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1) Choosing the correct option, complete the given nuclear fusion reaction that occurs in the sun.

SH+3H — jHe + [H+ [H+

(A) 0.42 MeV
(B) 1.02 MeV
(C) 12.86 MeV
(D) 5.49 MeV

Solution:
The nuclear fusion reaction given in the question is:

SH+ 3H — jHe + 1H + 1H + Energy

In this reaction, two deuterium nuclei (tritium, T ) are fusing to form a helium nucleus and two
protons, releasing energy. The amount of energy released during such reactions depends on the
binding energy differences between the reactants and the products.

For this specific reaction in the Sun, the energy released is typically about 12. 86 MeV.
Thus, the correct option is:

C) 12.86MeV

2) The radius of nuclei of %?7) Alis (R = 1.2fm)
(A)3.0 x 107 m
(8)3.6 x 107 °m
©32x10"“m
(0)3.6 x 1072 m

Solution:

The radius of a nucleus is given by the formula:

R=R,- A3
Where:
- Ry is the constant (1.2fm = 1.2 x 10~ m)




- A is the mass number ( 27 in this case for 27 Al)
Now, calculate the radius:

R=12x10"1 x 27'/3
First, find 271/3, which is 3, as 33 = 27.
So, the radius is:

R=12x10"" x 3=3.6 x 10 meters
Thus, the correct answer is:
(B)3.6 x 10~ m.

3) Which of the following elements has maximum binding energy per nucleon?
A) Uranium

B) Lithium

C) Tungsten

D) Iron
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Solution:

The element with the maximum binding energy per nucleon is Iron (Fe). Specifically, Iron-56 is known
to have one of the highest binding energies per nucleon, which makes it the most stable nucleus.

Thus, the correct answer is:
(D) Iron.

4) According to Einsteins mass-energy equivalent relation, the energy equivalent of 1 mg of substance
is (Speed of light in vacuum C = 3 X 108 m/s)

(A)9 x 1013 J
(B)9 x 1010 J
Q9 x 10717
D)9 x 107107

Solution:

According to Einstein's mass-energy equivalence relation, the energy equivalent of a mass m is given
by the equation:

E = mc?
Where:
m is the mass (1mg =1x103grams=1x 107" kg),

c is the speed of light in a vacuum (3 x 108 m/s).

Now, substitute the values:




E=(1x10"%) x (3 x 10%)°
E=1x10%%x9x 10
E=9x10"J

Thus, the energy equivalent of 1 mg of substance is:
(B)9 x 1010 J.

5) The atomic masses of two isotopes of an element are 34.98 u and 36.98 u and their relative
abundance are 75.4% and 24.6% respectively, then the average atomic mass of the element is

(A)34.51Tu
(B)36.46 u
(€)35.47u
(D) 35.99 u

Solution:

The average atomic mass of an element is calculated using the formula:

mass of isotope 1x abundance of isotope 1 )

Average atomic mass = ( 100

mass of isotope 2x abundance of isotope 2
+ 100

Given:
- Mass of isotope 1 = 34.98u, Abundance = 75.4%
- Mass of isotope 2 = 36.98u, Abundance = 24.6%

Substitute the values into the formula:

34.98x75.4 ) T ( 36.98 x24.6 )

Average atomic mass = ( il o0

First, calculate each term:

34.98 x 75.4 26.38
100 -

36.98 x 24.6 oS
100 pg

Now, add the two results:

Average atomic mass = 26.38 + 9.09 = 35.47u
Thus, the correct answer is:
(C) 35.47 u.

6) In a p-type semiconductor, which of the following statements is true?

(A) Electrons are majority charge carriers and trivalent atoms are the dopants
(B) Electrons are minority charge carriers and pentavalent atoms are the dopants

(C) Holes are minority carriers and pentavalent atoms are the dopants
(D) Holes are majority carriers and trivalent atoms are the dopants

Solution:

In a p-type semiconductor, the majority of charge carriers are holes and the dopant atoms are

trivalent (i.e., they have three valence electrons).




Thus, the correct answer is:
(D) Holes are the majority carriers and trivalent atoms are the dopants.

7) When a forward bias is applied to a p-n junction it
(A) raises the potential barrier

(B) reduces the majority carrier to zero

(C) lowers the potential barrier

(D) the potential barrier remains the same

Solution:

When a forward bias is applied to a p-n junction, the external voltage reduces the potential difference
across the junction, making it easier for the charge carriers (electrons and holes) to move across the
junction. This lowers the potential barrier, allowing current to flow through the junction.

Thus, the correct answer is:
(C) lowers the potential barrier.

8) What type of semiconductor is CdS?
(A) Elemental

(B) Organic

(C) Inorganic

(D) Organic polymer

Solution:

Cadmium sulfide (CdS) is a compound made of cadmium and sulfur. It is an inorganic semiconductor
commonly used in photovoltaic cells and photoresistors.

Thus, the correct answer is:
(C) Inorganic.

9) Which of the following substances have an energy gap (Eg) of more than 3 eV?
A) Metals

B) Alloys

C) Semiconductor
D) Non-metals

(
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Solution:

The energy gap (Eg) is a characteristic of materials that determines their electrical conductivity:

Metals have no significant energy gap (Eg = 0) because their conduction and valence bands overlap.
Semiconductors have a moderate energy gap, typically less than 3 eV (e.g., silicon has Eg = 1.1 eV).
Non-metals (insulators) typically have a large energy gap, often greater than 3 eV.

Alloys can have varying properties depending on their composition, but they generally do not have a
large energy gap like non-metals.

Thus, the correct answer is:

(D) Non-metals.
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If a diode having infinite reverse-bias resistance is connected in a circuit as shown in the figure, then
I, and I, are respectively

(A)0.0 A50.2 A

(8)10.0 A;0.0 A

(©0.2A;00A

(D)0.0 A;0.0 A

Solution:

To solve this problem, we need to understand the behaviour of a diode and how it behaves in a circuit
with an infinite reverse bias resistance.

When a diode is forward-biased, it allows current to flow through it.

When a diode is reverse-biased and has infinite reverse-bias resistance, it blocks all current.

If the diode in the circuit is reverse-biased (which can be inferred from the context), no current will
flow through it because of the infinite resistance. Therefore:

I; = 0 A (no current flows through the diode in reverse bias),

I, will have some current depending on the circuit elements.

From the choices given, the correct answer matches:
(©0.2A;0.0A

11) If an electric charge ' q ' is placed at the centre of a cube, then the flux associated with each
surface of the cube is

Solution:

According to Gauss's Law, the total electric flux ® through a closed surface surrounding a charge q is
given by:




— 49

€0
For a cube with charge g placed at the centre, the total flux ® is uniformly distributed across the 6
faces of the cube. Therefore, the flux through each face is:

Flux through each face = -Totalflx — _2
E0

Thus, the correct answer is:
q
(B) ;-

12) The dimensional formula of the electric field is
A ML T3 AT
® [M!L*T A"
© M L' T 2A7]
D) [MOL' T® A"

Solution:

The electric field E is defined as the force per unit charge:

E=L
q
Where:

F'is the force, with dimensional formula [Ml L! T_2},

q is the charge, with dimensional formula [Al Tl} (since charge = current X time).

So, the dimensional formula for the electric field E is:
[M!'L' T?]
(A1 T
Thus, the correct answer is:

W M LT AT

E = — [Ml Ll T—3 A_l]

13) Two identical conducting spheres A and B having charges +q and —q are kept at ' d ' distance
apart experience coulombian force F between them. If 50% of charge is transferred from sphere B to
A then the new Colombian force between them is

Solution:
Let's break down the problem:

Initially, the charges on the spheres are:
Sphere A has charged +q,
Sphere B has charged —q.

The initial Colombian force F' between them is given by Coulomb's Law:




k-q2
F = D

Now, 50% of the charge from sphere B is transferred to sphere A. The charges after the transfer will
be:

Sphere A gets half of the charge from sphere B, so its new charge will be +q + %q = %.

—q

2

Sphere B loses half of its charge, so its new charge will be —q + qu =

Now, the new Colombian force between them is:

o B3 ()

Thus, the new Colombian force is:
F

(oA

14) Three equal charges 4-q each are placed at the three vertices of an equilateral triangle. The

electric field at the centroid of the triangle is (7 is the length of the side of the triangle)
3kq

(A) —=

Solution:

The problem involves three equal charges +-q placed at the vertices of an equilateral triangle. The
electric field due to each charge will point away from the charges because they are positive. Since the
charges are symmetrically placed, the electric field vectors will cancel each other out at the centroid.

In an equilateral triangle, the electric field due to each charge at the centroid will have the same
magnitude, but because of the symmetry, the vectors will sum to zero.

Thus, the net electric field at the centroid is:
(C) zero.

15) If two infinite plane sheets having the same surface charge density o are placed parallel to each
other, then the electric field between the two sheets is

Solution:

For two infinite plane sheets with the same surface charge density, o placed parallel to each other:
The electric field due to a single infinite sheet of charge is given by:




where gy is the permittivity of free space.

When two sheets are placed parallel to each other and have the same surface charge density, the
electric field between them adds up because both fields point in the same direction between the
sheets.

So, the total electric field between the two sheets is:

g

= _ Z - o
Eiotal = 2¢0 + 20 2o

Thus, the correct answer is:
(B) Z.

€0
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As shown in the figure charges +q each are placed at the four vertices of a square. Then the
coulombian force acting on a charge placed at vertex D is

w(V2+i)i
® (V- 3)%
() Y2k

D) 32

Solution:

Let's analyze the situation where four charges +q are placed at the vertices of a square, and we want
to find the net Coulomb force on the charge at vertex D.

Given:

Each charge at the vertices of the square is +q,

The distance between adjacent vertices is a,

The charges are placed at the four vertices of a square, with the charge at vertex D being influenced
by the charges at A, B, and C.




Coulomb Force Calculations:
The charge at D experiences forces from the charges at A, B, and C. Let's break down the
contributions of the forces:
1. Force due to charge at vertex B : The distance between B and D is a, and the force is repulsive
(since both charges are positive), so:

k. 2
Fpp = 4
This force acts along the horizontal line (along the side of the square).
2. Force due to charge at vertex C': The distance between C and D is a, and this force also acts
vertically (repulsive), so:

k 2
Fep =
This force acts along the vertical line.
3. Force due to charge at vertex A : The distance between A and D is the diagonal of the square,
which is v/2a, and the force is:

k> kq®

FAD — (\/EG)Q — 942

This force acts along the diagonal of the square.

Net Force:
- The forces F'gp and F¢p are perpendicular to each other, so the resultant of these two forces is:

2 2 )
Foo =[P+ Py = () + ()= Va2

This resultant acts along the diagonal.
- The force due to A, F4p, also acts along the diagonal but in the opposite direction, so the total
force along the diagonal is:

kq? kq®
Fnet :FBC’_FAD:\/E(I;’Z_TzQ

Simplifying this expression:
k. 2
Fu= (V2= )%

Thus, the correct answer is:

(B) (ﬁ - %)’i

17) Charge +Q is placed at the centre of a circular path of radius 7. The work done to bring charge
+q from one end of the diameter to the other end of the circular path in the electric field produced
by charge +Q is

(A) 4

10 —




Solution:

1. Electric Potential: The electric potential at any point on the circle due to the charge +Q at the
centre is given by:

V==

where 7 is the radius of the circle.
2. Work Done: The work done to move a charge +q in an electric field is given by the change in
electric potential:

W =qAV
However, since the electric potential is the same at all points on the circular path (as explained
above), the change in potential AV between the two points on the diameter is zero.

Thus, the work done in moving the charge +q from one end of the diameter to the other is:

W=qgx0=0
Conclusion:

The correct answer is:
(C) zero.

18) By keeping a conductor in an external electric field and from the result obtained by electrostatics,
which of the following options is wrong?

(A) Inside a conductor electrostatic field is zero

(B) At the surface of a charged conductor electric field must be perpendicular to the surface

(C) The interior of the conductor have an excess charge in a static situation

(D) Electrostatic potential is constant throughout the volume of the conductor

Solution:

1. (A) Inside a conductor electrostatic field is zero:

This is correct. In electrostatic equilibrium, the electric field inside a conductor is always zero because
the free charges in the conductor move until they cancel out any internal electric field.

2. (B) At the surface of a charged conductor electric field must be perpendicular to the surface:

This is correct. The electric field at the surface of a conductor in electrostatic equilibrium is always
perpendicular to the surface because any tangential component would cause surface charges to
move, which contradicts electrostatic equilibrium.

3.(C) The interior of the conductor has excess charge in a static situation:

This is wrong. In electrostatic equilibrium, all excess charges reside on the surface of the conductor.
The interior of a conductor cannot have an excess charge because the charges would move to the
surface to minimize the repulsive forces between them.

11
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4. (D) Electrostatic potential is constant throughout the volume of the conductor:

This is correct. In a conductor at electrostatic equilibrium, the electric potential is constant throughout
the entire volume of the conductor, including the surface, since there is no electric field inside the
conductor.

Conclusion:
The wrong option is:
(C) The interior of the conductor has excess charge in a static situation.

19) A charged capacitor is disconnected from the battery and if the distance between the two plates
of the capacitor is increased then

(A) Charge on the plate will decrease

(B) The Charge on the plate will remain the same

(C) The potential difference between the two plates will decrease

(D) Capacitance of the capacitor will increase

Solution:

When a charged capacitor is disconnected from the battery, the charge on the plates remains
constant because there's no external circuit to allow the charge to flow. Let's examine the effects of
increasing the distance between the plates:

1. (A) Charge on the plate will decrease:

This is incorrect. Since the capacitor is disconnected from the battery, the charge remains constant.
2.(B) The Charge on the plate will remain the same:

This is correct. As mentioned, the charge on the plates does not change after disconnection from the
battery.

3. (C) The potential difference between the two plates will decrease:

This is incorrect. In fact, the potential difference V" will increase because the capacitance decreases

when the plate separation increases, and for a constant charge Q,V = % meaning V increases as

C decreases.

4. (D) Capacitance of the capacitor will increase:

This is incorrect. The capacitance of a parallel-plate capacitor is given by C = <%=, where A is the
area of the plates and d is the distance between them. As the distance d i mcreases, the capacitance
decreases.

Conclusion:
The correct answer is:
(B) The Charge on the plate will remain the same.

20) Which of the following molecules is not polar?
(A) HCI

(B)H20
(C )NH3
(D)H

Solution:

12
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To determine which molecule is not polar, we need to consider the molecular structure and
electronegativity differences:

1. (A) HCI: This molecule is polar because chlorine is more electronegative than hydrogen, creating a
dipole moment.

2. (B) HyO (water): Water is polar due to the bent shape of the molecule and the difference in
electronegativity between oxygen and hydrogen.

3. (C) NHj3 (ammonia): Ammonia is polar due to its trigonal pyramidal shape and the electronegativity
difference between nitrogen and hydrogen.

4. (D) Hs: This molecule is nonpolar because it consists of two identical hydrogen atoms with no
electronegativity difference, so there is no dipole moment.

Conclusion:
The molecule that is not polar is:
(D) Hs.

21) If a 12 pF capacitor is connected to a 50 V battery then the electrostatic energy stored in the
capacitor is

(A) 1.5 x 10712 ]

(B)1.5 x 1075 ]

©15x10787

D)3 x 1078 J

Solution:

The electrostatic energy stored in a capacitor is given by the formula:

U=4CV?

Where:

Cis the capacitance (12pF =12 x 10712 F)
V is the voltage (50 V).

Substitute the values:

1
U= x12x 10712 x (50)2

U= % x 12 x 1072 x 2500

U=6x10""2x%x2500=15x%x10"%J
Thus, the correct answer is:
1.5 x%x 1078 J.

22) If a conducting wire of length L is uniformly stretched to double its length, then its conductivity
becomes

(A) double

(B) 4 times

(C) halved

(D) remain same

Solution:

183 —




When a conducting wire is uniformly stretched, its length increases, and this affects its resistance and
conductivity.

Conductivity o is related to the material properties and does not change based on the dimensions of
the wire. However, resistance R changes according to the dimensions.

Resistance R is given by:

where: []

p is the resistivity (a material constant),
L is the length of the wire,

A is the cross-sectional area.

When the length of the wire is doubled (L' = 2L) :

The volume of the wire remains constant, so if the length doubles, the cross-sectional area A is
halved (A’ = 4).

Now, the new resistance is:

R =280 _ g 2L _ 4R
2

The resistance becomes 4 times greater.

. L . . . _ 1 L
Since conductivity o is inversely proportional to resistance R (a =% ) the new conductivity

becomes:
1 _ o
0O =3r — 1

Thus, the conductivity is reduced to one-fourth (or halved if only focusing on relative change
compared to resistance).

Therefore, the correct answer is:
(C) halved.

23) Resistivity of which of the following substances decreases on increasing the temperature?
(A) Copper

(B) Silicon

(C) Aluminium

(D) Nichrome

Solution:

The resistivity of a material behaves differently depending on whether the material is a conductor or a
semiconductor:

1. (A) Copper: As temperature increases, the resistivity of copper (a metal) increases due to increased
collisions of electrons with the lattice atoms.

2. (B) Silicon: As temperature increases, the resistivity of silicon (a semiconductor) decreases because
more charge carriers (electrons and holes) are generated with the increase in thermal energy.

14
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3. (C) Aluminium: Like copper, the resistivity of aluminium (a metal) increases with temperature.
4. (D) Nichrome: Nichrome, being a metal alloy, also exhibits an increase in resistivity with
temperature.

Thus, the correct answer is:
(B) Silicon.

24) The storage battery of a car has an emf of 12 V. If the internal resistance of the battery is 0.652
then the maximum current that can be drawn from the battery is

(A)20 A

(B)25 A

(C)30A

(D)72 A

Solution:

The maximum current that can be drawn from a battery is given by Ohm's Law:

- %

Where:

I'is the current,

E is the emf of the battery (12 V),

R is the internal resistance of the battery (0.652).

Substituting the given values:

I=32=20A
Thus, the correct answer is:
(A) 20 A.

