32. Electric Current in Conductors

Short Answer

Answer.1

With three resistors if equal value, there can be the following combinations of
resistors:

A. All resistors in series,

With, all resistors in series the combined resistance will be,
30+ 30+ 30=1200Q

B. All resistors in parallel:

With all resistors in parallel, the combination of resistors will provide,

1 1 1 1 3
R 30 30 30 30
R=100

C. Two resistors in parallel and one resistor in series

When two resistors are in parallel, their resistance combined will be,

1 1 1 2

R 3073030

R, =150

And when this resistance when combined with the resistor in series we have,
15+30=450Q

D. Two resistors in series and one resistor in parallel

When two resistors are in series, their resistance combined will be,

30+ 30 = 60 (2

And when this resistance when combined with the resistor in parallel we have



1 1 1 3

R 60 30 60
R=200

Therefore, by combining the resistances we will have a resistances of 10 (), 15 (,
45 ) and 20 ().

Answer.2

Electric current flows in the direction of moving charges and hence the beam will
constitute an electric current in the east to west direction since the charge is
positive.

Answer.3

Since there is a movement of charged particles, a current will be developed and the
current will be in the direction of positive ions i.e. from left to right.

Answer.4

In a TV tube, when the electrons move from rear to the front, they are moving from
cathode to the anode, i.e. from negative electrode to positive electrode and
therefore the current will be in the direction of anode to cathode i.e. from front to
rear.

Answer.5

Since an electron, during a drift, travels in a very random and discontinuous path,
we have to take an average of the distances over a long interval of time, and since
limiting At = 0 corresponds to a very short time interval we don’t define drift
velocity as such.



Answer.6

The fallacy in the argument of the friend is that in the previous chapters the focus
was on stationary charges and not moving charges and hence with no moving
charges there will be no electric field inside a conductor and hence no current.
However, in case of moving charges or current there will be an electric field due to
the applied potential difference.

Answer.7

No, since the free electrons move throughout the entire circuit the electrons, those
entering the conductor from the circuit replenish which leave the conductor,
simultaneously. Hence, the charge neutrality of the conductor is maintained.

Answer.8

Copper has a resistivity of 1.72 x 108 Om whereas aluminum has a resistivity of

2.82 x10°8 Qm. Since aluminum has a higher resistivity, more power is lost in heat
than used to run the fan than copper and hence copper wound motor fans consume
less fans than aluminum wound motor fans.

Answer.9
In the expression
U=Vit

both V and i are time dependent quantities and hence we cannot say that U is
proportional to i. However, in the expression

U=i%rt

only i is the time dependent quantity and hence we can say that U is proportional
i2
to 1~



Answer.10

The work done on the resistor by the battery is dissipated as heat, which is the
thermal energy, developed by the resistor and hence both the phrases represent the
same physical quantity.

Answer.11

In case of real battery, the battery also has some internal resistance and hence the
work done is equal to the thermal energy developed due to both resistances in the
circuit and the internal resistance of the battery. In case of a capacitor, the work
done by the battery is stored as electrical energy in the capacitor and not thermal
energy.

Answer.12

A non-ideal battery has internal energy and hence the work done is equal to the
thermal energy developed due to both resistances in the circuit and the internal
resistance of the battery.

If the battery is ideal, then there will be no internal resistance and the work done
will solely be the thermal energy developed in the resistor.

Answer.13

Yes, the statement is correct. The electric current flowing inside the resistor
increases the potential energy of the resistor, which increases the temperature of
the resistor to be greater than the surroundings. This temperature difference is the
cause of the heat.



Answer.14

When a current is going through a wire, charges are flowing through the wire,
which constitute electric current.

Answer.15

A Potentiometer will be preferred to measure the emf of a battery as it uses the
null pointer method, hence draws very little to no current from the circuit, and
hence gives an accurate measure of the emf. In a voltmeter the equivalent
resistance of the circuit changes and hence the potential difference to be measured
changes. To minimize this change the voltmeter resistance needs to be very high.

Answer.16

When a current pass through a circuit, the free electrons in the valence band of the
conductor jump to the conduction band and drift throughout the conductor and as
no extra electrons are provided to the conductor,; the conductor does not get
charged.

Answer.17

No, the potential difference across a battery cannot be greater than the emf as the
emf is the maximum potential difference across the terminals of the battery. The
potential across the battery, however, drops when connected to a circuit due to the
drop across the internal resistance of the battery.

Objective I



Answer.1

If the number of collisions of the free electrons with the lattice is decreased then
the drift velocity of the electrons will increase.

The current is given by

[ = neAV,

Where

[ is the current

n is the number of electrons

e is the charge of an electron

A is the area of cross section of a conductor
V7, is the drift velocity

From the above formula current i is directly proportional to drift velocity. So when
the drift velocity is increased then the current will increase.

If the number of collisions of the free electrons is decreased then the current will
increase. Option A is correct.

Answer.2

Given:

Resistance of resistor A, Ry< Resistance of resistor B, Rg
Formula used : Resistance is given by the formula

_ P

R
A

Where



R is the resistance

p is the resistivity

| is the length

A is the area of cross section

Resistance R " is

Pala
R, =——

Resistance R B is

Only the relation between resistance values of R, and R is given. R is depends on

p,  and With the information given we cannot conclude the relation between
resistivity of the two resistors.

If information about p, [ and A is given then we can say the relation between p, and
pg. So option D is correct.

Answer.3

The resistivity of a conductor is given by

1
=5
Where
p is the resistivity of the conductor
o is the conductivity of the conductor
The product of resistivity and conductivity is

pXo=1



The product of p and o is unity. So it does not depends on anything. So option D is
correct.

Answer.4

Resistance is depends on temperature. If temperature is increase, resistivity will
increase. Increase in resistivity will leads to decrease in conductivity. The relation
is given below.

!
p= o
Where  —resistivity

o —Conductivity

The product of resistivity and conductivity is not depend on temperature. Because
resistivity and conductivity of a metallic resistor are nullifying the change in the
temperature.

[f the temperature of a metallic resistor is increased, the product of its resistivity
and

Conductivity may increase or decrease. Option D is correct.

Answer.5

Battery is connected to an electric circuit. We don’t know what type of circuit it is.
May be the battery is charging or discharging. Generally the flow of electrons is



opposite to the direction of flow of positive charge. While discharging of a battery
the positive charge will flows from negative terminal to positive terminal. And in
charging the positive charge will flows from positive terminal to negative terminal.

Conclusion : If a battery is connected to an electric circuit the charge(positive
charge) may go from positive terminal to negative terminal(in charging) or go from
negative terminal to positive terminal(in discharging). So option B is correct.

Answer.6

Resistance R is connected to a ideal battery. Internal resistance of an ideal battery
is zero. So it provides constant potential difference between two terminals.

Power dissipated by the resistor is given by

V2
Power, p = —
R

Where
V is the voltage or potential difference
R is the Resistance of the resistor

Power P is inversely proportional to Resistance R. If the value of R is decreased,
the value of power P will be increase.

A resistor R is connected to an ideal battery. If the value R is decreased, the power
dissipated in the resistor will increase. So option A is correct.

Answer.7

Kinetic energy of electrons= K;



Kinetic energy of metal ions = K,

Electrons are free to move and metal ions are bounded at their positions and can’t
move freely as electrons. Due to thermal energy metal ions are just vibrate due to
collision with electrons. When a current is passes through a resistor, because of the
free movement the velocity of the electrons is greater than the metal ions.

Velocity of the electrons is grater than the metal ions. So kinetic energy of
electrons is greater than the kinetic energy of metal ions.

Thus, option C is the correct option.

Answer.8

Two resistors are connected in series. In series, the current flows through both the
resistors is same.

Formula used:

Energy is given by the formula

Energy dissipated, E = 2Rt

Where

[ is the current

R is the resistance

T is the time period

Energy developed in theresistor RisF = i X R Xt = i*Rt
Energy developed in the resistor 2ZRiSF = j2x 2R Xt = i22Rt

The ratio of energy developed in R and 2R is =

E,p, i22Rt

E. i%Rt

1

2

When two resistors R and 2R are connected in series then the ratio of thermal
energy developed is 1:2.

Conclusion : Two resistors R and 2R are connected in series, the thermal energy
developed in R and 2R are in the ratio 1:2 respectively. So option A is correct.



Answer.9

Two resistors are connected in parallel. In parallel connection voltage is same. The
voltage across the two resistors is same

V2
E=—
R

Where E is the energy dissipated

V is the voltage

R is the resistance

T is the time

Energy developed in the resistor R is

V2
E, =—
R™R

Energy developed in the resistor 2R is
2
Eop =—t
2R T 5p

The ratio of energy developed in R and 2R is

V2
Er |t 2
EZR V_2t 1
2R

When two resistors R and 2R are connected in parallel the ratio of energy
developed is 2:1. Option B is correct.

Answer.10



Formula used :

Resistance of a wire is given by

Resistance, R = p;{

Where

p— resistivity of the material

[- length of the wire

A - cross sectional area of the wire
[ is proportional to R.

When a uniform wire of resistance 501 is cut into 5 equal parts then resistance of
each part is

10 Q.
Now they are connected in parallel.

Equalent resistance is calculated as

1_1+1+1+1+1
R 10 10 10 10 10

A uniform wire of resistance 50 ( is cut into 5 equal parts. If the parts are
connected in parallel then equivalent resistance is 2(). So option A is correct.

Answer.11

Kirchhoff’s junction law : The sum of all the currents directed towards a node is
equal to sum of all the currents leaving the same node. It follows from the
conservation of charge where the charge neither be created nor be destroyed, but it



just transfers from one point to another. The net quantity of charge is equal to
positive charge minus negative charge.

Kirchhoff’s loop law : The algebraic sum of potential differences along a closed
path in a circuit is zero. It follows from the Conservative nature of electric field.
Electro static force is a conservative force and the work done by it in any closed
path is zero.

Kirchhoff’s junction law follows from conservation of charge and Kirchhoff’s loop
law follows from the conservative nature of electric field. So both statements A and
B are correct. Option A is correct.

Answer.12

Let e; and e; be the emf of battery 1 and battery 2 respectively. And r{ and ry be
the internal resistance of battery 1 and battery 2 respectively.

Emf is nothing but the voltage across the terminals. The two batteries are
connected in series.

The equivalent emf is e = e;+e;
The equivalent internal resistance r=rq+r,

: In series connection the equivalent emf and equivalent internal resistance are
becomes larger. So statement A is correct and B is wrong. Option B is correct.



Answer.13

Let ¢, and ¢,be the emf of battery 1 and battery 2 respectively. And y; and r,, be the
internal resistance of battery 1 and battery 2 respectively.

The two batteries are connected in parallel.

Equivalent emf

. = gEn T &ENn
€4 n+n

The equivalent internal resistance

1 1 1

r:H r2

if two batteries are connected in parallel then the equivalent emf is larger than
either of the two emfs and the equivalent internal resistance is smaller than either
of the two internal resistances. Statement B is correct ad A is wrong. So option C is
correct.

Answer.14

We always use ammeter in series to calculate the current drawn by the element
from voltage source. If the net resistance of an ammeter is high, because of the
series connection it will add up the net resistance of an ammeter. Then we can’t get
the current values accurately. If net resistance of an ammeter is low, it only shows
a very small changes in current to be measured those can be negligible.

The net resistance of the ammeter should be small. Option D is correct.



Answer.15

Voltmeter is always connected in parallel to measure the voltage or potential
difference across the elements. When the voltmeter is connected across some
element in a circuit, it will change the overall resistance in the circuit. It will effect
the current values also.

To minimize the error voltmeter should have the large net resistance. Then large
resistance in parallel with small resistor will have only a very slight change.

The net resistance of a voltmeter should be large to ensure that it does not
appreciably change the potential difference to be measured. Option D is correct.

Answer.16
Formula used :

Charge of a capacitor is given by
t
Charge of a capacitor, Q =&C (1 — e RC )

Where

€ is the emf of a battery

C is the capacitance

R is the resistance of a resistor which is in series
T is the time period

charge developed on the capacitor in first interval of 10ms is

_10x103
Q=¢eC|1—e RC



charge developed on the capacitor in first interval of 20ms is

_20x1073
Q= ¢eC(1—-e &C

Charge developed on the capacitor in the interval 10ms to 20ms is

_10x103 _20x103
Q=0 —Q=¢C|1-e K —&C|1—e RC
_(10><10_3) 20x1073
Q, = ¢C (e RC —e  RC

_10x1073 _10x1073
Q, =eCe RC 1—e RC

Compare @, with @,

_10x103
e€({1l—e RC
G _
Q - 10x1073 10x1073
2 gCe  &C (1 —e RC )

G __ 1

~ _10x1073
QL e

-3

(Here e—m’:;g < 1)
=> 01 >0Q;

The time taking for 10uC to developed on the plates of capacitor is ¢,
b

10=£C(1—e RC)————(l)

The time taking for 10uC to developed on the plates of capacitor ¢,
b

20 = 8(3(1—3 RC)————(Z)

Divide (1) by (2)

_ty
10 EC(l_e RC)
_— :
20 cC (1—9_ﬁ)




_bh _fa
2e RC —]1 =¢ RC

Take log on both sides

2! Ly
n2)+—=—
"2+ re = Re
=> t,>t;

Q1 is the charge developed on the capacitor in a time interval of 10 ms and Q5 is

the charge developed on the capacitor in the next time interval of 10ms. If a10uC
charge be deposited in a time interval t; and the next 10 pC charge is deposited in

the next time interval t,. Then Qq > Q2, t1 <ty So option B is correct.

Objective 11

Answer.1
Electric field is in the direction form right to left.

Let velocity of an electron at stop A is v,

velocity of an electron at stop A is

Potentials are increased in the opposite direction of electric field.
SoV, >V,

Potential energy of the electron at point A is

U, =—eV,

Potential energy of the electron at point B is



Ug = —elp

Uy > U

Because Vg >V,

Kinetic energy of an electron at point A is K,

Kinetic energy of an electron at point Bis g,
Applying conservation of mechanical energy , we get
U, +K,=Uz +Kj

(Mechanical energy =potential energy+Kkinetic energy)
=> Ky > K, (Because U, > Up)

Speed of electron is more at stop B than stop A. Option A is correct.

Answer.2

capacitor is connected to a battery at t = 0. We have to consider two points. Point
A is on the connecting wires and B is in between the plates. The current flows
through the battery up to the capacitor is fully charged. So there is a current
through point A as long as the charging is not complete.

Capacitor has no dielectric. Without a medium, how can a current flows through
the plates of a capacitor. So there is no current flow through the point B.

Conclusion : A capacitor with no dielectric is connected to a battery at t = 0, no
current will pass through capacitor plates and there is only current pass through
connecting wire which is used to connect the capacitor with battery up to
capacitor is fully charged. So option B and C are correct.



