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cosd singd O
Let M be a 3x3 real matrix such that eM? =| —sin@ cos@ 0
0 0 1

where @ is a real parameter. Then M is given by

100 010 00 1 1 0 0
@lo 10 @ (-1 0 0 @)[0 -1 0 @lo -1 0
0 00 0 00 0 0 0 0 0 1

Ans: (2)

Solution: deteM? =1(cos2 0 +sin’ 6) =1=e"™*M =’ =1=Trace(Mg)=0.

So option (3) and (4) is incorrect.

-6 0 0 e? 0 0
Fromoption(1): M@=| 0 @ 0|=e"" =] 0 e’ 0|=dete"’ =0 (incorrect)
0 0 O 0 0 O

So option (2) is correct.

Q4. If z isacomplex number, which among the following sets is neither open nor closed?
(1) {zo<]z-1<2f @) {z||z| <1
3 C—{3}) and |2/ <100 4 =re’, 0<9<”
@ {zlz<(C~{3)) and | <100} @ {2lz-re" 0502 |

Ans: (3)

Q17. The Beta function is defined as B(x, y)= th“ (1—t)y_1 dt .

Then B(x, y+1)+B(x+1Yy) can be expressed as
(1) B(x,y-1) (2) B(x+y,1)

(3) B(x+y,x—Y) (4) B(x,y)
Ans: (4)

1
Solution: B(x,y)=[t"*(1-t)""dt
0

P 1
The B(x,y+1)+B(x+Ly)= [t (1-t)"dt+ [t (1-1) "t
0 0

=J1’tx—l (1-t) dt+jtx (1-t)" dt =th (1-t) [t‘l +(1—t)’1}dt
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_ itx (1-1) E+i}dt - itx (1-1) {:(_;jt;}dt

2_
Q22. The branch line for the function f ( )=4/ﬂ is
2°+2z+1

1) )

g ||| [{{1MCIHTNITTAATII
-1 2

mmmmmm——— Rez
2 3

Ans: (3)
Solution:

2 z2-3)(z- z-3)(z- 7-3Y?(z-2)?
f<z>=J;;52§j§:J< N2 =92 (3" (-2)

(z+1)° z+1 (z+1)

Thus z =3 and 2 are Branch point singularity.

Then branch line is a line that connects Branch point singularity.
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PART C

Q10. The function f(z)= is defined on the complex plane. The coefficient of

1
(z+1)(z+3)

the (z—2,)” term of the Laurent series of f (z) about z, =1 is

7 7 9
1) ) (2) 128 3) 5
Ans: (2)

Solution: f

For n=2 and z, =1, coefficient is =

21

Cf(e L B (z+3)+(z+1) R 1 ~ 1
f(2) (z+1)(z+3) -0 [(z+1)2(z )] (z+1)2(z+3) (z+1)(z+3)2

2(z+1)(z+3)+(z+1)2+(z+1) 2(z+3)+ (z+3)

(z+1)4(z+3)2 (z +1)2 2 )

2(z+3)+(z+1) . 2(z+1)+(z+3)
(z +1)3(z +3)2 (z +1)2(z +3)

= f"(z)=

f(z)=

:>f"(1) 2><4+2 2x2+4 10 8 10+4 l
2°.4 22><43 128 4x64 128 64

7

Thus coefficient = 1 f (1) =52
2 128

Q11. Aninfinite waveform V (t) varies as shown in the figure below

V()

Vo

The lowest harmonic that vanishes in the Fourier series of V (t) is
(12 (23 (3)6
Ans: (3)
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p=2L=T=L=T)

=—j _ LT/dt=\%¢0

s—dt :><’3Ln=E ;Tvocoszn”tdtzzvox ! {sinZnyz—sinSn—”}
T%% T T 2n7z 3

Vo | =5 0 forn=3
=a,=—/|sin2nz —sin-nrx (=
nrz 3 0 forn=6

2L i T
b, 1 IV (t)sinn—ﬂtdt =b, L 4 Ivosin gzt dt = Do T {—COSM}
L3 L T T T 2nrx T st
ry 6
6

Y/ 5nz #0 forn=3
—=b, =—%| cos——-cos2nz |=
nz 3 =0 forn=6

So lowest harmonic that vanishes is for n=6.
Q15. Given the data points

X [1 (3 |5
y |4 |28 |92

Using Lagrange's method of interpolation, the value of y at x=4 is closest to
(1) 54 (2) 55 (3)53 (4) 56
Ans: (2)
Solution:

Using Lagrange's method of interpolation

x) = (X—Xl)(X—XZ) X )+ (X_Xo)
e e ey

Given x,=1,% =3,x,=5and y(x))=4

()= (4-3)(4-5),

=_£+21 @:M:%
2 2 2
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(3)

Ans: (3)

Q30. The solution y(x) of the differential equation y"+%:§, where 0<x<r, together

with the boundary conditions y(0)=y(z)=0 is

2 n 77 Sinnx 2 —«= n 77 Sinnx
= -1V & = -1y =
(1) ﬂ_Zn=1( ) n l_nz (2) ”Zn=l( ) 2n E_nz

4 4

2 <« n+1 77 SINNX 2 nit 77 Sinnx
3) — -1) = 4 Ay —
( ) ﬂ_Zn:l( ) n l_nz ( ) ﬂ.Zn:l( ) 2n l_nz

4 4
Ans: (4)

Solution:

Characteristic equation A° + % =0=>A1=0=i

X X
C.F.=c,cos—+c,sin—;
2 2

Thus y(x):clcos§+c2 sin§+2x

* ¥(0)=0=0=c+0+0=0¢=0; y(7)=0=0=0+C,sin",+27=C, =27

Thus y=2x—27zsin§ , 0<x<x

L
Let us find b, :b, =%Iy(x)sinnTﬁxdx [odd periodic extension of y(x) having p=L=7]

0

=b =E'f(2x—27zsin Zjsin xdx =b :ijxsin xdx—4.[sin X sin xdx = LL+1,
V4 2 Ty 5 2
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l, = %}[xsin xdx = %[x(—cos x)—1(-sin X)]Z = %[—ncow] =4

I, = —4Isin %sin Xdx = —Z[Icos(g— xjdx—]:cos(§+ xjdx}
.+ 2sin Asin B =cos(A—B)—cos(A+B)

=1,=-2 J‘cosfdx—jcos?’—xdx =—2{25in5—gsin§x}
o 2 0 2 2 3 2

0

=>1,=-2 Zsinﬁ—gsinB—”}:—z{2+g}:—E.Thus b1:Il+I2:4—E
i 2 3 2 3 3 3

n 77 Sinnx
2Tl o
4

Check from option (4): gZf_l(—l)
- 2

n2
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A particle moves in a circular orbit under a force field given by If(F) = —sz, where k
r

is a positive constant. If the force changes suddenly to IE(F) = —%f , the shape of the

new orbit would be
(1) parabolic (2) circular (3) elliptical (4) hyperbolic
Ans: (1)