25) If a battery of 12 V is connected across the diametrically end points A& B of a conducting ring of
radius R and the current drawn from the battery is |, then the magnetic field produced at the centre
of the ring due to the ring is

(A) Zero

(B)

(©
(D)

l\.’)

‘(:

:a|”‘ g

Solution:

For a circular loop, the magnetic field at the center of the loop is determined by the current flowing
through it. However, in this case, due to the symmetric flow of current through the two halves of the
ring in opposite directions, the magnetic fields produced by the two halves of the ring at the center
will cancel each other out.

Thus, the net magnetic field at the center of the ring is:
(A) Zero.

15 —



26) Which of the following graph represents magnetic field (B) versus distance r from the centre of a
long straight conducting wire of uniform cross sectional area carrying steady current | and radius a ?

B
.T

A)

bpem——————

— F

h s s -

Solution:

The magnetic field (B) around a long straight conducting wire carrying a steady current I varies
depending on the distance r from the center of the wire. There are two distinct regions to consider:
1. Inside the wire (r < a) :

The magnetic field inside a conductor of uniform current distribution increases linearly with the
distance from the center. This is given by:

B = polr

2ma?

where 7 is the distance from the center, a is the radius of the wire, and g is the permeability of free
space. This relationship shows that the magnetic field grows linearly inside the wire.

2. Outside the wire (r > a):

The magnetic field outside the wire decreases with the inverse of the distance from the wire. This is
given by:

B = ol

27r

16 —



where 7 is the distance from the center. This shows that the magnetic field follows an inverse
relationship with distance outside the wire.

For r < a : The magnetic field increases linearly.

For 7 > a : The magnetic field decreases as %

Thus, the graph representing B versus 7 will show a linear increase inside the wire uptor = a, and a
decrease following a % curve outside the wire.

Thus, the correct answer is ().

27) A closely wound solenoid 120 cm long has 4 layers of windings of 400 turns each. The diameter of
the solenoid is 1.8 cm . If the current carried is 8.0 A . Estimate the magnitude of B inside the solenoid
near its centre.

(A)5.127r x 1077 T

(B)5.127 x 10> T

(Q4.27Tr x 10* T

(D)8m x 107> T

Solution:

The magnetic field B inside a long solenoid is given by the formula:

B = ponl

Where:

B is the magnetic field,

po = 4m X 1077T m/A is the permeability of free space,
n is the number of turns per unit length,

I is the current carried by the solenoid.

The solenoid has:
4 layers of windings, each with 400 turns, giving a total of 4 x 400 = 1600 turns.
The length of the solenoid is 120 cm = 1.2 m.

Thus, the number of turns per unit length n is:
n = 189 —1333.33 turns /m
The current I is 8.0 A. Now, substitute the values into the formula:

B= (47 x107") x 1333.33 x 8

B =471 x 1077 x 10666.64
B=42Tnx103T
Conclusion:

The correct answer is:
(©4.27r x 1073 T.




28) A conducting ring of radius R and one turn is formed from a conducting wire of length L and on
passing current | the obtained magnetic dipole moment is m. If this wire is then converted to a ring of
two turns and on passing electric current |, the new magnetic dipole moment obtained is

m
(A) 5
(B) 2m

m
Q T
(D)4m

Solution:

The magnetic dipole moment m of a current-carrying loop is given by the formula:

m=n-1-A

Where:

n is the number of turns,
I is the current,

A is the area of the loop.

Initially, the wire forms a single-turn ring with radius R, and the area of the loop is:

A =rmR?
The magnetic dipole moment for this single-turn ring is:

m=1-1-7R>

When the wire is converted into a two-turn ring, the length of the wire remains the same. The total
length of the wire is L, and for the new ring with two turns, the circumference of each turn is:

Circumference of one turn = %

Thus, the new radius R’ of the two-turn ring is:

RI_ L _ R

227 2
Now, the area of each turn in the two-turn ring is:

A'=x(R) =n(§)" = T

The magnetic dipole moment for the two-turn ring is:

2 D2
m’:n.I.A’:Q.I.%:%

So, the new magnetic dipole moment is:

Thus, the correct answer is:
A 5.

29) A short bar magnet placed with its axis at 30° with a uniform external magnetic field of 0.25 T
experiences a torque of magnitude 4.5 x 1072 J. The magnitude of the magnetic moment of the
magnet will be JT-1L

(A)0.18

18



(B) 0.36
(©)0.54
(D) 0.72

Solution:
The torque 7 experienced by a magnetic dipole in a uniform magnetic field is given by the formula:

T =mBsin 6

Where:

T is the torque,

m is the magnetic moment,

B is the magnetic field,

0 is the angle between the magnetic moment and the magnetic field.

Given:
r=45x10"21J,
B=0.25T,

6 = 30°,

sin (30°) = 0.5.
Substitute the values into the formula:

45x1072=m-0.25-0.5
Simplifying:

45 %x 1072 =m-0.125
Solving for m :

m = 45107 — (.36 J/T

Thus, the correct answer is:
(B)0.36.

30) The flux associated with a closed loop is ¢ (g = 3t2 4 2t 4 5 weber. If the resistance of the loop is
142, then the current induced in this coil in t = 2sec is

A)TA

B)2A
(O15A
(D)2.5A
Solution:

To find the induced current in the loop, we can use Faraday's Law of Electromagnetic Induction, which
states that the induced electromotive force (EMF) € is given by the rate of change of magnetic flux
through the loop:
_ 49

dt
The current I induced in the loop is then related to the EMF and the resistance R of the loop by
Ohm's Law:

E =




I= %

Given:

Flux ¢(t) = 3t + 2t + 5 weber,
Resistance R = 1412,

We need to calculate the current at t = 2sec.

Step 1: Find the rate of change of flux %
Differentiate the given flux function with respectto ¢ :
do d
— = — (3> +2t+5
@ )
d¢
— =6t 4+ 2
dt
Att = 2sec:

99 —6(2) +2=12+2=14 Wh/s
Step 2: Find the induced EMF
The induced EMF ¢ is the rate of change of flux, so:

e=14V

Step 3: Calculate the induced current
Using Ohm's Law:
[=<=1_14

The correct answer is:

(A)1A.

31) Current in a circuit falls from 5.0 Ato 0.0 Ain 0.1 s. If an average emf of 100 V is induced then the
value of self-inductance of the circuit is

(A)O.5H

B)1H
(Q2H
(D)4H
Solution:

To find the self-inductance L of the circuit, we can use the formula derived from Faraday's Law of
Induction for a self-induced emf:

_ dI
E = _LE
Where:
g is the induced emf (100 V),
L is the self-inductance,

% is the rate of change of current.




_

Given:

The current falls from 5.0 Ato 0.0 A, so AT = 5.0 A,
The time interval At = 0.1 s,

The induced emfe = 100 V.

First, calculate the rate of change of current:

dl _ AI __ 50 __
T = =41 =90A/s

Now, substitute into the formula for induced emf:

100 =L -50

Solving for L :
L=1% —2H
Conclusion:

The correct answer is:
() 2 H.

32) Mutual inductance of a system of two coils does not depend on
(A) No. of turns of the coil

(B) Distance between two coil

(C) The relative permeability of the medium within the coil

(D) Current passing through the coils

Solution:

The mutual inductance M of a system of two coils depends on various factors, but it does not
depend on the current passing through the coils. Instead, mutual inductance is a geometric
property of the system and depends on the physical arrangement of the coils.

Mutual inductance depends on:

. (A) Number of turns of the coils: The more turns in the coils, the higher the mutual inductance.
. (B) Distance between the two coils: The closer the coils are, the greater the mutual inductance.
. (C) The relative permeability of the medium: A medium with higher permeability increases the

mutual inductance.

Mutual inductance does not depend on:

. (D) Current passing through the coils: The mutual inductance is a property of the coils and their

configuration, not the current flowing through them.

(D) Current passing through the coils.

33) A 1.0 m long metallic rod is rotated with an angular frequency 200rad /s about an axis normal to
the rod passing through its one end. The other end of the rod is in contact with a circular metallic
ring. A constant and uniform magnetic field of 0.5 T parallel to the axis exist everywhere. The emf
developed between the centre and the ring is

(A) 100V
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(B) 200V
650V
(D) 400V

Solution:

The induced emf in a rotating rod placed in a uniform magnetic field can be calculated using the
formula for motional emf in rotational motion:

emf = + BwL?

Where:

B is the magnetic field strength (0.5T),
w is the angular frequency ( 200rad/s),
L is the length of the rod (1.0 m).

Step 1: Substitute the given values into the formula

1
emf = 5 % 0.5 % 200 (1.0)?

emf:%x0.5><200250V

The correct answer is:
(©)50V.

34) From which of the following options the power factor of an A.C. circuit can be zero.
(A)Rand L in series

(B) R and Cin series

(O)L, Cand R in series

(D)L and Cin series

Solution:
The power factor of an AC circuit is given by:

Power factor = cos ¢
Where ¢ is the phase angle between the voltage and current. The power factor is zero when the
phase difference is 90°, meaning the current and voltage are completely out of phase.

In a purely inductive (L) or capacitive (C) circuit, the current leads or lags the voltage by 90°, resulting
in a power factor of zero.

Among the options:

(D) L and C'in series can have a power factor of zero if the circuit is purely reactive (i.e., no
resistance). In this case, the inductive reactance X, and capacitive reactance X ¢ are completely out
of phase, leading to a zero power factor.

Conclusion:
The correct answer is:
(D)L and C in series.
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35)An L — C' — R series circuit is connected to an AC source of peak voltage 240 V . The phase
difference between voltage and current of this circuit is 45° and resistance is 1002, then the rms
value of current through the circuit is

(A)5.25A

B)1.7A

(CO)3.5A

(D)1.2A

Solution:

Given:

Peak voltage Vieax = 240V,
Phase difference ¢ = 45°,
Resistance R = 10012

Step 1: Convert peak voltage to RMS voltage
The RMS voltage Vims is related to the peak voltage Vpeak by:

— Voex _ 240 _ _
Vims = N A 240 x 0.707 =169.7 V
Step 2: Calculate the RMS current using the phase difference
The relationship between the RMS voltage, RMS current, and resistance in an AC circuit is:

Vims = Irms - Z
Where Z is the impedance of the circuit. The impedance Z in an L — C' — R circuit is related to the
resistance R and the phase difference ¢ by:

zZ=_2=
cos ¢
Substitute R = 1002 and cos 45° = L :

V2

_ 100 __
Z =290 —141.40

Now, using Ohm's law for AC circuits:

Irmsz%: 1097 ~1.2A
Conclusion:

The correct answer is:
(D)1.2A.

36) Which of the following options represents Ampere - Maxwell Law?

(A) § B - dl = puoic + o252

= .

8) §B - dl = poi. + 9222
—

(© §B-dl = pgi, + 2=

e
() § B - dl = poic + pogo g




Solution:

The correct form of the Ampere-Maxwell Law is:
— — . d

$§B-dl = poic + Mo%%

Where:

Mo is the permeability of free space,

€¢ is the permittivity of free space,

1. is the conduction current,

dép

— Is the rate of change of electric flux, also known as the displacement current.

Thus, the correct answer is:
e . d
(D) § B-dl = poic + poco 2L,

37) Which of the following waves is used in speed gun to measure the speed of ball in cricket match?
(A) Radio wave

(B) Microwave

(C) Infrared waves

(D) Ultraviolet wave

Solution:

The wave used in a speed gun to measure the speed of a ball in cricket is the microwave. Speed guns
typically use the Doppler effect with microwaves to detect the velocity of moving objects, such as a
ball in sports.

Thus, the correct answer is:
(B) Microwave.

38) The speed of light in a medium of refractive index 1.25 is
(Speed of light in vacuum is 3 x 108 ms™1)

(A)2.4 x 108 ms~!

(8)2.0 x 108 ms™?

(€) 1.5 x 108 ms ™1

(D) 1.25 x 108 ms~!

Solution:

The speed of light in a medium is related to the refractive index n of the medium by the formula:

__ ¢
V=5

Where:

- vis the speed of light in the medium,

-¢ =3 x 10® m/s is the speed of light in vacuum,

- n is the refractive index of the medium.
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Given:
-n = 1.25,
-c=3x10%m/s.

Substituting the values:

v= 200 =24 x10%m/s

Thus, the correct answer is:
(A) 2.4 x 108 m/s.

39) A small telescope has an objective lens of focal length 140 cm and an eye piece of focal length 5
cm . The magnifying power of telescope for viewing distant object when the telescope is in normal
adjustment is

(A) 145

Solution:

The magnifying power M of a telescope in normal adjustment (when the final image is at infinity) is
given by the formula:

M _ fobjective

feyepiece

Where:

- fobjective is the focal length of the objective lens,
- feyepiece is the focal length of the eyepiece.

Given:
- fobjective = 140 cm,

- feyepiece = 5 cm.

Substitute the values:

_ 140 _
M = = = 28
Thus, the correct answer is:
(C) 28.

40) Which of the following figure is correct on the basis of Huygens principle for refraction of a plane
wave by a thin prism.
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Solution:

Figure (A): Shows refraction, but the wavefronts do not correctly represent the change in wavelength
inside and outside the prism.

Figure (B): Shows wavefronts that are parallel both inside and outside the prism, which does not
accurately reflect the bending or the change in wavelength.

Figure (C): Similar to (B), with no indication of wavefront bending or wavelength change.

Figure (D): Correctly shows the bending of wavefronts inside the prism, with the wavefronts bending
toward the base of the prism. After exiting the prism, the wavefronts diverge correctly.

The correct figure based on Huygens' principle for refraction of a plane wave by a thin prism is:

(D).

41) Two waves having same intensity 1o and originated from two non-coherent sources superpose at
a point. The average intensity at that point is

(A) Lo

(B) 21y
(@) 3o
(D) 41
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Solution:

When two non-coherent waves superpose at a point, they do not maintain a constant phase
difference. As a result, the intensities simply add up, without any interference pattern (constructive or
destructive) being formed.

Given that the intensity of each wave is I, the total intensity I at the point of superposition is:

I — IO + IO — 2_[0
Thus, the correct answer is:
(B) 21,.

42) In the case of Photoelectric effect, on increasing the frequency of incident light,
A) Photoelectric current increases

B) Photoelectric current decreases

C) Stopping potential increases

D) Stopping potential decreases

~ —

(
(
(
(

~

Solution:

In the photoelectric effect, the stopping potential is directly related to the kinetic energy of the
emitted photoelectrons, which in turn depends on the frequency of the incident light.

According to the photoelectric equation:

Kmax = h’f - ¢

Where:

- K.« is the maximum kinetic energy of the emitted photoelectrons,
- h is Planck’s constant,

- f is the frequency of the incident light,

- ¢ is the work function of the material.

As the frequency f increases, the kinetic energy of the emitted electrons increases. To stop these
higher-energy electrons, a higher stopping potential is required. Therefore, increasing the frequency
of the incident light increases the stopping potential.

Thus, the correct answer is:
(C) Stopping potential increases.

43) The photoelectric cut-off voltage in a certain experimentis 1.5 V. What is the maximum kinetic
energy of photoelectrons emitted?

(A)1.5eV

(B)3.0 eV

(©)1.5]

(D)1.6 x 1071 J
Solution:

The maximum kinetic energy K .. of the emitted photoelectrons in a photoelectric experiment is
directly related to the cut-off voltage (or stopping potential) Vi, by the equation:
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Kmax = e‘/;top

Where:

- e is the elementary charge (1.6 X 10_190),
- Vstop is the stopping potential (1.5 V).

Since the stopping potential is given in volts and the charge is in coulombs, the maximum kinetic
energy in electron volts ( eV ) is equal to the stopping potential in volts.

Kiax = 1.5eV
Thus, the correct answer is:
(A)1.5eV.

44) If de-Broglie wavelength of a dust particle of mass 1.0 x 107° kgis 3 x 10~ 2° m then the speed
of the particle is (h = 6.625 x 10_34Js)

(A)1.1 ms™*

(B) 1.0kms

(C)1.2kms !

(D) 2.2 ms ™!

Solution:

Given:
“A=3x10"%m,
-m = 1.0 x 10"? kg,
-h = 6.625 x 10**Js.

Step 1: Rearrange the de Broglie equation to solve for velocity v :
h

Am

Step 2: Substitute the given values:

v =

6.625 x 1034
(3 x107%) x (1.0 x 107?)
Y 6.625 x 1034

3 x 1073
Conclusion:
The correct answer is:
(D)2.2 ms ™!

=2.2m/s

45) Threshold frequency of which of the following metal does not lie in the ultraviolet region. (In case
of photoelectric effect)

(A) Zinc

(B) Cadmium

(C) Magnesium

(D) Sodium

Solution:

* Sodium has a threshold frequency that falls in the visible light region (usually around yellow light).




* Zinc, Cadmium, and Magnesium have higher work functions, meaning their threshold frequencies
lie in the ultraviolet region.

Thus, the correct answer is:

(D) Sodium.

46) The momentum of a photon of light of frequency f is
(A) e

(B)

Solution:

The momentum p of a photon is related to its energy and frequency by the equation:

p==L
Where:

- E'is the energy of the photon,
- cis the speed of light.

The energy E of a photon is related to its frequency f by:

E=hf

So the momentum of the photon becomes:

h

p=

Thus, the correct answer is:
h

© 2.

47) If the radius of a hydrogen atom in its first orbit is ag, then its radius in the third excited state is

Solution:

The radius of an electron's orbit in a hydrogen atom is given by the formula:

rn, = nlag

Where:

- 7, is the radius of the electron's orbit in the n-th energy level,

- nis the principal quantum number (which represents the orbit number),

- aq is the Bohr radius, the radius of the hydrogen atom in its ground state (first orbit).
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CAREERS 300 W

For the third excited state:

- The ground state correspondston = 1,

- The first excited state correspondston = 2,

- The second excited state corresponds ton = 3,
- The third excited state corresponds to n = 4.

Thus, the radius in the third excited state is:

T4 = 420,0 = 16(1,0
The correct answer is:
(D) 16ay.

48) The size of the atom in Thomson's model is the size in Rutherford's model.
(A) much greater than

(B) not different from

(C) much less than

(D) double

Solution:

In both Thomson's and Rutherford's models, the size of the atom is primarily defined by the extent of
the electron cloud, which does not differ significantly between the two models. The primary
difference lies in the distribution of charge, not the size of the atom itself.

