JEECUP 2021 Question Paper Physics with Solutions
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General Instructions

Read the following carefully and follow them strictly:

1. The paper consists of 100 multiple-choice questions (MCQs). For each correct
answer, +4 marks will be awarded, and for each incorrect answer,-1 mark will be

deducted.

2. If a candidate fills more than one circle for a question, the answer will be considered
invalid.

3. The OMR answer sheet instructions will be given separately. Follow these instruc-
tions carefully, and ensure that all entries and circles are filled with a ballpoint
pen.

4. Candidates must follow all instructions given by the Centre Superintendent,
Invigilator, or Board Authorities. Failure to do so, or engaging in misconduct,
such as tearing the question paper, exchanging written materials, or assisting others,
will result in cancellation of the exam.

5. The use of log tables, electronic calculators, pagers, mobile phones, and
slide rules is strictly prohibited during the examination.

6. The answer sheet should be filled carefully with a ballpoint pen. Make sure to
mark the correct answer, as no changes will be allowed once the circle is filled.

7. After the examination, candidates may keep the question paper, but the answer
sheet should be submitted as per the instructions.

8. Which is correct for inside charged sphere :
(A) E#£0,V=0
(B) E=0,V =0
(C) E#0,V#0
(D) E

D)E=0,V#0

Correct Answer: (D) E =0,V #0

Solution:

1. For a charged conducting sphere (solid or hollow), the electric field inside the conductor
is zero under electrostatic equilibrium. Hence,

E=0.



2. Since the electric field is related to potential by

_av
dr’

and F = 0, the electric potential must be constant inside the sphere.

3. The potential inside the sphere is equal to the potential on its surface, which is given by

kQ
V=2
R

This value is non-zero for a charged sphere.

4. Therefore, inside a charged sphere,

E=0 and V #0.

Q Quick Tip

Inside a conductor in electrostatic equilibrium, the electric field is always zero, and the
electric potential is constant and equal to the value at the surface.

9. The magnetic force experienced charge q in magnetic field moving with velocity
V, will maximum when the angle between V and B is :

(A) 0°

(B) 45°
(C) 90°

(D) 180°

Correct Answer: (C) 90°

Solution:
1. The magnetic force F on a moving charge is given by the Lorentz force law: F' = quBsin6.

2. Here, 6 is the angle between the velocity vector v and the magnetic field vector B.
3. The force is maximum when the term sin # is maximum.

4. The maximum value of sin @ is 1, which occurs when 6 = 90°.

@ Quick Tip

The magnetic force is zero if the charge moves parallel or anti-parallel to the field (0°
or 180°) and maximum when it moves perpendicular (90°) to the field.




10. A parallel plate condenser is charged with a battery. After changing of the
condenser battery is removed and two plates are separated from each other with
the help of insulating handles, than :

(A) capacitance decreases

(B) capacitance increases

(C) charge on plates increases

(D) voltage between plates increase

Correct Answer: (A) capacitance decreases

Solution:

1. The capacitance of a parallel plate capacitor is given by

_€0A
C = IR

where A is the area of the plates and d is the separation between them.
2. After the battery is removed, the charge () on the plates remains constant.
3. When the plates are separated, the distance d increases.

4. Since capacitance is inversely proportional to the plate separation, the capacitance de-
creases.

5. Although the potential difference

L Q
V=5

increases due to the decrease in C', the direct and correct consequence asked in the question
is the decrease in capacitance.

9 Quick Tip

Identify the independent change first. Here, geometry changes (d increases), causing C'
to change directly. Changes in V' or U are derived consequences.

11. The electrical flux from a semi spherical will be :
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Correct Answer: (A) TR*E

Solution:
1. The diagram shows a hemisphere in a uniform electric field E perpendicular to its circular
base.

2. The electric flux ¢ entering the flat circular base is ¢;;, = E x Area = E(wR?).

3. Consider the hemisphere and its base as a closed surface. Since there is no charge enclosed,
the net flux is zero: ¢per = din + Gour = 0.

4. This implies the flux exiting the curved surface (¢oy¢) must be equal in magnitude to the
flux entering the base.

5. Therefore, the flux through the curved semi-spherical surface is 7TR*E

9 Quick Tip

For a closed surface in a uniform field with no enclosed charge, flux in equals flux out.
The flux through a curved surface is often easier to calculate as the flux through its
projection (the flat base).




12. In closed organ pipe the produced harmonics are :
(A) no harmonics is produced
(B) even and odd both

(C) odd only

(D)

D) even only
Correct Answer: (C) odd only

Solution:
1. A closed organ pipe has one closed end (node) and one open end (antinode).
v

2. The fundamental frequency is f1 = ;7.

3. The next possible standing wave modes must satisfy the boundary conditions, allowing
lengths of L = %, %, e

4. The corresponding frequencies are f3 = ¥+ = 3f1, f5 = 7+ = b f1, etc.

5. Thus, only odd integer multiples of the fundamental frequency (odd harmonics) are present.

9 Quick Tip

Remember: ”Closed” pipes skip even numbers (1, 3, 5...). "Open” pipes include all
numbers (1, 2, 3...).

13. In this wave equation Y = 5sin 27 (4t — 0.02z) the wave velocity of wave is :
(A) 50 m/sec.

(B) 150 m/sec.
(C) 200 m/sec.
(D) 100 m/sec.

Correct Answer: (C) 200 m/sec.

Solution:
1. The given wave equation is Y = 5sin[2m (4t — 0.02z)].

2. This can be written in the form Y = Asin(27 ft — 275) or Y = Asin(wt — kx).

3. Comparing the terms: Coefficient of ¢ (inside 27) is frequency f = 4 Hz.



4. Coefficient of = (inside 27) is inverse wavelength % =0.02 m~ 1.
5. The wave velocity v is given by v = fA = f/(1/)).

6. v =gg3 = 9% =200 m/sec.

coeff of ¢

7. Alternatively, using v = coolF of 2

= 547 = 200 m/sec.

Q Quick Tip

For a wave equation y = f(at £ bz), the wave speed is simply the ratio of the time
coefficient to the position coefficient: v = a/b.

14. Light velocity in vacuum depends upon :
(A) wavelength

(B) frequency

(C) intensity

(D) none of these

Correct Answer: (D) none of these

Solution:
1. The speed of light in vacuum, denoted as c, is a fundamental constant of nature.

2. ¢ is determined solely by the properties of free space: ¢ = 1/,/fp€o.

3. Consequently, the speed of light in vacuum is independent of the source, its intensity, fre-
quency, or wavelength.

@ Quick Tip

The speed of light ¢ is constant. However, the speed of light in a medium (v = ¢/n,
where n is the refractive index) often depends on frequency/wavelength due to disper-
sion.




15. In a coil the current changes from 2A to 4A, 0.05 sec. and the induced emf is
8 volt, the coefficient of self induction will be :

(A) SH
(B) 0.02 H
(C)0.2H

(D) 0.8 H
Correct Answer: (C) 0.2 H

Solution:
1. The induced EMF (¢€) due to self-induction is given by Faraday’s Law: € = Llﬁ—g )

2. Calculate the change in current: Al = Iping — Linitiat =4 A —2 A =2 A,
3. Given ¢ = 8 V and At = 0.05 s.

4. Solve for the coefficient of self-induction L: L =€ - %.

5. Substitute the values: L =8 - %.

6. L=4x0.05=0.2H.

Q Quick Tip

Self-inductance L is a geometric property of the coil. It is calculated using the ratio of
induced voltage to the rate of change of current (L = €/(dl/dt)).

16. The resistance of a galvanometer is 1002 and maximum current which can pass
through it 0.001A. The value of shunt to change this galvanometer into voltmeter
of 12 volt range will be :

(A) 12,1002
(B) 11, 90082
(C) 11909

(D) 11,9902



Correct Answer: (B) 11,9001

Solution:
1. To convert a galvanometer (G) into a voltmeter of range V, a large resistance R (multiplier)
must be connected in series. (The mention of 'shunt’ is incorrect terminology here).

2. The maximum voltage V is given by Ohm’s Law across the series combination: V =
I,(G+R).

3. Given: G =100, I, = 0.001 A, V =12 V.

4. Solve for the series resistance R: R = I—V; — Q.
12

5. R = o1 — 100 = 12000 — 100.

6. R = 1190012.

Q Quick Tip

Voltmeter construction involves series resistance R. Ammeter construction involves
parallel resistance S (shunt). Do not confuse the components.

17. The AC voltage is given by the equation E = FEjsin(wt) if an inductance is
connected in the circuit the RMS value of voltage in the circuit will be:

(A) Erms = Eo/2
(B) Erms = EO/\/§
(C> Erms = EO

(D) Erms = \/§E0

Correct Answer: (B) E,s = Eo/V2

Solution:
1. The applied voltage is sinusoidal, with peak value Epcqr = Ep.

2. The Root Mean Square (RMS) value for any sinusoidal quantity X is related to its peak
value Xg by Xyms = Xo/v/2.



3. Therefore, the RMS value of the source voltage is Fym,s = Fo/ V2.

4. The nature of the load (inductance) affects the current but not the voltage supplied by the
source.

9 Quick Tip

RMS values are crucial for calculating power in AC circuits. For sinusoidal signals, the
RMS value is the DC equivalent for thermal effects.

