Current Electricity

Current Electricity

Introduction

The flow of electric charges in a conductor constitutes an electric current in the circuit.

The charged particles which constitute an electric current in solids, liquids or gases are known as current
carriers.

(a) Solids

In conductors (e.g. metals like Copper, Silver, Aluminium etc.), free electrons constitute an electric current.
In semi—conductors, the current carriers are free electrons and holes.

(b) Liquids

Positive and negative ions are the current carriers in the liquids.

(c) Gases

Positive ions and electrons are the current carriers in gases.

Electric Current

Electric current can be defined as the amount of charge flowing_through any cross—section of a conductor in
unit time.

OR

Electric current is defined as the rate of flow of chargedhrough any cross—section of a conductor. Let charge
Q crosses through a cross—section of a conductor in time t;,then

_ Total charge flowing(Q)
Time taken(t)

Electric current, |

or | = 9

t
Direction of electric current
The direction of conventional current,is positive to —ve or opposite to the direction of flow of negative
charges i.e., electrons. The Sdwunit of current is ampere (A).
Electric current through«@ conductor is saidto e one ampere if one coulomb charge flows through any
cross—section of the conductor in ane second. It'1s a scalar quantity.

Types of Current

Different types.of electric currentare discussed below: T

(M Steady'Direct Current:“An electric current is said to be steady direct current if
its magnitude and direction do not change with time. ]
t(;;"
P
Q
(i) Varying or Variable Direct Current: An electric current is said to be varying T .
direct current if its magnitude changes with time and polarity remains same. '
(o] [ —
(B)
!
I
o]
| —_—
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Current Electricity
(iii) Alternating Current (A.C.): An electric current is said to be
alternating current if its magnitude changes with time and polarity
(i.e. + or —) reverses periodically.

Electromotive Force : EMF
A battery is a device which maintains a potential difference between its two terminals A and B

The work done per unit charge is & = wW_ Fud
qa q fe==========- |
The quantity & = W/q is called the electromotive force or emf of the battery 1+ 4_F__ T
or any other SOL_Jrce. _ . .
The electromotive force of a source may be defined as the work done by the A F, !
source in taking a unit positive charge from lower to the higher potential. TTTTRT T T T
If the two terminals of the battery are not connected externally, then
Fo.=F.=qE Fd=Fd=qEd=qV c 1 R 1 D
—Edi i F——AN—>—
where V = Ed is the p.d. between the two terminals. Thus,
F d 1 P N 1
é = L:ﬂ =V R
g q
Hence the emf of a source is equal to the maximum<potential difference i
between its terminals when it is in the open circuit i.e.,, when it is not Cell symbol
sending any current in the circuit.
Basically, an electrochemical cell consists«0f, two electrodes P and N e

immersed in an electrolyte, as shown in figure.

The emf of a source may be defined as the energy. supplied by the source in taking a unit positive charge
Work done

once round the complete circuit. Again, we note that emf= ——— or F,:ﬂ Unit = volt
Charge Q

Subjective Assignment — |

Q.1 10% electrons, eath having a charge,of 16 x 10 ™ C, pass from a point A towards another point B
in 0.1 S. Whatfs the current in ampere? What is it s direction?

Q.2 Show that one ampete is'equivalent to a flow of 6.25 x 10'® elementary charges per second.

Q3 How many electrons pass through a lamp in one minute, if the current is 300 mA?

Q4 How many electrons perseeend flow through a filament of a 120 V and 60 W electric bulb? Given
electric power is the product of voltage and current.

Q5 In the Bohr model of hydrogen atom, the electron revolves around the nucleus in a circular path of
radius 5.1, 10 m at a frequency of 6.8 x 10" revolutions per second. Calculate equivalent
current:

Q.6 In a hydrogen atom, an electron moves in an orbit of radius 5.0 x 10" m with a speed of 2.2x10°
ms. Find the equivalent current. (Electronic charge = 1.6 x 107
coulomb). s

Q.7 Figure shows a plot of current | through the cross—section of a wire 5

over a time interval of 10 s. Find the amount of charge that flows
through the wire during this time period.

Q.8 The amount of charge passing through cross—section of a wire is
q(t) = at’+ bt + ¢
Q) Write the dimensional formulae for a, b and c.
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Current Electricity
(i) If the values of a, b and c in Sl units are 5, 3 and 1 respectively, find the value of current at
t = 5 second.

Q.9 A solution of sodium chloride discharges 6.1 x 10'® Na* ions and 4.6 x 10" CI” ions in 2s. Find the
current passing through the solution.

Q.10 In a hydrogen discharge tube, the number of protons drifting across a cross—section per second is
1.1 x 10", while the number of electrons drifting in the opposite direction across another cross—
section is 3.1 x 10" per second. Find the current flowing in the tube.

1. 160 A 3 1.125 x 10%

4, 3.125 x 10* 5. 1.088 x 10° A 61 1.12x 10°% A
7. 375C 8 (i) [AT Y, [A], [AT], (ii) 53 A

9. 8.56 x 10° A 10. 0.672 A

Electric Current in Conductors

In the absence of external electric field, the motion of the electrons in the conductor is random such that the
average thermal velocity of electrons becomes zero i.e. G = 0.

A metal conductor has large number of free electrons or copductionselectrons, whose number density (i.e.,
no. of electrons per unit volume) is about 10 m. These [electrons at room temperature move at random
within the body of the conductor, like the molecules of asgas. Thesaverage thermal speed of the free electrons
in random motion at room temperature is of the order,6f 10° ms .

If Ui uj u? u_,; are random thermal velocities of n free electronsiin thesmetal conductor, then the average
RTINS
- =

When an electric field is applieddacross the conductor, the free electrons
accelerate in a direction opposite of the applied field (figure). Due to this
acceleration, the electrons gain extra veloeity but for/ashort time because the
accelerated electrons collide with, other free elegtrons or the ions in the
conductor and during this collision, the extravelocity gained is destroyed.

Again, the electron is accelerated and cometo rest after collision. Therefore, the motion of electrons in a
conductor under the influence of electric field is like a stop and go. As a net result, the electrons acquire a
small velocity €alled drift velocity (v, ).in the direction opposite to that of the applied electric field. The flow

of electrons with drift velocity from one end to another end of the conductor constitutes an electric current.

Drift velocity is ‘defined as the average velocity with which free electrons in a conductor get drifted in a
direction opposite to the direction of the applied electric field.

thermal velocity of electrons is

Consider a conductor under the influence of electric field E. The force experienced by a free electron in the
conductor placed in‘the electric field is given by F=—eE,

Negative sign shows that the directions of Fand E are opposite to each other.
The acceleration produced in the electron is given by,

a

E, where m is the mass of the electron or é:ﬁ
m m

Small interval of time between two successive collisions between electron and ion in the conductor is called

relaxation time or mean free time (1).
Therefore, the drift velocity is given by
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- —eE _ _ —eE
or Vy=0+ T ( i=0anda= —J
m m
or v, =%, e, |Vyl=v =St
d m rer d d m
Note:

(1) The order of relaxation time is 10 second
(2) Drift velocity is of the order of 10 to 10™* m/s.
(3) Auverage relaxation time = mean free path of electron/drift speed of electron.

Mobilit
Mobility of a current carrier is the ratio of the drift velocity (v4) of current carrier in a material to the applied
electric field (E) across the material i.e.

Vy . ekt Vg, et
== Since vy=—— ===
= “m B EOm
Thus, mobility of a current carrier is inversely proportional to the mass of the current.carrier. For example, in
a semiconductor, mobility of an electron is more than mobility of a hole because electron is lighter than the

hole.

Relation Between Current and Drift VVelocit

Consider a conductor of length | and uniform cress—=sectional area A. Let V be the applied potential
difference across the ends of the conductor (figure). The, magnitude offelectric field set up across the
conductor is given by

Vv

I
Let n be the number of free electrons’per unit volume ofithe.conductor. Then, total number of free electrons
in the conductor = n x volume of the conductor = n x Al.

If e is the magnitude of charge on each electron, thenthe total charge in the conductor,

Q =(nAl)e

The time taken by the charge to cross the conduetor length is given by

I y . .
t=— wherews is drift velocity of electrons.
Vg

According tosthe definition of electrie,current,

E = =neA vy
t /vy
or | ='neA vy
or I'sc vy (as n, e and A are constants)
. . I
Again from equation Vg =—0
neA

Note:

When we close the circuit, the electric field is set up in the entire closed circuit instantly with the speed of
electromagnetic wave which causes electron drift at every portion of the circuit. Due to it, the current is set
up in the entire circuit instantly. The current so set up does not wait for the electrons to flow from one end of
the conductor to other end. It is due to this reason, the electric bulb glows immediately when switched on.

OHM’s Law

S.C.0. 16-17 DISTT. SHOPPING CENTRE HUDA GROUND URBAN ESTATE JIND Ph:- 9053013302
Page No: 4



Current Electricity
According to Ohm’s law, the current (I) flowing through a conductor is directly
proportional to the potential difference (V) across the ends of the conductor provided
the physical conditions (like temperature, pressure, strain etc.) of the conductor 'T
remain unchanged.

i.e. lcV or Vol

\Y
or V =RI or —=R 0 vV —

I (A)
where R is constant of proportionality and is known as electric resistance or resistance of the conductor.

The value of R depends upon the nature of the material, its dimensions and its temperature. It does not
depend on the values of V or I.

Derivation of Ohm’s Law from First Principles
Let vq4 be the drift velocity of electrons through a section of the conductor of length | and'eross—sectional area
A. V is the potential difference across the section of the conductor, and E is glectric field.

Resulting current in the conductor is given by, | = neAvy,
where n is number of electrons per unit volume in the conductor.
But magnitude of drift velocity,

eEr eVt ( V)
Vg =—=—" wE=—
m ml I
| = neA (e—VTj e au
ml ml
vV ml :
or —=—— =constant = R (teSistance of the conductor)
I ne“Ac
Vo |
where R= TI = (lzjl Also Rzpl
ne‘At  \ne“t A A
_RA_m
| ne’t

Electrical Resistance

Resistance of a conductor is basieally the opposition offered to the flow of electric charge in the conductor. It
is defined as the ratio of the'potential difference across the ends of the conductor to the current flowing
through it.

S.1/0nit of resistance is ohm (QQ)

lvolt(V)
1ampere(A)
Resistance of a conductor is said to be 1 ohm, if current of 1A flows through it, when potential difference of
1V is applied across it.
Dimensional formula of resistance

1'ohm (Q) = VAT

[R]—M— [Work] B [Work]
" [I] [Charge]x [Current] [Current][Time].[Current]
_IMUT?] _erea

RI== o =ML A7)
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Factors on which resistance depends

Resistance of a conductor depends upon:

(i) Nature of material of the conductor and its (ii) dimensions i.e.

(a) Length: The resistance R of a conductor is directly proportional to its length | i.e.

i.e. Rol

(b) Area of cross—section: The resistance of a conductor is inversely proportional to its area of cross—section
A.

i.e. Roci Hence Roci or R=p 1
A A A

Resistivity or specific resistance of the material of a conductor is defined as the resistance of a unit length

with unit area of cross section of the material of the conductors, i.e., it is also defired asythe resistance of unit

cube of a material of the given conductor.

We known that, R o« 1 or R :p[ij
A A
where, p is known as specific resistance or resistivity of the substance/material.
Thus p=R (?)
If A=11=1thenp=R

Unit of Resistivity

eohm metrée’

Since p = R(AJ Therefore, S. I. unit of p is (
I etre

J or ohm=metre i.e. Q m.

Dimensional Formula of Resistivity

2132 2
Resistivity, [p] = AL . gl IMUT A T by 5752
[L] [L]
Conductance
Conductance of a substance'is equal to the'inverse of its resistance i.e.
G= i
R

S.1. unit of conductance is ohnmor Q' or mho or siemen (S).

Electrical conductivity or conductivity of a substance is equal to the inverse of its resistivity i.e. c=—
p

S.I. ufiit.of conductivity is Q™ m™ or mho m™ or Sm™.
Dimensions of conductivity, [c] = ﬁ:[M‘lL*T?’AZ]
p

Current Density

The current density at any point inside a conductor is defined as the amount of charge flowing per second
through a unit area held normal to the direction of the flow of charge at that point. It is a vector quantity
having the same direction as that of the motion of the positive charge.

As shown in figure (a), if a current I is flowing uniformly and normally through an area of cross—section A of
a conductor, then the magnitude of current density at any point of this cross—section will be

g/t
A

a1
A
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Current Electricity

If the area A is not perpendicular to the direction of current and normal to this area makes angle 6 with the
direction of current as shown in figure (b), then the component of A parallel to the direction of current flow
will be

A,=Acos 0
Current density,
I I

pﬂArca =A R

or I=jAcosf=]j.A

j

" A, Acoso
This equation again shows that electric current, being scalar
product of two vectors, is a scalar quantity. The Sl unit of (@)

current density is ampere per square metre (Am™) and its dimensions are [AL ]

Note: The current | through a particular surface S in a conductor is the flux of j throuigh that surface and is
given by the surface integral

I=I] .ds where dS is a small element of the given surface area:
S

Vector form of Ohm’s Law

If E is the magnitude of electric field in a conductor of length I,.thenithe potential difference across its ends is

V =El
Also from Ohm’s law, we can write V=IR= IKPI
| .
AP Ip

As the direction of current density j is same as that.of electric field E, we can write the above equation as
E=pj or j=cE
This above equation is the vector form of Ohm’s law. It IS equivalent to the scalar form V = RI.

