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CBSE EXAMINATION PAPERS

DELHI-2008

Time allowed : 3 hours Maximum marks : 70

General Instructions:

(a)
(b)

(c)

(d)
(e)

All questions are compulsory.

There are 30 questions in total. Questions 1 to 8 carry one mark each, questions 9 to 18 carry two marks
each, questions 19 to 27 carry three marks each and questions 28 to 30 carry five marks each.

There is no overall choice. However, an internal choice has been provided in one question of two
marks, one question of three marks and all three questions of five marks each. You have to
attempt only one of the given choices in such questions.
Use of calculators is not permitted.
You may use the following values of physical constants wherever necessary:

c=3x10% ms™! h=6-626x10"* Js

e=1.602x107" C o =4nx107 TmA !

1
4ne,

Boltzmann’s constant k =1-381x1072 JK™!
Avogadro’s number N, = 6-022 x 1023 /mole

=9 x 10° Nm’C ™ ?

Mass of neutron m, =1-2x 1072 kg
Mass of electron m, =9~1><10_31kg
Radius of earth = 6400 km

CBSE (Delhi) SET-I

BN
What is the direction of the force acting on a charge particle g, moving with a velocity v in a

N
uniform magnetic field B ?

Name the part of the electromagnetic spectrum of wavelength 10"2 m and mention its one
application.

An electron and alpha particle have the same de Broglie wavelength associated with them. How
are their kinetic energies related to each other ?

A glass lens of refractive index 1-5 is placed in a through of liquid. What must be the refractive
index of the liquid in order to make the lens disappear ?

A 500 pC charge is at the centre of a square of side 10 cm. Find the work done in moving a charge
of 10 uC between two diagonally opposite points on the square.
State the reason, why heavy water is generally used as a moderator in a nuclear reactor.

How does the fringe width of interference fringes change, when the whole apparatus of Young’s
experiment is kept in a liquid of refractive index 1.3 ?
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8.

10.

11.

12.

13.

14.

15.

16.

17.

The plot of the variation of potential difference across a combination of three identical cells in

series, versus current is as shown below. What is the emf of each cell ?

A
V

6V -

> i

Derive the expression for the electric potential at any point along the axial line of an electric dipole ?

Define magnetic susceptibility of a material. Name two elements, one having positive susceptibility
and the other having negative susceptibility. What does negative susceptibility signify ?

The oscillating magnetic field in a plane electromagnetic wave is given by
B, =8x10"°)sin[2x10"" 7 +300 nx] T

(1) Calculate the wavelength of the electromagnetic wave.
(i1) Write down the expression for the oscillating electric field.
Prove that an ideal capacitor, in an a.c. circuit does not dissipate power.
OR

Derive an expression for the impedance of an a.c. circuit consisting of an inductor and a resistor.
A nucleus 128 Ne undergoes -decay and becomes 12? Na. Calculate the maximum kinetic energy of
electrons emitted assuming that the daughter nucleus and anti-neutrino carry negligible kinetic
energy.

mass of %3 Ne =22-994466 u

mass of 1213 Na =22-989770 u

lu = 931-5MeV/c?

Distinguish between an intrinsic semiconductor and P-type semiconductor. Give reason, why a
P-type semiconductor crystal is electrically neutral, although n;, >>n, ?

Draw a ray diagram of a reflecting type telescope. State two advantages of this telescope over a
refracting telescope.

A ray of light passing through an equilateral triangular glass prism from air undergoes minimum deviation
when angle of incidence is 3/4th of the angle of prism. Calculate the speed of light in the prism.

The given inputs A, B are fed to a 2-input NAND gate. Draw the output wave form of the gate.

A
Input

B
Input




18.

19.

20.

21.

22,

23.

24.

Examination Papers 5

A transmitting antenna at the top of a tower has a height of 36 m and the height of the receiving
antenna is 49 m. What is the maximum distance between them, for satisfactory communication in
the LOS mode ? (Radius of earth = 6400 km).

How is a wavefront defined ? Using Huygen’s construction draw a figure showing the
propagation of a plane wave refracting at a plane surface separating two media. Hence verify
Snell’s law of refraction.

A metallic rod of length [ is rotated at a constant angular speed @ normal to a uniform magnetic
field B. Derive an expression for the current induced in the rod, if the resistance of the rod is R.
The figure adjoining shows the V-I characteristics of a semiconductor diode.

100 HmA)

80
60}
40t

20+
100 80 60 40 200

02 04 06 0.8
10 V (Volt) —
L20

r30

I (uA)
(i) Identify the semiconductor diode used.
(i) Draw the circuit diagram to obtain the given characteristic of this device.
(iii) Briefly explain how this diode can be used as a voltage regulator.
An inductor 200 mH, capacitor 500 pF, resistor 10 2 are connected in series with a 100 V, variable
frequency a.c. source. Calculate the
(i) frequency at which the power factor of the circuit is unity.
(ii) current amplitude at this frequency.
(iii) Q-factor.
Prove that the current density of a metallic conductor is directly proportional to the drift speed of
electrons.
OR
A number of identical cells, n, each of emf E, internal resistance r connected in series are charged
by a d.c. source of emf E', using a resistor R.
(1) Draw the circuit arrangement.
(i1) Deduce the expressions for (a) the charging current and (b) the potential difference across the
combination of the cells.

A potentiometer wire of length 1 m is connected to a driver cell of emf 3 V as shown in the figure.
When a cell of 1-5 V emf is used in the secondary circuit, the balance point is found to be 60 cm.
On replacing this cell and using a cell of unknown emf, the balance point shifts to 80 cm.



6 Xam idea Physics—XII

25.

26.

27.

28.

L w
T<

1.5V

——@®—R]

(i) Calculate unknown emf of the cell.

(i) Explain with reason, whether the circuit works, if the driver cell is replaced with a cell of emf 1 V.

(iii) Does the high resistance R, used in the secondary circuit affect the balance point ? Justify our
answer.

An electromagnetic wave of wavelength A is incident on a photosensitive surface of negligible
work function. If the photo-electrons emitted from this surface have the de-Broglie wavelength A,

prove that A :(%j 7»21.
h

The energy level diagram of an element is given below. Identify, by doing necessary calculations,
which transition corresponds to the emission of a spectral line of wavelength 102-7 nm.
-0.85eV
A ¢ 0.85¢e
-1.5eV
B C
A\ 4 A 4 _34eV
D
Y ~136eV

Draw a plot of the variation of amplitude versus o for an amplitude modulated wave. Define
modulation index. State its importance for effective amplitude modulation.
(a) Using Biot-Savart’s law, derive an expression for the

magnetic field at the centre of a circular coil of radius R, IR x—— 0
number of turns N, carrying current /. ! [
X

(b) Two small identical circular coils marked 1 and 2 carry
equal currents and are placed with their geometric axes
perpendicular to each other as shown in the figure. Derive
an expression for the resultant magnetic field at O.

2
o
OR !
Draw a schematic diagram of a cyclotron. Explain its underlying principle and working, starting
clearly the function of the electric and magnetic fields applied on a charged particle.
Deduce an expression for the period of revolution and show that it does not depend on the speed
of the charged particle.




29.

30.

Examination Papers 7

(a) For a ray of light travelling from a denser medium of refractive index n; to a rarer medium of

refractive index n,, prove that =2 —sin i, where i, is the critical angle of incidence for the media.
m

(b) Explain with the help of a diagram, how the above principle is used for transmission of video
signals using optical fibres.

OR
(a) What is plane polarised light? Two polaroids are placed at 90° to each other and the
transmitted intensity is zero. What happens when one more polaroid is placed between these two,

bisecting the angle between them ? How will the intensity of transmitted light vary on further
rotating the third polaroid?

(b) If a light beam shows no intensity variation when transmitted through a polaroid which is
rotated, does it mean that the light is unpolarised ? Explain briefly.

(a) Using Gauss law, derive an expression for the electric field intensity at any point outside a

uniformly charged thin spherical shell of radius R and charge density o C/m?. Draw the field lines
when the charge density of the sphere is (i) positive, (ii) negative.

(b) A uniformly charged conducting sphere of 2-5 m in diameter has a surface charge density of
100 uC/mz. Calculate the q

(i) charge on the sphere (ii) total electric flux passing through the sphere.
OR

(a) Derive an expression for the torque experienced by an electric dipole
kept in a uniformly electric field.

10 cm 10 cm

(b) Calculate the work done to dissociate the system of three charges _4q
placed on the vertices of a triangle as shown.

Here ¢=1-6x10"1° C.

10 cm +2q

CBSE (Delhi) SET-II

Questions different from Set — I

1.

11.

12.

Name the part of the electromagnetic spectrum of wavelength 10> m and mention its one
application.

An electron and alpha particle have the same kinetic energy. How are the de-Broglie wavelengths
associated with them related?

A converging lens of refractive index 1-5 is kept in a liquid medium having same refractive index.
What would be the focal length of the lens in this medium?

How does the angular separation of interference fringes change, in Young’s experiment, if the
distance between the slits is increased?

Draw a ray diagram of an astronomical telescope in the normal adjustment position. State two
draw backs of this type of telescope.

Calculate the distance of an object of height / from a concave mirror of focal length 10 cm, so as
to obtain a real image of magnification 2.
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13.

15.

18.

19.

24.

25.

Draw the output wave form at X, using the given inputs A, B for the logic circuit shown below.
Also identify the gate.

X>—i XO————X
B—— c

A
Input

B
Input

%
Derive an expression for the potential energy of an electric dipole of dipole moment p in an

. - %
electric field E.
Prove that an ideal inductor does not dissipate power in an a.c. circuit.
OR

Derive an expression for the self-inductance of a long air-cored solenoid of length / and number of
turns N.

Define conductivity of a conductor. Explain the variation of conductivity with temperature in
(a) good conductors, (b) ionic conductors.

How is a wavefront defined ? Using Huygen’s construction draw a figure showing the
propagation of a plane wave reflecting at the interface of the two media. Show that the angle of
incidence is equal to the angle of reflection.

A coil of number of turns N, area A, is rotated at a constant angular speed o in a uniform magnetic
field B, and connected to a resistor R. Deduce expressions for :

(i) Maximum emf induced in the coil
(ii) Power dissipation in the coil.

CBSE (Delhi) SET-III

Questions different from Set — I & 11

1.

12.

Name the absorbing material used to control the reaction rate of neutrons in a nuclear reactor.
State the reason, why two independent sources of light cannot be considered as coherent sources.

An electron and a proton have the same de Broglie wavelength associated with them. How are
their kinetic energy related to each other?

How does the power of a convex lens vary, if the incident red light is replaced by violet light ?
Draw a ray diagram of a compound microscope. Write the expression for its magnifying power.

If the output of a 2 input NOR gate is fed as both inputs A and B to another NOR gate, write down
a truth table to find the final output, for all combinations of A, B.



15.

16.

20.

24.

25.

26.

Examination Papers 9

The oscillating electric field of an electromagnetic wave is given by:
E, =30sin[2x10"" 1 +300 mx] Vm ™'

(a) Obtain the value of the wavelength of the electromagnetic wave.
(b) Write down the expression for the oscillating magnetic field.

Obtain the expression for the mutual inductance of a pair of coaxial circular coils of radii r and
R(R >r) placed with their centres coinciding.

The energy levels of an element are given below:

-0.85eV

Al N

-1.5eV

C
v -34eV
B D

Y Y - 136eV

Identify, using necessary calculations, the transition, which corresponds to the emission of a
spectral line of wavelength 482 nm:

An inductor of unknown value, a capacitor of 100 uF and a resistor of 10 Q are connected in series
to a 200 V, 50 Hz a.c. source. It is found that the power factor of the circuit is unity. Calculate the
inductance of the inductor and the current amplitude.

Prove that the current density of a metallic conductor is directly proportional to the drift speed of
electrons through the conductor.

OR
Define resistivity of a conductor. Plot a graph showing the variation of resistivity with temperature
for a metallic conductor. How does one explain such a behaviour, using the mathematical
expression of the resistivity of a material.

A metallic rod of length [ is rotated at an angular speed m normal to a uniform magnetic field B.

Derive an expression for the (i) emf induced in the rod (ii) heat dissipation, if the resistance of the
rod is R.
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——=\//Solutions

CBSE (Delhi) SET-I

- > o>
1. Force, F,=qovxB

- -
Obviously, the force on charged particle is perpendicular to both velocity v and magnetic field B ?

2. Wavelength 10~ 2 m belongs to microwaves. It is used in RADAR.

3. Given Metectron =M,
de Broglie wavelength associated with a particle of mass m and energy E is
h
2mE
h h

x/ZmeEe - \/2maEa
That is kinetic energy of electron and o-particle are in inverse ratio of these masses.
4. The glass lens will disappear in the liquid if the refractive index of liquid is equal to that of glass
i.e., refractive index of liquid =1-5.
5. The points A and B are equidistant from the centre of square where charge ¢ = 500 pC is located;

therefore, points A and B are at the same potential i.e., V, =Vp.
B

q .
e
o"' O .‘~»

A
Work done in moving charge g, =10 uC from A to B is
W:‘IO (VB —VA):O
6. The basic principle of mechanics is that momentum transfer is maximum when the mass of
colliding particle and target particle are equal. Heavy water has negligible absorption cross-section
for neutrons and its mass is small; so heavy water molecules do not absorb fast neutorns; but
simply slow them.

7. Fringe width, B=D7}L = B oc A for same D and d. When the whole apparatus is immersed in a

transparent liquid of refractive index n =1-3, the wavelength decreases to A’ =& =% - So, fringe
n .

width decreases to 1—13 times.



10.

Examination Papers 11

Let ¢ be emf and r the internal resistance of each cell. The equation of terminal potential
difference

V =g, —irj, becomes
V=3e—iry ~..(D
where ry,; is effective (total) internal resistance.
From fig., wheni=0,V =6-0V
From (1),

6=3¢-0 = e=—=2V

i.e., emf of each cell, e=2V

Electric Potential due to an electric dipole at axial point. Consider an electric dipole AB, having
charges —¢ and + ¢ at points A and B respectively. The separation between the charges is 2L

»

N .
Electric dipole moment, p =gq .2/, directed from —g to + q. h (r+1) >
: “«—(r-)—»

Consider a point P on the axis of dipole at a distance r from AL_ 20 —
mid-point O of dipole. e s - S ¥
The distance of point P from charge + g is BP =r —I
The distance of point P from charge —q is AP =r +1
Let V| and V, be the potentials at P due to charges + g and — g respectively. Then
1 g 1 (-9

L and v, =— L

V, =
! 4neg r -1 4neg r+1

Resultant potential at P due to dipole
q 1 q
4neg (r=0) 4dmney (r+0)

1 1 1 1 r+)-@-D
- 4T - 4 2 2
4me r=Il r+l| 4ngg re -1

V:V1+V2 =

1 q.2l
dngy 2 _J2
As ¢g.2l = p (dipole moment)
=1 __ P
dmeg r2 -2
If point P is far away from the dipole, then r >>1
__1 r
dngg 2

Magnetic susceptibility: It is defined as the intensity of magnetisation per unit magnetising field,
. M .
i.e. %, =—- It has no unit.
H
Iron has positive susceptibility while copper has negative susceptibility.

Negative susceptibility of a substance signifies that the substance will be repelled by a strong
magnet or opposite feeble magnetism induced in the substance.
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11.

12.

13.

(i) Standard equation of magnetic field is
B, =B sin (of + kx) T

Comparing this equation with the given equation, we get

By =8x10"%T, w=2x10"rads™ !,

21 1
=—m
300 150

wavelength, A=

(i) Eg =Boc=8x10"%x3x10% =2-4x10% vm™!.

> o> >

k _2n =3007
A

According to right hand system of E, B, K, the electric field oscillates along negative Z-axis,

S0 equation is

E; =—2-4x10° sin (2x 10" 1 +300mx) Vm ™!

. . - R
Power dissipated in a.c. circuit, P =V, I,,,s cos ¢ where cos q):E

For an ideal capacitor R =0

P=V, L coso0=V, 1. x0=0 (zero).

i.e., power dissipated in an ideal capacitor is zero.

OR

Let a circuit contain a resistor of resistance R and an inductor of
inductance L connected in series. The applied voltage is
V =V, sin ot. Suppose the voltage across resistor is Vp and that
across inductor is V. The voltage Vi and current I are in the
same phase, while the voltage V; leads the current by an angle

T

of Vi and V; is the applied voltage i.e.,

V=yVg +V}

But Ve =Ri, V, =X, i=oLi
where X; =L is inductive reactance

V =y(R)? +(X,0)?
Impedance, Z :Z :\IRZ + XI%

1

= Z =yR? +(0L)?

The equation of -decay of 128 Ne is

BNe —> HNa+e + 9

Mass difference, Am =my (128 Ne) —mpy (f13 Na) —m,

R
coshp=—=0
¢ Z

5 Thus, Vg and V; are mutually perpendicular. The resultant

Vr Vi
+—> +—>
WA TI0T0
R L
(~)

1
V = Vjsin ot
Y/ N / '
v/
Vi i
n/2
o I
>1
Vr



Examination Papers 13

Changing nuclear masses into atomic masses
Am ={m (128 Ne) —10me} —{m (12? Na) —llme} -m,
=m (3 Ne)—m({j Na)
=22-994466 —22-989770

=0-004696 u
Maximum K.E., O =0-004696 u x 931-5 MeV/u
=4-37 MeV
14.
Intrinsic semiconductor p-type semiconductor
(i) |Itis a semiconductor in pure form. (i) | It is a semiconductor doped with p-type

(like Al In) impurity.

(i) | Intrinsic charge carriers are electrons and | (ii) | Majority charge carriers are holes and
holes with equal concentration. minority charge carriers are electrons.

(iii) | Current due to charge carriers is feeble | (iii) | Current due to charge carriers is
(of the order of HA). significant (of the order of mA).

P-type semiconductor is electrically neutral because every atom, whether it is of pure
semiconductor (Ge or Si) or of impurity (Al is electrically neutral.

mU

15.

>
»

A 4
A 4

@ Eye

Advantages: (i) It is free from chromatic aberration.
(1) Its resolving power is greater than refracting telescope due to larger aperture of mirror.
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16.

17.

18.

19.

Given A = 60°, i=2A=360°=45°
4 4
For minimum deviation i =i, =i and r; =rp =3 =30°
..Refractive index of prism, n = S.ml
sin r
_sin45 :M:ﬁzl.m
sin30°  1/2
o 108 .
Speed of light in prism, v:£:3x 0 =2-13x 108 ms™ L.
n 141
The output of NAND gate with inputs A and B is
Y =AB

Output waveform
i.e., output is obtained if either or both inputs are zero. S

Accordingly the output waveform Y =AB is shown in
fig. Output Y——

i.e., output is zero between intervals O to ¢; and 4 tot5 {1
and in all other intervals it is ‘1’

The output waveform is shown in fig.

Given hy =36 m, hp =49 m, and R, = 6400 km =6-4x10° m.

Maximum LOS distance, d,y =+[2R,hy + 2R hg
= 2R, (Jiy +.Jhg) =y/2x 6-4x10° (/36 +/49)
=3-578x10° (6 +7) =3-578x 10> x 13 m
=46-5x10° m=46-5km

Wavefront: A wavefront is a locus of all particles of medium vibrating in the same phase.

Proof of Snell’s law of Refraction using Huygen’s wave theory: When a wave starting from
one homogeneous medium enters the another homogeneous medium, it is deviated from its path.
This phenomenon is called refraction. In transversing from first medium to another medium, the
frequency of wave remains unchanged but its speed and the wavelength both are changed. Let XY
be a surface separating the two media ‘1’ and ‘2°. Let v; and v, be the speeds of waves in these
media.

Suppose a plane wavefront AB in first medium is incident
obliquely on the boundary surface XY and its end A touches
the surface at A at time # =0 while the other end B reaches
the surface at point B’ after time-interval ¢. Clearly BB' =v,t.
As the wavefront AB advances, it strikes the points between
A and B’ of boundary surface. According to Huygen’s
principle, secondary spherical wavelets originate from these
points, which travel with speed v; in the first medium and
speed v, in the second medium.




20.

Examination Papers 15

First of all secondary wavelet starts from A, which traverses a distance AA'(=v,tf) in second
medium in time 7. In the same time-interval 7, the point of wavefront traverses a distance
BB’ (=v;t) in first medium and reaches B’, from, where the secondary wavelet now starts. Clearly
BB' =v;t and AA" =v,t.

Assuming A as centre, we draw a spherical arc of radius AA’ (=v,¢) and draw tangent B’ A’ on this
arc from B'. As the incident wavefront AB advances, the secondary wavelets start from points
between A and B', one after the other and will touch A’ B’ simultaneously. According to Huygen’s
principle A’ B’ is the new position of wavefront AB in the second medium. Hence A’ B’ will be the
refracted wavefront.

Let the incident wavefront AB and refracted wavefront A’ B' make angles i and r respectively with
refracting surface XY.

In right-angled triangle AB' B, Z ABB' =90°

! t
sini=sin 2 BAR = BB _ Pl (D)
AB’ AB’
Similarly in right-angled triangle AA’B', Z AA’ B' =90°
! t
sinr = sin L AB A =24 D2l (2)
AB' AP
Dividing equation (1) by (2), we get
ﬂ . constant ..(3)
sinr v,

The ratio of sine of angle of incidence and the sine of angle of refraction is a constant and is
equal to the ratio of velocities of waves in the two media. This is the second law of refraction,
and is called the Snell’s law.

Consider a metallic rod OA of length [, which is rotating with

angular velocity ® in a uniform magnetic field B, the plane of
rotation being perpendicular to the magnetic field. A rod may be
supposed to be formed of a large number of small elements.
Consider a small element of length dx at a distance x from centre.
If v is the linear velocity of this element, then area swept by the
element per second =v dx

The emf induced across the ends of element

ds:Bﬁ:Bvdx
dt

But v =xm
de=B x odx
The emf induced across the rod

S:JOIonodx :B(ofolx dx

22 12 1
=Bo| 2~ | =Bow| — -0 |=—Bol ?
2 |, 2 2

lelz.
2 R

Current induced in rod [ =

£
R
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21.

22,

23.

(i) Semiconductor diode used is Zener diode (but the voltages
quoted in fig. are much more than actual values V. is
usually < 6 V).

(i) The circuit diagram for reverse characteristics of Zener diode
is shown in fig.

(iii) Zener diode as a Voltage Regulator

The Zener diode makes its use as a voltage regulator due to the Potential divider
following property : =|_||_|I (o)
When a Zener diode is operated in the breakdown region, the - * K
voltage across it remains practically constant for a large

change in the current. R

A simple circuit of a voltage regulator using a —
Zener diode is shown in the Fig. The Zener
diode is connected across load such that it is

reverse biased. R

nregulated inpu
<
=]
<
o
Regulated output

The series resistance R absorbs the output
voltage fluctuations so as to maintain constant =
voltage across the load.

If the input dc voltage increases, the current through R and Zener diode also increases. So, voltage
drop across R increases, without any change in the voltage across zener diode.

Given L =200 mH =200x10"3 H, C =500 pF =500% 10~ ®F,
R=10Q,V,,, =100V
(i) Angular (resonant) frequency , at which power factor of the circuit is unity, is given by

1

= = =100rads !
VLC  [200x1073 x 500x 1076

(o,LzL = o
o, C

r

Linear Resonant Frequency
f = o, 100 100
" 2n 2x3-14 628
(i1) At resonant frequency f, impedance, Z =R

. Vi
Current amplitude, 1, = 70 = VT{E

=M=10ﬁA =14-1A

Hz=15-9Hz

L 100x200x10~ 3
(iii) Q-factor = Oz 00> 20010 =2
R 10
Consider a uniform metallic wire XY of length [ and cross-sectional area A. A potential difference
V is applied across the ends X and Y of the wire. This causes an electric field at each point of the

wire of strength

E =

Vv
—- (1
; ey
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E
Due to this electric field, the electrons X P Q Y
gain a drift velocity v, opposite to «—O \—@4—@4 \—@4—@
direction of electric field. If g be the e /.’C:“”em %' O

charge passing through the
cross-section of wire in ¢ seconds, then

|<— o4t —>|

A
<
Y

Current in wire =2 ...(2)
t

The distance traversed by each electron
in time ¢
= average velocity x time =0v; ¢
If we consider two planes P and Q at a distance v; ¢ in a conductor, then the total charge flowing
in time ¢ will be equal to the total charge on the electrons present within the cylinder PQ.
The volume of this cylinder = cross sectional area x height
=Av,t
If n is the number of free electrons in the wire per unit volume, then the number of free electrons
in the cylinder =n(Av, t)
If charge on each electron is —e(e=1-6x 10~ C), then the total charge flowing through a
cross-section of the wire
qg=(nAv, t)(—e)=—neAv, t ..(3)
.. Current flowing in the wire,
;_49_~ neAv, t
t t
ie., current [ =—neAv, (4
This is the relation between electric current and drift velocity. Negative sign shows that the
direction of current is opposite to the drift velocity.

Numerically [ =neAv, ..(5)
Current density, .. J :i =nev,
= J oC Ud .
OR
(i) The circuit arrangement is shown in fig.
.. . . . .. b &r &r &r &r c
(ii) Applying Kirchhoff’s second law to the circuit I ! I ! I ! I !
abcda ~ v R
—ne—I(nr)—IR+¢ =0 b "
/ Al
- I ; ne
+ nr | . .
o e a " |-| |-| — vawa 4
1 — &€
(a) Charging current, [= R ...(a) de source

(b) Potential difference across the combination V is given by
-V-IR+¢ =0
= V=¢ -IR
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24.

25.

26.

27.

N Vzg,_(s'—na) N V=8'(R+nr)—8'+n8
R + nr R + nr
N V:s'(R+nr—1)+na
R +nr
(i) Unknown emf &, is given by
l l
8_2:l = %) 2181

er h
Giveng| =1-5V,l; =60cm,l, =80 cm
€9 :@x 1.5V=2.0V
60
(i) The circuit will not work if emf of driver cell is 1 V (less than that of cell in secondary circuit),
because total voltage across wire AB is 1 V which cannot balance the voltage1-5 V.

(iii) No, since at balance point no current flows through galvanometer G i.e., cell remains in open

circuit.
Kinetic energy of electrons, E; =energy of photon of e.m. wave
he
=— (D)
A
. h h?
de Broglie wavelength, A, = or =
'\Iszk 2mEk
Using (1), we get
2
. = Xz(—zlzcj M

AE:E:6~6XIO_34 x3x108 ;
A 102-7x107°
_ 6:6x107* x3x10° oy 063000
102:7x107 7 x1-6x10~ "7 1027 x 16
Now, AE=|-13-6—-(-1-50)| =12-1eV
Hence, transition shown by arrow D corresponds to emission of A =102-7 nm.

=12-04 eV

Plot of variation of amplitude versus o for amplitude modulated wave is shown in fig.

Eglrmmmmmmmmmmemieieeee e
AmplitudeT

maEg
2

Oc—Om  O¢ oct Om
o rad—»
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Modulation Index: The ratio of amplitude of modulating signal to the amplitude of carrier wave
is called modulation index i.e.,
m = —
a EC
For effective amplitude modulation the modulation index determines the distortions, so its value is
kept <1 for avoiding distortions.
(a) Biot Savart Law

It states that the magnetic field strength (dB) produced due to a
current element (of current / and length dl) at a point having position

N
vector r relative to current element is
- - P
- Idlxr
ag ="o0
4z r 3

where 1y is permeability of free space. Its value is
o =4nx10”7 Wb/A-m.

The magnitude of magnetic field is

dB:H—O Idl sin ©

4 2
- -
where 0 is the angle between current element / d/ and position vector r.
- - -
The direction of magnetic field dB is perpendicular to the plane containing / d/ and r.
Magnetic Field at the centre of circular loop: Consider a circular coil of
radius R carrying current / in anticlockwise direction. Say, O is the centre
of coil, at which magnetic field is to be computed. The coil may be
supposed to be formed of a large number of current elements. Consider a
small current element ‘ab’ of length AL According to Biot Savart law the
magnetic field due to current element ‘ab’ at centre O is

AB:;,L_OIAlsmG

4n  R?
where 0 is angle between current element ab and the line joining the element to the centre O. Here
0 =90°, because current element at each point of circular path is perpendicular to the radius.
Therefore magnetic field produced at O, due to current element ab is

Ag =Po LAl

4 R2
According to Maxwell’s right hand rule, the direction of magnetic field at O is upward,
perpendicular to the plane of coil. The direction of magnetic field due to all current elements is the
same. Therefore the resultant magnetic field at the centre will be the sum of magnetic fields due to
all current elements. Thus

BosAp—z Mo IAL _po I .
4n g2 4m R?

But £ Al =total length of circular coil =2nR (for one-turn)
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B =“—0L-2nR
4n R?
or B =H—OI
2R
If the coil contains N—turns, then X~ Al=N.27R
B = Mol N.2nR or B=H0 N

4nR? 2R

Here current in the coil is anticlockwise and the direction of magnetic field is perpendicular to the
plane of coil upward; but if the current in the coil is clockwise, then the direction of magnetic field
will be perpendicular to the plane of coil downward.

(b) Magnetic field due to coil 1 at point O
2
- IR —
Bi =% along OC1 I
2(R” +x7)

Magnetic field due to coil 2 at point O

Q

- -
Both B1 and B2 are mutually perpendicular, so
the net magnetic field at O is

B=+B} +B3 =\2B,  (as B; =B,)

2
IR

—Jo Mot

2R 1122

As R <<x
BzﬁuoIRz o 242101 (TR?)
2.x3 4n x3
1o 2V2plA
=L SR

where A =nR? is area of loop.

B
tan 0 =2
By
= tan 0 =1 ('.'Bz :Bl)
= p="
4

- —
B is directed at an angle g with the direction of magnetic field B1.

OR

(a) Cyclotron: The cyclotron, devised by Lawrence and Livingston, is a device for accelerating
ions to high speed by the repeated application of accelerating potentials.
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Principle: The positive ions produced from a source are W
accelerated. Due to the presence of perpendicular magnetic N

field the ion will move in a circular path. The phenomenon S

is continued till the ion reaches at the periphery where an |Dee Dee|
auxiliary negative electrode (deflecting plate) deflects the

accelerated ion on the target to be bombarded. Magnetic Pole

Expression for K.E. attained: e
If R be the radius of the path and v,,,,, the velocity of the ion

when it leaves the periphery, then
__gBR

vmax

The kinetic energy of the ion when it leaves
the apparatus is,

2np2p2
B2R
K.E.:%mvn%ax =12 =

R.F,
oscillator

2m

When charged particle crosses the gap Beam
between dees it gains KE=g V PR

In one revolution, it crosses the gap twice,
therefore if it completes n-revolutions before emerging the does, the kinetic energy gained

=2nqV
¢>B*R?

2m

Thus KE. = =2nqV

Working: The principle of action of the apparatus is shown in fig. The positive ions produced
from a source S at the centre 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 the applied voltages are so chosen
that as the ion comes out of a dee, the dees change their polarity (positive becoming negative
and vice-versa) and the ion is further accelerated and moves with higher velocity along a
circular path of greater radius. The phenomenon is continued till the ion reaches at the
periphery of the dees where an auxiliary negative electrode (deflecting plate) deflects the
accelerated ion on the target to be bombarded.

The function of electric field is to accelerate the charged particle and so to impart energy to the
charged particle.

The function of magnetic field is to provide circular path to charged particle and so to provide
the location where charged particle is capable of gaining energy from electric field.
Expression for Period of Revolution and Frequency:

Suppose the positive ion with charge g moves in a dee with a velocity v, then,
2
qB=""" o =0 (1)
r gB

where m is the mass and r the radius of the path of ion in the dee and B is the strength of the magnetic
field.

The angular velocity mof the ion is given by,
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29. (a)

(b)

B
m:gz—(from eq. 1) ..(2)
rom
The time taken by the ion in describing a semi-circle, i.e., in turning through an angle mis,
T Tm
f=— =" ..(3)
o Bg
T_,.mm (4
2 qB
2
or ="M ..(5)
qB
This is the expression for period of revolution.
Clearly the period of revolution is independent of speed of particle.
Snell’s laws is & M ...() :
simr ny o
Critical angle is the angle of incidence in denser medium for which \IC< ny
angle of refraction in rarer medium is 90° i.e., . >
. ~ono v r=90°
i=i., r=90 .
.. From (1) Ny
_?m e _M2 = " sini,
sin 90°  n, n;

Transmission of video signals using optical fibre.

An optical fibre is a device based on total internal reflection by which a light signal may be
transmitted from one place to another with a negligible loss of energy. It is a very long and
thin pipe of quartz (n =1-7) of thickness

Coatingn=1.5

nearly = 10~ * m coated all around with

a material of refractive index 1-5. A
large number of such fibres held
together form a light pipe and are used
for communication of light signals.
When a light ray is incident on one end
at a small angle of incidence, it suffers
refraction from air to quartz and strikes
the quartz-coating interface at an angle
more than the critical angle and so
suffers total internal reflection and strikes the opposite face again at an angle greater than
critical angle and so again suffers total internal reflection. Thus the ray within the fibre suffers
multiple total internal reflections and finally strikes the other end at an angle less than critical
angle for quartz-air interface and emerges in air.

As there is no loss of energy in total internal reflection, the light signal is transmitted by this
device without any appreciable loss of energy.
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OR

(a) Plane Polarised Light: The light having vibrations of electric field vector in only one direction
perpendicular to the direction of propagation of light is called plane polarised light.

The unpolarised and polarised light is represented as

——6—~6——C—>
(a) Unpolarised light (b) Polarised light (c) Partially polarised light
If ordinary unpolarised light of intensity /)" is incident on first polaroid (A, say)

’

I
Intensity of light transmitted from first polaroid is /) = %

Given angle between transmission axes of two polaroids A and B is initially 90°.
According to Malus law, intensity of light transmitted from second polaroid (B, say) is
I=1, cos’h = I=1, cos? 90°=0

When one more polaroid (C say) is placed between A and B making an angle of 45° with the
transmission axis of either of polaroids, then intensity of light transmitted from A is
_1o’

2
Intensity of light transmitted from C is

I, =1,

1
Ic =1 cos? 45°=?Oo

Intensity of light transmitted from polaroid B is
2 o 1 _1o
Ig =10 cos”™ 45°=—x —=—
B 272 4

This means that the intensity becomes one-fourth of intensity of light that is transmitted from
first polaroid.

On further rotating the polaroid C such that if angle between their transmission axes increases,
the intensity decreases and if angle decreases, the intensity increases.

(b) Yes, the incident light (of intensity /) is unpolarised.
Reason: If incident light is unpolarised, the intensity of transmitted light through a polaroid is
always Iy / 2, which is constant.

But if incident light is polarised, the intensity variation [ =1 cos? 0, necessarily takes place.

