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SET I

Maximum marks : 70

Physics 2016 (Outside Delhi)

Time allowed : 3 hours

SECTION — A

4. Why does sun appear red at sunrise and sunset?

A charge ‘g’ is moved from a point A above
a dipole of dipole moment ‘p’ to a point B
below the dipole in equatorial plane without
acceleration. Find the work done in the process.

[1]

B

Answer: Work done, W=g(V;-V, ) =gx0=0
In what way is the behaviour of a diamagnetic
material different from that of a paramagnetic,
when kept in an external magnetic field ?  [1]
Answer: The magnetic field lines pass through the
paramagnetic material while the magnetic field
lines move away from the diamagnetic material.
or paramagnetic material get aligned along B and
dianegnetic aligied perpendicular to B.

Name the essential components of a communica-
tion system. (1l
Answer : The essential components are :
Transmitter, communication channel and receiveﬁ.
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[1]
Answer : Sun appears red at sunrise and sunset
due to the least scatiering of red light as it has the
longest wavelength.
The plot of the variation of potential difference
across a combination of three identical cells in
series, versus current is shown below. What is
the emf and internal resistance of each cell ?

[1]
A

6V

V4

A 4

0 1A 1

Answer:
We know that,
V = E-Ir
Where E is the e.m.f. and 7 is the total internal
resistance.

When I = OI
Total emf = Terminal voltage
3E=6V

emf. of eachcell E=2V
of cell l%o OTP No Login No Adversitement
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When =0

=1Ir

<
1

TotalEm.f 6
— =7 =60
As the cells are connected in series. So, the internal

resistance of each celi = 2Q.

r =

SECTION—B

Define modulation index. Why is it kept low ?
What is the role of a bandpass filter 2** [2]

A ray PQ incident normally on the refracting

face BA is refracted in the prism BAC made of

material of refractive index 1.5. Complete the

path of ray through the prism. From which face

will the ray emerge ? Justify your answer.
A

[2]

B
Answer:
We know that,
1
= sinC

Where, n = Refractive index

C = Critical angle.
So, sinC = 1/r=1/1.5=10.667

sin C = sin41°49’

C = 41°49

C > 30°
Angle on face AC. which as greater than incident

A

B
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Thus, the light ray PQ will emerge out from face
AC. ‘ .
Calculate the de-Broglie wavelength of the
electron orbitting in the # = 2 stage of hydrogen
atom. [2]
Answer : The velocity of an orbitting electron,

Zc
U = 137n
Where, ¢ = Speed of light in vacuum.
1x3x108
oot 6
So, 7] 137 x2 1.09 x 10° m/s.

The de-Broglie wavelength, A = h/mv
Where h is Planck’s constant = 6.6 x 1073 Js
and mass of electron = 9.1 x 107 kg
So, A = 6.6x107%%/(9.1 x 101 x 1.09 x 10)
= 6.65x 107 m™*
Define ionization energy.
How would the ionization energy change when
electron in hydrogen atom replaced by a particle
of mass 200 times that of the electron but having
the same charge? [21
OR
Calculate the shortest wavelength of the spectral
lines emitted in Balmer series. [Given Rydberg
constant, R= 107 m™]
Answer : Ionization energy is defined as the
amount of energy needed to remove the valence
electron of an isolated gaseous atom.
The ionization energy of hydrogen atom is
Eyy = m, w(d)
When mass of electron is replaced by a particle
having mass = 200 m,, then
Ej; o 200m, (i)
From (i) and (ii), we have
Ej;= 200E,;=200x (-13.6) =—2720eV

(o< By =— 13.6eV)
OR

For Balmer series, wavelength is given by :
1 _ R[1/22-1/n?

Where, n=3,4,5
For shortest wavelength, n = o

1 1
7 | —
4]

= 4 x 107 m.

A battery of emf 12 V and internal resistance
2 Q is'connected to a 4 Q resistor as shown in the

figure.- (21

(a) Show that a voltmeter when placed across the
cell and across the resistor, in turn, gives the
same reading.

(b) To record the voltage and the current in the

circuit, why is voltmeter placed in parallel
and ammeter in series in the circuit ?

So,

Il

- P =
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12V, 20

40

AN —
A

Answer : We know that,
(a) Effective resistance of the circuit Ry=6Q

LnI=—=—=2A
6

Terminal potential difference across the cell
can be calculated as,
V=E-Ir=12-2%x2=12-4=8V
Also, Potential difference across 49 resistor
can be calculated as
" V=IR=2x4=8V.
So, a voltmeter when placed across the cell and
across the resistor, gives the same reading.
{b) An ammeter is connected in series because
it has very low resistance. So, when, an
amrneter is connected in series, then there
is not much increase in the resistance of the
circuit and hence the current through the
circuit unchanged.
A voltmeter is connected in parallel because
it has very high resistance. So, it draws a very
small current from the circuit.

SECTION—C

11. Define an equipotential surface. Draw equipo-

tential surfaces : [3]

() in the case of a single point charge and

(ii) in a constant electric field in Z-direction.
Why the equipotential surfaces about a
single charge are not equidistant ?

(iii) Can electric field exist tangential to an

‘equipotential surface ? Give reason.
Answer : An equipotential surface is the surface
which has same potential at its every point.

(D)
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(i)
A

/

4 Al
AlA A A

The electric field due to single charge is not
constant, this is the reason why the
equipotential surfaces about a single charge
are not equidistant and potential vary

1
inversely with radius i.e,, V x ~

. (iii) No, electric field cannot exist !c'angential to

an equipotential surface. If it happen then a
charged particle will experience a force along
the tangential line and can move along it. As
a charged particle can move only due to the
potential difference i.e., along the direction
of charge of potential, this contradicts the
concept of an equipotential surface.

. (i} State law of Malus.

(ii) Draw a graph showing the variation of
intensity (I) of polarised light transmitted
by an analyser with angle (0) between

polariser and analyser.
(iii) What is the value of refractive index of a
medium of polarising angle 60°? [3]

Answer : (i) Malus discovered that when a
beam of completely plane polarized light is
passed through the analyser, the intensity ‘I’ of
transmitted light changes directly as the square of
the cosine of the angle 6 between the transmission
directions of polarizer and analyzer.

This is known as the law of Malus.
I < cos?8
or I = I,cos*8

Where, 1 is the maximum intensity of the
transmitted light.
No OTP No Login No Adversitement
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A
100

50+

Variation of intensity (I)

T | >
500° 1000°
Angle (0) between polariser and analyser

(iii) From the Brewster’s law of polarization :
n = tan Y
tan 60°
J3
1.7320
Thus, the refractive index of the material is 1.73.

il

I

Il

13. Sketchthe graphs showing variation of stopping

potential with frequency of incident radiations
for two photosensitive materials A and B having
threshold frequencies v, > vg. [3]
(i) Inwhich case is the stopping potential more
and why ?

(ii) Does the slope of the graph depend on the

nature of the material used ? Explain.

Answer:

A
Stopping Metal B Metal
Potential etal B Metal A
(Vo)
VB VA
0 . 7 >
7 ,f' Frequency of Incident
L Radiation (v)
II
I
[
’I
s
(i) We know that,
P
Vo= — (v—V,
0 e ( ‘0)

For the same value of v, stopping potential
is more for which threshold frequency (v;) is
less.
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Therefore, threshold frequency for metal B is
less than the threshold frequency for metal A.
Hence, stopping potential is more for metal B.

(i) No, the slope of the graph tells us the value of
h/e which is same for both the materials. So, it
does not depend on the nature of the materials.

