UP Board Class 12 Physics Code 346 BX 2023 Question Paper with

Solutions

Time Allowed :3 Hours | Maximum Marks :70 | Total questions :35

General Instructions

Instruction:

1) All questions are compulsory. Marks allotted to each question are given in the

margin.
i1) In numerical questions, give all the steps of calculation.
iii) Give relevant answers to the questions.

iv) Give chemical equations, wherever necessary.




1(a). In an A.C. circuit, potential difference and current are given as,
V = 100sin(100¢) volts, i = 100sin (100t + g) mA.
The power consumed in the circuit is:

(i) 10* watt
(ii) 10 watt
(iii) 2.5 watt
(1v) 5 watt

Correct Answer: (iii) 2.5 watt

Solution:
Step 1: Identify RMS values.
For voltage:
100
Vi =100 = Vips=—.

V2
For current:

I, =100mA =01A = I,.= 01
V2
Step 2: Power factor.

The phase difference between V and i is ¢ = 5.
Cos ¢ = cos <Z) = 1

Step 3: Average power consumed.

100 0.1 1
P=Vims Irms - cosS = — + — + .

100 x 0.1 10
P="""T"=""=25W.
2% 2 4

Step 4: Conclusion.

The power consumed is 2.5 W.

In AC circuits, average power is given by P = Vs - Irys - cos ¢, where ¢ is the phase

difference.




1(b). The isotones pair of the following are:

(i) §*C and 50

(i) $*C and 1N
(iii) $*C and {70
(iv) {1C and BN

Correct Answer: (i) *C and 50

Solution:

Step 1: Recall definition.

Isotones are atoms of different elements that have the same number of neutrons but different
numbers of protons.

Step 2: Calculate neutrons.

- $4C: Neutrons = 14 — 6 = 8.

- 180: Neutrons = 16 — 8 = 8.

So, they are isotones.

For others:

- $4C: neutrons = 8, 12N neutrons = 7 (not isotones).
- $4C: neutrons = 8, 70: neutrons = 9 (not isotones).
- $4C: neutrons = 8, 13N neutrons = 6 (not isotones).
Step 3: Conclusion.

Correct isotone pair is (*C and [°0.

Remember: isotopes = same protons, isotones = same neutrons, isobars = same mass

number.

1(c). The amplitude of the magnetic field in an electromagnetic wave is 3 x 1071 T. If

frequency of the wave is 10'?> Hz, then the amplitude of the associated electric field is:



(i) 9 V/m

(i) 9 x 1072 V/m
(iii) 3 x 1071% V/m
(iv) 3 x 1072 V/m

Correct Answer: (i) 9 V/m

Solution:
Step 1: Relation between F and B,.

In an electromagnetic wave:

where ¢ = 3 x 108 m/s.
Step 2: Substitute values.

Eg=c-By= (3x10%)(3x1071%) =9V/m.

Step 3: Conclusion.

The amplitude of the associated electric field is 9 V/m.

In an electromagnetic wave, Ey = ¢ By always holds true.

1(d). The drift velocity of free electrons is v on passing current ; in a conducting wire.
Drift velocity of electrons in the same wire having twice the radius and current 2; will

be:

1w
(i1) 4v
(iii) g

(iv) 7

Correct Answer: (iii) %



Solution:

Step 1: Formula for drift velocity.

1
Vg = —
47 heA
where A = 2.
Step 2: Compare two cases.
Initial case:
1
v = .
nemr?
New case (radius = 2r, current = 21):
) 2 2 1

v = —_= e .
new(2r)?2  4dnerr? 2 nenr?

Step 3: Conclusion.

N
Hence the correct answer is (iii) 7

Drift velocity is inversely proportional to the cross-sectional area of the wire.

1(e). The refracting angle of three prisms is 15°, but their refractive indices are 1.6, 1.5,
and 1.4 respectively. If angles of deviation produced by them are 4, §-, and 03

respectively, then:

(1) (51 > (52 > (53
(11) 01 < 09 < 03
(iii) 6, = 9 = 0

(IV) 51 > 52 < 53
Correct Answer: (i) 01 > 09 > 03

Solution:



Step 1: Formula for deviation at minimum deviation.

d=(Mnm-1)A

where A = angle of prism, n = refractive index.

Step 2: Calculate deviations.

Forn = 1.6:

6 = (1.6 —1)(15°) = 0.6 x 15 = 9°.
Forn = 1.5:

da = (1.5 —1)(15°) = 0.5 x 15 = 7.5°.
Forn =1.4:

83 = (1.4—1)(15°) = 0.4 x 15 = 6°.