30. (a) Electric field intensity at a point outside a uniformly charged thin spherical shell:
Consider a uniformly charged thin spherical shell of radius R carrying charge Q. To find the
electric field outside the shell, we consider a spherical Gaussian surface of radiusr (>R),

>
concentric with given shell. If E is electric field outside the shell, then by symmetry electric
field strength has same magnitude E; on the Gaussian surface and is directed radially
outward. Also the directions of normal at each point is radially outward, so angle between

— -
E; and d S is zero at each point. Hence, electric flux through Gaussian surface
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- -
- jS EedS.
S
={>EO dScosO=E0.47'cr2

Now, Gaussian surface is outside the given charged shell, so
charge enclosed by Gaussian surface is Q. \
Hence, by Gauss's theorem
- => 1
{)S Eo o d E =— x charged enclosed

€0
2 1

= Eydnr®=—xQ
€0

R

- dngg 2
Thus, electric field outside a charged thin spherical shell is the same as if the whole charge Q

is concentrated at the centre.
If o is the surface charge density of the spherical shell, then

dp=4nR’c C
Eo = 1 47‘CR2(5_R2G
0= =
4neg r? 80r2

The electric field lines are shown in the fig. For a positively charged shell, the field lines are
directed radially in outward direction and for negatively charged shell, these are directed in

radially inward direction.

(a) Negatively charged shell

(a) Positively charged shell
(b) Given, 5=100puC/m? =100x10"% C/m>.
Diameter, D=2R=2-5m
(i) Charge on sphere, O =c. 4nR? =5. Tr(2R)2
=(100x107° C/m?)x3-14x (2-5 m)>

~19-625x10"% C
=1.96x10"% C=1.96 mC
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(i1) Electric flux passing through the sphere
1 1

p=—(Q) = —————=x(1:96x10"?)
€0 8-86x 10~
=2-21x10® Nm? c™!
OR
Consider an electric dipole placed in a uniform electric . >
field of strength E in such a way that its dipole moment Y q»B—b Fi1=qE
- —
p makes an angle 0 with the direction of E . The . >
charges of dipole are —g and + g at separation 2/ the =~ T 2= E """ e
dipole moment of electric dipole, &
=q.2l (1 ¥ >
p q ( ) F2=—qE 4—_d '9'""""""""'N """

—> -
Force: The force on charge + ¢ is, F, =qE, along the

N
direction of field E

— —
The force on charge — g is, F, =qE, opposite to the direction of field E

— —
Obviously forces F, and F, are equal in magnitude but opposite in direction; hence net force

on electric dipole in uniform electric field is
F=F -F, =qE —qE =0 (zero)
As net force on electric dipole is zero, so dipole does not undergo any translatory motion.

— —
Torque : The forces F, and F, form a couple (or torque) which tends to rotate and align the

dipole along the direction of electric field. This couple is called the torque and is denoted by .
torque T = magnitude of one force x perpendicular distance between lines of action of forces
=qE (BN) =qE (2I sin 0)
=(q2)) E sin 6
= pE sin 0 [using (1)] (2)
Clearly, the magnitude of torque depends on orientation (0) of the electric dipole relative to

- —
electric field. Torque (7) is a vector quantity whose direction is perpendicular to both p and E .

T
In vector form Tt =p xE ..(3)

Thus, if an electric dipole is placed in an electric field in oblique orientation, it experiences
no force but experiences a torque. The torque tends to align the dipole moment along the
direction of electric field.

Maximum Torque: For maximum torque sin 0 should be the maximum. As the maximum
value of sin 6 =1 when 6 =90°
Maximum Torque, T,,,x =pE
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(b) Potential energy of system i.e., work done to assemble the system of charges
yo ! {q~(—4q) L 4:29)  (—49) -(24)}

4me 0-10 0-10 0-10
_ 2
_ 1 10¢g _ 1 (lOOqz)
47'580 0-10 471380

=—9x10? x100x(1-6x10719)2 =—2.3x1073 J
Work done to dissociate the system of charges
W=-U=23x10"8]

CBSE (Delhi) SET-II
1. Wavelength 102 m belongs to radio-waves. This is used to broadcast radio programmes to long
distances.
2. p=— = mo = h
' ) A
= A= i
mo
(mv)’
Kinetic energy, Ej =
2m
h

= £:1/1872><4

= Ae =86-5x A,
3. The focal length of lens in a liquid-medium is given by

1 1 1
— =( - —-—
fi e [Rl Rz)

e
S \m Ry R,

Given n; =ng =1-5

L:O or fl =

S

i.e., focal length of converging lens is infinity i.e., glass lens behaves as a glass plate.
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6. Angular separation of interference fringes in Young’s experiment.

_By_A
Bo (_Dj P
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If distance between the slits ‘d’ is increased, the angular separation decreases.

11.
B

ple— fo—»]

N

Draw backs:

(i) Itis not free from chromatic aberration.

(i) The image formed is inverted and fainter.
12. Given focal length f =—10 cm, u =?

e v
magnification m=——=-2 = v=2u
u

From mirror formula l :l + l we have

v ou
1
10 2u u
3 1
= —_——
2u 10
= u:—10X3:—15cm
2
13. Output of first NOR gate Ae—
C=AB Be— C
Output X =CC
~C =AB
=AB

This is AND operation. Therefore, the output is 1 when both inputs are 1.
Accordingly the waveform output is shown in figure.
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Qutput
X

ot ottt t

15. The potential energy of an electric dipole of an electric field is defined as the work done in
bringing the dipole from infinity to its present position in the electric field.

Suppose the dipole is brought from infinity and placed at orientation 0 with the direction of
electric field. The work done in this process may be supposed to be done in two parts.

@
(i)

®

(i)

The work done (W) in bringing the dipole perpendicular to electric field from infinity.

Work done (W, ) in rotating the dipole such that it finally makes an angle 6 from the direction of
electric field.

Let us suppose that the electric dipole is brought from infinity in the region of a uniform electric

-
field such that its dipole moment p always remains perpendicular to electric field. The electric

forces an charges +¢q and — g are gE and gFE, along the field direction and opposite to field
direction respectively. As charges + g and — g traverse equal distance under equal and opposite
forces; therefore, net work done in bringing the dipole in the region of electric field
perpendicular to field-direction will be zero, i.e., W; =0.

>
»

+q 0—> qE
21 > <4— From
infinity
qE<+—é—
Now the dipole is rotated and brought to orientation Tq >
. . . .2 . /-»qE
making an angle 6 with the field direction (i.e., 6 =90° >
and 6, =0°), therefore, work done V/—-@ ---------
W, =pE(cos 0; —cos 05) / i’
= pE (cos 90° — cos 0) =— pE cos 0 qE < - B

Total work done in bringing the electric dipole from
infinity, i. e., Electric potential energy of electric dipole.
U=W, +W, =0-pE cos0=—pE cos 0

- -

In vector form U=-p-E ...()

v
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The power P=V, . ims COS$
where  cos ¢:§ ; For ideal inductor R =0, ... cos ¢:§ =0

P=V

s Lrms €08 @=01.e. power dissipated by an ideal inductor in ac circuit is zero.

OR

Self Inductance of a long air-cored solenoid:
Consider a long air solenoid having *n' number of turns per unit length. If current in solenoid is /7,
then magnetic field within the solenoid, B =p nl (1)
where pj =4mx 1077 henry/metre is the permeability of free space.
If A is cross-sectional area of solenoid, then effective flux linked with solenoid of length ‘I’ where
N nl is the number of turns in length '/" of solenoid.

® =(nl BA)
Subst1tut1ng the value of B from (1)

O=nl(ugnl)A=pnqn® All (2)

Self-inductance of air solenoid

L:?:ponzAl .(3)

If N is total number of turns in length [, then

n=— '
I A

N 2
.. Self-inductance L= ( " } Al

2
N “A
_Ho ™ 2 @)
[
The reciprocal of resistivity (p) of a material is called its conductivity (o), i.e.,
1
G [——
p
S.I. unit of conductivity is mho m™! (or siemen m_l).
2

(i) Conductivity of a metallic conductor ¢ = l _net .

p m
With rise of temperature, the collision of electrons with fixed lattice
ions/atoms increases so that relaxation time (1) decreases.
Consequently, the conductivity of metals decreases with rise of I
temperature. Figure represents the variation of conductivity of s
metal with temperature. Initially the variation of conductivity with
temperature is linear and then it is non-linear.

(ii) Conductivity of ionic conductor increases with increase of
temperature because with increase of temperature, the ionic bonds - T
break releasing positive and negative ions which are charge carriers
in ionic conductors.
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24. Wavefront: A wavefront is a locus of particles of medium all vibrating in the same phase.

Law of Reflection: Let XY be a reflecting surface at
which a wavefront is being incident obliquely. Let v
be the speed of the wavefront and at time 7 =0, the
wavefront touches the surface XY at A. After time 7,
the point B of wavefront reaches the point B’ of the
surface.

According to Huygen’s principle each point of wavefront acts as a source of secondary waves.
When the point A of wavefront strikes the reflecting surface, then due to presence of reflecting
surface, it cannot advance further; but the secondary wavelet originating from point A begins to
spread in all directions in the first medium with speed v. As the wavefront AB advances further, its
points Ay, A,, As ... etc. strike the reflecting surface successively and send spherical secondary
wavelets in the first medium.
First of all the secondary wavelet starts from point A and traverses distance AA’ (=vr) in first
medium in time 7. In the same time 7, the point B of wavefront, after travelling a distance BB,
reaches point B’ (of the surface), from where the secondary wavelet now starts. Now taking A as
centre we draw a spherical arc of radius AA’ (=v?) and draw tangent A’ B’ on this arc from point
B'. As the incident wavefront AB advances, the secondary wavelets starting from points between
A and B’, one after the other and will touch A’ B’ simultaneously. According to Huygen’s principle
wavefront A" B’ represents the new position of AB, ie., A'B' is the reflected wavefront
corresponding to incident wavefront AB.
Now in right-angled triangles ABB' and AA’ B’
ZABB' =/ AA' B’ (both are equal to 90°)
side BB’ =side AA’ (both are equal to vr)
and side AB' is common
i.e., both triangles are congruent.
. ZBAB' = ZAB' A’
i.e., incident wavefront AB and reflected wavefront A" B’ make equal angles with the reflecting
surface XY. As the rays are always normal to the wavefront, therefore the incident and the
reflected rays make equal angles with the normal drawn on the surface XY, i.e.,
angle of incidence i =angle of reflection r

v

25. (i) Suppose initially the plane of coil is perpendicular to the
magnetic field B. When coil rotates with angular speed o,

N

N
then after time ¢, the angle between magnetic field B and
normal to plane of coil is ':t{" ............. >

0=owt /
. . . . ‘A

. At this instant magnetic flux linked with the coil

vPy

v

¢=BA cos wt _ >
If coil constains, N-turns, then emf induced in the coil
e=— Z(I)——N—(BA Cos 1)

=+ NBA osin ot (1)
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For maximum value of emf g,
sin ot =1
Maximum emf induced, €,,,x = NBA®

(i) If R is resistance of coil, the current induced, 1 =%

2
.. Instantaneous power dissipated, P =¢l =¢ (%j = % ...(2)
25242 2 .2
N"B“A“®" sin” ot .
= R [using (1)] ...(3)

Average power dissipated in a complete cycle is obtained by taking average value of sin 2 ot

over a complete cycle which is % :
. ) 1
ie., (sin” wt),, =3

2p2,42 2
Average power dissipated P,, = % .

CBSE (Delhi) SET-1II

1. Cadmium is the absorbing material for neutrons produced in a nuclear reactor.
Coherent sources are defined as the sources in the which initial phase difference remains constant.
In the case of two independent sources, the initial phase difference cannot remain constant
because light is emitted due to millions of atoms and their number goes on changing in a quite

random manner.
h

112mEk

5. de Broglie wavelength, A =

Given A, =1,
h _ h
JZmeEe N/ZmpEp

E, m
= —¢ =T ~1840

E p M
ie., K.E. of electron =1840 x (K.E. of proton)

7. Power of a lens increases if red light is replaced by violet light because P 2% =(yng =D (RL - RLJ ,
1 2

and refractive index is maximum for violet light in visible region of spectrum.
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9. Eye-piece
[—— U,
Objective
B >
A"
PA
=10 A Do wmmmmgpmemmnms oo >
R [ 1 1
Magnifying power M=-—D|—+—
uo e Ue
o D D
or M =— Z0 (_ + _j
Uo fe Ue

12. First gate is NOR gate, its output C=A + B
Second gate is also NOR gate, its output
Y=C+C=C-C=C=A+B=A+B.

This is Boolean expression for OR gate.

A
B C v

Its truth table is

— o= o |»
- = o | |
>—a>—A>—‘O~<
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15. (a) Given equation is
E, =30sin (2x10"" 7 +300 mx) Vm ™!

Comparing with standard equation

E, =E, sin (ot + kx) Vm_l, we get

Eg=30Vm ', 0=2x10" rads~! k :2—;:300 am !
2n
Wavelength, A= m
300m

:L m=6-67x10"°> m
150

(b) The wave is propagating along X-axis, electric field is oscillating along Y-axis, so according to
> o> >

right hand system of (E, B, K) the magnetic field must oscillate along Z-axis.
E _
By=£o-_ 3 _1p71
C 3x10®

Equation of oscillating magnetic field is
By =B sin (ot +kx) T
= B, =107 sin (2x10" 1 +300 x) T
16. The magnetic field produced by current carrying larger coil C; in
rolt
2R
The magnetic flux linked with shorter coil C, is

Loli _ 2
=BjA, =201 o,
b =BjA; IR

2
Mutual Inductance M = % _Hom
1

_ - 34 8
20. AE:E:6 6x10 x3x10 I

A 482 %10~ °

_6-6x107* x3x10° oV
482x107 7 x1-6x 10717
_ 66 %3000
S 1027x16
=257 eV
Now, AE =|-3-4—-(-0-85)|
=2-55eV
Hence, transition shown by arrow B corresponds to emission of A =482 nm.

the vicinity of small coil C, is B} =

henry.
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24,

25.

For power factor unity, X; =X = oL=—

1 1 1
= L=—= 2 2.2
©?C @rNHEC 4nif2C
Given f =50 Hz, C =100 uF =100x 10~ F =10~ F
1

L= 5 5 2 H=0-10 H
4x(3-14)° x (50)“ x10~
\%
Current amplitude, I :?0
At resonance, Z=R
V
I =_0=200ﬁ=20ﬁA
R 10
=20x1-414 A
=28-3A
Relation between electric current and drift velocity:
Consider a uniform metallic wire XY =
of length [ and cross-sectional area X P Q Y
A. A potential difference V is —0O \_94_@4 \_@4_@
applied across the ends X and Y of t iCurrent (l? Pl
the wire. This causes an electric field S v S N O« C
at each point of the wire of strength A |<— o4t —>| i
%
E =7 (1) v
|

Due to this electric field, the +] =

electrons gain a drift velocity v,; opposite to direction of electric field. If g be the charge passing
through the cross-section of wire in ¢ seconds, then
Current in wire 1 :g ..(2)
The distance traversed by each electron in time ¢
= average velocity x time =v; ¢

If we consider two planes P and Q at a distance v; ¢ in a conductor, then the total charge flowing
in time ¢ will be equal to the total charge on the electrons present within the cylinder PQ.
The volume of this cylinder = cross sectional area x height

=Av,t
If n is the number of free electrons in the wire per unit volume, then the number of free electrons
in the cylinder =n(Av, t)

If charge on each electron is —e(e=1-6x 101 C), then the total charge flowing through a

cross-section of the wire
q=MmAv, t)(—e)=—neAv, t ..(3)
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.. Current flowing in the wire,

. neAv, t
t t
ie., current / =—neAv, ..(4)

This is the relation between electric current and drift velocity. Negative sign shows that the
direction of current is opposite to the drift velocity.

Numerically I =neAv, ..(5)
. 1
Current density, .. J=—=nev,
= J oc 'Ud .
OR
We know that, R=p %

Ifl=,A=1=p=R
Thus, resistivity of a material is numerically equal to the resistance of the conductor having unit
length and unit cross-sectional area.
The resistivity of a material is found to be dependent on the temperature. Different materials do
not exhibit the same dependance on temperatures. Over a limited range of temperatures, that is not
too large, the resistivity of a metallic conductor is approximately given by,

pr =po [1+oa (T -Ty)] ..(D
where p 7 is the resistivity at a temperature T and p, is the same at a reference temperature 7;y. o
is called the temperature co-efficient of resistivity.
The relation of Eq. (1) implies that a graph of p plotted against 7 would be a straight line. At

temperatures much lower than 0°C, the graph, however, deviates considerably from a straight line
(Figure).

0.4

Resistivity p (1078 Qm)
—>

0 50 100 150
Temperature T(K) —

Resistivity py of copper as a
function of temperature T

Consider a metallic rod OA of length /, which is rotating with angular velocity ® in a uniform

magnetic field B, the plane of rotation being perpendicular to the magnetic field. A rod may be
supposed to be formed of a large number of small elements. Consider a small element of length dx
at a distance x from centre. If v is the linear velocity of this element, then area swept by the
element per second =v dx
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The emf induced across the ends of element

dg:Bﬁ:Bvdx
dt

But v =xm
de=B x odx

The emf induced across the rod

1 1
szj B xwdx =B(n.[ x dx
0 0
1
2
=B(o|:x }
2 0

2
—Bo| L —0 |=1Be12
2 2

2
Current induced in rod [ - =l Bol .
2 R
It circuit is closed, power dissipated,
2 p2.24

£
R 4R
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General Instructions:
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All questions are compulsory.

There are 30 questions in total. Questions 1 to 8 carry one mark each, questions 9 to 18 carry two marks
each, questions 19 to 27 carry three marks each and questions 28 to 30 carry five marks each.

There is no overall choice. However, an internal choice has been provided in one question of two
marks, one question of three marks and all three questions of five marks each. You have to
attempt only one of the given choices in such questions.
Use of calculators is not permitted.
You may use the following values of physical constants wherever necessary:

c=3x10% ms™! h=6-626x10"* Js

e=1.602x107" C o =4nx107 TmA !

1
4ne,

Boltzmann’s constant k =1-381x1072 JK™!
Avogadro’s number N, = 6-022 x 1023 /mole

=9 x 10° Nm?C?

Mass of neutron m, =1-2x 1072 kg
Mass of electron m, =9~1><10_31kg
Radius of earth = 6400 km

CBSE (All India) SET-I

1.

Identify the part of the electromagnetic spectrum to which the following wavelengths belong:
107" m (i) 107'% m

How does the width of the depletion layer of a p-n junction diode change with decrease in reverse
bias ?

What is the nuclear radius of 12SFe, if that of 27 Al is 3-6 fermi?

When current in a coil changes with time, how is the back emf induced in the coil related to it?

An object is held at the principal focus of a concave lens of focal length f. Where is the image
formed?

What is the geometrical shape of the wavefront when a plane wave passes through a convex lens?

How does the stopping potential applied to a photocell change, if the distance between the light
source and the cathode of the cell is doubled?

Draw an equipotential surface for a system, consisting of two charges Q, — Q separated by a
distance ‘7’ in air.
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9.

10.

11.

12.

13.

14.

15.

16.

17.

Define the term : magnetic dipole moment of a current loop. Write the expression for the magnetic
moment when an electron revolves at a speed ‘ v’, around an orbit of radius ‘7’ in hydrogen atom.
How will the angular separation and visibility of fringes in Young’s double slit experiment change
when (i) screen is moved away from the plane of the slits, and (ii) width of the source slit is
increased?

A jet plane is travelling west at 450 ms U If the horizontal component of earth’s magnetic field at
that place is 4 x 10~ 4 tesla and the angle of dip is 30°, find the emf induced between the ends of
wings having a span of 30 m.

What is meant by the transverse nature of electromagnetic waves ? Draw a diagram showing the
propagation of an electromagnetic wave along the x-direction, indicating clearly the directions of
the oscillating electric and magnetic fields associated with it.

Why do we need carrier waves of very high frequency in the modulation of signals ? A carrier
wave of peak voltage 20 V is used to transmit a message signal. What should be the peak voltage
of the modulating signal, in order to have a modulation index of 80%?

_)
Obtain the expression for the potential energy of an electric dipole of dipole moment p placed in

N
an electric field E.

The following graph shows the variation of terminal potential difference V, across a combination

of three cells in series to a resistor, versus the current, i:
A

o
(=)

V (volt) —»
w
o

10 >0 > i (ampere)

(i) Calculate the emf of each cell.
(i1) For what current i will the power dissipation of the circuit be maximum ?
State the law of radioactive decay. If Ny is the number of radioactive nuclei in the sample at some
initial time, ¢y, find out the relation to determine the number N present at a subsequent time. Draw
a plot of N as a function of time.

OR
Draw a plot of the binding energy per nucleon as a function of mass number for a large number of
nuclei.
Explain the energy release in the process of nuclear fission from the above plot. Write a typical
nuclear reaction in which a large amount of energy is released in the process of nuclear fission.
In the figure given below, light rays of blue, green, red wavelengths are incident on an isosceles
right-angled prism. Explain with reason, which ray of light will be transmitted through the face
AC. The refractive index of the prism for red, green, blue light are 1-39, 1424, 1-476 respectively.
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A
Red >
Green >
Blue >
90°
—I
B C

Two wires X, Y have the same resistivity, but their cross-sectional areas are in the ratio 2 : 3 and
lengths in the ratio 1 : 2. They are first connected in series and then in parallel to a d.c. source.
Find out the ratio of the drift speeds of the electrons in the two wires for the two cases.

What are permanent magnets ? What is an efficient way of preparing a permanent magnet ? Write

two characteristic properties of materials which are required to select them for permanent
magnets.

Distinguish between isotopes and isobars. Give one example for each of the species. A radioactive
isotope has a half-life of 5 years. How long will it take the activity to reduce to 3-125%?

Two signals A, B as given below, are applied as input to (i) AND (ii) NOR and (iii) NAND gates.
Draw the output wave-form in each case.

A

\Y

Input A

Input B
P 0

T T T > t

T A

What does the term ‘LOS communication’ mean ? Name the types of waves that are used for this
communication. Give typical examples, with the help of a suitable figure, of communication
systems that use space wave mode propagation.

A resistance R =2 Q) is connected to one of the gaps in a X
metre bridge, which uses a wire of length 1 m. An ”|_|Ell-l . _IINWI\]
unknown resistance X >2€ is connected in the other

gap as shown in the figure. The balance point is noticed ';é G

at ‘I from the positive end of the battery. On J

interchanging R and X, it is found that the balance point — [ cm—><— (100-/)cm —
further shifts by 20 cm (away from end A). Neglecting I:
the end correction, calculate the value of unknown

resistance X used.
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24.

25.

26.

27.

28.

29.

With a circuit diagram, explain how a zener diode can be used as a voltage regulator.

OR
Draw a circuit diagram of a full-wave rectifier. Explain its working principle. Draw the input/output
wave-forms indicating clearly the functions of the two diodes used.
Draw a plot showing the variation of power of a lens, with the wavelength of the incident light.
A converging lens of refractive index 1-5 and of focal length 15 c¢m in air, has the same radii of
curvature for both sides. If it is immersed in a liquid of refractive index 1-7, find the focal length
of the lens in the liquid.

If a particle of charge ¢ is moving with velocity v along the y-axis and the magnetic field B is
— - >
acting along the z-axis, use the expression F =¢ (v x B) to find the direction of the force F acting

on it.

A beam of proton passes undeflected with a horizontal velocity v, through a region of electric and
magnetic fields, mutually perpendicular to each other and perpendicular to the direction of the
beam. If the magnitudes of the electric and magnetic fields are 100 kV/m, 50 mT respectively,
calculate

(1) velocity of the beam v.

(ii) force exerted by the beam on a target on the screen, if the proton beam carries a current of 0-80 mA.
Show that Bohr’s second postulate, ‘the electron revolves around the nucleus only in certain fixed
orbits without radiating energy' can be explained on the basis of de-Broglie hypothesis of wave
nature of electron.

State the condition for resonance to occur in a series LCR a.c. circuit and derive an expression for
the resonant frequency.

Draw a plot showing the variation of the peak current (i,,,) with frequency of the a.c. source used.
Define the quality factor, Q of the circuit.

Calculate the (i) impedance, (ii) wattless current of the given a.c. circuit.

c R
—

<+—40V—> <30V

2A
e
N
Vrms
OR
Draw a labelled circuit arrangement showing the windings of primary and secondary coil in a

transformer. Explain the underlying principle and working of a step-up transformer. Write any
two major sources of energy loss in this device.

How much current is drawn by the primary coil of a transformer which steps down 220 V to 22 V
to operate device with an impedance of 220 ohm ?

(a) Derive an expression for the energy stored in a parallel plate capacitor C, charged to a potential
difference V.

(b) Obtain the equivalent capacitance of the network given below. For a supply of 300 V,
determine the charge and voltage across Cy.
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100 pF
[
[
C1
200 pF 200 pF
[l [l
I |
C Cs +
200 pF 300V
|| -

OR
Explain the principle on which Van de Graaff generator operates. Draw a labelled schematic
sketch and write briefly its working.
A Van de Graaff type generator is capable of building up potential difference of 15 x 10% V. The
dielectric strength of the gas surrounding the electrode is 5 x 10" Vm~!. What is the minimum
radius of the spherical shell required.

Draw a labelled ray diagram of a compound microscope and write an expression for its
magnifying power.

The focal length of the objective and eye-lens of a compound microscope are 2 cm, 6-25 cm
respectively. The distance between the lenses is 15 cm. (i) How far from the objective lens, will
the object the be kept, so as to obtain the final image at the near point of the eye? (ii) Also
calculate its magnifying power.

OR

Draw a labelled ray diagram of an astronomical telescope, in the normal adjustment position and
write the expression for its magnifying power.

An astronomical telescope uses an objective lens of focal length 15 m and eye-lens of focal length
1 cm. What is the angular magnification of the telescope?

If this telescope is used to view moon, what is the diameter of the image of moon formed by the
objective lens?

(Diameter of moon =3-5 x 10° m and radius of lunar orbit =3-8 x 10® m).

CBSE (All India) SET-II

Questions different from Set-I

2.

13.

What is the stopping potential of a photocell, in which electrons with a maximum kinetic energy
of 6 eV are emitted ?

Identify the part of the electromagnetic spectrum to which the following wavelengths belong
() 1 mm Gi) 10~ m.
State the reason, why a photodiode is usually operated at a reverse bias.

Using Ampere’s circuital law, derive an expression for the magnetic field along the axis of a
toroidal solenoid.
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18.

19.

20.

26.

27.

Derive an expression for the torque acting on an electric dipole, which is held in a uniform electric
field, when the axis of the dipole makes an angle 0 with the electric field.

Draw a plot showing the variation of power of a lens with the wavelength of the incident light.

A diverging lens of refractive index 1-5 and of focal length 20 cm in air has the same radii of
curvature for both sides. If it is immersed in a liquid of refractive index 1-7, calculate the focal
length of the lens in the liquid.

If a particle of charge g is moving with velocity v along the z-axis and the magnetic field B is
- -> -
acting along the x-axis, use the expression F =g (v x B) to find the direction of the force F acting

on it.

A beam of proton passes undeflected with a horizontal velocity v, through a region of electric and
magnetic fields, mutually perpendicular to each other and normal to the direction of the beam. If
the magnitudes of the electric and magnetic fields are 50 kV/m and 50 mT respectively, calculate

(1) velocity v of the beam.
(i1) force with which it strikes a target on a screen, if the proton beam current is equal to 0-80 mA.

A resistance R =5 Q is connected to one of the gaps in a |_®_| IN\)/(\/\']
o] s s ] [

metre bridge, which uses a wire of length 1 m. An .
unknown resistance X >5€) is connected in the other G
J

gap as shown in the figure. The balance point is noticed
at ‘I’ cm from the positive end of the battery. On
interchanging R and X, it was found that the balance — [ cm—><— (100-/)cm—n
point further shifts by 20 cm away from end A.
Neglecting the end correction, calculate the value of
unknown resistance X used.

Draw a labelled circuit diagram of a full-wave rectifier and briefly explain its working principle.
OR

Draw a labelled circuit diagram of a transistor amplifier in the common-emitter configuration.
Briefly explain, how the input/output signals differ in phase by 180°.

CBSE (All India) SET-1II

Questions different from Set—1 & Set-I1

2.

A diverging lens of focal length ‘F” is cut into two identical parts each forming a plano-concave
lens. What is the focal length of each part ?

What is the stopping potential applied to a photocell, if the maximum kinetic energy of electrons
emitted is 5 eV ?

Draw an equipotential surface for a uniform electric field.
State the factor, which controls :

(1) wavelength of light, and (ii) intensity of light
emitted by an LED.
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Using Gauss’s law derive an expression for the electric field intensity at any point near a
uniformly charged thin wire of charge/length A C/m.

In a single slit diffraction experiment, the width of the slit is made double the original width. How
does this affect the size and intensity of the central diffraction band ? Draw a plot of the intensity
distribution.

A resistance R =4 Q is connected to one of the gaps in a |_®_| IN\)/(\AI

metre bridge, which uses a wire of length 1 m. An .
unknown resistance X >4 is connected in the other G
J

gap as shown in the figure. The balance point is noticed
at ‘I’ from the positive end of the battery. On A B
interchanging R and X, it is found that the balance point —/cm—><— (100-/)cm—»
further shifts by 20 cm (away from end A). Neglecting
the end correction, calculate the value of unknown
resistance X used.

If a particle of charge ¢ is moving with velocity v along the x-axis and the magnetic field B is
- > o
acting along the y-axis, use the expression F =¢g (v x B) to find the direction of the force F acting

on it.

A beam of proton passes undeflected with a horizontal velocity v, through a region of electric and
magnetic fields, mutually perpendicular to each other and normal to the direction of the beam. If
the magnitudes of the electric and magnetic fields are 50 kV/m, 100 mT respectively, calculate

(i) velocity v of the beam.

(ii) force with which it strikes a target on the screen, if the proton beam current is equal to 0-80 mA.
Distinguish between paramagnetic and diamagnetic substances. A magnetising field of 1500 A/m
produces a flux of 2-4 x 1073 weber in a bar of iron of cross-sectional area 0-5 cm?. Calculate the

permeability and susceptibility of the iron-bar used.

Solutions

CBSE (All India) SET-I

1.

@) 107" m =10 cm belongs to short radiowaves.

(i1) 1002 m=0-014A belongs to gamma rays.

If the reverse bias across a p-n junction is decreased, the depletion region of p-n junction
decreases.

Nuclear radius, R :ROAU3 = RacA3
For Al, A =27, R4; =3-6 fermi, for Fe A =125

1/3
RFe _ AFe _(gjlm

5

= Re=lRy :§><3~6 fermi = 6-0 fermi
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4.

The back emf induced in the coil opposes the change in current.

I 11 1 1 1
===+

f v u v f u

Here, u=—f and for a concave lens f =—f

1 1 1 f
=0

v f f 2
That is image will be formed between optical centre and focus of lens; towards the side of the
object.

The wavefront is spherical of decreasing radius.

Stopping potential remains unchanged.

Reason: On doubling the distance between the light source and the cathode of the cell, the
intensity of light incident on the photocell becomes one-fourth. As stopping potential does not
depend on intensity, the stopping potential remains unchanged.

@

Magnetic moment of a current loop: The torque on current loop is
T=MB sin 0, where 0 is angle between magnetic moment and magnetic field.
= M=—"
B sin 0
If B=1T, sin 0=1or 6 =90° then M =r.
That is the magnetic moment of a current loop is defined as the torque acting on the loop when
placed in a magnetic field of 1 T such that the loop is oriented with its plane normal to the
magnetic field.
Also, M =NIA
i.e., magnetic moment of a current loop is the product of number of turns, current flowing in the
loop and area of loop. Its direction is perpendicular to the plane of the loop.

Magnetic moment of Revolving Electron,

m=r
2
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_
d

ol ke

It is independent of D; therefore, angular separation remains unchanged if screen is moved

. . . AD . .
away from the slits. But the actual separation between fringes 3 = - increases, so visibility of

fringes increases.
(i1) When width of source slit is increased, then the angular fringe width remains unchanged but

fringes becomes less and less sharp; so visibility of fringes decreases. If the condition § < 7 is

not satisfied, the interference pattern disappears.

The wings of jet plane will cut the vertical component of earth’s magnetic field, so emf is induced
across the wing. The vertical component of earth’s magnetic field.

V =H tan 0
Given H=4-0x10"* T, 0 =30°

V =(4-0x10"* T) tan 30°

_ 1 4 _4
=4x107 x —=—x10"*T
V33

Induced emf across the wing

e=Vul
Given v=450ms™ ', /=30 m

NG

Transverse Nature of Electromagnetic Waves:

8:[1><10_4j><(450)><30V=3-12V

In an electromagnetic wave, the electric and magnetic field vectors oscillate, perpendicular to the

direction of propagation of wave. This is called transverse nature of electromagnetic wave.

- - -
In an electromagnetic wave, the three vectors E, B and K form a right handed system.

Accordingly if a wave is propagating along X-axis, the electric field vector oscillates along Y-axis
and magnetic field vector oscillates along Z-axis. Diagram is shown in fig.

—
Envelope of E

—
Envelope of B

High frequency waves require antenna of reasonable length and can travel long distances without
any appreciable power loss; so we need high frequency carrier waves.

If E,, is the peak value of modulating signal and E. that of carrier wave.
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Em

E.
Given m, =80% =0-80, E. =20 V
: E,=m,xE.=080x20V=16V

14. The potential energy of an electric dipole of an electric field is defined as the work done in
bringing the dipole from infinity to its present position in the electric field.
Suppose the dipole is brought from infinity and placed at orientation 0 with the direction of
electric field. The work done in this process may be supposed to be done in two parts.

Modulation index, m, =

(i) The work done (W) in bringing the dipole perpendicular to electric field from infinity.

(i) Work done (W, ) in rotating the dipole such that it finally makes an angle 6 from the direction of
electric field.

v

+tqe—>qE
214 > <+— From
: infinity
qE+—$—q
(i) Let us suppose that the electric dipole is brought from 15, >

infinity in the region of a uniform electric field such that e >
o > . . P A
its dipole moment p always remains perpendicular to >
electric field. The electric forces an charges +¢ and — g E < / R
are gE and gF, along the field direction and opposite to =3 g
field direction respectively. As charges + ¢ and —g >

traverse equal distance under equal and opposite forces;
therefore, net work done in bringing the dipole in the region of electric field perpendicular to
field-direction will be zero, i.e., W; =0.
(i) Now the dipole is rotated and brought to orientation making an angle 0 with the field direction

(i.e., 8 =90°and 0, =0°), therefore, work done

W, =pE(cos0; —cos0;)

= pE (cos 90° —cos 0) =— pE cos 0

Total work done in bringing the electric dipole from infinity, i. e., Electric potential energy of
electric dipole.

U=W; +W,; =0-pE cos®=—pE cos0

- -
In vector form U=-p-E

15. (i) Let € be emf and r the internal resistance of each cell.
The equation of terminal potential difference
V =g, —irj, becomes
V=3e—iry ..(D)
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where ry,, is effective (total) internal resistance.
From fig., wheni=0,V =6-0V

From (1),
6=3¢-0
= s=§=2V
3

i.e., emf of each cell, e=2V

(i) For maximum power dissipation, the effective internal resistance of cells must be equal to
external resistance.

From fig., whenV =0,i=2-0 A.
Equation (1) gives
0=3e-2-0(rip)

3¢ 3x2
= Fint =—— = =30
™20 20
For maximum power, external resistance,
R= I"im = 3 Q
Current in circuit, i= 3¢ = 3x2 =1-0A
R + rim 3 + 3

Thus, emf of each cell, e=2 V
and for maximum power dissipation, current in circuit=1-0 A

16. Radioactive decay Law: The rate of decay of radioactive nuclei is directly proportional to the
number of undecayed nuclei at that time.
dN ”

ie., — N
dt

or d—N =—AN,
dt

where A is the decay constant.