2
Solution: In circular orbit of radius r; V(r):—£ and E=V, = "k

2
E mry 1,

oV 2
) __ 1" Ky (1)

3 2
or mry T,

r=n
Due to sudden change in force
(i) 1 will remain same (i) radius will remain r,, and

(iii) only tangential component of velocity will be present (no radial component of velocity) at

the moment of change. So, total energy of the particle at the moment of change

2

2 2mr?  2r, 2mr?  2r, mry r

2 2 2
E=lmr'2+I —L=O+I L 2('——£j:>E=O (From equation (1))

This is the condition of parabolic orbit.
Q10. A particle of unit mass subjected to the 1-dimensional potential
20 3P
V(X)=—-—
(x)="5 -
executes small oscillations about its equilibrium position, where « and g are positive
constants with appropriate dimensions. The time period of small oscillations is

2 & 27’ 27a®

(1) = Qe 3) (4)
J65° J3p° 35 Jos®
Ans: (4)

Solution: At equilibrium position v =—6—? 6ﬂ =0=>x,=—
dx x* X ﬂ
dV| 24a 188 6p°

dx? |XO X, X o

5 4 2
o 27 _ /M 1 2m’
T 1 6ﬁ5
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Q18. The 1-dimensional Hamiltonian of a classical particle of mass m is

P2
H :%efx/a +V (x),

where a is a constant with appropriate dimensions. The corresponding Lagrangian is,

0 —(aj -V (x) @ 7% et vix

(3) —(EJZ e¥* -V (x) (4) —(EJZ e~V (x)

Ans: (1)

Solution:

2

2t H =2 e 4V () thus x=20 _ P exa o o myere
2m op m

L=xp—H =mx%"® - p° ——e -V (x) =mx’e¥® - iezx/’“e‘x/a -V (x)
2m 2m

2
et vt e

dt

Q19. The coordinates of the following events in an observer's inertial frame of reference are as
follows:

Event 1: t, =0,x, =0: Arocket with uniform velocity 0.5c crosses the observer at origin
along x axis

Event 2: t, =T, x, =0: The observer sends a light pulse towards the rocket

Event 3: t;, X, The rocket receives the light pulse

The values of t,, x, respectively are

(1) 2T,cT @ 21,27 @3) ?T,icT 27 ?c

NG (4) ol
Ans: (1)
Solution:
In Earth frame, the distance travelled by the rocket intime T =0.5cT . Now a light pulse is
emitted at x =0, which will be received by rocket in next t time (Let). So,

0.5c(T +t)=ct=t=T

t,=T+t=T+T=2T and x,=0.5cx2T =cT
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Q24. A particle of mass m is moving in a stable circular orbit or radius r, with angular

Solution- Classical Mechanics

momentum L. For a potential energy V(r):,Br"(,B>O and k>0), which of the

following options is correct?

2 \Y¥5
3L
(1) k=31, Z(Smﬂ]

2 W4
L
(3) k=21, =(4m,3j

Ans: (2)

Solution: V4 = 5

k=2, r0=( -

Q4. A Lagrangian is given by L=%m(>‘<2 +y2+2°)-a(2x+3y +2)
The conserved momentum is
(1) m[2%+2] (2) m[2x+y+2]
, 3.1 )
(3) m[x+5y+52} (4) m[2x+32]
Ans: (2)

Solution: L=%m(>‘<2 +y2+2")-a(2x+3y+2)

0 (%)% 0= mt~(-20)=0 =[mR=-2d

OX OX

(i %(G—.L]—@zo:lmz_(_sa)zo — [z =64

) oy 2

(iii) %(%)—%=0:>%my+mz—(—a)=0:>%my—6a+a=o = [my =10
(@) <om(2k+2) = (2%+2)m=—4a—6a =102 0
(b) a[m(2x+y+z)]:2mx+my+mz =—4a+100—6a =0

So, m(2%+y+2) is a conserved quantity.
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Qo.

2
generated by the function W( p,Q):Zp—tan 27Q, where  is a positive constant. The
@

function w(p,Q) is related to F(q,Q) by the Legendre transform y = pq—F , where

Fis defined by dF=pdg—PdQ. If the solution for (P,Q) s

P(t):%tz,Q(t):Q0 =const. where t is time, then the solution for (p,q) variables

can be written as

(1) p= ﬂcos 271Q,, = Lsin 27Q, (2) p= —ﬂtcos 271Q,, 9= Lsin 27Q,
2r 2 2r 2r

3) p= ﬁtsin 27Q,, q= Lcos 27Q, 4) p= —ﬂtsin 271Q,, 9= Lcos 27Q,
2r 2r 2z 2r

Ans: (1)
Solution: For the Legendre transformation w=pg—F with dF =pdg—PdQ, the

transformation equations will be

2
q=2¥ - ptan2 Q (1) and p_o¥ ZpZﬂsec227zQ o)
(0]

op aQ

242

2
From (2): 22 — P orsec? 27Q = p? =% t2 cos’27Q = p= D cos 27Q
4 20 4 2

From equation (1): q= zisin 27Q
T

Q26. A particle of mass m is moving in a 3-dimensional potential

For the particle with angular momentum |, the necessary condition to have a stable
circular orbit is
14 14 I 14

M) kk'< @ K> @) kk'< @ kk'>

Ans: (1)

. |2 aveff |2 k k' 2 2 1
Solution: Vq =52 F :_F+r_2+r_4:0 = (mk)r?—1°r+mk'=0

240 14 amkk 4 4
:>r=| - |2 :'m Kk .Forreal r: 1">4m’kk' = |2>kk'or kk ' < Iz
m
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Q11. A one dimensional infinite long wire with uniform linear charge density A is placed
along the z-axis. The potential difference 6V =V (p+a)—V (p), between two points at

radial distances p+a and p from the z-axis, where a << p, is closest to

A al A a A a
1) ———— @) ——— (3) —
27e, p 27, p 2w, p

Ans: (2)

Solution: -V (r)=-— 4 In(i) a is some constant (arbitrary distance from wire).

2re, \a P~
A {In(ma)—lnﬁ}

27 €, a o

InP*a__ 4 In(1+3jz— AR
2r €, Yo, 27 €, Yo, 2r e, p

2 X3

where In(1+x)= x—X X ax
2 3

Q12. A conducting shell of radius R is placed with its centre at the origin as shown below. A

point charge Q is placed inside the shell at a distance a along the x -axis from the centre.

