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e Please checkthat this question paper contains 15 printed pages.

e Codenumber given on the right hand side of the question paper should be
written on the title page of the answer-book by the candidate.

e Please check that this question paper contains 30 questions.

e Please write down the Serial Number of the question before attempting it.

¢ 15 minutes time has been allotted to read this question paper. The question
paper will be distributed at 10:15 a.m. From 10.15 a.m. to 10.30 a.m., the
students will read the question paper onlyand will not write any answer on the
answer-book during this period.

General Instructions:

(i) All questions are compulsory.

(ii) There are 30 questions in total. Questions No. I to 8 are very short answer type
questions and carry one mark each.

(iii) Questions No. 9 to 18 carry two marks each, questions 19 to 27 carry three marks each
and questions 28 to 30 carry five marks each.

(iv) One of the questions carrying three marks weightage is value based question.

(v) There is no overall choice. However, an internal choice has been provided in one
question of two marks, one question of three marks and all three questions of five
marks each weightage. You have to attempt only one of the choices in such questions.

(vi) Use of calculators is not permitted. However, you may use log tables if necessary.

(vii)You may use the following values of physical constants wherever necessary:

c=3x108m/s
h=6.63x1034]s
e=1.6x101°C
Ho=4Tx107T mA”

1
=9x10% Nm? c2

4 11g)

me=9.1x 10-31 kg
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1. A conducting loop is held below a current carrying wire PQ as shown. Predict the
direction of the induced current in the loop when the current in the wire is constantly
increasing. (1)
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2. The graph shows variation of stopping potential Vo versus frequency of incident
radiation v for two photosensitive metals A and B. Which of the two metals has higher

threshold frequency and why? (D
~
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3. Using the concept of force between two infinitely long parallel current carrying
conductors, define one ampere of current. (1)

4. Abiconcave lens made of a transparent material of refractive index 1.25 is immersed in
water of refractive index 1.33. Will the lens behave as a converging or a diverging lens?
Give reason. (1)

5. Why do the electric field lines never cross each other? (1)

6. To which part of the electromagnetic spectrum does a wave of frequency 5 x 1011 Hz
belong? (1)

7. Why is it found experimentally difficult to detect neutrinos in nuclear 3-decay? (1)
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Why is the use of a.c. voltage preferred over d.c. voltage? Give two reasons. (1)

Considering the case of a parallel plate capacitor being charged, show how one is
required to generalize Ampere's circuital law to include the term due to displacement
current. (2)

Estimate the average drift speed of conduction electrons in a copper wire of cross-
sectional area 2.5 x 107 m? carrying a current of 2.7 A. Assume the density of
conduction electrons to be 9 x 1028 m-3. (2)

A cell of emf 'E' and internal resistance ‘r’ is connected across a variable resistor 'R'. Plot
a graph showing variation of terminal voltage 'V' of the cell versus the current 'I'. Using
the plot, show how the emf of the cell and its internal resistance can be determined. (2)

A parallel plate capacitor of capacitance C is charged to a potential V. It is then
connected to another uncharged capacitor having the same capacitance. Find out the
ratio of the energy stored in the combined system to that stored initially in the single
capacitor. (2)

Using Rutherford model of the atom, derive the expression for the total energy of the
electron in hydrogen atom. What is the significance of total negative energy possessed

by the electron? (2)
OR

Using Bohr's postulates of the atomic model derive the expression for radius of nth

electron orbit. Hence obtain the expression for Bohr’s.radius. (2)

Show diagrammatically the behaviour of magnetic field lines in the presence of

(i) paramagnetic and
(ii) diamagnetic substances. How does one explain this distinguishing feature? (2)

Explain, with the help of a circuit diagram, the working of a p-n junction diode as a half-
wave rectifier. (2)

Two monochromatic rays of light are incident normally on the face AB of an isosceles
right-angled prism ABC. The refractive indices of the glass prism for the two rays '1' and
'2" are respectively 1.38 and 1.52. Trace the path of these rays after entering through
the prism. (2)
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17.Draw a circuit diagram of n-p-n transistor amplifier in CE configuration. Under what
condition does the transistor act as an amplifier? (2)

18. Write the functions of the following in communication systems: (2)
(i) Receiver
(i) Demodulator

19. A convex lens of focal length 20 cm is placed coaxially with a convex mirror of radius of
curvature 20 cm. The two are kept 15 cm apart. A point object is placed 40 cm in front
of the convex lens. Find the position of the image formed by this combination. Draw the
ray diagram showing the image formation. (3)

20. An electron microscope uses electrons accelerated by a voltage of 50 kV. Determine the
de-Broglie wavelength associated with the electrons. Taking other factors, such as
numerical aperture etc. to be same, how does the resolving power of an electron
microscope compare with that of an optical microscope which uses yellow light? (3)

21. Write any two distinguishing features between conductors, semiconductors and
insulators on the basis of energy band diagrams. (3)

22.Write two basic modes of communication. Explain the process of amplitude modulation.
Draw a schematic sketch showing how amplitude modulated signal is obtained by
superposing a modulating signal over a sinusoidal carrier wave. (3)

23. Answer the following : (3)
(a) Why are the connections between the resistors in a meter bridge made of thick
copper strips?

