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2. Section-A 30
ONLY ONE Q.1 to Q.10 Q.11 to Q.3

Section-B 10
ONE or MORE than ONE

2 marks.

-C 20 Q.41 to Q.50 1 Mark
Q.51 to Q.60 2 Marks

1 mark 1/3 marks
2 marks 2/3 marks

 contains  Multiple Choice Questions (MCQ). Each question has 4 choices (a), (b), (c) and (d), 
for its answer, out of which  is correct. From  carries 1 Marks and 0 
carries 2 Marks each. 

3.  contains  Multiple Select Questions(MSQ). Each question has 4 choices (a), (b), (c) and (d) 
for its answer, out of which  is/are correct. For each correct answer you will be 
awarded 

4. Section  contains  Numerical Answer Type (NAT) questions. From  carries  each 
and  carries  each.  For each NAT type question, the value of  answer can be any real 
number.

5. In all sections, questions not attempted will result in zero mark. In Section–A (MCQ), wrong answer will 
result in negative marks. For all  questions,  will be deducted for each wrong answer. For 
all  questions,  will be deducted for each wrong answer. In Section–B (MSQ),there is no 
negative and no partial marking provision. There is no negative marking in Section –C (NAT) as well.
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[PART-A : MULTIPLE CHOICE QUESTIONS (MCQ)]

Q.1 To Q.10 : Each carry ONE mark
1. A point charge q is held at a distance a/2 from the centre of a thin conducting shell of radius a. The potential at

the surface of spherical shell is

(a) 
02

q
a (b)

08
q

a (c) 
04

q
a (d) zero

2. The electric field in a certain region is given by

2 2 2

ˆˆ ˆ 3xi yj kE A
x y z

 


 


, where A is a constant.

The total charge within the sphere of radius R with centre at the origin is given by

(a) zero (b) 04 AR (c) 02 A (d) 2
04 R A

3. If a proton, a deutron and an -particle  are all accelerated through the same potential difference, their kinetic
energy would be in the ratio of
(a) 1 : 2 : 4 (b) 2 : 2 : 1 (c) 1 : 1 : 1 (d) 1 : 1 : 2

4. Two conducting plates are inclined at an angle 60º to each other. A point charge is placed between them. The
number of image charges is
(a) 12 (b) 11 (c) 5 (d) 1

5. A cylindrical hose open at both ends has a fundamental frequency f  in air. The hose is dipped vertically in water
so that half of it is in water. The fundamental frequency of the air column is now
(a) / 2f (b) 3 / 4f (c) f (d) 2 f

6. A two-slit interference experiment is carried out with light of wavelength  . The slit separation d for the
interference to produce only one maximum on either side of the central maxima is (D >> d)
(a) 6 5d   (b) 4 3d   (c) 2 d   (d) 0.5d  

7. In Fraunhofer diffraction, the nature of wavefront is
(a) spherical (b) plane (c) cylindrical (d) parabolic

8. A grating has 400 lines/mm. How many orders of the entire visible spectrum (400 –700 nm) can it produce in
a diffraction experiment, in addition to the m = 0 order?
(a) 3 (b) 2 (c) 1 (d) 4

9. A string of length l is fixed at both ends. It is vibrating in its 3rd overtone with maximum amplitude ‘a’. The
amplitude at a distance l/3 from one side is :

(a) a (b) 0 (c) 
3

2
a (d) 2

a

10. Two plane glass plates are placed on top of one another and on one side a cardboard is introduced to form a
thin wedge of air. Assuming that a beam of wavelength 6000 Å is incident normally, and that there are 100
interference fringes per centimeter, calculate the wedge angle.
(a) 0.003 rad (b) 0.005 rad (c) 0.125 rad (d) 0.050 rad

Q.11 To Q.30 : Each carry TWO marks
11. Current density at any time instant t at a distance r from the centre of a spherical region is given by

  2 ˆktJ r A r e r , where A and k are constants. The charge density at 1t
k

 sec will be

(a) 
4Ar
ke

  (b) 
Ar
k

  (c) 
2Ar

k
  (d) 2

Ar
k
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12. The space between two long coaxial conducting cylinders of radius a and 2a and length 3a is filled with a

slightly conducting medium whose conductivity  varies with radial distance r as   kr
r

    
 

. The resistance

between the cylinders in radial direction is given by

(a) 
1

6 k (b) 6
k


(c) 3 k (d) 
k


13. A conducting sphere of radius R carries a charge q. It is coated with a linear dielectric material of permitivity

02 to a radius 2R. The potential at the centre of the conductor is

(a) 
04

q
R (b) 

