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PCE-2
CURRENT ELECTRICITY

C1  Electric Current
. _ _ dg _
Current is rate of flow of charge from one region to another. Mathematically, | = E where dq is net charge
transported at section during time dt. For steady state, | = % . The Sl unit of current is ampere (A) . When
1A current flows through a conductor, then 6.25 x 10 electrons flow per second.
Practice Problems :

1 If the current will constitute of a-particles then the number of a-particles flowing per second for 1nA
currentis
@ 3.125 x 10% b) 6.25 x 10%? (©) 3.125 x 10 d) 6.25 % 10

2. If the current is given by at + b where aand b are constant, then the charge flown in time tis

at? at?
(a) T —bt (b) T +bt (C) at?+ bt (d) at’—bt

3. If the charge flowing is given by exp (-at) then the current s
€)) ae™ ) —ae™ (© g3t (o) none
[Answers: (1) (&) (2) (b) (3) (b)]

C2A  Currentin Different Materials
Current in conductors is due to motion of electrons, in electrolytes due to motion of both positive and
negative ions, in semi-conductors due to motion of electrons and holes.

C2B Electric Current in Conductors
There is a net current in the conductor is given by | = nev A where n is number of electrons per unit volume,
Adis the cross-section area of conductor, e is the electric.charge and v, is its drift speed. The drift velocity is
very small (~ 10~ m/s) as compared to thermal speed of electrons at room temperature (~ 10° m/s). The
current per unit cross section is called the current density ] , given by ] = ne\7d Note that J is a vector
whereas | is a scalar.

Practice Problems :

1 The average drift speed of conduction electrons in a copper wire of cross-sectional area 1.0 x 10-" m?
carrying a current of 1.5 A (Assume that each copper atom contributes roughly one conduction
electron. The density of copper is 9.0 x 10 kg/m?, and its atomic mass is 63.5 u).

(@) 1.1 mm/s (b) 2.2 mm/s (c) 3.3 mm/s (d) 4.4 mm/s
[Answers : (1) (a)]
C3A Ohm’s Law and Electrical Resistance

Vv ) . . . .
lcV= | = E where R is the electrical resistance of the conductor. Resistance For a linear homogenous

I
conductor of uniform cross section A and of the length | the resistance is given by R = pK where p is

specific resistance or resistivity of the material. Resistivity p depends on the material of the conductor and
itstemperature.
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Practice Problems :

1. If the percentage change in the length of wire is 2% on stretching then the percentage change in resis-
tance is
@ 2 % b) 3% (©) 4 % @ 5%

2. If the percentage change in the length of wire is 109% on stretching then the percentage change in
resistance is
(@) 20 % (b) 21 % (c) 22 % (d) 23%

3. If the percentage change in the cross-sectional radius of wire is 2% on stretching then the percentage
change in resistance is
(@) 4% (b) 6 % (c) 8% (d) -8%

4. A metallic wire of length 1 m is stretched to double its length. The ratio of its initial and. final
resistance assuming that there is no change in its density on stretching is
(@) 1:2 (b) 1:4 (c) 2:1 (d) 4:1

5. The voltage-current graphs for two resistors of the same material and same radii with lengths

L, and L, are shown in figure. If L, > L,, which of these graphs represent V - for L, ?

B
X A
o —>1
(@) graph A (b) graph B © both canbe (d) none
[Answers: (1) c(2) b(3)c(4) b (5) b]
C3B Resistance of special configuration :
Configuration Resistance
1 Hollow cylinder @ Across it ends
__pL
n(b* —a?)
(b) Across its inner and outer surface
b
R=—F_In[2
2nL |a
L
2. ATruncated Cone R= P
nab
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3 A sphere

(72 st

4mab

Practice Problems :

1 The resistivity of a cylinder, of length | and radius r, changes with distance according to ax + b where aand
b are constant quantity and x is the distance measured from left end. The resistance of cylinder if the
potential drop across its ends

al? 1 1 al? 1
@ I C L ) Iy )
2 Tr nrz 2 Tr

2. Find the resistance for the following configurations :

@ Cylinderical shell of inner radius a and outer radius b with length I'consists of a material of
resistivity p if the potential drop is between inner and outer shell.

(9) Cylinderical shell of inner radius a and outer radius b with length | consists of a material
of resistivity p if the potential drop is across the ends.

(© Spherical shell of inner radius a and outer radius b consists of a material of resistivity p if
the potential drop is between inner and outer shell.

(d) A truncated cone.