(b) Why is it generally preferred to obtain the balance point in the middle of the meter
bridge wire?
(c) Which material is used for the meter bridge wire and why?

OR
A resistance of R Q) draws current from a potentiometer as shown in the figure. The
potentiometer has a total resistance R ¢ Q. A voltage V is supplied to the potentiometer.
Derive an expression for the voltage across R when the sliding contact is in the middle
of the potentiometer. (3)
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For the past some time, Aarti had been observing some erratic body movement,
unsteadiness and lack of coordination in the activities of her sister Radha, who also
used to complain of severe headache occasionally. Aarti suggested to her parents to get
a medical check-up of Radha. The doctor thoroughly examined Radha and diagnosed
that she has a brain tumour.

(a) What, according to you, are the values displayed by Aarti?

(b) How can radioisotopes help a doctor to diagnose brain tumour? (3)

(a) Arod of length 1 is moved horizontally with a uniform velocity 'v' in a direction
perpendicular to its length through a region in which a uniform magnetic field is acting
vertically downward. Derive the expression for the emf induced across the ends of the
rod.

(b) How does one understand this motional emf by invoking the Lorentz force acting on
the free charge carriers of the conductor? Explain. (3)

(a) Show, giving a suitable diagram, how unpolarized light can be polarised by
reflection.

(b) Two polaroids P1 and Pz are placed with their pass axes perpendicular to each other.
Unpolarized light of intensity o is incident on P1. A third polaroid Pz is kept in between
P1 and P2 such that its pass axis makes an angle of 60° with that of Ps.

Determine the intensity of light transmitted through P4, P2 and P3. (3)

27.A voltage V=Vjsin wt is applied to a series LCR circuit. Derive the expression for the

average power dissipated over a cycle.

Under what condition is (i) no power dissipated even though the current flows through
the circuit, (ii) maximum power dissipated in the circuit? (3)

28.(a) In Young's double slit experiment, describe briefly how bright and dark fringes are

obtained on the screen kept in front of a double slit. Hence obtain the expression for the
fringe width.

(b) The ratio of the intensities at minima to the maxima in the Young's double slit
experiment is 9 : 25. Find the ratio of the widths of the two slits. (5)
OR

(a) Describe briefly how a diffraction pattern is obtained on a screen due to a single
narrow slit illuminated by a monochromatic source of light. Hence obtain the conditions
for the angular width of secondary maxima and secondary minima.

(b) Two wavelengths of sodium light of 590 nm and 596 nm are used in turn to study
the diffraction taking place at a single slit of aperture 2 x 10-°m. The distance between
the slit and the screen is 1.5 m. Calculate the separation between the positions of first
maxima of the diffraction pattern obtained in the two cases. (5)

29. (a) Deduce an expression for the frequency of revolution of a charged particle in a

magnetic field and show that it is independent of velocity or energy of the particle.
(b) Draw a schematic sketch of a cyclotron. Explain, giving the essential details of its

construction, how it is used to accelerate the charged particles. (5)
OR
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(a) Draw a labelled diagram of a moving coil galvanometer. Describe briefly its principle
and working.

(b) Answer the following:

(i) Why is it necessary to introduce a cylindrical soft iron core inside the coil of a
galvanometer?

(ii) Increasing the current sensitivity of a galvanometer may not necessarily increase its
voltage sensitivity. Explain, giving reason. (5)

Draw a labelled diagram of Van de Graaff generator. State its working principle to show

how by introducing a small charged sphere into a larger sphere, a large amount of

charge can be transferred to the outer sphere. State the use of this machine and also

point out its limitations. (5)
OR

(a) Deduce the expression for the torque acting on a dipole of dipole moment p in the

presence of a uniform electric fieldE.

