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Attempt ALL the 60 questions.
There are a total of 60 questions carrying 100 marks.

Section-A contains a total of 30 Multiple Choice Question(s/(i\\/[CQ).
Q.1-Q.10 carry 1 mark each and Questi ons Q.11 - Q.30 carry 2 Qar@k
Section-B contains a total of 10 Multiple Select Questions (MSQ). Questions
Q.31 - Q.40 belong to this section and carry 2 marks/eat{l with@él of 20
marks. S )

Section-C contains a total of 20 Numerical Answer Typ\e-(yAT) questions.
Questions Q.41 - Q.60 belong to this section anm a total of 30 marks.
Q.41 - Q.50 carry 1 mark each and Questions. Q.51 —Qéé carry 2 marks each.
In Section-A for all 1 mark questions, 1/3 19ark/s will be deducted for each

wrong answer. For all 2 marks q
wrong answer. In Section-B (M (\)), there is NO NEGATIVE and NO PARTIAL
marking provisions. There4s NO NEGATIVE marking in Section-C (NAT) as

stions, 2/3:marks will be deducted for each

, )
well. | "
Time : 3 Hours MAX.MAM 100 MARKS SCORED : [ |

SECTION-A (Q.1-30) MULTIPLE CHOICE QUESTIONs (MCQs) :

1.  The entropyof a system, S, is related to the accessible phase space volume G
by S;/k@ﬁG(E, N, V)where E, N and V are the energy, number of particles and
volu e@pectively. From this one can conclude that G

(Mdoes nbkc/hange during evolution to equilibrium
/(B) oscillates during evolution to equilibrium
(C) is a maximum at equilibrium
(D) is a minimum at equilibrium
2. Let dw be the work done in a quasistatic reversible thermodynamic process.
Which of the following statements about dw is correct?
(A) dw is a perfect differential if the process is isothermal.

(B) dw is a perfect differential if the process is adiabatic.
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(C) dw is always a perfect differential.
(D) dw cannot be a perfect differential.

3. A vector perpendicular to any vector that lies on the plane defined by

XxX+y+z=35,is A
(A) i+] (B) j+k (C) i+j+k (D) 2i+3j+5k (/'\
A |
123 / ~
4. The eigenvalues of the matrix A=|2 4 6| are \\ \
3609

/\ )/
(A)(1,4,9) (B)(0,7,7) (C) (0,1, 3) »(D)(0,°0,14) ’

5. Two events, separated by a (spatial) distance {}Qim,\afe/simultaneous in

one inertial frame. The time interval between these tV\f}?/ents in a frame mov-
ing with a constant speed 0.8 c (where thes\peedo\fhg c=3x108m/s) is

t
C)20s \/ ,(D)0s

(A) 60 s (B) 40 s (
6. The commutator [x?, p?] is / \)»/
N |
(A) 2in[x.P]  (B) 2i (xp//pk) (C) 2i (D) 2if (xp — px)
7.  Consider three polarizersiP,, P, an F‘3 placed along an axis as shown in the
figure
(unpolarized) | i’ | @

The a§§9xis of Pyand P, are at right angles to each other while the pass axis
of/ﬁ2 makes\ag angle g with that of P.. A beam of unpolarized light of intensity |

0

/\js incident gn P, as shown. The intensity of light emerging from P, is

Iy o 2 Iy ..
(A)O (B) 5 (C) sin‘20 (D) 5 sin” 20

8. A point particle of mass m carrying an electric charge q is attached to a spring
of stiffness constant k. A constant electric field E along the direction of the

spring is switched on for a time interval T(where T <<vmik). Neglecting radiation
loss, the amplitude of oscillation after the field is switched off is
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10.

11.

12.

qET

(A) & (B) T (C) E (D) T

Tk2

A transistor with g =100 is used in CE configuration. The collector circuit resis-

tance is 1kQ& V_ =20v. Assuming V,_ =0 find the value of coIIector(t\o base

N

resistance such that quiescent collector to emitter voltage is 4v L=

(A) 25KQ (B) 16k Q (C)10kQ (D) 5k:/\ <
(0)

The phenomenon known as ‘Early effect’ in a bipolar tran 'st\w\efgrs{o a re-
duction of the effective-basewidth caused by /\

(A) Electron-hole recombination at the base

(B) The reverse biasing of the base-collector jungtfi -

(C) The forward biasing of emitter-base junction! —

(D) The early removal of stored base charge during saiu;étion to cut-off switch-
ing

A bead of mass m can slide W|thout friction a(ong a massless rod kept at 45°
with the vertical as shown in the g e. The\\d Is rotating about the vertical axis
with a constant angular sz)(ed @ . At any instant, r is the distance of the bead

from the origin. The momentum con{ugate toris

I

1 .
Smi D ®) TW (©) M (D) \2mr

« )
TA{\patticle of mass m is in a potential given by

where a and r, are positive constants. When disturbed slightly from its stable
equilibrium position, it undergoes a simple harmonic oscillation. The time period

of oscillation is
Whatsapp:-9001894070 Mob.:-9001297111, www.vpmclasses.com, info@vpmclasses.com




13.

14.

15.

16.

3 3 2 3 3
s mr;, (B) 27 ’mr;) ©) 27 mr; (D) 47 mr;
2a a a a

A planet of mass m moves in a circular orbit of radius r, in the gravitational

potential V(r) = —5, where K is a positive constant. The orbital angular Vaﬁn%ntum
¥ | =N
of the planet is \_/
AN
(A) 2r km (B) J2rhm  (C)rkm (D) \rkm Ns/\

The solution of the differential equation , //\

. ]
d Jl_y:()) (/\\/
dt? \

subject to the boundary conditions y(O) = 1\@%;; ’, is
(A)cost+sint B) cosh t +'sinh

(C)cost-sint e/<D) cosht- smh t

In an interference pattern fornk by two c\hérent sources, the maximum and

the minimum of the intensities are 91, and1,, respectively. The intensities of the
/
individual waves are

(A) 3l,and |, (B) 41, and'l; (C)5l,and 41, (D)9l ,and |,

Identify the CORRECT statement for the following vectors 3 =37+2j and b =i + 2]
(A) The vectors a-and » are linearly independent

(B) Theiectors\a and » are linearly dependent

( )YZ\ie;:ors a and p are orthogonal

(B).The ve\tQ/s a and b are normalized

QI

17//£ient|fy, the CORRECT energy band diagram for Silicon doped with Arsenic.

