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ANSWER KEY
Section A
1. (a) Electric field intensity 1
2. (d) Zero 1
3. (c) q/8¢0 1
4. (b) +0.4% 1
5. (d) 6 A in the clockwise direction 1
6. (b) 10\2 V 1
7.(a) 1.8 x 10"8 ms-t 1
8. (d) Both electric and magnetic field vectors are parallel to each other 1
9. (b) -20 cm 1
10. (d) 0.85 1
11. (d) All of the above 1
12. (c) the valence band is completely filled and the conduction band is partially filled 1
13. (c) 1
14. (b) 1
15. (a) 1
16. (b) 1
Section B
17.
. R, - I
a=—-——"——
R(T,-T)
== lzl'g(; 2:* = =0.0039 °C"'
2.1(100-27.5) 5
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18. A moving coil galvanometer is an instrument used to measure small electric currents. It
works based on the principle that a current-carrying coil, placed in a magnetic field,
experiences a torque. Here's how it operates: 1
Working: When an electric current passes through the coil, the coil experiences a magnetic
force due to the interaction between the current and the magnetic field. The force generates a
torque (rotational force), which causes the coil to rotate. The amount of rotation is
proportional to the current passing through the coil. The suspension wire or spring provides a
restoring torque that opposes the rotation. The coil comes to rest when the restoring torque
equals the magnetic torque. As the coil rotates, the pointer attached to the coil moves over a
calibrated scale. The deflection of the pointer is proportional to the current flowing through
the coil. 1

19. Using Lens Formula

V=-30 cm 1

Or
B fo

m= fe

— 14 1
6.0

=24

Separation= f, + fe= 144+6= 150 cm 1

20. Let Aa be the wavelength of the alpha-particle and Ap be the wavelength of the proton.
Mass of the proton my=1 u, Charge of the proton gp=e

Mass of the alpha-particle m;=4 u, Charge of the alpha-particle q.,=2e

Now, substitute these values into the expression:

h
A_“_\/Zmaan_\/mpqp_ 1 2
Ap __h Vmaqa 22
V2mpqpV

Thus, the ratio of the de Broglie wavelengths of the a\alphaa-particle to the proton is: 2%/2

21. Steps of calculations:

To find the wavelength of the spectral line when an electron jumps from the third orbit
(n=3) to the first orbit (n=1) in a hydrogen atom, we can use the Rydberg formula for the
wavelengths of spectral linesWe know that
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1. Calculate Tl_— — é;

2. MNow substitute back into the Rydberg formula:

1 5
- - B =
5 — 7 (5)

1 - 5

1
Calculating the right side:
1 - .
S = 1.097 x 107 > 0.8889 = 9.75 x 10°m™!
3. Now take the reciprocal to find A:
A ! 1.0256 = 107 102.56
N == - [l i B — 30 TATTL
9.75 = 106
1
22. 3
W= [ wdq = [° % dg
> °
_ 1149 1o -0 &
S c| 2 T C 2 | =2C
o
I W is the final difference between capacitor plates, then ©Q = CW
2
w= OV _1aga 1oy
2 2 2
This work 1s storedas electrostatic potental energy of capacitor 1.e.,
. . ot 1 a_ 1
Electrostanc potential energy, = Cvoiair o = 5 5

Energy Density: Consider a parallel plate capacitor consisiting of plates,
cach of area A separated by a distance d. If space between the plates
is filled with a medium of dielectric constan t K, then
Ee, b
Clapaci tan ce of capacitor, O = E—du
If Tis the surface ch arge density of plates, then electnc field
strength between the plates
=
E = = o=HKg,E
Ke, %
Charge on cach plate of capacitor Q=CcA =FEeg,EA

23.

Consider a uniformly charged spherical shell of radius R and total charge Q. To find the electric field
at a point outside the shell (at distance r > R), we use a Gaussian surface that is a sphere of radius

r centered at the center of the shell,

Apply Gauss’'s Law:

@E—fﬁ?-dﬁ—glgﬁ—rz}

CL_12_PRE BOARD-1_PHY_MS_3/13



o [
E - (47r°) = Q
£0
B 9
4‘TI'E[}]""

(ii) Electric Field at the Surface of the Shell

At the surface of the shell, r — R:

(iii) Electric Field Inside the Shell

24.

Substituting B:

Force Per Unit Length

To find the force per unit length f:

Magnetic Field Due to Conductor 1

Conductor 1 generates a magnetic field B at the location of conductor 2:

Force on Conductor 2

Now, using the magnetic field from conductor 1, the force F on conductor 2 (with current I2) can be

expressed as:

1
Q2
E=——
4FFE[|R" 1
®p—E - (4nr?) =0
E=0 1
F—1I1,-L- (“’”Il)
2
F pohIs
J L 2mr
1
oy
2r
F=-D0L-L-B
1
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One ampere is defined as the current that, when flowing in two straight parallel conductors of infinite

length and placed 1 meter apart in a vacuum, produces a force of 2 x 107" newtons per meter of

length between them.
This can be mathematically expressed as:

il =Is—=1Aandr — 1lm:

el 4w x 1077

27 - 1 27

f —2x107"N/m

25. a. Microwaves are suitable for radar systems that are used in aircraft navigation.

