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1. 1 The electrostatic force experienced by a unit positive charge at a point in space is called -
(i) Electric Current

(ii) Electric Potential

(iii) Electric Field

(iv) Electric Space

Solution:

(iii) Electric Field

2. The Sl unit of mobility ( i) of charge carriers is -

(ym2 V1

(iym2 V-1g1

(i) m%Vs

(ivym2V?2s

Solution:

(ii)m? V- 's1

3.In a series LCR circuit, the resonant frequency depends on which of the following-

(i)

Q- S|:g

(i)

(iii) —

A

(|V) 1 1

VRC

Solution:

1

iii) —

(i) e

4. Which of the following electromagnetic wave is used in medical science to destroy cancer cells-

(i) Visible waves

(ii) Infrared waves




(iii) Gamma waves

(iv) Micro waves

Solution:

(iif) Gamma waves

5. In any electric circuit, galvanometer in its original form is used to-

(i) detect the current

(ii) measure the current

(iif) measure the voltage

(iv) measure the resistance

Solution:

(i) detect the current

6. Focal length of a concave mirror in air is 25 cm . Its focal length in water will be-
() 50 cm

(ii)12.5 cm

(i) co

(iv) 25 cm

Solution:

(iv) 25 cm

7. According to Huygen's principle, the direction of energy propagation of a wave is -
(i) along the surface of wave front

(i) perpendicular to wave front

(iii) at an angle of 45° to wave front

(iv) None of these

Solution:

(ii) perpendicular to wave front

8. Choose the correct option from the given options and fill in the blank-

At the suggestion of Rutherford, Geiger and Marsden performed a scattering experiment. In this
experiment they directed a beam of at a thin gold foil.

i) y-rays




i) ai-particles
i) B-particles
iv) Neutrons
Solution:

ii) a-particles

9. Direction: In next two parts of Question No.-1, there are two statements labelled as Assertion (A)
and Reason (R). From the following options (i), (i),

(iii) and (iv), select their correct answer.

(i) Both A and R are correct and R is the correct explanation of A.

(i) Both A and R are correct but R is not the correct explanation of A.
(iii) A'is correct but R is incorrect.

(iv) Both A and R are incorrect.

Solution:

(i) Both A and R are correct and R is the correct explanation of A.

10. Assertion (A) : Resistance of conductors is lower than semiconductors.
Reason (R) : In conductors, energy gap between conduction band and valance band is greater than 3
eVv.

Solution:
(iii) A is correct but R is incorrect.

2. What the minimum work done in bringing a unit positive charge from infinity to any point inside an
electrostatic field is called?

Solution:

The minimum work done in bringing a unit positive charge from infinity to any point inside an
electrostatic field is called electric potential at that point.

3. Write vector form of Biot-Savart law.
Solution:

The vector form of the Biot-Savart law is given by:

aB =t e

Where:

- dB is the infinitesimal magnetic field at a point due to the infinitesimal length element dl,
- o is the permeability of free space,

- I'is the current flowing through the conductor,




- I is the unit vector from the current element to the point where the magnetic field is being
calculated,

- 7 is the distance between the current element and the point where the magnetic field is being
measured,

- X denotes the vector cross product.

This law describes the magnetic field generated by a current-carrying element.
4. What is the wavelength range of visible light in nanometers?
Solution:

The wavelength range of visible light is approximately 400 nm to 700 nm.

* 400 nm corresponds to violet light.
e 700 nm corresponds to red light.

5. If in a semiconductor, the number of free electrons (n,) are equal to the number of holes (n,,)
then what type of semiconductor is this?

Solution:

If the number of free electrons (n.) is equal to the number of holes (ny,) in a semiconductor, then
the semiconductor is an intrinsic semiconductor.

In intrinsic semiconductors, the charge carriers (electrons and holes) are generated purely by thermal
excitation, and their numbers are equal.

6. A uniformly charged conducting sphere of 2.4 m diameter has a surface charge density of
801C/m?. Find the charge on the sphere.

Solution:

To find the total charge on the uniformly charged conducting sphere, we can use the formula:

RQ=0c-A

Where:

- QQ is the total charge on the sphere,
- 0 is the surface charge density,

- A is the surface area of the sphere.

The surface area A of a sphere is given by:

A = 4dnr?
Given:

- The diameter of the sphere is 2.4 m, so the radius r = 27'4 =1.2m,

- The surface charge density o = 80pC/m? = 80 x 107°C/m?
Now, we calculate the surface area A :
A= 47r(1.2)2 =47 x 1.44 = 18.1 m?

Now, the total charge Q is:




Q=0-A=(80x107%)C/m* x 18.1 m*
Q = 1.448 x 1073C = 1.448mC
So, the charge on the sphere is approximately 1.448 mC..

7. A 900 pF capacitor is connected to a 100 V battery. How much electrostatic energy is stored in
capacitor?

Solution:

The electrostatic energy (U) stored in a capacitor can be calculated using the formula:

U= %C’V2

Where:

- U is the stored electrostatic energy,

- C'is the capacitance of the capacitor,
- V is the voltage across the capacitor.

Given:
- Capacitance C' = 900pF = 900 x 10 12 F,
-Voltage V =100 V.

Now, substituting the values into the formula:

1
U =3 x 900 x 1072 x (100)?

U= % % 900 x 10712 x 104

U=450x10%J=45x10"°J
So, the electrostatic energy stored in the ca, J, itor is 4.5y J (microjoules).

8. The resistance of the platinum wire of a platinum resistance thermometer at 0°C is 52 and at
100°C is 5.2352. When the thermometer is inserted in a hot bath, the resistance of the platinum wire
is 5.795€. Calculate the temperature of the bath.

Solution:

The temperature of the bath can be calculated using the formula for the resistance-temperature
relationship of a platinum resistance thermometer:

Ry = R()(]. + O{T)

Where:

- R is the resistance at temperature T,

- Ry is the resistance at 0°C,

- o is the temperature coefficient of resistance,
- T'is the temperature of the bath.

Step 1: Find the temperature coefficient o
We can first find a using the known resistance at 100°C :

RIOO = Ro(l +a X 100)
Given:
- Ry = 51},




- R100 = 5.230.
Substitute these values into the equation:

5.23 = 5(1 + a x 100)
Solving for ac :

1+ 100 = % = 1.046
100 = 0.046 = a = % = 4.6 x 10~ per degree Celsius.

Step 2: Calculate the temperature of the bath
Now that we have a, we can find the temperature T of the bath using the given resistance Ry =
5.795€).

RT = Ro(l + OéT)
Substitute the known values:

5.795="5(1+4.6 x 107* x T)
Solving for T":

14+46x104xT= %95 =1.159
46x1074xT=1.159—-1=0.159
0.159

T=_—_—"""  ~345.65°C
4.6 x 1074

Final Answer:
The temperature of the bath is approximately 345.65°C.

9) What happens if a bar magnet is cut into two pieces -
(i) along its length
Solution:

If the magnet is cut along its length (from the north pole to the south pole), each of the two pieces will
still be a complete magnet with its own north and south poles. The length of each magnet will be
halved, but each piece will behave as a smaller bar magnet. In other words, both pieces will have a
north pole and a south pole.

(ii) transverse to its length
Solution:

If the magnet is cut transverse to its length (perpendicular to the length, essentially across the
middle), each of the two pieces will again form complete magnets. Each piece will still have its own
north and south poles. The original magnet is divided into two smaller magnets, each with both a
north and a south pole.

10) A pure inductor of 25 mH is connected to ac source of 220 V. Find the inductive reactance and
rms current in the circuit if the frequency of the source is 50 Hz .

Solution:




Step 1: Calculate the inductive reactance ( Xy, )
The inductive reactance X, of an inductor is given by the formula:

XL = 27TfL

Where:

- f = 50 Hz is the frequency of the AC source,

- L = 25mH = 25 x 10 3H is the inductance of the inductor,
-~ 3.1416

Substituting the values:

X =2 x3.1416 x 50 x 25 x 103

X7 =2 x3.1416 x 50 x 0.025 = 7.854(2

So, the inductive reactance X7, is approximately 7.85¢).

Step 2: Calculate the RMS current ( I )

The RMS current I,,,¢ in the circuit is given by Ohm's law for AC circuits:
Vims

I =%

Where:

- Vims = 220 V is the RMS voltage,
- X = 7.85Q is the inductive reactance (calculated above).

Substituting the values:

Lims = 222 ~ 28.03 A

Final Answers:

- Inductive Reactance (Xr) : 7.85(2
- RMS Current ( Irms ): 28.03 A

11) What is displacement current? Write the formula of displacement current.
Solution:

Displacement current is a concept introduced by James Clerk Maxwell to account for the changing
electric field in situations where there is no actual flow of electric charges (i.e., no conduction current).
It arises in the context of time-varying electric fields, such as those in a capacitor during charging or
discharging, and is necessary to maintain the continuity of current in circuits.

It is not a real current of moving charges but rather a term that allows Maxwell's equations to remain
consistent. The displacement current produces a magnetic field just like a conduction current does.

Formula of Displacement Current:

The displacement current () is given by the formula:
— £ 9%

Iy =eo—

Where:

- I is the displacement current,

- €9 is the permittivity of free space (8.854 x 10712 F/m)
ddy
Todt

is the rate of change of the electric flux (® ).




Alternatively, if there is a changing electric field (E) across a surface area A, the displacement
current can also be expressed as:

— dE
Id = 80A dt
Displacement current plays a crucial role in explaining the behavior of electromagnetic waves and
ensuring that Ampere's law remains valid in the presence of time-varying electric fields.
12) Write the two differences between interference pattern and single slit diffraction pattern.