(a) Write the basic nuclear process involved in

the emission of B* in a symbolic form, by a
radioactive nucleus.

(b) In the reactions given below :

M C— yBTX+v
(i) 2C+ ZC— %Ne+ jHe

Find the value of x, y, zand 4, b, c. [3]
Answer : (a) In ff*-decay, the atomic number 1
the radioactive nucleus decreases by one and its
mass number remains same. In this process, a
positron (¢*) and a new particle neutrino (v) are
emitted from the nucleus.

Generally, X — z 3Y +e* + v

k) () 3C— §B+x+v

%IC—a §1B+[1’ﬁ + Vv
The corresponding y and z are 5 and 11,
respectively. The x is the positron.

£ C+ g€ PNe+ jHe

= 2 C+ PCo 2Ne + 3He

(i)

The corresponding values of 4, b, care 10, 2
and 4, respectively.

. () Derive an expression for drift velocity o

free electrons. ‘
(ii) How does drift velocity of electrons in a
metallic conductor vary with increase in
temperature ? Explain. 131
Answer ; (i) Consider a conductor in which an
electric field E is produced. Let a free electron
experience a force (—¢E) in this electric field. So,
the acceleration of free electron is
a=F/m=—E/m

E

—) 5o

—

Iy

fal

Here, e = Charge on electron.
m = Mass of an electron.

()
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interval ¢, is,
v = uy+at;
For n free electrons, the fmal velocities be v,,
Ugoor T,
So, the average velocity of the free electrons or
the drift velocity
([ +oy+ U3+ 1)
a- n
(uy +aty +uy +aty +...+u, +at,)

or ' U,=
4 n
[(1 +uy +...+uy)+(aty +aty +..+at,)]
or uv;=
n
[( +1p +.tuy)+ally + 1+ + 1y,)]
or o=
n
{ug +up +.+u
But, 4y n) = average initial velocity

n
of free eléctrons = 0.
and (tl +t2 +...+tn)

n
between two consecutive collision = 1

where 7T is relaxation time.

= average time taken

So, v, = at
_)
or, v, = —¢E_ [ from (i)]
m
This is the required relation.

(ii) The drift velocity of free electrons in a
metallic conductor decreases with increase
in temperature. because, if we increase the
temperature of the metallic conductor the
collision between the electrons and ions
increases, which decreases relaxation time.
Hence, drift velocity decreases. '

(i) When an AC source is connected to an

ideal inductor show that the average power

supplied by the source over a complete cycle
is zero,

(ii) A lamp is connected in series with an
inductor and an AC source. What happens to
the brightness of the lamp when the key is
plugged in and an iron rod is inserted inside
the inductor ? Explain. [3]

L Lamp

T Y
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source over a complete cycle is
P, = E L0850

When the circuit contains an ideal inductor, then
the phase difference between the current and
voltage is 7/2.

So, § = m/2. S0, cos ¢ =cos 1/2=10.

Hence P = 0.

So, when an ac source is connected to an ideal

inductor, the average power supplied by the
source over a complete cycle is zero.

A

(ii) The brightness of the lamp will decrease.
When the key is plugged in and the iron rod
is inserted inside the inductor, it increases-
the inductance. Hence, the reactance of
the inductor (X; = wL) increases. So, the
impedance of the circuit (Z = R + joL)
increases, which decreases the current in the
circuit.

(i) Explain with the help of a diagram the

formation of depletion region and barrier

potential in a p-n junction. '

(ii) Draw the circuit diagram of a half wave
rectifier and explain its working, {31

Answer : (i) During the formation of p-n
junction, the holes diffuse from p-type
semiconductor to the n-type, and electrons
diffuse from n-type to p-type. This is because
of the concentration gradient across p-side and

n-side.
o Vg Electron
R el n |
o Y o OO[@®) 0o ©° o
.°°° CRSIORC) '°°°
o , [|0O@® o
o ° ©0e SRS ° o
o ) OO®E °°
-« |
: Depletion
Electron layer Hale

When a hole diffuse from p to # type, it leaves
an unmovable negative charge. Similarly,
when an electron diffuses from # to p type, it
leaves an unmovable positive charge. When
the diffusion of holes and electrons takes place
continuously across the junction, a layer of
unmovable positive and negative charges
are developed on either side of the junction.
This layer is called the depletion layer or the
depletion region and the potential difference
across the region is called barrier potential.
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p-n junction
© diode
T
o

A
Output volatge
YD)

<
<

Working : When an input ac voltage is applied
across the primary coil, a potential difference
is developed across the ends of the secondary
coil. Consider that in half cycle of input ac
signal, the end A acts as the +ve end and B acts
as the —ve end of the battery. So, the diode is
in forward bias and we get Oul-put across the
ends of the load resistance R, .

In the second half cycle, ends A and B reverse
in polarity. Now, A acts as the —ve end and
B acts as the +ve'end. So, the diode D is in
reverse bias and no output is obtained due to
the high resistance offered by the diode.

q\

a.c. input L L~ }/“\i
voltage | - :\*/E ! :tlme}_>

I H 1 [ I

3 H 1 ¥ 1

i P : l

4 i i i j |

deooutput o~ b~ LN

voltage | ' { i it

time

So, in this process, we get output alternately,
and hence the diode is called the half wave
rectifier.

Which mode of propagation is used by short
wave broadcast service having frequency
range from a few MHz upto 30 MHz ?
Explain diagrammatically how long distance
communication can be achieved, by this
mode.**
(ii) Why is there an upper limit to frequency of
waves used in this mode 2** [31
19. (i) Identify the part of the electromagnetic
spectrum which is :
(@) suitable for radarsystem used in aircraft
navigation,
(b) produced by bombarding a metal target
~ by high speed electron.
(ii) Why does a galvanometer show a momentary
deflection at the time of charging or
discharging a capacitor ? Write the necessary
expression to explain this observation. [3]

18. (i)

“*Answers is not given due to change in the present syllabus.
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2L

(ii) During the charging and discharging of a
capacitor, a flow of charges take place from
the battery to the plates of the capacitor. This
produces a conduction current in the circuit
and a displacement current between plates.
Hence the galvanometer shows a momentary
deflection.

[Budl = pgl +1,
_ goddg
Where L= T

For a CE-transistor amplifier, the audio signal
voltage across the collector resistance of 2 k
is 2 V. Suppose the current amplification factor
of the transistor is 100, find the input signal
voltage and base current, if the base resistance

is 1 kQ.** (3]

Define the term wave front. State Huygen’s

principle.

Consider a plane wave front incident on a thin

convex lens. Draw a proper diagram to show

how the incident wave front traverses through
the lens and after refraction focusses on the
focal point of the lens, giving the shape of the

emergent wave front. [3]

. OR

Explain the following, giving reasons :

(i) When monochromatic light is incident on a
surface separating two media, the reflected
and refracted light both have the same
frequency as the incident frequency.

(ii) When light travels from a rarer to a denser
medium, the speed decreases., Does this
decrease in speed imply a reduction in the
energy carried by the wave ?

(iii) In the wave picture of light, intensity of light
is determined by the square of the amplitude
of the wave. What determines the intensity
in the photon picture of light ?

Answer : Wave front : A wave front is the locus

of all the points in space that reach a particular

distance by a propagating wave in same phase at
any instant. '

Huygen’s principle : It is based on two assump-

tions : .

(a) Each point of the wavefront behaves like
a source of secondary disturbances and
secondary wavelets from there points spread
out.in all directions with the same speed as
that of the original wave front.

