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CSIR - NET/ JRF (PHYSICS) - June 2024 [Solution]
Full Length Test - 01

Ans. 1:(b)
Solution: We consider one digit, two digits and three digits numbers respectively.
Single digit number: There is only are 6
Two digit numbers:
(a) Number of numbers having 6 at unit place only =8
(b) Number of numbers having 6 at decimal place only =9
(c) Number of numbers having 6 at both places =1
So, the numbers from 10 to 99 contain
8+9+2=19 sixes
Three digit numbers
(@) Number of numbers having 6 at unit place only =8x9=72
(b) Number of numbers having 6 at decimal place only =8x9=72
(c) Number of numbers having 6 at the decimal place only =9x9 =281
(d) Number of numbers having 6 at exactly two places =8+9+9 =26
(e) Number of numbers having 6 at all three places =1
So, numbers from 1 to 999 contain
1+19472+72+81+2x26+3x1=300 sixes
Ans. 2:(a)

Solution: Let the price of a mango be x and the price of an orange be vy .

From the question

5x+10y =40
= Xx+2y=8 ()]
Also, x=2y (m

From (1) and (1)
2y+2y+8=4y=8=y=2
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Ans. 3:(b)
Solution: Complete the figure to make a rectangle.
The area of the given shape may be found by subtracting the area of the right triangle

from the area of the large rectangle.

Hence required area

= 20x15—%x5x12 =300 =30 = 270cm?

20cm
A B
10cm
15¢cm C
5cm
E
8cm D 12¢cm

Ans. 4:(c)
Solution: We know that
Product of two numbers = LCM x HCF
Here one of the numbers is 2x33=66. Let the other number be x, then
66x X =33x264 = x=132

Ans. 5:(d)
Solution: The average sale in 6 months is Rs. 6500 . Let the sale in the sixth month be x.

From the question
6435+ 6927 + 7230+ 6855+ 6562 + X = 6 x 6500
= 34009 + x = 39000
= X =39000-34009 = 4991
Ans. 6:(c)
Solution: Forty consecutive integers will have 20 odd and 20 even integers. The sum of 2
chosen integer will be odd, only if
(a) First is even and second is odd OR
(b) First is odd and second is even

Mathematically, the probability is given by
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P (First is even)x P(Second is odd)+ P(First is odd ) x P(Second is even)
3 20 20 20 20

—X—+—X—

40 39 40 39

_10,10_20
39 39 39
Ans. 7:(a)

Solution: The ratio between total amount of first class fare and total amount of second class fare
=6x1:4x30=1:20

Hence the amount collected from first class passengers = %x 2100=100

Ans. 8:(c)

Solution: From the Venn-diagram we see that

M P

Percentage of students passing in math only =16

Hence total number of students passing in math only @@Q

—16% of 200 =2 »200=32
100

C
Ans. 9:(d)

Solution: Each word will be of the form
R—————- W
Since in the formation of English words order matters, hence the remaining 6 places are
just the arrangements of remaining 6 letters.
Hence required number of words =6!=120
Ans. 10: (d)
Solution: Let the CP of VCR be x.

100+20 _ 6x
100 5

After reduction, CP = x-1000, SP = 6—5)(—1000

Then selling price = xx

New profit percentage = 20 +§ _®
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(6—5)(—1000J—(x—1000)=6—;% of (x-1000)
X%, 1y 1000)
5 3 100

13x 650 _ 13x x _ 650

:>5 = =
5 60 3 60 5 3
X 050 650%20=13000
60 3

Ans. 11: (c)

Solution: In one hour

Number of pages typed by Ravi = 3—62 = %

Number of pages typed by kumar = 4—50 =8

Together, in one hour, the number of pages typed by them = %+8 = 16;24 = 4—30

? page is typed by them in 1 hour
, .3
1 page is typed by them in 0 hour

110 page is typed by them in 4—?6><110 hour

= §hr =8.25hr
4
=8 hour 15 minutes
Ans. 12: (b)
Solution: Let Abhay’s speed be v, and Sameer’s speed be v,. Then
DD, 0
Vl V2
Also, @—ﬂﬂ (m
v, 2V
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Adding (I) and (1) gives

0_30_4
v, 2y
N 60-30 :33223
2v, 2v,
:E:B:vl:E:SKm/hr
v, 3
Ans. 13: (b)

Solution: Look for smallest triangles first — there are 12 such triangles. Now, look for triangles
which are equal to half the rectangle — there are 12 of them. Besides, there are 4 bigger
triangles (spanning across 2 rectangles).