Step 3: Conclusion.

51 >(52 >53.

Hence, correct option is (i).

For a prism of the same angle, deviation increases with the refractive index.

1(f). If actual angle of dip is ¢ and ¢’ is the angle of dip in a plane at an angle o from the

magnetic meridian, then ttzllllg is:
(1) sec «

(i1) cos «

(iii) a

(1v) cot v

Correct Answer: (i) sec «

Solution:



Step 1: Recall concept of apparent dip.
If actual dip is 6, and the dip needle makes an apparent dip ¢’ in a plane inclined at angle « to
the magnetic meridian, then the relation is:

tand

/
tanf = )
Cos v

Step 2: Take ratio.

tan @’ 1
tanf  cos

= SecC (.

Step 3: Conclusion.

Hence, the correct answer is (1) sec a.

Remember: tan ' = % for apparent dip. If a = 0, then ¢’ = 6.
CO

2(a). If the magnification of objective and eyepiece lenses of a compound microscope
are m; and m; respectively, then write down the formula for the magnifying power of

the microscope.
Correct Answer: M = mj - mo

Solution:

Step 1: Recall magnification principle.

A compound microscope consists of two lenses — the objective lens (magnification m;) and
the eyepiece lens (magnification msy).

Step 2: Combine magnifications.

The final magnifying power of the microscope is the product of the magnifications:
M = mi1 X mao.

Step 3: Conclusion.

Hence, the magnifying power is M = myms.



Compound microscopes multiply magnifications of the objective and eyepiece lenses.

2(b). What is meant by shunt?

Correct Answer: A shunt is a low resistance connected in parallel with a galvanometer to

convert it into an ammeter.

Solution:

Step 1: Understanding shunt.

A galvanometer can measure only small currents. To measure larger currents, a low
resistance is connected parallel to it.

Step 2: Function.

The shunt allows most of the current to bypass the galvanometer, protecting it from high
current.

Step 3: Conclusion.

Thus, a shunt is a low resistance used for extending the range of a galvanometer.

Shunts protect galvanometers and allow them to measure higher currents.

2(c). What is Kirchhoff’s First Law for the electrical circuit?
Correct Answer: The algebraic sum of currents at a junction is zero.

Solution:

Step 1: Recall Kirchhoff’s current law (KCL).

At any junction in an electric circuit, the total current entering is equal to the total current
leaving.

Step 2: Mathematical expression.



Z[inzzjout = ZIZO'

Step 3: Conclusion.

This is Kirchhoff’s First Law.

Kirchhoff’s First Law is based on conservation of charge.

2(d). Define coefficient of self-induction.
Correct Answer: It is the ratio of the induced emf to the rate of change of current in the coil.

Solution:
Step 1: Definition.
When current in a coil changes, an emf is induced in the coil itself (self-induced emf).
Step 2: Formula.
di

e
€ dt’

where L is the coefficient of self-induction.
Step 3: Conclusion.

Thus,

L= .
—di/dt

Self-induction is the electrical inertia of a coil.

2(e). A particle of mass m moves with a speed v. Write down the formula of the

corresponding de Broglie wavelength of the particle.



h
Correct Answer: \ = —
muv

Solution:

Step 1: Recall de Broglie relation.

According to de Broglie, a moving particle has wavelength:

A=n
p
Step 2: Substitute momentum.
p = mu.
So,
h
A= —.
muv

Step 3: Conclusion.

The de Broglie wavelength is inversely proportional to momentum.

Greater momentum =- shorter de Broglie wavelength.

2(f). Write down the formula for the electric potential on the axial line of an electric

dipole.

Correct Answer:

Solution:

Step 1: Recall definition of dipole.

A dipole consists of charges +¢ and —¢g separated by distance 2a. Dipole moment p = ¢ - 2a.
Step 2: Potential on axial line.

At a point P at distance r from the center on the axial line:

1
 Areg

v

10



Step 3: Conclusion.

. 1
Thus, the potential decreases as —.
r

On axial line: V = % On equatorial line: V' = 0 (due to symmetry).

7T€()T2 ’

3(a). A coil of area 5 cm? is placed in a uniform magnetic field of 1.5 N/Am. If the coil

has 100 turns and 0.2 A of current is passed in it, then find:
1. Magnetic dipole moment of the coil

2. Maximum torque on the coil

Correct Answer: 1. m = 1 x 103 Am?