(b) When we draw an envelope in the forward
direction of the secondary disturbances at
any instant, And this envelope tells the new
position of the wavefront at that instant.
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Wavelength in glass A P uof’x [dixr|
Wavelength in air A = x%n. 3
where, r? = x>+ R?
Jdlxr| = vdl

v

<. Focus

Wavelength in air A

OR

(i) Both the reflection and refraction takes place
due to the interaction of light with the atoms
at the surface of the separation. Light incident
on these atoms, force them to vibrate with
the frequency of light. But, the light emitted
by these charged atoms is equal to their own
frequency of oscillation. So, both the reflected
and refracted lights have same frequency.
hence frequency remains changed.

(ii) The energy carried by a wave depends on the
amplitude of the wave. It does not depend on
the speed of the wave propagation. Hence the
energy of the wave remains same and does not
decrease.

(iii)The intensity of light is determined by the
number of photons incident per unit area
around the point at which intensity is to be
determined. ‘

. Use Biot-Savart law to derive the expression

for the magnetic field on the axis of a current

carrying circular loop of radius R.

Draw the magnetic field lines due to a circular

wire carrying current L [31

Answer : Imagine a circular coil of radius R with

centre O. Let the current flowing through the

circular loop be I. Suppose P is any point on the
axis at a distance of r from the centre O. Let the
circular coil be made up of a large number of small

elements of current, each having a length of dl.

Aécording to Biot-Savart’s faw, the magnetic field
at Point P will be

www.cbsepdf.com 7

[ - Both are perpendicular]
Here, 7 is the position vector of point O from the
current element.

So, dB = 4nx—72
Mo, Ldi
= X
B = dn (2 +R?)

dB has two components i.., dB, and dB,. dB, is
cancelled out and only the x— component femains.

de = dBcos

R

st = JErr

dB. = }lgldl R
x Ax '(x2+R2)3/2

But, Idl = 27R
. onRXZTER
S0, B = 2 +R%1

For n turns in the circular loop,

___wnR? -
T 2(x?2+R%)P?

SECTION—D dBy

. Ram is a student of class X in a village school.

His uncle gifted him a bicycle with a dynamo
fitted in it. He was very excited to get it. While
cycling during night, he could light the bulb and
see the objects on the road. He, however, did
not know how this device works. He asked this
question to his teacher. The teacher considered
it an opportunity to explain the working to the
whole class.

Answer the following questions : [4]
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(a) State the principle and working of a dynamo.
(b) Write two values each displayed by Ram and
his school teacher. **

Answer: (a) A dynamo works on the principle of
electro-magnetic induction.

A dynamo includes a coil attached to a small

turbine fitted with a plastic cap.

The coil is placed in a magnetic field. When the
plastic cap comes in contact with moving tyres of
the bicycle, the coil placed between the poles of
a magnet rotates, thus, the flux through the coil
changes continuously. This induces a current in
the coil which is connected to a bulb which lights
up.

Aslong as the bicycle is moving, the coil keeps on
rotating, and hence, the flux keeps on changing. At
a steady rate, we get a steady current and hence
a light of steady intensity is obtained.

SECTION—E

24. (i) Draw alabelled diagram of a step-down trans
former. State the principle of its working.

(ii) Express the turns ratio in terms of voltages.

(ii)Find the ratio of primary and secondary
currents in terms of turns ratio in an ideal
transformer.

(iviHow much current is drawn by the primary
of a transformer connected to 220 V supply
when it delivers power to a 110 V— 550 W
refrigerator ?. [51

OR :

(a) Explain the meaning of the term mutual
inductance, Consider two concentric
circular coils, one of radius ; and the other
of radius r, (r, < r,) placed coaxially with
centres coinciding with each other. Obtain
the expression for the mutual inductance of
the arrangement.

(b) A rectangular coil of area A, having number
of turns N is rotated at “f revolutions per
second in a uniform magnetic field B, the
field being perpendicular to the coil. Prove
that the maximum emf induced in the coil is
2 nf NBA.

Answer : (i)

Secondary coil
(output)

**Answers is not given due fo change in the present syllabus.
www.cbsepdf.com
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Principle : A transformer works on the
principle of mutual induction. Whenever
the amount of magnetic flux linked with
a coil changes, an emf is induced in the
neighbouring coil.

Working : When an alternating current source
is connected to the ends of primary coil, the
current changes continuously in the primary
coil, due to which magnetic flux linked with
the secondary coil changes continuously.
Therefore, the alternating emf of same
frequency is developed across the secondary
terminals. According to Faraday’s laws the
e.m.f. induced in the primary coil,

A X
Ep = ~Np AL (i)
and emf induced in the secondary coil
A i
ES = —Ng Eq) ...(11)
From (i) and (ii)
BEs _Ns_g
—_— = eea 111
. Np (idi)
For step-down tansformer,.K <1,
y Eg <Ep

(ii) The induced emf in primary coil,

E, =~ Np (do/dt)

The induced emf in secondary coil,
Eg =—Ng (@¢/dt)
Eg/E, = Ng/Np=K
Where K is the turns ratio or the transformation
ratio.
(iii)If the transformer is ideal, then

Input electrical power = Qutput electrical
power

EPIP=ESIS
Es/Ep =1Ip/lg
Is Ep Np

(iv)Given, Power, P =550W
" Supply voltage, Vg = 220 V
Power = VP I

550 = 220 x 1,
= I, =5/2=25A
OR

(a) Mutual inductance : It is the property of a pair
of coils due to which an e.m.f. is induced in one
coil due to the change in the flux or current in
the other coil.
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Let a current I, flow through the outer circular

coil. The magnetic field at the centre of the coil
is

#ola

B, = 2 (i)

As the inner coil placed co-axially has very
small radius, therefore, B, may be taken as
constant over its cross-sectional area. Hence,
flux associated with inner coil is

¢, = 7rfB,

= qrzko2 Hola
2?2

Tt
- (T JI:
= ML,
#07“’12

2?‘2

[From (i}]

M, =

Tt
Now, M, = M,= 2
(b) Let N be the number of turns of the rectangular

coil and A be its cross-sectional area placed
in a magnetic field B, then, the magnetic flux
linked with the coil,

¢ = NBA cos 6
The induced emf,

e =—d¢/dt

6=t
=NBAsin6(2zf) | 46_ 2nf
dt

For maximum induced e.m.f.
sino =
NBA (2=mf)
25, (a) Denve the mathemahcal relation between
refractive indices »n, and », of two media
and radius of curvature R for refraction at a
convex spherical surface. Consider the object
tobe a point since lying on the principle axis
in rarer medlum of refractive index »n; and
a real image formed in the denser medium
of refractive index n,. Hence, derive Lens
Maker’s formula.

(b) Light from a point source in air falls on a
convex spherical glass surface of refractive
www.cbsepdf.com 9
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index 1.5 and radius of curvature 20 cm. The
distance of light source from the glass surface
is 100 cm. At what position is the image
formed ? [5]
OR
(@) Draw alabelled ray diagram to obtain the real
image formed by an astronomical telescope
in normal adjustment position. Define its
magnifying power.
{b) You are given three lenses of power 0.5 D, 4
D and 10 D to design a telescope.
(i) Whichlenses should be used as objective
and eyepiece ? Justify your answer.
(i) Why is the aperture of the objective

preferred to be large ?
MN
Axllswer:(a) tan ZNOM = m,
MIN
tan/NCM = ——;
N MC
tan ZNIM = —
MI

For ANOC, i is the exterior angle.