Thus total number of triangles =12+12+4 =28
Ans. 14: (b)
Solution: Two lines are perpendicular if the product of their slopes = -1

The slope of line joining (1,2) and (2,-2)

22 -4
m].:—__:

= —4
2-1 1

The slope of line joining (8,2) and (4, p)
2

mzz—p_zz—p_

4-8 (-4)

—mm, =-1= (—4)("442] -1
=>p-2=-1=p=1
Ans. 15: (c)
Solution: In the first figure: 4x5+2° =20+4 =24
In the second figure: 6x4+3* =24+9=33

In the third figure: 8x6+5* =48+25=73
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Ans. 16: (c)

Solution: From figures (i), (ii) and (iv) we conclude that 6,4,1 and 2 dots appear adjacent to 3
dots. Clearly, there will be 5 dots on the face opposite the face with 3 dots.
Ans. 17: (b)

Solutions: All the possibility resulting from the statement is shown in the Venn-diagram

apples
apples
ants ants
From the two figure we can only conclude that ‘some apples are parrots’ and not ‘All

apples are parrots. From the two figure we clearly see that ‘some ants are apples’. Hence
only conclusions (2) follows.

Ans. 18: (a)
Solution: Let AB be the tower of height x meter and BC be the flag of height 10m. Let D be
C
the point from where the angles of elevation are 45°and 60° such that
/BDA =45° and ZCDA=60° 10m
In ADAB, tan45° =2 1 X AD—x B
AD AD
X
In ADAC, tan60° = °C —, 3 - 10X 60°
AD X b 45° A

\/%0_1 = 1O(f+l) =5(v3+1)m

:\@x:10+x:>(\/§—1)x=10:>x:

Ans. 19: (a)

Solution: Each row (as well as each column) contains a figure consisting of a circle and two line

segments, a figure consisting of a circle and three line segments and a figure consisting of
a circle and four line segments.
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Ans. 20: (d)
Solution: Time from 7 AM to 4.15PM =9hr 15min :%hr
3min5sec of this clock =3 min of correct clock
37 . 1
= —— hours of this clock =— hours of correct clock
720 20

= 3— hours of this clock = ixEx3—7 hours of correct clock
4 20 37 4

=9 hours of correct clock
Therefore, the correct time is 9 hours after 7 AM , i.e, 4PM

Ans. 21: (a)
Solution: ¢(p dx Ae“Mg-ipx
ol
A % N . A 0 ) o -
= dxe \ﬂ\xe—lhkx — |: dxeyxe—lhkx + dxe—yxe—lhkx}
V2rh _'[o N2rh J;) !

e % A 1 1
— d ,u Ihk + dXE ,u+|hk) +
J2rh £ I T 27k | p—ink | u+ink

Using A= \/; , We can write

1 2,[13/2
N AN RS

If we write 7k = p then the answer will be

¢(p)=

1 2,[13/2
¢(p): Y
Nozh pf+p
Ans. 22: (b)
Solution:
V, = R__ Q - Q and V= _3Q+ Q -
8re,a 4me,(2a) 4re a 8re,a 4rmey(2a) 4reya
=>V,-V,= Q
2r e, a
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Ans. 23: (b)
2
Solution: L=p,x+p,y-H , H _ BB Py , ﬂ=>'<:>&=>'<:> p, =MmX
Y m 2m  opy m
oH _ y:&—&z p, = MX+my
ap, m m
2 m(x+y)mx (mx)’
L=pX+p,y- PPy +&:>m(x+y)x+mxy— (x+Y) +( )
m 2m m 2m
1 ., -
= L:me + mxy
Ans. 24: (b)
2
Solution: 7%+ &% = 2”;2/0 and n=-¢£coté
}Zm V,+E / 2mE
7/: —( 02 ) k = —_ 2
h h
2 2 2mV,a’ 32n°
(7a) +(ka) = hzo Vo = maZ
R=(64)"" =8 5—”<R<77”
Ans. 25: (b)
. 1., 1.,
Solution: I ==MR*,L=1lwo==MR‘w
2 2
. . wowR?
Magnetic moment due to disc u =
. rwR*
Due to cylinder d = 2 (pdz) (o0 — pdz)

_ 7oR* JL- Q 7= QwR?

