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SET I

Time allowed : 3 hours

General Instructions :

(i) All questions are compulsory. There are
27 questions in all. _

(ii) This question paper has four. sections:
Section A, Section B, Section C, and
Section D.

(iii) Section A contains five questions of one
mark each, Section B contains seven
questions of two marks each, Section C
contains twelve questions of three marks
each, Section D contains three questions
of five marks each.

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

(v} You may use the following values of
physical constants wherever necessary :

c= 3x108m/s
h = 663 x10#]s
e=16x10°C
Ho= 4nx 107 TmA"l
[ o = 8854 x 1002¢? N'm?

—— = 9x10° N m2C?
41580

Mass of electron (mg) = 91 x 1073 kg

Mass of neutron = 1675 x 10 kg
Mass of proton = 1:673 x 10 kg

Avogadro’s number = 6023 x 102 per gram
mole A
Boltzmann constant = 1-38 x 10723 JK~

1.

SECTION-A
Draw equipotential surfaces for an electric
dipole. f1]
Answer :

Equipotential surface for an electric dipole.
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Maximum marks : 70

2 A proton is accelerated through a potential

difference V, subjected to a uniform magnetic
field acting normal to the velocity of the proton.
If the potential difference is doubled, how will
the radius of the circular path described by the
proton in the magnetic field change ? [1]

Answer :

Given, proton accelerated through potential
difference V, the direction of magnetic field is
normal to velocity of proton.

As we know
1
[during acceleration of
proton, P.E. will converted
to kinetic energy]
2eV
V= |[—
\J "y
When V is doubled,
V'=2V,
vt = 28.2V - -\/E v
My
m, v
B=
1 r
v
o r= 20
qB
m
] P
= —7
= 4 qB
= F="r20
9B
1" = .Jir

The magnetic susceptibility X of magnesium at

300 K is 1-2 x 10°. At what temperature will its

magnetic susceptibility become 1-44 x 1057 [1]
OR

The magnetic susceptibility X of a given material

is — 0-5. Identify the magnetic material.

Answer :

Given, Xmgat300K =12 x 10°
X'mg at ¢ temp. = 1-44 x 10°
=17
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6.

« L
o **T
Xmg _ 300
y t
1-44x10° 300
= ——~—5=——
12x10 £
_ 300x1-2
T 144
=250 K

» -~ OR
Diamagnetic as 1< % < 0.

Identify the semiconductor diode whose V-I
characteristics are as shown. (1]

T (mA)

Reverse bias

| volts
l2
I
L

L>L>L>L ¥ (1A

Answer: Photodiode,

Which part of the electromagnetic spectrum is

used in RADAR? Give its frequency range.[1]
OR

How are electromagnetic waves produced by

accelerating charges ?

Answer : Microwaves [1GHz to 100 GHz].

OR
An oscillating electric field in space, produces
an oscillating magnetic field, which in turn,
is a source of oscillating electric field, and so
on. The oscillating electric and magnetic fields
thus regenerate each other.

SECTION B

A capacitor made of two parallel plates, each
of area 'A' and separation 'd' is charged by
an external d.c.-source. Show that during
charging, the displacement current inside the
capacitor is the same as the current charging

the capacitor, ' [21
Answer :
C
I
mml
N
=L
\"
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From Ampere's law,

$Bdl = poi ()
Let the case-1, where a point P is considered
outside the capacitor charging.

From Ampere's law magnetic field at point P
will be :

P
+ —
A
Ul
+ — Case-1
..I_ —_—
<+ -
_|_ —
Case-1
B.2nr) = po i (#)
. Mot
B= 25y ®

Now, take case-2 where shape of surface under
consideration covers capacitor's plate as we
consider there is no current through capacitor

then this value of B will be zero.
P, + —
r + N
+ —
+ —_
+ —
+ —
+ —_—
Case-2

Hence, there is a contradiction.

Therefore, this Ampere's law was modified
with addition of displacement current inside
capacitor.

1 Q Q
bu=|E|A= g4 A= o
dpg _ 1 dQ
dt € 4t
dog _ d4Q _
o

Where, i  is displacement current.

During charging of capacitor, outside the
capacitor, i (conduction current) flows and
inside i; (displacement current) flows.

No OTP No Login No Adversitement
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8.
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R dog

=fe+ig=i +6p— >
I1=letg=icT & 2t
outside the capacitor, iz = 0 hence, i=i.
and inside the capacitor, i = 0 hence, i = iy.
Thus, i, = iz as capacitor gets charged.
A photon and a proton have the same de-Broglie
wavelength A. Prove that the energy of the
photon is (2mAc/h) times the kinetic energy
of the proton, [2]
Answer :

Apr =-n% de-Broglie wavelength of proton
P
hc g ke
Aph = 5+ (s u=%)
(de-Broglie wavelength of photon)
1
KEproton = E mpvz

= Apr = Mok
Hence, E = —h—
E M, T
h E E
P= —mem—=r—
t, he myc
kel B E
2 m,C  m,C
_1 EE
2 My, C.C
_1 E h
2 ", Acc
K.E.=1 E_i
2 m, ch

A photon emitted during the de-excitation of
electron from a state n the first excited state in
ahydrogen atom, irradiates a metallic cathode
of work function 2 eV, in a photo cell, with a
stopping potential of 0.55V. Obtain the value
of the quantum number of the state n. [2]
OR

A hydrogen atom in the ground state is
excited by an electron beam 12:5 eV energy.
Find out the maximum number of lines
emitted by atom from its excited state.

1T1 1
Answer: E,=136 [1—2—n—2i|eV

3

oo
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Work function = 2¢V

~.Maximum kinetic Energy
=13.6 [l—i} -2eV
4 52
=0.55eV
13.6 _ 13;6_2___0'55
4 n
136 5 _0.55=22 —0.85
4 n
13.6
2
= —— =16,
"= 08
n=4
OR

Given:AE=125eV
Let the electron jump from 7 =1ton = n level.

AE=E,-E
125= -%ﬁ —(_1‘:"6)
n 1
1
12.5=13.6 (1~—2)
n
125 1
136 #2
111
13.6 n>
1.1
12.36 = >
n=35
n =3

Maximum number of lines = 3

Draw the ray diagram of an astronomical tele-

scope showing image formation in the normal

adjustment position. Write the expression for

its magnifying power. [2]
OR

Draw a labelled ray diagram to show image
formation by acompound microscope and write
the expression for its resolving power.

Answer:

e e——>|
fO fe

’/

p
v
-
-~
-,
o
* e R
y
o e
R e
i
-
P

image at &
infinity
The magnifying power m is the ratio of the
angle B subtended at the eye by the final image
to the angle a which the object subtends at the

lens or the eye. KeRGe N Login No Adversitement
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Eyepiece
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-

10.

11

The resolving power of microscope is the re-
ciprocal of the minimum distance.

Therefore, we have

RP. = _1__ - 2nsinf3
1.22

Armin
Write the relation between the height of a
TV antenna and the maximum range up to
which signals transmitted by the antenna can
be received. How is this expression modified
in the case of line of sight communication by
space waves? In which range of frequencies,
is this mode of communication used?** [2]
Under which conditions can a rainbow be
observed? Distinguish between a primary
and a secondary rainbow. ‘ 2]
Answer : The rainbow is an example of the
dispersion of sunlight by the water drops in
the atmosphere. This is a phenomenon due
to combined effect of dispersion, refraction
and reflection of Sunlight by spherical water
droplets of rain. The conditions for observing
a rainbow are that the Sun should be shining
in one part of the sky (say near western
horizontal while it is raining in the opposite
part of the sky (say eastern horizon). ’
Difference between Primary and Secondary
Rainbow :

S.N.

Primary Rainbow

Secondary Rainbow

1

- ‘Fhree Step process (Re-
fraction-Reflection and
Refraction).

Four Step process
(Refraction-Reflec-
tion and Refraction)

Appearance intensity

better than Second-
ary.

Appearance inten-
sity lesser than Pri-

mary.

Single reflection oc-
curs.

Double reflection oc-
curs.

2 Degree range occurs.

3 Degree range.

Fig.1

Fig.2

\;\;w.c e é?(r:‘c?rtn given due to change in the present syllabus.
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Raindrop

Fig. (1)

> Raindrops

12, Explain the following :

13.

‘observer
Fig. (2)

2]
(a) Sky appears blue.

{b) The Sun appears reddish at

(i) sunset, (ii) sunrise.

Answer :

(2) Light from the sun reaches the atmosphere
that is comprised of the tiny particles of the
atmosphere, These act as a prism and cause
the different components to scatter. As blue
light travels in shorter and smaller waves in
comparison to the other colours of spectrum.
It is scattered the most , causing the sky to
appear bluish.

(b) The molecules of the atmosphere and other
particles that are smaller than the longest
wavelength of visible light are more effective
in scattering light of shorter wavelengths than
light of longer wavelengths. The amount of
scattering is inversely proportional to the
fourth power of the wavelength. (Rayleigh
Effect) Light from the Sun near the horizon
passes through a greater distance in the Earth's
atmosphere than does the light received when
the Sun is overhead. The correspondingly
greater scattering of short wavelengths
accounts for the reddish appearance of the Sun
at rising and at setting.

SECTION-C

A capacitor (C) and resistor (R) are connected in
series with an ac source of voltage of frequency

50 Hz. The potential %W&EKSM ABA Bitement
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are respectively 120 V, 90 V, and the current in
the circuit is 3 A. Calculate (i) the impedance
of the circuit (ii) the value of the inductance,
which when connected in series with C and
R will make the power factor of the circuit
unity. (3]
OR
The figure shows a series LCR circuit con-
nected to a variable frequency 230 V source.

400
AAAA-

230V 80 WF

50H

(@ Determine the source frequency which

drives the circuit in resonance.

Calculate the impedance of the circuit and

amplitude of current at resonance.

() Show that potential drop across LC
combination is zero at resonating frequency.
Answer : ‘

(b)

K—Vc‘_l_‘VR_’l

—VVWA—

Vv A 4

Given,
V=120 Vg=90V [=3A Z=?
(i) From Kirchhoff's voltage law

V=V.+ Vg
=230V
v
1=z
Z= % ~ 230/3 = 76.67 Q
— WA/
C R -
(ii) v gL
‘ R
sh=—=1
cos ¢ Z
R=Z=R+j(m]_,——1—]
] wC
Hence, L=E 14,
OR

(a) Source frequency will be same as resonance
www.cbsepdf.cofiequency of LC circuit, 5
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40 Q

AAAA

yYvy J_
230v(rg -|-80uF

|
L
5H
1

2LC ,

273/5x 80 %107

1
277400 x 107
I
2 x2x1072
100
el

7.957 Hz

o, = 50 Hz
(b) Impedance of circuit

fR=

(- w=27f)

Il

z; =R + joL + —1—
joc

1
jx50%80x107®

=40 +50j x5 +

103
=40 0j + —
+ 250 + 4]

z; = 40 + 2504 — 2507 (at resonance)
z; =40 Q

Ampiil-ude of current,

230
1= —

Z;
=230/40=5.75 A

(c) As at resonance frequency impedance of
combination of L and C is 0.

Hence, voltage drop across LC combination is
zero at resonating frequency.

Give reason to explain why n and p regions
of a Zener diode are heavily doped. Find
the current through the Zener diode in the
circuit given below : [3]

(Zener breakdown voltage is 15 V)
No OTP No Login No Adversitement
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15.

m
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+ AAA-
250Q

20V 15V $ 1kQ

Answer : By heavily doping both p and n

sides of the junction, depletion region formed

is very thin, i.., < 1078 m. Hence, electric field

across the junction is very high (~5 x10°V/m)

even for a small reverse bias voltage. This can

lead to a break down during reverse biasing.
250Q

2500
_L > AN T
20V_|_ 15V
1KQ l
I=Iz+11

15
L= % 1073 = 1500A.

20-15 5
T 7250 250
= 20 mA
Hence, I[;=20-15mA
=5 mA

Draw alabelled diagram of cyclotron. Explain
its working principle. Show that cyclotron
frequency is independent of the speed and
radius of the orbit. i3l

OR
(a) Derive, with the help of a diagram, the
expression for the magnetic field inside
a very long solenoid having n turns per
unit length carrying a current I.
(b) How is a toroid different from a solenoid?
Answer :

Cyclotron : Cyclotron is a device by which
the positively charged particles like protons,
deutrons, etc. can be accelerated.

Principle : Cyclotron works on the principle
that a positively charged particle can be
acclerated by making it to cross the same
electric field repeatedly with the help of a

etic field.

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

l. N

H.F
Oscillator

Energetic ) \
proton beam S

Construction : The construction of a simple
cyclotron is shown in figure above. it consist
of two-semi cylindrical boxes D; and D,
which are called Dees They are enclosed in an
evacuated chamber.

Chamber is kept between the poles of a
powerful magnet so that uniform magnetic
field acts perpendicular to the plane of the
dees. An alternating voltage is applied in the
gap between the two dees by the help of a high
frequency oscillator. The electric field is zero
inside the dees.

