
Case Study Based Questions 

Case Study 1 

Metals have a large number of free electrons nearly 1028 per cubic metre. In the 
absence of electric field, average terminal speed of the electrons in random motion at 
room temperature is of the order of 105m s¹. When a potential difference V is applied 
across the two ends of a given conductor, the free electrons in the conductor 
experience a force and are accelerated towards the positive end of the conductor. On 
their way, they suffer frequent collisions with the ions/atoms of the conductor and 
lose their gained kinetic energy. After each collision, the free electrons are gain 
accelerated due to electric field, towards the positive end of the conductor and lose 
their gained kinetic energy in the next collision with the ions/atoms of the conductor. 
The average speed of the free electrons with which they drift towards the positive end 
of the conductor under the effect of applied electric field is called drift speed of the 
electrons. 

 

Read the given passage carefully and give the answer of the following questions: 

Q1. Magnitude of drift velocity per unit electric field is: 

a. current density               b. current 

c. resistivity                         d. mobility 

Q2. The drift velocity of the electrons depends on: 

a. dimensions of the conductor 

b. number density of free electrons in the conductor 

c. Both a. and b. 

d. Neither a. nor b. 
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Q3. We are able to obtain fairly large currents in a conductor because: 

a. the electron drift speed is usually very large 

b. the number density of free electrons is very high and this can compensate for the 
low values of the electron drift speed and the very small magnitude of the electron 
charge 

c. the number density of free electrons as well as the electron drift speeds are very 
large and these compensate for the very small magnitude of the electron charge 

d. the very small magnitude of the electron charge has to be divided by the still 
smaller product of the number density and drift speed to get the electric current 

Q4. Drift speed of electrons in a conductor is very small i.e., i = 10-4 m s-1. The electric 
bulb glows immediately when the switch is closed because: 

a. drift velocity of electron increases when switch is closed 

b. electrons are accelerated towards the negative end of the conductor 

c. the drifting of electrons takes place at the entire length of the conductor 

d. the electrons of conductor move towards the positive end and protons of 
conductor move towards negative end of the conductor 

Q5. The number density of free electrons in a copper conductor is 8.5 × 1028m-3. How 
long does an electron take to drift from one end of a wire 3.0 m long to its other end? 
The area of cross-section of the wire is 2.0 × 10-6m2 and it is carrying a current of 3.0 
A. 

a. 8.1 x 104 s                   b. 2.7 × 104 s 

c. 9 x 10³ s                         d. 3 x 10³ s 

Solutions 

1. (d) mobility 

Mobility is defined as the magnitude of drift velocity per unit electric field. 

 

2. (c) Both a. and b. 



 

Here, the symbols have their usual meanings. 

3. (b) the number density of free electrons is very high and this can compensate for 
the low values of the electron drift speed and the very small magnitude of the 
electron charge 

 

4. (c) the drifting of electrons takes place at the entire length of the conductor. 

When we close the circuit, an electric field is established instantly with the speed of 
electromagnetic wave which causes electrons to drift at every portion of the circuit 
due to which the current is set up in the entire circuit instantly. The current which is 
set up does not wait for electrons to flow from one end of the conductor to another. 

Thus, the electric bulb glows immediately when switch is closed. 

5. (b) 2.7 × 104 s 

Here, number density of free electrons, 

 

 



Case Study 2 

 

Read the given passage carefully and give the answer of the following questions: 

 

 



Solutions 

 

3. (d) None of these 

Specific resistance depends upon the nature of material and does not depend on 
mass and length and cross-sectional area of conductor. 

 

Case Study 3 

Kirchhoff's circuit laws are two equalities that deal with the current and potential 
difference in the lumped element model of electrical circuits. They were first 
described in 1845 by German physicist Gustav Kirchhoff. 

Kirchhoff's Current Law 

This law states that, for any node in an electrical circuit, the sum of currents flowing 
into that node is equal to the sum of currents flowing out of that node. 

Kirchhoff's Voltage Law 

The directed sum of the potential differences (voltages) around any closed loop is 
zero. 

Read the given passage carefully and give the answer of the following questions: 



 

 

Solutions 

 



 

Case Study 4 

A Wheatstone bridge is an electrical circuit used to measure an unknown electrical 
resistance by balancing two legs of a bridge circuit, one leg of which includes the 
unknown component. The primary benefit of the circuit is its ability to provide 
extremely accurate measurements. 

 

The resistance is adjusted until the bridge is 'balanced' and no current flows through 
the galvanometer. At this point, the voltage between the two mid-points (B and D) will 
be zero. 

Therefore, the ratio of the two resistances in the known leg is equal to the ratio of the 
two resistances in the unknown leg. 

Read the given passage carefully and give the answer of the following questions: 

Q1. In balanced Wheatstone bridge: 

a. potential at points B and D remain same 

b. large current flows through the circuit 

c. battery becomes over heated 

d. resistances become small 

Q2. Wheatstone bridge is used to measure: 

a. unknown current 

b. unknown voltage 

c. unknown charge 

d. unknown resistance 



Q3. Wheatstone bridge is implemented in lab using: 

a. ammeter 

b. voltmeter 

c. meter bridge 

d. potentiometer 

Q4. Condition for balanced Wheatstone bridge: 

a. R₁/R₂ = R3/Rx           

b. R3 = R₁ x Rx 

c. R₁ = R3 x Rx              

d. None of these 

Q5. Wheatstone bridge is analogous to: 

a. cantilever 

b. simple level system 

c. gear train 

d. mechanical clutch 

Solutions 

1. (a) potential at points B and D remain same 

A Wheatstone bridge is said to be balanced if no current flows through VG. 

2. (d) unknown resistance 

In a Wheatstone bridge, if the battery and galvanometer are interchanged, then the 
deflection in galvanometer will not change. 

3. (c) meter bridge 

Wheatstone bridge is based on the principle of meter bridge. 

4. (a) R1/R2 = R3/Rx 

The ratio of the two resistances in the known leg is equal to the ratio of the two 
resistances in the unknown leg. 



5. (b) simple level system 

The best suited option is simple level system. 

Case Study 5 

 

 

Read the given passage carefully and give the answer of the following questions: 

 



 

Solutions 

 

 

 



 



Case Study 6 
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