4 ) ZRL 4
QwR?

H.No. 40-D, Ground Floor, Jia Sarai, Near IIT, Hauz Khas, New Delhi-110016
Phone: 011-26865455/+91-9871145498
Website: www.physicsbyfiziks.com | Email: fiziks.physics@gmail.com
8




fiziks

Institute for NET/JRF, GATE, IIT-JAM, M.Sc. Entrance, JEST, TIFR and GRE in Physics

fiziks
LISIK?

Ans. 26: (b)

Solution; From the Virial theorem. V = r"‘then {T} =—<V>

Ans. 27: (d)

Solution: E, =(n +%)ha} n=135.....
E, = (14—1)?160 = §hco
2 2

Eq= (3+ljha) = Z7’1(0
2 2

<E>=zx§ha)+1xzhw:><E>=ha)+zha)=5ha)
3 2 3 2 6 6

Ans. 28: (c)

Solution: Monopole moment = —%—%+q =0
p=—Ju(-dg)-I(d§)+q(d?) = p=qd2
p=—5x(~dy)~ (dy)+q(d2) = p =qdz
v (r,0)= 1 p-zr: 1 qdcgse

Arey, 1 Are, 1
-6 -3 0 -9
V(r,0)=9x10° x 10 207 xC0S60" _ g g0, 10 _ 045 volts = 45 mv
(10) 2x100
Ans. 29: (b)

Solution: For either Si or Ge; 3—¥:—2.5mv /°C

In order to maintain a constant values of |
T,-T,=40-20=20°C

Change inV,, —2.5x20mV =-50mV

Therefore, V, = 700-50 = 650 = 660mV
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Ans. 30: (c)
712

Solution: I cosxé(sin x)dx
—l2

sinx=0 at x=n7z,di(sin X) = COS X
X

Z&(x—nﬂ)'

Hence, &(sinx)= cosna
T

=6(sinx)=(X)+6(x—7)+8(Xx+7)+5(x=27)+5(X+27)+5(X—37)+ 5 (Xx+37)+---

zl2 712
Hence, J' cosxé(sinx)dx:f cosx&(x)dx =cos0=1
-l2 -l2

2r
J. e*sin x5’(x—7r)dx
-2r

d X o} _ aX el X
& e"SInX |[=e"SINX+¢€e COoSX

d M Vs M Vs T
At, x=7r,—(exsmx)=e sinr+e"cosr=e
dx

72 2
Thus, I cos x & (sin x)dx + I e*sinx &’ (x— ) dx :1+(—1)(—e”):1+e”.

-l2 27

. ! d
Where we have used :L¢(x)5 (x—a)dx:—&{¢(x)}|xza

Ans. 31: (d)

Solution: (ﬂj =0
OX

2 2cx(x* —3a° 2
(6 v = ( ) at x, =-a :(ﬂ]:%>0 X, is stable equilibrium
a

at x, =a :[—j -~ <o X, 1s unstable equilibrium

2a°
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Ans. 32: (d)
Ans. 33: (d)
Solution: I =Bl +(1+ )l

o 098
S = 49
P e 12098

o 1, =49%20+50x0.6 =980+30 =10104A = I, =1.01mA

Ans. 34: (c)
Solution: J = 4) Pdx

vz E B 312 dE 1/2 13
Joc(ZmE) —| =DExcJandv=—acJ""=>vocE
a dJ
Ans. 35: (a)
Solution: g:—di:—@, | _&_ dgl
dt dt R dt R
= —?j—f =—nr? %(Boe‘“o )=7r’Be (t, =1)
T tart . ar'Bylet| o2
Q=j|(t)dt=j?80e dt = = =314x(2x107) x0.01=6.284C
0 0 0
Ans. 36: (a)
Solution: U=K,T?M2 ¢ [N} ¢ oo,
or oT ),
Ans. 37: (b)

Solution: The wronskian is W(t) = Ce’fS‘”‘d‘
= w(t)=ce™
w(0)=e=e=ce=c=1
Thus = W(t) — goost