B. the average speed of a free electron over a large period of time is zero.

C. the average velocity of a free electron over a large period of time is zero.
D. the average of the velocities of all the free electrons at an instant is zero.
Answer.3

When there is no current passing through a conductor then there is no charge will
flow through conductor. So net charge will be zero. Because of no net charge all the
electrons will be in a random motion. Due to random motion there is no net charge
transfer. So the average velocity of a free electron over a large time period will be
zero. If we see the average velocities of a free electrons it will also zero at an
instant because of absence of net charge.

Conclusion : When no current is passed through a conductor. The average velocity
of a free electron over a large period of time is zero and the average of the
velocities of all the free electrons at an instant is zero. Option C and D are correct.

Answer.4

Resistor is heated due to the current flowing through it. Thermal energy is
increase.

Formula used :

[ = neAV,

Where i— current

A— area of the cross section
n— electrons per unit area.

v, - Drift speed

_ P

R
A

R— resistance

p— resistivity



1- length
A— area of cross section

If thermal energy is increase the resistance will increase. Resistance is directly
proportional to resistivity, so resistivity also increase. Increase in resistance leads
to decrease in current. Current is directly proportional to drift velocity. So drift
speed. So only the number of electrons remains same.

If the resistor connected to a battery is heated due to current flowing through it

the drift speed, resistance, resistivity all are change except number of free
electrons. Option D is correct.

Answer.5

Formula used : Resistivity is given by

1
p= o
Where pis the resistivity

o is the conductivity

When temperature of a conductor is increases, its resistivity will increase and
conductivity will decrease.

Ration of resistivity to conductivity is

P_P_ -
J_l_p
p

Conclusion : When the temperature of conductor increases, the ratio of resistivity
to conductivity will increase. Option A is correct.



Answer.6

Formula used : current density is given by
current density , j = Lo
y,j=-=ne V;

Where

i— current

A— area of the cross section
n— electrons per unit area.
Vv, — Drift speed

Current density is inversely proportional to area of the Ross section. So area of the
cross section is depends on current density.

Drift speed is also inversely proportional to area of the cross section. So area of the
cross section is depends drift speed.

[t does not depends on free electron density and the charge crossing in a given time
interval.

A current passes through a wire of non uniform cross-section. Then it does not
depends on The charge crossing in a given time interval and free electron density.
Option A and D are correct.

Answer.7

Ammeter is always connected in series with a circuit that the current to be
measured. If ammeter has a large resistance, the net resistance will be high. It will
effect the total measures of circuit. Then we can’t get the accurate values of the
current drawn from the voltage source. If the ammeter have a small resistance, it
will not show an appreciable change in net resistance.



Voltmeter is always connected in parallel with the element to measure the voltage
across the element. Voltmeter should have a large resistance. If voltmeter have
small resistance, definitely draw the current from the source. It is not supposed to
draw any current from the source. It has to measure the potential difference across
the element only.

An ammeter should have small resistance and a voltmeter should have large
resistance. Option A, D are correct.

Answer.8

Given: C = 500 pF

R=10

Capacitor is connected to a battery thought a resistor. Initially capacitor starts
charge. If it is get fully charged then it starts discharge through the element
connected to it. Typically for the Charging or discharging the time constant is in
the order of mille seconds. Generally for 99% of the charging of a capacitor 4 to 5
time constants are sufficient. Given that the charge stored on the capacitor is larger
in the first 5s. So it larger than 5s, 50s, 500s and 600s.

A capacitor of capacitance 500 pF is connected to a battery through a 10k()

resistor. The charge stored on the capacitor is large in the first 5s. All the options
given are correct.

Answer.9

Given: C, = 1uF



C, = 2uF

Both the capacitors are connected to a same battery forma long time. So capacitors
fully charged. The two capacitors connected to an equal resistors separately at t=0.
Now the capacitors starts discharge at the same time. So at t=0 the current in both
discharging circuits are equal but not zero. Capacitors are in the ratio 1:2. So C;

loses 50% of its initial charge sooner than C, loss 50% of its initial charge.

If the charged capacitors C, = 1uF, C, = 2uF connected to the same resistance
separately then the currents in the two discharging circuits at t = 0 are equal but
not zero and Cq loses 50% of its initial charge sooner than C, loss 50% of its initial

charge. Option B and D are correct.

Exercises

Answer.1

a) IT'L 1, 1T b)53A

Given,

Charge as a function of time is Q(t) = At% + Bt + C.

The principle of homogeneity states that each term on the either side of an
equation has the same dimensions.

a) Each terms on the Right Hand Side of the equation has the same unit, and hence
the dimension of that of the term on the Left Hand Side.

So, each term on RHS is having same dimensions as of the quantity Charge, Q.
We know that, Charge Q is

Q=IXt

Where I is current with dimension ‘I’ and t is time in seconds with dimension ‘T
Hence the dimension of Q or Q(t)is ‘IT.

By inspection, we can see that the term C in RHS is devoid of any other quantities
and hence C also has the dimension ‘IT’ (Ans.)



We know that dimension of the term At? is also ‘IT’, and t represents time
(Dimension T).

So, dim(At?) = dim(A)T? = IT

Or

dim(A) =IT! (Ans.)

Similarly,

dim(Bt) = dim(B)T! = IT

Or,

dim(B) =1 (4ns.)

So dimensions of A, B, and C are IT'1, I, IT respectively.

b) The expression for the charge at time t can be rewritten by assigning values to
the constants as.

Q(t) =5t2+3t+1

We know that instantaneous current, I can be expressed as

=500
dt
By substituting the given expression in the above equation, we get,
I :£(5t2+3t+ 1)
dt
Or,
[ =10t + 3
For t=5s, | becomes] = 10 x 55 + 3 = 534 (4ns.)
Hence the current at t=5s is 53A
Answer.2
3.2x103 A
Given,

The number of electrons emitted=2.0 x 1016



Time, t, in seconds in which 2.0 x 1016 electrons are emitted=1s
Formula Used:

The current flowing from an electron gun or through a circuit, I, due to the
movement of charges, g, through it can be expressed as,

I =-
t

Where q is the charge flowing and t is time in seconds.

Also, for n number of electrons, q is

q = ne

Where e is the charge of 1 electron= 1.6x 10"19C

Hence, in the given problem, the total charge flowing from the gun is, q
g=ne=2x10"%x16x10"1C

=3.2x1073C

And the corresponding current, I is

q 3.2X 1073C 3
[=—=——""=32%x10""4
t 1s

So the corresponding current is 3.2x1073 A.

Answer.3

6.0x1074C

Given,

The electric current in the tube= 2.0 pA

Time for which charge transfer is to be calculated= 5 min=300s
Formula used

The amount of charge, q, transferred in t seconds, with a current I is
q=1It

Solution,



The discharge tube carries a current of 2.0 pA. So the charge transferred across the
cross-section in 300s, by the above relation, is

q=2.01AX% 300s =6X107*C

So the charge transferred across the cross-section is 6.0x10"4C

Answer.4

300C

Given,

The expression of current through the wire is

i=ip+at

where ip=10A4, time for which current passes, t= 10s, and a=4 As1
Formula Used:

For a given current i, the charge q is expressed as

ts
q =f idt
0S

Solution,

For the given expression of current, charge q is,

tS
q= f idt
0S
Or,
ts
q= (ip + at)dt
0Ss

On integration,

2
a
q=ipXt+ - (v the lower limit is zero)

By substituting the given values,



4As™1 x 102

q = 104 x 10s + 5

= 300C

Hence, the charge crossed through a section of the wire in 10 seconds is 300C.

Answer.5

0.074mm/s

Given,

Current in the wire, [= 1A

Cross section of the wire, A= 1mm?2=10"°m?
Density of Copper, d=9000 kg m™3

Formula Used

The current due to ‘n’ freely bounded electrons per unit volume with a drift speed
‘V4q’ can be expressed as,

I = nAeV; (eqn. 1)

Where ‘A’ is the cross-sectional area of the material through which electrons are
passing; and ‘e’ is the charge of the electron, which is

1.6x10719C.

In the given problem, n is not directly given. But we know that 63.5 grams of
Copper have Avogadro number (6.022x1023) of atoms. So ‘m’ Kilograms have,

6.022 X 10%3 X mKg
63.5 X 1073Kg

Also, in terms of density, d, the mass m can be replaced in the above expression as,

6.022 X 10%3 x (Unit volume X d)Kg
63.5 x 10-°Kg

And for Unit volume, the number of atoms are,

6.022 x 1023 x (Unit volume X d)Kg
63.5 X 10 °Kg

Unit volume




So, the number of free electrons/ atoms are,

6.022 X 10%3 x 9000Kgm™—3

= 8.535 x 1028 =
63.5 x 103Kg "

From eqn.1, the expression for Drift Velocity, V4

1

V, =
47 nde

Substituting the known values, it becomes,

14
"~ 8.535 % 1028 X 10~5m2 X 1.6 X 10~19(C

Va

=7.32x 107°m/s = 0.074mm/s (Ans.)

Hence the drift speed of free electrons is 0.074mm/s

Answer.6

Given,

Length of wire, | = 1m

Radius of wire, r=0.1mm=0.1x10"3m
Resistance of the wire, R =100 ()
Formula used,

The resistivity, p, of a wire with cross-sectional area A and length | is expressed as

_RA
P=7

Where R is the resistance offered by the wire.
Solution,

Firs, we find the area of cross-section of the wire as,
A=mr?

By substituting the value of r, Area becomes
A=m(0.1x103m)* =3.14 x 10~ %m?

Now substitute all the given values in the expression for resistivity. So, p is



1000 X 3.14 X 10™8m?
p =

1m

= 3.14 X 10~ °QOm

=m X 10°°Qm (Ans.)

So, the resistivity of the material is Tx10® Qm

Answer.7

400 Q

Given,

Initial Resistance, R of the wire= 100 ()

Initial length of wire=l4, Final length of wire=l,=2 1
Formula used

The expression for the resistance, R, of a wire is

R—pl 1
=5 (eqn.1)

Where p is the resistivity, A is the area of cross-section and | is the length of the
wire.

Hence, by knowing the final length and area we can calculate the final resistance by
comparing it with that of the initial case. Also, the information that the volume of
the wire would not change on recast, should be used.

Solution,
We know that the volume remains same after the recast.

If we represent the volume as a function of area and length, the above information
can be expressed as,

A Xl =A, X1,
Where subscripts ‘1’ and ‘2’ denotes the initial and final cases.
It is given that, 1,= 2 14, so the final area A, can be represented as,

Ay
A, = —
272



We use this to compare the two resistance,

The initial resistance, R is

Since the material is the same in both cases, p1= p;. By dividing eqn.3 by eqn.2, we
get,

R, LA,

Ry LA,

By substituting the relation between length and area at the initial and final cases,
the above expression can be re-written as,

Ry _ 2LA
R, B I A1/2
Or,

R, = 4R,
Or,

R, = 4 X 100Q = 4009 (Ans.)

the resistance of the wire is 400 Q)

Answer.8

8.9 hoursGiven,

Number of free electron per unit volume, n=102°

Area of cross-section, A=1 mm?2=10"6 m?2

Length of wire, = 4m



Current through the wire, [=2A
Formula used

We know that the expression for drift velocity, V4 of ‘n’ free electrons through a
wire of cross-sectional area A, for a current ‘i’ is

I

vV, =
17 nde
Where e is the charge of 1 electron= 1.6x10719 C

V4 can be expressed in terms of the travel length, | and travel time, t as,

l
Vd:E

Combining the above two expressions, we can write as,

l_ i
t  nde

Or,

_ nAel

t=—;
i

(eqn.1)
Solution,

Substituting the given values in eqn.1, we get the time taken by the free electrons
to cross the length as,

. 102 x 107°m? x 1.6 x 1071°C x 4m
B 24

= 32000s = 8.89 hours

So the average time taken by an electron to cross the length of the wire is
approximately 8.9 hours.

Answer.9
0.6km
Given,

Resistance of the wire, R=1000Q

Resistivity of copper, = 1.7 x 1078 QO m



Area of cross-section, A=0.01 mm?2=0.01x10"® m?2

Formula used,

The expression for the resistance, R, of a wire is

R—pl 1
=5 (eqn.1)

Where p is the resistivity, A is the area of cross-section and ‘I’ is the length of the
wire.

Or the length of the wire for given area and Area of a cross section is,
AR
1= ? (eqn.2)

Solution,
Substituting the values in eqn.2, we get the required length as,

_(0.01 x 10°m?) x 10000
B 1.7 X 10-8Qm

= 588.23m = 0.6km (Ans.)

Hence the length of the copper wire for the given resistance is 0.6km.

Answer.10

pl
mab

We have to find the resistance associated with the truncated cone as shown in the
figure.

For that purpose, we take an elemental area of this uniformly increasing cone and
find the resistance of that element. By integrating that value from radius a to b, we
would be able to find the resistance associated with the truncated cone.

The expression for the resistance, R, of a cylinder with length ‘1’ and area of cross-
section A is,



_pl

R
A

We assume that the cone is made up of an infinite number of cylinders with length
‘dx.

So for that element, resistance dR is

p X dx
dR = 1 (eqn.1)

Hence the total resistance R is

b
R :f dR (eqn.2)

Now the resistance for an element with a radius ‘y’ at x distance from left with
length ‘dx’ should be found out.

The mean area of the element is,
A = my?
Hence eqn.1 becomes

p X dx
dR = — (eqn.3)

From the figure, we can write a relation connecting x and y as,

(b-a)_(-a

l X

Or,

x(b—a)=1l(y—a)

Differentiating the above expression, we get,

dy
(b—a) = [a

On re-arranging

_ Ixdy
S (b-a

dx

Substituting this value in eqn.1 and combining with eqn.3, we get,

by xd
e [(exds

my?



[
_I”"X(b—@d
I

On integration,

R=ox l J‘bdy
- P H(b_a)ayz

Or,

l
R—pxm(flns.)

. . pl
Hence the resistance of the truncated cone is £-—

mab

Answer.11

a) 1.25x1017 b) 6.37x10° A/m?2

Given,

Radius of the wire, r= 0.1mm=0.1x10"3m
Resistance of the wire, R= 1000}

The voltage across the wire, V=20V
Formula used,

The wire is having a resistance, R and hence the current, I through it can be found
from the equation,



I—V 1
= = (eqn.1)

Where V denotes the potential difference across the resistance.

We know that the current, I through a resistor can be calculated from the charge, q
flowing through it per seconds, or

| =% (eqn.2)

Where t is the time in seconds for which the current is flown.