The correct answer is:
(B) not different from.

49) In accordance with Bohr's model, the quantum number that characterises the earth's revolution
around the sun in an orbit of radius 1.5 x 10** m with orbit speed 3 x 10* m/s is

(Mass of earth is 6.0 x 10% kg, h = 6.625 x 10734Js)
(A) 2.6 x 107

(B)2.6 x 10™

(C) 2.6 x 10%

(D) 2.6 x 107

Solution:

In accordance with Bohr's model, the quantum number n is related to the angular momentum L by
the equation:

L =nh
Where h = % is the reduced Planck's constant, and n is the quantum number.

The angular momentum L of an object in circular motion is given by:

L = muor
Where:
- m is the mass of the object (earth, in this case),
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- v is the orbital speed of the object (the earth's orbital speed),
- r is the radius of the orbit (distance from the Earth to the sun).

Step 1: Calculate angular momentum L
Given:

-m = 6.0 x 10** kg,

-v =3 x 10" m/s,

-r=1.5x 10" m.

Substitute the values into the formula for L :

L = (6.0 x 10**) x (3 x 10*) x (1.5 x 10")
L=27x10" kgm?/s

Step 2: Calculate n

Now, using L = nh, where h = 662510 % 1 055 x 10 34Js ;

2T
L 2.7x10% 74
R 1.055x 107 6 0
Conclusion:

The correct answer is:
(B) 2.6 x 1074

50) The kinetic energy of an electron in one of the orbits of hydrogen atom is x then its total energy is

(A) —x
(B) —%
(C) —2x
(D) —%
Solution:

In the Bohr model of the hydrogen atom, the relationship between the kinetic energy (KE) and the
total energy (TE) of an electron in an orbit is as follows:
- The total energy F of the electron is related to the kinetic energy K E by:

E = KE

2
This means that the total energy is half the kinetic energy but negative because the electron is bound

to the nucleus.
Thus, if the kinetic energy is x, the total energy is:

— _z
E = 2
Conclusion:
The correct answer is:

(B) —%.

PART-B




1) Torque on an Electric Dipole in a Uniform Electric Field

Solution:
Consider an electric dipole consisting of two charges, +q and —gq, separated by a distance d. The
dipole moment p is defined as:

p=q-d
where Jis the vector pointing from the negative charge to the positive charge, and p = qd is the

magnitude of the dipole moment.

Now, when this dipole is placed in a uniform external electric field E, the forces on the charges are:
- Aforce F'y = +q - E on the positive charge,
_Aforce F_ = —q- E onthe negative charge.

Step 1: Forces on the Dipole
The magnitudes of the forces are equal, but they act in opposite directions. These two forces form a
couple, producing a torque that tends to rotate the dipole.

Step 2: Torque Calculation

The torque 7 acting on the dipole is given by:
F=pxE

Where:

- pis the dipole moment,

- E'is the external electric field,
- X denotes the vector cross product.

Step 3: Magnitude of the Torque
The magnitude of the torque is:

7 =pEsinf
where 0 is the angle between the dipole moment p and the electric field E.

Conclusion:
Thus, the torque acting on a dipole in a uniform electric field is:

F=pxE
The magnitude is:

7= pEsinf
2) An infinite line charge produces a field of 9 x 10* N/C at a distance of 2 cm. Calculate the linear
charge density.

Solution:
To calculate the linear charge density A of an infinite line charge, we use the formula for the electric

field produced by an infinite line charge at a distance r:
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D
E= 2meqr
Where: [

- Eis the electric field strength,

- Ais the linear charge density,

- £9 is the permittivity of free space (8.85 x 10~ '*C?/Nm?),
- 7 is the distance from the line charge.

Given:

-E=9x10*N/C,
r=2cm=2x10"2m,
-0 = 8.85 x 10 12C2/Nm?.

Step 1: Rearrange the formula to solve for A :

A= FE - 2meyr
Step 2: Substitute the given values:

A= (9x10%) 27 (8.85 x 107) - (2 x 107?)
A=9x10*-27-8.85x 1071%.2 x 1072
Step 3: Calculate X :

A=9x10%-2-3.1416-8.85 x 10 .2 x 10 ?
Ax1x107'C/m

Conclusion:

The linear charge density A is approximately:

A=1x10"7"C/m
3) Define mobility and write its formula, unit and dimensional formula.

Solution:

Definition of Mobility:

Mobility u refers to the ease with which charge carriers (such as electrons or holes) can move through
a conductor or semiconductor under the influence of an electric field. It is defined as the drift velocity
of the charge carriers per unit electric field.

Formula for Mobility:

p=%

Where:

- v is the mobility,

- v4 is the drift velocity of the charge carriers,
- E'is the electric field.

Unit of Mobility:
The unit of mobility can be derived from the formula:




_ m/s _ m?
K= V/m_%

Thus, the Sl unit of mobility is:

m?/Vs
Dimensional Formula of Mobility:
Using the dimensional formula of velocity [MOLlT_l} and electric field [MlLlT_?’A_l} :

p= [Mlgiﬁij‘]A—_l} = [MOL*T 2 A]

Thus, the dimensional formula of mobility is:
[M°L*T2A']

4) Write the characteristics of magnetic field lines.
Solution:

Characteristics of Magnetic Field Lines:

. Continuous Loops: Magnetic field lines form closed loops, extending from the north pole of a
magnet to the south pole outside the magnet, and continuing from the south pole to the north pole
inside the magnet.

. Direction: The direction of the magnetic field lines is defined by the direction in which a north pole
of a compass needle points. Outside the magnet, they flow from the north pole to the south pole.

. Density and Strength: The density of the magnetic field lines represents the strength of the
magnetic field. A greater concentration of lines means a stronger magnetic field, and fewer lines
represent a weaker field.

. Non-Intersecting: Magnetic field lines never cross or intersect. If they did, it would imply two
different directions of the magnetic field at the same point, which is impossible.

. Parallel to Field Lines: The tangent to a magnetic field line at any point gives the direction of the
magnetic field at that point.

5) Obtain the expression for the magnetic energy stored in a solenoid in terms of magnetic field B,
area A and length [ of the solenoid and hence obtain formula for magnetic energy per unit volume.

Solution:

Magnetic Energy Stored in a Solenoid

Consider a solenoid of length [, cross-sectional area A, and magnetic field strength B. The energy
stored in the magnetic field of a solenoid can be derived using the following steps:

1. Expression for Magnetic Energy:

The energy stored in an inductor is given by:
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U= $LI*

Where: [J

- U is the energy stored,

- L is the inductance of the solenoid,

- I is the current passing through the solenoid.

2. Inductance of the Solenoid:
The inductance L of a solenoid is given by:

L = ,LL()’I’L2Al

Where:

- ko is the permeability of free space,

- n is the number of turns per unit length,

- A is the cross-sectional area of the solenoid,
- L is the length of the solenoid.

The magnetic field B inside the solenoid is related to the current I by the formula:

B = ponl

So, solving for I :
_ B

I'= g

3. Substituting I into the Energy Formula:

Substitute I = —Z- into the energy formula U = %LI2 :
Hon

U=+ x pon?dl x ()

Hom
Simplifying:
1 B?
U= = x uon’Al x 5
1  B’Al
U=—x
2 Mo
Thus, the energy stored in the solenoid is:
U= B2 Al
T 2p0

4. Magnetic Energy Per Unit Volume:

The volume of the solenoid is V' = A - I. Therefore, the magnetic energy per unit volume u is:

B2Al )
_ U _ 2 _ B
U=% = "4 = 2m

Conclusion:
- The total magnetic energy stored in the solenoid is:
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_ B4l
U=55

- The magnetic energy per unit volume is:

_ B
U= 5o

6) A10012 resistor is connected to a 220 V, 50 Hz AC supply.

a) What is the rms value of current in the circuit?
b) What is the net power consumed over a full cycle?

Solution:

Given:

- Resistance R = 100€2,

- Voltage Vs = 220V,

- Frequency f = 50 Hz.

(a) RMS Value of Current in the Circuit:

Using Ohm's Law for an AC circuit:

Vim
Irms - Rs

Substituting the given values:

Lms = 2% =22 A

So, the rms current in the circuit is:
I,.=22A

(b) Net Power Consumed Over a Full Cycle:

The power consumed by a resistor in an AC circuit is given by:

Pavg = Vims X Irms = Ir2msR
Substituting the values:

P,y = (2.2 A)2 x 1002 = 4.84 x 100 = 484 W
Conclusion:

- The rms current in the circuitis 2.2 A.

- The net power consumed over a full cycle is 484 W .

7) Derive the relation between focal length (f) and radius of curvature (R) for a spherical convex
mirror with the help of a geometrical diagram of reflection of incident ray on a convex spherical

mirror.

Solution:

Derivation of the Relation Between Focal Length f and Radius of Curvature R for a Spherical Convex

Mirror
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The relation between the focal length f and the radius of curvature R for a spherical mirror can be
derived using basic geometrical optics.

Step 1: Geometrical Setup

Consider a convex spherical mirror with center of curvature C, radius of curvature R, and pole P of
the mirror. The principal axis is the line joining the pole P and the center of curvature C.

- The focal point F' lies halfway between the pole P and the center of curvature C.

- The incident ray is coming from an object placed in front of the convex mirror, and after reflecting
from the surface, the reflected ray appears to diverge from the focal point F' of the convex mirror.

Step 2: Use of Geometry and Laws of Reflection

In a spherical convex mirror:

- The radius of curvature R is the distance between the center of curvature C' and the pole P of the
mirror.

- The focal length f is the distance between the focal point F' and the pole P.

By the definition of a spherical mirror, the focal point F'is located midway between the center of
curvature C and the pole P. Thus:

_ PC
PF=£C

Conclusion:
Thus, the relation between the focal length f and the radius of curvature R for a convex spherical
mirror is:

f= R

-2

This result is the same for both concave and convex mirrors, though for convex mirrors, the focal
length is positive, and for concave mirrors, it is negative.

8) Using Huygens principle, explain reflection of a plane wave by a plane reflecting surface.
Solution:
Reflection of a Plane Wave by a Plane Reflecting Surface using Huygens' Principle

Huygens' principle is a powerful tool for analyzing wave phenomena such as reflection. It states that
every point on a wavefront acts as a source of secondary spherical wavelets, and the new wavefront is
the envelope of these secondary wavelets.

To explain the reflection of a plane wave by a plane reflecting surface, we use the following steps:
Step 1: Incident Wavefront

Consider a plane wavefront A B approaching a plane reflecting surface (such as a mirror). The
wavefront is moving in a medium with velocity v and is incident at an angle 8; (angle of incidence)
with respect to the normal to the surface at point P.

Step 2: Huygens' Principle Applied to Incident Wavefront

According to Huygens' principle, every point on the incident wavefront acts as a source of secondary
wavelets. When the wavefront reaches the reflecting surface, each point on the surface starts
generating secondary wavelets.
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Let's consider the points:
- A hits the surface first and begins to produce secondary wavelets immediately.
- B, on the other hand, continues moving and will reach the surface after a certain time delay.

Step 3: Formation of the Reflected Wavefront

As A begins to produce secondary wavelets, they spread out in a spherical fashion. After a certain
time ¢, the wavelet generated from A has a radius equal to vt (where v is the speed of light in the
medium).

During the same time, the point B continues moving forward and eventually hits the surface at point
C. The secondary wavelet generated from B begins to propagate when it touches the surface.

Thus, the reflected wavefront A’C" is the tangent to all these secondary wavelets. This new
wavefront A’C" is at an angle 6, (the angle of reflection), and the direction of the reflected wave is
perpendicular to this reflected wavefront.

Step 4: Laws of Reflection
From the geometrical construction of the incident and reflected wavefronts, we can observe that the
angles of incidence and reflection are the same.

Thus, Huygens' principle demonstrates that:

This is the law of reflection, which states that the angle of incidence is equal to the angle of reflection.

Conclusion

Using Huygens' principle, we can explain the reflection of a plane wave by a plane reflecting surface.
The new reflected wavefront is formed by constructing the envelope of secondary wavelets generated
from points on the incident wavefront. This method shows that the angle of incidence is equal to the
angle of reflection, which is consistent with the laws of reflection.

9) Light of frequency 7.21 X 10'* Hz is incident on a metal surface. Electrons with a maximum speed
of 6.0 x 10° m/s are ejected from the surface. What is the threshold frequency for photoemission of
electrons?

(h =6.625 x 1034Js,e = 1.6 x 10719C, m = 9.1 x 107! kg)
Solution:

To find the threshold frequency f, for photoemission of electrons, we will use the photoelectric
equation:

Kyax = hf — hfo

Where:

- K.« is the maximum kinetic energy of the ejected electrons,
- h is Planck's constant,

- fis the frequency of the incident light,

- fo is the threshold frequency.
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We can calculate the kinetic energy using the expression:

_ 1 2
Kmax = ymv

Where:
-m=9.1x10"3 kg is the mass of the electron,
-v = 6.0 x 10° m/s is the speed of the ejected electrons.

Step 1: Calculate K max

%(9.1 x 107 (6.0 x 10°)”

Kmax
1 _
Kax = 7 (9-1x 10 1) (3.6 x 10M)

1
Koy = 5 3.276 x 107 =1.638 x 10717 J

Step 2: Use the photoelectric equation
Rearrange the photoelectric equation to solve for f :

th = hf_Kmax

Substitute the values:

-h = 6.625 x 1034Js,
-f=7.21x10"Hz,

- Ko = 1.638 x 10719 J.

hfo = (6.625 x 1074) (7.21 x 10™) — 1.638 x 10~
hfy=4.777 x 10719 —1.638 x 107 1*
hf, =3.139 x 1071 J

Step 3: Calculate the threshold frequency fo
Now solve for fo:

_ hfy 3139 x10°"

o= T = G625 x 107
fo = 4.74 x 10" Hz

Conclusion:
The threshold frequency for photoemission of electrons is:

fo =4.74 x 10" Hz

10) A hydrogen atom initially in the ground level absorbs a photon which excites it to the n = 4 level.
Determine the wavelength and frequency of photon.

(h =6.625 x 10**Js,C = 3 x 10° m/s)
Solution:




To determine the wavelength and frequency of the photon absorbed by a hydrogen atom when it is
excited from the ground state (n = 1) to the n = 4 level, we can use the energy difference between
the two levels.

Step 1: Energy Levels of Hydrogen Atom
The energy of an electron in the n-th energy level of a hydrogen atom is given by:

E, = —13.6eV x —

Where E,, is the energy of the electron in the n-th level and 13.6 eV is the ionization energy of the
hydrogen atom.
- Energy in the ground state (n = 1) :

E, = —-13.6eV
- Energy in the n = 4 state:
By = —13.6eV x 5; = —13.6 x 5= = —0.85eV

Step 5: Calculate the Wavelength of the Photon
The wavelength A of the photon can be found using the speed of light equation:

c=Af

Where ¢ = 3 x 108 m/s is the speed of light. Solving for \

A=¢ :%%9.74x10’8m:97.4nm

Conclusion:
- The frequency of the absorbed photon is:

f=3.08 x 10'° Hz
- The wavelength of the absorbed photon is:

A=97.4nm

11) Write any two features of nuclear binding force.
Solution:

Here are two key features of nuclear binding force (also known as the strong nuclear force):

1. Short Range Force:

- The nuclear binding force is an extremely short-range force, effective only over distances on the
order of 1 — 2 femtometers (fm) (1fm = 10"'° meters). Itis responsible for binding protons and
neutrons together within the atomic nucleus. Beyond this range, the force quickly diminishes to zero,
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which is why it does not influence particles at macroscopic distances.

2. Charge Independence:

- The nuclear binding force is charge-independent, meaning it acts equally between any pair of
nucleons (proton-proton, neutron-neutron, and proton-neutron). This property ensures that the force
between two neutrons is the same as the force between two protons or a neutron and a proton,
regardless of their electric charge.

12) Suppose a pure Si crystal has 5 X 10% atom m 2. Itis doped by 1 ppm concentration of
pentavalent As. Calculate the number of electrons and holes. Given that (ni = 1.5 x 10 m_3).

Solution:

Given:

- Number of Si atoms per cubic meter: Ngi = 5 X 10%8 m 3,

- Doping concentration of As: 1lppm = 1 part per million =1 X 1076,
- Intrinsic carrier concentration n; = 1.5 X 106 m—3,

Step 1: Calculate the number of dopant atoms (As) per cubic meter.
The number of pentavalent arsenic (As) atoms per cubic meter can be calculated as:

Njas = Ngi X doping concentration
Ny =5x10%x1x10%=5x%x102m3
Step 2: Number of Electrons
In an n-type semiconductor (doped with a pentavalent element like As), each As atom contributes one
free electron to the conduction band. Therefore, the number of free electrons in the conduction band
is approximately equal to the number of dopant atoms, as the majority carriers are electrons:

na~ Ny, =5x102?m3

Step 3: Number of Holes
The concentration of holes in an n-type semiconductor can be calculated using the relation:

n-p= nf

Where:

- is the concentration of electrons (majority carriers),
- p is the concentration of holes (minority carriers),

- n; is the intrinsic carrier concentration.

Substitute the values:

5x 102 . p = (1.5 x 10'%)°
(1.5 x 1016)°

p:

5 x 1022
2.25 x 1032 45 % 10° -3
= — = 4.9 X m
P 5 x 1022
Conclusion:

- The number of electrons n is approximately 5 x 10%* m~3.

- The number of holes p is approximately 4.5 X 10° m—3.
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SECTION-B

13)- A spherical conductor of radius 12 cm has a charge of 1.6 X 10~7C distributed uniformly on its
surface. What is the electric field

a) inside the sphere?

b) just outside the sphere?

C) at a point 18 cm from the centre of the sphere?

Given:

- Radius of the spherical conductor: 7 = 12 cm = 0.12 m,
- Charge on the sphere: Q = 1.6 x 1077C,

- Permittivity of free space: €9 = 8.85 x 10712C2/Nm?.
(a) Electric field inside the sphere:

For a spherical conductor, the electric field inside the conductor is zero. This is because the charges
reside on the outer surface of the conductor and the electric field inside a conductor in electrostatic
equilibrium is always zero.