=>w(27)=e
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Ans. 38: (d)
Solution: A monatomic gas is a collection of indistinquishable particle. Assuming that the

electronic partition function is unity (i.e., the ground electronic energy level is

nondegenerate), only translational degrees of freedom remain to be evaluated, resulting in
U

S=—+klIn
= Q

N
:1(§Nij+kln_qtmns =2 Nk NKIng,,,, ~k(NInN - N)
Tl2 NI 2

:gNk+NkInqtram—NklnN :gNk+Nkln%—NklnN

h2
27mKkT

:gNk+NkInV—NkInA3—NkInN :gNk+NkInV—Nkln(

3/2
j —NkInN

2132 \3/2
:ENk+NkInV+§NkInT—NkIn N""h
2 2 27mk

3/2
n2/3Ni/3h2 j

:EnR+nRInT +§nRInT —nRIn
2 2 27zzmk

The final line of Equation is a version of the Sackur-Tetrode equation, which can be
written in the more compact form:

5/ 5/2 2 312
S=nRIn| & 32V =nRIn R;I'e where A% = h
AN A°N,P 277mkT

Ans. 39: (c)
Ya

o K+Y) iosis s A,
Solution: E, =xXAe“*: E :i( glet+io cos45=—"-
1 XA) 2 \/E AO \/E

|=(E+E)(E+E) E// A

2 =2 = e o= oo
=1 =|E| +|E,| +E E+E,-E

2 2 . 2 ) 2 2 i —i5 3Ab2
Y WP WL TR R I L T s WP
& 4 ( ) 2 2 g 2 2 2 2 &
2 2
Imax ZSA) ’Imin :ij Imax :5
2 2 |

min
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Ans. 40: (d)
Solution: v =, u, S AlS B S’ C u,
2 10
1 Y19
c
Ans. 41: (a)

Solution: The trial of interested consists of 50 separate experiments; therefore, n=50.
Considering the case of 25 successful experiments where j=25. The probability (st)
is

Ps=C(n j)(P.) (1-P)""

=C(50,25)(P.)” (1- P, )*

_ (%JGT GTS ~ (1.26x10")(8.88x10°) =0.11

For the case of 10 successful experiments, j=10 such that

Po=C(n, j)(PE)j (1- PE)n_j

=C(50,10)(P. ) (1-R.)* = (%]@ @

Ans. 42: (b)

Solution: Let F(s)zlnﬂzln(s—a)—ln(s—b) differentiating F(s) with s gives
s—-a
e 11

s—a s-b
But from the relation

L{t f(t)}=—F'(s) we obtain

bt at
LEF () == 2o st ()=t e = (1) = =7
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From the result, L{%t)} =JF (s)ds

(s-a)

S

0 at
we obtain, L‘l{j L ds}zeT

Thus the inverse Laplace transform of H (s) is

Ans. 43: (c)

Solution: The partition function was determined to be q=1+e”". The corresponding average
energy calculated using the partition function is U = th/(e'”hV +1). Given the functional

form of the average energy, the heat capacity is most easily determined by taking the
derivative with respect to £ as follows:

-1 Nk 3% (h 2 h
CV:_k'BZK%j\, =—Nkﬂ2(%hv(eﬂhv+1) jv - feﬂ(hv\i)l)ezﬁ v

The functional form of the heat capacity is rather complex and is plotted in figure given
below. As observed previously, limiting behavior is observed at both low and high
temperatures. At the lowest temperature, C, is zero and then increases to a maximum

value after which further increases in temperature result in a decrease in the heat

capacity. This behavior is reminiscent of the evolution in energy as a function of

Ans. 44: (c)
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Solution: We know that the determinant of a skew-symmetric matrix of odd order is 0. For a
skew-symmetric A, A" is symmetric matrix according as n is even or odd .

For the calculation of eigenvalues

0-4 1 1 -4 1 1
-1 0-4 1 |=0=|-1 -4 1]|=0
-1 -1 0-4 -1 -1 -4

=—A(A+1)=(A+1)+(1-2)=0 =-2*-A-2-1+1-1=0
=-A"-31=0=1(4*+3)=0

Thus, =0 and A A =++/3i where i’ =—1.
(AT) —AZ=(-A) - A= A2 A2 =0

Thus, (AT )2 — A? is a null matrix.