(b) Consider two hollow concentric spheres S1 and Sz, enclosing charges 2Q and 4Q
respectively as shown in the figure. (i) Find out the ratio of the electric flux through
them. (ii) How will the electric flux through the sphere si: change if a medium of
dielectric constant '€;' is introduced in the space inside s1 in place of air? Deduce the
necessary expression. (5)
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CBSE Board

Class XII Physics (Theory)
Board Question Paper 2014 - Set 3

. Anticlockwise

. Metal A, because v, > v,

. The ampere is the value of that steady current which, when maintained in each of the
two very long, straight, parallel conductors of negligible cross-section, and placed one
metre apart in vacuum, would produce on each of these conductors a force equal to 2 x
10-7 newtons per metre of length.

. The lens will behave as a diverging lens.
The lens is of refractive index lesser than the medium in which it is placed. Hence, its
nature does not change.

. Electric field line is a curve drawn in such a way that the tangent to it at each point is in
the direction of the net field at that point. Two fields can never cross each other. If they
did ,it means the field at the point of intersection will not have a unique direction, which
is meaningless)

. The frequency belongs to microwave region of the electromagnetic spectrum.

. Neutrinos interact very weakly with other particles. Since they can penetrate large
quantity of matter without interacting they remain undetected throughout the
experiments.

. a.c.voltage is preferred over d.c. because

(i) a.c. voltages can be easily stepped up or down with the help of transformers.
(ii) Electrical energy can be transmitted efficiently and economically over long
distances with higher voltage and lower current.
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9. Consider the charging of a capacitor.
The electric field between the plates of the capacitor is shown below

) 4

A4

"
i
"
i(® N
N
g

If the plates of the capacitor have an area A and a total charge Q, the magnitude of the
electric field between the plates is

-
Ag,
The field is perpendicular to the surface S as shown in the figure.

Thus, using Gauss’s law the electric flux through the surface is

<DE=|E|A=%=2
Ag;, g,
dQ

Now, if the charge Q on the capacitor is changing with time, there is a current i= m

associated with it, so we have
do, _dQ_1dQ
dt dte, g, dt

S Gl it

This term is the current due to changing electric field and is called displacement
current. Thus, the Ampere’s Circuital law is modified to give

dd
CfB'dl:Hoic +“080d_tE
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10.Given:
[=2.7A

n=9x10*® m?
e=1.6x10"" C
A=2.5x10" m?

The drift speed is given as
[ 2.7

T heA (9><1028)(1.6><10’19)(2.5><10’7)

v =7.5x10"* m/s

11.The terminal voltage across a cell is given as
V=E-Ir
Here, E is the e.m.f. of the cell and r is its internal resistance.
The above equation is of the formy =mx+cwherey=V, m=-r,x=Iandc=E

Hence, the graph of V vs I will be as shown below.

E
Slope=-r ———

(6]
—
I

From the graph, it is clear that the y-intercept, that is, the intercept on V-axis gives the
value of e.m.f. (E) of the cell.
Also, the negative of slope of the graph gives the internal resistance (r) of the cell.

12.The capacitance of two capacitors is same, i.e. C.
The voltage across charged capacitor is V1 = V and that across uncharged capacitor is V>
=0.

Thus, the initial energy stored in the capacitor is
1 1
U, ==C,V} ==CV®
2 2
When the charged capacitor is connected across the uncharged capacitor, the two
capacitors form a parallel combination.

Thus, the resultant gypegigance ks tibhBank Software
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The initial charge on the capacitor is q = CV
The final potential across the combination will be

V,=q1+q2_i=CV=V

c' 2C 2C 2
Hence, the final energy in the combination of capacitors is

2 2 2
U2=1C'V'Z=1(2c) VY _2cv'_1cv
2 2 2 8 2 2

Thus, the ratio of energy stored in the combined system to that in the initial single
capacitor is given as

1CV?
U_22 1
U, ECVZ 2
2

13.The Rutherford model of atom considers the atom as an electrically neutral sphere
consisting of a very small, massive and positively charged nucleus at the centre
surrounded by the revolving electrons in their respective dynamically stable orbits.

The electrostatic force of attraction Fe between the revolving electrons and the nucleus
provides the centripetal force F. to keep them in stable orbits.

F =F
mv: 1 €’
r 4mg,r’
eZ
S r=—-
4ne,mv

The kinetic energy and electrostatic potential energy of the electron in hydrogen atom
are

2
Kzlmv =
8me,r
U ©
dme,r

Thus, the total energy E of the electron in a hydrogen atom is

2 2
e e
E=K+U= -
8ne,r  4mer
8me,r

The total energy is negative.
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The significance of this negative energy is that the electron is bound to the nucleus. If it
is positive, then the electron will not follow a closed orbit around the nucleus.
OR

To find the expression of radius, Bohr’s second postulate is used.
The expression of angular momentum is

L=mvr
Bohr’s second postulate of quantisation says electron revolves only in those orbits for
which the angular momentum is integral multiple of h/2m.