~
. N
AN

A
v

Assuming the incident ray is very close to the
principal axis, all the angles are very small.
Hence, for very small angles,

tanx = x=sinx

i = ZNOM + ZANCM

- OM MC
Similarly, r = ZNCM - ZNIM
ie, = MN_MN i)
‘ MC MI
By Snell’s law,
mysini = n,sinr
For small angles,
mi = nyr

On substituting the values of / and r in

equations, we get
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CBSE 2016 Solved Paper

(MN MN) MN MN
Ml—+t——=\| =M ————
OM MC

MC MI
L T i
OM MI = MC --{1i)

On applying new Cartesian sign conventions,
OM= ~yMl=+9,MC=+R

Substituting these values in equation (iii), we

get

My M M —m .
-;J—' - 7 = R ...(l'V')

In deriving Lens maker’s formula, we adopt

the coordinate geometry sign convention and

make the assumptions :

(i) Thelensis thin so that the distances measured
from the poles of its two surfaces can be takern
as equal to the distances from its optical centre.

(ii) The aperture of the lens is small.

(iii)The object is a point-object placed on the
principal axis of the lens.

(iv)The incident and the refracted rays make small
angles with the principal axis.

N~ AAB,~ Nz

Refraction at the first surface,
Mg M Na—h
v’ U - Rl

Refraction at the second surface,

n_ m h-n
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1 1
Ry Ry

(i)
When the object is at infinity, the image will be

formed at the principal focus of the lens, i.e., when
U= oo ’

11 =(n—1)[
v ou

1 1 1 1
L eeafi)
f oo R,. R,
1 1 1
el
f R; R,
This is the Lens Maker’s formula.
(b) Given, refractive index, 7, = 1.5, n, = 1 (air)
Radius of curvature, R =20 cm

Object distance, u =— 100 cm

To find , Image distance, o
mom_ Ml
7 U R
1.5 1 15-1 1
v (100) 20 40
15 _ 1 1 _5-2_ 3
7 40 100 200 200
v = 3gg-><1.5=100c:m

The image is formed at 100 cm in denser
medium.

OR

@

v o'—t

The lens is ‘thin’, hence t < <7’ and can be ignored.

Then, we have

m Mmoo m=ny (i)
Y 7' R,

Adding equation (i) and (ii), we get

1 1 1
_l__ﬂ. = (nz—nl) [._._.__.

v u Ry Ry
Putting n,/n, =n, therefractiveindex of the material
of thelens with respect to the surrounding medium,

we have

www.cbsepdf.com 10
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at infinity

Magnifying power : The magnifying
power of a refracting type astronomical
telescope is defined as the ratio of angle
subtended by the final image at eye to the
angle subtended by the object at eye.
() ) We know that,
PE

- fo
Magnification, m = <> =—+%
fe B
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26. (@)

Therefore, the lens of 0.5 D should be
used as objective and the lens of 10 D
should be used as eye-piece in order to
achieve higher magnification.

(ii) The aperture of the objective lens is
made larger so, that it receives as much
light as coming from the distant object
and the resolving power of the telescope
increases.

Use Gauss’s law to find the electric field due

to a uniformly charged infinite plane sheet.

What is the direction of field for positive and

negative charge densities ?

(i) Find the ratio of the potential differences that

@)

must be applied across the parallel and series

combination of two capacitors C, and C, with

their capacitances in the ratio 1: 2 so that the

energy stored in the two cases becomes the

same. [51

OR

If two similar large plates, each of area A

having surface charge densities + c and - o

are separated by a distance in air, find the

expressions for

(a) field at points between the two plates
and on outer side of the plates. Specify
the direction of the field in each case.

(b) the potential difference between the
plates.

(c) the capacitance of the capacitor so
formed.

(ii) Two metallic spheres of radii R and 2R

= A 3
2l
ds

are charged so that both of these have
same surface charge density o. If they are
connected to each other with a conducting
wire, in which direction will the charge flow
and why ?

Answer: (i)
: Uniformly charged
8, infinite plane sheet
+ A
+ o+ '
o4
+
+ (
+
£t 7
+ +| Cylindrical Gaussian
+/ surface

Consider a thin infinite uniformly charged
plane sheet having the surface charge density
of o. The electric field is normally outward to
the plane sheet and is same in magnitude but
opposite in direction.

Now, draw a Gaussian surface in the form of
cylinder around an axis. Let its cross-sectional

www.cbsepdf.com 11
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area be A. The cylinder is made from three

surfaces A, S,, and A’ and the electric flux

linked with S, is 0. So, the total electric flux

linked through the Gaussian surface is

¢ = electric flux through A + electric flux
through S, + electric flux through A’

g = EA cos 0% + 0 + EA cos 0°.

¢ = 2EA (i)
According to Gauss theorem,
= 4
¢ = 2
_ oA AL
¢ = £ -+ 9= 0A)..(i)

From equations (i) and (ii)

oA

£
]

280
The direction of field for positive charge
density is in outward direction away from
sheet and perpendicular to the plane infinite
sheet whereas for the negative charge density
the direction becomes inward i.e., tawards the
sheet and perpendicular to the sheet.

2EA

(if) Given, C, : C,=1:2

= G =2¢
For parallel combination of capacitor,
G = G+G
= C,+2C, =3C,
The energy stored in capacitor
1~ 2

1 3 .
= '2"3C1Vp2 =EC1V§ m(l)

For series combination of capacitor,

1 1 1
—_ = —+—
Cs Cl C2
2
Cs = §C1
The energy stored in capacitor
1
E = ECSVSZ "
A
E = % ...(i)

Equating equation (i) and (ii), since energy
stored in both cases are same
we get,
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3 .2 CV2

ZcvE = 1Y

2 1P 3
o V2
v, 3
OR

(i) (a) Consider a parallel plate capacitor with

two identical plates X and Y, each having
an area of A, and separated by a distance
d. Let the space between the plates be filled
by a dielectric medium with its dielectric
constant as K and ¢ be the surface charge

density on each of the plates.
Surface charge
density + © I Area A

Surface charge I
density — o
Surface charge density of plate I
c = Q/A

and that of plate Il is - c.
Electric field in outer region I,
c o

280 280
Electric field in outer region II,

e} e

.28 2

In the inner region between plates 1 and 2, the
electric fields due to the two charged plates
add up. So

Download All Previous Year and Sample Papers From www.cbsepdf.com
ag

G.—

250 280 gy

(b) For uniform electric field, potential difference

is simply the electric field multiplied by the
distance between the plates, i.e.,

V = Ed= 104
£p A
(c) Now, the capacitance of the parallel plate
capacitor,
Q_Q&A _gA
€=V 4
(ii) We know that the potential différence of the
metallic sphere is given by,
__Q
4‘."[807'

where r is the radius of the sphere.

Now, the potential of the metallic sphere of
radius R is given by,

Q
V, =
R 475801’
v, = G(4nR2)
4TFE.OR
oR .
Vi = a i)
Similarly, the potential of the metallic sphere
of radius Vg is given by
Q
Vo =
SR 4me2R
Vo - o{4rn (2R)?)
R 4me2R
G62R i,
VZR = —'80— , ...(11)

From the relation (i) and (ii) we know that Vor
> V.
The charge will flow from the sphere of radius
of 2R to the sphere of radius R, if the spheres
are connected.

