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No. of Que.tloD./~ ;fit ~ : 150 

Time/'fI'lrll : 2Y2 Hours/cruZ Full Marks/~ : 450 

Note/m: (1) Attempt as many questions as you can. Each question carries 3 marks. One 
mark will be deducted for each incorrect answer. Zero mark will be awarded 
for each unattempted question. 

~ w-il "" ... w.t Of;[ lI'«'! -.it I ,.,.)q; lI'R 3 at.; Of;[ t I ,.,.)q; 'lffi! 3;R t 
~ ~ at.; <m:r ~ I ,.,.)q; ~ lI'R Of;[ JIllliq; ~ o1'1T I 

(2) If more than one alternative answers seem to be approximate to the correct 
answer. choose the closest one. 

1. Let ti W denote the work done during an infInitesimal quasi static reversible 
thermodynamic process . .1 W is 

(1) not a perfect differential for any process 

(2) a perfect differential only for an adiabatic process 

(3) a perfect differential for all processes 

(4) a perfect for an isothermal process 

(353) 1 (P.T:O.) 
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2. A canonical ensemble provides a model for 

(1) an equilibrium system with f!Xed volume and number of molecules and which 
exchanges energy with the outside world 

(2) an equilibrium isolated system with fIxed volume, number of molecules and energy 

(3) an equilibrium system with fIxed volume and which can exchange energy and 
matter with the surroundings 

(4) a system at constant pressure 

3. nk denotes the number of Fermions in quantum state k ofenergyek' Lets =(nk) be the 
average of number of Fermions in state k at temperature T and chemical potential Jl. 
Let 0" 2 :::; (n~) -(n/c)2 be the variance of nil;' The relative fluctuation of the number" of 
Fermions in state k, given by ~ is 

I; 

(I) H+1 (2) ~i -1 (3) 1 
I; 

1 
(4) ~ 

4. Assume that the heat capacity at constant volume of a metal varies as aT + bT 3 at low 
temperatures. The temperature dependence of entropy is given by 

(1) aT+bT 3 (4) aT2 +bT 4 

5. When temperature decreases the chemical potential of a system of Bosons 

(1) increases and eventually goes to zero 

(2) decreases and eventually goes to zero 

(3) increases and becomes negative 

(4) decreases and becomes negative 

(353) 2 
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6. A card is drawn from a pack containing 52 cards with 4 aces and another card is 
drawn from a pack of 48 cards with 8 aces. What is the probability that both are aces? 

(I) ;, (2) !s (3) Sl}48 (4) i8 

7. In a coded telegram, the letters are arranged in groups of 5 letters called 'words', How 
many different such words are there which contain each letter at most once? 

(I) 261 
{ 26-5)1 (2) 261 

51 
261 

(3) 51126-5)1 (4) (26 -'5)1 

8. In a Maxwell-Boltzmann system with two states of energies sand 28, respectively. and a 
degeneracy of 2 for each state, the partition function is 

(I) 2e- 2,/kT 

(4) 2(e-,/kT +e- 2,/kT I 

9. An ensemble of systems is in thenna! equilibrium with a reservoir for Which 
kT =:O·02SeV. State A has an energy that is 0·1 eV above that of state B. If it is 
assumed the systems obey Maxwell-Boltzmann statistics and that the degeneracies of 
the two states are' the same, then the ratio of the number of systems in state A to the 
number in state B is 

(2) 1 (3) e- 0.2S (4) e- 4 

10. For a system in which the number of particles is fixed, the reciprocal of the Kelvin 
temperature T is given by which of the following derivatives? (Let P = pressure, 
V = volume, S = entropy and U = internal energy)-

(I) (ap) as v 
(2) (as) ap u 

(3) (av) ap u 
(4) (as) 

au v 

(353) 3 (P.T.D.) 
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11. The length of a spaceship is measured to be exactly half of its proper length by an 
obsezver. The relative velocity of the observer is 

(1) !e 
2 

(2) -./2 e 
3 

(3) .J3 e 
2 

1 
(4) -./2 e 

12. If the total energy of a particle of mass m is equal to twice its rest energy. then the 
magnitude of the particle's relativistic mechanism is 

(1) ";' (2) me 
-./2 

(3) me (4) .J3 me 

13. If a charged pion that decays in 10-8 second in its own rest frame is to travel 
30 metres in the laboratory before decaying, the pion's speed must be most nearly 

(1) 0·43x10 8 m/s 

(3) 2·90x 10 8 m/s 

(2) 2·84x10 8 m/s 

(4) 2·98x10 8 m/s 

14. A particle leaving a cyclotron has a total relativistic energy of 10 GeV and a relativistic 
momentum of 9 GeV Ie. What is the rest mass of this particle? 

(1) 0·25 GeV/e 2 (2) 1·20 GeV/e 2 (3) 2·00 GeV /e 2 (4) 6·00 GeV/e 2 

15. A tube of water is travelling at ~ relative to the lab frame when a beam of light 
2e . 

(353) 

travelling in the same direction as the tube enters it. What is the speed of light in the 
water relative to the lab frame? (The index of refraction of water is 1.) 

(1) ~ 
2e 

(2) ~ 
3e 

4 

(3) ~ 
6e 

(4) lQ. 
110 
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16. A photon strikes an electron of mass m that is initially at rest, creating an 
electron-positron pair. The photon is destroyed and the positron and two electrons 
move off at equal speed_s along the initial direction of the photon. The energy of the 
photon was 

(I) me 2 (2) 2 me 2 (3) 3 me 2 (4) 4 me 2 

17. A positive kaon (K+ ) has a rest mass of 494 MeV /c 2
, whereas a proton has a 'rest mass 

of 938 MeV jc 2
. If a kaon has a total energy that is equal to the proton rest energy, the 

speed of the kaon is most nearly 

(I) OAOe (2) 0·55e (3) 0·70e (4) 0·S5e 

18. If a newly discovered particle X moves with a speed equal to the speed of light in 
vacuum, then which of the following must be true? 