The electric field at a distance b > R along the x-axis from the centre is

Q_ @-2| 1 & &

1)
4rg b? Are, (b_a)z (ab_R2)2

@ -2 | L 8 (4)Q{1 Rz}x

4re, (b—a)2 (ab—Rz) 4re, 0> a’h?
Ans: (1)

Solution: Charge that develops on the inner surface is -Q and on the outer surface of conducting

shell is Q. SOE __Q g

4rr €, b’
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Q13. A small bar magnet is placed in a magnetic field B(F)=B(x)Z. The magnet is initially
at rest with its magnetic moment along y . At later times, it will undergo
(1) angular motion in the yz plane and translational motion along y
(2) angular motion in the yz plane and translational motion along X

(3) angular motion in the zx plane and translational motion along Z
(4) angular motion in the xy plane and translational motion along Z
Ans: (2)
Solution:

Torque 7 =mxB (Angular momentum in yz -plane)

B=[m(y+2)]-[B(x)2]=mB(x)

= —v(m B):>If =V(mB(x))=Fx

X

(Translational motion along X)

Q15. For a flat circular glass plate of thickness d, the refractive index n(r) varies radially,

where r is the radial distance from the centre of the plate. A coherent plane wavefront is

normally incident on this plate as shown in the figure below.

-

- _____.l____. -

If the emergent wavefront is spherical and centered on the axis of the plate, then
n(r)—n(0) should be proportional to

(1) r* @r 3) r’ (4) r*?
Ans: (3)
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Q5. A 2-dimensioanl resonant cavity supports a TM mode built from a function

w(xy,t) :sin(lza : f'—a)t)+sin(lzb : F—cot)+sin(lza - F'+cot)+sin(lzb - F’+cot) where k_

and IZb lie in the xy-plane and make angles % and 37” with the x-axis, respectively. If

—

0<lk,| < ‘Eb‘ , then which of the following closely describes the outline of the cavity?

()
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The permittivity of a medium g(R,w), where @ and k are the frequency and

wavevector, respectively, has no imaginary part. For a longitudinal wave, k is parallel to

the electric field such that k x E =0, while for a transverse wave k -E =0. In the absence

of free charges and free currents, the medium can sustain

(1) longitudinal waves with k and @ when g(lz,a))>0
(2) transverse waves with k and @ when g(E,w) <0
(3) longitudinal waves with k and @ when g(E,w):O

(4) both longitudinal and transverse waves with k and © when g(lz,a)) >0
Ans: (3)
Q18. A transmission line has the characteristic impedance of (50+1j)Q and is terminated in a

load resistance of (70—7j)Q (where j?=-1). The magnitude of the reflection

coefficient will be closest to
5 1 1 1
1) = 2) = 3) = 4) =
o - @ 3 ® ¢ OF
Ans: (3)
Solution:

z,-z,| |(70-7j)—(50+1j)| |20-8j| 1

The magnitude of the reflection coefficientI", = = - | = |~
Z,+Z| |(70-7j)+(50+1j)| [20-6j| 6

Q19. The radius of a sphere oscillates as a function of time as R+acosat, with a<R. It

carries a charge Q uniformly distributed on its surface at all times. If P is the time

. ! c
averaged radiated power through a sphere of radius r, such that r >>R+a and r >>—,
w

then

(1) poc Y02 @) P QZCC"4

C3

Q2a76a4
CS

(3) P=0 (4) P

Ans: (3)
Solution: Since sphere carries a charge Q uniformly distributed on its surface at all times. Dipole
moment of this configuration is always zero. So average radiated power through a sphere

of radius r is zero.
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Q21. The collision time of the electrons in a metal in the Drude model is z and their plasma

Solution-Electromagnetic Theory

frequency is w,. If this metal is placed between the plates of a capacitor, the time

constant associated with the decay of the electric field inside the metal is

1) z-+i (2) a)prz
@

p

1 T
Q) = 4)
T 1+ ®,T
Ans: (3)
Solution:

2
ne ene ¢ ely ev 1
a)ﬁ:—:——:—ﬁz———d :}E: dZ :}E%—z
&M g m 4 - | EyTW, T,
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The normalized wave function of an electron is

R(r)[\/gYo (6.90) x. +\/§Y11(0,(0);(+},

where Y," are the normalized spherical harmonics and y, denote the wavefunction for

. oL 1 .
the two spin states with eigenvalues J_rzh . The expectation value of the z component of

the total angular momentum in the above state is

3 3 9 9
()~ @ ORS OB

Ans: (2)
Solution:

v()-r0) Lo+ Freon

Expectation value of the total z-component of the angular momentum is <j >

3 5

(LZ)=Oh(§j m(g}%h and <SZ>=ZSZP(SZ)=—%h(

Thus correct option is (2)

Q21. The Schrodinger wave function for a stationary state of an atom in spherical polar
coordinates (r,6,¢) is
w = Af (r)sindcosge’
where A is the normalization constant. The eigenvalue of L, for this state is
(1) 2a 2 n (3) —2h (4) -h
Ans: (2)
Solution: y = Af (r)sin Ocos ge”

To get m, value, compare w with ™. Thus, we get m, =1
Therefore, <I:Z> =mh=nh

Correct option is (2)
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Q25. The Hamiltonian for two particles with angular momentum quantum numbers |, =1, =1,

Solution-Quantum Mechanics

IS
A A A A 2
JL-(Co+ L) |
If the operator for the total angular momentum is given by L =L, +L,, then the possible

energy eigenvalues for states with | =2, (where the eigenvalues of L2 are I(I +1)h2) are

(1) 3¢,2¢,—-€ (2) 6€,5€,2€
(3) 3e,2¢,€

Ans: (1)

Solution:

for /,=¢,=1and /=2

h2

<|:|> e [6712 —2;12 + 21 —mfhz} —e[3-m7]

For /=2, m,=-2,-1,0,+1,+2 and m} =0,1,4

~. The possible values of (H) are
(H)=e[3-4]=—cfor m/ =4
(H)=e[3-1]=2¢ for m} =1
(H)=e[3-0]=3e for m; =0

Thus correct option is (1)

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



CSIR NET-JRF Physical Sciences June-2023
Solution- Quantum Mechanics

Physics by fiziks
Learn Physics in Right Wa
PART C

A quantum particle of mass m is moving in a one dimensional potential
V (x)=V,0(x)—45(x),
where V, and A are positive constants, &(x) is the Heaviside step function and &(x) is

the Dirac delta function. The leading contribution to the reflection coefficient for the

particle incident from the left with energy E >>V, >4 and +2mE >> \% is

V2 mA® mA®

@ 4122 ®) 2ER? @ AER?
Ans: (3)
Solution:

