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2. CURRENT ELECTRICITY

      GIST

l Current carriers – The charge particles which flow in a definite direction constitutes 

the electric current are called current carriers. E.g.: Electrons in conductors, Ions in 

electrolytes, Electrons and holes in semiconductors.

l Electric current is defined as the amount of charge flowing through any cross section 

of the conductor in unit time. I = Q/t.

l Current density 

l Ohm’s law: Current through a conductor is proportional to the potential difference 

across the ends of the conductor provided the physical conditions such as 

temperature, pressure etc. Remain constant. V α I i.e. V = IR, Where R is the 

resistance of the conductor. Resistance R is the ratio of V & I

l Resistance is the opposition offered by the conductor to the flow of current.

l Resistance R = ρl/A where ρ is the resistivity of the material of the conductor- length 

and A area of cross section of the conductor. If l is increased n times, new resistance 
2becomes If n R. A is increased n times, new resistance becomes 

2
l Resistivity ρ = m/ne τ, Where m, n, e are mass, number density and charge of 

electron respectively, τ-relaxation time of electrons. ρ is independent of geometric 

dimensions.

l Relaxation time is the average time interval between two successive collisions

l Conductance of the material G =1/R and conductivity 

l Drift velocity is the average velocity of all electrons in the conductor under the 

influence of applied electric field. Drift velocity 

l Mobility (μ) of a current carrier is the ratio of its drift velocity to the applied field

l Effect of temperature on resistance: Resistance of a conductor increase with the 

increase of temperature of
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l conductor R  = Ro (1 + a T ) , where α is the temperature coefficient of resistance of T

the conductor. α is slightly positive for metal and conductor, negative for 

semiconductors and insulators and nearly zero for alloys like tungsten, eureka, 

constantan.

l Combination of resistors:

l Cells: E.M.F of a cell is defined as the potential difference between its terminals in 

an open circuit. Terminal potential difference of a cell is defined as the p.d between 

its ends in a closed circuit.

l Internal resistance r of a cell is defined as the opposition offered by the electrolyte of 

cell to the flow of current. r             where R is external resistances.

l Grouping of cells :

 i) In series grouping of identical cells, circuit current is given by

 ii) In parallel grouping of identical cells circuit current is given by               where 

n, m are number of cells in series and parallel connection respectively.

l Kirchhoff’s Rule:

 i) Junction Rule:-The algebraic sum of currents meeting at a point is zero

 ii) Loop rule:-The algebraic sum of potential difference around a closed 

 loop is zero

l Wheatstone bridge is an arrangement of four resistors arranged in four arms of the 

bridge and is used to determine the unknown resistance in terms of other three 

resistances. For balanced Wheatstone Bridge
P
Q

R
S

=

PHYSICS

Downloaded from www.studiestoday.com

Downloaded from www.studiestoday.com

osbincbse.com

OSBINCBSE.COM

OSBINCBSE.COM

OS
BI
NC
BS
E.
CO
M



PHYSICS

85

l Slide Wire Bridge or Metre Bridge is based on Wheatstone bridge and is used to 

measure unknown resistance. If unknown resistance S is in the right gap

l Potentiometer is considered as an ideal voltmeter of infinite resistance.

l Principle of potentiometer: The potential drop across any portion of the uniform wire 

is proportional to the length of that portion of the wire provided steady current is 

maintained in 

it  i.e. v α l

l Potentiometer is used to (i) compare the e.m.f.s of two cells (ii) determine the internal 

resistance of a cell and (iii) measure small potential differences.

l Expression for comparison of e.m.f of two cells by using potentiometer,            where I , 1

I  are the balancing lengths of potentiometer wire for e.m.fs      and      of two cells.2

l Expression for the determination of internal resistance of a cell I is given by

 Where I  is the balancing length of potentiometer wire corresponding to e.m.f of the cell, 1

