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INSTRUCTIONS:

e Attempt all the 40 questions (Objective)
e Section A contains 25 questions & Section B contains 15 questions.
e Section A: For every correct answer +3 marks, -1 for incorrect answer
e Section B: For every correct answer +5 marks, NO negative marking
o Pattern of Questions: MCQs
o Total Marks: 120

o Duration of Test: 3 hours
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SECTION - A (1-25)

1. White light is incident on a soap film at an angle sin1 (4/5) and the reflected light on

examination by a spectroscope shows dark bands. Two consecutive dark bands

corresponds to wavelengths 6.1 x 1072 and 6.0 x 10~ cm. If the refractive index of
the film be 4/3, the thickness is

(A) 17cm

(B) 1.7 cm

(C) 0.017 cm
(D) 0.0017 cm

2. A galvanometer together with an unknown resistance in series is connected across
two identical batteries each 1.5V. When the batteries are connected in series, the
galvanometer records a current of 1 A, and when the batteries are in parallel the
current is 0.6 A. What is the internal resistance of the battery?

A 2o
(B) 20
©) <o
(D) 30

3. A pith ball covered with tinfoil having a mass of m kg hangs by a fine silk thread ¢
meter long in an electric field E. When the ball is given an electric charge of g

coulomb, it stands out d metre from the vertical line. Then the electric field is given

by
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(A) E=mgd/gy(r* — d*).

g) mod
B) ™2

C mgd
© q(¢* - d*)

D mgd
( ) q(€2 _d2)3/2

4, A metallic cylindrical vessel whose inner and outer radii are rq and r, is filled with ice
at 0°C. The mass of the ice in the cylinder is m. Circular portion of the cylinder is
sealed with completely adiabatic walls. The vessel is kept in air. Temperature of the
air is T. How long will it take for the ice to melt completely. Thermal conductivity of
the cylinder is K and length is /.

(A) mLlog, (r,/r,)
k(T

(B) mLlog, (r,/r,)
2nk(T

() mLlog, (r,/r,)
2nk(T

(D) mLlog, (r,/r,)
k(T

5. An ideal gas at 75 cm mercury pressure is compressed isothermally until its volume
is reduced to three quarters of its original volume. It is then allowed to expand
adiabatically to a volume 20% greater than its original volume. If the initial
temperature of the gas is 17°C, the final pressure and temperature (y = 1.5) is
(A) 49.4 cm of mercury, 229.3 °C
(B) 49.4 cm of mercury, 43.7°C
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(C) 49.4 cm of mercury, —43.7°C

(D) 44.9 cm of mercury, —47.3 °C

2 -2 0
6. Matrix, A=a [2i -2 0|, where a is scalar is given then find value of o for which A
0 0 1

IS unitary.

1
A) —
(A) N

1
B) =
B) ;

1
C) —
© .5

1
D) =
D) 5

7. The trigonometric Fourier series for the waveform f(t) shown below contains
“f(t)
A
-T3T 0 g

I\J‘—l
|
ENE
Nl

coe 4

N

(A) only cosine terms and zero value for the dc component
(B) only cosine terms and a positive value for the dc component
(C) only cosine terms and a negative value for the dc component

(D) only sine terms and a negative value for the dc component
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dzn(x)_n(x)_o where L is a

8. A function n(x) satisfies the differential equation o e
X

constant. The boundary condition is n (0) = K and n («) = 0.
The solution to this equation is

(A) n(x) = K exp (x/L)

(B) n(X) = K exp(~x/{T)

(C) n(x) = K2 exp (=x/L)

(D) n(x) = K exp (—=x/L)

9. In the silicon BJT circuit shown below, assume that the emitter area of transistor Q1
is half that of transistor Q2.

The value of current I is approximately

(A) 0.5 mA
(B) 2mA

(C) 9.3 mA
(D) 15 mA

10. The transfer characteristic for the precision rectifier circuit shown below is (assume
ideal OPAMP and practical diodes)
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+20V
R
—P—
4R
Vv,
R Vo
D,

Vo

\Z

Vi

©

A2

(D) 0 +5

2
11. The asymptotic solution of the equation Zq‘f—qzw =0 [q2 > ] in the case of one -

dimensional linear harmonic oscillator is given by

(A) e

(B) e+qZ/2
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(C) both (A) and (B)
(D) none of these

12.  The mean effective pressure, p,,’ for the Otto cycle is

(Where p3 = pmax P1 = Pmin @nd ry is compression ratio.)

1
(ps - plrcy)[l_ r ~,-1j

C

(r=1(r. -1

, 1
(pl - p3rc{)(1_ rr—l\J

(r=1(r. -1

(A) Pu =

(B) Pu =

(psplrcr )(1_ rcril)

o

(D) Py = (pl B parcr )rcril

(r-1(r. -1

::O

o3

13. =
The OPAMP circuit shown above represents a
(A) high pass filter
(B) low pass filter
(C) band pass filter

(D) band reject filter

WhatsApp: 9001894070 Mobile: 9001297111, 9829567114
Website: www.vpmclasses.com E-Mail: info@vpmclasses.com

Page 7



http://www.vpmclasses.com/
mailto:info@vpmclasses.com

o BlVPM CLASSES

CSIR NET, GATE, UGC NET, SLET, IIT-JAM, TIFR, JEST, JNU, BHU, MCA and MSc ENTRANCE EXAMS

14.  Which of the following is not an assumption in Drude-Lorentz theory of free

electrons?
(A) Metals contain free electrons that move through a lattice of positive ions.

(B) Electric field produced by lattice ions is considered to be uniform throughout the

solid and hence neglected.

(C) Free electrons in a metal resemble molecules of a gas and therefore the laws of
kinetic theory of gases are applicable to free electrons.