0

7
16

q
R (c) 

0

5
16

q
R (d) zero

14. Consider a point charge q located at the origin and a dipole of moment 0 ˆp z is placed at (3, 4, 0). The magni-
tude of torque acting on the dipole due to q is

(a) zero (b) 
0

0

3
500

qp
 (c) 

0

0100
qp
 (d) 

0

0

qp


15. A circular loop described by the equation, 2 2 1x y  is located in the xy plane with it centre at the origin. If a

magnetic field 2 2ˆ cosB z x y t 


 is applied. The emf induced in the loop is

(a) zero (b) cos t  (c) sin t  (d) 
2 sin
3

t  

16. A conducting sphere of a radius a is surrounded by a thick spherical shell having inner and outer radius 2a and
4a respectively. The outer shell is isolated and initially uncharged. The charged +Q is placed on the inner
sphere. The capacitance of the system is

(a) 012 a (b) 016
3

a
(c) 04

3
a

(d) 04 a

17. Suppose a wire of length 2l is lying in xy plane and carrying current I as shown in figure. There exists a magnetic
field 0

ˆB B yk


. The magnitude of force act on the wire is

45º

90º

x

y

(a) 2
02B I (b) 2

02B I (c) 
2

0

2
B I

(d) zero

18. The magnetic field associated with an electromagnetic wave in free space is  ˆ 0.2cos AH y kz t
m

 


. The

electromagnetic power passing through a circular area of radius 1 cm on a plane z = 1 cm is
(a) 224 mW (b) 22 mW (c) 20.24 mW (d) zero
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19. In a Young’s double slit interference experiment, the slits are at a distance 2L from each other and the screen is
at a distance D from the slits. If a glass slab of  refractive index  and thickness d is placed in the path of one
of the beams, the minimum value of d for the  central fringe to be dark is

(a)   2 21
D
D L



   (b)  1
D

L


  (c)  1


  (d)  2 1

 

20. String 1 has twice the length, twice the thickness, twice the tension and twice the density of another string 2.
The relation between the fundamental frequency as of 1 and 2 is
(a) 1 22f f (b) 1 24f f (c) 2 12f f (d) 1 2f f

21. A transmission grating having 1600 lines per cm and width of 0.25 cm is used to observe two doublets. The
mean wavelengths of the doublets I and II are 7000 Å and 4500 Å, and their separations    are 10 Å and
5 Å respectively. Then in the second-order spectrum
(a) both the doublets are resolved
(b) both the doublets are not resolved
(c) doublet I is resolved but doublet II is not resolved
(d) doublet II is resolved but not I

22. One end of a long metallic wire of length L is tied to the ceiling. The other end is tied to a massless spring of
spring constant k. A mass m hangs freely from the free end of the spring. The area of cross-section and the
Young’s modulus of the wire are A and Y respectively. If the mass is slightly pulled down and released show that
it will oscillate with a time period

(a) ( )
( )

m YA kLT
YAk


 (b) mT
k

 (c)
( )

mLT
YAk

 (d)
( )YA

L

mT
k




23. In the Newton’s rings arrangement, if the incident light consists of two wavelengths 4000 Å and 4002 Å
calculate the distance (from the point of contact) at which the rings will disappear. Assume that the radius of
curvature of the curved surface is 400 cm.
(a) 1 cm (b) 10 cm (c) 4 cm (d) 40 cm

24. White light is reflected normally from a soap film of uniform thickness in air. An interference maximum is
observed at 0.6 µm and a minimum at 0.45 µm with no minimum or maximum in between. Assuming n = 1.33
for the film, The thickness of the film is
(a) 338 nm (b) 538 nm (c) 450 nm (d) 150 nm

25. Consider a wire grating of width 1 cm having 1000 wires. The half angular width of the second order
principal maximum is (assume 55 10 cm   )
(a) 55.02 10 rad (b) 55.77 10 rad (c) 58.5 10 rad (d) 56.5 10 rad

26. A double convex lens, made of a material of refractive index µ1, is placed inside two liquids or refractive
indices µ2 and µ3, as shown, µ2 > µ1 > µ3. A wide, parallel beam of light is incident on the lens from the
left. The lens will give rise to
(a) A single convergent beam
(b) Two different convergent beams
(c) Two different divergent beams
(d) A convergent and a divergent beam

