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    Let ΔQ be the net charge flowing across a cross-section of a conductor during the time interval Δt [i.e., between times t and (t + Δt)]. Then, the current at time t across the cross-section of the conductor is defined as the value of the ratio of ΔQ to Δt in the limit of Δt tending to zero,
                         [image: ]

In SI units, the unit of current is ampere.
 Current also defined as rate of flow of charges with time. (If the rate of flow of charge is steady)
                                   [image: ]
Conventional Current:

      Conventional current is the current whose direction is along the direction of the motion of positive charge under the action of electric field.
      Conventional current due to motion of electrons is in the direction opposite to that of motion of electrons.

OHM’S LAW

         The electric current flowing through a conductor is directly proportional to the potential difference across the two ends of the conductor when physical conditions (such as temperature, mechanical strain, etc) remain constant.
Imagine a conductor through which a current I is flowing and let V be the potential difference between the ends of the conductor. Then 

                               [image: ]
  Where, the constant of proportionality R is called the resistance of the conductor. The SI unit of resistance is ohm, and is denoted by the symbol Ω. The resistance R not only depends on the material of the conductor but also on the dimensions of the conductor.
                             [image: ]
Resistance:
          The resistance of conductor is the opposition offered by the conductor to the flow of electric current through it.

                                   R = V / I
      At constant temperature resistance of a conductor is
i) Proportional to length of the conductor ( l )
ii) Inversely proportional to cross sectional area (A)
             [image: ]
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Therefore
         [image: ]    
Hence for a given conductor
    [image: ]
Where the constant of proportionality ρ depends on the material of the conductor but not on its dimensions. ρ is called resistivity (or specific resistance).
Resistivity: It is defined as the resistance of a conductor having unit length and unit area of cross-section. The SI unit of resistivity is Ωm (ohm metre).
Resistance: Temperature Coefficient
     When temperature increases, the no. of collisions increases due to more internal energy and relaxation time decreases.  Therefore, Resistance of the conductor increases.
                                    [image: ]
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[image: ] - temp coefficient of resistance. Conductors have positive temperature coefficient of resistance and semiconductors have negative temperature coefficient of resistance

Q1. Draw V − I graph for ohmic and non-ohmic materials. Give one example for each.
Ans:  (i) V − I graph for ohmic material – Example: carbon resistance, metals
[image: Phy_2005_Set1_Delhi_Vandana_SS_html_1496846c]
(ii) V − I graph for a non-ohmic material - Example: semiconductors
[image: Phy_2005_Set1_Delhi_Vandana_SS_html_m7c0c2a1f]
Q2. Why is constantan or manganin used for making standard resistors?
      Ans: constantan or manganin have very low temperature coefficient of resistances
Q3. What are ohmic and non-ohmic resistors? Give one example of each? (HW)
Q4. Two wires A and B are of the same metal and of same length have their areas of cross section in the ratio 2:1 if the same potential difference is applied across each wire in turn, what will be the ratio of current flowing in A & B?
Ans:         V = R1 I1 = R2 I2
                     I1/I2 = R2/R1
                           [image: ]
                             = 1 : 2
Q5. If a wire is stretched to double of its length. What will be its new resistivity?
Ans: No change in resistivity
Q6. Resistivites of copper, silver and manganin are 1.7×10-8 Wm , 1.0´10-8 Wm and 44´10-8 Wm. respectively which of these is the best conductor ?. (HW)
Q7. Draw the graph showing the variation of conductivity with temperature for a metallic conductor? (HW)
Q8. V.I graph for a metallic wire a two different temperatures T1 and T2 is shown in figure. Which of these two temperatures is higher and why?
Ans:
[image: ]
Resistance
                      R = 
ΔV is more for A. Therefore resistance of A is greater than B. Since resistance increases with temp A is at higher temperature.
Q9. State and explain Ohm’s law. (HW)
Q10. Define resistivity and temperature coefficient of resistances (HW)
# ELECTRIC CURRENTS IN CONDUCTORS- Expression for drift velocity, current, resistance and resistivity in terms electron number density
           Consider a conductor when no electric field is applied. The electrons will be moving completely random direction. Average velocity of all the electrons at any instant of time under no external electric field is zero.
         When the external field is present, the electrons get accelerated. Let the average acceleration be a. Then,
                    F= - eE                             (since charge of electron is -e)
If m is the mass  of the electron then
                     F= ma
    ...              ma= - Ee
                    a =  - eE/m
The average value of the time taken by electron during collision is called relaxation time. The velocity with which the free electrons get drifted is given by
                     [image: ]
In a wire, the current is carried by free electrons in the wire. 
Consider a conductor of length l and area of cross-section A, having n electrons per unit length, as shown in the following figure.
                               [image: ]
Volume of the conductor = Al
Total number of electrons in the conductor = Volume × Electron density = Aln
Since e is the charge of an electron, the total charge contained in the conductor:
[image: Phy_2008_Set1_Delhi_Niraj_SS_html_m1391b5ef]
Let a potential difference V be applied across the conductor. The resulting electric field in the conductor is given by:
                [image: Phy_2008_Set1_Delhi_Niraj_SS_html_m3780210d]
Hence, free electrons begin to drift in a direction opposite to that of the electric field E. The time taken by the free electrons to cross-over the conductor is given as:
               [image: ]
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Current flowing through the conductor is given by:
         [image: ]
       [image: ]
Expression for resistivity:
                                     [image: ]
         [image: Phy_2005_Set1_Delhi_Vandana_SS_html_m2a0d356f]
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                              Resistivity 
  [image: ]




Mobility
Mobility μ defined as the magnitude of the drift velocity per unit electric field
                       [image: ]
The SI unit of mobility is m2/Vs
we have
                  [image: ]
Hence,
                    [image: ]

Where τ is the average collision time for electrons.