Ans. 45: (c)
Solution: Since J=1and Q, =0 S0 Q,,, =1

Asevenif K=0,Q ,=1 (Set)

n+l
And if K=1,Q,,,=Q, =1 (Toggle)
Ans. 46: (d)

2 232 n2”2;&12
Solution: E, , , :nxm‘; +1— +(nz+1]h2a)
rro 2ma 2ma 2

where n, =1,2,3......, n,=123..., 0N =135....
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Ans. 47: (a)

Solution: 4x+3y=0= §+%:0

If E=E,cosk(x—ct)Z V/m where E,=1V /m

B= —%cos(kx— ket)y

> X
2
§:i(|§xl§)=i(on5coszeji =(S)= 5 ¢
Hy Hy c 244,C
z
2 2
I:<§>.ﬁ: 5 cos(90-«a) = 5 sina:ECEOE(f e =2 =sing =2
21,C 21,C 5 3
=1 =2cg,E2 =£(3x10°)(8.86x10)(1)° =10.6x10"*V /m ~1.1 mV / meter
5
Ans. 48: (b)
Solutionzéz _Rzl = _gzcsl
i (Rﬁ) RCs+
Cs
:>V_o_ RCo R,Cw _ R,/R,
V_ 22 2 22 2 2
| J1+RC’w* RCaw\1/R*C*w? +1 \/a)%l
()

It is the transfer function of high pass filter with cutoff frequency — o, = rad /sec

1

Ans. 49: (c)
Solution: A: 77 +7" > K™ +K”
q:-1+1 -1 +1: Conserved

Spin: 11 0 0:Conserved
2 2
L:+1-1 0 0:Conserved

I: 00 % %:Conserved/Notconserved
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l,b;: 00 L +£:C0nserved
2 2

S: 0 0 -1 +1:Conserved
This interaction can't be strong due to presence of Lepton. Therefore it is electromagnetic

interaction.
B. K°+por +A°

q:-1 +1 0 0:Conserved

Spin: 0 % 0 %:Conserved

B: 0 +1 0 +1:Conserved

l: 1 l 1 0: Conserved
2 2

|3:+% +% +1 0:Conserved

S:-1 0 0 -1:Conserved

This is strong interaction
C: K5z +7°

q: +1 +1 0: Conserved

Spin: 0 0 0:Conserved

I : % 1  1:Conserved
1

l,: +E +1 0: Conserved

S:+1 0 0:Conserved
This is a weak interaction
Ans. 50: (c)

2

Solution: If V, << —, one can treat H' =V, cos (%j as a perturbation imposed on the free
ma a

motion of a particle. For the ground state, the eigenvalue and eigenfunction of the free

particle are respectively (n=0,-1i.e..ka=7z,- )

H.No. 40-D, Ground Floor, Jia Sarai, Near 11T, Hauz Khas, New Delhi-110016

Phone: 011-26865455/+91-9871145498
Website: www.physicsbyfiziks.com | Email: fiziks.physics@gmail.com

17



fiziks

Institute for NET/JRF, GATE, IIT-JAM, M.Sc. Entrance, JEST, TIFR and GRE in Physics

fiziks
LISIK?

;12712 1 izx/a 1 —izx/a
27

Let, e = /3 and consider (m|H’|n). We have

V, ra 27X
~1|H'|-1)=(0|H’'|0)=—"2 —— dx=0
(21 = 0] o) = 2 [ cos{ 22

' ’ _V a Lipx ipx —ipx _V
(~1|H’|0) = (0|H —1>_2—;j0e (e e )dx—?o
0 Yo
Hence for ground state, H' = 2 :
Yo g
2

and the secular equation for first order perturbation is

g Vo

2 —O’
Vo gw
2

giving EY =J_r\%.