Working and theory : At a certain instant, let
Dy be positive and D, be negative. A proton
from an ion source will be accelerated towards
Dy, it describes a semi-circular path with a
constant speed and is acted upon only by the
magnetic field. The radius of the circular path
is given by.
2

qUB = ﬂ
r
From the above equation we get,
r= @
- qB see

The period of revolution is given by.

T="F=22—
v v 4B
_ 2mm
=B
The frequency of revolution is given by,
1 qB
F= 7= 20m -

From the above equation it follows that
frequency f is independent of both v and
and is called cyclotron frequency. Also if we
make the frequency of applied a.c. equal to f,
then every time the proton reaches the gap
between the dees, the direction of electric field
is reversed and proton receives a push and
finally it gains very high kinetic energy. The

proton follows a spiralipatk andofinaldygetsitement
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directed towards the target and comes out
from it.

OR
(a) Magnetic field inside the solenoid

$.4---R

- .
$B.dl= g o= pp nal ()
- - - = -3 = - = - =
$B.dl= ¢ Bdl.¢ Bdl. ¢ Bdl.§ Bdl
= Bédlcos0’ +4B.dlcos90°+0.d! cos 0°
+ $B.dlcos90°
=B¢dl=Ba {11)
From equation (i) and (ii),
= B = pgnl
Holp = ponal

n = No. of turn per unit length.
a = length of the path.
I = current passing through

(b) Toroid is a form in which a conductor is
~ wound around a circular body. In this case we
get magnetic field inside the core but poles are
absent because circular body don't have ends.
Toroid is used in toroidal inductor, toroidal
transformer.

Solenoid is a form in which conductor is
wound around a cylindrical body with limb.
In this case magnetic field creates two poles N
and S. Solenoids have some flux leakage. This
is used in relay, motors, electro-magnetes.

Toroidal Coil 7

17.
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16.

Prove that the magnetic moment of the
electron revolving around a nucleus in an
orbit of radius r with orbital speed v is equal
to evr/2. Hence using Bohr's postulate of
quantization of angular momentum, deduce
the expression for the magnetic moment of
hydrogen atom in the ground state. [3]

Answer :
e
=—1—|L
" (Zm)

where, (-) indicates p direction is opposite to
L.

As Bohr's atomic model
L = mor
H=- (—E—) X mMor
2m
_evr
H=7

But from Bohr's second postulate
nh h

Wely = for(n=1
T omon ¢ )
nh
7 =
2mm,
Hence the magnetic moment is
e h
= — Heren=1
22mm, ( )
eh
™= 4amm,

Two large charged plane sheets of charge

densities 6 and —-20 C/m?are arranged

vertically with a separation of d between
them. Deduce expressions for the electric
field at points (i) to the left of the first sheet,

(ii) to the right of the second sheet, and (iii)

between the two sheets. 131

OR

A spherical conducting shell of inner radius

r; and outer radius r; has a charge Q.

(a) A charge q is placed at the centre of the
shell. Find out the surface charge density
on the inner and outer surfaces of the
shell.

(b) Is the electric field inside a cavity (with
no charge) zero; independent of the fact
whether the shell is spherical or not?

Explain.  No OTP No Login No Adversitement
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Answer:
(i) -Electric field due to plane sheet toward
right = <
£
Where, o is charge density.
towards left = —2
£
A ‘ ¢ I B
d
Ly -20

Electric field at point A i.e., to the left of first
sheet and due to large plane sheet.

. ‘
EA =_E.+(+2_GJ = _0;
€ & gg
(i) Electric field at point B i.e., to the right of
second sheet,
2 0 20 _-o

(iii) Electric field at point C i.e., between two
plates, :
p=d o . 26 3o

(a) Charge on inner surface will be - 4 and
charge on outer surface will be 4.

Electric field inside conductor will be zero.
$Eda=0="L+T =0
& &

' = — g inner surface is equal to zero.

As total charge on spherical shall is
Hence, Q = Jinner + qouter
Ginner = — g From Gauss's law

outer = Q= q
Hence, inner surface charge' density — 3
4TW1
d out
an _outer 4%2

WhATSYEeh i Betrgiven due to change in the present syllabus,
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(b) Electric field inside a cavity with no charge
will be zero as from Gauss's law
o = Jenclosed
€

a5 Fenclosed = 0. Thus ¢ will also be zero. elec-
tric field will also be zero.

18. A signal of low frequency f, is to be
transmitted using a carrier wave of frequency
fe Derive the expression for the amplitude
modulated wave and deduce expression for
the lower and upper sidebands produced.
Hence, obtain the expression for modulation
index.** (31

19. Draw a plot of a-particle scattering by a
thin foil of gold to show the variation of
the number of the scattered particles with
scattering angle. Describe briefly how the
large angle scattering explains the existence
of the nucleus inside the atom, Explain with
the help of impact parameter picture, how
Rutherford scattering serves a powerful way
to determine and upper limit on the size of
the nucleus. 31
Awswer:

10

10

10 \ -
RS

™

10 N

— .

& &
*—1—8

Number of scattered particles detected

10

0 20 40 60 80 100 120 140 160 180

Scattering angle @ (in degree)

From the plot it is clear that Most of the
a-particles passed through the foil,. only
0.14% of the incident o particles scatter by
more than 1% and about 1 in 8000 deflect by
more than 90° a-particles deflected backward
due to strong repulsive force. This force will
come from positive charge concentrated at the
centre as most of the particles get deflected by
small angles.

The a-particles trajectory depends on collision's
impact parameter (b) for a given beam of
8  o-particles, distributionsof impact parametersitement
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as beam gets scattered in different directions
with different probabilities.

fig.2 shows a-particle close to nucleus suffers
large scattering.

Impact parameter is minimum for head on
collision a~particles rebound by 180°.

Impact parameter is high, for undeviated
o-particles.

With deflection angle = 0°.

As these of nucleus was 1074 m to 107 m
w.r.t. 100 m size of an atom which is 10,000
to 100,000 times larger hence most of the
space is empty, only small % of the incident
particles rebound back indicates that number
of a-particle goes head on collision. Hence

most of the mass of the atom is concentrated
in small volume.

Thus, Rutherford scattering is a strong tool to
determine upper limit to the size of the nucleus.

A /‘ .
el

ol

SN0

—— -

>

-

S

| -

= — <
<

-
@ Target nucleus

Fig. 2

A 200 pF parallel plate capacitor having plate
separation of 5 mm is charged by a 100 V dc
source. It remains connected to the source.
Using an insulated handle, the distance
between the plates is doubled and a dielectric
slab of thickness 5 mm and dielectric constant
10 is introduced between the plates. Explain
with reason, how the (i) capacitance, (ii)
electric field between the plates, (iii) energy
density of the capacitor will change?  [3]
Answer : Given, C =200 x 10°F,

d=5mm=>5x10"m

8 =CV =200 x 167 x 100

=2 x 102 coulomb.
ggA = Cd =200 x 1078 x 5 x 102 = 107

A=10"%/¢
As dielectric of 5 mm is inserted with spacing
between the dielectric doubled then it will act

www.cbsepdf.ca@ following-Fig.A and Fig-B. 9
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A

C
———
C c
Fig-B i
5mm5mm
Fig-A

(i) Here, C' will be the capacitance with dieleciric
of 5 mm dielectric with 5 mm separation
between plates.

C'=KC=10x 200 x 106=2x102F
Thus, equivalent capacitance will be

1 _ 1.1
c, ¢ C
1 1
= ra 3
200x107%  2x10
10° 10°
= e——
2 2
= 5x10% + 0.5 x 103
1 s5x10°
Cey 1
Cpp= —=
“7 55%10°
= 1 10 =0181x107
55
= 1.81 x 104F
(ii) Electric field inside — dielectric will be
., E
E= —
K
_ 100
T 55x107%x10
= 18182 V/m

Elec;l:ric field remains same, other than dielectric

area,
Q2

b @
(iii) 2C
U'=U+U
2 2
191
C 2

2
~ 1071 1
2N@T N0 Ladif No Adversitement
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1 '_2.[ 1 1 ]
=—x2x10 +
2 02x107°  2x1072

1 1 1
L1 1
[ c'C ceq]

[1000 1000 1000:|
0.2 2
=102 x 55 x 10° x 2 x 1072
U"=11]

21. Why is it difficult to detect the presence of
an anti-neutrino during p-decay ? Define
the term decay constant of a radioactive
nucleus and derive the expression for its
mean life in terms of the decay constant.

[3]
OR

(a) State two distinguishing features of nuclear
force.

(b) Draw a plot showing the variation of
potential energy of a pair of nucleons as
a function of their separation, Mark the
regions on the graph where the force is
(i) attractive, and (ii) repulsive.
Answer : The symbols 7 and v present
antineutrino and neutrino respectively during
B decay : both are neutral particles. With very
little or no mass. These particles are emitted
from the nucleus along with the electron or
positron during the decay process. Neuirions
interact very weakly with matter, they can even
penetrate the earth without being absorbed.
It is for this reason that their detection is
extremely difficult and their presence went
unnoticed for long.
Decay constant : Decay constant of a radioactive
element is the reciprocal of time during which
the number of atoms left in the sample reduces

to 1 times the number of atoms in the original
sarfiple.

Derivation of mean life :

Let us consider, Nj be the total number of
radioactive atoms present initially. After time
t, total no. of atoms present (undecayed) be
N. In further d¢ time dN be the no. of atoms
disintegrated. So, the life of /N atoms ranges
lies Between ¢ +dt and dt. Since, dt is very small
time, the most appropriate life of 4N atom is
i. So the total life of N atom = t.dN

sum of ages of all atoms = J';v 0N (i)
N = Noe™
dN = Np (-A)e™ di
Now, substituting the value of AN and changing

www.cbskheéf lianit in equation (i) from (ii) we get
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10

= J:S tNO (—;\,)e_udt
= —-I(:o tNO (—k)e‘”dt
= Ny xj;" te Mt

= sum of life of all atoms

NoA[ " te ™Mt
Mean life (1) = —————

'c=7\,x;~]5
L1
Y

This expression gives the relation between
mean life and decay constant. Hence, mean
life is reciprocal of decay constant.

OR

(a) Distinguish features of nuclear force are :

(i) Nuclear forces are very strong binding
forces (attractive force.)

(ii) It is independent of the charges protons
and neutrons (charge independent.)

(iii) It depends on the spins of the nucleons.

(b) Plot showing variation of potential energy of
a pair of nucleons as a function of separation
mark attractive and repulsive region.

Y
oy No 4
8
S >1004
g2
s ‘
s O :
_100 ) 1 (1 :X
L O] |123|
Repulsive  Attractive
region region
v

X-axis shows separation between pair of
nucleons and Y-axis shows variation of
potential energy w.r.t. separation (in x 107> m).

A triangular prism of refracting angle 60° is
made of a transparent material of refractive
index 2/+/3 . A ray of light is incident normally -

on the face KL as shown in the figure. Trace

the path of the ray as it passes through the
prism and calculate the angle of emergence

and a.ngle of deviationlo OTP No Login No Adveigjtement
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24,

Answer : From diagram it is clear that incidence
angle at face KM is 60°.

V3
11 2
Hence, critical angle is also 60°.

s:inC=l=

Therefore, incident light ray will not emerge
from KM face due to total internal reflection
at this face. Hence, it will move along face KM

Angle of emergence = 90°.
Hence angle of deviation = 30° (from fig.)

Prove that in a common-emitter amplifier,
the output and input differ in phase by 180°.
In a transistor, the change of base current
by 30 pA produces change of 0-02 V in the
base-emitter voltage and a change of 4 mA
in the collector current. Calculate the current
amplification factor and the load resistance
used, if the voltage gain of the amplifier is
400.** [3]
Show, on a plot, variation of resistivity of (i)
a conductor, and (ii) a typical semiconductor
as a function of temperature.

Using the expression for the resistivity in
terms of number density and relaxation
time between the collisions, explain how

resistivity in the case of a conductor increases

while it decreases in a semiconductor, with
the rise of temperature, [3]

www.cbsepdf.com 11
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Answer :
for conductor
2 for
ol typical
! semiconductor

Q.41 ’
Resistivity
(10-8am)

0.4

25,

n — number of free electrons v

T — Average time between collisions.

In metals # is not dependent on temperature to
any appreciable extent and thus the decrease
in the value of T with rise in temperature
causes p to increases.

for semiconductors, 7 increases with temperature.
This increases more than compensates any
decrease in t, so that for such materials, p
decreases with temperature.

SECTION D

(@ Derive an expression for the induced
emf developed when a coil of N turns,
and area of cross-section A, is rotated at
a constant angular speed @ in a uniform
magnetic field B.

(b) A wheel with 100 metallic spokes each
0-5 m long is rotated with a speed of 120
rev/min in a plane normal to the horizontal
component of the Earth's magnetic field. If
the resultant magnetic field at that place is
4 x 104 T and the angle of dip at the place
is 30°, find the emf induced between the
axle and the rim of the wheel. [5]

OR

{a) Derive the expression for the magnetic
energy stored in an inductor when a
current I develops in it. Hence, obtain
the expression for the magnetic energy
density.