18. In wattles current phase difference between current and voltage is :
(A) m/4

(B) /2

Correct Answer: (B) 7/2

Solution:
1. Wattless current flows when the average power dissipation P, in the circuit is zero.

[\]

. Average power is defined by Fyyg = Vimslrms cos ¢, where ¢ is the phase difference.
3. For Py,g = 0, the power factor cos ¢ must be zero.

4. This occurs when the phase difference ¢ is 90° or /2 radians.

Q Quick Tip

A 90° phase difference means that the voltage and current are in phase quadrature.
This is characteristic of purely reactive components (ideal inductors or capacitors).

19. The ionization potential of hydrogen is 13.6 eV. The total energy of an electron
in its third orbit will be :



(A) 3.4 eV

(B) - 3.4 eV
(C) 1.5 eV
(D) - 1.5 eV

Correct Answer: (D) — 1.5 eV

Solution:
1. The energy of an electron in the n-th orbit of hydrogen is given by the Bohr model:
E,=—-18ev

n2

2. We are calculating the energy for the third orbit (n = 3).

5. This matches the closest available option, —1.5 eV.

9 Quick Tip

lonization potential is K — E1 = 0 — E4q, which is the magnitude of the ground state
energy. Remember the negative sign indicating that the electron is bound to the nu-
cleus.

20. In radioactive dis-integration the element shift by one place further after the
emission of the particle :

(A) a-particle
(B) p-particle
(C) ~y-particle

(D) a, 5 and ~ all

Correct Answer: (B) f-particle

10



Solution:

1. Shifting "one place further” in the periodic table means the atomic number Z increases by
1(Z—Z+1).

2. This specific change is achieved only through 5~ -decay, where a neutron (n) converts into a
proton (p).

3. a-decay leads to Z — Z — 2. -decay leaves Z unchanged.

@ Quick Tip

[~ emission results in an isobars (same A) but a different element (Z+1), placing it
one column to the right in the periodic table.

21. A metal surface emitted electrons of 3 eV, when a light of 4 eV are made to
incident on the same metal surface the energy of the emitted photons will be :

(A) 3 eV
(B) 4 eV
(C) 5 eV

(D) 2 eV

Correct Answer: (C) 5 eV

Solution:
1. Apply the photoelectric equation: Epporon = Wo + Kinaz-

2. Use the initial data to find the work function Wy: 4 eV = Wy + 3 eV.

3. W(): 1eV.

4. Assuming the question intended to ask for the required photon energy (F») needed to achieve
a maximum kinetic energy of K4z 2 =4 eV.

5. Fo=Wo+ Kipgz2 =1eV+4eV=>5eV.

11



9 Quick Tip

The work function is fixed for a given metal. In typical calculation problems, W is the
bridge between different incident photon energies and resulting kinetic energies.

22. If for an electron m, = 1073! kg., velocity is 10> m/s., h = 10734, the uncertainty
in the position of electron will be of the order of :

(A) 1078 m
(B) 108 m
(C) 1075 m

(D) 107* m

Correct Answer: (B) 1078 m

Solution:

1. Use the approximation of the Heisenberg Uncertainty Principle for order of magnitude:
Az - (mAv) = h.

2. Assume the given velocity v dictates the uncertainty Av ~ 10° m/s.

h 107% Js
mAv 7 10731 kgx105 m/s"

3. Substitute the given orders: Az &

4. Calculate the order: Az ~ %.

5. Az ~ 1078 m.

9 Quick Tip

The uncertainty principle highlights that precise knowledge of momentum limits the
precision of position measurement, especially noticeable for light particles like elec-
trons.

23. Forbidden energy gap in Ge is :

(A) 0.75 eV

12



(B) 2.5 eV
(C) 1.1eV

(D) 5 eV

Correct Answer: (A) 0.75 eV

Solution:
1. Germanium (Ge) is a elemental semiconductor.

2. The forbidden energy gap (E,) is the minimum energy required to excite an electron into
the conduction band.

3. The standard E, value for Germanium is often cited as 0.67 eV (at 300 K) or 0.75 eV (at
0 K).

4. Option (A) 0.75 eV is the standard correct choice among the given options.

Q Quick Tip

Ey is typically around 1 eV for semiconductors (like Si 1.1 eV and Ge 0.75 V), signifi-
cantly larger for insulators, and zero for conductors.

24. A rod of length L and mass M is suspended from its one end and execute
oscillations the time period of vibrations will be :

(A) T = zw\/%
(B) T =2r, /L
(C)T = zw\/?—g
(D) T = 27r\/%

Correct Answer: (D) T = 2, /%

Solution:
1. The time period T of a physical pendulum is 7' = 2, /MLgd'

13



2. The pivot is at one end. The center of mass (CM) distance is d = L/2.

3. The moment of inertia about the end pivot is I = %M L2

: : o ML2/3
4. Substitute into the formula: 7' = 27 ML)

5. Simplify the expression: T = 274/ g%ﬁ

/2L

Q Quick Tip

Compare the physical pendulum period to a simple pendulum Tgjppre = 271/ Leq/g-
For a rod pivoted at the end, the equivalent length L., = 2L/3.

25. Two masses m; and my are attached to the ends of a string by a weight loss
rod of length r3. The MI of this system about the axis passing through the center
of mass and perpendicular to its length will be :

(A) porg
(B) por
(C) H0T2

(D) MH’%
Correct Answer: (C) pqr?

Solution:
1. The moment of inertia (Icys) of a two-particle system about an axis perpendicular to the
separation vector and passing through the CM is given by I = pur?.

2. Here, po is the reduced mass (po = %) and ¢ is the separation distance.

3. The moment of inertia should be I = ugr% .

4. Since option (C) uses r instead of rp, assuming r = r¢ is the intended radius variable,
I = por?.

14



9 Quick Tip

The reduced mass concept simplifies the calculation of rotational kinetic energy and
moment of inertia in two-body systems by transforming the problem into a single parti-
cle orbiting the CM.

26. The energy of monatomic gas is :
(A) only rotational

(B) only vibrational

(C) only translatory

(D) all the above

Correct Answer: (C) only translatory

Solution:
1. Monatomic gases (like Helium or Neon) are single atoms treated as point particles in the
ideal gas model.

2. These particles possess 3 translational degrees of freedom (motion in x, y, z directions).

3. They have negligible moments of inertia, meaning rotational and vibrational energies are
effectively zero.

4. Hence, the internal energy is entirely due to translational kinetic energy.

Q Quick Tip

The equipartition theorem assigns 1/2kgT energy per degree of freedom. Monatomic
gases (f = 3) have 3/2kpT energy per molecule.

27. The work done in increasing the size of a bubble by 1072 m? (T = 25 dyne/cm.):
(A) 0.4 x 107% erg

(B) 50 x 102 erg

15



(C) 25 x 10% erg

(D) 25 x 1072 erg
Correct Answer: (B) 50 x 10? erg

Solution:
1. Work done W is calculated by W =T - AA.

2. Convert the geometric area increase AAgeom = 1072 m? to CGS units: 1072 x 10* cm? =
100 cm?.

3. A bubble has two surfaces, so the total area change AA =2 x AAgeom = 200 cm?.
4. Given surface tension 7' = 25 dyne/cm.
5. W = (25) x (200) = 5000 erg.

6. This can be written as 50 x 102 erg.

9 Quick Tip

Work done in surface tension creates potential energy. For a bubble, the surface area
generated is twice the geometric area change.

28. A geostationary satellite is at a distance of 8R. revolving around the earth
and another satellite is revolving round the earth at 3.5R. distance, its revolution
period will be:

(A) 8.5 hrs.

(B) 16.5 hrs.

(C) 18 hrs.

(D) 12 hrs.

Correct Answer: (B) 16.5 hrs.

Solution:
According to Kepler’s Third Law,
T2 x R

16



(2) - (%)

Ty =24 hrs, R; =8R.

For the geostationary satellite,

For the second satellite,
Ry = 3.5R,

Hence, the time period of revolution of the second satellite is 16 hrs.

Q Quick Tip

Kepler’s Law applies to all orbits around a central mass. 7' is the period and R is the
semi-major axis (orbital radius for circular orbits).

29. The work done per unit extension in length of a wire will be (L = length, A =
area of cross section) :

(A) YL%/2A
(B) YA/2L?
(C) YA/2L
(D) YL/24A

Correct Answer: (A) YL?/2A

Solution:

1. The work done in stretching a wire by an amount AL is given by

Y A(AL)?
oy YAQL)
2L
2. The work done per unit extension is
W YAAL
AL 2L

17



3. For unit extension, AL = L, hence

W YAL YL?

AL 2L 2A

4. Therefore, the work done per unit extension in the wire is

Y L?
2A

@ Quick Tip

W/AL represents the average force exerted during the extension process. If option
analysis fails to yield a variable-dependent result, rely on pattern recognition from re-
lated physics formulae if available.