Thus the ground state energy level splits into two levels

wrt V, Wrt
= > -, E2 = > e
2ma° 2 2ma° 2
These are the lowest energy eigenvalues of the system.
Ans. 51: (d)
4
Solution: 77 = P2 _ pa

2 2
HEEER
g oP P oa
- (a“ )2 o

2 2 2
:{ﬂxlooj =[ﬁx100) +16[$x100]
n P a

N
+
—_
D
Y
QD
w
~—
q
N
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=(2)" +16(4)" = 4+256 = 260

o
=—1x100=16-12%

n
Ans. 52: (d)
U v t'+— X dt’+l2dx’
Solution: u, === and t=—L— sodt=—"no=—
1+ 1-7 1-
c c
2
v
du’xll—zJ
! ! ’ ’ ’ C
du - dux’ U4V .VduX:>du __ du 14 WY —(u'+v)l _
X uxv u’v 2 C2 X u,v 2 C2 X C2 urv 2
1+ o2 (1+ CXZ j £1+ CXZ j £1+ CXZ
VZ 3/2 V2 3/2
' l ' 1-— 1-—
dt’+— dx du, du ( 02) ' [ CZ]
dt= - a, = =— g =a,=a, 3
dt dt 1 usv 1 1Y
1—07 2 T2
Ans. 53: (b)

Solution: A,I—ﬁ@z. eB _(4878><10‘1°m)x 1.6x10 x1
. c 4zm 3x10°m/s Arx9-1x107%

0
=1-11x10"m=0-11A

Ans. 54: (a)
Solution:
Ql QO D1 (Qo) DO ( _1)
0 0 0 1
0 1 1 1
1 1 1 0
1 0 0 0
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Ans. 55: (b)

Solution: V(x)=—b5(x—%); b>0 and y/(x)z{Asin%X; O<x<a

. 2
Normalized y = \/7$|n7z—x
a

a
a . —h? B z°n?
T dx
(T)= I"' 2m o’ ma?
. a 2 2b
V)= ~b| x—= | rpdx==(-b)=-—
<>LW{ (x ZJ}WX S (-b)=——
°h? 2b
E — —_——
(E) 2ma’ a
_ 242 212
3a<E>=—2m§ +2_E=o:>_”h +2b=0=a=""
da 2ma a ma 2mb

W 2b  7°n*(2mb)° 2b(2mb)  2mb?
2ma® a Zm(ﬂth)z (z20%) =

Put the value of a in equation: (E)=
Ans. 56: (a)

Solution: B =E
c

2
‘§‘=iE.B= ) szecosz{m(t—ﬁﬂ
Hy HoC 2/”0 r c

o s

2 4 72z
B sin? @ ;2
P_gsw ‘> a= 4ycjj r°singdedg
2 4 2_4
_ E,o x£x27r :2_7r E,o
4uc 3 3
Ans. 57: (b)
: : : i 9y (7Y
Solution: Parity does not change in transition from (gj - (Ej
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Now, I, :g; l. :Z
2 2

Al =12,3,..8

The most probable transition is Al =1 and without change in parity. Therefore, the
multiple radiation is M1.
Ans. 58: (d)

Solution: wL:dX:_ZT%X:_ZT Inz > dz
x2+1) o(X2+1) 0(22+1)

2 o 2
Let us consider new function f (z)=£ I2n le , then | =I( I2n le dz
75+ 0 7"+

Pole at z =+i is simple pole of second order.

Residue at z=iis

_d (z_i)Z& iM

dz (z- |)2(z+|) O|Z(z+i)2
:(z+i)22(lnz)§ (Inz2)’ 2(z+i) =(z+i)2In(z)§—(Inz)2.2
(z+|)4 (z+i)3
_(2i)2x?|ni—(|ni)2-2 _4';[—('9 x2 _2;zi+”22
- (2i) - -8i - -8i R
= Res| _ :%+71Z—6i ) r
~
Similarlyatz:—i;Res|zz__—%—7lr—6 5
2 Inz Y N N B 2 q
Iz!(z%lj dz—Zm(T EI—Z—Eljz—ﬂl
—ﬂ2i=(£££! ]f(z)dz:u! jf(z)dz; M vanish

Along path A; z=-x+i¢ and alongpath B; z=-x-i¢
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s e [ e f] B o
_In( X+i¢) }dx T{ —Xx—ig) de