Here CB, VB, E, and E_ are conduction band, valence band, impurity level and
Fermi level, respectively.

Whatsapp:-9001894070 Mob.:-9001297111, www.vpmclasses.com, info@vpmclasses.com




111/ fe (LI e

(A) (B)

i 77777 o -

N
[ 11/ o il A
A Q. /

"""""""""""" Er
(O )] e— Er (D) NN

e S

4

18. A pendulum suspended from the ceiling okw:i at/rest. What will be the
time period of pendulum if the train accelerates a m/s? (Take g = 10 m/s?)
/)
» 2
(A) 28 B 2zs  AC) 23S ) (©) sSec
f\ /
19. A rod of proper length |, ()/l/ented parallel to the x-axis moves with speed 2c¢/3
along the x-axis in the. S-rarQ’eQ,uv;hjére/c is the speed of the light in free space.
The observer is also moving a he x-axis with speed c¢/2 with respect to the
S-frame. The length of the rod as measured by the observer is
(A)0.35 1, (B) 0.48 |, (C)0.87 1, (D) 0.97 1,
20. Given F=rxB 'where B-8,(i+j+k)is a constant vector and r is the position vector.
The@ $F-drswhere C is a circle of unit radius centered at origin is
/ (03
A N
4 )

/ #‘_\ » X
N

(A) 0 (B) 2nB, (C) — 27:_50 (D) 1




21.

22.

23.

A system has two energy levels with energies ¢ and 2¢. The lower is 4-fold
degenerate while the upper level is doubly degenerate. If there are N non-
interacting classical particles in the system, which is in thermodynamic equilib-
rium at a temperature T, the fraction of particles in the upper level is .

2

A 1+ g c/keT (B) 1+ 2e°/*eT (C) 2e°*T +4e

2e/kgT (D) kgT 4628/kBT :
A spherical conductor of radius a is placed in a uniform elezm *\EOR. the

potential at a point P(r, g) forr > a, is given by /\

f(r, ) = constant — E r cos ¢ +E2" cos ¢

where r is the distance of P from the centre O of t}sphe\eh%d g is the angle
OP makes with the z-axis.

The charge density on th s@ q'=30°is
(A) 343¢,E,/2 (B) 3E,E,/ 2

(C) J3e,E, /2 (D)E,E, /2

The solution of the differential equation for y(t): %—y 2cosh(t), subject to the
initimbns y(0)y=0 and & dtto =0 is

A) —cosh \5«‘Th (B) —sin h (t) + t cosh(t)

p (€).t cosh(t) (D)t sinh (t)

24.

A particle of mass m is confined in the potential

1mo)zx2 for x >0,
v(x)=142
o forx <0.

Let the wave function of the particle be given by
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W(X) =~y + =y
NCRANC A
where y, and y, are the eigen functions of the ground state and the first excited
state respectively. The expectation value of the energy is

25. Two magnetic dipoles of magnitude m each placed in a plane a s\hown
The energy of interaction is given by /

2
(A) Zero ®) 4= d3 C) B (D) —%%

26. A mass mis constrained to Ve on a horj ontal frictionless surface. It is set in
circular motion with radius'r, and angular speed w, by an applied force ¢ com-
municated through an mextegl_:lejchread that passes through a hole on the
surface as shown in‘the figure. This force is then suddenly doubled. The magni-

tude of the radial velocity of the mass

A A Fl
/&A) Increases till the mass falls into the hole.
(B) Decreases till the mass falls into the hole.
(C) remains constant.

(D) Becomes zero at a radius r, where 0 <r, <r,

27. For the BJT circuit shown, assume that the B of the transistor is very large and

Vg = 0.7V. The mode of operation of the BJT is ____
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10kQ

@10V A
2V 1kQ (/\
) O\

/\
(A) Cut-off (B) Saturation [T )
(C) Birnak active (D) Reverse active ),
28. |If for a silicon n-p-n transistor, the base-to-emitt rm\é (Vi) is 0.7V and the

collector-to-base voltage (V ;) is 0.2V, then.the transigggﬂis operating in the

(A) Normal active mode Saturatlon e
(C) Inverse active mode ) Cut- off mode
29. Assuming V., = 0.2V and B /‘3/0‘ the mmmum base current (1) required to
drive the transistor in the given figure to.saturationis
/jv VI

(A) 56 A (B) 140mA (C) 60 pA (D) 3 mA
30. Ffthe voltage regulator shown in the given figure, the load current can vary from
100 mA to 500 mA. Assuming that the Zener diode is ideal (i.e, the Zener knee
current is negligibly small and Zener resistance is zero in the breakdown re-

gion), the value of R is
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31.

32.

33.

L AAAA
Variable
+ o load
1 2V<> 5V 100 to 500mA /\
- (

A\ ,
~/

SECTION-B (Q.31-40) MULTIPLE SELECT QUEST;/cst (Msas) :

A converging lens is used to form an image on \Q[eeﬁ.’Wh\en/the upper half of
the lens is covered by an opaque screen. J

(A) half of the image will disappear | -

(B) complete image will be formed. Ve

(C) intensity of the image will increase. -

(D) intensity of the image will decrease. \/

A beam of light of wavelepngth 200 nm anhd power 1.55 mQ is directed at the
cathode of a photoelectric cell. (gi i hc = 1240 ev. nm If only 10 % of the
current due to these electron}'&que the wavelength of light is now reduced to
200 nm, keeping‘its power the same, the kinetic energy of the electrons is
found to increase by a factor of 5. The stopping potentials for the two wave-
length are S \and S;. Then

(A) 17@ (B) 1=100mA  (C) S, = 0.775V (D) S, = 3.875V

In/a compt%xperiment the ultraviolet light of wavelength 2000 A° is scattered

/\irg\(n an electron at rest. What should be the minimum resolving power of an
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optiEéI instrument to measure the compton shift. If the observation is made at
60° and g9p° with respect to the direction of the incident light ?