Carbon Resistor and Colour Code

Resistor is a component offan éelectrical circuit offering certain opposition to the flow of current in that
circuit.

Pictorial Symbols of resistors are given in figure.

—wmr— e o —

Fixed Variables
(A) (B)
To make a carbon resistors of fixed resistance, carbon with a
suitablesbinding materials is moulded into a cylinder. Wire leads are
attached“ta this, cylinder and the whole resistor is encased in @  [eaq Cevaiite vod
ceramic jacket. N\
Wire wound resistors are made inductance free. They are reliable
and stable. They are bigger than carbon resistances. Their value
varies from 0.1 to 4 MQ. They have low power consumption. There Carbon film
is no noise. They have poor response at high frequency because
they have large distributed capacitance.
The values of the resistances of the carbon resistors are indicated by four colour bands painted on the bodies
of the carbon resistor. These coloured bands can be translated into a number by using the standard colour
code given below:

The first coloured band B, represents the first figure and
the second band B, represents the second figure of the

Varnish coating

Lead

BB, B3 By B1B;By By
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Current Electricity
number (figure). The third band Bs represents the
number of zeros to be added to the right side after the
second figure to get the total resistance. The fourth
band gives the tolerance known as the limit of
accuracy of permitted variation in the value of the
resistance.
Colour code can be remembered
BB ROY Great Britain Very Good Wife wearing Gold Silver

to Memor
Black B 0 10° Gold 5%
Brown B 1 10* Silver 10%
Red R 2 10? No colour 20%
Orange 0 3 10°
Yellow Y 4 10*
Green G 5 10°
Blue B 6 10°
Violet \Y; 7 107
Grey G 8 10°
While W 9 10°
Gold 10
Silver 102

Illus.1  Suppose the colour band sequence of@resistor is (B,)green, (B,) brown, (Bs) yellow and (B,4) gold.
Then, what is the effective resistanCe of the resistor as per colour code?

Ans: (51 +2.55)x10°Q

B;B;B; By
)
Subjective Assignment — 11
Q1 In a discharge tube; the number of hydrogen ions (i.e., protons) drifting across a cross—section per

second is 1.0 x 10'¢, while the number of electrons drifting in the opposite direction across another
cross<8ection is 2.7 x 20" per second. If the supply voltage is 230 V, what is the effective
resistance of the tube?

Q.2 An electron beam has an aperture of 1.0 mm?®. A total of 6 x 10" electrons flow through any
perpendicular cross—section per second. Calculate (i) the current and (ii) the current density in the
electron bream.

Q.3 A copperwire of radius 0.1 mm and resistance 1 kQ is connected across a power supply of 20 V.
(i) How many electrons are transferred per second between the supply and the wire at one end?
(ii) Write down the cur rent density in the wire?

Q4 A current of 2 mA is passed through a colour coded carbon resistor with first, second and third rings
of yellow, green and orange colours. What is the voltage drop across the resistor?

Q5 An arc lamp operates at 80 V, 10 A. Suggest a method to use it with a 240 V d.c. source. Calculate
the value of the electric component required for this purpose.

Q.6 Calculate the resistivity of a material of a wire 10 m long, 0.4 mm in diameter and having a
resitance of 2.0 Q.

Q.7 The external diameter of a 5 metre long hollow tube is 10 cm and the thickness of its wall is 5 mm.
If the specific resistance of copper be 1.7 x 10~ ohm-metre, then determine its resistance.
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Q.8 Find the resistivity of a conductor in which a current density of 2.5 Am™ is found to exist, when an
electric field of 15 Vm™ is applied on it.

Q9 Calculate the electrical conductivity of the material of a conductor of length 3m, area of cross—
section 0.02 mm? having a resistance of 20Q).

Q.10 A wire of resistance 4Q) is used to wind a coil of radius 7 cm. The wire has a diameter of 1.4 mm
and the specific resistance of its material is 2 x 10" Qm. Find the number of turns in the coil.

Q.11 A wire of 10 ohm resistance is stretched to thrice its original length. What will be its (i) new
resistivity, and (ii) new resistance?

Q.12 A wire has a resistance of 16 Q. It is melted and drawn into a wire of half its length. Calculate the
resitance of the new wire. What is the percentage change in its resistance?

Q.13 A cylindrical wire is stretched to increase its length by 10%. Calculate the\percentage increase in
resistance.

Q.14  Two wires A and B of equal mass and of the same metal are taken{ The diameter,of the wire A is
half the diameter of wire B. If the resistance of wire A is 24Q, calculate the resistance.of wire B.

Q.15 A piece of silver has a resistance of 1Q. What will be the resistance‘@fia constantan wire of one—
third length and one—half diameter, if the specific resistance of constantan:isy30 times that of silver?

Q.16 Calculate the conductance and conductivity of a wiresofiresistance 0.01 €3,area of cross—section
10“* m? and length 0.1 m.

Q.17 A rheostat has 100 turns of a wire of radius 0.4, mm having-resistivity 4.2 x 10" Qm. The diameter
of each turn is 3 cm. What is the maximum value of resistance that'it.can introduce?

Q.18  Given that resistivity of copper is 1.68 x 10 ° Qm,, Calculate the amount of copper required to draw
a wire 10 km long having resistance of 20 Q. The dénsity of‘copper is 8.9 x 10°kg m>.

Q.19  Two wires A and B of the same material have their lengths in the ratio 1 : 5 and diameters in the
ratio
3: 2. If the resistance of the wire B is 180 @, find the resistance of the wire A.

Q.20 A uniform wire is cut intoffour segments. Each.segment is twice as long as the earlier segment. If
the shortest segment has‘aresistance of 4Q \find the resistance of the original wire.

1. 3.9x10°Q 2. (1) 9.6 x 10° A, (ii) 9.6 x 10° Am?

3. (i) 1.25 x 10", (i) 6.37 %,10° Am~*> 4. Qv

5. 16 6. 2513 x10°%0Om 7. 57 x 10°
Q

8. 6 QOm 9. 75x10°0*tm? 10. 70

11 90 O 12. 4Q,75% 13. 21%

14. 150 15. 400 16. 100 S, 10°
Sm

17. 7.875Q 18.  1495.2 kg 19. 16Q

20. 60 Q

Q1 Assuming that there is one free electron per atom in copper, determine the number of free electrons
in 1 metre® volume of copper. Density of copper is 8.9 x 10° kgm™ and atomic weight 63.5.
(Avogadro’s number, N = 6.02 x 10%® per kg—atom).
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Q.2 A copper wire has a resistance of 10Q and an area of cross—section 1 mm?. A potential difference of
10V exists across the wire. Calculate the drift speed of electrons if the number of electrons per
cubic metre in copper is 8 x 10% electrons.

Q.3 (a)  Estimate the average drift speed of conduction electrons in a copper wire of cross—sectional
area 1.0 x 107 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. take Avogadro’s number = 6.0 x 10% mol ™.

(b)  Compare the drift speed obtained above with (i) thermal speeds of copper atoms at ordinary
temperatures, (ii) speeds of electrons carrying the current and (iii) speed of propagation of
electric field along the conductor which causes the drift motion.

Q4 Calculate the electric field in a copper wire of cross—sectional area 2.0 mm®garrying a current of
1A. The conductivity of copper = 6.25 x 10" Sm™.

Q5 A potential difference of 100 V is applied to the ends of a coppervire one metre long. Calculate the
average drift velocity of the electrons. Compare it with the thermal velocity at 27°C. Given
conductivity of copper, o = 5.81 x 10" Q' m™ and number densitynof conduction electron,
n=85x10%m?

Q.6 Find the time of relaxation between collision and free“path of electrons in copper at room
temperature. Given resistivity of copper = 17 x 10°° Qm, number density of electrons in copper =
8.5 x 10 m®, charge on electron = 1.6 x 10 C, mass'of electron'9.1 x 10> kg and drift velocity
of free
electrons = 1.6 x 10* ms ™.

Q.7 An aluminium wire of diameter 0.24 em is connected'in seriesito a copper wire of diameter 0.16 cm.
The wires carry an electric current”of 20 ampere. Find, (i) current—density in the aluminium wire
(ii) drift velocity of electrons in the copper wire. Given: Number of electrons per cubic metre
volume of copper = 8.4 x 10,

Q8 A current of 1.0 ampere S flowing through a“copper wire of length 0.1 metre and cross—section
1.0 x 10° m% (i) If tHe speeific resistance of copper be 1.7 x 10° Qm, calculate the potential
difference across the.ends of thewire. (ii) Determine current density in the wire. (iii) If there be one
free electron per atom in copper, then determine the drift velocity of electrons.

Given: atomic'wth= 63.5, density of copper = 8.9 x 10° kgm =, N = 6.02 x 10% per kg—atom.

Answers
1. 8.4 x10%m? 2. 0.078 mms™
3. (2) £1x 103 ms?, (b) (Y821 x 10°°, (ii) 1.74 x 10° ms ™, 10°°, 10 ™ (iii) 3x 10 ms™*, 10
4, 8x10%Vvm* 5. 0.43ms* 1.17 x 10°ms ™, 3.67 x 10°°
6. 25x10%s,40x10"m 7. (i) 2.2 x 10° Am?, (ii)3.7x 10" ms™*
8. () 7.x 10:° V, (ii) 1.0 x 10° Am™?, (iii) 7.4 x 10° ms*

Temperature Dependence of Resistivit

Resistivity of a material is given by,

m 1
p= or poc— (m and e are constants)

ne’t nt

(i) Metal: As n (number of electrons per unit volume) does not change with temperature, so variation in p
with temperature depends only on the relaxation time t. With increase in temperature, the collisions between
free electrons and ions of a metallic conductor become more frequent. As a result of this, relaxation time

decreases and hence the resistivity (poc—j increases. Thus, resistivity of a metallic conductor increases with
T

increase in temperature and vice—versa.
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The variation of p with temperature (T) is expressed by the relation
p=po[l+a (T-To)
where py is the resistivity at temperature T, (say 273 K or 0°C), p is resistivity at temperature T and o is the
temperature coefficient of resistivity.
a is different for different materials.
a is positive, i.e. their resistivity increase with increase in temperature.

p P
Te—t= T —>
Nichrome Aluminium
(i) Semi-conductors: o is negative. Germanium and Silicon are the examples of semi—~conductors. At

0 K, semi—conductors behave as insulators but at room temperature, they behave as conductors.
The resistivity of semiconductors depends on two factors: (i) the temperature variation and (ii) the
suitable impurities added in the semi—conductor.
The variation of resistivity of a semi—conductor with temperature is given by p = poe=“"', where E
iS energy gap between conduction band and valence,band, kss'Beltzmann’s constant and T is the
absolute temperature of the semiconductor.
At room temperature kgT = 0.03 eV. Whether the nonsconducting substance is an insulator or a semi—
conductor, depends on the size of the energy gapy Eg:

E/2kT

Q) If Eg < 1 eV, the resistivity at roam\temperature i1synot very high and the
substance is a semiconductor. T
(i) If Eq > 1 eV, the resistivity at room temperature is very high (~ 10°Qm)and o

the substance is an insulatof.

The coefficient of resistivity (o)”is negative for carbon and semiconductors i.e., their
resistivity decreases with temperature, @sishown in figure.

(iii) Electrolytes: As the temperature increases, the interionic attractions (solute—solute, solvent-solute and
solvent-solvent types) .decrease and also the wiscous forces decrease, the ions move more freely. Hence
conductivity increases or thexresistivity decreases as the temperature of an electrolytic solution increases.

Use of alloys in making standard resistors

Alloys like constantan or manganin, are used for making standard resistance coils because of the following
reasons:

0) These alloys have high value of resistivity.

(i) They have very small temperature coefficient. So their resistance does not change appreciably even
for several degrees rise of temperature.

(iii) They are least affected by atmosphere conditions like air, moisture, etc.
(iv) Their contact potential with copper is small.
Subjective Assignment — IV
Q1 () At what temperature would the resistance of a copper conductor be double its resistance at
0°C?
(i)  Does this temperature hold for all copper conductors regardless of shape and size?
Given o for Cu=39x10°°C™.
Q.2 The resistance of the platinum wire of a platinum resistance thermometer at the ice point is 5Q and
at steam point is 5.39Q. When the thermometer is inserted in a hot both, the resistance of the
platinum wire is 5.975 Q. Calculate the temperature of the bath.

T—

S.C.0. 16-17 DISTT. SHOPPING CENTRE HUDA GROUND URBAN ESTATE JIND Ph:- 9053013302
Page No: 11



Q.3

Q.4

Q.5
Q.6
Q.7

Q.8

Q.9

Q.10

Q.11

Current Electricity
A nichrome heating element connected to a 220V supply draws an initial current of 2.2 A which
settles down after a few seconds to a steady value of 2.0 A. Find the steady temperature of the
heating element. The room temperature is 30°C and the average temperature coefficient of
resistance of nichrome is 1.7 x 10 per °C.
An electric toaster uses nichrome (an alloy of nickel and chromium) 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. What is the steady temperature of the nichrome element? The temperature
coefficient of resistance of nichrome averaged over the temperature range involved is 1.70 x 10
°ct
The resistance of a tungsten filament at 150°C is 133 ohm. What will be its #ésistance at 500°C? The
temperature coefficient of resistance of tungsten is 0.0045 per °C.
The resistance of conductor at 20°C is 3.15 Q and at 100°C is 3.75Q. Determine the temperature
coefficient of resistance of the conductor. What will be the resistanée, of the conducter at 0°C?
The resistances of iron and copper wires at 20°C are 3.9 Q and 4.1Q respectively. At what
temperature will the resistance be equal? Temperature coefficient of resistivity for iron is
5.0 x 10 K™ and for copper it is 4.0 x 10 K. Neglectiany thermal expression.
A metal wire of diameter 2 mm and length 100 m has"a resistance of 0.5475Q at 20° C and 0.805Q
at 150°C. Find (i) temperature coefficient of resistance (ii) resistance at 0°C (iii) resistivities at 0° &
20°C.
A potential difference of 6 V is applied across a conductor of length 0.12 m. Calculate the drift
velocity of electrons, if the electron mobility is 5.6y« 10 ° m?V s X,
The number density of electrons in copper is 8.5 x 102 m™3. ‘Determine the current flowing through
a copper wire of length 0.2 m, areé of cross—section 1 mm? when connected to a battery of 3V.
Given the electron mobility = 4.5 x 10 °m?V * s and charge on electron = 1.6 x 10*° C.