Solution:

Here are two key differences between interference and single-slit diffraction patterns:

1. Formation:

Interference Pattern: It is formed due to the superposition of light waves from two or more
coherent sources, such as two slits (in the case of Young's double-slit experiment).

Single-Slit Diffraction Pattern: It is formed due to the bending of light waves as they pass through a
single narrow slit and interfere with themselves.

2. Fringe Characteristics:

Interference Pattern: The fringes (bright and dark bands) are equally spaced, and the intensity of
the bright fringes is almost uniform.

Single-Slit Diffraction Pattern: The fringes are not equally spaced; the central maximum is the
brightest and widest, and the intensity of subsequent fringes decreases with distance from the center.

These differences highlight how the nature of light behavior—superposition vs. diffraction—affects
the pattern that forms.

13) Show that the wavelength of electromagnetic radiation is equal to the de-Broglie wavelength of its
quantum (photon).

Solution:

To show that the wavelength of electromagnetic radiation is equal to the de Broglie wavelength of its
quantum (photon), we need to derive both the wavelength of the electromagnetic wave and the de
Broglie wavelength of a photon and show that they are the same.

Step 1: Wavelength of Electromagnetic Radiation (Photon)
For electromagnetic radiation (light), the energy E of a photon is given by:

E=hv

Where:

- E'is the energy of the photon,

- his Planck's constant $\left(6.626 \times 107{-34})

- vis the frequency of the electromagnetic radiation.

The frequency v is related to the speed of light ¢ and the wavelength A of the electromagnetic wave
by:

=%

Thus, the energy of a photon can also be written as:




E = h%

Step 2: De Broglie Wavelength of a Photon

According to de Broglie's hypothesis, the wavelength Agp associated with a particle (in this case, a
photon) is given by:

AiB = %
Where:

- Agp is the de Broglie wavelength,

- h is Planck's constant,

- pis the momentum of the particle.

For a photon, the momentum p is related to its energy by:
b=

Substitute the expression for E/ from Step 1:

h h
b=—7=x%x
Thus, the de Broglie wavelength of a photon becomes:

|

h h
A
Conclusion:

The de Broglie wavelength A\gp of a photon is equal to the wavelength X of the electromagnetic
radiation:

AdB = A
Hence, the wavelength of electromagnetic radiation is indeed equal to the de Broglie wavelength of its
quantum (photon).

14) Define atomic mass unit. What instrument is used for accurate measurement of atomic mass?
Solution:

Definition of Atomic Mass Unit (amu):

An atomic mass unit (amu), also known as the unified atomic mass unit (u), is a standard unit of mass
that quantifies the mass of an atom or molecule. It is defined as one-twelfth the mass of a carbon-12
atom in its ground state.

Mathematically:

lamu = % X mass of one carbon — 12 atom

The value of 1 amu is approximately:

lamu = 1.660539 x 10~%" kg

Instrument for Accurate Measurement of Atomic Mass:

The instrument used for the accurate measurement of atomic mass is a mass spectrometer. A mass
spectrometer measures the mass-to-charge ratio of ions, allowing for precise determination of atomic
and molecular masses. It works by ionizing chemical compounds to generate charged molecules or
molecular fragments and measuring their mass-to-charge ratios.

15) In following diagram, p-n junction diode is under what type of biasing?

10



In this type of biasing, how the width of depletion layer is affected?
Solution:

The p-n junction diode is forward biased. This is evident because the positive terminal of the battery
is connected to the p-side (the anode) of the diode, and the negative terminal is connected to the n-
side (the cathode).

Effect on the Depletion Layer in Forward Bias:

In forward bias, the width of the depletion layer decreases. This happens because the applied
voltage reduces the potential barrier at the junction, allowing charge carriers (electrons from the n-
side and holes from the p-side) to move toward the junction and recombine. This reduces the
depletion region, facilitating current flow through the diode.

16) Determine the current in each branch of the network shown in following figure.

Solution:

Given:
- The resistances of the branches are labeled as 102, 52, etc.
- The voltage source is20 V.

We can break down the circuit and apply Kirchhoff's rules to find the current in each branch.

Let's assign currents I, I», and I3 in different branches, then apply Kirchhoff's Voltage Law (KVL) to
the loops.

M —




The currents in each branch of the network are as follows:

- Current in branch I (through the resistor between Aand B) = 1.33 A
- Current in branch I (through the resistor between Band C) = 0.67 A
- Current in branch I3 (through the resistor between A and D) = 1.00 A

These values were obtained using Kirchhoff's laws and numerical methods

17. A particle having charge g and mass m is moving with velocity v. It enters in a uniform magnetic
field B directed perpendicular to its velocity. Show that this particle describes a circular path. Write the
formula for radius of circular path.

Solution:

When a charged particle (with charge g, mass m, and velocity v ) enters a uniform magnetic field B
that is perpendicular to its velocity, it experiences a magnetic force. This force causes the particle to
move in a circular path.

Step 1: Magnetic Force on the Particle
The magnetic force acting on the charged particle is given by:

F = quB
This force acts as the centripetal force that causes the particle to move in a circular path. The
centripetal force for circular motion is:

2
_ mw
F centripetal — T,

Where:

- m is the mass of the particle,

- v is the velocity,

- 7 is the radius of the circular path.

Step 2: Equating the Forces
The magnetic force F' = quB provides the necessary centripetal force, so we equate the two:

quB = mf
Step 3: Solve for the Radius of the Circular Path

Solving for the radius 7 of the circular path:
__ mv

r = q_B

Thus, the radius 7 of the circular path is:

r=-—=

qB
This shows that the particle moves in a circular path due to the perpendicular magnetic field, with the
radius of the path depending on the mass, velocity, charge, and the magnetic field strength.

18. How diamagnetic substance, paramagnetic substance and ferromagnetic substance behave in
uniform external magnetic field? Describe.

Solution:

Diamagnetic Substances:

Behavior: Diamagnetic materials are repelled by a magnetic field. When placed in an external
magnetic field, the induced magnetic moments in these substances are in the opposite direction to

12



the applied magnetic field.

Cause: This occurs because the external magnetic field slightly alters the orbital motion of electrons
in atoms, inducing a small magnetic moment that opposes the applied field.

Examples: Bismuth, Copper, Water.

Paramagnetic Substances:

Behavior: Paramagnetic materials are weakly attracted to a magnetic field. In an external magnetic
field, the magnetic moments of the atoms in the material tend to align with the field, but this
alignment is weak and does not persist once the field is removed.

Cause: Paramagnetic substances have unpaired electrons, and the magnetic moments of these
electrons tend to align with the external field, although thermal motion can disrupt this alignment.
Examples: Aluminum, Platinum, Oxygen.

Ferromagnetic Substances:

Behavior: Ferromagnetic materials are strongly attracted to a magnetic field. In the presence of an
external magnetic field, the magnetic domains within the material align in the direction of the field,
resulting in a strong net magnetization. Even after the external field is removed, ferromagnetic
substances can retain their magnetization.

Cause: Ferromagnetic materials have a strong interaction between their atomic magnetic moments,
leading to a spontaneous alignment of magnetic moments within regions called domains.
Examples: Iron, Nickel, Cobalt.

In summary:

Diamagnetic substances are repelled by a magnetic field.

Paramagnetic substances are weakly attracted by a magnetic field.

Ferromagnetic substances are strongly attracted and can remain magnetized even after the external
field is removed.

19) A beam of light converges at a point P. Now a lens is placed in the path of the convergent bearn 12
cm from point P. At what point does the beam converge if the lens is -

(i) a convex lens of focal length 20 cm .
(ii) a concave lens of focal length 16 cm .
Solution:

Let's solve both cases using the lens formula:

1 _1_ 1

f v U

Where:

- f is the focal length of the lens,

- u is the object distance (distance of the beam from the lens to the point where it would converge
without the lens),

- wisthe image distance (distance of the beam after the lens where the beam will now converge).

Given:
- The beam would converge at P which is 12 cm from the lens. So, the object distance u =-12 cm
(negative because the beam is converging toward the lens).

(i) Convex Lens of Focal Length 20 cm

Using the lens formula:

13



1 _ 1 1
T T v w
Substitute the known values:
- f =20 cm,
-u = —12 cm.
1 B 1 1
20 v —12
1 B 1 n 1
20 w 12

Now, solve for v :

Find the common denominator:

i_3 5 _ =2_ -1
v 60 60 — 60 30
Thus:

v=—30cm

So, the beam will now converge 30 cm on the same side as the object, or 30 cm before the lens.

(ii) Concave Lens of Focal Length 16 cm

Again, using the lens formula:

1 1

1 _
f v U
Substitute the known values:

- f = —16 cm (negative because it's a concave lens),

-u = —12 cm.

1 1
—16 v

1 _ 1 n 1
-16 v
Solve forv:

1 _ _1 1

v~ —16 12

Find the common denominator:

1_ ), _4 _ =

v _‘L 48 ~ 48
Thus:

v= "7 ~ —6.86 cm

So, the beam will now converge 6.86 cm before the lens.

20) Explain Refraction of plane waves by using Huygens principle.

Solution:

14



Refraction of Plane Waves Using Huygens' Principle:

Huygens' Principle states that every point on a wavefront acts as a source of secondary spherical
wavelets, and the position of the wavefront at any later time is the envelope of these wavelets. This
principle helps in explaining the phenomenon of refraction of plane waves when they pass from one
medium into another with a different refractive index.