Einside =0 N/C
(b) Electric field just outside the sphere:
The electric field just outside a charged spherical conductor is given by:

E=-1 .9

47TEO 7’2
Substitute the values:

o 1 1.6 x 10"
4m x 8.85 x 10712 (0.12)2
1.6 x 1077
E—9x10°. 22—
0.0144

E=9x10"-1.11x10"°
E=9.99 x 10*N/C
Thus, the electric field just outside the sphere is:

Eoutside ~ 1.0 x 105 N/C
(c) Electric field at a point 18 cm from the center of the sphere:

For points outside the spherical conductor, the electric field behaves like that of a point charge
located at the center of the sphere. The distance from the centeris7 = 18 cm = 0.18 m.

Using the formula for the electric field:

E--1L .9

471'80 7‘2
Substitute the values:




-7
E—0x10°- 1.6 x 10
(0.18)2

1.6 x 107

E = 9 X 109 . X—
0.0324

E=9x10°-494x10°
E =4.45x10*N/C
Thus, the electric field at a point 18 cm from the center of the sphere is:

Eo1sm ~ 4.45 x 10* N/C
14) Obtain the formula for equivalent emf and equivalent internal resistance of a series combination
of two cells of emf €1 and €2 and internal resistance r1 and 72 respectively

Solution:

Series Combination of Two Cells

Let's consider two cells connected in series, where:

- The first cell has an emf £1 and internal resistance 71,

- The second cell has an emf €2 and internal resistance rs.

When two cells are connected in series, the total emf and total internal resistance of the combination
are as follows:

Step 1: Equivalent EMF of Cells in Series
In a series combination of cells, the total emf is the algebraic sum of the individual emfs of the cells.

€eq = €1 T €2

If both cells have the same polarity (i.e., positive terminals connected to positive terminals and
negative terminals connected to negative terminals), the emfs add up directly. If they are connected
with opposite polarities, their emfs subtract.

Thus, for cells with the same polarity:
€eq = €11+ €

Step 2: Equivalent Internal Resistance of Cells in Series
In a series combination of cells, the total internal resistance is the sum of the internal resistances of
the individual cells:

Teq =T1 1+ T2

This is because, in a series circuit, resistances add up directly.

Step 3: Total Equivalent Circuit

The total equivalent emf and internal resistance of the series combination can be treated as a single
cell with:

- Equivalentemfe,q = €1 + €9,

- Equivalent internal resistance roq = 71 + 72.
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Conclusion:
The equivalent emf and internal resistance for two cells in series are:
- Equivalent emf:

€eq = €1 T €2
- Equivalent internal resistance:

Teq = T1+ 72
15) Obtain the formula for force acting between two parallel straight current carrying conductors and
hence define one ampere.

When two parallel conductors carry currents, they exert magnetic forces on each other. The direction
of the force depends on the direction of the currents in the wires.

Let:

- I and I5 be the currents flowing in the two parallel conductors,
- d be the distance between the two conductors,

- L be the length of each conductor.

Step 1: Magnetic Field Due to a Current-Carrying Conductor

The magnetic field B created by conductor 1 at a distance d is given by Ampére's Law:
B, = &b

Where:

- ptg = 41 x 1077 T m/A is the permeability of free space,

- I, is the current in the first conductor,

- d is the distance between the two conductors.

Step 2: Force on the Second Conductor
The second conductor experiences a force due to the magnetic field created by the first conductor.
The force per unit length on the second conductor is given by:

F per unit length — I,B,
Substitute the value of Bj :

pols
F per unit length — I2 x 27d
p o pehl
per unit length 27d

Thus, the force per unit length between two parallel current-carrying conductors is:

F _ polily

L~ " 2nd

Step 3: Definition of One Ampere

One ampere is defined as the amount of current that, when maintained in each of two long, parallel
conductors of negligible cross-sectional area, placed 1 meter apart in vacuum, produces a force of
2 x 1077 N/m between the conductors.
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From the formula for force per unit length:

F _ polils

T — 2nd
Setli=Iy=1A,andd=1m:

F _ 4wx10 "x1x1 __ —7
= orval =2x10""N/m
Thus, one ampere is defined as the current that produces a force of 2 X 1077 N/m between two

parallel conductors placed 1 meter apart in vacuum.

Conclusion:
- The force per unit length between two parallel current-carrying conductors is:

F _ polils

L~  2nd

- One ampere is defined as the current that produces a force of 2 x 1077 N/m between two
conductors separated by 1 meter.

16) A horizontal straight wire 10 m long extending from east to west is falling with a speed of

5.0 ms ! at right angle to the horizontal component of the earth's magnetic field 3 x 107> Wb m 2

a) What is the instantaneous value of the emf induced in the wire?
b) What is the direction of the emf?
¢) Which end of the wire is at the higher electrical potential?

Solution:

Given:

- Length of the wire, L = 10 m,

- Speed of the wire, v = 5.0 m/s,

- Horizontal component of Earth's magnetic field, B = 3 x 10> Wb/m?.
(a) Instantaneous value of the induced emf

The emfinduced in a conductor moving perpendicular to a magnetic field is given by:

E=B-L-v
Substitute the given values:

E=(3%x107")-10-5.0
E=15x103V = 1.5mV
Thus, the instantaneous value of the induced emf is:
£ =15mV

(b) Direction of the induced emf

To determine the direction of the emf, we use Fleming's Right-Hand Rule. According to this rule:
- Point the thumb of your right hand in the direction of the motion of the wire (downward).

- Point the index finger in the direction of the magnetic field (horizontal, from north to south).

- The middle finger gives the direction of the induced current (emf).
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Since the wire is falling downward, and the magnetic field is from north to south, the induced emf will
drive current from west to east.
(c) Which end of the wire is at the higher electrical potential?

From Fleming's Right-Hand Rule, since the emf induces current from west to east, the eastern end of
the wire will be at a higher electrical potential compared to the western end.

17) In actual transformers, small energy losses do occur. Give reason for it and how it can be reduced.
(Any three)

In real transformers, energy losses occur due to several factors. These losses can affect the efficiency
of the transformer. Below are three common causes of energy losses in transformers, along with
methods to reduce them:

1. Eddy Current Losses:

- Reason: Eddy currents are circulating currents induced in the core of the transformer due to the
changing magnetic field. These currents flow within the core material, causing heating and energy
loss.

- Reduction: Eddy current losses can be minimized by using laminated cores made of thin sheets of
metal, insulated from each other. This reduces the size of eddy currents and limits the energy loss.

2. Hysteresis Losses:

- Reason: Hysteresis loss occurs because the magnetic domains in the core material are repeatedly
aligned and realigned with each AC cycle. This causes energy dissipation in the form of heat due to
the resistance to change in magnetic alignment.

- Reduction: Hysteresis losses can be reduced by using core materials with low hysteresis, such as soft
magnetic materials like silicon steel or ferrite, which have narrow hysteresis loops.

3. Copper Losses (I°R Losses):

- Reason: Copper losses occur due to the resistance of the windings in the transformer. When current
flows through the windings, some energy is dissipated as heat due to the resistance.

- Reduction: Copper losses can be minimized by using thicker wires with lower resistance or materials
with better conductivity (like superconducting materials in specialized cases), which reduce the
resistive heating.

Conclusion:
To improve the efficiency of transformers, it is crucial to address these losses through the use of
laminated cores, soft magnetic materials, and better conductive winding materials.

18) a) The radii of curvatures of the faces of a double convex lens are 10 cm and 15 cm . Its focal
length is 12 cm . What is the refractive index of the material of lens?

b) A convex lens of glass has 20 cm focal length in air. What is focal length in water? (Refractive index
of air-water is 1.33 . Refractive index of air-glass = 1.5)

Solution:
We can use the Lens Maker's Formula to find the refractive index n :

1 1 1
F=m-1 (% - %)
Substitute the given values:
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i—(n—1)><i
12 30
1 1

Multiplying both sides by 6 :

6 = 1
12~ "

0.5=n-1
n=15

Thus, the refractive index of the material of the lensis 1.5.
(b) Find the focal length of the lens in water:

Given:

- Focal length of the lens in air, f,;; = 20 cm,

- Refractive index of air-glass, N ,ir_glass = 1.5,

- Refractive index of air-water, N, water = 1-33.

The focal length of the lens in a medium other than air (in this case, water) can be calculated using the
following relation:

f water __ Tlglass —Tlwater

fair Nglass —Mair
Substituting the values:

fwater 1.5 —1.33

20 1.5-1.0
fwater . 017

20 05

0.17

fwater = 20 % 05 20 x0.34 =6.8cm

Thus, the focal length of the convex lens in water is 6.8 cm .

19) Discuss the intensity of transmitted light when a polaroid sheet is rotated between two crossed
polaroids.

Solution:

Intensity of Transmitted Light When a Polaroid Sheet is Rotated Between Two Crossed Polaroids:
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When a Polaroid sheet is placed between two crossed Polaroids and rotated, the intensity of
transmitted light varies. Let's break this down step by step:

1. Initial Setup with Crossed Polaroids:

- Crossed Polaroids: Two Polaroid sheets are said to be "crossed" if their transmission axes are
perpendicular to each other.

- When unpolarized light passes through the first Polaroid (polarizer), only light polarized along the
transmission axis of the first Polaroid passes through. The intensity of this polarized light is half the
intensity of the incident unpolarized light, i.e., I1 = %
- The second Polaroid, whose axis is perpendicular to the first (analyzer), blocks all the polarized light,
leading to zero intensity of transmitted light. Hence, with crossed Polaroids, no light is transmitted

through the system: I = 0.
2. Introducing a Third Polaroid (Rotating Polaroid) Between the Crossed Polaroids:

When a third Polaroid is placed between the crossed Polaroids and is rotated, the intensity of the
transmitted light changes according to Malus' Law.
3. Malus' Law:

Malus' law states that the intensity I of light passing through a Polaroid is related to the angle 6
between the light's polarization direction and the transmission axis of the Polaroid:

I=1Iycos?6

Where:

- Iy is the intensity of the light before passing through the second Polaroid,

- @ is the angle between the light's polarization direction and the transmission axis of the Polaroid.

4. Effect of the Rotating Polaroid:

Let's break the behavior into two stages:

- First Stage (Between First Polaroid and Rotating Polaroid):

- After passing through the first Polaroid, the light is polarized along its axis. When this polarized light
passes through the rotating Polaroid, the intensity transmitted through the rotating Polaroid is given

by:

I' =I1cos?0 = I2—Ocos20

Where @ is the angle between the transmission axis of the rotating Polaroid and the first Polaroid.
- Second Stage (Between Rotating Polaroid and Analyzer):

- The light now has an intensity of I’, and its polarization direction is along the axis of the rotating
Polaroid. As this light passes through the second Polaroid (analyzer), the intensity is reduced again
according to the angle ¢ between the axis of the rotating Polaroid and the analyzer (which is

perpendicular to the first Polaroid):

Ifinal - I, C052 ¢ e IQ_OCOSZ 0C082 (900 . 0)
Since cos (90° — ) = sin 6, the final intensity becomes:

I 2 s 2
Ifinal = 70 \L 0sin“ 0

This is equivalent to:
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Ifinal = %sirﬂ 20
5. Variation of Intensity:

As the rotating Polaroid is turned, the angle 6 between the rotating Polaroid and the first Polaroid
changes, causing the intensity of transmitted light to oscillate. The intensity varies as sin? 26,
meaning:

-When 6 = 0° or § = 90°, the transmitted light intensity is zero.

-When 6 = 45°, the transmitted light intensity reaches a maximum.

20) Summarise any three experimental features and observations described in the experimental
study of the photoelectric effect.

Solution:

Three Experimental Features and Observations of the Photoelectric Effect:

1. Threshold Frequency:

- Feature: For each material, there exists a minimum frequency of incident light, called the threshold
frequency (fo), below which no photoelectrons are emitted, regardless of the light's intensity.

- Observation: When the frequency of the incident light is below the threshold frequency, no
photoelectrons are emitted, even if the intensity of the light is increased. This contradicts classical
wave theory, which predicts that sufficient intensity of any frequency should eventually eject
electrons.

2. Instantaneous Emission:

- Feature: The emission of photoelectrons occurs without any time delay as soon as the light hits the
metal surface, provided the frequency of the light is above the threshold frequency.

- Observation: As soon as light with a frequency above the threshold strikes the surface,
photoelectrons are emitted almost instantaneously, within 10~ seconds. This instantaneous
response remains the same, even for very low light intensities, which contradicts the classical theory
that suggests energy should accumulate over time.

3. Dependence of Kinetic Energy on Frequency:

- Feature: The maximum kinetic energy of the emitted photoelectrons is directly proportional to the
frequency of the incident light but is independent of the intensity of the light.

- Observation: Increasing the frequency of the incident light above the threshold increases the kinetic
energy of the emitted photoelectrons. However, increasing the intensity of the light only increases the
number of emitted electrons (photoelectric current), not their energy. This observation supports
Einstein's photon theory of light, where each photon's energy is related to its frequency.

Conclusion:
These experimental observations of the photoelectric effect challenged classical wave theory and
supported the quantum nature of light, leading to the development of quantum mechanics.

21) On the basis of Bohr's postulate obtain the formula for radius and total energy of electron in the
nth stable orbit for the hydrogen atom.

Solution:
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Bohr's Postulates and the Formula for the Radius and Total Energy of an Electron in the n-th Orbit of
a Hydrogen Atom

Bohr's model of the hydrogen atom is based on quantized orbits where electrons move in specific,
stable orbits without radiating energy. Using Bohr's postulates, we can derive expressions for the
radius and total energy of the electron in the n-th orbit.

1. Radius of the Electron in the n-th Orbit

Step 1: Centripetal Force and Coulomb's Law
For an electron in a circular orbit around the nucleus, the centripetal force required to keep the
electron in orbit is provided by the electrostatic (Coulomb) force between the positively charged
nucleus and the negatively charged electron.

The electrostatic force between the electron and the proton is given by Coulomb's law:

1 e?

Fl s = = €
electrostatic 47eo 7.%

Where:

- e is the charge of the electron,

- r,, is the radius of the n-th orbit,

- £¢ is the permittivity of free space.

This force provides the necessary centripetal force to keep the electron in orbit:

2

mevs

F centripetal — .-

Where:
- M is the mass of the electron,
- vy, is the velocity of the electron in the n-th orbit.

Equating the two forces:

1 e _ mev
dmey 2 T Ty
Simplifying:

1 &2 2
Ineg 1m T4

Multiplying both sides by r% and solving for r,, :

_ 4dmeon’R?
Tn = p)
mee

This is the radius of the n-th orbit. The Bohr radius is defined for n = 1, so we can write:

T'n = n2a0

a0




Where a is the Bohr radius and is given by:

ao = %~ 0.529\AA (10710 m)

mee?

Thus, the radius of the n-th orbit is:

r, = nag

Step 2: Potential Energy

The potential energy U of the electron in the n-th orbit is the electrostatic potential energy between
the electron and proton:

2

U= 1 e

- 471'50 H

Step 3: Total Energy
The total energy E of the electron is the sum of its kinetic and potential energies:

EFE=K+U

Substitute the expressions for K and U :

2 2
€ e
E = _
8meorn  4meqTy
2
e
E—=—_——
87T€07“n
232
Substitute 7, = 2TE0n R
mee

4

_ Mee
E, = .

8e2h2n?

SECTION-C

22) Derive the formula for electric potential due to an electric dipole at a point

- having position vector 7 with respect to the mid-point of the dipole and discuss the electric potential
on

a) equator

b) axis

Solution:
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Electric Potential Due to an Electric Dipole at a Point
Let's consider an electric dipole consisting of two charges, +q and —q, separated by a distance 2a.
The dipole moment is given by:

p=q-2a

We want to derive the formula for the electric potential at a point with position vector 7 relative to the
centre (mid-point) of the dipole.

Step 1: Electric Potential Due to a Point Charge
The electric potential due to a point charge g at a distance r from the charge is given by:
__1 g
V= dmeg T
Step 2: Electric Potential Due to the Dipole
Now consider a point P located at a distance r from the center of the dipole. The distances from the

charges +q and —q to the point P are rand r_, respectively. The potential at P due to the dipole is
the sum of the potentials due to the positive and negative charges:

V=V.+V

V= 21

dmeg T4’

V. =L ¢

dmey r_ °

Thus, the total potential at point P is:

- _1 (49 _ 9
V_47r50(7“+ T,)

Step 3: Approximation for Large Distances
For points far from the dipole (i.e., 7 > a ), we can approximate the distances ry+and r_using a
Taylor expansion. For small a compared to r, we approximate:

ry ~r—acosf and r_=xr+acosf

Where 6 is the angle between the position vector 7 and the dipole axis. Using this approximation:

1 q 1 1
Vo (- )
471-50 r 1— ac:s 1+ acgs

~ 1 — « for small z, this simplifies to:

Using the binomial approximation, 1J1rm

~ _1  pcosb
V= 47eg r2
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Where p = q - 2a is the dipole moment.

Final Formula for Electric Potential Due to a Dipole:
Thus, the electric potential V' at a point P due to a dipole is:

L
=>

V=-1.

471'60 7'2

Where 7 is the unit vector along the position vector 7 and p - # = p cos 6.
(a) Electric Potential on the Equatorial Plane

The equatorial plane is the plane perpendicular to the dipole axis, i.e., # = 90°. At this position,
cos 8 = 0, and therefore:

1 pcos 90°
Vequator = Ine, 2 =0

Thus, the electric potential on the equatorial plane is zero.
(b) Electric Potential on the Axis of the Dipole

On the axis of the dipole, § = 0° or 8 = 180°, so cos § = +1.
- For 8 = 0° (on the positive axis):

— _1 p
Vaxis — dmey 2

- For 8 = 180° (on the negative axis):

_ 1 p
Vaxis = — ey * 77

Thus, the electric potential on the axis of the dipole is:

1 p
Vaxis ==x C T

471'80 r
It is positive along the positive direction of the dipole axis and negative in the opposite direction.