Suppose initially the number of atoms in radioactive element is N, and N the number of atoms
after time . According to Rutherford and Soddy law

‘;—N =—AN where A is disintegration constant
t
= aN =—\t
N
Integrating log, N=—At+C (1)

where C is a constant of integration.
If Ny is initial number of radioactive nuclei, then at# =0, N =N; so
log, No =0+C= C=log, N
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Substituting this equation in (1), we get No
log, N=-At +log, N T
= log, N —log, Ny =—At N
N
= log, — =—M\t
Ny
= ize_kt:N=NOe_“
No t —»
The graph is shown in figure.
OR
The variation of binding energy per nucleon versus mass number is shown in figure.
8.6 Fe
8
Bn
MeV

20 56 180
—>»A

The binding energy curve indicates that binding energy for nucleon of heavy nuclei is less than
that of middle nuclei. Clearly a heavy nucleus breaks into two lighter nuclei then binding energy per
nucleon will increase and energy will be released in the process. This process is called nuclear fission.

Nuclear fission reaction is

Bu+  in — '2'Ba + Kr + 3(gn) + 200 MeV

(slow neutron)

17. The critical angle for green light C, is

sin Cg =L=; =0-7022
ng 1.424
C, =sin~ ' (0-7022) =44-6°

The critical angle for red light

sin €, = =—L_ C, =sin~ ' (0-7194) = 46°
n, 139
The critical angle for blue light
sin Cy, SN =0-6775

= Cp, =sin~ ! (0-6775)=42-6°

As angle of incidence at face AC is 45°,
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which is smaller than critical angle for red ray but greater than critical angles, for green and blue
rays, therefore, red-way will be transmitted through the face AC.

18. (i) When wires are connected in series :
In series, the current remains the same; so we use the relationi =neAv,.

Resistivity, p = 3 = n=—
ne-t e"1p
. . m
i= eAv, or i=——Avy,
e 1p etp
iet
= Ug4 =—p
mA

. 1
For same temperature T is same; v, oc "

@ax _Ay _3

gy Ax 2
(ii) When wires are connected in parallel : In parallel, the potential difference is the same. In this
case we apply the formula for drift velocity.

T etV
m m )1
. 1
For same temperature T is the same, so v oc;

i)y Ly 2

(vd) Y lX 1
19. Permanent Magnets:The magnets prepared from ferromagnetic materials which retain their
magnetic properties for a long time are called permanent magnets.

An efficient way to make a permanent magnet is to place a ferromagnetic rod in a solenoid and pass
a current. The magnetic field of the solenoid magnetises the rod.

The materials used for permanent magnet must have the following characteristic properties :

(i) High retentivity so that the magnet may cause strong magnetic field.

(ii) High coercivity so that the magnetisation is not wiped out by strong external fields, mechanical
ill-treatment and temperature changes. The loss due to hysteresis is immaterial because the
magnet in this case is never put to cyclic changes.

20.
Isotopes Isobars
The nuclides having the same atomic number Z but | The nuclides having the same atomic mass (A) but
different atomic masses (A ) are called isotopes. different atomic numbers (Z) are called isobars.
Examples : {H, 12H, 13H Examples : 13 H, %He
R (1Y
We know —=| =
R 2
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Given R 3259312
Ry
3-125 (1)” 1 (1)"
100 2 32 2
(3]
or — | = =
2 2
= n=>5
Given T =5 years
As n:L
T
%zS or t=5x5=25years
21.
Time interval Inputs AND NOR NAND
A B Y=A.B|Y=A+B| Y=A.B
0<t<y 0 1 0 0 1
1 <t<t, 1 1 1 0 0
1y <t <tz 1 0 0 0 1
13 <t <ty 0 0 0 1 1
t4 <t<t5 0 0 0 1 1
l5 <t<l6 1 1 1 0 0
tg <t <ty 0 0 0 1 1
17 <t <tg 0 1 0 0 1

Output waveforms of the three gates:
0 tl1 b 4 t,4 t_s tle t_7 tls

22. LOS Communication: It means “Line of sight communication”.
Space waves are used for LOS communication.




23.
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In this communication the space waves (radio or microwaves) travel directly from transmitting
antenna to receiving antenna.

v

dm
dr > < dr

A A
v

Earth
ht hr

Communication System using Space wave mode propagation are (i) LOS communication and
Fig. shows LOS communication system.

If transmitting antenna and receiving antenna have heights iy and Ay respectively, then Radio
horizon of transmitting antenna,

dr =\2R.hy
where R, is radius of earth and radio horizon of receiving antenna.
dg =y2R,hg
Maximum line of sight distance, d,; =d +dp
=\2R,hy + 2R hy
(i1) Television, broadcast, microwave links and satellite communication
The satellite communication is shown in fig. The space wave used is microwave.

Communication satellight

Transmitting Receiving
antenna antenna
From ‘metre bridge’ formula
R__ T
X 100-1
= x =101 0(; Y
GivenR=2Q .. =(10()l_l)x29 (1)
On interchanging R and X, the balance point is obtained at a distance (/ + 20) cm from end A, so
X_ #2000 x *20 59 .2)
R 100 —(I+ 20) 80 -1

Equating (1) and (2)
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(100-) ., _1+20

2
[ 80 -1
Solving we get /=40 cm
. 1001
Unknown resistance, X :T x2Q
x 2100-40 4
40
= X=3Q

24. Zener diode as a Voltage Regulator
The Zener diode makes its use as a voltage regulator due to the following property:

When a Zener diode is operated in the breakdown region, the voltage across it remains practically
constant for a large change in the current.

A simple circuit of a voltage regulator using a Zener diode is shown in the Fig. The Zener diode is
connected across load such that it is reverse biased.

The series resistance R absorbs the output voltage fluctuations so as to maintain constant voltage
across the load.

RL

Unregulated input
5<
s
Regulated output

If the input dc voltage increases, the current through R and Zener diode also increases. So, voltage
drop across R increases, without any change in the voltage across zener diode.
I-V Characteristics

I (mA)
V
R Zener
/ voltage o
Vi i—
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OR
Full Wave Rectifier : For full wave rectifier we use two junction
diodes. The circuit diagram for full wave rectifier using two junction
diodes is shown in figure.

Input A.C. signal

Suppose during first half cycle of input ac signal the terminal S is
positive relative to S and S, is negative relative to S, then diode I is
forward biased and diode II is reverse biased. Therefore current flows in diode I and not in diode
II. The direction of current #; due to diode I in load resistance R; is directed from A to B. In next
half cycle, the terminal S; is negative relative to S and S, is positive relative to S. Then diode I is
reverse biased and diode II is forward biased. Therefore current flows in diode II and there is no
current in diode I. The direction of current i, due to diode II in load resistance is again from A to
B. Thus for input a.c. signal the output current is a continuous series of unidirectional pulses. This
output current may be converted in fairly steady current by the use of suitable filters.

Input
wave form /_\ » 2T Time

Output wave form

of full wave E E : : » 2T Time
rectifier T
.. B .
Refractive index n=A + - where A is the wavelength.
A

1 1 1

Power of a lens P=— =(ng =) ———
b Ry R,

Clearly, power of a lens oc(n, —1). This implies that the power of a lens decreases with increase

of wavelength [P oci2 nearly |. The plot is shown in figure.
A

Given f, =15 cm, n, =1-5, n; =1-7
Focal length of lens in liquid,
n, —1 1.5 -1
fr=te g, < s om t
n 1-5
_g_l — -1 P
n 1-7
:—0'5X1'7 x15 cm =—63-75 cm
1-5-1-7 .
— - -
F=quxB
—> ~ ~
Given v =vi, B=Bj

% A~ A A
F=gq@i)x(B j=quBk
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27.

28.

That is, force is acting along Z-axis.

(i) For a beam of charged particles to pass undeflected crossed electric and magnetic fields, the
condition is that electric and magnetic forces on the beam must be equal and opposite i.e.,

el =evB
E
= V=—
B
Given, E =100kV/m =100 x 10° V/m, B =50mT =50x 10> T
3
U:M =2 106 ms_l
50x1073
(i) The beam strikes the target with a constant velocity, E
so force exerted on the target is zero. 4 Fe ¢
However, if proton beam comes to rest, it exerts a /—\—\ T
force on the target, equal to rate of change of linear l v
momentum of the beam i.e., B F, Target
_Ap _mv _mo _ moi_ moi >
At At qli g ne
where 7 is the number of protons striking the target per second.
The de Broglie wavelength kzi ..(1)
mo
Now for electron in orbit
2nr =n A (for nth orbit)
Using (1), we get
2nr =n i
mo
= mor =n —
2n
This is Bohr’s second postulate. As complete the Broglie wavelength may be in certain fixed
orbits; so non-radiating electron can be only in certain fixed orbits.
Condition for resonance to occur in series LCR ac circuit:

For resonance the current produced in the circuit and emf applied must always be in the same
phase.

Phase difference (¢) in series LCR circuit is given by T )
X -X Im
tan d):u I
R :
For resonance =0 = Xc -X, =0 J'=r2n s :
or XC :XL / E I\
If o, is resonant frequency, then X, = ! E :
o, C f, ffr f,
and X; =0,L
1 1
=0, L = O, =———




Examination Papers 55

o _ 1
2n 2n+/LC

The graph of variation of peak current i,, with frequency is shown in fig.

Half power frequencies are the frequencies on either side of resonant frequency for which current
reduces to half of its maximum value. In fig. f; and f, are half power frequencies.

Quality Factor (Q) : The quality factor is defined as the ratio of resonant frequency to the width

Linear resonant frequency, f, =

of half power frequencies.

ie. 0= O Ir _orl
o~y fo-fi R
(i) Potential difference across capacitance, Vo =X 1 ?I R
Vv i N VNVVWN——
Capacitive reactance, X = < —> —
1 40V 30V
= ﬂ =200 2A
v 30 ‘&
Resistance, R=-R & =15Q Vims
I 2
Impedance, Z :\/R2 + X2 =\/(15)2 +(20)2
=4/225+400 =v625 Q. =25Q
(i) The phase lead (¢) of current over applied voltage is
X 4
tan ¢ = zc Xc
R o
X
Wattless Current, 1. =1 sin ¢=1 (%) R
—2x20A-16A
25

OR
Arrangements of winding of primary and secondary coil in a transformer are shown in fig. (a) and
(b).

Soft iron-core

P
d _,/_/ g)

Rv) C>< o * ——D C————_ w
= P e} o @
3 N > N =] I | — o
[} p q s % 3 \>N N L. - g
3 <>< 3 ® p S o1 2
» 2 4| | P 9
> g [ =<

(a) Two coils on top of each other (b)Two coils on separate limbs of the core

Transformer: Transformer is a device by which an alternating voltage may be decreased or
increased. This is based on the principle of mutual-induction.
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Step up Transformer: It transforms the alternating low voltage to alternating high voltage and in
this the number of turns in secondary coil is more than that in primary coil. (i.e., Ng >N ).

Working: When alternating current

) (A.C. mains)
source is connected to the ends of @
primary coil, the current changes Primary
continuously in the primary coil; due to
which the magnetic flux linked with the
secondary coil changes continuously, Primary
therefore the alternating emf of same 00000
frequency is developed across the laminated Core —=
secondary. iron core (TTTTTIY)
Let N, be the number of turns in Secondary
primary coil, Ng the number of turns in
secondary coil and ¢ the magnetic flux (a) Step up
linked with each turn. We assume that Secondary
there is no leakage of flux so that the L oo

Transformer

flux linked with each turn of primary
coil and secondary coil is the same. According to Faraday’s laws the emf induced in the primary

coil
Ad
g, =—N, — (1
P P Al M

and emf induced in the secondary coil

Ad

e¢=—N¢ — .2
s v 2
From (1) and (2)
s :& ..(3)
ep Np

If the resistance of primary coil is negligible, the emf (¢ ,) induced in the primary coil, will be
equal to the applied potential difference (V,) across its ends. Similarly if the secondary circuit is
open, then the potential difference V¢ across its ends will be equal to the emf (eg) induced in it;
therefore

Vs _&s _Ns
V_ =— :N_ =r (say) (4)
p &p P
Ng . . , . . . .
where r =—=is called the transformation ratio. If i, andig are the instantaneous currents in
P

primary and secondary coils and there is no loss of energy; then
Power in primary = Power in secondary
V[) l p = VS l S

s Tp T 1 (5)
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In step up transformer, N >N p 2 r>1

So Vs>V, and ig <i,

i.e. step up transformer increases the voltage but decreases the current.
Reasons for energy losses in a transformer
(i) Joule Heating: Energy is lost in resistance of primary and secondary windings as heat (/ 2Rt).

(ii) Flux Leakage: Energy is lost due to coupling of primary and secondary coils not being perfect,
i.e., whole of magnetic flux generated in primary coil is not linked with the secondary coil.

1%
Current is secondary coil, /g =7S =§ A=0-1A

For an ideal transformer
Vsglsg=V, 1,
Vsl
Vp
~22x 01
220

(a) When a capacitor is charged by a battery, work is done
by the charging battery at the expense of its chemical
energy. This work is stored in the capacitor in the form of
electrostatic potential energy.

Current in primary coil,

=0-01A

+
o
|
3]
|

Consider a capacitor of capacitance C. Initial charge on = Vye—
capacitor is zero. Initial potential difference between

capacitor plates =zero. Let a charge Q be given to it in

small steps. When charge is given to capacitor, the potential

difference between its plates increases. Let at any instant 4/—VAB=V—>
when charge on capacitor be ¢, the potential difference

— | B

++++++++\>

between its plates V :%

Now work done in giving an additional infinitesimal charge dg to capacitor
q
dW =V dg=—d.
q C q

The total work done in giving charge from 0 to Q will be equal to the sum of all such infinitesimal
works, which may be obtained by integration. Therefore total work

W:IOQ qu:IoQ %dq

Q
e T _1f0f-0) 0°
c| 2 0 C 2 2C
If Vis the final potential difference between capacitor plates, then Q =CV
2
W= cv)ys 1

1
=—CV~-“==0V
2C 2 2Q
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This work is stored as electrostatic potential energy of capacitor i.e.,

2
. . 1 1
Electrostatic potential energy, U =§—C =E cv? ZE Qv
®) 100pF 100pF
I I
Cq
200pF 200pF 100pF
I | |
Cz Cs +
200pF T— 200pF T_

| |

Cy Ca

200pF
I
i l l

* == 100pF *

200pF I I
|

Cq
C,q, =100 pF

Now, 0 =C,, xV=100x10""? x300=3x10"* coulomb

Potential difference across Cy =C2

4

_ 3x1078

" 200x10” 12

=1.5x10% =150 V
OR

This is a machine that can build up high voltages of the order of a few million volts.
Principle: It is based on the following two electrostatic phenomena:

(i) The charge always resides on the outer surface of a hollow conductor.

(i) The electric discharge in air or a gas takes place readily at the pointed ends of the conductors.
Construction. It consists of a large hollow metallic sphere S mounted on two insulating columns
A and B and an endless belt of rubber or silk is made to run on two pulleys P; and P, by the
means of an electric motor. C; and C, are two sharp metallic spikes in the form of combs. The
lower comb C; is connected to the positive terminal of a very high voltage source (HTS)
(= 10% volts. ) and the upper comb C, is connected to the inner surface of metallic sphere S.
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Working: When comb C; is given very high

potential, then it produces ions in its vicinity, due to
action of sharp points. The positive ions, so
produced, get sprayed on the belt due to the
repulsion between positive ions and comb Cy. These
positive ions are carried upward by the moving belt.
The pointed end of C, just touches the belt. The
comb C, collects positive charge from the belt
which immediately moves to the outer surface of
sphere S. As the belt goes on revolving, it continues
to take (+ ) charge upward, which is collected by
comb C, and transferred to outer surface of sphere
S. Thus the outer surface of metallic sphere S gains
positive charge continuously and its potential rises to
a very high value.

When the potential of a metallic sphere gains very
high value, the dielectric strength of surrounding air
breaks down and its charge begins to leak, to the
surrounding air. The maximum potential is reached
when the rate of leakage of charge becomes equal to
the rate of charge transferred to the sphere. To
prevent leakage of charge from the sphere, the generator is completely enclosed in an earthed
connected steel tank which is filled with air under high pressure.

Van de Graaff generator is used to accelerate stream of charged particles to very high velocities.
Such a generator is installed at II'T Kanpur which accelerates charged particles upto 2 MeV energy.
Due to a charged shell (radius R), the maximum electric field is at the surface of the shell. If
maximum charge is Q, then

1
Epax =—— g (1)
4ney R 2
min
. 1 0
Also the potential V= ..(2)
4n €0 Rmin
From (1) and (2) 14 =R nin
max
Here V =15x10% V, E,,, =5x107 Vm~!
Vv
R. =_"'
min Emax
15x10°
5x107

=3x10"' m =30 cm.



60 Xam idea Physics—XIl

30. Eye piece
le——u, »|< % ple ue—»]

M=-——~-— b for final image at infinity

ug fe  fo fe

Given f =2-0cm, f, =6-25 cm, L =15 cm, uy =?
(i) When final image is formed at least distance of distinct vision (D= 25 cm) :

For eye lens : Here v, =—25 cm
I 1 1

1 1 1 1 1 -1-4

= -, =—- - =
u, v, f, 25 6:25 25
or u, =—5cm
As L=|vy|+|u,| = |vg|=L—-|u,|=15-5=10cm
For objective lens:
1 1 1



Examination Papers 61

ug =—§:—2-5 cm
2

That is distance of object from objective is 2-5 cm.

Magnification, M:—v—0 1+2 :—£[1+£):—4x5:—20
ug fe 2-5 6-25
(ii) When final image is formed at infinity :
In this case L=vy+f, = vg=L~-f,=15-6-25=8-75cm
For objective lens :
ot r
fo vo  ug
1 1 1 1 1 2-8-75
- —_—_—— = —_— =
Ug [ fo 875 2 2x8.75
2x8-75
Uy =————
6-75

ug =—2-59cm, |uy|=2-59 cm
Magnification, M:—v—0~2:—ﬂ.(i):_l3_5
uy fe 2-59 \ 6-25
OR

Magnifying power m :—f—0~ It does not change with increase of aperature of objective lens,
e

because focal length of a lens has no concern with the aperture of lens.
B

fe fo re— fo—>]

N

Drawbacks:

(1) It is not free from chromatic aberration.

(i1) The image formed is inverted and fainter.
(a) Givenfy =15m,f, =1-0cm=1-0x10"% m
Angular magnification of telescope,

fe  1.0x1072
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Negative sign shows that the final image is inverted.

Let D be diameter of moon, d diameter of image of ~ Moon Objective lens

moon formed by objective and r the distance of moon

from objective lens, then from Fig. ol
D d Image of
Z - d o moon
rJfo < r > g

3-48x10°
= d:B.fOZ—nglsl'n
r 3-8x10

fo—»
=0-137 m=13-7 cm

CBSE (All India) SET-1I

2.

13.

E, =eVy=6¢eV=¢eVy=V, =06V

The stopping potential V) = 6 volt (negative).

(1) wavelength 1 mm belongs to the microwaves.

(i1) wavelength 10~ Mm=01A belongs to gamma rays.

The fractional change due to incident light on minority charge carriers in reverse bias is much

more than that over the majority charge carriers in forward bias. So, photodiodes are used to
measure the intensity in reverse bias condition.

Magnetic field due to a toroidal solenoid: A long solenoid shaped in
the form of closed ring is called a toroidal solenoid (or endless solenoid).
Let n be the number of turns per unit length of toroid and 7 the current
flowing through it. The current causes the magnetic field inside the turns
of the solenoid. The magnetic lines of force inside the toroid are in the
form of concentric circles. By symmetry the magnetic field has the same
magnitude at each point of circle and is along the tangent at every point
on the circle.

For points inside the core of toroid

Consider a circle of radius r in the region enclosed by turns of toroid. Now we apply Ampere’s
circuital law to this circular path, i.e.,

> >
{;B-dl =l (D

ﬁﬁ-d?:{;Bdlcoso:B-znr

Length of toroid =2mnr
Number of turns in toroid =n (27r)
current in one-turn =/
Current enclosed by circular path =(n 2nr)e [

Equation (1) gives
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B2nr =pq (n2nrl )

= B=pgnl

18. Consider an electric dipole placed in a uniform electric q_ _=
field of strength E in such a way that its dipole moment S B _SE
— —
p makes an angle 6 with the direction of E . The 7 A0 = >
charges of dipole are —qand + ¢ at separation 2/ the ~  ____ 7 %){ """" G > E
dipole moment of electric dipole, o

p=q2l (1) F,=—qE ‘Lf‘é@N _____

—> -
Force: The force on charge + g is, Fl =gE, along the
H
direction of field E

— —
The force on charge —q is, F, =qE, opposite to the direction of field E

— —
Obviously forces F, and F, are equal in magnitude but opposite in direction; hence net force on

electric dipole in uniform electric field is
F=F —-F, =qE —qE =0 (zero)
As net force on electric dipole is zero, so dipole does not undergo any translatory motion.

— —
Torque: The forces F, and F, form a couple (or torque) which tends to rotate and align the

dipole along the direction of electric field. This couple is called the torque and is denoted by t.
torque T = magnitude of one force x perpendicular distance between lines of action of forces
=qE (BN)
=gFE (2] sin 0)
=(q2l) Esin 6
= pE sin 0 [using (1)] n(2)
Clearly, the magnitude of torque depends on orientation (6) of the electric dipole relative to

- —
electric field. Torque () is a vector quantity whose direction is perpendicular to both p and E .

> o> o
In vector form T =p xE ..(3)

Thus, if an electric dipole is placed in an electric field in oblique orientation, it experiences no
Jforce but experiences a torque. The torque tends to align the dipole moment along the direction
of electric field.
Maximum Torque: For maximum torque sin 6 should be the maximum. As the maximum value
of sin 6 =1 when 6 =90°

- Maximum Torque, T, =pE
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19. Refractive index n=A + %, where A is the wavelength.
A
1 1 1
Power of alens P=—=(n, )| ——— T
b Ry R, b

Clearly, power of a lens o«(n, —1). This implies that the power of

a lens decreases with increase of wavelength [P ociz nearlyJ .

L —>
The plot is shown in fig.
Given f, =—20 cm, ng =15 n; =17
Focal length of lens in liquid,
ng —1 1-5 =1
X

fi1= e fa= 15 x (—20) cm
- — -1
n 1.7
0-5%x1-7
=——— x(-20)cm =+ 85 ecm (Convergin
e X (20 (Converging)
— - >
20. F=quxB
—> ~ —> N
Given, v =vk, B =BI

- A A A
F =qwk)x(Bi)=quBj
That is, force is acting along y-axis.
(1) For a beam of charged particles to pass undeflected

E
crossed electric and magnetic fields, the condition 4 Fe °
is that electric and magnetic forces on the beam Y)/""\"“\(‘ T
must be equal and opposite i.e., ¢ ;
¢E = evB \“-\{ F Target
E °
= v=—
B
Given, E =50kV/m =50x10> V/m, B=50mT =50x10"° T
3
U:50X—103 =1x 1()6 ms_l
50x 10~

(i1) The beam strikes the target with a constant velocity, so force exerted on the target is zero.

However, if proton beam comes to rest, it exerts a force on the target, equal to rate of change of
linear momentum of the beam i.e.,

_Ap mv _ mv _ movi _ moi

_AI_AI_E_ q ne

where 7 is the number of protons striking the target per second.
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From ‘metre bridge’ formula
R__ 1T
X 100-1
N X = 100 -1 R
Given R=5Q
:(1001_’)x59 (D
On interchanging R and X, the balance point is obtained at a distance (/ + 20) cm from end A, so
X  1+20
R 100 —(I+ 20)
- 20050 2
80 -1

Equating (1) and (2)

100D o _1+20

= 5
l 80 -1

Solving we get /=40 cm

1001 100 - 40 "

.. Unknown resistance, X = T x5Q = 20 5Q

= X=135=7SQ

Full Wave Rectifier: For full wave rectifier we use two
junction diodes. The circuit diagram for full wave
rectifier using two junction diodes is shown in figure.
Suppose during first half cycle of input ac signal the
terminal S; is positive relative to S and S, is negative
relative to S, then diode I is forward biased and diode II
is reverse biased. Therefore current flows in diode I and
not in diode II. The direction of current i; due to diode I
in load resistance R, is directed from A to B. In next half cycle, the terminal S| is negative relative
to S and S, is positive relative to S. Then diode I is reverse biased and diode 1I is forward biased.
Therefore current flows in diode II and there is no current in diode I. The direction of current i,
due to diode II in load resistance is again from A to B. Thus for input a.c. signal the output current
is a continuous series of unidirectional pulses. This output current may be converted in fairly
steady current by the use of suitable filters.

OR

Common-Emitter Transistor Amplifier: Common-emitter transistor amplifier gives the highest
gain and hence it is the most commonly employed circuit. Fig. depicts the circuit for a p-n-p
transistor. In this circuit, the emitter is common to both the input (emitter-base) and output
(collector-emitter) circuits and is grounded. The emitter-base circuit is forward biased and the
base-collector circuit is reverse biased.

P S IN

P
B R A
S
Output

P, S;P N

Input signal

Output

Input A.C. signal
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i~ Output
o E RL% UQ voltage
: Vo

lE+IHH=- et

Vee

Vee

—Hk

In a common-emitter circuit, the collector-current is controlled by the base-current rather than the
emitter-current. Since in a transistor, a large collector-current corresponds to a very small
base-current, therefore, when input signal is applied to base, a very small change in base-current
provides a much larger change in collector-current and thus extremely large current gains are
possible.

Referring to fig., when positive half cycle is fed to the input circuit, it opposes the forward bias of
the circuit which causes the collector current to decrease. It decreases the voltage drop across load
R; and thus makes collector voltage more negative. Thus when input cycle varies through a
positive half cycle, the output voltage developed at the collector varies through a negative half
cycle and vice versa. Thus the output voltage in common-emitter amplifier is in antiphase with the
input signal or the output and input voltages are 180° out of phase.

CBSE (All India) SET-III

2. For a complete diverging lens.

1 1 1
= ‘”(‘E‘EJ

R

F
= =
2(ng -1)

For each planoconcave lens

1 1 1
G ‘D(‘E‘;]

= F=- R =
(ng =1
i.e., focal length of each half part will be twice the focal length of initial diverging lens.
4. Ek :€V0 :>5€V:€V03V0 =5V

The stopping potential V, = 5 volt (negative).
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(i) Wavelength of light emitted depends on the nature of semiconductor.
(i) Intensity of light emitted depends on the forward current.

Gauss Theorem : The net outward electric flux through a closed surface is equal to L times the
€0
net charge enclosed within the surface i.e.,
- - 1
ﬁ EedS=— 3¢
S €0
Electric field due to infinitely long, thin dS;
E
'

and uniformly charged straight wire: E E E
Consider an infinitely long line charge T T T

having linear charge density A coulomb %0° ] 9%0°

metre ! (linear charge density means ds24—?4;\ /;%—mss
charge per unit length). To find the electric S [P A PP (RS IR

field strength at a distance r, we considera S, s,]
cylindrical Gaussian surface of radius r

and length [ coaxial with line charge. The

cylindrical Gaussian surface may be

divided into three parts:
(i) Curved surface Sy (ii) Flat surface S, and (iii) Flat surface S5.

nr—r»m

By symmetry the electric field has the same magnitude E at each point of curved surface S and is
directed radially outward.

N

We consider small elements of surfaces Sy, S, and S3. The surface element vector d S1 is directed
— — -

along the direction of electric field (i.e., angle between E and d S1 is zero); the elements d S 2

— - — -

and d S 3 are directed perpendicular to field vector E (i.e., angle between d S2 and E is 90°
- -

and so also angle between d S3 and E).

Electric Flux through the cylindrical surface
- - - - - - - -
f E eds :jsl E -azsl+js2 E -dSz+jS3 E ¢dS3
= [, EdSjcos0° + [ EdSycos90° + [ EdS3 cos90°
Sl SZ S?
= js EdS; +0+0

:E.[ ds, (since electric field E is the same
at each point of curved surface)

=E2mnrl (since area of curved surface =2mrl)

As A is charge per unit length and length of cylinder is /, therefore, charge enclosed by assumed
surface =(Al)

By Gauss’s theorem
-

2 1
{) E ed S =— x charge enclosed
€0
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- E.2mr =—— ()
€0
A
= E =
2ngg

Thus, the electric field strength due to a line charge is inversely proportional to r.

17. The angular size of central diffraction band, 26 =2_K ocl - When width of slit ‘a’ is doubled, the

a a
size of central band becomes half and the intensity is doubled.

Intencity
lo

IWVAVARVAN

-3\a —2M\a AMa 0 Aa 2\/a 3\/a

22. From ‘metre bridge’ formula
R_ 1 N X = 100 -1 R
X 100-! l
GivenR=4Q .. x=(lool_l)x4Q (1)
On interchanging R and X, the balance point is obtained at a distance (/ + 20) cm from end A, so
X 1+20
R 100 —(I+20)
= x=20 40 2
80 -1

Equating (1) and (2)
(100—l)x4_l+20><4

! 801
Solving we get [ =40 cm
.. Unknown resistance, X = @ x4Q = 1004;) 40 40
= X=6Q
- - -
24. F =q v X B
- R — R
Given, ©v =vi, B =Bj
- A A A
F =q(vi)x (Bj) =quBk
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That is, force is acting along z-axis.

(i) For a beam of charged particles to pass undeflected crossed electric and magnetic fields, the
condition is that electric and magnetic forces on the beam must be equal and opposite i.e.,

¢E =evB
E
= v==—
B
Given, E =50 kV/m =50x 10> V/m, B=100mT =100x 10> T
~50x10°
100x10~3

0=5x 105 ms~!
(ii) The beam strikes the target with a constant velocity,

e

F
T
lF Target

m

S 4

so force exerted on the target is zero. fE

However, if proton beam comes to rest, it exerts a 7/0_\-\

force on the target, equal to rate of change of linear W

momentum of the beam i.e., B
_At_At_q/i_ q " ne

where 7 is the number of protons striking the target per second.

26. Distinction between diamagnetic, paramagnetic and ferromagnetic substances

Property Diamagnetic Paramagnetic
(1) | Susceptibility () —1 <y < 0(negative and small) 0 < y < e(positive and small)
(ii) | Permeability () 0<p, <1(essthan I) I <p, <1+ g(slightly greater than
1y
(iii) | Coercivity High Low
Example Gold Platinum

The magnetic field lines near a diamagnetic substance and a paramagnetic substance are shown
below:

’—b\/-}\
//:Xﬁ/:::

> N S|, N—]
V \/\b—’
\/ 3

(i) Field lines near (ii) Field lines near
a Diamagnetic a Paramagnetic
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Here, H =1500 A/m, $=2-4x10"> Wb, A=0-5x10"* m?

B=pH
o 2:4x107°
= H=—-=
AH  0.5%x10~ % x 1500
=3.2x10"% Wb/Am
.2 -4
Now, W, :L:&:QSS
Lo 4nx10”7

Magnetic susceptibility, y=p, —1
=255-1=254
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General Instructions:

(a) All questions are compulsory.

(b) There are 30 questions in total. Questions 1 to 8 carry one mark each, questions 9 to 18 carry two marks
each, questions 19 to 27 carry three marks each and questions 28 to 30 carry five marks each.

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

(d) Use of calculators is not permitted.

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

c= 3><108 ms 1
e=1-602x107"" C
=9 x 10° Nm2C~ 2

1
4me,

h=6-626x10"% Js
o =4mx10~ TmA ™!

Boltzmann’s constant k =1-381 x 10723 JK!

Avogadro’s number N 4 = 6-022 x 103 /mole
Mass of neutronm, =1-2 x 10727 kg
Mass of electronm, =9 -1 x 10 kg
Radius of earth = 6400 km
CBSE (Delhi) SET-I
1.  What is sky wave propagation? 1
2. Write the following radiations in ascending order in respect of their frequencies :
X-rays, microwaves, UV-rays and radio waves 1
3.  Magnetic field lines can be entirely confined within the core of a toroid, but not within a
straight solenoid. Why? 1
4.  Youare given following three lenses. Which two lenses will you use as an eyepiece and as an
objective to construct an astronomical telescope? 1
Lenses Power (P) Aperture (A)
Ly 3D 8 cm
L, 6 D 1 cm
Ls 10 D 1 cm
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5.

10.

11.

12.

13.

14.

15.

If the angle between the pass axis of polarizer and the analyser is 45°, write the ratio of the
intensities of original light and the transmitted light after passing through the analyser. 1

The figure shows a plot of three curves 4, b, c showing the Phr‘r’t?ﬁ'ecmc
variation of photocurrent vs. collector plate potential for eurre
three different intensities I, I, and I ; having frequencies
Vi,V, and v, respectively incident on a photosenitive
surface.

Point out the two curves for which the incident radiations
have same frequency but different intensities. 1

Collector plate potential

What type of wavefront will emerge from a (i) point source, and (ii) distant light source? 1
Two nuclei have mass numbers in the ratio 1 : 2. What is the ratio of their nuclei densities?

A cell of emf ‘E” and internal resistance ‘v’ is connected across a variable resistor ‘R’. Plot a
graph showing the variation of terminal potential ‘v’ with resistance R. Predict from the
graph the condition under which 'V’ becomes equal to ‘E".

(i) Can two equi-potential surfaces intersect each other? Give reasons.

(ii) Two charges —gand + g are located at points A (0,0, —a) and B(0, 0, + a) respectively.
How much work is done in moving a test charge from point P (7, 0, 0) to Q (-3, 0, 0)?

By what percentage will the transmission range of a T.V. tower be affected when the height of

the tower is increased by 21 %? 2
Derive an expression for drift velocity of free electrons in a conductor in terms of relaxation
time. >
How does a charge g oscillating at certain frequency produce electromagnetic waves? 2

Sketch a schematic diagram depicting electric and magnetic fields for an electromagnetic
wave propagating along the Z-direction.

A charge ‘g’ moving along the X-axis with a velocity ; is subjected to
a uniform magnetic field B acting along the Z-axis as it crosses the
origin O. 2
(i) Trace its trajectory.

(ii) Does the charge gain kinetic energy as it enters the magnetic
field? Justify your anwer.

The following figure shows the input waveforms (A, B) and the output wavefrom (Y) of a
gate. Identify the gate, write its truth table and draw its logic symbol.

A




16.

17.

18.

19.

20.

21.

22,

23.
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State Biot-Savart law. z

A current I flows in a conductor placed perpendicular to the
plane of the paper. Indicate the direction of the magnetic field

- -
due to a small element d [ at point P situated at a distance r o di
from the element as shown in the figure. r P >Y
Why are high frequency carrier waves used for transmission?
X
OR

What is meant by term ‘modulation’? Draw a block diagram of a simple modulator for
obtaining an AM signal.
A radioactive nucleus ‘A’ undergoes a series of decays according to the following scheme :

o § o Y
A Ay Ay Aj Ay

The mass number and atomic number of A are 180 and 72 respectively. What are these
numbers for A,?

A thin conducting spherical shell of radius R has charge Q spread uniformly over its surface.
Using Gauss’s law, derive an expression for an electric field at a point outside the shell.