I  that of terminal potential difference of the cell when a resistance R is connected in 2

series with the cell whose internal resistance is to be determined

l Expression for determination of potential difference          Where L is the length 

of the  potentiometer wire, l is balancing length, r is the resistance of potentiometer 

wire, R is the resistance included in the primary circuit.

l Joule’s law of heating states that the amount of heat produced in a conductor is 

proportional to (i) square of the current flowing through the conductor,(ii) resistance of 

the conductor and (iii) time for which the current is passed. Heat produced is given by 

2the relation H=I Rt
l Electric power: It is defined ̀ as the rate at which work is done in maintaining the current 

2
in electric circuit. P =VI =I R =      . Power P is the product of V & I

l Electrical energy: The electrical energy consumed in a circuit is defined as the total work 

done in maintaining the current in an electrical circuit for a given time. Electrical energy 
2 2= VIt = I Rt =(V /R)t = Pt

6
l Commercial unit of energy 1KWh= 3.6×10 J

2V
R
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l Colour coding :

 Black Brown Red Orange Yellow Green Blue Violet Gray White
 0            1         2        3      4        5         6      7      8          9
 Tolerance (i) Gold 5%      (ii) Silver 10%    (iii) No Color 20%
 Example: if colour code on carbon resister is Red Yellow and Orange with tolerance 

3colour as silver, the resistance of the give resister is (24×10  ± 10%)Ω
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QUESTIONS

DRIFT VELOCITY, CURRENT, POTENTIAL DIFFERENCE, OHM’S LAW AND 

RESISTANCE

1.  How does the drift velocity of electrons in a metallic conductor vary with increase in 

temperature?           (1)

 Ans. Decrease         

2. Two different wires X and Y of same diameter but of different materials are joined in 

series and connected acrossa battery. If the number density of electrons in X is twice 

that of Y, find the ratio of drift velocity of electrons in the two wires.   (1)

 Ans: 

3. * A 4Ω non insulated wire is bent in the middle by 1800 and both the halves are 

twisted with  each other. Find its new resistance?     (1)

 Ans: 1Ω

4.  Can the terminal potential difference of a cell exceed its emf ? Give reason for your 

answer                                                                                                                       (1)

 Ans: Yes, during the charging of cell.

5. Two wires of equal length one of copper and the other of manganin have the same 

resistance.  Which wire is thicker?       (1)

 Ans: Manganin.

6. The V-I graph for a conductor makes angle Ѳ with V- axis, what is the resistance of 

the conductor?          (1)

 Ans: R = Cot Ѳ         

v

Ѳ

PHYSICS
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2
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PHYSICS

207. It is found that 10  electrons pass from point X towards another point Y in 0.1s. How 

much is the  current & what is its direction?                                                        (1) 

Ans: 160A; from Y to X    

8. Two square metal plates A and B are of the same thickness and material. 

The side of B is twice that of side of A. If the resistance of A and B are 

denoted by R  and R , find         .                                                                   (1) A B

Ans: 1 

9.* The V-I graph of two resistors in their series combination is shown. Which one of 

these graphs shows the series combinations of the other two? Give reason for your 

answer.                (2)

 Ans: 1

10.   Plot a graph showing the variation of conductivity      with the temperature T in a 

 metallic conductor. 

           (Ans: see fig1)

fig (1) fig (2)

R

R  A

RB

Downloaded from www.studiestoday.com

Downloaded from www.studiestoday.com

osbincbse.com

OSBINCBSE.COM

OSBINCBSE.COM

OS
BI
NC
BS
E.
CO
M



89

11.  Draw a graph to show the variation of resistance R of the metallic wire as a function 

of its diameter D  keeping the other factor constant.  (Ans: see fig2)  (2)

13. A P.D of 30V is applied across a colour coded carbon resistor with rings of blue, 

black and yellow colours. What is the current through the resistor?  