_nh
2T
Thus, for electron in nth orbit
L=mv r = ph (1)
2T

The relation between velocity and radius for electron in n*" orbit is
e
V =——= (2)
4me,mr,

From equations (1) and (2), we get

e
vV, = -
\/4n80m &
2nmv
2 eZVn
V= 7
4n80n( An)
e’ 1

Substituting (3) in (1), we get

. :(“_ZJ[LJ ime, 4)
m )\ 2w e

This gives the radius of electron in the nth orbit
From equation (4), the radius of innermost orbit n = 1 is found as
2
_ h%,
nme’

This is called the Bohr radius and is denoted as ao.

n

14.
(i) Field lines around a paramagnetic substance
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Paramagnetic substances are those which get weakly magnetised when placed in an
external magnetic field. They have a tendency to move from a region of weak magnetic
field to strong field, that is, they get attracted to a magnet. Hence, when placed in
magnetic field, the field lines get concentrated inside the material.

(ii) Field lines around a diamagnetic substance

I

>
P>

>
>

v

Diamagnetic substances are the ones in which resultant magnetic moment of an atom is
zero. When magnetic field is applied, those electrons having orbital magnetic moment
in the same direction slow down and those in the opposite direction speed up. This

happens due to induced current in accordance with Lenz’s law. Thus, the substance
develops a net magnetic moment in direction opposite to that of the applied field and
hence repulsion is seen.

15.Principle: A junction diode offers a low resistance to current in one direction and a high
resistance in the other direction. Thus, the diode acts as a rectifier.

Half-wave rectifier:
When the diode rectifies only half cycles of the AC wave, it is called half-wave rectifier.

Transformer A X
; N $ AN I ® ’1[
Primary | 1
] Secondary !
l .
| I
® : H : SR,
| I
I |
| I
4 I
L i °
B Y

The figure shows the arrangement for using diode as half-wave rectifier. The
alternating input signal is fed to the primary of a transformer. The output signal
appears across the load resistance R;.

When the voltage at A is positive, diode is forward biased and it conducts. When voltage
at A is negative, diode is reverse biased and it does not conduct.

During the positive half of the input signal, the diode is forward biased. The flow of
current in the load resistance Ry is from X to Y.

During the negative half of the input signal the diode is reverse biased. The current does
not flow through the load resistance.
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ql:

The transistor will work as an amplifier if its operating point is somewhere in the
middle of active region.

18.
(i) Receiver: A receiver extracts the desired message signals from the received signals
at the channel output.
(ii) Demodulator: A demodulator retrieves information from the carrier wave at the
receiver.

19.
The ray diagram for the image formed by the combination of lens and mirror is shown
below.

A
v

> <
40cm 15cm 25cm
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For the convex lens, we have
ui1=-40cmandf=+20cm
Hence, using lens formula we get

1 1.1
v u f
1 1 1
4
v f u
1 1 1
v 20 40
1 1

v 40
v=+40 cm

If only the lens was present, then the image would have formed at Q1. But, now this image
acts as a virtual object for the convex mirror such that
0’Q1 = distance of virtual object from convex mirror=0Q1 - 00" =40 - 15=25cm

Hence, for the convex mirror
uz=+25cmand R=+ 20 cm
Using mirror formula, we get

1 1 2
4=z
v u R
1 2 1
v R u
1 2 1
v 20 20
1 1

v 20

v=+20 cm

Hence, the final image is formed at Q which is 20 cm behind the mirror.

20.
The de Broglie wavelength of the electron,

h  1.227
\m— ﬁ nm
Given:
V=50kV=50x10°V
1.227

—=—nm
\/50 x 10°

=2A=55 x 10" nm
A (yellow light) =5.9 x 107 m

A=

= A=
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Resolving Power (RP) is inversely proportional to wavelength.
Thus, RP of an electron microscope is about 105 times that of an optical microscope. In
practice, differences in other (geometrical) factors can change this comparison somewhat.

21.
Insulator Conductor Semiconductor
Energy band gap Egis In conductors, conduction | Energy band gap Eghas
very large. (Eg> 3 eV) band and valance band finite but small value. (Eq <
are partially filled or 3eV)
overlap each other.
Electrical conduction is Conductors have low Resistance of
not possible as there are | resistance or high semiconductors is not as
no electrons in the conductivity. high as that of the
conduction band. insulators.
22,

Basic modes of communication:

There are two basic modes of communication:
(i) Point - to - point
(ii) Broadcast

Amplitude modulation:

In amplitude modulation, the amplitude of the modulated signal is varied in accordance
with the amplitude of the modulating signal so that the frequency of the modulated wave is
equal to the frequency of the carrier waves.

