CBSE CLASS XII PHYSICS
Current Electricity
One mark questions with answers 
Q1. How is a conductor electrically different from an insulator?
Ans1. Number of free electrons per unit volume in conductors is much more than that in insulators. In conductors number of free electrons per metre cube is of the order of 1028 and in insulators it is 106 to 108.
Q2. If potential gradient along the wire of potentiometer is decreased, does it increase accuracy or decrease it?
Ans2. According to the principle of potentiometer e.m.f, E = potential gradient x balancing length. If potential gradient is decreased the balancing length will decrease and the accuracy will increase.
Q3. What is relaxation time? How does it depend upon the temperature?
Ans3. The time taken by a free electron between two successive collisions in a conductor is called relaxation time. It decreases with the increase in temperature.
Q4. What is drift speed of free electrons in a conductor? How does it depend upon the temperature?
Ans4. Average speed of free electrons in a current carrying conductor is called drift speed. It decreases with the increase in temperature.
Q5. Does the average velocity of a single electron represent the drift velocity of free electrons in a conductor?
Ans5. No, the average velocity of all the free electrons in the conductor is equal to the drift velocity of the free electrons.
Q6. Write the fundamental unit of resistance.
Ans6. kg-m2-sec-3-amp-2.
Q7. What is surface current density? Is it a vector quantity?
Ans7. The current per unit area of cross-section of a conductor is called surface current density. It is a vector quantity.
Q8. Write a relation connecting resistivity of semi-conductors with absolute temperature and show that at absolute zero their resistivity becomes infinite.
Ans8.  = oeEg/kT, where 'Eg' is energy gap between conduction band and valence band.
If T= 0K, then
 =  i.e. at absolute zero semi-conductors behave as perfect insulators.
Q9. Why does the resistance of carbon change with the increase in temperature?
Ans9. Resistance of carbon decreases with increase in temperature because Carbon is a semi-conductor.



Two mark questions with answers
Q1. How does the drift speed of free electrons depend upon the (a) Area of cross-section and (b) Length of the conductor when potential difference applied across the conductor is constant?
Ans1. Current, I = nAevd, where n = number of free electrons per unit volume, A = area of cross-section of the conductor, e = charge on electron, vd = drift speed of free electrons.
Potential difference, V = I x R = nAevd x  x l/A = nevd x  x l.
So drift speed is not dependent on area of cross-section but is inversely proportional to the length of the conductor.
Drift speed does not depend upon the area of cross-section and it is inversely proportional to the length of the conductor.
Q2. What is the cause of resistance in a conductor?
Ans2. In current carrying conductors, the free electrons collide with the ions and atoms of the conductor so the motion of the free electrons is opposed as a result of collisions. However, the free electrons travel in straight line paths between two collisions. This is the basic cause of resistance in a conductor.
Q3. Why are alloys used for making standard resistance coils?
Ans3. The temperature coefficient of resistance of alloys is much less than that of metals so the increase in the resistance of alloys with the temperature is negligible hence the resistance remains almost constant.
Q4. How does the resistance of an insulator change with temperature?
Ans4. In insulators the number of free electrons per unit volume increases exponentially with the rise in temperature according to the relation, 
n = noe-(Eg/kT), where 'Eg' is the energy gap between conduction and valence band, 'T' is the absolute temperature.
Hence, electrical conductivity will increase exponentially according to the relation
 = oe-(Eg/kT)
So, the resistance of insulator decreases with increase in temperature according to the relation
R = Roe+Eg/kT.
Q5. If a conducting wire is stretched to make it 0.3% longer, what is the percentage change in its resistance?
Ans5. When a wire is stretched, its volume remains unchanged.
R =  (L/S) with L x S = volume = V = constant.
So that R = [L2/V]   [as S = V/L]
And hence fractional change is resistance with change in length [Provided (L/L) is small say < 10%] when its volume remains constant
R/R = 2L/L = 2(0.3%) = 0.6%.
Q6. Three wires of same material are connected in parallel with a battery. The ratio of their lengths is 2:3:6 and masses is 3:6:8. Find the ratio of the current in each branch of the circuit.