V(x) =V,0(x)-45(x) =V (x) :{\Z'_,w(x), f;%

where k, =, |—— ,k, =

(x)= Aexp(ik,x)+Bexp(-ik,x), x<0 2mE
A= Cexpik,X, x>0 n

The wave function is continuous A+B=C

——5+(Vy =258 (x))w (x) = Ey(x)

20 5

%J'?; ]S' V, = A8(x))w (x) dx Iny(x)dx

-5 =3

: +j‘vow(x)dx—j. Ay (x)S(x)dx :_]ZEz//(x)dx

+0-Ay (0)=0 :—;—m[Cikz —(Aik, - Bik,) |- 2(A+B)=0

J

o (A+B)ik, —( Aik, —Bik,) |- 1(A+B)=0 ~C=A+B

+2m/1j:_h_28( 2}r'ln)L (k+k)) i: ((k —k )+ 22],1)

h2

2m ( 2mA

- —i(kl+k2)j
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212 2
n h? \/ E T 1

= 2 = 2,2 = 2

1+
h4 + hz E h4 hz m/,i,2

Since E>>V, >4 and 2mE >>\%.

Q6.  Anincident plane wave with wavenumber k is scattered by a spherically symmetric soft

potential. The scattering occurs only in S- and P -waves. The approximate scattering

amplitude an angles @ :% and 6 :% are

f(e:%%i@ﬂj ", f(e:%]zi 1

Then the total scattering cross-section is closest to

37 107z 357
M @ 7 @ o
Ans: (1)

Solution: For s-wave and p -wave scattering the total cross-section is

1
{Z (2¢+1)sin 5} =0, =i—f[sin5o+3sin251} (1)
/=0

1
The amplitude function is f ( {Z (20+1)€ sing,P, (cosé?)}
/=0

f(6) =%[e‘5° sin &, +3¢" sin 8, cos 6 | .(2)

Now f(a:f):i[ei% sind, | == L [1 g}_l[e‘%sincﬂ,] :>e“$°sin50=l+ﬂ
2 k 2k 2 k 2 4

Multiply with its complex conjugate

(e™sing, ) (e sing, ) = (; ?j(%—%) :sin250:£ (4
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-7t e sin g, +ie'5lsm5 SN L I
"3) & 2k 2k 2 kL2 4

e sin g, 3,33 e sing, SN e sing,
4 4 2 2 2

_3

- N\2
Multiply with its complex conjugate [% +%) =sin’*s, = sin’s, = 1 ...(5)

Substitute values of sin® s, and sin® 5, in equation (1), we get o, = 4—75{E+§} = 377:
k®116 2| 4k
Thus correct option is (1)

Q17. A quantum system is described by the Hamiltonian H =-Jo, + A(t)o,, where
o, (i=x,y,z) are Pauli matrices, J and A are positive constants (J >> ) and

0 fort<0
A(t)=q4for 0<t<T
Ofort>T
At t <0, the system is in the ground state. The probability of finding the system in the
excited state at t >>T , in the leading order in A is

2
2) l—sng

(4)

Solution:

1 0
H=-Jo,+A(t)o, where o, ={0 =

1 0] 01
Therefore H =-J +A(t)
0 -1 10

-J 0 0 A
3 H={ }+{ =H,+V (t")
0o J] |2 0]

-J 0
Unperturbed Hamiltonian is H, =[ 0 J}

The eigenvalues of unperturbed Hamiltonian (H,) are E=J,-J

The ground state energy is E; =—J and corresponding eigenvector is |y, =(
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0
The first exited state energy is E, =+J and corresponding eigenvector is ‘z,yf > = (J

T 2

Now Ry :h_lz J.ei%tl<‘//f N(tl)“//i>dt'
o

where o, == =23 ang (4, v ()41 = (0 1)@ éj@:(o 1)@:4

T

2 T2
1 o 22 |[ g2t /12 | )
Thus, P, = J'e“t/hﬂdt [ZIJ/h =% ‘[ p20T/h _ ]

0

/12

2 2
=—= 1—cos(—j 4 x 2sin? (‘]Tj S P = /1—25|n (JTJ
2J 2J? h J h
Thus correct option is (2).

A

Q23. In a quantum harmonic oscillator problem, & and N are the annihilation operator and

the number operator, respectively. The operator e" "ae N is
(1) a (2)e'a
@3 el 4 ¢
(where | is the identity operator)
Ans: (2)

Solution:
Since e*Be B+[A,I§]+%[A,[A,|§ﬂ+_

Here A=N and B=4 also N =a*a and [l\] a

Thus correct option is (2)
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Q1.  Four distinguishable particle fill up energy levels 0,€,2 <. The number of available
microstates for the total energy 4 € is
(1) 20 (2) 24 (3) 11 (4) 19

Ans: (4)

Solution:

.. Total number of microstates so that total energy of a system of 4 distinguishable particle is
4e is Q=19.

Q5. Acclassical ideal gas is subjected to a reversible process in which its molar specific heat

changes with temperature T as C(T)zCV + R_I_l. If the initial temperature and volume
0

are T, and V, respectively, and the final volume is 2V,, then the final temperature is
(1) Ty/In2 (2) 2T, (3) T,/[1-In2] 4) T,[1+In2]
Ans: (4)
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Solution:

Te

. . dQ C 1 T e, .1
Change inentropy is AS = | == = | =dT = —(C\, + R—] dT = [—+ R—J dT
I T -[T ;[T T, J; T T,

T, R
= AS=C, |nT—f+T—(Tf -T,)

0 0

2V,
R

T \% T
f f f T

c8S= [T+ [Rav as=[Sar+ [ Jav-c, Int+RiIn2
Ty T VOV Ty T VOV TO

Comparing both value C, InT—f+B(Tf ~T,)=Cy N1t 4+ Rin2
TO TO TO

:B(Tf -T,)= RIn2:>B(Tf ~T,)=RIN2=T, =T, [1+In2]
T T, °

0 0
Q6. A quantum system is described by the Hamiltonian
H =JS, + AS,

where S, Zgai and o; (i=x,Y,2) are the Pauli matrices. If 0<1<<J , then the leading

correction in A to the partition function of the system at temperature T is

2 2
@ ha coth ki (2) ha tanh Jh
23k, T 2k, T 23k, T 2k, T

2 2
3 ha cosh L (4) e sinh i
23k, T 2k, T 23k, T 2k, T

Ans: (4)
Solution:
Given, H =JS, + AS, (i)

-0 el o4 )

J-A A

Obtain the eigen values|H - 1'1|=0=
A =J=-A

-

After solving, we get, —(Jz—l'z)—iz =00r A2=22+J0% = A" =+JA?*+J?

h 22\
.. Energy eigen values are 5 +J (1+?]