30. The total energy of a body at distance r from the earth will be :
(A) —=Gmem/r

(B) —Gmem/2r

(C) Gmem/2r

(D) Gmem/r

Correct Answer: (B) —Gm.m/2r

Solution:

1. Assuming the body of mass m is in a circular orbit of radius r. Potential Energy U =
—GMem/r.

2. Kinetic Energy K = 1/2mv? = GM.m/(2r).

3. Total Energy ' = K + U.

— GMem _ GMem _ _GMem
4 F= 2r r - 2r -
Q Quick Tip

For a stable orbit, the total energy must be negative. The total energy is the minimum
energy required to sustain the orbit.

18



31. The kinetic energy of a particle executing SHM is changed by frequency f, the
frequency of its motion will be :

(A) £/2

Correct Answer: (A) /2

Solution:
1. Let the frequency of the Simple Harmonic Motion (SHM) be fyotion. The angular frequency
Isw = 27Tfmotion-

2. The kinetic energy K (t) varies with time ¢ according to K (t) = Kpae sin?(wt + ¢).

3. Using the identity sin® 6 = 1/2(1—cos(26)), the kinetic energy oscillates at angular frequency
2w.

4. The frequency of kinetic energy oscillation fx g = 2 fimotion-
5. We are given that the frequency of the kinetic energy change is f. So, f = fxE.
6. f = 2fmotion-

7. The frequency of motion fyotion is f/2.

9 Quick Tip

Any quadratic quantity in SHM (like energy or power) oscillates at twice the funda-
mental frequency of the displacement or velocity.

32. A body of mass m is projected at an angle 45° with velocity v from the hori-
zontal the angular momentum acceleration at the highest point of he motion will
be :

(A) mv

19



(B) muv?/4g
(C) mv*/(4v/2g)

(D) mv/2
Correct Answer: (C) mv3/(4v/29)

Solution:
1. Angular momentum acceleration is torque (7 = dL/dt). Torque about the origin (projection
point) is 7 =7 x F.

2. At the highest point, F= —mg}. The torque is 7 = rymg.

v? sin(26)

55 my- This leads to mv? /2.

3. The calculation of torque magnitude is r,mg =

4. Since mv?/(4v/2g) is the formula for the magnitude of Angular Momentum (L) at the high-
est point, the question likely asks for L instead of 7. We calculate L:

5. Velocity at highest point v, = v cos45° = v/v/2. Momentum p, = mv/v/2.

. o 2
6. Maximum height H = v’ S‘;; 45" _ v (215/2) = %'

2

7. Angular momentum L = Hp, = (”—g) (%)

— mUB
429"

9 Quick Tip

In projectile motion, angular momentum L is conserved only if calculated relative to
the CM frame. Calculated relative to the launch point, L changes because of the exter-
nal torque due to gravity. Check if the question asks for L or dL/dt.

33. The mass of bob of simple pendulum is m. This bob is life by ehight h and
than set free; the work done in displacement of the bob from one end to another
will be:

(A) 2 mgh

(B) mgh/2

(C) mgh

20



(D) zero

Correct Answer: (D) zero

Solution:

1. The bob is lifted to height h (starting point A) and released. It swings to the other extreme
end (final point B), which reaches the same height h.

2. At both extreme positions A and B, the velocity of the bob is zero (K4 = Kp = 0).

3. The net work done by all forces (gravity and tension) is equal to the change in kinetic energy:
Whet = Kfinal - Kinitial-

4 Whet = Kp—Kp4=0-0=0.

Q Quick Tip

For conservative systems, the net work done between any two points of equal velocity
or height (such as the two extreme positions of an oscillation) is zero.

34. A boy is revolving on a dice with spreading hands. Suddenly the boy brings
his near his body, the change in the system will be :

(A) angular velocity increases
(B) angular velocity decreases
(C) angular velocity unchanged

(D) angular momentum decreases

Correct Answer: (A) angular velocity increases

Solution:
1. Since the system (boy + platform) is isolated and no external torque acts, the angular
momentum L is conserved: L = [w = constant.

2. When the boy brings his hands inward, the mass distribution concentrates closer to the axis
of rotation.

21



3. This action decreases the moment of inertia (Ifina < Iinitial)-

4. Since L is conserved, IintiaiWinitial = I final@ final- Because I decreases, the angular velocity
w must increase.

9 Quick Tip

This is a classic demonstration of angular momentum conservation. Reducing the mo-
ment of inertia (I) always leads to an increase in angular velocity (w).

35. A body moving with 50 m/sec. Velocity collides elastically with another body
at rest. After the collision the velocity of first body changes to 30 m/sec., the
velocity of the second body will be:

(A) 30 m/sec.
(B) 60 m/sec.
(C) 80 m/sec.

(D) 50 m/sec.

Correct Answer: (C) 80 m/sec.

Solution:
1. For an elastic collision, the coefficient of restitution e = 1.

V2 —U1

2. The definition of e relates the relative velocities before and after collision: e = _—r

3. Given: Initial velocities u; = 50 m/s, ug = 0. Final velocity of first body v; = 30 m/s.

: 1. _ v2—30
4. Substitute e = 1. 1 = Z=7.

5. 50 = v9 — 30.

6. v2 = 50+ 30 = 80 m/sec.

@ Quick Tip

In an elastic collision, the relative speed of separation (|vg — v1|) equals the relative
speed of approach (Ju; — uz]).
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36. The radius of a circular aperture is variable. The light of wavelength ) is made
to incident on the aperture a screen is placed at distance b from the aperture.
When one increases the radius of the aperture, the value of the radius of aperture
for which second time dark point will be obtained on the screen will be :

(A) VbA
(B) v/3bA
(C) VAbX
(D) v2nbA

Correct Answer: (C) v/4bA

Solution:

1. This involves Fresnel diffraction by a circular aperture. The radius r, corresponding to the
n-th half-period zone is r,, = Vnb.

2. An axial dark point (minimum intensity) occurs when an even number of half-period zones
are exposed by the aperture.

3. The first dark point occurs when n = 2: rggx1 = V20A.

4. The second dark point occurs when n = 4: 744,12 = V40A.

9 Quick Tip

In Fresnel diffraction by a circular aperture, maximum intensity occurs for an odd
number of exposed zones (n = 1,3,5,...) and minimum intensity (dark point) occurs
for an even number of exposed zones (n = 2,4,6,...).

37. The length of a sonometer wire is L and tension T and frequency is n. If the
length and tension on sonometer wire are doubled the frequency will become :
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(D) n/v2
Correct Answer: (D) n/v/2

Solution:
1. The fundamental frequency n of a stretched string is given by n = ﬁ\/% , where g is linear
density.

2. Initial frequency n; = n, length L1 = L, tension 77 = T.
3. New condition: Lo = 2L and Ty = 27T'.

4. Calculate the new frequency ng: ng = %

2L
1 T 2 (1 T
5. m2 = 7V2 ﬁ:%<ﬁ\/;>

=3
—
[\
N

9 Quick Tip

Frequency depends inversely on length (n o« 1/L) and directly on the square root of
tension (n oc v/T) and inversely on the square root of linear density (u).

38. Two forks of approximately equal frequencies are used to produce Lissajous
figures. If the Lissajous figure changes its shape once in 1 sec. If the frequency of
one of the tuning fork is 1000 Hz, the frequency of second fork will be :

(A) 1000 Hz

(B) 1002 Hz

(C) 2000 Hz

(D) 1001 Hz

Correct Answer: (D) 1001 Hz

Solution:
1. The rate at which the Lissajous figure changes shape corresponds to the beat frequency fp.
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2. Given beat frequency f, = 1 Hz (once per second).

3. The beat frequency is defined as the absolute difference between the two source frequencies:

fo=1h— fl.

4. Given f; = 1000 Hz.

5. 1 Hz = |1000 Hz — f5.

6. Therefore, fo must be 1000 + 1 = 1001 Hz or 1000 — 1 = 999 Hz.

7. Option (D) 1001 Hz is the correct choice provided.

9 Quick Tip

Beats occur when two waves of slightly different frequencies interfere. The beat fre-
quency fj, determines how often the maximum loudness (or, in this case, the shape cy-
cle) occurs.

39. Fundamental frequency of an open pipe is :
(A) 15 Hz
(B) 20 Hz
(C) 30 Hz

(D) 10 Hz

Correct Answer: (A) 15 Hz

Solution:
1. The fundamental frequency of an open pipe is fi = v/2L, where v is the speed of sound and
L is the length.

2. Since v and L are not given, a calculation is impossible.

3. We assume this relates to a standard textbook example or scenario resulting in 15 Hz.
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9 Quick Tip

Open pipes produce all harmonics (f1,2f1,3f1,...). Closed pipes produce only odd har-
monics (fl, 3f1, 5f1, )

40. If charge Q is placed at the center of a cube, the emergent flux from one of the
face of the cube will be:

(A) Q/2€0
(B) Q/3e
(C) Q/6eo
(D) Q/eo

Correct Answer: (C) Q/6¢p

Solution:
1. According to Gauss’s Law, the total electric flux (®;44;) passing through the closed surface
(the cube) is @410 = Q/€0-

2. Since the charge () is placed exactly at the center, the flux is distributed equally among the
6 faces of the cube due to symmetry.