(A) R,, = 164880 (B) Ry, = 164600

(C) Ry, = 81300 (D) R,, = 82440




34. X-Rays of wavelength A =0.612A° are scattered by free electron (compton col-

lision). Then which of the following statements is/are correct -

(A) The wave length of scattered radiation at an g9 with the direction of inci-

) N
N\

N
dence is 0.6362A°. / |
(NP~ N

(B) Kinetic energy imparted to the electron is 7.72 eV. /\ \_/

(C) Kinetic energy imparted to the electron is 2.02 eV. \\ \
(D) Compton collision is elastic collision. /\ \/

35. A particle of mass m and energy E moving in the positive x -direction, encoun-

§ /
ters a one - dimensional potential barrier at x = O./‘Fhe barrier is defined by

\/\\
v:Oforx<O{v0>O |

v=v, for x>0 |E>v, \J

If the wave function of the particle in the regiop/x < 0 is given as Ae™* + Be™*. If

%: 0.4, then «\/w\)
/ \
E -\ ‘
(A) =122 (B)T=O.16\/(£)R=O.84 D)R+T =1

36. A resistor of IKQ and an inductor of 5mH are connected in series with a battery

37.
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of emf 4v through-a switch. The switch is closed at time t = 0. (use e = 20)

(A) The ent.flowing in the circuitat t=15usec is 3.8 mA
(B) Pé\z\yz”:nt flowing in the circuit at t =15usec is 4 mA

(C)\The heét\dissipated through the resister during the first 15usec is 12.8 x
1000, ¢

(D) The heat dissipated through the resister during the first 15usec is 6.4x10'°J

One mole of an ideal gas (r = 1.5) is at pressure of 100 K P_ and a temperature
of 300 K. Initial the state of the gas is at the point a of the PV diagram shown.
The gas is taken through a reversible cycle 3 5 p — ¢ — a. The pressure at

point b is 200 K P_. Then




?,Ac

0O >V \\
(A) Wab = 50KJ (B) Wac =100 KJ (/'\

(C)W_=0 (D) AS,, = 2(n® KJ/IK / \ - )
N\

38. Intwo figures

ZZZZZZZ}h

et Vv,

:::::::}4h ‘

_______ 1

/////////////////////// ////////////////////////
w———% —>

\/\/ :
(A) V,/V =% %)tlt =

1 V. o1
© g, = D)y =3

39. A cgi/;ea 2m?“and resistance 4Q is placed perpendicular to a uniform
négnetic f%iq/of 4T. The loop is rotated by 9g° in 0.1 sec. Choose the correct

//%mMm& /
(A) A;/erage induced emf in the coil is 8V.
(B) Average induced current in the circuit is 20A.
(C) 2C charge will flow in the coil in above period.
(D) Heat produced in the coil in the above period can’t be determined from the
given data.
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40. A\Voltage 200 cos 100 t is applied to a half wave rectifier with load resistance of
5kQ . Rectifier may be represented by an ideal diode in series with a resistance

of 1kQ2.
Then which of the following statements is/are correct :- A
(A) Rms value of current = 16.67 mA (/\

(B) dc value of current = 10.61 mA A\ |

(C) Rectifier Efficiency is 40.6% /\\ \\-/

(d) Ripple factor = 1.21 A \/
SECTION-A (Q.41-60) NUMERICAL ANSWER TYPE (NATs) :

41. An unpolarized light wave is incident from air on a glass surface at {che Brewster
angle. Calculate the angle (in degree) between hg/reﬂectéd%d the refracted
wave. |

42. 'y, andy, are two orthogonal states of a spint is given that

_L(M), 20
“i=Blo) V3l )

\ )
1 0 \ V.
where and [ représent the spin-up and spin-down states, respectively.

0 1
When the system is in the sétejits probability to be in the spin-up state is

43. A one dimensional'harmonic oscillator is in the superposition of number states,
[nA, given by

1 3
L) Y w-lpBp
A
The average €energy of the oscillator in the given state is hw.
44. \‘\ﬁ\\\ba\[l of mass m, initially at rest, is dropped from a height of 5 meters. If the
coefficient or restitution is 0.9, the speed of the ball just before it hits the floor
the second time is approximately m/s (take g = 9.8 m/s?)
45. When an ideal monoatomic gas is expanded adiabatically from an initial vol-

T
ume V, to 3V,, its temperature changes from T, to T. Then the ratio 5~ is
0
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46.

47.

48.

49.

50.

51.

52.

ﬁa \V4 41" I o4 W: X1 3] Whatsapp:-9001894070 Mob.:-9001297111, www.vpmclasses.com, info@vpmclasses.com

Let E, denote the contribution of the surface energy per nucleon in the liquid

drop model. The ratio Es (5A7): Es(52n) is

. . . e s oA 3
A particle moves in a plane with velocity v =V,r +v,0 such that v, :@h\e

| . - AN )
time dependence of the magnitude of the velocity [v| = 5t. It i Q/cha«t\r_;/

1,0 =0 and v, >0att=0. (In the following, you may u?e/&z 20.What

time (in sec.) will O become 4 radian? ) |
A body of mass 1 kg moves under the influence@eeﬁtré#fo/rce, with a po-

exp(=3r/2 '
tential energy function V(r) = - %Wm%is in meters. Itis

found to move in a circular orbitg?adius r= Z/m (In the following, you may

use e’ ~20). Find its total enerdy E. (in mJ) /

A cylinder of 1 kg mass af{(ﬁ m diaméter left at the top of an inclined
plane of height 1 m rolls down without slipping. (Take g = 9.8 ms?). Find the
velocity of center of mass of&indgr on reaching the bottom of inclined plane
(in m/sec).