Here, we retained only first two termsas A <<J
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The eigen values are E ,E, = J_rg

Now, we can determine the partition function

g i g g
Q:ZefﬁEi :e_ﬁEl +e_ﬁE2 =e 2 e 4] +e 2 e 4]

AL 2 pn 2 _BIn pan 2( pn pin
Q=e ? (1_%}% 2 [1+%j:e 2 +e? +%[e 2 g2 ]

AL BIn 2 BIn Ik 2
=Q=|e % +e? +@ Zsinh(@) =le 2 +e? |+ ha sinh Jh -.(2)
4] 2 2Jk, T 2k, T

Here, first term in the P.F. is due to unperturbed Hamiltonian whereas the second term arises due

BihA?
to perturbation term and this is our derived result. Note that while expanding e 4 we have

kept only first two terms as A << J . Hence (4) is correct.

Q16. Each allowed energy level of a system of non-interacting fermions has a degeneracy M.
If there are N fermions and R is the remainder upon dividing N by M, then the

degeneracy of the ground state is

(1) R" 21 () M (4) “Cq
Ans: (4)
Solution:

It is given to be Fermi system with a degeneracy of M. This means

each energy level will have M fermions up to certain level.

Remaining R Fermions have to be filled in M degenerate levels.

Therefore, in ground state lower a few levels will contain M each

remaining R have to distributed in M-degeneracy levels so that each

will have only 1 Fermions.

I
This can be achieved in Q= M MC, ways.
RI(M -R)!
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A system of N non-interacting classical spins, where each spin can take values
o =-10,1, is placed in a magnetic field h. The single spin Hamiltonian is given by

H =—/,lBhO'+A(1—O'2),

where u;,A are positive constants with appropriate dimensions. If M is the
magnetization, the zero-field magnetic susceptibility per spin

temperature T =1/ 8k, is given by

@) 2Pu;

2+e M

(1) Bus (3) Suze— A

Ans: (2)
Solution:

0=10-1. H=-uho+A(l-0?) -6

o H =—/,lBhO'+A(1—O'2)

+1 _,UBh

0 A

-1 +ugh

It is a three level system problem. Therefore, for a single spin, the Partition Function is
Q =eM+efe ye et —Q =e/ +2cosh(Buh) ..(2)

“» system is given to be N non-interacting classical points,

. Qy=[e” +2cosh(,B,uBh)]N .(3)

Helmholtz free energy is A=—kT InQ,

A=—NKT In[ e +2cosh (Buh) | .(4)

Now, the magnetization is M = —(

@j_ NKT
oh ) e’P+2cosh(Bugh)

2
As h—>0, Mreducesto M = Ve *(2A1eh) _ 2N g ph

e M +2 e +2
s (ﬂ j _(_2uB
" Nléoh ), le™+2

Option (2) is correct.

x 2sinh (ﬂth)x(ﬁyB)

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



CSIR NET-JRF Physical Sciences Dec.-2023
Solution- Thermodynamics and Statistical Mechanics

Physics by fiziks
Learn Physics in Ri
PART C

The work done on a material to change its magnetization M in an external field H is
dW =HdM . Its Gibbs free energy is

G(T,H):—(yT+a;_2J

where y,a>0 are constants. The material is in equilibrium at a temperature T =T, and

in an external field H =H,. If the field is decreased to % adiabatically and reversibly,
the temperature changes to

(1) 2, @ 2

1 1
a )¢ a )¢
(©) (27} JHoTo (4) (;) JHoTy
Ans: (2)
Solution: dU =TdS+HdM , G=U +PV -TS—MH

— dG = —SdT —MdH . Thus sz—(@j ,M:_(ﬁj :[ﬂj :(ﬁj
ot ), oH ) —\at ), o ).
2
(T H)=—| 7+ :M:_(Ej :%_H:ﬁ:(%j :_ﬂz(ﬁj
oT oH) 2ot T \er), T2 \eH)

oG aH? oS aH?
Also S=—| — | =y—-——=|—=| ==
T )., 2T T b

(ﬂj __(ﬂj (@) ___ 1 (_ﬁJ_ T aH. T
“LoH S )J,\oH ). aH?/T*( T? H

2 2
dG=—SdT+VdP:S=—(§j . ThusS:—i - ;/T+a|_| :>S:7/+aH (—LJ
aT ), oT

2T 2 T?

Adiabatically reducing the field means adiabatic demagnetization in which AS =0 or S; =S,

2
: a(H,\ 1 a( H, HZ HZ (To)
e y—— —| 5=r——=|l=—| = =—~,giving T, =| —
4 2(2)# 4 Z[Toj 4T2 T2 gving te =15
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A photon inside the sun executes a random walk process. Given the radius of the sun
~7x10°km and mean free path of a photon ~10°m, the time taken by the photon to
travel from the centre to the surface of the sun is closest to
(1) 10° sec (2) 10** sec
(3) 10" sec (4) 10" sec
Ans: (3)
: , : R’
Solution: Total time for photon to emerge from the sumis 7 =— (1)
where, R is radius of sun, ¢ = mean free path of a photon, c = speed of photon =3x10" cm/s
given, R=7x10°km=7x10cm,/=10"m=10"cm,c =3x10" cm/s
Ref: Princeton University Press, Chapter 3, Steller Physics

7x10%)’
r:%:igx10”:16.3x10”5 — 7 ~1.63x10"s
10~ x3x10 3

.. (D) must be correct option for the given information.

Note: Actually, here R was given to be wrong. Actual value of R =7x10°m=7x10"cm.

(710°) 49 o
T=—5——"-=—x10"s = r~1.6x10"s. This gives the correct answer.
10" x3x10 3
Q27. A system of non-relativistic and non-interacting bosons of mass m in two dimensions

has a density n. The Bose-Einstein condensation temperature T, is

(1) 12n# @) 3n#A

zmk, zmk,

(3) o (4)0

mky
Ans: (4)

Solution:

Dimension Massive Boson Mass-less Bosons

Photon, ¢ = pc

9/ NonRelaivst
£=" fom: Non-Relativistic

1-D

No

No

2-D

No

Yes

3-D

Yes

Yes

Therefore, in 2D, BEC is not feasible for non-relativistic particle. Most appropriate option is (4).

T =0K cannot achieved.
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In the measurement of a radioactive sample, the measured counts with and without the

sample for equal time intervals are C =500 and B =100, respectively. The errors in the

measurements of C and B are |AC|=20 and |AB| =10, respectively. The net error |AY|

in the measured counts from the sample Y =C —B, is closet to

(1) 22 (2) 10 (3) 30 (4) 43
Ans: (1)
Solution:

The net error |AY| in the measured counts from the sample Y =C—B, is

|AY| = J|ACF +|AB[" =207 +107 = /500 ~ 22
Q9. In the circuit shown below using an ideal opamp, inputs V, (j =123, 4) may either be

open or connected to a -5V battery.