Colour code for carbon resistors:
	Resistor Colour Code

	Resistance value,
first three bands.
1st band - 1st digit
2nd band - 2nd digit
3rd band - number
of zeros.
		0
	Black

	1
	Brown

	2
	Red

	3
	Orange

	4
	Yellow

	5
	Green

	6
	Blue

	7
	Violet

	8
	Gray

	9
	White




	
	

	4th band,
tolerance
		5%
	Gold

	10%
	Silver

	20%
	No band





The most common type for electronics use is the carbon resistor. They are made in different physical sizes with power dissipation limits commonly from 1 watt down to 1/8 watt. The resistance value and tolerance can be determined from the standard resistor colour code.
[image: http://hyperphysics.phy-astr.gsu.edu/hbase/electronic/ietron2/resistcarb.gif]
          ..[image: ] 
( B B ROY of Great Britain has Very Good Wife)
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	   A variation on the colour code is used for precision resistors which may have five coloured bands. In that case the first three bands indicate the first three digits of the resistance value and the fourth band indicates the number of zeros. In the five band code the fifth band is gold for 1% resistors and silver for 2%.
There is another scheme for resistors which have the values stamped on them. Since a decimal point is easy to miss, this code uses R instead of a decimal point. For values over 100Ώ four numbers are used 


ELECTRICAL ENERGY, POWER
The energy dissipated per unit time is the power dissipated
                     P = ΔW/Δt 
  and we have,
                     P = I V 
Using Ohm’s law V = IR, we get
                    P = I 2 R = V 2/R

SERIES COMBINATION OF RESISTORS – 
Consider three capacitors R1, R2, and R3 are connected in series across a battery of potential difference V. As shown in fig
                       [image: ]
1. Resistances are said to be in series when they are connected end to end
2. Current through each Resistances are same
3. Potential across the Resistances are different such that
               V = V1 +V2 + V3
  From Ohm’s law
                 V1 = I R1 ,   V2 = I R2   ,      V3 = I R3                                          
              V =    I R1 + I R2  + I R3      
                   V =    I (R1 +R2  +  R3  )          
4. Replace the combination by an equivalent resistor of Resistance R
                              V = I R                                                            ____(2)
From eq (1) and eq (2)
                   I R = I (R1 +R2  +  R3  )       
                 R = (R1 +R2  +  R3  )         
                   
The effective Resistance is the sum of the individual Resistances


PARALLEL COMBINATION OF RESISTORS
Consider three resistors R1, R2, and R3 are connected in series across a battery of potential difference V. As shown in fig

[image: ]
1. Resistors are said to be in parallel when they are connected between two common points
2. Potential across each resistors are same
3. Current through each Resistances are different such that
                I = I1 +I2 +I3
               I1=  V /R1 ,   I2  = V/R2 ,      I3 = V/R3
                       I = V /R1+ V /R2  + V /R3
                           = V( 1/ R1  + 1/ R2  + 1/ R3 )           ------  (1)
5. Replace the combination by an equivalent resistor of Resistance R
                             I = V / R                                                            ____(2)
From eq (1) and eq (2)
                        V / R = V( 1/ R1  + 1/ R2  + 1/ R3)
                                [image: ]
The reciprocal of the effective Resistance is the sum of the reciprocals of the individual Resistances.
Note: The effective Resistance in series combination is less than the least of all the individual Resistances

Q1. Define the term drift velocity. Derive the expression for the resistivity of a conductor in terms of number density of free electrons and relaxation time. (HW)
Q2. A voltage of 30 V is applied across a carbon resistor with first, second and third rings of blue, black and yellow colours respectively. Find the value of current through the resistor. 
Ans: Blue is the colour of the first band, black is the colour of the second band, and yellow is the colour of the third band.
	Blue
	6