(b) A square loop of sides 5 cm carrying a
current of 0-2 A in the clockwise direction
is placed at a distance of 10 cm from an
inifinitely long wire carrying a current of
1 A as shown. Calculate (i) the resultant
magnetic force, and (ii) the torque, if any,
active on the l@eprr No Login No Adversitement
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0.2A
/\1A

v YN

«— 10 cm—» Eom
Answer :

(2) As the armature c011 is rotated in the
magnetic field, angle 6 between the field
and normal to the coil changes continuously.
Therefore, magnetic flux linked with the
coil changes. An e.m.f. is induced in the
coil. According to Flemmgs right hand rule,
current induced in AB is from A to B and it
is from C to D in CD in the external circuit
current flows from Bs to B;.

To calculate the magnitude of e.m.f. induced :
Suppose, '

A — Area of each turn of the coil

N — Number of turns in the coil

B — Strength of magnetic field

8 — Angle which normal to the coil makes

—
with B at any instant ¢

Normal Coil

". Magnetic flux linked with the coil in this
position.

¢ = N(B.A) = NBA cos 6 = NBA cos of ....({)
Where, o is angular velocity of the coil

As the coil rotates, angle 6 changes. Therefore,
magnetic flux ¢ linked with the coil changes
and hence, an em.f. is induced in the coil. At

this instant ¢, if e is the e.m.f. induced in the
coil, then
dB

e=- o =— —(NAB cos of)

d
=—NAB it (cos of)

=—NAB (- sin of) ®
.. ¢ = NAB o sin of
e = gp sin ot (Here gg = NBA®)
(b) We have number spokes (N) = 100
Length of each spoke (L) =0.5m
Magnetic field (B) = 0.4 x 104 T=4x10~°T

www o SSAESHCY () =120 7pm = 2 1ps 12

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

induced e.m.f. between axle and rim is given by
e=NxBxI?xnxf
=100 x 4 x 1079 x (0.5)% x 3.14 x 2
=628 x102V
OR
(2) Energy stored in an inductor : When a
current flows through an inductor, a back
e.m.f. is set up which opposes the growth of
current. So, work needs to be done against
back e.m.f. (e) in building up the current. This
work done is stored as magnetic potential
energy.
Let, I be the current through the inductor L at
any instant f.
=2
I

¢ Induced
curret

.
>
AL
vy

The current rises at the rate %
So, the induced e.m.f. is :
—-LdI
T
The work done against induced e.rm.f. in dt is:
dW = Pdt
= —eldt
—Ldl
= th
= LIdI

For total work from 0 to Iy current,
W = j% dW
= | "L1dI

= LI}

Hence, this work done is stored as the magnetic
potential energy U in the inductor

U= %LIZ
The magnetic energy is given by
Up = SLI2

2 No OTP No Login No Adversitement
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2
= lL(—B—) (since B = ygnl)
2 \yn )
= l( n> Al) B
2 #o Hon
(- L=pn’ Al
RN
2ug

The magnetic energy per unit volume or
magnetic energy density is given by,

U = —I-Jﬁ (where, V is volume
v that contains flux)
- Us
T Al
2
= B Al
24y
(b)
02A
N
7
1 Amp
N N Y 5cm
< > <
10cm 5 cm
@)
(1)
" To calculate resultant magnetic force,
- -
F = I(L xB)
- -
Fap = I;(L xB1)
F
T BC
B . C
>—
N ¥ —Fg
F&¥——
BC .
A N l D
Fap
Direction of field B due to current in long wire
inward ®
s Koly
B= -1
2nr

Where, r = distance from long wire
poxI; sin@

Lo 2
—Iihlag = b x5x10x —————
127AB 27 x 10 % 1072

www.cbsepdf.com 2%F
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= 02x5x102x — XL
2rx10x 10
(~8=0°
2 1
|FaB| = Z—OE (in the direction
T shown in fig)
- - -
|Fc| = I(LxB;)
= 02x5x10%x P-_ox_l_z
2n 15x10™
Mo 1
2r 15
- -
| Fec| = |Fap]| -+ |FyNet| =0

Thus net magnetic force,
- -
Fret = |FaB|—|Fcp|
_ _u_o[i_l}
" 2zl10 15
Arx10~7

= ———  x[0.0333]
2%

0.067 x 1077
=67 x 107°N

The forces acting on all sides of the square due
to current of infinite length wire are lying in the
plane of coil. Thus, there is no net torque. Thus
torque is zero.

Explain, with the help of a diagram, how
plane polarized light can be produced by
scattering of light from the Sun.

Two polaroids P; and P, are placed with
their pass axes perpendicular to each other.
Unpolarised light of intensity I is incident
on P;. A third polaroid P; is kept between Py
and P, such that its pass axis makes an angle
of 45° with that of Py. Calculate the intensity
of light transmitted Py, P2 and P5. [5]

OR

(a) Why cannot the phenomenon of interfer-
ence be observed by illuminating two
pin holes with two sodium lamps?

(b) Two monochromatic waves having dis-
placements y; = 4 cos @f and y2 = a cos
{ ®f + §) from two coherent sources inter-
fere to produce an interference pattern.
Derive the expression for the resultant in-
tensity and obtain the conditions for con-
structive and destructivg interferenaement
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() 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 1076 m, If the distance

between the slit and the screen is
1-5 m, calculate the separation between
the positions of the second maxima of
diffraction pattern obtained in the two
cases.
Answer:
Molecules behave like dipole radiators and
scatter no energy along the dipole axis by this
way plane polarized light can be produced

during scattering of light.

v

S
lo P, P, P,

Intensity of light after passing through the
polaroid Pi(I")
Ii=l/2
Intensity of light after passing through P
I=1; cos? 45° :
I 1
2 4
Intensity of light after passmg through P,
I = I; cos®45°
1 I

OR

(a) Phenomenon of interference can't be
observed by illuminating two pin holes with
two sodium lamps because these sources are
not coherent source (it means they are not in
same phase).

(b) Consider two monochromatic coherent
sources A and B with waves i, = a cos of and
www.cbggpsfaaros (of + ) respectively.
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From principle of superposition,

y=yirty2
=a sin of + b sin (ot + ¢)
= 4 sin of + b sin of cos¢ + b coswt
sing
= (a + b cos §) sin wt + b sing cos ot

Let,
a+bcos ¢ = Acosd
bsing = A sind
Y = A sin ot cosd + A cos of sind
= A sin (of + &)
A= \/a2+b2+2abcos¢
3 bsing
a+bcosd

1. constuctive interference
For I-maxima,
“Ta A2
and for A to be maximum,
cosp=1
cosp=cos2nm,n=0,1,2, 3.
¢ =2nn
and path difference,
Ax =pA
Apax=4a+b
Il max=k(@ +b)?
2, Destructive Interference
For I - minima

cos¢ = -1
Ad = (2 + I)n
Path difference,
=n+1)Ar/2
Amin=a-b

I - Imin=k(@a-b)?

@B=mn+1/2)r/a
a =2 x 107 (aperture of slit)
A -9
el=_=590><10 _ 5% %10-3
2a 4x107P No Lodk No Adversitement
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=147.5 x 1073
' -9
p=i o B0 19109
2a 4x10

0, — 6; = 1.5 x 107 (Angular difference)
»1=596 m, A2 =590 nm
a=2x10"°
D=15m
3AD

y= 2a

Il

3D
= 22 (-
n-yp= (3 —-22)
) .
= X1 (596590 x 109 m
2x2x10

45 "
= x6x107"m
4x107°

= 454)( 6 % 10_3111

6.78 nm

]

27. (a) Describe briefly, with the help of a circuit
diagram, the method of measuring the
internal resistance of a cell.

(b) Give reason why apotentiometeris preferred
over a voltmeter for the measurement of emf
of a cell

(c) In the potentiometer circuit given below,
calculate the balancing length [. Givereason,
whether the circuit will work, if the driver
cell of emf 5V is replaced with acell of 2 V,

keeping all other factors constant. [5]
5V 450Q
l r

INAAA

—10 m

Ale > B
/
| @JRAB=50£Z

|
300 mv

4

OR

(a) State the working principle of a meter
bridge used to measure an unknown
resistance.

{b) Give reason.

() why the connections between the

resistors in a metre bridge are made of

thick copper strips.

(ii) why is it generally preferred to obtain

the balance length near the mid-point1(5)f

www.cbsepdf.com the bridge ire
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(¢) Calculate the potential difference across
the 4 Q resistor in the given electrical

circuit, using Kirchhoff's rules.
2Q
8V
A { + VA
6V 1Q
D L VA C
4Q
E % F
Answer :
(a) When K is open, balance is obtained at
L = AN
E= ¢l1
when K; is closed
V =0,
RB
BT
G
R
K, c
Circuit for determining internal resistance of cell.
E_h
VT
But, 2
e=I(r+R)and V=IR
Thus,
£ r+R _ i
V- R b

r=R .ll.._.]_
12

Where, 7 is the internal resistance of cell.

{b) Potentiometer is preferred over voltmeter
for measurement of e.m.f. of cell because a
voltmeter draws some current from the cell
while potentiometer draws no current.

Therefore, the potentionmeter measures
the actual e.m.f. of cell whereas voltmeter
measures the terminal voltage.

5V 4500
1 M
(c) 1t
< 10m
A B
< I — P Rap =500
L %@E‘I@No in No Adversitement
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For current through AB,
5V 4500
} ANVWA
A—— sy B
500
\
I=—
R
5
= —=10mA
500

10 mA current passes through AB. Thus,
voltage drop through AB = Vap = 10x1073 x
50 = 500 mV
Voltage drop per unit length
500mV

10

=50 mV/m

balancing point is at 300 mV
Hence,.l will be 6m.
When 5V is replaced with 2V

(volts/m) =

L= 2 =
AB= 500

Vag =4 mA x 50 = 200 mV

Hence, balancing will not possible as it needs
to cater 300 mV.

OR
(@) Meter bridge is the practical apparatus
which works on principle of Wheat-Stone
bridge. It is used to measure unknown
resistance experimentally.

Ry
AMAA_
5] [
o
A
T
e el L ey
I
Fdy .
It ;
E K n
Hence, as per Wheat-Stone bridge balance
condition :

R, _ Resistance of wire AD
R_2 " Resistance of wire DC

Where, D is point of balance.

Re_ph_h__ b
R, ph L (100-1)

www.cbsepdf.com
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(- Iy + lo=100 cm)

p = resistance per unit length of wire.
1

=Ry—1
>(100-1,)

(b) (i) Connection between resistors are made
of thick copper strips so that it will have
maximum resistance and location of point
of balance (D) will be more accurate which

results in correct measurement of unknown
resistance.

Ry

(ii) It is preferred to obtain the balance
length near the mid-point of the bridge
wire because it increase the sensitivity of
meter bridges.

(c) From KCL (Kirchhoff's current Iw) at point D

Ar€e—]—< AW B

Tith
Current flowing through 4€ resistance
fl + ip_ =i
KVL in loop DEFCD,
zZV=0
—~({1+i)d—-i +6=0
—4i1 —5i2 +6=0
(Voltage drop is negative and gain is posi-
tve)
4i1 + 5i2 =6
KVL in loop AEFBA,
—(il + 12) 4-2f1 +8=0
~4fy —4in— 21 + 8=0

—6i1 —4i» + 8=0
6i1 + 4ir=8 i)
4i1+5i=6 wee(il)

Afer solving both (i) and (ii)
iy=2/7

No OTP No Login No AdR®itement



CBSE 2019 Solved Paper Download All Previous Year and Sample Papers From www.cbsepdf.com

Physics 2019 (Outside Delhi) 'SET II

Time allowed :3 hours Maximum marks : 70

Note : Except for the following questions, all the From Ampere’s law,
remaining questions have been asked in previ- $Bedl = pyi(t)
ous set. P
1. Write the relation for the force acting on a 4®7i —
charged particle 4 moving with velgcity T + -
_in the presence of a magnetic field B. [1] + -
- - - + -
Answer: F = g(V x B) 4+ -
+ —
3. Draw the pattern of electric field lines due
to an electric dipole. [1] Case-1
, Let, the case-1 where a point P is considered
Answer : outside capacitor charging from Ampere’s law.
Magnetic field at point will be
B. (2nr) = o i(t)
= Mo,
T2 it
p
M
+ | —.
+ —
+ - |
5. Identify the semiconductor diode whose I-V l
characteristics are as shown. [1]
] 4 Case-2
Now take case-2 where shape surface under
consideration covers capacitor's plate as we
consider there is no current through capacitor
Ve then this value of B will be zero. '
>V Hence, there is a contradiction.
Therefore this Ampere's law was mod:ﬁed
I with addition of displacement current inside
sC capacitor.
v ¢E=|E|A—l§A“g
» H EO EO
Answer : Photodiode/Solar cell. dog _ 1 dQ
SECTION-B di g dt
7. How is the equation for Ampere's circuital e dog _ dQ =i
law modified in the presence of displacement @ T a
current? Explain. [21
Answer : Where, iy is displacement current. ,,
During charging of capacitor, outside the

www.cbsepdf.com
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]
11—
v 17

capacitor, i; (conduction current) flows and
inside i; displacement current flows.