A semiconductor has the eleetron concentratiom0.45 %10'> m= and hole concentration 5 x 10 m >,

Find its conductivity. Givén: electron mobility =0.135 m*V 's™* and hole mobility = 0.048 m*V's~
1.

e =1.6 x 10 coulomb:

Answers
250°C 3. 618°C 4, 847°C
258 Q) 6. 0.0025°C*,3.0Q 7. 84.5°C
(i) 346 x 102 °C*, (ii) 0.5107.Q, (iii) 1.60 x 10° QOm, 1.72 x 10° QOm
28x10*ms ! 10. 0.918 A 11. 3.84Sm*

Limitations of Ohm’s Law: Ohmic and Non—ohmic Conductors

Ohm’s‘lawnis, obeyed by many substances under certain conditions but it is not a fundamental law of nature.
Ohmic conductor: The conductors which obey Ohm’s law are called Ohmic conductors. For these
conductors, the linearrelationship between voltage and current (V oc 1) holds good.

The V-I graph for ohmic conductors is a straight line passing through the origin. A metallic conductor for
small currents and the electrolyte like copper sulphate solution with copper electrodes are ohmic conductors,
as shown in figure (a) and (b) respectively.

+1 7

Pure CuSO, solution
metal with Cu electrodes
< > - >
Voo o +V

-:V 0 +V ;
=1 -~y
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Current Electricity

Non-ohmic conductors: The conductors which do not obey Ohm’s law are called non—ohmic conductors.
The resistance of such conductors is not constant even at a given temperature, rather it is current dependent.
Non—ohmic situations may be of the following types:

(1) The straight line VV—I graph does not pass through the origin.

(i) VI relationship is non-linear.

(iii) VI relationship depends on the sign of V for the same absolute value of V, and

(iv) V-l relationship is non—unique. v A

Examples of non-ohmic conductors: Romohmic—) 1

(1) Metallic conductor: For small currents, a metallic conductor obeys Ohm’s
law and its VI graph is a straight line. But when large currents are passed
through the same conductor, it gets heated up and its resistance increases.

V-1 graph no longer remains linear, i.e., conductor becomes non-ghmic at
higher currents, as shown in figure. 0 —>|

(i) Water Voltameter: Here a back e.m.f. is set up due to the liberation of +1 A
hydrogen at the cathode and oxygen at the anode. No current flows through
the voltameter until the applied p.d. exceeds the back elm.f. V, (1.67 V for
water voltameter). So V-1 graph is a straight line butsiot passing through the Y
origin, as shown in figure. Hence the electrolyte (water acidified with dil. ’ o v
H,SO,) is a non—ohmic conductor.

(iii) p-n junction diode: It consists of a junction of p-type and n-type ly
semiconductors. A voltage V is applied across the junction. The resulting current I is shown in
figure. Obviously, | is not proportional to V. Thetjunctionidiode allows !

(current to flow only in one directiofn'i.e., it acts as a rectifier (converts a.c.
intod.c.)

(iv) Thyristor: It consists of four alternatey layers4of p and n-type
semiconductors. Its V-I relationship is as shown inffigure. _

L] Vu v
A
B
‘Vf"'o“j,
vy !
(V) Galliumtarsenide: Figure shows the VV—I graph for the semiconductor GaAs. It exhibits non—linear

behaviour.\Moreover, after a certain voltage, the current decreases as the voltage increases. That is,
if AFis negative and hence the effective resistnce (=AV/AI) is negative.
A

resistance
region

Non-linear
region
Negative

(mA) T

Current

'
s

Voltage V (V) —

\

Superconductivit
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Current Electricity
Prof. Kammerlingh Onnes at the University of Leiden (Holland), observed that the resistivity of mercury
suddenly drops to zero at a temperature of about 4.2 K and it becomes a superconductor.
The phenomenon of complete loss of resistance metals and alloys when they are cooled below a certain
temperature is called superconductivity. The temperature at which a substance undergoes a transition from
normal conductor to superconductor in a zero magnetic field is called transition or critical temperature
(Te)
A current once set up in a superconductor persists for a very long time without any apparent change in its
magnitude.
Cause of superconductivity: It is believed that near the transition temperature, a weak attractive force acts
on the electrons which bring them closer to form coupled pairs. Such coupled pairs are not deflected by ionic
vibrations and so move without collisions.
Messener effect: In 1933, Meissener and Ochsenfeld observed that if a
conductor is cooled in a magnetic field to a temperature below the .
transition temperature, then at this temperature, the lines of magnetic O
induction B are pushed out of the specimen, as shown in figure. Thus B
becomes zero inside a superconducting specimen.
The expulsion of the magnetic flux from a superconducting material
when it is cooled to a temperature below the critical temperature,in a magnetic field is called Meissner
effect.

Meissner effect indicates that as the superconductivity \appearssin™ anmaterial, it becomes perfectly
diamagnetic.

Application of superconductors: The possible applications of superconductors are

1. For producing high magnetic fields required for research worksin*high energy physics.
2. For storage of memory in high speed‘computers.

3. In the construction of very sensitive galvanemeters.
4,
5.

T>Tc TETs

In levitation transportation (trains which movewithout'rails)
In long distance power transmission without any“wastage of power.

Resistances in Series

If a number of resistances aresconnected end to end so that the same current flows through each one of them
in succession, then they are said to be connected in series. Figure shows three resistances R;, R, and R
connected in series.
When a potential difference V.S applied across the combination, the same current | flows through each
resistance.
By Ohm’s law, the potential drops.acreSs the three resistances are

Vi1 =1Ry, V2= IR, V3 = IR3
If R, is the equivalent resistance of the series combination, then we must
have

V=1Rg
But V = Sum of the potential drops across the individual resistances
or V=V;+V,+V;
or IRs=IR; + IR, + IR; or Rs=R;+R,+R;
The equivalent resistance of n resistances connected in series will be
Rs=R;+Ry+Rs+...... + R,
Thus when a number of resistances are connected in series, their equivalent resistance is equal to the sum of
the individual resistances.

Laws of resistances in series
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() Current through each resistance is same.

(i) Total potential drop = Sum of the potential drops across the individual resistances.
(iii) Individual potential drops are directly proportional to individual resistances.

(iv) Equivalent resistance = Sum of the individual resistances.

(V) Equivalent resistance is larger than the largest individual resistances.

Resistances in parallel

If a number of resistances are connected in between two common points so that each of them provides a
separate path for current, then they are said to be connected in parallel. Figure shows three resistances Ry,
R, and R; connected in parallel between points A and B. Let V be the potential difference applied across the
combination.

Let I3, I, and I3 be currents through the resistances R, R, and R respectively. Thehithe current in the main
circuitmustbe I =1+ 1, + 13

Since all the resistances have been connected between the same two points Adand B, therefare, potential drop
V is same across each of them. By Ohm’s law, the currents through the individual resistances will be

\Y \Y V

Il = _7I2__’ |3:—

R, R, R,

If R, is the equivalent resistance of the parallel combination, then we must
have

1= Y
RP

But |—|1+|2+|3

V V V V 142 1 1
or —=—t—+— o =+

R, R; R, R; R, Ri“R, R; I’
The equivalent resistance R, of n resistances connectedhin parallel is given v
by

1 1 1 1 1

— =ttt

R, R, R, Rg R,

Thus when a number ofdresistances are connected in parallel, the reciprocal of the equivalent resistances of
the parallel combination is.egual to the sum of the reciprocals of the individual resistances.

Laws of resistances in parallel

(i) Potential drop across each,resistance is same.

(i) Total current = Sum of the currents through individual resistances.

(iii) Individual currents are inversely proportional to the individual resistances.

(iv) Reciprocal of equivalent resistance = Sum of the reciprocals of the individual resistances.
(v) Equivalent resistance is less than the smallest individual resistances.

Subjective Assignment — V

Q1 A wire of resistance 4 R is bent in the form of a circle (figure). What is the effective resistance
between the ends of the diameter?

2R
A B
2R
Q.2 Determine the voltage drops across the resistor Ry in the circuit given below with & = 60V.
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Q.3

Q.4

Q.5

Q.6

Q.7

Q.8

Q.9

Current Electricity
R =180 Ry=50Q

R,=10Q

A letter A consists of a uniform wire of resistance 1 ohm per cm. The sides of the letter are each
20cm long and the cross—piece in the middle is 10 cm long while the apex angle is 60°. Find the
resistance of the letter between the two ends of the legs.

When a current of 0.5 A is passed through two resistances in series, the potential difference between
the ends of the series arrangement is 12.5 V. On connecting them in parallel and passing a current
of 1.5A, the potential difference between their ends is 6 V. Calculate the two resistances.

Find the ammeter reading in the circuit shown in figure.

V. 19 o

—®—
5Q 7Q 6Q
8Q
A4

Find the effective resistance between points A and B for the network shown in figure.

D 39 E
30 30

C

A 3Q B

Find the effective resistance of the network shown in figure between the points A and B when (i)

the switch S is open (ii) switch,S is closed.
60 12Q

Z
o '
+

| |

]:
10V

Find the potential difference between the points A and B in the circuit shown in figure. Internal
resistances of the cells are negligible.

10Q 5V
——‘\N\r———l|—
AQ OB
ZIV 200
I—AWW
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Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Current Electricity
In the circuit shown in figure, find the potential difference across the capacitor.

B 30 C I E
¥ 1]
3uF
3Q 3Q
<
3Q 3Q
A S AAS 5 NW— F

JL
—II

15V

A battery of emf 10 V is connected to resistances as shown in figure. Find the potential difference
between the points A and B.

E
A regular hexagon with“diagonals is made of identical wires, each having same resistance r, as
shown in figure. Find the equivalent resistance between the points A and B.

Find the'equivalent resistance of the circuit shown in figure between the points P and Q. Each
resistor has,a resistance r.

P B cC 0
How can the resistances of 20, 3Q2 and 6Q be connected to give an effective resistance of 4Q?
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Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

Current Electricity
A uniform wire of resistance 2.20Q2 has a length of 2m. Find the length of the similar wire which
connected in parallel with the 2m long wire, will give a resistance of 2.0Q.

A wire of 15 Q resistance is gradually stretched to double its original length. It is then cut into two
equal parts. These parts are then connected in parallel across a 3.0 volt battery. Find the current
drawn from the battery.

If the reading of the ammeter A, in figure is 2.4A, what will the ammeters A, and A; read? Neglect
the resistances of the ammeters.

Lo 200 ®
& 100
! I, A 00

The resistance of the rheostat shown in figure is 30Q2. Neglecting the meteryresistance, find the
minimum and maximum current through the ammeter as the resistance of the rheostat is varied.

6V
()
o 1
00

.

Find the current through the 5Q resistor in the circuit shown_insfigure, when the switch S is (i) open
and (ii) closed.
5Q 10Q

3V
|

L

Calculate the equivalent resistance between‘points A'and B in each of the following networks of

resistors:
30 i‘ ’?
A

C
(@
D 4

(d)

(2)

10Q
2Q
10 Q 10 Q 10 Q
——o0

A B A 10Q
(e)

3Q
B
Q
7Q
B
]

Calculate the resistance between points A and B for the following networks:

2Q
9 4

1 1
2Q 2Q 4Q m 4Q
o—e p——0 o—4
A 2Q 2Q B A 40 & 40 B

(a) (b)
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10 40 10
A
R R R
;——’\M—«*-‘\’Vv—‘-—W\,—o—E 3Q 30 20
B .
(c) (d)

Q.23  Find the equivalent resistance of the networks shown in figure between the paints A and B.

(iif)
Q.24  In the circuit diagram shown in figure, a voltmetér reads 30V when connected across 400Q2
resistance. Calculate what the same voltmeter reads‘when it is connected across 300Q resistance.

60V

Q.25  Find the resistance between the points (i) A and B and (ii) A and C of the network shown in figure.

o 10 Q 10 Q 10 Q i
Do C
10Q 10Q 10Q
Answers
1. R 2. 45V 3. 26.67 Q2
4. 50 &720Q 5. 3A 6. 20
7. 902,80 8. 5A 9. -4V
10. 12V 11. 50V 12. 05r
13008 14, L
3
15. 2Q2 resistance should be connected in series with parallel combination of 3Q2 and 6Q resistances
16. 20 m 17. 02A 18. 1.6A,40A
19. 0.18A, 1.5A 20. (i) 0.2A, (ii) 0.6A
21. (@) 12 Q, (b) 40/3Q, (c) 292, (d) 10/3Q2, (e) 162, (f) 5Q
2 4 R 4 r
22 @) §Q’ (b)EQ’ (C)EQ, (d)6Q 23. (a)gr, (b)z,(c)r

24, 225V 25. (i) 27.5Q, (i) 30Q

Internal Resistance of a Cell
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Current Electricity

The resistance offered by the electrolyte of a cell to the flow of current between its electrodes is called
internal resistance of the cell.