Explanation of Refraction Using Huygens' Principle:

Consider a plane wave passing from a medium with refractive index n; to another medium with
refractive index no. Let the speed of light in the first medium be v and in the second medium be v,.
Refraction occurs when the wave changes its direction at the boundary between the two media due to
the change in wave speed.

Let's analyze this step-by-step:

1. Incident Plane Wave: When a plane wave traveling in a medium with speed vy strikes the boundary
between the two media at an angle of incidence 61, according to Huygens' principle, each point on the
incident wavefront acts as a source of secondary wavelets.

2. Wavefront Interaction at the Boundary:

- The wavefront interacts with the boundary between the two media.

- Consider a plane wavefront AB approaching the boundary between two media.

- Point A touches the boundary first, and point B, some distance away on the same wavefront,
reaches the boundary after some time.

3. Secondary Wavelets:

- When point A reaches the boundary, it becomes the source of secondary wavelets in the second
medium, where the speed of light is vs.

- While point B is still traveling in the first medium with speed vy, point A starts to propagate into the
second medium with speed vs,.

- As point B reaches the boundary, it also starts generating secondary wavelets in the second
medium.

4. Refracted Wavefront Formation:

- After a certain amount of time, the secondary wavelets from points A and B form a new wavefront
A'C" in the second medium. Since the speed of light is different in the two media, the direction of
this new wavefront changes.

- The new wavefront is tilted because the wavelets in the second medium travel at a different speed
than in the first medium.

5. Refraction Angle and Snell's Law:

- According to Huygens' principle, the relationship between the angles of incidence () and
refraction (65) can be derived using the speeds of light in the two media.

- The angles are related by Snell's Law:

siny, _ vi _ ny
sin02 N Vo _ n1
Where:

- 01 is the angle of incidence,

- 65 is the angle of refraction,

- v1 and vy are the speeds of light in the first and second media, respectively,
- ny and n4 are the refractive indices of the two media.

Key Observations: []
- When light enters a denser medium (with a higher refractive index, ny > mny ), the speed of light
decreases (v < w7 ), and the wavefront bends towards the normal (92 < 91).
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- When light enters a rarer medium (with a lower refractive index, ny < mny ), the speed of light
increases (ve > v1), and the wavefront bends away from the normal (6 > 64).

21) Write postulates of Bohr Model for Hydrogen atom.
Solution:

1. Quantization of Angular Momentum:

- Electrons revolve around the nucleus in certain allowed circular orbits without radiating energy. The
angular momentum of the electron in these orbits is quantized.

- The angular momentum (L) of the electron is an integer multiple of Lﬂ where h is Planck's
constant. This is expressed as:

L =mur = n%

Where:

- m is the mass of the electron,

- v is the velocity of the electron,

- 7 is the radius of the orbit,

- m is a positive integer (called the principal quantum number).

2. Energy Levels (Quantized Orbits):

- The electron can only occupy certain specific energy levels or orbits around the nucleus, where its
total energy (kinetic + potential) is quantized. These are called stationary states or quantized energy
levels.

- As long as the electron remains in one of these orbits, it does not radiate energy.

3. Radiation and Energy Transitions:

- The electron can move from one energy level to another. When it does, the difference in energy
between the two levels is emitted or absorbed as a photon (quantum of electromagnetic radiation).
- The energy of the emitted or absorbed photon is given by:

AFE = E2 — El = hv

Where:

- E5 and E are the energies of the two orbits,

- h is Planck's constant,

- vis the frequency of the radiation emitted or absorbed.

4. Ground State and Excited States:

- The lowest energy level (with n = 1) is called the ground state, where the electron is most stable. If
the electron absorbs energy, it can jump to higher energy levels (excited states, n = 2, 3,4, ...), but
it will eventually return to the ground state by emitting photons.

5. Centripetal Force Balance:

- The electron's motion in a stable orbit is a result of the balance between the electrostatic force
(attraction between the positively charged nucleus and negatively charged electron) and the
centripetal force of the circular motion of the electron.

22) The nuclear reaction given below is an example of a nuclear process that occurs at high
temperature and pressure. Identify this process and define it. State its significance also.
41H + 2e~ — jHe + 2v + 67 + 26.7MeV

Solution:

16



The nuclear reaction given below is an example of nuclear fusion, specifically the proton-proton chain
reaction that occurs in the core of stars, including the Sun.

Process Identification:

Nuclear Fusion is a process where lighter atomic nuclei (in this case, hydrogen nuclei iH ) combine or
fuse to form a heavier nucleus (here, helium %He ) under extreme conditions of high temperature and
pressure. In this reaction, energy is released in the form of gamma radiation («y ) and neutrinos (v).

Process Definition:

Proton-Proton Chain Reaction is a type of fusion reaction that is the dominant source of energy in
stars like the Sun. In this specific reaction, four protons (hydrogen nuclei) fuse together, through a
series of steps, to produce a helium nucleus, two positrons, two neutrinos, gamma rays, and release a
significant amount of energy ( 26.7 MeV).

The overall reaction can be summarized as:
4H! + 2¢~ — He' + 2v + 6y + 26.7MeV
Significance:

. Energy Source for Stars: This fusion process is the primary source of energy for stars like the Sun.
The energy produced from fusion in the core radiates outward, providing the heat and light that we
receive from the Sun.

. Sustaining Stellar Life: The energy from nuclear fusion is what allows stars to maintain stability and
prevents them from collapsing under their own gravity. It is the reason stars shine for millions to
billions of years.

. Potential for Clean Energy: On Earth, if controlled, nuclear fusion could provide a nearly limitless
and clean source of energy, as it produces no greenhouse gases and very little radioactive waste
compared to nuclear fission.

This process is a crucial part of our understanding of stellar evolution and the mechanisms that
power the universe.

23) If, in a p-n junction diode rectifier circuit, waveform of input voltage and output voltage is as
following -

Paas |/ A YA

Input Voltage \B /
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frfa arce st A B A

Qutput Voltage

then what type of rectification is this? Draw the diagram of p — n junction diode circuit used for this
type of rectification.

Solution:

The input and output voltage waveforms shown in the images are indicative of half-wave
rectification.

Type of Rectification:

This is half-wave rectification, as the output voltage shows pulses corresponding to only one half of
the input AC voltage cycle. In half-wave rectification, the diode conducts during the positive half-cycle
of the AC signal, allowing current to flow and produce an output. During the negative half-cycle, the
diode is reverse-biased and does not conduct, resulting in no output for that part of the cycle.

Circuit Diagram for Half-Wave Rectification:

To achieve this type of rectification, a p-n junction diode is used in the following simple
configuration:

¢ Input: AC signal
* Diode: A single p-n junction diode
* Load: A resistor connected across the output

18



LOAD
RESISST

DIODE HALF-WAVE
~ RECICGFTION

Explanation:

AC Input: An alternating current (AC) source is connected to the circuit.

Diode: The p-n junction diode (|>| symbol) is placed in series with the load resistor. It allows current
to pass only during the positive half of the AC cycle.

Load Resistor (R): The resistor connected across the output experiences current flow only during the
positive half of the input AC signal.

This configuration produces the half-wave rectified output, as described earlier, with the output
voltage only present during the positive half of the input cycle

24) What do you understand by electric potential energy of system of point charges? Derive the
formula for electric potential energy of system of three point charges shown in following figure.

Solution:

Electric Potential Energy of a System of Point Charges:

Electric potential energy refers to the energy stored in a system of charges due to their positions in an
electric field. In the case of point charges, this energy arises due to the electrostatic forces between
them. When charges are brought closer or moved apart, the system's potential energy changes based
on the nature of the interaction (attractive or repulsive) between the charges.

For a system of multiple charges, the total electric potential energy is the sum of the potential
energies due to all possible charge pairs.

19



Derivation of Electric Potential Energy for Three Point Charges:

Consider three point charges q1, g2, and g3 placed at distances 719, 713, and ra3, as shown in the
figure. The total electric potential energy U of the system is the sum of the potential energies due to
each pair of charges:

1. Potential Energy between g; and g5 :

_ _1 . qiq
U12 T d7ep 712

2. Potential Energy between q2 and g3 :

1 @
U23 - 471'60 T23

3. Potential Energy between q; and g3 :

_ _1 . aig
U]‘3 - 471'60 T13

Total Electric Potential Energy of the System:
The total potential energy U of the system of three charges is the sum of the three terms:

U=U2+Us + Uss

_ ( q192 4 4243 4 4143 )
dmeg \ T12 T23 T13
This formula gives the total electric potential energy of the system of three point charges based on

their individual magnitudes and distances between them.

Significance:

- Repulsive interaction: If the charges have the same sign, the potential energy is positive, indicating a
repulsive force.

- Attractive interaction: If the charges have opposite signs, the potential energy is negative, indicating
an attractive force.

The total potential energy of the system ref' |; the configuration and interactions among the charges.

25) Establish formula of refraction for a spherical surface that is separating two mediums of refractive
index n1 and ns.

Solution:
Derivation of the Formula of Refraction for a Spherical Surface Separating Two Media:

Consider a spherical surface of radius of curvature R that separates two media with refractive indices
n1 and ne, where:

- n1 is the refractive index of the medium in which the object is placed (incident medium).

- ng is the refractive index of the medium in which the image is formed (refracted medium).

Let: [J

- C be the center of curvature of the spherical surface.

- P be the pole of the spherical surface.

- O be the object position, and I be the image position.

- OP = u (object distance from the pole).

- I P = v (image distance from the pole).

- PC' = R (radius of curvature of the spherical surface).