(D) The electrons are distributed among the energy levels according to Pauli’s

exclusion principle.
15. Laser beam production is based on the principle of
(A) Induced Absorption
(B) Spontaneous emission
(C) lonization
(D) Stimulated emission

16. If the temperature of the blackbody is halved the wavelength corresponding to the

maximum emission of radiation becomes
(A) 2 times
(B) 4 times

(©

times

ANk, Nk

(D) = times

17.  The concepts of a "particle” and a "wave"

(A) are clear and completely distinct from one another in both classical and modern

physics.
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(B) can both be applied to electromagnetic radiation.
(C) have found little use in quantum physics.
(D) all of the above are true.

18. A network of wires carrying various currents is shown in the figure given below.

What is the current through the ammeter A?

10A

(A) Zero
(B) 2 A
(C)3 A
(D)9 A

19. The Heisenberg’s uncertainty principle is expressed as

(A) Ax-ap, > -
4z
h
B) Ax-Ap, < —
(B) Ax-Ap, .
(C) ax-ap, > -
4

(D) ax-ap, <
47

20.  The resistivity of conductors

(A) decreases as the temperature decreases
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(B) decreases as the temperature increases
(C) increases as the temperature decreases
(D) independent of temperature

21. The energy of a linear harmonic oscillator in third excited state is 0.1 eV. Then what

is the frequency of vibration.
(A) 3.30 x 1014 Hz
(B) 33.0 x 1014 Hz
(C) 3.304 x 1013 Hz

(D) 33.04x101° Hz

1 351
22. Find the rank of the matrixA=2 4 8 0|.
31765

(A) 2

(B)3

(C)4

(D) none of these
23.  Consider two independent random variables X and Y with identical distributions. The
variables X and Y take values 0, 1 and 2 with probabilities %% and % respectively.

What is the conditional probability P(X + Y= 2| X-Y = 0)?

(A)O
1
B) —
(B) T
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24.

25.

26.

© =

(D) 1

Consider the matrix P :{ 0 1

} . The value of eP is

[9a—2 _ -1 -1 a2
( A) 2e 3e e e
|2e?-2e* Be?-et

[ elre? 2e2-¢*
(B) -1 -2 -1 -2
|2e" +4e” 3e -2e

©) [5e2+e? 3et-e?
2et—6e? 4e?+e?

B 2el_g2 -1 a2
)| oo e ot o
|27 +2e° 2e7 -e

A rigid body is rotating with constant angular velocity o, then linear velocity v is
(A) solenoidal

(B) constant

(C) zero

(D) cannot say anything

SECTION -B (26-40)

Rest mass energy of an electron is 0. 51 MeV. A moving electron has a kinetic

energy of 9.69 MeV. The ratio of the mass of the moving electron to its mass is
(A)19:1
(B)20:1

(C)1:19
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(D)1:20
27.  Find out the output voltage in the circuit of fig.
AAkAAA ]A‘A(AA
2AIA(£} VVVVY \AAAAS
2 kQ \AAAAS
X B AZMIA(S
= H+ Y VWW—5 —oVn
1V >
2V
(A) 1 volt
(B) 2 volt
(C) 3 volt
(D) 4 volt
28. A Carnot’s engine roving 100 gm. water-steam as working substance has, at the
beginning of the stroke, volume 104 c.c. and pressure 788 mm. (B.P. = 101°C). After
a complete isothermal pressure is then lowered adiabatically to 733.7 mm. (B.P.° =
90°C). If the engine is working between 99°C and 101°C, the latent heat of steam is
(A) 540.0 cal/gm
(B) 450.0 cal/gm
(C) 520 cal/gm
(D) 490 cal/gm
29. Which one of the following reaction are forbidden under the conservation of
strangeness, conservation of baryon number and conservation of charge
(A" +n—oA°+KF
(B) rt +n o> K+ K*
C)rn"+no>KrH+x°
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D)A° >3t + 1~

30. Assume that the center of mass of a girl crunching in a light swing has been raised
to 1.2 m. The girl weights 400 N, and her center of mass is 3.7 m from the pivot of
the swing while she is in the crouched position. The swing is released from rest, and
at the bottom of the arc the girl stands up instantaneously, thus raising her center of
mass 0.6 m (returning it to its original level). Find the height of her center of mass at
the top of the arc.

(A)4.1m
(B) 4.1 cm
(C) 2.04 m
(D)3.5m

31. When one leg of a Michelson interferometer is lengthened slightly, 150 dark fringes
sweep through the field of view. If the light used has A = 480 nm, how far was the
mirror in that leg moved?

(A) 0.600 mm
(B) 0.360 mm
(C) 0.006 mm
(D) 0.036 mm
32.  The rectangular loop shown in Fig. moves toward the origin at a velocity U = —250ay
m/s in a field
B = 0.80e**%a (T)
Find the current at the instant the coil sides are aty =0.50 m and 0.60 m, if R = 2.5
Q.
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(A) 4.03 A
(B) 3.55 A
(C)3.04 A
(D) 2.92 A

33. If the z- component of an electron spin is + h/2 and its component along with the z-
axis equals +n/2and —n/2 (see fig). What is the average value of the spin along z’ ?

z

(A) ncos? g

.20
B) #sin®—
(B) sin” 2

hsinO
2

(©

ficoso
®) =
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34.  What is the potential difference between two points distant rq and r, from an
infinitely long line charge of linear charge density (i.e. charge per unit length) A

1 2k
Ang, 17

(A)

9
9
5

35. IfB=VxA,then what is the value of jB-dofor a closed surface?

©

(A)O
B)1
©-1

(D) Infinity

36. Two infinite plane sheets plane sheets are placed parallel to each other, separated
by distance d. The lower sheet has a uniform positive surface charge density ¢ and
the upper sheet has uniform negative surface charge density -c with the same
magnitude then, what is the electric field between the two sheets, above the upper
sheet, and below the lower sheet.