The internal resistance of a cell depends on following factors:

1. Nature of the electrolyte.

2. It is directly proportional to the concentration of the electrolyte.

3. It is directly proportional to the distance between the two electrodes.
4.
5.

It varies inversely as the common area of the electrodes immersed in the electrolyte.
It increases with the decrease in temperature of the electrolyte.

The internal resistance of a freshly prepared cell is usually low but its value increases as we draw more and
more current from it.

Terminal potential difference: The potential drop across the terminals of a cel"when a current is being
drawn from it is called its terminal potential difference (V).

Relation between r, & and V. Consider a cell of emf & and internal resistance r connected to an external
resistance R, as shown in figure. Suppose a constant current | flows through this,circuit.

By definition of emf,

& = Work done by the cell in carrying a unit charge along the closed circuit. R
= Work done in carrying a unit charge from A to B against exterfal resistanceR 4 Y:
+ Work done in carrying a unit charge from B to A against internal resistance r 4 +| —AAA B
or E=V+V N -
By Ohm’s law, Cell
V=IR and V'=Ir E=IR+Irs1 (R +)
=&

Hence the current in the circuit is
R+r

Thus to determine the current in circuit, the internaliresistance4 combines in series with external resistance
R.

The terminal p.d. of the cell that-sends'current | through the external resistance R is given by

V:IR=i Also V=E-VeEE—TIr
R+r

or terminal p.d. = emf— patential drop across the internal resistance
E-V _&-V _(a—VJR

Again, from the,above equation, Wwe get r= =
I V/R \

Special Cases
(1) When cell is on open circuit, i.e., | = 0, we have
Vopen =&

Thus the potential difference across the terminals of the cell is equal to its emf when no current is
being drawnfrom the cell.

(i) A real cell has always some internal resistance r, so when current is being drawn from cell, we have
V<§
Thus the potential difference across the terminals of cell in a closed circuit is always less than its
emf.

Subjective Assignment — VI

Q.1 For driving a current of 3 A for 5 minutes in an electric circuit, 900 J of work is to be done. Find the
emf of the source in the circuit.
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Current Electricity
Q.2 A voltmeter of resistance 998 Q is connected across a cell of emf 2V and internal resistance 2Q.
Find the p.d. across the voltmeter, that across the terminals of the cell and percentage error in the
reading of the voltmeter.

Q.3 In the circuit shown in figure, the voltmeter reads 1.5 V, when the key is open. When the key is
closed, voltmeter reads 1.35 V and ammeter reads 1.5 A. Find the emf and the internal resistance of
the cell.

Q4 A battery of e.m.f. &, and internal resistance ‘r’, gives a current of 0.5 A withyan external resistor of
12 ohm and a current of 0.25 A with an external resistor of 25 ohm. Calculate (i). internal resistance
of the cell and (ii) emf of the cell.

Q5 (@) A car has a fresh storage battery of emf 12 V and interhal resistance 5.0 x}1072 Q. If the
starter motor draws a current of 90 A, what is the terminal voltage of the battery when the
starter is on?

(b)  After long use, the internal resistance of thesStorage battery increases to 500 Q. What
maximum current can be drawn from the battery? Assume the emf of the battery to remain
unchanged.

(©) If the discharged battery is charged byd@n external'emf source, is the terminal voltage of the
battery during charging greater or less than.its emf 12 VV?

Q.6 A battery of emf 12.0 V and internal resistance 0.5Q is to“bescharged by a battery charger which
supplies 110 V d.c. how much resistance must be connected in series with the battery to limit the
charging current to 5.0 A? What will be'the p.d. across the terminals of the battery during charging?

Q.7 Potential differences across terminals ‘ofya cell avere measured  *°
(in volt) against different current (in ampere) flowing through the cell. %, |-

A graph was drawn whiech was a straight line ABC, as shown in figure. = os
Determine from the graph 04

Q) emf of the gell °
(i) maximum current obtained fromsthe cell, and
(iii)  internal resistance of the cell

Q.8 The emf of a cell is 1.5V, On connecting a 14Q) resistance across the cell, the terminal p.d. falls to
1.4N/. Calculate the internabresistance of the cell.

Q9 The potential difference between the terminals of a 6.0V battery is 7.2V when it is being charged by
a current.of 2.0. What is the internal resistance of the battery?

Q.10 The potential difference across the terminals of a battery is 8.5V, when a current of 3A flows
throughtit,from its negative terminal to +ve terminal. When a current of 2A flows through it in the
opposite direction, the terminals potential difference is 11V. Find the internal resistance of battery

and its emf.
1. 1.0V 2 1.996 V, 0.2% 3. 1.5V, 0.1Q
4. 10,65V 5. (@) 7.5V, (b) 24 mA (c) greater
6. 145V,19.10 7 (i) 1.4V, (ii) 0.28 A, (iii) 5Q
8. 10 9. 0.6Q2 10. 0.5Q2, 10V

Combinations of Cells in Series and Parallel
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Cells in series: When the negative terminal of one cell is connected to the positive terminal of the other cell
and so on, the cells are said to be connected in series.

As shown in figure, suppose n similar cells each of emf ¢ and internal resistance r be connected in series. Let
R be the external resistance.

Total emf of n cells in series | 1 cells d
= Sum of emfs of all cells = n§
: : 2 e
Total internal resistance of n cells in series ——MI_I h—j
=r+r+r+..nterms=nr Iy Al
Total resistance in the circuit=R + nr ( R
The current in the circuit is AA
_ Totalemf _  ng
Totalresistance R+nr I
Special Cases ——{FAAA——
. n TEemosas ‘
Q) If R >>nr, then |=_§ JJr 4\1
R R
= n times the current (¢/R) that can be drawn from one cell. ——AW——
(i) If R < <nr, then
n . .
|:_§:§ = the current given by a single cell
nror

Thus, when external resistance is much higher than(the ‘total internal resistance, the cells should be
connected in series to get maximum current.

Cells in parallel: When the positive terminals of all cells are connected.to one point and all their negative
terminals to another point, the cells are said tode connected inyparallel.

As shown in figure, suppose m cells each of emf &and internal resistance r be connected in parallel between
points A and B. Let R be the external resistance. Elvs

Since all the m internal resistance are/connected in parallel,.their equivalent resistance r' is given

m cells

1 111 m
—=—t—t—t.. m termss=p—
rrrr r Iy
o R
or " AN
Total resistance,in the circuit
r
= R+r=R+—
mo S
r '
As thefonly effect of joining m cells in parallel is to get a single cell of larger size ; € & g
with'the same chemical materials, so __ VW 5
Total'emfiof parallel combination = emf due to single cell = § 1y Jrf
R
The current in the circuit is 1= 5 me MA—

R+r/m mR+r
Special Cases

i IfR<< L, then I=m—&=m times the current due to a single cell.
g
m r
(i) IfR>> L, then Izéz the current given by a single cell.
m

Thus, when external resistance is much smaller than the net internal resistance, the cells should be
connected in parallel to get maximum current.
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Mixed grouping of cells

In this combination, a certain number of identical cells are joined in series, and all such rows are then
connected in parallel with each other.

As shown in figure, suppose n cells, each of emf & and internal resistance r, are connected in series in each
row and m such rows are connected in parallel across the external resistance R.

Total number of cells = mn

Net emf of each row of n cells in series = n&

As m such rows are connected in parallel, so net emf of the combination = n&
Net internal resistance each row of n cells = nr

As m such rows are connected in parallel, so the total internal T

resistance r' of the combination is given by
11 1 1 m Ty
—=—4—+—+...mterms = —
r' nr nr nr nr

or Total resistance of the circuit =R+r=R+ %

The current through the external resistance R, _!'_’isl .%.*r \ '=

Total emf ne  _ mng . |
:total resistance: R+nr/m  mR+nr 1 R A
AW

Clearly, the current I will be maximum if the denominator ., (MR & nr) isMminimum.
Now

mR +nr = (\/ﬁ)ﬂ(m)z
= (\/ﬁ)ﬁ(\/ﬁ)z—zm Jnr+24mRA/Ar = (ﬁ—ﬁ)ﬂZanRr

As the perfect square cannot be negative, so mR + niwill be minimum if

ie., JmMR —+/nr=0
r
or mR =nr or R=—
m
or External resistance = Total internal resistance of the cells.

Thus, in a mixéd grouping of cells, the current through the external resistance will be maximum if the
external resistance is equal to the total internal resistance of the cells.

Subijective Assignment — VI I

Q1 (a) Threecells of emf 2.0V, 1.8V and 1.5V are connected in series. Their internal resistances are
0.05Q, 0.7€2 and 1Q respectively. If the battery is connected to an external resistor of 4Q via a very
low resistance ammeter, what would be the reading in the ammeter?

(b) If the three cells above were joined in parallel, would they be characterized by a definite emf
and internal resistance (independent of external circuit)? If not, how will you obtain currents in
different branches?

Q.2 Two identical cells of emf 1.5V each joined in parallel provide supply to an external circuit
consisting of two resistances of 17 each joined in parallel. A very high resistance voltmeter reads
the terminal voltage of cells to be 1.4V. Calculate the internal resistance of each cell.

Q.3 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 cells, as read
by an ideal voltmeter is 1.6 volt. Calculate the internal resistance of each cell.
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Q4 Two cells E; and E, of emfs 4V and 8V having internal resistances 0.5Q2 and 1.0Q respectively are
connected in opposition to each other. This combination is connected in series with resistances of
4.5Q and 3.0Q2. Another resistance 6 is connected in parallel across the 3Q resistor.

(a) Draw the circuit diagram (b) Calculate the total current flowing through the circuit.
Q5 In the circuit diagram given in figure, the cells E; and E, have emfs 4V and 8V and internal
resistances 0.5Q and 1.0Q2 respectively. Calculate the current in each resistance.
E, E,

! 14
l" lr
4V,05Q 8Vv,1Q

6Q

Q.6 A 20V battery of internal resistance 1€ is connected to three coils of 12 Q, 6Q and 4 Q in parallel,
as shown in figure. Calculate the current in each resistor and the terminal potential difference across
each battery.

.........

Q.7 36 cells each of internal resistance/0.5Q and emf 1.5\ each are used to send current through an
external circuit of 2Q resistance. Find the best mode of grouping them and the current through the
external circuit.

Q8 How would you arrange 64 similar cells each having an emf of 2.0 V and internal resistance 2Q so
as to send maximum cufrent through an external resistance of 8Q.

Answers

1. (@) 0.92 A, (b) No 2 1.2Q 3. 7.5Q
a, (b) 05 A 5. iala
3 6

6. 0.2 A40.4 A, 06A,188V, 104 v 7. 45A,3x%x12

8. n="16,m=4,20A

1. Electric network: The term electric network is used for a complicated system of electrical
conduetors:

2. Junction: Any point in an electric circuit where two or more conductors are joined together is a
junction.

3. Loop or Mesh: Any closed conducting path in an electric network is called a loop or mesh.

4. Branch: A branch is any part of the network that lies between two junctions.

Kirchhoff’s First Law or Junction Rule

In an electric circuit, the algebraic sum of currents at any junction is zero. Or, the sum of currents entering a
junction is equal to the sum of currents leaving that junction.

Mathematically, this law may be expressed as
21=0
Sign convention for applying function rule:
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Current Electricity
1. The currents flowing towards the junction are taken as positive.
2. The currents flowing away from the junction are taken as negative.

Figure, represents a junction J in a circuit where four currents meet. The currents I,
and |, flowing towards the junction are positive, while the currents 15 and 1, flowing
away from the junction are negative, therefore, by junction rule:

21=0
or Lhb+lL-13-1,=0 or L+lL=1+1, ie., Incoming current = Outgoing current
First law is also called Kirchhoff’s current law (KCL). It is based on the law of conservation of charge.
Kirchhoff’s second law or loop rule

Around any closed loop of a network, the algebraic sum of changes in potential/must be zero. Or, the
algebraic sum of the emfs in any loop of a circuit is equal to the sum of theproducts of currents and
resistances in it.

Mathematically, the loop rule may be expressed as > AV = 0 or 26> IR
Sign convention for applying loop rule:
1. We can take any direction (clockwise or anticlockwise) as the direction of traversal.

2. The emf of cell is taken as positive if the direction of traversal is from Its negative to the positive
terminal (through the electrolyte).