- 7 be the angle of incidence, and 7 be the angle of refraction.
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We want to derive the relationship between the object distance, image distance, and radius of
curvature for refraction at a spherical surface.

Steps in Derivation:
1. Snell's Law: At the point of refraction on the spherical surface, apply Snell's law of refraction:

nisini = nysinr
For small angles of incidence and refraction (paraxial approximation), we can approximate:

sini~? and sinrxr
So, Snell's law becomes:

n1% = NaT

2. Geometrical Relationships: Use basic geometry to relate the angles to distances.
- From the geometry of the spherical surface, ZOCP ~ i, ZICP =~ r.
-Since CP = R,OP = u, and IP = v, we have:

i CP-OP R-u

cP R
_IP—CP v—R
"7 ¢cp T R

3. Substitute into Snell's Law: Substituting the expressions for ¢ and 7 into Snell's law:

n1 (£54) = n2 (YF4)

Simplifying:

ni1(R — u) = n2(v— R)
niR —niu = nav —n2R
Rearranging:

niu+ nav = (n2 — n1)R

Final Formula for Refraction at a Spherical Surface:

The general formula for refraction at a spherical surface separating two media with refractive indices
nq and ngy is:

n + Mg __ MNa—My
U v R

26) Read the following passage carefully and answer the questions given below

Ampere's circuital law is not new content from Biot-Savart law. Both relate the magnetic field and the
current, and both express for same physical consequences of a steady electric current. Ampere's law
is to Biot-Savart law, what Gauss's law is to Coulomb's law. Both Ampere's law and Gauss's law relate
a physical quantity on the periphery or boundary (magnetic or electric field) to another physical
quantity, namely the source in interior (current or charge).

i) Write Ampere's circuital law.
Solution:

i) Ampere's circuital law and Biot-Savart law both are used to find magnetic field due to a current
carrying conductor. What is main difference between these two laws?
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Solution:

Ampere's circuital law states that the line integral of the magnetic field B around any closed loop is
proportional to the total current I enclosed by the loop. Mathematically, it is expressed as:

fB dl = polenc

Where:

- fB - dlis the line integral of the magnetic field around a closed path.
- [ is the permeability of free space.

- I is the current enclosed by the path.

Biot-Savart Law: This law provides a more fundamental and detailed expression for the magnetic field
produced by a small element of current. It applies to each infinitesimal current element, and the
resultant magnetic field at a point is calculated by integrating over the entire current distribution.
Biot-Savart law is precise but involves complex integrals for arbitrary current distributions.

Mathematically, the magnetic field at a point due to a small current element Idl is given by:

_ o Idlxr
dB = =5

Ampere's Law: Ampere's law, on the other hand, is more convenient for symmetric cases (like infinite
wires, solenoids, or toroids). It relates the total magnetic field along a closed loop to the current
enclosed by the loop, without needing to compute the field at each point individually. It provides a
quicker way to find the magnetic field when symmetry allows it to be used.

In essence: [J

- Biot-Savart law is used for precise calculations without needing symmetry.

- Ampere's law is a shortcut, mainly useful in cases with high symmetry (like circular, cylindrical, or
planar symmetries).

iii) A long straight wire of circular cross-section (radius a) is carrying steady current |. The current | is
uniformly distributed across this cross-section. Calculate the magnetic field at point P located at a
distance of r from centre of cross-section of wire, where 7 > a.

Solution:

Given:

- The wire has a radius a, and current I is uniformly distributed across the cross-section.

- We are calculating the magnetic field at a point P located at a distance r from the center of the
cross-section where r > a.

Using Ampere's Law:
Since the point P is outside the wire, Ampere's law can be applied to a circular path of radius r, which
encloses the entire current I.

From Ampere's law:

fB -dl = pol
The magnetic field B is constant in magnitude at a distance r from the center due to symmetry, and
the path length for integration is 27rr.

Thus:
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B (2mr) = pol
Solving for B':

_ ol
1=




UK Board Class 12 Physics Question with
Solution- 2023

1) Energy of an electron, accelerated at 1 volt potential difference is-
(i) 1 Joule

(ii) 1 electron-volt

(iii) 1 erg

(iv) 1 watt

Solution:

(ii) 1 electron-volt

ii) Relation between current density J and drift velocity Vj is -
(i) J = nevy

(i = E—j

vq€

(i) J = ==

(iv) J = nevq?

Solution:

(i) J = nnVy

iii) An electron enters perpendicularly in a uniform magnetic field. The path of electron will be -
(i) Parabolic

(ii) Elliptical
(iii) Circular
(iv) Straight line

Solution:
(iii) Circular

iv) Lenz's law is based on the conservation of which physical quantity?
i) Charge

ii) Energy

iii) Magnetic flux

iv) Momentum

—_~ o~ o~ o~

Solution:
(ii) Energy

v) Which of the following waves are electromagnetic waves?

)
(i) Sound waves
(ii) Radio waves




(iii) Water waves
(iv) Waves produced in a thread

Solution:
(ii) Radio waves

vi) A ray deviates by an angle 30° in a prism of angle 60° in minimum deviation condition. The angle
of incidence of ray on prismiis -

(i) 30°

(i) 45°
(iii) 60°
(iv) 90°
Solution:

(ii) 45°.

vii) In hydrogen atom, radius of first orbit for electron is 0.53 A°. Radius of it's third orbit will be -

(i) 4.77 A°

(i) 1.69 A°

(iii) 1.06 A°

(iv) 1.0A°

Solution:

() 4.77 A°

2. The peak value of alternating current is v/2A in a circuit. Find root mean square value of current.

Solution:

The rms value of an alternating current is related to the peak value Iy by the formula:

Irms —

sl

Given Iy = v/2A4, the rms value is:

=1A

Irms —

SIS

So, the rms value of the currentis 1 A.
3. Write the relation between focal length (F) and radius of curvature (R) of a spherical mirror.
Solution:

The relation between the focal length F' and radius of curvature R of a spherical mirror is:
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4. Show graphically the effect of intensity of Light on photoelectric current.
Solution:

In the photoelectric effect, the photoelectric current is directly proportional to the intensity of the
incident light, provided the frequency is above the threshold frequency. The graph of intensity vs.
photoelectric current is a straight line with a positive slope.

Here's a simple description of the graph:

e X-axis: Intensity of light
e Y-axis: Photoelectric current

Graph: A straight line passing through the origin (linear relation).
5. Write the relation between energy and momentum of a photon.
Solution:

The energy E and momentum p of a photon are related by the equation:

E =pc

Where c is the speed of light in vacuum.
Alternatively, if the wavelength X of the photon is known:

PZK

Where h is Planck's constant.
6. Any element has atomic number Z and mass number A. 1 will be there in its nucleus.
Solution:

In the nucleus of an element:
- Number of protons = Z (atomic number),
- Number of neutrons = A — Z (mass number - atomic number).

Thus, the nucleus contains Z protons and A — Z neutrons.
7. Write Boolean expression for '"AND' Gate.
Solution:

The Boolean expression for an AND gate is:

Y=A'B
Where A and B are the inputs, and Y is the output. The output Y is true (1) only when both inputs A
and B are true (1).

8. A 12 pF capacitor is connected to 50 V battery. How much electrostatic energy is stored in the
capacitor?
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Solution:

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

1 2
U= ECV
Where:
-C'=12pF =12 x 10712 F,
-V =50V.

Substituting the values:

U= % x 12 x 107'% x (50)2
U=15x102%J=15nJ

So, the energy stored is 15 n) .
9. Give two reasons of energy loss in actual transformers.

Solution:

. Eddy current losses: Due to changing magnetic fields, circulating currents (eddy currents) are
induced in the core, causing energy loss as heat.

. Hysteresis losses: The magnetization of the core material lags behind the applied magnetic field,
resulting in energy dissipation during each cycle of magnetization.

10. If the current becomes zero in 0.01 second in the primary coil carrying 3.0 A current then the
induced e.m.f. in secondary coil is 15,000 volt. Find the Coefficient of mutual inductance between
these coils.

Solution:

The induced emf € is related to the mutual inductance M by:

dl
- M=
"
Given:
-€ = 15,000V,
-AI =3.0 A,
-At = 0.01 s.
Substitute into the equation:
3.0
15,000 = M x ——
0.01

_ 15,000%0.01 _ .
- 3.0 B
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So, the coefficient of mutual inductance is 50 H .

11. Find the frequency of an electromagnetic wave of wavelength 30,000 A°. Which part of the
spectrum is represented by this wave?

Solution:

The frequency f of a wave is given by:

C
Y
Where:
-c=3x10%m/s,
-A = 30,000\AA = 30,000 x 1071 m.
Substituting:
3 x 108

f =1 x 10'° Hz

" 30,000 x 1010

This frequency corresponds to ultraviolet light.

12. Light of wavelength 6000A° enters from air into a medium of refractive index 1.5. Find it's velocity
and frequency in the medium.

Solution:
The velocity v of light in the medium is:

3 x 10°
. s < TS m/S:2x108m/s
n 1.5

The frequency f remains unchanged when light enters a new medium, and it is given by:

c 3 x 108 m/s
= — = =5 x 10" Hz
! A 6000 x 1079 m

So:
- Velocity in the medium: 2 x 10® m/s,
- Frequency: 5 x 10 Hz.

13. Angle of polarization of a transparent medium is 7,, and speed of light for that medium is v. If
speed of light in vacuum is ¢ then represent ip in terms of c and v.

Solution:

According to Brewster's law:




tani, = —

Where 1, is the angle of polarization, c is the speed of light in vacuum, and v is the speed of light in
the medium.