(A) O, °
2e, € 2¢,
(B) 2,00
So
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37. Consider the operator A, B satisfies following relation [A, B"] = n[A, B] gn-1
for every analytic function (in term of power series) F(x) what is the value of [A, F
(B
(A) [A, B] F(B)
(B) [A, BIF'(B)
(C) [A, B] F(B)+F(B)[B, A]
(D) none of these

Where F’ (B) is derivative of F(B)
38.  Using the basis vectors of S, what is value of eigen vectors of 52

3?1 0
R e

3n2[1 0
B) =/
()201}

321 0
© o J

10

10 1
® %5
39. Let¢q and ¢ be orthonormal functions find the value of n which normalizes the

function f = n(¢, + 2i$2)

(A)n=(1+2i)
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1

(B)n=

(©)n-2

1

(D) n:\/g

40. The residue of the function, (z) =

(A) ) @n+)7
(B) S¢-1(2n-1
(©) 2ni(-1)™*@2n+1)n/2

(D) —2ni(—1)"+1g

is

Cosz

ANSWER KEY

Question | 1 [ 2] 3] 4|5

6 1 718]19(10]11]12(13]14[15]16]17(18]19(20

Answer DID|A]|B]|C

C|C|D[B[A|JA|J]A|B|D|DJA[BfJC]JC]A

Question | 21[22]123]|24|25

26127128[129]|30(31]32|33[34]|35(36]37(38[39]40

Answer cC|{B|C|D]|A

BIDJ]A|BfC|D|C|D|BfA]|B|B|JC|DfA
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HINTS AND SOLUTION
1.(D) For dark bands in the reflected light
2Ltcosr=nA

When the observed dark bands are consecutive, their orders will differ by one. Let

n and (n + 1) be the orders of dark bands due to wavelengths A, and 2,
respectively.

Then 2ptcosr=ni; =(n+ 1)y

- N
or n=
K1_7”2
2ptcosr S
}"1_7"2
7\‘1}\‘2

B 2pcosrx (i, —A,)

Here &y = 6.1x 107°,2, = 6.0 x 107>, u =~ andsini= 2
2 . 2
cosr = \/(1 — sin’r) = \/[1 —(sini/p)?] = (u” — sin”i)
A
Now t = 12
ZuJMZ —sin®i) x (A, —1,)
= 7\'17\'2
2|J(u? — sin?i) x (0, — 1,)
-5 -5
- (6.1x107) (6.0 x10™) — 0.0017 cm.
2x 16 _16 x (0.1x107°)
9 25
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2.(D) The two internal resistance are in parallel. Hence their effective resistance is /2.

Now

curent= — £ (1)
R+RY)+r/2

oro6-— 5 oro6-— 1> [ R+R =(3-2r)]
R+RY)+r/2 (83-2r)+r/2

Solving we get, r = %ohm.

3.(A) As shown in figure the following forces act on the ball when it is in equilibrium

(i) weight m g acting vertically downward

(ii) Tension T in the thread
(iii) Electric force g e horizontally to the right.

From figure T sin 6 = qE

and Tcos6=mg
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tanezE
mg
or E =9 tano
q
But, tan 6 = d
(* - d?)
E = mg d
a (- d?)

4.(B)

For elementary ring

99 _n 9T _ oy 9T
dt dr dr
or W L Where 99 _ 1
K.2mr¢ dt

integrating for the cylinder, we get

B et [Tar
K2m ¢9n r 0
or H log, 2 =T
K2m/? r
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- TK2rl (1)
log, (r,/1,)

or
If t be the time taken by the ice to melt, then

Ht=m L ort = (mL/H) ..(2)
Substituting the value of H from equation (1) in equation (2), we get

—_ mL IOge (r2 /rl)
2nK(T

5.(C) First of all the gas is compressed isothermally. Using Boyle's law
P1V1=PoV7
or P =(P1V1/V))
Here Pq =75 cm of mercury and V, = %vl

_ 75Y,
27 314y,

=100 cm mercury

The gas is now expanded adiabatically to 20% of its original value. Under adiabatic

change
PV} =P,V
V Y
o eenfY)
V3
3 120
Here V,=2=Vv, andV,=="V
27 4h 37 100
15 15
3V
P3 = 100 x 1 X 100
4 120V,
3 1.5 5 1.5 5 1.5
=100 x (Zj x (Ej =100 x (5) =100 x 0.494 = 49.4 cm of mercury
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Let the final temperature after adiabatic change be T4 °K

Now

Now

TV ' =T,V

Ty =17°C = (273 + 27) = 290°K

v, ) 3v. )Y (100 )
T3 =T, % =290 x| —* X
v, 4 120 V,

5 0.5
= 290 x (gj =229.3 °K

Hence the final temperature will be —43.7°C

2 42i oY 2 —2i 0)( 2 -2i 0

6.(C) A'=(ATy=a|-2i -2 0|=A'A=0?|2i -2 0| -2i -2

0 0 1 0 0 10 0 1

4+4+0 =4i+4i+0 0+0+0
1=02|4i-4i+0 +4+4+0 0+0+0
0+0+0 0+0+0 -0+0+1
8 00 100
1=02(0 8 0|=80%|0 1 0|=1
00 8 101
a2: E Ora: i:i
8 J8 242

7.(C)
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Since negative part has amplitude = 2A
dc value = (-ve)
and since it is symmetrical about y axis, therefore only cosine terms.
Alternately,
For given waveform
f(t) = f (-t) [even symmetry]
and Area below x-axis > Area above x-axis.