[Answers : (1) a]

C3C Another form of ohm’s Law

= = 1= ) . . L - oo
J = oE = —E where o is the conductivity, reciprocal of resistivity and E is the electric field.
P
s
= G =ne Ed =nep , u is known as. mobility of the charge carrier.
ne’t
The conductivity is-given by ¢ = where n is the number of electrons per unit volume, e is the
electronic charge, T is the relaxation time or collision time and m is the mass of electron.
C3D Dependence of resistivity and resistance on temperature
Pr =P, [1+o(T=T)]
where p, is the resistivity at reference temperature T, and p_ is the resistivity at temperature T. The factor
o is called the temperature coefficient of resistivity. In the same way
R, =R[1+a(T-T)]
Practice Problems :
1. V — | graph for a given metallic wire at two temperatures are shown, which of these is for a higher

temperature ?
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(@) graph (1) (b) graph (2) (©) any graph (d) none

An electric toaster uses nichrome for its heating element. When a negligibly small current passes
through it, its resistance at room temperature (27.0 °C) is found to be 75.3 Q. When the toaster is
connected to a 230 V supply, the current settles, after a few seconds, to a steady value of 2.68 A. The
temperature coefficient of resistance of nichrome averaged over the temperature range involved, is
1.70 x 10 °C-L, The steady temperature of the nichrome element is

(@) 547°C (b) 647°C (c) 747°C (d) 847°C
[Answers : (1) b (2) d]

C4

C5

Resistivity of Various Materials

The conductors has the resistivity in the order of 108 Qm, for carbon (graphite) has the resistivity
3.5 x 10-5m and has negative temperature coefficient for resistivity and for insulator the resistivity has the
order greater than 10° Qm. There are two types of resistors : wire bound resistors and carbon resistors. Wire
bound resistors are made by winding the wires of an alloy, viz, manganin, constantan, nichrome or similar
ones. The choice of these materials is dictated mostly by the fact that their resistivities are relatively
insensitive to temperature. These resistances are typically in the range of a fraction of an ohm to a few
hundren ohms.

Resistors in the higher range are made mostly from carbon. Carbon resistors are compact, inexpensive and
thus find extensive use in electronic circuits. Carbon resistors are small-in sizeand their values are given
using a colour code.

Analysing the Electrical Circuit
Kirchoff’s rules provides a general method for analyzing circuit-networks.
Law I Kirchoff’s junction rule of kirchoff’s current law (KCL) : KCL is based on conservation of

charge principle. This algebraic sum of the current at any junction is zero i.e. z 1=0.

Law Il Kirchoff’s loop rule of kirchoff’s voltage Law (KVL) :

This law is based on conservation of energy principle. The algebraic sum of the potential
difference in any closed loop across each elements of the circuit must equal zero. That is

> V=0.

Problem solving strategy forelectric curciutusing Kirchoff’s Laws :

Assume currents with their direction in each branch of the circuits keeping in mind the KCL. Often you will
not known in advance the actual direction of an unknown current but this doesn’t matter. Carry out your
solution, using the assumed direction.-If the actual direction of a particulay quantity is opposite to your
assumption, the result will come out with a negative sign.

Choose any closed loop in the network, and designate a direction (clockwise or countercolckwise) to travel
around the loop in applying the KVL. Travel, adding potential difference as you cross them and equate
them to zero. Remember the following rules :

An.emfis counted as positive when you transverse it from — to + and negative when you transverse it from
t+to-ie,

@) If we transverse through a battery from the negative terminal to the positive terminal, the change
in voltage is +E.

E

o —F o

—_—

(b) If we transverse through a battery from the positive terminal to the negative terminal, the change
in voltage is —E.
+ E_

o I o

—_—

An IR term is negative if you travel through the resistor in the same direction as the assumed current and
positive if you travel in the opposite direction, i.e.,
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@ If a resistor is transverse in the same direction as the assumed current flow, the change in
potentials is —IR.

R
O—— A WW—+— O
1 —
(b) If a resistor is transversed in the direction opposite from the assumed current flow, the change in
potential is +IR.
R
O—— "MWWW———0
1 —

Remember that the potential difference across the terminal of a battery of emf E and internal resistance r is
given by (i) when the current i is drawn (discharging battery), V = E —ir (ii) when the current i is supplied
(charging battery), V=E + ir.