But the charge, q can be written in terms of number of electrons, n flowing by the
relation,

q = ne (eqn.3)
Where e is the charge of 1 electron= 1.6x101° C

Also, the current density, ] through a material with constant area of cross section A,
can be represented as

I

= - 4
J =4 (eqn)
Solution,

a) From the above equations, eqn.1 can be re-written with the help of eqn.2 and
eqn.3 as,

ne_V
t R
Or

_Vt
n_eR

For time t= 1s, and by substituting the given values in the above relation, we can
calculate the number of electrons passed in 1s through the copper wire with
resistance 1000() as,

~ 20V X 15
= 16x10-1°C x 10000

= 1.25 x 10 electrons (Ans.)

Hence the number of electrons transferred per second between the supply and the
wire at one end is 1.25x1017

b)



To find the current density, we have to calculate the area of cross-section, A of the
wire with radius r. Hence

A = mr?

By substituting the value for r, we get the area as,
A=m(0.1x107%)? = 3.1415 x 10 ®m?
Also, the current through the wire, from eqn.1, is

20V
10000

= 0.024

Now, by substituting the known values in the expression for current density, eqn.4,
we get ] as

_ 0.02A4
J= 3.1415 X 10-8m?2

= 6.366 x 10°A/m? (Ans)
Hence the current density in the wire is around 6.37x10° A/m?

Answer.12

8.5mVm1

Given,

Area of cross-section of wire, A=2.0 mm?2=2x10"® m2
Current flowing through the wire, [=1A

Resistivity of copper, p= 1.7 x 1078 QO m

Formula used,

From electrostatics, we know that Electric field, E is

_av

E=—
dL

Or it can be written as
| /4
E = 7 (eqn.1)

Where | is the distance over which potential difference V has an effect



From Ohm'’s law and the concept of current density, the relation connecting
resistance, R and resistivity, p can be written as,

R—pl 2
=7 (eqn.2)

Where ‘1’ is the length of the conductor (or wire) and ‘A’ is the area of cross-section
of the conductor.

Solution,
We know that potential difference, V is
V=IR

Using eqn.2, the above expression can be modified as,

V=IX—
A

Now, in order to find the electric field by eqn.1, we can replace V in eqn.1 with the
above expression as,

pl
x5
l

E =

On simplification, it becomes,

_Ixp

E
A

We have all the values for the above expression. So, on substitution, Electric field
will be,

1A x 1.7 x107%0m
~ 2Xx107°m?

= 0.0085Vm! (4ns.)
Hence the electric field in a copper wire is 8.5mVm!

Answer.13

25Vm!

Given,

Length, | of the wire= 2m

Resistance, R of the wire=5 Q



Current I, passing through the wire= 10A
Formula used,

From electrostatics, we know that Electric field, E is

E_dV
"~ dL

Or it can be written as
| /4
E = 7 (eqn.1)

Where 1 is the distance over which potential difference V has an effect
Solution,

We know that the potential difference, V in the wire with current I passing and
with a resistance R is

V=IR
By substituting the given values in the above expression, we get V as
V =104 x50 =50V

Substituting this value of potential difference in eqn.1, we can find the electric field,

So,

E—V
1

Or

E—SOV—ZSV 14
=5 = m -~ (Ans.)

Hence the electric field existing inside the wire is 25Vm1

Answer.14

84.5°CGiven,



Resistance of iron wire, Rg, j at 20°C=3.9 Q)
Resistance of Copper wire, R¢y, j at 20°C = 4.1 Q

Initial temperature of both the wires, T;= 20°C
Temperature coefficient of resistivity for iron, age=5.0 x 103 K1

Temperature coefficient of resistivity for copper, a¢,=4.0 x 103 K1

Formula used,

For most of the conducting materials, the relation connecting the resistance with
the change in temperature can be represented as,

R; = R;(1+c AT) (eqn.1)

Where Ry is the final resistance after the change in temperature, R; is the initial

temperature, a is the Temperature coefficient of resistivity and AT is the change in
temperature from the initial temperature of the material.

Solution:

We have the expression connecting the change in temperature and the resistance of
the material.

First, let us assume that the final temperature is Tf at which the resistance of both
the wires will be same.

So, change in temperature AT is
AT =T;—T; (eqn.2)

Now the final resistance of iron wire, Rp, ¢ at temperature Ty can be written based
on eqn.1 as,

Rpes = Rpei(1 +Xg, AT)
Or by substituting the known values, we can write it as,
Rre;r =3.9Qx (14 (5x 103K 1) X AT) (eqn.3)

Similarly, the final resistance of iron wire, R¢,, rat temperature T can be written
based on eqn.1 as,

Rcys = Reyi(1 +o¢¢,, AT)
Or by substituting the known values, we can write it as,

Reys=419x 1+ (4x 103K 1) X AT) (eqn.4)



At the final temperature, it is given that the resistance of both the wires are same.
So we can equate eqn.3 and eqn.4.

So,

RFe,f = RCu,f

Or,

390x(1+GBXx10 3K HXAT)=4.10x(1+ (4 x 103K 1) x AT)
By solving,

0.20=1033.9x5—-4.1x4) X AT

Or,

0.2Q=3.1x103 X AT

Or,

AT = 64.5°C

We know that AT is the difference between final and initial temperature, and hence
Tffrom eqn.2 is

Or,

By substituting the known values, we get Tr as

Ty =64.5°C+ 20°C = 84.5°C (Ans.)

Hence the temperature in which the resistances are equal is 84.5°C
Answer.15

4V Given,

Ammeter reading of current, i1 in the 15¢ case=1.75A



Ammeter reading of current, iy in the 21 case=2.75A
Voltmeter reading for current iy, V1=14.4V
Voltmeter reading for current iy, V,=22.4V

Formula used

The ammeter shows the accurate reading while the voltmeter deviate from
showing the corresponding potential difference value due to the presence of Zero
error, Ve.

Hence the original potential difference can be calculated as, V,
V,=V—-V,(eqn. 1)

Where V is the shown voltage in the defected voltmeter.

We also know that the potential difference across the conductor is, V
V =IiR (eqn.2)

Where R is the resistance of the conductor

Solution:

For the 15t and 2™9 case, the relation between absolute current and voltage can be
written, from eqn.2, as

Vol - ilR
And
VOZ = izR

By dividing these expressions, we get

Vol
VnZ

=2 (eqn.3)
5]

The terms V,,; and V,; in above equation can be replaced by eqn.1 as
Vi-Ve _ iy

Vo=V, i

By substituting the given values in the above expression, we get

14.4V -V, 1.75A
22.4V—-V, 2.75A

Or,



14.4V -V,
22.4V -V,

=0.6364

Or,

14.4V —V_=14.2554V — 0.6364V,
Or,

(1-10.6364)V, = (14.4V — 14.2554V)
Or,

V,=0.4V (Ans.)

Hence the zero error associated with the measurement is 0.4V.

Answer.16

1.52V,0.07Q

Given,

Voltage reading, V{ with switch is open=1.52V

Voltage reading, V) with switch is closed=1.45V

Current through the ammeter, i= 1A
Formula used

Kirchhoff’s loop rule says that the algebraic sum of the voltage in a loop is always
zero. Or

ZV=iR

For a cell with an internal resistance r and emf ¢, the voltage drop, V across it, if a
current ‘I’ is passed through the circuit can be written using the loop rule as,



V=€e—ir(eqn.1)

Solution:

a0

a) When switch is open, the current would circulate through loop ABCA but not
through the loop ACDEA. Since the internal resistance is very small compared to
the resistance of Voltmeter, the voltage drop occurs completely across the
voltmeter. This voltage drop will be measured in the meter and it will be almost
equal to the emf of the cell.

Hence the e.m.f of cell= volt meter reading.
Or,
em.f =1.52V (Ans.)

b) When the switch is closed, a current ‘i’ will flow through the loop ACDEA. Now
the volt meter will show the potential drop across the cell and the internal
resistance combined. So, using eqn.1 , we can find the internal resistance,

V=e—ir
Where V=Volt meter reading= 1.45V, i= Ammeter reading=1A, and e= 1.52V as we

By re-arranging, we can find the expression for internal resistance as,

e—V
i

T =

By substituting the given values,

1.52V — 1.45V
r= 1A = 0.07Q (Ans.)

Hence the internal resistance of the cell is 0.07()

Answer.17

290



Given,

The emf of the cell, E=6V

The value of internal resistance, r=1 Q

The volt meter reading across the setup, V=5.8V
The value of external resistance= R ()

Formula used:

1111111111

Figure shows the overview of the setup.

The voltage across the cell will be equal to that across the external resistance. So,
E—ir=iR=V (eqn.1)

Solution:

The current flowing through the internal and external resistance are the same.

By substituting the given values in the eqn.1, we get i as

E—ir=V

Or,

6V—ix1Q =5.8V

Or,

_6V-s58v_
L= 10 = U

This current also circulate through the external resistance R. Hence from the eqn.1,
we can write its expression as,

iR=V
By substituting the values of i’ and V, we get
0.2AXR =5.8V

Or,



\
R =290 (Ans.)

T 0.24
Hence the resistance of the external resistor is 290.
Answer.18

0.6

Given,

The potential difference across the setup, V= 7.2V
The emf of the cell, E=6V

The current flowing through the circuit, i= 2A
Formula used:

When the battery is charging the potential difference, V across the cell can be
written as,

V=E+ir(eqn.1)
Where ‘E’ is the emf of the cell and ‘r’ is internal resistance of the cell.
Solution:

As the battery is getting charged, the internal resistance can be calculated from the
eqn.1, as

V—-E
r=

i
And by substituting the given values,

—7'2V_6V—06£2 2
r= 24 = 0.6() (Ans.)

Hence the internal resistance of the cell is 0.6()



Answer.19

a)0.3A, b)3A

Given,

The emf of the battery, E=6V

The internal resistance of the battery, r; when discharged=10()
The internal resistance of the battery, r) when charged=1Q
Potential difference provided by the charger, E.=9V

Formula used:

When the accumulator battery is connected to a charger, the current through the
internal resistance depends on the net emf available across the resistor.

Hence Net emf across the resistor in the case of charging will be the difference
between the provided potential difference and the potential difference rating of the
battery.

Solution:

a) When the battery is being charged, the net emf, E, o+ across the resistance, r; will
be,

E,.. = External potential dif ference
— Rated Potential dif ference of battery

Or,
E,.. =9V —6V =3V

Hence from the relation, = ir, ,we can find the current, i by substituting r; as 10

Vv

| = —— = 0.34 (Ans.

"~ 100 (4ns.)

b) When the battery is completely charged, the internal resistance r; will be 1Q.

The net emf across the resistance will be the same, and is 3V.

Hence from the relation, Vv = ir, we can find the current, i through the resistance
by substituting r; as 11,



L]
Or,
'—3V—3A A
T (Ans.)

Hence the current through the internal resistance while charging and after
completely charged are 0.3A and 3A.

Answer.20
a) 0.57,b)1, c)1.75
Formula used:

Kirchhoff’s loop rule state that the algebraic sum of all the voltages in a loop will
be zero. Or,

ZV:iR

Solution:
a)
Al AN al
R HERY:
-— AN
i 0.1Q

Given resistances are: 1 (1,1 Q,0.1Q)

Applying Loop rule, we can write,



6V+6V=i;x0.10+i; Xx1Q2+i; X 1Q
Or,

12V =1i; X 2.1Q

And i will be,

12V
i = —_=5714
E TS

In the next figure,

BEV| C
1L ihiz-r
A 5Y 1 ev—E3— D
II 10 i
- AN,
Foig 0.1Q

Let i be the current that passes through the middle branch and hence i,-i will pass
through the upper branch, as shown in figure.

By applying loop rule in AFEDA, we can write as,
6V=i,x0.10+ix1Q

Or,

i=6-0.1i, (eqn.1)

Similarly, applying the loop rule in ADCBA, we can write as,
—6V —-ix1Q+ (i, —i) x1Q+6V =0

Or,

i, = 2i(eqn.2)

Replacing ‘i’ in eqn.1 using eqn.2, we get,

0.5i, = 6 — 0. 1i,

Or,
0.6i, = 6
Or,
i, = 104

Now iy /iy is,



iy 5.714

i, 104 =0.57 (Ans.)
b)
5“'} AAA ]
AT AP
~— AN
I 10

Given resistances are: 1 (1,1 Q,1Q

Applying Loop rule, we can write,
6V+6V=i X1Q+i; X1Q+i; X1Q
Or,

12V =i; X 3Q

And i will be,

12V
llzﬁz"}ﬂ

In the next figure,

B EV| C
. 10 ‘—lh‘iz-i
—~—&—D

100

Let i be the current that passes through the middle branch and hence i,-i will pass
through the upper branch, as shown in figure.

By applying loop rule in AFEDA, we can write as,
6V =i, x1Q2+iXx1Q

Or,

i=6-—i,(eqn.1)

Similarly, applying the loop rule in ADCBA, we can write as,



—6V —-ix1Q+ (i, —i) x1Q+6V =0
Or,
i, = 2i(eqn.2)

Replacing ‘I’ in eqn.1 using eqn.2, we get,

0.5i, = 6 — i,
Or,

1.5i, =6

Or,

i, = 4A

Now iy /iy is,

i _4A_
—=—= ns.
i, 4A (Ams.)
c)
6| 6 V|
A |
o 10
~— AN
I 10Q

Given resistances are: 1 Q,1 ,100Q

Applying Loop rule, we can write,
6V+6V=i x10Q2+i; X1Q+i; X1Q
Or,

12V =iy X 12Q

And i will be,
otz
R TT

In the next figure,



B EV\ C
1€ ihiz-i
6V
A ]i v —ES— D
I 16 i
: E
iz 10Q

Let i be the current that passes through the middle branch and hence i,-i will pass
through the upper branch, as shown in figure.

By applying loop rule in AFEDA, we can write as,
6V =i, x10Q2+iXx 1Q

Or,

i =6—10i, (eqn.1)

Similarly, applying the loop rule in ADCBA, we can write as,
—6V —-ix1Q+ (i, —i) x1Q+6V =0

Or,

i, = 2i(eqn.2)

Replacing ‘i’ in eqn.1 using eqn.2, we get,

0.5i, = 6 —10i,

Or,

10.5i, = 6

Or,

i,=%/,05=0.574

Now iq/i5 is,

ho 14 5 a
i, 0574 L75(Ans.)




Answer.21

nyngzE

a) =

; b) nyr=nyR

nqr+na R

Solution:

a)

A
et

i—i: L

nz

When nq cells each with emf ‘E’ are connected in series, the total emf, E, .t in one
branch is,

E,.. =nE (eqn.1)

Since, ny of such the branches are connected in parallel, the Total emf in every
branches are the same, E .