27. A particle performing SHM is found at its equilibrium at t = 1 sec.  and it is found to have a speed of 0.25
m/s at t = 2 sec. If the period of oscillation is 6 sec. The amplitude of oscillation is

(a) 
3

2
m


(b) 

3
4

m


(c) 
6 m


(d) 
6

8
m
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28. The value of x for which the image is formed on the object itself is

n = 1.5

90 cm

x

O

R = 10 cm

(a) 20 cm (b) 10 cm (c) 5 cm (d) 90 cm

29. An electromagnetic wave with    
0

ˆ ˆ i kz tE E i j e  


, is incident normally on a quarter wave plate (made
of negative crystals) which has its optics axis making an angle 135º with the x-axis as shown in below figure.

y

x
135º

Which of the following options is correct?
(a) Incident wave is elliptically polarized
(b) Incident wave is circularly polarized
(c) Angle between polarization axis of the incident wave and optical axis is 135º
(d) Emergent light is linearly polarized with an angle 45º with x-axis

30. An electromagnetic wave is incident normally at air dielectric interface. If refractive index of glass is 3/2 then
percentage of energy reflected is
(a) 4 (b) 6 (c) 10 (d) 12

[PART-B : MULTIPLE SELECTIVE QUESTIONS (MSQ)]

Q.31 To Q.40 : Each carry TWO marks

31. An electric dipole is placed at centre of a cube of sides ‘a’, with its dipole moment (p) parallel to one of the
edges of cube. Which of the following is/are correct ?
(a) Magnitude of potential at all corner of cube is same
(b) Magnitude of potential at all face centre of cube is same
(c) Magnitude of field at all corners of cube is same

(d) Magnitude of electric potential at corner is 2
03 3

p
a 

32. A rectangular loop of sides 10 cm and 5 cm carrying a current 12 A is placed in the different orientations as
shown in the figures below :

(A) y

x

z

B
(B) y

x

z

B
(C) y

x

z

B

(D) y

x

z

B
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It there is a uniform magnetic field 0.3 T in the positive z-direction. The CORRECT statement(s) is/are :
(a) Orientations the loop (A) would be stable and (C) will be unstable.
(b) Orientations the loop (B) would be stable and (D) will be unstable.
(c) Orientations the loop (B) would be stable and (C) will be unstable.
(d) Orientations the loop (D) would be stable and (C) will be unstable.

33. The electric field associated with electromagnetic wave is given by

    4 7 15 12ˆ ˆ, 2 10 exp 10 3 10
3
x yE r t i j j t Vm  

  
            



Choose the correct statement(s)
(a) The wave is propagating in free space

(b) The wave is propagating in  ˆ ˆ0.57 2i j direction

(c) The magnetic field associated with electromagnetic wave is

4 7 152ˆ0.57 10 exp 10 3 10
3
x yB k j t T 

  
          



(d) The time average poynting vector is   2

0

1 ˆ ˆ2 /
2 3

i j W m
µ



34. A metal bar of mass m slides frictionlessly on two parallel conducting rails a distance d apart. A resistance R is
connected across the rails and a uniform magnetic field B, pointing into the page. If the bar moves to the right
at t = 0 with speed v, then choose the correct statement
(a) Current will flow in the bar upwards direction.
(b) Magnetic force on the bar will be left direction

v

(c) Magnetic force on the bar will be right direction
(d) Speed of the bar will decrease exponentially with time.

35. Consider a situation in Ramleela Ground of Delhi. A loud speaker is tied to a long pole standing vertical as
shown in figure. If a young boy is moving with speed 210 m/s from point A to C. (Speed of sound 340 m/s)

f0 = 400 Hz 

BA C

2 3 m

2m

Which of the following is/are correct
(a) Apparent frequency heard by the boy at point A is 527.27 Hz
(b) Apparent frequency heard by the boy just below the pole is 223.52 Hz
(c) There will be no sound heard directly below the pole
(d) Apparent frequency heard at point C is 272.72 Hz.

36. Two electric dipoles are fixed in positions shown. Which of the following statements is/are correct

p2


p1

y

x

d
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(a) Force between two dipoles is maximum for 0º 
(b) Torque on dipole p2 about its centre is maximum for 90º 
(c) Interaction potential energy between the two dipoles is maximum for 0º 

(d) For 90º  force on p1 is in ĵ  direction.

