =2X20

Chang in length = Al =1-1, =3.00—2.704 =0.296
Al =0.30
Q48. Consider the Bohr model of hydrogen atom. The speed of an electron in the second orbit

(n=2)is x10°m/s (Round off to 2 decimal places).

[Use h=6.63x10"*Js,e =1.6x10"°C,,=8.85x10"*C*m* /N ]
Ans. 48: 1.08 to 1.12
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Solution: velocity of nth orbit v, = h > (EJ
2zrma”\n

For n=2

6.63x10°* (1
vV, = — — —
27%9.1x107%" x (0.52x107%) \ 2

j:1.09x106m/s

Q49. Consider unit circle C in the xy plane with center at the origin. The line integral of the
vector field, F(x,y,z)=-2yX-3zf+xZ, taken anticlockwise

overC is .
Ans. 49: 2to 2

Solution: VxF =|— =3%-9+2]

i
9
OX 0z
-2y X
Vector field circularly over a plane for line integral of a vector for field using stake’s theorem

[fdi=[[(vxS)-ds

= ”(3)“(— §/+2]°).dxdy j= ”2dxdy = Z”dxdy =271 for unit circle r =1

=2r

Q50. Consider a p—n junction at T =300K . The saturation current density at reverse bias is
—20 uA/cm?. For this device, a current density of magnitude 10 #A/cm? is realized with a

forward bias voltage V.. The same magnitude of current density can also be realized with a

reverse bias voltage, V,. The value of |VF /VR| IS (Round off to 2 decimal

places).
Ans. 50: 0.57 t0 0.61
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Q.51-Q60 Carry TWO marks each.

Q51. Consider the second order ordinary differential equation, y"+4y'+5y=0. Ify(O) =0 and
y'(0)=1, then the value of y(z/2) is (Round off to 3decimal places).

Ans. 51: 0.041 to 0.045

Solution: y"+4y'+5y=0

=(D*+4D+5)y=0

Auxiliary Equation

—41++16-20
2

m’+4m+5=0=>m=
= 24i

= y(x) =€ (Asinx+Bcosx)

x=0 y=0=0=¢e"(Axsind+Bcos0)
=B=0

y'(x) = A(cos xe** —2e*sin x)
y'(0)=A(1-0)=1= A=1

—2x

= y(x)=sin(x)e

Gz
2
Q52. A box contains a mixture of two different ideal monoatomic, 1 and 2, in equilibrium at

temperature T . Both gases are present in equal proportions. The atomic mass for gas lism,

while the same for gas 2 is 2m. If the rms speed of a gas molecule selected at random is

Vi =x,/kB?T then x is (Round off to 2 decimal places).

Ans.52:1.49to01.51

Solution:
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6443 KT
22 \'m

~2.44949+1.73205 /KBT
2.82842 m
KT
m

S x=1.48

=1.48

NOTE: The value obtained does not match with given range i.e 1.49-1.51.
Q53. A hot body with constant heat capacity 800J /K at temperature 925K is dropped gently
into a vessel containing 1kg of water at temperature 300K and the combined system is allowed

to reach equilibrium. The change in the total entropy AS is J/K (Round off to 1 decimal
place).
[Take the specific heat capacity of water to be 4200J/kg K. Neglect any loss of heat to the

vessel and air and change in the volume of water.]
Ans. 53: 537.5 to 537.7
Solution:

C,=800J/K, T, =925K

m, =1kg,T, =300K
C, =4200J /kg K

Let T, be the final temperature
Heat lost = Heat gained

¢, (925-T, ) =1kg xc, (T, —300)
800(925-T, ) =1x4200(T, —300)
7400-8T, =42T, —12600

50T, =7400+12600 = 20,000

T, =400K

Entropy change of block
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T
AS, =C,In| :800In(4—00j
T, 925

Entropy change of water

T
AS, =mc, In| =~ =1><4200In(@j
T 300

2

Physics by fiziks

AS = AS, +AS,
=-670.663352 +1208.2647
AS =537.6
Q54. Consider an electron with mass m and energy E

moving along the x-axis towards a finite step potential of

height U, as shown in the figure. In region 1(x<0), the

momentum of the electron is p, =+/2mE . The reflection

2
coefficient at the barrier is given by R =[MJ , Where

P+ P,

2
p, is the momentum in region 2. If, in the limit E>>U0,Rz%, then the integer n is
n