(1) The rest mass of X is zero 

(2) The spin of X equals the spin of a photon 

(3) The charge of X is carried on its surface 

(4) X does not spin 

19. In the limit x--+ 00, In(x)-x 

(1) equals zero (2) equals 2 (3) equals - '" (4) equals I 

20. A matrix C =(~ ~1) has 

(1) no independent eigenvectors (2) 1 independent eigenvector 

(3) 2 independent eigenvectors (4) 3 independent eigenvectors 

(353) 5 (P. T. D.) 
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21. 

~ 

If for a scalar function ~. V $ =...!...-, then ~ is equal to 
r2 

(I) .1: (2) I (3) In(lrl) 
r r2 

(4) In (r) 

22. If f x J stands for largest integer not exceeding x, then the integral 

CIXldx 

equals 

(I) 3 (2) 0 (3) I (4) 2 

23. The eigenvalues of the matrix 

G :) 
are 

(I) 1, O. (2) 1, 1 (3) I, 2 (4) 0, 2 

24. Which of the following equations is best represented by the graph below? 

(353) 

lnlY) 

(1) xy == a, where a is a constant 

(2) Y = mx + c, where m and c are constants 

(3) y = exp (x) + a. where a is a constant 

(4) y = axm, where a and m are constants 

6 

[nix) 
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25. Seven pennies are arranged in a hexagonal. planar pattern so as to touch -each 
neighbour, as shown in the figure below. Each penny is a uniform- disk of mass m and 
radius r. What is the moment of inertia of the system of seven pennies about an axis 
that passes through the center of the central penny and is normal to the plane of the 
pennies? 

26. A stream of water of density p, cross-sectional area A. ·and speed v strikes a wall that is 
perpendicular to the direction of the stream, as shown in the figure below.. The water 
then flows sideways across the walL The force exerted by the stream on the wall is 

• J 
• 
_u 

(2) pvA/2 (3) pghA 

27. The Lagrangian for a mechanical system is L =aq2 +bq4, where q is a generalized 

coordinate and a and b are constants. The equation of motion for this system is 

(353) 

(2) ._2b 3 q--q 
a 

7 

(3) ··_2b 3 q---q 
a 

(4) ··2b 3 q=+-q 
a 

(P. T. 0.) 
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28. The potential energy of a body constrained to move on a straight line is kx 4 • where k is 
a constant. The position of the body is x, its speed v, its linear momentum P. and its 
mass m. The Hamiltonian function for this system is 

2 
(2) L_kx4 

2m 

29. Five negative electric charges of magnitude e are placed symmetrically on a circle of 
radius R. The magnitude of the electric field at the center of the circle is 

(I) e 
4m:o R2 

(3) 
e . 2. 

8m-
41[&0 R2 5 

(2) 0 

30. The mutual potential energy V of two particles depends on their spatial separation as 
follows 

a b 
V=---, a>O' b>O 2 ' , r r 

For what separation are the particles in static equilibrium? 

(I) ": 
b 

(2) -"-
2b 

2 

(3) "'
b 

(4) 2a 
b 

31. A positive charge Q is located at a distance L above an infinite grounded conducting 
plane, as shown in the figure below. What is the total charge induced on the plane? 

(I) 2Q (2) Q 

(353) 

9 
t 
L 

B 

(3) 0 (4) -Q 
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32. A 3-microfarad capacitor is connected in series with a 6-microfarad capacitor. When a 

300-volt potential difference is applied across this combination, the total energy stored 

in the two capacitors is 

(1) 0·09 J (2) 0·18 J (3) 0'27 J (4) 0-41 J 

33. An infinite, uniformly charged sheet with surface-charge density cr cuts through a 

spherical Gaussian surface of radius R at a distance x from its center, as shown in the 

figure below. The electric flux 4> through the Gaussian surface is 

cr 

x 

(2) 
21tR 20-

<0 <0 <0 

34. One end of a Nichrome wire of length 2L and cross-sectional area A is attached to an 

end of another Nichrome wire of length L and cross-sectional area 2A. If the free end of 

the longer wire is at an electric potential of 8'0 volts and the free end of the shorter wire 
is at an electric potential of 1-0 volt, the potential at -the junction of the two wires is 

most nearly equal to 

(1) 2'4 V (2) 3'3 V (3) 4'5 V (4) 5·7 V 

(353) 9 (P.T.D.) 
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35. Two spherical, nonconducting and very thin shells of uniformly distributed positive 
charge Q and radius d are located a distance }Od from each other. A positive point 
charge q is placed inside one of the shells at a distance d / 2 from the center, on the line 
connecting the centers of the two shells, as shown in the figure below. What is the net 
force on the charge q? 