- + - +
— -

v=+E v=-E
3. The emf of a cell is taken as negative if direction,of traversal is fromiits positive to negative terminal.
4. The current-resistance (IR) product is taken as“positive if the resistor is traversed in the same
direction of assumed current.
I + -
—_—
V=+IR
5. The IR product is taken as negative if the resister is traversed in the opposite direction of assumed
current.
I + - 1
—>—NWN\——
e
V=-IR

Subjective Assignment — V111
Q.1  Using Kirchhoff’s lawsih the electrical network shown in figure, calculate values of 1, 1, and I3,

o~

Q.2 Using' Kirchhoff’s laws, calculdte the potential difference across the 8 ohm resistor. 59%[ I D = ll" D

A B
4v 20 12V
64 v
F E
80
D AV C
10
6V 10

Q.3 Two cells of emfs 1.5V and 2.0 V and internal resistances 1Q and 2Q respectively are connected in
parallel so as to send current in the same direction through an external resistance of 5Q.
(1) Draw the circuit diagram (i) Using Kirchoff’s calculate
@) current through each branch of the circuit.
(b) p.d. across the 5Q resistance.
Q4 Find the current flowing through each cell in the circuit shown in figure. Also calculate the potential
difference across the terminals of each cell.
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Q.5

Q.6

Q.7

Q.8

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Current Electricity

13V 1Q
Determine the current in each branch of the network shown in figure.
B

In the circuit shown in figure, E, F, G and H aré cells of emf 2V, 4V, 3V and 1V, and their internal
resistances are 2Q, 1Q, 3Q and 1Q, respectively. Calculate (i) ‘the ‘potential difference between B
and D and (ii) potential difference across the terminals of each of the cells G and H.

=

A Ell_ B

pil 4-

- F H=_

- 20 T+
LG

D - C

In a Wheatstone bridge, P = 1Q, Q = 2Q; R = 2Q3, S5, 3Q and,Rg= 4Q. Find the current through the
galvanometer in the unbalanced position, of the bridge,"when a‘battery of 2V and internal resistance
2Q) is used.

Find the equivalent resistance between the terminals A and B in the network shown in figure. Given
each resistor R is of 10Q

A battery of 10V and negligible internal resistance is connected across the diagonally opposite
cornérs.of a cubical network consisting of 12 resistors each of resistance 1Q. Determine the
equivalent resistance of the'network and the current along each edge of the cube.

Twelve wires each having a resistance of rQ are connected to form a skeleton cube; find the
resistance of the cube between the two corners of the same edge.

Eleven equal wires each of resistance r form the edges of an incomplete cube. Find the total
resistance fram one end of the vacant edge of the cube to the other.

Twelve wires each having a resistance of 1Q are connected to form a cube. Find the resistance of the
cube between two corners of a diagonal of one face of a cube.

In the network as shown in figure, each resistance r is of 2Q. Find the effective resistance between

points A and B.
FEEE

Calculate the equivalent resistance between the points A and B in the network shown in figure.
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Q.15  Using Kirchhoff’s laws, determine the currents Iy, 1, and I3 for the network shown in figure.

——

2Q
Ly 24V

I
—-’L—*
27V

LY

6Q

40
MWV

Q.16 Find the currents Iy, I, and I3 through the three resistors of the circuit:shown in figure.
D

ANSwWers
1. IlzﬁA, Izng, |3=@A 2. 34/9V
31 31 31
3. iA,iA,EA,lAYV 4, b, =3A, 1,0=0, l;353A, 10V
34 34 34
5. IAB =5/8 A, IBC = 5/2A, ICA = 5/2A, IDEB =15/8 A, IAD = 15/8 A, |CD =0
6. EV, 1.615V, 1.46V 7. iA 8. 14O
13 91
9. 5/6 QQ, 2A 10. érQ 11. 1.4rQ
2. 30 13. 5 84 14, TEGR+n)
4 7 R+3r
15. 3A, -1.5A, 4.5A 16. Zero in each resistor

Potentiometer

Potentiometer: An ideal voltmeter which does not change the original potential difference, needs to have
infinite resistance. But a voltmeter, cannot be designed to have an infinite resistance. Potentiometer is one
such device which does not draw any current from the circuit and still measures the potential difference. So it
acts as an ideal \voltmeter. A potentiometer is a device used to measure an unknown emf or potential
difference accurately.

Construction: A potentiometer consists of a long wire AB of uniform cross—section for material having high
resistivity and low, temperature coefficient of resistivity such as constantan or manganin. The wires are
joined in series by thick copper strips. A metre scale is fixed parallel to the wires. The ends A and B are
connected to a strong battery, a plug key K and a rheostat Rh. This circuit, called driving or auxiliary circuit,
sends a constant current | through the wire AB. Thus, the potential gradually falls from A to B. A jockey can
slide along the length of the wire.

Al o 100

+ ]
Battery = 200

I .

Rh

00 -+
| FPYE YIS TP YT PR PY FI FITR IIT Y |
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Current Electricity
Principle: The basic principle of a potentiometer is that when a constant current flows through a wire of
uniform cross—sectional area and composition, the potential drop across any length of the wire is directly
proportional to that length.
If we connect a voltmeter between the end A and the jockey J, it reads the potential difference V across the
length 1 of the wire AJ. By Ohm’s law,

v=ir=1 2! -+ Rep-
A A

For a wire of uniform cross—section and uniform composition, resistivity p and area of cross—section A are
constants. Therefore, when a steady current | flows through the wire,

Ip _
A

a constant, k

Hence V =kl or V|
This is the principle of a potentiometer. A graph drawn between V and Lwill be a straight line passing
through the origin O, as shown in figure.

%

0 ——>i

Potential gradient: The potential drop per unit length of the potentiometer wire is known as potential
gradient. It is given by

-y
Sl unit of potential gradient = Vm™
Practical unit of potential gradient =V cm™
Applications of a Potentiometer
Comparison of emfs of two pripiary,cells: Figure shows the circuit diagram for comparing the emfs of two
cells. A constant current is maintained in the potentiometer wire AB by means of a battery of the
potentiometer wire AB by meansief a battery of emf € through a key K and rheostat Rh. Let &, and &; be the
emfs of the two primary.€ells which are tobexcompared. The positive terminals of these cells are connected
to the end A of the potentiometer wire and their negative terminals are connected to a high resistance box
R.B., a galvanometer G and ajockey J through a two way key. A high resistance R is inserted in the circuit
from resistance box R.B to prevent excessive currents flowing through the galvanometer.

As the plug is inserted between a and c, the cell &; gets introduced in the circuit. The jockey J is moved along
the wire AB till the galvanometer shows no deflection. Let the position of the jockey be J; and length of
wire. AJ; = |;. If k is the potential gradient along the wire AB, then at null point,

&1 =Kly
By inserting the plug between b and c, the null point is again obtained for cell &;. Let the balancing length be
AJZ = |2. Then

&2 =kl,
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& _l
&
Internal resistance of a primary cell by a potentiometer: As shown in the figure, the +ve terminal of the
cell whose emf & is to be measured is connected to the end A of the potentiometer wire and its negative

terminal to a galvanometer G and jockey J. A resistance box R.B. is connected across the cell through a key
K.

Hence,

Battery

ol |
|

1
Rh ;"_ﬁ

Close the key k;. A constant current flows through the potentiometer wire. With,key K, kept apen, move the
jockey along AB till it balances the emf & of the cell. Let I; be the balancing length of the wire. If k is the
potential gradient, then emf of the cell will be

(i = kll

With the help of resistance box R.B., introduce a resistance R and close key K. If I, is the balancing length,
then

V= klz ézl—l
vV o1
Let r be the internal resistance of the cell. If current | flows through celliwhen it is shunted with resistance R,
then from Ohm’s law we get

E=I(R+r) and V=IR
_R+r _I_1

I2

_ -

I r |-
=1 or —=1 2
B R |,

&
Y,

.. Internal resistance, rzR[lll;lz}

2
Superiority of a potentiometer to a voltmeter: Potentiometer is a null method device. At null, it does not
draw any current from the cell and thus there is no potential drop due to the internal resistance of the cell. It
measures the p.d. in an open‘circuit which is equal to the actual emf of the cell.
On the other hand, a voltmeter draws a small current from the cell for its operation. So it measures the
terminal p.d#ina closed circuit whichris less than the emf of a cell. That is why a potentiometer is preferred
over a voltmeterifor measuring the.emf of a cell.

Sensitiveness of a Potentiometer

A potentiometer is Sensitive if

(1) it 1s capable of measuring very small potential differences, and
(i) it shows a significant change in balancing length for a small change in th potential difference being
measured.

The sensitivity of a potentiometer depends on the potential gradient along its wire. Smaller the potential

gradient, greater will be the sensitivity of the potentiometer.

The sensitivity of a potentiometer can be increased by reducing the potential gradient. This can be done in

two ways:

(1) For a given potential difference, the sensitivity can be increased by increasing the length of the
potentiometer wire.

(i) For a potentiometer wire of fixed length, the potential gradient can be decreased by reducing the
current in the circuit with the help of a rheostat.

NOTE
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Current Electricity
A potentiometer can be regarded as an ideal voltmeter with infinite resistance because it does not
draw any current from the source of emf at the null point.
The principle of potentiometer requires that (i) the potentiometer wire should be of uniform cross—
section and (ii) the current through h the wire should remain constant.
The emf of the auxiliary battery must be greater than the emf of the cell to be measured.
The balance point cannot be obtained on the potentiometer if the fall of potential along the
potentiometer wire due to the auxiliary battery is less than the emf of the cell to be measured.
The positive terminals of the auxiliary battery and the cell whose emf is to be determined must be
connected to the zero end of the potentiometer.

Subjective Assignment — IX

Q.1
Q.2
Q.3

Q4

Q5

Q.6

Q.7

A potentiometer wire is 10 m long and has a resistance of 18Q. It is connected to a battery of emf 5V
and internal resistance 2Q2. Calculate the potential gradient along the wire.

A potentiometer wire is supplied a constant voltage of 3 V. A cell of.emf 1.08 VAis balanced by the
voltage drop across 216 cm of the wire. Find the total length of the potentiometer wire.

In a potentiometer, a standard cell of emf 5V and of negligible résistance maintains a steady current
through the potentiometer wire of length 5m. Two primary cells of emfs‘€pand &, are joined in series
with (i) same polarity, and (ii) opposite polarity. The combination “ishconnected through a
galvanometer and a jockey to the potentiometer. The balancing lengths in the two cases are found to

be 350 cm and
50 cm respectively.
(1) Draw the necessary circuit diagram. (i) Findthe value of the emfs of the two cells

A potentiometer wire of length 100 cm has a resistance of 100Q. /It is connected in series with a
resistance and a battery of emf 2 V and,of negligible internal _resistance. A source of emf 10 mV is
balanced against a length of 40 cm of the potentiometer wire. What is the value of the external
resistance?

AB is 1 metre long uniform wire of 10Q resistance. QOther data are as shown in figure. Calculate
(i) potential-gradient along AB and (ii) lengtht AQ, when galvanometer shows no deflection.

A cell gives a balance with 85cm of a potentiometer wire. When the terminals of the cell are shorted
through a resistance of 7.5, the balance is obtained at 75 cm. Find the internal resistance of the cell.

A battery & of 4V and a variable resistance Rh are connected in
series“with, wire AB of the potentiometer. The length of wire of

potentiometertis 1 metre. When a cell &, of emf 1.5 volt is connected __Ellm_

between points A and C, no current flows through &,. Length of AC = 60 LA
cm. A C
Q) Find the potential difference between the ends A and B of the g S0 J
potentiometer. ——(O—
(ii) Would the method work, if the battery &; is replaced by a cell of
emf of 1 V?

Answers

1.
\%

045V m* 2. 600 cm 3. (i) 2.0 V, (ii) 1.50
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4. 7900 5. 37.5cm, 0.008 V/cm 6. 10
7. (i) 25V, (i) No

Wheatstone Bridge

It is an arrangement of four resistances used to determine one of these resistances quickly and accurately in
terms of the remaining three resistances. This method was first suggested by a British physicist Sir Charles
F. Wheatstone in 1843.

A Wheatstone bridge consists of four resistance P, Q, R and S; connected to form the arms of a quadrilateral
ABCD. A battery of emf & is connected between points A and C and a sensitive galvanometer between B
and D, as shown in figure.

The resistance R is so adjusted that there is no deflection in the galvanometer. The bridge is said to balanced
when the potential difference across the galvanometer is zero so that there is_mo current through the

galvanometer. In the balanced condition of the bridge, g = %

Unknown resistance, S = % R
Knowing the ratio of resistance P and Q, and the resistance R, we can determine the unknown resistance S.
That is why the arms containing the resistance P and Q are called ratio arms, the arm#AD containing R
standard arm and the arm CD containing S the unknown arm.,
Derivation of balance condition from Kirchhoff’s laws; In accordance with Kirchhoff’s first law, the
currents through various branches are as shown in figure.
Applying Kirchhoff’s second law to the loop ABDA, we get
LP+1,G-1,R=0
where G is the resistance of the galvanometer. Again applyingKirchhoff’s
second law to the loop BCDB, we get
(lL—-1Q—(l,+15) S-Glg=0
In the balanced condition of the bridge, I; = 0. The above equations become

LP-1LbLR=0 or 1P =R ... (1)
and |1Q - |28 =0 or |1Q = |QS (11)
On dividing equation (i) by (ii),.we get %z%

This proves the condition for the balanced Wheaistone bridge.
Sensitivity of a Wheatstone,bridge
A Wheatstone bridge is said to‘be sensitive if it shows a large deflection in the galvanometer for a small
change of resistance in the resistance arm.
The sensitivity.of the Wheatstone fridge depends on two factors:
(1 Relative magnitudes of thg resistances in the four arms of the bridge. The bridge is most sensitive
when all the four resistances are of the same order.
(ii) Relative pasitions of battery and galvanometer.
According“to"Callender for the greater sensitivity of the Wheatstone bridge, the battery should be so
connected that the resistance in series with the resistance to be measured is greater than the resistance in
parallel with it.
According to Maxwell for the greater sensitivity of the Wheatstone bridge, out of the battery and the
galvanometer, the one having the higher resistance should be connected between the junction of the two
highest resistances and the junction of the two lowest resistances.
NOTE
o When the Wheatstone bridge is balanced, the potential difference between the points B and D is
zero.
e The Wheatstone bridge is most sensitive when the resistances in the four arms are of the same order.
o Wheatstone bridge method is not suitable for the measurement of very low and very high resistances.
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¢ In the balanced Wheatstone bridge, the resistance in arm BD is ineffective. The equivalent resistance
of the balanced Wheatstone bridge between the points A and C will be
_(P+Q)(R+S)
" P+Q+R+S

o If the bridge is balanced, then on interchanging the positions of the galvanometer and the battery
there is no effect on the balance of the bridge. That is why the arms BD and AC are called conjugate
arms of the bridge.

e The Wheatstone bridge is the simplest example of an arrangement, the variants of which are used for
a large number of electrical measurements. The important applications of Wheatstone bridge are
metre bridge, Carey—Foster’s bridge and post office box.