¢E

i=si.+tig=i+g —=

Qutside the capacitor iy = 0 hence, i=i,
and inside the capatitfoNd Lsdhhienteseisitagnent
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8. Under what conditions does the phenom-
enon of total internal reflection take place?
Draw a ray diagram showing how a ray of
light deviates by 90° after passing through a
right-angled isosceles prism. [2]
Answer :

The phenomenon of total internal reflection
occurs when,

1. Angle of incidence is equal or greater than
critical angle.
i=C

2, When light travels from more denser
medium to less denser medium.

In case of right angle isosceles triangle if light
rays fall normally on AB then light incident
of face AC with angle of incidence > critical

Hence, total internal reflection will occur with
normal to the surface of BC.

11. A beam of light converges at a point P.
Draw ray diagrams to show where the beam
-will converge if (i) a convex lens, and (ii) a
concave lens is kept in the path of the beam.

2]
Answer : (i)

v

'S

(ii)

YY'|YY

Concave lens

www.cbsepdf.com
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14.

18

SECTION-C
(a) How is the stability of hydrogen atom
in Bohr model explained by de-Broglie's
hypothesis?

(b) A hydrogen atom initially in the ground
state absorbs a photon which excites it to
n = 4 level. When it gets de-excited, find
the maximum number of lines which are
emitted by the atom. Identify the series to
which these lines belong. Which of them
has the shortest wavelength? [3]
Answer :

(@} From Bohr's model-An atom has a number
of stable orbits in which an electron can reside
without the emission of radiant energy. Each
orbit corresponds to a certain energy level.

-+ Electron revolves is circular orbit
(&5

mv? &2
The motion of an electron in circular orbits is
restricted in such a manner that its angular
momentum is an integral multiple of h/2x

o 47:801‘2

Thus, L = mor = E—’i
136
En = 2" ZZEV
r
Z =1 for H; atom
En = —12.6 ev
r
From de-Broglie hypothesis
r mv
And from Bohr model
ni = 2mr
_ 2mr
Ty
h _ 2mr
mv h
ﬂ =mur=1L
2n :

(b)n; =1, ne=4.

Possible transitions are :
= 453,452,451
or 352351,

or 21

Hence, Six lines are possible.
451
3 — 1 Lyman series
2-1

No OTP No Login No Adversitement
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16.

18.

352
452
4 — 3 Paschen series
4 — 1 has smallest wavelength.

What is the reason to operate photodiodes

}Balmer series

in reverse bias?
A p-n photodiode is fabricated from a
semiconductor with a band gap of range of 2:5

to 28 eV, Calculate the range of wavelengths ’

of the radiation which can be detected by the
photodiode. (3]

Answer
for working in photo-conductive mode.

: Photodiode are reverse biased

This reduces the response time because the
additional reverse bias increases the width
of the depletion layer, which decreases the
junction capacitance. The reverse bias also
increases the dark current without much
change in the photo current.

Given, E = 2.5 - 2.8 eV

he
E=—
A
he
A= —
1 El
_ 6.63x107* »x3x10°
25%x1.6x107Y
3%6.63x 107
—2.5%1.6
= 497.25 nm
he
A=
2 Ez

3 6.63x10"34 ><3><108
T 28x1.6x107Y

= 443.97 nm

The range of wavelengths of radiation which
can be detected by the photodiode is 443.97
nm to 497.25 nm.

A ray of light incident on the face AB of an
isosceles triangular prism makes an angle
of incidence (i) and deviates by angle § as
shown in the figure. Show that in the position
of minimum deviation Zp = Za. Also find
out the condition when the refracted ray QR

www.cbsepdr.coffiffers total internal reflection. 131
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(i) Condition for minimum deviation :

1.A=180-2a
sini
2 Sn@o—-p) "

when, r; =r; = r > critical angle
r1+ 12 =180 - 20

2r =180 - 2a [r1=1]
r=r=9-a
B=90~—T1
=90-90+a
B=a

condition when QR have total internal reflec-
tion :
ZQRC =critical angle for the prism
Z180° — B =critical angle
or
Z£180° — @ = critical angle
Z180° —a = ZBAC
ZBAC = critical angle

A 10D pF parallel plate capacitor having plate
separation of 4 mm is charged by 200 V dc. The
source is now disconnected. When the distance
between the plates is doubled and a dielectric
slab of thickness 4 mm and dielectric constant
5 is introduced between the plates, how will
(i) its capacitance, (ii) the electric field between
the ‘plates, and (iii) energy density of the
capacitor get affected? Justify your answer in
each case. No OTP No Login No Adversitemd ]
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Answer : Given, 1
¢ = 100 pF , Cog= 3
d = 4x103m. 112 x10
V = 200V =—x107°
k=5 12
= 200 x 100 x 1076 (ii) Electric field inside dielectric will be
= 2 x 102 Coulomb ®=E___50 _
As dielectric of 4 mm is inserted between the - K 5x4x107
plates of capacitor and the spacing between the 50%103
plates is doubled then it will acts as following = =10x10°
Fig-A and Fig-B. =1000 V/m.
4 mm—by . N o .
é and Electric field inside capacitor but out of
— dielectric Area will be
— E=50x10° V/m
—_—
é c C (iii} Energy densityQ(;f capacitor is given by :
4 mm Fig-B U= 2
Fig-A
[ . N : . =U+U
Here, C' will be capacitance with dielectric of 2
4 mm & 8 mm separation between the plates. -2 i
C'=KC=5x100x10°=05x 10°F ¢ 2¢
(i) Thus, equivalent capacitance 2r1 17 2x102x2x1072 |
111 1 :’QT{— F]= : ——lzxa0’]
C, C C 10010  05x107 - i
“ o bl L 1
=10 x 10* +2 x 103 "C C G,
=12 x 10° =2x 107 x 12
1 =24]
'C—eq' =12 x 103 es
Physics 2019 (Outside Delhi) SET III

Time allowed : 3 hours

Note : Except for the following questions, all the
remaining questions have been asked in previ-
ous sets.

2. Draw a pattern of electric field lines due
to two positive charges placed a distance d
apart. (1]
Answer : Electric field lines due to two
positive charge placed to at distance d apart :

~www.cbsepdf.com

Zener Breakdown

Maximum marks : 70

4. When a charge g is moving in the presence

of electric (E)} and magnetic (B) fields which
are perpendicular to each other and also
perpendicular to the velocity v of the particle,
write the relation expressing v in terms of E
and B. (1]
Answer:0=E/B

Draw the I-V characteristics of a Zener dioc[le].
1
Answer :

Current
) F 3

V.

2

Volts - ——» Voitage
/ ’

: l|=\‘(mA)No OTP No Login No Adversitement
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SECTION-B

State, with the help of a ray diagram, the
working principle of optical fibres. Write
one important use of optical fibres. (2]
Answer :

Optical fibre works on principle of total
internal reflection. When angle of incidence is
greater than Critical angle then incident rays
are totally reflected back in same media.
When, 0; > 8¢, Total internal reflection occurs
and if 8; < 8¢, refraction occurs.

Application : Optical fibre are used for commu-
nication due to very high bandwidth of media.
How are electromagnetic waves produced
by oscillating charges? What is the source of
the energy associated with the em waves [2]
Answer : Oscillating charges are responsible
for generation of periodically varying electric
field in the space. The oscillating charges
generate varying electric current which in
turn is responsible for the generation of
periodical varying magnetic field. This way
the electromagnetic waves are generated.
The wavelength of light from the spectral
emission line of sodium is 590 nm. Find the
kinetic energy at which the electron would
have the same de-Broglie wavelength. [2]
Answer : Given, A = 590 nm = 590 x 10°m
KE=7?

For same de-Broglie wavelength,

De-Broglie wavelength (A) = 2
h-planck constant mo
= 590x107°
h
——— =7
m, x590x10 1
KE= —m2
2
= — XM X
h2
mZ x(590x107%)?
www.cbsepdf.com 21 ‘
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_1 662x107% x6.62x107# x10° x10°
2 " 9.1x107%! x 590 x 590

KE =691 x 107V ]

SECTION-C

(a) Draw the energy level diagram for the line
spectra representing Lyman series and
Balmer series in the spectrum of hydrogen
atom.

(b) Using the Rydberg formula for the spectrum
of hydrogen atom, calculate the largest and
shortest wavelengths of the emission lines
of the Balmer series in the spectrum of
hydrogen atom. (Use the value of Rydberg
constant R=1.1 x 10" m* 3]

Answer:

(a) Energy level diagram showing lyman and

balmer series :
E{n)to E(n=4)

Wi

Paschen series
E(n) to E(n = 3)

Balmer series
E{n) to E(n = 2)

n=1
Lyman serles
E(n)to E(n=1)

Spectrum wavelngths of both series for
hydrogen atom

£

EEEEE £
(=]

8 8 8 § 5

: 2 g il 1§ HEH B £i
Lyman Balmar
series series

B S—————
Paschen series

(b) Rydberg formula,

1 1
1 =1.1x 10’ ]:—2——2]
A ny o on

1 _ 7 l_l]

?\’—1 = 1.1x10 [4 )

1 7

— = 1.1x10° x 0.1389

A

A = —x107 x0.1389

Nd 0THNo Login No Adversitement
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, - 100x107
"7 0153

Amax (A1) = 653.6 nm

1 L1x10’
A 4
4
M= ———s
27 11x10°
400 '
= HX].O_Q

Amin (A2) = 363.6 nm

15. In a network, four capacitors C;, C3, C3 and
C4 are connected as shown in the figure, [3]

C,=6uF
12uF 4uF als
11 -
I .
C, G 1l
C,=3uF
1]
8V
(a) Calculate the net capacitance in the
circuit. '

(b) If the charge on the capacitor C; is 6 nC,
(i) calculate the charge on the capacitors
C3 and Cy, and (i) net energy stored in the
capacitors C; and C; connected in series.

Answer:
(@)
6UF
|
120F |F
|1
4uF I
3yF
Q |Cqq F $
|1 | |
O || 11 o
1 C,
o |- o
\;vww.cbsepdf.com Ceq
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22

1 1 1
==

C, 124

1 4
c1‘12'th
Ci=3puE

Cp =3+ 6 =9yF
11,1 1.1
Cq C C 9 3
1 _4

Ceq 9
Ceq = 9/4 uF

(b) () Given, Q; =6 uC, Co=6 uF

C,=6pF
12uF 4HF — =
L | ] -
| ) '
C, GC, 1]
[+
8V
Q is charge on C;
QQ; is charge on C;
Q is net charge flows through C; and C,4
Q Q,
=V ==t
G G,
Q
= ==xC
Q Clx 2
=§x6
3
Q,=12uC
Q= +Q
=124+6
=18 uC

(ii) Voltage across C; and C; is 2 volts.
Thus, voltage across combination of C4 and Cs
will be
V=8-2=6V
1 1 1
= +
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Hence, Energy

1
|
X
W
X
N
[+

=54 x 10797
17. Draw the circuit diagram of a full wave rectifier.
Explain its working principle. Show the input
waveforms given to the diodes D; and D; and
the corresponding output waveforms obtained

at the load connected to the circuit. [3]
Answer :
D'I
N
g
S
R,
Nl
%
2
Full wave rectifier
[
Input
Waveform »i
D, D, Dy D,
Output : R
Waveform >t O

During first half of input sinusoidal ac signal
diode D; conducts as it is forward bias and
during second half of input ac signal diode
D, conducts as it is forward bias now. D; and
D; are inverse bias conditions during first and
second half respectively and doesn't conduct.
Due to this output appears as waveform (b).

21. (a) When a convex lens of focal length 30 cm is
in contact with a concave lens of focal length
20 cm, find out if the system is converging or
www.cbsepdf.com dlvelgmg- . 23
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(b) Obtain the expression for the angle of
incidence of a ray of light which is incident
on the face of a prism of refracting angle A
so that it suffers total internal reflection at
the other face. (Given the refractive index
of the glass of the prism is ) (31

Answer:

(a} bit = foonvex = 30 cm

f2 = fconcave =-20 cm-

i1, 1
f 1 h
_1r .1
T30 20
2-3
60
l = _l [ . concave (diverging) lens]
f 60
g
® = nan
Let C is the critical angle,

2 = C for total internal reflection

rn+rn=A
n+C=A
T1='A—-C
_ sini -
 sing
= 8in i = psin rq

sin { = u sin (A-C)
i =sin"! u sin (A - C)

o0
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SET I

Maximum marks : 70

SECTION-A

Draw the pattern of electric field lines, when
a point charge — (Q is kept near an uncharged

intensity of radiation. SI unit of intensity of

radiation is E .
T

conducting plate. [1] What is the speed of light in a denser medium
Answer : of polarising angle 30° ? [1]
The positive charge will be induced on the Answer :

uncharged conducting plate, kept near it. So,
the lines of forces will start from metal plate
and end at - Q.