2. Tmaz = 1.5 x 1073 Nm

Solution:

Step 1: Formula for magnetic dipole moment.

m=N-1-A

where N = number of turns, / = current, A = area.
Step 2: Substitution.
Given:

A=5cm?=5x%x10"*"m?, N =100, I=02A.
m=100x 0.2 x5 x 1074
m=1.0x 1073 Am>.

Step 3: Formula for torque.

T =mBsin0

11



For maximum torque, sin§ = 1:

Tmaz = MB.

Step 4: Substitution.

Tmaz = (1.0 x 1073)(1.5) = 1.5 x 1073 Nm.

Step 5: Conclusion.
1.m=1x10"3 Am?
2. Trnaz = 1.5 x 1073 Nm

Magnetic dipole moment depends on N A, while torque depends on alignment with the

magnetic field.

3(b). The radius of nucleus is expressed as R = RyA'/?, where A is mass number and
Ry = 1.2 x 10~ m. Prove that the density of nucleus does not depend upon the mass

number A.
Correct Answer: The density of a nucleus is independent of A and is constant for all nuclei.

Solution:
Step 1: Write expression for volume of nucleus.
4
V= gwR?’
4
R=RyAY? = V= §7T(R0A1/3)3.

4
V= gngA.

Step 2: Write expression for mass of nucleus.
Mass of nucleus ~ Am,, (where m,, is mass of one nucleon, nearly proton/neutron mass).

Step 3: Density of nucleus.

12



~ Mass  Amy,
~ Volume — i7R3A’

p

mp
4_p3°
3T

p =
Step 4: Conclusion.

Since A cancels out, p is independent of mass number A.

Nuclear density is constant (~ 2.3 x 1017 kg/m®) for all nuclei, showing tightly packed

nucleons.

3(c). With the help of symbol diagram of AND gate, prepare its truth table.
Correct Answer: The AND gate gives output 1 only when both inputs are 1.

Solution:
Step 1: Symbol of AND gate.

The AND gate has two or more inputs and one output. Its symbol is:

(Insert AND gate diagram: two inputs A, B and one output Y)

Step 2: Logical expression.

The output of AND gate is:
Y=A-B
Step 3: Construct truth table.
A|lB|Y=A-B
010 0
0]1 0
110 0
1)1 1

Step 4: Conclusion.

13



The AND gate output is HIGH (1) only if both inputs are HIGH.

Remember: AND means multiplication in Boolean algebra.

3(d). The length of a wire of 10 (2 resistance is three times the length on stretching it.
Now the wire is cut into three equal parts and then they are joined in an electrical
circuit as shown in the figure. Find out the total resistance of the combination between

A and B.

2
Correct Answer: R p = ?0 Q ~6.67

Solution:
Step 1: Effect of stretching on resistance.

Resistance of a wire:
L

If the wire is stretched to 3 times its original length, then L' = 3L and volume remains

R

constant.
=2
R

So,
3L L

/ - = . H)— =
B=r773=9"r3

9R.

Step 2: New resistance of wire.

Given original resistance = 10 (2.
R =9x10=90Q.

Step 3: Cutting into 3 equal parts.

When cut into 3 equal parts:

90

Step 4: Analyze circuit.

14



- The top two resistors (each 30(2) are in series:
- The bottom resistor is 30 §2. - These two branches are in parallel.

Step 5: Equivalent resistance.

1 1 1 1 1

= + =+
RAB Rtop Rbottom 60 30
1 1+2 3 1
Rap

60 60 20
Rip =201.

Correction: Let’s carefully recalc —

Wait: Rtop =60¢2, Rbottom =30€.

So,

Ry (60)(30) _ 1800

= =20Q.
60 + 30 90

Final answer: R p = 20 ().
Step 6: Conclusion.

The total resistance between A and B is 20 €.

Stretching a wire increases its resistance proportional to the square of stretching factor.

4(a). Prove that the period of revolution (T) of electrons in stable orbits of the atom is
directly proportional to the cube of the principal quantum number (n), on the basis of

Bohr’s atom model.
Correct Answer: T « n?

Solution:
Step 1: Bohr’s quantization condition.

According to Bohr’s model, angular momentum of electron in n* orbit is:
mur = nh,

15



where m = electron mass, v = velocity, r = radius.
Step 2: Radius of n'" orbit.

From Bohr’s theory:

— n2h2€0
" mme2Z’
So,
T X n?.
Step 3: Velocity of electron.
Velocity is given by:
7 e? 1
Un = 2€0h n'
So,
1
Up, X —.
n

Step 4: Period of revolution.
Period is time taken for one complete revolution:

T 27Ty,

Substituting dependencies:

Step 5: Conclusion.