1kQ
V1 O——/\M\\—e

2kQ
V, O—e-AV—4

Vs O W

8kQ
V0

The minimum measurement range of a voltmeter to measure all possible values of V., is

11wV 230V 3)3V 41v
Ans: (1)

Solution: V, = —EFvl —R—sz —?Fvg —R—FV4 =>V,=-
2 3 4

R R R R [1111

_+E+Z+§}(_5V)
=V, =—[1+0.5+0.25+0.125](-5V ) =1.875x5=10V

Q14. For three inputs A, B and C, the minimum number of 2-input NAND gates required to

generate the output Y = A+ B+C is
(1)3 (2)4 ()7 (4)6
Ans: (2)
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Solution:

—

A+B

Ej} (A+B)C=A+B+C
C

—f

So minimum number of 2-input NAND gates required is 4.

Q20. The light incident on a solar cell has a uniform photon flux in the energy range of 1 eV to
2 eV and is zero elsewhere. The active layer of the cell has a bandgap of 1.5 eV and
absorbs 80% of the photons with energies above the bandgap. Ignoring non-radiative
losses, the power conversion efficiency (ratio of the output power to the input power) is
closest to
(1) 47% (2) 70% (3) 23% (4) 35%

Ans: (1)

Solution:

Flux of photons is uniform. Let us assume total 100 photons are Uniform flow of photons

falling. The average energy of the given spectral region is |¢ vy + v *I

P :%ev —1.5eV lev

au

T |
1.5eV 2eV

We are taking the average here, . flux is uniform.

Therefore, total energy incident per second =1.5eV x100 =150eV

Further, bandgap of active layer of scalar cell is = 1.5 eV. Hence, only photons with energy
greater than or equal to 1.5 eV will be absorbed. That is out of 100 photons only 50 photons will
be absorbed.

2415

Average energy of spectrum between 1.5-2eV , ¢g,, =1.75eV

50 photons

VoYY ov

1.5eV 2eV

Energy content or energy incident on solar cell. =50 x1.75 = 87.5eV
“ It is given to be 80%, therefore, energy absorbed is ¢, =87.5x0.8=70eV

- Efficiency 7= 22V 4100 = 46.66 ~ 47%
150eV
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PART C
Q13. Gauge factor of a strain gauge is defined as the ratio of the fractional change in resistance

(%j to the fractional change in length (A—Ll'j A metallic strain gauge with a gauge

factor 2 has a resistance of 100Q2 under unstrained condition. An aluminum foil with
Young's modulus Y =70GN/m? is installed on the metallic gauge. Keeping the foil

within its elastic limit, a stress of 0.2GN/m? is applied on the foil. The change in the
resistance of the gauge will be closest to
(1) 0.14Q (2) 1.230
(3) 0.280 (4) 0.56Q2
Ans: (4)
Solution:

Gauge factor G, = (ARRJ/(ALL] = % =G, A—LL

Stress  0.2GN/m’ _ AL _02

Young's modulus Y =70GN/m? = ——— = ===
Strain AL/L L 70

Thus ﬁsz; :>AR:2><£><100:0.57
R 70 70
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Q20. A circuit with operational amplifier is shown in the figure below.
1kQ 1kQ

WN———

+12V

Solution-Electronics and Experimental Techniques

B I

The output voltage waveform V_ . will be closest to

out

1) ()

JAWAS

T 15T 2T 25T 3T

0.5T T 15T 2T 25T 3T

Ans: (1)
Solution:

It’s a square wave generator circuit.
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PART C

In the rotational-vibrational spectrum of an idealized carbon monoxide (CO) molecule,
ignoring rotational-vibrational coupling, two transitions between adjacent vibrational

levels with wavelength 4, and 4,, correspond to the rotational transition from J'=0 to

J"=1 and J'=1 to J"=0, respectively. Given that the reduced mass of CO is
1.2x* kg, equilibrium bond length of CO is 0.12 nm and vibrational frequency is

A

5x10" Hz, the ratio of =X is closest to
2

(1) 0.9963 (2) 0.0963 (3) 1.002 (4) 1.203
Ans: (1)
Solution:
~h 6.6x107*
B 8z’cur’ ) [8><(3.l4)2 x3x10% x1.2x107% x(O.lZ x107° )2}

= B =162.1434

13
L g, = Yo _ DN =gx105=166666.667

Vos = C% ¢ :3x108 d

0s e

Total wave number = (v+%)a)e +BJ(J+1)

AV =, +B[1"(3"+1)-"(1'+1)]

AV, ®,+2B
= =

Avi=w,+2B, Av,=0,-2B =
Av, ,—2B

4 ©,—2B 166666.67 -2x1.62.1434
J, @,+2B 166666.67+2x162.1434

= 1 _0.9961
Z

Q8.  The ionization potential of hydrogen atom is 13.6 eV and A, and A, denote longest

wavelengths in Balmer spectrum of hydrogen and deuterium atoms, respectively.

Ignoring the fine and hyperfine structures, the percentage difference y =/IH/I;/ID><100,
H

is closest to

(1) 1.0003% (2) -0.03% (3) 0.03% (4) -1.0003%

Ans: (3)
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Solution: i=RH (%—%j and i=RD(%—%j :>/1—D=
A 2° 3 o 2° 3 Ay

1

I+ ——
2x1836 _ 073 _ 99973 — A =% 100 =[1-0.99973]x100 = 0.027
1 2x1837 4

1+—— H
1836

Q25. A solar probe mission detects a fractional wavelength shift (Aﬂ//l) of the spectral line

A =630nm within a sunspot to be of the order of 10™°. Assuming this shift is caused by

the normal Zeeman effect (i.e., neglecting other physical effects), the estimated magnetic
field (in tesla) within the observed sunspot is closest to
(1) 3x10°° (2) 300
(3)0.3 (4) 3x10°
Ans: (3)
Solution:

Av'=46.7B m', Al=A°Av'=1%46.7B

AL 1 . 1
At _10°«x
A 4674 46.7x(63ox10-9)

10*

B=————=0.34 Tesla
46.7 x630
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Q16. The lattice constant of the bcc structure of sodium metal is 4.22A. Assuming the mass of
the electron inside the metal to be the same as free electron mass, the free electron Fermi
energy is closest to
(1) 3.2eV (2)29eV (3)3.5eV (4)25eV

Ans: (1)

Solution: Structure is BCC so, effective number of atom is equal to 2.