Practice Problems :

1. The storage battery of a car has an emf of 12 V. If the internal resistance of the battery is 0.4 Q, the
maximum current that can be drawn from the battery is
(@) 25A (b) 28 A (c) 30A (d) 32A

2. A battery of emf 10 V and internal resistance 3 Q is connected to a resistor. If the current in the
circuit is 0.5 A. The terminal voltage of the battery when the circuit is closed is
(@) 55V (b) 6.5V (c) 7.5V (d) 85V
[Answers : (1) ¢ (2) d]

C6  Combination of Resistances and Equivalent Resistance

n
(@)  Series combination (Potential divider) : In general for any number of resistors in series, Req = Z R,
1=1
51
(b)  Parallel Combination (Current divider): For any.combination of resistors in parallel, — = ZR—
eq i=1 TV
Practice Problems :

1 A wire of resistance 4 R is cut into 4 identical parts. Each part is stretched to twice the original
length. If all the four wires after stretching are connected in parallel. The new resistance of the
combination is
(@) R (b) 2R (c) 3R (d) 4R

2. Inthecircuit given belowwithE=65V,R =50Q, R, =100 Q, R, =100 Q and R, = 300 Q.

The voltage drop across the resistor R, is
@ 10V b) 15V (©) 20V d) 25V
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3. Consider the following circuit when the switch Siis closed.
8Q 12Q
A B

The current passing through the connecting wire if the battery of 10V is connected across A and B

€)) 1A ) 2A (©) 3A d) none
4, Aset of nidentical resistors, each of resistance R ©, when connected in series have an effective resistance

X Q and when the resistors are connected in parallel, their effective resistance is Y Q. The relation

between R, Xand Y is

@) R = /XY b) 2R =+/XY © 3R =+/XY () 4R = XY

[Answers: (1)a(2)d(3)d(4)a]
C7  Combination of Cells
@ Series combination

Here E=E +E,+E,+..

and r=r+r+r+.
) Parallel combination

E N E, N E
feEo d}_iil
ere £ = and . —
1 1 1 rrn r 1I;
rl r2 r3

(© Mixed Combination

Let mn identical cells are connected as shown in figure. Here

—l |—/wvw~—| |—/wwv~—| WAoo on
—| |—~vwv\—| }—rwwv\—| WAoo
E = emf of each cell
r = internal resistance of each cell
o ] ) ) ) ) mr
The combination of cells is equivalent to a single cell of (a) emf = mE and (b) internal resistance 7
. . mr .
For the maximum current the external resistance should be R = —is connected
n

Practice Problems :

1 Two identical cells of emf 1.5 V each joined in parallel provide supply to an external circuit consisting of

two resistors of 17Q each joined in parallel. Avery high resistance voltmeter reads the terminal voltage of
the cells to be 1.4 V. The internal resistance of each cell is

@) 121 Q ®) 141 Q © 151 Q d 161 Q
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2. Threecellsofemf2.0V, 1.8 Vand 1.5V are connected in series. Their internal resistancesare 0.05Q, 0.7
Q and 1.0 Q, respectively. If this battery is connected to an external resistor of 4 Q. The potential differ-
ence across the terminals of the cell of emf 1.5 V while in use is
@ 0.28V b) 0.38V (©) 0.48V ()] 0.58V

3. Two cells ofemf 1.5 Vand 2 V and internal resistance 1 Q and 2 Q respectively are connected in parallel
to pass current in the same direction through an external resistance of 5Q. The potential difference across
the 5 Q resistor.

25 26 27 28
a —V —V C —V —V
@ 17 © 17 © 17 @ 17
[Answers: (1)a(2)d (3) a]

C8  Electrical Instruments

1 Galvanometer
Galvanometer detects the presence of current in the branch where it is connected. It does not measure
current.

2. Ammeter

o It is always connected in series with the branch in which it has to measure the current.

o Its resistance should be small enough so that its presence does not significally alter the current in the
branch.

) The resistance of an ideal ammeter is zero.

° A galvanometer may be converted into an ammeter by connectinga low resistance (called shunt) in parallel
to the galvanometer S.

The magnitude of shunt S resistance is given by S= G —2
g
where G = resistance of the galvanometer
l,= full scale deflection current of the galvanometer
I = maximum current to the measured by the ammeter

3. \Voltmeter

® It is always connected in parallel with the branch across which it has to measure the voltage.

® Its resistance should be large enough so that it may draw very small current from the circuit; and the
disturbance produces:is significant.

) An ideal voltmeter has infinite resistance.

