Answers to RPH-DS1/Set-3

10.
11.

12.
13.
14.

15.
16.
17.

Wb

(a) Excess of electrons will increase the mass of the neutral body, when it is negatively charged.

(d) V = kpi*

(d)

(c) More intense is the beam, more will be the number of photons in it, hence more will be
the number of liberated photoelectrons.
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(@)
(a) The minimum potential required to accelerate a bombarding electron to provoke excitation
from the ground state is called the resonance potential.

(b) The wire AO will be out of the circuit due to balancing Wheatstone bridge.
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®)
(¢) ¢ =10 + 5¢ + 1 mWh.
dé
le] = — =20t +5,
dt
Att = 5 sec
le] =20 x5+ 5= 105 milli volt = 0.105 V

(©)
(c) If Assertion is true but Reason is false.

(b) If both Assertion and Reason are true but Reason is not the correct explanation of
Assertion.

(a) If both Assertion and Reason are true and Reason is correct explanation of Assertion.
(a) If both Assertion and Reason are true and Reason is correct explanation of Assertion.
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Forward bias

Explanation: The battery is connected to the silicon diode through a potentiometer (or rheostat),
so that the applied voltage can be changed. For different values of voltages, the value of current
is noted. In forward bias the current increases at a negligibly slow rate till the voltage, across
the diode reaches the threshold voltage. After this the current increases significantly even for
a very small voltage (This threshold voltage is 0.2 V for Ge and —0.7 V for Si diode).
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20. In case I, V = IR, where R = ij

. ,_p(2)
In case II, ' = I.R’, where R’ = y
2
R =4R
V'=1I(4R) = 4V

Potential difference should be increased to four times V.
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21. Verification of Snell’s law of Refraction:

Let AB is a plane wavefront incident at an angle
in denser medium of refractive index n,.

When part of wavefront spreads from B to C with
speed v, in time #; then from A it moves to D with
speed v, in rarer medium of refractive index n,. If
is the angle by which refracted wavefront bend then

sini __ BCXAC _ VT

sinr  AC "~ AD VT

V)
= — = constant = n,
Vi
Refractive index of medium 1 w.r.t. 2, n,.
vy sin i

n, = v = Sy [Snell’s law]

Or
Wavefront is a locus of points oscillating in the same phase.
Huygen’s principle: Each point of a wavefront is the source of a secondary disturbance and
the spherical wavelets emanating from these points spread out in all directions with the speed
of the wave. The position of wavefront at any later time is given by a common tangential
wavefront on the wavelets in forward direction.
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Plane wavefront

22. (a) Nuclear Fission: It is a process in which a heavy nucleus splits up into two lighter nuclei
of nearly equal masses. It is found that the sum of the masses of the product nuclei
and particles is less than the sum of the masses of the reactants, i.e. there is some mass
defect. This mass defect appears as energy. One such fission reaction is given below.

DU+ gn —— "iBa + PKr + 3n + Q
The Q value of the above reaction is about 200 MeV. The sum of the masses of 1;%Ba,
géKr and 3 neutrons is less than the sum of the masses of 23;U and one neutron.

(b) Nuclear Fusion : It is the process in which two lighter nuclei combine together to form
a heavy nucleus. For fusion, a very high temperature of the order of 10’K is required.
One such fusion reaction is given below.

;He+§He—> gHe+21H+Q
The Q value of this nuclear reaction is 12.9 MeV. It is the energy equivalent of the mass
defect in the above reaction.
The energy released per fusion is much less than in fission but the energy released per
unit mass is much greater than that released in fission.
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23. (a) We know that work done is equal to change in potential energy of the system.
wW=U-U_=U-0

q4Z+q q3=—qB
Given: r = a, for AB = BC = CD = AD
k ki k k k
Where U = 192 99 "9+ M4 | *095 | K4294 o
@ e a  4/2 av2
r =av?2 for DB = AC D i
4kq?® ka? ka* a,=-q g,=+q
e
W =- 1 + 1 + 4 a
a  4J2 av2

2
W = +k%[\72—4]

2 2
w=L 9 /3 _4q=-_1 9 (559
47[80 a 47[80 a

(b) Potential at the centre of the square, is given by
V=V, +Vy+V.+V,
V=0
W=gqg,xV=0

24. (a) The energy E of a photon of wavelength A is given by

E = % where, & = Planck’s constant.