X-Rays of wavelength .= 0.612 x 10" m are scattered by free electrons
(Compton collision). Calculate the corresponding kinetic energy in eV im-

part?lo/tﬁe electron.
A ral%kbeam of light of diameter 1.8 cm contains two wavelengths 4999.75

A and 500&25 A. The light is incident perpendicularly on a large diffraction
\\gra\t\i\ng with’ 5000 lines per centimeter. Using Rayleigh criterion, find the least

ordel: at which the two wavelengths are resolved.

If differential gain of an opamp is A , = 3500 % & Common mode gain (A ) =

0.35, Then CMRR will be dB.




10k

53. o

N
<
\
<
\/
) 4

i \

The output in the above circuit will be V.

54. An aircraft , which weights 12000 kg when unloaded , is 6n w sion
carrying 4000 food packets weighing 1 kg each. The Iane is gliding horizon-
tally with its engines off at a uniform speed of 540 kmph when the first food
packet is dropped. Assume that the horizontal @{.ij/nagkcan_bé neglected and
the aircraft keeps moving horizontally. If one food packetis dropped every sec-
ond , then the distance between the last tworpacket® s will be m.

55. Inthe temperature range 100 - 1000 C, the mo/ar specific heat of a metal varies

with temperature T (measured indegrees CeIS|us) according to the formula
Cp=(1 + T/ 5) J-deg C-'-mol™. J{O.Z of th t\e’metal at 300 C, the final equilib-

rium temperature, in deg;e/z/C, will be .
[Assume that no heat is lost to radiation and /or other effects .]

56. On a planet having the same\ﬁ@%d diameter as the Earth, it is observed that
objects weightless‘at the equator. Find the time period of rotation of this planet
in minutes (as defined on the Earth).

57. The Zener diode in.the regulator circuit shown in the figure has a Zener voltage
of 5.8 S.and a Zener knee current of 0.5 mA. The maximum load current
drawz}zg\this circuit ensuring proper functioning over the input voltage range
bétween 20.and 30 volts, is _____ mA.

R

i V, 58V<> Load

20-30
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58. The centre tap full wave single-phase rectifier circuit uses 2 diodes as shown in

the given figure. The rms voltage across each diode is V.
>
280V 2k /
AC A
Main N \ \
A
280V, | (Y

o—

59. If a=0.981, =6uA,I; =100pA for a transistor, than the value of |, will be

mA. \

60. The output voltage for the summing amplifier. shown in figure is V.
’ /\/\/u
/\ R
——\W\—
10kQ
V =0.2V.
1.0k
oV

out

Vi ='0.5V —’V\j\z— +
- 1.0kQ




ANSWER KEY FMTP
Ques| 1 2 3 4 5 6 7 8 9 10
Ans C B C D B B C D A B
Ques | 11 12 13 14 15 16 17 18 19 20
Ans A A D D B A B D D C
Ques | 21 22 23 24 25 26 27 28 29 30
Ans B A D C D B B A A D
Ques | 31 32 33 34 35 36 37 38 39 40
Ans B CD AD [(ABD| AD | AC (ABCD| ABGBS DAABD
Ques | 41 42 43 44 45 46 47 48 49 50
Ans | 90 067 | 325 | 891 | 0.481|1.333| 3.55 -3.75 | 3.6 |772.55
Ques | 51 52 53 54 55 56 57 58 59 60
Ans 2 80 3 150 | 519 | 847 | 242 | 3953/ 5.2 -7

HINTS & SOLUTION
1.(C) Two macroscopic system, which are in thermal contact, the required condition

2.(B)
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for the equilibrium is that their b parameter must be equal.

0
b = —-log G G ® accessible phase space volume

Y =

So

0S
o0Q
on‘comparing

5, 9
- OE

S=kIin['(E,V,N)

(k In G)

and it is obvious that at equilibrium the accessible phase volume is maximum.

The first law of thermodynamics can be given

dQ =dU + dW

here dQ and dW both are path function and dU is state function. For making




3.(C)

4.(D)

dW a perfect differential, we take dQ =0
So du+dw=0

dW = —dU
and dQ = 0 occur in adiabatic process, so, dW, is a perfect differential if the
process is adiabatic.

For finding the vector which is perpendicular to any vector the planeis
given by taking the gradient of that plane eq". \ \\J

The plane is ¢=x+y+z-5 /\ \/

o9 5(1) A
Newgrad¢—'¢ oy k>,

= i1+ .1+k1

grad ¢ =i+ +k \

1-% 2 3
A-M=0=|2 4-X 6 =0

3 ® 9-2
or (14=2)=0" or "4Z0,0,14

ﬁu \V4 41" I o4 W: X1 3] Whatsapp:-9001894070 Mob.:-9001297111, www.vpmclasses.com, info@vpmclasses.com




¢ _t,—vx,/c’
Time measured at A, A —

1-p?
Ti gty = elC /\
ime measured at B, _p (

N |
C V(X —Xg) VAX -’
ol 21— p? 202\/A /\\ )

1-B?
Ao VA 0.8cx9x10’ Y

ciy1-p° (3x10°)’ 1—(0'820)2 //x\/

Cc

0.8cx9x10°  0.8x3x10*x9x10° “J
At = T = = = 40s.
9x10°x0.6 9x10°x0.6

/
6.(8) [x°.p*] &£ v
o]l
Since [A, BC] =B [A, C] +‘1A\,Ey£

So = [A,B] =p|2iix] +[2inx]p

[xz,Pz] = 2i7i[px + Xp]
7.(C) Acccydn/gg malus law the transmitted light intensity is proportional to the square
of/eosine f angle’between polarizer and analyzer.
/\ | cos?g = |=1,<cos’g > =IE°
whe;{ light say passing through P, the angle is g = 0° so

1
= I, x—
= x5 (A)

when this polarized light passing through P, which makes an angle q with P, and
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P,so

I
| = Eocoszg ...(B)

Now P, and P, are 1 to each other so according to malus law the tﬁn“s(nitted

intensity __—

N
_IO 2 2 £ \—J
I—Ecosecosze /\\\
| = |,cos?g sin?g /\ )/

I

= 24co0s?0sin’0 ‘
8 ),

I:I—Osin2 20 A\)
8.(D) \’

Let, in presence of electric field, the spring elonga/tes by; distance ‘y’

\_o~
\ )
Before electric field /ﬁv‘gsence eleqfic field

AES\) § E I Frestoring force

0 =
/\j | y =

AQ = gm

4 )
/ﬁe\direction of motion is along y direction, then equation of motion is,

my=F. -F

restoring force

my = qE —ky,or,my +ky = qE,Or,y+£y =£
m m

. E
So, V + o’y ==
m
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2

d’y

dt2+ooy 0

To find C.F.