22) Derive the formula for electric potential due to an electric dipole at a point

- faving position vector 7 with respect to the mid-point of the dipole and discuss the electric potential
on

a) equator

b) axis

Solution:

Electric Potential Due to an Electric Dipole
An electric dipole consists of two equal and opposite charges, +q and —q, separated by a small
distance 2a. The dipole moment g is given by:

P=q-2a

Let's derive the formula for the electric potential at a point having position vector 7 with respect to
the mid-point of the dipole.
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Step 1: Electric Potential Due to a Point Charge
The electric potential V' due to a point charge q at a distance r from the charge is:

V=-L14

4meo T
Step 2: Electric Potential Due to the Dipole
The total electric potential at a point due to a dipole is the sum of the potentials due to the two
charges. Let P be a point at distance r from the center of the dipole, making an angle 6 with the
dipole axis.

Let:
- r4+be the distance from +q to the point P,
- r_be the distance from —q to the point P.

The total potential at P is:

V=V, +V =L (L - 1)

dmeg \ T4 r_

For points far away from the dipole (i.e., 7 > a ), we can approximate:
r.~r—acosf and r_~r+acosf

Step 3: Approximation for Large Distances
Using a binomial expansion for large r, the potential simplifies to:

~ _1  pcosd
V= 47eq r2

Where p = ¢ - 2a is the dipole moment, and @ is the angle between the position vector 7 and the
dipole axis.

Thus, the electric potential due to a dipole at a point with position vector 7 is:

__1  pr
V_471'50 r2

Where 7 is the unit vector along the position vector 7.
(a) Electric Potential on the Equatorial Plane

On the equatorial plane, the point is located perpendicular to the dipole axis, meaning 8 = 90°.
In this case, cos 90° = 0, and the potential becomes:

1 p-cos90°
‘/;quator — dme, 2 =0

Thus, the electric potential on the equatorial plane is zero.
(b) Electric Potential on the Axis of the Dipole

On the axis of the dipole, § = 0° or § = 180° :
- For 8 = 0° (along the positive direction of the dipole), the potential is:

N | p
Vax1s — dmeo 72

- For 8 = 180° (along the negative direction of the dipole), the potential is:
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_ 1 p
Vaxis = ~4rey * 77

Thus, the electric potential on the axis is positive along the direction of the dipole and negative in the
opposite direction.

23) As shown in figure, resistances are connected in the four arms of a Wheatstone bridge.

A galvanometer of 152 resistance is connected across BD. Calculate the current through
galvanometer when a potential difference of 10 V is maintained across AC.

Solution:

Step 1: Check if the Bridge is Balanced
A Wheatstone bridge is balanced when:
Rap _ Rup

Rpc ~ Rpc
Substituting the values from the circuit:
100 _ 60

10 5
This simplifies to:

10 =12
Since the two ratios are not equal, the Wheatstone bridge is not balanced, and therefore, a current
will flow through the galvanometer.

Step 2: Apply Kirchhoff's Laws

Since the bridge is unbalanced, we need to apply Kirchhoff's rules to solve for the current through the
galvanometer. We'll consider the following loops in the circuit:

-loop1:A—- B —-G— D — A,

-Loop2: B—-C — D — B,

- And we apply Kirchhoff's voltage law (KVL) for each loop.
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Let's define:

- I as the current through AB,

- I5 as the current through AD,

- I ¢ as the current through the galvanometer BD,
- I3 as the current through BC,

- I as the current through DC.

The resistances R 4g and R 4p are in series, and similarly, Rgc and Rp¢ are in series:

Rap+ap = 10052 4 6092 = 16012
Rpcipc = 1092 + 5 = 1512
These two series resistances are in parallel. The equivalent resistance across the galvanometer is:

_ Rapiap X Rpoypc _ 160 x 15

Rey = =
4 Rupiap + Rpoipc 160 + 15
Reg= 220 _ 13710
175

Next, we calculate the potential difference between points B and D, assuming that no current flows
through the galvanometer.

- The total voltage applied is 10 V..

- Using a voltage divider, the voltage across AB and AD is:

Vap=Vap = 72— x V = 330~ x 10 = 6.25V

- The voltage across BC' and DC'is:

Vso = Vpo = 25— x V = 1% x 10 = 6.67V

The potential difference between points B and D is:
Vep = Vap — Ve = 6.25V — 6.67V = —0.42V

Now that we have the Thevenin equivalent resistance and voltage, we can calculate the current
through the galvanometer. Using Ohm's law:
— _Vsp
IG - Rg-i-Req
Substitute the values:

I = 59357 = 2972 ~ —0.0146 A = —14.6 mA
The negative sign indicates that the current is flowing in the opposite direction to what we initially
assumed.

24) A sinusoidal voltage of peak value 283 V and frequency 50 Hz is applied to a series LC'R circuit in
which R = 3Q2, L = 25.48mH and C = 796y F. Find

(a) the impedance of the circuit

(b) the phase difference between the voltage across the source and the current,

(c) the power dissipated in the circuit and

(d) the power factor.




Solution:

Given:

- Peak Voltage: Vy = 283 V,
- Frequency: f = 50 Hz,

- Resistance: R = 31},

-Inductance: L = 25.48mH = 25.48 x 10 °H,

- Capacitance: C' = 796 F = 796 x 10 ° F.

Step 1: Angular Frequency w
The angular frequency is given by:

w=27f = 2w x 50 = 1007rrad/s

(@) Impedance of the Circuit

The total impedance Z of an LCR series circuit is given by:

Z = \/R2 + (X1 — X0)?

Where:

- Xy, is the inductive reactance: X1 = wL,
- X is the capacitive reactance: X¢ = L

wC
Inductive Reactance X7, :

X1 = wL = 1007 x 25.48 x 1073 = 8.0002
Capacitive Reactance X¢ :

-1 1
Xc=16= 1007 % 796x10

Impedance Z :

= 4.00Q2

Z = \/R2 + (X — X¢)? = \/32 + (8.00 — 4.00)2

Z =+v9+16 = V25 = 5.00Q
So, the impedance of the circuit is:

Z = 5.00Q

(b) Phase Difference ¢

The phase difference ¢ between the voltage and the current in an LC'R circuit is given by:

tan ¢ = —XL;QXC

Substitute the values:




tan ¢ = 800400 _ 4

The phase angle ¢ is:
_ -1 (4\ ~ o
¢ = tan (3) ~ 53.13
Thus, the phase difference between the voltage and the current is approximately:

¢ ~ 53.13°
(c) Power Dissipated in the Circuit

The power dissipated in the circuit is given by:

P =Vims - Iims - COS¢
First, calculate the rms values of the voltage and current:

Vims =& =22 =200V,

-The current Ipps is:

Vems 200
Irms = == = 5.00 =40 A

Now, calculate the power:

P = Vims - Is - cos ¢ = 200 x 40 X cos 53.13°
The cosine of 53.13° is approximately 0.6 :

P =200 x 40 x 0.6 = 4800 W
Thus, the power dissipated in the circuit is:

P = 4800 W
(d) Power Factor
The power factor is given by:

Power factor = cos ¢
From part (b), ¢ ~ 53.13°, so:

Power factor = cos53.13° = 0.6
Thus, the power factor is:

Power factor = 0.6

26) How long can an electric lamp of 100 W be kept glowing by fusion of 2.0 kg of deuterium? Take the
fusion reaction as

2H + 2H — 3He + n + 3.27MeV

Step 1: Energy Released Per Fusion Reaction
Given that the fusion reaction releases 3.27 MeV per reaction, we first convert this energy to joules:

1MeV = 1.602 x 1071 J
Thus, the energy released per fusion reaction is:
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Ereaction =3.2TMeV x 1.602 x 107'* J/MeV
Ereaction =5.24 X 10713 J

Step 2: Number of Deuterium Atoms in 2.0 kg
The atomic mass of deuterium %H is approximately 2 u, where 1u = 1.66 X 10~ %7 kg.

The mass of one deuterium atom is:

Matom = 2 X 1.66 x 10727 kg = 3.32 x 102" kg
The number of deuterium atoms in 2.0 kg of deuterium is:

o mass of deuterium o 2.0 o 26
Natoms = mass of one deuterium atom — 3.32x10-27 6.024 x 10™ atoms

Step 3: Number of Fusion Reactions
Each fusion reaction involves two deuterium atoms. Therefore, the number of fusion reactions
possible is:

Na 0ms . 26 .
Nreactions — tT = M = 3.012 % 1026 reactions

Step 4: Total Energy Released by the Fusion
The total energy released by the fusion of 2.0 kg of deuterium is the energy per reaction multiplied by
the number of reactions:

Eiotal = Breaction X Nreactions = 524 x 10713 J x 3.012 x 10%°
Eiotal = 1.577 x 101 J
Step 5: Power and Time for the Lamp
The power consumed by the electric lamp is P = 100 W, which means it uses 100 J/s.
To find how long the lamp can be kept glowing, we use the formula:

— Biota
t==p

Substituting the values:

t — %@10“ = 1.577 x 102 seconds

Step 6: Convert Time to Years
To convert time from seconds to years:

1.577 x 102
= years
60 x 60 x 24 x 365

t ~ 50,000 years
27) Explain full wave rectification with the help of a proper circuit diagram and draw the waveform of
input and output voltage.

Solution:

Full Wave Rectification

Full-wave rectification is a process that converts the entire alternating current (AC) signal into direct
current (DC). This is typically achieved using a bridge rectifier circuit, which uses four diodes to rectify
both halves of the AC waveform.

1. Circuit Diagram of a Full-Wave Rectifier (Bridge Rectifier)
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The full-wave rectifier consists of:

- Four diodes (D1, D2, D3, D4),

- A center-tapped transformer (optional in some designs),
- Aload resistor (Ryp).

Bridge Rectifier Configuration:

The diodes are arranged in a bridge configuration so that during each half of the AC cycle, two diodes
conduct, allowing current to flow in the same direction across the load resistor.

The circuit diagram for a full-wave rectifier is as follows:

2. Working of the Full-Wave Rectifier:

The working can be described in two stages:

(a) During the Positive Half-Cycle:

- When the input AC voltage is positive (during the positive half-cycle), diodes D1 and D3 are forward
biased and conduct, while D2 and D4 are reverse biased and do not conduct.

- The current flows from the positive terminal of the AC source through diode D1, the load resistor,
and then back through diode D3 to the negative terminal of the AC source.

- The current through the load resistor Ry, is in one direction, producing a positive half of the
waveform.

(b) During the Negative Half-Cycle:

- When the input AC voltage is negative (during the negative half-cycle), diodes D2 and D4 become
forward biased and conduct, while D1 and D3 are reverse biased and do not conduct.

- The current flows from the negative terminal of the AC source through diode D2, the load resistor,
and then back through diode D4 to the positive terminal of the AC source.

- The current through the load resistor Ry, is again in the same direction as during the positive half-
cycle, producing another positive half of the waveform.

In both half-cycles, the current through the load resistor is in the same direction, and thus, the output
voltage across the load is always positive, which means that both halves of the input AC are converted
into DC.

3. Input and Output Waveforms:
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(a) Input AC Voltage:

The input AC voltage is sinusoidal, alternating between positive and negative values:

Input AC Voltage (V_in):

--t+ +--- 0 ------ + +------ Time (t)

(b) Output DC Voltage:

After full-wave rectification, the output voltage is pulsating DC. Both positive and negative halves of
the input AC waveform are converted into positive pulses:

Output DC Voltage (V_out):

|
|
et et ot Feet oo Time (t)
|
|

Conclusion:

- A full-wave rectifier converts both halves of the AC signal into DC.

- The input AC voltage is sinusoidal, and the output DC voltage consists of pulsating positive half-
cycles.

- A bridge rectifier circuit using four diodes is a common way to achieve full-wave rectification.

By using filters (capacitors), the pulsating output can be smoothed into a more constant DC voltage,
which is more suitable for powering electronic devices.

Option 1:
A—q

Option 2:
A

Option 3:
A—T
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Option 4:
Ao

Correct Answer:

Solution:
Testing
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GSEB Class 12 Physics Question with
Solution - 2023

PART- A

1) Figure shows electric field in which electric dipole p is placed Which of the following statement is
correct?

(A) The dipole will not experience any force

(B) The dipole will experience a net force towards right
(C) The dipole will experience a net force towards left
(D) The dipole will experience a net force upward
Solution:

The dipole is placed in a non-uniform electric field, where the field is stronger on the left side. As a
result, the positive charge experiences a stronger force than the negative charge, leading to a net
force towards the left.

Answer: (C) The dipole will experience a net force towards left.

2) The dimensional formula of electric flux is
AMILET3A!

M LET 3 A

OM! LT 3A!

O)M! L3 T3 A1

Solution:

The dimensional formula of electric flux is derived from the formula for electric field and area, i.e.,
&g = E - A. Since electric field E has the dimensional formula M! L' T3 A ! and area A4 has L2,
the dimensional formula for electric flux becomes:

Answer: MI!L3T 3 A1
Thus, the correct option is (B).

3) A plastic rod rubbed with wool is found to have a negative charge of 8 x 10~7C. The no. of
electrons transferred (from which to which?) is
(A)5 x 102, from plastic rod to wool
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(B) 5 x 1011, from plastic rod to wool
()5 x 1010, from wool to plastic rod
(D)5 X 102, from wool to plastic rod

Solution:

The number of electrons transferred is given by n = %, where ¢ = 8 X 10 "Cis the charge and
e=1.6 x 107 Cisthe charge of one electron. Thus,

_ 8x1077 12
= Tex10® 5 x 10

Since the plastic rod gains a negative charge, electrons are transferred from the wool to the plastic
rod.

Answer: 5 X 1012, from wool to plastic rod
Thus, the correct option is (D).

4) How much charge should be placed on a spherical shell of radius 25 cm to have a surface charge
density of 2C/m??

(A)0.25C

(B)0.75C

(©)0.57C

(D)0.5C

Solution:

The surface charge density o is related to the charge @ and the surface area Aby o = %. For a

spherical shell, the surface area is A = 47rr?, where 7 = 0.25 m. Given 0 = %C/m2, we can solve

for@Q:

Q=0-A=2.47(0.25)2 = 0.75C
Thus, the correct answer is (B).

5) The Coulombian repulsive force between two alpha particles kept at a distance of 3 cm in air is
(A) 1.024 x 10724 N.
(B) 1.024 x 10~ %
(C)1.024 x 10~ %7
(D) 1.024 x 10~

Solution:

The repulsive force between two charges is given by Coulomb's law:

_ 1 192
F = dmey  r?

For alpha particles, ¢; = g2 = 2e = 2 x 1.6 x 10719C, and the distance r = 3 cm = 0.03 m. Using
L — 9 x 109Nm?/C?, the force is:

47TEO

_9x10°x (2x1.6x1071%)* 93
F= T ~1.024 x 1072 N

Thus, the correct answer is (D).




6) Figure shows the field lines of a positive and negative charge respectively. Give the sign of potential
difference Vq — Vp, Vp — V4.

®

A) +ve, +ve
B) +ve, —ve
Q) -ve,tve

D) —ve, —ve

(
(
(
(

Solution:

From the figure, we can analyze the potential differences based on the direction of electric field lines:
- For the positive charge (left figure), the electric field lines point radially outward from the positive
charge. The potential decreases as we move away from the positive charge. Since point @ is closer to
the charge than point P, Vg > Vp. Thus, Vg — Vp is positive.

- For the negative charge (right figure), the electric field lines point radially inward toward the negative
charge. The potential increases as we move closer to the charge. Since point A is closer to the charge
than point B, VB < V4. Thus, VB — V4 is negative.

Therefore, the correct answer is:
Answer: (+ve, —ve)
Thus, the correct option is (B).

7) Energy of a charged capacitor is U. Now it is removed from a battery and then connected to two
other identical uncharged capacitors in parallel. What will be the energy of each capacitor?

Solution:
Initially, the charged capacitor has energy U, which is given by:

U=1iCV?
When this charged capacitor is disconnected from the battery and connected to two identical
uncharged capacitors in parallel, the total capacitance of the system becomes 3C. Since the charge )
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is conserved, and the new capacitance is three times the original, the new voltage across each
capacitor will be reduced to %

The energy stored in the system after connection is:

2
U= 160) (%) = dovi- b= &

Since this energy is shared among the three capacitors equally, the energy of each capacitor will be:

Energy of each capacitor = %

Thus, the correct answer is (D).

8) The electric potential energy of 2uC charge is 3 X 1075 J ata point in a uniform electric field. The
electric potential at that point is V.

(A)6

(B) 15

@5

(D) Zero

Solution:

The electric potential energy U is related to the electric potential V' and charge q by the equation:

U=4qV
GivenU =3 x 107° Jand g = 2 x 107%C, we can solve for the electric potential V' :

_ U _ 3x107% __
V= g~ 2x10°° =1V

Thus, the correct answer is (B).

9) Equipotential surfaces at a very large distance from the collection of charges whose total sum is not
zero are approximately

(A) spheres

(B) planes

(C) paraboloids

(D) ellipsoid

Solution:

At a very large distance from a collection of charges whose total charge is not zero, the charge
distribution behaves like a point charge. The equipotential surfaces around a point charge are
spherical in nature.

Thus, the equipotential surfaces at a very large distance are approximately:
Answer: spheres
The correct option is (A).

10) Two batteries of emf £, &¢e4 (52 > 51) and internal resistance r &7, respectively are connected
in parallel as shown
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(A
(B
(C
(D

The equivalent emf g¢q. is smaller than €1

~— —

~

Solution:

The equivalent emf €. . of the two cells is between g1&eqie. g1 < €eq < €2

The equivalent emfis given by €eq. = €1 + €2
Eeq Is independent of internal resistance r1&rs

In the case of two batteries connected in parallel with internal resistances 7, and 75, the equivalent

electromotive force (emf) €4 is given by:

€. = E1T2+€2T1
eq r1+7o

Since €2 > €1, and the expression is a weighted average of the two emfs, the equivalent emf geq will

lie between €1 and e».
Thus, the correct answer is:

Answer: €1 < éeeq < €2
The correct option is (A).