Given: A =275nm = 275 X 10~ m.
-34 8 -26
F o 0626x107%3x10°% 19.878 x 10 eV = 45 eV
275 %107 275x107 x 1.6 x 107"

From the figure, change in energy in transition B
= 0-(-45) =45eV.
Therefore, a photon of wavelength 275 nm is emitted in the transition ‘B’ only.
(b) Again, energy of photon is

E=£ or koci
A E

(i) for transition A, AE = 0 — (=2) = 2 ¢V,
(@) for transition D, AE = 0 — (-10) = 10 eV.
Hence, the transition corresponds to the emission of radiation
(i) for maximum wavelength and minimum energy — transition ‘4’

(@) for minimum wavelength and maximum energy — transition ‘D’
25. (a) Kirchhoff’s Rules:

o Junction rule: At any junction, the sum of the currents entering the junction is equal

to the sum of currents leaving the junction. Junction rule obeys the law of conservation
of charge, as at any junction, there is no accumulation of charge.
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o Loop rule: The algebraic sum of changes in potential around any closed loop involving
resistors and cells in the loop is zero. Loop rule obeys the law of conservation of
energy. At any instant of time, the total energy supplied by cells is equal to the total

energy consumed by resistors. X 2V 40
(b) Let us make an alternate circuit. < I I MWW
where x = -I,,y = -l,andz = I; G
o v 30
= y
At junction A4, x +y +z =20 A 2 I | A B
= z = —(x+y) (D)
- a
Taking mesh (1) 5 4V 20
3y —dx = -1 ...(i) « K MM
Taking mesh (2)
2z2-3y =3 ... (i)
or 2x-2y-3y =3 = 2x-5=3
or 2+ 5 = 3
or 4 + 10y = -6 ..(iv)
Adding (if) and (iv)
Y+ A+ 10y= —1-6= 13y =—T=y= ;—37
7
I, = -y=-—A
AT
From equation (iif), we get
22—3><—l = 3:>22=3—£:>z= 18 _9
13 13 13x2 13
I, = z= 9 A
13
From equation (ii), we get
3x L 4y = 1> 2 -5 =-13x=_3
13 52
I, = «x= 8 A
52

Hence, 4 V cell and 1V cell are given out currents while current goes to 2V cell.
26. (a) Biot-Savart’s law states that the magnitude of the magnetic field dB at any point due to
a small current element d/ is given by
dB = Mo Idlsin®
4 P2 P
where I is the magnitude of current, d/ is the length of element, 6 is the angle

between the length of element and the line joining the element to the point ol o "
of observation, and r is the distance of the point from the element. I
— 1(dl xr
In vector notation, dB = Ho (7)
4n 7
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Its SI unit is tesla. Its direction is perpendicular to the plane in which d/ and r lie.
Since, dB o I(dl x 7), dB is in the direction given by (dI k X rj), i.e. —dIri , i.e. along the negative
X-axis.

(®)

X

y
At centre O
— I .
Magnetic field due to coil, P = Bp = MZO k
r
— =7 R
B, = 4nx107" x1 i
2r
— -1 R
Magnetic field due to coil, O = B, 4m X 1§Rx V3
Enet = E}: + Eé
-7
X - N
= ) (k3]
— 4nx 1077 4nx 1077
Bl = g =T T
e -1 BQ -1 e .
Direction of Be 6 = tan 5. = tan™ (v3) = grad w.rI.t. z-axis.
P

27. y-rays < X-rays < Microwaves < Radio waves.

28.

Infrared radiations are emitted by hot bodies. They have the wavelength ranging from
8 x 107" mto 5 x 10 m and the frequency range of 4 x 10" Hz to 6 x 10'" Hz. These
rays show the properties of reflection, diffraction and penetration through fog. They also
have heating effect on thermopiles and bolometers. They are used in greenhouses to keep
plants warm and help to improve visibility in haze, fog or mist. The infrared lamps are used
in physiotherapy, to provide heat treatment to muscles.

(a) Mutual inductance between two long coaxial solenoids is defined as the magnetic flux
linked to the second coil when unit current is flowing in the first coil.