37. In the Michelson interferometer arrangement, if one of the mirrors is moved by a distance 0.08 mm, 250 fringes
cross the field of view. Which of the following is/are correct?
(a) Wavelength of the light is 6400 Å.
(b) Minimum distance by which a mirror have to be moved such that central fringe changes from bright to dark

is 1600Å.
(c) Minimum distance by which a mirror have to be moved such that central fringe changes from bright to dark

is 3200Å.
(d) Shape of the interference pattern in michelson interferometer may be circular or straight line depending

on the orientation of the mirror.

38. A metal surface have 15,000 lines drawn per inch. Which of the following is/are correct?
(a) Resolving power in the second order spectrum of one inch grating is 30000.
(b) This grating can resolve sodium lines 1 2D 5890 Å and D 5896 Å  in second order..
(c) If 10th order maxima is missing at position of the second order primary minima, slit width is 0.3386 µm.
(d) If 10th order maxima is missing at position of the second order primary minima, slit width is 0.0561

µm.

39. A grating with 200 lines (slits) per millimeter and of width 2 cm is fully illuminated by light consisting of
wavelengths 600 nm and 600.1 nm. Which of the following is/are correct?
(a) The lowest diffraction order where the two wavelengths will be resolved  is 1.
(b) The lowest diffraction order where the two wavelengths will be resolved  is 2.
(b) If the slits are of width 1.25 µm in the grating, then the ratio of intensities of the 600 nm wavelength

in the 4th order to that in the first order is 0.096.
(d) If the slits are of width in the grating is narrow, then the ratio of intensities of the 600 nm wavelength

in the 4th order to that in the first order is 1.

40. Light passes through a narrow slit and gives Fraunhofer diffraction patterns shown in the figure

Figure (I) Figure (II) 

Which of the following could(s) be the shape of the slits?

(a) Figure (I) for (b) Figure (II) for 

(c) Figure (I) for (d) Figure (II) for 
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[PART-C : NUMERICAL ANSWER TYPE QUESTIONS (NAT)]

Q.41 To Q.50 : Each carry ONE mark
41. A right circular cone of semivertical angle 30º has uniform polarization P


parallel to its axis and directed

from the vertex to its base. The bound surface charge density on the curved surface is _______________P.
(Upto first decimal places)

42. The minimum light intensity that the human eye can perceive is 10–10 Wm–2. The area of the opening of
our eye (the pupil) is approximately 0.4 cm–2. Consider yellow light with wavelength 600nm  . The
number of photons incident on the retina per second at the minimum intensity for the eye to respond is
________ × 104. (upto one decimal place)

43. The smallest thickness which a transparent film of index 1.455 may have if it is to generate a minimum in
reflected light under normal illumination at 500 nm surrounded by air __________ nm.(upto one decimal
place).

44. Consider a point source of light kept at distance outside a transparent, solid cylinder on its axis and near
the end face (base). The  refractive index of the material of the 1.12. The maximum angle with the axis of
the cylinder of incidence ray at which none of the rays entering the base will emerge from the curved surface
is ____________degree.

45. Two similar rectanglular pieces of glass are in contact along one edge while the opposite edges are
separated by a thin piece of tin foil. When examined in sodium light of wavelength 5.89 × 10–5 cm reflected
perpendicularly from the air film, 40 bright interference fringes are observed. The thickness of the foil if its
edge just coincides with the centre of least interference band  is ___________ × 10–4 cm. (upto two
decimal places)

46. A soap film surrounded by air has an index of refraction of 1.34. Under normal illumination, if a region of
the film reflects strongly a wavelength of 804 nm, the minimum thickness of the film  is________nm.

47. A microscope lens of refractive index 1.55 is to be coated with a MgF2 film (n = 1.38) to increase
transmission of normally incident yellow light ( = 5500 Å). Minimum thickness of the film deposited on
the lens  is________nm.

48. Suppose from Career Endeavour physics lab, we are planning to view two distant star separated by 0.1 seconds
of arc. The diameter of a telescope lens required at  = 6 × 10–5 cm is________cm.

49. Two long wires carrying current I lie along x and y axes as shown in figure. The magnetic field

Y

X

I

O I

at (0, 0, d) is 0

4
Nµ I

d . The value of N is ____________________

50. A particle of mass m and charge q is thrown into a uniform magnetic field B at 60º to the
direction of field. If initial speed of the particle is v0 then average velocity of the particle inside
the magnetic field is Nv0, the value of N is _________________
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Q.51 To Q.60 : Each carry TWO marks
51. A current I flows in an infinitely long wire along the z-axis and a square loop is placed in y-z plane as shown

in figure. The value of A d

  over the square loop is _____________ 0

2
µ Ia


.

x

y

I

z

a a

a

(answer should be upto two decimal places). (where A


is the magnetic vector potential)

52. The intensity at the mid point on the line connecting two light sources has a maximum value of 36 units.
At a point x distance (from the mid point) towards either source, it has a minimum value of 4 units. The
intensity at a distance x/2 is _________ units.

