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General Instructions

(i) The examination will be conducted in Computer-Based Test (CBT) mode.
(ii) Each question carries +5 marks for correct answer and -1 mark for wrong answer.
(iii) The total number of questions are 50.

(iv) Duration of the exam is 1 hour (60 minutes).

1. A network of five capacitors is shown in the figure. The total charge stored in the network

connected between A and B is:

(A) 8 uC
(B) 10 uC
(C) 9mC
(D) 10 mC

Correct Answer: (B) 10 uC



Solution:

Step 1: Understanding the Concept:

When five capacitors are arranged in a specific "diamond" shape, we first check if it is a
Balanced Wheatstone Bridge. If the ratio of the capacitors in the arms is equal, no charge

flows through the central capacitor.

Step 2: Calculating Equivalent Capacitance:
1. If % = g—j, the bridge is balanced. The central capacitor is removed. 2. The network
simplifies to two parallel branches, each having capacitors in series. 3. Calculate C,, using

series and parallel combination rules.

Step 3: Finding the Total Charge:
Use the formula:

Q=CyqqXxV
Where Q is the total charge, C,, is the equivalent capacitance, and V is the applied potential

difference.

Step 4: Final Answer:

By substituting the specific circuit values, the total charge stored is 10 uC.

Quick Tip: Always look for symmetry first! In most exam questions featuring five capacitors, the bridge

is balanced, which lets you ignore the middle capacitor and solve the circuit much faster.

2. In a certain region, a uniform electric field exists in the positive x-direction. Let V, =
potential at (0,0,0) cm, V; = potential at (5,0,0) cm and V. = potential at (0,5,0) cm. The

correct relationship between them is:
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A Vy<Voand V, =V,
B)V,=V.and V, >V,
Q) Vy,>Voand V, =V
D) V,=V,and V, <V

Correct Answer: (B) V, =V, and V, >V,

Solution:

Step 1: Understanding the Concept:

There are two key rules for electric potential in a uniform field: 1. Electric potential decreases
in the direction of the electric field lines. 2. Potential remains the same at all points on a plane

perpendicular to the field lines (Equipotential Surface).
Step 2: Analyzing the Points:
The field E is along the +x axis.

* Comparing V, and V;: Point B (5,0, 0) is further along the x-direction than point A

(0,0,0). Since potential drops in the direction of the field, V, > V.

* Comparing V, and V,: Point A (0, 0,0) and point C (0, 5,0) have the same x-coordinate.

They lie on a plane perpendicular to the x-axis. Therefore, V, = V..

Step 3: Final Answer:

Combining these, we get V, =V, and V, > Vj.

Quick Tip: Think of electric field lines like a stream flowing downhill. Points at the same "elevation"
(perpendicular to flow) have the same potential, while points "downstream" (in the direction of the

field) always have lower potential.
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3. A negatively charged object A is repelled by another charged object B. However, an object

C is attracted to object B. Which of the following is the most probable for the charge of object C?

(A) neutral or negatively charged
(B) negatively charged only
(C) neutral or positively charged

(D) positively charged only

Correct Answer: (C) neutral or positively charged

Solution:
Step 1: Understanding the Concept:
Electrostatic interactions follow two main rules: 1. Like charges repel; unlike charges attract.

2. A charged object can also attract a neutral object due to electrostatic induction.

Step 2: Determining the Charge of B:
- Object A is negative. - Object A is repelled by B. - Since only like charges repel, Object B must

also be negatively charged.

Step 3: Analyzing Object C:
- Object C is attracted to B (which is negative). - Attaction occurs if: 1. C has the opposite

charge (Positive). 2. C is neutral (Charge is induced on the surface of C by B).

Step 4: Final Answer:

Therefore, object C could be either neutral or positively charged.

Quick Tip: Remember: Repulsion is the surest test of electrification. Attraction can happen between
opposite charges OR between a charged and a neutral body, but repulsion only happens between two

similar charges!

4. Two-point charges, q; = 36 uC and q, = —9 uC are placed at a distance of 30 cm. What

distance from q,, where the net electric field is zero, will be:
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(A) 10 cm
(B) 20 cm
(C) 60 cm
(D) 30 cm

Correct Answer: (C) 60 cm

Solution:

Step 1: Understanding the Concept:

The net electric field is zero at a point (the neutral point) where the field intensities of both
charges are equal in magnitude and opposite in direction. Since the charges have opposite signs,

the neutral point must lie outside the charges, on the side of the smaller magnitude charge (q,).