	 Black
	0


	  Yellow
	4


∴Resistance of the resistor, R = 60 × 104 Ω
Voltage applied across the resistor, V = 30 V
According to Ohm’s law,
V = IR
Where, I is the current in the circuit
[image: Phy_2005_Set2_Delhi_Sravana_SS_html_7418eb75]
Q3. A cylindrical metallic wire is stretched to increase its length by 5%. Calculate the percentage change in its resistance.
[image: Phy_2007_Set1_Delhi_Sravana_Saif_SS_html_m4fa76480]
Q4. Two metallic wires of the same material have the same length but cross-sectional area is in the ratio 1:2. They are connected (i) in series and (ii) in parallel. Compare the drift velocities of electrons in the two wires in both the cases (i) and (ii).
Ans: It is given that A1:A2 = 1: 2 ⇒ [image: Phy_2008_Set1_Outside%20Delhi_SS_html_2a816b78]
(i) When two wires are connected in series, the current in both wires A and B will be the same.
[image: Phy_2008_Set1_Outside%20Delhi_SS_html_4f8d17ca]
(ii) When two wires are connected in series, the potential difference across the wires A and B will be the same.
[image: Phy_2008_Set1_Outside%20Delhi_SS_html_m740ee38f]
Q5. Two electric bulbs A and B are marked 220V, 40 W and 220V, 60 W respectively. Which one has a higher resistance?
Ans:             P = 
               R α1/P
              40W bulb has higher resistance
Q6. A Carbon resistor has three strips of red colour and a gold strip. What is the value of resistor? What is tolerance? (HW) 
Q7. Potential difference V is applied across the ends of copper wire of length (l) and diameter D. What is the effect on drift velocity of electrons if (1) V is doubled (2) I is doubled (3) D is doubled
   Ans:    Drft velocity  vd =
                               vd =                        ( E =V/l ) 
Current   I = neAvd   
                       vd   =I / neA
           1.V doubled then vd also doubled
           2. I doubled then vd doubled
           3. D doubled then vd reduced by ¼
Q8. A set of n-identical resistors , each of resistance R ohm when connected in series have an effective resistance of X ohm and when the resistors are connected in parallel the effective resistance is Y ohm. Find the relation between R , X and Y ?
Ans: In series
        
                   RS = R1 +R2+ R3+- - - - - - n resistance
                    X  = n R
 In parallel
            1/Rp =1/ R1  + 1/ R2  + 1/ R3+ - - - - - n resistance
                         = n/R
                   Y = R /n
               XY = n R x R /n
                 R2 = XY
                R = 
Q9. Circle ring having negligible resistance is used to connect four resistors of resistances 6R, 6R, 6R and 6R as shown in the figure. Find the equivalent resistance between points A & B
                    [image: ]
Ans : Zero
Q10. Find the equivalent resistance between points A & B in given diagram
              [image: ]
Ans:                                           
                              [image: ]
            1/Rp1 =1/ R1  + 1/ R2  
                       = 1/6 +1/6
                      = 1/3
                   Rp1 = 3Ώ
    Similarly , Rp2 = 3Ώ
Resultant resistance
               R = Rp1 + Rp2
                = 3+3 = 6 Ώ
Q11. (a) Three resistors 1 Ω, 2 Ω, and 3 Ω are combined in series. What is the total resistance of the combination?
(b) If the combination is connected to a battery of emf 12 V and negligible internal resistance, obtain the potential drop across each resistor. 
Ans: (a) Three resistors of resistances 1 Ω, 2 Ω, and 3 Ω are combined in series. Total resistance of the combination is given by the algebraic sum of individual resistances.
Total resistance = 1 + 2 + 3 = 6 Ω
(b) Current flowing through the circuit = I
Emf of the battery, E = 12 V
Total resistance of the circuit, R = 6 Ω
The relation for current using Ohm’s law is,
[image: http://cbse.meritnation.com/img/curr/1/12/16/247/6641/NS_24-10-08_Sravana_12_Physics_3_24_NRJ_SS_html_28198cbd.gif]
Potential drop across 1 Ω resistor = V1
From Ohm’s law, the value of V1 can be obtained as
V1 = 2 × 1= 2 V … (i)
Potential drop across 2 Ω resistor = V2
Again, from Ohm’s law, the value of V2 can be obtained as
V2 = 2 × 2= 4 V … (ii)
Potential drop across 3 Ω resistor = V3
Again, from Ohm’s law, the value of V3 can be obtained as
V3 = 2 × 3= 6 V … (iii)
Therefore, the potential drop across 1 Ω, 2 Ω, and 3 Ω resistors are 2 V, 4 V, and 6 V respectively.
Q12. (a) Three resistors 2 Ω, 4 Ω and 5 Ω are combined in parallel. What is the total resistance of the combination?
(b) If the combination is connected to a battery of emf 20 V and negligible internal resistance, determine the current through each resistor, and the total current drawn from the battery. 
Ans: (a) There are three resistors of resistances,
R1 = 2 Ω, R2 = 4 Ω, and R3 = 5 Ω
They are connected in parallel. Hence, total resistance (R) of the combination is given by,
[image: http://cbse.meritnation.com/img/curr/1/12/16/247/6643/NS_24-10-08_Sravana_12_Physics_3_24_NRJ_SS_html_m479c7302.gif]
Therefore, total resistance of the combination is[image: http://cbse.meritnation.com/img/curr/1/12/16/247/6643/NS_24-10-08_Sravana_12_Physics_3_24_NRJ_SS_html_m396d5c46.gif].
(b) Emf of the battery, V = 20 V
Current (I1) flowing through resistor R1 is given by,
[image: http://cbse.meritnation.com/img/curr/1/12/16/247/6643/NS_24-10-08_Sravana_12_Physics_3_24_NRJ_SS_html_m137f7aa.gif]
Current (I2) flowing through resistor R2 is given by,
[image: http://cbse.meritnation.com/img/curr/1/12/16/247/6643/NS_24-10-08_Sravana_12_Physics_3_24_NRJ_SS_html_m75ba1588.gif]
Current (I3) flowing through resistor R3 is given by,
[image: http://cbse.meritnation.com/img/curr/1/12/16/247/6643/NS_24-10-08_Sravana_12_Physics_3_24_NRJ_SS_html_44c60c1c.gif]
Total current, I = I1 + I2 + I3 = 10 + 5 + 4 = 19 A
Therefore, the current through each resister is 10 A, 5 A, and 4 A respectively and the total current is 19 A.
Q13 A wire of resistance 8R is bent in the form of a circle. What is the effective resistance between the ends of a diameter AB? (ans 2Ώ) HW
                                  [image: CBSE%20XII%20Physics%20Board%20Paper%20Set%203%20Delhi_html_m7798c757]