(1]

SETI "

Physics 2016 (Delhi )

Time allowed : 3 hours

SECTION - A

L A point charge +(Q) is placed at point O as shown
in the figure. Is the potential difference V, -V

positive, negative or zero? (1]
+Q @ S _aaeiiey .
o} A B

www.cbsepdf.com

Maximum marks : 70

Answer : Potential at a distance r from a given

point charge Q is given by
1 Q
V=—= - o )
dnegy 1 +Q0 A B
1 +“—H—»
vV, = «——»
dmegry
vy = 2
4meyrg
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Since ry, <tg

= V, >V

Hence, V, ~Vy is positive:

How does the electric flux due to a point charge
enclosed by a spherical Gaussian surface get
affected when its radius is increased ? [1]
Answer : According to Gauss’s law

- = q
¢.= [E.ds="2
g
Flux depends only on the charge enclosed and
not on the radus.

Hence, the electric flux remains constant.

Write the underlying principle of a moving coil
galvanometer. [1l
Answer : When a current carrying coil is placed
in magnetic field then it experiences a torque.

NIAB = ka
= I= i a
NAB
where N = The number of turns.
I = Current,

A = Area of the loop.

B = Magnetic field.

k = Torsional constant of the wire
o = Angle of deflection

Why are microwaves considered suitable for
radar systems used in aircraft navigation? [1]
Answer: Microwaves are considered suitable
because they have a short wavelenght range
they are suitable for radar system used in aircraft
~ navigation.

Define ‘quality factor’ of resonance in series
LCR circuit. What is its ST unit ? [1l
Answer ; The Q factor of series resonance circuit
is defined as the ratio of the voltage developed
across the inductor or capacitor at resonance
to the impressed voltage, which is the voltage
across R.

Q= 1 JL
RYC
It is dimensionless quantity. Hence, it has no
units.
SECTION-B
Explain the terms (i) Attenuation and (i)
Demodulation used in Communication System.
(21
Answer : (i) Attenuation : The loss of strength of
a signal while propagating through a medium is
known as attenuation.

www.cbsepdf.com : 13
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(ii) Demodulation : The process of retrieval o
information from the carrier wave at the receiver
end is termed as demodulation. This is the
reverse process of modulation.

Plot a graph showing variation of de-Broglie

1
wavelength A versus W, where V is acceler-

ating potential for two particles A and B
carrying same charge but of masses m,, m,
(m, > m,). Which one of the two represents a

particle of smaller mass and why ? [2]
Answer : We know that,
= 1.2
gv = 5 o
2
qv = fn;
= p= 1/quvV
_ h A (]
A W ; (m)
o A = h 2 5
,/'quv ] >
_.__b V’T

1
= Slope o« ——
P T

Hence, the particle with lower mass (m,) will have
greater slope.

A nucleus with mass number A = 240 and

BE/A = 7.6 MeV breaks into two fragments each

of A =120 with BE/A = 8.5 MeV. Calculate the

released energy. ' [2]
OR

Calculate the energy in fusion reaction :
2H+2H— SHe + 1, where BE of 1H =223
MeV and of gHe =7.73 MeV.
Answer : Binding energy of the nucleus,
B, =7.6 x 240 = 1824 MeV.
Binding energy of each product nucleus,
B, = 8.5x120 = 1020 MeV
Then, energy released as the nucleus breaks,
E=2B,-B; =2x1020 - 1824 = 216 MeV.
, OR
H+H gHe + 1, where BE of H =223
MeV and of 3He =7.73 MeV.
The energy released in the fusion reaction is
AE = (7.73)-2(2.23)
= 7.73-4.46

= 327 MeV .
No OTP No Login No Adversitement



GSELUG Sebti8 "oF%emfs 1.5 V and 2.0 V having

internal resistances 0.2 Q and 0.3 Q respectively
are connected in parallel. Calculate the emf and
internal resistance of the equivalent cell. [2]
Answer:Given, E; = 15V, 7, =02Q,

E,=2V,r,=03Q
1.5V 0.20Q
— L
A —B
2V 030
—————
E, B
. h h
Equivalentemf, E = —3 1
[
n n
(1.5x0.3)+(2x0.2)
- 0.2 +0.3
_045+04
0.5
= @ = 1.7 VO].t
0.5
Equivalent internal resistance
__hn
- ”1 + rz
02x03.
T 0.2+03
- 006
0.5
Tog = 012 Q

10. State Brewster's law.

The value of Brewster angle for a transparent
medium is different for light of different
colours. Give reason. [21
Answer : Brewster's law : The law states that the
tangent of the polarising angle of incidence for
a given medium is equal to the refractive index
of the medium. The light incident at this angle
when reflects back is perfectly polarised.

ie. p = tan ip

The refractive index of a material depends on the
colour or wavelength of light. As the polarising
angle depends on refractive index (n = tan ip), S0
it also depends on wavelength of light.

SECTION-C
. A charge is distributed uniformly over a ring of

radius ‘a’. Obtain an expression for the electric
intensity E at a point on the axis of the ring.

www.cbsepdf.com
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ence sh
from the ring, it behaves like a point charge. [3]
Answer : Suppose we have a ring of radius a that
carries a uniformly distributed positive charge 4.

4E sin 0
dE
et /a’E' 0
oS
l \ dE
dl dE sin 0
As the total charge g is uniformly distributed, the
charge dg on the element dl is
dg = A dl
7 2ma

. The magnitude of the electric field produced
by the element d! at the axial point P is_

41 _ kg dl

2_.__..__

T 2na 12
The electric field JE has two components.

(i) The axial components 4E cos 6 and

(ii) The perpendicular component 4E sin 9.

Since the perpendicular component of any. two
diametrically opposite elements are equal and
opposite, they cancel out in pairs. Only the axial
components will add up to produce the resultant
field.

dE =

. Eat point P is given by
21a
E = [ dEcos®
0
[ Only the axial components
contribute towards E]
2
E = Fzﬂ a x ['.'cosﬂ=£]
0 2na r2 T 4
2m
_ Rgx 1 I 4l
2na 8
X
= o 0"
_kgx 1
. .9
2 (2 + a2y i
[v 2=x%+4a%
kqx
E=@apm
[where k = a = constant]
ey
1 gx
= dme (x% + a2)*?
If x>>a, then x2 + a2 = x2
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LN L

E= ey (27
1 9
E=———+
47580 2

This expression is similar to electric field due toa
point charge.

. Write three characteristic features in photo-
electric effect which cannot be explained on
the basis of wave theory of light, but can be
explained only using Einstein’s equation.  [3]
Answer : (i) Existence of threshold frequency :
According to wave theory, there should not exist
any threshold frequency but Einstein’s theory
explains the existence of threshold frequency.

(ii) Dependence of kinetic energy on frequency
of incident light : According to wave theory, the
maximum kinetic energy of emitted electrons
should depend on intensity of incident light and
not on frequency whereas Einstein’s equation
explains that it dependence on frequency and
not on intensity of the incident light.

(iii) Instantaneous emission of electrons :
According to wave theory there should be time
lag between emission of electrons and incident
of light whereas Einstein's equation explains
why there is no time lag between incident of
light and emission of elecirons.

. (a) Write the expression for the magnetic force
acting on a charged particle moving with
velocity v in the presence of magnetic field
B.

(b) A neutron, an electron and an alpha particle
moving with equal velocities, enter a
uniform magnetic field going into the plane
of the paper as shown. Trace their paths in

the field and justify your answer. [3]
X X X X X X
ol o—p
X X X X X X
ne—p

¥ X X X X X
€ —Pp
¥ X X X X X

Answer : (a) A charge particle having charge g
is moving with velocity ‘o’ in a magnetic field
of field strength ‘B’ then the force acting on
it is given by the formula F = g (2 x B)and
F = gqv B sin 0 (where 0 is the angle between
velocity vector and magnetic field).