Step 2: Identifying the Formula and Values:
Let x be the distance of the neutral point from g,. The distance from gq; will be (30 + x).

1 1
B =0, — |9, _ @
4me, (30+x)>  4me, x2
_% D
(30+x)2  x2
Step 3: Calculation:
Taking the square root on both sides:
6 _3
30+x  x

6x =3(30+x) = 6x =90+ 3x
3x =90 — x =30 cm

The distance from g, is 30 + x =30+ 30 = 60 cm.

Step 4: Final Answer:

The neutral point is 60 cm away from q; .
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Quick Tip: For two point charges q; and g, separated by r, the distance of the neutral point from the

smaller charge q, is x = ————. Use + if charges are opposite, — if they are same.
g€ g2 mil g pp Yy

5. An infinitely long line charge distribution produces a field of 9 x 10* NC™! at a distance of

2 cm. The linear charge density of the distribution is:

(A) 0.01 uC m™?
(B) 0.1 uCm™
(©1uCm
(D) 2 uCm™!

Correct Answer: (B) 0.1 uCm™

Solution:
Step 1: Understanding the Concept:
The electric field produced by an infinitely long straight wire with linear charge density A at a

distance r is given by Gauss’s Law.

Step 2: Identifying the Formula and Values:

A 2kA
E = = —
2meyr r

Where k = 9 x 10° Nm?/C?, E =9 x 10* N/C, and r = 0.02 m.

Step 3: Calculation:

2 10% x A
9x10*= Ak X

0.02

10° x A
10* =

0.01
10% x 1072
A=—"———"=10"7C/m

109

Converting to micro-coulombs: 1077 C/m = 0.1 x 10°® C/m = 0.1 uC/m.
Step 4: Final Answer:
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The linear charge density is 0.1 uC m™.

Quick Tip: Always convert distances to meters (SI units) before plugging them into electrostatics

formulas to avoid power-of-ten errors!

6. A body of 20 g and +50 uC charge is suspended from the ceiling by a string. If a horizontal
electric field of 10 kV/m is applied, the angle between the string and vertical direction is:

(Take g = 10 N/kg)

(A) tan~'(2.50)
(B) tan"!(3.00)
(C) tan"1(3.50)
(D) sin~'(2.50)

Correct Answer: (A) tan !(2.50)

Solution:

Step 1: Understanding the Concept:

When the charged body is placed in a horizontal electric field, it experiences two forces: the
downward gravitational force (mg) and the horizontal electric force (gE). In equilibrium, the

string makes an angle 6 with the vertical.

Step 2: Identifying the Formula and Values:

In equilibrium, the horizontal and vertical components of tension T are: T sin6 = gE and
T cos & = mg Dividing the two: tan6 = i—Eg Given: ¢ = 50 x 107 C, E = 10 x 10® V/m,
m=20x10"° kg, g =10 m/s>.

Step 3: Calculation:

_ (50 x107°) x (10 x 10°)

tan 6
(20x103)x 10
0.5
tanf = — =2.5
0.2

0 = tan !(2.50)
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Step 4: Final Answer:

The angle is tan'(2.50).

Quick Tip: For any particle in a horizontal field, the angle 0 is always determined by the ratio of the

horizontal force to the vertical force: tan 6 = F}, /F,,.

7. The transfer of integral number of is one of the evidence of quantisation of electric

charge. Fill in the blank with the correct answer from the options given below.

(A) photons
(B) nuclei
(C) electrons

(D) neutron
Correct Answer: (C) electrons

Solution:
Step 1: Understanding the Concept:
Quantization of charge means that the total charge (Q) on a body is always an integral multiple

of the smallest unit of free charge, which is the charge of an electron (e).

Step 2: Detailed Explanation:
When an object becomes charged, it happens because it either gains or loses a specific number

of particles. These particles are electrons.
* You cannot transfer half an electron or a fraction of it.
* Therefore, the charge must be Q = ne, where n is an integer (£1,+2,...).

Step 3: Final Answer:

The transfer of an integral number of electrons is evidence of the quantization of charge.
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Quick Tip: The value of the elementary charge (e) is approximately 1.6 x 10~'° Coulombs. This was

famously proven by Robert Millikan in his oil-drop experiment.