- 2 = 2 — =n=0.0268x10" here a=4.22A
a (4_22 X]_O*lo) 75.15x10

wEp = %(37[%)2/3

(6.67x10%)’

=E, = : [3x3.14x3.14x0.0266x10° |
8x(3.14)" x9.1x10™*

_ 44.48x10°%
Fo717.77x10®

= E; =3.3eV

_ 37.94x10* x10* 3794

(0.8530)x10%° = E, = eV S E = e
717.77x1.6x10 1148.432

Q28. In the section of an infinite lattice shown in the figure below, all sites are occupied by

identical hard circular discs so that the resulting structure is tightly packed.

The packing fraction is

W= @%

3 97z
(3) % (4) Iy

Ans: (3)
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Solution:
2

. . . N X 7Tl
Packing fractionis P.F.=——

where n :%nc +%nf +n, =%x4+%x4+0 =1+2=3

and A=a®=16r?

2
: p,|::3>‘_”2r:3_”
16r 16

Thus correct option is (3).
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Atmospheric neutrinos are produced from the cascading decays of cosmic pions (ﬂ'i) to
stable particles. Ignoring all other neutrino sources, the ratio of muon neutrino (vﬂ +17ﬂ)

flux to electron neutrino (v, +v,) flux in atmosphere is expected to be closest to
(1) 2:3 (211 (3) 1:2 4) 21
Ans: (4)
Solution:
TSV, +V,
The decay of a pion into v, +v, is mediated by weak (force) interaction which is governed by

certain conservation laws, particularly conservation of lepton number and conservation of

helicity. In the decay of pion, lepton number is conserved. In this case, the helicity is also
conserved because helicity of z* is zero and the helicity of (v, +v,) is also zero,

Tt oV, +V,
In this decay, the conservation of helicity is violated because helicity of v, is opposite to the

helicity of v,. So its decay rate is low with a factor dependent on the masses of the electron and

muon. So, option (d) is correct.
Q12. In a shell model description, neglecting Coulomb effects, which of the following

statements for the energy and spin-parity is correct for the first excited state of A=12
isobars 2B, 2C,"*N ?

(1) same for *?B,**C and ?N

(2) different for each B, %>C and **N

(3) same for *C and “N, but different for /B

(4) same for 2B and N but different for *2C
Ans: (4)
Solution: Excited states are same for ’B and 3N because their neutron and proton numbers
are just interchanged.
(1) n, =5, =7 for /B (2) n,=7,n, =5 for ¥N
Excited states are different for ’C because its proton number and neutron number are different

(n, =6,n, =6).
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Q29. The ground state of °Pb nucleus has spin-parity J” =(%) , while first excited state

has J* = (gj . For the transition from the first excited state to the ground state, possible

multipolarities of emitted electromagnetic radiation are
(1) E2, E3 (2) M2, M3
(3) M2, E3 (4) E2, M3

Ans: (4)

Solution:
Ar=No; [J;-J|<L<(3+3)

L=2,3
L
E2 M3
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PART A
All the four entries in column A must be matched with all those in column B. Each
correctly matched option gets one mark and no mark is awarded otherwise. Which of the
following mark(s) CANNOT be scored?
(1)3 ()1 (3)2 (4)4

Ans: (1)

Solution:

If all the three entries are correctly matched, then fourth will automatically be matched to correct

one. Hence, score 3, is not possible at all.

Q2.  Four children had 27 apples among them. No child had less than 5 apples. If no two
children had the same number of apples, then which of the following could NOT be the
number of apples a child had?

(1)5 (2)6 (3)8 4)9

Ans: (3)

Solution:

Total no. of apples =27, Total no. of children =4

Condition:

(@) each child gets >5 apples. (b) No. two children get same no. of apples.

¢, [¢c |¢ |¢,

D zmg J-uD 5 5
(+7): 0 1 2 4
5 |6 7 9

Hence, only way to distribute 27 apples among 4 children keeping in mind conditions imposed

is: (5, 6,7,9) inany order. Hence, 8 is the no. a child cannot have.

Q3. In 1979, Ramesh's age was the sum of the digits of his year of birth. In 2017, on his
birthday, what was his age?
(1) 49 (2) 57 (3) 60 (4) 64

Ans: (3)

Solution:

Ramesh's age in 1979 = Sum of digits of his year of birth

Let year of birth =19xy

Age in 1979 =1979-19xy =(70-10x)+(9-y)

Digital sum of year of birth =1+9+x+y =10+ Xx+Yy
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Given, (70-10x)+(9-y)=10+x+y = 69-10x—y=x+Yy or 11x+2y =69

- 14-2 -
L _69-2y 55+(14-2y) _ 14-2y
11 11 11

Only possible value for y=7 .. x=5and y=7

So, year of birth = 1957

Age in 2017 =(2017-1957)=60

Q4. If a<x<b,then for which of the following relations does 0 < y <1 always hold?

_a-X 0. y=X=2 3. y=—0

1. y=——
y b+a b- -a

Ans: (2)
Solution:

O<y<lor, O<;;Z<1 or, 0O<x—a<b—a or, a<x<b, which is the stated condition.

Only choice which will always hold is (2).

Q5.  Anperson's viral load measured in some unit was 15, 25, 50, 200, 300, 150 and 30 on days
1to 7, respectively. The maximum relative change took place between
1. day 3 to day 4 2.day 4today5
3. day 5 to day 6 4. day 6 to day 7

Ans: (1)

Solution:

Viral D, D,
load on

15 25 50

20050 _
50

300-200 1
200 2

150-300 1
D10 D=5 772

30-150 120
150 150

Rel. charges from D, to D, = 3

D, to D, =

D, to D, =

Hence, maximum relative change = 3 which is from D, to D,.
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Q6.  What is the value of x in the given magic square, (i.e, a square grid in which the sum of

the numbers in rows, columns and diagonals is the same)?

X X-5
Xx+1 | Y

2 9

(1) 6
Ans: (1)
Solution:

In diagonal D, :

8+y+2=15 .. y=5
InC:

x+(x+1)+2=15

2X=12=>x=6

’
.

D, .~
<35
Q7. Inthe figure log,, y is plotted against log,, x

log,, y 14

When vy is plotted against X, then the plot in the provided range is
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(B)
y
10t
10°4

107

1074

—t+—+—+—+ X 0,
10° 10* 10 10° 10* 10 10° 10' 10%* 10° 10*

(D)

10"

10°

10 1074

100 | } i i i X
_ -2 | | ! 1 |

10* 10° 10' 10% 10° 10° 10 1 1 | —t— X
10" 10° 10' 10° 10° 10°

1A (2)B 4D
Ans: (4)
Solution:

From the given graph:
coordinates are: (10°,10™); (10%,1); (10°,<10); (10*,10)
From the plots A, B, C, D plot D is the correct one.