The resistance of n; cells each with resistance ‘I’ in series is,

R, =nyr

The total resistance for such n) number of branches, connected in parallel, is

nyr

Rer =,

[t is given that the whole setup is connected to an external resistance R. Hence the
total net resistance will be,

nr
Ryee = ——+R (eqn.2)
2

Hence the current through the external resistor is,

E net
R

net
Or,

nlE nlan

(%;+R)_n1r+n2

i = R (Ans.)



b)
We know that the relation connecting nq, ny, R and r is

. nymE
[ =—————
nyr+nyR

To get the minimum current through the resistor R, the denominator in the above
expression should be minimum.

In order to minimize the term ‘n;r+nyR’, we re-write it as,

nyr+nR = (/nr— \/an)z + 2. /nyn,r

SO, this term should be minimized. But, the above value is minimum only when the
term in the bracket is zero.

So,

Jmr =R
Or,

n,r = n,R

Hence i is maximum when nyr=n,R

Answer.22

10mA

Given,

Emf of the battery, E= 100V

Resistance of series resistor, r= 10kQ2=10000kQ
Resistance of external resistor, R=0-100()
Formula used:

A constant-current source is a power source that supply constant current to an
external load, even if there is a change in load resistance.

When the battery is connected to the external resistance that vary from 0 to 100 Q,
the effective resistance will change across the potential difference provided by the



battery.

p=g
=

,

Solution:

Let’s find out the current when R=0() or when there is no external resistance is
connected,

We know that, current i for a series resistor connection is

i=—

r

By substituting the known values, we get i as,

100V

L :m: 0.014 (ATI.S.)

Now let’s take R as 2 () (or a low value like 1 ) or so)

The value of current, i is

100V
L=
Rtot

Where Ry, is the effective resistance across the battery. From the figure, Ry, can
be calculated as,

R,,;=7T+R

Hence by putting R=2 (), we get i as,

100V 100V
T Y TR 100000 + 20

=0.0099984 ~ 0.014 (Ans.)

Similarly, by putting R=1001} , the highest possible, we get the current i as,

100V _ 100V
=T TR 100000 + 1000

= 0.009904 ~ 0.014 (Ans.)

So, as the principle predicted, the value of the current, 1mA, does not change much,
or it stays consistent till two significant digits.



Answer.23

1.6A, 4A

Given,

Current through A; ammeter, i-i{= 2.4A

Formula used:

Depending on the resistance offered by each paths of a circuit, the current split

inversely. The voltage across the two branches will be same as they are connected
parallel.

i-i1 20 Q) :
i
—p—@—m—' e
I

30 €2

() —www—

l1

Solution:

The current going through Ammeter A3 will split into two. To find the current in
two branches, let’s equate the voltage in each branches.

Hence,
(i—iy) X202 =iy X30Q
By substituting the value of i-i{= 2.4A, we get i; that goes through ammeter A, as,

. 2.4Ax200
"= "300

=1.6A (Ans.)

Hence the total current i, passing through A3

i=(i—i,)+i, =244+ 1.64 = 44 (4Ans.)

Hence the current through A, and A3 are 1.6A and 4A.



Answer.24

0.15A, 0.83A

Given,

The resistance of the rheostat, R= 30()
The emf of the battery, E=5.5V
Formula used:

The rheostat can vary the resistance from 0Q to maximum, and will be added as a
series resistance to the given setup.

Solution:

The 10 Q and 20 € connected parallel to each other. This can be reduced to a single
resistance as they both connected to same potential difference. So the effective
resistance, Reqgr between 10 () and 20 Q) will be,

10Q X 200

R,,——— = 6.667Q
7 10Q + 200

The rheostat resistance will be added in series to the above resistance.

The minimum current will be marked when the total resistance is maximum,
which happens when rheostat resistance R=30().

So the current will be,

E
R0

I =
Where Ry is

Rioe = Resp +30Q = 36.667Q

Hence the minimum current, i, is



5.5V

imin = m = 0.154 (ATI,S. )

Similarly, maximum current, i,,,, can be obtained when Rheostat resistance R is
minimum, R=0().

SO, RtOt is
Reor = Rors + 00 = 6.6670)

Hence the current is,

' _EF _ 55 =0.834 (4
lmax _th - 6.6679._ . ( TLS.)

Hence the current in the ammeter vary from 0.15A to 0.83A

Answer.25

a)1A, b)0.67A, c)0.33A

Given,

Emf of the battery, E=60V
Resistance of each bulb, r=180Q
Formula used:

The potential difference across each bulb will be equal as they are connected in
parallel across the same cell.

Also, we know that, for parallel connection of resistors, r with equal resistance, the
effective resistance, Rq¢ will be

Reff = ?‘/n

Where n is the number of resistors.



rrrrrrrrr

a)

When all the switches are closed (switched on), the current will split equally
across each of the resistors. And the total current will be the ratio between the
potential difference and the effective resistance.

The effective resistance will be,
Reff = ?‘/3
Or,

1800

Hence the current,i will be

E__oov _ .
R, 6on Awns)

[ =

b)

In this case two resistors (or bulbs) are connected in parallel. So the effective
resistance will be,

Reff = ?‘/2
Or,

1800

Hence the current, i will be

E 0 6744
R.; ooqn  e7AAns.)

[ =

c)



In this case one resistor (or bulb) only connected to the battery. So the effective
resistance will be,

Reff =r = 180“
Hence the current, i will be

E 60V
R.; 1800

i = = 0.334 (4ns.)

The current in the setup due to the connection of 3 bulbs, 2 bulbs and 1 bulb is
respectively 1.0A, 0.67A and 0.33A

Answer.26

1700 and 12.50

Given, resistances R, =200, R, =502, R; = 10012

Maximum resistance occurs when the three resistances are connected in series.
hence,R = R, + R, + R,

R=20+50+ 100 =17042

Minimum resistance is when they are parallel to each other.

1_1+1+1
R R, R, R;
:>1—1+1+ 1 5+2+1 8
R 20 50 100 100 100

= R =100/8 =12.50

Answer.27

450 and 22 50

Given, Voltage of the battery,V = 15V

Power operated P=5W, 10W or 15W



VZ
We know, p = —
R

NOVV,R =V?2
152
52
:>R2 :E: 22.50
152
=>R1 =E= 152

The parallel combination of resistances is always less than individual resistances.
Therefore, 15, has to be parallel combination while 45¢) and 22 5/ are the

resistances.

Answer.28
4mA, 8mA, 1340V.
Here, current in 5% resistor is| = 12mA.

Let current through 20k be I and that from 10 be L such that L=1—-1,

now, the potential across 20k and 10k has to be same as they are connected in
parallel.

= 201, = 10(I—1,)
= 301, = 101

Iy _101_1_12_4mA
1730 3 3

=L, =1-1,=12—-4 =8mA
Current flowing through 20k is 4mA and that from 10k2 is 8mA.

To calculate potential difference, we need to find the equivalent resistance.



R—5+20X10+100—11167kﬂ
B 20 + 10 N '

The currentis | = 12mA

Therefore, potential between A and B is
V=IR=12x10"3x111.67 X 10% = 1340V

Answer.29

21)

Given, current in resistor,] = 54

Current in a parallel setup, |’ = 64

Let the resistor be R

Voltage in the first case,V;, = [R = 5R ————— (1)

Let R’ be the equivalent resistance.

10R

Voltage in the second case, V, = I'R' = 6 X
10+R

————— @

now, (1) should be equal to (2).

10R

>5R=6X
10+ R

= 50 + 5R = 60

> R =20
Answer.30
r/3

Given, resistance of each resistor is r.



The equivalent circuit is given as follows:

. ANV~ i’

:

3

r

: : .11 1 1
Therefore, equivalent resistanceis—= == 4+ = 4+ - =
R r r r

=>R—r
3

Answer.31

2.0802,3.332and 3,750

Resistance of wire is 15).

: . 15
Resistance of each arm is R = " ()

The following figure shows the setup of resistor.e 8

D Cc

All other arms are collectively in series and parallel to arm AB.

The equivalent resistance of all other arms are: R = 5R =5 X L %5 0

6
15X?5 5
. . =Xz 2
Hence, the resistance across ABis R, ., = & = —0 = 2.0812
ot 15,75 4
6 6

BAIl other arms are collectively in series and parallel to arm AC. AC has two series
resistors.

The equivalent resistance of all other arms are: R’ = 4R = 4 x 1?5 = Z—OQ =100



309410

Hence, the resistance across ABis R, |, = &=— = 20 =3330
—+10 3

[

CAll other arms are collectively in series and parallel to arm AD. AD has three
series resistors.

The equivalent resistance of all other arms are: R’ = 3R = 3 X 1?5 = 1?5 N

75,15

: . e <7 _ 15
Hence, the resistance across ABis R, = =% = — = 3.7502
4= 4
6 2

Answer.32
0.1Aand 0.3 A
Given, resistor, R, = 102 and R, = 200
A If the switch is open, both resistors are in series.
Total resistance, R = 10 + 20 = 302
Current, ] = Y=2-014
R 30
B If the switch is closed, R, is short circuited.

Total resistance, R = 102

Current, ] = — = 3 = 0.34
10



Answer.33

0.2A

Here, the 4 resistor is short circuited. Let the current be .
Using KVL in the loop,

Al+6l1+2—-4=0

= 10l =2

= 1=0.24

Hence, the current through resistors is 0.2A

Answer.34

1A, 0.4A, 0.6A

Given, 7 = 30V,V, = 12V and V. = 2V.
Let the potential at the joint be |V

Current through 1002 isi; = Val;V — 3*’;‘-’

Current through 200 isi, = V;;C — vz

20
Current through 3002 isi; = VS_;C = %

Now;, Kirchhoff’s junction rule, j, =i, + i,

30—V V-12 V-2

=
10 20 T30
S30-y=L_12,V "2
2 3
3V —364+2V — 4
=30-V = -

= 11V = 220



>V =20V

Therefore, i, =

10 10

o 20—12 — 044
i, = T

20—-2 0.64
I = (.
3 20
Answer.35
1A,0A,1A,0A

Va—V _ 30-20 _

14

Given, resistance of resistor;r = 100

emfofeachcell, y = 10V

A Equivalent circuits are

For current through ais = Y
R

10

10

14

As for b, the two emf cancel each other, thus total potential is zero. Hence, the

current is zero.

B Equivalent circuits are

1OV ——

For current through ais j = 2
R

10

10

14

1OV~ —— " —

— 10V




Again for b, the two emf cancel each other, thus total potential is zero. Hence, the
current is zero.

Answer.36

There are two current loops, a AVAVAVAY, > b

KVL inloop 1 gives

Ry(iy +i) + 4R, — E, =0

= (Ry + Ry)i; + i,R3 = E, ———— (1)
And inloop 2,

R;(i; +i,) +i,R, = E;

= (R, + R3)i, + iRy = E, ————— (2)
Solving (1) and (2)

- E;(R; + R3) — EjR;
Y R,R, + R,R; + R3R,

- E;(R, + R3) — E;R;
2" RR, + R,R; + R3R,

Now, Vo —Vp, = (iy +i)R;



El/Rl + EZ/RZ
1/R; + 1/R, + 1/R;

>V, -V =

B On rotating the figure we find that this circuit is similar to A

hence,Va —V, = Ey/R1+E5 /Ry
1/R,+1/R>+1/R3
Answer.37
2V,1A,0A,1A
10 [3"
AA AN |
|
10 2V
Here, we will apply KVL | AN\ I

KVL inloop 1 gives

i, 4@, —i)+2—-1=0

KVL in loop 2 gives

Solving (1) and (2) gives

i,=1i, =14



Current through topmost branch is 1A.
Current through middle branch is 0A.
Current through bottommost branch is 1A.

Therefore, potential difference is V,—V, =E,— (i, —i,)1 =2V

Answer.38

0A

100 il

Ly AAM W\ Here, there are two loops,

|:
a5
KVL on loop 1 gives

3i + 6i;, = 4.5 ———— (1)

KVL on loop 2 gives
10(i—1i)+3-6i;,=0

= 10i - 16i, = -3 ———— (2)
Solving (1) and (2) gives,

i, =0.54

andj = 0.54

thus current through 100 is; - i,=05-05=04



Answer.39

This question can be solved by critical analysis of the circuit. Three loops are
present. In each loop there are 2 cells of equal emf opposing each other. Thus, the
total effective emf is zero. Thus, there will be no current from either arms.

Answer.40
Any value of R
This is an example of balanced Wheatstone bridge.

In such a setup, the current through the middle branch is zero irrespective of the
resistance. Hence, any value R would suffice for current to be zero.

Answer.41

(a)

Concepts/Formula used:Resistors in Series: R,, = R; + R, + R3 + -~



1 1 1
Resistors in parallel: — = — +—+ —+. ..
eq Rl R2 R3

The given circuit can be rewritten as

/j“\
r r
|
. :
‘ r £
\‘(If As we wish to find the resistance
R
Lg o h g
X { 1 o

between points a and b, we have proceeded to add a voltage source of emfe
between the points a and b.

Let the net current passing through the upper branch be 21. We can see that the
upper branch is symmetric i.e. its upper and lower portion are the identical. Thus,
the current should divide equally when branching out. So, current through ec and
edis L.

Now,

Vo=V, =—=Ir
V.-V, =-Ir
Hence,

Va = Ve

As there is no potential difference across dc, there is no current passing through dc.

Hence, we can rewrite the circuit without the resistor across dc.



g r h
o VWAV AWA o
a |
=5 | I b.
3
This circuit is equivalent to:
u r € r
SVAVATAS TAVAVAV
21 f
r r
AVAVAVAR S WYLV
i d m
r
‘,g_—" o, /”\v/\—h.
&4 1 o

We can see that uc and cv are in series.

Rl=r+r=2r

Also, nd and dm are is series.
eq _ _
R, =r+r=2r

Hence, we can rewrite the circuit as follows:

Zr

u v
2% %%
e 21 f
2r
SVAVAY
A m
g ! h
VNN Y—————— 9
o K o



Clearly, uv and nm and gh are in parallel.

1 1 1 1

Rea - 2r 2r r

R®1 =1/2

g - h

Note that because of symmetry,

Ieg = Iyf
ICg = Igd

Hence, we can rewrite the circuit as cg and gd are is series and eg and gf are in
series.

e v f
B |
fo— % —0—" /N %—-@b'
| \ i E
. c¥ ) _{\{

The blue resistors are in series. Net resistance =r + r = 2r



2r

2r

Now, the blue resistors are in parallel.