Draw a graph of electric field E(r) with distance » from the centre of the shell or 0 <7 < co.

Three identical capacitors C;,C, and C5 of capacitance 6 uF |C|1
each are connected to a 12 V battery as shown. I
Find: *
T 12V o
(i) charge on each capacitor '|'_
I

(ii) equivalent capacitance of the network
(iii) energy stored in the network of capacitors C2

(a) The energy levels of an atom are as shown below. Which of them will result in the
transition of a photon of wavelength 275 nm?
A B

OeV

z ¢ D -2eV
-45eV
4 -10eV

(b) Which transition corresponds to emission of radiation of maximum wavelength?

A proton and an alpha particle are accelerated through the same potential. Which one of the
two has (i) greater value of de-Broglie wavelength associated with it, and (ii) less kinetic
enrgy? Justify your answers.

In a single slit diffraction experiment, when a tiny circular obstacle is placed in the path of
light from a distant source, a bright spot is seen at the centre of the shadow of the obstacle.
Explain why?
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24.

25.

26.

27.

28.

29.

State two points of difference between the interference pattern obtained in Young’s double
slit experiment and the diffraction pattern due to a single slit.

(a) Define self inductance. Write its S.I. units.

(b) Derive an expression for self inductance of a long solenoid of length /, cross-sectional area
A having N number of turns.

The figure shows experimental set up of a meter X M

bridge. When the two unknown resistances X and Y W B
are inserted, the null point D is obtained 40 cm from
the end A. When a resistance of 10 Q is connected in @
series with X, the null point shifts by 10 cm. Find the

position of the null point when the 10 Q resistance is A D c
instead connected in series with resistance ‘Y’. i: ( )
Determine the values of the resistances X and Y.

Derive the expression for force per unit length between two long straight parallel current
carrying conductors. Hence, define one ampere.

OR

Explain the principle and working of a cyclotron with the help of a schematic diagram. Write
the expression for cyclotron frequency.
a

Three light rays red (R), green (G) and blue (B) are incident
on a right angled prism ‘abc” at face ‘ab’. The refractive
indices of the material of the prism for red, green and blue g >

wavelengths are 1- 39,1-44 and 1 - 47 respectively. Out of
the three which colour ray will emerge out of face ‘ac’?
Justify your answer. Trace the path of these rays after g___ |
passing through face ‘ab’. 45°

C—>—

(a) Derive an expression for the average power consumed in a series LCR circuit connected to
a.c. source in which the phase difference between the voltage and the current in the circuit

is ¢.
(b) Define the quality factor in an a.c. circuit. Why should the quality factor have high value
in receiving circuits? Name the factors on which it depends.

OR
(a) Derive the relationship between the peak and the rms value of current in an a.c. circuit.
(b) Describe briefly, with the help of a labelled diagram, working of a step-up transformer.

A step-up transformer converts a low voltage into high voltage. Does it not violate the
principle of conservation of energy? Explain.

(i) Draw a circuit diagram to study the input and output characteristics of an n-p-n transistor
in its common emitter configuration. Draw the typical input and output characteristics.

(if) Explain, with the help of a circuit diagram, the working of n-p-n transistor as a common
emitter amplifier.
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OR

How is a zener diode fabricated so as to make it a special purpose diode? Draw [-V
characteristics of zener diode and explain the significance of breakdown voltage.

Explain briefly, with the help of a circuit diagram, how a p-n junction diode works as a
half wave rectifier.

Trace the rays of light showing the formation of an image due to a point object placed on the
axis of a spherical surface separating the two media of refractive indices ; and n, . Establish
the relation between the distances of the object, the image and the radius of curvature from
the central point of the spherical surface.
Hence, derive the expression of the lens maker’s formula.

OR
Draw the labelled ray diagram for the formation of image by a compound microscope.

Derive the expression for the total magnification of a compound microscope. Explain why
both the objective and the eye piece of a compound microscope must have short focal lengths.

CBSE (DELHI) SET-II

Questions different from Set-I.

1.

11.

16.

19.

Name the electromagnetic radiation to which waves of wavelength in the range of 102 m
belong. Give one use of this part of EM spectrum. 1

What is ground wave propagation? 1
Unpolarized light is incident on a plane surface of refractive index u at angle . If the reflected
light gets totally polarized, write the relation between the angle i and refractive index .

Draw a diagram to show refraction of a plane wavefront incident on a convex lens and hence
draw the refracted wave front. 1
The nuclei have mass numbers in the ratio 1 : 3. What is the ratio of their nuclear densities?1

The output of a 2-input AND gate is fed to a NOT gate. Give the name of the combination and

its logic symbol. Write down its truth table. 2
A radioactive nucleus ‘A" undergoes a series of decays according to the following scheme: 2
a B o Y
A Ay A, A, Ay

The mass number and atomic number of A, are 172 and 69 respectively. What are these
numbers for A ,?

The equivalent capacitance of the combination between A and B in the given figure is 4 uF. 3

——

A 20uF c B

(i) Calculate capacitance of the capacitor C.
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(ii) Calculate charge on each capacitor if a 12 V battery is connected across terminals A and B.

(iii) What will be the potential drop across each capacitor?

20. State Gauss’s law in electrostatic. Using this law derive an expression for the electric field due
to a uniformly charged infinite plane sheet. 3

22.  Anelectron and a proton are accelerated through the same potential. Which one and the two
has (i) greater value of de-Broglie wavelength associated with it and (ii) less momentum?
Justify your answer. 3

CBSE (DELHI) SET-1II

Questions different from Set-I and Set-Il.

2. Atwhatangle of incidence should a light beam strike a glass slab of refractive index +/3, such
that the reflected and the refracted rays are perpendicular to each other? 1
What is space wave propagation? 1
Name the part of electromagnetic spectrum which is suitable for : 1
(i) radar systems used in aircraft navigation
(ii) treatment of cancer tumours.

Two nuclei have mass numbers in the ratio 2 : 5. What is the ratio of their nuclear densities? 1
Differentiate between a ray and a wavefront.
12. (i) Sketch the output wavefrom from an AND gate for the inputs A and B shown in the
figure. 2
0 1 2 3 4 5 6 7 8
(ii) If the output of the above AND gate is fed to a NOT gate, name the gate of the
combination so formed.
18. A radioactive nucleus ‘A" undergoes a series of decays according to the following scheme : 2
a B o Y
The mass number and atomic number of A are 190 and 75 respectively. What are these
numbers for A ,?

19. State Guass’s law in electrostatics. Use this law to derive an expression for the electric field

due to an infinitely long straight wire of linear charge density A Cm - 3
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<

23. Two parallel plate condition X and Y, have the same area of
plates and same separation between them. X has air between
the plates while Y contains a dielectric medium of e, =4.

X
| |
I

(i) Calculate capacitance of each capacitor if equivalent
capacitance of the combination is 4 uF.

(ii) Calculate the potential difference between the plates of X
and Y.

(iif) What is the ratio of electrostatic energy stored in X and Y? 3

=——=\/\,Solutions

CBSE (Delhi) SET-I

1.  Skywave propagation is a mode of propagation in which communication of radiowaves (in
the frequency range 30 MHz-40 MHz) takes place due to reflection from the ionosphere.

o O
122V

Radiowaves, microwaves, UV rays, X-rays.

3.  Magnetic field lines can be entirely confined within the core of a toroid because toroid has no
ends. A solenoid is open ended and the field lines inside it which is parallel to the length of
the solenoid, cannot form closed curved inside the solenoid.

4.  Anastronomical telescope has an eyepiece of shorter aperture and shorter focal length while
an objective of longer aperture and longer focal length.

Therefore, we will use L5 as eyepiece and L, as objective.

5. Transmitted intensity, I, cmitted = 70 cos20
1 1
] /
1 1 /
Ip m Io/2 /'@ Io/2 cos? @
§I<} : | i Wi
v ]
g
I 7 I
1 1
/7 1
1 1
Polarizer Analyzer
Here 6 = 45°
I Original Iy 2 4

2
I transmitted I transmitted ~ COS“ 45° 1

6. Curves a and b have different intensities but same stopping potential, so curves ‘a” and ‘b’
have same frequency but different intensities.

7.  Wavefront from a point source — spherical
Wavefront from a distant light source — plane.

8.  Nuclear density is independent of mass number, so ratio 1 : 1.
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9.

10.

11.

Terminal potential difference, V =IR = E R= E E
R +r 1+
R

ﬁ
NIm < —»

WhenR -0,V =0

When Rzr,Vzg

WhenR =,V =E
The graph is shown in fig. o r — »R

(i) No

Reason: At the point of intersection, there will be two different directions of electric field,
which is not possible.

(ii) Work done in moving test charge atom P to Q is zero.
X
IP (7,0,0)

B (0, 0, a)
+q A

v

e = )

Q(-3,0,0)

Reason: Test charge is moved along the equatorial line of an electric dipole. As potential at
every point on equatorial line is zero, so work done, W = g (VQ -Vp)=g,(0-0)=0.

Transmission range of a TV tower

d=~2hR
If height is increased by 21 %, new height, h" =h + % h=1-21h

’

If d’ is the new range, then %: %z«/1-21 =1-1

’

x 100%

% increase in range, %d x100% =

= (% - 1) x100% = (1.1 — 1) x 100% =10%
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A
~
v

Consider a metallic conductor XY of length !

and cross-sectional area A. A potential E
difference V is applied across the conductor X ® @& ® ® @|y
XY. Die to this potential difference an electric & o &F o w
field E is produced in the conductor. The g4
magnitude of electric field strength E = %and
its direction is from Y to X. This electric field +I =
exerts a force on free electrons; due to which
electrons are accelerated.
. = = -19

The electric force on electron F = — ¢ E (wheree=+1-6x10""" coulomb).
If mis the mass of electron, then its acceleration

-~ F E

- F __¢E (1)

m m

This acceleration remains constant only for a very short duration, since there are random

forces which deflect the electron in random manner. These deflections may arise due to

(i) ions of metallic crystal vibrate simple harmonically around their mean positions.
Different ions vibrate in different directions and may be displaced by different

amounts.
(ii) direct collisions of electrons with atoms of metallic crystal lattice.

In any way after a short duration t called relaxation time, the motion of electrons
become random. Thus, we can imagine that the electrons are accelerated only for a
short duration. As average velocity of random motion is zero, if we consider the
average motion of an electron, then its initial velocity is zero, so the velocity of electron

) - . e - -
after time 7 (i.e., drift velocity v 4) is given by the relation v = u + at(hereu = 0,

N
- — - e E
v = vd, t=1,a = — )
m
%
- e E
vd=0-—r1
m
- et =
= ’Z]d:——E (2)
m

At given temperature, the relaxation time T remains constant, so drift velocity remains
constant.

An oscillating electric charge produces oscillating electric field, which produces oscillating
magnetic field; which in turn produces oscillating electric field and so on; thereby producing
an electromagnetic wave propagating in free space.
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14.

15.

16.

—
Envelope of E

—
Envelope of B

(i) The trajectory is shown in fig.
(ii) No

- =
Reason: Magnetic force Fm =g v x B

- —
Force (Fm) is perpendicular to velocity v, so work done by the

magnetic force on charge is zero; so charge does not gain
kinetic energy on entering the magnetic field.

The logic gate is NAND gate. X
AO—
: 0—}”
Truth Table
Inputs Output
A B Y
0 0 1
0 1 1
1 0 1
1 1 0

Biot-Savart Law: It states that the magnetic field strength (dB)
produced due to a current element (of current I and length dl) at

%
a point having position vector r relative to current element is

- >
Mo Ldixr

4m r3

where | is permeability of free space. Its value is
o =41x10~ Wh/A-m.
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18.
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The magnitude of magnetic field is

B - Ko Idl sin ©
4T 11'2

— —
where 6 is the angle between current element I dl and position vector .

The direction of magnetic field d_1>3 is perpendicular to the plane z
containing I ﬁ and ? I X'
The direction of current element is along Z-direction and that B
of 7 along Y-direction, so magnetic field d7 >Y
gzu_o(ldlﬁ)x(rf)zu_ol;,ll(_f)‘ /
47 3 4m 2 X

That is magnetic field is directed along negative X-direction.
Use of high frequency carrier wave in transmission of signals:

A

(i) High frequencey carrier wave reduces the size of antenna as i = % or -

(if) High frequency carrier wave radiates more power in space as P o< vZ.

(iii) High frequency carrier wave avoids mixing up of message signals.
OR

Meaning of Modulation: The original low frequency message/information signal cannot be
transmitted over long distances. Therefore, at the transmitter end, information contained in
the low frequency message signal, is susperimposed on a high frequency carrier signal by a
process known as modulation.

m(t) Square Band pass | AM wave
—> law »—{filter centered——p
Am sin opt device at o
(modilating Bx(t)
signal) c(t) + C X2(t)
= A sin oct
(Carrier)

Block diagram of simple modulator

176 B~ 176 a 172 y 172

180 o
A—5 A —s A, —5 TA, —5 A
1 71" 2 69 3 69 4

72 70

Thus, mass number of A, is 172 and atomic number is 69.

Electric field intensity at a point outside a uniformly charged thin spherical shell:
Consider a uniformly charged thin spherical shell of radius R carrying charge Q. To find
the electric field outside the shell, we consider a spherical Gaussian surface of radius (> R),

BN
concentric with given shell. If E is electric field outside the shell, then by symmetry electric
field strength has same magnitude E; on the Gaussian surface and is directed radially
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20.

21.

outward. Also the directions of normal at each point is radially outward,

- —

so angle between E; and d S is zero at each point. Hence,
— —

electric flux through Gaussian surface = §S Eed S

:fi;EO dScos 0=E, Anr?

Now, Gaussian surface is outside the given charged shell, %
so charge enclosed by Gaussian surface is Q. h

Hence, by Gauss's theorem

— |
j; Eo e d E =— X charged enclosed
S €

1 Q

1
E 4mr? = — xQ= E, =
0 €0 Q 0 4me 42

Thus, electric field outside a charged thin spherical
shell is the same as if the whole charge Q is E
concentrated at the centre.

If o is the surface charge density of the spherical

shell, then
0 =4nR?*c C
E, =L 4nR’c _R’c
dmey 2 eor?
The graph is shown in fig.

(i) Capacitors C; and C, are in series across a 12 V supply while there exists p.d. of 12V
across capacitor C 5.

Effective Capacitance of C; and C, is
GG,  6x6

Charge on each of capacitors C; and C, is same:
gy =gy =C1pV =(3uF) x(12V) =36 uC
Charge on capacitor C5, g3 =C3V
=(6uFx12V)=72uC
(ii) Equivalent capacitance of network
Ceq =Cyp +C3 =3uF+6uF=9uF
(iii) Energy stored in the network

uzécm V2 =%><(9><10—6)><(12)2 —6-48x107% ]

(@) The energy (E) of a photon of wavelength (1) is given by
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p_he_6:626x107 x3x10°
A 275x1077

_6-626x107* x 3x10°

= eV=4.-5eV
275x1077 x1-6x10712

From fig. this transition corresponds to B since for transition B.
E=0-(-4-5eV)=4-5eV
he 1

(b) Energy of Photon Emitted, E= Ty

For minimum wavelength of emission, the energy is minimum.
This transition A corresponds to emission of radiation of maximum wavelength.

22. (i) de-Broglie wavelength, A = Zh %
mq
Ay = h Ao = h
= o=
P 2my,q,V N2meqsV
M Mo du
Ao \mp 4p
Asmy =4my, and qq =24,
A
}\—p:,/4x2:\/§ o hy >y
o

i.e., Proton has greater de-Broglie wavelengths.
(ii) Kinetic energy, K=gV

B _fp_e 1
Ky qoq 2 2
K, <Ky

i.e., proton has less kinetic energy.

23. The waves diffracted at the edge of circular obstacle produce constructive interference at the
centre of the shadow; producing a bright spot.

Difference between Interference and Diffraction

Interference Diffraction

1. | All bright fringes are of equal intensity. The central maximum has maximum intensity
and the intensity of secondary maxima goes on
decreasing with increase of order.

2. | Fringe width of all fringes are equal. The width of central maximum is maximum
and goes on decreasing with increase of order of
secondary maxima.
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24. (a) The self inductance is defined on the magnetic flux linked with the coil when unit
current flows through it.
Or
The self inductance is defined as the emf induced in the coil, when the rate of change of
current in the coil is 1 ampere/second.
The SI unit of self-inductance is henry (H).
(b)  Self Inductance of a long air-cored solenoid:

Consider a long air solenoid having 7' number of turns per unit length. If current in
solenoid is I , then magnetic field within the solenoid, B=p nl (1)
where g =4nx10" 7 henry/metre is the permeability of free space.
If A is cross-sectional area of solenoid, then effective flux linked with solenoid of
lengthI"; ® = NBA where N =nlis the number of turns in length '/ of solenoid.
@ = (nl BA)
Substituting the value of B from (1)

®=nl(uynl)A=pyn* All ()

.. Self-inductance of air solenoid

If N is total number of turns in length / , then

N
n=—

[ A
N\ '
- Self-inductance L=, ( T ) Al
_ppN?A
=

25. Letr =resistance per cm length of bridge wire
X 40r X _2

—_—— . = —_=
Y (100 - 40) r Y 3

(1)

When a resistance of 10 Q is connected in series with X, the null point is obtained at
(40 +10) =50 cm.
X+10 50r X+10
= = =

— 1
Y 50r Y
= Y=X+10 ...(2)
From (1), Y=§X = §X=X+10 = X=20Q
From (2), .. Y=20+10=30Q
When a resistance 10 Qis inserted in series with Y, let the balancing length be [,.
X Iy

Y+10 (100 - 1)
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20 A Lo 1

=

= et =
30+10 (100 -1,) 100-1, 2
This gives null point length; [, = 33- 3 cm.
Force per unit length between two long straight parallel conductors:

Suppose two long thin straight ; ; ; ;
conductors (or wires) PQ and RS are Pi ER pi ER
placed parallel to each other in
vacuum (or air) carrying currents
I, and I, respectively. It has been b4 A
observed experimentally that when a
the currents in the wire are in the AF¢—%B B‘X’AL—’AF
same direction, they experience an
attractive force (fig. a) and when they 1,4 Al L4
carry currents in opposite directions,
they experience a repulsive force (fig.b). gl Is al Is

Let the conductors PQ and RS carry — )
currents I; and I, in same direction : :
and placed at separation r. (fig.).

Consider a current-element ‘ab’ of length AL of wire RS. The magnetic field produced by
current-carrying conductor PQ at the location of other wire RS
_Moly

B
1 2nr

(1)

According to Maxwell’s right hand rule or right hand palm rule no. 1, the direction of B; will

be perpendicular to the plane of paper and directed downward. Due to this magnetic field,

each element of other wire experiences a force. The direction of current element is

perpendicular to the magnetic field; therefore the magnetic force on element ab of length AL
AF = B;I, AL sin 90°

_Mohy

2y

I,AL

The total force on conductor of length L will be
1,1 141
p=tolita g Hofta
2 r 2nr

Force acting on per unit length of conductor

I,1
J A LS LN -(2)

L 2nr
According to Fleming’s left hand rule, the direction of magnetic force will be towards PQ i.e.
the force will be attractive.

On the other hand if the currents I and I, in wires are in opposite directions, the force will
be repulsive. The magnitude of force in each case remains the same.
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Definition of Ampere: In S.I. system of fundamental unit of current ‘ampere’ has been
defined assuming the force between the two current carrying wires as standard.

The force between two parallel current carrying conductors of separation r is
111
f=£=_“0 1’2 N/m
L 2mr
IfI; =1, =1A,r=1m, then
F=E0 21077 N/m
27

Thus 1 ampere is the current which when flowing in each of parallel conductors placed at
separation 1 m in vacuum exert a force of 2 x 107 on1m length of either wire.

OR
The cyclotron, devised by Lawrence and Livingston, is a \\\\\\\\\\\\\\\\\\\\\\
device for accelerating ions to high speed by the repeated Magne,fl'c Pole
application of accelerating potentials.
o . e . S
Principle: The positive ions produced from a source |Dee Dee|
are accelerated. Due to the presence of perpendicular

magnetic field the ion will move in a circular path. The
phenomenon is continued till the ion reaches at the
periphery where an auxiliary negative electrode (deflecting
plate) deflects the accelerated ion on the
target to be bombarded.

Magnetic Pole

//////////////////////

Expression for K.E. attained:
If R be the radius of the path and v,,,, the

velocity of the ion when it leaves the — RF lator
periphery, then i
gBR
Omax = i
m e =
S - . Beam ™\
The kinetic energy of the ion when it leaves B e
. —
the apparatus is,
2p2p2
1 2 q°B°R
KE ==—mv =
2 max Zm

When charged particle crosses the gap between dees it gains KE =gV

In one revolution, it crosses the gap twice, therefore if it completes n-revolutions before
emerging the does, the kinetic energy gained

=2ngV

q2 2p2
Thus KE. =——— =2nqV
2m

Working: The principle of action of the apparatus is shown in fig. The positive ions produced
from a source S at the centre 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
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path inside the dees. The magnetic field and the frequency of the applied voltages are so
chosen that as the ion comes out of a dee, the dees change their polarity (positive becoming
negative and vice-versa) and the ion is further accelerated and moves with higher velocity
along a circular path of greater radius. The phenomenon is continued till the ion reaches at
the periphery of the dees where an auxiliary negative electrode (deflecting plate) deflects the
accelerated ion on the target to be bombarded.

The function of electric field is to accelerate the charged particle and so to impart energy to
the charged particle.

The function of magnetic field is to provide circular path to charged particle and so to
provide the location where charged particle is capable of gaining energy from electric field.

Expression for Period of Revolution and Frequency:

Suppose the positive ion with charge 4 moves in a dee with a velocity v, then,
2
quB = Mmoo =M (1)
r qB
where m is the mass and r the radius of the path of ion in the dee and B is the strength of the
magnetic field.

The angular velocity wof the ion is given by,

B
w=2= kit (from equation 1) (2)
room
The time taken by the ion in describing a semi-circle, i.e., in turning through an angle = is,

T _Tm

= —_—= — “ee 3

T 3)
Thus the time is independent of the speed of the ion i.e., although the speed of the ion goes on
increasing with increase in the radius (from eq. 1) when it moves from one dee to the other,
yet it takes the same time in each dee.

From eq. (3) it is clear that for a particular ion, m being known, B can be calculated for

producing resonance with the high frequency alternating potential.

Angle of incidence at face ac for all three 2

colours,
i=45° B >
Refractive index corresponding to critical G >
angle 45° is R >
= _1 =2=1-414 R
sin 45° v v
The ray will be transmitted through face “ac” if 45°
i <i.. This condition is satisfied for red colour b A
(u=1-39).S0 only red ray will be transmitted, v v

Blue and Green rays will be totally reflected. B G
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28. (a) In series LCR circuit.
Voltage, V =V, sin wt
Current in circuit, I =1 sin (0t + ¢)
Instantaneous Power, P =VI

=V, I, sin ot sin (of + ¢)

= % Vol 2sin ot sin (ot + ¢) = % Vol [cos ¢ — cos (20t + ¢)]

Average value of cos (2wt + ¢) over a complete cycle is zero i.e., cos (2wt + ¢) = 0

Average power over a complete cycle

VOIO cosc])— cos ¢

ff

Ppy = Vins Tyms cos ¢
(b) Quality Factor (Q): In series LCR circuit the ratio of the voltage drop across inductor (or
capacitor) to the voltage drop across resistor under resonance condition is called the

quality factor.
_wbtl o L_ 1 L
Q RI "R JVIC 'R
1 [L
= =— |—
Q R\C
Also, Q:L
Wy — 0

where 0, — ®; = band width of resonant curve. Smaller is the band width, larger is the
quality factor and selectivity (or sharpness of resonance) of the circuit.

That is why in receiving circuits, quality factor must be very high. The quality factor
depends on the values of resistance, inductance and capacitance of the circuit.

OR
(a) Relationship between Peak and RMS Value of Current:
Current I =1, sin wt
1% =12 sin? ot
Mean square current over full cycle

2 2,2
(I ) mean =1 (sIn” ©F) yean

Mean value of sin? ot over full cycle is % .
T
.[0 sin? of dt

. . 1
ie., (sin? Ob) ean = T =5
[y at
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2 2
(u )mean :IO .

N | =

.. Root mean square current

I
2
Los :‘\/(I )mean :TOZ

or Lms =0-707 1,
This is required relation.

(b) Transformer: Transformer is a device by (A.C. mains)
which an alternating voltage may be S

decreased or increased. This is based on Primary

the principle of mutual induction.

Step up Transformer: It transforms the Primary

alternating low voltage to alternating high LQQQQQ J
. . . laminated Core ———

voltage and in this the number of turns in iron core S IALLLLRD

secondary coil is more than that in primary Secondary

coil. (l.e., Ng > Np).

Working: When alternating current Step up

source is connected to the ends of
primary coil, the current changes L oo
continuously in the primary coil; due to Transformer

which the magnetic flux linked with the secondary coil changes continuously, therefore
the alternating emf of same frequency is developed across the secondary.

Secondary

Let N, be the number of turns in primary coil, Ng the number of turns in secondary coil
and ¢ the magnetic flux linked with each turn. We assume that there is no leakage of flux
so that the flux linked with each turn of primary coil and secondary coil is the same.
According to Faraday’s laws the emf induced in the primary coil

_ Ad
gy =—N, A ..(1)
and emf induced in the secondary coil
Ad
€g=—Ng — (2
s S At )
From (1) and (2)
eg N
=S o N_S (3)
& Np

If the resistance of primary coil is negligible, the emf (¢,,) induced in the primary coil, will
be equal to the applied potential difference (V},) across its ends. Similarly if the secondary
circuit is open, then the potential difference V5 across its ends will be equal to the emf (¢ )
induced in it; therefore
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29.

Vo &5 N
V—S:—S:N—S:r(say) .(4)
Pt N
Ng . . — . . .
wherer = —=is called the transformation ratio. If i, andi; are the instantaneous currents in
p

primary and secondary coils and there is no loss of energy; then

For about 100% efficiency, Power in primary = Power in secondary

Vp iy, =Vgig
is Vo _Np_1 .(5)
i, Vs Ng r

In step up transformer, N; >N, = r>1;

So Vs>V, and ig <i,

i.e. step up transformer increases the voltage.

When output voltage increases, the output current automatically decreases to keep the
power same. Thus, there is no violation of conservation of energy in a step up
transformer.

(i) Characteristic Curves: The circuit diagram for determining the static characteristic curves
of an n-p-n transistor in common-emitter configuration is shown in fig.

+
Veg T C/" VBe
T- ZRhy S

Common Emitter Characteristics:

(a) Input characteristics: These characteristic curves
are obtained by plotting base current (I5) versus
base-emitter voltage Vg for fixed collector-emitter
voltage V. Fig. represents these characteristics.

(b) Output characteristics: These characteristics are
obtained by plotting collector current I~ versus
collector-emitter voltage V-r at a fixed value of =~ v
base current Iz . The base current is changed to 3
some other fixed value and the observations of I-
versus V- are repeated. Fig. represents the output
characteristics of a common-emitter circuit. Vgg —>
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(ii) The circuit of common emitter amplifier using n-p-n transistor is shown below:

O A

1
Cy

(~

Vo
Output
waveform

Working: If a small sinusoidal voltage, with amplitude Vg, is superposed on dc basic bias
(by connecting the sinusoidal voltage in series with base supply Vyg), the base current
will have sinusoidal variations superposed on the base current I 3. As a consequence the
collector current is also sinusoidal variations superimposed on the value of collector
current I~ , this will produce corresponding amplified changes in the value of output
voltage V. The a.c. variations across input and output terminals may be measured by
blocking the d.c. voltage by large capacitors.

The phase difference between input signal and output voltage is 180°.

The input and output waveforms are shown in

figure.

Voltage gain A, =f

Ry

R.

1

OR

Input waveform

QU

Output waveform

Fabrication: A zener diode is fabricated by heavily doping both p and # sides of the junction,
due to which the depletion layer formed is extremely thin (< 107°m) and the electric field of the

junction is extremely high (~ 5 x 10® V / m) even for small reverse bias voltage of about 5 V.

I-V Characteristics of Zener Diode are shown in figure.

I (mA)
A
Forward
bias
— > VF
Reverse
bias
v (pA)

Significance of Breakdown Voltage: After breakdown voltage V,, any variation in current
through Zener diode, does not cause any chaneg in Zener voltage. This property of Zener
diode is used for regulating supply voltages so that they remain constant.



92 Xam idea Physics—XIl

30.

Half Wave Rectifier: The circuit diagram for junction diode as half wave rectifier is shown in

Fig.
o - LA /‘\

T Input

5 P4 S1 e S P | | ) |

'7’ £ i i i i

) S o

O >

@ § g s T~

=] 5 | m I

g P2 S2 o Output A
B o

(a) (b)

Let during first half the cycle the secondary terminal S; of trasformer be positive relative to
S, , then the junction diode is forward biased. Therefore the current flows and its direction in
load resistance R; is from A to B.In next half cycle the terminal S; is negative relative to S,
then the diode is in reverse bias, therefore no current flows in diode and hence there is no
potential difference across load R; . Therefore the output current in load flows only when S;
is positive relative to S, . That is during first half cycles of input a.c. signal there is a current in
circuit and hence a potential difference across load resistance R; while no current flows for
next half cycle. The direction of current in load is always from A to B. Thus a single p-n junction
diode acts as a half wave rectifier.

The input and output waveforms of half wave rectifier are shown in fig. (b).

Relation between u, v, n1 and n, for a spherical surface: Let SPS’ be a spherical refracting
surface, which separates media ‘1" and ‘2". Medium ‘1’ is rarer and medium ‘2" is denser. The
refractive indices of media 1" and 2" are n; and n, respectively (1; <n,). Let P be the pole
and C the centre of curvature and PC the principal axis of spherical refracting surface.

O is a point-object on the principal axis. An incident ray OA, after refraction at A on the
spherical surface bends towards the normal CAN and moves along AB. Another incident ray
OP falls on the surface normally and hence passes undeviated after refraction. These two
rays, when produced backward meet at point I on principal axis. Thus I is the virtual image
of O.

N4
Rarer medium ‘1’

Let angle of incidence of ray OA be i and angle of refraction be r i.e.
ZOAC=i and ZNAB=r
Let ZAOP=o , ZAIP =8 and ZACP =y
In triangle OAC, y=o+i or i=y-do (1)
In triangle AIC, y=P+ror r=y-f ..(2)
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sini 1y
— == (3)
sinr 1y

From Snell’s law

If point A is very near to P, then angles i,7,o,B,y will be very small, therefore
sini=iandsinr =r
From equation (3) LY
o

Substituting values of i and r from (1) and (2) we get

y-o n

——=Z2or n(y-o)=m{-p) - (4)

Y- m
The length of perpendicular AM dropped from A on the principal axis is h i.e. AM =h. As
anglesa , B and y are very small, therefore

tano =0, tanPf=p, tany=y

Substituting these values in equation (4)

ny (tan y — tan o) =1, (tan y - tan B) ..(5)
As point A is very close to P, point M is coincident with P
_ perpendicular _ AM _ h

tan o = = -
base MO PO
AM h AM h
tanB——_—, tany="—=—
MI PI MC PC

Substituting this value in (5), we get

( h h j ( h  h )
PC PO PC PI
or s UL UL L ) ..(6)
PC PO PC PI
Let u, v and R be the distances of object O, image I and centre of curvature C from pole P. By

sign convention PO, PI and PC are negative i.e. u=—-PO,v=—- Pl and R =-PC

Substituting these values in (6), we get
M ™ ) )

—-R) (-0 (R (-9
or mom My my
R u R v

M M _™m™h

or
v u R

Lens Maker’s Formula: Suppose L is a thin lens. The refractive index of the material of lens is
1, and it is placed in a medium of refractive index ;. The optical centre of lens is C and X’ X
is principal axis. The radii of curvature of the surfaces of the lens are R and R, and their
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poles are P; and P,. The thickness of
lens is t, which is very small. O is a
point object on the principal axis of
the lens. The distance of O from pole
P, is u. The first refracting surface
forms the image of O at I’ at a
distance ¢ from P;. From the
refraction formula at spherical
surface

2 1277 (1)

The image I " acts as a virtual object for second surface and after refraction at second surface,
the final image is formed at I. The distance of I from pole P, of second surface is v. The
distance of virtual object (I ”) from pole P, is (v" - ¢t).
For refraction at second surface, the ray is going from second medium (refractive indexn,) to
first medium (refractive indexn,), therefore from refraction formula at spherical surface

np M L)

=== -2
v (V-1 R, @)
For a thin lens t is negligible as compared to v, therefore from (2)
M M __m™h .(3)
v (V) R,
Adding equations (1) and (3), we get
ny, n 1 1
_1__1:(;/12—;11) -
v Ry R,
or —— = 1”1_2 -1 L - L
v ou \m R; R,
. 1 1 1 1
Le. ===, -1)| —-— ..(4
o w2 (Rl R, J @

n . . .
where |n, = ~2 is refractive index of second medium (i.e. medium of lens) with respect to
n
1
first medium.
If the object O is at infinity, the image will be formed at second focus i.e.
ifu:oo, U:fz :f
Therefore from equation (4)

= (yy ~1) (Ri—i] (5)
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This is the formula of refraction for a thin lens. This formula is called Lens-Maker’s formula.

If first medium is air and refractive index of material of lens be n, then 1, =n, therefore
equation (5) may be written as

LR B
OR

Compound Microscope: It consists of a long cylindrical tube, containing at one end a convex
lens of small aperture and small focal length. This is called the objective lens (O). At the other
end of the tube another co-axial smaller and wide

tube is fitted, which carries a convex lens (E) at its ~ Objective
outer end. This lens is towards the eye and is called

the eye-piece. The focal length and aperture of
eyepiece are somewhat larger than those of
objective lens. Cross-wires are mounted at a 0
definite distance before the eyepiece. The entire E
tube can be moved forward and backward by the rack and pinion arrangement.

Eyepiece

Adjustment: First of all the eyepiece is displaced backward and forward to focus it on
cross-wires. Now the object is placed just in front of the objective lens and the entire tube is
moved by rack and pinion arrangement until there is no parallax between image of object
and cross wire. In this position the image of the object appears quite distinct.

Eyepiece
le—u, bl v wla ue—>]
< D »\

Objective

Compound microscope
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Magnifying power of a microscope is defined as the ratio
of angle (B) subtended by final image on the eye to the
angle (o) subtended by the object on eye, when the object is
placed at the least distance of distinct vision, i.e.,

Magnifying power _B . (1)
o

[P

D

0

> Eye

€

As object is very small, angles o and  are very small and so tan o = and tan  =f. By

definition the object AB is placed at the least distance of distinct vision.