Sources of emf: 
The electro motive force is the maximum potential difference between the two electrodes of the cell when no current is drawn from the cell.
Comparison of EMF and P.D
	
	EMF
	POTENTIAL DIFFRENCE

	1
	
EMF is the maximum potential difference between the two electrodes of the cell when no current is drawn from  the cell i.e. when the circuit is open. 

	
P.D is the difference of potentials between any two points in a closed circuit.


	2
	
It is independent of the resistance of the circuit.

	
It is proportional to the resistance between the given points.


	3
	
The term ‘emf’ is used only for the source of emf.

	
It is measured between any two points of the circuit.


	4
	
It is greater than the potential difference between any two points in a circuit.

	
However, p.d. is greater than emf when the cell is being charged.






Internal Resistance of a cell: 
The opposition offered by the electrolyte of the cell to the flow of electric current through it is called the internal resistance of the cell.
Factors affecting Internal Resistance of a cell: 
i) Larger the separation between the electrodes of the cell, more the length of the electrolyte through which current has to flow and consequently a higher value of internal resistance.
ii) Greater the conductivity of the electrolyte, lesser is the internal resistance of the cell. i.e. internal resistance depends on the nature of the electrolyte.
iii) The internal resistance of a cell is inversely proportional to the common area of the electrodes dipping in the electrolyte.
  IV.     The internal resistance of a cell depends on the nature of the electrodes

                               [image: ]

                            E  = V + v
                                = IR + Ir 
                                = I (R + r) 
                              I = E / (R + r)       
This relation is called circuit equation

Internal Resistance of a cell in terms of E,V and R ( relation between E, V, R, and r )
                             E  =  V + v
                                =  V + Ir 
                            Ir  = E - V 
Dividing by IR = V,
                      [image: ]
[image: ]

 Cells in Series combination: 
    Cells are connected in series when they are joined end to end so that the same quantity of electricity must flow through each cell.
[image: ]

When batteries are in series
1. The emf of the battery is the sum of the individual emfs 
2. The current in each cell is the same and is identical with the current in the entire arrangement.
3. The total internal resistance of the battery is the sum of the individual internal resistances

Total emf of the battery                          = nE     (for n no. of identical cells)
Total Internal resistance of the battery   = nr
Total resistance of the circuit                  = nr + R   
Current
                          [image: ]
(i) If R << nr, then I = E / r 
(ii) If nr << R, then I = n (E / R)
When internal resistance is negligible in comparison to the external resistance, then the cells are connected in series to get maximum current.







Cells in Parallel combination: 
Cells are said to be connected in parallel when they are joined positive to positive and negative to negative such that current is divided between the cells.
[image: ]
When batteries are in parallel
1. The emf of the battery is the same as that of a single cell.
2. The current in the external circuit is divided equally among the cells.
3. The reciprocal of the total internal resistance is the sum of the reciprocals of the individual internal resistances.

Total emf of the battery                             =  E         
Total Internal resistance of the battery   = r / n
Total resistance of the circuit                  = (r / n) + R
Current
             I = E /{(r / n) + R}
             [image: ]
(i)If R << r/n, then I = n(E / r)  
 (ii)  If r/n << R, then I = E / R
      When external resistance is negligible in comparison to the internal resistance, then the cells are connected in parallel to get maximum current.
Q1. Two cells E1 and E2 in the given circuit diagram have an emf of 5 V and 9 V and internal resistance of 0.3 Ω and 1.2 Ω respectively.
[image: Phy_2006_Set1_Delhi_Vandana_SS_html_m7eadefae]
Calculate the value of current flowing through the resistance of 3 Ω.
Ans :Net emf of E2 − E1 = 9 − 5 = 4 V
Total resistance = 0.3 + 1.2 + 4.5 + [image: Phy_2006_Set1_Delhi_Vandana_SS_html_2c5e4ad6]
Current through the circuit, [image: Phy_2006_Set1_Delhi_Vandana_SS_html_28b1f939]
Current through the 3 Ω resistance = [image: Phy_2006_Set1_Delhi_Vandana_SS_html_mb219dd0]