These rays are produced by special vacuum tubes, namely Klystrons, magnetrons and Gunn
diodes. 1
b. Infrared waves are used to treat muscular strain.

These rays are produced by hot bodies and molecules. 1
c. X rays are used as a diagnostic tool in medicine.

These rays are produced when high energy electrons are stopped suddenly on a metal of
high atomic number. 1

26. Angle of minimum deviation §m and angle of prism A are related as

Ay
Sin[—’_isrn]
=2
L=

an(2) 1

Glass prism of refractive index 1.5 is immersed in a liquid of refractive index 1.3 so the

relative refractive index of the prism decreases p'=1.5/1.3 =1.115 1
So as per above equation as A is constant for a prism, as u decreases, 5m also decreases.1

27. (a) When the p-type is connected to the battery's negative terminal and the n-type is
connected to the positive side, the P-N junction is reverse biased. 1

(b)

Deplation region

i
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28.

Full wave rectifier:

P n P n
~ + f~ . + - g
DJ L1 [)l Fig. (i) % L 1’)1 T
?3 I‘(_)}'hjiltd & Reverse
% Biased % Biased
[
© O | STt
<. Forward
Reverse Biased T
Biased
~J2
e -

P n P n

1

Working: When positive half cycle of AC input signal flows through the primary coil,
induced emf is set up in the secondary coil due to mutual induction. Let the direction of the
induced e.m.f. be such that the upper end of the secondary coil become + ve while the lower
end lower end become - ve this makes D1 forward biased and D2 reverse biased current due
to diode D1 flows through the circuit as shown in fig (i) and when D1 is reverse

biased D2 will become forward biased and current in diode D2 flows through the circuit as
shown in fig (ii) hence unidirectional current will always flow in Load Resistance RL. 1

A
, +
Input for I, wt ——>
Input for D, wt ’
Output
wave form u > wt——

O

29. (i) (c) Both electric and magnetic field perpendicular to each other
(ii) (c) If v is parallel to B

(i) (c) - Y axis

(iv) (c)vand B

Or

() A helix with uniform pitch
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30. (i) (b) Frequency of visible light is less than that for ultraviolet light | 1

(ii) (a)For non-metals the work function is high 1
(iii) (a)Photoelectric current increases 1
(iv) (b) Frequency 1
Or

(b) It decreases as the work function increases 1

31. (a) The figure given below shows a variation of Wheatstone bridge, where the resistance
R4 has been replaced by an unknown resistance Rx. Rx is attached to the sensing arm
between the points BD, and R3 has been adjusted to give the Wheatstone Bridge its balanced
condition. Now, the circuit is expected to bring zero output on the galvanometer as per the
Wheatstone bridge principle.

Thus, when the bridge is balanced, the resistances on the circuit can be indicated as:

Rl _ R3
R2 Rx

Now, let’s explore the Wheatstone bridge balance equation for unknown resistance

Viour = Vo =V )= (Vg — Vg, =0

RZ F

R - _ 1 andRDL

2
[
R,+R,

At Balance: R . =R \ =
R ,+RK, R, +R,
"R R ;+R, ] =R, [R,+R, |

R,R,+R, R, = RR,+ RRY

- R4:R1:2{P1{3 ~ R, .
(b) Let 11 be the current flowing through the outer circuit.

Let I, be the current flowing through AB branch.

Let Is be the current flowing through AD branch.

Let I, — Is be the current flowing through branch BC.

Let Is + 14 be the current flowing through branch DC.

Let us take closed-circuit ABDA into consideration, we know that potential is zero.
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iie, 101, +514=-513=0 1
21+ 12— 13=0

=2+ la (1)
Let us take closed circuit BCDB into consideration, we know that potential is zero.
5(l,—14)=10(ls+12)=514=0

5I-514=1013-1014—=51,=0

51,-1013-2014=0

L=2l3=41s (2)
Let us take closed-circuit ABCFEA into consideration, we know that potential is zero.

i.e, —10+10(11)+10(12)+5(la=14)=0

10=151,+101; =514

3h+2—1a=2 (3)
From equation (1) and (2 ), we have:

3=2(213+413)+ 14

I3=413+8 s+ 14

—313=914

T (4)
Putting equation (4 ) in equation (1), we have :

|3= 2 |2 + |4

—-4lh=21

b=—=21a (5)
From the above equation, we infer that :

li=ls+la (6)
Putting equation (4 ) in equation ( 1 ), we obtain

3hL+2(lz+1l)=13=2

Sh+2ls—1a=2 (7)
Putting equations (4 ) and (5 ) in equation ( 7 ), we obtain

5(=214)+2(=31s)=1ls=2

—101l4—61ls—12=2

17 1y =—

ls=—2/17A

l3=—3(l3)=6/17 A

Ib=4/17A

li=10/17 A

In branch AB 4/17A

InbranchBC  6/17 A,

In branch CD -4/17A,

In branch AD 6/17A,

In branch BD -2/17 A

Total Current  10/17 A 2
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32. (a)