So, Fourier series will contain only cosine terms and negative value of area (d.c.

component).

d’n(x)  n(x) _

8.(D) Given: — !
dx L

01

where, L = constant

Boundary conditions are: n(0) = K

and n(o)=0
2 13_
(p sz °
_, 1

= p—+E

1 1
nx)= Aet +Aet
Applying Boundary conditions:

n(O):Ae°:A1+A2:k

and n(w) =A1 .0 +Ae*=0
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= Al =k
L . S
Hence solution is n(i) = ke -

9.(B)

V,E=0.7

JETY
Let both transistors are in active region, therefore voltage at Qq base
(VBase)Ql =0.7-10=-9.3V

Current through R,

_ 93V

I

R™ 93k

=1c

Since emitter area of Q4 = % [emitter area of Qo]

, A
le. Ag = 52

~ (B2) effective = 2 % B = 1430

Since effective B of Q, is double of Qq, so collector current also will be double

nearly.

Mobile: 9001297111, 9829567114
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Ico 1 2xlcy
L 2mA
10.(A) Since input is connected to negative terminal, so output will always be (+ve)

Since Vp =0 (virtually grounded)

Case 1: i1+i2+i3:i

20 v, v

4R R R

AV,

-10 -5 0

If vg =+ Ve, diode does not conduct, so,i=0

%+%+%:O
= S+vj+vg=0
= vg=—5 ;20
= L; <=9
Case 2: Since diode will conduct, hence

Foroi>—5,00:0

For input v; = — 10, vg = -5 + 10 = + 5volts

Alternately
WhatsApp: 9001894070 Mobile: 9001297111, 9829567114
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R
R MWW
+20V
-—rWN\/\/v %
a WA --
R — V,

Point A will be at zero volt, so 20V source supply current,

=20
R
Casel: v 20,
v Will supply current
D4 and D, will be in forward bias, so
ugp=0

Case2:—520i<0,

+ 20 v source will supply current to both V; source and circuit and diodes D4 and

D, will still in forward bias. So
UO =0
Case 3: v <-— 5,

So V; will sink current more than 2R—0 =1

So, Dl and D2 will be in reverse bhias
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UOOCUi

AV,

So 10 -5

2

1LA) C¥-dy=0ld' 27 (1)

where A = 2e |-
n’K

The solution of eq (1) is
V= eiq2/2

So \Vl:eqzlz,\uz —e "2

But the solution yq = e”’2 is not acceptable since it increases with increasing x i.e.
q while the solution y, = e@'2 satisfies the condition and therefore is an

asymptotic solution of the value equation (1).

12.(A) Take pq,Vvq, Tq

T2 = Tl I’Cr1
P =pq X
V,
v = L
2 r
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y-1 y-1
L = ﬁ & = rY’l
T4 V3 V2 ¢

L _ T1p3 _ T1p3

AR A A
W=Q1-Qy

=Cy (T3 - T2) -Cy (T4 - Tl)
Pm (Vl — V2): W

p - Cv [(Ta B Tz )(T4 B Tl)]
m V1 - Vz

lc Y

Tp 1 Ip
cv{ R 13+Tl}

- r(;pl rc pl
Vi
o
Ps
—pl -3 4pr R
_ o Ps = P.fe rcy,l Pife cy 1
V, r.—1
P (1 PV =RT,

r

C

_ gy, s P P o, —pa)]

p, (v-2(r, -1

) 1
(ps L )(1_ rylj

C

(y=D(r. -1
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13.8) (l--F

C
| |
[
ANV
R, L R,
VoW —pp——
L oV

1 R

Re=R, || L-_F
FeRall o R,Cs+1

R’l = Rl + sL

v, K

V (R, +sL)R,Cs+1)

= K = low pass filter

ot i)

14.(D) According to drude- Lorentz theory of free electrons, A metal is supposed to

consist of positive metal ions fixed in the lattice, whose valence electrons move
freely within the boundaries of the metal like gas molecules in a vessel. They
applied the maxwell and Boltzmann statistics to the electron gas. which does not

follow the pauli’s exclusion principle.

15.(D) In laser beam stimulated emission occurs when photon is incident on an atom in

excited state (metastable state).

16.(A) According to wein’s displacement law maximum

Wavelength A, = %
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)lezgzﬁ
T T

A, =2)1

m m
So, maximum wavelength of radiation becomes 2 times.

17.(B) The phenomena like interference, diffraction and polarization of light could be
explained satisfactorily by considering that radiation is of electromagnetic nature
i.e. radiation is of particle nature. It means radiation sometimes behaves as a wave

and some times as a particle i.e. radiation has dual nature.

So, the concepts of a “Particle” and a ‘wave” can both be applied to

electromagnetic radiations.

18.(C)

10A

10A

= I =3A

19.(C) According to Heisenbergs uncertainty principle “product and momentum of the

particle is approximately equal to a number of the order 7% and this product can

never be smaller than the number of order 5”'

S0, Ax-Ap, > n
4
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h
AX-Ap, > —
P 4n

20.(A) The resistivity of conductor depends on the temperature as p, pg (1 + o«T)

So, as temperature decreases then resistivity also decreases.

21.(C) The energy levels of linear harmonic oscillator are given by:

En :(n+lj ho :(n+1j hv,wheren=0,1, 2, 3,...
2 2

For ground state n = 0, for first excited state n =1,

For second excited state n = 2 and for third excited state n = 3.