@ ~ 
~!.------------10d----------~'i 

(1) --,q",Q,-oc to the left 
3611tE od 2 

(3) ----c.,-q~Q~-,,- to the left 
4411IE od 2 

to the right 

to the right 

36. An infinite slab of insulating material with dielectric constant K and permittivity 
e =oKe 0 is placed at a uniform electric field of magnitude Eo- The field is perpendicular 
to the surface of the material, as shown in the figure belo·w. The magnitude of the 
electric field inside the material is 

(353) 

Eo 
(1) K 

_ K _ 

Eo, -, - -
Eo 

(2) 
&0 

(3) Eo 

10 

(4) KED Eo 
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37. A uniformly charged sphere of total charge Q expands and contracts between radii RI 
and R 2 at a frequency f. The total power radiated by the sphere is 

(1) proportional to /2 (2) proportional to /4 

(3) proportional to (R, I R, ) (4) zero 

38. For blue light, a transparent material has a relative permittivity (dielectric constant) of 
2·1 and a relative permeability of 1'0. If the speed of light in a vacuum is c; the phase 
velocity of blue light in an unbounded medium of this material is 

(I) J3:ic (2) J2-1 c (3) _c_ 
M 

(4) _c_ 
J2-1 

39. A cube has a constant electric potential V on its surface. If there are no charges inside 
the cube, the potential at the center of the cube is 

(1) zero (2) V 18 (3) V 12 (4) V 

40. Which of the following electric fields could exist in a fmite region of space that contains 
no charges? (In these expressions, A is a constant, and i, j and k are unit vectors 
pointing in the x, y and z directions, respectively.) 

(I) A(2xyl-xzk) 

(3) A(xzl+xzj) 

(2) A(-xyj+xzk) 

(4) Axyz(i+ j) 

41. The long thin cylindrical glass rod shown below has length I and is insulated from its. 
surroundings. The rod has an excess charge Q uniformly distributed along its length. 
Assume the electric potential to be zero at inftnite distances from the rod. If k is the 
constant in Coulomb's law, the electric potential at a point P along the axis of the rod 

and a distance I from one end is kQ multiplied by . 
I 

P 
I ... • ..... • .... •• .... ----------
., f I" 'f I. 

(I) ~ (2) ~ (3) % (4) in 2 

(353) 11 (P.T.O.) 
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42. In the circuit shown in the figure below, the switch S is closed at t = O. Which of the 
following best represents the voltage across the inductor, as seen on an oscilloscope? 

2" 

lOmH 
10V

L s------' 

Voltage Voltage 

10 V 10 V 

(I) (2) 

0 5 rnsec t 0 20 msec t 

Voltage Voltage 

10 V IOV 

(3) (4) 

0 200 sec t 0 Smsec t 

~ 

43. The field of magnetic vector B is always 

(I) irrotational 

(2) solenoidal 

(3) non-solenoidal 

(4) both irrotational and non-solenoidal 

(353) 12 
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44. An AC circuit consists of the elements shown in the figure below, with R = 10000 ohms, 

L = 25 millihenries, and C an adjustable capacitance. The AC voltage generator 

supplies a signal with an amplitude of 40 volts and angular frequency of 1000 radians 

per second. For what value of C is the amplitude of the current maximized? 

c 

L 

(I) 4 nF (2) 40 nF (4) 40~F 

45. Maxwell's equations can be written in the form shown below. If magnetic charge exists 

and if it is conserved, which of these equations will have to be changed? 

(A) '1·E=p/·o 

(B) '1·B=O 

(C) 
oB V'xE=--
at 

(D) 
BE 

VxB =).10J+J..I.oEo-ot 

( I) B only (2) Conly 

(3) A and D (4) Band C 

(353) 13 (P.T.O.) 
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46. Three wire loops and an observer are positioned as shown in tile figure below. From the 
observer's point of view, a current I flows counterclockwise in the middle loop. which is 
moving towards the observer with a velocity u. Loops A and B are stationary. This same 
observer would notice that 

B 

A 

(1) clockwise currents are induced in loops A and B 
(2) counterclockwise currents are induced in loops A and B 

(3) a clockwise current is induced in loop A, but a counterclockwise current is induced 
in loop B 

(4) a counterclockwise current is induced in loop A, but a clockwise current is induced 
in loop B 

47. For an inductor and capacitor connected in series, the equation describing the motion 

(353) 

of charge is 

where L is the inductance. C is the capacitance, and Q is the charge. An analogous 
equation can be written for a simple harmonic oscillator with position x, mass m, and 
spring constant k. Which of the following correctly lists the mechanical analogs of L, C 
andQ? 

(1) 

(3) 

L 

m 

k 

c Q 

k x 

x m 

14 

(2) 
(4) 

L 

m 

1/ k 

c 
1/ k 

l/m 

Q 

x 

x 
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48. A segment of wire is bent into an arc of radius R and subtended angle 9, as shown in 
the figure below. Point P is at the center of the circular segment. The wire carries 
current I. What is the magnitude of the magnetic field at P ? 

(I) 0 

R 
I 6./ __ --1, 

(2) ~o[e 
(2.)' R 

.. p 

(3) ~o[e 
4.R 

(4) ~o[e 
4nR' 

49. Which of the following equations is a consequence of the equation V x H = D + J? 

(2) Vx(D+J) =0 (3) V(D'J) =0 (4) D+J=O 

50. A charged particle is released from rest in a region, where there is a constant electric 
field and a constant magnetic field. If the two fields are parallel to each other. the path 
of the particle is a 

(I) parabola (2) helix (3) cycloid (4) straight line 

51. A negative test charge is moving near a long straight wire in which there is a current. A 
force will act on the test charge in a direction parallel to the direction of-the current if 
the motion of the charge is in a direction 

( 1) toward the wire 

(2) away from the wire 

(3) the same as that of the current 

(4) opposite to that of the current 

(353) 15 (P,T,O.) 
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52. If logical 0 is 0 volt and logical 1 is + 1 volt, the circuit shown below is a logic circuit 
commonly known as 