1_1 1

R r 2r

R 3
=—-r
2

' r r
a@— AVAVAVA —g-@——\ N NG b’
a b
o

Ty

v

Now, the equivalent resistance of the upper branch and the lower branch is:

\7 ¢
A\ NN
C

2r/3

R = +2 4 _8?‘
—rTETrEg

The middle branch: R iqgdqie =7 +7 =2r

Now, the circuit looks like this:



o BT o

2

3

All the resistance are now in parallel:

1 1 1 1
R Zr'2r' 2r

3 3
_ 4y
R, q ?
Answer.42

Concepts/Formula used:Resistors in Series: R,, = Ry + R, + Ry + -

1 1 1
Resistors in parallel: — = — +—+ —+. ..
eq Rl R2 RS

Potential Difference (V) across a resistor of resistance R when current [ passes
through it is given by Ohm’s law:

V = IR

Let the current through the ammeterbe [

lower part are completely identical. So , there is no reason they should have
different currents. Hence, the current equally distributes into each branch due to
symmetry.

= 21 . We can see that the upper and



100 d 100 e _lﬂ_ﬂ_ f

lamm = 21
oy 30 O 300 p b
iia 100 100 100
g v N h v Y, : J
=
av

Due to this symmetry, d and h; e and i are the same potential. Hence, no current
passes through de and ei.

Hence, we can redraw the circuit by removing the resistors across dh and ei.

c 100 d 100 e 100 f
™ VAV, — AVAVAYA ——" NN _$
a \—v »b
100 100 100 ‘
g h i i
—a
(14

We can see that the resistors across cd, de and ef are in series. Hence,
R =102+ 102+ 10Q = 300Q

Similarly,

R, =100+ 100+ 10Q = 30Q

We can rewrite the circuit as follows:

¢ 300 f
g N .J_; \\v'/\ "\‘,-": \ m

ig— | [— ,
300
— A\ —e
¥ J
‘6V
|

We can easily see that cf and gj are in parallel.



1 1 1

_|_

R., 300 300

Req = 150

Now, the circuit looks like this:

By Ohm’s law,

I = V—04A
amm_15ﬂ_ .

Answer.43

(a)

Concept/Formula used:

Kirchhoff’s loop rule:

The sum of potential differences around a loop is zero.

Let the current flowing through the circuit be J.

he Ry=50 4 6V

Ry =100 ,

‘>"\ ——{ >\

I 1

Applying Kirchhoff’s loop rule through the whole loop abcdea,



—1(10Q) + 12V — I(5Q) 4+ 6V = 0

—(15Q) + 18V =0

[ 18V
150
I = 1.24

(b)

Concept/Formula used:

Potential Difference (V) across a resistor of resistance R when current I passes
through it is given by Ohm’s law:

V = IR

The potential difference across Ry is:

Vg, = IRy

= 1.2A X 50

Vg, =6V

(c)

The potential difference across R» is:
Ve, = IR,

= 1.2A X 100

Vg, =12V

(d)

Let us consider the second circuit.

R, =100 , 12V 6V

Applying Kirchhoff’s loop rule through the whole loop abcdea,
—1(10Q) + 12V + 6V —I1(5Q) =0

—(15Q)1 + 18V =0



_ 18V
150

I = 124

The potential difference across R is:

Ve, = IR,
= 1.2A x 50
Ve, = 6V

1

The potential difference across R» is:
Vi, = IR,
= 1.2A x 100

Ve, = 12V

Answer.44

As we need to find the equivalent resistance across a and f. We connect these two a
source of emf €.

Now, we will exploit the symmetry in the cube to find the current in each branch.
Let the net current be 6. Then, it distributes equally in all 3 branches due to
symmetry. Hence, ab, ah and ad have current of 2I. Now, it further divides into two
branches of current I. All this is in accordance with the junction rule.



Now, following the junction rule, we can find out the rest of the currents.

b ! <
2L~
A 7ﬁ/
6l /' 21 d
a
I 2N
21 g
61
e 21 ¥
o] Au /
o 2
i I g #
d
3
#
e | [ #
@ |

Applying Kirchhoff’s loop rule on loop adgfia,

—-2Dr—Ir—2Dhr+e=0

Now, we need the find an req such that

_E
Teq—a

Using (1), we get

5r
Teq = g
Answer.45

Concepts/Formula used:Resistors in Series: R,, = R; + R, + R5 + -~

Resist i llel 1 1 + ! + ! +
es1Stors 1n parailel:. = — —_ —_— ...
P . R, R, R

(a)



The resistors across dc and cb are in series.

R¢1

dcb—r+r—2’r

1 _ 1 1
eq — .. T
Rdb 2r r
2r
eq
Rdb ?
d
k_l 2r
. L3
?‘/,’ |__.
b

B ,\Ax._

The resistor across db and ad are in series.

2:'

\;\/\;\ & /\ Y .»"
\/\/\ & }

2r  br
eq  _ —
Ra;b; - r + 3 - 3




The circuit can be redrawn as follows:

§c

1 3 1
Req_S’r r

_5r
R, r
(b)

The point b is connecting the ends of three resistors; the other ends of the resistors
are attached to a fourth one with one of its end being point a.

Hence, we can redraw the circuit as follows:

1 1,11
Rzz_r ror
r

Rg:g

Note that the resistors across bc and ca are in series.

_r
Req—§+?"
4r
R,, =—=



(c) We can redraw the given circuit as follows:

Note that there is symmetry in the circuit; the upper and the lower parts are
identical. Hence, the potential at d should be the same as potential at c.
Consequently, there is no potential difference across dc. We can neglect the
resistors across dc.

u - c r v
b
a ] i l)—fi}
w d m

We can easily see that uc and cv are in series.
eq _ —
R, ,=r+r=2r

Similarly,

Now, resistors across uv and nm are in parallel.

1 1 1

Req 2r Z2r



Reyg=Tr1

(d)

Note that one end of all four resistors is connected to one point a. The other ends
are connected to a circle with no resistance. Hence, all points in the circle are same
i.e. point b. Thus, all the other ends are connected to the same point b. This simply
describes resistors in parallel.

1 1.1 1 1
+—+ -+

Regq v 1 1 1
r

Req_Z

(e)

The circuit can be drawn as follows:

As we wish to find the resistance between points a and b, we have proceeded to add
a voltage source of emf € between the points a and b.

Let the net current coming out of the battery be 2I. We can see that the circuit is
symmetric i.e. its upper and lower portion are the identical. Thus, the current
should divide equally when branching out. So, current through ac and ad is I.

Now,

V, -V, =-Ir
Voe—Vo=-Ir
Hence,

V, =V.

As there is no potential difference across dc, there is no current passing through dc.



Hence, we can rewrite the circuit without the resistor across dc.

The circuit can be redrawn as:

u r € r v
/ S J ‘.\. rd _@_ ™ o \\.- 4 %, ¢ Fa"
21 ‘T
i r r —>-9!

& d m

® ¥ —o

€

We can see that uc and cv are in series.

RéY =y 41 =2r

uw

Also, nd and dm are is series.

R =r+4+r=2r

nm

Hence, we can rewrite the circuit as follows:



2r

a 2l | | b
@%—]
)

Now, uv and nm are in parallel.

1 1 1
R., 2r 2r
Reyg=r1
Answer.46

Concepts/Formula used:Resistors in Series: R,, = Ry + R, + R3 + -+

—1+1+1+
"R, R, R;

Resistors in parallel:
R,

q
Ohm'’s Law:

Potential Difference (V) across a resistor of resistance R when current [ passes
through it is given by Ohm’s law:

V =1IR
(a)
Let the equivalent resistance between A and B be req (.

This means that we can rewrite the circuit as:



O‘Ta
6V (:'
== 7

s <> ¥ag
>

Where rq has replaced the following infinite combination:

19 10 10
G >

20 220

We can redraw the infinite circuit as

@ FN / \VA T __r

Ty

rd &

GV \/"; ")
. <L 20 < Teq

= > >

"\;_._ "/__\,

. . 4

e
b

1 1, 1
re’q 2 Teq
, 21‘eq

I' =
&4 Teq T 2
. 1Q

b

Now, the 1 Q) resistor and r’eq are in series.

eq __ _ ’
Rab = Teq = 1+r€q



2r€q
Teq = 1+ m

Rearranging and dropping the subscript, we get a quadratic equation:
r2—r—2=0

The roots of this equation are 2 and -1. As resistance can’t the negative the
equivalent resistance between A and B is 2 ().

(b)

Let the net current be 2I. This current passes through the 1 Q resistor. Than splits
up equally due to symmetry as there are two 2() resistors.

a 10 5 ¢ d

® / &——— D
& 4] \Z
%
- 20 < Teq

Now,

(Y4
j'net 21 ﬁ
I =154

Hence, the current passing through the nearest 2 ) resistor is 1.5A.

Answer.47



Given:

Emf, e = 4.3V

External resistor, R = 500

Internal resistance, r = 1.0 Q

Resistance of Ammeter, R, = 2.0()

Resistance of Voltmeter, R, = 2000

(a)

Concepts/Formula used:Resistors in Series: Reg =Ry +Ry+R;+ -

S
"R R, Ry

Resistors in parallel:
R,

q
Ohm'’s Law:

Potential Difference (V) across a resistor of resistance R when current I passes
through it is given by Ohm’s law:

V = IR

We are trying to find the equivalent resistance of the circuit first.

43V 1.0Q
[l RN
| I
500 2.0 9
200
v

We will treat the measuring devices as ordinary resistors. Now, voltmeter and R=
50Q are in parallel. The equivalent resistance is given by:

1 1 1

~ ~ 500 T 2000

r’' =400

We can redraw the circuit as follows:



43V 104

r'= 400 2.00
S .

Now, we can see that all the devices are in series.
Hence,
Req =400 +2.00+ 1.0

R., = 430

4.|3 4
|

Req = 430
LN/

Now; the current that passes through R also passes through the three series
components : internal resistor, r’ and ammeter.
Hence, Ly =14

Using Ohm’s law,

L, =1, = €
eq A Req
1—4'3V—01A
47430

Now, the potential difference across R is the same as potential difference across r..
VR = I/,_,.f = IT‘,
= 0.14 X 400 = 4V

Hence, the ammeter reading is 0.1A and the voltmeter reading is 4V.

(b)

Concepts/Formula used:Resistors in Series: Ry =R +Ry+R3+ -

1 1
Resistors in parallel: — = — 4+ —+ —+...
eq Rl R2 RS

Ohm'’s Law:



Potential Difference (V) across a resistor of resistance R when current I passes
through it is given by Ohm’s law:

V = IR
Let us find the equivalent resistance, R¢ of the circuit.

43V 1.0Q

—1

500 20.0
A

Z%OQ ﬁ

We will treat the ammeter and the voltmeter as ordinary resistors to find the
equivalent resistance.

Note that the ammeter and the external resistor are in series.

Hence,
r’' =500+ 2.00 =52

We can redraw the circuit as follows:

43V 1.0Q

520
-~ INSNS NN

200 O /
Vv

Note that the voltmeter and r’ are in parallel.

1 1 1

7 =520 T 2000
rx 41.27 O

The circuit can be redrawn as follows:



43V 1.0Q
|

41.27 Q

Now, the r’” and the internal resistance are in series.
R, = 41270+ 1.0 = 42.3

By Ohm'’s law, the current coming out of the battery is

€ 43V
R~ 4230

I = ~ 0.14

eq

Now, potential difference across r’”’ = 41.27 () is the same as acrossr =52 Q.
Voltmeter Reading:

Vo=Vu=Ir" =43V

Now, the current passing through the ammeter is the one passing through r’.

vV, 43V
IA = f,l,.f :? = ﬁ: 0.084

The ammeter reading is 0.08A and the voltmeter reading is about 4.3 V.

Answer.48

Concepts/Formula used:Resistors in Series: R,; = Ry + R, + R3 + -



1 1
Resistors in parallel: =—+—+ —+...
eq Rl R2 RS

Ohm'’s Law:

Potential Difference (V) across a resistor of resistance R when current I passes
through it is given by Ohm’s law:

V = IR
()

The given circuit is:

e=84V

Ry =100Q

R, = 2000

— —

R, = 400V
V

We can easily see that the voltmeter and Ry are in parallel. The equivalent
resistance, r’ is given by:

1 1 1

- = 1000 T 2000

r' = 800
We can redraw the circuit as follows:
€ :|84 Vv
r' = 800 R, = 200Q

Note that r’ and R, are in series. The equivalent resistance is given by:

R., =800 + 2000 = 280()

The current coming out of the battery also passes through r’. By Ohm’s law,




Now, the voltmeter reads the potential different across R .

Vz, = 0.34 X 80Q) = 24V

Hence, the voltmeter reads 24V.

(b)

The given circuit is now:
e =84V
0

Ry =100Q R, = 2000

F

The equivalent resistance is :

R., = 100Q + 2000 = 300Q

The current is the same throughout the circuit as all components are in series and
is given by:

€ _ 8
" R, 3000
= 0.284

Now, the potential difference across Ry is given by:
Ve, = IRy
= 0.284 x 1000

= 28V

Hence, the potential difference across the 1002 resistor before connecting the
voltmeter was 28V.



Answer.49
Concepts/Formula used:
Ohm’s Law:

Potential Difference (V) across a resistor of resistance R when current I passes
through it is given by Ohm’s law:

V = IR

Kirchhoff’s junction rule:

The sum of currents entering a junction is equal to the sum of currents leaving it.
Kirchhoff’s loop rule:

The sum of potential differences around a closed loop is zero.

Let us call the 240 resistance be R1 and 50() R; . Let the resistance of voltmeter be
Ry.

[t is given that the voltage across the voltmeter, V = 18V.

The given circuit can be drawn and labelled as follows:

e=30V

=)
=
o
=V
—

Applying Kirchhoff’s loop rule,
e=V+V
V, =20V —18V = 12V

Using Ohm’s law,

V, = LR,
v, 12v
]1 == —
R, ~ 240

= 0.54



The potential difference across voltmeter and R is the same as they are in parallel.

Using Ohm’s law again,

L v 18V
27 R, 50V
= 0.364

Using Kirchhoff’s junction rule at X,
IV = Il - 12
= 0.54 — 0.36A4 = 0.14A4

Finally, using Ohm’s law for the voltmeter, we get

R—V
=

_ 18V 1300
T 0.144

Hence, the voltmeter has resistance 130().

Answer.50
Concepts/Formula used:
Ohm'’s Law:

Potential Difference (V) across a resistor of resistance R when current I passes
through it is given by Ohm’s law:

V = IR
Note that 1A = 100mA.

Note that the current at full deflectionis ] = 10mA4 = 0.14-

The voltmeter can be represented as follows:



'I,,m%- = 10 mA

" =350 i
|

It is given that the resistances are in series.
R,y =R+
= 5750+ 250

= 6000

Potential difference is maximum when there is full scale deflection and is given by
Ohm'’s law:

V =IR,,
= 0.014 X 6000
= 6V

Thus, maximum potential difference that can be measured is 6V.