° A galvanometer may be converted into a voltmeter by connecting a large resistance in series with the
galvanometer. The magnitude of the high resistance is given by R = ——G | where V is the maximum

Ig
voltage to be measure by the voltmeter.

4, Potentiometer

Uses of Potentiometer
Comparison of emf’s
The emf of an unknown battery E, may be obtained by comparing its length I, for zero deflection to that of

. . E I
the unknown battery E, with balance point located at I.. Thus, —2=-2

1 1
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Measurement of Internal Resistance
The balance point | is obtained with only emf E connected. A second balance point | is obtained by

|
connection of external resistance R. Then internal resistance is given by I = (TO— 1JR

Practice Problems :

1 In a potentiometer arrangement, a cell of emf 1.25 V gives a balance point at 35.0 cm length of the
wire. If the cell is replaced by another cell and the balance point shifts to 63.0 cm, the emf of the
second cell is
(@) 1.25V (b) 150V (c) 2.25V (d) 25V

2. A 2.0 V potentiometer used for the determination of internal resistance of a 1.5 V cell. Thebalance
point of the cell in open circuit is 76.3 cm. When a resistor of 9.5 Q is used in the external circuit of
the cell, the balance point shifts to 64.8 cm length of the potentiometer wire. The internal resistance
of the cell is
(@) 15Q (b) 1.7Q (c) 1.9Q (d) 2.10

3. A 10 m long wire of uniform cross-sectional and 20 Q resistance is used in a potentiometer. The wire
is connected in series with a battery of 5 V along with an external resistance of 480 Q. If an unknown
emf E is balanced at 6.0 m length of the wire. The potential gradient of the potentiometer wire is
€) 2 x 102V/m (b) 3 x102V/m (c) 4 x 102V/m (d) 5 x 102V/m

4. In the above problem, the value of unknown emf is
€) 010V (b) 012V (c) 0.14V (d) 0.16 V

5. The length of the potentiometer wire is 600 cm and it carries a current of 40 mA. For a cell of emf
2 V and internal resistance 10 Q, the null point is found to be at 500.cm. If a voltmeter is connected
across the cell, the balancing length is decreased by 10 cm. The resistance of the voltmeter is
(@) 450 Q (b) 490 Q (c) 530 Q (d) 550 Q

6. Four identical cells, each of emf 2V, are joined in parallel providing supply of current to external
circuit consisting of two 15Q resistors joined in parallel. The terminal voltage of the cell as read by
an ideal voltmeter is 1.6 V. The internal resistance of each cell is
(@) 1Q (b) 2Q (©) 3Q (d) none

7. A voltmeter V of resistance 400 Q is used to measure the potential difference across a 100 Q resistor
in the circuit in which an emf of 84 V is.connected with 200 Q resistor in series. The reading on the
voltmeter is
€) 20V (b) 22V (c) 24V (d) 26V
[Answers: (1) c(2)b(3)a (4)b(5) b (6) d(7)c]

C9  Wheatstone Bridge
Let us assume that R, is unknown and R, can be varies and it is adjusted until no current flows in the
galvanometer. In this condition, wheatstone bridge is said to be balanced, and the resistances satisfy the

R R
ratio — = —>
R, R,
C10 Meter Bridge

It is used to measure the unknown value of a resistor which is based on Wheatstone bridge.

The four arms AB, BC, DA and CD [with resistances R, S, A | and A(100 - )] form a Wheatstone bridge
where A is known as resistance per unit length of the wire. If the jockey is moved along the wire, then there
will be one position where the galvanometer will show no current. Let the distance of the jockey from the

end A at the balance point be | = |.. The balance condition gives R =S 10(:1 e
-1
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Practice Problems :

1. In a meter bridge, the null point is found at a distance of 33.7 cm. If now a resistance of 12Q is connected
in parallel with S, the null point occursat 51.9 cm. The value of R is
@ 6.86 Q b) 1350 (©) 794 Q d) none
2. In the circuit, ametre bridge is shown in its balanced state.
X 6Q
B
r 40 cm G b C_‘
| )
6V K,
The metre bridge wire has a resistance of 1 ohm/cm. The value of the unknown resistance is
@ 2Q (b) 40 (©) 6Q d) 8Q
3.
20Q
| 1 ()
I ] \J
For the balance wheat stone bridge, the value of Xis
@ 15Q (b) 250 (©) 35Q ()] 45Q
®)
[Answers: (1)a(2) b (3) b]
C11 Energy and Power In Electrical Circuits
Rate of delivering electrical energy or power input to a circuit element, P=V_ |
2
Power delivered to a resistor = VI = I’R = ?
Power output of a source =V, I =E - 1Ir
Power.input to a source : P=V_ | = (El + I%)
Maximum Power Transfer Theorem
The maximum power is transferred to an external resistor if its resistance is equal to the internal resistance
of the cell of battery.
Practice Problems :
1 Which one has the greatest resistance ?
(@) 220V, 60 W bulb (b) 220V, 100 W bulb
(©) 220V, 1 KW heater (d) all have same resistances
2. Two bulbs whose resistances are in the ratio of 1 : 2 are connected in parallel to a source of constant