(—x+|g ) +1 o] (—x—ig) 241

o o

1+x° o 1+x

= —7ii=

O t—8

=-ri=

N
ot—,8

L :T(In(x)+i7r)2 —(In(x)—iﬁ)zdx _ 4”‘T Inx

(1+ x? )2 0 (x2 +l)2
* Inx —iz® -r * Inx 72
:.[ - :T ‘ZJ 2 2 An 2
0 x +1 o(x +1) 7l
Ans. 59: (d)
Solution: f(H):—;TrEIV(r)rsinkrdr :>D(9)oc|f(9)|2
0
2m T e
f(0)=
( ) th .
0 —ur ikr _ A—ikr
f(H):—ZT’BIe r| _e dr
hkgor 2i
Zmﬂ < —r(u-ik) < —r(p+ikr) _ Zmﬂ ,Ll+|k—‘Ll+|k _ Zmﬂ 2ik 2 2\1
=— dr - dr |=— =— —_— k
h22ik[-([e ' !e T R v ai )
2
2m  p 2mp /2mE(. 9]
f(0)=—-—— , D(0)=| ——F———— where k =, [——| sin—
( ) hz (,uz+k2) ( ) Lhz(ﬂz*‘kz)J hz 2
2
D(9)= 2mpg

(,uzhz +2mEsin® gj
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Ans. 60: (d)

N N
Solution: The partition function takes the form ZN:(llN!)(Zl(tr)) (Zl(mag)) ., Where

Z,)=V /4. Each atom has magnetic energy E(s)=—(1/2)suB, where s=+1. The
magnetic partition function for a single atom is
Zymag) = Zos€ P®'" =2c0sh[(puB)/2]. The partition function for the gas is

Z, =(LUNY(2v123)" cosh" [(uB)/2].
The magnetization is given by M :—(8<D/aB)T‘N, where @ is the free energy this

system (the translational part is like a Helmholtz free energy, a function of T,V ,and N
and the magnetic part is like Gibbs free energy, a function of T,B and N). The free
energy of the combined system doesn't have a name so we call it ®. Then
®=—k,TInZ, M=—(60/3B)  =(1/2)Nutanh|(puB)/2].

Ans. 61: (b)
Solution: a=3cm,b=1.5cma

v m\? n\?
-t 0
' 2 a b

ﬂ“c,mn = UO
2
A = =2a=2x3=6cm
' 2 2
m n
2+ )
and A, = 2—2&=3cm

Ans. 62: (c)
Solution: 5,Cr:Z =24, N =25
For N =25
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(151/2 )2 (1 Pu/2 )4 (1 Pu/2 )2 (1d3/2 )6 (231/2 )2 (1d3/2 )4 (1 £ )5

= =% and | = 3. Therefore parity is = (—1)3 =-1

Thus spin and parity of 5.Cr = Gj
wMn: Z =25 N =24

2 4 2 6 2 4 5
For Z=25:(1s,,) (1py,) (1py,) (1ds,) (2s,,) (1dy,) (1f;,,)
= j=7/2and 1 =3

: _ 7\
Thus spin and parity of 5. Mn = (EJ

Ans. 63: (b)

Solution: 86%2 p=exp(yt)P=p, :%:Q:exp(yt)q=Q:>q =Qexp(-7t)

oF P? 1
K:H ;P;t 2 K= —+—M 20?2 P
(QPH)+=E=K=2rt omo'Q +7Q
: oK 2
P=-2 = me’Q-yP
2Q Q-y
. 0K P . 2 2\~
Q="5=—+7Q=0Q+(0*~*)Q=0
Q = Asin ,/(a)2 —y? )t will satisfy boundary condition Q(t=0)=0

Ans. 64: (b)

Solution: Given w «c k = @ =0,k

2 2
Now, g(w)dwzz(ij rkdk =L@ de
2z T U, U,
“D 2 @p 2 a)é
Also, N = do= do—_E .9
S0 '([g(a)) o o .([a) ® o

N 1/2 2 1/2
=, = (27[1)32 ?j =, (22n)" = 270, = v, (22n)" = vy =0, (Ej
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Ans. 65: (a)

2

Solution: [%+k2jw(x): 0(x)

d2
(sz},,:o

Ly Ay, (X)y,(x) X> X'
G(xx) {A ¥, (X)) Yy (X) X< X'
P(x)=1

A 1 1 =i

V)R- (X)y,(x) ikrik 2K

G(x,x) :g—liexp(i|x—x'|)