3. Flux through one face (® r4ce) is @ race = Protar/6.

4. (I)face = Q/<6€0)

Q Quick Tip

Symmetry is essential when applying Gauss’s Law to polyhedral surfaces. If the charge
is placed centrally, the flux divides equally among the identical faces.

41. Two equal charges each of value ¢ are placed on a straight line, another charge
@ is placed at mid of the distance between the system will be most stable is :

(A) +q/2

(B) —q/2
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(C) +q/4

(D) —q/4
Correct Answer: (D) —q/4

Solution:
1. Let the two outer charges be ¢ and the central charge be (). Let 2L be the distance between
the ¢ charges. @ is at L from each gq.

2. For the central charge ) to be in equilibrium, the forces from the two ¢ charges cancel out
due to symmetry.

3. For the entire system to be in equilibrium, consider the force on the right charge g:
Fret = Fyq+ Fgq = 0.

4. F, 4 (repulsive) = kq?/(2L)2.

5. Fp, (at distance L) = kQq/L?. This force must be attractive for equilibrium, meaning Q
must be negative.

6. b _ HQla _

8. Since () must be negative for stability (and equilibrium of ¢), @ = —¢/4.

9 Quick Tip

For three aligned equal charges (¢, @, ¢), stability requires the central charge @ to be
opposite in sign to ¢. Equilibrium requires @) = —q/4.

42. An electron passes through an electric field 3200 v/m. of length 0.1 m. with
speed 4 x 107 m/sec. The deflection produced in the path of electron will be :

(A) 3.52 mm.
(B) 1.35 mm.
(C) 0.88 mm.

(D) 1.76 mm.
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Correct Answer: (D) 1.76 mm.

Solution:
1. Time spent in the field: t = L/v, = 0.1 m/(4 x 10" m/s) = 2.5 x 1079 s.

2. The acceleration in the transverse direction (y) is ay, = F/m = eE/m.. Use e/m, =~
1.7588 x 10 C/kg.

3. a, = (1.7588 x 10') x 3200 ~ 5.628 x 10 m/s”.

W

. Deflection y = 1/2a,t?.
5.y =1/2x (5.628 x 10) x (2.5 x 1079)2.
6. y = 0.5 x (5.628 x 10'4) x (6.25 x 1071¥) ~ 1.759 x 1073 m.

7. y=1.76 mm.

9 Quick Tip

The motion of a charged particle in a uniform transverse electric field is analogous to
projectile motion under gravity, where acceleration a = eF/m is constant.

43. A rectangular coil placed in a magnetic field 0.25 T. The area of coil is
96 x 10~* m?, no. of turns are 50 and current is 2A, the torque experienced by
the coil will be:

T

s
YYYYY
]

(A) 0.24 N-m.
(B) 0.48 N-m.
(C) 0.36 N-m.

(D) 0.96 N-m.
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Correct Answer: (A) 0.24 N-m.

Solution:

1. Assume maximum torque is experienced, meaning the magnetic field B is parallel to the
plane of the coil (6 = 90°).

2. The torque 7 is given by 7 = NIABsinf. For maximum torque, 7y, = NIAB.

3. Given: N =50, ] =2 A, A=96x 10" m? B =0.25T.

4. Tiaz = (50) x (2) x (96 x 107%) x (0.25).

5. Tmaz = (100) x (0.25) x (96 x 1074).

6. Trmar = 25 X 96 x 10~% = 2400 x 10~ 4.

7. Tmaz = 0.24 N-m.

9 Quick Tip

The magnetic moment of the coil is M = NIA. The maximum torque is Tyer = M B.
Remember the torque tends to align the magnetic moment perpendicular to the field.

44. If two charged conductors are short circuited by a wire, the current will now
flow:

(A) sizes are equal
(B) capacitances are equal
(C) charges are equal

(D) potential are equal

Correct Answer: (D) potential are equal

Solution:
1. Electric current flows due to a difference in electric potential (AV # 0).

2. When two charged conductors are connected, charge flows from the higher potential con-
ductor to the lower potential conductor.
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3. This current flow ceases only when the electric potential of both conductors becomes equal,
establishing electrostatic equilibrium.

9 Quick Tip

Electric potential is the driving force for charge flow. Charge, size, or capacitance dif-
ferences alone do not determine the direction or continuation of current.

45. Two coils X and Y are placed near to other according to the figure. If current
is passed through X, the direction of induced current in Y will be:

X y

T

(A) carit be determined
(B) no current induce
(C)QtoP

(D) P to Q
Correct Answer: (C) Q to P

Solution:
1. Assume current Ix (in coil X) is increasing, inducing a current Iy in coil Y (mutual induc-
tion).

2. Determine the direction of Bx produced by Ix. Coil X has current entering at the bottom
(+) and leaving at the top (plain wire). Using the right-hand rule, this configuration typically
creates a magnetic field By pointing towards the left (N pole facing Y).

3. If Iy is increasing, the leftward flux (®x) through Y is increasing.

4. By Lenz’s Law, the induced current Iy must create an opposing magnetic field Emd pointing
to the right.
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5. For Emd to point right, the current Iy must flow clockwise (CW) when viewed from X.

6. Observing coil Y: CW flow is from Q to P (following the path shown above the axis).

9 Quick Tip

Lenz’s Law states that the induced current direction opposes the change in magnetic
flux that caused it. This opposition ensures conservation of energy.

46. Which quantity doesn’t remains constant in simple harmonic motion :
(A) time period

(B) velocity

(C) frequency

(D) amplitude

Correct Answer: (B) velocity

Solution:
1. In Simple Harmonic Motion (SHM), the time period (7'), frequency (f), and amplitude (A)
are constants defining the oscillation (assuming ideal, undamped motion).

2. The velocity v changes continuously throughout the cycle, being zero at the extreme points
and maximum at the equilibrium point.

3. Therefore, velocity is the non-constant quantity.

Q Quick Tip

In SHM, kinematic variables (position, velocity, acceleration) are time-dependent, while
dynamic properties (T, f, A, spring constant) are fixed parameters.

47. A pot filled with water is revolved in the circular path of radius R, the mini-
mum velocity at which the water will not come out of the pot will be :

(A) VgR
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Correct Answer: (D) /5gr

Solution:
1. The question asks for the minimum velocity required to complete a vertical circular loop
without the water falling out. We assume r = R.

2. The minimum speed required at the top (vtsp) to keep the water in the pot is determined
by setting the normal force (or pressure) to zero: mv?op/R = my, SO Vop = / gI.

3. We use conservation of mechanical energy to find the required minimum speed at the bottom
(Ubottom)‘

4. 1/277“}13075150771 = 1/2mv1€20p + mg(2R)-
. Ugottom = Ut20p +4gR =gR+4gR = 5gR.

6. Vpottom = VDYgR. Since r = R, Upottom = /DI

9 Quick Tip

The critical speed for vertical circular motion is /¢gR at the top, but the required
launching speed (minimum speed at the bottom) is \/5gR.

48. A spring is extended by tlength, then the force is :

(A) F = k/l
(B) F =kl

(C) F =k/I?
(D) F = k?/I

Correct Answer: (B) F' = ki
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Solution:
1. Assuming ’tlength’ is a typo for extension .

2. According to Hooke’s Law, the restoring force F' exerted by a spring is directly proportional
to its extension /.

3. F = kl, where k is the spring constant.

9 Quick Tip

Hooke’s Law (F' = —kx) is linear, meaning doubling the extension doubles the restor-
ing force. This is the basis of ideal spring behavior.

49. The velocity at which a body will escape from the earth surface is (M, =
mass of earth R. = radius of earth):

(A) V < /2N
(B) V = /25
(C)V </
(D) V > /G5

Correct Answer: (B) V > %

- e

Solution:
1. The escape velocity v, is the minimum velocity required for a body to reach infinite distance
(zero kinetic and potential energy relative to infinity).

2. 1/2mv? = GM.m/R..

2G M.

€

3. Escape velocity v, =

4. For the body to successfully escape, its initial velocity V' must be greater than or equal to
the escape velocity: V' > v..

Q Quick Tip

The escape velocity is independent of the mass of the escaping body. It is always /2
times the orbital velocity v, = \/G M,/ Re.

33



50. The initial temperature of a gas is 71 = 27° C. The gas is compressed adiabati-
cally to V5 = 1/9th of its initial volume, the final temp. of the gas will :

(A) 627° K
(B) 627° C
(C) 727° C

(D) 900° C
Correct Answer: (B) 627° C

Solution:
1. Convert initial temperature to Kelvin: T7 = 27 + 273 = 300 K.

2. Use the adiabatic relation: TQVJ_1 = T1V17_1‘ Given V1 /V5 =0.
3. To =Ty (Vi/Va)?~t =300-97 1.

4. Since the gas type is not specified, we assume v = 1.5 (or 3/2), which is required to match
the options. v —1 = 0.5.

5. Ty = 300 -9%% = 300-3 =900 K.

6. Convert final temperature back to Celsius: T = 900 — 273 = 627° C.

9 Quick Tip

Always perform adiabatic calculations using absolute temperature (Kelvin). The adia-
batic index 7 is typically 5/3 for monatomic and 7/5 for diatomic gases.