AB
o=tan o =—
EA
By sign convention EA=-D, Soo= A—g
A’ B
and from figure =tan =
8 p=tanp=""r
If u, is distance of image A" B’ from eye-piece E, then by sign convention, EA" = —u,
A'B
and so, =
(_ ue)

B_AB/(-u)_ A'B D

Hence magnifying power, M = — = =
gHyme p o AB/(-D) AB u,

By sign conventions, magnification of objective lens

A'B Dy
m=-20.D
Uy U,
. 1 1 1 . .
Using lens formula ]—C =— ——for eye-lens, (i.e.using f = f, ,v=~v, ,u=—1u,),
v
1 1 1 1
we get - =— +—
fe ve

1 1
— = or —
fe —ve (—up) U,

1

cpo . (0] 1
Magnifying power M=-—D|—+
U e Ve

[
or M=—_0(2+2]
U fe Ue

When final image is formed at the distance of distinct vision, v, =D

Magnification, M = - % [l + 2]
U e

- (2)

For greater magnification of a compound microscope, f, should be small. As f,< f,, so fq is

small. Hence, for greater magnification both f, and f, should be small.
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CBSE (Delhi) SET-II
1.  Microwave
Use: Miscrowave oven or Radar.
2. Ground Wave Propagation: Ground wave propagation is one in which electromagnetic
waves glide on the surface of earth between two antennas on the ground.
5. u=tani
6.  The behaviour of a thin convex lens is shown in figure.
Transmitted
spherical wavefront
Incident — A/\A
plane 4 5
wavefront | | | [TTTTTTTTTC +F
«— f—>
8.  Nuclear density is independent of mass number, so ratio of nuclear densitiesis 1 : 1.
11. Name of combination: NAND gate logic symbol.
]
Y
B
Truth Table of NAND gate is
Inputs Output
A B Y
0 0 1
1 0 1
0 1 1
1 1 0
180 o 176 B 176 o 172 v 172
16. A — A — A, — Ay — Ay
72 70 71 69 69
The mass number of A is 180 and atomic number is 72.
19.

A B

20pF c

Capacitance 20 uF and C (uF) are in series
Cx20

AB = =00

2
. sup 20C

= or 4C+80=20C
C+20
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20.

= 16C = 80 or C=5uF
(ii) Charge on each capacitor, Q =C 45V
=(4uF) x(12V)=48uC
(iii) Potential drop across 20 uF capacitor

48 uC
v, Q _4suc_,
20uF  20uF
48 uC
Potential drop across C, V, =9——M—9 6V
C b5uF

. . 1 .
Gauss Theorem: The net outward electric flux through a closed surface is equal to — times
€
0

the net charge enclosed within the surface i.e.,
- = 1
§S EedS=—2g
€o
Let electric charge be uniformly distributed over the surface of a thin, non-conducting
infinite sheet. Let the surface charge density (i.e., charge per unit surface area) be 6. We have
to calculate the electric field strength at any point distance r from the sheet of charge.

To calculate the electric field strength near the sheet, we now consider a cylindrical Gaussian
surface bounded by two plane faces A and B lying on the opposite sides and parallel to the
charged sheet and the cylindrical surface perpendicular to the sheet (fig). By symmetry the
electric field strength at every point on the flat surface is the same and its direction is normal
outwards at the points on the two plane surfaces and parallel to the curved surface.

Total electric flux
— —

§§-d§= §§-d§+ §g-ds: - ﬁ% «dS,

g S (o] 1o} (o]
or fi;SE odS ='|.51 EdS; cos 0° + .[52 EdS, cos 0° + J.S3 E dS; cos 90
=E[ dS, +E | dSy =Ea+Ea=2Ea

Total electric flux =2Ea.

As o is charge per unit area of sheet and a is the intersecting area, the charge enclosed by
Gaussian surface =c a
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According to Gauss’s theorem,

Total electric flux = 1 x (total charge enclosed by the surface)

ie., 2Fa = 1 (oa)

Thus electric field strength due to an infinite flat sheet of charge is independent of the
distance of the point and is directed normally away from the charge. If the surface charge
density ¢ is negative the electric field is directed towards the surface charge.

de-Broglie wavelength, =
For electrong=e,m=m,, A, =

For proton, g=e¢,m= my,

o "\,
(i) Asm, >my, L, >A, ie., electron has greater de-Broglie wavelength.

Momentum, p=~2meV o Jm

(ii) Asm, <m, ;p, <p, so electron has less momentum.

CBSE (Delhi) SET-1II

2.

The reflected and refracted rays are mutually perpendicular at polarising angle; so from
Brewster’s law

i, =tan 1) =tan ! (V3) = 60°.
Space Wave Propagation: It is the straight line propagation of electromagnetic wave from
transmitting antenna to receiving antenna both installed on the ground.
Alternatively, space wave propagation is the line of sight (LOS) communication.
(i) Microwave
(ii) y-rays.
Nuclear density is independent of mass number so ratiois 1 : 1.

A wavefront is a surface of constant phase. A ray is a perpendicular line drawn at any point
on wavefront and represents the direction of propagation of the wave.



100 Xam idea Physics—XII

12.

18.

19.

(i) Output waveform of AND gate is shown in fig. (output is 1 when both inputs are 1).

o 1 2 3 4 5 6 7 8

(ii) NAND gate.

190A L) 186A L 186A i) 182A L) 182A
75 7371 74" 2 7273 724

The mass number of A , is 182 and atomic number is 72.

Gauss Theorem: The net outward electric flux through a closed surface is equal to 1 times

€o
the net charge enclosed within the surface i.e.,
- - 1
§S EedS=—3q

€o
Electric field due to infinitely long, thin and uniformly charged straight wire: Consider an
infinitely long line charge having linear charge density A coulomb metre”~ ! (linear charge
density means charge per unit length). To find the electric field strength at a distance r, we
consider a cylindrical Gaussian surface of radius r and length / coaxial with line charge. The
cylindrical Gaussian surface may be divided into three parts :

(i) Curved surface S (ii) Flat surface S, and (iii) Flat surface S;.

ds,
E T E T T
wh\ St N\ 00°
ds, ir ds,
_________ R R LR I e e 2 4 Cn L e
s, S,

By symmetry the electric field has the same magnitude E at each point of curved surface S;
and is directed radially outward.

%
We consider small elements of surfaces S;, S, and S;. The surface element vector d S is

- -

directed along the direction of electric field (i.e., angle between E and 4 S is zero); the
- - - -

elementsd S, and d S 3 are directed perpendicular to field vector E (i.e., angle between d S »

— — —
and E is 90° and so also angle between d S 3 and E).
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Electric Flux through the cylindrical surface

—

— - - — - - -

f  E eds =L1E 0d51+L2E odSz+L3E *dS3

= -[Sl EdS; cos 0° + '[52 EdS, cos 90° + -[53 E dS5 cos 90°
=.EEd%+O+0

= EJ‘ das, (since electric field E is the same

at each point of curved surface)

=E2mnvl (since area of curved surface = 2m ]

As A is charge per unit length and length of cylinder is I, therefore, charge enclosed by
assumed surface = (A/)

By Gauss’s theorem

- - 1
§ E e¢d S =— x chargeenclosed

€
1
= E.2nrl=— (M)
€
A
= E =
271:80 r

Thus, the electric field strength due to a line charge is inversely proportional tor.

€nA
23. (i) Capacitance of X, Cy = OT

€.€0A €nA
Capacitance of Y, Cy =9 =4 OT
C
Y _y = Cy =4Cy ...(1)
Cx
As X and Y are in series, so
CyC
Ceq _ - x“y
x +Cy
Cy.4C
= guf=—X"X — C  =5uF andCy =4Cy =20uF
CRTN x =2H Y = Ex =l
(ii) In series charge on each capacitor is same, so
pdv=2.l
c C
Vy C
XY gy Vy =4Vy ...(2)
Vy Cx
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From (1) and (2),

4Vy +Vy =12

Vy =2-4V

: Vy=4x2-4=9-6V

Thus potential difference across X, Vx =9-6 V, P.d. acrossY, Vy =2-4V

Energy stored in X Q / 2Cx CY _4
Energy stored in Y Q / 2Cy Cx -

U _,

=
UY




CBSE EXAMINATION PAPERS

ALL INDIA-2009

Time allowed : 3 hours Maximum marks : 70

General Instructions:
(a) All questions are compulsory.

(b) There are 30 questions in total. Questions 1 to 8 carry one mark each, questions 9 to 18 carry two marks
each, questions 19 to 27 carry three marks each and questions 28 to 30 carry five marks each.

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

(d) Use of calculators is not permitted.
(e) You may use the following values of physical constants wherever necessary:

c=3x10% ms™! h=6-626x10""* Js
e=1-602x107" C Wy =4n %107 TmA ™!
L _9x10°NmiC?
4me,
Boltzmann's constant k =1-381x1072 JK !
Avogadro’s number N 4 = 6-022 x 103 /mole
Mass of neutronm, =1-2 x 10727 kg
Mass of electronm, =9 -1 x 10 kg
Radius of earth = 6400 km
CBSE (All India) SET-I
1.  What is the elecrostatic potential due to an electric dipole at an equatorial point? 1
2. Name the EM waves used for studying crystal structure of solids. What is its frequency
range? 1
3.  An electron does not suffer any deflection while passing through a region of uniform
magnetic field. What is the direction of the magnetic field? 1
4. How would the angular separation of interference fringes in Young’s double slit experiment
change when the distance between the slits and screen is doubled? 1
5.  Two thin lenses of power +6 D and — 2 D are in contact. What is the focal length of the
combination? 1
6. The stopping potential in an experiment on photoelectric effect is 1-5 V. What is the
maximum kinetic energy of the photoelectrons emitted? 1
7.  Two nuclei have mass numbers iin the ratio 1 : 8. What is the ratio of their nuclear radii? 1

8.  Give the logic symbol of NOR gate.
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9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Draw 3 equipotential surfaces corresponding to a field that uniformly increases in
magnitude but remains constant along Z-direction. How are these surfaces different from
that of a constant electric field along Z-direction? 2

Define electric flux. Write its S.I. units.

A charge g is enclosed by a spherical surface of radius R. If the radius if reduced to half, how
would the electric flux through the surface change 2

Define refractive index of a transparent medium.

A ray of light passes through a triangular prism. Plot a graph showing the variation of the

angle of deviation with the angle of incidence. 2
Calculate the current drawn from the battery in the given network. 2
R5 =20

VWWYWA

R1=1Q R2=5Q R3=4Q

Answer the following questions : 1
(a) Optical and radio telescopes are built on the ground while X-ray astronomy is possible
only from satellites orbiting the Earth. Why?

(b) The small ozone layer on top of the stratosphere is crucial for human survival. Why?
Define current sensitivity and voltage sensitivity of a galvanometer.
Increasing the current sensitivity may not necessarily increase the voltage sensitivity of a
galvanometer. Justify. 2
Define the term ‘linearly polarised light.’
When does the intensity of transmitted light become maximum, when a polaroid sheet is
rotated between two crossed polaroids? 2
A wire of 15 Qresistance is gradually stretched to double its original length. It is then cut into
two equal parts. These parts are then connected in parallel across a 3 - 0 volt battery. Find the
current drawn from the battery. 2
(a) The mass of a nucleus in its ground state is always less than the total mass of its
constituents — neutrons and protons. Explain.
(b) Plot a graph showing the variation of potential energy of a pair of nucleons as a function
of their separtion. 2
Write the function of (i) Transducer and (ii) Repeater in the context of communication
system.

OR

Write two factors justifying the need of modulation for transmission of a signal. 2
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A positive point charge (+4) is kept in the vicinity of an uncharged conducting plate. Sketch
electric field lines originating from the point on to the surface of the plate.

Derive the expression for the electric field at the surface of a charged conductor. 3
OR

A parallel plate capacitor is charged by a battery. After some time the battery is disconnected
and a dielectric slab of dielectric constant K is inserted between the plates. How would (i) the
capacitance, (ii) the electric field between the plates and (iii) the energy stored in the
capacitor, be affected? Justify your answer.

(i) State the principle of working of a meter bridge.

(ii) In a meter bridge balance point is found at a distance [,
with resistance R and S as shown in the figure.

When an unknown resistance X is connected in parallel

with the resistance S, the balance point shifts to a distance
/ 5 Find the expression for X in terms of [;, [, and S. 3 A

(i) State Faraday’s law of electromagnetic induction. 4V

(ii) A jet plane is travelling towards west at a speed of 1800 km/h. What is the voltage
difference developed between the ends of the wing having a span of 25 m, if the Earth’s
magnetic field at the location has a magnitude of 5x10™* T and the dip angle of 30°?

In Young’s double slit experiment, monochromatic light of wavelength 630 nm illuminates
the pair of slits and produces an interference pattern in which two consecutive bright fringes
are separated by 8 -1 mm. Another source of monochromatic light produces the interference
pattern in which the two consecutive bright fringes are separated by 7 -2 mm. Find the
wavelength of light from the second source.

What is the effect on the interference fringes if the monochromatic source is replaced by a
source of white light? 3
Draw a schematic arrangement of the Geiger-Marsden experiment. How did the scattering of
o-particles of a thin foil of gold provide an important way to determine an upper limit on the
size of the nucleus? Explain briefly. 3
Distinguish between sky wave and space wave propagation. Give a brief description with the
help of suitable diagrams indicating how these waves are propagated.

With the help of a suitable diagram, explain the formation of depletion region in a p-n
junction. How does its width change when the junction is (i) forward biased, and (ii) reverse

biased? 3
Give a circuit diagram of a common emitter amplifier using an n-p-n transistor. Draw the
input and output waveforms of the signal. Write the expression for its voltage gain. 3

Draw a plot showing the variation of binding energy per nucleon versus the mass number A.
Explain with the help of this plot the release of energy in the processes of nuclear fission and
fusion. 3
Draw a schematic sketch of a cyclotron. Explain briefly how it works and how its is used to
accelerate the charged particles.

(i) Show that time period of ions in a cyclotron is independent of both the speed and radius
of circular path.
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(if) What is resonace condition? How is it used to accelerate the charged particles? 5
OR

(a) Two straight long parallel conductors carry currents I; and I, in the same direction.
Deduce the expression for the force per unit length between them.

Depict the pattern of magnetic field lines around them.

(b) A rectangular current carrying loop EFGH is kept in
a uniform magnetic field as shown in the fig.

(i) What is the direction of the magnetic moment of E
the current loop?

A\

(i) When its the torque acting on the loop (a) 4
maximum, (b) zero? 5

\)

29. (a) What are eddy currents? Write their two applications.
(b) Figure shows a rectangular conducting loop PQRS in p RX X
which arm RS of length'I'is movable. The loop is keptin a X
uniform magnetic field ‘B’ directed downward
perpendicular to the plane of the loop. The arm RS is

moved with a uniform speed ‘v’. l X

X X

Deduce an expression for :

XX X X X[ X
XX X X X[ X
XX X X X[ X

(i) the emf induced across the arm ‘RS,
(ii) the external force required to move the arm, and
(iii) the power dissipated as heat. 5
OR

(a) State Lenz’s law. Give one example to illustrate this law. “The Lenz’s law is a consequence
of the principle of conservation of energy.” Justify this statement.

(b) Deduce an expression for the mutual inductance of two long co-axial solenoids but

having different radii and different number of turns. 5

30. (a) (i) Draw a labelled ray diagram to show the formation of image in an astronomical
telescope for a distant object.

(ii) Write three distinct advantages of a reflecting type telescope over a refracting type

telescope.

(b) A convex lens of focal length 10 cm is placed coaxially 5 cm away form a concave lens of
focal length 10 cm. If an object is placed 30 cm in front of the convex lens, find the position
of the final image formed by the combined system. 5

OR
(a) With the help of a suitable ray diagram, derive the mirror formula for a concave mirror.

(b) The near point of a hypermetropic person is 50 cm from the eye. What is the power of the
lens required to enable the person to read clearly a book held at 25 cm from the eye? 5
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Questions different from Set-I.

22,

23.

25.

What is the work done in moving a test charge g through a distance of 1 cm along the

equatorial axis of an electric dipole? 1
Two thin lenses of power + 4 D and -2 D are in contact. What is the focal length of the
combination? 1
Give the logic symbol of NAND gate. 1

Two nuclei have mass numbers in the ratio 8 : 125. What is the ratio of their nuclear radii? 1
The maximum kinetic energy of a photoelectron is 3 eV. What is its stopping potential? 1
(i) State the principle on which the working of an optical fiber is based.
(ii) What are the necessary conditions for this phenomenon to occur? 2
(i) State the law that gives the polarity of the induced emf.
(ii) A 15- 0 pF capacitor is connected to 220 V, 50 Hz source. Find the capacitive reactance and
the rms current.
(a) In a single slit diffraction experiment, a slit of which ‘d” is illuminated by red light of
wavelength 650 nm. For what value of ‘d” will:

(i) the first minimum fall at an angle of diffraction of 30°, and

(ii) the first maximum fall at an angle of diffraction of 30°?

(b) Why does the intensity of the secondary maximum become less as compared to the

central maximum? 3

Use Gauss’s law to derive the expression for the electric field between two uniformly charged

large parallel sheets with surface charge densities ¢ and — ¢ respectively. 3
OR

(a) A charge +Q is placed on a large spherical conducting shell of radius R. Another small
conducting sphere of radius r carrying charge ‘q" is introdcued inside the large shell and is
placed at its centre. Find the potential difference between two points, one lying on the
sphere and the other on the shell.

(b) How would the charge between the two flow if they are connected by a conducting wire?
Name the device which works on this fact. 3

(i) With the help of circuit diagrams distinguish between forward biasing and reverse
biasing of a p-n junction diode.
(ii) Draw V-I characteristics of a p-n junction diode in (a) forward bias, (b) reverse bias. 3

CBSE (All India) Set-lll

Questions different from Set—I and Set-II.

1.

Define the term ‘potential energy” of charge ‘q" at a distance ‘7’ in an external electric field. 1
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4.

11.

16.

22.

25.

27.

The stopping potential in an experiment on photoelectric effect is 2 V. What is the maximum

kinetic energy of the photoelectrons emitted? 1
Two thin lenses of power +5 D and -2-5 D are in contact. What is the focal length of the
combination? 1
Give the logic symbol of AND gate. 1

Two nuclei have mass numbers in the ratio 27 : 125. What is the ratio of their nuclear radii? 1
(i) What is the relation between critical angle and refractive index of a material?

(ii) Does critical angle depend on the colour of light? Explain. 2
A wire of 20 Qresistance is gradually stretched to double its original length. It is then cut into
two equal parts. These parts are then connected in parallel across a 4 -0 volt battery. Find the
current drawn from the battery. 2
In Young’s double slit experiment, monochromatic light of wavelength 600 nm illuminates
the pair of slits and produces an interference pattern in which two consecutive bright fringes
are separated by 10 mm. Another source of monochromatic light produces the interference
pattern in which the two consecutive bright fringes are separated by 8 mm. Find the
wavelength of light from the second source.

What is the effect on the interference fringes if the monochromatic source is replaced by a

source of white light? 3
Explain with the help of a circuit diagram how a zener diode works as a DC voltage
regulator. Draw its I-V characteristics. 3

Define the activity of a radionuclide. Write its S.I. units. Give a plot of the activity of a
radioactive species versus time.

How long will a radioactive isotope, whose half life is T years, take for its activity to reduce to
1/8th of its initial value? 3

——=/\,Solutions

CBSE (All India) SET-I
1. Zero,
X-Rays

Frequency range : 3 X 10'® Hz - 3x 10" Hz.

- -
Magnetic field is parallel or antiparallel to velocity of electron i.e., angle between v and B is
0° or 180°.

Angular separation between fringes
Be =

where A = wavelength, d = separation between coherent sources, B is independent of
distance between the slits and screen; so angular separation () will remain unchanged.

Q>
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Net power of lens combination P=+6D-2D=+4D
Focal length, F = % = i m =25cm

Kpax =€V, =e(1-5V)=1-5eV
=1-5x1-6x1077 J=2.4x10" Y
Nuclear radius, R = RoAl/ 3

1/ 3
Ry _(A)/ z(zj”f‘:;
R, |A, 8 2

Symbol of NOR gate.
A
Y
B
. . = . . . .
For constant electric field E For increasing electric field
< d4 <+—dy —d4 do
. v 2V 3V
» E » E
2v 3V
dqi=dy di>dy

Difference: For constant electric field, the equipotential surfaces are equidistant for same
potential difference between these surfaces; while for increasing electric field, the separation
between these surfaces decreases, in the direction of increasing field, for the same potential
difference between them.

Electric Flux: The total number of electric lines of force diverging normally from a surface is
called the electric flux through that surface.

S.I. unit of electric flux is volt metre.

— = =
Electric flux through surface element AS is A¢=E.AS AS cos eﬂ
— n' ‘-
=EAS cos 0, where E is electric field strength. T E

Electric flux through entire closed surface is AS

vV v v VY Yy

7

E .dS

0=JE .

As electric flux through the surface = 1 X q
€o

On decreasing the radius of the spherical surface to half there will be no effect on the electric

flux.

Refractive Index : Refractive index of a medium is the ratio of speed of light in vacuum to the

speed of light in medium i.e., n= <
v
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Alternatively : It is defined as the ratio of sine of angle of incidence to the sine of angle of
refraction in medium i.e.,
sin i
n=

sinr

<
»
>

[e4]

Angle of deviation,8 —»
>
3

i i iy
— Angle of incidence,i
12. The equivalent circuit is shown in fig.
The five resistors form a balanced Wheatstone’s bridge. Since
Ri_ Ry
Rs Ry

So, R, is ineffective.

The effective resistance of R; and Ry in series,
R’=R{+R5=1+2=3Q

The effective resistance of R4 and R 5 in series is
R”"=R; +R3=2+4=6Q

~.Equivalent resistance of network between A and B

_R'R”_3x6_
APTRHR” 346
E 4
Current drawn from battery, | = ——= 5= 2A
AB

13. (a) The visible radiations and radiowaves can penetrate the earth's atmosphere but X-rays are
absorbed by the atmosphere.

(b) The ozone layer absorbs ultraviolet and other low wavelength radiations which are
harmful to living cells of human bodies and plants; hence ozone layer is crucial for human
survival.

14. Current sensitivity : It is defined as the deflection of coil per unit current flowing in it.
0 NAB

Current Sensitivity, Sy = ¢C



15.

16.

17.
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Voltage sensitivity : It is defined on the deflection of coil per unit potential difference across
its ends.

Voltage Sensitivty, Sy, =

where G is resistance of galvanometer.

Justification: When number of turns N is doubled, then the current sensitivity (e N) is doubled;
but at the same time, the resistance of galvanometer coil (G) will also be doubled, so voltage

sensitivity (SV oca) will remain unchanged; hence inreasing current sensitivity does not

necessarily increase the voltage sensitivity.

Linearly Polarised Light: The light having vibrations of electric field vector in only one
direction perpendicular to the direction of propagation of light is called plane (or linearly)
polarised light.

The unpolarised and polarised light is represented as
—o—o6—o6——o—
(a) Unpolarised light (b) Polarised light (c) Partially polarised light

Intensity of transmitted light is maximum when the polaroid sheet makes an angle of 45°
with the pass axis.

This is maximum when sin 20 =1 or 6 = 45°.

When length of a given wire is made n-times by strecting it, its resistance becomes n? times
ie, R’ =n’R=(2)? x15=60 Q

Resistance of each half part = @ =30Q

2
When both parts are connected in parallel, final resistance = % =15Q
Current drawn from battery,

v
R
30_g.2a

1
(a) The mass of a nucleons in ground state is always less than the total mass of its
constituents neutrons and protons; because this mass difference appears in the form of
binding energy to hold the nucleons inside the nucleus.
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18.

19.

(b) Part AB represents repulsive force and part BCD represents attractive force.

+100}-{--------- frooemaneas froeoreoees et
Pz Replillswe

MeV
o2

Att%active

-0 ¢ 2 3 4
r (fm)—
(i) Transducer: A device which convert one form of energy into the other.

(ii) Repeater: A repeater picks up the signal from the transmitter, amplifies and retransmits it
to the receiver sometimes with a change in a carrier frequency.

OR
Need of Modulation: Modulation is needed for (i) Practicable size of antenna. (ii) More
effective power radiation by an antenna.
The electric field lines are shown in fig.
Electric field on the Surface of a Charged Conductor:
Let electric charge be uniformly distributed over the surface of
a thin, non-conducting infinite sheet. Let the surface charge
density (i.e., charge per unit surface area) be . We have to

calculate the electric field strength at any point distance r from
the sheet of charge. |

To calculate the electric field
strength near the sheet, we now
consider a cylindrical Gaussian
surface bounded by two plane
faces A and B lying on the opposite
sides and parallel to the charged
sheet and the cylindrical surface
perpendicular to the sheet (fig). By
symmetry the electric field
strength at every point on the flat Sheet

surface is the same and its

direction is normal outwards at the points on the two plane surfaces and parallel to the
curved surface.
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Total electric flux

*)d—> —)d—> %d—> ad—>
§SE- S _Eﬁ% sl+§51§- sz+§sié- S,

= . (o] 1o} (o]
or fi;sE odS —Isl EdS; cos 0° + -[52 EdS, cos 0° + IS3 E dS5 cos 90

=E[ dS, +E [ dS, =Ea+Ea=2Ea

Total electric flux =2Ea.

As o is charge per unit area of sheet and a is the intersecting area, the charge enclosed by
Gaussian surface=c a

According to Gauss’s theorem,

Total electric flux = 1 x (total charge enclosed by the surface)
€0
. 1
ie., 2Eqa =— (oa)
€0
_©

28

Thus electric field strength due to an infinite flat sheet of charge is independent of the
distance of the point and is directed normally away from the charge. If the surface charge
density c is negative the electric field is directed towards the surface charge.

OR
KepA

(i) The capacitance of capacitor increases to K times (since C =

K

(ii) The potential difference between the plates becomes 1 times.
K
Reason: V = % ; Q same, C increases to K times

V==
K

ASE= % and V is decreased; therefore, electric field decreases to % times.

2
(iii) Energy stored by the capacitor, U = g—c .

. . 1.
As Q = constant, C is increased, and so energy stored by capacitor decreases to % times.

20. (i) Metre Bridge: Meter bridge is based on the principle of Wheatstone’s bridge.

The resistance of wire is divided into two resistances P and Q. R is known resistance and
S is unknown resistance.
At balance £=§=>l—p=5

Q S (@o0-Hhp S
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100 -1
= unknown resistance, S= ( l j R
(ii) In first case
R l
—=_1 ..(D)
S 100-1
When X and S are in parallel, let resistance
, XS
g’ =
X+S
In second case Resistance box Resistance wire
R l
=2 . (2)
XS 100 -1,
X+S SN
Dividing (2) by (1), we get CN
X+S I (100-1 <+«—/cm—pe—(100-1)cm ——»
X 1, (100-1,
S
= X= (Rh)i K
I, (100-1, — = -
<l — 2 -1 Cell Rheostat
I, {100 - I,

21. (i) Faraday’s Laws of Electromagnetic Induction:

(a) Whenever there is a change in magnetic flux linked with of a coil, an emf is induced in
the coil. The induced emf is proportional to the rate of change of magnetic flux linked

with the coil.
A
i.e., ec —¢
At
(b) emf induced in the coil opposes the change in flux, i.e.,
A
€ oc— —q) =e=—-k &
At At
where k is a constant of proportionality.
In S.I. system ¢ is in weber, t in second, e in volt, then k =1,s0 e = - %
. . AO
If the coil contains N-turns, then e = — A

(ii) The wing of horizontal travelling plane will cut the vertical component of earth’s
magnetic field, so emf is induced across the wing. The vertical component of earth's field
is given by

V =B, sin0;
where B, is earth’s magnetic field and 0 is angle of dip
Induced emf of wing e=V vl =(B, sin0)v!

Given B, =5-0x10"*T,1=25m,6 = 30°,
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23.
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v =1800 km /h = 1800 x 15_8 m/s=500m/s

e=(5-0x10"* x sin 30°) x 500 x 25
=(5-0x10" % x0-5x500%25=3-1V

_MD
By= J (1)
_MD
By = ] --(2)
By _Aa
B g
Ba
Ay =—= A
= 2 By 1

Givenf; =8-1mm,f3, =7 -2mm, A = 630 mm

7 -2 mm
Ay =| —— | x 630 mm
8-1 mm

=560 mm

Use of white light: When white light is used to illuminate the slit, we obtain an interference
pattern consisting of a central white fringe having on both sides symmetrically a few
coloured fringes and then uniform illumination.

The Schematic arrangement of Geiger-Marsdon Experiment (also known as Rutherford

Scattering Experiment) is shown in fig.

~
N
~.ZnS screen
N

\

Lead bricks Gold foil N
ZRZ =5 \
ZRZ | \
Z Z Beam of \
source of & & a-particles —>\— Most of

o-particles =

I
]
b
I
Ll O B/ A —> a-particles
| : -
b
I

- ?/ Detector

Observations: (i) Only a small fraction of number of o-particles rebound back. This
shows that the number of a-particles undergoing head on collision is very small. The
conclusion is that the entire positive charge of atom is concentrated in a small volume
called the nucleus.
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24.

At the distance of head on approach, the entire kinetic energy of o.-particle is converted into
electrostatic potential energy. This distance of head
on approach gives an upper limit of the size of

nucleus (denoted by 7)) and is given by Nucleus
1 (Ze)(2e)
Ek = _—
4me o
1 27>
= ro =
471:80 Ek

This is about 10™* m.
Distinction between sky wave and Space wave Propagation:

lonospheric
layers

Sky wave propagation

Sky wave propagation is achieved by ionospheric reflection of radiowaves, while space wave
propagation is direct, line of sight propagation from the transmitted to the receiver.

Sky Wave Propagation: In sky wave propagation, the radiowaves transmitted from antenna
get reflected from the ionosphre and thereby reach the receiving antenna.

Space Wave Propagation: In space wave propagation the radiowaves transmitted from
antenna reach the receiving antenna through a line of sight (straight) propagation. The range
of such a tranmission is limited by the curvature of the earth.

< dm >,

Spaée Wave'probagétion'
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Formatium of Depletion Layer: At the junction there Ve,
is diffusion of charge carriers due to thermal - b

agitation; so that some of electrons of n-region @ @ @ @ @ @ @ @_

diffuse to p-region while some of holes of p-region

diffuse into n-region. Some charge carriers combine @ @ @ @ ®i @ OXO)
with opposite charges to neutralise each other. Thus -
near the junction there is an excess of positively @ @ @ @ ®] @ O)C)
charged ions in n-region and an excess of negatively p —> i Depletion i4— n
charged ions in p-region. This sets up a potential layer

difference and hence an internal electric field E;
across the junctions. The field E; is directed from n-region to p-region.

This field stops the further diffusion of charge carriers. Thus the layers B i A
(=10~ 4 emto10” © cm) on either side of the junction becomes free from o M
mobile charge carriers and hence is called the depletion layer. The symbol

of p-n junction diode is shown in Fig.

Effect of Forward and Reverse Bias: TE’ E

(i) Under forward biasing the applied potential
difference causes a field which acts opposite to the
potential barrier. This results in reducing the potential
barrier, and hence the width of depletion layer
decreases. p n

AH= &

(b) Forward current

OP>OPO>|€¢+0 0 0
OP>OPO> |40 4+0 <0
e gdeondon 2b o B o B o

(ii) Under reverse biasing the applied potential difference ? E
causes a field which is in the same direction as the field !
due to internal potential barrier. This results in an +«0<¢0; | e>e>
increase in barrier voltage and hence the width of “«0<0i | edve>r
depletion layer increases. «0<0i | ever
R I I I n
e

. ‘ge . . (c) Reverse current
Common emitter amplifier using n-p-n transistor

The circuit of common emitter amplifier using n-p-n transistor is shown below:

Ic c,

B ©

- 0
— Vee Output
waveform




118 Xam idea Physics—XiIl

27.

The phase difference between input signal and output voltage is 180°.

The input and output waveforms are shown in
figure.

R %
Voltage gain A, =f R—L .

1

Input waveform Output waveform

The variation of binding energy per nucleon versus mass number is shown in figure.

S IR A e
16 56
8.0~ 12 % Fe

G 1WF18 —
H 4

7.01¢ 1N

k

6.0 \

7
5.0H:

4.0

3.0

2.0

H2

1.0

Binding Energy per Nucleon (in MeV)——»

0.0

0O 20 40 60 80 100 120 140 160 180 200 220 240
Mass Number——»

Inferences from graph
1. Thenuclei having mass number below 20 and above 180 have relatively small binding
energy and hence they are unstable.
2. The nuclei having mass number 56 and about 56 have maximum binding energy — 5-8
MeV and so they are most stable.
3. Some nuclei have peaks, e.g., , He?, 6C12, 8016; this indicates that these nuclei are
relatively more stable than their neighbours.
Explanation: When a heavy nucleus (A = 235 say) breaks into two lighter nuclei (nuclear
fission), the binding energy per nucleon increases i.e, nucleons get more tightly bound. This
implies that energy would be released in nuclear fission.
When two very light nuclei (A <10) join to form a heavy nucleus, the binding is energy per
nucleon of fused heavier nucleus more than the binding energy per nucleon of lighter nuclei,
so again energy would be released in nuclear fusion.



28.

Working: The principle of action of the apparatus is shown
in fig. The positive ions produced from a source S at the
centre 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 the applied voltages are so chosen that as the ion comes
out of a dee, the dees change their polarity
(positive becoming negative and vice-versa)
and the ion is further accelerated and moves
with higher velocity along a circular path of
greater radius. The phenomenon is
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\\\\\\\\\\\\\\\\\\\\\
Magnetic Pole

N

S
| Dee

Dee |

Magnetic Pole
o
(s

continued till the ion reaches at the

periphery of the dees where an auxiliary
negative electrode (deflecting plate) deflects
the accelerated ion on the target to be
bombarded.

R.F,
oscillator

The function of electric field is to accelerate the charged particle and so to impart energy to

the charged particle.

The function of magnetic field is to provide circular path to charged particle and so to provide
the location where charged particle is capable of gaining energy from electric field.

(i) Expression for Period of Revolution

Suppose the positive ion with charge g moves in a dee with a velocity v, then,

(1)

where m is the mass and r the radius of the path of ion in the dee and B is the strength of the

magnetic field.
The angular velocity wof the ion is given by,
B
w=2=197 (from equation 1)
room

- 2)

The time taken by the ion in describing a semi-circle, i.e., in turning through an angle mis,

t=—=_

® Bg
Thus the time is independent of the speed of the ion.

~(3)

(ii) Resonance Condition: The condition of working of cyclotron is that the frequency of
radio frequency alternating potential must be equal to the frequency of revolution of
charged particles within the dees. This is called resonance condition.

Now for the cyclotron to work, the applied alternating potential should also have the
same semi-periodic time (T / 2) as that taken by the ion to cross either dee, i.e.,

T_,_mm
2 qB

(4)
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or T = 27‘5_m ...(5)
qB

This is the expression for period of revolution.

Obviously, period of revolution is independent of speed of charged particle and radius of
circular path.

OR

(a) Suppose two long thin straight conductors (or wires) PQ and RS are placed parallel to
each other in vacuum (or air) carrying currents I, and [, respectively. It has been
observed experimentally that when the currents in the wire are in the same direction, they
experience an attractive force (fig. a) and when they carry currents in opposite directions,
they experience a repulsive force (fig. b).

Let the conductors PQ and RS carry currents I and I, in same direction and placed at
separation 7. (fig.).