R

1

m(t)0 /\/\/\/ ®)

-1
0

o [D=P==q

0

Diagram:
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23.

(a) Resistance of a wire is inversely proportional to the cross sectional area of the wire.
If the copper strips are not thick, then their resistances have to be included in the
respective ratio arms. Therefore, copper strips are made thick so that their resistances
can be safely ignored.

(b) The percentage error in R is given as,

R=S d
1001,
The percentage error in R can be minimised by adjusting the balance point near the
middle of the bridge. i.e., when 1 is close to 50 cm

(c) Meter bridge wire is made of an alloy such as manganin. It is because; an alloy has high
resistivity and a low value of temperature coefficient of resistance.
OR
The sliding contact is in the middle of the potentiometer. So, only half of its resistance Ro/2
will be between the points A and B.
Hence, the total resistance between A and B say R; will be given as
1 1 1 _R,+2R

=—+4 =
R, R R,/2 R,R

R,R
== (1)
R,+2R
The total resistance between A and C will be the sum of resistance between A and B and B
and C, i.e.,, R1 + Ro/2.
Therefore, the current flowing through the potentiometer will be
[— \Y% 2V

R,+R,/2 2R, +R,

The voltage Vi taken from the potentiometer will thus be given as
2V

V=IR=—"""R, . 2
! ' 2R, +R, (2)

Substituting (1) in (2), we get

v - 2V ._RR
2[ R,R }rRO R, +2R
R, +2R
2VR
“2R+R, +2R
2VR
"R, +4R
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24.
(a) Aarti showed presence of mind, awareness, critical thinking, decision making,
persuasive power and caring nature towards her sister.
(b) Doctors diagnose brain tumour by MRI or CT scans. These techniques involve taking
pictures of the brain. Sometimes a special dye made of a radioisotope is injected into
the vein of the brain. This dye highlights the various tissues of the brain enabling the
doctors to visualise the scan in a better way and helps them in the detection of brain
tumour.

25.
(a) Consider the rod moving in the presence of magnetic field as shown below.

X X: % %X X X ¥ ¥ ® ¥\X %
S ¥
X x x x x x x x %X xMPx
X X % X X X X ¥ X« X
X x x x xB x@xuR “X8 x gl ¥
Ve—a— /i 1
X x x x MENRERE x W Ml X
[
X IR v X
xplt % X x TR x Qx
X xR (R X <X X
l¢ q
r X 'l

The rod PQ is moved towards left with constant velocity v. We assume that there is no loss
of energy due to friction.

PQRS forms a closed circuit enclosing an area that changes as PQ moves.

It is placed in a uniform magnetic field B which is acting downwards and perpendicular to
the plane of the system.

If the length PQ =1 and RS = x, the magnetic flux enclosed by the loop PQRS will be

@, =Blx
Since, x is changing with time the rate of change of flux will induce an e.m.f. as given by
€ __ 4%, =—ile=—Bl% =Blv
dt dt dt

dx o : . N
Here, m =—v. The negative sign indicates that x is decreasing with time.

This is the expression of the induced e.m.f. which is also called the motional e.m.f.

(b) This motional e.m.f. can be explained by invoking Lorentz force acting on the free
charge carriers of conductor.

Consider any arbitrary charge q in the conductor PQ. When the rod moves with speed v, the
charge also moves with speed v in the magnetic field B.

The Lorentz force on tlv% is G‘iPéBfPBW‘Bﬁﬁ W(}W&?té)n is towards Q.
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The work done in moving the charge from P to Q will be
W =qvBI
Now, e.m.f. is the work done per unit charge. Hence, we have

8=K:Blv

q
This is the equation of motional e.m.f.

26.
(a)
p. Ordinary light
R Plane polarised light
Unpolarised light \ ¢
(b)

Theincident light is unpolarised.
The intensity of light, on being transmitted through the first polaroid is;

I, =I,cos’®

I
=1, =L cos’0= L
2 2

If Bis the angle between the transmission planes of the two polaroids,

then the intensity I' of light on passing through the second polaroid is given by
I'=1, cos’®

The polaroid P, is kept in between P, and P,.

Hence, the intensity of light transmitted through P, is;

I, =1,cos’0

I, _L and 0=60°
2

I I 2
=1, =2cos’60°= 2 x 1L
2 2 8
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The angle between the transmission planes P, and P, is 30°.
=1, =1,cos’0

I, L and0=30°
8

2
=1, =I§OCOSZ30°=I_O){£J -2

8 | 2 32°

27.For an AC circuit, average power is calculated by defining the instantaneous power of
the circuit.