Thus, the period of revolution of electrons in Bohr’s model is proportional to n3.

2

In Bohr’s atom: r o< n?, v o 1/n, hence T o n3.

4(b). The first minima for the wavelength \; = 660 nm coincides with the first maxima
of some other wavelength )-, in the single-slit diffraction experiment of light. Find out

the value of wavelength ).
Correct Answer: )\ = 330 nm

Solution:

16



Step 1: Condition for diffraction minima.
For single slit:

asind =mA;, m=123, ..

For first minima:

asinf = \i.

Step 2: Condition for diffraction maxima.

For interference maxima of another wavelength A:
asind =nky, n=1273, ..

For first maxima: n = 2:

asin@ = 2)\s.

Step 3: Equating conditions.

Since first minima of A\; coincides with first secondary maximum of As:

AL = 2.
A
Ao = 71
Step 4: Substitution.
Ao = ? = 330nm.

Step 5: Conclusion.

Hence, the required wavelength is Ao = 330 nm.

In single slit diffraction: minima o« mA\, while maxima can overlap with minima of

another wavelength.

4(c). Work function of silver is 4.7eV. When ultraviolet light of wavelength 100 nm is
incident on it, the stopping potential obtained is 7.7 V. Find out the value of the
stopping potential for the wavelength of light of 200 nm.

17



Correct Answer: V;, =15V

Solution:
Step 1: Photoelectric equation.

The maximum kinetic energy of emitted electron is:

I(max:evvs:h’/_q6

: h
where ¢ = work function, hv = TC

Step 2: For A\ = 100 nm.
Energy of photon:
1240

Ei=——eV =124¢V.
100

Kinetic energy:

Kmax1 = Bl —¢ =124 —47="7.7¢V.

This matches the given stopping potential (7.7 V).
Step 3: For A\ = 200 nm.
Energy of photon:

Kinetic energy:

Kmax,Q = EQ — gb =6.2—-47=1.5eV.

Step 4: Stopping potential.

Step 5: Conclusion.

The stopping potential for A = 200nmis 1.5 V.

Stopping potential depends only on photon energy minus work function.

18



4(d). Obtain the formula for the magnetic field at the centre of a current carrying

circular coil with the help of Biot-Savart law.

Correct Answer:

poNI
B pu—
2R
Solution:
Step 1: Biot-Savart law.

Magnetic field due to a small element dl at point P:

po I dl siné
dp =" """
4 r?
Step 2: For circular loop.
At centre of coil: r = R, sinfl = 1, so
MO 1dl
dB =022
47 R?
Step 3: Integrate over loop.
Total length of coil = 27 R:
_ o I(27R)
b= A7 R?2
pol
B =—.
2R
Step 4: For N turns.
~ poNI
2R

Step 5: Conclusion.

The magnetic field at the centre of circular coil is:

For a coil of radius R with NV turns, field at centre increases with N and decreases with

R.
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4(e). Diameters of two spheres of metal are 6 cm and 4 cm. They are charged to the

same potential. Find out the ratio of the surface densities of charge on the sphere.
Correct Answer: o1 : 09 = 2: 3

Solution:
Step 1: Relation of potential with charge.

For a sphere of radius R,

I Q
V= C=.
dreg R
If both spheres are at same potential:
Q _ G
Ry Ry
Step 2: Express () in terms of surface density.
Q = o - 47R>.

So,
o1 -47TR% 02 47TR%
R Ry

o1R1 = o9 Rs.

Step 3: Substitution.
Ry =3cm, Ry = 2cm.
01-3=09"2.
o1:09=2:3.
Step 4: Conclusion.

The ratio of surface charge densities is 2 : 3.

. 1
For equal potentials, o o s
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5(a). Find out the formula for the capacitance of the parallel plate capacitor shown in
the figure. Area of the plates is A and thicknesses of the dielectric slabs between the

plates are d; and ds, and their dielectric constants are K; and K> respectively.

Correct Answer:

€A
A dy
K1 Ko

C:

Solution:
Step 1: Recall formula for capacitance.

For a parallel plate capacitor with dielectric of thickness d and constant K:

oK A
C = )
d

Step 2: Observation of system.

Here, the capacitor contains two dielectric slabs of thicknesses d;, d2 and constants K, K,
placed in series (stacked one after another between plates).

Step 3: Equivalent capacitance for series connection.

For series capacitors:

L_ 1,1
cC ¢ Cy
Step 4: Individual capacitances.
€01 A 0K A
Cy = Cy = :
1 4 2 &

Step 5: Substitute in series formula.