- The energy of third excited state E5 = [3 +%jhv

GivenE;=0.1eV=01x16x10193=16x10203
16 %1020 = Lee62 x 1034 Jx v

-20
= Frequency v = 2,16x10"__ 3304 x 1013 hertz

7 6.62x107*

22.(B) The given matrix A possesses a minor of order 3

131 |0 o0 1
2 4 0=|2 4 o]replacing C; and C, by Cq —Cgand C, — 3Cg.
3 15 |-2 -14 5

2 4 . .
= ,expanding with respect to R
2 |expancing vih respect o R,
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=2(-14)-(4)(-2)=-28+8=0
P(A) >3
Also A does not possess any minor of order 4 i.e., 3 + 1,
so, p(A) <3
From equation (i) and (ii), we get p(A) = 3 i.e., the rank of A is 3.

23.(C) Conditional probability

P(A] _P(ANB)

B P(B)

P(xty=2) = %x—+—><—+—><—:2

Since condition: x=0, y=2

x=1, y=1

x=2, y=0
Ph-y=0= Lo b ded - o
Since condition: =0, y=0

x=1, y=1

X=2, y=2

5_6
Pl(x +y = 2)/(x-y =0)] = 16 16 _=

16

But probability should not be negative, so answer is %

24.D) eP =L 1 [(sI- P)]]
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and P:[S 1}

where (sl — P)_1 = E si3}

3 1 s+3 17"
T (s+D(s+2)| -2 s

S+3 1
(s+D(s+2) (s+D(s+2)
S
(s+D(s+2)

(s+D(s+2)

2 1 1 1
s+l s+2 s+1 s+2
—2+ 2 2 1
s+1 s+2 s+2 s+l

eP= 1

_| 2e'-e? e't-e?
2e'+2e? 27 -e*
V.Y =V.(WxT)=-w-(Vxr)=0
= v Is solenoidal
26.(B) Given rest mass energy E, =m,c’ = 0.51Mev

And kinetic energy T = 9.69 mev.

We know from einstein theory

E =mc? =KE. +rest mass energy
mc® =T +m,c?

2
mc® T2+1

m,c®>  myc
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m T 9.69
— =1+ =1+ ——
m, m,c 0.51

m:m0:20:1

27.(D) Voltage at inverting terminal V, = 1 volt (as noninverting terminal is at 1 V)

VP:2voIt
At node X : 0-Vx = Wx=Wv , Vx=Ve
2 2 1

2 2 1
_%_ 1_2\/Y 1
-1 =1-Vy-2 (1)
or Vy=0

- - Vs -V
AtnodeP:VY VP+VX Vo _ Ve —Vo

2 1 1
—1—1=2—V0
or VO = 4 volt.

28.(A) Volume of 100 gm of water at the beginning of stroke

=104 c.c

Specific volume V4 =104 _1.04cc/ gm.

100
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Similarly, specific volume of steam after isothermal change

= 1617404 =1674.04 c.c./gm.
Vo —Vq =1674.04 — 1.04 = 1673 c.c.
Change in pressure
dP =781 -733.7 =54.3 mm. = 5.43 cm. of Hg

= 5.43 x 13.6 x 981 dynes cm ™2

101+99

Mean temperature T = =100°C =373 K

and daT =101 -99 = 2°.
Now according to Clapeyron’s latent heat equation

dpP L

a1 T(V, - Vi)

_T(V, = V) xdP
dT

or L

— 373x1673x5.43x13.6x981
2

ergs.

— 373x1673x5.43x13.6x981

2x4.2x107 cal./ gm.

= 540.0 cal./gm.

29.(B) Let us take one by one. Using values of charge Q, baryon number B and

strangeness number S, we have

(A) nt + n - A° + K*
Q 1 0 0 1 AQ=0
WhatsApp: 9001894070 Mobile: 9001297111, 9829567114
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B 0 1 1 0 AB=0
S 0 0 -1 1 AS=0

Here, reaction (A) is allowed under these conservation laws.

(B) nt + n — K° + K*
Q 1 0 0 1 AQ=0
0 1 0 0 AB %0
S 0 0 1 1 AS #0

So reaction (B) is forbidden under these conservation laws.

Here this reaction is not allowed by baryon number and strangeness number.

Cc = + n N K* + z°
Q 1 0 1 0 AQ=0
0 1 0 1 AB =0
S 0 0 1 -1 AS=0

Hence reaction (C) is allowed under these conservation Laws.

(D)  A° N st + o
Q 0 1 -1 AQ=0
1 1 0 AB =0
S -1 -1 0 AS=0

Hence reaction (D) is allowed under these conservation laws.

30.(C) The torque due to gravity is the only external torque acting about the pivot of the

swing. This torque is zero at B and
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N
3.7 m
\ i
R VD 724
By ) 1.2m
0.6m
u=0 A 4
A\ AN

remains zero for the instant during which the girl stands up. The angular

momentum is conserved at B.

Considering the girl-swing system to be a rigid body just before and after she

stands up, we have Io = I'w’. Letting R = 3.7 m and R’ = 3.1 m be the distances

from the pivot to the CM of the girl before and after, we have | = mR2 + Icw I =

mR'2 + I'cpm: Where I and I'cpy are the moments of inertia of the girl about her
CM before and after. Since R, R’ are large compared with the dimensions of the

2 Then approximately mR2» = mR'2

girl, we have 'CM << mR2 and l’CM <<mR’
o’ or mRvB =mR’ v’B, where Vg, V’B are CM speeds. Thus 3.7 mvg = 3.1m v’B, or

v'g = 1.2vg. From the conservation of energy, %msz = mg(1.2 - 0.6), or vg =

3.43 m/s. Then v’B = 1.2vB =4.1m/s

Again we can use the conservation principle to write

1 )
Emv BZ =mg (h-1.2)
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2 2
or = Ve 1, (4D
29 2x10

+1.2=204m

31.(D) Darkness is observed when the light beams from the two legs are 180° out of

phase. As the length of one leg is increased by% A, the path length (down and

back) increases by A and the field of view changes from dark to bright to dark.