Consider a current-element ‘ab’ of length AL of wire RS. The magnetic field produced by
current-carrying conductor PQ at the location of other wire RS
Moy

B
1 2nr

(1)

According to Maxwell’s right hand rule or right hand palm rule
no. 1, the direction of By will be perpendicular to the plane of paper

and directed downward. Due to this magnetic field, each element
of other wire experiences a force. The direction of current element
is perpendicular to the magnetic field; therefore the magnetic force b
on element ab of length AL AL
I
AF=B,1, ALsin 90° ="0 "1 [ AL AF——®B
2nr
The total force on conductor of length L will be l14 I
11 1,1
r=tol1il2 5\ _Holilo o s
2nr 2nr : ; :
. Force acting on per unit length of conductor : :
F_kolilp
=—=——%N/m (2
f L 2nr @

According to Fleming’s left hand rule, the direction of magnetic force will be towards PQ
i.e. the force will be attractive.
(i) The magnetic field lies due to two current carrying
parallel wires are shown in figure.
1,1
The force between parallel wires L MOZ# N/m
nr

(i) We know that parallel currents attract and opposite

currents repel and F o 1 As wire of loop carrying
r

opposite current is nearer, so the net froce acting on
the loop is repulsive.
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(b) (i) Direction of magnetic moment m of the current loop is perpendicular to the plane of
paper and directed downward.

— —
(ii) Torque acting on the current loop is (a) maximum when m is perpendicular to B.

— -
(b) Minimum when Mis parallel to B.

29. (a) Eddy currents: When a metallic plate is placed in a time varying magnetic field, the
magnetic flux linked with the plate changes, the induced currents are set up in the plate;
these currents are called eddy currents. These currents are sometimes so strong, that the
metallic plate becomes red hot.

Application of Eddy Currents:

1. Induction Furnace: In induction furnance, the metal to be heated is placed in a rapidly
varying magnetic field produced by high frequency alternating current. Strong eddy
currents are set up in the metal produce so much heat that the metal melts. This
process is used in extracting a metal from its ore. The arrangement of heating the metal
by means of strong induced currents is called the induction furnace.

2. Induction Motor : The eddy currents may be used to rotate the rotor. Its principle is :
When a metallic cylinder (or rotor) is placed in a rotating magnetic field, eddy currents
are produced in it. According to Lenz’s law, these currents tend to reduce to relative
motion between the cylinder and the field. The cylinder, therefore, begins to rotate in
the direction of the field. This is the principle of induction motion.

ap d

(b) (i) Induced emf |g|=-—=—(BA) XXX X X XpX X
e dt xTx X X X X |xX X

:B(%):B%”’" x| x x o xox ) x o x

X1 x[x x x x|x x

5% _ xlx X X X X |x x

dt X XPx x X xS8x X

(ii) Force on arm RS = Bll

242
=B( 8).1=B(BIUJZ=B I“v
R’ R’ R’

where R’ = resistance.

(iii) Power dissipated on heat
242 2722
P:FU:B [ vv:B I“v
R’ R’
OR

(a) Lenz's law: According to this law “the direction of induced current in a closed circuit is
always such as to oppose the cause that produces it.”

Example: When the north pole of a coil is brought near a closed coil,
the direction of current induced in the coil is such as to oppose the
approach of north pole. For this the nearer face of coil behaves as
north pole. This necessitates an anticlockwise current in the coil,

when seen from the magnet side [fig. (a)] (@)

—>
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Similarly when north pole of the magnet is moved away from the
coil, the direction of current in the coil will be such as to attract the
magnet. For this the nearer face of coil behaves as south pole. This
necessitates a clockwise current in the coil, when seen from the

magnet side (fig. b). (b)

4_

Conservation of Energy in Lenz’s Law: Thus, in each case whenever there is a relative
motion between a coil and the magnet, a force begins to act which opposes the relative
motion. Therefore to maintain the relative motion, a mechanical work must be done. This
work appears in the form of electric energy of coil. Thus Lenz’s law is based on conservation
of energy.

(b) Suppose two co-axial solenoids S; and S, of
radii r; and r,, number of turns N; and N, 6o 0 6 6.6 o 6 o
each of length ‘I’

Suppose I; is the current in outer solenoid;

magnetic field at the axis, B; =puyn;l; where -- {-} -} -} - ) - ) - 9- -)- -)> -} -} -} (—} --
ny = number of turns/meter of outer
solenoid.

Magnetic flux linked with inner solenoid
(52)-
02 =(N3) ByAy =N, (wonyly) wrf
=u0n1N2nr1211

Mutual inductance of two solenoid system

o \(\\\ﬂ x“_x'

Astronomical telescope

(ii) Advantages of Reflecting Telescope over Refracting Telescope:

(a) Less chromatic aberration (b) Less spherical aberration
(c) High resolving power (d) High intense image
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(b) The position of image formed by convex lens is

vy =15cm
For concave lensu, =15-5=+10cm, f, =-10cm
1 1 1 1 1 1 1 1
fo vy Uy vy fr Uy 10 10
That is final image is formed at infinity.
OR
(a) Mirror Formula: MM, is a concave mirror having M,
pole P, focus F and centre of curvature C. A b
An object ABis placed in front of mirror with point B g
on the principal axis. The image formed by mirror is 0 =
A’B’. The perpendicular dropped from point of B' F/i Ep
. . . . . . r —
incidence D on principal axis is DN. B (N N E
In AABC and AA’B’'C A 3
ZABC =ZA’B'C (each equal
to 90°) M
2
ZACB=ZA’CPB (opposite |« u =
angles)
Both triangles are similar.
AB _ BC
7 ’ = 4 s (1)
A’B BC
Now in ADNF and A’ B’ F
/DNF=/A'B'F (each equal to 90°)
ZDFN = ZA"FB’ (opposite angles)
Both triangles are similar
DN _ FN AB _FN (- AB=DN) Q)

AB BE ' AB BF
Comparing (1) and (2), we get
BC FN
BC BF

..03)
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If aperture of mirror is very small, the point N will be very near to P, so FN = FP
BC _FP PB-PC FP

—_— or = (4:)
BC PB'F PC -PB" PB —-PF

By sign convention

Distance of object from mirror PB=—u
Distance of image from mirror PB’ = -v

Focal length of mirror PF = - f

Radius of curvature of mirror PC = - R = - 2f
Substituting these values in (4), we get

Su-(-2f)_ ~f . —ut2f - f
-2f-(-v) -v-(-f) -2f+v -v+f
= 2f2—vf:—uf+uv+2f2—2fv or fo+uf =uv
Dividing both sides by uvf, we get
1.1 1
4+ ==
u v f
The corresponding formula for thin lens is
1 1 1
f o u
1 1 1
b) —=--=
® =y

The corrective lens must form the image of letters of book placed at 25 cm (near point) of
hypermetropic eye.

That is u=-25cm,v=-50cm
1 1 1
= 4
f 50 25
= f=50cm=0-50m
Power, P:E:LDzzD
f 0-50

CBSE (All India) SET-II

1.  Atevery point on equatorial axis, the potential is zero, so work done W = g AV = 0 (zero).

Net power, P=P; + P, =+4D-2D=+2D

F:l:l:0~50m:50cm
P 2

6.  Logic symbol of NAND gate.
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A o————
Y
B &—— :
7. Nuclear radius R = RoAl/ 3

1/3
Ry (A _(i)“_z
R, (A, 125 5

8. (Ek)max =eV;

9. (i) The working of optical fiber is based on total internal reflection.

Statement: When a light ray goes from denser to rarer medium at an angle greater than
critical angle, the ray is totally reflected in first (denser) medium.

This phenomenon is called total internal reflection.
(ii) Conditions:
(a) Ray of light must go from denser medium to rarer medium.
(b) Angle of incdience must be greater than critical angle (i.e., i > C).

21. (i) Lenz’s Law: The polarity of induced emf is such that it tends to produce a current which
opposes the change in magnetic flux that produces it.
1

2nfC

(ii) Capacitive reactance, X =

1

- Q=212-1Q
2% 3-14x50x15x107°

RMS Current, I = i
Xc

220
T212-1
22. (a) (i) For nth minima, d sin 6 =nA
Given A = 650 nm = 650 x 10~ m,n=1,0 = 30°

=1-03A

S i _1x650x107 _ 650x10
sin © sin 30° 0-5

=1300x1077 m=1-3x10"°% m
=1-3um

(ii) For nth maxima, dsin 0 =(2n+1) %

n=1,0=30°1=650x10"" m
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23.

P 3x650x10~°

2sin O

=1-95x10° m=1-95um

(b) To produce secondary maxima, the wavelets from lesser and lesser part of slit produce

constructive interference.

Let electric charge be uniformly distributed over the surface of a thin, non-conducting infinite
sheet. Let the surface charge density (i.e., charge per unit surface area) be 6. We have to
calculate the electric field strength at any point distance r from the sheet of charge.

To calculate the electric field
strength near the sheet, we now
consider a cylindrical Gaussian
surface bounded by two plane
faces A and B lying on the opposite
sides and parallel to the charged
sheet and the cylindrical surface
perpendicular to the sheet (fig). By
symmetry the electric field
strength at every point on the flat

6=90°

Sheet

surface is the same and its direction is normal outwards at the points on the two plane

surfaces and parallel to the curved surface.

Total electric flux

—> — — — —

E odS = {E odS + §E *dS, + §E *dS

S S1 S S3 3

g > O O O
or §E ds :'[51 EdS; cos 0° + -[52 EdS, cos 0° + js3 E dS; cos 90

=E[ dS, +E[ dS, =Ea+Ea=2Ea

.. Total electric flux = 2Ea.

As o is charge per unit area of sheet and 4 is the intersecting area, the charge enclosed by

Gaussian surface =6 a
According to Gauss’s theorem,

Total electric flux = N (total charge enclosed by the surface)

€
. 1
ie., 2Ea = — (ca)
€
_©
2¢g
— ~ —> ~
E1 :ii, Eo=—1
2¢g 2¢g
— —> —> ~
E=Ei1+E2="]

A + + + + + + + + + +
I

+
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OR
(a) For external points, the charge may be supposed to be concentrated at the centre, so

V(R)=— (Q”’)
4me R

For internal points, the potential is same as on the surface

Vi) = (ﬂ + 9)

4mey \r R

-. Potential difference, V(r) - V(R) = 1 [ﬂ + Q_Q+ q}
dney | R

SRENLEY
47t80q r R

(b) When both shells are connected by a conducting wire, whole charge of inner shell will
flow to outer shell.

Device Working on this principle is Van de Graaff Generator.

25. (i) Forward Bias: In this arrangement the positive terminal of battery is connected to p-end
and negative terminal to n-end of the crystal, so that an external electric field E is
established directed from p to n-end to oppose the internal field E; as shown in Fig. The

external field E is much stronger than internal field E;.
——>E
«——F; «—E;

0> 0> O> |40 +0 <o P n

o domdondi = B o B o
OP>OPO> |40 ¢+0 0

N
L1

n

p
| A +!
+I|'|=— K

I
O O O O O
O O O O O
O O 0O OO
O O 0 0O O
e o6 o o o
e o o o o
e o o o o

}

=

(a) No current (b) Forward current

Reverse Bias: In this arrangement the positive terminal of battery is connected to n-end
and negative terminal to p-end of the crystal, so that the external field is established to
help the internal field E; as shown in Fig. Under the biasing the holes in p-region and the
electrons in n-region are pushed away from the junction to widen the depletion layer and
hence increases the potential barrier, therefore the current flow stops.

+«—E
<+——E;
4“0<40; | e>e>r
H H H p Ny "
“«0<«0i | eP>e>r P
4“0 <40 H P > 0>
R p n =
N A nn
—'|'|I+ K _Il I+

(c) Reverse current Reverse biasing
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(ii) V-I Characteristics of (a) forward bias and (b) reverse bias:

I(mA) (a) Forward
bias
Avalanche
breakdown F
() Ve o ® v—
(b) Reverse
R bias l] (WA)

CBSE (All India) SET-III

1.

11.

16.

Potential energy of a charge ¢ in an external electric field is defined as the work-done in
bringing the charge g from infinity to a distance r in an external electric field produced by the
other charge(s).

Maximum kinetic energy, (E; ) max =eV; =¢(2V) =2eV=2x1-6x10"" J=3-2x10" 19 J
Net power, P=P; + P, =+5-2-5=+2-5D

Focallength,l—":l:Lm=0~4m=40cm
P 2.5

Symbol of AND gate.
Ae—
)
R, _(Aljl/g) _(27)1/3 3
R, (A, 125 5
(i) Relation between refractive index (1) and critical angle (C) is

1
n=
sin C

(ii) Yes, critical angle depends on wavelength or colour of light; it increases with increase of
wavelength being maximum for red and minimum for violet.

Resistance of stretched wire R’ =n’R = (2)2 x20=80Q

When wire is cut into two equal parts, resistance of each part = 40 Q
40 x 40

When there parts are connected in parallel, net resistance R, = 0510
+

V. _20,_0.24
20

Current, [ =
net
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25.
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DA
b=
By _ M
BZ }\’2
= }»Z—B—z}»l
By
8 mm
= x 600 nm = 480 nm
10 mm

On replacing monochromatic light by white light; the interference pattern will contain
central white fringe surrounded on either side by few coloured fringes.

Zener diode as a Voltage Regulator

The Zener diode makes its use as a voltage R ! L
regulator due to the following property :

When a Zener diode is operated in the
breakdown region, the voltage across it
remains practically constant for a large
change in the current.

Unregulated input
<
<
N
&
<
o
Regulated output

A simple circuit of a voltage regulator using l
a Zener diode is shown in the figure. The
Zener diode is connected across load such that it is reverse biased.

The series resistance R absorbs the output voltage fluctuations so as to maintain constant
voltage across the load.

If the input dc voltage increases, the current through R and Zener diode also increases. So,
voltage drop across R increases, without any change in the voltage across zener diode.

I-V Characteristics

I (mA)
VR Zener
) / voltage 0

Vi —>

I(nA)
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27. The activity of a radioactive element at any instant is equal to its rate of decay at that instant.

S.I. unit of activity is becquerel
(= 1 disintegration/second). The plot is shown in figure.

Activity R (= i—fj =AN

log, 2
Decay constant A = %

(log, 2) N
T
_ (log, 2) N¢ R. = (log, 2) N,

Activity R=

Ry

2
Tl TZ

R N T N T
For two elements —- = —L x —2 =| 1 || 22
Ry, T; Ny (Ny)\Ty

n
Numerical: i = (lj
Ry 2

t _ Time taken
T  Half life

B - W -

Given£=l,n=

= =3 = t = 3T years
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General Instructions:

(a) All questions are compulsory.

(b) There are 30 questions in total. Questions 1 to 8 carry one mark each, questions 9 to 18 carry two marks
each, questions 19 to 27 carry three marks each and questions 28 to 30 carry five marks each.

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

(d) Use of calculators is not permitted.

(e) You may use the following values of physical constants wherever necessary:
c=3x10% ms™! h=6-626x10""* Js
e=1-602x107"" C W =41 x10~ TmA ™!

1
4me,
Boltzmann's constant k =1-381x1072> JK !
Avogadro’s number N , = 6-022 X 103 /mole
Mass of neutronm, =1-2 x 10727 kg
Mass of electronm, =9 -1 x 103kg
Radius of earth = 6400 km

=9 x 109 Nm2C-2

CBSE (Foreign) SET-I
1.  Why is it necessary that the field lines from a point charge placed in the vicinity of a
conductor must be normal to the surface of the conductor at every point? 1
2. A steady current flows in a metallic conductor of non-uniform cross-section. Which of these
quantities is constant along the conductor:
Current, current density, drift speed, electric field? 1
3.  Name the electromagnetic radiations which are produced when high energy electrons are
bombarded on a metal target. 1
4.  Draw the wavefront coming out of a convex lens when a point source of light is placed at its
focus. 1
5.  Unpolarised light of intensity I is passed through a polaroid. What is the intensity of the light
transmitted by the polaroid? 1
6.  Why are coherent soruces required to create interference of light? 1
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7.

10.

11.

12.

13.

14.

15.

In the Rutherford scattering experiment the distance of closest approach for an a-particle is
d,.If o-particle is replaced by a proton, how much kinetic energy in comparison to a-particle
will it require to have the same distance of closest approach d,? 1
State the Faraday’s law of electromagnetic induction. 1
Figure shows a sheet of aluminium foil of negligible thickness placed

between the plates of a capacitor. How will its capacitance be affected if:

(i) the foil is electrically insulated?
(ii) the foil is connected to the upper plate with a conducting wire? 2

Three points A, B and C lie in a uniform electric field (E) of 5 x 103 NC ! as shown in the

figure. Find the potential difference between A and C. 2

A< -\ ————— O B R

5 cm 53 cmt c
\C -
OR

The sum of two point charges is7 u C. They repel each other with a force of 1 N when kept 30
cm apart in free space. Calculate the value of each charge. 2
Name the electromagnetic radiations having the wavelength range from 1 mm to 700 nm.
Give its two important applications. 2

A wire of length L is bent round in the form of a coil having N turns of same radius. If a
steady current I flows through it in a clockwise direction, find the magnitude and direction of
the magnetic field produced at its centre. 2
Derive an expression for the de-Broglie wavelength associated with an electron accelerated
through a potential V. Draw a schematic diagram of a localised-wave describing the wave
nature of the moving electron. 2
Figure shows variation of stopping potential (V) with the frequency (v) for two
photosensitive materials M; and M, .

Vo4
My M,

v

(i) Why is the slope same for both lines?

(ii) For which material will the emitted electrons have greater kinetic energy for the incident
radiations of the same frequency ? Justify your answer. 2

The energy of the electron in the ground state of hydrogen atom is —13-6eV .
(i) What does the negative sign signify?

(ii) How much energy is required to take an electron in this atom from the ground state to the
first excited state? 2
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16. Draw the logic symbol of the gate whose truth table is given below:
Input Output
A B Y
0 0 1
0 1 0
1 0 0
1 1 0
If this logic gate is connected to NOT gate, what will be output when (i) A =0, B=0 and
(ii) A =1, B = 1? Draw the logic symbol of the combination. 2
17. (i) What is the line of sight communication?
(ii) Why is it not possible to use sky wave propagation for transmission of TV signals? 2
18. (i) How are eddy currents reduced in a metallic core?
(ii) Give two uses of eddy currents. 2
19. Define the term ‘electric dipole moment.” Is it scalar or vector?
Deduce an expression for the electric field at a point on the equatorial plane of an electric
dipole of length 2a. 3
20. State Kirchhoff’s rules. Use Kirchhoff’s rules to show that no current flows in the given
circuit.
g =2V "
I WWW
| WA
g=2V r2
21. (a) State the Principle of working of a potentiometer. |2 v R
(b) Figure shows the circuit diagram of a potentiometer ! W
for determining the emf ‘€ of a cell of negligible
internal resistance. A J
B
(i) What is the purpose of using high resistance R, ?
(i) How does the position of balance point (J) change €
when the resistance R is decreased? II
R2

22,

(iii) Why cannot the balance point be obtained (1)
when the emf ¢ is greater than 2 V, and (2) when
the key (K)i s closed? 3 key (K)

Deduce the expression for the torque experienced by a rectangular loop carrying a steady

Z
current ‘I” and placed in a uniform magnetic field B. Indicate the direction of the torque
acting on the loop.
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23.

24.

25.

26.

27.

28.

29.

OR
Deduce the expression for magnetic dipole moment of an electron revolving around the
nucleus in a circular orbit of radius 7. Indicate the direction of the magnetic dipole moment.3
Depict the field-line pattern due to a current carrying solenoid of finite length.
(i) In what way do these lines differ from those due to an electric dipole?
(ii) Why can’t two magnetic field lines intersect each other? 3
State the conditions under which total internal reflection occurs.
One face of a prism with a refracting angle of 30° is coated with silver. A ray incident on

another face at an angle of 45° is refracted and reflected from the silver coated face and
retraces its path. Find the refractive index of the material of the prism. 3

(a) Why do we not encounter diffraction effects of light in everyday observations?

(b) In the observed diffraction pattern due to a single slit, how will the width of central
maximum be affected if

(i) the width of the slit is doubled;

(ii) the wavelength of the light used is increased?
Justify your answer in each case. 3
(a) What is meant by half life of a radioactive element?

(b) The half life of a radioactive substance is 30 s. Calculate
(i) the decay constant, and

(ii) time taken for the sample to decay by 3/4th of the initial value. 3
What is meant by detection of a signal in a communication system? With the help of a block
diagram explain the detection of AM signal. 3

State the working principle of an AC generator with the help of a labelled diagram.

Derive an expression for the instantaneous value of the emf induced in coil.

Why is the emf maximum when the plane of the armature is parallel to the magetic field? 5
OR

Draw a labelled diagram of a step-up transformer and explain briefly its working.

Deduce the expressions for the secondary voltage and secondary current in terms of the
number of turns of primary and secondary windings.

How is the power transmission and distribution over long distances done with the use of

transformers? 5

(a) Draw a ray diagram for formation of image of a point object by a thin double convex lens

having radii of curvatures Ry and R, and hence derive lens maker’s formula.

(b) Define power of a lens and give its S.I. units.

If a convex lens of focal length 50 cm is placed in contact coaxially with a concave lens of

focal length 20 cm, what is the power of the combination? 5
OR

Draw a labelled ray diagram to show the image formation by an astronomical telescope.

Derive the expression for its magnifying power in normal adjustment. Write two basic
features which can distinguish between a telescope and a compound microscope. 5
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30. (a) Explain the formation of ‘depletion layer' and ‘barrier potential” in a p-n junction.

(b) With the help of a labelled circuit diagram explain the use of a p-n junction diode as a full
wave rectifier. Draw the input and output waveforms. 5

OR

Draw a circuit diagram of an n-p-n transistor with its emitter base junction forward biased
and base collector junction reverse biased. Describe briefly its working.

Explain how a transistor in active state exhibits a low resistance at its emitter base junction
and high resistance at its base collector junction.

Draw a circuit diagram and explain the operation of a transistor as a switch. 5

CBSE (Foreign) SET-II

Questions different from Set—I.

3.  Define self-inductance. Give its S.I. units. 1
7.  Sketch the shape of wavefront emerging from a point source of light and also make the rays. 1
11. A logic gate is obtained by applying output of OR gate to a NOT gate. Name the gate so
formed. Write the symbol and truth table of this gate. 2
12. A point charge is moving with a constant velocity [ B
perpendicular to a uniform magnetic field as shown in the
figure. What should be the magnitude and direction of the % % %
electric field so that the particle moves undeviated along the
same path? 2 X X X
e
X X X
» X

13. (a) Draw a graph showing variation of photo-electric current (I) with anode potential (V) for
different intensities of incident radiation. Name the characteristic of the incident radiation
that is kept constant in this experiment.

(b) If the potential difference used to accelerate electrons is doubled, by what factor does the

de-Broglie wavelength associated with the electrons change? 2
14. Three points A, B and C lie in a uniform electric field (E) of N — 5
5x10° NC™! as shown in the figure. Find the potential BN E‘ >
difference between A and C. 2 10 cm'~ !6 ‘mooe
\\|C R
OR

The sum of two point charges is 9 nC. They repel each other is force of 2 N when kept 30 cm
apart in free space. Calculate the value of each charge. 2
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23.

26.

27.

(i) What happens when a diamagnetic substance is placed in a varying magnetic field?

(ii) Name the properties of a magnetic material that make it suitable for making (a) a
permanent magnet and (b) a core of an electromagnet. 3
(a) Define the terms (i) ‘amplitude modulation” and (ii) ‘modulation index’.

(b) If a low frequency signal in the audio frequency range is to be transmitted over long
distances, explain briefly the need of translating this signal to high frequencies before
transmission. 3

(a) What is meant by half life of a radioactive element?
(b) The half life of a radioactive substance is 20 s. Calculate:
(i) the decay constant and
(ii) time taken for the sample to decay by 7/8th of the initial value. 3

CBSE (Foreign) SET-1II

Questions different from Set-I and Set—II.

1.

10.

13.

A metal plate is introdcued between the plates of a charged parallel plate capacitor. What is

its effect on the capacitance of the capacitor? 1
Define mutual inductance. Give its S.I. units. 1
Name the electromagnetic radiation which can be produced by klystron or a magnetron
valve. 1
Define a wavefront. 1
Figure shows two large metal plates P; and P,, tightly held against each other P1_ P2

and placed between two equal and unlike point charges perpendicular to the
line joining them.

(i) What will happen to the plates when they are released?

(ii) Draw the pattern of the electric field lines for the system.

A 800 pF capacitor is charged by a 100 V battery. After some time the battery is disconnected.
The capacitor is then connected to another 800 pF capacitor. What is the electrostatic energy

stored? 2
OR

The sum of two point charges is 7 u C. They repel each other with a force of 1 N when kept

30 cm apart in free space. Calculate the value of each charge. 2

Name the elecromagnetic radiations having the wavelength range from 1 nm to 107 nm.
Give its two important applications. 2
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14. A logic gate is obtained by applying output of AND gate to a NOT gate. Name the gate so
formed. Write the symbol and truth table of this gate. 2

16. The graph below shows variation of photo-electric current with collector plate potential for
different frequencies of incident radiations.

Photo-electric
current

f

V1
V2,
V3,

Collector plate potential

(i) Which physical parameter is kept constant for the three curves?

(ii) Which frequency (v, v, or v3)is the highest? 2
24. (i) How does angle of dip change as one goes from magnetic pole to magnetic equator of the
Earth?

(ii) A uniform magnetic field gets modified as shown below when two specimens X and Y are
placed in it. Identify whether specimens X and Y are diamagnetic, paramagnetic or
ferromagnetic.

%v
V/ﬂ

(iif) How is the magnetic permeability of specimen X different from that of specimen Y? 3

26. (a) What is meant by half life of a radioactive element?
(b) The half life of a radioactive substance is 30 s. Calculate:
(i) the decay constant, and
(ii) time taken for the sample to decay by 3/4th of the initial value. 3
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=——=/\,Solutions

CBSE (Foreign) SET-I

1.

10.

Surface of a conductor is an equipotential surface and field lines are always directed from
higher to lower potential, so field lines in the vicinity of a conductor must be normal to the
surface of conductor.

Current is constant along a conductor.
X-rays.
Wavefront is plane as shown in fig.

d

VVvYVYVYY

Plane wavefront

Intensity of light transmitted through the polaroid = é .

Coherent sources are required for sustained interference. If sources are incoherent, the
intensity at a point will go on changing with time.

Ze) (2
= 1 (Z9@) (for a-particle, g=2e¢)
dne,  dy
Z
Ef = 1 (290 (for proton, g=e)
dne, d,
E _1 E Ey

= ;=
E, 2 )
That is KE of proton must be half on comparison with KE of a-particle.

The magnitude of the induced emf in a circuit is equal to the time rate of change of magnetic
flux through the circuit.

Mathematically, the induced emf is given by
Ad
At

(i) No effect on capacitance if foil is electrically neutral.

(ii) If foil is connected to upper plate with a conducting wire, the effective separation between
plates becomes half, so capacitance is doubled.

The line joining B to C is perpendicular to electric field, so potential of B = potential of C i.e.,
Distance AB=4 cm
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Potential difference between A and C =E X (AB)
=5x10° x(4x1072)
=200 volt
OR
gy +q, =7x107° C .. (1)

1 9192 2
[ E— = =(4me 0-30
e 0207 7 = (4mey) (0- 30)

or 7192 - 5 x9x107% =107" (2
9x10

(@1 = 42)* = (g1 +42)* — 4419
=(7x107%)2 —4x107!!
=49x107% —40x10712 =9x 10712
41 -G, =3x107° C ..(3)
Solving (1) and (3), we get
g, =5x10"°C, q,=2x10"°C

= gy =5uC, g, =2uC
11. Infrared radiations
Applications: (i) Taking photograph during fog and smoke etc.

(ii) for therapeutic purposes.

12. L=Nx2nr= r=L

27N
2
B=“0NI _ woNI . B=u.0nN I
2r 2 (L / 2mN) L

The direction of magnetic field is normal to plane of coil in downward direction.
13. Expression for de Broglie Wavelength associated with Accelerated Electrons

The de Broglie wavelength associated with electrons of momentum p is given by

a=lho (i)

p mv

where m is mass and v is velocity of electron. If E, is the kinetic energy of electron, then

2 2
EK:lva:lm E) P (sincep:mv:vzﬁ)
2 2 m 2m m
h

Equation (i) gives A = (7))

J2mEK
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14.

15.

16.

If V volt is accelerating potential of electron, then Kinetic energy,
Equation (ii) gives
h

This is the required expression for de Broglie wavelength associated with electron
accelerated to potential of V volt.

The diagram of wave packet describing the motion of a moving electron is shown.

(i) The slope of stopping potential (V) versus frequency (v) is equal to (E) which is universal
e

constant, so slope is same for both lines.

(ii) K.E. = hv - hv

As threshold frequency v, is lesser for M, so K.E. will be greater for M, for same frequency v.
(i) Negative sign shows that electron in ground state is bound in H-atom due to attractive
force between electron and nucleus.

(ii) Energy of electron in H-atom in nth orbit is
Rhe _ 13-6

E,=——r=-22
712 7’12

For first excited staten=2

E, =—%eV=— 3-4eV
Energy required to take electron from ground state to first excited state
=-13-6eV—-(-3-4¢V)
=10-2eV

The given truth table is of NOR gate. The logic symbol is shown in fig.

A
Y
B

When it is connected to a NOT gate, the gate becomes OR gate.
(i) A=0, B=0gives output 0.
(i) A=1, B=1gives output 1.
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The combination is shown in fig.

A A+B A+B
B

17. (a) LOS Communication: The propagation of a radio wave in a straight line from transmitting
to receiving antenna on the ground is called line of sight communication.

(b) TV signals have high frequency range 100 to 200 MHz. Ionospheric layers do not reflect
back such high frequency signals. Hence, sky waves cannot be used for transmission of TV
signals.

18. (i) A metallic core cuts the path of eddy currents, this reducing the strength of eddy currents.

(ii) Eddy currents are used in (a) induction furnace (b) induction motor.
2]

19. The electric dipole moment is a vector quantity whose <

>
>

+to ¥V

magnitude is equal to the product of charge on one dipoleand —q 7 q
distance between them. Its direction is from — gto + 4.
- -
ie., p=q21
Electric dipole moment is a vector quantity.
Derivation of electric field at a point of equatorial plane:
Consider a point P on broad side on the position of Ei E.sl
. . 18in6
dipole formed of charges + g and — g at separation 2. S
From figure, E =E;cos0 +E,cos0
. : P
AP=BP=\r* +12 E
= 1 q .
E = along Bto P
! 4n €o 1/'2 + 1/ & K E"2 """ ' EZSIne“
Br=t T dongPtoA ST ‘
= along P to ; : p
> dme, 4242 s AG- ' op
—q (0] +q
. Resultant electric field at P is E=E; cos 6 + E, cos6 < ! '2; ! >
1 q ) .
But E, =E, = —_
dney (2 +12)
and cos 0 = 9B _ ! = !

1 g

dmeg (r2 +1%) (2 +17)Y2
1 2q1

=4n80 2 +12)3/2

E=2E; cos0 =2x

But g.2] = p = electric dipole moment
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20.

1 p
E= (i

If dipole is infinitesimal and point P is far away, we have [ < <7 ,so/ 2 may be neglected as

compared to r% and so equation (3) gives

1 p
E=——~ 7
dmeg (r2)3/2
oL p
47580 1/3

i.e. electric field strength due to a short dipole at broadside on position

1 p — )
E= —— parallel to BA ...(1v)
4n EO r 3

Its direction is parallel to the axis of dipole from positive to negative charge.
Kirchhoff’s Rules:

(1) First law (or junction law): The algebraic sum of currents meeting at any junction is
zero,

ie., 2I=0
This law is based on conservation of charge.

(i) Second law (or loop law): The algebraic sum of potential differences of different
circuit elements of a closed circuit (or mesh) is zero, i.e.,

V=0
This law is based on conservation of energy.

Numerical: Applying Kirchhoff’s second law XV =0 to given 1 2V r g
closed circuit along the path abcda. a —<—| f VWWWA
o4 b—>—| WWIW—
rtn 2V 2
This current is non-zero, so given question is wrong.
However, if terminals of one of the batteries are interchanged, 1 2V r
then current is zero. a } WAV d
= I=0
b——| > —mwwWw——
2V r2
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21. (a) Principle of Potentiometer:

(b)

Potentiometer works on the fact that the fall of potential across any portion of the wire is
directly proportional to the length of that portion provided the wire is of uniform area of
cross-section and a constant current is flowing through it.

B K
'|-|1- X Ww—
- Rh

Suppose A and p are resepectively the area of cross-section and specific resistance of the
material of the wire. Let V be the potential difference across the portion of the wire of
length [ whose resistance is R. If I is the current flowing through the wire, then from Ohm'’s
law;

V=IR
As = p_l
A
V:Ipi (whereK:I—p)
A A
or V<l (if I and A are constant)

i.e., potential difference across any portion of potentiometer wire is directly proportional to
length of the wire of that portion.

Here, % = K = is called potential gradient,

i.e., the fall of potential per unit length of wire.

(i) The purpose of high resistance R, is to reduce the current through the
galvanometer. When jockey is far from balance point, this saves the galvanometer and
the cell (of emf ¢€) from being damaged.
(ii) When resistance R; is decreased, the potential gradient of potentiometer wire
increases, so balance point (]) shifts to longer length of wire.
(iii) (1) The balance point is not obtained because maximum emf across potentiometer
wireis 2 V.

(2) When key (K) is closed, the terminal potential difference of cell is zero; so
balance point cannot be between Aand B. (Since V =kl = [=0for V = 0)
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22,

Torque on a current carrying loop: Consider a
rectangular loop PQRS of length I, breadth b

suspended in a uniform magnetic field B . The
length of loop =PQ=RS=I! and breadth
=QR = SP =b. Let at any instant the normal to the
plane of loop make an angle 6 with the direction of

magnetic field B’ and I be the current in the loop.
We know that a force acts on a current carrying
wire placed in a magnetic field. Therefore, each
side of the loop will experience a force. The net
force and torque acting on the loop will be
determined by the forces acting on all sides of the
loop. Suppose that the forces on sides PQ, OR, RS
e — )
and SP are F, , F, , F; and F, respectively. The
sides QR and SP make angle (90° —0) with the
direction of magnetic field. Therefore each of the

— —
forces F, and F, acting on these sides has same

magnitude F’ = BIb sin (90° —0) = BIb cos 6.
According to Fleming’s left hand rule the forces

— —
F, and F, are equal and opposite but their line of

: N Axis of loop
Fo! or normal to loop
2“
0

Q > =
R 4
Fq : :
4 E -
Fs _
P S
F, g
F,=IIB
A
R
1 L ,‘g\oo
¢ 7O >
(Upward) ) N_~\§o .
. {4 L

—
B

v

& I (Downward)

§<—bsine—>"

»

F4=IIB

— —

action is same. Therefore these forces cancel each other i.e. the resultant of F2 and F 4 is zero.

The sides PQ and RS of current loop are perpendicular to the magnetic field, therefore the

— —
magnitude of each of forces F, and F; is

F=1IB sin 90° = IIB.

— —
According to Fleming’s left hand rule the forces F, and F; acting on sides PQ and RS are

equal and opposite, but their lines of action are different; therefore the resultant force of

— —
F, and F; is zero, but they form a couple called the deflecting couple. When the normal to

plane of loop makes an angle 6 with the direction of magnetic field B, the perpendicular

distance between F; and F5 isb sin 0.
. Moment of couple or Torque,

T = (Magnitude of one force F ) x perpendicular distance = (BIl) - (b sin ©) = [ (Ib) B sin 6

But [b=area of loop = A (say)
Torque, 7t=IABsin®
If the loop contains N-turns, then T = NI AB sin 6
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— - =
In vector form T = NI A x B.