voltage. The ratio of power dissipation in these bulbs is
€)) 1:2 (b) 2:1 (c) 1:4 (d) 4:1
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3. Two heater wires of the same dimensions are first connected in series and then in parallel to a source of
supply. The ratio of heat produced in the two cases is
€)) 1:2 ) 2:1 (©) 1:4 @) 4:1
4, An electric motor operating on a 50 V d.c. supply draws a current of 12 A. If the efficiency of the motor is
30%, the resistance of the windings of the motor is
@ 29 Q () 39Q (© 49 Q (o) none
5. Threeidentical resistors, each of resistance R, when connected in series a d.c. source, dissipate power X.
If the resistors are connected in parallel to the same d.c. source, then the power will be dissipated is
@ 9X b) 6X (©) 3X d) X
6. Aheater coil is rated 100 W, 200 V. It is cut into two identical parts. Both parts are connected  together
in parallel to the same source of 200 V. The energy liberated per second in the new combination is
@ 100 W b) 200 W (©) 300 W d) 400 W
7. Four cells of identical emf E, internal resistance r, are connected in series to a variable resistor. The graph
shows the variation of terminal voltage of the combination with the current output :
5.6
£ 42
>
S 2.8
T 14
0 05 1.0 1.5 2.0
— 1 (ampere)
The current from the cells for which maximum power dissipation occur in the circuit is
@ 05A b) 0.75A (©) 1A ()] 1.25A
[Answers: (1)a(2)b@)c(@)a(5)a(6)d(7)c]
C12 Capacitance and type of Capacitors :
The capacitance C of a capacitor is defined from q = CV, where V is the potential difference the conductors.
The Sl unit of capacitance is the farad, (1 farad =1 F = 1CV?).
. . . . . goA
0] Parallel Plate Capacitors without dielectric : C = T
. . o ) KegpA
(i) Parallel Plate Capacitors with dielectric : C = q
where K is dielectric constant of dielectric within the capacitor, A is the area of the plate and d is the
distance between the plates.
. . 4
(iii) Spherical Capacitor : C = M
b-a
If the radius of the outer sphere tends to infinity b — oo, the capacitance reduces to C = 4re @ which is
called the capacitance of an isolated sphere. Here a and b are the radius of inner and outer sphere.
. N . 2ngl . .
(iv) Cylindrical Capacitor : C = where a and b are inner and outer radius of the
In—
a
cylinder and | is length of the cylinder.
Practice Problems :
1 The ratio of electric field at any two points in the parallel plate capacitor is
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€)) 1:1 ) 1:2 (©) 2:1 d) 2:3

2. The given graph shows the variation of charge g versus potential difference V for two capacitors C and C.,
The two capacitors have same plate sepration but the plate area of C, is double than that of C .
A
y B
?
-V
Which of the lines in the graph correspond to C, ?
@ A ) B (© both may be (o) none
[Answers: (1) a (2) b]

C13 Batteriesand Capacitors
A battery maintains a certain potential difference its terminals. Thus, when capacitors is connected to a
battery, charge flows between the capacitor and the battery until the capacitor has the same potential across
it as the battery.

When a charged capacitor disconnected from the battery and then connected toa uncharged capacitor, the
potential difference across the charged capacitor is changed. But the total charge of the capacitors system is
constant.

Practice Problems :

1 You are given an isolated parallel plate capacitor of capacitance C charged to a potential difference
V. Which of the following quantity remains same when the separation-between the plates is doubled
with the help of insulating handles attahced to the plates ?
€)] potential difference across the plates (b) field between the plates
(©) energy stored in the capacitor (d) none
[Answers : (1) d]

C14 Combination of Capacitors

Capacitors in Parallel

When a potential difference V is applied across several capacitors connected in parallel, the potential
difference V is applied across each capacitor. The total charge q stored on the capacitor is the sum of the
charges stored on all the capacitors.