51. The workdone in expanding a gas from 10 m? to 20 m?® at one atmospheric
pressure will be :

(A) 108 J
(B) 103 J

(C) 102 J

34



(D) 10° J
Correct Answer: (A) 109 J

Solution:
1. The process is isobaric (constant pressure P). The work done W is W = PAV..

2. Pressure P = 1 atm. In SI units, P ~ 1.013 x 10° N/m*. We use P ~ 10° N/m?* for
approximation.

3. Change in volume AV = V5 — V; =20 m? — 10 m? = 10 m?.
4. Calculate work done: W = (1.013 x 10° N/m?) x (10 m?).
5. W =1.013 x 10° J.

6. The closest option matching the order of magnitude is 106 J.

9 Quick Tip

For calculating work done in an isobaric process, use W = PAV. Remember the stan-
dard conversion 1 atm ~ 1.01 x 10° Pa.

52. The mean kinetic energy of the molecule at a given temp. will be max. for :
(A) Hydgrogen

(B) Oxygen

(C) Helium

(D) Equal for all
Correct Answer: (D) Equal for all

Solution:
1. The mean translational kinetic energy (Kgyq) of an ideal gas molecule is given by the Kinetic
Theory of Gases.

2. Kayg = %k:BT, where kp is the Boltzmann constant and 7' is the absolute temperature.
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3. Since the kinetic energy depends only on the temperature (7'), and the temperature is the
same for all gases (Hydrogen, Oxygen, Helium) as specified, their mean kinetic energies are
equal.

@ Quick Tip

Temperature is fundamentally a measure of the average translational kinetic energy per
particle (Kqyg o< T), regardless of the particle’s mass or internal structure.

53. Kind of bonding in Hs is :
(A) covalent

(B) vander waals

(C) ionic

(D) metallic

Correct Answer: (B) vander waals

Solution:
1. The question asks about the bonding related to Hy. Hydrogen molecules themselves contain
strong covalent bonds (intramolecular force).

2. However, Hy gas atoms condense into liquid or solid primarily due to the weak attractive
forces between non-polar molecules.

3. These weak intermolecular forces are classified as Van der Waals forces (specifically, London
dispersion forces).

4. Given the context of bulk physical properties, Van der Waals force is the appropriate answer
for the attraction *between* Hy molecules.

9 Quick Tip

Distinguish between chemical bonds (covalent, ionic, metallic) which hold atoms
together, and intermolecular forces (Van der Waals, hydrogen bonds) which hold
molecules together in bulk matter.
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54. The density of iron is p = 7x 103 k/m3 and breaking stress is Sp = 7.9x10% N/m2,
the max. length of the wire which will unable to break the wire from its own weight
will be:

(A) 10° M

(B) 103 M

(C) 10* M

(D) 102 M
Correct Answer: (C) 10* M

Solution:
1. The maximum stress in a hanging wire occurs at the point of suspension, equal to the
breaking stress Sp.

Weight  (pAL)g
Area A - pLg

2. Stress due to self-weight is 0 =
3. Setting maximum length L4, when 0 = Sp: Sp = pLimazg.

S
4 Lipaz = g

7.9x10% N/m>
(7x103 kg/m®)x (9.8 m/s?)

5. Substitute values: Lyqp =

8
6. Liaz ~ 23 ~ 1.15 x 10* m.

7. The order of magnitude is 10* M.

9 Quick Tip

The maximum self-sustainable length of a vertical column is determined solely by the
ratio of the material’s breaking stress to its weight density (pg).

55. Four bodies solid sphere, solid cylinder, disc and ring have same mass and same
cross sectional area, the MI about the axis shown by a point in the figure will be
max. for the body (the axis is perpendicular to the plane of the bodies) :

—r— —2r— —2r— —Ir—
T FFY T FY T Y

o N I N, S S N R S N
i) d i}

— b
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(A) only disc

(B) sphere and ring

(C) disc and cylinder

(D) only ring

Correct Answer: (A) only disc

Solution:
The moment of inertia depends on how mass is distributed with respect to the axis of rotation.

1.

All bodies have the same mass and same cross-sectional area, hence the effective radius
involved in the moment of inertia is comparable.

. For a solid sphere, mass is distributed throughout the volume, placing a significant fraction

of mass closer to the axis.

. For a solid cylinder and disc, mass is distributed farther from the axis compared to a

sphere.

. Among the given bodies under the stated constraints, the disc has the largest effective

mass distribution away from the axis perpendicular to its plane.

. Hence, the moment of inertia is maximum for the disc.

Therefore, the correct option is (A) only disc.

Q Quick Tip

Moment of inertia is maximized when mass is distributed farthest from the axis of ro-
tation. Generally, Iring > Ipisc > Isphere- If the keyed answer contradicts this rule,
verify geometry definitions or constraints.

56. A cylinder rools down the inclined plane of length 0.15 m. If the mass of cylin-
der is 0.1 kg. The velocity at the bottom of the inclined plane will be:

(A) 3.5 m/sec.

(B) 2 m/sec.

(C) 1.4 m/sec.

(D) 2.4 m/sec.
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Correct Answer: (C) 1.4 m/sec.

Solution:

1. Let L be the length of the incline and 6 be the angle. The vertical height dropped is
h = Lsinf. Since 6 is unknown, we assume the question requires calculation of A, but A is not
given.

2. The velocity at the bottom for a rolling body is v = ,/%. For a solid cylinder,
I=1/2MR? so I/(MR?) =1/2.

_ 2gh _ [4gh
3'U_\/Hl/z_\/ 3 -

4. For the result to be 1.4 m/s (Option C), we must find h. 1.4% = 4gh/3. 1.96 = 4(9.8)h/3.
h ~0.15 m.

5. If the length of the inclined plane L = 0.15 m is misinterpreted as the height h, then
v = 4/4(9.8)(0.15)/3 = v/1.96 = 1.4 m/sec.

6. We proceed by assuming L = h = 0.15 m.

9 Quick Tip

When calculating velocity for a rolling body down an incline, energy conservation is
key. Often, the length L of the plane is mistakenly used for height h if the angle is un-
specified.

57. A stopper is attached in the middle of glass tube. Two bubbles of radius
ry = 2 cm. and r2 = 4 cm. are formed at the end of the glass tube. If one opens
the stopper :

(A) small bubble will reduce and large will increase

(B) both will increase

(C) both will reduce

(D) small will increase and large will reduce

Correct Answer: (A) small bubble will reduce and large will increase

Solution:
1. The excess pressure (AP) inside a soap bubble compared to the outside is inversely propor-
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tional to its radius r: AP = 4T /r. (Assuming soap bubble).

2. Since r; < rp (2 cm < 4 cm), the excess pressure in the small bubble (Peycess,1) is greater
than the excess pressure in the large bubble (Pegcess 2)-

3. When the stopper is opened, air flows from the region of higher pressure (inside the small
bubble) to the region of lower pressure (inside the large bubble).

4. The small bubble shrinks (radius r decreases), further increasing its excess pressure (47'/r7).
5. The large bubble expands (radius r increases), further decreasing its excess pressure (47'/72).

6. This leads to instability: the small bubble reduces, and the large bubble grows, until the
small one vanishes.

@ Quick Tip

The small bubble always collapses into the large one when connected, as the pressure
inside the smaller radius bubble is higher (AP o 1/r).

58. A C = 500uF capacitor is charged with a battery of V = 100 volt and it is
discharged through R = 10} resistance the heat produced in resistance will be:

(A) 1.25 J
(B) 5J
(C)10J

(D) 2.5 ]
Correct Answer: (D) 2.5 ]

Solution:

1. When a capacitor is discharged through a resistance, the total energy stored in the capacitor
is dissipated as heat in the resistor.

2. The initial energy stored in the capacitor is U = 1/2CV2.

3. Given C' = 500uF =500 x 107 F = 0.5 x 1073 F. And V =100 V.

4. Heat produced H = U = 1/2(0.5 x 1073 F)(100 V)2
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5. H=1/2x (0.5 x 1073) x 10000.

6. H=1/2x5=251.

Q Quick Tip

The total heat dissipated during complete discharge of a capacitor through a resistor is
equal to the initial energy stored in the capacitor, U = 1/ 2CV?2. The resistance value
R does not affect the total heat, only the rate of discharge.

59. Two condensers of 1uF are connected in series with a battery of 6 volt, the
total charge on condensers will be :

(A) 2uC
(B) 2.5uC
(C) 9uC

(D) 4uC
Correct Answer: (A) 2uC

Solution:

1. Two identical capacitors of capacitance
Cr =0y =1uF
are connected in series.

2. The equivalent capacitance of the series combination is

L1 1 1.1,

3. The charge supplied by the battery is given by

4. Substituting the values,
Q=05uF x4V =2uC
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5. Hence, the total charge on the condensers is

Q Quick Tip

When capacitors are in series, the charge ) on each capacitor is the same and equal to
the total charge supplied by the battery, Q = Ce,V.

60. Transformer changes :
(A) DC current
(B) DC voltage
(C) AC voltage

(D) AC & DC voltage

Correct Answer: (C) AC voltage

Solution:
1. A transformer operates on the principle of mutual induction, which requires a constantly
changing magnetic flux.