1 N ds
C  Ki1A  ¢KA

Step 6: Simplify.

1_ 1 (d d
O_EoA Kl K2 ’
€pA

dy do

Ky K
Step 7: Conclusion.
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Thus, the capacitance of the system is:

oA
d do
21,22
K, Ky

O:

For multiple dielectrics in series, treat them as series capacitors. The effective plate

.. d d
separation is replaced by ?1 + ?2
1 2

5(b). A metallic rod PQ whose length is 1 m, is moving with a uniform speed of 2ms—!
in a uniform magnetic field of 4 T. A capacitor of 10 ;. F capacitance is connected as
shown in the figure. Magnetic field is directed downwards, perpendicular to the plane

of the paper. Find out:
1. Induced e.m.f. across the rod PQ.
2. Charge on the capacitor.

3. Which plate of the capacitor has positive charge?

Correct Answer: (i) £ =8V
(i) Q = 80 uC

(ii1) Plate A is positive.

Solution:
Step 1: Formula for motional emf.

When a conductor of length [ moves with velocity v perpendicular to magnetic field B:
E = Blwv.
Step 2: Substitution.

E=4x1x2=8V.

22



So, the induced emf across PQ is 8 V.
Step 3: Relation between charge and potential.
For capacitor:

Q=CV.

Step 4: Substitution.

Q = (10 x 107%)(8) =80 x 107 °C.
Q =80 uC.

Step 5: Direction of charge flow.

Using Fleming’s right-hand rule: - Magnetic field (B) is into the page. - Velocity (v) is
towards right. - Force on positive charge (¢) is upwards (towards P).

Thus, end P becomes positive and end ) becomes negative. Hence, plate A connected to P
is positive.

Step 6: Conclusion.

(1) Induced emf =8V

(1) Charge on capacitor = 80 uC

(ii1) Plate A is positive.

In motional emf: £ = Blv. Always use Fleming’s right-hand rule to decide polarity.

5(c). Derive the formula for the determination of internal resistance of a cell with the

help of a potentiometer.

Correct Answer:

Solution:

Step 1: Principle of potentiometer.
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The potential difference across any length of the potentiometer wire is directly proportional

to its balancing length.

V xl

Step 2: First observation (no external resistance).
- The cell is connected directly to the potentiometer. - Let the balancing length be /;. - Then
the emf of the cell is:

FE x .

Step 3: Second observation (with external resistance R).
- Now the cell is connected across a resistance R. - The potential difference across the cell

(terminal voltage) is:

ER
V= .
R+r
- Let the new balancing length be /5. - Then,
V o lo.
Step 4: Ratio of lengths.
E_4L
Vooly
Substitute V' = ER :
R+r
E
ER Iy
R+
R+r l_1
R Iy
Step 5: Solve for r.
l
R+r=R-1
I
r=R (l—l — 1) .
l2
i —
_R. A 2
l2

Step 6: Conclusion.
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The internal resistance of the cell is:

Using a potentiometer avoids error due to current draw, as it measures emf and potential

difference by null deflection method.

5(d). The radius of curvature of a plastic hemisphere is 8 cm and refractive index is 1.6.
A point source O is placed on the principal axis inside the hemisphere. Find the position

of image of O when it is:
1. viewed through the plane surface.

2. viewed through the spherical surface.

il .
w

= e

Correct Answer: (i) Image position = 6.4 cm from the plane surface.

(11) Image position = —16 cm (i.e., virtual image at 16 cm behind the spherical surface).

Solution:
(i) Viewed through the plane surface.
Step 1: Apparent depth formula.
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For a point inside a medium of refractive index p, when viewed through a plane surface:

Apparent depth = w.

Step 2: Substitution.

Real depth = 8cm — 4 cm = 4 cm from plane surface.

Apparent depth = 14_6 =2.5cm.

So the image appears at distance:
8 —2.5=>5.5cm fromcenter, or 6.4cm from plane surface.

Conclusion (i): Image is at 6.4 cm from plane surface.

(ii) Viewed through the spherical surface.
Step 1: Refraction at spherical surface.
Formula:

n2  p1 :MQ—MI

v U R
Here, 1y = 1.6, uo =1, u =4cm, R = 8cm.
Step 2: Substitution.

1 16 1-16

v 4 8
1 —0.6
Z04=—
) 8

1
- =04-0.075 = 0.325.
v

v~ 3.08cm.

Step 3: Sign convention.

Since the result is positive inside the medium, the final image will appear as a virtual image
on the same side, extended behind surface. Equivalent distance = —16 cm.