Answer.51
Concepts/Formula used:
Ohm’s Law:

Potential Difference (V) across a resistor of resistance R when current I passes
through it is given by Ohm’s law:

V = IR
The maximum current that can be measured is | = 2A.

max

The current through the coil when there is full scale deflection is
I, = 1mA = 0.001mA.

The resistance of the coil is R = 250

Let the resistance of the shunt be T, and current when there is full-scale deflection
is .



By Kirchhoff’s junction rule,
IS + {q = Imax
Is = I'.';mx‘{q

= 24 — 0.0014 = 1.9994

Using Ohm’s law, we have

Vo = Iyr
and
v, = L,

As rg and r are in parallel, the potential difference across them is the same.

;=1

_ 0.0014 x 250
1.9994

=1.25x 1072 Q)

Hence, the shunt resistance is 0.125() .

Answer.52
Concepts/Formula used:

Ohm'’s Law:



Potential Difference (V) across a resistor of resistance R when current I passes
through it is given by Ohm’s law:

V = IR

Ammeter:

[t consists of a galvanometer coil in parallel with a stunt resistance.

Kirchhoff’s junction rule:

The sum of currents entering a junction is equal to the sum of currents leaving it.

The given voltmeter looks like this:

== 1

| |

fmex N R = 1,15kQ |

| 7 =500 |

| |

e e e ey, Loy i) -
12V

The maximum potential difference that can be measured isV, .. = 12V ,and let

the current through the voltmeter for maximum deflectionbe .
Note that the coil (r) and the other resistor (R) are in series.

R, =7+R

= 500+ 1.15kQ

= 500+ 1150Q

= 12000

(Note that 1kQ = 100010 )

Now, using Ohm’s law,

|/4

_ "max
max — R

eq

12V
12000

= 0.014

The ammeter we want looks like the following diagram:



| Iy r=500 |
IIfmax > AR
= ? I
L e i i, i i’ it —
The maximum current that can be measured is I o = 24

nax

From our previous calculations we know that the current through the coil for
maximum deflectionis I, = 0.014.

Note that the shunt resistance (rg) and the coil (r) are parallel in an ammeter.
By Kirchhoff’s junction rule,
IS + {q = Hnax

- I.a

—_ r
Is - Imax

= 24 — 0.014 = 1994

Using Ohm’s law, we have

Vg =1y
and
Ve = L7

As rg and r are in parallel, the potential difference across them is the same.

Vi=1;

_ 0.014 x 500
1994

= 0.251 0

Hence, the shunt resistance is 0.251(.

Answer.53



an 120

A
._.___|l_
1

Concepts/Formula used:

Wheatstone bridge:
Rl - _’:_ [ R2
& 1
< @
Bl | Tr,

The condition for no deflection through the galvanometer is

Ry _Rs
R: R,

Here, and R, == 80Q
R, =120

Let the potentiometer wire be at 1 cm from A when there is no deflection through
galvanometer.

Let the resistance per cm of the potentiometer wire be be p .
Hence, R, = pl and R, = p(40 —1).

Using the equation when there is no deflection for a Wheatstone
bridge/potentiometer, we have

Ry, Ry

RZ B R4

801 pl
120 p(40 = 1)

2 1
3 40-—1

80 — 21 = 31



Hence, the free end of the galvanometer must be 16cm from point A.

Answer.54

Concepts/Formula used:

Wheatstone bridge:
AN
Rl ; | S R.2
< e
By | IR,

The condition for no deflection through the galvanometer is
Ry _Rs

R, R,

Here R, = 6 and R, = R.

When no deflection occurs, AD = l¢cm = 30cm

Let the resistance per cm of the potentiometer wire be be p .
Hence, R; = pl and R, = p(50 — 1)

Using the equation when there is no deflection for a Wheatstone
bridge/potentiometer, we have

Ry _ Ry
RZ_R4



60  pl

R~ p(50-1)

@ _30cm

R 20cm

R = 40

Answer.55

(a)

Vy—=Vg =V = 6V
AsVy =0,

V, =6V

Let us account for the potential differences when moving from A to C.
V,—4V =V,
V.=6V —4V =2V

(b)



VA - VD = 4V
Let the area of cross section of wire be A and resistivity be p.

Then,
V=IR=1I :

where V is the voltage across a wire segment of length 1.

As, all the quantities except for length are the same for all sections of wire AB,

V <1

Hence,
Vap _ lap
VAB ZAB
AV
6V 100cm
lyp = 66.47cm

Hence, D is 66.67cm away from A.

(c) As V. = v, there is no potential difference across CD and hence, the current
through it is zero.

(d)

@)

Vy— Vg = Vyoe = 6V
Asv, =0,

v, =6V



Let us account for the potential differences when moving from A to C.
V,—7.5V =V,

V.=6V —7.5V =-1.5V

(b)

Vy =V, =—-1.5V

V,—Vp, =75V

Let the area of cross section of wire be A and resistivity be p.

Then,
V=IR=1 :

where V is the voltage across a wire segment of length .

As, all the quantities except for length are the same for all sections of wire AB,

V o< [

Hence,

Vap _ lap

VAB ZAB
6V~ 100cm
lyp = 125cm

This is not possible. As the length of the wire is only 100cm. There is no such point
D.



Answer.56
Concepts/Formula used:
Ohm’s Law:

Potential Difference (V) across a resistor of resistance R when current I passes
through it is given by Ohm’s law:

V = IR
Let the area of cross section of the wire (resistor) be A and resistivity be p.
Then,

[
R=pz

Kirchhoff’s loop rule:

The sum of potential differences around a closed loop is zero.

(a)

We consider the circuit when there is no deflection:

A® >

E €/2

Applying Kirchhoff’s rule on loop ABCE
—IR —Ir+e=0
IR+r)=c¢€

Using R = 157,
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Let the area of cross section of wire be A and resistivity be p.

Then,
V=IR=1 :

where V is the voltage across a wire segment of length .

As, all the quantities except for length are the same for all sections of wire AB,
V <1

Hence,

X =
Vig 2 15¢ 600cm

600cm 15
lap = 320cm
(b)

Let the current coming out of the main battery be I; and the current through the
galvanometer be I,.

]j L+hL p

, D

A® > o B
o,
T d
€/2 F

Let the area of cross section of wire be A and resistivity be p.

Then,

l
V=IR=1Ip



where V is the voltage across a wire segment of length 1.

As, all the quantities except for length are the same for all sections of wire AB,
V <l

Hence,

R4p 560cm
R ~ 600cm

Using R = 15r

R —56><15 =14
aD = o r=1ar

Now, Rpp and Rpp are in series.

Rap + Rpp = Ryp

14r + Rpp = 157

Rpg=T1

Applying Kirchhoff’s rule on loop ABCFA,

- +L)R) —Lr+e=0

—(I, + L)(A57) — Lr + € = 0161, + 15,7 = € wveveveneen(1)
Applying Kirchhoff’s rule on loop ADEFA,

—(I; +L)Rsp) — Lr+€/2=0

—(I, +L)(14r) — Lr +€/2 = 014Lr + 15Lr = €/2  wvvvennnn(2)
From (i) and (ii)

3€

I, = —
27 22r

Answer.57
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Concepts/Formulas used:
Ohm’s Law:

Potential Difference (V) across a resistor of resistance R when current I passes
through it is given by Ohm’s law:

V = IR
Capacitance:

If two conductors have a potential difference V between the them and have charges
Q and -Q respectively on them, then their capacitance is defined as

C ==
vV

At steady state, no current passes through 6uF . Hence, we can ignore the capacitor
to find the equivalent resistance.

Now, 1002 and 20Q) are in series.
R., =100 + 200 = 30Q
The current is given by Ohm’s law:

v _2v 1

R 300 15

Now, this is the same current that passes through 10 resistor.

The potential across it is given by:
2
Viea = 1(10Q) = EV
Now, as the capacitor is in parallel with the 10( resistor the,
Ve = Viga
Now,

Q=VC

—2V><6F

= 4nC



Answer.58
Concepts/Formula used:
Ohm'’s Law:

Potential Difference (V) across a resistor of resistance R when current I passes
through it is given by Ohm’s law:

V =1IR

Kirchhoff’s junction rule:

The sum of currents entering a junction is equal to the sum of currents leaving it.
Kirchhoff’s loop rule:

The sum of potential differences around a closed loop is zero.

Energy stored by a capacitor:

If the potential difference between the two conductors of the capacitor is V and its

capacitance is C, its energy is given by:jj = ECVZ

(a)

E,!l 100 A 10{1 I c

& v y —.;,:1— " B
l Vi +1,
sv— 200

—1

L

Using Kirchhoff’s law on loop FEABE,

L

B

m @

5V + —1,10Q — (I, + 1,)200Q

5V =30L,Q + 201,Q61 + 4, =14 (1)
Using Kirchhoff’s law on loop ACDBA,

—1,10Q + 5V — (I; + L,)200

5V = 301,Q + 201,Q41; + 61, = 1A eveeeeene(2)
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Solving (1) and (2), we get
L =1L =014

Hence,

Lg =1+ =024

(b)

A 10 ﬂ Iy

TV 1

At steady state, no current passes through the capacitor; hence, the results are the
same as in (a).

Viooa = g X 2000 =0.24 X 20Q0 = 4V
Now, the potential as the capacitor is in parallel with the 20() resistor,

Ve = Vogq = 4V

U—16V2
2

1
=5 X ANF X (4V)2

= 32

Hence, the energy stored by the capacitor is 32pJ.

Answer.59

Concepts/Formula used:



Ohm'’s Law:

Potential Difference (V) across a resistor of resistance R when current I passes
through it is given by Ohm’s law:

V = IR

Kirchhoff’s junction rule:

The sum of currents entering a junction is equal to the sum of currents leaving it.
Kirchhoff’s loop rule:

The sum of potential differences around a closed loop is zero.

Capacitance:

If two conductors have a potential difference V between the them and have charges
Q and -Q respectively on them, then their capacitance is defined as

1uF 2uF
N i M | ¢
& S e | —
19 0o 20 bk
E9— —@— V' i
6V
L + I
A . el 9B
L 30 30
E AN, —oH
G
0_} — — I__ Q
| P |
3uF 4uF

Applying Kirchhoff’s loop rule on ABCDEA,

—6V +L,(2Q) + L(10Q) = 0

I,(3Q) = 6V
I —6V—2A
2730

Applying Kirchhoff’s loop rule on ABHGFA,

—6V +1,30) +,(3Q) = 0

L(6Q) = 6V
I _o_ 14
760

Now,



Vg =1, X30 =3V
As the 3Q resistor and the 3uF capacitor are in parallel,
Vaur = Vg = 3V

Now, we know that

Qzur = Vaur X 3pF = 9uC

Also,

Vey =1, X300 =3V

Vaur = Vou = 3V

Now, we know that

Qaur = Vapr X 4pF = 12pnC

Now,

Vep = 1, X 10 =2V

Viep =Vep =2V

Now, we know that

Quur = Vipp X 1pF = 2pnC

Now,

Voe = 1, X 200 = 4V

Vour = Vpe =4V

Now, we know that

Qzur = Vopr X 20F = 8uC

Answer.60



Capacitors in parallel:

If capacitors Cq, Cy, C3, ... are in parallel, then the equivalent capacitance is given
by:

Ceq =Cl+C2+CS+"'
Capacitors in series:

[f capacitors Cq, Cy, C3, ... are in sereis, then the equivalent capacitance is given by:

Note that the charge is same on each capacitor in series in steady-state.

The circuit can be redrawn as follows:

C, = 3uF B C3 = 1pF

-~

Cs = 1uF
A I: AVAVAVY. )
e = 100V ¢

We can see that Cq and C; are in parallel,
Cl=C +C, =6uF

Also, we can see that C3 and Cy4 are in parallel,
Cid =C3+Cy = 2pF

The circuit can be redrawn as follows:

100V

Cs = 1pF

2 & AAAA——])
€ = 100V
100V .

C

Now, the two capacitors C;] and C;/! are in series.



1 _ 1. 1
C° T 6uF  2uF

1234

3
C'= C L, ==WF
> 1

1234 —
Note that there is no current in equilibrium. Hence,

Vo =€ =100V

As Cfg and C,ff are in series,
—_ —_ —_ r
Q12 - Q34 = Qc’ =C Vc’

3
= ZWF X 100V

= 150 pC

Now,




Answer.61
Energy stored in a capacitor:

The energy stored in a capacitor with capacitance C, charge is given by:

2

U—lCVZ—
2 - 2C

where V is the potential difference across the capacitor.
Power supplied by the battery:

If a battery of emf € gives a current I, then the power supplied by the battery is
given by:

P = Ie
Kirchhoff’s loop rule:
The sum of potential differences around a closed loop is zero.

Potential Difference (V) across a resistor of resistance R when current I passes
through it is given by Ohm’s law:

@)

By Kirchhoff’s loop rule, ¢ = V.(t) + V.(t)
V. (0) =e—V,(1)

As € is constant, Mma* = ¢ — ymin

At t = 0, there is no charge on the capacitor. Hence 7, = . So, V;. is maximum at t =
0.

VTmax =c

(b) Initially, current flows through the circuit treating capacitor as short-circuit.
But as charge accumulates on the capacitor the current reduces with time. It is
maximum at t =0.

Using Kirchhoft’s loop rule,



€ = V.(t) + V. (0)
e=V.(t)+ IR

Iismaxatt=0andVC(0) =0

€= ImaxR

€
Imax = E
(c)

Using Kirchhoft’s loop rule,
€e=V.(t) +V.(t)
e=V.(t)+ (DR

As R and € are constant
ymax — ¢ _ minp

Current is minimum at equilibrium when capacitor acts as an open switch and
current is zero. Hence, jmin — ()

max —
V. =€

(d)

The energy stored by the capacitor is given by:

U—16V2
)

As C is constant,
U_{max} =\frac{1}{2}CV_{max}"2

We know from (c) that the maximum potential difference across the capacitor is €.
Hence,

1 2
Umax = 5 Ce

(e)

Power delivered by the battery is given by:
P = Ie

As € is a constant,

P

max

=1

maxe



Using the result from (b), we get

€
Pmax = E €

EZ
Pmax = E
(f)

The resistor converts energy into heat:
Pheat = IZR
As R is constant,

max __ 52
Ph.o.n.r - jrmax

R

Now, using the result from (b),

2
Pmax -
heat R

Answer.62
Concepts/Formulas Used:
Time constant for capacitor:
T = RC

Where R is the resistance through which the capacitor is being charged/discharged
and C is the capacitance.

Capacitance of a parallel plate capacitor:

A capacitor consists of two conducting plates of area of cross section A each
separated by a distance d. The capacitance if there is only vacuum between the
plates is given by:

_ €A

C =4

where € is the permittivity of free space.
Given,

Area of the plate, 4 = 20cm? = 20 X 10~ %m?