Q8. Radius of sphere is measured with 5% uncertainty. What is the uncertainty in the volume,
determined from this radius?
(1) 5% (2) 6.6% (3) 125% (4) 15%

Ans: (4)

Solution: Radius is measured with 5% uncertainly

Let radius =r & uncertainly =%x100=5%

then uncertainly in volume = %(HN)B —%rs
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) )73/+3r2~Ar+3r-(Ar)2+(Ar)3—y{x:ﬁr3 L (ﬂ

r3

..% change = 3-(£)x100
r

Given, 2x100=5% - uncertainty in volume = 3x5= 15%
r

Q9. In a market, you can buy a mango for Rs.10, a lemon for Rs.1 and 8 chillies for Rs.1.
How many of these items do you need to buy to get a mix of 100 items for exactly
Rs. 1007
(1) 6 mangoes, 22 lemons, 72 chillis (2) 7 mangoes, 21 lemons, 72 chillis
(3) 1 mango, 9 lemons, 80 chillis (4) 8 mangoes, 12 lemons, 80 chillis

Ans: (2)

Solution:

Cost of a mango =10, alemon =231, 8 chillies =31

Total items = 100, Total cost = 100

Let you buy x mango, y lemon and z chillies.

Then 10x+y+é:100; X+Yy+2z=100

9x+(§—zj:0 :>9x:% or, 72x=7z

72x7=TxT72
\2 \}
X 4
for x=7,2=72,y :100—(72+7) =21
Q10. A letter is drawn at random from the following string of letters.
RAMUKYAJNAS
What is the probability that itis NOT a vowel?
(1) 1/2 (2) 6/11 (3)7/11 (4) 8/11
Ans: (3)
Solution:
String of letters: RAMUKY AJNAS
Vowel: AUA A

- . 4 - . 4
Probability of picking a vowel = Tk Probability that it is not a vowel zl—ﬁ
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Q11. The figure shows age-wise bar graph of male and female population of two countries.

Which one of the following is likely to be true?
Country P
Age group

0 84-91
[] 77-84
L] 70-77
(1 63-70
56-63
49-56
42-49
35-42
28-35
21-28
14-21
7-14
0-7
40 32 24 16 g8 0 0 8 16 24 32 40
Population (in millions) Population (in millions)

Country Q
Age group

Female o,

77-84
70-77
63-70
56-63
49-56
42-49
35-42
28-35
21-28
14-21
7-14
0-7

40 32 24 16 8 O 0 8 16 24 32 40
Population (in millions) Population (in millions)

1. Country Q has higher life expectancy
2. Country P has higher per-capita income
3. The population of country P is decreasing more rapidly than Q
4. Country P has better health facilities
Ans: (1)
Solution:
Obvious from bar-graph that population in higher age brackets in Q is more than P.
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Q12. What is the minimum number of pourings needed to get 4 litre of milk from a fully filled
8 litre can, using ungraduated empty 5 and 3 litre cans? No milk should be wasted.
(1)4 ()5 ()6 (4)8
Ans: (3)

Solution:

1st
2nd
3rd
4th
5th
6th 1 4 3
Q13. In how many ways can a menu be made from 5 dishes, if the menu contains either 3 or 4
dishes?
(12 (2)3 3)7 (4)15
Ans: (4)
Solution:

Total no. of dishes =5, Menu from 3 or 4 dishes

No. of menu choosing 3 dishes = °C, =10
No. of menu choosing 4 dishes = °C, =5

.. Total no. of menu = 10+5 = 15

Q14. SCRIPT : DIRECTOR :: ?? : CHEF
Choose the most appropriate option from the following to fill the blank
(1) MENU (2) RECIPE
(3) RESTAURANT (4) MEAL

Ans: (2)

Solution:

A "Director" works with "Script"

So, A "Chef" will work with "Recipe"
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Q15. The sum of the two positive integers is 14. Then their product CANNOT be divisible by
(1) 12 (2) 13 (3) 14 (4) 49

Ans: (3)

Solution:

Sum of two positive integer = 14

b
13 |13
12 | 24
11 |33
10 | 40
9 |45
8 |48
7 |7 49

Hence, their product cannot be divisible by 14.

Q16. The time seen in a mirror placed opposite a numberless analog (with hands) wall clock is
4h 55min. What approximately is the correct time?
(1) 4 h 55 min (2) 5h 05 min
(3) 7h 05 min (4) 1 h 35 min

Ans: (3)

Solution:

6
4h 55min

6
7h 05min

AL VAN

From the figure it is obvious that 4h 55 min will have mirror image time 7h 05 min.
H min
12:00
—4:55
7:05
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Female

B
The above figures show population pyramids to four countries A, B, C and D. The
country showing the most stable population is
Qc 2 A (3)B 4)D

Ans: (1)

Solution:

The most stable population among all population pyramids is of C.

Q18. For every 5 chocolates that Ramesh gets, Suresh gets 3 chocolates. Geeta gets 3
chocolates for every 2 chocolates that Suresh gets. If Geeta has 18 chocolates, then the
sum of chocolates with Ramesh and Suresh is
(1) 16 (2) 30 (3)32 (4) 38

Ans: (3)

Solution:

5 chocolates «— Ramesh (R), 3 chocolates «— Suresh (S)

2 chocolates «<— Suresh (S), 3 chocolates «— Geeta (G)

S:G = [2:3]x6 =12:18

R:S= [5:3]x4=20:12

Hence, sum of chocolates with R and S =20+12 =32

Q19. A truck from a post office is sent to collect post from a plane as per schedule. The plane
lands ahead of schedule, therefore its contents are transported by a rickshaw. The
rickshaw meets the truck 30 minutes after the arrival of plane, and the post is transferred.
The truck returns to the post office 20 minutes early. How early did the plane arrive?
(Assume all transactions are instantaneous).

(1) 10 minutes (2) 20 minutes

(3) 30 minutes (4) 40 minutes
Ans: (4)
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Solution:

Time taken by truck to meet =2—20 =10min and this time is 10 min early.

Also, rickshaw meets the truck after 30 min of plane arrival.
So, plane arrives (30+10)=40min early.

Q20. A bird keeps flying continuously between two trains, that are following each other on a
straight track. The train behind is slower than the one ahead by 1.5 km/h. If the speed of
the bird is 20 km/h, what distance would the bird cover in an hour?

(1) 20 km (2) 30 km (3) 50 km (4) 60 km

Ans: (3)

Solution:

Speed of bird = 20 km/h.

So, irrespective of the distances between bird and speeds of trains, will cover in 1 hour

=20x1=20km
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