Q2. The storage battery of a car has an emf of 12 V. If the internal resistance of the battery is 0.4Ω, what is the maximum current that can be drawn from the battery? 
Ans : Emf of the battery, E = 12 V
Internal resistance of the battery, r = 0.4 Ω
Maximum current drawn from the battery = I
According to Ohm’s law,
[image: http://cbse.meritnation.com/img/curr/1/12/16/247/6634/NS_24-10-08_Sravana_12_Physics_3_24_NRJ_SS_html_m31c09964.gif]
The maximum current drawn from the given battery is 30 A.
Q3. A battery of emf 10 V and internal resistance 3 Ω is connected to a resistor. If the current in the circuit is 0.5 A, what is the resistance of the resistor? What is the terminal voltage of the battery when the circuit is closed? 
Ans: Emf of the battery, E = 10 V
Internal resistance of the battery, r = 3 Ω
Current in the circuit, I = 0.5 A
Resistance of the resistor = R
The relation for current using Ohm’s law is,
[image: http://cbse.meritnation.com/img/curr/1/12/16/247/6639/NS_24-10-08_Sravana_12_Physics_3_24_NRJ_SS_html_18bb0331.gif]
Terminal voltage of the resistor = V
According to Ohm’s law,
V = IR
= 0.5 × 17
= 8.5 V
Therefore, the resistance of the resistor is 17 Ω and the terminal voltage is
8.5 V.
Q4. Three identical cells each of emf. 2v and unknown internal resistance are connected in parallel .This combination is connected to a 5ohm resister. If the terminal voltage across the cell is 1.5volt, what is the internal resistance of each cell? (HW)

Q5. Find the current drawn from a cell of emf IV and internal resistance 2/3W connected to the network shown in the figure. E = 1v r = 2/3 W  (HW)
                                   [image: ]



KIRCHHOFF’S RULES
First law (Current Law or Junction Rule): 
The algebraic sum of currents at a junction is zero.
                 Σ I = 0
(While applying this rule, we take the currents entering into a junction as positive and those leaving it as negative)
                            [image: ]

                     I1 +I2 – I3 + I4 – I5 – I6 = 0
I1 +I2 + I4 = I3 + I5 + I6 
II Law ( Voltage Law or Loop Rule): The algebraic sum of changes in potential around any closed loop involving resistors and cells in the loop is zero

                                                    OR
  The algebraic sum of the product of current and resistance is equal to algebraic sum of the emf’s in a closed loop
                                    Σ I R = Σ E
Following simple procedure should be adopted while applying rules to some network.
a) Assign direction to each unknown current. It is advisable to check that all currents must not leave a junction or enter a junction. If the actual direction of a particular current is opposite to assumed direction, the value of that current will emerge from solution with a negative sign attached to it.
b) Apply the junction rule to all junctions remembering that a bend in a single wire can't be taken as a junction.
c) Select any loop in network. While taking a loop you must start and end at same point.
Sign Conventions:
1. IR product is positive if current direction is same as direction of traverse and negative if direction of traverse is opposite to current direction
2. Emf is positive if we meet negative of the battery first and negative if we meet positive of the battery first in the direction of traverse.
Example:
                        [image: ]
Consider loop ABCDFA
             I1R1 +I1R2 +I2R3 = - E1 +E2
Consider loop CDEFC
             I3R4 + I2R3 = E2
(Note: The path can be traversed in clockwise or anticlockwise direction of the loop.)