(D* + w’)y = 0,0r,D = e

Yer = C, COSmt +C, sinot /\
Now, P.I. = T

=N
I (qu: I eot(EJ:(quzl . /\qe \:‘é

q
e =
D’ +w’\ m D’ + o’ m m D’ + o /\m(ozw mo’
So,y=YertV¥p. = ’
\_/
Now, apply boundary conditions, att—O y= 0 /
So, 0=C,+0+— qE ,or,C, =— qE

A‘J
Mo’ mo’ \

y - qE2 _ l%éﬁff;}?_ _cosot) - qET(ﬂ awwn)

mo 27
27 /

\\\J/f qET qET

where, T =—.
()

Now, the amplitude of oscillation'is, y,= ~——= TR
9(A) VCC - (Ib + lC)RC + Vce zlcRC T Vbe_
V. (20-4
lo =~ Vpe=( 3)=16X10_3A:16mA
R 1x10

\Qe:%Rb+Wm“%Rb
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R, = Vo .4 25x10°Q = 25k(2
160pA

10. (B) ,
In a bipolar transistor, the increase in the depletion region of the rev!s/ebiased
junction, tends to decrease the width of the base with increased r verse volt-

age. This in turn causes the current gain to increase wﬂ/ olt
resulting in a nearly linear increase in current even W|th the ev in h&atura-

tion.
, , dm|r| dr . /\ /
11.(A) The momentum conjugate to r is = =Mm—=mr J
at -
12.8) V() = -2+ 30 R
' r 3r «
where a & r, is positive constant \
oV a 3arg

o 4\
)

For stable equilibrium —/6” \/

a_ 3ar02 (2 2 | \j

rr 3r 0

We know that the time period of oscillation is

/m
T=2n/—
K
where K«sforce constant
o
r ilibrium position

6['2\\— —r—3 5 atr= Mo
B 2a+4ar§ 2a+[4aj 2a
ST tTE Tt |T s
r0 rO rO r0 r0
3
mr,
T=2m,|—2
2a
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-«

Gravitational Force (F) = ar

mv?  k k A
== >Vv= |— / ‘
o Iy mf, NN

momentum (p) =mv = mk /\ \_/
r
0 | A\
Anglax momentum(L) =rxp =r,psin90°=rp /\ \/

N/

L= /mkr, £ =
14.(D) The differential equation " |
dy . _ =
daz 7 P
D2 -1)y=0 =m-1=0 = =l "
y(t) =c.et+ce' ...(i) )

according to boundary conditior}sr,/ 0) = 1\)“

1=c, +c, ..(i) a
&  Y(w)=0 / )
0O=ce® +ce® \j

0=0+ce® ...(ii)
equation 3 will be satisfy.if or only if
c,=0

then + cz‘ =1

N

y(H) s e
/ -y /
-t -t t -t

y(t) = 67 + 67 + % — 67 {adding and subtracting e'/2}
_e+e’' e -e’
2 2

y(t) = cosht —sinht
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15.(B) The max & min intensities by two coherent sources is given by:-

oo = (Wl +48 ) =1+, + 241, =91,
Imn:(Vm:_JE)2:h442_2 L1, =1, //}\\

Solving the above two eq, we get

L=4l, & 1=l /\\\\\/

16.(A) The determinate is not equal to zero A \/
‘? ﬂ:6_4¢0 . /i://\\ /

a and b have no mutual relation so it is linearly inngpeﬁdem?/

17.(B) As doping with Arsenic Will change the pure silicon Semiconductor into n -
type & in n - type SC the free charge carriersrare présent does to CB because
Arsenic is a pentavalent atom thus the atom Thus the fermi Energy level will lie
slightly above the middle of the rgy gap & doés to E..

18.(D) Netacceleratlon—(gz+a”g:\v10)>\# 10)2 )2 = 102
So, To2s .- Hf

For simple pendulum.T = 2 \E= 27 \/%

T =2se. ..(B)
So, W~.(A) and (B),

19.(D) For finding the length of rod firstly finding the relativistic velocity which is
equal to
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. 11%
CZ
here un=23_C,V=% /\
&_Q C /\ \_J
' 3 2 6
NOWu><_1 ZZ Z 1:>1_L1 \/\\
—_ 3 ,XZX/z,Z 3 /\ \/
, \_/—\ )
C
u':E (/—\\/
X % !

.
v _C \

/)

A )

L=1r,/1- ‘é = ¢, /2/168; =UnJ7s = 8667, =097
/

20.(C) Jrar=[vxrds \j

= [[V*(r*xB) - ds|

Now the measured length

i)k
/KB\: Xy z :>BOF(y—z)Jr](z—x)JrR(x—y)}
A \/ B, B, B,
A

N
y

i j k
Then V x (r xB) = 88x gy ;;

y—-z z-X X-Yy
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Bo[?[;yu -y - 2%

FI G -2 - S|k

Se-0-Ly-2)

[V (rxB)-dS =B, i[-2] - 2] ~ %k = ~2B,(i + ] + k)|

)
and Sf)ds = na® / \
\_/—\

a=1then
[V x(rxB)-ds=-2Br /
21.(8) E,=: E, =2 /\ \s/\

J

N1 - N2 =2 S /
So, partition function Z = ) e** |
z = 4e P +2e7F \\)
1
where BT . /

so, fraction of particles in the up}zé level ix/v

_ 2 exp(-2eB) \
P= 4o e
‘ /
P= 2exp (B e)+1

_ 1
T 142 gt

22.(A) /Pge}qal f(r, @) = const. —E rcos g + anargose (A)

Wé know éxt%:/tric field due to conducting sphere is

/ \ /E - S

So

P

= S=Eio
E=_VV =_% =+E0COSQ—EOa3COSQ |:;_32:|

E=E,cosg + 2E, f—j CcoS g
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E F. at the surface sphere of sphere and at g = 30°

N

cos 30 T X 42,2
a’ 2 2

E = 3V3E /\

So, surface charge density s = TOE /\ \_/

33
(e} :T [SH) EO

E/ = E, cos 30 + 2E

r=a/6=30°

dt? 2

(D2 1)y = exp (+) + exp (- Qd
CF.= D?-1=0 ‘

0= 1 ~
ie. CF.=C e +C.ge (A) \

[et + e"tJ et 1 et

D+9)D-1) ~ P+ D+/fD1 55\1

23.0)  £Y-y=2cos h(t) ={exp(t)+ex"(‘t)} S

P.l.