14. Draw the labeled ray diagram of reflecting telescope.
Solution:

Unfortunately, | can't draw the diagram here, but a reflecting telescope consists of:

* A primary mirror (concave) that collects and focuses light,
* Asecondary mirror (flat or convex) that redirects the focused light to an eyepiece or camera.

15. What percentage of a radioactive substance will remain left after four life periods.
Solution:

After each half-life, half of the remaining substance decays. After n half-lives, the remaining
percentage of a radioactive substance is:

1 n
Remaining percentage = (5> x 100

Forn =4:

4
1 1
Remaining percentage = (E) x 100 = 16 x 100 = 6.25%

So, 6.25% of the substance will remain after four half-lives.
16. Explain the working of Zener diode.
Solution:

A Zener diode works in reverse bias mode, where it is designed to allow current to flow once the
applied reverse voltage exceeds a certain value known as the Zener breakdown voltage. In this
region, the Zener diode maintains a nearly constant voltage, making it useful for voltage regulation in
circuits.

17. Write Coulomb's law and show it in vector form.
Solution:

Coulomb's law states that the electrostatic force F' between two point charges is directly proportional
to the product of their magnitudes |q; | and |g2| and inversely proportional to the square of the
distance r between them. The vector form of Coulomb's law is:

1 qigqo .
Fi, =
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Where:

- F 5 is the force exerted by charge q; on g,

- €9 is the permittivity of free space (=~ 8.854 x 10 ?C2 N~ ' m~2),
- 7 is the distance between the two charges,

- 12 is the unit vector pointing from q; to gs.

The force is attractive if the charges are opposite in sign, and repulsive if they are of the same sign.

18. Two tiny spheres carrying charges 1.5uC and 2.5uC are located 30 cm apart. Find the electric
field at the midpoint of the line joining the two charges.

Solution:
The electric field due to a point charge at a distance r is given by:

1 ¢

- 4mey 72

Here, we have two charges, and we need to find the electric field at the midpoint between them.
-Charge ¢; = 1.5uC = 1.5 x 107°C,

- Charge g5 = 2.5uC = 2.5 x 107C,

- Distance between charges r = 30 cm = 0.30 m,

- The distance from each charge to the midpointis /2 = 0.15 m.

Now, calculate the electric field due to each charge at the midpoint:
1. Electric field due to g :

1 1.5 x 1076
Bi— B g0 2010 6010 N)/C
4meg (r/2)2 (0.15)2
2. Electric field due to g2 :
1 2.5 x 1075
By = B 9109 x 22— — 1.0 x 10° N/C
dmey (r/2)2 (0.15)2

Since the charges are both positive, the electric fields at the midpoint will point away from each
charge. Therefore, the net electric field at the midpoint is the difference between E; and E, since
they are in opposite directions:

Eoe = Fy — By = 1.0 x 10% — 6.0 x 10° = 4.0 x 10° N/C

The direction of the net electric field will be toward the charge g5, the stronger charge.
19. Write the principle of potentiometer. Potentiometer works as an ideal voltmeter, why?
Solution:

Principle of Potentiometer:




The potentiometer works on the principle that the potential drop across a uniform conductor is
directly proportional to its length, provided a constant current flows through it. The potential
difference across any two points on the wire is given by:

V=Ekxl

Where:

- V is the potential difference,

- k is a constant (potential gradient),

- L is the length of the wire between the two points.

Why a potentiometer works as an ideal voltmeter:

A potentiometer is considered an ideal voltmeter because it does not draw any current from the
circuit it is measuring. This is because it compares the unknown voltage with a known reference
voltage and does not affect the circuit's current. In contrast, a practical voltmeter always draws a
small amount of current, which can slightly alter the measurement.

20. Explain ferromagnetism on the basis of domain theory.
Solution:

Ferromagnetism is explained by the domain theory, which states that in ferromagnetic materials, the
atomic magnetic dipoles are grouped into small regions called domains. Within each domain, the
magnetic dipoles are aligned in the same direction, resulting in a net magnetic moment.

In an unmagnetized ferromagnetic material, the domains are randomly oriented, so their magnetic
moments cancel out, and the material does not exhibit a net magnetic field.

When an external magnetic field is applied, the domains align in the direction of the field, causing the
material to become magnetized. Some domains grow in size at the expense of others, leading to a
stronger overall magnetization.

Even after the external field is removed, the material can retain some of the alignment of the
domains, which results in permanent magnetism.

This domain structure is why ferromagnetic materials can be strongly magnetized and retain their
magnetism even after the external field is removed.

21) In the circuit given below 'B' represents a bulb. If the frequency of source is doubled then how
should 'C' and 'L' be changed so that brightness of the bulb remains same.

Solution:

In the given LCR circuit, the bulb " B " is connected, and the brightness of the bulb depends on the
power delivered to it, which in turn depends on the current passing through the circuit. The currentin
an LCR circuit is affected by the total impedance, which includes the inductive reactance Xy,
capacitive reactance X ¢, and resistance R.
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The reactance of the inductor and capacitor are given by the following formulas:
- Inductive reactance: X = 27 fL,

- Capacitive reactance: X¢o = ﬁ

Where f is the frequency, L is the inductance, and C'is the capacitance.

Case: Frequency is doubled

If the frequency of the AC source is doubled, the reactances change as follows:
- The inductive reactance X, will double since X, o f.

- The capacitive reactance X ¢ will be halved since X %

22) To keep the brightness of the bulb the same:

For the brightness to remain constant, the current in the circuit should remain unchanged, meaning
the total impedance should stay the same. Since the resistance R of the bulb is constant, you need to
balance the changes in inductive and capacitive reactance.

- Inductor (L): Since the inductive reactance has doubled due to the increased frequency, you should
halve the inductance L to keep X, constant.

- Capacitor (C): Since the capacitive reactance has halved, you should halve the capacitance C' to
maintain the same X .

Conclusion:

- To keep the brightness of the bulb the same when the frequency is doubled, halve both the
inductance (L) and the capacitance (C) to maintain the total impedance and thus the same current in
the circuit.

23)

If the frequency of incident light on the cathode of photocell is doubled then how will the following
change :
(i) Kinetic energy of electrons

Solution:

The kinetic energy of the emitted electrons is given by Einstein's photoelectric equation:

K.E.=hf—¢

Where:

- K.E. is the maximum kinetic energy of the emitted electrons,

- h is Planck's constant,

- fis the frequency of the incident light,

- ¢ is the work function of the material (the minimum energy required to eject an electron from the
surface).

When the frequency of incident light is doubled (i.e., f — 2f):

K-E.=h(2f) — ¢ = 2hf — ¢

Thus, the kinetic energy of the emitted electrons will increase, as it depends linearly on the frequency.
The increase in frequency leads to a larger difference between the energy of the photons and the
work function.
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Conclusion: The kinetic energy of the elec f 4 's will increase when the frequency is doubled.
(ii) Photoelectric current
Solution:

The photoelectric current depends on the number of photoelectrons emitted per second, which is
proportional to the intensity of the incident light, not its frequency. When the frequency is doubled, if
the intensity of light remains the same, the number of incident photons per second does not change
(because intensity depends on both frequency and the number of photons). Therefore, the
photoelectric current remains unchanged if the intensity is constant.

However, if the intensity is also changed, the current would be affected. But based purely on
frequency doubling, the current remains the same.

Conclusion: The photoelectric current will remain unchanged as long as the intensity of the incident
light remains the same.

(iiif) Stopping potential

The stopping potential V is related to the maximum kinetic energy of the emitted electrons by the
equation:

eV = K - Emax = hf — ¢

Where:

- e is the charge of an electron,

-V is the stopping potential,

- K. B .« is the maximum kinetic energy of the photoelectrons.

As we saw in part (i), the kinetic energy increases when the frequency is doubled. Therefore, the
stopping potential must also increase to stop these higher-energy electrons.

When the frequency is doubled:

_ 2hf-¢

e

Vs

This means that the stopping potential will increase because the kinetic energy of the emitted
electrons increases.

Conclusion: The stopping potential will increase when the frequency is doubled.

24) Draw the graph of binding energy per nucleon as a function of mass number and explain what is
the relation of binding energy per nucleon with stability of nucleus?

Graph of Binding Energy per Nucleon vs. Mass Number:

The graph of binding energy per nucleon (E}/A) as a function of mass number (A) has a
characteristic shape. Here's a general description:

1. For light nuclei (low A): The binding energy per nucleon increases rapidly as the mass number
increases.

2. For medium mass nuclei ( A = 56 ): The binding energy per nucleon reaches a maximum around
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iron ( Fe ), which has one of the most stable nuclei.
3. For heavy nuclei (high A): The binding energy per nucleon decreases slowly as the mass number
increases.

Explanation:
- On the X-axis: Mass number A,
- On the Y-axis: Binding energy per nucleon E}/ A in MeV .

The graph starts low for small values of A, rises to a peak around A = 56, and then gradually
declines for larger values of A. The binding energy per nucleon is highest for nuclei with a mass
number around 56 (iron and nickel), indicating that these nuclei are the most stable.

Relation of Binding Energy per Nucleon to Stability of the Nucleus:

- Binding Energy per Nucleon: This is the average energy that binds each nucleon (proton or neutron)
in the nucleus. It is calculated by dividing the total binding energy by the mass number A.

- Stability of the Nucleus: The greater the binding energy per nucleon, the more tightly bound the
nucleons are, and thus the more stable the nucleus is. Nuclei with higher binding energy per nucleon
are more resistant to being split apart (fission) or undergoing radioactive decay.