Direction of force is given by the cross product of
velocity and magnetic field.

www.cbsepdf.com 15
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X X X
X X X
a X
X X ¥ X
. X X X X
n—->u »
X X X X
X X X X
e
X X p
X X X )x

a particle will trace circular path in anticlockwise
direction as it’s deviation will be in the direction
- -

of (vxB)-

Neutron will pass without any deviation as
magnetic field does not exert and force on
neutral particle.

Electron will trace circular path in clockwise
direction as its deviation will be in the direction
opposite to (; x E) with a smaller radius due to

large charge/mass ratio as r = mv.

(a) Define mutual inductance. 9

(b) A pair of adjacent coils has a mutual
inductance of 1.5 H. If the current in one coil

changes from 0 to 20 A in 0.5 s, what is the.
change of flux linkage with the other coil ?
[3]
Answer: (a) Mutual induction is the phenomenon
of production of induced emf in one coil due to
change of current or flux in the neighbouring
coil. The coil in which the current changes is
called primary coil and the coil in which emf is
induced is called the secondary coil.

(b) M = 15H
L =0A
If = 20A
dI = 20A, At=05s
, . —Mdl
S d
= '—1.5)(2
0.5
= -60V

So the flux linked with the other coil is given by
Ad = —eAf=60x 0.5
= 30 Wb.

Two parallel plate capacitors X and Y have the
same area of plates and same separation between
them. X has air between the plates while Y

contains a dielectric medium of €, = 4. [3]
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() Calculate capacitance of each capacitor if 16. Two long straight parallel conductors carry

equivalent capacitance of the combination steady current I, and I, separated by a distance 4.
is 4 uF. If the currents are flowing in the same direction,
- so1 s show how the magnetic field set up if one
G t(ljtaelcullaﬁ ;1;(;(pot§1;tlal difference between produces an attractive force on the other. Obtain
Loep and x. . . the expression for this force. Hence define one
(iii) Estimate the ratio of electrostatic energy ampere, [3]
stored in X and Y. Answer : Magnetic field produced on the wire
Answer : (i) Let capacitance of X be C; and (carrying current L) due to I, will be
capacitance of Y be C,. ! Looa
& A I 1
G="4 : :
_ EEA
G = r_dq l Fllz
Taking the ratio of C, and C, 1 '
o o
G "% | |
o r ! v
= CZ = Ercl _ ﬂ)l_l
Let C,=C B=od
= N F ting at /1 i
T?en . C,= 4C . " f':r_4} orce acting a engFth=1sIZIB
Since two capacitance are connected in series so, - L]
equivalent capacitance will be F= % towards I;
1. —1—+i i=1md=1mI =L=IandF=2x 107N
C, G G = I=1A
-GGy So one ampere is defined as the current,
C, = C +C, which when maintained in two parallel
“ infinite length conductors, held at a sepa-
4yF = Cx4C ration of one metre will produce a force of
C+4C 2 x 107 N per metre on each conductor.
= 17. How are e.n. waves produced by oscillating
= C = 5uF charges ?
So, C,=5pFandC, =20 uF Draw a sketch of linearly polarized e.m. waves
(i) C,V.,.,=Q ropagating in the Z-direction. Indicate the
ey ¥ et Total propagating
4pFx 15V = Q directions of the oscillating electric and magnetic
Total fields. [3]
Qo = 600uC OR
Since in series configuration charge on each Write Maxwell's generalization of Ampere’s
capacitor is equal. circuital law. Show that in the process of
Hence, Q, = Q=Quuu charging a capacitor, the current produced
= 60 uC _ within the plates of the capacitor is i = &y %
Using, Q=CVv where ¢ is the electric flux produced during
V. - Q _80uC_ ..y charging of the capacitor plates.
1= C 5uF Answer : A charge oscillating with some
: Q, 60uC frequency, produces an oscillating electric field
v, = =2 VML =3V in space, which in turn produces an oscillating
C, 20pF magnetic field perpendicular to the electric field.
1Q? 1 (60nuC)> This process goes on repeating, producing e.m.
(i) U, = 2C 275 uF =360 waves in space perpendicular to both the fields.-
1Q3 1(60puCy
U, = ‘_ﬁz_(__u=90p_}
2C, 2 20puF
U, 4
= — = =
U2 1
= U;:0, = 4:1

1
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18.

The direction of electric and magnetic fields
are perpendicular to each other and are also
perpendicular to the direction of propagation of
the wave.

OR
Correction in Ampere’s circuital law (Modified
Ampere’s law) : Maxwell removed the problem
of current continuity and inconsistency observed
in Ampere’s circuital law by introducing the
concept of displacement current. Displacement
current arises due to change in electric flux with

time and is given by i, = g :;E

Electric flux through the loop*
¢E = EA
L5040
€q A g &
(where, Q = charge on either plates)
| =9
% -
dyg  14Q
7S T gy dt
doy _ 4Q
g0 di
aQ
ry is called conduction current which is equal

to g, % which is displacement current.
t .

Hence, i. = i

Generalization of Ampere’s circuital law is :

= o
BE =11y G, + 1)

Conduction current is due to the flow of charges
but displacement current is not because of the
flow of charges but it is due to the change in
electric flux.
(@ Explain any two factors which justify the

need of modulating a low frequency signal.
(b) Write two advantages of frequency

modulation over amplitude modulation. [3]
Answer: (a) 1. Size of Antenna : The size of
antenna required will be of order of A/4. When
frequency is small, the height of antenna should
be large. So audio frequency signal should be
modulated over a high frequency carrier wave
to increase its frequency.

2. Effective power radiated by an Antenna : As
1
power radiated « 2 hence when frequency is

increased then the power radiated will be more.
(b) Advantages of frequency modulation over

WWW.CbS.é"p%q’:%UﬁFs is not given due to change in the present syllabug,
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amplitude modulation :

1. Noise can be reduced.

2. Transmission efficiency is more because the

amplitude of an FM wave is constant.

(a) Write the functions of three segments of a
transistor.**

(b) Draw the circuit diagram for studying the

input and output characteristics of n-p-n

transistor in common emitter configuration.

Using the circuit, explain how input, output

characteristics are obtained.** [3]

Calculate the distance of an object of

height k from a concave mirror of radius of

curvature 20 cm, so as to obtain a real image
of magnification 2. Find the location of
image also.

(b) Using mitror formula, explain why does
a convex mirror always produce a virtual
image. (3]

Answer : (a) Given, Height of object=h

Radjius of curvature =-20cm

Magnification, m = -2

(a)

Object distance, # =
Image distance, v = - I
Magnification, M = —=—-
ho
2= _=
u .
v =2u vl
Using mirror formula,
1.1 1
—t— = —
v U f
1 .1 -2
—_—t+= = —
2u u 20
3 _ -2
2u 20
U = — GZO' =—15an
Putting in (i), we get
v=2x-15an
= ~30cm
LA
h, u
B 2
o u
Height of image, h; = 21 when object is

placed at 15 cm from the mirro.
(b) For convex mirror,

' f = +ve (always)
Mirror formula,
11 _ 1
—_— + —_— = —
v U f
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1 11
v - f U
As, u = —ve (for real object)

11 (1

7 = f u

1 1 1

— = _+_

T f U

v = +oe

Hence, it will form virtual and erect image.