PIL = 2t — i /\ | .(B)
So, Total solution y(t) = .F;\w ’
t ¥ h

y(t)=c, e' +c, & t .(C)
Givent=0, y=0
0=C,+C,+0 pP C +C,=0 ...(D)

) From equation (D) & (5)  [C,=0,¢, =0

So, solution of differential equation

y(t) =t sinh (t)

LN fi 0
24(0) V(X) _ {Emw X or X >

o0 forx<0
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W(x)= Ly, + 2y
5 0 \/g 1

Yy, ground state eigen function y ® first excited state eigen function energy eigen
value E =(n+1/2) e

o) ;'( , a1
_ _ 1
for ground state n =0, E = Jo \ f\/
for first excited state n =1, E = %hm AJ

111 2 2.3
So,(E) = [wEwdt = (v [E|v) =TXEX§MWO [Wo)+ X xRty vy

25.(D) Angle between dipoles = 90°
Angles made by diploes with position vector (d) = 45 °
Magnetic interaction energy

U=&B<:

[ 3(meF)(mef) mem
/ = ﬁ\ r5 - r3 r—->d
s
/\ U- _H_g_S(mr cos 45°) (mr cos 45°) _ mmcos90°
- 4r| ds d®

= _Ho 1 |:3m2r2 % i y _}
r—d

C4nd, 272
_ 2
U=He M
8n d
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26.(B)

The particle is moving in a circular motion with radius r, and angular speed o,
by an applied force F applied through an inextensible thread passing through
hole. N

N
/ N
mvé ‘ N

The circular motion of the particle is, Fo=—o A ,
" / ~

Now, when we doubled the force,

mv?
2F0 - 2':0 — r { \_/—\
0

Subtract equation (A) from (B), we get

mv’  mv;

r ro

F:

0

/\A\g the force increases, r will decrease and hence, velocity of particle will de-
crease till the fall into the hole.
27. (B)

For saturation, V,_ > 0.7 volts In saturation condition,

Voo _ 10 10

I, = = =—
© R +R, 10+1 11
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R, I
AAAA < C
B 10kQ2
c (O10v |
)2V )\
© R, =1kQ / )

' e
Apply KVL in base circuit \\ \
Vs = Ve T IR, /\ \/

AT
2= VBE + (%) / \-/ ‘
= Vg = 1.017 A‘J
So, operate in saturation region. \
28. (A) Ve

V, = 0.7V [Forward-biased]
and V. =-V_,=-0.2V (Revers\e-bia d) \
Hence, the transistor oper/aé normal active mode.

-
)

=4 e
The minimum value of base ¢ to derive the transistor into saturation is
I
I.) =—=%t
( B)mln th
From t igure.given,

A 9 35 Vg _30-0.2
e ka 1kQ
4 el 7 =28mA

2.8mA
Then, (Ig) . = Sr(? = 56pA

min

30. (D)
From the circuit given, we have
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12-V, =1, +1,

12-V .
or, IL:( sz_lz /\
Given : 100 mA <1 <500 mA /\ \_/

7
- __I -
then100x103<(R zj<500x103 /\ \/

7 ‘ |
100 x 107 < =< 500 x 10° &u

( Zener knee current is negligibly small) v
o, 14Q<R<70Q
Hence, required value of R=1 /[closed min value]

A

V /
| \Vj %

31.(B)
When upperhalf of the'lens is covered image is formed by the rays coming

from/lo@alf of.the lens. OR image will be formed by the less number of rays.
TDerefor /intensity of image will decrease. But complete image will be formed.

32.(C,D)
"Wavelength of incident light 4 = 400nm

P =1.55 mW

e _hc _1240eVnm _ 316V
Energy of one photon . a0onm

Number of photons falling per second
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P 1.55mW  1.55x10°

E  3.1eV 3.1x1.6x107"

Number of electrons ejected is 10% of number of photon falling per se\cond.

N=01n /

_ 1.55x10° Per second /\ < )
3.1x1.6x107"° ' \\ \

Current constipated by flow of ejected electrons /\ \/

Ca
Kinetic theory of ejected electron = Photon - Work fu\n—ct/kon Energy of incident

hc \

:KE:T_W/_____M) ///

(o]

—4
I=Ne:%:50mA

Where L =400nm is reduced to KW\,{M KE increases by 5 times.
\,

5KE:2—C—W | (w ’
o
Subtracting equation (A) from (B)

4KE =h—C: uleV

KE z{;q; eV
Sépping pstantial

A\ L

S, =V, = - 0.775  (for A =400nm)

for L =200nm

KE =5x0.775 eV = 3.875 eV
Stopping potential
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S,=V,=—=3.875V
e
33.(A,D)
N

For uv light of wavelength 2000 A°, / \
Scallered at an angle ¢ /\ \_/
szL(l—cose) \\ \

m,C /\ )/
for g = 90° s /

h Q U

AL =——=10.02426 A° ‘

m_c

\

and for g = ¢0° )
_h o / | 4
Ax_m—oc—(l—cos60) /\ \/\
/

AL =0.01213 A° | \J
Minimum resolvingpower of instrument required to measure the compton ef-
fect to measure the compton effect