Direction of torque is perpendicular to direction of area of loop as well as the direction of
- -
magnetic field i.e., along I A x B.

OR
Magnetic moment of an electron moving in a circle:

Consider an electron revolving around a nucleus (N) in circular path of radius r with speed v.
The revolving electron is equivalent to electric current
€ —

=_ L
T

2
where T is period of revolution = nr >
v

¢ % (i)

2nr /v 2mr

Area of current loop (electron orbit), A = nr?

Magnetic moment due to orbital motion,
(i)
This equation gives the magnetic dipole moment of a revolving electron. The direction of
magnetic moment is along the axis.
Relation between magnetic moment and angular momentum
Orbital angular momentum of electron
L=m,or .. (i)
where m, is mass of electron,
Dividing (ii) by (iii), we get

L m,or  2m,
Magnetic moment, M; = . § ...(iv)
2m,

This is expression of magnetic moment of revolving electron in terms of angular momentum
of electron.

In vector form

M =--5 L ..(0)
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23.

24.

25.

26.

)

inin|

1
ymmuy|
ymmuy)

. Axis
>

T

Field fines of a current carrying solenoid Field fines of an electric dipole

1T
i
1
S
7H
1

7%

(i) Difference: Field lines of a solenoid form continuous current loops, while in the case
of an electric dipole the field lines begin from a positive charge and end on a negative
charge or escape to infinity.

(ii) Two magnetic field lines cannot intersect because at the point of intersection, these will
be two directions of magnetic field which is impossible.

(i) The conditions for total internal reflection are

(a) The ray must travel from a denser into a rarer medium.

(b) The angle of incidence i > critical angle C.
(ii) Numerical: Given A = 30°
When ray is incident normally on the other face, it retraces its path, so
1’2 = 0.

i; =45°

. sin 7 sin 45°
Refractive index, n= 1

sinr;  sin 30°
1/42

= n=
1/2

(a) We do not encounter diffraction effects of light in everyday observations. To observe
diffraction, size of obstacle/aperture must be comparable with wavelength of light but in
daily observations size of obstacle/aperture is much larger than the wavelength of light.

Angular width of central fringe By = 2%
a

=J2=1-414

(b) (i) If the width of slit is doubled, the (angular) width of central fringe (oc lj is halved.
a

(ii) When wavelength of light used is increased (8 o< 1), the width of central fringes increases.

(a) The half-life of a radioactive sample is defined as the time in which the mass of sample is
left one half of the original mass.

(b) Give T =30s
(i) Decay constant, A = 0 3?31 _O 2331 s 1=0-023157"
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n n 2 n
il -
N, (2 1 2 2) "2
This gives nz%zZ or [=2T=2x30=60s

27. Detection: Detection is the process of recovering the modulating signal from the modulated
carrier wave.

Explanation of Detection with the help of a block diagram:

AM wave Envelope m(®)

T Rectifier l »  Detector TbOut put
(a)

time time time —»

A

Output

AM input wave Rectified wave

The modulated carrier wave contains frequencies w, * w,,. The detection means to obtain
message signal m(t) of frequency w,,. The method is shown in the form of a block diagram.

The modulated signal is passed through a rectifier. It produces rectified wave [fig. (b)];' the
envelope of which is the message signal.

The rectified wave is passed through an envelope detector, whose output is the required
message signal m(t).

28. AC generator: A dynamo or generator is a device which converts mechanical energy into
electrical energy. It is based on the principle of electromagnetic induction.

Construction: It consists of the four main parts:

(7)) Field Magnet: It produces the magnetic field. In the case of a low power dynamo, the
magnetic field is generated by a permanent magnet, while in the case of large power
dynamo, the magnetic field is produced by an electromagnet.

(7]) Armature: It consists of a large number of turns of insulated wire in the soft iron drum or
ring. It can revolve round an axle between the two poles of the field magnet. The drum or
ring serves the two purposes : (i) It serves as a support to coils and (ii) It increases the
magnetic field due to air core being replaced by an iron core.

(iii) Slip Rings: The slip rings R; and R, are the two metal rings to which the ends of armature
coil are connected. These rings are fixed to the shaft which rotates the armature coil so that
the rings also rotate along with the armature.

(iv) Brushes: These are two flexible metal plates or carbon rods (B; and B,) which are fixed
and constantly touch the revolving rings. The output current in external load R; is taken
through these brushes.
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Working: When the armature coil is rotated in the :
strong magnetic field, the magnetic flux linked U
with the coil changes and the current is induced in
the coil, its direction being given by Fleming’s right
hand rule. Considering the armature to be in
vertical position and as it rotates in anticlockwise N
direction, the wire ab moves upward and cd
downward, so that the direction of induced current
is shown in fig. In the external circuit, the current
flows along B{R; B,. The direction of current
remains unchanged during the first half turn of
armature. During the second half revolution, the Slip rings ! | Brushes
wire ab moves downward and cd upward, so the :
direction of current is reversed and in external
circuit it flows along B, R; By. Thus the direction of
induced emf and current changes in the external circuit after each half revolution.

Armature coil

S Field magnet

AAAAAAAA—

vV

S Load
< R,

If N is the number of turns in coil, f the frequency of rotation, A area of coil and B the
magnetic induction, then induced emf

—%Z%{NBA(COSZTEft)}ZZTENBAfSinant

Obviously, the emf produced is alternating and hence the current is also alternating.

Current produced by an ac generator cannot be measured by moving coil ammeter; because
the average value of ac over full cycle is zero.

The source of energy generation is the mechanical energy of rotation of armature coil.

When plane of armature coil is parallel to magnetic field, then sin wt =1, so emf is maximum,
the maximum value is e; = NBAw

OR

Transformer: Transformer is a device by which an alternating voltage may be decreased or
increased. This is based on the principle of mutual-induction.

Construction: It consists of laminated core of (A.C. mains)
soft iron, on which two coils of insulated
copper wire are separately wound. These coils Primary
are kept insulated from each other and from
the iron-core, but are coupled through mutual Primary
induction. The number of turns in these coils =
are differ?nt. Out' of these c0i1§ one coil is laminated Corew
called primary coil and other is called the ifon core 811111112
secondary coil. The terminals of primary coils Secondary
are connected to AC mains and the terminals
of the secondary coil are connected to external

Step up

circuit in which alternating current of desired

voltage is required. Secondary
— o —
Step up Transformer: It transforms the Transformer

alternating low voltage to alternating high
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voltage and in this the number of turns in secondary coil is more than that in primary coil.
(i.e., Ng>Npy).

Working: When alternating current source is connected to the ends of primary coil, the
current changes continuously in the primary coil; due to which the magnetic flux linked with
the secondary coil changes continuously, therefore the alternating emf of same frequency is
developed across the secondary.

Let N, be the number of turns in primary coil, Ny the number of turns in secondary coil and ¢
the magnetic flux linked with each turn. We assume that there is no leakage of flux so that
the flux linked with each turn of primary coil and secondary coil is the same. According to
Faraday’s laws the emf induced in the primary coil

Ao

g, =— N, A ..(0)
and emf induced in the secondary coil
Ad 3
€5 =—Ng — (i
s S At (i)
From (1) and (if)
€s Ng
—= =2 ...(ifi)
e Np

If the resistance of primary coil is negligible, the emf (¢,) induced in the primary coil, will be
equal to the applied potential difference (V,,) across its ends. Similarly if the secondary circuit
is open, then the potential difference Vg across its ends will be equal to the emf (¢g) induced
in it; therefore

Vg &g N .
S =75 -5 —y(say) ...(iv)
VP p NP
Ng . , . . . . .
where r = —=is called the transformation ratio. If i, andi; are the instantaneous currents in
p

primary and secondary coils and there is no loss of energy; then
For about 100% efficiency, Power in primary = Power in secondary

li=v_p=&=l (U)
i, Vs Ng r

In step up transformer, Ny >N, —r>1;

So Vs>V, and ig <i,

i.e., step up transformer increases the voltage.

Power Transmission Over Long Distances

The power (electrical energy) is transmitted to long distances by the use of transformers. The
voltage output of the generator is stepped up by means of step up transformer, this steps

down the current, so power loss I ZRis significantly reduced. At the receiving station the
voltage is stepped down to 220 V for domestic supply.
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29. (a) Lens Maker’s Formula: Suppose
L is a thin lens. The refractive
index of the material of lens is 1,
and it is placed in a medium of
refractive index ny. The optical X
centre of lens is C and XX is
principal axis. The radii of
curvature of the surfaces of the
lens are R; and R, and their
poles are P; and P, . The thickness of lens is t, which is very small. O is a point object on the
principal axis of the lens. The distance of O from pole P; is u. The first refracting surface
forms the image of O at I  at a distance v” from P;.From the refraction formula at spherical
surface

7’12_7’1_1=1’12—Tl1 (l)
vou Ry

The image I’ acts as a virtual object for second surface and after refraction at second
surface, the final image is formed at I. The distance of I from pole P, of second surface is v.
The distance of virtual object (I ) from pole P, is (v" —t).

For refraction at second surface, the ray is going from second medium (refractive index,)
to first medium (refractive indexn,), therefore from refraction formula at spherical surface

m_ M MM ...(ii)

For a thin lens t is negligible as compared to v, therefore from (i)
ny Ny =1y

= .(idd

v (¥) R, (1)
Adding equations (i) and (iii), we get

ny m 1 1

—_——— = —-Nn —_——

v v 1)(R1 sz
or 1_1_ 7’1_2_1 L_L

v ou \m R; R,
. 1 1 1 1 .
ie. ——=—=(11, - 1)| — - — ..(iv

v ou (1 2 )(Rl R2j (i)

where |n, = -2 is refractive index of second medium (i.e. medium of lens) with respect to
|
first medium.

If the object O is at infinity, the image will be formed at second focus i.e.
ifu=oc0, v=f=f
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Therefore from equation (iv)

1_£:(1nz_1)(i_LJ

f Rl RZ
ie. 117 = (yy — 1) (Ril - Rl—zj . (0)

This is the formula of refraction for a thin lens. This formula is called Lens-Maker’s formula.

If first medium is air and refractive index of material of lens be 1, then 1, =n, therefore
equation (v) may be written as

1 L_L .
?_(n 1)(R1 sz e

(b) Power of a Lens: The power of a lens is its ability to deviate the rays towards its principal
axis. It is defined as the reciprocal of focal length in metres.

Power of alens, P = ; diopters = & diopters
f (in metres) f (in cm)

The SI unit for power of a lens is dioptre (D).

Numerical:
Power of convex lens, P = i D= L =2-0D
F 0-50
Power of concave lens, P, = L D= L =-5.0D
F, -0-20

Power of combination of lenses in contact
P=P/ +P,=2-0D-5-0D=-3-0D
OR
Astronomical Telescope: Magnifying power of astronomical telescope in normal
adjustment is defined as the ratio of the angle subtended at the eye by the final image to the

angle subtended at the eye, by the object directly, when the final image and the object both
lie at infinite distance from the eye.

< fy > < f,—>
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30.

Magnifying power, m = B
o

As angles o and f are small, therefore, 0. = tan o and 3 = tan f.

t
From equation (1), = anp )
tan o
II‘IAA’B/CZ, tanB:A B
CzB,
’ ’ ’B/
In AA’B’Cy, tano =
ClB,
‘B> CyB" CB’
Put in equation (2), L A
C,B” A’B” C,B’
or m:f_o
_fe

where C;B’=f, = focal length of objective lens,
C,B’=~f, = focal length of eye lens.

Negative sign of m indicates that final image is inverted.

The diameter of objective is kept large to increase (i) intensity of image, (ii) resolving

power of telescope.

Distinction
Telescope Compound Microscopes
1. | Objective lens is of large focal length and | Both objective and eye lenses are of small focal
eye lens is of small focal length. lengths but focal length of eye lens is larger
than that of objective lens.
2. | Objective is of very large aperature. Objective is of small aperture.

At the junction there is diffusion of charge carriers
due to thermal agitation; so that some of electrons
of n-region diffuse to p-region while some of holes
of p-region diffuse into n-region. Some charge
carriers combine with opposite charges to
neutralise each other. Thus near the junction there
is an excess of positively charged ions in n-region
and an excess of negatively charged ions in
p-region. This sets up a potential difference called

(a) Formation of Depletion Layer and Potential Barrier

@@@@ @@@@
@@@@ OHONOXC)
elejeilefdclcgoge;

p —>i Depletion ie—n
layer

potential barrier and hence an internal electric field E; across the

junctions. The field E; is directed from n-region to p-region. This field
stops the further diffusion of charge carriers.
(=10~ 4 cmto10~© cm) on either side of the junction becomes free

Thus the layers
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from mobile charge carriers and hence is called the depletion layer. The symbol of p-n
junction diode is shown in Figure.

(b) Full Wave Rectifier: For full wave rectifier we P, ST
use two junction diodes. The circuit diagram P
for full wave rectifier using two junction diodes &
is shown in figure. 8 @ B ’\/\3\L/V A
Suppose during first half cycle of input ac g S J} J}
signal the terminal S; is positive relative to S & Output
and S, is negative relative to S, then diode I is 5 >
2 2 pjn

forward biased and diode II is reverse biased.

Therefore current flows in diode

I and not in diode II. The

direction of current i; due to Input

diode I in load resistance R; is wave form /_\\/T/_\\/ » 2T Time

directed from A to B. In next half

cycle, the terminal S; is negative : : : :

relative to S and S, is positive

relative to S. Then diode 1 is Output wave form
. . . pu ave 10

reverse biased and diode II is of full wave

forward  biased.  Therefore rectifier T

current flows in diode II and

there is no current in diode I. The direction of currenti, due to diode Il in load resistance is

again from A to B. Thus for input a.c. signal the output current is a continuous series of

unidirectional pulses. This output current may be converted in fairly steady current by the
use of suitable filters.

» 2T Time

OR
n-p-n
e
\QU R, IC RZ§ U
Input 7 Output
=
Vee Vee

n-p-n Comman base configuration

Base Current and Collector Current: Under forward bias of emitter-base junction, the
electrons in emitter and holes in base are compelled to move towards the junction, thus the
depletion layer of emitter-base junction is eliminated. As the base region is very thin, most
electrons (about 98%) starting from emitter region cross the base region and reach the
collector while only a few of them (about 2%) combine with an equal number of holes of
base-region and get neutralised. As soon as a hole (in P-region) combines with an electron, a
covalent bond of crystal atom of base region breaks releasing an electron-hole pair. The
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electron released is Depletion

attracted by  positive layer

terminal of emitter battery N p—ﬁ <

Vg , giving rise to a feeble :

base current (Ig). Its MR AR ARl DS AR AR e
direction in external circuit < > o> o> P o> o> o> <
is from emitter to base. The o> 6> 6> | <o ,_o o> o—> 0—» le
hole released in the base
region compensates the loss B

of hole neutralised by IE@) Ig . C)') Ic
+

electrons.

The electrons crossing the
base and entering the | |
collector, due to reverse — 0 — |" ¥
biasing of collector-base Vee Vee
junction, are attracted towards the positive terminal of collector battery V- .In the process
an equal number of electrons leave the negative terminal of battery V-~ and enter the
positive terminal of battery V. This causes a current in collector circuit, called the collector
current. In addition to this the collector current is also due to flow of minority charge carriers
under reverse bias of base-collector junction. This current is called the leakage current.

Thus, collector current is formed of two components:
(i) Current(I,,.)due to flow of electrons (majority charge carriers) moving from emitter to
collector.

(ii) leakage current (I leakage) due to minority charge carriers, i.e., I. =1, +1 leakage

Emitter Current: When electrons enter the emitter battery Vrr from the base causing base
current or electrons enter the collector battery V-~ from the collector causing collector
current, an equal number of electrons enter from emitter battery Vrr to emitter, causing the
emitter current. The process continues.

Relation between Emitter, Base and Collector Currents:
Applying Kirchhoff’s I law at terminal O , we get
Ip =1 + I
That is, the emitter current I ¢ is the sum of base current I and the collector current I~ . This is the
fundamental relation between currents in the bipolar transistor circuit.
Transistor as a Switch
A switch is a device which can turn ON and OFF current is an electrical circuit.
A transistor can be used to turn current ON or OFF rapidly in electrical circuits.

Operation: The circuit diagram of n-p-n transistor in CE configuration working as a switch is
shown in fig. Vpp and V- are two dc supplies which bias base-emitter and emitter collecter
junctions respectively.

Let Vp be the input supply voltage. This is also input dc voltage (V- ). The dc output voltage
is taken across collector-emitter terminals, R; is the load resistance in output circuit.
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P O
Rg B B 5N
WA= Lo
(R \ { Vee
A X )Vo
+ Vee ¥ at ( z

Applying Kirchhoff’s second law to input and output meshes (1) and (2), we get

Vpg =I1gRp + Vg -..(0)
and Vee =IcR; + Vg ... (i)
We have Vpp =V; and V- =V, so above equations take the form
V; =Vpp +13Rp ...(1id)
and Vo (=Veg)=Vee — IRy ...(1v)Let us see the change in

Vi, due to a change in V;. In case of Si transistor; the barrier voltage across base-emitter
junction is 0- 6 V. Therefore, when V; is less than 0- 6 V, there is no collector current (I~ = 0),
so transistor will be in cut off state. Hence, from (iv) with I~ =0; V) =V-.

When V; becomes greater than 0-6 V, I~ begins to flow and increase with increase of V;.
Thus, from (iv), V,; decreases upto V; =1 V; the increase in I~ is linear and so decrease in
output voltage V,, is linear.

4_,CUt off Active

Beyond V; =1V, the change in collector current and
region _region
——>

hence in output voltage V|, is non-linear and the
transistor goes into saturation. With further increase T
inV;, the output voltage further decrease towards zero

(though it never becomes zero).

Saturation
region

If we plot V|, versus V;, we get the graph as shown in
fig. [This characteristics curve is also called transfer
characteristic curve of base biased transistor.]

The curve shows that there are non-linear regions.

(i) between cut off state and active state and (i) O.é v 1_(; v > v,
between active state and saturation state; thus

showing that the transitions (i) from cut off to active state and from active to saturation state
are not sharply defined.
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Now we are in the position to explain the action of transistor as a switch. When transistor is
non-conducting (I~ =0), it is said to be ‘switched off” but when it is conducting (I~ is not

zero); it is said to be “switched ON’.

As long as input voltage V; is low and unable to overcome the barrier voltage of the emitter
base junction, Vy is high (1 c=0 and Vo =Vee ), so the transistor is ‘switched OFF’ and if it is
high enough to derive the transistor into saturation (I~ is high and so V{; (=V - —=I-R})is
low, very near to zero, so the transistor is ‘switched ON’. Thus we can say low input switches
the transistor is OFF state and high input switches it ON.

The switching circuits are designed in such a way that the transistor does not remain in active

state.

CBSE (Foreign) SET-II

3.

11.

12.

When the current in a coil is changed, a back emf is induced in the same coil. This

phenomenon is called self-induction.

The rays coming out of the convex lens, when point source is at focus, are parallel, so

wavefront is plane (figure).

> Parallel
> » rays
\/ >
(b) Plane wavefront
Name of gate formed is NOR gate symbol.
Truth Table
Inputs Output
A j > A B Y
Y

B 0 0 1
1 0 0
0 1 0
1 1 0

For particle to move undeviated,
- - -
gE+qox B=0
—
-0

- -
= E= x B




13.

14.

16.

23.

26.
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A — A~ — ~
Given v =-vi, B=-Bk

- . - . A
E = —(-vi) x (-Bk) = —vB(-j) =vBj
i.e., magnitude of electric field is vB and its direction is along positive Y-axis.

(a) The frequency of incident radiation was kept constant. + 4
I

L —13
L ——1 I3>1>14

(b) de-Broglie wavelength,
h 1

- o ——11

J2mgv vV

If potential difference V is doubled, the de-Broglie

1 Vo
wavelength is decreased to — times.
& 72
After OR 4y +q, =9%x107° C (1)
I N _,
4me, 52
2 x(0- 30)>
L O R ST
9x10°
(41 —G2) =gy +42)% — 4414, =81x1072 ~80x107? =1x1072  ...(2)
Solving (1) and (2) g, =5uC, g, =4uC
Microwaves:

Uses: 1. In Radar for aircraft navigation.
2. In microwave ovens to heat the food.
(i) A diamagnetic substance is attracted towards a region of weaker magnetic field.
(ii) (a) Permanent magnets are made of steel which is characterised by high retentivity and
high coercivity.
(b) Electromagnets are made of soft iron which is characterised by high retentivity and low
coercivity.
(a) () Amplitude Modulation
In amplitude modulation, the amplitude of modulated (carrier) wave varies in
accordance with amplitude of information (signal) wave. When amplitude of

information increases, the amplitude of modulated wave increases and vice versa. In
this case the amplitude of modulated wave is not constant.

(i) Modulation Index: The modulation index of an amplitude modulated wave is defined
as the ratio of the amplitude of modulating signal (E,, ) to the amplitude of carrier wave
(E.) i.e., amplitude modulation index,

!

m

mﬂ = —
EC
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For modulated wave,
E -E

_ “max min

! Emax +Emin
(b) The modulation is needed due to
(i) Transmission of audiofrequency electrical signals need long impracticable antenna.
(if) The power radiated at audio frequency is quite small, hence transmission is quite
lossy.
(iif) The various information signals transmitted at low frequency get mixed and hence can
not be distinguished.
27.  (a) Half-life period: The half-life period of a radioactive substance is defined as the time in
which one-half of the radioactive substance is disintegrated.
(b) (1) GivenT=20s
0.6931 0.6931
20

Decay constant, A = s1=0-034651 = 0.0346 57!

(ii) Fraction decayed = %

=1-

Fraction remained

o | N
| =

N
NO
ﬁ:(l)n ives

N, \2) 8

6= @6
s (2 2) 2

Number of half lives, n= 3, = t=3T=3%x20s=60s
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1. By introducing the metal plate between the plates of charged capacitor, the capacitance of
capacitor increases.

Reason: It t is thickness of metal plate, then

Co gpA
d—t(l—lj
K
A
For metal plate K=, C = (U
(d-t)

Obviously, effective separation between plates is decreased from d to (d - t).
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4.  Mutual Inductance: The mutual inductance of two coils is defined as the magnetic flux
linked with the secondary coil when the current in primary coil is 1 ampere.

Electromagnetic radiation produced by a Klystron or a Magnetron valve is microwave.

8.  Wavefront: The locus of particles of a medium vibrating in the same phase is called a
wavefront. From a point source, the wavefront is spherical; while for a line source the
wavefront is cylindrical. The distant wavefront is plane.

9. (i) Charges induced on outer surfaces of P; and P, are -Q and +Q Py P2
respectively. T
- +
When plates are released, they will tend to move away from one A1+
another; plate P; moving towards +Q and P, towards —Q due to . 41 |+ .
attraction. +Q - -Q
- +
- +
- +
- +
-Q +Q

(ii) The field pattern is shown in fig.

CV;i+0
Ci+Cy
_ (800 pF) x 100
800+ 800
Net capacitance, C =C; +C, =1600 pF

10. Common potential, V =

V=50V

Energy stored = % (Cy+Cy) V2

%1600 x 10712 x (50)? |

13. X-rays
Uses: (i) To study crystal structure.
(ii) to detect fracture in bones, stone in gall bladder and kidney etc.
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14. NAND gate.

Truth Table
A B Y
Ao— 0 0 1
Be— ) Y 1 0 1
0 1 1
1 1 0

16. Intensity of incident radiations was kept constant. Frequency v is highest.

24. (i) Angle of dip decreases from 90° to 0° as one goes from magnetic pole to magnetic equator
of earth.

(ii) X is diamagnetic and Y is ferromagnetic.

26. b)@) A=2Bl-1g. 01467

o 2 - O

n=2 = t=2I'=2x50s=100s




CBSE EXAMINATION PAPERS

Time allowed: 3 hours Maximum marks: 70

General Instructions:

(a)
(b)

(c)

(d)
(e)

All questions are compulsory.
There are 30 questions in total. Questions 1 to 8 carry one mark each, questions 9 to 18 carry two marks
each, questions 19 to 27 carry three marks each and questions 28 to 30 carry five marks each.

There is no overall choice. However, an internal choice has been provided in one question of two
marks, one question of three marks and all three questions of five marks each. You have to
attempt only one of the given choices in such questions.
Use of calculators is not permitted.
You may use the following values of physical constants wherever necessary:

c=3x10% ms™! h=6-626x10"* Js

e=1-602x10"" C o =4nx107 TmA ™!

L 9% 10° NmiC2
4ne,

Boltzmann’s constant k =1-381x1072 JK™!
Avogadro’s number N, = 6-022 x 1023 /mole

Mass of neutron m, =1-2x 1072 kg
Mass of electron m, =9~1><10_31kg
Radius of earth = 6400 km
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1.

In which orientation, a dipole placed in a uniform electric fields is in (i) stable, (ii) unstable
equilibrium?

Which part of electromagnetic spectrum has largest penetrating power?
A plot of magnetic flux (¢) versus current (/) is shown in the figure for
two inductors A and B. Which of the two has larger value of self
inductance? b B

Figure shows three point charges, +2g, —g and +3¢q. Two charges

+2¢g and —q are enclosed within a surface ‘S’. What is the electric
flux due to this configuration through the surface ‘S’? +3qe

()



162 Xam idea Physics—XII

5.

10.

11.

12.

13.

14.

15.

16.

17.

A glass lens of refractive index 1-45 disappears when immersed in a liquid. What is the value of
refractive index of the liquid?

What is the ratio of radii of the orbits corresponding to first excited state and ground state in a
hydrogen atom?

A wire of resistance 8 R is bent in the form of a circle. What is the
effective resistance between the ends of a diameter AB ? A B

State the conditions for the phenomenon of total internal reflection to
occur.

Explain the function of a repeater in a communication system.
(i) Write two characteristics of a material used for making permanent magnets.
(if) Why is core of an electromagnet made of ferromagnetic materials?
OR
Draw magnetic field lines when a (i) diamagnetic, (ii) paramagnetic substance is placed in an
external magnetic field. Which magnetic property distinguishes this behaviour of the field lines
due to the two substances?

Draw the circuit diagram of an illuminated photodiode in reverse bias. How is photodiode used to

measure light intensity?

An electric lamp having coil of negligible inductance connected in series c Lamp

with a capacitor and an AC source is glowing with certain brightness.
How does the brightness of the lamp change on reducing the (i)
capacitance, and (ii) the frequency? Justify your answer.

Arrange the following electromagnetic radiations in ascending order of Source
their frequencies:

(i) Microwave
(if) Radio wave
(iii) X-rays
(iv) Gamma rays
Write two uses of any one of these.

The radii of curvature of the faces of a double convex lens are 10 cm and 15 cm. If focal length of

the lens is 12 cm, find the refractive index of the material of the lens.

An electron is accelerated through a potential difference of 100 volts. What is the de-Broglie

wavelength associated with it? To which part of the electromagnetic spectrum does this value of

wavelength correspond?

A heavy nucleus X of mass number 240 and binding energy per nucleon 7.6 MeV is split into two

fragments Y and Z of mass numbers 110 and 130. The binding energy of nucleons in Y and Z is

8.5 MeV per nucleon. Calculate the energy Q released per fission in MeV.

(a) The bluish colour predominates in clear sky.

(b) Violet colour is seen at the bottom of the spectrum when white light is dispersed by a prism.
State reason to explain these observations.



18.

19.

20.

21.

22.

23.

24.

25.

26.
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Plot a graph showing the variation of stopping potential with the frequency of incident radiation
for two different photosensitive materials having work functions W, and W, (W; >W,). On what
factors does the (i) slope and (i7) intercept of the lines depend?

A parallel plate capacitor is charged by a battery. After sometime the battery is disconnected and a
dielectric slab with its thickness equal to the plate separation is inserted between the plates. How
will (7) the capacitance of the capacitor, (ii) potential difference between the plates and (iii) the
energy stored in the capacitor be affected?

Justify your answer in each case.

Write the principle of working of a potentiometer. Describe briefly, with the help of a circuit
diagram, how a potentiometer is used to determine the internal resistance of a given cell.

Write the expression for the magnetic moment (Z) due to a planar square h
loop of side ‘I’ carrying a steady current I in a vector form. ?

In the given figure this loop is placed in a horizontal plane near a long ¥
straight conductor carrying a steady current /; at a distance / as shown. A ;
Give reasons to explain that the loop will experience a net force but no i

torque. Write the expression for this force acting on the loop.
(a) Depict the equipotential surfaces for a system of two identical positive point charges placed a
distance ‘d’ apart.

(b) Deduce the expression for the potential energy of a system of two point charges g; and ¢,
- -
brought from infinity to the points r; and r, respectively in the presence of external electric

-
field E.

What is an unpolarized light? Explain with the help of suitable ray diagram how an unpolarized

light can be polarized by reflection from a transparent medium. Write the expression for Brewster

angle in terms of the refractive index of denser medium.

(i) Define ‘activity’ of a radioactive material and write its S.I. unit.
(i) Plot a graph showing variation of activity of a given radioactive sample with time.
(iii) The sequence of stepwise decay of a radioactive nucleus is

o B
D D, D,

If the atomic number and mass number of D, are 71 and 176 respectively, what are their
corresponding values for D ?

A long straight wire of a circular cross-section of radius ‘a’ carries a steady current ‘I’. The
current is uniformly distributed across the cross-section. Apply Ampere’s circuital law to calculate
the magnetic field at a point ‘7’ in the region for (i) r <a and (ii) r > a.

OR
State the underlying principle of working of a moving coil galvanometer. Write two reasons why a
galvanometer can not be used as such to measure current in a given circuit. Name any two factors
on which the current sensitivity of a galvanometer depends.
What is space wave propagation? Give two examples of communication system which use space
wave mode.

A TV tower is 80 tall. Calculate the maximum distance upto which the signal transmitted from the
tower can be received.
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217.

28.

29.

30.

In a meter bridge, the null point is found at a distance of 40 cm from A. If a resistance of 12 Q is
connected in parallel with S, the null point occurs at 50-0 cm from A. Determine the values of

R and S.
12Q

R S
e 4] [ 7 V9 [ e

[y ()
L \ )
Describe briefly, with the help of a labelled diagram, the basic elements of an AC generator. State
its underlying principle. Show diagrammatically how an alternating emf is generated by a loop of
wire rotating in a magnetic field. Write the expression for the instantaneous value of the emf
induced in the rotating loop.

OR
A series LCR circuit is connected to an ac source having voltage v=v,, sin of. Derive the
expression for the instantaneous current J and its phase relationship to the applied voltage.
Obtain the condition for resonance to occur. Define ‘power factor’. State the conditions under
which it is (/) maximum and (ii) minimum.
State Huygen’s principle. Show, with the help of a suitable diagram, how this principle is used to
obtain the diffraction pattern by a single slit.
Draw a plot of intensity distribution and explain clearly why the secondary maxima become
weaker with increasing order (n) of the secondary maxima.

OR
Draw a ray diagram to show the working of a compound microscope. Deduce an expression for
the total magnification when the final image is formed at the near point.
In a compound microscope, an object is placed at a distance of 1-5 cm from the objective of focal
length 1-25 cm. If the eye piece has a focal length of 5 cm and the final image is formed at the
near point, estimate the magnifying power of the microscope.

(a) Explain the formation of depletion layer and potential barrier in a p-n junction.

(b) In the figure given below, the input waveform is converted into the output wave from a
device ‘X’. Name the device and draw its circuit diagram.

A A e LYY
\.j U evice Output

Input

(c) Identity the logic gate represented by the circuit as shown and write its truth table.

T
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OR
(a) With the help of the circuit diagram explain the working principle of a transistor amplifier as
an oscillator.
(b) Distinguish between a conductor, a semiconductor and an insulator on the basis of energy
band diagrams.

CBSE (Delhi) SET-II

Questions uncommon to Set-I

3.

6.
9.

10.

11.

14.

17.

19.

20.

The radius of innermost electron orbit of a hydrogen atom is 5-3 x 107" m. What is the radius of
orbit in the second excited state?

Which part of electromagnetic spectrum is absorbed from sunlight by ozone layer?

(i) When primary coil P is moved towards secondary coil S (as shown in the figure below) the
galvanometer shows momentary deflection. What is can be done to have larger deflection in
the galvanometer with the same battery?

(i) State the related law.
S P

|15
v

What is the range of frequencies used for T.V. transmission? What is common between these
waves and light waves?

A biconvex lens has a focal length % times the radius of curvature of either surface. Calculate the

refractive index of lens material.
(i) Why does the Sun appear reddish at sunset or sunrise?
(if) For which colour the refractive index of prism material is maximum and minimum?
An electron is accelerated through a potential difference of 144 volts. What is the de-Broglie
wavelength associated with it? To which part of the electromagnetic spectrum does this
wavelength correspond?
A parallel plate capacitor, each with plate area A and separation d, is charged to a potential
difference V. The battery used to charge it remains connected. A dielectric slab of thickness d and
dielectric constant k is now placed between the plates. What change, if any, will take place in:
(i) charge on plates? (ii) electric field intensity between the plates?
(iii) capacitance of the capacitor?
Justify your answer in each case.
(i) Why is communication using line of sight mode limited to a frequencies above 40 MHz?
(if) A transmitting antenna at the top of a tower has a height 32 m and the height of the receiving
antenna is 50 m. What is the maximum distance between them for satisfactory
communication in line of sight mode?
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22. In a meter bridge, the null point is found at a distance of 60.0 cm from A. If now a resistance of
5 Q is connected in series with S, the null point occurs at 50 cm. Determine the values of R and S.

R S
e 4] [ 7 V9 [ e

—~
N
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Questions uncommon to Set—I

4. Which part of electromagnetic spectrum is used in radar systems?
5. Calculate the speed of light in a medium whose critical angle is 30°.
7. Write the expression for Bohr’s radius in hydrogen atom.

11. What is the range of frequencies used in satellite communication? What is common between these
waves and light waves?

12. A coil Q is connected to low voltage bulb B and placed near another coil P is shown in the figure.

Give reason to explain the following observations:

A.C Source
B

-—Q P
(a) The bulb ‘B’ lights.
(b) Bulb gets dimmer if the coil Q is moved towards left.

13. Find the radius of curvature of the convex surface of a plano-convex lens, whose focal length is
0-3 m and the refractive index of the material of the lens is 1-5.

14. An electron is accelerated through a potential difference of 64 volts. What is the de-Broglie
wavelength associated with it? To which part of the electromagnetic spectrum does this value of
wavelength correspond?

15. (i) Out of blue and red light which is deviated more by a prism? Give reason.

(i) Give the formula that can be used to determine refractive index of material of a prism in
minimum deviation condition.

20. In a metre bridge, the null point is found at a distance of /; cm from A. If now a resistance of X is

connected in parallel with S, the null point occurs at [, cm. Obtain a formula for X in terms of
ll’ lz and S.
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X
R S
o 4] [é d 4] [ o
A B
|y ()
| \/

27. A parallel plate capacitor is charged to a potential difference V by a d.c. source. The capacitor is

then disconnected from the source. If the distance between the plates is doubled, state with reason
how the following will change:

(i) electric field between the plates.
(i) capacitance, and
(iii) energy stored in the capacitor.