When 150 fringes pass, the leg is lengthened by an amount.
(150) (%xj = (150)(240 nm)
= 36000 nm = 0.036 mm
32.(C) Only the 1.0-m sides have induced voltages. Let the side aty = 0.50 m be 1.
v1 =Bq/U =0.80e70-25(1)(250) = 155.8V v, =B,/U=1482V

The voltage is the polarity shown. The instantaneous current is

_155.8-148.2
25

| =3.04 A

33.(D) The present state of the electron is |+%>; the spin operation component along Z’ is

Sz’ =S-n

I
N | s+

Qa

>

where n is a unit vector along z’. In our case, n = xsin 6 cos ¢ +ysin 0 sin ¢ +
z cos 0 and therefore,

S, =Sysinbcos$+S, sin0sing+S, cos 0 .(2)

y
The eigenvalues of S are +r/20r —7/2, and the eigenvectors of S_, with the basis

eigenvectors of S, are
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|+%>’ :a|+%> + b|+%> .(3)

Sz’|+%>, = +g|+%> -(4)
and

|—%>’ :c|+%>+d|+%> ..(5)

S+ = =2-3) ()

where a, b, ¢, and d are complex constants. By substituting (2). and (3) into (4) we

obtain

. . . 1 1) #n 1 1
(Sysin6cos ¢ + Sy sin @ sin ¢ + S, cos 6)(a|+5>+b|+E)J=E£a|+5>+b|—z>] .(7)

Using the known relations

1 /] 1 1 fi 1
S |+ ==]-= Sel-2)==]+=
A+ =21-2) 1= =51+
1 in 1 1 in 1
S |+2y=2 = S, |-=)=—|-= ...(8
I+ =512 y1==51-2 (8)
1 /] 1 1 h 1
S, |+=)=—|+= S, |-Sy==|-=
=51+ =5 =513

so (7) turns into the form

ha | . 1 .. . 1 1 Ab | . . 1. .. . 1 1
—<sinbcosd | —=) +isinBsing | ——) +cosO | +—=) ; + —<sinOcisd | + =) —isinOsind | + =) —cosO | ——
2 sinocoss| -3 01-3+cos0l+3) b+ 22 simocisp |+ 1+3) - cos0] -3

_ h 1 1
= E£a|+5>+b|—5j ..(9)

Hence, we obtain

asinfcos¢+iasindsing—bcosd =b (10)
acosf +bsinfcos—ibsinOsing =a
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ora = — (+cosOb \ 1.ist be a unit vector; thus, a2 + b2 = 1 ans
sinB(cos ¢ +ising) 2
Ib12| 1+ 20989 |- 1 54
sin’ o ’
20 2 4sin? (gjcosz (g] o
pj2=_Sn9 __ sin - =sin2[—j ..(11)
2+2€080 ) 1s2 (ej 4cos? (ej 2
2 2
We choose b = el® sin (6/2); hence
L o o 2cos? (gjsm(gj o
a= wsin(—jeid’ - : :cos[—] ...(12)
sinoe™ 2 sinod 2
SO we obtain
Lo cos[ 21+ ssinf Qe L
|+2n_cos[2]|+2>+sm[2je | 2) ...(13)

The average value of the spin along Z' is (S_) = (+|S_|+). Using the relation

J+1f=s., )i sin(Oee Ly |2 ) gl 9 e Ly
SZ|+2n SZ (cos[zj|+2>+sm[2je | 2>] 2[cos(2j|+2> sm(zje | 2>]
...(14)
we obtain
- _,1n I L ginf 8 )6 Ly
(S, <+2|SZ.|+2> <+2|2[cos(2J|+2) sm(zje | 2)]

cos| @) L4 Ly sin )it - Ly,
_cos(zj(+2|+2) sm[zje (+2| 2)}

SOSARASRS
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_ h 2( 0 . o6 ficosO
= —|cos“| = |-sin“| = ||=
2 2 2 2

34.(B) The field strength at a distance r from an infinite linear charge of density A is given
by

1 2i

E=

Ame, T
By definition electric potential at a distance r from the axis is

¢, =— [ E-dr

Hence r.o¢ denotes the reference distance for zero potential. Here reference
distance can not be taken as infinity since the wire itself extends to infinity.
In this case we have to find the potential difference between two points distant rq

and ro from the wire, which is given by

r
1 22 1 log, =
dne, r 4ne, r

Ap = — j

35.(A) Cover the closed surface by small adjacent rectangles, whose circumference is

formed by four lines L; each, then Stokes theorem gives,

[ (VxA)-do=x[(VxA).do=% [AdI=0

S

36.(B)
“y—> — = > -
EA VE E =E,+ E,=0
Sheet2 - o] I x
e . = o> -
d| et 1E T E=E+E,
Sheet1 + ol
Ev AR B =B+ B0
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Let sheet 1 be the lower sheet of positive charge, and let sheet 2 be the upper sheet

of negative charge; the fields due to each sheet are E, andE,, respectively, both

E, and E, have the same magnitude at all points, no matter how far from either sheet:

At all points, the direction E, is away from the positive charge of sheet 1, and the
direction of E, is toward the negative charge of sheet 2. These fields, as well as the

x-and y-axes, are shown in Fig.