The instantaneous power of an AC circuit is defined as the product of the instantaneous

e,m.f and instantaneous current in it.

A Voltage V = Vp sin wt applied to a series LCR circuit drives a current in the circuit given by
i =ipsin (wt + ¢).

V X.-X
io=7° and ¢=tan”’ (%J

Where, ¢ is the phase angle by which current leads the e.m.f. in an AC circuit. Vo and ip are
the peak values of e.m.f. and current respectively. Xi, is the inductive reactance, X¢ is the
capacitive reactance and Z is the total resistance of the circuit.

The instantaneous power p supplied by source is

p=Vi
p= (Vosinoot) x [iosin(wt + ¢)]

Vozig I:Cos¢-cos(20)t+¢)] ......... (D

p:

The average power over a cycle is given by the average of the two terms in equation (1).
The second term cos (2wt + ¢) is time-independent. Its average is zero as the positive half
of the cosine cancels the negative half.
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:>p:MCOS¢:£I—OCOS(I)

2 22
=p=VIcos¢ (2)
=p=IZcos¢p (3)

Equation (3) is the required expression for average power dissipated over a cycle.
Average power dissipated depends on voltage, current and the cosine of the phase angle ¢.

(i) When cos ¢ = 0, no power is dissipated even though a current is flowing in the circuit.
For purely inductive and capacitive circuit, the phase difference between current and
voltage is /2. Therefore, cos ¢ = 0

This current is called as wattles current.

(ii) If the circuit contains only pure R, it is called purely resistive circuit.
Inthatcase g =0,cosp=1
= p=I°Z =Maximum dissipated power

28.
(a)
Consider two coherent sources of light S; and S; are placed at a distance d apart. Distance
between screen and the plane of the two sources is D. The spherical waves coming from S1

and S; produces interference fringes on the screen GG’ as shown in the figure below.
G

Let P be an arbitrary point on the line GG’
The path difference between the light waves reaching at point P from the sources S;and Sz
is;
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S,P-SP=nk; n=0,1,2,3um o (1)
2 2
(S,P)’ -(S,P)* =| D +(x+gj - | D*+ xg]
2 2
=2xd
WhereS S, = d and OP=x
sp.sp=—2xd 2)
S,P+S,P

In practice, the point P lies very close to the centre of screen O.
Therefore,S,P~S P~D  (Ifx,d<<D)

Hence, negligible error will be introduced if S,P+S,P is replaced by 2D.
From (2),
xd
S,P-S,P~ T 3)
Hence, Condition for constructive interference resulting in a bright region is;

X=X =% ; n=0,£1,£2,............

n

Condition for destructive interference resulting in a dark region is;
X=X, :[n+1j}\—D; n=0,x1,%2, ...
2)d
The dark and bright bands appearing on the screen are called fringes. Dark and bright

fringes are equally spaced and the distance between two consecutive bright and dark
fringes is given by,

B:Xn+1-xn

AD
Oor=— 4
B 3 (4)

Equation (4) is the required expression for the fringe width.

b
(W)hen two light waves of amplitudes a, and a, differing in phase by
¢ interfere, the intensity of the resultant light is given by,
I=a+a,’+2a,a, cos @
The intensity of light will be maximum, when ¢ =0
I =a’+a,’+2a,a, cos 0
=a,’+a,’+2a,a,x1

I —(a1+a2)2

max
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The intensity of light will be minimum, when ¢ =1t
I =a’+a,’+2a,a, cos
=a,’+a, +2a,a,%(-1)
Iminz(al- 4 )2

Hence,

Imi:—(aﬁaz)

—_
o)
s
1
[o5)
[\

—_
a5}
iy
+
o5}
[\
—_ |~ ~—

QD ~
<5}
s
+
[«5)
[\S}

U

|5

It
o

o5}
N

Slit width w a a*

w,_a’°_16

2
w, a, 1

w,:w,=16:1

OR

(a)

To point P

Consider that a monochromatic source of light S, emitting light waves of wavelength A. As
shown in figure, a parallel beam of light is falling normally on a single slit LN of width a. M
is midpoint of the slit.

The diffraction pattern is obtained on a screen lying at a distance D from the slit.
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The path difference between the two edges of the slit is given as,
Path difference = NP - LN

=NQ

=asin 0

~ab (+0Oisverysmall)

It is observed that, the diffraction pattern has a central maximum at C flanked by a number
of dark and light fringes called secondary maxima and minima on either side of the point C.

Intensity has a central maximum at 6 = 0.
The angle 6 is zero at the central point C on the screen. At C all the path differences are zero
and hence all the parts of the slit contribute in phase.