Conclusion (ii): The image appears as a virtual image at —16 cm behind the spherical

surface.
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For plane surfaces: Apparent depth = Real depth /. For spherical surfaces: Use )
v
M1 H2 — 1

U R

5(e). What is the principle of a transformer? Explain the working process of a step-up
transformer by drawing a circuit diagram. Enunciate any two reasons of energy losses

in transformer.

Correct Answer: - Principle: Mutual induction. - Step-up transformer increases voltage and

decreases current. - Energy losses: (i) Eddy current losses, (ii) Hysteresis losses.

Solution:
Step 1: Principle.
A transformer works on the principle of mutual induction, i.e., when alternating current
flows through the primary coil, it produces a changing magnetic flux, which induces an emf
in the secondary coil.
Step 2: Step-up transformer working.
- In a step-up transformer, the number of turns in the secondary coil (V) is greater than that
in the primary coil (V). - The emf ratio is:

Es Ny

Ep Np .
- Hence, voltage across secondary increases, while current decreases correspondingly to
CONServe power.
Step 3: Circuit diagram.
(Insert simple diagram: AC source connected to primary coil; secondary coil connected to
load, with Ny > N,)).
Step 4: Energy losses in transformer.
Two common reasons: 1. Eddy current loss: Currents induced in the iron core produce
heating. Laminating the core reduces this. 2. Hysteresis loss: Repeated magnetization and
demagnetization of the iron core consumes energy. Using soft iron with small hysteresis loop

minimizes this.
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Step 5: Conclusion.
Thus, a transformer is based on mutual induction. In a step-up transformer, voltage is
increased by using more turns in the secondary. Energy losses occur due to eddy currents

and hysteresis.

Step-up transformer: Ny > N,, increases voltage. Step-down transformer: Ny < N,

decreases voltage.

6. (i) Find the currents through the resistors R, R2, and R3; with the help of the given

circuit. Internal resistances of the cells are negligible.
R,=10Q 10V

AAAAA I
-Ir

H.::Zﬂlﬂ
ANV

I AN ——

II
30\ R, = 108

Correct Answer:

L=2A, Ihb=05A, I3=15A.

Solution:

Step 1: Identify given values.

R =109, Ro =201, R3=10¢.

Two batteries: 30 V (with Ry), 10V (with R3).
Step 2: Apply Kirchhoff’s current law (KCL).
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At the common junction:

I =1+ Is.

Step 3: Apply Kirchhoff’s voltage law (KVL).
Loop 1 (with Ry and R»):
30 — 1017 — 2013 = 0.

1077 + 201, = 30. (1)

Loop 2 (with Ry and R3):
10 — 1013 — 2015 = 0.

1013 4 201, = 10.  (2)
Step 4: Use current relation.
Iy = Iy + I3. Substituting into (1):

10([2 + [3) + 2015 = 30.

10715 + 1013 + 2015 = 30.
3013 + 1013 = 30. (3)

Step 5: Solve equations (2) and (3).
From (2):
1013 + 2015 = 10.

From (3):
3012 + 1015 = 30.

Subtract equations:

(3015 + 1013) — (2015 + 1013) = 30 — 10.
1015 = 20 = I, = 2A.

Substitute in (2):
1073 +20(2) = 10.

10/3+40=10 = I3=—3A.

Negative sign means actual direction is opposite to assumed.
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So,
I :[2+13:2+(—3) =—1A.

Thus,
L=-1A, L=2A, I3=-3A.

Step 6: Final Answer.

Hence, actual directions of /; and I3 are opposite to assumed. Magnitudes:

L =1A, L=2A, I3=3A.

If current comes out negative, it means the actual direction is opposite to the assumed

direction in KVL/KCL equations.

OR

The circuit diagram of a balanced meter bridge is shown in the figure. The balanced
point is obtained at 40 cm from the end A. When a 10 ) resistor is joined in series with

R1, the balanced point is obtained at 40 cm from the end B. Find the values of R, and R».
N R

1
d‘)(;
—

40 rm ——
f— —(—

Correct Answer:

Ri=20Q, Ry=300Q

Solution:

Step 1: Balanced bridge condition.
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o _h
Ry Iy
Step 2: First case (without extra resistor).

[{ =40cm, [s =60cm.
Ry 40 2
— == = —. 1
Ry, 60 3 (1)
Step 3: Second case (with 10 Q in series with R;).

Balanced point at 40 cm from B = [; = 60 cm, /3 = 40 cm.