(1) an OR gate 

Input lo-----.r..., 
f->+- Output 

Input 2:0-----+f-l 

(2) an AND gate (3) a 2-bit adder (4) a flip-flop 

53. What is the state of polarization of a plane electromagnetic wave when the x and y 
components of the electric field are given by 

Eo 
(A) Ex=-cos(rot~kz) (B) Ey=Eocos(rot-kz) 

2 

Ey =.J3 Eo sin (rot-kz) 
2 

Ex =-Eo sin (rot-kz) 

( 1) (A) left elliptically polarized (B) linearly polarized 

(2) (A) right elliptically polarized (B) left circularly polarized 

(3) (A) left elliptically polarized (B) left circularly polarized 

(4) (Al right circularly polarized (B) linearly polarized 

54. An object is located 40 em [rom the frrst of two thin converging lenses of focal lengths 
20 em and 10 em respectively, as shown. in the figure below. The lenses are separated 
by_ 30 em. The final image formed by the two-lens system is loca~ed 

(353) 

fi= 20 em h" 10 em 

54. ~-----V---O-· 
1-40cm-+HOcm-! 

(1) 5,0 em to the right of the second lens 
(2) 13'3 cm to the right of the second lens 
(3) infmitely far to the right of the second lens 
(4) 13·3 em to the left of the second lens 

16 
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55. Two stars are separated by an angle of 3xIO- s radians. What is the diameter of the 
smallest telescope that can resolve the two stars using visible light 
(ft. == 600 nanometres)? (Ignore any effects due to earth's atmosphere.) 

(I) I mm (2) 2·5 em (3) 10 em (4) 2·5 m 

56. Unpolarized light of intensity lois incident on a series of three polarizing filters. The 
axis of the second filter is oriented at 45° to that of the first ftlter, while the axis of the 
third filter is oriented at 900 to that of the first filter. What is the intensity of the light 
transmitted through the third filter? 

IQ 10 10 
(I) 0 (2) 8 (3) 4 (4) 2 

57. Blue light of wavelength 480 nanometres is most strongly reflected off a thin film of oil 
on a glass side when viewed near normal incidence. Assuming that the index of 
refraction of the oil is 1·2 and that of the glass is 1'6. what is the minimum thickness of 
the oil film (other than zero)? 

(II 150 nm (2) 200 nm (3) 300 nm (4) 400 nm 

58. Light from a Laser falls on a pair of very narrow slits separated by 0'5 micrometre and 
bright fringes separated by 1·0 millimetre are observed on a distant screen. If the 
frequency of the Laser light is doubled, what will be the separation of the bright 
fringes? 

(II 0·25 mm (2) 0'5 mm (3) 1·0 mm (4) 2'0 mm 

59. Two coherent sources of visible monochromatic light form an interference pattern on a 
screen. If the relative phase of the sources is varied from 0 to 21t: at a frequency of 
500 Hz, which of the following best describes the effect, if any, on the interference 
pattern? 

(353) 

(1) It is unaffected because the frequency of the phase change is an integral mUltiple 
of TI 

(2) It is destroyed except when the phase difference is 0 or 1t 

(3) It is destroyed for all phase differences because the monochromaticity of the 
sources is destroyed 

(4) It is not destroyed but simply shifts positions at a rate too rapid to be detected by 
the eye 

17 (P.T.D.) 
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60. It is necessary to coat a glass lens with a non-reflecting layer. If the wavelength of the 
light in the coating is A, the best choice is a layer of material having an index of 
refraction between those of glass and air and a thickness of 

(I) ?: (2) ?: (3) ..?:.. (4) ). 
4 2 .J2 

61. The screen of a pinhole camera is at a distance D from the pinhole, which has a 
diameter d. The light has an effective wavelength A (A« D). For which of the following 
values of d will the image be sharpest? 

(I) ,lAD (2) ). 
). 

(3) 10 
).2 

(4) D 

62. A particle is confmed in a one-dimensional box of length t. Its wave function is given by 

W(x) ={J¥ sin(7) for '0< x< 1 

o for l<x<O 

The expectation values of the x-component of momentum is 

(I) I (2) 0·5 (3) .!. (4) zero 
2 

63. The eigenvalues of a Hermitian operator are always 

(I) real (2) imaginary (3) degenerate (4) linear 

64. The state 

, 
is a linear combination of three orthonormal eigenstates of the operator 0 , 
corresponding to eigenvalues -1, 1 and 2. What is the expectation value of 0 for this 

state? 

(I) 1 (2) Ji (3) I (4) 1 

(353) 18 
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65. Which of the following functions could represent the radial wave function for an 
electron in an atom? (r is the distance of the electron from the nucleus, A and b are 
constants.) 

(A) A e- b, 

(B) A sin (br) 

(C) AI r 

(I) A only (2) B only (3) A and B only (4) A and Conly 

66. Let In) represent the normalized nth energy eigenstate of the one-dimensional 
harmonic oscillator 

Ifl IjJ) is a normalized ensemble state that can be expanded as a linear combination 

1",)= ;"'11)- ';'12)+ ~13) 
,,14 ,,14 ,,14 

of the eigenstates, what is the expectation value of the energy operator in this ensemble 
state? 

(I) lQ2 hro 
14 (2) * hro (3) ~ hro (41 fk h., 

67. A free particle with initial kinetic energy E and de Broglie wavelength A enters a region 
in which it has potential energy V. What is the particle's new de Broglie wavelength? 

(I) A(l-VIE) (2) A(I-EIV)-l 

(3) 1.(1+ V I E)1/2 (4) A(I-V IE)-1/2 

(353) 19 (P.T.D.) 
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68. The wave function 

{ 
b2X2} ljI(x)=Aexp - 2 

where A and b are real constants, is a normalized eigenfunction of the Schroqinger 
equation for a particle of mass M and energy E in a one-dimensional potential V (x) 
such that V (x) :: 0 at x :: O. Which of the following is correct? 