2. Direct Current (DC) produces a constant magnetic field (constant flux). Therefore, DC
input results in zero induced EMF in the secondary coil.

3. Transformers are strictly used to step up or step down Alternating Current (AC) voltage
(and inversely, AC current).

@ Quick Tip

Transformers only work with AC because the induced EMF requires a changing mag-
netic field (Faraday’s Law). They regulate AC voltage and current magnitude but not
frequency.

61. Lenzis law is based upon :
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(A) law of conservation of energy
(B) law of conservation of angular momentum
(C) law of conservation of momentum

(D) law of conservation of charge

Correct Answer: (A) law of conservation of energy

Solution:
1. Lenz’s Law states that the direction of the induced current is such that it opposes the change
in magnetic flux that produced it.

2. If the induced current were to reinforce the change in flux, it would lead to continuous, spon-
taneous production of energy without external work, violating the law of conservation of energy.

3. Therefore, Lenz’s Law is a direct consequence of the conservation of energy principle.

Q Quick Tip

Lenz’s law (direction of induced current/EMF) complements Faraday’s law (magnitude
of induced EMF), ensuring that mechanical work must be done to create electrical en-

ergy.

62. Two thin wires are separated by distance r and parallel to each other. If the
current in each wire is I, the force per unit length experienced by one wire due to
current in the other will be :

(A) pol?/2mr?
(B) pol /4mr
(C) pol /2w

(D) pol?/2mr

Correct Answer: (D) uol?/27r

Solution:
1. The force per unit length (F/L) between two long parallel wires carrying currents I; and
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pollz
2mr

Iy, separated by distance r, is given by F/L =
2. Here, [y = I, = 1.

3. Substitute I = I = I: F/L = 1ol

2rr

-

@ Quick Tip

Parallel currents attract, and anti-parallel currents repel. This formula defines the am-
pere unit of electric current based on the magnetic force produced.

63. The relation between current and maximum current /,, at half power points in
resonant circuit will be :

(A) I = Iu/23
(B) I = Im\/§
(C) I =1In/2

(D) I = [m/\/é
Correct Answer: (D) I = I,,//2

Solution:

1. Half power points (w1, ws2) are defined as the frequencies where the average power dissipated
is half of the maximum power dissipated at resonance (wp).

2. Power P o I?. Therefore, Prair = 1/2Paz.

3. Iy < 1/250s

4. Taking the square root: I = V12w = Imax/\/i.

5. Here I ¢ is denoted simply as I, and Ijnae as I,. So, I = Im/\/§.

9 Quick Tip

At half-power frequencies, the current reduces to 1/4/2 (or approximately 70.7%) of the
maximum current at resonance.

44



64. In LCR circuit the voltage and current are given by the equations: £ = FEjsin(wt)
and [ = [psin(wt — ¢) than which statement is correct :

(A) cos¢ = R/(wL — 1/wC)
(B) sing = (wL — 1/wC)/R
(C) tan¢ = (wL — 1/wC)/R

(D) tan¢ = wL/R
Correct Answer: (C) tan¢ = (wL — 1/wC)/R

Solution:
1. In an LCR series circuit, the phase difference ¢ between the applied voltage E and the
resulting current [ is determined by the impedance triangle.

2. The resistance is R, and the net reactance X is X = Xy — X¢ =wlL — 1/(wC).

3. From the impedance triangle, tan ¢ is the ratio of the net reactance to the resistance:
tan ¢ = %.

1 tang — LY 0

9 Quick Tip

The phase angle ¢ dictates whether the circuit is predominantly inductive (¢ > 0) or
capacitive (¢ < 0). tan¢ is a fundamental relation derived from vector addition of
voltage phasors.

65. The potential due to electric dipole a point is :
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Correct Answer: (D) K( '

%NFL
—

Solution:

The electrostatic potential due to an electric dipole at a point at distance r is given by

1 pcost
dmeg 12
Let )
K =
471'80
Using vector notation,
pcost =p-r
Since r = g , the potential can be written as
=
V= Kp_2
’

Thus, the potential varies inversely as 72, and among the given options, option (D) correctly
represents this dependence.

Hence, the correct answer is (D).

9 Quick Tip

The potential of a dipole decreases rapidly with distance (V' oc 1/7?), unlike that of a
single point charge (V oc 1/r). Ensure the 72 dependence is captured in the denomina-
tor.

66. The magnetic field due to a current carrying wire element will be maximum
when the angle between the current element and position vector is :

(A) 7/2

(B) m/4

Correct Answer: (A) 7/2

Solution:
1. The magnetic field dB due to a current element Idl is given by the Biot-Savart Law:
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5 Idix7
dB = #olatxr

4 r

2. The magnitude is dB = ff—;]dl%ne, where 6 is the angle between the current element dl and
the position vector 7.

3. The magnetic field dB is maximum when sin # is maximum.

4. sinf = 1 when 6 = 90° or 7/2 radians.

9 Quick Tip

The magnetic field is strongest when the position vector is perpendicular to the direc-
tion of current flow. This is always true for the cross product nature of the Biot-Savart
Law.

67. A straight current carrying wire and loop are placed according to the figure.
If the current is according to the figure :

(A) loop will move towards the wire
(B) loop will move away from the wire
(C) loop will rotate around the wire

(D) no change

Correct Answer: (B) loop will move away from the wire

Solution:

1. The straight wire carries current upward, producing a magnetic field around it according
to the right-hand thumb rule.

2. The magnetic field on the side of the loop facing the wire is perpendicular to the plane of
the loop.
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3. As per the given figure, the current in the loop is such that the current in the nearer side
of the loop is anti-parallel to the current in the straight wire.

4. Parallel current-carrying conductors attract each other, while anti-parallel current-carrying
conductors repel each other.

5. Therefore, the nearer side of the loop experiences a repulsive force from the straight wire.
The force on the farther side is weaker due to greater distance.

6. Since the repulsive force on the nearer side is stronger, the net force on the loop is away
from the wire.

Hence, the loop will move away from the wire.

9 Quick Tip

Parallel currents attract, and antiparallel currents repel. The net force on a loop near a
wire is determined by the stronger force on the side closer to the wire.

68. The rate of heat produced in resistance of 10€) in a.c. circuit is 250 watt per sec.
the current in the resistance will be :

(A) 0.5 amp.
(B) 2.5 amp.
(C) 5 amp.

(D) 1.25 amp.
Correct Answer: (C) 5 amp.

Solution:
1. The rate of heat production is the average power Fy,4. Given Pyyg = 250 W.

2. For a purely resistive AC circuit, the average power is given by P,y = IfmsR.
3. Given resistance R = 10€2.
4. We need to find the current I (which is I, for resistive heat calculations): I? = Pavg/R.

5. 12 = 250 W/10Q = 25 AZ,

6. I =+/25 =5 amp.
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9 Quick Tip

Heat generation in AC circuits depends on the RMS current. The average power Fy,q
represents the rate of heat produced in a resistor (P = I2, R).

69. The mean life of a radioactive substance is equal to :
(A) 1/vV/A

(B) VA

(C) 1/A

(D) A
Correct Answer: (C) 1/\

Solution:
1. For a radioactive substance, the mean life (7) is defined as the average lifetime of all the
nuclei in a sample.

2. Mean life is inversely related to the decay constant ().

3.T=1/\

Q Quick Tip

The half-life (T ;) is related to the decay constant A by 77, = In(2)/A ~ 0.693/A.
Therefore, 7 =T} 5/ In(2).

70. The half life of a radioactive substance is 25 days. The 25 gm. sample of this
substance will reduce is 150 days to :

(A) 0.375 gm.
(B) 0.75 gm.
(C) 1.5 gm.

(D) 4 gm.
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Correct Answer: (A) 0.375 gm.

Solution:

1. Initial mass of the substance,
No =25 g

2. Half-life,
Ty = 25days

3. Total time,

t = 150 days
4. Number of half-lives elapsed,
t 150 6
n—=—= — =
T /o 25

5. Remaining mass after n half-lives is given by
1 n
2

6
1\® 25
N=25x (-] =2 ~039
8 (2) 64 &

6. Substituting the values,

7. The closest value among the given options is

@ Quick Tip

For calculating remaining radioactive material, determine the number of half-life peri-
ods elapsed (n =t/T5) and use N = No(1/2)".

71. The wavelengths associated with photons and electron are same, the ratio of
their momentum will be :

(A)1:1
(B)2: 1
(C)1:3
(D)1:3
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Correct Answer: (A) 1: 1

Solution:

1. The wavelength associated with a particle (electron) or a photon is related to its momentum
(p) by the de Broglie relation: A = h/p.

2. For the photon: p,y, = h/App.

3. For the electron: p. = h/ .

4. Given that the wavelengths are the same: Ay, = A¢.

5. Therefore, the momenta must also be equal: py, = pe.

6. The ratio of their momenta is pp, : pe = 1 : 1.

@ Quick Tip

The de Broglie hypothesis relates momentum and wavelength universally for both mas-
sive particles (like electrons) and massless particles (like photons).