21. (a) State Bohr's quantization condition for

defining stationary orbits, How does de-
Broglie hypothesis explain the stationary
orbits ?

(b) Find the relation between the three
wavelengths A,, A, and A, from the energy

level diagram shown below. [3]
C
"}u[ }\'3 B
A2
A 4 A
Answer : (a) Quantization condition : Of all

possible circular orbits allowed by the classical
theory, the electrons are permitted to circulate
only in those orbits in which the angular
momentum of an electron is an integral multiple

of 21 ; h being Planck’s constant.
n

Therefore, for any permitted orbit,
L=mor = n—; n=1273...
2n

Where L, m, and v are the angular momentum,
mass and speed of the electron respectively, r is
the radius of the permitted orbit and  is positive
integer called principle quantum number.

The above equation is Bohr’s famous quantum
condition. When an electron of mass m is confined
to move in a line of length [ with velocity v, the
de-Broglie wavelength A associated with electron

is:
h h Gl

A= —e=—

mv p

or p = Linear momentum
h h nh

= p: xzz—l/;l-:z—l

When electron revolves in a circular orbit of

radius 7’ then 2I = 2nr.

nh nh
T OTpXT= T

P= onr 2#

www @5saPgialas momentum ‘E| =pxrisan integrdl
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multiple of h/2r, which is Bohr’s quantisation of

angular momentum.
he
Erp = —
(b) CB o
he
Foa = Ay
C
A A
B
A2
e A
E., = —
'CA. 7“3
Now, E-, = EgtEg,

where E; = Energy gap between level B and C,
Eg4 = Energy gap between level A and B,
E., =Energy gap between level A and C.

he _ ke ke
PR P ¥
1 1.1
Ay A Ay
MAs

A'S = 7\.24“;\.1

22, Draw a schematic ray diagram of reflecting
telescope showing how rays coming from a
distant object are received at the eye-piece. Write
its two important advantages over a refracting
telescope. [3]

Answer : Reflecting Telescope : The reflecting
telescope make use of a concave mirror as
objective. The rays of light coming from distant
object are incident on the objective (parabolic
reflector). After reflection the rays of light meet
at a point where another convex miirror is placed.
This mirror focusses light inside the telescope
tube. The final image is seen through the eye-
piece. The images produced by the reflecting
telescope is very bright and its resolving power
is high.

Ssecondary
mirror

18
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24,

Advantages :

(i) The resolving power (the ability to observe
two object distinctly) is high, due to the large
diameter of the objective.

(ii) There is no chromatic aberration as the object
is a mirror.

SECTION-D

. Meeta’s father was driving her to the school.

At the traffic signal she noticed that each traffic

light was made of many tiny lights instead of a

single bulb. When Meeta asked this question to

her father, he explained the reason for this.

Answer the following questions based on above

information:

(i) What were the values displayed by Meeta
and her father 2**

(ii) What answer did Meeta’s father give ?

(iii)What are the tiny lights in traffic signals
called and how do these operate ? [4]

Answer :

(ii) Meeta’s father said that these are LED

light which consume less power and have high

reliability.

(iii) The tiny lights in traffic signals are

Light Emitting Diode. These are operated by

connecting the p-n junction diode in forward

biased condition.

SECTION-E

{a) An a.c. source of voltage V = V sin ot is
connected to a series combination of L, C
and R. Use the phasor diagram to obtain
expressions for impedance of the circuit
and phase angle between voltage and
current. Find the condition when current

will be in phase with the voltage. What is

the circuit in this condition called ?
{(b) In a series LR circuit X; = R and power
factor of the circuit is P When capaator

with capacitance C such that X; = X is

put in series, the power factor becomes P,.

Calculate P,/P,. [5]
OR

(a) Write the function of a transformer. State
its principle of working with the help of a
diagram, Mention various energy losses in
this device.

(b) The primary coil of an ideal step up
transformerhas 100 turns and transformation
ratio is also 100. The input voltage and
power are respectively 220 V and 1100 W,
Calculate :

(i) number of turns in secondary.
(ii) current in primary.

(iii) voltage across secondary.

(iv) current in secondary.

WwWw.cheepRsR@M is not given due to change in the present syllabus!9
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{v) power in secondary.
Answer : {a) Let a series LCR circuit is connected
to an a.c. source V (Fig). We take the voltage of
the source to be V =V, sin wf

AN

Vp sinwf =V —C
L

U ILL

The a.c. current in each element is the same at
any time, having the same amplitude and phase.
It is given by,

= 1, sin (ot + )

T

e Vo

V-V A

Phasor diagram for LCR circuit

Let V|, Vi, V- and V represent the voltage across
the mduc’cor, resistor, capacitor and the source

respectively. But Vi =I;X; Vg =IjRand V_ =IX,
Let V. > Ve '

Vi = V2+(V, V)
v2 = @R+ ([IX, —1Xo)?
v2 = B[R?+(Xy ~Xc)*]
and = Vo
JRZ+ (X, - Xc)?
Vo
= = X
h= 7
Where Z = JRZ +(Xp 0 Xc)2

It is called the impedance in an a. c. circuit.
From the figure,
VL -V
Vr
No OTP No Login No Adversitement
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B Ip X, -Ip Xc
- I,R
tan¢ = XL XC
R
XL-Xc
= ¢ = tan™ R

Condition : The current will be in phase with the
voltage at resonance condition.
At resonance condition,

X, = Xc
1
ol = &C
be L
Jic A
1 *
= Jic
I
© 2nJLC
(b) As cos ¢ = l;—
In LR circuit, P; = cos ¢
R R
P, = =
ORI VR?
[XL=R]
1
T
In LCR circuit when, X; =X,
R
P, = 2 2
YR + (X, - Xc)
R ¢
= §=1 [Xp= Xl
ho_ 1
P, 2
OR

{a) A transformer is an electrical device for
converting an alternating current at low voltage
into high voltage or vice-versa.

1. If it increases the input a.c. voltage and
decreases the, it is called step up tranformer.

2. If it decreases the input a.c. voltage and in
ccreases the current, it is called step down
transformer.

Principle : It works on the principle of mutual

induction i.e., when a changing current or flux

is passed through one of the two inductively

coupled coils, an induced emf is set up in the
www.ghylepetf@oih
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Let

L Laminated Iron Core
Step-up transformer

O

To load

L Laminated Core
Step-up fransformer

Working Theory : As the a.c. flows through the
primary, it generate an alternating magnetic flux
in the core which passes through the secondary
coil.

N, = No. of turns in primary coils
N, = No. of turns in secondary coils

This changing flux set up an induced emf in

the secondary, also a self induced emf in the
primary.

- If there is no leakage of magnetic flux, then flux

linked with each turn of the primary will be
equal to that linked with each of the secondary.
According to Faraday’s law of induction

Induced emf in the primary coil, &, = — N, Zf

d
Induced emf in the secondary coil, e, = d(j:
where, 49 = Rate of change of magnetic flux

associated with each turn.

¢ = Magnetic flux linked with each turn of the

primary or secondary at any instant.

&g _ Ny
g N

Energy losses in transformer :

1. Copper loss : Some energy is lost due to the
heating of copper wires used in the primary
and secondary windings. This power loss
(P = I’R) can be minimised by using thick
copper wires of low resistance.

2. Eddy currentlossorIronloss: Thealternating
magnetic flux induces eddy current in the
iron core which leads\tocseog €588 [QsfiTkement
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. Hysteresis loss :

the form of heat. This loss can be reduced by
using laminated iron core.