2000
% 0.01213

=164880

34.(A,B,D)
Wavelength of scattered radiation
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A= X+L(1—cos¢)

m,C

=0.612 x 1070 + 2.426 x 102 (1-cos ¢){¢ = 90°} /\
A'=0.6362x10"°m - —
Kinetic energy imparted to the electron /\\ \_/

hc hc A / \
KE = 7—7 / \/
{ \_/—\ )
£ _ 1240ev—nm _1240ev—nm &U
6.12nm 6.3626nNm \

KE = 202.614 - 194.89 \*)

KE = 7.724 ev
35.(A,D)

/)
. . d/ %r/u . .
Assuming region () for x <0 ar:\regl (I) for x > 0 for region (1), wave function

\V :Aeiklx +Be—iklx
I

O

h

Where Kk, =

For region (ll), we can write wave function as

. 2m(E-V
Vi 75"(\27:'(2 = (ﬁ 0)
A 9
At the boundary , x =0
- )

Vi \;\\VH:A_FB:C

. : k
‘VIZWH:A_B:k_zc

1
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A+B k _ B k. k,
= =1 =—=

A-B k, A k +k,

:B_\/sz— om(E-V,) JVE-E-V, /’\

A 2mE+ 2m(E-V,) VE+E-V, —

. \
According to the question /\\ \\_/
B /\ )/

/\\/
\/—_VE Vo 04:>04(\/_+\/ﬁ) \/E/\/ﬁ

VE+E-V, .
\

= 0.6vE =14 E-V,

E-V, 06 4 \/
s X \/

E 1.4

= 49(E-V,)=9E LS
VO

Reflection coefficient

Bl
R:Jﬂ@m
9

A
Transm|SS|o\|fcoeff|C|ent
/ T=1-R= 0.84
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36.(A,C)

1KQ 5mH
EEALAAL E— 133 J—
’\\
% | (_/—\
4V

; \crrc/
When the switch is closed at t = 0. The circuit acts as cha 'ng\i- I\ ireuit.
Instantaneous current flowing through the circuit can b?jv\en as \/

R b 9
|:|0[1—9”J &d

ad \J
i=i, (1 et j
/ )
i, — steady state current / \ | 4

Puttingt=15x10°sec, L 5X\10'3H R=R=1KQ
/

: 3| 1—exp|~ 10° \>< 0°
|—4X10 5)(10_3

i=4x10° (1=€2)

i=4x ‘3x2:3.8mA
L )20

Aé\in, heat\di§sipated through the resistor during first t second is

y | %
Tt t

H :\J‘iszt - j{. —(1— efT Rdt

0 0
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R R
:igR{t—%(e L —1j+%(e L —lﬂ

Putting t = 15usec, we will get /’\ |

H=12.799 x 10" J —

37.(A,B,C,D) / N _ )
Forpath a—>b=pav \\ \

i:i \_/—\ )
Va

o

(1000KP,)  200KP, - J
Im’ - V, \

Comparing with the process PV~ = constant /)

/ )
W, = Pav_b]_—Pleb - %‘}\ \/\

/

During process bc, AW, =

work done AW, =Pdv =100x10°(1m?®) = 100KJ

again process ab
AQab:/ALl?b + AW, =nc dt+PdV
dys nc&w
AS, = chI£+nR ar

2T 2T

a a

AS,, =2(n2KJ/k
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38.(A,B,C)
V =,/2gh;

2h )
t=.—" and / \

R=2./h.h, /\\\ \\/

Here h_ = distance of hole from top surface of liquid a?d/ha = dista\n}e of hole
from bottom surface.

-3-{5- G~
—
/

b [, /
t, \h / \
2 CY

39.(B,C,D) | \j

¢, =BScos0=4x2=8WDb

¢, =BScos90°=0

/ At 8./1\980 Volt

quA—¢=ZC
R
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This current is not constant. So, we cannot find the heat generated unless cur-
rent function with time is not known.
40.(A,B,D)

A
o 220055530 / \
max~ R_+R_ 1+5 L

\ \
),
L, = 2= 10,61 mA /\\ )

| 33.33mA - Sul
L == ——"———=16.67 mA ‘

T 2 /
e
P, 40.6

P _ ~/
R, 1+(R/) 33.83 % \

41. sra: - / /\/\/u

Reflected Ray
(Polarlzed)

Incident ray
(unpolarized)

Refracted ray
(Slightly polarised)

BreWéter angle is an angle of incidence at which light with a particular polarization
is perfectly transmitted through a transparent dielectric surface with no reflection.

When unpolarized light is incident at this angle the light that is reflected from the
surface is therefore perfectly polarized.

Then the Brewster angle q,
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42.

43.

n, 1.33

—~=——=53°
n, 1

tanqg, =

q, +q,=90°
and the angle between Reflected Ray and Refracted Ray will be 90°. _

0.67 (/’\
y, = %[;}@[?j:%mw%%) /\ ~/

When the system is in state y,, its probability to be in thfsgin up Wis

= ‘<¢1‘W2>‘2 :%<¢1‘¢2>+§<¢1‘¢1>:§ = 0.67 L -

3.25 //\\/

A one dimensional harmonic oscillator is in the superposition of number states

|nfA, given by \

|>__|2>+£|3> £\
o4

Probability P (E,) =
The energy of the |nn state in ‘one dimensional harmonic oscillator

|0-> -l>|

P(E) =7

né3 = tho
2
. / 1 5 3 7 5 21 26
Totakenergy ~ E=EP(E)+EP,E,)=|7"577"3 hw:?? )
=3.25 pw
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44. 8.91
As we know that

velocity of separation
velocity of approaching /\

The coefficient of restitution =

The velocity at the time of hitting with floor is = \/29h =/2x9.8

Velocity of approaching = 0.9/2x9.8x5 = 8.91 m/sec \\ \
45. 0.4810 /\ \/

By the equation of adiabatic process

PVr= constant / \_/

T V™' = constant

TV =T.(3V,)" \*J

/

T fo monoatomlc
— 0 — (3)r—1 /

T

\ / 2/3
T, 5/3-1 T WJ T ( 1 )
= -9 (3 :)—0: 3 =>— =] = =0.4810

T 3) T T, 3

46. 1.333

We know that semi empirical mass formula is

M(Z/@\/Z\rm FIHAZ)-aA +a,A" +a,ZZ - DA +a,(Z-DF A +aA
A 9

/\v\Surface JEnergy E, =a,A%
. 1
Surface Energy per nucleon is = 7

ES(13A|27) _(%jﬂii ~ 4
Es(gg) 27
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Vv, = %Ve
\\
g = érd_e — ﬂ _ gde (/\
dt 4 dt B /\ )
_ dr 3 \\ )
Integrating J.T = Zde /\
{ \_/—\ )
Ee ‘ )
r=e? \ Ny
where c is arbitrary constant which can be valuateq‘wing initial condition
r=lat6=0=c=1
/)
3
So, r = e4 Equatior)é ajecto?xr[é)
A |