Key Points:

1. Light Nuclei (Low A): These nuclei have lower binding energy per nucleon. They tend to undergo
fusion to reach more stable, higher binding energy states.

2. Medium Nuclei (A = 56) : These nuclei have the highest binding energy per nucleon, meaning
they are the most stable. Iron-56 is an example of a very stable nucleus.

3. Heavy Nuclei (High A): These nuclei have lower binding energy per nucleon compared to medium
mass nuclei. They are less stable and tend to undergo fission to split into smaller, more stable nuclei
with higher binding energy per nucleon.

Binding Energy as a Nuclenon

Mass Number 66 56
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Mass Number por Iron

Graph Summary:

* The curve shows a rise to a peak at medium mass numbers and then a slow decline.
Fusion occurs for light nuclei (increasing binding energy per nucleon).
Fission occurs for heavy nuclei (leading to products with higher binding energy per nucleon).

This relationship explains why nuclear fusion powers stars and why fission is used in nuclear reactors
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25) Draw the logic symbol of NAND and NOR gate and give their truth table.

Nand Gate

(a)

0 ] 1

1 0 |

NOR Gate

(a)

o el =0 =]
ol E=2 o =]

=1 N=0 (=0 L

26) Give principle of meter bridge. How will you find resistance of a metallic wire with the help of it.
Derive the formula used.

Principle of Meter Bridge:

The meter bridge (also called the Wheatstone bridge) works on the principle of null deflection in a
balanced Wheatstone bridge. When the bridge is balanced, the ratio of resistances in one arm of the
bridge is equal to the ratio of resistances in the other arm. No current flows through the
galvanometer when the bridge is balanced.

The meter bridge consists of a one-meter-long wire of uniform cross-section, stretched on a wooden
base with a scale marked in centimeters. The bridge uses the concept of the Wheatstone bridge to
compare an unknown resistance with a known resistance.

Working of Meter Bridge to Find the Resistance of a Metallic Wire:

To measure the resistance of a metallic wire using a meter bridge, we follow these steps:

1. Connect the unknown resistance R, (the metallic wire's resistance) in one gap of the meter bridge
and a known resistance R in the other gap.

2. A jockey is used to make contact with the wire at different points to obtain a null point (no
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deflection in the galvanometer).
3. The position of the jockey that gives the null deflection divides the meter wire into two segments of
lengths [; and [, where [y = 100 cm — [;.

Derivation of Formula:
In a balanced Wheatstone bridge, the ratio of resistances in the two arms is equal:

Ra U
R I

Where:

- R, is the unknown resistance,

- R is the known resistance,

- [ is the length of the wire from the zero end to the null point,
-1y = 100 cm — 4 is the remaining length of the wire.

From this relation, we can express the unknown resistance R, as:

Procedure to Find Resistance of a Metallic Wire:

1. Setup: Set up the meter bridge circuit with the metallic wire as the unknown resistance in one gap
and a known resistance R in the other gap.

2. Adjust Jockey: Slide the jockey along the wire to find the null point where the galvanometer shows
no deflection.

3. Measure Lengths: Record the position of the null point and measure the lengths l; and [2 =
100 cin — [4.
4. Calculate Resistance: Use the formula:

Where R, is the resistance of the metallic wire.

Conclusion:

The meter bridge allows you to accurately determine the unknown resistance of a wire by balancing
the Wheatstone bridge. The derived formula R; = R X % helps in calculating the unknown

resistance based on the measured lengths of the bridge wire and the known resistance in the other
gap.

27) Give Biot-Savart law. Find an expression for intensity of magnetic field at the centre of current
carrying circular loop.
Solution:

Biot-Savart Law:

The Biot-Savart law gives the magnetic field produced at a point due to a small current element. It is
analogous to Coulomb's law in electrostatics. According to the Biot-Savart law, the magnetic field dB
at a point due to a small current element Idl is given by:
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&Idle

dB =
A7 r?

Where:

- dB is the magnetic field produced by the small element,

- o is the permeability of free space,

- I is the current flowing through the conductor,

- dl is the small length of the conductor element,

- 7 is the unit vector from the current element to the point where the magnetic field is being
calculated,

- 7 is the distance between the current element and the point.

The direction of the magnetic field dB is given by the right-hand rule for the cross product dl x 7

Magnetic Field at the Centre of a Current-Carrying Circular Loop:
To find the magnetic field at the center of a current-carrying circular loop, we can use the BiotSavart
law and integrate over the entire loop.

Considerations:

- Let the radius of the loop be R,

- Let the current flowing through the loop be I,

- We want to calculate the magnetic field at the center of the loop.

Magnetic Field Contribution by a Small Element:
Consider a small current element Idl on the loop. According to the Biot-Savart law, the magnetic field
due to this element at the center of the loop is:

Mo Idlsinf

dB
A7 r?

- Here, 8 = 90° (since the current element is perpendicular to the position vector from the element to
the center of the loop),

-r = R (since the distance from any point on the loop to the center is the radius of the loop),

-sinf = 1.

Thus, the expression simplifies to:
Idl
dB = Ho 1%
41 R2

Total Magnetic Field:

The magnetic field contributions due to all the small elements dB around the loop will be in the same
direction at the center (since the loop is symmetric). Therefore, the total magnetic field at the center is
the sum of the contributions from all elements around the loop.

The total length of the circular loop is 2 R. Hence, integrating over the entire loop:
2R
Idl
B— /dB _ / Ho fav
0 4:7T R2
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Since 4~ &7 is constant, we can take it outside the integral:

2R
47 R? 0

The integral fo%R dl is simply the circumference of the loop, 2w R. Thus, we get:

_ ko I
B= -5 X 2R

Simplifying:
B Mol
2R

Final Expression:
The intensity of the magnetic field B at the center of a circular loop of radius R carrying a current I is:

g kol
2R

Where p is the permeability of free space (g = 4 x 107" Tm/A).

28) What do you understand by secondary wavelets? Explain the reflection on the basis of Huygen's
secondary wavelets principle.

Answer:

Secondary Wavelets

Huygen'’s Principle states that every point on a wavefront acts as a source of secondary wavelets
that spread in all directions with the same speed as the original wave.

The new wavefront is the tangent to all these secondary wavelets, representing the next position of
the wave.

Reflection Based on Huygen'’s Principle

. Incident Wavefront:

When light strikes a mirror, each point on the incident wavefront produces secondary wavelets.
. Formation of Reflected Wavefront:

As these wavelets reach the mirror, they spread back into the same medium.
The reflected wavefront is formed by the tangent to these wavelets.

. Laws of Reflection:

The angle of incidence (i) equals the angle of reflection (r), which Huygen's Principle confirms
geometrically.
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UK Board Class 12 Physics Question with
Solution- 2022

1) Energy of an electron, accelerated at 1 volt potential difference is-
(i) 1 Joule

(ii) 1 electron-volt

(iii) 1 erg

(iv) 1 watt

Solution:

(ii) 1 electron-volt

ii) Relation between current density J and drift velocity Vj is -
(i) J = nevy

(i = E—j

vq€

(i) J = ==

(iv) J = nevq?

Solution:

(i) J = nnVy

iii) An electron enters perpendicularly in a uniform magnetic field. The path of electron will be -
(i) Parabolic

(ii) Elliptical
(iii) Circular
(iv) Straight line

Solution:
(iii) Circular

iv) Lenz's law is based on the conservation of which physical quantity?
i) Charge

ii) Energy

iii) Magnetic flux

iv) Momentum

—_~ o~ o~ o~

Solution:
(ii) Energy

v) Which of the following waves are electromagnetic waves?

)
(i) Sound waves
(ii) Radio waves




(iii) Water waves
(iv) Waves produced in a thread

Solution:
(ii) Radio waves

vi) A ray deviates by an angle 30° in a prism of angle 60° in minimum deviation condition. The angle
of incidence of ray on prismiis -

(i) 30°

(i) 45°
(iii) 60°
(iv) 90°
Solution:

(ii) 45°.

vii) In hydrogen atom, radius of first orbit for electron is 0.53 A°. Radius of it's third orbit will be -

(i) 4.77 A°

(i) 1.69 A°

(iii) 1.06 A°

(iv) 1.0A°

Solution:

() 4.77 A°

2. The peak value of alternating current is v/2A in a circuit. Find root mean square value of current.

Solution:

The rms value of an alternating current is related to the peak value Iy by the formula:

Irms —

sl

Given Iy = v/2A4, the rms value is:

=1A

Irms —

SIS

So, the rms value of the currentis 1 A.
3. Write the relation between focal length (F) and radius of curvature (R) of a spherical mirror.
Solution:

The relation between the focal length F' and radius of curvature R of a spherical mirror is:
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4. Show graphically the effect of intensity of Light on photoelectric current.
Solution:

In the photoelectric effect, the photoelectric current is directly proportional to the intensity of the
incident light, provided the frequency is above the threshold frequency. The graph of intensity vs.
photoelectric current is a straight line with a positive slope.

Here's a simple description of the graph:

e X-axis: Intensity of light
e Y-axis: Photoelectric current

Graph: A straight line passing through the origin (linear relation).
5. Write the relation between energy and momentum of a photon.
Solution:

The energy E and momentum p of a photon are related by the equation:

E =pc

Where c is the speed of light in vacuum.
Alternatively, if the wavelength X of the photon is known:

PZK

Where h is Planck's constant.
6. Any element has atomic number Z and mass number A. 1 will be there in its nucleus.
Solution:

In the nucleus of an element:
- Number of protons = Z (atomic number),
- Number of neutrons = A — Z (mass number - atomic number).