It is the phenomenon by virtue of which a coil resists any change in the strength of current
in its neighbouring coil.
(b) Let I, current flow in the second coil of radius R. The magnetic field at its centre will be
Holy h=r
I’2 = R

27 2R
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29. (i)
(i)
(iif)

(iif)
(i)
30. (i)
(i)
(iif)

(iif)
(i)

As r << R, the magnetic field B, is almost constant over the first coil of radius . Hence the
magnetic flux linked with the small coil will be

“’012 2
o, =BA, = R R
Also by definitions ¢, = MI,
M, = 22
2R
o o
2R
Or
Let V =V, sin ot

Due to self induction a back emf is set up in the coil of magnitude L%. The net emf

thus will be V), sin ¢ —Lﬂ, which should be equal to zero as there is no resistnace in
an ideal inductance.

. L
Vysinor- LY = Ly
dt
L%=Vosinmt 0 ~ O
d _ "
or E = T Sin of
W
or di = T sin ordt
Integrating on both sides
I/(') v

I = ———Cos ot
ol i —n/2

or i =i, sin(wt — n/2),

|4
where, iy = —~ is the peak value of current.
0 L

We see that in a pure inductor the current lags behind the voltage by n/2 phase difference.
Showing in phasor diagram.
®)
(©)
®)
Or
(@)
(a)
(©)
(@)
(©)
Or
(a)
(a)
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31. (a) Given: f, = 15m,f, = 1 cm = 102 m

il | T
Angular magnification, m = = Dy, Id[
e i | In
e Rm >l fo
Substituting the values, m = —152 = 1500 -
10™
D, = Diameter of moon’s = 3.48 X 10° m,
R, = Radius of moon orbit = 3.8 x10° m
D 6
Angular size of the moon = —= = 3.48x10 radian
R, 38x10°
Angular size of the final image = Angular size of the moon X m
_ 348 3.48

270 %1072 %1500 = 272 x 15
3.8 3.8

C

) e

, Eyepiece

d
- ﬁxls =d, = Exlelcm = 13.7 cm
f 3.8 3.8
(b) Uy Vo Ue
B
Riwe s
Ap g
Objective i
| JA T
A%’
Ve=D

A compound microscope

Or
(a)

Incident B

1

wavefront b
S, \L 1

K O — Central Bright fringe
S S, i
Mono 2
chromatic B,
source

_- Screen

Suppose S, and S, are two slits on which falls an incident wave front as shown in the diagram
originating from monochromatic source §. On right side of S, and S, are shown crests
and troughs of two coherent waveless coming out of S, and §,. Solid arcs represent crests
and dotted ones the troughs. At point O on the screen there will be central bright fringe
as crest-crest and trough-troughs meet. Similarly at points D, and D, crests and troughs

(8)
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are meeting and dark fringes are obtained. Again at points B, and B, the superposition
constructive, so they are bright points. This pattern of dark and bright fringes continues on
both sides of the central point O. The width of these fringes depend on the wavelength of
monochromatic light and distance between §, §, and screen directly and on the separation

of §, and §, inversely.
(b) (i) We know that fringe width, B = %
Given that: L = 6.5 x 107 m,D = 12m,2d = 4 X 10° m
_ 65x107x1.2
4%x107°

=195 x 10*m

The distance between third bright fringe from the central maximum = 3B

3B =585 x 10%m

(zz) At a point where the bright fringes of both wavelength concide nf3 = (n + 1)p’

where f is the fringe width of larger wavelength

or

or nk = (n + 1)A\', Substituting the values
n X 650 = (n + 1) 520 = 520n + 520
n(130) =520 .. n=4
The least distance from O is n3 = 4
=4x195%x10"m=78x10"m

32. Consider a linear charge distribution with charge density A. We imagine a symmetrical Gaussian

surface around length / of this distribution in such a way that £
the point P where we have to calculate electric field lies on 90’

e

N
E
A

90°

it. n<—}z

N
n

Te + + + 4 +

Electric flux through the circular faces of this Gaussian \]

\J

surface is zero.

o, = [E.ds = Eds cos 90° = 0
Electric flux through the curved surface is given by

b= E .ds = {Eds

by = Effds = E(Q2nrl)

Net flux through the Gaussian surface is given by

by =0, + ¢, = EQ2mrl)
According to the Gauss’s theorem

q M
% T e
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From equations (i) and (ii), we get

E = » = EF«x 1
2megr r
E=-"__
2megr

0 r—
Graph of |E| Vs r
Work done in moving a charge ‘g’ through a small displacement dr is given by
dW = F .dr = gE .dr
dW = qEdr cos 0 (0 = 0° and cos 0° = 1)

dW = gx dr
2megr
E=_"
2meyr

Work done in moving the given charge from r, to r, (r, > r,)

r2 I
W= [aw = M_(dr
; 2ngy ST
1 1
Aq
W = 2eg [log, r, — log, ]
r
W = " log 2
2mg n
Or

(a) Electric field intensity at a point on the axial line of an electric dipole: Electric field
intensity at a point on the axis of an electric dipole.