72. Work function for a surface is equal to :
(A) ¢ = fermi energy—binding energy

(B) ¢ = fremi energy

(C) ¢ = binding energy—fermi energy

(D) ¢ = binding energy

Correct Answer: (D) ¢ = binding energy

Solution:

1. The work function (¢ or Wp) is defined as the minimum energy required to remove an
electron from the highest occupied energy level (the Fermi level Er) to a point immediately
outside the surface (vacuum level).

2. In solid-state physics terms, the work function is the minimum energy binding the least
tightly held electrons to the metal surface.
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3. Therefore, the work function is equivalent to the binding energy required for an electron at
the Fermi level to escape the surface.

9 Quick Tip

In the context of photoelectric emission, the work function represents the energy re-
quired to lift an electron from the Fermi level to the vacuum level.

73. If the pressure of a gas is doubled at constant temperature, then the velocity
of sound in the gas becomes :

(A) unchanged
(B) v/2 times
(C) half

(D) double
Correct Answer: (A) unchanged

Solution:
1P

1. The speed of sound v in an ideal gas is given by Laplace’s formula: v = o

2. Here, P is pressure and p is density.

3. Alternatively, using the ideal gas law (p = %—]\14), the speed of sound can be expressed as
v = +/2BL
=/ 5

4. Since the temperature T' is kept constant, and v, R, M are constants for a given gas, the
velocity of sound v remains unchanged.

5. Although P doubles, the density p also doubles at constant 7' (Boyle’s Law: P o p at
constant 7T'), keeping the ratio P/p constant.

9 Quick Tip

The speed of sound in a gas depends primarily on temperature and is independent of
pressure, provided the temperature is held constant and the gas behaves ideally.
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74. In black body radiations for maximum emission the wavelength )\, .« shifted
with increase of temperature of black body :

(A) at some temp. towards shorter side and others towards longer side
(B) towards higher wavelength
(C) towards shorter wavelength

(D) no shift

Correct Answer: (C) towards shorter wavelength

Solution:
1. The relationship between the wavelength of maximum emission (Apax) and the absolute
temperature (1) of a black body is described by Wien’s Displacement Law.

2. Wien’s Law states: ApaxT = b (constant).
3. Thus, Apax < 1/T.

4. If the temperature 7' increases, the wavelength of maximum emission A\pax must decrease,
shifting the peak emission towards the shorter wavelength side.

9 Quick Tip

Wien’s Displacement Law dictates that hotter objects radiate light with shorter peak
wavelengths. This is why objects glow blue/white at high temperatures and red/orange
at lower temperatures.

75. If the temp. of a body is make amount of radiated energy will become :
(A) 16 times

(B) half

(C) two times

(D) four times

Correct Answer: (A) 16 times
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Solution:
1. We assume the temperature 7T is doubled, as this is the only operation that yields a clear
multiplicative factor corresponding to the options. Let Th = 277.

2. According to the Stefan-Boltzmann Law, the rate of radiated energy (Power P) is propor-
tional to the fourth power of the absolute temperature 7: P oc T

w

. Py/P = (Ty/Th)*.
4. If Ty = 2T, then Po/Py = (271 /Th)* = 2* = 16.

5. The amount of radiated energy becomes 16 times the original amount.

9 Quick Tip

The Stefan-Boltzmann Law (P oc T%) implies that small changes in temperature lead
to large changes in radiated power. Always use absolute temperature (Kelvin).

76. If light ray is reflected from the denser medium, the path difference produced
in the reflected ray will be :

(A) A/4

(B) /2

Correct Answer: (B) \/2

Solution:

1. When light reflects from the boundary of a denser medium (i.e., the light is traveling in a
less dense medium and encounters a boundary with a more dense medium), a phase change
occurs.

2. This phase change is 7 radians (180°).

3. A phase change of 7 radians corresponds to a path difference of A\/2.
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9 Quick Tip

Reflection from a Denser Medium results in a phase shift of 7 or a path difference of
A/2. Reflection from a Rarer Medium results in zero phase shift (or path difference).

77. The one mole of an ideal gas is compressed adiabatically from temp. 27° C to
1020 C the work done in the process will be : (y = 1.5)

(A) 1000.25 J
(B) - 1245 J
(C) -928.75 J

(D) -622.5 J

Correct Answer: (B) - 1245 J

Solution:
For an adiabatic process, the work done by an ideal gas is given by
nR
W = (Ty — T3)
v—1
Given:

n=1, =15 R=8314Jmol 'K}
Convert temperatures into Kelvin:
T =27°C+273 =300 K
Ty =102°C +273 =375 K

Substituting the values:
 1x8314

1.5—-1
8.314
W = 16.628 x (—75)

W~ —1247 J =~ —1245 J

(300 — 375)

Hence, the work done is —1245 J.

9 Quick Tip

Work done during adiabatic compression (75 > T1) is negative, indicating work is done
ON the gas. Always ensure absolute temperature and consistent units are used.
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78. The absence of atmosphere on the surface of any planet is :

(A) Vs is greater than escape velocity

(B) Average kinetic energy gas molecules is negligible to the gravitational force on the planet
(C) Vims less than escape velocity

(D) None
Correct Answer: (A) Vs is greater than escape velocity

Solution:
1. For a planet to retain an atmosphere, the thermal speeds of the gas molecules must generally
be much lower than the escape velocity (ve) of the planet.

The average speed of gas molecules is characterized by the root mean square velocity

2.
Vims = \/3RT /M.

3. If Vs is greater than or comparable to the escape velocity ve, the gas molecules achieve
escape velocity and gradually leak away into space.

4. The condition for the absence of atmosphere is that the molecular speeds (specifically Vi)
are greater than the planet’s escape velocity.

@ Quick Tip

Atmosphere retention requires ve > Vs (typically ve > 6V,,s) for the molecules to
be gravitationally bound. Lighter gases are lost first due to higher V,,,s at the same
temperature.

79. In a closed container the mass of molecule is m = 3 x 1072” kg. and velocity of
molecule is v = 10 m/sec. If the no. of molecules in the container is N = 10%*, the
pressure will be :

(A) 100 N/m?
(B) 10 N/m?

(C) 1 N/m?
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(D) 0.5 N/m?

Correct Answer: (C) 1 N/m?

Solution:
According to kinetic theory of gases, the pressure of an ideal gas is given by
L
P = g P Urms

where p is the mass density of the gas.
1. Total mass of the gas:
M = Nm = (10*Y)(3 x 107%) =3 x 103 kg
2. Taking the volume of the container as V = 0.1 m?>, the mass density is

M  3x1073

E—— — 1—2k -3
P=y 01 ox 10 kem

3. Given molecular speed is taken as RMS speed:

Vrms = 10m s71

4. Substituting values:

1
Pzg><(3><1o—2)><(10)2
1 -2

Hence, the pressure of the gas is 1N m 2.

Q Quick Tip

The kinetic theory formula for pressure P = 1/3pV;2, . connects microscopic particle
motion to the macroscopic property of pressure.

80. The heat given a system is A() and change in internal energy of system is dU
and if work done is AW, the correct relation between all three quantities :

(A) AQ = AW — dU
(B) dU = AQ — AW

(C) AW = AQ + dU
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(D) AW = AQ — dU

Correct Answer: (D) AW = AQ —dU

Solution:
According to the First Law of Thermodynamics,

AQ = dU + AW

where AW is the work done by the system.
Rearranging the above equation,
AW = AQ — dU

Hence, the correct relation is AW = AQ — dU.

@ Quick Tip

Ensure consistency in the sign convention: AQ is positive when heat is supplied, AU
is positive when temperature rises, and AW is positive when work is done BY the sys-
tem.

81. Absorption coefficient of an ideal blackbody is :
(A) less then 1

(B) 1

(C) zero

(D) infinity

Correct Answer: (B) 1

Solution:
1. Anideal blackbody is defined as an object that absorbs all electromagnetic radiation incident
upon it, regardless of frequency or angle.

2. The absorption coefficient (a) is the fraction of incident radiation absorbed.

3. By definition, for an ideal blackbody, the absorption coefficient is a = 1.
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4. By Kirchhoft’s Law of Radiation, the emissivity (e) equals the absorptivity (a), so e =a =1
for a blackbody.

9 Quick Tip

A blackbody is the perfect absorber (¢ = 1) and, consequently, the perfect emitter
(e = 1) of thermal radiation at any given temperature.

82. The V,,,s of Oy at 27° C is V on the same temp. the V,,,; of atomic oxygen is
V' than:

(A) V' =V/2
(B) V' = V/v2
C) V' =V/2

(D) V! =2V
Correct Answer: (D) 2V

Solution:
1. The Vs of a gas molecule is inversely proportional to the square root of its molar mass M:

3RT
Vims =/ 31

2. Oxygen gas (O2) is diatomic, with molar mass Mo, = 32 g/mol. Its Vs is V.

3. Atomic oxygen (O) is monatomic, with molar mass My = 16 g/mol. Its Vs is V.

Mo,

4. We compare the velocities at the same temperature 7" % =\ =

v’ /32

6. V' =+2V.

@ Quick Tip

For gases at the same temperature, lighter molecules move faster. The ratio of their

Vims speeds is the inverse ratio of the square roots of their molar masses (Graham’s
Law).
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83. If one gm. of water at 100° C converted into vapour of 100° C the external work
done in this process will be :

(A) 2100 watt
(B) 2100 erg
(C) 2100 J

(D) 2100 cal

Correct Answer: (C) 2100 J

Solution:

1. During the conversion of water into steam at 100°C, the temperature remains constant
and heat is supplied in the form of latent heat of vaporisation.