Capacitors connectedin parallel can be replaced with an equivalent capacitor that has the same total charge
q and the same potential difference V as the actual capacitors. C_, for n capacitor in parallel is given by

Co=2.C,
J=1

Capacitors in Series

When a potential difference V is applied across several capacitors connected in series, the capacitors have
identical charge g. The sum of potential differences across all the capacitors is equal to the applied potential
difference V.

Capacitor that connected in series can be replaced with an equivalent capacitor that has the same charge g
and the same potential difference V as the actual series capacitors. C_, for n capacitors in series is given by

1 &1
c_,Z_l“cj

€q
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Practice Problems :

Three capacitors of equal capacitance, when connected in series, have a net capacitance of C and when
connected in parallel, have a capacitance of C,. The value of C /C, is

@ 1:9 ) 9:1 (©) 1:3 (o) 3:1

When two capacitors of capacitance C, and C, are connected in series the net capacitance is 3 uF; when
connected in parallel its value is 16 uF. The value of C is

@ 1pF ) 2 uF (© 3uF (o) none
The equivalent capacitance of the following network between Aand B is

12pF
A [
1
6pF J_
I —— 3uF
6pF
p——L
4uF
@ 0.5uF ) 15uF (©) 2.66 uF ) none

The equivalent capacitance of the following network between Aand B is

6uF
A [
6uF —— —— 6pF
B 1
6pF
@ 0.5uF ) 15uF (©) 2.66 uF (o) none

The equivalent capacitance of the following network between Aand B is

—e— 6 uF —eo—
P 2 uF 4 pF Q
| | | |
11 11
@ 0.5uF ) 15 uF (© 2.66 uF (o) none

An electrical technician requires a capacitance of 2 uFin a circuit across a potential difference of 1 kV. A
large number of 1 uF capacitors are available to him each of which can withstand a potential difference of
not more than 400 V. Suggest a possible arrangement that requires the minimum number of capacitors.
The minimum number of capacitors is

@) 12 ®) 18 © 24 ©) 30
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7. 100 pF
| |
200 pF C, 200 pF
_| .
C: 100 pF G 300V
| | -
Il
C,
The potential difference across C, is
@ 100V b) 200V (©) 250 V d) none
8. A spherical capacitor hasan inner sphere of radius 12 cm and an outer sphere of radius 13 cm. The outer
sphere is earthed and the inner sphere is given a charge of 2.5 pC. The space between the concentric
spheres s filled with a liquid of dielectric constant 32. The capacitance of the capacitor is
@ 2.5nF ) 3.5nF (©) 45nF d) 5.5nF
9. In the above problem the potential of the inner sphere is
@ 25mvV ) 35mvV (© 45mV () 55 mvV
10.  The ratio of the capacitance of this capacitor with that of an isolated sphere of radius 12cmis
@ 123 b) 223 (©) 323 (d) 423
11.  Acylindrical capacitor has two co-axial cylinders of length 15 cmand radii 1.5cmand 1.4 cm. The outer
cylinder is earthed and the inner cylinder is given a charge of 3.5 nC. The potential of the inner cylinder
is
@ 2.9 x10*V b) 3.9x10*V (©) 4.9x 10V ()] 5.9 x 10*V
12.  Aparallel plate capacitor is to be designed with a voltage rating 1 kV, using a material of dielectric constant
3and dielectric strength about 107 VV m. (Dielectric strength is the maximum electric field a material can
tolerate without breakdown i.e., without starting to-.conduct electricity through partial ionisation). For
safety, we should like the field never to exceed, say 10% of the dielectric strength. The minimum area of
the plates is required to have a capacitance of 50 pF is
@ 17 cm? ) 18 cm? (©) 19 cm? @) 20cm?
[Answers:(1)a(2)d(3)a@)b(5)c(®)b(7)b(8)d(9).c(10)d(11)a(12)c]
C15 Energy Stored in Capacitor
The energy stored in a capacitor.is given by
l 2
u=tey? =
2 2C
Practice Problems :
1 The total energy stored in the capacitors in the given network is