53. The ratio of intensities between two coherent sound sources is 4 : 1. The difference of loudness in dB
between maximum and minimum intensities when they interfere in space is ____________(upto two decimal
places).

54. A closed organ pipe and an open pipe of same length produce 4 beats when they are set into vibrations
simultaneously. If the length of each of them were twice their initial lengths, the number of beats produced
will be ___________________

55. Unpolarized light of intensity 32 Wm–2 passes through three polarizers such that transmission axes of the
first and second polarizer makes and angle 30º with each other and the transmission axis of the last polarizer
is crossed with that of the first. The intensity of final emerging light will be ________________Wm–2.

56. Four charges are placed as shown in figure electric field at (x, 0, 0) for x >> a varies as 2
nE

x
 .

y

x
+ q2 – q2–qq

(–3a,0) (–a,0) (a,0) (3a,0)

The value of n is ______________

57. A conducting rod of length l is rotated with uniform angular velocity  about its one end. The axis of rotation
and direction of uniform magnetic field B are both perpendicular to the rod. The potential difference between
the center and free end of the rod is 2NB . The value of N is _____________

58. In figure shown a charge particle of mass m and charge q is thrown into uniform electric and magnetic field.
If the particle spends equal time in the two fields before crossing x-axis.

v0

B

45º

mv
qE

0
2

2

E

x

Then value of 
0

E
Bv  is _________________(ignore gravity). (upto two decimal places)



10

North Delhi : 33-35,  Mall Road, G.T.B. Nagar (Opp.  Metro Gate No.  3), Delhi-09, Ph: 011-27653355, 27654455
South Delhi : 28-A/11,  Jia Sarai, Near-IIT Metro Station, New Delhi-16, Ph : 011-26851008, 26861009

59. A plane electromagnetic wave having electric field  0 sin 3E E kx ky t  
 

 is incident from air to glass

of refractive index 2, y = 0 plane is interface between two media. If 1̂S  and 2Ŝ  represent the direction of

poynting vectors associated with reflected and refracted waves then value of 1 2
ˆ ˆS S  is

___________________(upto two decimal places).

60. A long wire having uniform charge density   is placed along x-axis.  A particle of mass m and charge q
is placed at (0, d, 0), due to repulsion particle moves away from line charge. It speed at y = 2d is v1 and

at y = 4d is v2 value of 
2

1

v
v  is ______________

************************
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Space for rough work
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TEST SERIES - 2

EMT + WAVES, OSCILLATIONS & OPTICS

ANSWER KEY
[PART-A : MULTIPLE CHOICE QUESTIONS (MCQ)]

1. (c) 2. (b) 3. (d) 4. (c) 5. (c)

6. (c) 7. (b) 8. (a) 9. (c) 10. (a)

11. (a) 12. (a) 13. (c) 14. (c) 15. (d)

16. (b) 17. (c) 18. (c) 19. (d) 20. (b)

21. (c) 22. (a) 23. (c) 24. (a) 25. (a)

26. (d) 27. (a) 28. (a) 29. (d) 30. (a)

[PART-B : MULTIPLE SELECTIVE QUESTIONS (MSQ)]

31. (a),(c),(d) 32. (b) 33. (a),(b),(d) 34. (a),(b),(d)

35. (a),(d) 36. (a),(b), (d) 37. (a),(b),(d) 38. (a),(b), (c)

39. (b), (d) 40. (c), (d)

[PART-C : NUMERICAL ANSWER TYPE QUESTIONS (NAT)]

41. (–0.4 to –0.6) 42. (1.2) 43. (171.8) 44. (29 to 30)

45. (11.75 to 11.80) 46. (148 to 154) 47. (99 to 100) 48. (148 to 154)

49. (1.40 to 1.45) 50. (0.5) 51. (0.64 to 0.75) 52. (20)

53. (9.50 to 9.60) 54. (2) 55. (3) 56. (3)

57. (0.35 to 0.40) 58. (0.45 to 0.46) 59. (-0.70 to -0.72) 60. (1.3 to 1.6)