When the iron core is
subjected to a cycle of magnetisation the core
gets heated up due to hysteresis, having low
hysteresis loop.

. Flux leakage : The magnetic flux produced

by the primary may not fully pass through
the secondary. Some of the flux may leak into
air. This loss can be minimised by winding
the primary and secondary coils over one
another.

Download All Previous Year and Sample Papers From www.cbsepdf.com

OR

(@) Plota graph to show variation of the angle of

deviation as a function of angle of incidence
for light passing through a prism., Derive an
expression for refractive index of the prism
in terms of angle of minimum deviation and
angle of prism.

(b) What is dispersion of light ? What is its

cause ?

(c) A ray of light incident normally on one face

of a right isosceles prism is totally reflected
as shown in fig. What must be the minimum
value of refractive index of glass? Give
relevant calculations.

[ 3

|

A J

Answer : (a) Let the two waves arising from the
slits A and B have the amplitudes 2 and b and
the phase difference ¢. Such that y; =4 sin wt and

¥, = b sin (wt + §).

The resultant displacement is given as :

(b) Given, N, = 100
K = 100
V, = 220V
P, = 1100 W
i) As K Ny
(1 ’ - N]
N, = KN, =100 x 100
N, = 10000
(i) P, = V],
L= Bl-=m=5A
vV, 220
Vo
V, = KV;V, =100 x 220
V, = 22000V
(iv) L K
1v 12 =
L _ 5
2= X100
L = 005A
W P, = V,L,
P, = 22000x——; P,=1100 W
2" 100" "2
25, (a) In Young's double slit experiment, deduce

the conditien for (i) constructive, and
(ii) destructive interference at a point on the
screen. Draw a graph showing variation of
intensity in the interference pattern against
position ‘x” on the screen.

(b) Compare the interference pattern observed

in Young’'s double slit experiment with
single slit diffraction pattern, pointing out

www.cbsepdf.corthree distinguishing features, 31

Hence,

Gl

Y=Y+,

y = asin wt + b sin (0wt + ¢)

¥ = asinwt + b sin ©f cos ¢ + b cos wt sin ¢
y = (a + bcos ¢) sin wt + b sin ¢ cos wi

(@)

Let a+bcosd = Acosd. (i)

bsing = Asind (i)

¥ = Asinwicosd + A cos ot sin §

y : ‘ﬁo%’f&“ﬁo‘lé&in No Adversiii-:’g‘gr}t
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Where the amplitude A of the resultant wave can

be given as:
A = \/az +b% + 2ab cos ¢ (V)
bsin ¢ .
and tand = m ..{vi)

(i) Constructive interference : Intensity I == A2
and for A to be maximum

cos @ =1
or
0 =2nm
and path difference
Ax = nA

A =g+b

cos ) = cos2nm,n=0,1,23, ...

I>L. = kia+bR

(i) Destructive interference : For I to be
minimum
cosg=-1
Phase difference :
Ad=(2n+1)m
and path difference :
“Ax=(2n+1) &
2
_ =g-~b
11, =kia-b)

Graph showing interference pattern against

position “x” on the screen.
Al

1

o
«

0

.
>
‘_’

(b) Comparison of interference pattern observed
in Young's double slits and the single slit

diffraction :

S. Interference

Diffraction

1. | Interference is the
' result of superposi-
tion of secon dary
waves starting from
two different wave
fronts originating
from two coherent
sources.

Diffraction is the
result of super-
positionof secondary
waves starting from
different part of
same wavefront.

All bright and dark
fringes are of equal
width.

Mpndf com

Th e width of
central bright fringe
is twice the width
of any secondary

maxunumn.
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3.

All bright fringes

are of same intensity

Intensity of bright
fringes decreases as
we move away from
central bright fringes
on either side.

Angle of deviation

22

OR

(a)

Om

[P e T L R L
-

[ T 1

hoo ! ia

Angle of incidence (/)
From figure, 8 = §,, i = e which implies 7, =7,
2r = A,orr=A/2’

Using §=ite—A
5, =2-A
i o A+3,
T2
o Sm(ﬁ]
_ sinz _ 2
B= sin r sinA/2

(b) Dispersion of light : Dispersion is often
observed as light passes through a triangular
prism. Upon passing through the prism, the
white light is separated into its component
colours : red, orange, yellow, green, blue,
and voilet. The separation of visible light into
its different colours is known as dispersion.
Dispersion occurs because for different colour
of light a transparent medium will have
different refractive indices (u). as defferent
colours have different speed in transparent

mdef No OTP No Login No Adversitement
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(c) For total internal reflection :

J 45°

v

J90° 45°

459

v v

sin {
sin 45°
1

\/52

B>

Pin = V2
26. (a) Define the term drift velocity.

(b) On the basis of electron drift, derive an
expression for resistivity of a conductor in
terms of number density of free electrons
and relaxation time. On what factors does
resistivity of a conductor depend ?

(c) Why alloys like constantan and manganin
are used for making standard resistors ? [5]

OR

(a) State the principle of working of a
potentiometer.

(b} In the following potentiometer circuit AB is
a uniform wire of length 1 m and resistance
10 Q. Calculate the potential gradient along
the wire and balance length AQ (=1).

2V 15Q
—  — W

v
wm
&l':.‘[»—t';:ls—\ 5 rp

03Q

Answer : (a) Drift velocity is defined as the
average velocity with which the free electrons
are drifted towards the positive terminal under
the effect of applied electric field. Thermal
velocities are randomly distributed and average
www.chsepdifesitnal velocity is zero. 3
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e d - -
ul +u2 +_ ............ +UN _
eEt
Le, 'Ud= -“7
(b) We know that the current flowing through
the conductor is :
I = nAev,
= ngA(._.eE_T]
- m
E——————>
A(—s_ < -
< ! >
N e
\'4
. Vv
Using E = 7
I = neA (EY)T
ml
2
ne“Art 1
= V==V
[ ml j R
Ioc V— by Ohm’s law

ml :
Where, R = ——5—is a constant for a particular
conductor af’a pTarticular temperature and is
called the resistance of the conductor.

(1];9_1
R = ne’tJA A

- (&
p= 1’18217

Where p is the specific resistance or resistivity
of the material of the wire. It depends on
number of free electron per unit volume and
temperature.

(c) They are used to make standard resistors

because :

1. They have high value of resistivity.

2. Temperature coefficient of resistance is

less.
3. They are least affected by temperature.
OR

(a) Principle of potentiometer : The basic
principle of potentiometer is that when a
constant current flows through a wire of
uniform cross-section area then the potential
drop across any length of the wire is directly
proportional to that length.
A potentiometer is a device used to measure
an unknown emf op potemtiabdifferenceandt
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internal resistance of a cell accurately.

(b) Total resistance of the primary circuit =15

+10=259Q,
emf =2V
Current in the wire AB
1= 2-008A
25
P. D. across the wire AB = Current x Resistance
of wire AB
=008x10=08V
P.D. 08
Potential gradient = Tength ~ 100
= 0.008 V cm™!

www.cbsepdf.com
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Resistance of secondary circuit

=12+03=15Q
emf =15V L5
Current in the secondary circuit = ﬁ =1.0A

The same is the current in 0.3 Q resistor.
P. D. between points A and O,

P. D. across 0.3 Q resistor in the zero-deflection

condition. ‘
= Current x Resistance

1.0x03=0.3V

Potential difference

Potential gradient
0.3V

= ——— - =375m
a
0.008Vcm i

I

Length AO =

No OTP No Login No Adversitement
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