C.y(2nF

LAY
1
G 1pF Loyr

.2 uF

+

6V

@) 1.6 x10%J ®) 2.6%10%J © 3.6x10%J @  46x10%J
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2. Xand Y are two parallel plate capacitors having the same area of plates and same separation between the
plates. X has air between the plates and Ycontains a dielectric medium of € =5.
X Y
1L 1L
LAY LAY
+
o o
12V
The ratio of electrostatic energy stored in X and Y is
€)) 2:1 ) 3:1 (© 4:1 @) 5:1
[Answers: (1) c (2)d]
C16 Capacitor with a Dielectric
When the space between the conductors is filled with a dielectric material, the capacitance increased by a
factor K, called the dielectric constant of the material i.e. C=KC,
@ Capacitor with dielectric insertion when battery is disconnected
0] Charge remains constanti.e. q =q,
(i) Potential between the plates decreasesi.e. V = ?0
. . E,
(iii) Field between the plates decreases i.e. E = ?
. . . . UO
(iv) Energy stored in the capacitor decreasesii.e. U= ?
(b) Capacitor with dielectric insertion when battery is connected.
0] Potential difference remains constant.
(i) Charge on plates increases i.e. q = Kg
(i) Electric field remains constant
(iv) Energy stored in the capacitor increases i.e. U = KU,
Practice Problems :
1 Ina parallel plate capacitor, the capacitance increase from 4 microfarad to 80 microfarad, on introducing
adielectric medium between the plates. The dielectric constant of the medium is
@ 10 b) 20 (©) 30 ()] 40
[Answers: (1) b]
C17 ' Dielectrics and polarization

Ifthe medium between the plates of a capacitor is filled with an dielectric (insulating substance), the electric
field due to charged plates induces a net dipole moment in the dielectric. This effect is called polarisation.
Although the net charge in the dielectric is zero but an electric field rises in the dielectric due to polarisation
which is opposite to the external field E. The electric field in the dielectric is E/K where K is the dielectric
constant of the dielectric. Hence the potential difference between the plates is reduced and that’s why the
capacitance will increase due to introduction of the dielectric by the factor K. The magnitude of induced

1
charge on dielectric is given by (, = q[l_E] , Where g, is the induced charge on dielectric and q is the

charge on the plate of the capacitor.

Einstein Classes, Unit No. 102, 103, Vardhman Ring Road Plaza, Vikas Puri Extn., Outer Ring Road

New Delhi — 110 018, Ph. : 9312629035, 8527112111



PCE-16

C18 Force Between the Plates of Capacitor
q2
The plates of parallel plate capacitor attracts each other with a force given F = .
2¢, A
Electrostatic stress of force per unit area acting on either capacitor plate is given by E =N EZ.
Practice Problems :

1. Aconducting plate Aof surface area 0.01 m? is suspended from one arm of a sensitive balance such that it
is parallel to another similar horizontal plate B and is at a height of 2 mm above B. The plate A in this
situation is balanced by some weight in the other arm of the balance. A potential difference of 100 V is
established between plates Aand B. The additional mass should be added to the other arm to keep the system
balanced is
@ 0.0113gm b) 0.0213 gm (©) 0.0313 gm ()] 0.0414 gm

2. Aparallel plate capacitor of plate area Aand charge q is connected to a spring of spring constant k. The
other end of the spring is connected to the wall. The extension in the spring at equilibrium s

2 2 2 2
_a _a _9 - _9
@) 2e, AK O 3, AK © 4, AK @ 5, Ak
[Answers: (1) a(2) a]

C19 Force on Dielectrics
A charged parallel plate capacitor, with battery disconnected or battery connected, pulled the dielectric
inwards.

0] The force acting on a dielectric slab while battery connected is given by

1. ,dC
F==Vv?=—=
2 dx
(i) The force acting on the dielectric slab while battery disconnected is given by
_g* dC
2C? dx
Practice Problems :
1 A parallel plate capacitor with plates width b and length L, the separation between the plates d is

held constant and the plates are connected to a battery of potential difference V. A dielectric slab of
relative-permittivity K and thickness equal to the separation between the plates is inserted.
Calculate

() the electrostatic energy of the system and
(b) force on the slab when x length of the slab is already inserted into the space between the
plates.
€, bV? g bV?

[Answers : (1) (a) [L+x(K=1)](b) (K=-1)]

2d 2d
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C20 Capacitorswith Electric Circuit
Applying Kirchoff’s rule for circuits with capacitors :
1 If we traverse through a capacitor from the negative terminal to the positive terminal, the change in potential
q
.t _
s ?q o It o
C
—_
2 If we traverse through a capacitor from the positive terminal to the negative terminal, the change in potential
_ q
is ?q . o HF o7
C
—_—
Practice Problems :
1 In the circuit shown find the charge on each capacitor.
| l [}
3 uF
3 puF —|— 6 pF
| Il
A | D1l c
|1
ovlg
[Answers : (1) 24uC, 18uC, 6uC]
C21 Circuits with Resistors and Capacitors::

Charging of a Capacitor

The figure shows a circuit arrangement in'which a capacitor in series with a resistor is connected across a
battery of emf E through a switch S.