4 -5Ans: R = 60 × 10  Ω , I= 5× 10 A       (2)

14.  A non-conducting ring of radius r has charge q distribute over it. What will be the 

equivalent current if it rotates with an angular velocity ω?   Ans: I= q/t = qω/2π (2)

15.*  Two cells each of emf Є and internal resistances r  and r  are connected in series to an 1 2

external resistance R. Can a value of R be selected such that the potential difference of 

the first cell is 0.

 Ans: I = 2Ɛ/(R + r  + r )   Potential diff. for first cell V  = Ɛ – I r  = 01 2 1 1

 Ɛ = (2 Ɛ r )/(R + r  + r  )   Solving these we get, R = r  - r1 1 2 1 2

16.  Why does Resistance increase in series combination and decrease in parallel 

combination                                                                                                           (2)

 Ans: Effective length increases in series combination (R α l).

 In parallel combination area of cross section increases (R α 1/A)

17. A piece of silver wire has a resistance of 1Ω. What will be the resistance of the 

constantan wire of one third of its length and one half of its diameter if the specific 

resistance of the constantan wire is 30 times than that of the silver?    

 Ans: 40Ω                               
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18. Calculate the current shown by the ammeter in the circuit in fig 1   (2)

 

 Fig  1.      Fig  2.

 Ans: R = 2Ω and I = 5A

19.*  The plot in fig 2 given above shows the variation of current I through the cross 

section of a wire over a time interval of 10s. Find the amount of charge that flows 

through the wire over this time period.      (2)

 Ans: Area under the I-t graph, q = 7.5C

20.   Find the resistance between the points (i) A and B and (ii) A and C in the following network

  

      Ans: (i) R  = 27.5Ω   (ii) R  = 30ΩAB AC

1

PHYSICS
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21. Two wires of the same material having lengths in the ratio 1:2 and diameter 2:3 are 

connected in series with an accumulator. Compute the ratio of p.d across the two wires

            (2)

2 Ans: R = ρl/A = 4ρl/    d ,  R /R  = 9/8  V /V  = I R /I R  = 9/8A B A B A A B B

22. 4 cells of identical emf E , internal resistance r are connected in series to a variable 1

resistor. The following graph shows the variation of terminal voltage of the combination 

with the current output.          (3)

 (i) What is the emf of each cell used?

 (ii) For what current from the cells, does maximum power dissipation occur in the circuit?

 (iii)  Calculate the internal resistance of each cell

23.*  An infinite ladder network of resistances is constructed with 1Ω and 2Ω resistances shown            

            (3)

 A 6V battery between A and B has negligible resistance.

 (i) Find the effective resistance between A and B.

 Ans: Since the circuit is infinitely long, its total resistance remains unaffected by 

removing one mesh from it. Let the effective resistance of the infinite network be R, the 

circuit will be

Ans: 4E = 5.6       E = 1.4 V
When I = 1A, V = 2.8/4 = 0.7V

Internal resistance, r= (E – V)/I = 0.7Ω
The output power is maximum when internal
resistance = external resistance = 4r.Imax = 4E/
(4r +4r) = 1A
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24.  The resistance of a tungsten filament at 150°C is 133Ω. What will be its resistance at 

0 0 -1 0500 C? The temperature coefficient of tungsten is 0.0045 C  at 0 C.   (3)

 Ans: Use R  = R  (1+ α t) R  = 258Ωt 0 500

25. The circuit shown in the diagram contains two identical lamps P and Q. What will 

happen to the brightness of the lamps, if the resistance R  is increased? h

Give reason.          (3)

 Ans: Brightness of P and Q decrease and increase respectively.