(1 ) /1 2 b 4 
(2) v= 

h 2 b 4 x 2 
v=--

2M 2M 

(3) v= 
n2 b 6 x 4 

(4) E=n 2b 2 (1_b 2x 2 ) 
2M 

69. Eigenfunctions for a rigid dumbbell rotating about its center have a cp dependence of 
the form \V (cp) = Aeirn ' , where m is a quantum number and A is a constant. Which of the 

following values of A will properly normalize the eigenfunction? 

(1) .f2ii (2) 2. 1 
(4) .f2ii 

70. The Franck-Hertz experiment and related scattering experiments show that 

(1) electrons are always scattered elastically from atoms 

(2) electrons are never scattered elastically from atoms 

(3) electrons of a certain energy range can be scattered inelastically. and the energy 
lost by electrons is discrete 

(4) electrons always lose the same energy when they are scattered inelastically 

71. If I.jI is a normalized solution of the Schrodinger equation an4 Q is the operator 
corresponding to a physical observable x, the quantity \V·QlfI may be integrated in 
order to obtain the 

(353) 

(1) normalization constant for I.jI 

(3) mean value of x 

(2) spatial overlap of Q with IjI 

(4) uncertainty in x 
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72. Which of the following is an eigenfunction of the linear momentum operator - ill ~ with 
iJx 

a positive eigenvalue 11k, i.e., an eigenfunction that describes a particle that is moving 
in free space in the direction of positive x with a precise value of linear momentum? 

(I) cos /ex (2) sin /ex (3) e-'kx (4) e'kx 

73. The dispersion law for a certain type of wave motion is <0 = (c 2 k 2 + m 2 )1/2. where ro is 

the angular frequency. k is the magnitude of the propagation vector and c and m are 
constants. The group velocity of these waves approaches 

(1) infinity as k -+ 0 and c as k --+ 00 

(2) c as k --+ 0 and zero as k -+ 00 

(3) zero as k --+ 0 and infmity as k -+ 00 

(4) zero as k --+ 0 and c as k --+ 00 

74. In the figure below shows one of the possible energy eigenfunctions l.j.I(x) for a particle 
bouncing freely back and forth along the 'X-axis between impenetrable walls located at 
x = -a and x = +a. The potential energy equals zero for 1 x 1< a. If the energy of the 
particle is 2 electron volts when it is in the quantum state associated with this 
eigenfunction, what is its energy when it is in the quantum state of lowest possible 
energy? 

",Ix J 

-~'---~C---+7a~~x -a 

(I) 0 eV I 
(2) - eV 

.J2 
(3) ! eV (4) I eV 
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75. Which one of the following operators is Hermitian? 

(I) e ix (2) XPy (3) ~ 
ox 

(4) ill 
ox 

76. The ground state electron configuration for phosphorus, which has 15 electrons, is 

(2) Is2 2s2 2p· 352 3p 3 

(4) Is2 2s2 2p· 3s 1 3d 4 

77. The energy required to remove both electrons from the helium atom in its ground state 
is 79·0 eV. How much energy is required to ionize helium (Le., to remove one electron)? 

(I) 24-6 eV (2) 39-5 eV (3) 51-8 eV (4) 54-4 eV 

78. In the hydrogen spectrum, the ratio of the wavelengths for Lyman-ex radiation (n = 2 to 
n = 1) to Balmer-a radiation (n =3 to n =2) is 

(I) t. (2) f.r (3) i (4) 3 

79. The configuration of the potassium atom in its ground state is 
Is 225 2 2p 6 35 2 3p 6 4s 1, Which of the following statements about potassium is true? 

(1) Its 45 subshell is completely filled 

(2) Its least tightly bound electron has l = 4 

(3) Its atomic number is 17 

(4) Its electron charge distribution is spherically symmetrical 

80. A spectral line is produced by a gas that is sufficiently dense that the mean time 
between atomic collisions is much shorter than the mean lives of the atomic states 
responsible for the line. Compared with the same line produced by a low-density gas, 
the line produced by the higher-density gas will appear 

(353) 

(I) the same 
(2) more highly polarized 
(3) broader 
(4) shifted toward the blue end of the spectrum 
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81. An energy-level diagram of the n = 1 and n = 2 levels of atomic hydrogen (including the 
effects of spin-orbit coupling and relativity) is shown in the figure below. Three 
transitions are labelled A, B and C. Which of the transitions will be' possible 
electric-dipole transitions? 

n='2 

A 

£=0 
n = 1 

(I) B only (2) Conly 

-r--j=~ 

+r--j=~ 

(3) A and Conly (4) B and Conly 

82. The positronium 'atom' consists of an electron and a positron bound together by their 
mutual Coulomb attraction and moving about their center of mass, which is located 
halfway between them. Thus the positronium 'atom' is somewhat analogous to a 
hydrogen atom. The grQund-state binding energy of hydrogen is 13·6 electron ·volts. 
What is the ground-state binding energy of positronium? 

(1) (~f x13·6 eV 

(3) 13·6 eV 

1 
(2) -x13·6 eV 

2 

(4) 2x13·6 eV 

83. The energy levels of the hydrogen atom are given in terms of the principal quantum 
number n and a positive constant A by the .expression 

(I) A(I_n 2 ) 

(353) 

(2) A (_1. +_1_) 
4 n 2 

23 

(3) An 2 (4) 
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84. The hypothesis that an electron possesses spin is qualitatively significant for the 
explanation of all of the following topics, except the 

(1) structure of the periodic table 

(2) specific heat of metals 

(3) anomalous Zeeman effect 

(4) deflection of a moving electron by a uniform magnetic field 

85. The emission spectrum of an atomic gas in a magnetic field differs from that of the gas 
in the absence of a magnetic field. Which of the following is true of the phenomenon? 