Ans6. The resistance of a wire, R =  x L/A =  x L2 x d/m, where L is a length of the wire, r is the resistivity of the material, d is the density, m is mass of the wire and A is the area of cross-section of the wire.
So, resistance is directly proportional to L2/m. In parallel branches the potential difference is same across each wire hence the current ratio in three wires will be I1:I2:I3 = (3/4):(6/9):(64/36) = 27:24:64.
Q7. Lay people have the notion that a person touching a high powerline gets 'stuck' to the line. Is this true? If not, what is the fact?
Ans7. No, it is not true the fact is that a person touching a high power line gets inactiveness of his nervous system and so he is unable to remove his hand off the live wire and gets stuck to the line.


Three mark questions with answers
Q1. There are three conductors of same material connected in series. Their length ratio is 1 : 3 : 5 and area of cross-section ratio is 3 : 5 : 7, what is the ratio of drift sped of free electrons in the conductors?
Ans1. Drift speed of free electrons is related to current and area of cross-section as below: 
I = neAvd
When conductors are in series then the current through each is same irrespective of their different lengths and area of cross-section.
So, vd is inversely proportional to area of cross-section.
Hence, ratio of drift speed of free electrons is in the ratio of 1/3  : 1/5  : 1/7 or 35 : 21 : 15.
Q2. The figure below shows a potentiometer circuit for comparison of two resistances. The balance point with the standard resistance R = 12 ohms is found to be 65.3 cm, while that with the unknown resistance X is 73.8 cm. Determine the value of X. What would you do if you failed to find a balance point with the given cell E?
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Ans2. Let the potential drop across R and X be E1 and E2.
So, E1 R and E2  X
Hence, E1/E2 = R/X
Also, E1/E2 = l1/l2, where l1 = 65.3 cm, l2 = 73.8 cm
Thus, R/X = l1/l2
or X = Rl2/l1 = (12 x 73.8)/65.3 = 13.56 ohm
If we fail to find the balance point with the given cell E, it means that the potential drop across R and X is greater than the potential drop across the potentiometer wire. To obtain the balance point, the potential drop across R and X are reduced by connecting a suitable series resistor with the cell E.
Q3. Establish the relation V = IR using the expression of drift speed.
Ans3. I = neAvd, vd =  (eV/ml) ,where '' is relaxation time and 'V' is the potential difference applied.
= neA(eV/ml) = (ne2A.V/ml) 
or V/I = (m/ne2)(l/A) = (l/A)
or V = IR
Q4. What is potential gradient? How is it related to the resistivity of the conductor?
Ans4. The potential difference per unit length of the given wire or conductor is called potential gradient. It is given as
K = V/l = I.R/l
= I.l/A.l = I/A. = .
or K = where '' is the current density and '' is the resistivity.
Q5. Two identical cells of e.m.f 2.0 V each joined in parallel provide supply to an external circuit consisting of two resistors of 12 ohm each joined in parallel. A very high resistance voltmeter reads the terminal voltage of cells to be 1.6 V. What is the internal resistance of each cell.
Ans5. E.M.F of each cell, E = 2.0 V
Terminal voltage of cell, V = 1.6 V
Let r' be the internal resistance of each cell. As the two cells are connected in parallel, so the total internal resistance say 'r' of the cells is given by
r = (r'/2)
Total external resistance R is given by
Because two resistors of 12 ohms each are connected in parallel,
R = (12/2) = 6 ohm
Using equation for internal resistance
r = [(E - V)/V]R
We have, r = [(2.0 - 1.6)/1.6]6 = (0.4/1.6)6 ohm = (6/4) ohms
So, internal resistance of each cell,
r' = 2r = (6 x 2)/4 = (12/4) = 3 ohm
Q6. Draw a circuit diagram to determine the potential gradient with the help of potentiometer and obtain the required expression.
Ans6. To determine the potential gradient of the wire of potentiometer, the circuit is made as shown in the figure.
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For certain value of resistance (R) from resistance box the current in ammeter is noted. If R' be the resistance of potentiometer wire then the total resistance = (R + R') and I = /(R + R').
Thus, the potential gradient V/l = IR'/l = [/(R + R')](R'/l) where = e.m.f of the battery and R'/l is resistance per unit length of the wire.