——=\/\,Solutions

CBSE (Delhi) Set-I

1.

(i) Instable equilibrium the dipole moment is parallel to the direction of electric field (i.e., 6 = 0).

(@) Inunstable equilibrium P.E. is maximum, so 0 = 7 so dipole moment is antiparallel to electric field.
y-rays have largest penetrating power.

o=LI
For same current ¢4 >¢p, so Ly, >Lp
i.e., Inductor A has larger value of self-inductance.

Electric flux, (1>:L x (net charge enclosed by surface S)

€0

1
-—x(2q-9=-L

€0 €0

For disappearance of glass lens in liquid, refractive index of liquid
= refractive index of lens =1-45
2.2
egh™n
'y = 0—2 o« n2
Tme
For I excited state, n =2

For ground state, n =1

ry 4
1

n
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7.

10.

11.

Two parts each of resistance 4R are connected in parallel; so effective resistance across ends of
diameter AB is
4R x 4R
=——=2R

4R+ 4R

Conditions for total internal reflection are:
(i) Light must travel from denser to rarer medium.
(if) Angle of incidence must be greater than critical angle (C).
A repeater is a combination of a receiver and a transmitter. Repeaters are used to increase the
range of communication of signals. A repeater picks up the signal from the transmitter, amplifiers
and retransmits it to the receiver, sometimes with a change in carrier frequency. A typical example
of repeater station is a communication satellite.
(i) For permanent magnet the material must have high retentivity and high coercivity (e.g.,
steel).
(if) Ferromagnetic material has high retentivity, so when current is passed in ferromagnetic
material it gains sufficient magnesium immediately on passing a current through it.

OR
/X’\ \\r_//
> _t Y

(b) Paramagentic subsistence
(a) Diamagnetic subsistence

The magnetic susceptibility of diamagnetic substance is small and negative but that of
paramagnetic substance is small and positive.

It is a reversed biased p-n junction, illuminated by radiation. When p-n junction is reversed biased
with no current, a very small reverse saturated current flows across the junction called the dark
current. When the junction is illuminated with light, electron-hole pairs are created at the junction,
due to which additional current begins to flow across the junction; the current is solely due to

minority charge carriers.
e
ol b yz
L " V\/
L1

Symbol

1|
- (b)
(a)

Photodiode
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When capacitance is reduced, capacitive reactance X, = é c Lamp

increases, hence impedance of circuit, Z = 1/R2 +X C2

increases and so current / =§ decreases. As a result the brightness Q

of the bulb is reduced. Source

When frequency in decreases; capacitive reactance X, = B increases and hence
n

impedance of circuit increases, so current decreases. As a result brightness of bulb is reduced.

13. In ascending power of frequencies: radiowaves, microwaves, ultraviolet rays, X-rays and gamma

rays.

Uses of Electromagnetic Spectrum

@

(i)

(iif)

()

y-rays are highly penetrating, they can penetrate thick iron blocks. Due to high energy, they
are used to produce nuclear reactions. y-rays are produced in nuclear reactions. In medicine,
they are used to destroy cancer cells.

X-rays are used in medical diagnostics to detect fractures in bones, tuberculosis of lungs,
presence of stone in gallbladder and kidney. They are used in engineering to check flaws in
bridges. In physics X-rays are used to study crystal structure.

Radiowaves are used for broadcasting programmes to distant places. According to frequency
range, they are divided into following groups

(1) Medium frequency band or medium waves 0-3 to 3 MHz

(2) Short waves or short frequency band 3 MHz — 30 MHz

(3) Very high frequency (VHF) band 30 MHz to 300 MHz

(4) Ultrahigh frequency (UHF) band 300 MHz to 3000 MHz

Microwaves are produced by special vacuum tubes, namely; klystrons, magnetrons and gunn
diodes. Their frequency range is 3 GHz to 300 Ghz. They are used in radar systems used in air
craft navigation and microwave users in houses.

14. Given Ry =10 cm, R, =-15cm, f =12 cm

Refractive index n="?

Lens-maker’s formula is

15.

1 1 1
Z=n-| —-——
f [Rl RzJ
1 11
S —(n-D| =+~
n-" )[10+15j
5
= —1 —_—
(n )><30

no1=30 L o ao1+ o aciv05-15
512 60

h 6-63x10734

m

N2meV \/2>< 9.1x103 x1.6x1071? x 100
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17.

18. The graph of stopping potential V and frequency (v) for two T
metals 1 and 2 is shown in fig. V.
(i) Slope of graph tan 0 = h and depends on / and e. A 0
e

19.

20.

=1.227x1071% m =1.227 A
This wavelength corresponds to X-ray region of em spectrum.
16. Q=(M, +M,)c*> -Mxc?
=8-5x 240 MeV - 7-6x 240 MeV
=(8-5-7-6) x 240 MeV
=0-9x 240 MeV = 216 MeV

(@)

(b)

(i)
@

(i)

(iif)

The intensity of scattered light varies inversely as fourth power of wavelength [i. e,l < )%4]
In visible light blue colour has minimum wavelength, so it is scattered most, that is why
bluish colour predominates in a clear sky.

While light consists of infinite wavelengths starting from 400 nm (violet) to 750 nm (red).
The refractive index of proton is maximum for violet and minimum for red; so prism
separates constituent colours of white light and causes maximum deviation for violet colour.
That is why violet colour is seen at the bottom of spectrum when white light is dispersed
through a prism.

T
Intersect of lines depend on the work function. i / / v—>
/ /
The capacitance of capacitor increases to K times 2:'(602/6'),/
. KepnA 1 /
(since C = 0 o K) P
1/
1E'(w1/e)

The potential difference between the plates becomes %

times.

Reason: V = %; Q same, C increases to K times; V' =%

As E :% and V is decreased; therefore, electric field decreases to % times. Energy stored by

2
the capacitor, U :g—c. As Q = constant, C is increased, and so energy stored by capacitor

1.
decreases to } times.

Principle: If constant current is flowing through a wire of uniform area of cross-section at
constant temperature, the potential drop across- any portion of wire is directly proportional to
the length of that portion

ie., V ol
Method: (i) Initially key K is closed and a potential difference is applied across the wire AB.
Now rheostat (Rh) is so adjusted that on touching the jockey J at ends A and B of
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potentiometer wire, the deflection in

the galvanometer is on both sides. |B1 /'?, £ |

Suppose that in this position the +1

potential gradient on the wire is k.

(i) Now key K| is kept open and the
position of null deflection is
obtained by sliding and pressing
the jockey on the wire. Let this
position be P and AP =1;.
In this situation the cell is in
open circuit, therefore the
terminal potential difference
will be equal to the emf of cell,
ie.,

emf € =kl; .. (D)

(iif) Now a suitable resistance R is taken in the resistance box and key K is closed. Again,
the position of null point is obtained on the wire by using jockey J. Let this position on
wire be P, and AP, =1,.

In this situation the cell is in closed circuit, therefore the terminal potential difference
(V) of cell will be equal to the potential difference across external resistance R, i.e.,

V =kl .. (i)
l
Dividing (i) by (i), we get £
V I
Internal resistance of cell, r :( £ -1 jR = li -1 |R
% Iy

From this formula » may be calculated.

Magnetic moment due to a planar square loop of side / carrying current 7 is
- -

m=1A

3y

For square loop A =12

N
m=11>#
where 7 is unit vector normal to loop.

Magnetic field due to current carrying wire at the location of loop is directed downward
perpendicular to plane of loop.

S
rd

l4

N

[
N
v
x

z
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Force on QR and SP are equal and opposite, so net force on these sides is zero.

- - o
Force no side PQ, Fpo =11 xBili
. Iy~
=117 < 2071 )
il
_bolly 5,
2n
N
. B Boly A
From on side RS, Fp¢ =pol (=) + ——— (—k)
RS =Ho 21(2)
- > — I -
Net force F =Fpgy x Fpg =£o™u Js
4n
N R I ~
Torque T =r xF:—lijlg—lj;
b

N I, ~
+(—21j) x (Mj]:mro
4n

That is loop experiences a repulsive force but no torque.
22.  (a) Equipotential surfaces due to two identical charges is shown in fig.

(b) Potential energy of a system of two charges in an external electric field.
- -
Suppose g and g, are two charges brought from infinity at locations | and r, respectively in
an external electric field.
- - - - -

LetV (r;) and V (r,) be the potentials at positions r; and r, due to external electric field E.In
this case work is done in bringing charges g and g, against their own electric fields and
external electric fields.

- -
Work done in bringing charge ¢ from oc at location ry is W = ¢,V (1)

- -
Work done in bringing g, against the electric field at location r, is Wy =g,V (1)

Work done on g, against the electric field due to ¢ is

e o1 2 4192 4 >
wy =" Flz.dr——4ng0 7 TR (=dn)

_ 1 o 1

e 992 |, —zdr
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{ - rl2 ]
r 9149
-1 " 4T580 12

- -
Whererlz =|r2 —r1|

Potential energy of system = Work done in assembling the configuration

U=W, +W —aVn SOWIEE I [UF I
= 1+ 2+W3 —qlV(r1)+q2V(r2)+

4Tl780 -

|ry =1y |

23. Unpolarised light: The light having vibrations of electric field vector in all possible directions
perpendicular to the direction of wave propagation is called the ordinary (or unpolarised) light.

If unpolarised light falls on a transparent surface of refractive index n at a certain angle i ,, called
polarising angle, then reflected light is plane polarised with its electric vector perpendicular to the
plane of incidence when the refracted and reflected rays make a right angle with each other.

Brewster’s law: n =tan ip.

24, (i) The activity of a radioactive substance is the rate of decay or the number of disintegrations
per second of the substance.

(i)

jii) Th i edas 4D s A4p L, a-ap
(iii) esequence isrepresentedas 7D —> o, _,D,——> , D,

(i) Given A —4 =176 = Mass number of D, A =180
(if) Z —-1=71 = Atomic number of D, Z =72.
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25.

Magnetic Field due to a straight thick wire of

uniform cross-section: Consider an infinitely long
/N—Circular

cylinderical wire of radius a, carrying current I .
. . L2 N cross-section
Suppose that the current is uniformly distributed over . of cylinder
whole cross-section of the wire. The cross-section of 5
wire is circular. Current per unit cross-sectional area. ;
. . bremnneonneeas
i=—— ..(D) : a

TEa2

Magnetic Field at External Points: We consider a

circular path of radius r (>a) passing through external /_\
point P concentric with circular cross-section of wire. \_/

By symmetry the strength of magnetic field at every TTTTTTTTTTTT
point of circular path is same and the direction of 5 i

magnetic field is tangential to path at every point. So
%

line integral of magnetic field B around the circular path

jSﬁEl:{;B dl cos 0° =B 2nr

Current enclosed by path = Total current on circular cross-section of
cylinder = 1 1
By Ampere’s circuital law

- -
{)B -dl =p x current enclosed by path

= B2nr =pgx1
= B:“_OI
2nr

This expression is same as the magnetic field due to a long current carrying straight wire.

This shows that for external points the current flowing in wire may be
supposed to be concerned at the axis of cylinder.

Magnetic Field at Internal Points: Consider a circular path of radius
r (<a), passing through internal point Q, concentric with circular
cross-section of the wire. In this case the assumed circular path encloses
only a path of current carrying circular cross-section of the wire.

.. Current enclosed by path

= current per unit cross-section x cross section of assumed circular path

9 I , Ir?
=ixmr° = 5 X T ==
a a

.. By Ampere’s circuital law

- -
f'SB ~dl=p x current closed by path
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Ir2

= B‘27V=H0><—2
1
B:MOZ
2ma

Clearly, magnetic field strength inside the current carrying wire is directly proportional to distance
of the point from the axis of wire.

At surface of cylinder r =a, so magnetic field at surface of wire

1
g Mol

s (maximum value)
2na

The variation of magnetic field strength (B) with distance (r) from the axis of wire for internal and
external points is shown in figure.

1 1 1
B _Hol _ Ko _Ho

outside — - -

_ p.oI}" :Hol(a/Z) :},Lol

B

side =
e 2na’ 2na’ 4ma
B pusside :ﬂ
Binside 3
L . 1
Maximum value of magnetic field is at the surface given by B sz :zl-
na
OR
Principle: When current (1) is passed in the coil, torque T acts on the coil, given by
T = NIAB sin 0

where 0 is the angle between the normal to plane of coil and the magnetic field of strength B, N is
the number of turns in a coil.

When the magnetic field is radial, as in the case of cylindrical pole pieces and soft iron core, then
in every position of coil the plane of the coil, is parallel to the magnetic field lines, so that 6 =90°
and sin 90° =1

Deflecting torque, ©=NIAB

A galvanometer cannot 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.

(i) 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.

Current sensitivity of galvanometer depends on
(i) Number of turns N: It increases with increase of number of turns.
(ii) Area of coil A: It increases with increase of area of coil.
(iii) Strength of magnetic poles (B): It increases with increase of strength of poles.
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(iv) Torsional rigidity of suspension: It increases with decrease of torsional rigidity of
suspension.

26. Space wave propagation is a straight line propagation of electromagnetic wave from transmitting
antenna to recieving antenna both installed in the ground.

Maximum coverage distance
d=42R,h

—/2% 6400x 10 x 80 =32x10% m = 32 km

27. In first case [} =40 cm
R L R 40 2

= = —=— ==
S 100-1, S 60 3

()

In second case when S and 12 Q are in parallel balancing length [, =50 cm, so

, 128 g
1248 )
§=1005(150=1 = S'=R ... (iii)
From (i) S :% R
Substituting this value in (ii), we get

12 (% Rj 8k
S =

(3R] 12+42R
2 2

Also from equation (iii), S' =R

18—R:R = 18:12+§R
3 2

12+ =R
2
3
= ER=6 or R=4Q
S=§R:6Q
2

R=4Q,5=6Q
28. AC generator consists of the four main parts:

(i) Field Magnet: It produces the magnetic field. In the case of a low power dynamo, the
magnetic field is generated by a permanent magnet, while in the case of large power dynamo,
the magnetic field is produced by an electromagnet.

(@) Armature: It consists of a large number of turns of insulated wire in the soft iron drum or
ring. It can revolve round an axle between the two poles of the field magnet. The drum or ring
serves the two purposes: (i) It serves as a support to coils and (i7) It increases the magnetic
field due to air core being replaced by an iron core.
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(iii) Slip Rings: The slip rings R and R, are the two metal rings to which the ends of armature

coil are connected. These rings are fixed to the shaft which rotates the armature coil so that
the rings also rotate along with the armature.

(iv) Brushes: These are two flexible metal plates or carbon rods (B and B, ) which are fixed and

constantly touch the revolving rings. The output current in external load R is taken through
these brushes.

Principle: When the armature coil is rotated in the strong magnetic field, the magnetic flux
linked with the coil changes and the current is induced in the coil, its direction being given by
Fleming’s right hand rule. The direction of current remains unchanged during the first half turn of
armature. During the second half revolution,
the direction of current is reversed. Thus, the
direction of induced emf and current changes
in the external circuit after each half

Armature coil

revolution.
If N is the number of turns in coil, f the NE
frequency of rotation, A area of coil and B the Field magnet
magnetic induction, then induced emf

d

=——¢=i{NBA(COS27tft)} |
dr dt e 2 Load
. Slip rings
=2nNBA f sin 2nf t R

OR

Suppose resistance R, inductance L and capacitance C are connected in series and an alternating
source of voltage V =V, sin ot is applied across it. (fig. a) On account of being in series, the
current (i) flowing through all of them is the same.

R L Cl—

——V, —>— V> —V—>

)

V=V, sin ot
(a)

Suppose the voltage across resistance R is Vp , voltage across inductance L is V; and voltage
across capacitance C is V. The voltage Vp and current i are in the same phase, the voltage V; will
lead the current by angle 90° while the voltage V- will lag behind the current by angle 90° (fig.
b). Clearly V- and V; are in opposite directions, therefore their resultant potential difference
=Ve =V, Gf Ve >Ve).
Thus Vg and (V- -V, ) are mutually perpendicular and the phase difference between them is 90°.
As applied voltage across the circuit is V, the resultant of Vi and (V- —V; ) will also be V. From
fig.

VZI=Vi (e -Vt = V:\/sz +(Ve =Vp)? (i)
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But Ve =Ri, Vo =Xci and V; =X, i ...(ii)

1 . . .
where X v = capacitance reactance and X; =L =inductive reactance
o

V:\/(Ri)2 +(Xei-X, )?

Impedance of circuit, Z =Z =\/R2 + X —XL)2
i
1 2
ie. Z=\/R2+(XC -X;)? = R2+(—C—mLJ
®

Vo sin (ot + ¢)

(o)
R”+| — —oL
oC

Condition for resonance to occur in series LCR ac circuit:

Instantaneous current [ =

For resonance the current produced in the circuit and emf applied must always be in the same

phase.
Phase difference (¢) in series LCR circuit is given by

Xc —X

tan ¢= ¢ L
R
For resonance =0 = Xc —X; =0
or XC :XL
If o, is resonant frequency, then X, = !
o,C
and X, =o,L
1 1
=, L = 0, =—

o, C " JLe

Power factor is the cosine of phase angle ¢, i.e., cos p=—.

For maximum power
cos¢p=1 or Z=R

i.e., circuit is purely resistive.

For minimum power
cosp=0 or R=0

i.e., circuit should be free from ohmic resistance.

29. Principle:
(i) Every point on a given wavefront may be regarded as a source of new disturbance.

(if) The new disturbances from each point spread out in all directions with the velocity of light
and are called the secondary wavelets.

(iii) The surface of tangency to the secondary wavelets in forward direction at any instant gives
the new position of the wavefront at that time.

Let us illustrate this principle by the following example:
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Let AB shown in the fig. be the section of a wavefront in a homogeneous isotropic medium at

t =0. We have to find the position of the wavefront at time 7 using Huygens’ principle. Let v

be the velocity of light in the given medium.

(a) Take the number of points 1, 2, 3, ... on the wavefront AB. These points are the sources
of secondary wavelets.

(b) Attime ¢ the radius of these secondary wavelets is vz. Taking each point as centre, draw
circles of radius vr.

(c) Draw a tangent A; B; common to all these circles in the forward direction.

Propagation of wavefront from a point
source:

When monochromatic light is made
incident on a single slit, we get diffraction
pattern on a screen placed behind the slit.
The diffraction pattern contains bright and
dark bands, the intensity of central band is
maximum and goes on decreasing on both
sides.

Let AB be a slit of width ‘a’ and a parallel
beam of monochromatic light is incident on
it. According to Fresnel the diffraction
pattern is the result of superposition of a
large number of waves, starting from
different points of illuminated slit.

Let O be the angle of diffraction for waves reaching at point P of screen and AN the
perpendicular dropped from A on wave diffracted from B.

The path difference between rays diffracted at points A and B,
A=BP —-AP =BN
In AANB, ZANB =90° .. and ZBAN =60

sin G:ﬂ or BN =AB sin 0
AB

As AB =width of slit=a
.. Path difference,

A=asin 0 (D)
To find the effect of all coherent waves at P, we have to sum up their contribution, each with a
different phase. This was done by Fresnel by rigorous calculations, but the main features may
be explained by simple arguments given below:
At the central point C of the screen, the angle 0 is zero. Hence the waves starting from all
points of slit arrive in the same phase. This gives maximum intensity at the central point C.
If point P on screen is such that the path difference between rays starting from edges A and B
is A, then path difference

asin 0 =A= sin Ozé
a



180 Xam idea Physics—XII

If angle Ois small, sin 0=0= .. (i)

T A )

a a a a a a a a

The intensity of secondary maxima decreases with increase of order n because with
increasing n, the contribution of slit decreases.
For n = 2, it is one-fifth, for n = 3, it is one-seventh and so on.
OR
Eyepiece
le——u, bl % >l ue—»]

Magnifying power of microscope,

M:_m(l+2J
Uo fe



Given uy =—1-5 cm, f5 =125 cm, f, =5 cm, D =25 cm

Formula L:L—L gives
o Yo Ho
1 1 1 1 1 1
- = 4+ = - = -
1-25 vy 15 vog 1:25 1.5
= vg =7-5 cm
M——E(l+§j:—5x6:—30
1-5 5

30. (a) Formation of depletion layer and potential barrier:

At the junction there is diffusion of charge
carriers due to thermal agitation; so that some of
electrons of n-region diffuse to p-region while
some of holes of p-region diffuse into n-region.
Some charge carriers combine with opposite
charges to neutralise each other. Thus near the
junction there is an excess of positively charged
ions in n-region and an excess of negatively
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@@@@ @@@@'
@@@@ QIO
ejeleleicliofexe)

p — ! Depletion i€4— n
layer

charged ions in p-region. This sets up a potential difference called

potential barrier and hence an internal electric field E; across the
junctions. The field E; is directed from n-region to p-region. This field
stops the further diffusion of charge carriers.

Thus the layers

(z1074 cmto10™° cm) on either side of the junction becomes free

from mobile charge carriers and hence is called the depletion layer. The symbol of p-n

junction diode is shown in Fig.
(b) The box contains the circuit of full wave rectifier.

Input signal

Input A.C. signal

Output

(c) Logic gate is AND gate. Its truth table is

A B Y
0 0 0
1 0 0
0 1 0
1 1 1
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OR
(a) Principle: An oscillator converts dc into ac. A
fraction of output voltage or current is fed back to the
input circuit in the same phase as the input signal and
the oscillations produced in LC circuit are amplified.
(b) If the valence and conduction bands overlap, the
substance is referred as a conductor.
If the valence and conduction bands have a forbidden
gap more than 3 eV, the substance is an insulator.
If the valence and condition bands have a small
forbidden gap (=1eV), the substance is a
semiconductor.

CBSE (Delhi) SET-II

3. Radius of nth orbit of hydrogen atom
_ 80h2n2

}’n =
nme>
For inner most orbit n =1
goh? ()2
‘r‘l e ———

Tme 2

For second excited state n =3
_goh? (3)?

r3
nmez

= 3.9 = 3=29,=9%x53x10" m=377x10"1" m

n

6. Ozone layers absorbs ultraviolet rays.

[+

il

9. (i) For larger deflection to coil P should be moved at a faster rate.

(if)y Faraday law: The induced emf is directly proportional to rate of change of magnetic flux

linked with the circuit.
10. 76-890 MHz.
Speed of waves is same for TV waves and light waves.

1 1 1
1. —=(-1)| — ——
;" ( J

Ry R,
For biconvex lens Ry =+ R, R, =—R
2
Given f =—
! 3
3

2 3

AW

IS
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14. (i) The light is scattered by air molecules. According to Lord Rayleigh the intensity of scattered

light
[P B,
(wavelength) A
As Appe <Ayeq» accordingly blue colour is scattered the most and red the least, so sky

appears blue.
At the time of sunrise and sunset, blue colour is scattered the most and red colour enters our
eyes, so sunrise and sunset appear red.

(i) Refractive index of prism material is maximum for violet and minimum for red colour.

h 6-63x10*

_ =1x107"m=14
V2meV [259.1x1073 x1-6x 10719 x 144

17. i=

This corresponds to X-rays.
19. (i) The charge Q =CV,V =same, C =increases; there, charge on plates increases.

(ii) A electric field E :%, and V = constant, d = constant; therefore, electric field strength

remains the same.
(iii) The capacitance of capacitor increases as K >1.

20. (i) The line of sight (LOS) mode is limited to frequencies above 40 MHz, because at these
frequencies antennas are relatively smaller and can be placed at heights of many wavelengths
above the ground Because of LOS mode direct waves get blocked by the curvature of earth.

For receiving signals beyond horizon, the receiving antenna must be very high to intercept
the LOS wave.

(ii) Maximum LOS distance
d,y =+J2R,hy + 2R hg

Given hp =32m, hg =50m; R, =6-4x10° m

dyy =/2% 6-4x10% x 32 + 2% 6:4x 10 x 50
=8x10% /6.4 +10x10° J6-4
=18x10° v/6-4 =18 x10° x 2-53 m
=45-5x10° m =45-5km
R_ 1
S (100 —1)

Given balancing length / =60-0 cm.
R 60 R 3 .
—_—=— = —== ...(0)
S 40 S 2
When a resistance of 5Q is connected in series with S, I’ =50 cm
R 50 R

= - =
S+5 100-50 S+5
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or R=S+5 ...(iM)
Solving (i) and (if)
R=15Q,5=10Q

CBSE (Delhi) SET-llI
4. Microwaves are used in operating a RADAR.
5. n= 1 =2
sin C sin 30°
8
Speed of light in medium v =< => leo =1-5x 108 m/s
n
1-5x10% m/s
goh’ -10
7. Bohr’s radius, r; = 5 =0-529x 10 m
Tme

11. Range of frequencies used for satellite communication
5-925 - 6-425 GHz (Uplink)
3.7 -4-2 GHz (Downlink)
Speed of wave is same for these waves and light waves.

12. (@) The bulb B lights due to induced current in coil Q because of change in magnetic flux linked
with it on a consequence of continuous variation of magnitude of alternating current flowing
in P.
(b) When coil Q moves towards left the rate of change of magnetic flux linked with Q decreases
and so lesser current is induced in Q.

13. For a plano-convex lens Ry =, R, =—R

1 1 1 .
=(n-1)| — —— | gives
o)

|

1 Ry
l:(n_l)(l+lj
f o« R
or Lon=l o remoyy
f R
Given f =0-3 m, n=1-5

R=(15-Dx0-3m=0-15m=15cm
14. de-Broglie wavelength

o h 6-28x 1073
\2meV \/QX 91x103 x1:6x1071 x v
1227 10710 g 21227 &

W W

Here V=64V
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7L=12~27 o =12'27A=1-53A

Jo4 8

This corresponds to X-ray region of em spectrum.
15. (i) By a prism blue light is deviated more than red light; because deviation
d=(n-1)A
refractive index n is more for blue than red light.
(ii) Refractive index

“in [A +8mj
2 )
n(3)
sin| =
2

where A = angle of prism

d,, =angle of minimum deviation.
20. In first case

R l .
—=_1 .0
S 100 -1
When X and S are in parallel, let resistance
, XS
S =
X+S
l
In second case R 2 ...(i)

xs ) 1001,
X+S

Dividing (i7) by (i), we get

X+S [ (100- S
X [, \100—1, [, (100 -] 1
[, \100 -1,
27. (i) No change,  E=2 ori
) gpA
A
(if) Halved, o=t ool
d d
Q2

(iii) Doubled, cw=2 Wl
2C C
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General Instructions:

(a)
(b)

(c)

(d)
(e)

All questions are compulsory.

There are 30 questions in total. Questions 1 to 8 carry one mark each, questions 9 to 18 carry two marks
each, questions 19 to 27 carry three marks each and questions 28 to 30 carry five marks each.

There is no overall choice. However, an internal choice has been provided in one question of two
marks, one question of three marks and all three questions of five marks each. You have to
attempt only one of the given choices in such questions.
Use of calculators is not permitted.
You may use the following values of physical constants wherever necessary:

c=3x10% ms™! h=6-626x107>* Js

e=1-602x10"" C o =4nx107 TmA ™!

1

4ne,
Bolizmann’s constant k =1-381x1072 JK~!
Avogadro’s number N, = 6-022 x 1023 /mole

=9 x 10° Nm’C?

Mass of neutron m, =1-2x 107% kg
Mass of electron m, :9-1><10731kg
Radius of earth = 6400 km

CBSE (All India) SET-I

1.
2.

Name the physical quantity whose S.I. unit is JC7' Is it a scalar or a vector quantity?

A beam of a particles projected along +x-axis, experiences a force due to a magnetic field along
the +y-axis. What is the direction of the magnetic field?

X

!

e ¢ particle

y
Define self-inductance of a coil. Write its SI units.

A converging lens is kept co-axially in contact with a diverging lens — both the lenses being of
equal focal lengths. What is the focal length of the combination?

Define ionisation energy. What is its value for a hydrogen atom?



10.

11.

12.

13.

14.

15.

16.

17.

18.
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Two conducting wires X and Y of same diameter but different materials are joined in series across
a battery. If the number density of electrons in X is twice that in Y, find the ratio of drift velocity
of electrons in the two wires.

Name the part of electromagnetic spectrum whose wavelength lies in the range of 107'% m. Give
its one use.
When light travels from a rarer to a denser medium, the speed decreases. Does this decrease in
speed imply a decrease in the energy carried by the light wave? Justify your answer.
Deduce the expression for the magnetic dipole moment of an electron orbiting around the central
nucleus.
A spherical conducting shell of inner radius r; and outer radius r, has a charge ‘Q’. A charge ‘q’
is placed at the centre of the shell.

(a) What is the surface charge density on the (7) inner surface, (ii) outer surface of the shell?

(b) Write the expression for the electric field at a point x >r, from the centre of the shell.
Draw a sketch of a plane electromagnetic wave propagating along the z-direction. Depict clearly
the directions of electric and magnetic fields varying sinusoidally with z.

Show that the electric field at the surface of a charged conductor is given by E :gi i, where o is
0
the surface charge density and 7 is a unit vector normal to the surface in the outward direction.
Two identical loops, one of copper and the other of aluminium, are rotated with the same angular
speed in the same magnetic field. Compare (i) the induced emf and (ii) the current produced in the
two coils. Justify your answer.
An o-particle and a proton are accelerated from rest by the same potential. Find the ratio of their
de-Broglie wavelengths.
Write two factors justifying the need of modulating a signal.
A carrier wave of peak voltage 12 V is used to transmit a message signal. What should be the peak
voltage of the modulating signal in order to have a modulation index of 75%?
Write Einstein’s photoelectric equation. State clearly the three salient features observed in
photoelectric effect, which can be explained on the basis of the above equation.
Draw a plot of potential energy of a pair of nucleons as a function of their separation. Write two
important conclusions which you can draw regarding the nature of nuclear forces.
OR
Draw a plot of the binding energy per nucleon as a function of mass number for a large number of
nuclei, 2 <A <240. How do you explain the constancy of binding energy per nucleon in the range
30 <A <170 using the property that nuclear force is short-ranged?
Nuclear forces are short ranged, so every nucleon interacts with their neighbours only; so binding
energy per nucleon remains constant.]
(i) Identify the logic gates marked P and Q in the given logic circuit.
AO—— c
P

Bo X
B

(if) Write down the output at X for the inputs A =0, B=0and A =1, B =L
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19. Which mode of propagation is used by short wave broadcast services having frequencies range
from a few MHz upto 30 MHz? Explain diagrammatically how long distance communication can
be achieved by this mode. Why is there an upper limit to frequency of waves used in this mode?

20. Write any two factors on which internal resistance of a cell depends.
The reading on a high resistance voltmeter, when a cell is connected
across it, is 2-2 V. When the terminals of the cell are also connected to a
resistance of 5 Q2 as shown in the circuit, the voltmeter reading drops to
1-8 V. Find the internal resistance of the cell.

K
21. A network of four capacitors each of 12 pF capacitance is
connected to a 500 V supply as shown in the figure. Determine (a)
equivalent capacitance of the network and (b) charge on each G T
capacitor.
Ao oB
22, (i) Draw a neat labelled ray diagram of an astronomical telescope in normal adjustment. Explain

briefly its working.

(if) An astronomical telescope uses two lenses of powers 10 D and 1 D. What is its magnifying

power in normal adjustment?

OR

(i) Draw a neat labelled ray diagram of a compound microscope. Explain briefly its working.
(ii) Why must both the objective and the eye-piece of a compound microscope have short focal

lengths?

23. In Young’s double slit experiment, the two slits 0-15 mm apart are illuminated by monochromatic

light of wavelength 450 nm. The screen is 1.0 m away from the slits.

(a) Find the distance of the second (i) bright fringe, (ii) dark fringe from the central maximum.

(b) How will the fringe pattern change if the screen is moved away from the slits?

24. State Kirchhoff’s rules. Use these rules to write the expressions for the currents /1, I, and /5 in

the circuit diagram shown.

I Eq =2V r=4Q

A I: WAAAA B
L E, = 1V rp = 3Q

¢ il WA C
I3 E; =4V r3 =2Q

E II VW F




25.

26.

27.

28.

29.
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(a) Write symbolically the B~ decay process of 1352 P.

(b) Derive an expression for the average life of a radionuclide. Give its relationship with the
half-life.
How does an unpolarised light get polarised when passed through polaroid?
Two polaroids are set in crossed positions. A third polaroid is placed between the two making an
angle 0 with the pass axis of the first polaroid. Write the expression of the intensity of light
transmitted from the second polaroid. In what orientations will the transmitted intensity be
(/) minimum and (i7) maximum?
An illuminated object and a screen are placed 90 cm apart. Determine the focal length and nature
of the lens required to produce a clear image on the screen, twice the size of the object.
(a) With the help of a diagram, explain the principle and working of a moving coil
galvanometer.
(b) What is the importance of a radial magnetic field and how is it produced
(c) Why is it that while using a moving coil galvanometer as a voltmeter a high resistance in
series is required whereas in an ammeter a shunt is used?
OR
(a) Derive an expression for the force between two long parallel current carrying conductors.
(b) Use this expression to define S. I. unit of current.

(¢) A long straight wire AB carries a current I. A proton P travels B
with a speed v, parallel to the wire, at a distance d from it in a I
direction opposite to the current as shown in the figure. What is
the force experienced by the proton and what is its direction? <— d —>e Proton
A

State Faraday’s law of electromagnetic induction.

Figure shows a rectangular conductor PORS in which
the conductor PQ is free to move in a uniform magnetic
field B perpendicular to the plane of the paper. The field
extends from x =0to x =b and is zero for x > b. Assume P
that only the arm PQ possesses resistance ». When the *
arm PQ is pulled outward from x =0 to x =2b and is
then moved backward to x =0 with constant speed o,

obtain the expressions for the flux and the induced emf. °~ [|* * * ° (.3 i
Sketch the variations of these quantities with distance R |
0 < X < 2b L] L] L] L] L] L] L] L]

" =0 " x=b ° x=2b

OR
Draw a schematic diagram of a step-up transformer. Explain its working principle. Deduce the
expression for the secondary to primary voltage in terms of the number of turns in the two coils.
In an ideal transformer, how is this ratio related to the currents in the two coils?
How is the transformer used in large scale transmission and distribution of electrical energy over
long distances?
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30. (a) Draw the circuit diagrams of a p-n junction diode in (i) forward bias, (i7) reverse bias. How
are these circuits used to study the V-1 characteristics of a silicon diode? Draw the typical V-1
characteristics?

(b) What is a light emitting diode (LED)? Mention two important advantages of LEDs over
conventional lamps.

OR
(a) Draw the circuit arrangement for studying the input and output characteristics of an n-p-n
transistor in CE configuration. With the help of these characteristics define (i) input
resistance, (i7) current amplification factor.
(b) Describe briefly with the help of a circuit diagram how an n-p-n transistor is used to produce
self-sustained oscillations.

CBSE (All India) SET-II

Questions uncommon to Set-I

1. Find the ratio of energies of photons produced due to transition of an electron of hydrogen atom
from its:

(i) second permitted energy level to the first level, and
(if) the highest permitted energy level to the first permitted level.

4. A beam of electrons projected along +X axis, experiences a force due
to a magnetic field along the +y-axis. What is the direction of the
magnetic field?

5. Which of the following has the shortest wavelength:
Microwaves, Ultraviolet rays, X-rays
12. A rectangular loop and a circular loop are moving out of a uniform magn