Given : i = 30°
since, p = tan i, (By Brewster's law)

Q n= tan 30°
1
= p=7—§
Since,p=—c—
C
v = velocity of light in medium = —
++++++ A+ F 3x108 H
+++++++++t++rE S+ =
++++++++++++ S+t E+ S+ 1/3

Yor ot

2. How does the mobility of electrons in a con~

ductor change, if the potential difference
applied across the conductor is doubled,

3J3 x108 m/s
= 5.196 x 108 m/s

In sky wave mode of propagation, why is the
frequency range of transmitting signals restricted

il

keeping the length and temperature of the to less than 30 MHz ?** [1]
conductor constant ? [1] OR
Answer:

The mobility of electrons is given by the
. er

expression, p = —

xp h=-

As it's independent of the applied potential
difference, so it will not change if the applied
potential difference will be doubled.

Define the term "threshold frequency” in the
context of photoelectric emission. [1]

OR
Define the term 'Intensity’ in photon picture
of electromagnetic radiation.

On what factors does the range of coverage
in ground wave propagation depend ?**

SECTION-B

Two bulbs are rated (Py, V) and (P, V). If they
are connected (i) in series and (ii) in parallel
across a supply V, find the power dissipated
in the two combinations in terms of P; and P».
[2]
Answer : (i) In series combination :
Net resistance, R =R; + R, ... (i
As heating elements are operated at same
voltage V, we have

. 2 2 2
Answer: R=V ,R1=V—andR2=V—
The minimum frequency of the radiation p Py Py
incident on a metal surface below which there . From equation (i)
is no photoelectric emission is called threshold v2 v V2
frequency. It is a characteristic property of a —= ?+ P
photosensitive material. 11 = __1+‘_2
OR P P B
= Net power dissipated :
The amount of light energy or photon energy
o - ~ 515!
incident per meter square per second is called = =5
1T

wiiAnssexi-Bgt siven due to change in the present syllabus.
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(if) In parallel combination :

Net resistance,
11,1 "
R R, R, (1)
P_h B
= Vi ovEove
. 2 2 2
S Gl T G
P P P,
= P=P1+P;

Hence, net power dissipated is P = P; + P».
Calculate the radius of curvature of an equi-
concave lens of refractive index 1.5, when it

is kept in a medium of refractive index 1.4,
to have a power of -5D ? [2]

OR

An equilateral glass prism has a refractive index
1.6 in air. Calculate the angle of minimum
deviation of the prism, when kept in a medium
of refractive index 4v2 /5.

Answer :

In an equi-concave lens, radius of curvature
of both surfaces are equal

Fo33)

since, P=-5D

_01x(=2)
" 14x(-5)

=0.03 m

OR
As we know,
sin(A+8min )
2
A

sin—
2

where 1y = 1.6, refractive index of gléss prism

2 =

n= 4 , Tefractive index of medium

www.cbsepdf.com 25
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A = 60° angle of prism
Smin = angle of minimum deviation

60°+3,
1.6 ) 2

a2 /5 " eina0

04x5 . (60°+8, P | ]
= e 30°=—
\/5 sm( 2 )x 2 [ sin 5

sm(60°+5’" )_i
= 2 2

60°+ Sm _ Si]"l.—l (_1_)
= 7 Ji

= sin™ (sin 45%) = 45°
= Sm = 30°

An a-particle and a proton of the same kinetic
energy are in turn allowed to pass through a

magnetic field B , acting normal to the direction
of motion of the particles. Calculate the ratio of
radii of the circular paths described by them.
121

Answer:
As we know, radius of the charged particle is
given by

2mK

gB

Since, K. E. of particles and B are equal.
.. For a- particle

r=

2m, K
Pa= Y—2 ()
9B
For proton,
2m,K
rp = _ (i)
P %B

o _ N 2
t /mp 1
rattp=2:1

State Bohr's quantization condition of angu-
lar momentum, Calculate the shortest wave-
length of the Bracket series and state to which
part of the electromagnetic spectrum does it

belong. - No OTP No Login No Adversitellr?é]nt
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10.

11.

OR

Calculate the orbital period of the electron
in the first excited state of hydrogen atom.

Answer : According to Bohr's quantization of
angular momentum, the stationary orbits are
those in which angular momentum of electron

is an integral multiple of % ie.,

mor=n — Where,n=1,2,3
2r

For Brackett series,

1 1
— =h=
Amin sinC
1 _R
= Amin 16
Where, R = Rydberg constant
= 1.096x107 m!
; 16
= in= ———————=1ml
Aani 1.096 x 107
=14.599 x 10~
= = 14599 A

Brackett series is found in infrared region
(10° A to 7000 A) of electromagnetic spectrum.

OR
For hydrogen atom z =1 and n = 1
. Velocity of electron,
= ze”
"~ 2hegn
v= 2oy
Therefore, v= 13% , Where, c is velocity of light.
i 2
Orbital period = IS0 _ 2 137
Velocity c
_ 2x3.14x5.29x107 x137
B 3x10°

= 1.517 x 10716 sec.

Why a signal transmitted from a TV tower
cannot be received beyond a certain distance?
Write the expression for the optimum separation
between the receiving and the transmitting
antenna.** 2]

Why is wave theory of electromagnetic radiation
not able to explain photo electric effect ? How
does photon picture resolve this problem ? {2]

[y 0 L) ]
wor Vlv\l(-;lgisveepr g g(l)?tn given due to change in the present syllabus. .
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12,

13.

Answer : o

Wave theory cannot explain the following laws

of photoelectric effect.

(i) The instantaneous emission of photoelec-
trons.

(ii) Existence of threshold frequency for metal
surface. '

(iii) K.E. of emitted electrons is independent
of intensity of light and depends on
frequency.
The concept of photon explained that
energy is not only emitted and absorbed
in discrete energy quanta, but also it
propagates through space in definite
quanta with the speed of light. It can
explain all the above photoelectric effect,
which wave theory cannot explain.

Plot a graph showing variation of de Broglie
wavelength (A) associated with a charged
particle of a mass m, versus 1/«./{7-, where
V is the potential difference through which
the particlé is accelerated. How does this
graph give us the information regarding the
magnitude of the charge of the particle ? [2]
Answer: '

|

A
W —
Since, A= h
_ 2meV
. 1
ie.,

}"‘xﬁ

Therefore, more the wavelength lesser is the
charge.

SECTION-C

(2 Draw the equipotential surfaces correspond-
ing to a uniform electric field in the z-direc-
tion.

(b) Derive an expression for the electric potential
at any point along the axial line of an electric
dipole.

3
No OTP No Login No Adver[sigement
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Answer :
@

r 3

dy

|2v

7
/% 3

4
/ %y
| ¥ |4V d>d,>d,

(b) Electric potential due to dipole along axial
line :

[av

« r »

-q o) +q P
——————8--------- ]
f—— 2] ———»{

The figure shows a dipole consisting of
two equal and opposite charges +q and —4
separated by a distance 2. Let, P be a point
on the end- on position of the dipole. OP is
the axial line of dipole.

The potential due to charge + g at point

P=V,
1 q
Vi=—X
17 amey T (r-1)
The potential due to charge — g at point P = V3
[ ),
V2= ey, )

Total potential at point P =V =V; + V,
N A )
dme,  (r—1) 4me; (r+1)

_ L[L__L}
T Amey|r—1 r+l

g | r+l-r+l
B 4dreg | (r—D(r+1)

V=

_ L 2
T Amey (r-D)(r+1)
_ 1 2q

 dme (P -2
But the dipole moment, P = 2ig
S SRV
dmey  (#%-1%)
Using Kirchhoff's rules, calculate the current

through the 40 Q and 20 Q) resistors in the
following circuit : [%]7

So,

www.cbsepdf.com
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80V 200 o
S A
400
D AW c
40V
H e AWA E
E ! 10Q
OR

What is end error in a metre bridge? How
is it overcome? The resistances in the two
arms of the metre bridge are R=5Q and S
respectively.

When the resistance S is shunted with an
equal resistance, the new balance length
found to be 1.5 I, where /; is the initial bal-
ancing length, Calculate thg value of S.

o | [ o9 6]

C
«—/ cm ple {100 ~ l)}—»
T { )}
"E K
Answer :
sov 20Q
A = > M
|1/\ U VI.]
40Q i
D A & c
Al L 4
2 m 2
E : 1F 100 F
2 40V

Applying Kirchhoff's first law at junction C
11 = Iz + 13
L=L-1s (1)
Applying the Kirchhoff's second law in closed
loop ABCDA
' 80-20 Ty — 40T; = 0 ()

Applying Kirchhoff's second law in closed
loop BCFED

40I3-101, +40=0 (1)
From equations (i) and (iii),
405-10(I-13)-40=0

0-101 + 4f\(l]o?)'?P No Login No Adversft'ég‘é)wt
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From equations (ii) and (iv) (b) Prove that the average energy density of
80 =201; + 401 the oscillating electric field is equal to
that of the oscillating magnetic field. [3]
40 =10 I1 + 50 I3 Answer : (a)
We get, Ia=0 (i) Radar—Microwaves are used in radar. The
and L=4A If_rle;quency range is from 3x10!! Hz to 1x10°
L=4A (i) Eye Surgery—Infrared waves are used. The
Therefore, current through 40 Q resistor is 0 frequency range is from 4x10™ Hz to 3x10™
and current through 20 Q resistor is 4 A. Hz.
OR (b) Energy density in oscillating electric field
The shifting of zero of the scale at different 15—
points give rise to the end error in metre up = 1%]32
bridge wire. 2
This can be overcome by, . Energy density in oscillating magnetic field is-
1. By trying to obtain the balance point in the u 1 B ‘
middle of the metre bridge. B (2up)
2. By taldng metre bridge wire of uniform We know, E = cB
cross-section 1
3. By taking the copper strips thick, so that And c=
their resistance can be ignored. vHogo
As we know that, 1 , 1 1 )
R ! So, ug = —&(cB)" =8 ——xB
= =1 (i) 2 2 " Hogyp
: S 100-4 1
When resistance S is shunted with equal = (7—)—B2
Ho
resistance. Then, §'= g So, ug = up

16, Define the term wavefront. Using Huygen's

Therefore, balanci int is, "
eretore, new cing point 15 wave theory, verify the law of reflection. [3]

R 154
= 5/2 = 100-15] OR
Define the term, "refractive index" of a medium.
R 1510 " Verify Snell's law of refraction when a plane
= S T 2(100-15) -+ wavefront is. propagating from a denser to a
rarer medium.
On comparing equations (i) and (ii) Answer :
h 154 A wavefront is the continuous locus of
= ~ vibrating particles which are in the same state
100-4  2(100-15h) of vibration or phase.
200 -31; = 150 - 1.51; Laws of Reflection from Huygen's principle
151 =50
50
Lh=—
T 15

From equatoin (i),

5 . 50 50
—="[100-=
S 1.50( 1.5)

(~ R=8)
5 50x15

- S 15(100) Consider a plane wavefront AB incident on
- _ 500 =100 a plane reflecting surface PQ, Let v be the
50 velocity of the wave. At time ¢t = 0 one end
15. (a) Identify the part of the electromagnetic of the wavefront just touches the reflecting
spectrum used in (i) radar and (ii) eye surface at B. Draw normal NB to PQ. When
surgery. Write their frequency range. the wavefront strikes the reflecting surface,

www.cbsepdf.com 28 No OTP No Login No Adversitement
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then due to the presence of it, it cannot
advance further. When wavefront strikes at
B, secondary wavelets starts emitting from B.
The secondary wavelets will travel a distance
AD = vt during the time the other end A of the
wavefront AB reaches the surface PQ at QQ.
To find the reflected wavefront, B as a
centre and AD as radius draw an arc, which
represent the secondary wavelets originating
from B. As the incident wavefront AB
advances, the secondary wavelets will touch
CD simultaneously.
According to Huygen's principle CD represents
the reflected wavefront corresponding to
incident wavefront AB. BD is common
triangles BAD and CBD and BC = AD = ot.
Therefore, two triangles are congruent.
So, ZABD = ZCDB
ie., Li=Lr
Thus, angle of incidence is equal to the angle of
reflection. This is the second law of reflection.
Also, the incident wavefront AB, reflecting
surface PQ and the reflected wavefront CD are
perpendicular to the plane of the paper. So,
the incident ray, reflected ray and the normal
. at the point of incidence, all lie in same plane.
This is first law of reflection. .
Thus, Huygen's principle explains both the law
of reflection.