Consider the angle 6 for which the path difference a@ is A.
0~ A (1)
a
Now, divide the slit into two equal halves LM and MN each of size a/2.

For every point M1in LM, there is a point M2 in MN such that M; Mz = a/2.

The path difference between M; and Mz at P
= M3P - M{P
ab
2
A

2
This means that the contributions from M; and Mz are 180° out of phase. Hence,
contributions from the two halves of the slit LM and MN cancel each other and the intensity
falls to zero for that particular chosen angle.

. : L nA : :
Similarly, the intensity is zero for® * —, with n being any integer except zero.
a

Now, consider an angle 0 = 2—)\ which is midway between two of the dark fringes. Divide
a
the slit into three equal parts. If we take the first two thirds of the slit, the path difference
between the two ends would be,
2 2a 3A
a X

The first two - thirds of the slit can therefore be divided into two halves which have a %

path difference.

The contributions of these two halves cancel each other. Only the remaining one - third of
the slit contributes to the intensity at a point between the two minima which will be much
weaker than the central maxima.
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1
Similarly, it can be shown that there are maxima at 6~ (n + —j&

a

The intensity of the secondary maxima goes on decreasing with the order of maxima.

Condition for secondary minima:
o~ . n=:1,+2:3..
a
Condition for secondary maxima:

ez(mlj&; n=+1,+2,%3,..
2)a

(b)
Distance between the nth secondary maximum from the center of the screen is given as,
( 1) DA _(2n+1)DA
N R e
2) a 2a
For the first maxima,
y, =228 (vn=1)
2a
Given,
A, =590 nm = 5900 x 10" m
A, =596 nm =5960 x 10" m
D=15m
a=2x10°m
y,(A, =590 nm)
_ 3DA,
© 2a
_3x1.5x5900x10"
© 2x2x10°
=0.6637 m
y,(A, =596 nm)
_3DA,
~ 2a
_3x1.5%x5960x10"°
© 2x2x10°
=0.6705m
Hence, separation between the positions of first maxima of the diffraction pattern obtained
in the two wavelengths is
=0.6705 - 0.6637
=0.0068 m
= 6.8 mm

QB365 - Question Bank Software




QB365 - Question Bank Software

(a) Consider a particle of charge q and mass m revolving in a circular path in the
presence of magnetic field of strength B.

The radius of the path is r and its speed of revolution is v.

Now, the centripetal force necessary for circular motion is provided by the Lorentz
force on charge q due to B.

F =F
2
mv” _ qvB
r
mv
S r=——o
gB

Now, the time required to traverse the entire circle is

T= 2n _ 2m _ 2mr

== V— =
) % \4
p_2n mv _2mm
v gqB ¢gB

Thus, the frequency of revolution of the charged particle is

T 2mm
Hence, from the above expression, we can see that the frequency of revolution of a
charged particle in a magnetic field is independent of velocity or energy of the charged

particle.

(b) The schematic diagram of a cyclotron is shown below.

Magnetic field

G tlhe i Deﬂec.tion plate

Exit port

» Charged particle

D, Oscillator D,

Construction:

A cyclotron consists of two D-shaped semicircular hollow metallic chambers called
‘dees’. The two dees are placed horizontally with a small gap separating them. The two
dees are connected to a source of high frequency electric field. The whole apparatus is
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placed between two poles of a strong electromagnet with the field perpendicular to the
plane of the dees.

Consider a positive ion produced at the centre of the gap at the time when dee D1 is at
positive potential and dee D> is at negative potential. The positive ion moves from dee
D1 to Da.

As the magnetic field acts normally to the motion of positive ion, the ion experiences
force. The force on the positive ion due to magnetic field provides the centripetal force
to the ion and it deflects along a circular path.

After moving along the semicircular path inside D, the ion reaches the gap. At this stage
the polarity of the dees reverses due to alternating electric field. The positive ion gains
energy as it is attracted towards Di. After traversing the path along D1, the ion again
reaches the gap and gets attracted by D> as the polarity is reversed again. Hence, the ion
gains energy again. This process repeats and at each stage the particle is accelerated.

OR
(a)

Moving coil galvanometer
Principle: A current carrying coil suspended in a magnetic field experiences a torque.

— Torsion Head

N
—1— suspension wire
) (P TS
e |1|E| VIR ¢ Radial Field

B Cc )]
éi— Hair Spring A D
y e — e i
i I i #?:_ﬁ. B
() l 5 fdj"
Br,ffr’"
)

Working: When current is passed say long ABCD, the couple acts on it. AB experiences
outward force and CD, the inward force in accordance with Fleming’s left hand rule.
Since the plane remains always parallel to the magnetic field in all position of the coil
(radial field), the forced on the vertical arms always remains perpendicular to the plane
of the coil.