Metre Bridge or Slide Wire Bridge

It is the simplest practical application of the Wheatstone bridge that is used to measure an unknown
resistance.
Principle: Its working is based on the principle of Wheatstone bridge.

When the bridge is balanced, %:%

Construction: It consists of usually one metre long magnanin wire,of uniform cross—section, stretched along
a metre scale fixed over a wooden board and with its two ends soldered to two L—shaped thick copper strips
A and C. Between these two copper strips, another copper strip is fixed.so as the provide two gaps ab and
aib;. A resistance box R.B. is connected in the gap ab and the unknown-resistance S is connected in the gap
a;0b;. A source of emf & is connected across AC. A movable jockey and
a galvanometer are connected across BD, as shown in figure.
Working: After taking out a suitable resistancé R from the resistance
box, the jockey is moved along the wire AG“tillxthere is no deflection
in the galvanometer. This is the balanced conditiomyof the Wheatstone
bridge. If P and Q are the resistances of the parts AB,and BC of the
wire, then for the balanced conditionfof the bridge, we have
P R
Q S
Let total length of wire AG’= 100 em and"AB,= | cm, then BC = (100 —
I) cm. Since the bridge wire is of uniform cross=section, therefore,
resistance of wire ‘o length of wire
or P_ resistanceof AB  _ ol _ I
Q resistance of BC c(100-1) 100-1
where o is the resistance per unit length of the wire. Hence
s_ R(10|0— )]
Knowing I'and Ryunknown resistance S can be determined.
Determination of resistivity: If r is the radius of the wire and I' its length, resistivity of its material will be
_SA _ Sx nr?
I I

Subjective Assignment — X

Q1 Find out the magnitude of resistance X in the circuit shown in figure, when no current flows through
the 5Q resistor.

o
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6V

20 6Q

Q.2 P, Q, R and S are four resistance wires of resistances 2, 2, 2 and 3 ohms respectively. Find out the
resistance with which S must be shunted in order that bridge may be balanced.

Q.3 In a metre bridge, the length of the wire is 100 cm. At what position will the balance point be
obtained if the two resistances are in the ratio 2 : 3.

Q4 In a metre bridge (figure), the null point is found at a distance of 33.7 cm from A. If now a resistance
of 12Q) is connected in parallel with S, the null point occurs at 51.9 cm. Determine the values of R
and S.

Q.5  The given figure shows the experimental setup of a metre bridge.. The null
point is found to be 60 cm away from the end A'with’x'and Y in'pasition as [
shown. When a resistance of 15Q is connectedhin series with Y, the null i 9 G

point is found to shift by 10 cm towards the end%A of the wire4Find the 45
position of null point if a resistance 0f880CQ2 were connected in parallel with S

(.}
p b 2

Y.

Q.6 In a metre-bridge experiment, two resistances P and Q are connected in series in the left gap. When
the resistance in the right gap is 502, the balance point'is at the centre of the slide wire. If P and Q
are connected in parallel indhe left gap, the resistance in the right gap has to be changed to 12Q2 so as
to obtain the balance point at the same position. Find P and Q.

Q.7 In a metre bridge when, the resistance in the left gap is 2Q and an unknown resistance in the right
gap, the balance point'is obtained at,40 cmi'from the zero end. On shunting the unknown resistance
with 20, find the shift of the balance'paint on the bridge wire.

Q8 Figure shows experimental set up of a metre bridge. When the two unknown resistances X and Y are
inserted the null point Dyis obtained 40 cm from the end A. When a resistance of 10Q2 is connected in
seriesawith X, the nullpoint shifts by 10 cm. Find the position of the null point when the 10Q

resistance is instead connected in series with resistance ‘Y’. Determine the values of the resistances
Xand Y.

Answers

1. 60 2. 60 3. 40 cm
4, R=6.640,5S=13.1Q 5. 75 cm 6. P =30Q, Q =20Q
7. 22.5cm 8. X=20Q,Y=30Q,1I'=33.3cm
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Post Office Box

This is a device to measure an unknown resistance by using the principle of
balanced Wheatstone bridge. It is a compact form of Wheatstone bridge to have
three arms AB, BC and AD with many resistors. The arms AB and BC have three
resistances 10,10% and 10° Q respectively. The arm AD has a complete set of
resistances ranging from 1 to 5000Q2 . The key K, is internally connected between
B and D. The key K; is fitted between A and C through a battery of emf €. The

unknown resistance X is connected between C and D which can be found by adjusting the
circuit to a balanced Wheatstone bridge condition. Then, X can be given as

% -r[ Rz
Rl

where Ry/ R, can vary from 100 : 1 to 1 : 100 and R is the resistance adjusted (fitted) in the
branch AD within the limit of 1 — 5000 Q.

Heating Effect of Current

The phenomenon of the production of heat in a resistor by the flow of an electric current through it is called
heating effect of current or Joule heating.

Cause of Heating Effect of Current

When a potential difference is applied across the ends of a‘conductar, its free electrons get accelerated in the
opposite direction of the applied field. But thesSpeed of the“electronsidoes not increase beyond a constant
drift speed. This is because during the coufse of their motion, the electrons collide frequently with the
positive metal ions. The kinetic energy gained by, the electrons during the intervals of free acceleration
between collisions is transferred to the metal ions at‘abeut their mean positions more and more violently. The
average kinetic energy of the ionsdincreases. This increases the temperature of the conductor. Thus the
conductor gets heated due to the flow,of cur rent. Obviously, the electrical energy supplied by the source of
emf is converted into heat.

Heat Produced by Electric Current: Joule’s Law

Consider a conductor AB of resistance R, shown'in figure. A source of emf maintains a potential difference

V between its ends A‘and'Biand sends a steady current | from A to B. Clearly, v

Va > Vg and the potential differénce across AB is V=Va-Vz>0 o AAA —
The amount of€harge that flows frem A to B intime tis g = It A R B
As the charge ‘g moves through a decrease of potential of magnitude V, its 14 v
potential energy decreases by the amount, v

U = final|P.E. at B — Initial P.E. at A -

=qVe—gVa=-q(Va—-Ve)=-qV <0
If the charges move through the conductor without suffering collisions, their kinetic energy would change so
that the total energy is unchanged. By conservation of energy, the change in kinetic energy must be
K=-U=qV=IltxV=VIt>0
Thus, in case, charges were moving freely through the conductor under the action of the electric field, their
kinetic energy would increase as they move. However, we know that on the average, the charge carriers or
electrons do not move with any acceleration but with a steady drift velocity. This is because of the collisions
of electrons with ions and atoms during the course of their motion. The kinetic energy gained by the

electrons is shared with the metal ions. These ions vibrate more vigorously and the conductor gets heated up.
2

The amount of energy dissipated as heat in conductor in time tis H = VIt joule = I* Rt joule = %joule

S.C.0. 16-17 DISTT. SHOPPING CENTRE HUDA GROUND URBAN ESTATE JIND Ph:- 9053013302
Page No: 34



Current Electricity

_ Mt . IPRt cal V2t
418 4.18 4.18R

The above equations are known as Joule’s law of heating. According to this law, heat produced in a resistor
is

cal

1. directly proportional to the square of current for a given R,

2. directly proportional to the resistance R for a given |,

3. inversely proportional to the resistance R for a given V, and

4, directly proportional to the time for which the current flows through the resistor.
NOTE:

e The equation: W = VIt is applicable to the conversion of electrical energydnto any other form, but
the equation: H = 1> Rt is applicable only to the conversion of electrical energyinto heat energy in an
ohmic resistor.

e Joule’s law of heating holds good even for a.c. circuits. Only current and voltage have to be replaced
by their rms values.

o If the circuit is purely resistive, the energy expended by the source entirely appears astheat. But if the
circuit has an active element like a motor, then a part of the energy supplied-bysthessource goes to do
useful work and the rest appears as heat.

Electric Power

The rate at which work is done by a source of emf in_maintaining an electric current through a circuit is
called electric power of the circuit. Or, the rate at whiech an appliance converts electric energy into other
forms of energy is called its electric power.

If a current | follows through a circuit for timed at a constantypotential difference V, then the work done or
energy consumed is given by
W = VIt joule
2
Electric power, P:¥=VI & I2R=VF
Electric Energy

The total work done (or the“energy supplied) by the source of emf in maintaining an electric current in a
circuit for a given times called electric energysconsumed in the circuit. It depends upon the power of the
appliance used in the circuiband the time for which this power is maintained.

Electric energy,
W = Rft = VIt joule = I¥ Rt joule
The Sl unit of electric energy is joule (J).
1 joule = 1 volt x4 ampere x 1 second =1 watt x 1 second
Commercial unit'of electric energy

The commerciakhunit of electric energy is kilowatt hour or board of Trade (B.O.T.) unit. One kilowatt hour
is defined as theelectric energy consumed by an appliance of 1 kilowatt in one hour.

1 kilowatt hour = 1 kilowatt x 1 hour
= 1000 watt x 3600 s = 3,600,000 joules or 1kWh=3.6 x 10%J

The electric metres installed in our houses measure the electric energy consumed in kilowatt hours. Another
common unit of electric energy is watt hour. It is the electric energy consumed by an appliance of one watt in
one hour.

1 watt hour = 1 watt x 1 hour = 3.6 x 10°J

Power rating
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The power rating of an electric appliance is the electrical energy consumed per second by the appliance
when connected across the marked voltage of the mains. If a voltage V applied a across a circuit element of
resistance R sends current | through it, then power rating of the element will be

2
Pz%:IZR = VI watt

Power consumed by a series combination of appliances

As shown in figure, consider a series combination of three bulbs of powers Py,
P, and P3; which have been manufactured for working on the same voltage V.

The resistances of the three bulbs will be

2 2 2
r-Y RY RV

P,V P,V P,V

oVo

Pl I:)2 P3
As the bulbs are connected in series, so their equivalent resistance is
R= Rl + R2 + R3

If P is the effective power of the combination, then
V2 VP oV VA 11 1 1
—=—4—+—  or =
P P P, PR P P P, P
Thus for a series combination of appliances, the reciprocal of the effective power is equal to the sum of the
reciprocals of the individual power of the appliances:
Clearly, when N bulbs of same power P are connected in sefies,
P
Peff = W
As the bulbs are connected in series, the current | through each bulb will be same.
-V
R, +R,+R,
The brightness of the three bulbsywill be
P, =I°’R,;, P,=I’R,,P;=I°R,

As R « % the bulb of lowest wattage (power) will have maximum resistance and it will glow with

maximum brightness. When the ‘eurrentin the circuit exceeds the safety limit, the bulb of lowest wattage will
be fused first.

Power eonsumed\by a parallel combination of appliances

As shown in figure consider a parallel combination of three bulbs of powers Py, P, and Ps, which have been
manufacturedifer working on the same voltage V.

The resistances ofthe three bulbs will be P,

oy Bl
Rl:_' R2:—' R3:_

3

AN
As the bulbs are connected in parallel, their effective resistance R is given by @
1 1 1 1 oV

_:_J’__
R R, R, R,
VvV

Multiplying both sides by V2 we get =~ —=—+—+ or P=P,+P,+P
plying y g R R, R, R, 1+ P2+ P;
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Thus for a parallel combination of appliances, the effective power is equal to the sum of the powers of the
individual appliances.

If N bulbs, each of power P, are connected in parallel, then
Pess = NP

2 2 2
The brightness of the three bulbs will be Plzv—, P, =V—, P3=V—

Rl RZ R3
As the resistance of the highest wattage (power) bulb is minimum, it will glow with maximum brightness. If
the current in the circuit exceeds the safety limit, the bulb with maximum wattage will be fused first. For this
reason, the appliances in houses are connected in parallel.
Efficiency of a source of emf

The efficiency of a source of emf is defined as the ratio of the output power to the input power. Suppose a
source of emf & and internal resistance r is connected to an external resistance R.

_ Output power VIV IR R

Inputpower El £ I(R+r) R+r
Maximum power theorem

It states that the output power of a source of emf is maximum when'the external resistance in the circuit is
equal to the internal resistance of the source.

Let emf of the battery =¢

Internal resistance =r
Resistance of the device= R
.. Current through the device, e B

| = Totalemf - g | R I

Totalresistance R+r i
.. Power output of the resistive devi€e will be "5
2 2 2
P=iR=|-> | R_-= §R2= ng ()
R+r (R+MS% (R=r)c+4Rr

Obviously, the power output will be maximumwhenR—-r=0 or R=r

Thus, the power output of the device is maximum when there is a perfect matching between the external
resistance anddthe resistance of the source, i.e., when R =r. This proves maximum power theorem.