At point between the sheets, E, andE, ; at points above the upper sheet or below

the lower sheet, E, and E, cancel each other. Thus the total field is

0 above the upper sheet
E=E, +E,= {=J betweenthe sheets
So
0  below the lower sheet
37.(B) Given [A, B =n[pA,BB™ (1)

and we know A, B also satisfying the following Commutator property
[AB"*1] = A BN B] =[A, BIBN+n[A, B]B"
= (n +1)[A, B] B" ..(2)

F(x) is analytic function so the expansion of F(x) in a power series, F(x) = > a x"

So, F(B) = > aB"

So, [A, F(B)] = {A,ZanB”} => a,[A B"1=>a, n[A BB"" from eq (2)

A, FB)]=[AB] Snag™ L (3)
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We know F(B)= > apB"
F'(B) = n> apB"

So, from eq. (3)

[A, F(B)] = [A, B] F'(B)

38.(C) To obtain the matrix representation of s2: we use the matrices of Sy, Syand S, in

y
the basis of eigen vectors of S,

_ afo 1 _onfo _al1 o0
Sx = 2{1 o} Sy = Z[i o} Sy = 2[0 —1}
2
Here S*=S?+S:+s2= H [0 +02 407

for pauli spin matrix

o, +0,+0,7=1+1+1=3I

So, S2 =3 mzl = o F 0}
2 410 1
39.(D) f=n (61 +2i o
Given ¢4 and ¢, be orthonormal functions So, satisfying the following conditions —
<¢1 191> =1=<dy | dpo>
<dp1 [ po>=0=<¢5 | 1>

-+ Given f is normalized so, <f | f> =1

So, 1= n2 (0, + 21 ¢,) | (¢,—-2i0,)>
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1202 [(6,16,)+4 (0,16,)-2 (6,16,) +21(0,16,)]

1=n2[1+4-0+0]

n _1 N=——
5

1
NS

40.(A) 1(2) =$ has pole at z :(2n+1)g

wheren=0, 1, 2, .....
= residue of f(z) at z= (2n+l)g

41.(B) On the basis of spin number elementary particles are divided into two broad
categories as—

1. Boson (spin s — whole integers s =0, 1, 2)

2. fermions (spin s — half integers s =+ % +3;,)
42.(D) Since a = alvacc

- b=blvbes

Also, (ab)1 =ab [-a,beG=abcG]

= b'la'1 =ab= ba=ab vabeG

.. G is abelian,

43.(B)If X-axis is taken vertically , Z -axis towards north and Y-axis along east, then the

velocity of the bullet is v=500 km/sec and angular velocity ©=w
(R cos 30° +1i sin 300), because the angular velocity vector o of the earth is directed

parallel to its axis and is inclined at 30° to the horizontal.
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Here, m:L =7.2x 10'5 rad./sec.
24 x 60 x60

Fig.
Hence Coriolis acceleration
=2mXV=20® (Rcos30° i sin 30° )><500I2

=_2x72x10™ x500x<7- 0.036 m/sec? towards west.

N | =

44.(B) The given matrix A possesses a minor of order 3

131 |0 o0 1
2 4 0=/2 4 ofreplacing Cq and C, by Cq —Cgand C,—3Cg3.
3 15 |2 -14 5

= ‘ _22 _‘11'4‘, expanding with respect to Rq
=2(-14)-(4)(-2)=-28+8=0
pP(A) >3
Also A does not possess any minor of order 4 i.e., 3 + 1,
so, p(A) <3

From equation (i) and (ii), we get p(A) = 3 i.e., the rank of A is 3.
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45.(B)Herea=0,b=6,n=6,h= b%a = 6—go =1
X 0 1 2 3 4 5 6
y= 1 1.000(y,) 0.5 0.2 0.1 0.0588 | 0.0385 |0.027
1+x° (v:) (v2) (¥s) (y4) (ys) (ys)

By simpson’s§ rule —

6 1 h 1
Hence [ = dx=2[(yg+Ye) +4(y1 +¥3+¥s) *2(y2 +Yp)l = 3
[(1+0.027)+4(0.5+0.1+| 0.0385)+2(0.2+0.0588) | = % [ 1.027 + 2.554 + 0.5176] =
4.0986 _ 1.3662
3
46.(A)
1010 0]
01 1 . 0
00 1.0
Dy=|. . . . . . .|ofordern
0 00O 111
0 00 1 1]
0 1 0 0]
11 1 . 0
01 11. 0
=0 0111 0 |of order (n — 1) expanding in terms of R;.
000 .11
000 .01 1]
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110 0
011 0

=(-1)jo 11 1 . . o|oforder(n-2)
000 111
0 0 O 011
(1 100 0]
1110 . 0
01110 0
00111 0

=(-1) of order (n — 3)
000 .0111
000 . 00 1 1]

Therefore, Dy = (- 1) D3 (k -1)

Therefore, Dg = (- )X~ 1 (1) = (- 1)K

47.(A) We know that R = (2/a3"*)E""*.Hence

and

dr (2 ) _,
T[am]e :
0

ii rzd_R — i_i e”/ao
r? dr dr al’? a)r

We know radial equation for H-atom is
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) e

2drl or W\ 4ne,r

Substituting in Eq.(1) with E = Eq and ¢ = 0 gives

2 4mE, me’ 4 11
+ + - ~ e’ =0
Hag’z nad'? J [neo nal?  ad’? Jr}

. . 4mE
For the first parenthesis % ==
a, nay
2
E, =- ’ 2
2may

48.(D) Let the gas be a member of an ensemble, each member of which is in thermal and

diffusive contact with a reservoir at temperature T and chemical potential u then

Z(, T) = i [ie{(“Nr_Ur)B}}
N=0| r=1

o Z@M=Ye"™ZMN) (1)
Where z(T,N,) :ie‘ﬁ“' ............ (2)

r=1
is the partition function of gas, this summation is for a given value of N, So for a

classical ideal gas,?
1 N,
Z(TN,) :W[Z(T)} ............ (3)

Where z (T) is the partition function of a single particle, Equation (1) now becomes

1 N,
ZwT) =Y m[eB“Z(T)J ............ (4)
N, re
_ s _
49.(A) vE o ds =v. dt
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= j ds j v.dt

0]
I

20
J' v.dt.
0

The train starts from rest, ... the velocity v =0 whent=0.