OR .
The refractive index of a medium is defined as
the ratio of speed of light in vacuum to that of
the speed of the light in medium.

ie., n=

afn

Where, 1 = refractive index of medium when
light ray passes from vaccum into a medium.
¢ = velocity of light in vacuum

v = velocity of light in the medium

Proof of Snell's law of refraction

Denser medium

Medium 1
Bl

www.cbsepdf.com

Y

Medium 2
r

Rarer mediur59

17.
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when a wavefront travels from one medium
to other, it deviates from its path. In travelling
from one medium to other, the frequency of
wave remains same and speed and wavelength
changes. Let, XY be a surface separating two
media '1' and '2'. Let the speed of waves of v1
and .

Suppose, a plane wavefront AB in first medium
is incident obliquely on the boundary surface
XY and its end touches the surface at A at time
t = 0, while the other end B reaches the surface
at point B' after time-interval 't

Clearly, BB' = ost.

In the same time, wavelets starts from A and
reaches A' in time 't with velocity .
Therefore, AA' = vyt

According to Huygen's principle, A'B' is the
new position of the wavefront in second
medium. A'B' is a refracted wavefront.

Let, the incident wavefront (AB) and reflected
wavefront (A'B") makes angle i and r with
surface XY. ‘

In AAB'B,
ZABB' = 90°
T g Bt .
sinz= o= 2p i)
In AAA'B',
ZAA'B' = 90°
1
siny= 24 _ %t ()
AB' AB

Dividing equation (i) by (ii), we get
sini o,
——— = —== constant
sinr o,

Hence, ratio of sine of angle of incidence and

the sine of angle of refraction for a given pair

of media is constant. This is Snell's law of
refraction.

(a) Define mutual inductance and write its
S.L unit.

(b) A square loop of side 'a' carrying a current
Iz is kept at distance x from an infinitely
long straight wire carrying a current 1; as
shown in the figure. Obtain the expression
for the resultant force acting on the loop.

[3]

/\I1 a
N ’\Iz

«—Xx—>

a
Answer: :
(2) Mutual inductance : It is a property of two

coils due to which each coil opposes any change
No OTP No Login No Adversitement
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of current flowing in the other. The mutually
induced e.m.f,, in one coil produces the opposition
in other coil.

Its SI unit is henry (H).
(b)
M cC. a D
v Ah
a a
M - 'A a B

The resultant magnetic force of sides AB and
DC is zero. The force on side AD is repulsive
and on side BC is attractive. Since, AD is near
the straight wire. So, the net force will be

repulsive.
Force on side AD,
Fi= 1.21_;111_211 (away from wire)

Force on side BC,
Ho L, <2

2=
2% (x+a)
(towards the wire)
Therefore, resultant force,

F=F-F
= ‘&Illzﬂ(l— I )
2n X x+a

Ho a
2n Ll (x(x +a) )

_ R I,L,a°
2n x{x+a)’
(away from wire)
(@) Derive the expression for the torque act-
ing on a current carrying loop placed in
a magnetic field.
(b) Explain the significance of a radial magnetic
field when a current carrying coil is kept in
it. [3]
Answer : Torque on current carrying loop in
magnetic field :

F=

v

v

v

vvy

www.cbsepdf.com
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D‘\
v

o
W
'
.
'
'
v
]
- -
v

.
>

Consider a coil PQRS placed in a magnetic
field. Let © be the angle between the plane of
the coil and direction of B. When current flow
through coil each side experiences a force. The
forces on vertical side will constitute a couple.
Moment of torque = One of forces x
Perpendicular distance
between lines of action

of force
t= FxQT = F x b sin8
= IIBbsin B
t=J(ib)Bsin @
r=I(KxE) (+ Area = Ib)
If there are N turns, then

t=NI (AXB)= Mx B
d b d

Where, M = NI A is magnetic moment of loop.
(b)A magnetic field, in which the plane of the coil
in all positions remains parallel to the direction
of magnetic field is called radial magnetic field.
In a radial magnetic field, magnetic torque
remains maximum for all the positions of the
coil.

Draw a labelled ray diagram of an astronomical
telescope in the near point adjustment position.
A giant refracting telescope at an observatory
has an objective lens of focal length 15 m
and an eyepiece of focal length 1.0 cm. If this
telescope is used to view the Moon, find the
diameter of the image of the Moon formed
by the objective lens. The diameter of the
Moon is 3.48 x 10° m and the radius of lunar
orbit is 3.8 x 10° m. [3]
Answer : Astronomical telescope in near
points adjustment :

biect
Obhjective

B
At infinlty

30

A
F———NolDFP-Notogin No Adversitement



CBSE 2019 Solved Paper

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

Here, fo=15m,fe=1cm=01m 20. (a) State Gauss' law for magnetism. Explain
Diameter of moon, d = 3.48 x 10°m b ;ths s:egmthﬁ(;ance ans ties of th
. — 8 rite the four impo properties of the
Radius of lunar orbit up = 3.8 x 107 m magnetic field lines due to a bar magnet. [3]
size of the image of moon, I = ? OR
The angle subtended by the moon at the Write three points of differences between
objective lens, para-, dia- and ferro-magnetic matenals
o = d G) giving one example for each.
[ug | Answer :
And the angle subtended by the image of the (@) Gau.?s 'law .for magnetism : .If f? lfilostﬁd
moon at the objective lens surface is imagined in a magnetic field, the
! number of lines of force emerging from the
_ 1 (i) surface must be equal to the number entering
fo it. That is, the net magnetic flux out of any
Both these angles in equations (i) and (ii) will closed surface is zero. i
be equal. Gauss law signifies that magnetic monopoles
i X does not exist.
2= = (b)
lug|  fo 1. In a bar magnet, each lines of force, starts
dx f, from a north pole and reaches the south pole
= I= 0 externally and then goes from south pole to a
4o | north pole internally. Thus, magnetic line of
6 force forms a closed loop.
= M;(_B m 2. No two lines of force will never intersect
3.8x10 each other.
=13.73 x 102 m 3. In a uniform field, the lines are parallel and
equidistant from each other.
=13.73 am 4. The lines of force are crowded near the poles.
OR
. Ferro-magnetic Para-magnetic Dia-magnetic
Properties Materials Materials Materials
State They are solid They can be solid, liquid or | They can be solid, liquid or
gas. gas.
Effect of Magnet | Strongly attracted by a | Weakly attracted by a mag- | Weakly repelled by a mag-
magnet net. net.
Effect of Above curie point, it With therise of temperature, | No effect.
Temperature becomes a paramagnetic. | it becomes a diamagnetic.
Examples Iron, Nickel, Cobalt Lithium,  Molybdenum, | Copper, Silver, Gold
‘ magnesium
Note : Any three difference can be written in exam.
21, Define the term 'decay constant’ of a radioactive —dN / dt
sample. The rate of disintegration of a given A="

www.cbsepdf.com

radioactive nucleus is 10000 disintegrations/s
and 5,000 disintegrations/s after 20 hr, and 30
hr. respectively from start. Calculate the half
life and initial number of nuclei at t =0. [3]
Answer:

‘Decay constant' of a radioactive sample is
defined as the ratio of its instantaneous rate of
disintegration to the number of atoms present
at- that time.

ie, —— =-—An,
dt 31

Let, the initial number of nuclei be Ny at ¢ =0

aN =10,000 atf=20hr
dt _
and d;j—SOOO at{=30hr
We have, aN = AN,
dt

For first case,

10,000 = AN, => N = 10,000
No OTP No Login No Ad?ﬁersnement
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and N =Npe™,
10,000 _ .
== Ng e 20? (i)
For second case,
5,000 = AN’
, 5,000
N=—"—-
A
and N' = Ng e30*
3,000 = Np e (i)

A
on dividing equation (i) by equation (ii), we
get

-20%,
€
08 = 2
e
Taking log on both sides,

20X + 30A = log,.2
10 = 2.302 x 0.3010
A = 0.0693

-Half life, 1= 2009 _
0.0693
(a) Three photo diodes Dy, D; and Dj are
made of semiconductors having band
gaps of 2.5 eV, 2 ¢V and 3 eV respectively.
Which of them will not be able to detect
light of wavelength 600 nm ?

(b) Why photodiodes are required to operate
in reverse bias? Explain. [3]

Answer :

(@ Energy corresponding to wavelength 600 nm
18,

=

=
=

=

10 hr

he

A
_ 6.6x10™ x3x10°
B 600x107°

33x107°
= Wev = 2,06 eV

The photon energy (E =2.06 eV) is greater than
the band gap for diode D5 only.

Hence, diode D; and D3 will not be able to
detect the given wavelength.

{b)A photodiode is operated reverse bias
because in reverse bias it is easier to observe
change in current with change in light intensity.
(a) Describe briefly the functions of the three

segments of n-p-n transistor.**

E=

] =33 %107

C

V;;vm%rplgfp%t n$ivsm due to change in the present syllabus
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32

(b) Draw the circuit arrangement for studying
the output characteristics of n-p-n transistor
in CE configuration. Explain how the
output characteristics is obtained.**  [3]

OR :

Draw the circuit diagram of a full wave rectifier

and explain its working, Also, give the input

and output waveforms.

Answer:
OR
P D
! P :~1| n
. L1
g4
Input g
[~ |
signal r . Output
’ >
n
P P D,

24,

2

For full wave rectifier, we use two junction
diodes as shown in figure.

During first half cycle of input a.c. signal the
terminal S; is positive relative to S and S, is
negative, then diode D is in forward biased
and diode D; is reverse biased. Therefore,
current flows in D; not in D,. In next half
cycle, 5y is negative and S; is positive relative
to 5. Then D; is in reverse biased and D5 is in
forward biased. Therefore, current flows in D,
not in Dy. Thus, for input a.c. signal the output
current is a continuous series of unidirectional
pulse.

The input and output waveforms are shown
in the figure.

A

Input
Signal

v

Output
Signal

v

(a) If A and B represent the maximum and
minimum amplitudes of an amplitude
modulated wave, write the expression
for the modulation index in terms of A
& B.**

(b) A message signal of frequency 20 kHz and
peak voltage 10 V is used to modulate a
carrier of frequency 2 MHz and voltage
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25,

of 15 V. Calculate the modulation index.
Why the modulation index is generally kept
less than one 7** [3]

SECTION-D

In a series LCR circuit connected across an
ac source of variable frequency, obtain the
expression for its impedance and draw a
plot showing its variation with frequency
of the ac source.

(b) Whatis the phase difference between the
voltages across inductor and the capacitor
at resonance in the LCR circuit ?

When an inductor is connected to 200 V dc
voltage, a current of 1 A flows through it.
When the same inductor is connected to a
200 V, 50 Hz ac source, only 0.5 A current
flows. Explain, why ? Also, calculate the
self inductance of the inductor. [5]

OR
Draw the diagram of a device which is used
to decrease high ac voltage into a low ac
voltage and state its working principle.
Write four sources of energy loss in this
device.
A small town with a demand of 1200 kW
of electric power at 220V is situated 20 km
away from an. electric plant generating
power at 440 V. The resistance of the
two wire line carrying power is 0.5 Q
per km. The town gets the power from
the line through a 4000-220 V step-down
transformer at a sub-station in the town.
Estimate the line power loss in the form
of heat.
Answer :
(@ Consider an alternating em.f. is
connected in series with an inductor,
resistance R and capacitance C. Let, E and
I be the instantaneous values of e.m.f. and
current in the LCR circuit Vi, Vc and Vg
be the instantaneous values of voltage
across inductor, capacitor and resistor
respectively. Then,
L CIJ R B
o —W

— VN>

(@)

(4]

(@

b

A

)
N
E

WWW.Cbg“e@mis not given due fo change in the present syll.abus.33
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VL=IXL,VC=D(candVR=IR

1
Here, X;= oL and X¢ = E

Y

F 3

Vi

D
\11_;\1G

O
| A
A 4

Ve
Ve

Yl
In an a.c. circuit Vg and I are in same phase,
VL. leads 1 by n/2 and Vc lags Iby /2.
From the graph, in right angled AGEA

OE = JOA? +AE? =JOA? +OD?
= JVE+(V,-V.)
E= \/([R)z +(IXL—D((:)2

E = IJR% + (X, ~Xc)?

_ E
B 2
JRZ'I'(XL—X(:)

Therefore, effective resistance or impedance of
LCR circuit is—

7 = {R? + (X, - Xc)’

2
= JR%(mL—L)
. aC

Xe> XL
Capacitive

A
v

AL> Xe
Inductive

———————— -] —

v

{fr)

Series Resonance

Frequency /

Graph showing variation of [mR‘edance with frequency
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{b) At resonance, XL Xc

ie., iXp = Xc¢

or Vi =V

The voltage across inductance and capacitance
are equal and have a phase difference of 180°
at resonance.

(c) Since the reactance of an inductor is zero for
d.c. circuit, But the inductor offers resistance to
an a.c. circuit. Therefore, the current decreases
for the same inductor when it is connected
with an a.c. source,

When inductor is connected in a.c. circuit :

V=200V
f=50 Hz
i=05A .
sV _V_V
R X, oL
200
= ZmxsoL | 0=
200
~ 100x0.5x3.14
4
= 331~ 127H

OR
(a) Step-down transformer :
It is a device used for converting high alternating
voltage at low current into low alternating
voltage at high current and vice-versa.
The device works on the principle of mutual
induction ie., if the current or magnetic flux
linked with a coil changes then an e.m.f. is
induced in the other coil.