> SRRLRERY \\\\\\\1\\\\\\’\\\\\\\\\\\\\ N Y

C D E 1
In the given figure, AB is the wavefront incident on a reflecting surface XY with an
angle of incidence i as shown in figure. According to Huygen’s principle, every point
on AB acts as a source of secondary wavelets. At first, wave incidents at point A and
then to points C, D and E. They form a sphere of radii AA1, CC1 and DD1 as shown
in figure.
ALE represents the tangential envelope of the secondary wavelet in forward direction.
In AABE and AAA1E, 2ZABE = ZAA1E =90°
Side AE = Side AE, AA1 = BE = distance travelled by wave in same time
So, these triangles are congruent.
So, «BAE =i and ZBEA =r 2
Thus, i=r
(b) The wavelength of the light is A\1=650nm. The wavelength of second

light,A,=520nm. Distance between the slit and the screen is 1.2m.
Distance between the slits is 2 mm.
(i) The relation between the nth bright fringe and the width of fringe is:
x=n\1D/d

For third bright fringe, n=3
x=3x650 X10° X 1.2/ (2x107%) = 1950x6x10°nm
x=11.7x1073m =11.7mm 1
(i1) We can consider that nth bright fringe of A2 and the (n—1) th bright fringe of
wavelength A1 coincide with each other.
nk2= (n—1)\1
520n=650n—650 Or 650=130n Or n=5
Therefore, the least distance from the central maximum can be obtained as:
x'=n\;D/d Or x'=5x520D/d=2600 X 1.2/2x1073nm
x'=1.56x1073m=1.56 mm 1
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From the given diagram, for small angles :

NN *
tan Z NOM = AN = _~ NOM
OM
tan Z NCM = I\'ﬂ_\: = ~ NCM
MC
MN
te < NIM = = ~ NIM
an ) T
For A NOC, = 715 the extenor angle.
> ~ i = ZNOM + 2 NCM
MIN MIN
OM MC
Similarly,
- Zr =~ NCM + ~~ NIM
" I\r‘ll\_.'_. MIN
MC M 2

nSING = n, SNy
TN N
MN MN MN MN
=, {(‘M t MC ] =1, ﬁ& = MT)

(n2/v)- (n1/v) = (n2-n1)/R

\

(b) Lens maker's formula,
1f=(p—1)(1/R1-1/R2) 1
Here, f=20 cm, p=1.55,R1=R,R2=-R
120=(1.55-1)(1/R—1/(-R)) or 120=0.55%2R
=>R=1.1x20=22cm 1
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33.

(@) Impedance of the RLC circuit as seen in the phasor diagram, can be found as
Z=VI =V (IR)2+13(XL-XC)2l
=VR%+ (X(—X¢) 2
=VR?+ (wL-1/wC) 2

(b) Inductance of the inductor, L =0.50 H Resistance of the resistor, R =100 Q Potential

of the supply voltage, V=240V Frequency of the supply, v =50 Hz
0] Peak voltage is given as:

V, =2V
=J2x240=33941 V

Angular frequency of the supply, w =2 niv = 2t x 50 = 100 it rad/s, Maximum
current in the circuit is given as:

K
l, = r—
\'Il\" o L
339.41

—_— ‘ -=1.82 A
J(100)" +(100x) (0.50)
Hence, the time lag between maximum voltage and maximum current is
e I
tan ¢ =
@ R

= = =

- =TT > SO =<0_.5 —1.57
100
S7.53

@ =57.5°=

180

rad
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Now, phase angle @ is given by the relation, Hence, the time lag between maximum

voltage and maximum current is 3.2 ms.

Or

Current induced inrod., | =

(b) Principle: It is based on the principle of mutual inductance and 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. Ns > Np).

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. 1

Let Np be the number of turns in primary coil, Ns the number of turns in secondary coil and f
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

\®

€, ==~N,6 — 1)
) rl
g At
and emf induced in the secondary coil
- Ao :
€ ==Ng a1
At
From (i) and (ii)
£ N
. ...{iii)
£ N,

R 1

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

—= =2 =_3 =r(say) ...(iv)

Where r = Ns/Np is called the transformation ratio. If ip and is are the instantaneous currents
in primary and secondary coils and there is no loss of energy; then for about 100% efficiency,

Power in primary = Power in secondary

V,, il' = “"\ l'\
.'i — ‘l = i\_|£ — 1 '*"
i Vg Ng r

;I

In step up transformer, N, >N p —>r>1;
So Vg >V, and ig <i,
i.e., step up transformer increases the voltage.

Soft iron-core

—»
9 >
3 9 L+ 8
2 \> N, N, <-> 3
S 4 95 8
Two coils on separate limbs of the core 1

--ALL THE BEST
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