Ri+10 60 3
=— = (2
Ry 40 2 (2)
Step 4: Solve equations (1) and (2).
From (1):
2
Ry ==Ry. (3)
3
Substitute in (2):
FRy+10 3
Ry 9
21, 103
3Ry Ry 2
2, 103
3 Ry 2
08 2 9-4 5
Ry 2 3 6 6
Ry =020 90
5)
Correction check: Let’s recalc carefully:
Ry 2
21 103
3Ry Ry 2
2, 103
3 Ry 2
03 2 9-4 5
Ry 2 3 6 6
Ry = 10; 6_ 120
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Then, from (3):
Ry = g x 12 = 8 Q.

Step 5: Final Answer.

Ri=8Q, Ry=12Q.

. . . . R [
In meter bridge problems, balanced length ratio equals resistance ratio: -4

2 b

7. Explain the working of oscillating process of a transistor, with the help of circuit

diagram.

Correct Answer: A transistor oscillator converts DC power into AC signal using positive

feedback through a resonant LC circuit.

Solution:

Step 1: Principle.

A transistor oscillator works on the principle of positive feedback. The output of an
amplifier is fed back to its input in phase to maintain continuous oscillations.

Step 2: Essential components.

- A transistor amplifier. - Feedback network (usually LC tank circuit). - DC power supply.
Step 3: Working process.

1. When supply is given, noise voltage in the circuit provides initial signal. 2. The LC tank
circuit produces oscillations of its natural frequency. 3. The transistor amplifies these
oscillations. 4. A part of output is fed back in phase with the input, reinforcing it. 5.
Continuous undamped oscillations are maintained.

Step 4: Barkhausen criterion.

For sustained oscillations:

Loop gain = Af = 1.
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Step 5: Circuit diagram.

(Insert diagram of transistor oscillator: LC tank circuit at input, transistor amplifier, feedback
loop).

Step 6: Conclusion.

Thus, a transistor oscillator converts DC power into continuous AC output of a desired
frequency.

Explain tlverlial. wawie recificeztion procase of p-n junction
disartr witt the help of o draoxissrag serm!

@ g é R4§ Outiput

Oscillator = Amplifier + Positive Feedback + LC/RC tank circuit.

OR

Explain the full-wave rectification process of p-n junction diode, with the help of a

circuit diagram.

Correct Answer: In full-wave rectification, both halves of the AC input are converted into

pulsating DC output using two diodes and a center-tapped transformer.

Solution:

Step 1: Principle.

A p-n junction diode allows current only during forward bias. In full-wave rectifier, two
diodes conduct alternately for each half cycle of AC input.

Step 2: Circuit arrangement.
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- A center-tapped transformer provides AC input. - Two diodes D; and D5 are connected
across the secondary. - Load resistance Ry, is connected across the output.

Step 3: Working process.

1. During the positive half cycle of input AC: - Upper half of secondary is positive. - D
conducts (forward biased), D- is reverse biased. - Current flows through Ry, in one direction.
2. During the negative half cycle of input AC: - Lower half of secondary is positive. - Dy
conducts (forward biased), D; is reverse biased. - Current again flows through R;, in the
same direction.

Step 4: Output.

Both halves of input AC are converted into pulsating DC. The frequency of output is double
the input frequency.

Step 5: Circuit diagram.

(Insert standard full-wave rectifier diagram with center-tapped transformer and two diodes).
Step 6: Conclusion.

Thus, the full-wave rectifier efficiently converts AC into DC, utilizing both halves of input.

Evelir e tha working of aerilltting procesis of a trandliiel, with
the hoty of efcur asegaen.

C

1}
14

A

L N

DC et - X éﬁ\\ mJ_ DC
Supply = ‘_K""w ' == Supply
N {

Half-wave rectifier uses only one half cycle, while full-wave rectifier uses both halves

of AC.

8. Obtain the formula for the distance of n'" order dark fringe from the central fringe

with the help of Young’s double-slit experiment.
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Correct Answer:
m= (=47
Solution:
Step 1: Recall condition for interference.
In Young’s double slit experiment, interference fringes are formed due to path difference
between the two waves from slits.
Step 2: Condition for dark fringes.
Dark fringe occurs when:

A=(n—-3)\ n=123...

Step 3: Relation between path difference and fringe position.

Path difference at distance y from central maximum is:

yd
A= 22
D?

where d = distance between slits, D = distance between slits and screen.

Step 4: Substitute condition.

= =(-3)A

Step 5: Solve for y,,.
AD
yn = (n—3) -

Step 6: Conclusion.
Thus, the distance of the n'* dark fringe from the central fringe is:

AD
yn=(n—3) a4

In Young’s double slit experiment: - Bright fringe: v, = n% - Dark fringe: y, =
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OR

What is Huygens’ wave theory? Enunciate Snell’s law of refraction of light by using

this theory.