11) Loop rule of Kirchhoff's is a reflection of
(A) Law of conservation of charge

(B) Ohm's law

(C) Law of conservation of momentum

(D) Law of conservation of energy

Solution:

Kirchhoff's Loop Rule states that the sum of the potential differences (voltage) around any closed loop
in a circuit is equal to zero. This is a direct reflection of the Law of Conservation of Energy, as it implies
that the total energy gained and lost by charges moving around the loop is conserved.

Thus, the correct answer is:
Answer: Law of conservation of energy

The correct option is (D).

12) The colour bands of a carbon resistor with three bands having minimum value are in order.

(A) black, brown, red
(B) black, black, silver
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(C) black, brown, silver
(D) black, brown, gold

Solution:

For a carbon resistor, the color bands represent values as per the resistor color code. The minimum
value corresponds to the smallest possible resistance.

- The first band is black, indicating the first digit as O .

- The second band is brown, indicating the second digit as 1 .

- The third band is silver, indicating a multiplier of 1072,

Thus, the resistor value is 01 x 1072Q = 0.01€, which is the minimum possible value.

The correct answer is:
Answer: black, brown, silver
Thus, the correct option is (C).

13) A steady current flows in a metallic conductor of non uniform cross-section, which of following
quantities is constant along the conductor?

(A) current

(B) current density

(C) electric field

(D) drift speed

Solution:

In a metallic conductor with a steady current, the current remains constant throughout the
conductor, regardless of the cross-sectional area, due to the principle of conservation of charge. The
other quantities like current density, electric field, and drift speed may vary depending on the cross-
sectional area.

Thus, the correct answer is:
Answer: current
The correct option is (A).

14) In a Cyclotron, a charged particle

(A) undergoes acceleration all the time

(B) speeds up between the dees because of the magnetic field
(C) speeds up in a dee

(D) slows down within a dee and speeds up between dees

Solution:

In a cyclotron, a charged particle is accelerated between the dees by an electric field. Inside the dees,
the particle moves in a circular path due to the magnetic field, but does not speed up because the
magnetic force only changes the direction of the particle, not its speed. Acceleration (speeding up)
happens between the dees where the electric field is present.
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Thus, the correct answer is:
Answer: speeds up between the dees because of magnetic field
The correct option is (A).

15) A uniform magnetic field of 0.3 T is established along the 4-ve Z direction. A rectangular loop of
sides 10 cm and 5 cm carries a current of 12 A'is placed as shown in figure. The torque acting on the
loop is Nm .

=30y

W—

O .
< i
I
« g
X

(A)1.8 x 10725
(B) —1.8 x 10725
(€ —1.8 x 10723
(D) Zero
Solution:

To calculate the torque on the current-carrying rectangular loop in a magnetic field, we use the
formula:

T=mXxB

where m = I - A is the magnetic moment, I is the current, and A is the area of the loop. The
magnetic moment 7 is perpendicular to the plane of the loop and points in the direction determined
by the right-hand rule.

1. The area of the loop is:

A=10cmx5cm=0.1m x 0.05m =5 x 107 m?
2. The magnetic moment is:
m=I-A=12Ax5x10°m?=6x10"2A- m?
3. The torque is given by:

T=mX B




Since the magnetic field is along the 4-z-axis, and using the right-hand rule, the torque will act
perpendicular to the plane of the loop in the 3—direction.

Therefore, the magnitude of the torque is:

T=mB=(6x10"%) x 0.3 =1.8x 10"*Nm

The direction of the torque is —j.
Thus, the correct answer is:

Answer: — 1.8 x 1072j
The correct option is (B).

16) A galvanometer coil has a resistance of 10£2 and the meter shows full scale deflection for 3 mA .
The value of shunt to convert this meter into ammeter of range 0to 10 A is Q.

(A) 1

(B) 2

3

(D)4

Solution:

To convert a galvanometer into an ammeter, a shunt resistance R is connected in parallel with the
galvanometer. The value of the shunt is calculated using the formula:

where:

- I is the current for full-scale deflection in the galvanometer (3 mA = 3 x 1073 A),,
- R, is the resistance of the galvanometer coil (1052),

- Tisthe desired range of the ammeter (10 A).

Substituting the values:

(3x107%)-10
10-3x10"°

-2 o
R, = ~ B ~3x 1073

Thus, the value of the shunt is approximately 3 X 10739, which is very small, but the answer is
expected to be rounded for practical purposes. Based on common answer choices:

The correct option is (C).

17) Which of the following is not a unit of magnetic induction?
(A) Tesla

(B) Newton/meter-Ampere

(C) Weber/meter 2

(D) Newton-meter/Ampere

Solution:
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The units of magnetic induction (magnetic flux density) include Tesla (T), Newton/meter-Ampere
(N/m - A), and Weber/meter 2 ( Wb/m?), which are equivalent. However, Newton-meter/Ampere

(N -m/A) is a unit of torque, not magnetic induction.

Thus, the correct answer is:
Answer:
(D) Newton-meter/Ampere

18) Ferromagnetic materials have permeability and retentivity.
(A) low, high

(B) high, low

(C) high, high

(D) low, low

Solution:

Ferromagnetic materials are characterized by high permeability, which allows them to easily become
magnetized, and high retentivity, meaning they retain a significant amount of magnetization even
after the external magnetizing field is removed.

Thus, the correct answer is:
Answer:
(C) high, high

19) In the magnetic meridian of a certain place, the horizontal component of earth's magnetic field is
0.20 G and dip angle is i 30°. What is the magnetic field at this location?

(A)0.23 G

(B)0.32G

(©)042G

(D)0.82 G

Solution:

The total magnetic field B at a location can be calculated using the horizontal component By and the
dip angle 7 with the following relation:

B = Bu

cos?

Given that Bg = 0.20G and ¢ = 30°, we can calculate:

_ 020 _ 020 _ 0.20x2
B= M — 00 _ 0202 1 0.23G
2

Thus, the correct answer is (A).

20) Asquare of side L meter lies in the £ — y plane in a region where the magnetic field is given by

— R . .
B = By(2: + 45 + 3k)T, where By is constant. The magnitude of flux passing through the square is
(A)2 Bg L? Wb
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(B)3 By L2 Wb
(©)4 By L2 Wb
(D) v29 B, L2 Wb

The magnetic flux ® through a surface is given by:
®=RB-A

where Biis the magnetic field and A is the area vector. Since the square lies in the £ — y plane, the

area vector A is perpendicular to the x — y plane and points in the z-direction, i.e., A = L2k,

The magnetic field is given as:

B = By(2i + 4] + 3k)
The flux is the dot product of Band f_f so only the I;:-component of B will contribute to the flux:

¢ = Bo(3) . L2 =3ByL?
Thus, the correct answer is (B).

21) When current | passes through an inductor having self inductance of 4 H . If the current is made
double what will be the new self inductance of the inductor.

(A) Zero

(B)2H
(Q)4H
(D)8 H
Solution:

The self-inductance of an inductor is a property of the inductor itself and depends on factors like the
geometry of the coil and the number of turns, not on the current passing through it. Therefore,
changing the current does not change the self-inductance.

Thus, the self-inductance remains the same at4 H .

The correct answer is:
Answer:
(O4H

22) Inductive reactance
(A) limits D.C. current

(B) limits D.C. voltage

(O) limits A.C. current

(D) stores the A.C. current

Solution:

Inductive reactance ( X = wL ) opposes the flow of alternating current (A.C.) due to the changing
magnetic fields created by the varying current in the inductor. It increases with the frequency of the
A.C., effectively limiting the A.C. current.
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Thus, the correct answer is:
Answer:
(C) limits A.C. current

23) Magnetic flux linked with the coil is given by ¢(t) = (2t* + 2t + 1) Wb and its resistance is 104.
The current passing through the coilatt = 2 s is A.

(A) 0.5

(B)1
(@15
(D)2

Solution:

The induced electromotive force (emf) in the coil is given by Faraday's law of electromagnetic
induction:

£ _ dolt)

T dt

where ¢(t) = 2t + 2t + 1. Let's first differentiate ¢(t) with respect to ¢ :

do(t)
—- =4t +2
Att=2s:

W —4(2)+2=8+2=10V
The induced emfis 10 V. Using Ohm's law to calculate the current I, where the resistance R = 102 :

_ & _ 10 _
Thus, the correct answer is (B).

24) A power transmission line feeds input power at 2300 V to a stepdown transformer with its primary
winding having 4000 turns. What should be the number of turns in the secondary in order to get
output power at 230 V?

-(A) 400

(B) 40

(C) 4000

(D) 2300

Solution:

The relationship between the number of turns in the primary and secondary coils of a transformer is
given by the transformer equation:

W _ Ny
Ve = N,
where:

-V, = 2300 V is the primary voltage,
- Vs = 230 V is the secondary voltage,




- N, = 4000 is the number of turns in the primary cail,
- N, is the number of turns in the secondary coil.

Rearranging the equation to solve for N :

_ NV 4000230
N, = = Taso — 400 turns

Thus, the correct answer is (A).

25) For circuits used for transporting electric power, a low power factor implies
(A) power increases in transmission

(B) remains constant in transmission

(C) small power loss in transmission

(D) large power loss in transmission

Solution:

A low power factor implies that a larger current is required to deliver the same amount of power,
which results in greater power losses due to the increased resistive losses in transmission lines (
Pioss = I’R ). Therefore, a low power factor leads to large power loss in transmission.

Thus, the correct answer is:
Answer:
(D) large power loss in transmission

26) Which of the following combination should be selected for better tuning of an LCR a.c. circuit used
for communication?

AR =200, L=15H,C=35uF

B)R =250, L =2.5H,C =45u F

QR =150, L=3.5H,C =30uF

DO)R =250, L=15H,C =45y F

Solution:

For better tuning of an LCR AC circuit used in communication systems, the circuit should have a high-
quality factor (Q), which is given by:

Q==+ L
R C
To maximize (), we need a combination of low resistance R, high inductance L, and an appropriate

capacitance C. Among the given options, the combination with the lowest resistance and a relatively
high inductance and capacitance would be the most suitable for better tuning.

Thus, the best combination is:
Answer:

(OR=150,L = 3.5H,C =30 F

The correct option is (C).
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27) If the rms current in a 50 Hz a.c. circuitis 5 A, at time ¢t = 0 current | is 0. The value of current | at
t = 1/300 seconds is A.

5v/2

Solution:
The alternating current (AC) in an AC circuit can be expressed as:
I(t) = I, sin(27 ft)

where:

-Ig = Itms X V2 is the peak current,
- f = 50 Hz is the frequency,

-t = ﬁ seconds.

Given that the rms current Irys = 5 A, we can find the peak current:

Ip=5xv2=5V2

Now, substituting into the equation for I(¢) :

I(t) = 5v/2sin (27 x 50 x 3&5) = 5v/2sin (%)

Since sin (%) = % :

I(t) =5vZ x B =5 x,/3

Thus, the correct answer is (B).

28) T.V. waves range from
(A) 54MHz — 890MHz
(B) 8MHz — 108MHz
(C) 24.5GHz — 229.5GHz
(D) 400GHz — 600GHz

Solution:

Television (TV) waves typically operate in the frequency range of 54 MHz to 890 MHz , which includes
both VHF (Very High Frequency) and UHF (Ultra High Frequency) bands.

Thus, the correct answer is:
Answer:
(A) 54MHz — 890MHz

29) For a given electromagnetic waves the magnitude of electric field is 6.6 V/m at a point in space.
The magnitude of magnetic field at this point is
(A)19.8 x 1078
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(B) 6.6 x 108
€2.1x10°8
(D) 2.2 x 1078

Solution:

The relationship between the electric field E and the magnetic field B in an electromagnetic wave is
given by the equation:

FE =c¢B

where c is the speed of light in a vacuum, approximately 3 X 108 m/s.
Given E = 6.6 V/m, we can solve for B
B=£=_86 —22%x108T

c 3x10°
Thus, the correct answer is (D).

30) A small pin fixed on a table top is viewed from above from a distance of 100 cm . By what distance
would the pin appear to be raised if it is viewed from the same point through a 9 cm thick glass slab
held parallel to the table. Refractive index of glass = 1.5.

(A)3cm

Solution:

The apparent shift d of an object viewed through a glass slab is given by the formula:
d=t(1-3)

where:
-t = 9 cm is the thickness of the glass slab,
-n = 1.5 is the refractive index of the glass.

Substituting the values:

d=9(1-%)=9(1-2)=9x1=3cm
Thus, the correct answer is (A).

31) The amount of Rayleigh scattering is

(A) directly proportional to wavelength

(B) inversely proportional to wavelength

(C) inversely proportional to fourth power of wavelength
(D) directly proportional to fourth power of wavelength

Solution:




The amount of Rayleigh scattering is inversely proportional to the fourth power of the wavelength.
This means shorter wavelengths (like blue and violet light) scatter much more than longer
wavelengths (like red light), which is why the sky appears blue.

Thus, the correct answer is:
Answer: (C) inversely proportional to the fourth power of wavelength

32) Porver of plane mirror is
(A)O

(B) oo
(Q) +1
(D)1
Solution:

The power of a mirror is defined as the reciprocal of its focal length. For a plane mirror, the focal
length is infinite, so the power is:

P=L1—-0

o0
Thus, the correct answer is:
Answer: (A) O

33) The earth takes 24 h to rotate once about the axis. How much time does the Sun takes to shift by
2°, when view from the earth?

(A) 240 s
(B) 480 s
(C)720s
(D) 960 s

Solution:

The Earth rotates 360° in 24 hours. To find the time taken for the Sun to shift by 2°, we can set up the
following proportion:
360° _ 2
24x3600 seconds ¢t
Where t is the time in seconds for a 2° shift.

First, calculate the rate of rotation per second:

360° _ 1°
86400 seconds 240 seconds

Now, solve for ¢ :

t = 2° x 240 seconds / degree = 480 seconds
Thus, the correct answer is (B).

34) Optical phenomenon taking place for mirror and lens respectively are \&
(A) reflection, refraction
(B) interference, diffraction
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(C) reflection, diffraction
(D) refraction, interference

Solution:

The optical phenomena involved with a mirror and a lens are:

- A mirror operates on the principle of reflection, where light bounces off the surface.

- A lens operates on the principle of refraction, where light bends as it passes through different
media.

Thus, the correct answer is:
Answer: (A) reflection, refraction

35) Aslit of size ' a ' is illuminated by a parallel beam of light of wavelength A. The angle at which this
light is diffracted is approximately

(A A/a

(B) \/a?

(©) a%/\

(D)a/A

Solution:

The angle € at which light is diffracted through a slit of size a can be approximated using the
diffraction condition for a single slit, which is given by:

~ A
6~ A

where A is the wavelength of the light and a is the slit width.

Thus, the correct answer is:

Answer: (A) %

36) The refractive index of a medium is % The speed of light in this medium is m/s [Speed of
light in vacuum is ¢ = 3 x 10° m/s]

(A) 3 x 108

() 2.5 x 108

(0)2 x 108

(D) 3.5 x 108

Solution:

The speed of light in a medium v is related to the refractive index n by the formula:
—_ C

V=

where ¢ = 3 x 108 m/s is the speed of light in a vacuum, and n = % is the refractive index of the
medium.

Substituting the values:




8 8
v=300 = 32 — 2 %108 m/s
2

Thus, the correct answer is (C).

37.In Young's double experiment the distance between two slits is 0.2 mm and the distance between
slitand screen is 1.5 m . The wavelength of light used is 600 nm . The distance between any two
consecutive bright fringes is mm .

(A) 0.5

Solution:

The distance between two consecutive bright fringes (fringe width) in Young's double-slit experiment
is given by the formula:

where;

-A =600 nm = 600 x 10~Y m is the wavelength of light,

- D = 1.5 m is the distance between the slits and the screen,
-d=0.2mm = 0.2 x 1072 m is the distance between the slits.

Substituting the values:

8= 600x10~°x1.5 __ 900x10~°
0.2x1073 0.2x1073

Thus, the correct answer is (B).

= 4.5 mm

38) The intensity of incident unpolarized light on a polaroid is I; and the intensity of emergent
polarized light from this polaroid is I2. The relation between I1&1> is

AL =1

B)I1 > Iy

OL <Ip

D)1 = 21y

Solution:

When unpolarized light passes through a polaroid, the intensity of the emergent polarized light is
reduced to half of the incident intensity. This is described by Malus's Law:

I
L=4%

Thus, the relationship between I; and I is:

I1 - 2[2
The correct answer is (D).

39) Unpolarized light is incident on a plane transparent surface. The reflected and refracted rays are
found perpendicular to each other, then the angle of incidence is . [Refractive index of the
medium is 1.73]

78 ———



Solution:

When the reflected and refracted rays are perpendicular to each other, the angle of incidence is
known as Brewster's angle. Brewster's law states that:

tanfp =n

where 6 g is Brewster's angle and n is the refractive index of the medium. Given n = 1.73, we can
calculate 05 as:

Op = tan_1(1.73) ~ 60°
Thus, the correct answer is (D).

40) Jariation of stopping potential V with frequency (v) of incident radiation for a given
photosensitive material is straight line. [frequency (v) of incident radiation is greater than threshold
frequency (v)].

The slope of this line is

(A) ¢o/h

(B)h/v

(Qh/e

(D)e/Vy

Solution:

The relationship between the stopping potential Vj and the frequency v of incident radiation in the
photoelectric effect is given by the equation:

eVo=nh (’U — Uthreshold )
Rearranging this, we get:

h
VO = 2 (U — Uthreshold )
This is a linear equation where the slope of the graph of Vj vs. vis % where h is Planck's constant
and e is the elementary charge.

Thus, the correct answer is (C).

41) The de-Broglie wavelength () associated with an electron accelerated through a potential
difference of 121 Vis [m. = 9.1 x 1073 kg, h = 6.63 x 10-%*Js]

(A) 1.12\AA
(B)2.1\AA

(0)12.0\AA
(D)0.12\AA




Solution:

The de Broglie wavelength X of an electron accelerated through a potential difference V is given by
the formula:

_ h
A= 2meeV

where:

-h = 6.63 x 10~34Js is Planck's constant,

-m, = 9.1 x 1073! kg is the mass of the electron,
-e = 1.6 x 10~ YC is the elementary charge,

-V =121 V is the accelerating potential.