Ans. 54: 16 to 16
Solution:

In region -1, the momentum of electron is
p, =~2mE

As, step potential in second region so the

momentum of electron is

P, =\/2m(E_U0)

The reflection coefficient at the barrier is R = (;

Form question E>U,, U,/ E «1
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4E

t
Q55. A current density for a fluid flow is given by, J(x,y,z,t)= 28e — X
(1+x +y +12 )

Attime t =0, the mass density p(x,y,z,0)=1.
Using the equation of continuity, p(l,l,l,l) is found to be (Round off to 2 decimal

places).
Ans. 55:2.70 to 2.74
Q56. The work done in moving a -5u4C charge in an electric field

E :(8rsin OF +4r cos@é)v /m , from a point A(r,e):(lo,%j to a point B(r,0)=(10,%j, is

mJ .
Ans.56:1to 1l

Solution:

rzlo,e:%—ﬂfz,dr:o

W :Iﬁ-dT:J.qE-dT:—leo‘Gj[Srsin ¢9F+4rcos¢9«§](drf+ rd@é)
zl2

=-5x10" [ [4r’cosgd0 | = -5x10"° x4x(10)’ [-sin ]

zl6

zl2
zl6

= _20x10™ [—sin%Jrsin%} —_20x10™* (—1%} —1mJ

Q57. A pipe of 1m length is closed at one end. The air column in the pipe resonates at its
frequency of 400 Hz. The number of nodes in the sound wave formed in the pipe is
[Speed of sound=320m/s]
Ans. 57:5
Solution: From question
Length of pipe is 1m
v=f =400H,
v=320m/s
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n="7°
We know that

_n

4
nx320m/s
2x2x1m

400/s =

- _ 1600
320% 2

160
N=——=
32

Q58. The critical angle of a crystal is 30°. Its Brewster angle is degree (Round off to

5

the nearest integer).
Ans. 58: 63 to 63
Solution: € =30" Rarer s,

1 a4
sinfé 1 >

4, —> Refractive index of rarer Denser

4, — Refractive index of denser

M, 1 1

14 Sin30° 1/2 o
Plane Polarized Light

Denser 4

Q59. In an LCR series circuit, a non-inductive resistor of 1502, a coil of 0.2H inductance and
negligible resistance, and a 30 uF capacitor are connected across an ac power source of
220V ,50Hz . The power loss across the resistor is W (Round off to 2 decimal places).

Ans. 59: 297 to 299
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Solution:

— Yrms "rms

2
P=V_I cos¢:lfmeR:(Vr—2msj xR

1 1 _ 7x10°*

C = =
27 fC 2><272><50><30><106

=106.1Q

 44x15

X, =2xfL= 2x¥x50x0.2H =62.9Q

Z = JR? +(X¢ - X, )’ =/(150)" +(106.1-62.9)° = /22500+1870 = /24370 =156.110

2
p_ (ﬂj «150 = 1.988x150 = 298.22W

156.11

Q60. A charge g is uniformly distributed over the volume of a dielectric sphere of radius a. If
the dielectric constant €,= 2, then the ratio of the electrostatic energy stored inside the sphere to

that stored outside is (Round off to 1 decimal place).
Ans. 60: 0.1t0 0.1
Solution:

= 1 qr.
== 4reye, ?r (r s

For r < a; Electrostatic energy

2
W1 :go_;rj.oa‘é1‘2 Arzridr 22—:0.[61 1 qr

0 |47g,e, °

2 2
W=—a1 I ridr = —J =
0

2 a5
' 1672,a° " 1676,8° 5 8075,

2

For r > a; Electrostatic energy W, =ijw‘ﬁl‘2 4z r*dr =ijw L % Arzridr
2 Ja 2 2 |dze, 1

2 2

» 1
W2:8q J' dr = 9
7, VR T 8ms,a

2
Thus Yo O 8ma_1_g,
W, 80rg,a q 10
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