(I) It is called the Stark effect 

(2) It is due primarily to the nuclear magnetic moment of the atoms 

(3) The number of emission lines observed for the gas in a magnetic field is always 
twice the number observed in the absence of a magnetic field. 

(4) The number of emission lines observed for the gas in a magnetic field is either 
greater than or equal to the number observed in the absence of a magnetic field 

86. In the beta decay process n~ p+e- +X,X stands for 

(1) neutron (2) photon (3) neutrino (4) antineutrino 

87. A radioactive nucleus of type 1 decays exponentially with a decay constant A 1 to stable 
nucleus of type 2. If at time t = 0, the numbers of type 1 and 2 nuclei are respectively 
N 1 ::: No and N 2 = 0, what is the number of type 2 nucleus present at time t? 
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88. The binding energy per nucleon of a nucleus 

(1) increases continuously with mas number 

(2) decreases continuously with mas number 

(3) remains constant with mas number 

(4) first increases and then decreases with mass number 

89, If there are N radioactive atoms in a given sample with a half-life of 10 years, then 

(1) all the atoms would,have decayed in 20 years 

(2) 3 N / 4 atoms would have decayed in 20 years 

(3) N / 4 atoms would have decayed in 20 years 

(4) log (N / 2) atoms would have decayed in 10 years 

90. A sample of radioactive nuclei of a certaln element can decay only by y-emission and 
~emission. If the half-life for y-emission is 24 minutes and that for j3-emission is 
36 minutes, the half-life for the sample is 

(II 30 minutes (2) 24 minutes (3) 20'8 minutes (4) 14'4 minutes 

91. The 238 U nucleus has a binding energy of about 7·6 MeV per nucleon. If the nucleus 
were to fission into two equal fragments, each would have a kinetic energy of just over 
100 MeV. From this, it can be concluded that 

353) 

(1) 238 U has a large neutron excess 

(2) nuclei near A = 120 have masses greater than half that of 238U 

(3) nuclei near A = 120 must be bound by about 6'7 MeV/nucleon 

(4) nuclei near A = 120 must be bound by about 8·5 MeV/nucleon 
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92. When ~Be transforms into ~Li. it does so by 

93. 

(I) emitting an electron only 

(2) emitting a neutron only 

(3) emitting a positron only 

(4) electron capture by the nucleus with emission of a neutrino 

Suppose that ; X decays by natural radioactivity in two 

stages would most likely be which of the following? 

A-4 stages to Y. The twe 
Z -1 

First Stage Second Stage 

(1) /3- emission with an antineutrino ex emission 

(2) [3 - emission ex emission with a neutrino 

(3) J3 - emission y emission 

(4) Emission of a deuteron emission of two neutrons 

94. An 8-centimetre diameter by 8-centimetre long Na1(Tl) detector detects gamma rays of a 

specific energy from a point source of radioactivity. When the source is placed just next 

to the detector at the center of the circular face, 50 percent of all emitted gamma rays 

at that energy are detected. If the detector is moved to 1 metre away. the fraction 01 
detected gamma rays drops to 

(I) 10- 4 (2) 2x 10-4 (3) 4x 10- 4 (4) 8nx10-4 
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95. The conventional unit cell of a body-centered cubic Bravais lattice is shown in the 
figure below. The conventional cell has volume a 3 

.. What is the volume of the primitive 
unit cell? 

• 

a' (I) a' (2) 
8 4 

a' 
(3) (4) a' 

2 

96. Which of the following best represents the temperature dependence of the resistivity of 
an undoped semiconductor? 

p p 

(I) (2) 

T T 

p p 

(3) (4) 

T' T 
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97. The mean kinetic energy of the conduction electrons in metals is ordinarily much 

higher than kT because 

(1) electrons have many more degrees of freedom than atoms do 

(2) the electrons and the lattice are not in thermal equilibrium 

(3) the electrons form a degenerate Fermi gas 

(4) electrons in metals are highly relativistic 

98. Which of the following statements concerning the electrical conductivities at room 
temperature of a pure copper sample and a pure silicon sample is NOT true? 

(1) If the temperature of the copper sample is increased, its conductivity will decrease 

(2) If the temperature of the silicon sample is increased. its conductivity will increase 

(3) The addition of an impurity in the copper sample always decreases its conductivity 

(4) The addition of an impurity in the silicon sample always decreases its conductivity 

99. The Hall effect is used in solid-state physics to measure 

(1) ratio of charge to mass 

(2) magnetic susceptibility 

(3) the sign of the charge carriers 

(4) the width of the gap between the conduction and valence bands 
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100 Lattice forces affect the motion of electrons in a metallic crystal, so that the 
relationship between the energy E and wave number k is not the classical equation 
E = 11 2 k 2 / 2m. where m is the electron mass. Instead, it is possible to use an effective 

, 
given by which of the following? mass m 

(I) m' =~1;2k(:) (2) 
, 1;2k 

m = 

(:) 
1 

(3) 
, =1;2k(~~ )' (4) m' 

1;2 
m = 

(d 2E) dk 2 

101. The longest wavelength X-ray that can undergo Bragg diffraction in a crystal for a·given 
family of planes of spacing d is 