(1cm”2 = 107 (—4)cm”2)
Now, distance of separation:d = 1.0 mm = 1.0 x 103m

Resistance ,R = 10k = 10 x 103Q

We know that,

T= RC
€A
= R
TR
10 x 1030 8.854 X 10 12m3kg 1s*A% x 20 X 10~ *m?

1.0 x 1073m

~1.8%x1077s =~ .18 us

Answer.63

Concepts/Formulas used:

Charging a capacitor:

A capacitor of capacitance C is being charged using a battery of emf e through a
resistance R . A switch S is also connected in series with the capacitor. The switch

is initially open. The capacitor is uncharged at first. At t=0, the switch is closed

The charge is at any t>0 is given by:

Q = Ce (1 — e_%)

Note that T = R( is known as time constant.
Given,

Capacitance, ¢ = 10pF = 10 X 107°F

EMF of battery, e = 2.0V

Resistance, R = ?

We also know thatat = 50ms, Q = 12.6pC = 12.6 X 107°C

We know that,



1-— = —

€T Ce
t Q
<-4, Y
€T Ce

Taking natural logarithm on both sides, we get

tn(-Y

t
T=——
_Q
ln( Ce)
_ 50ms
- I (1 126X 10-6C )
10 X 107°F x 2.0V
_ 50ms — 0.3
=~ Tlmo37 U0
=50.3x 107 3s
Now,
T= RC
R = T
T C
B 50.3 X 107 3s
"~ 10 X 10-¢F
=5x103
= 5k
Answer.64

Concepts/Formulas used:
Charging a capacitor:

A capacitor of capacitance C is being charged using a battery of emf e through a
resistance R . A switch S is also connected in series with the capacitor. The switch



is initially open. The capacitor is uncharged at first. At t=0, the switch is closed

The charge is at any t>0 is given by:
t
Q = Ce (1 —e ‘r)
Note that t = R( is known as time constant.
Given,
Capacitance, ¢ = 20pF = 20 X 107 °F
EMF of battery, e = 6.0V
Resistance, R = 1000
Now,
T=RC
=100Q x 20 X 10" °F
=2x1073s
= 2ms
Also,
Ce = 20pF X 6.0V
= 120 nC

We know that,

Q(t) = Ce(l — e_é)

At t =2.0ms,

_2.0ms
Q(2.0ms) = 120 pC (1 — e 20ms)

=120pc(1—e™1)
= 76 nC

Hence, the charge on the capacitor at t = 2.0ms is 76uC.



Answer.65
Charge on Capacitor during Discharging (RC Circuit):

A capacitor of capacitance with charge C is being discharged through a resistor of
resistance R. A switch S is also connected in series with the capacitor. The switch is
initially open. At t=0, the switch is closed. The charge on the capacitor at any time
t>0 is given by:

t

Q=Qie
where v = R( and Qj is the initial charge on the capacitor.
Note that the capacitor begins charging at t = 0.
This is simply a discharging circuit.
Given,
Capacitance, ¢ = 10.0pF = 10.0 X 107 F
Resistance, R = 10 Q
Initial Charge, Q; = 60uC
Now,
T= RC
=10Q X 10.0 X 10" °F
=10*s = 100 ps = 0.1 ms
(1ms = 10 3sand 1us = 10 %s)
We know that
4
Q(t) = Qe =
(@) Att =0,
Q(0) = Q; = 60pC
(b) At t =30ps

30ps )

Q(30us) = 60uC X exp (— 100ps

= 60uC x e 93

~ 60pnC x 0.7408



~ 44 uC

(c) Att=120ps

(120ps) = 60uC X ( 120"5)
= 60uC x e 12
~ 60uC x 0.3012
~ 18 pC
(d) Att=1.0ms

(1.0ms) = 60uC X ( 1'0ms)
Q(1.0ms) = 60p P70 1ms

= 60pucC x e 10
~ 60uC x 4.54 x 107>

~ 0.003 pC

Answer.66
Charging a capacitor:

A capacitor of capacitance C is being charged using a battery of emf € through a
resistance R . A switch S is also connected in series with the capacitor. The switch
is initially open. The capacitor is uncharged at first. At t=0, the switch is closed.
The current through the circuit at anytime t>0 is given by:

t

I(£) = Iye
Where I is the initial current and t = R( is the time constant.
Given,

Capacitance, ¢ = 8.0 uF

EMF of battery, e = 6.0V

Resistance, R = 24 Q



(a)

Just after the connections are made, there is no potential difference across the
capacitor and it acts as a short circuit; hence, the current can simply be calculated
form Ohm'’s law:

€
IO =E
_ 6.0V
240

= 0.254

(b)

We know that,

—t

I(t) =Ijget

Now, at t=T,

T

I(t)=1je =

I

Using the result from (a), we get,

I(Y) = 0.094

Answer.67
Formulas/Concepts Used:
Capacitance:

If two conductors have a potential difference V between the them and have charges
Q and -Q respectively on them, then their capacitance is defined as

C==
%

Capacitance of a Capacitor in presence of a dielectric:The capacitance of the
capacitor is initially C and then a dielectric medium of dielectric constant K is

inserted between the plates. The new capacitance is



C=KC,
Also for parallel plate capacitors,

_ EoA

Co I

Where €0 is the permittivity of free space, A is the area of plate and | is the
distance between the plates.

Charging a capacitor:
A capacitor of capacitance C is being charged using a battery of emf € through a
resistance R . A switch S is also connected in series with the capacitor. The switch

is initially open. The capacitor is uncharged at first. At t=0, the switch is closed.
The current through the circuit at anytime t>0 is given by:

I(t) = IyeRe
Where [ is the initial current.
The charge is given by:
t
Q = Ce (1 —e T)
Note that T = R( is known as time constant.
Given,
Area of the plate, 4 = 40cm? = 40 X 10 *m?2
(1cm”2 = 10°(—4)cm"2)
Now, distance of separation:d = 0. 10 mm = 0.10 X 10 3m
Emf of battery,e = 2.0V
Resistance ,R = 16Q
Time, ¢ = 10ns = 10 X 10 %s

Now,

_ €4

C
d

8.854 x 10 ?m3kg15*A% x 40 x 10~*m?
0.10 x 103m

=3.542 x 10°10F

Time constant,t = RC = 3.542 X 10 1°%F x 16Q =5.667 x 10 ?s



We want to find the charge on the capacitor at t = 10ns

Q = Ce (1 - e_i)

10 X 10 %s
= 3.542 X 101°F><2.0v><(1 —exp(— ))

5.667 x 107%s

=3.542 x 10 1°F X 2.0V X (1 — exp(—1.765))

=5.87 x 10 10¢

Now,

Q

E =
cd

<

B 5.87 x107'°C
T 3.542x10"19F x 0.10 X 10 3m

=1.7x107*W/m

Answer.68
Energy stored in a capacitor:

The energy stored in a capacitor with capacitance C, charge is given by:

1 2
U=-CV?=_—
2 2C

where V is the potential difference across the capacitor.

Capacitance of a Capacitor in presence of a dielectric:The capacitance of the
capacitor is initially Cj and then a dielectric medium of dielectric constant K is

inserted between the plates. The new capacitance is
C=KC,
Also for parallel plate capacitors,

_ EoA

Co I



Where € is the permittivity of free space, A is the area of plate and | is the distance
between the plates.

Charging a capacitor:
A capacitor of capacitance C is being charged using a battery of emf € through a
resistance R . A switch S is also connected in series with the capacitor. The switch

is initially open. The capacitor is uncharged at first. At t=0, the switch is closed.
The current through the circuit at anytime t>0 is given by:

I(¢) = I eRe
Where [ is the initial current.
The charge is given by:
t
Q = Ce (1 —e T)
Note that t = R( is known as time constant.
Given,
Area of the plate, 4 = 20cm? = 20 x 10~ %*m?
(1cm”2 = 10*(—4)cm"2)
Now, distance of separation:d = 1.0mm = 10 3m
Dielectric constant, K = 5.0
Emf of battery,e = 6.0 V

Resistance ,R = 100kQ

Time, ¢t = 8.9us = 8.9 x 107 %5

Now,
¢ = Kc, = K2
=KCy=K—
0 x 8.854 X 10 ?m3kg 1s*4% x 20 x 10~ *m?

103m
= 8.854 x 107 11F

Time constant,t = RC = 8.854 X 10" 11F x 100 x 103Q = 8.854 x 10 °s

We want to find the charge on the capacitor at t = 8.9ps

Q = Ce (1 — e_é)



—6
=8.854x 10 11Fx6.0Vx|1—exp| - 89x10 s
8.854 X 10 %s

=3.368 x 10 10C

Now, energy of the capacitor is given by:

2
v=2
2C
_ (3.368 x 1071°C)?
"~ 2x8.854 x 10-11F
6.4 x 10°19]

Hence, the capacitor stores 6.4 x 10~19] of energy after 8.9us.

Answer.69

Charging a capacitor:

A capacitor of capacitance C is being charged using a battery of emf e through a
resistance R . A switch S is also connected in series with the capacitor. The switch

is initially open. The capacitor is uncharged at first. At t=0, the switch is closed.
The current through the circuit at anytime t>0 is given by:

—t
l(t) = I"_}eH
Where [ is the initial current.

The charge is given by:
t
Q = Ce (1 —e T)
Note that t = R( is known as time constant.

Given,

Resistance of the resistor, R = 1. 0MQ = 1.0 X 10°Q

Capacitance, ¢ = 100uF = 100 x 10" °F



Emf of the battery, e = 24
Now, time constant, t = RC = 100s
(a)
The current is given by:
_t
I(t) = Ioe T
At t =0, we have y-intercept .

Now,

€
IO=§

24y
T 1.0x105Q

=2.4x10°A

Hence, we need to plot

Tt
I = 2.4%X 10° A e 100
At t = 10min = 600s,

I1=2.4x10°4e °=5.94x10"84

2.5{‘-35[-

(b)

Now,




Ce =100 X 10 °F x 24V = 2.4 x 1073C

Note that the current is in Ampere and time in seconds. The graph will represent
exponential decay.

We need to plot

t
— -3 — —
Q=2.4%x10 C(l exp( 1005))

Note that t is in seconds and Q in coulombs.
At t =10 min = 600s,
Q = 0.002394C

The charge will keep on increasing and will almost touch the asymptope at Q =
0.0024C.

0.0025

0.0015 =

0.0005 -

L
100 200 300 400 500 600

Answer.70
Current when capacitor is discharging:

A capacitor of capacitance C is being discharged through a resistance R . A switch S
is also connected in series with the capacitor. The switch is initially open. At t=0,
the switch is closed. The current through the circuit at anytime t>0 is given by:

—t
l(t) = Ioeﬂ



Where 10 is the initial current.

Note that T = R( is known as time constant

Current when capacitor is charging:

A capacitor of capacitance C is being charged using a battery of emf € through a
resistance R . A switch S is also connected in series with the capacitor. The switch
is initially open. At t=0, the switch is closed. The current through the circuit at
anytime t>0 is given by:

—t
l(t) = Ioeﬂ
Where | is the initial current.
Note that t = RC is known as time constant.

In both the cases wish to find time t>0 such that

I(£) = %IO

[(t) is given by the same formula in both the cases.

—t
IoeT = EIO

——~=In=
T

t=In2t
t ~0.697

Hence, 0.69 time constants will elapse.

Answer.71
Concepts/Formulas used:
Charge on Capacitor during Discharging (RC Circuit):

A capacitor of capacitance with charge C is being discharged through a resistor of
resistance R. A switch S is also connected in series with the capacitor. The switch is



initially open. At t=0, the switch is closed. The charge on the capacitor at any time
t>0 is given by:

t

Q=Qie =

where t = R and Q; is the initial charge on the capacitor.
Note that the capacitor begins charging at t = 0.
Capacitance:

If two conductors have a potential difference V between the them and have charges
Q and -Q respectively on them, then their capacitance is defined as

Let a capacitor of capacitance C be discharged through a resistor of resistance R.
Switch S in attached is series and in initially open. It is closed at t = 0.

Charge is maximum when the capacitor is fully charged. Hence,

Qmax = Qi

Now, we have at any time t>0,

t

Q) = Qe =
We want to find t such that
0 1
Q(t) =0.1% Qmax = m Qmax
_t 1
Qe = = T500 &
_t
e t=0.001

t =—1tin(0.001)
t 6.91

Hence, we need 6.9 time constants.

Answer.72

Concepts/Formulas used:



Charge on Capacitor during Charging (RC Circuit):

A capacitor of capacitance with charge C is being charged with a battery of emfe
through a resistor of resistance R. A switch S is also connected in series with the
capacitor. The switch is initially open. The capacitor is uncharged at first. At t=0,
the switch is closed. The charge on the capacitor at any time t>0 is given by:

t
Q = Ce (1 — e_¥)
where t = RC

Note that the capacitor begins charging at t = 0.
Energy stored in a capacitor:

The energy stored in a capacitor with capacitance C, charge is given by:

U—lcvz—
2 2C

where V is the potential difference across the capacitor.

Let a capacitor of capacitance C with no initial charge be attached to a battery of
emf € through a resistor of resistance R. Switch S in attached is series and in
initially open. It is closed at t = 0.

Equilibrium is when no current flows and the potential across the battery is the
same as the potential across the capacitor. The energy stored at equilibrium is:

1 2
Ueq = ECE

Suppose the capacitor begins charging at t = 0.

Now, at any time t > 0, the energy stored is
2
t
v = 2®)
2C

Substituting the value for Q(t),

—t
C2e2 (1 — e?)

2C

2

U(t) =

1 —t\?

= ECe2 (1 — eT)

We want to find t when

1
U(t) = EUeq



t = —Tln(li%)

Nowt ~ —0.539t0r¢t ~ 1.23t
We reject the former as the capacitor begins charging at t = 0.

Hence, 1.23 time constants elapse .

Answer.73
Concepts/Formula used:
Current when capacitor is charging:

A capacitor of capacitance C is being charged using a batteru of emf € through a
resistance R . A switch S is also connected in series with the capacitor. The switch
is initially open. The capacitor is uncharged at first. At t=0, the switch is closed.
The current through the circuit at anytime t>0 is given by:

~t
l(t) = Ioeﬁ
Where I is the initial current.

Note that T = R(C is known as time constant

Power supplied by the battery:

If a battery of emf € gives a current I, then the power supplied by the battery is
given by:

P = Ie



Now, at anytime t > 0,

P(t) =I(t) e

3

P(t) = Ioe_E

Now, power is maximum when the current is maximum i.e. whent = 0
— 0

Pmax - Iﬁe €

- Ioe

We wish to find time t such that

1
P(t) = EPrnax

T
I,e e =—=1
Oe TE 2 OE

—=In-
T nZ

t = 11
=—tin;

t=tln2
~0.691

The time in 0.69 times the time constant.