Let I = the current flowing through coil.

B = magnetic field supposed to be uniform and always parallel to the coil.

[ = length of the coil

b = breadth of the coil

N = no. of turns in the coil
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Deflecting torque acting on the coil is
v = NIBIbsin90° = NIBIb x1 = NIBA
where A = Ib = area of the coil.

Due to deflecting torque, the coil rotates and suspension wire gets twisted. A restoring
torque is set up in the suspension wire. If ¢ is angle through which the coil rotates and k
is the restoring torque per unit angular twist (torsional constant), then Restoring
torque, T = ko
In equilibrium,

Defecting torque = Restoring torque

NIBA =k ¢
or, I= [L]O = Gh
NBA

Where G = k/NBA, is the galvanometer constant.
ST
This provides a linear scale for the galvanometer.

(b) (i) To produce radial magnetic field, pole pieces of a permanent magnet are made
cylindrical and a soft iron core is placed between them. The soft iron core helps in

making the field radial and reduces energy losses due to eddy currents.

(ii) The voltage sensitivity as deflection per unit voltage is given as

¢ ([NAB|1
v [T]E
The current sensitivity is given as
¢ NAB
1 k
When we double the number of turns, N — 2N, then we get
Qo0

I I

Thus, the current sensitivity doubles. However the resistance of the galvanometer
also doubles as resistance is directly proportional to length. So the voltage
sensitivity remains unchanged

O _(2NABY 1) ¢
\Y k 2R \Y

Hence, increasing the current sensitivity does not increase the voltage sensitivity.
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PP A—

Electric motor—

§+ + +
(=

Principle:
1) The charge always resides on the outer surface of hollow conductor.
2) The electric discharge in air or gas takes place readily at the pointed ends of the
conductors.
Construction:
It consists of a large hollow metallic sphere S mounted on two insulating columns and
an endless belt made up of rubber which is running over two pulleys P1 and P2 with the
help of an electric motor.
B1 and B; are two sharp metallic brushes. The lower brush B is given a positive
potential by high tension battery and is called a spray brush, while the upper brush B is
connected to the inner part of the sphere S.
Working:
When brush B is given a high positive potential then it produces ions due to the action
of sharp points. Thus, the positive ions so produced get sprayed on the belt due to
repulsion between positive ions and the positive charge on brush Bi. Then it is carried
upward by the moving belt.
The pointed end of B: just touches the belt, collects the positive charge and makes it
move to the outer surface of the sphere S. This process continues and the potential of
the shell rises to several million volts.
Uses:
(1) It can be used to separate different charges.
(2) It can be used to accelerate particles like protons, a particles, etc. to high speeds and
energies.
Limitations:
(1) It cannot be used to generate potential more than 7 million volts.
(2) There is only one sided movement available for the charges due to series
connection.
OR
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(a) Consider an electric dipole placed in uniform electric field E. The axis of dipole
makes an angle 6 with the direction electric field.

f+q ‘ E - ——) \..+q_E’
21f 5 > Uniform electric field

—_

E

[~
™
\ A /

P e/ ___ T, >
o <-4 --- 0y L

The force acting on charge +q at B is +q]§ in the direction of E-and the force acting on

charge -qatAis —qE in the direction opposite to E.

These two equal, opposite and parallel non-collinear forces separated by perpendicular
distance BP acting on the electric dipole forms a couple.
The torque on the dipole is given as
T=Magnitude of force x perpendicular distance between two parallel forces
=qExBP
=qEx2lsin®
=pEsin0 p=qx2l
Thus, in vector form, we have

T=pxE

(b) (i) Let @1 and @1 be the electric flux through the spheres S1and Sz respectively.
Then,

o =22 1)
80
o, -2Q+4Q_6Q 2)
80 80

From (1) and (2), we get the ratio of the electric flux passing through the spheres S;and

S;as
2Q
o L&) 2
®, 6Q 6
80
D, :D,=2:6
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(ii) Let E be the electric field intensity on the surface of the sphere S1 due to the charge
2Q present inside the sphere. Then, according to Gauss’ theorem, we have

®1=<}5E-d§=i—Q
0

On introducing a medium of dielectric constant €, inside the sphere S1, suppose that

electric field becomesE'. Then, we have

p-b
e

r

The electric flux through the sphere is now ®1’, then we have
2Q

81'80

= 1= -
O, '=QE"ds=¢—E-ds=
/=Ji-ds=g.
Thus if a medium of dielectric constant &; is introduced in the space Si instead of air

2Q

the electric flux through the sphere S1 becomes —.
8r80
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