Electric field at P due to charge at A

2 Q B Ey P En
E kg - P! 2a q S 1 7
Epy = 5 ] = |
(x+a)
Electric field at P due to charge at B
- k .
Epg =~ 1 Sl
Net electric field at P, (x—a)
1 1

ErZE +E qu -
‘ A B (x+a)2 (x—a)2
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E’ = kg ot+a’-2%xa-x*—a’-2xa
(xz_aZ)Z
_ 2k(g2x)a _ 2kpx_ 2kap

(2 - a?)> B % = a?)? B % - a?)?

In the limiting case when x >> a, (x> — a%)* ~ x*

p

Ear =
4mgx’

(b) As the electric field E = 2xi, it lies only along x axis. Only two faces (1) and(2) of the
cube are perpendicular to the direction of E, hence contribute to the electric flux.

As E =0 (vx=0) My
. ¢, =0
and E,=2a
¢2=f2ads=2a3 ['-'fdsz‘lz] ®o @ > x
o= + ¢, =2a —
AS =i V4
€

q = 80(2613) will be the charge enclosed by cubical surface.

33. (@) v I, = L, here L = uOnZAl
Y R* + (2nvL)?
When the iron rod is inserted in a solenoid, the inductance increases according to
L = uruonzAl, as p, for iron is very large. Therefore, the current in the circuit decreases
and bulb will glow dimmer.

(b) Given: VV =V, sin(1000¢ + ¢), L = 100 mH, C = 2 uF
o = 1000 rads™, R = 400 Q
X, = oL = 1000 x 100 x 107 = 100 Q

1 1 VA

X, = = = 500 Q y

oC  1000x2x10° by o

() V =V, sin (1000 + ¢) |
VL - VC EVL - VC

tan ¢ = .
Vi ) .
vV
or tan¢=XL_XR = 100-500 VoY ’

R 400 ¢
_ —400 _
400
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b= T

4
X, > X, - circuit is capacitive in nature and current will lead the voltage by a
phase angle of /4.

(it) Power factor = 1 when X, = X/

o(C+C)
~ Cc+Cc = — LY _qo,F
100 X 1000
C = (10-2) = 8 uF

Or
(a) Faraday’s law of electromagnetic induction:
(1) Whenever there is a change in the magnetic flux linked with a circuit, an induced
emf is set up in it and lasts as long as the magnetic flux linked with it is changing.
(@) The magnitude of the induced emf ¢ in a circuit is directly proportional to the
rate of change of magnetic flux linked with the circuit.

. —-do
i.e. g o« ——
dt
(b) Radius r = 12 cm = 0.12 m, Resistance R = 8.5 Q, 6 = (° x x x
A = w* = 3.14 x (0.12)* = 0.045 m*
Magnetic flux passing through the loop x 8
¢ = BA cos 0° = BA y y y
-1d¢ _
Induced current i = ¢ _—dB
Rdt R dt

In time interval, 0 — 2 sec : At = 2 -0 = 2 sec
AB=1-0=1T
-A AB -0.045 _ 1

i = = — X= A
R At 8.5 2

i=-26x%10"A=-26mA
From 2 - 4 sec, AB = 0;
i=0
From4sec-6sec; AB=(0-1DT=-1T; At =6-4=2s

= —0.045 ><<1> =26 x 107 A = 2.6 mA
85 2
A
i T2.6 T —
(mA) | |
o) ; : : =
2 : 4 6 t(s) —>

-26—
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(c) Lenz’s law complies with the principle of conservation of energy. For example, when
the N-pole of a bar magnet is pushed into a coil as shown, the direction of induced
current in the coil will be such that the end 2 of the coil ] ) -
will act as N-pole. Thus, work has to be done against the \ﬁﬁé—m'/\/
magnetic repulsive force to push the magnet into the coil.

The electrical energy produced in the coil is at the expense
of this work done.
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