(I) d 
4 

(2) d 
2 

(3) d (4) 2d 

102. For a spherical shell of radius R which carries a uniform surface charge 

(1) both the field and the potential inside the shell are non-zero 

(2) both the field and the potential inside the shell are zero 

(3) the field inside the shell is non-zero while potential inside the shell is zero 

(4) the field inside the shell is zero while potential inside the shell is non-zero 

103. Consider a uniform spherical charge distributio~ with a total charge Q. The potential at 
the centre of the charge distribution is given by 

(I) 0 (2) Q 
(8n. oa) 

(3) 3Q 
(8n. oa) 
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104. A chru:ge Q is placed at the centre of the line joining two equal charges Q. The system of 

three charges will be in equilibrium if q is equal to 

(I) -Q12 (2) -Q14 (3) QI4 (4) Q 12 

105. A parallel plate capacitor is fllled with two dielectrics as shown in the figure below. A is, 
the area of a plate and d is the separation between the plates. The capacitance of the 

capacitor is 

+ 

A/2 A/2 

(1) _ &OA[k' +k2) (2) 
&oA 

C-- C=-(k,-k2 ) 
d 2 d 

(3) _&OA[k,-k 2 ) (4) 
&oA 

C-- C=-(k, +k2) 
d 2 d 

relative permittivity of the medium.) 
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106. A hollow spherical shell carries charge density 
k 

p=
r2 

in the region a!:> r S; b. The 

electric field in the region a < r < b is 

(I) E=- -- r k [a-b)' 
EO r2 

l07. If the electric flux through a closed surface S is equal to zero, then 

(IJ the volume charge density is zero everywhere inside the surface S 

(2) the electric field at every point on S is zero 

(3) the electric field is zero at every point inside S 

(4) the net charge enclosed by S is zero 

l08. For a plane electromagnetic wave propagating in free space, which of the following 
~ ~ 

relations between E and B, the electric and magnetic fields at a given point in space, , 
and the unit vector k in the direction of propagation, is not correct? 

(I) 
-+ 1"'-+ 

(2) 
-+ 1-+ A 

B=-kxE E=-Bxk 
C C 

~ ~ , , ~ 
(3) E=CBxk (4) k·E=O 
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109. A particle moves with a constant speed v in a magnetic field B. The work done is 1 

(1) zero 

(2) proportional to the velocity 

(3)' proportional to the magnetic field 

(4) proportional to the charge q of the particle 

110. For a CE- transistor to function as an amplifier, it is necessary to keep 

(1) E-B junction forward biased and C-E junction forward biased 

(2) E-B junction reverse biased and C-E junction reverse biased 

(3) E-B junction reverse biased and C-E junction forward biased 

(4) E-B junction forward biased and C-E junction reverse biased 

111. Zener diode can be used as 

(1) an amplifier (2) an oscillator 

(3) a voltage regulator (4) All of the above 

112. Blue colour of the sky and redness of the setting sun can be explained by 

(1) Rutherford scattering 

(2) Rayleigh scattering 

(3) emission from the atmospheric gases 

(4) absorption of atmospheric gases 

113. A diffraction grating 3 cm wide produces a deviation of 33 degrees in the second ordel 
with light of wavelength 600 nm. What is the total number of lines on the grating? 

(I) 3616 lines (2) 136 lines (3) 1124 lines (4) 13616 lines 
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114. vI is the frequency of the input current given to a full-wave rec~fier. v2 is the frequency 
of the output current from the full-wave rectifier, then 

(3) v, ~2v2 (4) v, ~ 4V2 

115. Reduce AB + ABC + AB + ABC using law's of Boolean algebra 

(I) B+AC (2) A+BC (3) C+AB (4) A+B+C 

116. The uncertainty relation holds for the following situation 

(1) holds for particles only 

(2) does not hold for microscopic particles 

(3) holds for both microscopic and macroscopic particles 

(4) depends on the nature of the particle 

117. According to wave mechanics, a free particle in space can possess energies of the 
following type 

(1) Discrete energies (2) Continuous energies 

(3) Both types of energies (4) Only one single vl;l.lue of energy 

118. If the de Broglie wavelengths of an electron and proton are equal, then 

(I) the velocity of proton is less than that of the electron 

(2) the velocities of proton and electron are equal 

(3) the velocity of proton is greater than that of the electron 

(4) the energy of electron is less than that of the proton 
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119. Stern-Gerlach experiment shows that the eJectron 

(1) has a negative charge 

(2) carries a spin equal to ~ 

(3) exhibits particle nature only 

(4) exhibits wave-particle duality 

120. The position and momentum of a 1 keY electron are -simultaneously determined. If its 
position is located to within 1 A. what is the percentage of uncertainty in it~ 
momentum? 

(I) 0·61 (2) 6·17 (3) 61·73 (4) 0·061 

121. A particle is moving in a one-dimertsional potential box of infmite height. What is the: 
probability of fmding the particle in a small interval.1.x at the centre of the box when it 
is in the energy state, next to the least energy state? 