Substituting these values:

A\ = 6.63x10 %
V2x9.1x10 3 x1.6x 10 ¥ x 121

Simplifying the expression inside the square root:

A= 63108 6.63x10 g 19 5 10710 — 1.12\AA

\/3.53%x10-17 5.94x107°

Thus, the correct answer is (A).

42) Monochromatic light of frequency 6 x 10 Hzis produced by laser. The power emitted is
2 x 1073 W. The energy of the photon in this light beam is ev.

[h=6.63 x 1073*Js,1eV = 1.6 x 1071 J]

Solution:
The energy E of a photon is given by the formula:
E=h-f

where:
-h = 6.63 x 10—3%Js is Planck's constant,
- f = 6 x 10 Hz is the frequency of the light.

Substituting the values:

E=663x10"%x6x10%=3.978 x10"19J
To convert this energy into electron volts ( eV ), use the conversion factor 1eV = 1.6 x 107197

-19
E = 398100 o 9 4gev

Thus, the correct answer is approximately (D) 2.5 eV .




43) What is the shortest wavelength present in the Balmer series of spectral lines? [Rydberg's
constant R = 1.097 x 10" m ! ]

(A) 26 nm

(B)91 nm

(C) 365 nm

(D) 820 nm

Solution:

The wavelength of spectral lines in the Balmer series can be determined using the Rydberg formula:

1 _ a1

F=R(F %)

For the Balmer series, n1 = 2, and the shortest wavelength occurs when na = oo (the electron
transitions from a very high energy level ton; = 2).

Substituting a2 = oo into the formula, we get:

1 1 R
x=R(z-0)=17
Using the Rydberg constant R = 1.097 x 10" m~!:

1= LODAP — 97425 x 10% m !

p)
Now, calculate A :

_ 1 ~ -7 _
)\—m~365><10 m = 365 nm

Thus, the correct answer is (C) 365 nm .

44) What is the angular momentum of electron of Be ™3 ioninn = 5 orbit?
(A)5.3 x 10734Js
(B)6.6 x 107 34Js
(€)3.3 x 10734Js
(D) 1.3 x 10**Js

Solution:
The angular momentum of an electron in an orbit is given by the Bohr quantization rule:
L = n%

where:
- n is the principal quantum number,
-h = 6.63 x 10734 Jsis Planck's constant.

For an electron in the n = 5 orbit, the angular momentum is:

_ 6.63x10%
L=5x2"57—

Simplifying:

L=5x 88107 551,055 x 103 = 5.275 x 10~*4Js

Thus, the correct answer is approximately (A) 5.3 x 10~ 34Js.
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45) What is the ratio of total energy of an electron in hydrogen atom in first excited state and third
excited state?
A1:1

Solution:

The total energy of an electron in a hydrogen atom is given by the formula:

—13.6eV
E, = n2

where v is the principal quantum number.
- The first excited state correspondston = 2,
- The third excited state corresponds to n = 4.

The total energy in the first excited state (n = 2) is:

Ey = _;‘;"6 = % = —3.4eV

The total energy in the third excited state (n = 4) is:

By = 3% = =38 — _0.85eV

The ratio of the energies is:

Ey, _ 34 _ 4.
E, _ 085 =4:1

Thus, the correct answeris (C)4 : 1.

46) According to mass energy equivalence relation, 9 x 103 J of energy can be converted into
maximum mass.

[Speed of lightc = 3 X 108 m/s]

(A)3g

(B)9g

©381g

D)1g

Solution:
According to the mass-energy equivalence relation, given by Einstein's equation:
2

E=mec

we can solve for mass m as:

m=2L
Given:
-E=9x101 J,

-c=3x108m/s.
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Substitute the values into the equation:

. 9x108  _ 9x108 _ 1n-3 _
M= Ga0)? T 9x10% 10°kg=1g
Thus, the correct answeris (D) 1§g.
47) One of the fusion reaction in Sun is given by

°H+ {H — 3He + v+

Fill in the blank with the correct option.
(A) 12.86 MeV

(B). 5.49 MeV

(C) 1.02 MeV

(D) 0.42 MeV

Solution:
The fusion reaction in the Sun:

H+ H — 3He + v

This reaction releases energy in the form of a photon (7). The energy released in this specific fusion

reaction is approximately 5.49 MeV .

Thus, the correct answer is (B).

48) For a radioactive element half life is 1.5 days. How many minutes will it take to disintegrate this

clement by 75% ?
(A) 1260
(B) 4320
(C) 3240
(D) 2430

Solution:

To find how long it takes for 75% of a radioactive element to disintegrate, we can use the fact that
75% disintegration means that 25% of the element remains, which is equivalent to two half-lives
(because after one half-life, 50% remains, and after another half-life, 25% remains).

Given that the half-life is 1.5 days:

2 x 1.5 days = 3 days
Now, convert 3 days into minutes:

3days = 3 x 24 x 60 = 4320 minutes
Thus, the correct answer is (B) 4320 .

49. Given figure is the equivalent of which logic gate?
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The given figure represents the logic gate with two inputs, A and B, and one output, Y . Based on the
curved shape and the small circle at the output, this is a NOR gate.

A NOR gate is the combination of an OR gate followed by a NOT gate, meaning the output is true (1)
only when both inputs are false (0).

Thus, the correct answer is (D) NOR.

50) When a forward bias is applied to a p-n junction; it
(A) raises the potential barrier

(B) reduces the majority carrier current to zero

(C) lowers the potential barrier

(D) none of the above

Solution:

When a forward bias is applied to a p-n junction, the external voltage reduces the potential barrier at
the junction, allowing the majority carriers to flow across the junction. This increases the current
through the junction.

Thus, the correct answer is:
Answer: (C) lowers the potential barrier

PART-B

1) Derive an equation for an electric field due to infinitely long straight uniformly charged wire.
Solution:

To derive the electric field due to an infinitely long straight uniformly charged wire, we use Gauss's
law, which states:

§E-dA = o

€0
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1. Symmetry and Setup:

- Consider an infinitely long straight wire with a uniform linear charge density A (charge per unit
length, in C/m).

- The goal is to find the electric field E at a distance r from the wire.

- Due to the cylindrical symmetry of the wire, the electric field at any point is radial and perpendicular
to the wire, and it depends only on the distance r from the wire.

2. Choosing a Gaussian Surface:

- We use a cylindrical Gaussian surface centered around the wire, with radius r and length L.

- The electric field E is constant on |, surface of this cylindrical Gaussian surface due to symmetry,
and the field is directed radially outward.

3. Applying Gauss's Law:
- According to Gauss's law, the total electric flux through the cylindrical surface is:

§E-dA=E- (2nrL)

where 27r L is the surface area of the curved side of the cylindrical Gaussian surface (we neglect the
end caps since the electric field is perpendicular to them and does not contribute to the flux through
the ends).

4. Enclosed Charge:

- The charge enclosed by the Gaussian surface is the charge on a length L of the wire, which is:

Qenc = AL

5. Substituting into Gauss's Law:
- Using Gauss's law:

E-(2nrL) = 2L

€0

6. Solving for E :
- Canceling L from both sides:

D
E J (271'7’) = a
- Therefore, the electric field is:

E= 32

2meor

Final Equation:

The electric field E at a distance r from an infinitely long straight uniformly charged wire is:
D

B = 2meor

where:

- Ais the linear charge density (C/m),

- €9 is the permittivity of free space (8.854 x 10712 F/m)

- 7 is the distance from the wire.
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This shows that the electric field decreases inversely with the distance r from the wire.

2) At room temperature (27°C) the resistance of heating element is 100€2. What is the temperature
of the element if the resistance is found to be 134}, given that the temperature coefficient of
material of the resistor is 1.7 x 1074°C~1 2

Solution:
We can solve this problem using the formula for the variation of resistance with temperature:
R; = Ry(1 + aAT)

where:

- R, is the resistance at temperature T  (here R; = 1342),

- Ry is the resistance at the reference temperature (room temperature, 27°C, where Ry = 10012),
- a is the temperature coefficient of resistance (given as 1.7\ times 10"{—4}\, $circImathrm\

{C\WM\wedge{-1\}$ ),
1. Substitute the given values into the equation:

134 =100 (14 1.7 x 10~* x AT)

2. Simplify the equation:

134 »

1.34=1+1.7x 1074 x AT
034 =1.7x10"% x AT

3. Solve for AT':
|Delta T’ =| frac {0.34} {1.7\ times 10"{—4}} = 2000\, $circ\midmathrm\\mathrm{Ch}$

4. Now, calculate the final temperature:

T = 27°C + 2000°C = 2027°C
Final Answer:
The temperature of the heating element is 2027°C.

3) Derive the equation B = ff—;; i—’;‘ for the axial magnetic field for finite Solenoid. m is the magnetic

moment of Solenoid \& 7 is the distance of the point from the centre of Solenoid.
Solution:
1. Magnetic Field Due to a Current Loop:

Consider a circular current loop of radius R with current I. The magnetic field at a point on the axis of
the loop (at a distance z from the center) is given by:

__ mlR’
B. = 2(R2+422)°/?
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This is the magnetic field due to a single loop. Now, for a solenoid, which consists of many loops
stacked together, the total magnetic field is the sum of the fields from each loop.
2. Magnetic Field of a Finite Solenoid:

For a solenoid of finite length L with IV turns and carrying current I, the magnetic field along the axis
at a distance r from the center of the solenoid can be approximated for points far from the solenoid
(e, 7> L).

For such points, the magnetic field resembles that of a magnetic dipole. The solenoid can be treated
as a dipole with a magnetic moment m given by:

m=NIA

where:
- N is the number of turns,
- I is the current,

- A = wR2 is the area of the cross-section of the solenoid.
3. Magnetic Dipole Field:

The magnetic field at a point along the axis of a magnetic dipole is given by the formula for a dipole's
axial magnetic field:
— ko 2
B=4&%
where:
- ko is the permeability of free space (4 x 10~ "Tm/A),

- m is the magnetic moment of the solenoid,
- 7 is the distance from the center of the solenoid along the axis.

This equation assumes that the point is sufficiently far from the solenoid, so the solenoid behaves like
a magnetic dipole.
4. Conclusion:

Thus, for a solenoid at distances far from the solenoid, the magnetic field along its axis is given by:

— Mo 2m
B = 47 3

This equation represents the axial magnetic | ' d of a finite solenoid, where m is the magnetic
moment of the solenoid, and 7 is the distance from the center of the solenoid.

4) Define mutual inductance and mention the factors on which mutual inductance depends.
Solution:

Mutual inductance is the property of two coils or circuits where a change in current in one coil
induces an electromotive force (emf) in the other due to the magnetic field generated by the first coil.
It is represented by M and depends on factors such as:

1. The number of turns in the coils,

2. The cross-sectional area of the coils,
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3. The distance between the coils,
4. The relative orientation of the coils,
5. The permeability of the medium between them.

5) Write the four Maxwell's equations in reference to electromagnetic waves.
Solution:

The four Maxwell's equations describe the fundamental principles of electromagnetism and the
behavior of electric and magnetic fields, particularly in reference to electromagnetic waves:
1. Gauss's Law for Electricity:

V-E=Z%
€0
This equation states that the electric flux through a closed surface is proportional to the enclosed

charge p, where Eis the electric field and €o is the permittivity of free space.
2. Gauss's Law for Magnetism:

V-B=0
This indicates that there are no magnetic monopoles, meaning the net magnetic flux through a closed

surface is zero, where Bisthe magnetic field.
3. Faraday's Law of Induction:

o _ _ 0B
VXE—_at

This describes how a changing magnetic field induces an electric field.
4. Ampere's Law (with Maxwell's Correction):
V X B = o <J+Eo%—?)

This shows that a changing electric field or a current density jgenerates a magnetic field, where pg is
the permeability of free space.

These four equations form the foundation for understanding how electromagnetic waves propagate.

6) If the magnetic field is parallel to the +-vvex - axis and the charged particle is moving along +-vey-
axis. Which direction would the Lorentz force act

a) for an electron

b) for a proton?

Solution:

The Lorentz force acting on a charged particle in a magnetic field is given by:

—

F = q(v x B)

Where:
- g is the charge of the particle,
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- v is the velocity of the particle,

~Bisthe magnetic field.

For this scenario:

- The magnetic field Bis along the +z-axis,
- The velocity v is along the +y-axis.

The direction of the Lorentz force is determined by the right-hand rule: point your fingers in the

direction of ¥, curl them toward B and your thumb will point in the direction of the force for a
positive charge. For a negative charge, the force will be in the opposite direction.

a) For an Electron:

Since the electron has a negative charge, the Lorentz force will act in the opposite direction of the
right-hand rule. Applying the rule:
- ¥ is along +y-axis,

- Bis along +z-axis.

The force direction for a positive charge would be along the negative z-axis, but since the electron is
negative, the Lorentz force will act along the positive z-axis.
b) For a Proton:

The proton has a positive charge, so the Lorentz force will follow the direction given by the righthand
rule:

- v is along +y-axis,

_Bis along +x-axis.

The force direction is along the negative z-axis for a proton.

7) The half life of 233U undergoing a-decay is 4.5 x 107 years. What is the activity of 1 g of sample of
23817
92 Y1

Solution:

To find the activity of 1 g of SggU, we use the following steps.

1. Formula for Activity:
The activity A is given by:
A=AN

where:

- Ais the decay constant,

- N is the number of atoms present in the sample.
2. Decay Constant A :

The decay constant A is related to the half-life T'; 5 by the formula:
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— In2
T1)2

Given Ty /9 = 4.5 X 10° years, convert this to seconds:

Thus, the decay constant is:

In2 0.693 ~18 -1
e ~ ~ 4. X
A 1.42x10% 1.42x10"7 4.88 x 10 S

3. Number of Atoms NN :

The number of atomsin 1 g of 33’8

__ mass of sample
N = molar mass X NA

where:
- The molar mass of 238U is 238 g/mol,
- N4 = 6.022 x 10? atoms /mol.

Substituting the values:

N = gggimr % 6.022 x 10% ~ 2.53 x 10” atoms

8) Explain B-decay with appropriate example.

Solution:

U can be calculated using Avogadro's number:

Beta ( 8 )-decay is a radioactive decay process in which a nucleus emits a beta particle (either an
electron 8~ or a positron 87) to become more stable. In 3~ -decay, a neutron is converted into a

proton, and an electron and an antineutrino are emitted:

n—p+e —+ e

In 87 -decay, a proton is converted into a neutron, and a positron and a neutrino are emitted:

p—n+et + e
Example: In 8~ -decay, carbon-14 decays into nitrogen-14:

PC—o P N+e +

This decay process increases the atomic number by 1 while keeping the mass number constant.

SECTION-B

9) What is Potentiometer? Explain how can it be used to determine internal resistance of cell. Draw

the circuit diagram and derive the equation.

Solution:

A potentiometer is an instrument used for measuring the electromotive force (emf) of a cell or the
potential difference between two points in a circuit without drawing any current from the circuit. It
consists of a long wire with uniform resistance and a jockey to slide and vary the length of the wire to
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obtain a null point where the galvanometer shows zero deflection.

Determination of Internal Resistance of a Cell Using Potentiometer:

To determine the internal resistance 7 of a cell, the following steps are followed:

1. Connection Setup: The potentiometer wire is connected in parallel with a standard cell and the
circuit to be tested. The cell whose internal resistance is to be measured is connected in series with a
key, a known external resistor R, and a galvanometer.

2. Measurement Without External Resistor: First, the key is opened (no current flows through R ) and
the balancing length l; is found using the potentiometer. This gives the emf E of the cell.

3. Measurement With External Resistor: Next, the key is closed, so current flows through the external
resistor R, and a new balancing length [ is obtained. This gives the terminal voltage V of the cell.

Derivation of Equation for Internal Resistance:
The emf of the cell is:

E=k-1

where k is the potential gradient of the potentiometer wire, and [; is the balancing length when the
key is open.

The terminal voltage when the external resistance R is connected is:
V =k- l2
where 4 is the balancing length when the key is closed.

From Ohm's law:

V=FE-Ir

But since I = -, substituting into the equation gives:
_ E-r

V=FE- R+r

This can be simplified to:

E _ I
v - 1+ R
Rearranging for r:

r=Rx (5¥) = Rx (42)

2

Thus, the internal resistance r is determined by the ratio of the balancing lengths with and without
the external resistance.

Circuit Diagram:
Here is a simplified representation of the circuit diagram:
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B= A
I
R I

]

10) A long straight wire of circular cross-section (radius a ) carrying steady current I. The current | is
uniformly distributed across the cross-section. Calculate the magnetic field in the region r < a and
r > Q.

Solution:

Consider a long straight wire of radius a carrying a steady current I. The current is uniformly
distributed across the wire's circular cross-section. We need to calculate the magnetic field at two
regions: r < a (inside the wire) and r > a (outside the wire).

To calculate the magnetic field, we will use Ampere's Circuital Law, which states:
fB -dl = N/OIenc

where:

—

- B is the magnetic field,

- dlis an infinitesimal element of the circular path,

- Ienc is the current enclosed by the Amperian loop,
- ko is the permeability of free space.

1. Magnetic Field Inside the Wire (r < a) :

For r < a, the current enclosed by an Amperian loop of radius 7 is proportional to the area enclosed
by the loop, since the current is ui | mly distributed. The total current [ is spread over

the entire cross-sectional area ma?. Therefore, the current enclosed by the loop of radius 7 is:

mr? r?
Iepc =1- :I'a_Q

Ta?
By applying Ampere's law to a circular path of radius r, we get:

B(T) - 21 = ,u’OIenc
Substitute I, into this equation:

B(r) - 27r = pol - Z—i
Solving for B(r) :
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B(r):”—oI-r forr <a

2ma’
Thus, the magnetic field inside the wire increases linearly with 7 :

B(r) = &0

2ma’?