Answer.74
Formula/Consepts Used:
Energy stored by capacitor:

For a capacitor of capacitance C, with charge Q, and potential difference V across
it, the energy stored is given by:

1 1
U=-CV*==Q%
2 2¢

Charging a capacitor:



A capacitor of capacitance C is connected in series with a resistor of resistance R, a
switch, and battery of emf € . It is uncharged at first. The switch is closed at t = 0,
then at time any time t the charge stored on the capacitor is given by

—1
q= Ce(l - eﬁ)

Energy stored in the capacitor is

2 —t -1 -t
P(t) = ‘;—I: = c%z (1 - eﬁ) ((—1)R—eﬁ)
P(t) = % (€)2 (— eRe + eﬁ—f;)

d.P_l()z( ) ;Tzct_l_ I_E_(f‘)_l
dt RS ¢ “)Rc

For maxima,
dP
dt
—2t —t
2e RC = eRC

0

Taking the natural logarithm on both sides,

(Note that In(e®) = a and In(ab) = In(a) + In(b)

n2+—t=—"
"<TRc T RC
t =CRIn2

Now, the maximum rate is

ez _CRIn(2) _2CRIn(2)
P(CRIn2) = E(—e RC +e RC )

( _ ein(%) + ein(l/Z))

z-3)

Wlmw

€2
R



Answer.75
Concepts/Formula used:
Current when capacitor is charging:

A capacitor of capacitance C is being charged using a battery of emf € through a
resistance R . A switch S is also connected in series with the capacitor. The switch
is initially open. The capacitor is uncharged at first. At t=0, the switch is closed.
The current through the circuit at anytime t>0 is given by:

—t

l(t) = Ioe_
Where I is the initial current.
Note that t = R is known as time constant

Power supplied by the battery:

If a battery of emf € gives a current I, then the power supplied by the battery is
given by:

P = Ie

Energy dissipated by a resistor :

A resistor of resistance R with current [ through it, dissipates energy U given by:
U = I*RAt

in time At.

[ts power is given by:

P=1I’R

The capacitor is being charged



Given,

Capacitance, ¢ = 12, 0puF

Resistance, R = 1.00 Q

Emf of the battery, e = 6. 00V

Time,t = 12.0ps

Now, time constant,x = RC = 1.00Q X 12.0uF = 12.0ps

(a)

The initial current is :

[ = € 6V — 6A

"R 10

Now,

-t
I(t) = Ioet
Att=12.0ps
12.0ps

1(12.0pns) = 64 X —

(12.0ps) exp( 12.0p.s)

=6AxXe 1l = 22072774
~ 2.214

(b)
The power supplied by the battery is:

P(t) =1(t)e

Att=12.0ps,

P(12.0ps) = 2.207277A X 6.00V
~ 13.2W

(c)

The power dissipated as heat:

H(t) =I*(t)R

Att=12.0ps,

H(12.0ps) = (2.2072774)% X 1.00Q



= 4.87W
(d)
By conservation of energy,

Energy supplied by battery = Energy stored by capacitor + Energy dissipated as
heat.

Dividing by time, gives us

Power supplied by battery = Power dissipated as heat + rate at which energy is
stored in the capacitor.

Hence, using the previous results, we have,
Rate at which energy is stored in the capacitor:

P.=13.2W — 4.87W = 8.33W

Answer.76

Concepts/Formulas Used:

Energy dissipated by a resistor :

A resistor of resistance R with current [ through it, dissipates energy U given by:
U = I*RAt

in time At.

[ts power is given by:

P=1I°R

Current when capacitor is discharging:

A capacitor of capacitance C is being charged through a resistance R , the current
through the circuit is given by:

—t
l(t) = I"_}eH
Where I is the initial current.

Energy stored by capacitor:



For a capacitor of capacitance C, with charge Q, and potential difference V across
it, the energy stored is given by:

1 1
U=-CV*==Q%W
2 2¢

Discharging a capacitor:

A capacitor of capacitance C is connected in series with a resistor of resistance R
and a switch. Before the switch is closed, it has charge Qi . If the switch is closed at
t = 0, then at any time t, the charge on the capacitor is given by:

t

q=0Qet
where t = RC

The initial energy of the capacitor,
1 2
Ui,C = E cv

As the capacitor is discharged, it looses Charge ,and the potential difference across
it also decreases.

Note that Q;=CV

Now, at t=rT,
-t
q=Q;er
= Qe
_o
e
1
Us=——q°
r=2¢c1
_ Q,* _cv?
" 2Ce2 2e2

The energy lost is dedicated as heat and is equal to:

_cv? 1
U=y =5(1-3)

Now let us find the energy dissipated by another method:

P=—=i’R
e "

dU = I?Rdt¢



U T
f dU = f I?Rdt
0 0

Substituting I0) =1 09;_2"
T, 2

U= f IieRCdt
0

—2t

U=1ﬁfgeﬁ‘“
,[RC -21R€
-2 0

Note that t = R(C and I, = %

_ V2(-R0)
S 2

_cvz(1 1)
T2 e?

U (e2-1)

Both ways give us the same result!

Answer.77

Concepts/Formulas Used:

Energy dissipated by a resistor :

A resistor of resistance R with current [ through it, dissipates energy U given by:
U = I’RAt

in time At.

[ts power is given by:

P=1I°R

Current when capacitor is charging:

A capacitor of capacitance C is being charged by a battery of emf V through a
resistance R is series, the current through the circuit is given by:



—t
I(t) = Ioeﬁ

Where
[ _V
7R

Suppose a capacitor of capacitance C is being charged by a battery of emf V
through a resistance R.

Now, the power of the resistor is given by:

P = av _ I°R
= =
dU = I?Rdt¢

U oo
f dU = f I’Rdt
0 0

Substituting I0) =1 03;_2'
= —2t

U= f IieRcdt
0

i
U=I§f eRCdt
0

Substitute I, = %

1
=—CV?
2

This is the same as the energy stored in the capacitor when it is fully charged!
(Note that when the capacitor is fully charged, the potential difference across it is
V)



Answer.78

Time constant for capacitor:
T = RC

Where R is the resistance through which the capacitor is being charged/discharged
and C is the capacitance.

Capacitance of a Capacitor in presence of a dielectric:The capacitance of the
capacitor is initially C( and then a dielectric medium of dielectric constant K is

inserted between the plates. The new capacitance is
C =KC,
Also for parallel plate capacitors,

_ €4

Co ]

Where € is the permittivity of free space, A is the area of plate and | is the distance
between the plates.
Resistance and Resistivity:

For a material of length | and uniform cross-section A and reistivity p, the
resistance is given by:

l
R=pﬁ

Note the area of cross section of the material is the same as the area of the
capacitor plates and the length of the material is the same as the distance of
separation between the plates.

Now,
T= RC
= RKC,
[ A
= pHxKXET

T= pKe



Answer.79

Concepts/Formulas used:

Charging a capacitor:

A capacitor of capacitance C is connected in series with a resistor of resistance R, a

switch, and battery of emf € . It is uncharged at first. The switch is closed at t = 0,
then at time any time t the charge stored on the capacitor is given by

—1
q = Ce (1 - eﬁ)
Capacitors in parallel:

If capacitors Cq, Cy, C3, ... are in parallel, then the equivalent capacitance is given
by:

Ceq=61+62+63+“'

If the charges on the capacitors are Q1, Q2, Q3, .. are in parallel, then the charge on
the capacitor with equivalent capacitance is given by:

Qeq=01+QZ+Q3+"'

We can replace the two capacitors by another capacitor of capacitance C. As the
capacitors are in parallel.

c=C,+0C,
= 2uF + 2uF = 4pF
Now,

We know that

—t
q = Ce (1 — eRC)
Here,
RC = 25Q X 4pF
=250 X 4 X 10" °F
=10"*s

Also,e = 6Vandt =0.2ms = 2 x 10~ *s



Hence,

—t
q= Ce(l - eﬁ)

—2x107*s
=4|.I.FX6V 1—exp W

~ 20.752 uC

Let the charge on both the capacitors be Q. As both have the same capacitance and
potential (Q = C€V), both must have the same charge. Note that they both are in

parallel.

Hence,

Q=9 =Q+0Q=2Q
2Q = 20.752 pF

Q = 10.37 pF
Answer.80

When the switch is closed and the circuit is in steady state, no current passes
through the capacitor.

I 25uF
: :
a—> } l| f
I -, 100
IN 1s
10
c i AL\ .




Applying Kirchhoff’s loop rule on loop bedcb,
—(I-1,)(10Q) —I(10Q)+ 12V =0

Substitute I; = 0 as there is no current through the capacitor at steady state.

-20QI+12V =0

1—12V—06A
200

NowV,, = V,sas they are in parallel
Vi =V = 1(10Q2) = 6V
Note that V4 is the potential difference across the capacitor.

When the switch is just opened, the potential difference across it is the same for a
moment as the charge and capacitance is the same. However, the charge and
potential decrease slowly as the capacitor starts discharging.

Discharging:

We know that when discharging,

—t
I(t) = Ioeﬁ

25uF
a—< 1! B f
# |-
I, 109

100 / S
e—i 12V I

Applying Kirchhoff’s loop rule on fabef,



V,—I1(10Q) = 0
Att = 0,1=1I,andV,_ =6V
6V —I1,(10Q) = 0
I, =0.64
Here, R = 10Q and C = 25uF
RC =10Q x25x 10 °F = 2.5 x 107 *s
Now,
—t
I(t) = I eRC

-1x107 3¢
= 0.64 X e25x107 %5

= 0.0114

= 11 mA

Answer.81
Concepts/Formulas used:
Charging a capacitor:

A capacitor of capacitance C is connected in series with a resistor of resistance R, a
switch, and battery of emf € . It is uncharged at first. The switch is closed at t = 0,
then at time any time t the charge stored on the capacitor is given by

—t
q = Ce (1 - eﬁ)
Discharging a capacitor:
A capacitor of capacitance C is connected in series with a resistor of resistance R

and a switch. Before the switch is closed, it has charge Qi . If the switch is closed at
t = 0, then at any time t, the charge on the capacitor is given by:

—t
q = Q;erc
Given,

Emf = 6V



Capacitance, ¢ = 100\microF = 100 x 107 °F = 107*F
Resistance, r = 20kQ = 20 x 103°Q = 2 x 10*Q
Time for charging = time for discharging=¢ = 4s

When charging,
-
q = Ce (1 - eRC)
—4.0s
= 107%F x 6V (1 — 32x104x10—4F)

= 5.188 x 107%C
When discharging,
Q; =5.188 x 10~ *C

—t
q = Q;erc

—4.0s

= 5.188 X 10 %C x e2x10*x10~*F
=7.02x10°3C
Now, 1pF = 107 °F

Hence,q ~ 70pF

Answer.82

Concepts/Formulas used:

Kirchhoff’s loop rule:

The sum of potential differences around a closed loop is zero.

Capacitance:



If two conductors have a potential difference V between the them and have charges
Q and -Q respectively on them, then their capacitance is defined as

c==
7

Capacitors in series:
If capacitors Cq, C2, C3, ... are in series, then the equivalent capacitance is given by:

1 _1.1.1
Ceqq €1 Cp Gy

q

We can replace Cq and C; by Ceq. As Cq ans C; are in series,

1 1 1

C., C; G,

eq
Let us drop the subscript and call Ceq just C.

C,Cy

C = ———
c, +0C

I(t)

+
+
+
+

H
-

%E.Jvfa,-_

Let the potential across the capacitor C be at time t be V... Let the charge at time t
be q.

Note that as C; and C, are in series,
q= Qeq = Ql = QZ
Applying Kirchhoff’s loop rule,

e—V,.—ir=0



dq Ce—q

dt  rC
J’ dq' dt’
q — Ce rC
We knowthat'fﬁ = In|x + a| + Constant
xta
In| Ce| = ‘ + B
n|q— Ce| = ——=

Where B is a constant

t
|g — Ce| = e rc®

B

t t
__+ —_—
q—Cezie rC :ieBe rC

Let 4 = ieB

_t
q— Ce = Ae rC
Substituteq=0att =0,
—Ce=A
Substituting the value of A back,

_t

q = Ce (1 —e rC)

CiCs
Ci1+Co

where ¢ =

Answer.83

Concepts/Formulas used:

Kirchhoff’s loop rule:

The sum of potential differences around a closed loop is zero.
Capacitance:

If two conductors have a potential difference V between the them and have charges
Q and -Q respectively on them, then their capacitance is defined as



_Q
€=y
q41(t)
+ |- T TR
H E
11
€y =C q,(t)
+| |-
o [
i®” [
CZZC
Note that
Ve, =
and
Ve =2

By conservation of charge,

41+ 492 = q1(0) + q2(0) = Qq; = Q — q;
Now, applying Kirchhoff’s loop rule, we get
_VC1 + V{C‘z] +iR=0

q: 9.  dq;
——+—=4+—7R=0
C + C + dt

Using (1), we get

2q, —Q _ dq;

c ~ ack
J’ dq, dt
2¢,-Q ) RC
1l |2 | = ‘ + A4
7 nleq; Q| = RC

where A is a constant.

-2t

24 _ eZAeW

2,
|2q2 — Q| = ek

2t
2q, —Q = te*leRC

Let 24 = +B

(1)



-2t
2q, = BeRC +Q

Substituting g, (0) = 0, we get B=-Q

Hence,

—2t
2q, = —QeRC +Q

—2t
w3

Answer.84

Note that q,(0) =0 and q.(t) = Q

Concepts/Formulas used:

Kirchhoff’s loop rule:

The sum of potential differences around a closed loop is zero.
Capacitance:

If two conductors have a potential difference V between the them and have charges
Q and -Q respectively on them, then their capacitance is defined as

Q
c==
%

.

| R
|

t

iy

{ § —_—

+
-
+

C

Let the potential across the capacitor be at time t be V.. Let the charge at time t be
g- The initial charge is Q.

Applying Kirchhoff’s loop rule,

e—V,—iR=0



e—%—iR:l)
C dt
dq Ce—q
dt  RC
J;q dqr 3 tdtr
0d —Ce  JyRC

We know that [ ;—Z: In|Jx+a| + C

t

tf
r__ q — |
tnlq’ = cellf = = ||
t
In|qg — Ce| —In|Q — Ce| = —

RC
Using the property : In(a) — In(b) = In(a/b) We get

q— Ce
Q — Ce

. t
~  RC

In

Note that at any time,

e=V,

€=

ol

q—Ce=0

Thus, we can remove the modulus,

q — Ce t
(=5

Q—Ce/~ RC
— —t

—t
q— Ce=(Q — Ce)erc

—t —t
q= Ce(l — eﬁ) + QercC