In step-down transfomer Np > N; and
transformation ratio is less than 1.

Primary

00

@ P Ns E S Secondary | e

Np

Energy losses are :

1. Copper losses : Due to resistance of windings

in primary and secondary coils, some electrical

energy is converted: into heat energy.

2. Flux losses : Some of the flux produced in

primary coil is not linked up with secondary

coils.

3. Hysteresis losses : When the iron core is
jected to a cycle of magnetisation the core

Download All Previous Year and Sample Papers From www.cbsepdf.com
gets heated up due to hysteresis known as
hysteresis loss.

4. Iron losses : The varying magnetic flux
produces eddy current in the iron core, which
leads to the wastage of energy in the form of
heat.

(b}Length of wire line = 20 x 2 = 40 km
Resistance of wire line, r =40 x 0.5 =20 O
Power to be supplied = 1200 kW = 1200 x 10°W
Voltage at which power supplied = 4000 V

Since, P=VI

P
= ,I=V

1200 x 103
4000

=300 A

Therefore, line power loss
= I x R
= (300)% x 200
=36 x 10°W
= 360 kW ,

<. Line power loss in the form of heat is 360 kW.

26. (a) Describe any two characteristic features
which distinguish between interference
and diffraction phenomena. Derive the
expression for the mtemuty at a point of
the interference pattern in Young's double
slit experiment.

(b)In the diffraction due to a single slit
experiment, the aperture of the slit is 3
mm. If monochromatic light of wavelength
620 nm is incident normally on the slit,
calculate the separatlon between the first
order minima and the 3™ order maxima on
one side of the screen. The distance between
the slit and the screen is 1.5 m. [5]

OR

(a) Under what conditions is the phenomenon
of total internal reflection of light observed?
Obtain the relation between the critical
angle of incidence and the refractive index
of the medium.

(b) Three lenses of focal length + 10 cm, —10 cm
and +30 ¢cm are arranged coaxially as in the
figure given below. Find the position of the
final image formed by the combination,

= I=

+10cm  -10cm +30 cm

) A
w—30 cm—c/ I f
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Answer : (a)

Interference Diffraction

It is the result of inter- | 1. It is the result of in-
action of light coming teracton of light
from two different| come from different
wavefronts originat-|  parts of same wave-
ing from two coherent |  fronts.

sources, ’

All the bright fringes | 2. Thebright fringes are
are of same intensity. of varying intensity
(Intensity of bright
fringes  decreases
from central bright
fringe on either
sides.)

A sources of monochromatic light illuminates

two narrow slits 5 and Sy.The two illuminated
slits act as the two coherent sources. The two
slits is very close to each other and at equal
distance from source. The wavefront S; and
S, spread in all direction and superpose and
produces dark and bright fringe on screen.
Let the displacement of waves from S; and S,
at point P on screen at time f is-

P

Scregen
Y1 = 41 sin o
Y2 = a2 sin (0t + ¢)
The resultant displacement at point P is given
by
y=y+y
= g sin ot + 29 sin (0t + ¢)
= ¢, sin of + g2 sin ot
cos ¢ + Axcos wi sin ¢
= (1 + 22 cos ¢) sin of
+ 42 sin ¢ cos of ....(i)
Let, @ +arcosdp=Acosd -o(ii)
azsin¢ = Asin ¢ ...(iii)
Therefore, equation (i) becomes
y=Acos 0sin ot + Asin®
<os o
= A sin (ot + 8)

www.cbsepdf.cafhis is the resultant displacement. 35

Medium |
I
A

Denser
medium
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Now, squaring and adding equations (i) and (iif)
A2 0052 0 + A25in? 0 = (# + 4 cos ¢) + 42 sin® o
A2= ﬂ12 + ﬂ,% +2ﬂ1ﬂ2COS¢
The is intensity of light is directly proportional
to the square of the amplitude
ie., 1= a+ a5 + 24y 42 COS ¢
This is the expression for intensity at a point
of interference pattern.

or I=Y + 1+ 21, cos ¢
(b) Here, A = 620 nm = 620 x 10° m
a=3x10°m, D=15m

Distance of first order minima from the centre,

_ DA 15x620x107°
NET T axa0

=31x10"*m
Distance of third order maxima on.the same
side,
_7DA_7x15x620x107°
22 2x3x107

=10.85x 107*m
Separation between them.
y=¥2-%
=10.85 x 10%-3.1 x 107
=775x10"*m
OR

(a) Conditions for total internal refraction :

1. The ray must travel from a denser medium
into a rarer medium. '

2. The angle of incidence in the denser medium
must be greater than the critical angle for the
pair of media.

Relation between critical angle and refractive

index :

Rarer !

o0°

1
1
i
1
!
1
|
1
i
i
1

When a ray of light travels from denser to rarer
medium, the ray bends away from the normal.
When the angle of incidence is equal to the
critical angle then the refracted ray grazes th the

surface of separation represented by ray OA
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" By Snell's law

where, i = C, 7 = 90° and 1 = refractive index
of denser medium.

(b) For first lens, #1 = - 30cm, f; = 10 cm
. From lens formula,

111

fl_vl Uy

. 11,1

n fiowm

1 1

T 10 30

= v1=15cm
+10cm —10cm +30 cm

——30 cm—

=5 cm—ple—10 cm—»

This means that image formed by first lens is
at a distance of 15 cm to the right of the first
lens. This image serves as the virtual object for
second lens.

For second lens,

fr=-10cm, u=15-5=+10cm

1_ 1.1
v fo uy
__ 1.1
10 10
= Ty =o0

This means that the real image is formed by
second lens at infinite distance. This acts as an
object for third lens.

for third lens, f3 = + 30 cm, u3 =

1 1.1
U3 3 U
1 1
= —q4—
30 o
i)3=30CIn

ie., final image is formed at a distance of 30

www.cbs%"mjft o#fle right of third lens. 36
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27. () Describe briefly the process of transferring

the charge between the two plates of a
parallel plate capacitor when connected
to a battery. Derive an expression for the
energy stored in a capacitor.

(b) A parallel plate capacitor is charged by
a battery to a potential difference V. It
is disconnected from battery and then
connected to another uncharged capacitor
of the same capacitance. Calculate the ratio
of the energy stored in the combination to
theinitial energy on the single capacitor. [5]

OR

(a) Derive an expression for the electric field
at any point on the equatorial line of an
electric dipole,

(b) The identical point charges, 4 each, are
kept 2 m apart in air. A third point charge
Q of unknown magnitude and sign is
placed on the line joining the charges such
that the system remains in equilibrium.
Find the position and nature of Q:

Answer : ‘
(a) When the plates of the parallel plate capacitor
is connected to a battery. Then the first insulated
metal plate gets, the positive charge till its
potential become maximum. Then, the charge
will leak to surroundings. So, the negative charge
will be induced on the nearer face of the second
plate and the positive charge will be induced on
its farther plate.

e
-+ —_
+ —

Va + - Va
—— -
+ -

+ —_—

-+ -_

|~

«—Vpg-V—>

Consider a capacitor of capacitance C. Initial
charge and potential difference be zero. Let, a
charge Q be given in small steps. Let at any
instant when charge on capacitor be g, the
potential difference between its plates,

q
v=1
C

Now work done in giving an additional charge
dq is,
dW =V dg =% dg
No OTP No Login No Adversitement
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Total work done in giving charge from 0 to Q
is,

Qu.. (R4
‘Mf:l0 qu-—— OEdq

_1f2)_afet o] @
T C|2 O_C 2 2| 2C

vy 1 1
.. Electrostatic potential energy,
U= Q_ levilq
2C 2 2
(b) Here, C1 =C, Co=C
Vi=V, V=0

Now initially, energy stored in first capacitor,
as second capacitor is uncharged.

1
Ui = 5 C vi
1
= —CV? (i
> (@

Now, when Cj and C; are connected the two
capacitor form a parallel combination.
Equivalent capacitance,

C=C+G=2C

Final potential = — L0t CHArBe
Total capacitance
[Total charge
V' = -2 will be of first
2C capacitor,
which is
distributed]
Sy |
2C 2
Final energy stored in combination,
1w 1 VY cv? )
UZ:ECV ::EXZCX(?) ="z ...(ii)
On dividing equations (i) with (ii), we get
1.2
~CV
Yo 4”0 1
Uy 12 2
2
Us:Up=1:2
OR

(a) Consider an electric dipole of charges — and
+g separated by a distance 22 and placed in a
free space. Let P be a point on equitorial line
of dipole at a distance r from the centre of a

www.cbsepdf.coq‘ip()le- 37

—q4¢—a—>r04—a—>piq

N
Let, EA and Eg be the electric field at point

P due to charges - and + g
Then resultant electric field at point P is
' - =2 -
E=EA+EB
Now,

- 1 q _ 1 g (al PA
|BA = 4ne, "AP?  4me, (P +) ong PA)
1
|Es| LI 1__ (along BP)

 4me, BP?  4me, (72 +a2)
The, resultant intensity is the vector sum of E4
and Eg.

Ea and Ep can be resolved into two components.
The Y-components cancel out each other. And
X-component will add up to give the resultant

. field.
Eg Y
 Ej sine
Ej coso
< P
E,, cos®
E, ! E, sind
e .
~. |E| =Ea cos 6 + Eg cos 6
Now in right, triangle ORB
cosg=B___4
BP 2.2
1 q a
E=2x x
dney  r*+a* (r* +a 2
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2qa
47!80(?'2 +az)3/2
_ 1 P
" 4meg (2 442)32

[ 2q0=p]

This is the required expression.

(b) Let the two charges of + g each placed at

point A and B at a distance 2 m apart in air.
Al ?

« b O (2-2)
Suppose, the third charge Q (unknown
magnitude and charge) is placed at a point
O, on the line joining the other two charges,
such that OA= x and OB = 2—x.

For the system to be in equilibrium, net force
on each 3 charges must be zero.
If we assume that charge Q placed at O is

Physics 2019 (Delhi)

B

v &0
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positive, the force on it at O may be zero. But
the force on charge g at point A or B will not
be zero. It is because, the forces on a charge g
due to the other two charges will act in same
direction. If charge Q is negative, then the
forces on g due to other two charges will act
in opposite direction.

Hence, Q will be negative in nature.

For charge (-Q) to be in equilibrium

Force on charge () due to charge (+4) at point
A should be equal and opposite to charge (+Q)
at B

19 1 O
dney x*  dney (2-x)?
or (2x)? =22
= x=(2~x)=> x=1m

Therefore, for the system to be in equilibrium
a charge — Q is placed at a mid point between
the two charges of + g.each. '

L L ]

SET II

Tiﬁe allowed : 3 hours

Note : Except for the following questions, all the
remaining questions have been asked in previous
set.

SECTION-A
2. When unpolarised light is incident on the
interface separating the rarer medium and
the denser medium. Brewster angle is found
to be 60°. Determine the refractive index of
the denser medium. [1l

Answer :
According to Brewster's law,
tani, =n

Since, ip = 60°

.. Refractive index of medium,
n = tan 60°
n= 3
n= 1732

4. When a potential difference is applied across the

ends of a conductor, how is the drift velocity of

the electrons related to the relaxation time? [1]
Answer :
—_—
- eE
Vy=——1T
m

www.cbsybiremm = mass of electron

38

Maximum marks : 70

e = charge of electron

E = potential difference applied

T = relaxation time
. g « 7 ie. drift velocity is directly propor-
tional to relaxation time.
Draw the equipotential surfaces due to an
isolated point charge. [1]
Answer :

& Equipctential
: surface

4
+
r

Field lines

Equipotential
'l
surface

Field lines

[Any one]
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SECTION-B

6. Explain with the help of Einstein's photoelectric

11

www.cbsepdf.com

equation any two observed features in photo-
electric effect which cannot be explained by
wave theory. [2]
Answer:

Features of photoeleciric equation which can
not be explained by wave theory :

(a) The wave theory could not explain the
instantaneous process of photoeleciric effect.
(b) ‘Maximun kinetic energy’ of the emitted
photoelectrons is independent of intensity of
incident light.

A deuteron and an alpha particle having

same momentum are in turn allowed to pass’

through a magnetic field B, acting normal
to the direction of motion of the particles.
Calculate the ratio of the radii of the circular

paths described by them. [2]
Answer :
Radius of circular path
- mo
r= p
ie., r= ";—B [-p=mo]

Momentum of deuteron and alpha-particle are
same and in same magnetic field

P _P v =
ta 4B B [-% U e]
Lot [ =2¢]

Now ry = E;E_ 2¢B

Therefore, ry:rg=2:1

(a) Plot a graph showing variation of de
Broglie wavelength (A) associated with a
charged particle of mass m, versus JV,
where V is the accelerating potential.