(I) 0 (2) 0·15 (3) 0·35 (4) 0·5 

122. The photoelectric equation is derived uncler the assumption that 

(I) electrons are associated with waves of wavelength A. = h • where P is the momentum 
p 

(2) light is emitted only when electrons jump between the orbits 

(3) light is absorbed in quanta of energy E = hu 

(4) light behaves like a wave 

123. Photons of wavelength A. scatter elastically from free protons initially at rest. Thd 
wavelength of the photons scattered at 900 is increased by 

(I) 1~7 (2) ~ 
meG 

(4) 0 

where me and mp are the rest mass of the electron and proton. 
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124. The number of electrons emitted increases. if the incident light has 

(1) higher frequency (2) higher waveiength 

(3) higher intensity (4) lower frequency 

125. The photoelectric threshold for a metal is 3000 A. The kinetic energy of an electron 
ejected from it by radiation of wavelength 1200 A is 

(i) 3·i eV (2) i2·6 eV (3) 6'2 eV (4) 2l-4 eV 

126. Wavelength of the photon emitted when the hydrogen atom goes from n = 10 state to 
the ground state is 

(i) 92i A (2) 0·92i A (3) 9'21 A (4) 92'1 A 

127. Which of the following nuclei has the largest binding energy per nucleon? 

(i) 'He (2) 56Fe (3) 12C 

128. The missing particle in the nuclear reaction 

;He+~4N~k70+? 

is a 

(i) proton (2) neutron (3) eiectron 

(4) 23· U 

(4) photon 

129. According to semiempirical mass formula, surface energy correction to the atomic mass 
of a nucleus is proportional to 

(i) All" (2) A3/2 (3) Al/2 (4) A2/3 
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130, What is the amount of energy released when 10 micrograms of uranium ( 235U)t3 

undergoes fission. if energy released per fission is 200 MeV? 

(I) 5·126xIO'8 MeV (2) 5·126 MeV 

(3) 5·125 MeV (4) 5·126xIO· MeV 

131. The energy spectrum of a radioactive source emitting beta radiation is 

(1) discrete 

(2) continuous from zero to infmity 

(3) continuous from zero to maximum cutoff energy 

(4) partly continuous and partly discrete 

132. The source of energy from the sun is mostly due to 

(I) nuclear fission 

(2) nuclear fusion 

(3) the production of helium from hydrogen 

(4) bremsstrahlung 

133. 1 gram of a-radioactive substance disintegrates at the rate of3·7x 10lD disintegrations 
per second. The atomic weight of the substance is 226. Its mean life is 

(I) 22 years (2) 2282 years (3) 44 years (4) 4462 years 

134. The isotope 6Cll decays into SBll The emitted particle is 

(I) positron (2) electron (3) proton (4) neutron 
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135. A reactor is developing energy at the rate of 32x 106 watts. How many atoms of 235 U 
undergo fission per second? 

(Assume that on the average, an energy of 200 MeV is released per fission.) 

(1) 10 6 (3) 1018 (4) 10 24 

136. If IH2 nuclei can fuse together to form 2He 4 nucleus, then the energy released' is 

(1) 13'6 MeV (2) 23'6 MeV (3) 236 MeV (4) 2·36 MeV 

137. The half-life of radon is 3-8 days. After how many days will only 10 of a radon sample be 
left over? 

(1) 16-43 days (2) 164·3 days (3) 23·7 days (4) 237 days 

13S. The diffraction pattern of copper metal was measured with X-ray radiation of 
wavelength of 1·315 A. The first order Bragg diffraction peak was found at an angle 26 
of 50'5°, The d-spacing between the diffracting planes in the copper metal is 

(1) 3·25 A (2) 1'54 A (3) 0'41 A (4) 4'2 A 

139. Packing fraction of an f.c.c. lattice is 

(1) 0·52 (2) 0·32 (3) 0·74 (4) 0,62 

140. In a simple cubic lattice a=2 A, then planar atomic density of (1,0,0) plane is 

(1) 1015 atoms/c.c. (2) 2·5x10 15 atoms/c.c. 

(3) 5xl0 1s atoms/c.c. (4) 7·5xl01s atoms/c.c. 
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141. The continuous X-ray spectrum is -the result of the 

(1) photoelectric effect (2) inverse photoelectric effect 

(3) Compton effect (4) Auger effect 

142. 10101 binary number corresponds to decimal number 

(I) 31 (2) 21 (3) II (4) 3 

143. The origin of van cler Waals' interaction in molecular crystal is 

(1) nuclear (2) magnetic (3) ionic (4) fluctuating dipolar 

144. The crystal structure of diamond is 

(I) f.c.c. with two-atom basis of (0 0 0) 
a A A A 

and -(i+j+k) 
4 

(2) simple cubic with two-atom basis of (O 0 0) and ~ (i + j + k) 
2 

(3) f.c.c. with two-atom basis of (0 0 0) 

(4) h.c.c. with one-atom basis 

aA/',A 

and -(i+j+k) 
2 

145. In a non-relativistic one-dimensional collision, a particle of mass 2m collides with a 

particle of mass m at rest. If the particles stick together after the collision, what fraction 

of the initial kinetic energy is lost in the collision? 

(1) 0 (2) * (3) ! (4) ! 
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146. In the figure below shows a plot of the time-dependent force F x (t) acting on a particle 
in motion along the kaxis. What is the total impulse delivered to the particle? 

o I 2 3 tis) 

(I) 0 (2) I kg mls (3) 2 kg mls (4) 3 kg mls 

147. Lt JX('/x+4-JX) is 
x -)<» 

(I) 0 (2) 2 (3) ! (4) Does not exist 

148. Let I be a function of a real variable such that I(a +~) = I(a) + I(~) for all a and IJ. Let m 

and n be integers. Then f(:) equals 

(I) m 
n 

(2) I(m) 
I(n) 

(3) 1(I)x m 
n 

149. at =1 and an =n(l+an _d for n=2,3. Defme 

Then It Pn is 
n~oo 

(1) I (2) '" (3) e 
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150. The equation 

Y=ASin21t(;-~) 
where .A, T and A are positive constants, represents a wave whose 

(I) amplitude is 2A 

(3) speed is x 
t 

*** 

40 

(2) . d' T peno 15 i 

(4) speed is !: 
T 

D/2(353)-2900 + 0 
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