The given table of velocities can be written as:

t 0 2 4 6 8 10 12 14 16 18 20
Y, 0 16 28.8 40 46.4 51.2 32 17.6 8 3.2 0
Yo Y1 Y2 Y3 Ya Ys Y6 Y7 Ys Yo Y10

The Simpson’s rule is

20

h
s = jv.dt =§[(yo Y1) FAYL +Ys +Ys +Y Vo) + 2V, +Ya Y +Ye)]
0
_1
30x3

[(0+0)+4(16+40+51.2+17.6 +3.2) + 2(28.8 + 46.4 + 32.0+ 8) |

= [0+4x128 +2x 115.2] = 8.25 km.

Hence the distance run by the train in 20 minutes = 8.25 km.

50.(A) P (2<x<3)=[ f(x) dx=[’ 318” dx = g

51.(A) From boundary conditions,

D1p = Dop (normal component of disp. vector)
E1t = Eo¢ (tangential component of electric field)

D, cos 0, =D, cos 0, _
Elsinei =E, sin o, } [Dl=<lE|
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My E,

K E,

= g1 cotB) =gy cot Oy,

g.coto, 1
g, Ccoto,

g, tan0,
g, tano,

52.(B) We know Recurrence relation

d

—[X”Jn (x)} =x"J,4 (%)

dx

putn=1

%[xl\]l(x)} =x"Jy(X)

=xJg (¥)

53.(B) The given equation written in the standard form is

dzy_Z(x+3)d_y+x+5 e

dx? x+1 dx x+1° x+1

P:—2(X+3), Q=X+5, R- X
X+1 X+1 X+1
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We have 1 + P + Q —X+1-2x—-6+x+5 _ 0.

X+1

.. y=eXis apart of the C. F.

54.(A)

In deutron problem schrodinger equation will be written as—

U M

FJrh—z(vo—B)U=o forr<b
dU M

— +—=(-B)U=0 forr>b
dr? hz( )

Let K2 = M(V-B)/ #*

£2-MB/,

where Vy — potential depth of quare well

B — Binding energy

2 V. -B
So, K—2 =2
oc B
5 _ V,-B
oc B
Given b=-—"-
2K
So, I
2b
and R= 1
oC
V., —-B
So, [ZRr- [%-B
2b B
V0>>B SO,Vo—BzVO
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R = 2_b£/2
T Bl/Z

So,

55.(D) The boundary surface consists of two parts - a hemispherical “bowl” at radius R, and

a circular disk at 0 = 7/2.

For the bowl,
da = R? sin 0 dode i (a)

and E=_-1 @ (1)
4ne, R

In cartesian components

f=sinfcospX+sin® SiNndy +CoOS 62 .(2)
So T,x = & EE,
— 1 Q 1 Q .
T,y = —-cos 0 —-sin6 cos
zx = %o (47‘[80 R? ] [47:80 R’ 4)}
2
T, =g, Q ~| sin 6 cos 6 cos 6 .(3)
4ngy R

sz = &E, E, =g, [L cos GJ [ﬁ sin 6 sin¢J

4ng, R? €
Q 2
sz =g, [K()sz sin® cos 0sing .(4)

T, =2 (B -E E)

2
=5 |_Q 7 | (cos® 6—sin” 6 cos® ¢ —sin® 0 sin® ¢)
2 | 4ngyR
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Y TR
= £4n80R2j (cos® 6 —sin” 0) ..(5)

The net force is obviously in the z-direction

So it suffices to calculate
('T' . da)Z =T, da, +T, da, +T,da, ..(6)
from eq.(a) and (2)
da, =R’ sin 6 dod¢(sin 6 cos ¢) = R* sin® 6cos ¢ dod¢
da, = R? sin 6 ddd¢(sin 6 sin ¢) =R? sin 6 sin ¢ dOd¢

da, =R? sin 6 dod¢(cos ¢) = R? sin 6 cos 6 dOd¢

2
T, da, = 80( ] sin® 6cosOcos® ¢ do do

g,

2
T, da, =¢, (LJ sin® 6cosOsin® ¢ dO do

zy
g,

2
T, da, =2 Q (sin6cos’® 6-cosOsin® 0) do d¢
2 | 4ng R

put these values in eq. (6)

2
(T.da) = %0(4 Q ] [2 sin3 0 cos 6 cos? ¢ + 2 sin 0 cos Osin? ¢+ sin
z g,

0 cos® 0 sin3 0] do d¢

2
('T’.da) = %[ _Q sin 6cos6 do d¢
z 2 | 4re,

The force on the “bowl” is therefore

WhatsApp: 9001894070 Mobile: 9001297111, 9829567114
Website: www.vpmclasses.com E-Mail: info@vpmclasses.com

Page 53



http://www.vpmclasses.com/
mailto:info@vpmclasses.com

e B VPM CLASSES

CSIR NET, GATE, UGC NET, SLET, IIT-JAM, TIFR, JEST, JNU, BHU, MCA and MSc ENTRANCE EXAMS

2 onni2
F = %[ Q sin6cos6 dod
bowl ~ 7 [4nsoR | ! ¢

0

2 nl2
8—”[ Q J (21:)[ sin 6 cos 6 do
2 | 4mngR 0

1 Q°
4ne, | 8R?
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