26.  A battery has an emf E and internal resistance r. A variable resistance R is

 connected across the terminals of the battery. Find the value of R such that

 (a) the current in the circuit is maximum (b) the potential difference across

 the terminal is maximum. (c)Plot the graph between V and R

 Ans: (a) I = Ɛ / (r + R)    I = I  when R =0     I  = Ɛ /rmax max

 (b)V = Ɛ R/(r + R) = Ɛ /(r/R + 1) V = V  when r/R + 1= minimum, r/R = o,max

 V= Ɛ 

                  ( C )

V

R
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1.  Using Kirchhoff’s laws, calculate I , I  and�I       (3)1 2 3

        Ans: I  = 48/31A  I  = 18/31A  I  = 66/31A1 2 3

2.  In the circuit, find the current through the 4Ω resistor.    (3)

      Ans: I  = 1A3

          III. WHEATSTONE BRIDGE AND POTENTIOMETER

1. The emf of a cell used in the main circuit of the potentiometer should be more than 

the potential difference to be measured. Why?     (1)

2.  The resistance in the left gap of a metre bridge is 10Ω and the balance point is 45cm 

from the left end. Calculate the value of the unknown resistance.   (1)

 Ans S = 12.2Ω

3. How can we improve the sensitivity of a potentiometer?    (1)

4.  Why is potentiometer preferred over a voltmeter?      (1)

5.  Write the principle of          (2)

 (i) A meter bridge.

 (ii) A potentiometer.

6.  How does the balancing point of a Wheatstone bridge get affected when   (2)

 i) Position of cell and Galvanometer are interchanged?

 ii) Position of the known and unknown resistances is interchanged?

II. KIRCHHOFF’S RULE AND APPLICATIONS
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7. Explain with a neat circuit diagram, how will you compare emf of two cells using a 

potentiometer?

8. With the help of a circuit diagram, describe the method of finding the internal 

resistance of the Primary Cell using a potentiometer.    (3)

9.  With the help of a neat circuit diagram describe the method to determine the 

potential difference across the conductor using a potentiometer.   (3)

10.  Calculate the current drawn from the battery in the given network.   

         

      Ans: I = 2A

11.  Find the value of X and current drawn from the battery of emf 6V of  negligible 

internal resistance         (3)

 if current through 10W��is zero
  

  Ans: X = 6Ω and I = 1A

12.  Find the value of the unknown resistance X and the current drawn by the circuit from 

the battery if no current flows through the galvanometer. Assume the resistance per 
-1unit length of the wire is 0.01Ωcm .                  (3)

   Ans: X = 3Ω

PHYSICS

Downloaded from www.studiestoday.com

Downloaded from www.studiestoday.com

osbincbse.com

OSBINCBSE.COM

OSBINCBSE.COM

OS
BI
NC
BS
E.
CO
M



95

13.  In the circuit shown, AB is a resistance wire of uniform cross section in which a 
-1potential gradient of 0.01V cm  exists.

 (a) If the galvanometer G shows zero deflection, what is the emf Ɛ  of the cell used?1

 (b) If the internal resistance of the driver cell increases on some 

 account, how will it affect the balance point in the experiment?

 Ans: (a) PD V  = 1.8 V (b) Balance pt. will shift towardsAB

 B since V/l  decreases.

 

14.*  In a potentiometer circuit, a battery of negligible internal resistance is set up as 

shown to develop a constant potential gradient along the wire AB. Two cells of emfs 

Ɛ  and Ɛ  are connected in series as shown in he combination (1) and (2). The 1 2

balance points are obtained respectively at 400cm and 240cm from 

the point A. Find          (3)

 (i) Ɛ / Ɛ  and (ii) balancing length for the cell Ɛ  only. battery1 2  1

 Ans : Ɛ  + Ɛ  α 400, Ɛ - Ɛ  α 240,Solving Ɛ / Ɛ  = 4, Ɛ  α I ,1 2 1  2  1 2 1 1

  (Ɛ  + Ɛ )/ Ɛ = 400/I  , l  = 320cm1 2 1 1 1

15.*  A potentiometer wire of length 100cm having a resistance of 10Ω is connected in 

series with a resistance and cell of emf 2V of negligible internal resistance. A source 

emf of 10mV is balanced against a length of 40cm of potentiometer wire. What is the 

value of the external  resistance?       (3)

 

 Ans: I = E/® + 10) = (2/R + 10) Resistance of 40cm

-3 \wire is 4Ω. At J, (2/R +10) x 4 = 10 x 10  R = 790Ω

E1

E2

180 cm
A

B
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16.*  In the potentiometer circuit shown, the balance point is at X. State with reason where 

the balance point will be shifted when                 (3)

 (i) Resistance R is increased, keeping all parameters unchanged.