Thus, the nucleus contains Z protons and A — Z neutrons.
7. Write Boolean expression for '"AND' Gate.
Solution:

The Boolean expression for an AND gate is:

Y=A'B
Where A and B are the inputs, and Y is the output. The output Y is true (1) only when both inputs A
and B are true (1).

8. A 12 pF capacitor is connected to 50 V battery. How much electrostatic energy is stored in the
capacitor?
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Solution:

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

1 2
U= ECV
Where:
-C'=12pF =12 x 10712 F,
-V =50V.

Substituting the values:

U= % x 12 x 107'% x (50)2
U=15x102%J=15nJ

So, the energy stored is 15 n) .
9. Give two reasons of energy loss in actual transformers.

Solution:

. Eddy current losses: Due to changing magnetic fields, circulating currents (eddy currents) are
induced in the core, causing energy loss as heat.

. Hysteresis losses: The magnetization of the core material lags behind the applied magnetic field,
resulting in energy dissipation during each cycle of magnetization.

10. If the current becomes zero in 0.01 second in the primary coil carrying 3.0 A current then the
induced e.m.f. in secondary coil is 15,000 volt. Find the Coefficient of mutual inductance between
these coils.

Solution:

The induced emf € is related to the mutual inductance M by:

dl
- M=
"
Given:
-€ = 15,000V,
-AI =3.0 A,
-At = 0.01 s.
Substitute into the equation:
3.0
15,000 = M x ——
0.01

_ 15,000%0.01 _ .
- 3.0 B
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So, the coefficient of mutual inductance is 50 H .

11. Find the frequency of an electromagnetic wave of wavelength 30,000 A°. Which part of the
spectrum is represented by this wave?

Solution:

The frequency f of a wave is given by:

C
Y
Where:
-c=3x10%m/s,
-A = 30,000\AA = 30,000 x 1071 m.
Substituting:
3 x 108

f =1 x 10'° Hz

" 30,000 x 1010

This frequency corresponds to ultraviolet light.

12. Light of wavelength 6000A° enters from air into a medium of refractive index 1.5. Find it's velocity
and frequency in the medium.

Solution:
The velocity v of light in the medium is:

3 x 10°
. s < TS m/S:2x108m/s
n 1.5

The frequency f remains unchanged when light enters a new medium, and it is given by:

c 3 x 108 m/s
= — = =5 x 10" Hz
! A 6000 x 1079 m

So:
- Velocity in the medium: 2 x 10® m/s,
- Frequency: 5 x 10 Hz.

13. Angle of polarization of a transparent medium is 7,, and speed of light for that medium is v. If
speed of light in vacuum is ¢ then represent ip in terms of c and v.

Solution:

According to Brewster's law:




tani, = —

Where 1, is the angle of polarization, c is the speed of light in vacuum, and v is the speed of light in
the medium.

14. Draw the labeled ray diagram of reflecting telescope.
Solution:

Unfortunately, | can't draw the diagram here, but a reflecting telescope consists of:

* A primary mirror (concave) that collects and focuses light,
* Asecondary mirror (flat or convex) that redirects the focused light to an eyepiece or camera.

15. What percentage of a radioactive substance will remain left after four life periods.
Solution:

After each half-life, half of the remaining substance decays. After n half-lives, the remaining
percentage of a radioactive substance is:

1 n
Remaining percentage = (5> x 100

Forn =4:

4
1 1
Remaining percentage = (E) x 100 = 16 x 100 = 6.25%

So, 6.25% of the substance will remain after four half-lives.
16. Explain the working of Zener diode.
Solution:

A Zener diode works in reverse bias mode, where it is designed to allow current to flow once the
applied reverse voltage exceeds a certain value known as the Zener breakdown voltage. In this
region, the Zener diode maintains a nearly constant voltage, making it useful for voltage regulation in
circuits.

17. Write Coulomb's law and show it in vector form.
Solution:

Coulomb's law states that the electrostatic force F' between two point charges is directly proportional
to the product of their magnitudes |q; | and |g2| and inversely proportional to the square of the
distance r between them. The vector form of Coulomb's law is:

1 qigqo .
Fi, =
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Where:

- F 5 is the force exerted by charge q; on g,

- €9 is the permittivity of free space (=~ 8.854 x 10 ?C2 N~ ' m~2),
- 7 is the distance between the two charges,

- 12 is the unit vector pointing from q; to gs.

The force is attractive if the charges are opposite in sign, and repulsive if they are of the same sign.

18. Two tiny spheres carrying charges 1.5uC and 2.5uC are located 30 cm apart. Find the electric
field at the midpoint of the line joining the two charges.

Solution:
The electric field due to a point charge at a distance r is given by:

1 ¢

- 4mey 72

Here, we have two charges, and we need to find the electric field at the midpoint between them.
-Charge ¢; = 1.5uC = 1.5 x 107°C,

- Charge g5 = 2.5uC = 2.5 x 107C,

- Distance between charges r = 30 cm = 0.30 m,

- The distance from each charge to the midpointis /2 = 0.15 m.

Now, calculate the electric field due to each charge at the midpoint:
1. Electric field due to g :

1 1.5 x 1076
Bi— B g0 2010 6010 N)/C
4meg (r/2)2 (0.15)2
2. Electric field due to g2 :
1 2.5 x 1075
By = B 9109 x 22— — 1.0 x 10° N/C
dmey (r/2)2 (0.15)2

Since the charges are both positive, the electric fields at the midpoint will point away from each
charge. Therefore, the net electric field at the midpoint is the difference between E; and E, since
they are in opposite directions:

Eoe = Fy — By = 1.0 x 10% — 6.0 x 10° = 4.0 x 10° N/C

The direction of the net electric field will be toward the charge g5, the stronger charge.
19. Write the principle of potentiometer. Potentiometer works as an ideal voltmeter, why?
Solution:

Principle of Potentiometer:




The potentiometer works on the principle that the potential drop across a uniform conductor is
directly proportional to its length, provided a constant current flows through it. The potential
difference across any two points on the wire is given by:

V=Ekxl

Where:

- V is the potential difference,

- k is a constant (potential gradient),

- L is the length of the wire between the two points.

Why a potentiometer works as an ideal voltmeter:

A potentiometer is considered an ideal voltmeter because it does not draw any current from the
circuit it is measuring. This is because it compares the unknown voltage with a known reference
voltage and does not affect the circuit's current. In contrast, a practical voltmeter always draws a
small amount of current, which can slightly alter the measurement.

20. Explain ferromagnetism on the basis of domain theory.
Solution:

Ferromagnetism is explained by the domain theory, which states that in ferromagnetic materials, the
atomic magnetic dipoles are grouped into small regions called domains. Within each domain, the
magnetic dipoles are aligned in the same direction, resulting in a net magnetic moment.

In an unmagnetized ferromagnetic material, the domains are randomly oriented, so their magnetic
moments cancel out, and the material does not exhibit a net magnetic field.

When an external magnetic field is applied, the domains align in the direction of the field, causing the
material to become magnetized. Some domains grow in size at the expense of others, leading to a
stronger overall magnetization.

Even after the external field is removed, the material can retain some of the alignment of the
domains, which results in permanent magnetism.

This domain structure is why ferromagnetic materials can be strongly magnetized and retain their
magnetism even after the external field is removed.

21) In the circuit given below 'B' represents a bulb. If the frequency of source is doubled then how
should 'C' and 'L' be changed so that brightness of the bulb remains same.

Solution:

In the given LCR circuit, the bulb " B " is connected, and the brightness of the bulb depends on the
power delivered to it, which in turn depends on the current passing through the circuit. The currentin
an LCR circuit is affected by the total impedance, which includes the inductive reactance Xy,
capacitive reactance X ¢, and resistance R.
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The reactance of the inductor and capacitor are given by the following formulas:
- Inductive reactance: X = 27 fL,

- Capacitive reactance: X¢o = ﬁ

Where f is the frequency, L is the inductance, and C'is the capacitance.

Case: Frequency is doubled

If the frequency of the AC source is doubled, the reactances change as follows:
- The inductive reactance X, will double since X, o f.

- The capacitive reactance X ¢ will be halved since X %

22) To keep the brightness of the bulb the same:

For the brightness to remain constant, the current in the circuit should remain unchanged, meaning
the total impedance should stay the same. Since the resistance R of the bulb is constant, you need to
balance the changes in inductive and capacitive reactance.

- Inductor (L): Since the inductive reactance has doubled due to the increased frequency, you should
halve the inductance L to keep X, constant.

- Capacitor (C): Since the capacitive reactance has halved, you should halve the capacitance C' to
maintain the same X .

Conclusion:

- To keep the brightness of the bulb the same when the frequency is doubled, halve both the
inductance (L) and the capacitance (C) to maintain the total impedance and thus the same current in
the circuit.

23)

If the frequency of incident light on the cathode of photocell is doubled then how will the following
change :
(i) Kinetic energy of electrons

Solution:

The kinetic energy of the emitted electrons is given by Einstein's photoelectric equation:

K.E.=hf—¢

Where:

- K.E. is the maximum kinetic energy of the emitted electrons,

- h is Planck's constant,

- fis the frequency of the incident light,

- ¢ is the work function of the material (the minimum energy required to eject an electron from the
surface).