Maximum power, output of the source is
2 2
Prax = &_rzzi_ [Putting R =r in Equ. (i)]
(r+e)° 4r
(b) When the battery is shorted, R becomes zero, therefore, power output = 0. In this case, entire power of the
battery is dissipated as*heat inside the battery due to its internal resistance.
Power dissipation inside the battery

= Izrz(éj2 rzi
r r

Maximum efficiency of a source of emf
For a source of emf,

Input power  =¢l

Output power =VI
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. Efficiency n= MV__ IR _R
El & I(R+r) R+r

When the source delivers maximum power, R =r

n= L:£:50%
r+r 2

Thus the efficiency of a source of emf is just 50% when it is delivering maximum power.

Applications of Heating Effect of Current

1. Household Heating Appliances
Many electrical appliances used in daily life are based on the heating effegt'of current such as room
heater, electric toaster, electric iron, electric oven, electric kettle, geyser, etc. The designing of these
devices requires the selection of a proper resistor. The resistor should have highiresistance so that
most of the electric power is converted into heat. In most of the household heating appliances,
nichrome element is used because of the following reasons:
(1) Its melting point is high (i) Its resistivity is large
(iii) Itis tensile, i.e., it can be easily drawn into wires,
(iv) It is not easily oxidized by the oxygen of the g@ir when*heated

2. Incandescent Electric Bulb
It is an important application of Joule heatingfin producing fight.“lt consists of a filament of fine
metallic wire enclosed in a glass bulb filled withichemically inactive gases like nitrogen and argon.
The filament material should have high resistivity, and high _melting point. Therefore, tungsten
(melting point 3380°C) is used for bulbffilament.

3. Effective Fuse
It is safety device used to protect electrical appliances from strong currents. A fuse wire must have
high resistivity and low melting point. It is usually made from an alloy of tin (63%) and lead (37%).
It is put in series with thedive wire of the circuit. When the current exceeds the safety limit, the fuse
wire melts and breaks the cireuit. The electrigiinstallations are thus saved from getting damaged.

4, Electric arc
It consists of twe carbon rods with assmall gap between their pointed ends. When a high potential
difference of 40-60,V is applied between the two rods, very intense light is emitted by the gap. We
know that E = —dV/draClearly, E will be large if the gap is small. When the electric field exceeds the
dielectric strength of air, ionization of air occurs. This causes a big spark to pass across the gap.

High voltage‘power transmission

Electric power isitransmitted from,power stations to homes and factories through transmission cables. These

cableshave resistance. Power is wasted in them as heat. Let us see how can we minimize this power loss.

Suppose power P is delivered to a load R via transmission cables of resistance R;. If V is the voltage across

load R and 'the eurrent through it, then P = VI

The power wasted in‘tkansmission cables is
P?R,

P.=I°R = 7

Thus the power wasted in the transmission cables is inversely proportional to the square of voltage. Hence to
minimize the power loss, electric power is transmitted to distant places at high voltages and low currents.
These voltages are stepped down by transformers before supplying to homes and factories.

NOTE

. The emission of light by a substance when heated to a high temperature is called incandescence
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° A heater wire is made from a material of large resistivity and high melting point while a fuse wire is
made from a material of large resistivity and low melting point.
° The load in an electric circuit refers to the current drawn by the circuit from the supply line. If the

current in a circuit exceeds the safe limit then the circuit is overloaded.

. The temperature upto which a wire gets heated (i.e., steady state temperature 0) is directly
proportional to the square of the current and is inversely proportional to the cube of its radius but is
independent of its length.

|2

0 oc )
. When the resistances are connected in series, the current | through each resistance is same.
Consequently,
PR (P=IR)
and VxR ("~V=1IR)

Hence in a series combination of resistances, the potential difference, power consumed and hence heat
produced will be larger in the higher resistance.

° When the resistances are connected in parallel, the potential difference V is.samesacross resistance.
Consequently,
2
P oc 1 -.-P:V— and Ioci -.-I:X
R R R R

Hence in a parallel combination of resistances, the current,Jpower consumed/and hence heat produced will be
larger in the smaller resistance.

Subjective Assignment — XI

Q.1  An electric current of 4.0 A flows through a,12Q resistor. What is the rate at which heat energy is
produced in the resistor?

Q.2 A heating element is marked 210 V, 630W. What is the current drawn by the element when
connected to a 210 V d.c. mains? What is theresistance of the element?

Q.3 A 10V storage batterysof. negligible internal resistance is connected across a 50Q resistor made of
alloy manganin. How much heat energy is‘produced in the resistor in 1 h? What is the source of this
energy?

Q4 (&) A nichrome heating.element acrass 230V supply consumes 1.5 kW of power and heats up to a
temperature of 750°C."Aitungsten bulb across the same supply operates at a much higher temperature
of 1600°C in order to be able te emit light. Does it mean that the tungsten bulb necessarily consumes
greater power? (b) Which of the two has greater resistance: a 1kW heater or a 100 W tungsten bulb,
both marked for 230 VV?

Q.54 “HAn electric\power station (100 MW) transmits power to a distant load through long and thin cables.
Whichyof the two modes of transmission would result in lesser power wastage: power transmission
of : (1) 20,000,V or (ii) 200 VV?

Q.6 A heater coil is rated 100W, 200V. It is cut into two identical parts. Both parts are connected
together in parallel, to the same source of 200V. Calculate the energy liberated per second in the new
combination.

Q.7 An electric bulb is marked 100W, 230V. If the supply voltage drops to 115 V, what is the heat and
light energy produced by the bulb in 20 min? Calculate the current flowing through it.

Q.8  An electric bulb rated for 500 W at 100 V is used in circuit having a 200 V supply. Calculate the
resistance R that must be put in series with the bulb, so that the bulb delivers 500 W.

Q.9  An electric heater and an electric bulb are rated 500W, 220V and 100W, 220V respectively. Both are
connected in series to a 220 V d.c. mains. Calculate the power consumed by (i) the heater and
(ii) electric bulb.
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Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

Current Electricity

In a part of the circuit shown in the figure, the rate of heat dissipation in 4Q resistor is 100 J/s.
Calculate the heat dissipated in the 3Q resistor in 10 seconds.

R, R,
4Q 20
—— >
R,
MW
3Q

A house is fitted with 20 lamps of 60W each, 10 fans consuming 0.5A each and an electric kettle of
resistance 110 Q. If the energy is supplied at 220 V and costs 75 paise per unit, calculate the monthly
bill for running appliances for 6 hours a day. Take 1 month = 30 days.

There are two electric bulbs rated 60W, 110V and 100W, 110V. They are connected in series with a
220 V d.c. supply. Will any bulb fuse? What will happen if they aresconnected ‘in, parallel with the
same supply?

A thin metallic wire of resistance 100Q2 is immersed in a calorimeter eontaining 2509 of water at
10°C and a current of 0.5 ampere is passed through it for half an hour. Ifithe water eguivalent of the
calorimeter is 10g, find the rise of temperature.

A copper electric kettle weighing 1000g contains 900g of water at 20°C. It takes 12 minutes to raise
the temperature to 100°C. If electric energy is supplied at 210 V, calculate the strength of the current,
assuming that 10% heat is wasted. Specific heat of copper-isi0.1.

A coil of enameled copper wire of resistanee 50Q2 is embedded inja block of ice and a potential
difference of 210 V applied across it. Calculate the rate at whichdice metals. Latent heat of ice is
80 cal per gram.

An electric kettle has two heating coils; when one of the'eoils is switched on, the kettle begins to boil
in 6 minutes and when the other is switched'en, the boiling begins in 8 minutes. In what time will the
boiling begin if both the coils are switched on simultaneously (i) in series and (ii) in parallel?

The heater coil of an electriC kettle is rated at 2000W, 200V. How much time will it take in raising
the temperature of 1 litré of water from 20°C to 100°C, assuming that only 80% of the total heat
energy produced by the heater‘coil is used in raising the temperature of water. Density of water = 1g
cm ® and specific heat of water =1 ¢al g * °C .

One kilowatt electric heater is to be used with 220 V d.c. supply. (i) What is the current in the
heater? (ii) Whatis its resistance? (iit) What is the power dissipated in the heater? (iv) How much
heat in calories is produced per second? (v) How many grams of water at 100°C, will be converted
per minute into steam aty100°C, with the heater? Assume that heat losses due to radiation are
negligible. Latent heat of stream = 540 cal per gram.

The walls of a closed cubical box of edge 50 cm are made a material of thickness 1 mm and thermal
conductivity 4 x 10 cal s* cm ™ °C™*. The interior of the box maintained at 100°C above the outside
temperature\by heater placed inside the box and connected across a 400 V d.c. source. Calculate the
resistance'of the heater.

A 10V battery of negligible internal resistance is charged by a 200 V d.c. supply. If the resistance in
the charging circuit is 38Q2, what is the value of charging current?

A dry cell of emf 1.6V and internal resistance 0.10 ohm is connected to a resistor of resistance R
ohm. If the current drawn from the cell is 2 A, then

Q) what is the voltage drop across R?

(i) what is the energy dissipation in the resistor?

A dry cell of emf 1.5 V and internal resistance 0.10 Q is connected across a resistor in series with a
very low resistance ammeter. When the circuit is switched on, the ammeter reading settles to a
steady value of 2.0A. What is the steady

(a) rate of chemical energy consumption of the cell, (b) rate of energy dissipation inside the cell,
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(c) rate of energy dissipation inside the resistor
(d) power output of the source?

Q.23 A series battery of 10 lead accumulators, each of emf 2 V and internal resistance 0.25 ohm, is
charged by a 220 V d.c. mains. To limit the charging current, a resistance of 47.5 ohm is used in
series in the charging circuit. What is (a) the power supplied by the mains and (b) power dissipated
as heat? Account for the difference of power in (a) and (b).

Q.24 A 24V battery of internal resistance 4.0 Q is connected to a variable resistor. At what value of the
current drawn from the battery is the rate of heat produced in the resistor
maximum?

Q.25 4 cells of identical emf &, internal resistance r, are connected in series toa *
variable resistor. The following graph shows the variation of terminal/voltage 2
of the combination with the current output. B
(i) What is the emf of each cell used? =
(ii) For what current from the cells, does maximum power dissipation occur o1
in the circuit? o2 (aif Pe:es) 20
(iii) Calculate the internal resistance of each cell

Q.26 A fuse with a circular cross—sectional radius 0f0.15 mmblows at 15 A. What should be the radius of
cross—section of a fuse made of the same material which will 40
blow at 30A? ‘0

Q.27  In the circuit shown in figure, each of the three resistars of 4Q Ao m °B
can have a maximum power of 20 W(otherwise it will melt).

What maximum power can the whole circuit take?
Q.28  Find the heat produced per minute in each of the resistors shown in figure.
I

Q.29 The 2.0Q2 resistor shown, in figure is dipped into a calorimeter containing
wateraThe heat capacity ofithe.calorimeter together with water is 2000 JK™.
(a) If the circuit is active for 30 minutes, what would be the rise in the
temperature of the water? (b) Suppose the 6.0Q resistor gets burnt. What
would be the rise in the temperature of the water in the next 30 minutes?

Answers

1. 192 W 2. 3A,70Q 3. 7200

4. (@) No, (b) 52.9Q, 5290 5. 20,000 V 6. 400

7. 30 kJ, 5/23 A 8. 20Q

9. (i) 13.8 W, (ii) 69.89W 10. 3000J 11. Rs. 369.90

12. 60 W, both will fuse 13. 41.2°C 14. 2.469 A

15.  2.62gs* 16. 14 min, 3.43 min 17.  210s

18. (i) 4.55 A, (ii) 48.49, (iii) 1000 W, (iv) 240 cal s, (v) 26.67 g 19. 6.35Q2

20. 5A 21. )14V, (ii))2.8W

22. (@) 3.0W, (b) 0.40W, (c) 2.6W, (d) 2.6W 23. (a) 880 W, (b) 800

w
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24, 3.0A 25. 14V,07Q,1A 26. 0.24 mm
27. 30W 28. 360J, 720 J, 540 J 29. 5.8°C, 7.2°C

Charging of the Capacitor

A circuit containing only resistors and capacitors is called R-C circuit. For the
sake of simplicity, let us take a single loop R-C circuit comprising a resistor R
and a capacitor C connected in series with a battery of emf ¢ through a key K
After we close the key at t = 0, let the battery circulate a charge g during time t.
If the capacitor is initially uncharged, its plates 1 and 2 receive charges +q and —
g respectively during the time t. So, the instantaneous current at time t is
%

dt
If you move in clockwise sense, the potential difference across the capacitor, resistor and battery can be

given as AV¢ = — % AVRg =—iR and AV, = + ¢ respectively.

Applying KCL,
AV¢ + AVg + AV, = 0 or, —%—iR +e=0
Putting izd—qand separating the variables, we have a9 =idt
dt Ce-gq RC
Since a charge q flows during time t, integrating both sides,
t
Iq aq 1 dt or,
0 Ce—q RC Do
or, In (Cg_qu—i or,
Ce RC

where RC is time constant of R = C circuit denoted by, t (tau)
Ift — oo, q—)CS (:qO)

This tells us that the charge on each platesbuilds up from zero to its maximum exponentially (but not
abruptly) after closing.the key.
The current i at time t is given,as

-9 ic:e(l—e-“RC)
dt dt
or =g t/RC
R t

Att=0,i=%(=io); at t— o0, i -0

Time Constant

The term “RC” is called time constant t of RC circuit. ©=RC

If t=7,i=-2. Hence, the time constant of RC circuit is defined as the time after which the current drops by a
e
factor e (to 36% of the maximum current).