Ans. 66: (a)
3
Solution: P _ 8”2\/
B,, C
1 c? A3

A, 87hv?B, 8zhB,

~ (4000><10‘10 )3  6-4x107%
~ 87(6-625x10*)(6-5x10°)  1-08x10°”

—5.93x10% " sec = 59-3nsec

Ans. 67: (c)
d’f  2x df n(n+1)
- —+
dx®  [-x*)dx  {1-x*)
Regular singular points -1, +1, oo
Ans. 68: (c)

Solution: f=0

. 1 1Y
Solution: E, = n+§ ho— X, n+§ ho
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GE, =O:>ha)—2xe(nmax+1]ha)=0
dn |, 2
=1=2x, nmax+1 znmﬂzi_l_ 1 1 -125
2 2X, 2 2x, " 2x0-004
Ans. 69: (d)
. ,Q
_Jytvp L . VvQ

Solution: p—% J, =0, J

Ans. 70: (b)

Solution: Because this is an isothermal process, AU =0 and 0, o = —W . From,

V,
qreversible =-W= nRT —=nRT Inv—

10.0L

=1.00mol x8.314mol *K *x 300K xIn =-2.285x10°J
25.0L

The entropy change of the system is given by

_ 3
AS = I dqre_‘l’_e"sible _ Qreversible — 2.285x10°J =—7.62JK™

T 300K

The entropy change of the surroundings is given by

- 3
AS _ Osurroundings _ Qsystem _ 2.285x10°J =7.62JK™

surroundings T T 300K

The total change in the entropy is given by

Syt = AS + AS yrounangs = —7-62 IK 47362 IK =0

Because the process is reversible, there is no direction of spontaneous change and,

therefore, AS,,, =0.
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Ans. 71: (a)
Solution: (i) h=0.5; The value of xand y are tabulated below:
X y
0.0 1.0000
0.5 0.6667
1.0 0.5000

Simpson’s 1/3 rule

r h
1= VX =2 [ Yot A%t Yatoot Voa) +2(Ya + Va ot Yoo )+ Vo |

=1 =O—;[1.OOOO+4(O.6667)+0.5] =0.6945
Ans. 72: (b)

: . B
Solution: The cyclotron frequency is o, = i
m

2
Where m” is effective mass defined as m” =

 d%E/dk?
2A2
Since, E =E, —2A0{1— K 2a Je
:>d—E:2Aoz(ka2)e‘”‘a
dk
2 2
d IZE =2Aca’e “ =m :%
dk 2Aca‘e™
eB eB eB 9
w=-F=—"———=—+|(2Acae ™
' m" R /2Aca’e ™ R ( )
— hza)c
2eBaa’e ™

Ans. 73: (a)

Solution: The number of k state in range k to k+dk:

2
In 2D, itis given by g(k)dk =(2Lj 2kdk
T

Since, dispersion relation is E =|P|v = kv
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2 2
g(E)dE:ZX(Lj on B L
27 (hv) Th°v
The number of electron at T =0°K is
Ep L2 Ep L2 ) - )
N = E)d(E)=—— | EdE = EZ = 2zh%v =E
'([ g( ) ( ) ﬂ_hZVZ . 272'7’22 2 F L2 F
EZ =27xh*Vip ( =%j
The average energy at T = 0K is
Er
J.E.g(E)dE L2 = L2E3
Eav =2 = J. 2dE = F
N N zh%v? 0 3N zh%v?

2 2
Eav :%XZﬂ'hzvzp [zﬂ_hZ\lZpl/Z =2_L lzﬂhvp3/2
3Nzhv 3N

E NE, 2 E
ETE gVt =t
Ans. 74: (a)

Solution: In KCI crystal, all mixed (hkl) are absent and out of all unmixed (hkl), all odd

unmixed are also absent.
Ans. 75: (a)

2 2
Solution: From conservation of energy m;/() = m;/ - Gl\élm

If bis impact parameter then from conservation of momentum mbyv, = mRv

b=r 1425V
VR
SO LA
sing|d@

. b |db
a=jD(¢9)sm ¢9d0d¢=fﬁ‘@

sin0dod ¢ =jb dbd ¢ = 7b?

o = 7R? (1+ 2GM j

2
V;R
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