Q1.Using Kirchoff’s rules determine the value of the current I1, I2 and I3in the electric circuit given below.
                                     [image: ]
Ans:
                             [image: ]
Applying junction rule at point F,
I1 + I2 = I3 … (i)
Applying loop rule to the upper loop,
40 I3 + 20 I1 = 40 … (ii)
Applying loop rule to the lower loop,
40 I3 + 20 I2= 80 + 40 … (iii)
Adding equation (ii) and equation (iii), we obtain
80 I3 + 20 (I2 + I1) = 160
Using equation (i),
80 I3 + 20 I3 = 160
100 I3 = 160
I3 = 1.6 A
From equation (ii),
40 (1.6) + 20 I1 = 40
20 I1 = 40 − 64 = − 24
I1 = −1.2 A
I2 = I3 - I1
   = 1.6 – (-1.2)
I2  = 2.8 A
Q2. Determine the current in each branch of the network shown in fig:
[image: http://cbse.meritnation.com/img/curr/1/12/16/247/6663/NS_24-10-08_Sravana_12_Physics_3_24_NRJ_SS_html_227cdfaf.jpg] 
Soln: Current flowing through various branches of the circuit is represented in the given figure.
[image: http://cbse.meritnation.com/img/curr/1/12/16/247/6663/NS_24-10-08_Sravana_12_Physics_3_24_NRJ_SS_html_62f43471.jpg]
For the closed circuit ABDA, potential is zero i.e.,
10I2 + 5I4 − 5I3 = 0
2I2 + I4 −I3 = 0
I3 = 2I2 + I4 … (1)
For the closed circuit BCDB, potential is zero i.e.,
5(I2 − I4) − 10(I3 + I4) − 5I4 = 0
5I2 + 5I4 − 10I3 − 10I4 − 5I4 = 0
5I2 − 10I3 − 20I4 = 0
I2 = 2I3 + 4I4 … (2)
For the closed circuit ABCFEA, potential is zero i.e.,
10 (I1) + 10(I2) + 5(I2 − I4) = 10
10 = 15I2 + 10I1 − 5I4
3I2 + 2I1 − I4 = 2 … (3)
From equations (1) and (2), we obtain
I3 = 2(2I3 + 4I4) + I4
I3 = 4I3 + 8I4 + I4
− 3I3 = 9I4
− 3I4 = + I3 … (4)
Putting equation (4) in equation (1), we obtain
I3 = 2I2 + I4
− 4I4 = 2I2
I2 = − 2I4 … (5)
It is evident from the given figure that,
I1 = I3 + I2 … (6)
Putting equation (6) in equation (1), we obtain
3I2 +2(I3 + I2) − I4 = 2
5I2 + 2I3 − I4 = 2 … (7)
Putting equations (4) and (5) in equation (7), we obtain
5(−2 I4) + 2(− 3 I4) − I4 = 2
− 10I4 − 6I4 − I4 = 2
17I4 = − 2
[image: http://cbse.meritnation.com/img/curr/1/12/16/247/6663/NS_24-10-08_Sravana_12_Physics_3_24_NRJ_SS_html_m3d3606a7.gif]
Equation (4) reduces to
I3 = − 3(I4)
[image: http://cbse.meritnation.com/img/curr/1/12/16/247/6663/NS_24-10-08_Sravana_12_Physics_3_24_NRJ_SS_html_m3b2dc16.gif]
Therefore, current in branch [image: http://cbse.meritnation.com/img/curr/1/12/16/247/6663/NS_24-10-08_Sravana_12_Physics_3_24_NRJ_SS_html_6ab57a0c.gif]                 In branch BC = [image: http://cbse.meritnation.com/img/curr/1/12/16/247/6663/NS_24-10-08_Sravana_12_Physics_3_24_NRJ_SS_html_m75f87360.gif]
In branch CD = [image: http://cbse.meritnation.com/img/curr/1/12/16/247/6663/NS_24-10-08_Sravana_12_Physics_3_24_NRJ_SS_html_4236e4f5.gif]                                                In branch AD [image: http://cbse.meritnation.com/img/curr/1/12/16/247/6663/NS_24-10-08_Sravana_12_Physics_3_24_NRJ_SS_html_626e6a8c.gif]
In branch BD = [image: http://cbse.meritnation.com/img/curr/1/12/16/247/6663/NS_24-10-08_Sravana_12_Physics_3_24_NRJ_SS_html_m1e3344e.gif]                Total current = [image: http://cbse.meritnation.com/img/curr/1/12/16/247/6663/NS_24-10-08_Sravana_12_Physics_3_24_NRJ_SS_html_43bcfb05.gif]
Q3. In the network shown, find the values of current I1 , I2 and I3. (HW)
[image: ]


Q4.Calculate the potential difference across the 8Ώ resistance (Ans 8V) HW
[image: ]
WHEATSTONE BRIDGE
        Four resistances P, Q, R, and S are arranged to form a bridge as shown in figure, with a cell E and between the points A and C and a galvanometer of resistance G. Wheastone bridge  is said to be balance when no current flows through galvanometer i.e galvanometer shows no deflection, 
                                              [image: ]
Applying Kirchhoff’s Second Law to the closed circuit ABDA, we obtain
I1P + Ig G − I2R = 0                                            (1)
Where G is the resistance of galvanometer
Again applying Kirchhoff’s Second Law to the closed circuit BCDB, we obtain
(I1 − Ig) Q − (I2 + Ig)S − Ig G = 0                         (2)
The bridge is balanced when no current flows through galvanometer. Putting Ig = 0 in (1) and (2), we obtain
I1P − I2 R = 0
I1P = I2 R                                                           (3)
And, I1Q − I2S = 0 
Or, I1Q = I2 S                                                     (4)
Dividing (3) by (4), we obtain
        [image: ]
METER BRIDGE
Principle: Metre Bridge is based on the principle of Wheatstone bridge.
        [image: ]
                        [image: ]

      The meter bridge is shown in Fig.. It consists of a wire of length 1m and of uniform cross sectional area clamped between two thick metallic strips bent at right angles, as shown. The metallic strip has two gaps across which resistors can be connected. The end points where the wire is clamped are connected to a cell through a key. One end of a galvanometer is connected to the metallic strip midway between the two gaps. The other end of the galvanometer is connected to a ‘jockey’. The jockey is essentially a metallic rod whose one end has a knife-edge which can slide over the wire to make electrical connection. X is an unknown resistance whose value we want to determine. It is connected across one of the gaps. Across the other gap, we connect a standard known resistance R.
         Let r be the resistance per cm of the wire and l be the  balancing length. 
Resistance of the wire AD = lr
Resistance of the wire DC = (100 –l)r
Therefore from balancing condition of Wheastone bridge
                                         [image: ]


    =

   By choosing various values of R, we would get various values of l,and calculate X each time. Percentage error in X can be minimised by adjusting the balance point near the middle of the bridge, i.e., when l is close to 50 cm.

POTENTIOMETER
The potential difference across any length of a wire of uniform cross-section and uniform composition is proportional to its length when a constant current flows through it.
       V α l
       V = k l
To compare the emf of two cells using potentiometer: Circuit diagram to compare emf’s of two primary cells as shown in fig. Connections are made as per the circuit diagram.