When the frequency of incident light is doubled (i.e., f — 2f):

K-E.=h(2f) — ¢ = 2hf — ¢

Thus, the kinetic energy of the emitted electrons will increase, as it depends linearly on the frequency.
The increase in frequency leads to a larger difference between the energy of the photons and the
work function.
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Conclusion: The kinetic energy of the elec f 4 's will increase when the frequency is doubled.
(ii) Photoelectric current
Solution:

The photoelectric current depends on the number of photoelectrons emitted per second, which is
proportional to the intensity of the incident light, not its frequency. When the frequency is doubled, if
the intensity of light remains the same, the number of incident photons per second does not change
(because intensity depends on both frequency and the number of photons). Therefore, the
photoelectric current remains unchanged if the intensity is constant.

However, if the intensity is also changed, the current would be affected. But based purely on
frequency doubling, the current remains the same.

Conclusion: The photoelectric current will remain unchanged as long as the intensity of the incident
light remains the same.

(iiif) Stopping potential

The stopping potential V is related to the maximum kinetic energy of the emitted electrons by the
equation:

eV = K - Emax = hf — ¢

Where:

- e is the charge of an electron,

-V is the stopping potential,

- K. B .« is the maximum kinetic energy of the photoelectrons.

As we saw in part (i), the kinetic energy increases when the frequency is doubled. Therefore, the
stopping potential must also increase to stop these higher-energy electrons.

When the frequency is doubled:

_ 2hf-¢

e

Vs

This means that the stopping potential will increase because the kinetic energy of the emitted
electrons increases.

Conclusion: The stopping potential will increase when the frequency is doubled.

24) Draw the graph of binding energy per nucleon as a function of mass number and explain what is
the relation of binding energy per nucleon with stability of nucleus?

Graph of Binding Energy per Nucleon vs. Mass Number:

The graph of binding energy per nucleon (E}/A) as a function of mass number (A) has a
characteristic shape. Here's a general description:

1. For light nuclei (low A): The binding energy per nucleon increases rapidly as the mass number
increases.

2. For medium mass nuclei ( A = 56 ): The binding energy per nucleon reaches a maximum around
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iron ( Fe ), which has one of the most stable nuclei.
3. For heavy nuclei (high A): The binding energy per nucleon decreases slowly as the mass number
increases.

Explanation:
- On the X-axis: Mass number A,
- On the Y-axis: Binding energy per nucleon E}/ A in MeV .

The graph starts low for small values of A, rises to a peak around A = 56, and then gradually
declines for larger values of A. The binding energy per nucleon is highest for nuclei with a mass
number around 56 (iron and nickel), indicating that these nuclei are the most stable.

Relation of Binding Energy per Nucleon to Stability of the Nucleus:

- Binding Energy per Nucleon: This is the average energy that binds each nucleon (proton or neutron)
in the nucleus. It is calculated by dividing the total binding energy by the mass number A.

- Stability of the Nucleus: The greater the binding energy per nucleon, the more tightly bound the
nucleons are, and thus the more stable the nucleus is. Nuclei with higher binding energy per nucleon
are more resistant to being split apart (fission) or undergoing radioactive decay.

Key Points:

1. Light Nuclei (Low A): These nuclei have lower binding energy per nucleon. They tend to undergo
fusion to reach more stable, higher binding energy states.

2. Medium Nuclei (A = 56) : These nuclei have the highest binding energy per nucleon, meaning
they are the most stable. Iron-56 is an example of a very stable nucleus.

3. Heavy Nuclei (High A): These nuclei have lower binding energy per nucleon compared to medium
mass nuclei. They are less stable and tend to undergo fission to split into smaller, more stable nuclei
with higher binding energy per nucleon.

Binding Energy as a Nuclenon

Mass Number 66 56
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Graph Summary:

* The curve shows a rise to a peak at medium mass numbers and then a slow decline.
Fusion occurs for light nuclei (increasing binding energy per nucleon).
Fission occurs for heavy nuclei (leading to products with higher binding energy per nucleon).

This relationship explains why nuclear fusion powers stars and why fission is used in nuclear reactors
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25) Draw the logic symbol of NAND and NOR gate and give their truth table.

Nand Gate

(a)

0 ] 1

1 0 |

NOR Gate

(a)

o el =0 =]
ol E=2 o =]

=1 N=0 (=0 L

26) Give principle of meter bridge. How will you find resistance of a metallic wire with the help of it.
Derive the formula used.

Principle of Meter Bridge:

The meter bridge (also called the Wheatstone bridge) works on the principle of null deflection in a
balanced Wheatstone bridge. When the bridge is balanced, the ratio of resistances in one arm of the
bridge is equal to the ratio of resistances in the other arm. No current flows through the
galvanometer when the bridge is balanced.

The meter bridge consists of a one-meter-long wire of uniform cross-section, stretched on a wooden
base with a scale marked in centimeters. The bridge uses the concept of the Wheatstone bridge to
compare an unknown resistance with a known resistance.

Working of Meter Bridge to Find the Resistance of a Metallic Wire:

To measure the resistance of a metallic wire using a meter bridge, we follow these steps:

1. Connect the unknown resistance R, (the metallic wire's resistance) in one gap of the meter bridge
and a known resistance R in the other gap.

2. A jockey is used to make contact with the wire at different points to obtain a null point (no
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deflection in the galvanometer).
3. The position of the jockey that gives the null deflection divides the meter wire into two segments of
lengths [; and [, where [y = 100 cm — [;.

Derivation of Formula:
In a balanced Wheatstone bridge, the ratio of resistances in the two arms is equal:

Ra U
R I

Where:

- R, is the unknown resistance,

- R is the known resistance,

- [ is the length of the wire from the zero end to the null point,
-1y = 100 cm — 4 is the remaining length of the wire.

From this relation, we can express the unknown resistance R, as:

Procedure to Find Resistance of a Metallic Wire:

1. Setup: Set up the meter bridge circuit with the metallic wire as the unknown resistance in one gap
and a known resistance R in the other gap.

2. Adjust Jockey: Slide the jockey along the wire to find the null point where the galvanometer shows
no deflection.

3. Measure Lengths: Record the position of the null point and measure the lengths l; and [2 =
100 cin — [4.
4. Calculate Resistance: Use the formula:

Where R, is the resistance of the metallic wire.

Conclusion:

The meter bridge allows you to accurately determine the unknown resistance of a wire by balancing
the Wheatstone bridge. The derived formula R; = R X % helps in calculating the unknown

resistance based on the measured lengths of the bridge wire and the known resistance in the other
gap.

27) Give Biot-Savart law. Find an expression for intensity of magnetic field at the centre of current
carrying circular loop.
Solution:

Biot-Savart Law:

The Biot-Savart law gives the magnetic field produced at a point due to a small current element. It is
analogous to Coulomb's law in electrostatics. According to the Biot-Savart law, the magnetic field dB
at a point due to a small current element Idl is given by:
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&Idle

dB =
A7 r?

Where:

- dB is the magnetic field produced by the small element,

- o is the permeability of free space,

- I is the current flowing through the conductor,

- dl is the small length of the conductor element,

- 7 is the unit vector from the current element to the point where the magnetic field is being
calculated,

- 7 is the distance between the current element and the point.

The direction of the magnetic field dB is given by the right-hand rule for the cross product dl x 7

Magnetic Field at the Centre of a Current-Carrying Circular Loop:
To find the magnetic field at the center of a current-carrying circular loop, we can use the BiotSavart
law and integrate over the entire loop.

Considerations:

- Let the radius of the loop be R,

- Let the current flowing through the loop be I,

- We want to calculate the magnetic field at the center of the loop.

Magnetic Field Contribution by a Small Element:
Consider a small current element Idl on the loop. According to the Biot-Savart law, the magnetic field
due to this element at the center of the loop is:

Mo Idlsinf

dB
A7 r?

- Here, 8 = 90° (since the current element is perpendicular to the position vector from the element to
the center of the loop),

-r = R (since the distance from any point on the loop to the center is the radius of the loop),

-sinf = 1.

Thus, the expression simplifies to:
Idl
dB = Ho 1%
41 R2

Total Magnetic Field:

The magnetic field contributions due to all the small elements dB around the loop will be in the same
direction at the center (since the loop is symmetric). Therefore, the total magnetic field at the center is
the sum of the contributions from all elements around the loop.

The total length of the circular loop is 2 R. Hence, integrating over the entire loop:
2R
Idl
B— /dB _ / Ho fav
0 4:7T R2
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Since 4~ &7 is constant, we can take it outside the integral:

2R
47 R? 0

The integral fo%R dl is simply the circumference of the loop, 2w R. Thus, we get:

_ ko I
B= -5 X 2R

Simplifying:
B Mol
2R

Final Expression:
The intensity of the magnetic field B at the center of a circular loop of radius R carrying a current I is:

g kol
2R

Where p is the permeability of free space (g = 4 x 107" Tm/A).

28) What do you understand by secondary wavelets? Explain the reflection on the basis of Huygen's
secondary wavelets principle.

Answer:

Secondary Wavelets

Huygen'’s Principle states that every point on a wavefront acts as a source of secondary wavelets
that spread in all directions with the same speed as the original wave.

The new wavefront is the tangent to all these secondary wavelets, representing the next position of
the wave.

Reflection Based on Huygen'’s Principle

. Incident Wavefront:

When light strikes a mirror, each point on the incident wavefront produces secondary wavelets.
. Formation of Reflected Wavefront:

As these wavelets reach the mirror, they spread back into the same medium.
The reflected wavefront is formed by the tangent to these wavelets.

. Laws of Reflection:

The angle of incidence (i) equals the angle of reflection (r), which Huygen's Principle confirms
geometrically.
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