[
— =
St

When the switch S is closed the current starts flowing and the capacitor starts charging. Ifi be the instanta-
neous current in the circuit and g be the instantaneous charge on capacitor, then applying Kirchoff’s

\oltage Law, we get _%_ iR+E=0

+q|— R
C C\Ai
~a + =
s F

After solving the equation we get the following results.
q=Q,, (1-¢e"),v=V_ (1-e"),i=I_e"
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[ —t
(¢
@ Charge on a capacitor is increasing with time g = CE(1 —e 7).
Att=0,qiszeroandast=o,qisQ_ =CE
(9) Potential difference across the capacitor increases with time v=E(1 — 7).

Att=0,viszeroandatt=oo,visV __=F
(© Current through the capacitor decreases with time

. E
|=Ee'”RC.Att:O,i:ImaX:E/Randt:oo,i:O

The time constant t is the time during which charge on the capacitor rises to 0.63 times the maximum value
Mathematically,

1
when t=t, q=gq,(1-e?)orq=0.63q, (— = 0.37)
e

Practice Problems :

1 For the charging RC-circuit draw the graph between Ini vs. time t and what is the physical meaning of slope
of this graph.
2. A 15.0 kQ resistor and a capacitor are connected in series.and then a 12.0 V potential difference is

suddenly applied across them. The potential difference across the capacitor rises to 5.00 Vin 1.30 ps.
(a) Calculate the time constant of the circuit. (b) Find the capacitance of the capacitor.

3. A 3.00 MQ resistor and a 1.00 pF capacitor are connected in series with an ideal battery of emf
€ =4.00 V. At 1.00 s after the connection is made, what are the rates at which (a) the charge of the
capacitor isincreasing, (b) energy is being stored in the capacitor, (c) thermal energy is appearing in
the resistor, and (d) energy.is being delivered by the battery ?

4. An initially uncharged capacitor C is fully charged by a device of constant emf & connected in series
with a resistor R. (a) Show that the final energy stored in the capacitor is half the energy supplied by
the emf device. (b) By direct integration of i’R over the charging time, show that the thermal energy
dissipated by the resistor is also half the energy supplied by the emf device.

5. In the following circuit initially the capacitor is uncharged. Find the current passing through the
battery-at any time t. Also find the current through the battery at t=0 and t = c.

C

. A —

@) | 1< (b) W

| 1 | L

|1 'E | &

R € R €
—M— — —

[ LS R

© || (d)

| e —A—

[Answers : (2) (a) 2.41 ps (b) 161 pF (3) (a) 0.955 puC/s (b) 1.08 pW (c¢) 2.74 pW (d) 3.82 pW]
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Discharging of a Capacitor :

The figure shows a capacitor C with an initial charge Q, connected in series with a resistor. When the
switch is closed the capacitor starts discharging. If i be the instantaneous current and g be the instantaneous
charge on the capacitor then, using Kirchoff’s voltage law

./‘ - Py
+|+ S + S
Q==C R q:_:CC R
i
q dq dqg dt
Y I B R
cC dt " g RC

After solving the above equation, we get
q=Qe", i=-leg", V=Ve"

where t = RC is the time constant, Q , |, and 'V are the initial charge, current and potential difference across
the capacitor.

Q, Q,/C
i ¥
o] —t ) —
(a) Vkl (b)
—Q,/C

Practice Problems :

1 A 1.0 pF capacitor with an initial stored energy of 0.50 J is discharged through a 1.0 MQ resistor.
(a) What is the initial charge on the capacitor ?-(b) What is the current through the resistor when the
discharge starts ? (c) Determine V., the potential difference across the capacitors, and V,, the
potential difference across the resistor, as functions of time. (d) Express the production rate of
thermal energy in the resistor as a function of time.

2. Consider a discharging RC circuit. Draw the Inq vs. time graph and what is the physical meaning of
the slope.
3. How many time constants will elapse before the charge on a capacitor falls to 0.1% of its maximum

value in a discharging RC circuit ?
[Answers 2 (1) (a) 1.0 x 107 C (b) 10° A (c) V= 10%V, V,_ = 10%V; (d) P = e*'W]
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