(b) An electron, a proton and an alpha particle
have the kinetic energy. Which one has
the shortest wavelength ? [2]

Answer :

(a) We know, 1.22 2

A= —=—A
Vv
AV = constant .
The nature of the graph between A and JVis
hyperbola.

13.

15.
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{b) According to de-Broglie wavelength
h
A=
\lszk
For same kinetic energy,
1

ha= T

We know that

Mg > My > M
Since, alpha-particle have the maximum mass.
Therefore, alpha-particle will have minimum
wavelength.

SECTION-C

(2) State the underlying principle of a moving
coil galvanometer.

(b) Give two reasons to explain why a galvano-
meter cannot as such be used to measure the
value of the current ina given circuit.

(c) Define the terms : (i) voltage sensitivity and
(ii) current sensitivity of a galvanometer.

[31

Answer: :

(@) The Principle : When a current flows

through the conductor coil, a torque acts on

it due to the external radial magnetic field.

Counter torque due to supension balances coil

after appropriate deflection due to current in

the circuit.

(b) A galvanometer can be used as such to

measure current due to following two reasons.

(i) A galvanometer has a finite large resistance

and is connected in series in the circuit, so it

will increase the resistance of circuit and hence
change the value of current in the circuit.

(ii} A galvanometer is a very sensitive device,

it gives a full scale deflection for the current of

the order of microampere, hence if connected
as such it will not measure current of the order
of ampere.

(0) () Voltage sensitivity : It is defined, as the

deflection produced in the galvanometer when

a unit voltage is applied across it.

{ii) Current Sensitivity: The ratio of deflection

produced by the coil ¢ to the current in the

coil is called the current sensitivity. It is the
deflection of the meter per unit current.

(a) Draw equipotential surfaces corresponding
to the electric field that uniformly increases
in magnitude along with the z-directions.

(b) Two charges - and + q are located
at point (0, 0, — 4) and (0, 0, ). What is
the electrostatic potential at the points
{0, 0, £ z) ando(gTg, M3 Zogin No AdversitemeR3]



CBSE 2019 Solved Paper

Answer: (a)
\\dl< RN dz
- > ) > N h
v N 2v - v _::
] N > —
—_ > > -1 »
—> —> T mi
—— »> —
- > . N
—_—T » » —_—
— > > p— »
| — L —1
\ - — . \ »
—~J ] I
d;>dp

* (b) Since, two charges are on Z-axis. Therefore,
the electric potential on an arrival position i.e.,
at (0, 0, £2) is given by

1 2g
1= T
4rey o1

Vv

1, 2
47580 (Zz _az)

Now electric potential at the position (x, y, 0)

" is given by
V= 1 .2aqc059
47:80 1’2
 But 0 =90°

-~ V3 =0 at the position of (x, y, 0) due to an
* electric dipole, placed on Z-axis.

17. (a) Write the relation between half life and
average life of a radioactive nucleus.

(b) In a given sample two isotopes A and B
are initially present in the ratio of 1 : 2.
Their half lives are 60 years and 30 years
respectively. How long will it take so that
the sample has these isotopes in the ratio
of2:17? [3]

Answer. (a) Half life period = # =0.6931
= 69.3% of average life
(b) We have, N = Ng ¢ M
For two isotopes, we can write
Na = Nge s ()
Ng = Nge ™ (i)
Let the time be t after which,
Na_2
Ny 1
www.cbsepdf.com
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ie., ta=tg=t
Noe ™' = INye e!
— E—A.Atea.ﬂt =2
N N
= (At — Aat) = loge2
= (A —Aa) =log.2
1 1
= [%—5] t=1
= t= 30;:]60 = 60 years
19. (a) Define the term 'self inductance' of a

coil. Write its S.I. unit.

(b) A rectangular loop of sides a and b
carrying current I, is kept at a distance
'a’ from an infinitely long straight wire
carrying current I; as shown in the
figure. Obtain an expression for the
resultant force acting on the loop. [3]

A

+—3a—>r

Answer :

(@) Self-inductance : Self-inductance of a
coil is numerically equal to the amount of
magnetic flux linked with the coil when and
current flows through the coil.

The S.I. unit of Self-inductance is henry (H)
or weber per Ampere 1 H=1wb/A

(b) The force on the side AB of rectangle
is attractive as current is flowing in the
same direction and on side CD will be
repulsive the current is flowing in opposite
direction with respect to straight conductor.
The resultant magnetic force. On sides AD
and BC is zero. The side AB is the straight
wire. 5o, the net force will be attractive and
rectangular loop will move towards the
straight wire.

Now, force between AB and straight wire

Fj = Bo Ll
2n a
Force between CD and straight wire
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i _ LL]
F2= 2n (a+b) -t Ton Ll [a a+b
. — _bo b
<. Fret=Fy -F = xly s
2 a  2n{a+b) net = Tn*m [Towards the wire]
(] ]
Physics 2019 (Delhi) SET II1
Time allowed : 3 hours Maximum marks : 70
SECTION - B

set.

Note : Except for the following questions, all the
remaining questions have been asked in previous

1.

SECTION-A

Distinguish between unpolarized and linearly
polarized light. [1]
Answer:

Unpolarized light : The light having vibra-
tion of electric field vector in all possible direc-
tions perpendicular to the direction of wave
propagation the light is known as unpolarized
light.

Linearly polarized light : The light having

vibrations of electric field vector in only one
direction perpendicular to the direction of
propagation of light is as plane or linearly
polarized light )
How is the drift velocity in a conductor affected
with the rise in temperature ? (1]
Answer :
With the rise in temperature, the collision of
electrons occurs more frequently, so relaxa-
tion time decreases and hence drift velocity
increases.
U4 = EE T
m
- V4T
Draw the pattern of electric field lines when
a point charge + g is kept near an uncharged
conducting plate. {11
Answer : The lines of force start from + Q and
terminates at metal plate inducing negative
charge on it.
Q

www.chsepdf.com| — L - e 41
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11.

(a) Define the terms, (i) threshold frequency
and (ii) stopping potential in photoelectric
effect. [2]
Answer : (a) (i) Threshold frequency : The
minimum frequency of incident light which is
just capable of ejecting electrons from a metal
is called the threshold frequency. It is denoted
by Vo.

(ii) Stopping potential : The minimum
retarding. potential applied to anode of a
photcelectric tube which is just capable of
stopping photoelectric current is called the
stopping potential. It is denoted by Vjp (or V;).

k

Photoelectric
Current =

n<h

© Anode potential

Obtain the expression for the ratio of the
de-Broglie wavelengths associated with the
electron orbiting in the second and third

excited states of hydrogen atom, [2]
Answer :
According to Bohr's postulate,
_mh
Mor = e
ie., 2nr = ﬂ
mV
h _ 2mr
or — =2
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A

Therefore, Err_ =}
n
Now for second excited state

: 27
Ap= =2
2T
and for third excited state

2757'2
Az= —=
8 3

()

...{i)

on dividing equations (i) by (ii),

M 3
Az 2n
This is the required expression.

A charged particle g is moving in the presence
of a magnetic field B which is inclined to an
angle 30° with the direction of the motion of
the particle. Draw the trajectory followed by the
particle in the presence of the field and explain
how the particle describes this path. [21

Answer :
Velocity of particle

30°

B (Magnetic field in the region)

k -]
vsin 30 Velocity of particle

30°

F U U

When a charged particle enter in a magnetic
field making angle at 30°. Then velocity compo-
nent is resolved into 2 components. v cos 6 (along
the magnetic field) and v sin 8 (normal to the
magnetic field).

As the charged particle moves along XY-
plane due to velocity component v sin®, it

www.chs@liPcidvances linearly due to the velocity
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13.

42

component v cos 0. As a result, the charged
particle will move in a helical path as shown
in figure.
SECTION-C
(a) Explain briefly how Rutherford scattering of
o—particle by a target nucleus can provide
information on the size of the nucleus.
(b) Show that density of nucleus is independent
of its mass number A. i3]
Answer :
(a) In Rutherford's scattering experiment of
a-particle, it was observed that the fast and
heavy a-particles could be deflected through
180°. But only very small number of particles

i.e, 1 in about 8,000 a-particles are deflected

through 180° that too from centre only.
So by this it was assumed that the size of

th of

cgnl:ral part i.e., nucleus is about 10,000

the size of the atom and whole positive charge
is concentrated in it.

(b} Consider an dtom whose mass number is
A and R be the radius of the nucleus. If we
neglect the mass of orbital electrons, then mass
of the nucleus of the atom of mass number
A=A am.u.

Mass of nucleus, m = A x 1.66 x 10% kg

Volume of nucleﬁs,

V= é1'|:R3
3

< ot [RRAY)

Wl

where, Rg = 1.1 x 1075, range of nuclear force

4
Therefore, V = 3 n(1.1x101%)3 x Amd

) Mass of nucleus
Density of nucleus, p = Volume of nucleus

Ax1.66x107%
gn(1.1x10‘15)3 x A

xA

=297 x 10" kg/m?3

Therefore density of nucleus is independent
of mass number.
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14. State the underlying principle of a cyclotron.

Explain its working with the help of a sche-
matic diagram. Obtain the expression for
cyclotron frequency. [3]
Answer : )

(@) Principle : It is based on a principle that
a positive jon can acquire sufficiently large
energy with a comparatively smaller alternating
‘potential difference by making it to cross the
same electric field again and again by making
use of a strong magnetic field.

Magnetic field out
of the paper

Deflection plate
Vi

Exit port

Charged
particle

D,

Oscillator

Working : The positive ions are produced from
the source at the cenire are accelerated by a dee
which. is at negative potential at that moment.
Due to the presence of perpendicular magnetic
field the ion will move in a circular path inside
the dees. The magnetic field and the frequency
of a.c source are so chosen that as the ions
comes out of a dee, it changes its polarity and
the ion is further accelerated and moves with
higher velocity along a circular path of greater
radius. This phenomenon is continued till the
ion reaches at the periphery of the dees where
an deflecting plate deflects the accelerated jion
on the target to be bombarded.

Expression for cyclotron frequency

Suppose a position ion with charge g4 moving

with a velocity v, then
2

mu

q’UB - —
r
muv

or r= ———
4B

Therefore, angular velocity o is.
www.cbsepdf.com W= 2 = E 43
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The time taken by ion in describing a semi
circle is (i.e.,, an angle w)

r_rm
F= gB
This is a semi-periodic time (T/2)
T_,_mm
2 qB

2nm
ie,T= —q? , fime period of revolution

- Frequency of revolution is
_1_48
f= T ~2mm

This frequency is called the cyclotron frequency.

Two infinitely long straight wire A; and Aj
carrying currents I and 2 I flowing in the same
direction are kept 'd' distance apart. Where
should a third straight wire Az carrying
current 1.5 I be placed between A; and A; so
that it expeﬁences no net force due to A, and
Aj ? Does the net force acting on A; depend

on the current flowing throught it ? [31
Answer:
IA A1S! AN2!

- Fie———>Fr—]

X ———P—— - X——P

< d —»

Aq As Ay
Let the wire Az placed at a distance x from the
wire Aj. And the distance of wire Az from Az
be (d - x) The current flowing through them
isI, 1.5 Iand 21 in Aj, Az and A; respectively.
Let the current flowing in the wire Az be in the
same direction as A and Aj.
Therefore, force between Aj and Aj is,

F= Mo IXIOL )
2n x

Force between Az and Ajis,

g 2Ix151
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CBSE 2019 Solved Paper

16.

Since, the net force on A3z is zero,
Fi=FK

EQXIX-I.SI=&QX2I)<1.SI

Z T @ 2 @-n
15 3

= —_— =
x d-

= 15d-15c=3%

= 45x=1.5d
.‘ J
Therefore, x = 3

The wire Az is placed at a distance of — from

2d
A1 and ? from Az

No, at a same distance the force on the wire Ag

is independent of the direction of the current.

As if current is in opposite direction then F;

and F; will be in opposite direction, but will

be in equilibrium. _

(@) Draw the equipotential surfaces due to
an electric dipole.

(b) Derive an expression for the electric field
-due to a dipole of dipole moment ; if at
a point on its perpendicular bisector. [3]

Answer : (a)

Equipotential
surfaces

www.cbsepdf.com

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

(b)
— |,
.

@

Zé

The Magnitudes of the electric field due to the

two charges +7 and —g given by.
q 1 T
Eg,=—"—
+ 4“:50 1’2 + a2 @
__1 1 ..
E ;= -*-—4%0 e -.(id)
Ey= Ey4

The directions of E.4 and E._; are as shown
in the figure. The components normal to the
dipole axis cancel away. The components
along the dipole axis add up.
*. Total electric field

A
E =—(E.;+ E_g) cos 07 [Negative sign shows
A

that field is opposite to? ]
292 ~
E=- 3 P (i)

4neg (zf,2 a2 )5
At large distances (v >> ), this reduces to

z A .
E= - 29 3P (V)
41580?"
- = A
P =,qx2ap
_)
-P
E= r>>4a
41:£0r3( )
[ 1 ]
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