 (ii) Resistance S is increased keeping R constant.

 (iii) Cell P is replaced by another cell whose emf is lower than that of that cell Q.

 Ans: (I)  As R is increased V/I will decrease hence X will shift towards B.

 (ii) No effect  (iii)  Balance point is not found.

17.*  A potentiometer wire has a length L and resistance R . It is connected to a battery and a  0

resistance combination as shown. Obtain an expression for the potential difference per 

unit length of the potentiometer wire. What is the maximum emf of a ‘test cell’ for which 

one can get a balance point on this potentiometer wire? What precautions should one 

take while connecting this test cell to the circuit?

 Ans: Total resistance of potentiometer wire R = R  + RS/(R+S)0

 Current in the circuit I = E/ (R  + (RS/R+S))0

 Total potential difference across AB V = I R  = E R / (R  + (RS/R+S))0 0 0

 Therefore, PD per unit length is V/L = E R /L (R  + (RS/R+S))0 0

 Max emf of a test cell should be less than V.

 Precaution: Positive terminal of the test cell must be connected to positive terminal

of the battery.

18.  The variation of potential difference V with length l in case of two potentiometers X 

and Y as shown. Which one of these will you prefer for comparing emfs of two cells 

and why?          (3)

   x
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 Ans : The potentiometer Y is preferred, as it has low potential gradient (V/l)

19. Two cells of emfs Ɛ  and Ɛ  (Ɛ > Ɛ ) are connected as shown in figure When a1 2 1 2

 potentiometer is connected between A and B, the balancing length of the

 potentiometer wire is 300cm. On connecting the same potentiometer between A and C, 

the balancing length is

 100cm. Calculate the ratio of Ɛ  and Ɛ .1 2

 Ans: Ɛ  α 300, Ɛ  – Ɛ  α 100, Ɛ /Ɛ  = 3/21  1  2 1 2

(VALUE BASED QUESTION)

Q1. That night Vaikunth was preparing for his physics exam. Suddenly the light in his room 

went off and he could not continue his studies. His cousin brother Vasu who had come to 

visit him was quick to react. Vasu using the torch (an android application) installed in his 

mobile phone found that the fuse had blown out. He checked the wiring and located a 

short circuit. He rectified it and put a fuse wire. The light came to life again.Vaikuth had a 

sigh of relief, He thanked Vasu and continued his studies.

 Ans: (1) What are the values projected by Vaikunth and Vasu? (Any two)

 (2) Why did Vasu have to check the wiring?

 (3) What is an electric fuse? What characteristics you would prefer for a fuse wire?

 (1) Vaikunth: acknowledging the help from others with gratitude.

 (2) Vasu: awareness of the technology, helping tendency, practical knowledge of the 

subject.

 (3) n electric fuse is a wire used as a safety device which melts when current exceeds 

the limit.Low melting point, high resistivity
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Q2  Kumaran wanted to pay electricity bill that day. He realized that the consumption 

shown by the meter was unbelievably low. He thought that the meter must have 

been faulty. He wanted to check the meter. But unfortunately he did not have any 

idea as to how to do this. There came his friend Subhash to help him. He told 

Kumaran to run only the electric heater rated 1kW in his house for some time 

keeping other appliances switched off. He also calculated the power consumed in 

kilowatt hour and compared the value with the meter. Kumaran was happy and 

thanked Subash for his timely help and the knowledge.

 (1) What are6 the values displayed by the friends?

 (2) Express kWh in joules. Find the resistance of the heater.

 Ans: (1) Honesty, sharing of knowledge, willingness to help

6 2  (2) 1kWh= 3.6x10  J. , R = V /p = 48.40 W
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