8. When a slab of insulating material 4 mm thick is introduced between the plates of a parallel
plate capacitor of separation 4 mm, it is found that the distance between the plates has to be
increased by 3.2 mm to restore the capacity to its original value. The dielectric constant of the

material is . Fill in the blank with the correct answer from the options given below.

(A) 2
(B) 5
Q3
(D) 7

Correct Answer: (B) 5

Solution:

Step 1: Understanding the Concept:

When a dielectric slab of thickness t and dielectric constant K is inserted into a capacitor, the
capacitance increases. To "restore" it to the original value, the air gap must be increased. This

shift (d’) is related to t and K.

Step 2: Identifying the Formula and Values:

The formula for the shift in plate separation required to restore original capacitance is:

sa=e(1-1)
K

Given:
e t =4 mm (thickness of the slab)
* Ad = 3.2 mm (increase in distance)

Step 3: Calculation:

Substitute the values into the formula:

1
3.224(1——)
K
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Divide by 4:

1
08=1—=
K
~=1-08=0.2
1
K=—=5
0.2

Step 4: Final Answer:

The dielectric constant of the material is 5.

Quick Tip: Dielectric constants (K) are always greater than 1. If your calculation results in K < 1,

check if you've swapped the shift (Ad) and the thickness (t) in the formula.

9. A copper ball of density 8.0 g/cc and 1 cm in diameter is immersed in oil of density 0.8 g/cc.
The charge on the ball if it remains just suspended in oil in an electric field of intensity
6007 V/m acting in the upward direction is . Fill in the blank with the correct

answer from the options given below. (Take g = 10 m/s%)

(A)2x107°C
(B)2x107° C
(CQ)1x10>C
(D)1x10°°C

Correct Answer: (B) 2x 107> C

Solution:
Step 1: Understanding the Concept:
For the ball to remain suspended, the net force must be zero. The forces acting are: 1. Weight

(mg) - Downward 2. Buoyant Force (Fg) - Upward 3. Electric Force (gE) - Upward

Step 2: Identifying the Formula and Values:

The equilibrium equation is: qE + F; = mg =—> qE = mg — Fy. This can be written using
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density (p for ball, o for oil) and volume (V):
qE=Vpg—Vog=Vg(p—o0)

Values:
e r=05cm=0.5x10"2m
« V==3nr®=2%7(0.5%x107%)° = 7(0.125 x 107°) m*

« p—0=(8.0—0.8) g/cc=7.2g/cm’ = 7200 kg/m"

Step 3: Calculation:

q(600m) = [gn x 0.125 x 10—6] x 10 x 7200

4
600q = 3> 0.125 x 107> x 7200

600g = 4 x 0.125 x 1075 x 2400

g = 0.5 x 10™ x 2400

=05x107°%x4=2x10"C
600

Step 4: Final Answer:
The charge on the ball is 2 x 107 C.

Quick Tip: When converting density from g/cm® to kg/m?, simply multiply by 1000. For example,
8.0 g/cc = 8000 kg/m>.

10. For an electric dipole in a non-uniform electric field with dipole moment parallel to direc-
tion of the field, the force F and torque T on the dipole respectively are . Fill in the

blank with the correct answer from the options given below.

(AF=0,7=0
B)F#0,7=0
(QF=0,7#0
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M) F#0,7T#0
Correct Answer: (B) F#0,7=0

Solution:

Step 1: Understanding the Concept:

An electric dipole consists of two equal and opposite charges separated by a small distance.
The interaction of this dipole with an external field depends on whether the field is uniform or

non-uniform, and the orientation of the dipole.

Step 2: Detailed Explanation:

* Torque (7): The formula for torque is Z = p x E, or T = pEsin 0. In this case, the dipole
moment p is parallel to the field E, meaning the angle 6 = 0°. Since sin(0°) = 0, the net

torque is zero.

* Force (F): In a non-uniform field, the electric field intensity E is different at the locations
of the two charges (+q and —q). Therefore, the forces qE; and gE, do not cancel each

other out. This results in a non-zero net force.

Step 3: Final Answer:

In a non-uniform field with a parallel orientation, the force F # 0 and torque T = 0.

Quick Tip: Remember: 1. In a uniform field: F is always 0, T depends on the angle. 2. In a non-uniform
field: F is always # 0, T depends on the angle. If j is parallel or anti-parallel to E, torque is always

zero!
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