             [image: ]
                        Ba: Battery
                        Rh: Rheostat
                       E1 , E2: primary cells
                       K, K1, K2: keys
                       G: Galvanometer
                      AB: Potentiometer
i. Keep K, K1 closed and K2 open find balancing length l1
E1 α l1
E1 = k l1                                                   ---------------------------- (1)
ii. Keep K, K2 closed and K1 open find balancing length l2
E2 α l2
E2 = k l2                                                    ---------------------------- (2)
From eq (1) and eq (2)
    [image: ]
To find internal resistance of a primary cell using potentiometer: Circuit diagram to find internal resistance of a primary cell using potentiometer as shown in fig. Connections are made as per the circuit diagram
            [image: ]
                    Ba: Battery
                    Rh: Rheostat
                    E1 :primary cells
                   K, K1,: keys
                  G: Galvanometer
                 AB: Potentiometer
               R: Known resistance box
i. Close key K and keep K1 open ,find balancing length l1
E = k l1
ii. Close key K and K1 ,find balancing length l2
V = k l2
                                     -------  (1)
We know that
V =
R +r =
Internal resistance
r = 
r = 
r = 
Where, 
 r: Internal resistance)
l1, l2 : Balancing lengths
R: resistance in resistance box (External resistance)

Q1. a) In a metre bridge fig the balance point is found to be at 39.5 cm from the end A, when the resistor Y is of 12.5 Ω. Determine the resistance of X. Why are the connections between resistors in a Wheatstone or meter bridge made of thick copper strips?
(b) Determine the balance point of the bridge above if X and Y are interchanged.
(c) What happens if the galvanometer and cell are interchanged at the balance point of the bridge? Would the galvanometer show any current? 
ANS :A metre bridge with resistors X and Y is represented in the given figure.
[image: http://cbse.meritnation.com/img/curr/1/12/16/247/6667/NS_24-10-08_Sravana_12_Physics_3_24_NRJ_SS_html_m6d17629e.jpg]
(a) Balance point from end A, l1 = 39.5 cm
Resistance of the resistor Y = 12.5 Ω
Condition for the balance is given as,
[image: http://cbse.meritnation.com/img/curr/1/12/16/247/6667/NS_24-10-08_Sravana_12_Physics_3_24_NRJ_SS_html_7147146b.gif]
Therefore, the resistance of resistor X is 8.2 Ω.
The connection between resistors in a Wheatstone or metre bridge is made of thick copper strips to minimize the resistance, which is not taken into consideration in the bridge formula.
(b) If X and Y are interchanged, then l1 and 100−l1 get interchanged.
The balance point of the bridge will be 100−l1 from A.
100−l1 = 100 − 39.5 = 60.5 cm
Therefore, the balance point is 60.5 cm from A.
(c) When the galvanometer and cell are interchanged at the balance point of the bridge, the galvanometer will show no deflection. Hence, no current would flow through the galvanometer.
Q2. In a potentiometer arrangement, a cell of emf 1.25 V gives a balance point at 35.0 cm length of the wire. If the cell is replaced by another cell and the balance point shifts to 63.0 cm, what is the emf of the second cell? 
Ans: Emf of the cell, E1 = 1.25 V
Balance point of the potentiometer, l1= 35 cm
The cell is replaced by another cell of emf E2.
New balance point of the potentiometer, l2 = 63 cm
[image: http://cbse.meritnation.com/img/curr/1/12/16/247/6671/NS_24-10-08_Sravana_12_Physics_3_24_NRJ_SS_html_7c49a1fe.gif]
Therefore, emf of the second cell is 2.25V.
Q3. Figure shows a 2.0 V potentiometer used for the determination of internal resistance of a 1.5 V cell. The balance point of the cell in open circuit is 76.3 cm. When a resistor of 9.5 Ω is used in the external circuit of the cell the balance point shifts to 64.8 cm length of the potentiometer wire. Determine the internal resistance of the cell.
[image: http://cbse.meritnation.com/img/curr/1/12/16/247/6707/NS_24-10-08_Sravana_12_Physics_3_24_NRJ_SS_html_527a9624.jpg]
Ans: Internal resistance of the cell = r
Balance point of the cell in open circuit, l1 = 76.3 cm
An external resistance (R) is connected to the circuit with R = 9.5 Ω
New balance point of the circuit, l2 = 64.8 cm
Current flowing through the circuit = I
The relation connecting resistance and emf is,
[image: http://cbse.meritnation.com/img/curr/1/12/16/247/6707/NS_24-10-08_Sravana_12_Physics_3_24_NRJ_SS_html_1ff9b57e.gif]
Therefore, the internal resistance of the cell is 1.68Ω.
Q4. The figure shows experimental set up of a meter bridge. When the two unknown resistances X and Y are inserted, the null point D is obtained 40 cm from the end A. When a resistance of 10 Ω is connected in series with X, the null point shifts by 10 cm. Find the position of the null point when the 10 Ω resistance is instead connected in series with resistance ‘Y’. Determine the values of the resistances X and Y.
[image: New_Phy_2009_Set1_Delhi_chetan_saif_SS_html_m2b9a7b9c]
Ans: For a metre bridge:
[image: New_Phy_2009_Set1_Delhi_chetan_saif_SS_html_bc1ee7c]… (1)
Where, it is given that l1 = 40 cm
[image: New_Phy_2009_Set1_Delhi_chetan_saif_SS_html_124c56c5]… (2)
When 10 Ω resistance is added in series to X, null point shifts by 10 cm.
[image: New_Phy_2009_Set1_Delhi_chetan_saif_SS_html_756fe178]
Substituting the value of X from equation (2), we obtain
[image: New_Phy_2009_Set1_Delhi_chetan_saif_SS_html_3746f61e]
Substituting the value of Y in equation (3), we obtain
X + 10 = 30
X = 20 Ω
Position of the null point when 10 Ω resistance is put in series with Y,
[image: New_Phy_2009_Set1_Delhi_chetan_saif_SS_html_6c9053d0]
Q5. In a meter bridge, the null point is found at a distance of l1 cm from A. If now a resistance of X is connected in parallel with S, the null point occurs at l2 cm. Obtain a formula for X in terms of l1, l2 and S. 
                                   [image: CBSE%20XII%20Physics%20Board%20Paper%20Set%203%20Delhi_html_54fbb02d]
Ans: Initially, when X is not connected
[image: CBSE%20XII%20Physics%20Board%20Paper%20Set%203%20Delhi_html_m24654975]
The equivalent resistance (Req) of the combination of X and S is
[image: CBSE%20XII%20Physics%20Board%20Paper%20Set%203%20Delhi_html_3c9cb56b]
On dividing (i) by (ii), we obtain
[image: CBSE%20XII%20Physics%20Board%20Paper%20Set%203%20Delhi_html_40d5e098]
This is the expression for X in terms of S, l1 and l2.