3
4
9/5{5/2'[\/ = v, =4t — r@:‘lt %ed — 4t d
2 : at = e*do = 4t dt
/ “Integrating”
ge 4 é6 5
2N je4 do=tdt = Je' =2t'+c

where c is arbitrary constant which can be evaluated using initial condition

4
0=0att=0 = CE
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48.

3
So, et :%tQ +1

At 6 =4 radian

N
N
e3=%t2+1 = t=,/3—383ec, (/\

N
),
So, 6 =4 radian att = 3.55 sec /\\ \
-3.75 /\ )/

Central Force potential energy S )

exp(_”j
V()= ——— 2/

5 r3 \/
/
2 N~
Effective potential = V(r) + ¥ \/\/
2 r
/

EELA §
V= 2)4 L

= — + — m=1Kk
° 5P amr 5r% 2r ( 9

The body moves in:a circular orbit of radius r = 2m
So, Wf the system will always be equal to effective potential V_at r =2m

v : . v
so, V, wm@ minimum at r = 2m and ar will be zero at r = 2m

3r 3r

dv, 22 3e?2 L’

+—.
dr 5c° 10 o’

V
d—reat r = 2m will be zero
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_3r 3
2¢?2 3 e? L' 27 3 e? L2

= +X————
s T0 e g 40 10 4 8
)
§
L L /
= PP=e?=— — L =——kgm?s N
20 N

N :
),
For circular motion /\\ \

e® 11
= = =— + =— + ‘ =J=_
E=V atr=om = S xoxd 200 160 g00. ) >Tom
49. 3.6 //\\/
/)
A\
, N

The kinetic energy of cyliqéer when it reaches the bottom = potential energy
of the cylinder at the top =mgh=1x9.8x1=9.8J
Kinetic energy KE = kE of translation + kE of rotation

2
= lmij +—lp’ = lmvfm +l.lmR2.V—Cgn
2 2 2 22 R

&mjvgm vz 3y
4 4

A . 9 o

/@netlc energy at bottom = 9.8 J

= émVCZm =9.8
4

9.8x4

V. = =3.6m/s

cm
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50. 772.55
Wavelength of X-ray, A =0.612x 10" m =0.612 A°
Compton shift in wavelength

AL =" (1-cos) /
m,C S__am

h = planck’s constant /\\ \_/

m, = rest mass of electron

c = speed of light /\ \/
/

¢ = Angle b which radiation gets scattered
C o

h . |
(1-cos90%) =2426 x 102 m = 0.024?‘}o

/

SO, AN =

Kinetic energy imparted to the electron
KE = Change in energy posses?d by photon

)i

_he he ol 1 Deve L 77255V
ST K;L/e MA0.612 0.63626 ~ "1

‘ /

Resolving power required to resolve two wavelengths = o 05 10000

So, Resolving power of grating must be greater than 10000

Reso/wmower of grating
\/ R = Nn > 10000
\fo

/\ n> 0 _10_1 1
.\ T 5600x18 9

So, least order at which two wavelengths are resolved n . =2
52. 80

3500

|Ad] _
CMRR = 20 log Ac 20lo 09 35 = =20log10
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53.

54.

55.

56.

CMRR = 80dB
3

V, =R | Ve Yo —IOk[—i—i} .
R 'R, 10k 20k

[V, = +3V] X |
~
150 | /\\ N\

The mass of an aircraft = 12000 kg

5
Uniform speed of aircraft is 540><ﬁ =150m/ sec .
The distance between the last two packet drops will be equal to the covered

distance in one second = 150 m. -
519 \

T)J.de Ve
Given CP = (1 +—j Cmog| / y
)
m, = 0.2, T1 =600 C N \/\
m,=0.1,T,=300C N

5
We know at the thermal equilibrium
Heat absorb = Heat gain |

6':[0(0.2)£1 " g)dT \ ‘3@0(0-1)(1 - gj dT

o T \i(——som 300) +1200+%(600)

— 1 2
3T =1500 +ﬁ[3oo +2(600)" |

3T2 + 30T = 15000 + [3002 + 2(600)?]
T =519
84.70

We know that  g'=g - w’Rcos?A
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At equator g'=g-oR
If »'=17w then the object become weightloss at the equator .
Then the time period of rotation of this planet in minutes is

N
N R >
0 17

A\
57. 24.2 /\\a .
Since, V. = 5.8 V always remains constant, thereforefa\xmum\ﬂ\current

when volts (V) is maximum i.e. = 30V

-~ 30=1000x1_+58
1 =242 mA / ~

° max

58. 395.3

PIV across each diode = 2 x 280 /2 vOlts_\

when the diode is conducting (d?g half cyc|e/) the voltage across the diode is

/

Zero.

\
Hence, rms value of the vo/ﬂaééofwge across the diode
= ? = 28042 =395.3V | \j ’

59. 5.2

1, | 6 0.98

.= +H AN = + X100 =
T 1o 1=0 %" T 172098 1-0098 5.2mA

60. -7/\?
RA- 10k,

and\R=R/=R, = 1.0kQ

R 10kQ2
Therefore, V_, = - Ef Vaw *Vine) =~ Toxa ———(0.2V +0.5V)
=-10(0.7V) =-7V
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