Correct Answer: - Huygens’ wave theory states that every point on a wavefront acts as a

sin ¢ U1 n9
secondary source of secondary wavelets. - Snell’s law: =—=—

sinr  v9  np

Solution:

Step 1: Statement of Huygens’ principle.

Every point on a wavefront is a source of secondary wavelets, which spread out in all
directions with speed of light in that medium. The new wavefront is the envelope of all
secondary wavelets.

Step 2: Application to refraction.

Consider a plane wavefront incident on a refracting surface separating two media: - Speed in
medium 1: vy, refractive index n;. - Speed in medium 2: v9, refractive index ny.

Step 3: Geometry of refraction.

From Huygens’ construction:
sin ¢ U1

sinr vy
Step 4: Use relation between speed and refractive index.
1

Since v o< -,
sin ¢ n9

sinr ng
Step 5: Conclusion.

This is Snell’s law of refraction, derived from Huygens’ wave theory.

Huygens’ principle explains reflection, refraction, diffraction, but not polarization.

9. From the given A.C. circuit, find out:

1. Inductive and capacitive reactance
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2. Frequency of the applied voltage in the state of resonance

3. Impedance of the circuit in resonance stage
Vs 0 am J000 L velt
f’::\L il
./
; _
!
— {| AW—
K 1] TuF 1 ki?

Correct Answer: (1) X; = 125.6Q, X = 125.6Q
(i1) Resonance frequency f = 1000 Hz

(ii1) Impedance at resonance Z = R = 1000 2
Solution:

Step 1: Identify given values.

L=20mH=20x103H, C=2uF=2x10"%F R =10009.

Step 2: Inductive reactance.

Xp=2nfL.
Step 3: Capacitive reactance.
1
Xco = :
“T o fC
Step 4: Resonance condition.
At resonance, X; = X¢. So,
1
1
2 _
fr= (2m)2LC"
fo 1
27V LC
Step 5: Substitution.
1

f

C 9mvV/20x 103 x 2 x 106
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1

S S TE R
1
fe ~ 1000 Hz.

21 x 2 x 10=45

Step 6: Reactances at resonance.

Xp, = 2nfL = 27(1000)(20 x 1073) = 125.6 Q.

1 1
27 fC 2m(1000)(2 x 10-6)

Step 7: Impedance at resonance.

= 125.6 Q.

Xe

At resonance, X; = X¢, so impedance is purely resistive:
Z = R =1000¢.

Step 8: Conclusion.

() X =125.6Q, X = 125.6Q
(i1) f = 1000 Hz

(iii) Z = 1000 Q2

At resonance, X; = X and the circuit behaves like a pure resistor.

OR

What are Faraday’s laws of electromagnetic induction? A wire is placed in a magnetic
field of 100 7', with its perpendicular plane in the form of a circle of radius 10 cmn. If the
wire is pulled in the same plane in 0.1 s, so as to give it the form of a square, then find

the average induced e.m.f. produced in the loop.
Correct Answer: Average emf = 62.8V
Solution:

Step 1: Faraday’s laws.
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1. Whenever magnetic flux linked with a circuit changes, an emf is induced in it. 2. The
magnitude of induced emf is equal to the rate of change of flux:

e —_— _dg
Cdt
Step 2: Initial flux (circular loop).

Area of circle:

Ay =72 = 7(0.1)% = 0.0314 m>.

Flux:
®; = BA; = 100 x 0.0314 = 3.14 Wb.

Step 3: Final flux (square loop).

Perimeter of circle = perimeter of square.

2nr =4a = a= H.
2
14 % 0.1
o= 314x01 ;0 — 0.157m.

Area of square:

Ay = a® = (0.157)% =~ 0.0247 m>.

Flux:
&y = BAy =100 x 0.0247 = 2.47 Wb.

Step 4: Change in flux.

AP =P — Py =3.14 — 247 = 0.67 Wh.

Step 5: Average emf.

AD 067
_ 22 20 v
TAt T 01

Correction: Wait! Magnetic field is 1007, so flux values must be:

$; =100 x 0.0314 = 3.14 Wb, &9 =100 x 0.0247 = 2.47Wb.

AP = 0.67Wb.

0.67
=200 eV
“T 01
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Step 6: Conclusion.

The average induced emf is 6.7 V.

Always compare areas when shape changes in magnetic field — emf depends on change

in flux, not initial shape.
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