Q7. Establish a relation between electric field intensity and electrical conductance of the conductor and plot a graph between them.
Ans7. Conductance is defined as the reciprocal of resistance
= 1/R = A/l. But specific resistance, = E/j, where 'j' is current density of the conductor.
Thus, = A/(El/j) or  =A.j/E.l
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Five mark questions with answers
Q1. Two cells of e.m.f E and E2 and internal resistance r1 and r2 are connected in parallel with each other across an external resistance R. Find the equivalent e.m.f of the combination.
Ans1. Let two cells be connected in parallel as shown in the circuit diagram. The distribution of current according to kirchhoff's first rule, is shown in figure.
Now according to Kirchoff's loop rule for closed loop ABEFA
(E1 - E2) = (I1r1 - I2r2)          ………(1)
For closed loop BCDEB,
E2 = (I1 + I2)R + I2 r2. ………(2)
Solving the equation (1) and (2), we get
I1 = [(E1 - E2)R + E1r2]/[r1r2 + (r1 + r2)R]
and I2 = [-(E1 - E2)R + E2r1]/[r1r2 + (r1 + r2)R]
But I = I1 + I2
= [(E1 - E2)R + E1r2 - (E1 - E2)R + E2r1]/[r1r2 + (r1 + r2)R]
= (E1r2 + E2r1)/[r1r2 + (r1 + r2)R]........................(3)
If E and r be the equivalent e.m.f and internal resistance respectively, then
I = E/(r + R)........(4)
compare equation (3)and (4)
E = r1r2/(r1 + r2)[E1/r2 + E2/r2]
Q2. Two cells of e.m.f 1.5 and 2 volts and internal resistance 2 and 1 ohm respectively have their negative terminals joined by a wire of 6 ohm and positive terminal by a wire of 4 ohms resistance. A third wire of resistance 8 ohms connects the mid points of these two wires, Find the potential difference at the end of third wire. 
Ans2. 
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This circuit  diagram is as shown in figure. Let I1 and I2 be current given out by each cell.
Applying Kirchoff's second law to closed mesh PQRS we have,
I1. 2 + I1. 2 + (I1 + I2)8 + 3I1 = 1.5
or 15 I1 + 8 I2 = 1.5 ........(1)
Applying kirchhoff's law to closed mesh RSNMR, we have
8(I1 + I2) + 3I2 + 1. I2 + 2I2 = 2
or 8I1 + 14I2 = 2
or 4I1 + 7I2 = 1.................(2)
Multiplying (i)  by 7 and (ii) by 8, we have
105I1 + 56I2 = 10.5
32I1 + 56I2 = 8
Susbstracting 73I1 = 2.5
So, I1  = 2.5/73 = 5/146 amp.
Putting this value of I1 in (ii)
4 x 5/146 + 7I2 = 1
or 7I2 = 1 - 20/146 = 126/146
I2 = (126/146)/7 = 18/146 amp.
Thus, current through 8 ohms resistance
= I1 + I2 = 5/146 + 18/146
= 23/146 amp.
which is required value of current.
Also P.D across 8 ohms wire
= current x resistance
= (23/146) x 8 = 184/146 volts
= 1.26 volts
Q3. A metal ball of radius R1 is surrounded by a thin concentric metal shell of radius R2. The space between these two is filled up with a poorly conducting homogeneous medium of resistivity . Find the resistance of the interelectrode gap. What is the result if R2   ?
Ans. (Try yourself).
Q4. What is the principal of potentiometer? Explain with diagram. How can you increase the accuracy and sensitivity of potentiometer?
Ans. (Try yourself).
Q5. What do you mean by internal resistance of a cell? How will your measure it with the help of a potentiometer?
Ans. (Try yourself).
Q6. What is the difference between E.M.F and Terminal potential difference of a cell? Explain with the help diagram taking some arbitrary values of internal resistance, e.m.f and external resistance. Draw a diagram in which the terminal potential difference of a cell is more than its e.m.f?
Ans. (Try yourself).
Q7. Define resistivity and electrical conductivity of a substance. Write their units. Derive a relation between electric resistance of a wire and resistivity of its material. How do these quantities for a conductor, insulator and semi-conductor depend upon temperature?
Ans. (Try yourself).