2. Magnetic Field Outside the Wire (r > a) :

For r > a, the entire current I is enclosed by the Amperian loop, as the loop lies outside the wire. By
applying Ampere's law to a circular path of radius r, we get:

B(r) - 2mr = pol
Solving for B(r) :

I
B(r) = 4% forr>a

Thus, the magnetic field outside the wire decreases inversely with 7 :

B(r) = &L
11) A beam of light consisting of two wavelengths 650 nm and 520 nm is used to obtain interference
fringes in Young's double slit experiment. Distance between two slits is 0.25 mm and slit \& screen is 1
m.

a) Find the distance of the third bright fringe on the screen from the central maximum for wavelength
650 nm .

b) What is the least distance from the central maximum where the bright fringes due to both the

wavelength coincide?
Solution:

Given Data:

- Wavelengths: A1 = 650 nm = 650 x 10~ m, A = 520 nm = 520 x 10 ° m
- Distance between the slits: d = 0.25 mm = 0.25 x 10 * m

- Distance between slits and screen: D = 1 m

a) Distance of the third bright fringe for wavelength A1 = 650 nm

In Young's double slit experiment, the position of the m-th bright fringe is given by the formula:
Ym = m()i\D
For the third bright fringe (m = 3) and A = 650 nm :

_ 3x650x10"9x 1
Ys 0.25%1073

Simplifying:

_ 3x650x10°° _ 1950x10°% __ 3
Y3 = T025x10° — 025x10° 7.8 x107" m = 7.8 mm

b) Least distance where the bright fringes due to both wavelengths coincide

The bright fringes due to both wavelengths will coincide at the least common multiple (LCM) of their
fringe positions. The positions of the bright fringes for wavelength A1 and A3 are given by:
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. m M D . mg)\gD
y1=—g— and y=—F=

For the bright fringes to coincide:
miAr _ mady

d d
This simplifies to:

ml)\1 = mz)\z
Dividing both sides by A2 :

mi o Ay 520 __ 4

mas A 650 B
Thus, the least values of m; and m that satisfy this ratio are m; = 4 and my = 5.

Now, the least distance from the central maximum where the fringes due to both wavelengths

coincide is:

_ mahD _ 4x650x10°x1
Y="4d = o2x107
Simplifying:

y= 200007 — 104 x 10* m = 10.4 mm

Thus, the least distance from the central maximum where the bright fringes due to both wavelengths
coincide is 10.4 mm .

12) State and explain Huygen's Principle.
Solution:

Huygen's Principle, proposed by Dutch physicist Christiaan Huygens, is a fundamental theory that
explains the propagation of light waves. It states that every point on a wavefront acts as a source of
secondary spherical wavelets, which spread out in all directions with the speed of light. The new
wavefront at any later time is the envelope (or tangent) of all these secondary wavelets.

This principle helps in explaining various wave phenomena such as reflection, refraction, diffraction,
and interference. It allows us to predict the direction of wave propagation and can be applied to both
light and other types of waves. Huygen's principle is especially useful in understanding the bending of
light at edges (diffraction) and the formation of interference patterns.

13) The work function of cesium is 2.14 eV . Find

a) the threshold frequency of cesium, and

b) the wavelength of the incident light if the photo current is brought to zero by a stopping potential
of 0.86 V.

Solution:

Given Data:
- Work function of cesium, ¢ = 2.14eV
- Stopping potential, Vo = 0.86 V

We need to calculate:
- (@) The threshold frequency of cesium.
- (b) The wavelength of the incident light when the photo current is brought to zero by the stopping
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potential.
a) Threshold Frequency of Cesium

The threshold frequency f is the minimum frequency of light required to eject electrons from the
surface of a metal, and it is related to the work function ¢ by the equation:

¢ = hjo

Where:

- ¢ is the work function in joules (] ),

- his Planck's constant (b = 6.626 x 107%4Js),
- fo is the threshold frequency.

First, convert the work function from electron volts (eV) to joules (J) :

¢ =214eV =214 x 1.602 x 10719 J =3.43 x 10719
Now, use the formula ¢ = hfj to find the threshold frequency fj :

—19
fo=4§ =240 _ 518 x 10" Hz

Thus, the threshold frequency of cesium is fy = 5.18 x 104 Hz.
b) Wavelength of the Incident Light

When a stopping potential Vj is applied, the maximum kinetic energy of the emitted electrons is
related to the energy of the incident photons by the photoelectric equation:

Ephoton = ¢ + 6V0

Where:

- Ephoton is the energy of the incident photon,

- ¢ is the work function,

- eV is the energy corresponding to the stopping potential, with e = 1.602 x 10 1°C.

Now, calculate the energy of the incident photon:

Ephoton = & + Vo =( .14V + 0.866V = 3.00eV
Convert this to joules:

Ehoton = 3.00eV = 3.00 x 1.602 x 107" J = 4.806 x 1071° J
The energy of the photon is related to its wavelength A by the equation:

Ephoton = %

Where:

-h = 6.626 x 10734Js is Planck's constant,
-c = 3.00 x 10® m/s is the speed of light.

Now, solve for A :

_ _hc  _ 6.626x10"*x3.00x10° _ o
= Eohoton 4.806x10 2 =4.14 x 107" m = 414 nm

Thus, the wavelength of the incident light is A = 414 nm.
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Rectification:
Rectification is the process of converting alternating current (AC) to direct current (DC). This is done
using diodes, which allow current to flow in only one direction.

Half-Wave Rectifier:

In a half-wave rectifier, only one half-cycle of the AC input is used to produce DC output. A diode is
connected in series with the load resistor, allowing current to pass during the positive half-cycle and
blocking the negative half-cycle. This results in pulsating DC output.

Circuit Diagram:

- The input AC voltage is applied to the primary of a transformer.

- The diode conducts only during the positive half-cycle of AC, producing output across the load
resistor.

Waveforms:

- Input Waveform: A full AC sine wave.

- Output Waveform: Only the positive half-cycles are seen in the output, while the negative half-cycles
are blocked, resulting in a pulsating DC signal.

Below is a simple sketch of input and output - - - Itage waveforms:

SECTION- C

15) The plates of a paralle! plate capacitor have an area of 90 cm? each and are separated by 2.5 mm
. The capacitor is charged by connecting it to a 400 V supply.

a) How much electrostatic energy is stored by the capacitor?

b) View this encrgy as stored in the electrostatic field between the plates and obtain the energy per
unit volume u. Hence arrive at a relation between u and the magnitude of the electric field E2
between the plates.

Solution:

Given:

- Area of the plates, A = 90 cm? = 90 x 104 m?

- Separation between plates, d = 2.5 mm = 2.5 x 103 m
- Voltage across the plates, V =400 V

The capacitance C of a parallel plate capacitor is given by:
C = 60%

where £y = 8.854 x 107!2 F /m is the permittivity of free space.
Part (a): Electrostatic Energy Stored in the Capacitor
The energy U stored in the capacitor is given by:

U= 3CV?

Let's first calculate C, the capacitance:
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—4
90 x 10 F

2.5 x 1073
C~319x102F
Now, calculating the energy stored:

C = 503 = (8.854 x 107'?)

1 —12 2
U= 5(3.19 x 107'%)(400)* J

U~ 255x107"]
So, the electrostatic energy stored by the capacitor is approximately 2.55 x 1077 J.
Part (b): Energy per Unit Volume and Relation Between u and E
The energy density (energy per unit volume) u in the electric field between the plates can be
calculated by dividing the total energy by the volume between the plates:
U= Vohame = Ad
Substitute the values of U, A, and d :

2.55 x 107

u =
90 x 107 * x 2.5 x 107°
u~1.13J/m?
Now, let's relate u to the magnitude of the electric field E between the plates. The electric field £
between the plates of a capacitor is given by:

J/m?

E=Y
= d
Substitute the values of V and d :
=20 vy
2.5 x 1073

E~1.6 x10°V/m
The energy density w in terms of the electric field E is given by the formula:

U= %80E2
Let's check if this matches the energy density we calculated earlier. Substitute the values of €g and E :

u = 1(8.854x | 712) (1.6 x 10°)* J/m?

Thus, the energy density calculated from the electric field agrees with the earlier calculation, and the
relation between the energy density u and the electric field E is:

u= +eoE?

16) A series LCR circuit with L = 0.12H, C = 480nF, R = 23 is connected to 230 V variable
frequency supply.

a) What is the source frequency for which current amplitude is maximum? Obtain the maximum
value.

b) What is source frequency for which average power absorbed by the circuit is maximum? Obtain the
value of maximum power.

c) For which frequencies of the source is the power transferred to the circuit is half the power at
resonant frequency? What is the current amplitude at these frequencies?

d) What is the Q factor of the given circuit?
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Solution:

Given:

- Inductance, L = 0.12H

- Capacitance, C' = 480nF = 480 x 10 ° F
- Resistance, R = 232

- Supply voltage, V =230 V

Part (a): Source Frequency for Maximum Current Amplitude (Resonant Frequency) and Maximum
Current

The current amplitude is maximum at the resonant frequency. The resonant frequency f, of an LCR
circuit is given by:

1
fO - 27r\/L_C
Substitute the values of L and C':

1

2m,/(0.12) (480 x 10~9)
fo ~ 662.3 Hz

fo=

At resonance, Z = R, so:

rms

Pavg — "R
Substitute the values:

~ (230)?
Pavg = 23
Pavg — 2300 W

Thus, the maximum average power absorbed by the circuit is 2300 W, and it occurs at the resonant
frequency of 662.3 Hz ..

Part (c): Frequencies Where Power is Half of the Resonant Power

The power transferred to the circuit is half the power at the resonant frequency when the total
impedance causes the power to drop. The frequencies at which the power is half of the resonant
power are given by the condition:

_Pma,x
P==5

The half-power frequencies are related to the bandwidth of the circuit. The bandwidth A f is given by:

A=

Substitute the values:

23
Af— — "
! 27(0.12)

Af =~ 30.5Hz
The half-power frequencies are:




A A
fi=fo— 8L, f=fot+r s
Substitute the values:

f1 =662.3 —15.25 ~ 647.05 Hz

fo =662.3 + 15.25 ~ 677.55 Hz

Thus, the frequencies at which the power is half the power at the resonant frequency are
approximately 647.05 Hz and 677.55 Hz .

Current Amplitude at These Frequencies
At half-power frequencies, the current amplitude is related to the maximum current by the following
relation:

_ 1
I'=5

Substitute the value of I :

I:%z?.O?A

Thus, the current amplitude at these frequencies is approximately 7.07 A.
Part (d): Quality Factor (Q Factor)
The @ factor of an LCR circuit is given by:

Q=%\4%

Substitute the values of L, C, and R :

1 0.12
Q= 23 \/ 480 x 107°°
4~ 18.03

17) A compound microscope consists of an objective lens of focal length 2.0 cm and an eye piece of
focal length 6.25 cm separated by a distance 15 cm . How far from the objective should an object be
placed in order to obtain the final image at

a) the least distance of distinct vision (25 cm ) and

b) at infinity?

What is the magnifying power of microscope in each case?
Solution:

We are given a compound microscope with the following specifications:
- Focal length of objective lens, f, = 2.0 cm

- Focal length of eyepiece, f, = 6.25 cm

- Distance between the lenses, L = 15 cm

- Least distance of distinct vision, D = 25 cm

Part (a): Object Placement for Final Image at the Least Distance of Distinct Vision (25 cm)
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To solve this, we can follow these steps:

Step 1: Calculate the position of the image formed by the objective lens

Let the object distance from the objective lens be u, and the image distance from the objective lens
be v,. The lens formula is:

1 1 1

Vo Uo _ﬁ

We also know that the distance between the objective and eyepiece is L = 15 cm, so:
v, =L —u,

where u, is the object distance for the eyepiece lens.

Step 2: For the final image at the least distance of distinct vision

For the eyepiece, when the final image is at the least distance of distinct vision (25 cm ), the image
distance v, = —D = —25 cm (since it is virtual and formed on the same side as the object for the
eyepiece).

Using the lens formula for the eyepiece:

11 _1

Ve Ue fe

Substitute v, = —25 cm and f, = 6.25 cm :

1 11
25w 625
1 1 1
25w, 625
11 1
w 625 25
1 4 1

Thus, ue = b cm.
Step 3: Find v,
Since v, = L — w,, substitute L =15 cm and v, = 5 cm :

Vo=15—-—5=10cm
Step 4: Find u,
Now use the lens formula for the objective lens to find u, :

11 _ 1

Vo Uo fo

Substitute v, = 10 cm and f, = 2.0 cm :

1 1 1

10 wuw, 2
1 1 1 1-5 4 2
w 10 2 10 10 5
ThUS,UOZ—%:—ZE)CIIl

Therefore, the object should be placed 2.5 cm in front of the objective lens for the final image to be at
the least distance of distinct vision.
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Magnifying Power for the Final Image at 25 cm
The magnifying power M of a compound microscope is given by:

M=m,-m,

where m,, is the magnification of the objective lens and m,, is the magnification of the eyepiece lens.
1. Magnification of the objective lens is:

Vo

my = 32

Substitute v, = 10 cm and u, = —2.5 cm :
1

Mo = —20.5 = —4

2. Magnification of the eyepiece lens for a final image at the least distance of distinct vision is:
me =1+ %
Substitute D = 25 cm and f, = 6.25 cm :

me:1+é;255:1—|—4:5

Thus, the total magnifying power is:

M= (-4)x5=-20

The negative sign indicates that the image is inverted.

Part (b): Object Placement for Final Image at Infinity

For the final image to be at infinity, the object distance for the eyepiece must be equal to its focal
length, i.e., u, = f,.

Step 1: Find v,,
Since u, = f. = 6.25 cm, the image formed by the objective lens must be at a distance:

v,=L—u,=15—6.25 = 8.75 cm
Step 2: Find u,,
Using the lens formula for the objective lens:

11 _ 1

Vo Uo fo

Substitute v, = 8.75 cm and f, = 2.0 cm :

1 11
v w =3

1 1 1 1-437  —3.375
u, 875 2 875 875
U, = —8'—75 ~ —2.59 cm

3.375

Thus, the object should be placed approximately 2.59 cm in front of the objective lens for the final
image to be at infinity.

Magnifying Power for the Final Image at Infinity
For the final image at infinity, the magnifying power of the eyepiece is:
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me =2
Substitute D = 25 cm and f, = 6.25 cm :

_ 95
Me = 505 = 4

Thus, the total magnifying power is:

M= (—4) x4=—16

18) State Bohr's postulates for atomic model. Derive the equations for orbital radius, orbital speed
and total energy for an electron in nP orbit in hydrogen atom.

Solution:

Bohr's Postulates for Atomic Model:

1. Quantization of Angular Momentum: Electrons revolve around the nucleus in fixed orbits without
emitting radiation. The angular momentum of an electron in these orbits is quantized and is an
integral multiple of iﬂ where h is Planck's constant. Mathematically:

h
MeUpTy = No-
where m, is the mass of the electron, v,, is the velocity of the electron in the n-th orbit, r,, is the
radius of the orbit, and n is a positive integer (the principal quantum number).
2. Stationary Orbits: While revolving in these quantized orbits, the electron does not radiate energy.
Energy is only emitted or absorbed when the electron jumps between these orbits. The energy

emitted or absorbed is given by:
AE = E2 — El = hV

where E5 and E are the energies of the two orbits, and v is the frequency of the emitted or
absorbed radiation.

3. Energy Levels: The total energy of an electron in a given orbit is also quantized and depends on the
principal quantum number n.

Derivations for Orbital Radius, Orbital Speed, and Total Energy

We will now derive the expressions for the orbital radius, orbital speed, and total energy for an
electron in the n-th orbit of a hydrogen atom.

1. Orbital Radius r,,

From Coulomb's law, the electrostatic force between the electron and the proton in the hydrogen
atom provides the necessary centripetal force for the electron's circular motion:

1 62 mevi

dmeg T2 T 1y

where e is the charge of the electron, g is the permittivity of free space, v,, is the speed of the
electron in the n-th orbit, and 7, is the radius of the n-th orbit.

From Bohr's quantization condition for angular momentum:
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mev, Ty = ’I’LL

27
Solve for v, :
o nh
Un = 2Tmry,

Substitute this into the centripetal force equation:

2
1 e _ me nh
dmeg ri r, 2Tmery,

Simplifying:

1 e n’h?
dmey 12 4Amimer

Solve for ry, :

3
n

n2h2ep
7ng€2

Tp =

The value of the radius for the first orbit (n = 1) is called the Bohr radius, 71 :

P h2EO
1= Tm.e?
Numerically:

71~ 5.29 x 10 ' m

Thus, the radius for the n-th orbit is:
rn = n2r; = n? x 5.29 x 107" m
2. Orbital Speed vy,

Using Bohr's angular momentum quantization condition:

nh

2TMeTn

VUn —

Substitute the expression for r,, :

2
v, = nh _ _e¢€

2,2 2e9hn
2ﬂ_me<nh520> 0

Tmee

Thus, the speed of the electron in the n-th orbit is:

U1
n

Vp =
where vq is the speed in the first orbit, which is:
v = 755 ~2.18 x 10° m/s

Thus, the speed of the electron in the n-th orbit is:

6
Uy = 2.18x10 m/s

n

3. Total Energy E,,
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The total energy E,, of the electron in the n-th orbit is the sum of its kinetic energy K,, and potential
energy U,,.

- Kinetic Energy: The kinetic energy of the electron is:

2

_ 1
K, = sm.v;,

From the centripetal force equation:

2
1 e’ _ Mmev,

dmey 12 Ty
Multiply both sides by 7, :
1 €2 2

Ineg 1, — MelUp

So, the kinetic energy is:

2

_1_e
Ki T2 Admegry,
- Potential Energy: The potential energy is the electrostatic potential energy between the electron and
the proton:

_ 1 2
Un=— dmey T

Thus, the total energy is:

By =Ko+ Up— 2% ¢
nen " dmeorn, Ameory,
1 2
B l_¢
2 4mweory,

Substitute the expression for r,, :

1 e Tmee?
E” o 2 4meg  n2h2gg
Simplifying:

_ mee4 1
En - 88(2)’12 : n2

The energy for the first orbit (n = 1) is:
E \L —13.6eV
Thus, the total energy for the n-th orbit is:

_ B _ _ 136
Bn =53 =—"reV
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