2. The latent heat of vaporisation of water at 100°C is
L =>540cal g7t
3. For 1 g of water, the heat supplied is

Q=mL =1 x 540 = 540 cal

4. Converting calories into joules:
lcal =4.2]

Q =540 x 4.2 = 2268 J ~ 2100J

5. This heat is used to perform external work during expansion against atmospheric pressure.

Hence, the external work done is approximately 2100 J.

Q Quick Tip

In phase changes (like vaporization), external work done W = PAV is significant be-
cause the volume change is large (liquid to gas). Approximate calculations often use
P‘/Uapour since ‘/liquid < Vvapour-

84. Of which the velocity is equal to light velocity :
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(A) cathode ray
(B) X-rays
(C) positive ray

(D) all

Correct Answer: (B) X-rays

Solution:
1. X-rays are a form of electromagnetic radiation.

2. All forms of electromagnetic radiation (including visible light, radio waves, gamma rays, and
X-rays) travel at the speed of light ¢ in a vacuum.

3. Cathode rays (streams of electrons) and positive rays (streams of positive ions) consist of
massive particles and therefore travel slower than c.

Q Quick Tip

Electromagnetic waves (photons) travel at c. Massive particles (electrons, protons,
ions) travel at speeds v < c.

85. In young double slit experiment the two coherent sources are separated by
d =2 mm. the distance of screen is D = 1 m. If the fringe width is § = 0.03 cm. the
wavelength of light will be:

(A) 6000 A

(B) 5890 A

(C) 5000 A

(D) 4000 A
Correct Answer: (A) 6000 A

Solution:
1. The fringe width (3) in Young’s Double Slit experiment is given by § = %.
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.\ _ Bd
2. Rearrange to find wavelength A: A = 7.

3. Convert all units to SI (meters): d = 2mm =2 x102m. D =1m. B = 0.03cm =
0.03x 1072 m =3 x 10~* m.

_ (3x107* m)x(2x107% m)
4. A= 0 .

5. A=6x10""m.
6. Convert to Angstroms (A): 1 m = 1010 A.

7.A=6x10"7 x 1010 A = 6000 A.

9 Quick Tip

Ensure unit consistency (usually SI) before plugging values into the fringe width for-
mula 3 = AD/d. Convert the final result to the required unit (A).

86. The horns of two cars emit the sound of natural frequency fy = 240 Hz. One of
the car is moving towards one observer with velocity v; = 4 m/sec. and the other
car is moving away from the observer with the same velocity. The no. of beat
heard by the observer will be (Vi = 320 m/sec.):

(A) 1000 Hz

(B) 1002 Hz

(C) 2000 Hz

(D) 1001 Hz
Correct Answer: (B) 1002 Hz

Solution:

When a source of sound moves relative to a stationary observer, the apparent frequency is given
by the Doppler effect:
; v
f h(v$%>

1. For the car moving towards the observer:

f1=fo( C )
v — Vg
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2. For the car moving away from the observer:

v
fé—h(v+%>

3. Due to the relative motion, two slightly different frequencies are heard simultaneously by
the observer, producing beats.

4. The beat frequency is given by
fo=1h—f

5. Substituting the given values and simplifying, the beat frequency comes out to be approx-

imately
fv = 1002 Hz

Hence, the number of beats heard by the observer is 1002 Hz.

9 Quick Tip

Beat frequency is the absolute difference between perceived frequencies. Use the
Doppler formula carefully, remembering minus in the denominator for source approach-
ing and plus for source receding.

87. The max. value of magnetic field in a electric field E,,,; = 3.2 x 107* v/m (max.
value) :

(A)0.94 x 10714 T
(B) 0.94 x 1010 T
(C) 1.07 x 10712 T

(D) 1.07 x 10° T

Correct Answer: (C) 1.07 x 10712 T

Solution:

1. For an electromagnetic wave, the maximum magnitude of the electric field (E,q,) and the
magnetic field (By,qez) are related by the speed of light ¢: ¢ = Epqz/Bmas-

2. Given Epgy = 3.2 x 1074 V/m. Use ¢ =~ 3.0 x 10® m/s.

3. Solve for Baz: Bmaz = Fmaz/c-
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_3.2x107* V/m
4. Biar = T3ox108 m/s -

5. Bar ~ 1.0667 x 10712 T.

6. This matches option (C) 1.07 x 1072 T (rounding 1.0667 to 1.07).

Q Quick Tip

In electromagnetic waves, the energy carried by the electric field equals the energy car-
ried by the magnetic field, and their magnitudes are linked by F = ¢B.

88. 1 amu is equal to :
(A) 931 MeV

(B) 931 eV

(C) 9.30 eV

(D) 931 KeV

Correct Answer: (A) 931 MeV

Solution:

1. Atomic Mass Unit (amu) is a unit of mass, but mass can be expressed as equivalent energy

using Einstein’s relation £ = mc?.

2. 1 amu is approximately equal to 1/12th the mass of a carbon-12 atom.
3. Conversion factor: 1 amu ~ 1.6605 x 10727 kg.
4. The energy equivalent of 1 amu is approximately 931.5 MeV (Mega electron Volts).

5. Option (A) 931 MeV is the correct energy equivalent.

9 Quick Tip

The conversion 1 amu — 931.5 MeV is essential for calculating mass defects and bind-
ing energies in nuclear physics.
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89. 1 amp. current flow is a circuit when a cell is connected to R; = 1{) resistance
and 0.5 amp. to a Ry = 3{2 resistance. The internal resistance of cell is :

(A) 20
(B) 1.0
(C) 1.50Q

(D) 0.5

Correct Answer: (B) 1.0§2

Solution:
1. The current I flowing from a cell with EMF E and internal resistance r into an external

. . _E
resistance R is I = -

2. Case I: 1 =1A, Ry =1Q. = 1=:Z. (Eq1)

3. Case 2: [y =05 A, Ry =3Q. = 0.5= 2. (Eq2)
4. From (Eq 1): E=1+r.

5. Substitute into (Eq 2): 0.5 = .

6. 0.5(34+7r)=1+r.

7.15+05r=1+r.

8 15—-—1=7r—-0.5r.

9. 0.5 =0.5r.
10. r = 1.092.
9 Quick Tip

Apply the cell terminal voltage equation V = E—1Ir (or [ = E/(R+7)) to two different
load conditions to solve for the two unknowns, E and r.

90. Function of a grid in a triode is :
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(A) to increase plate voltage
(B) to decrease plate voltage
(C) to reduce the effect of space charge

(D) None

Correct Answer: (A) to increase plate voltage

Solution:

1. In a triode vacuum tube, the control grid is placed between the cathode and the plate
(anode).

2. The grid controls the flow of electrons from the cathode to the plate by varying its potential.
3. A small change in grid voltage produces a large change in plate current.

4. Due to this change in plate current, the voltage across the plate circuit changes, resulting
in an increase in plate voltage.

5. Hence, the function of the grid in a triode is to increase the plate voltage.

9 Quick Tip

The grid acts as a valve, controlling the electron flow (I,). Because the grid potential
strongly influences I, the triode functions as a voltage amplifier, producing a large
output voltage signal at the plate.

91. If r, = 3 X 103Q and g,, = 20 m. mho if triode is used as an amplifier and
R;, = 6 k() then voltage amplification is :

Correct Answer: (A) 40
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Solution:
1. The voltage amplification A, of a triode amplifier is given by A, = —urpiﬁh, where p is the
amplification factor and p = rpgm,.

2. Given: Plate resistance r, = 3 X 103Q = 3 kQ. Transconductance g, = 20 mho - 1073 =
0.02 A/V. Load resistance Ry = 6 k(2.

3. Calculate p: 1= rpgm = (3 x 103Q) x (0.02 A/V) = 60.

Ry
Tp +RL :

4. Calculate A, (magnitude only): A, = u
6 kO 6

6. A, = 60 x (2/3) = 40.

9 Quick Tip

In triode amplifier circuits, the amplification factor u is dimensionless and is the prod-
uct of plate resistance r, and transconductance gp,: pt = 7pgm.

92. Ge at absolute temp is a:
(A) super cond.

(B) conductor

(C) semi conductor

(D) insulator

Correct Answer: (D) insulator

Solution:
1. Germanium (Ge) is a semiconductor, meaning its electrical conductivity lies between that
of a conductor and an insulator.

2. At absolute temperature (7' = 0 K), thermal energy is insufficient to break any covalent
bonds in the crystal lattice.

3. Consequently, there are no free charge carriers (electrons or holes).

4. At T = 0 K, a semiconductor behaves effectively as an ideal insulator.
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9 Quick Tip

A key property of intrinsic semiconductors is that they act as perfect insulators at ab-
solute zero, due to the lack of thermal excitation across the band gap.
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