Home work:
1. (a) Define emf. of a cell? On what factors does it depend?
(b) Figure below shows a 2.0v potentiometer used for the determination of internal resistance of a 1.5v cell. The balance point of the cell in open circuit is 76.3cm. When a resistance of 9.5Wis used in external circuit of the cell the balance point shifts to 64.8cm length of the potentiometer. Determine the internal resistance of the cell.
                   [image: ]
2. Using the principle of wheat stone bridge describe the method to determine the specific resistance of a wire in the laboratory. Draw the circuit diagram and write the formula used ?
3. (a) Why do we prefer potentiometer to measure the emf of cell than a voltmeter?
 (b) With suitable circuit diagram, show how emfs of a cell can be compared using a potentiometer?
4. State Kirchhoff’s law an electrical network. Using the Kirchhoff’s laws deduce the condition for balance in the Wheat-stone bridge.
5.state the working principle of potentiometer explain with the help of circuit diagram how the emf of two primary cells are compared by using the potentiometer
6.State the working principle of potentiometer explain with the help of circuit diagram how the potentiometer is used to determine the internal resistance of the given primary cell.
7. Each resistance in the network shown in the figure is equal to R. Find resistance between the terminals A and B 

                                       [image: ]















 CLASS: XII           SUB: PHYSICS           TOPIC: CURRENT ELECTRCITY                 MARKS: 25
GENRAL INSTRUCTIOS:
i. Q No 1 to 3 carries one marks each,          ii) Q No 4 to 7 carries two marks each,
iii) Q No 8 to 10 carries three marks each,   iv) Q No 11 carries five marks,
1. A carbon resistance has three colours blue, yellow and red respectively. What will be the resistance?
2. If a wire is stretched to double of its length. What will be its new resistivity?
3. Draw the graph showing the variation of conductivity with temperature for a metallic conductor?
4. When a battery of e.m.f E and internal resistance r is connected to a resistance R, a current I flows through it. Derive a relation between E, I, r and R.
5. The plot of the variation of potential difference across a combination of three identical cells in series versus current is as shown below. What is the emf of each cell? 
                              [image: Phy_2008_Set1_Delhi_Niraj_SS_html_1f64876]
6. Explain how the resistivity of a conductor depends upon (i) number density ‘n’ of free electrons, and (ii) relaxation time ‘λ’.
7. . Two cells E1 and E2 in the given circuit diagram have an emf of 5 V and 9 V and internal resistance of 0.3 Ω and 1.2 Ω respectively.
[image: Phy_2006_Set1_Delhi_Vandana_SS_html_m7eadefae]
Calculate the value of current flowing through the resistance of 3 Ω.
8. Using Kirchhoff’s laws derive balancing condition of Wheastone Bridge
9. A 10 m long wire of uniform cross-section and 20 Ω resistances is used in a potentiometer. The wire is connected in series with a battery of 5 V along with an external resistance of 480 Ω. If an unknown emf E is balanced at 6 m length of the wire, calculate:
(i) The potential gradient of the potentiometer wire
(ii) The value of unknown emf E

10. Each resistance in the network shown in the figure is equal to R. Find resistance between the terminals A and B 
                                      [image: ]
11. State the principle of potentiometer. Draw a circuit diagram used to compare the e.m.f. of two primary cells. Write the formula used. How can the sensitivity of a potentiometer be increased?
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The balance condition is given by the relation.
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Where,
R = Conductor resistance at temperature

Ro = Conductor resistance at reference temperature at 0° C

o= Temperature coefficient of resistance for the
conductor material.

T= Conductor temperature in degrees Celcius.
T, = Reference temperature ¢o° ¢
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Vhere, v, is the drift velocity of the free electrons
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