It means that the current in the circuit decays exponentially from its maximum value i, [:%J to zero after

closing the key and the capacitor is fully charged to V (= ¢) after a long time (practically within a time period
of few time constants).
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In the charging R-C circuit charge increases and current decreases exponentially.

Discharging of the Capacitor

Let us open the key, remove the battery and then close the key. You can see that a current i flows in the
circuit from +ve to —ve plate. Since the charge q of the capacitor plates decreases with time, the current in the

dq

circuitis givenasi= —— T
’ dt — — ;
Applying KCL in clockwise sense,
AVC‘l‘ AVR =0 /_)
q .
or, -—+(iR)=0 or, A\
R (R) i ﬂ}?i

_9,(_%r_, =
R d dt

or, _d_qzi or, d_qz_idt
d RC q RC
Since, the charge on the capacitor plates decreases from O to q during time t, integrating,both sides,
q it
I da__ T 'y .
0o q RC Jo
q t q t
or, Ing| =--< or, In —"==—~
q ‘Cs RC Ce RC 9 =-£a
_t b LaN
or, q=Ce e RC 0.36 g, j
} o T
The current in the circuit is
pas q
|_—((jj—? " [Cae RCJ
T
_t i =%
or i=te RS Lo
0.36 iy :

The above discussion tells us that, F o T t

In discharging RC circuit beth,charge and cufrent in the circuit decreases exponentially from their maximum
values to zero. At t = t (= RC);both charge and current decreases by 64%.
Solved Examples
Ex.1  What will be the charge of a capacitor C = 1 uF connected to an ideal battery of emf ¢ = 100 volt
through an external resistor R = 100Q. After a time t =2 ms in a single lop R—C circuit?
Sol#“_The charge of the capacitor at time t is

t
q =Ca(1—e RCJ
—2x1078

= (10°°) (100) | 1—e @00 AO°) | = (1—%) x 107 coulomb
e

Ex.2  After how many time constants the charge of a discharging R—C circuit decreases by 50%?

Sol.  The charge of the capacitor at time t is
t

g = Cee “RC
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t

Putting :E, we have 1=g RC or, In2=—-Lne or, 220693
2 2 RC RC

Consideration and heat Dissipated in R—C Circuits
Work done by the Battery (W)

The battery sends a charge q = I i dt during charging of the capacitor, where i = —e “RC_This gives
Ofiown = Ce _q

Then, the total work done (or energy supplied) by the battery is
Wb =¢q
=¢ (Cg)

or, W, = C¢?

Increase in Potential Energy (AU)
As the final charge of the capacitor is gy = Ce and initially the capacitor‘is uncharged the i mcrease (change)
in potential energy of the capacitor is
2 2 2
AU = Yo = (Ce) or, AU = 3
2C 2C 2
Total Heat Dissipated (Q)

0

o0 o0 o0 ;L
The total heat dissipated in the resistor is sz P dt = I i Rdt = I [%e RCJ Rdt or, Q:%Cg2
0 0

From the above discussion we understand that half of the total energysstupplied by the battery is utilized in
increasing the potential energy of the capacitor and rest of the energy is dissipated in the form of heat, light,
sound, etc. This is called 50%-50% rule. This“isin accordance with the conservation of total energy (or
work-energy theorem) given as Wp =AU + Q
The above expression is useful for finding total heat dissipated’in any complicated RC circuit.

Solved Examples
Ex.1 In charging single loop RC™circuit, after how many time constant the potential energy in the

capacitor will be 25% of its maximum value.

Sol.  The potential energy of the capacitor atitime t is

2 _t
:q_, where q=Cg | 1-e RC
2C
2
2 ot 2
Then, = C—g l-e RC | | where C_g:UO
2 2
2
Putting U:%:—S, we have
t )2 t )2 t
1ere |-t or, 1ere| =1 or, 1Rt
4 4 2
— 1 t t
or, g RC=2 or, —Ine=-In2 or, —=In2
2 RC RC
Ex.2 In this circuit, how does the illumination of the bulb changes after closing the Bub &
key?
Sol.  As the current decreases exponentially, the illumination | which is directly
proportional to the square of the current can be given as R,

K
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_2

P=Re R
This tells us that illumination of the bulb goes out gradually as the current decreases exponentially. As the
final current is zero, the bulb will be extinguished after a long time (practically after few seconds). This
example tells us that in the RC circuits the capacitors get discharged releasing its stored energy slowly which

will appear in the form of heat and light, etc.

Conversion of a Galvanometer Into An Ammeter

At ammeter is a device used to measure current through a circuit
element. To measure current through a circuit element, ammeter is
connected in series with the element so that the current which is to be
measured actually passes through it. An ideal ammeter should have
zero resistance.

To measure large currents with it, a small resistance is connected in
parallel with the galvanometer coil. The resistance connected in this
way is called a shunt.
Let G =resistance of the galvanometer
Iy = the current with which galvanometer give full scalesdeflection
0 — I = the required current range of the ammeter
S = shunt resistance

| — 1 = current through the shunt.
As galvanometer and shunt are connected in parallel, so
P.D. across the galvanometer = P.D. across the shunt

|
1,G = (1-19)S or  S=--SKG

So by connecting a shunt of resistanCe S across the given galvanometer, we get an ammeter of desired range.
Moreover,

S
G+S

The deflection in the galvanemeter'is proportional to I, and hence to I. So the scale scan can be graduated to
read the value of current | directly.

x |

lg=

GS<S

Hence an ammeter is a shunted or low-fesistance galvanometer. Its effective resistance is Ra = GisS
+

NOTE

o Since an ammeter is a parallel combination of the galvanometer and the shunt resistance, so its
resistancesis even less than that of the shunt resistance. Moreover, Ry <<G.

e Because of its\very small resistance, an ammeter placed in a series circuit does not practically change
the current in the circuit to be measured.

e The resistance of an ideal ammeter is zero.

o Higher the range of ammeter to be prepared from a given galvanometer, lower is the value of the
shunt resistance required for the purpose.

e The ammeter of lower range has a higher resistance than the ammeter of higher range.
e The range of an ammeter can be increased but it cannot be decreased.

Conversion of a Galvanometer into a VVoltmeter
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A voltmeter is a device for measuring potential difference across any two points

in a circuit. It is connected in parallel with the circuit element across which the i 5
potential difference is intended to be measured. ot > (D —MA——o
The voltmeter should be designed to have very high resistance. In fact, an ideal ! '__""_ ________ :
voltmeter should have infinite resistance. g

A galvanometer can be converted into a voltmeter by connecting a high resistance in series with it. The value
of this resistance is so adjusted that only current Iy which produces full scale deflection in the galvanometer,
passes through the galvanometer. Let

G = resistance of the galvanometer

Iy = the current with which galvanometer gives full scale deflection

0 — V = required range of the voltmeter, and

R = the high series resistance which restricts the current of safe limit .
. Total resistance in the circuit=R + G
By Ohm’s law,
_ Potentialdifference  V

- = or R+G=
Totalresistance R+G

or R=I——G

So by connecting a high resistance R in series with the galvanometer, we get a voltmeter of desired range.
Moreover, the deflection in the galvanometer is proportional to current Iy and hence to V. The scale can be
graduated to read the value of potential difference direetly.

Hence a voltmeter is a high resistance galvanometer. Its effective resistancedsRy =R+ G >>G
NOTE
e Since a voltmeter is a series combination of a galvanometer and a high resistance R, so its resistance
is much higher than that of the galvanometer:
e An ideal voltmeter should have infinite resistance:

e A voltmeter is placed in parahlel with the circuit element across which the voltage is to be measured.
Because of its high resistance; itidraws a veryssmall current and hence the potential difference across
the element remainsspractically unaffected.

e Higher the range of voltmeter to be prepared from a given galvanometer, higher is the value of series
high resistance required for the purpose.

e The voltmeter of lower range has a lower resistance than the voltmeter of higher range.
e The range of voltmeter can be both increased or decreased.

Subijective Assignment — XI|I

Q.¥ ““Agalvanometer with a coil of resistance 12.0Q shows full scale deflection for a current of 25 mA.
How willyeu convert the meter into:

(1) an ammeter of range 0to 7.5 A, (i) a voltmeter of range 0 to 10.0 V

Determine the net resistance of the meter in each case. When an ammeter is put in a circuit, does it
read (slightly) less or more than the actual current in the original circuit? When a voltmeter is put
across a part of the circuit, does it read (slightly) less or more than the original voltage drop?
Explain.

Q.2 A galvanometer with a scale divided into 100 equal divisions has a current sensitivity of 10 divisions
per mA and a voltage sensitivity of 2 divisions per mV. What adoptions are required to read (i) 5A
for full scale and (ii) 1 division per volt?

Vv Y
ly A
Ig

g
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Q4

Q5

Q.6

Q.7

Q.38
Q.9

Q.10

Q.11

Q.12

Q.13

6.

Current Electricity
An ammeter of resistance 0.80Q2 can measure currents upto 1.0 A. (i) What must be the shunt
resistance to enable the ammeter to measure current upto 5.0A? (ii) What is the combined resistance
of the ammeter and the shunt?
In a galvanometer there is a deflection of 10 divisions per mA. The internal resistance of the
galvanometer is 60 Q. If a shunt of 2.5Q is connected to the galvanometer and there are 50 divisions
in all, on the scale of galvanometer, what maximum current can this galvanometer read?
A galvanometer having a resistance of 50Q gives a full deflection for a current of 0.05 A. Calculate
the length of the shunt wire of 2 mm diameter required to convert the galvanometer to an ammeter
reading current upto 5A. Specific resistance for the material of wire is 5 x 10'Q m.
A copper conductor of length 10 cm and radius 1.5 mm is connected in parallel to an ammeter
having a resistance of 0.03Q. Find the current in the circuit if the ammetér indicates 0.4A. The
resistivity of copper is 1.78 x 10°° Q.
When a galvanometer having 30 divisions scale and 100Q2 resistance is connected in series to a
battery of emf 3 V through a resistance of 200 Q, shows full scale deflection. Find the figure of merit
of the galvanometer in pA.
The deflection produced in a galvanometer is reduced in a galvanometer,is reduce to 45 divisions
from 55 when a shunt of 8Q is used. Calculate the resistance of the galvanometer.
A voltmeter reads 5.0V at full scale deflection and is_graded according to its‘resistance per volt at
full deflection as 5000 Q V*. How will you convert(it into a voltmeter that reads 20 V at full scale
deflection? Will it still be graded as 5000QV *? Will.you prefersthis voltmeter to one that is graded
as 2000Q V*?
A d.c. supply of 120 V is connected to a large resistance X. A voltmeter of resistance 10k Q placed
in series in the circuit reads 4V. What isthe value 0fy,X? What dogyou think is the purpose in using a
voltmeter, instead of an ammeter, to determine the largeyresistance X?

@) A battery of emf 9V and negligible internal resistance is 20kQ

connected to a 3 kQ resistor. The potential drop across a 20kQ 1kQ .Q‘

part of the resistor4(between points A and'B'in figure) is

measured by (i) a 20 kQ voltmeter; (i) a 1 kQ 2 ;. 4 AB

voltmeter. Ing(iii) both 'the voltmeter are connected 3kQ 3kQ

across ABU In which case'would you get the (1)

highest{ (2). lowest reading? 9V
(b) Do your answers to this prablem alter if the potential

drop across the entire is measured? What if the battery has non—negligible resistance?
You.are given two resistorsyX’and Y whose resistances are to be determined using an ammeter of
resistance 0.5Q2 and a voltmeter of resistance 20kQ. It is known that X is in the range of a few ohms,
while Y is the range of several thousand ohms. In each case, which of the two connections shown in
figure would you choose for resistance measurement? Justify your answer quantitatively.
T T 1T

—— ®

(a) (&)

A galvanometer has a resistance of 96Q2 and it is desired to pass 4% of the total current through it.
Calculate the value of shunt resistance.

Answers
40x10°0, 4.0 x10°Q, 3988 Q, 4000 Q 2. 5/499C, 9995 O
0.2 Q, 0.16Q 4, 125 mA 5. 3.17m
50.4A 7. 333.3 pA div? 8. 36Q
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9. 75000 Q, same 10. 290 kQ 11. (@  (),@i),(b) No
change
12. @y, (b) x 13. 4Q

Thermoelectric effects of current (Thermoelectricit

Seebeck effect : Seebeck effect is the phenomenon of production of an
electric current or e.m.f. in a thermocouple when the two junctions are kept at
two different temperature. Suppose two wires of different materials (let
copper and iron) are connected together at the two ends as shown in fig. A
sensitive galvanometer is also connected in the circuit. When two junctions A
and B are maintained at different temperatures, galvanometer show some
deflection, and a current begins to flow from copper to iron at hot junction.
Hence an e.m.f. appear which is known as thermoelectric em.f. and the
current produced due to this e.m.f. is known as thermoelectric current. Such v‘ICopper
arrangement as shown in figure is called thermoelectric couple< or

thermocouple.

When hot and cold junctions are interchanged, the e.m.f. changes sign, or the ‘cireulating €urrent reverses
direction. Obviously the effect is reversible.

The thermo—electric e.m.f. (E) of a number of thermocouples s given'by a simple form —

E=V, =aT ﬁL%,b’T2 (Equation ofyparabola)

where T is the temperature difference between junctions and o , B_called thermoelectric coefficients whose
values depend on the metals chosen for thermoceuple.

The pair of metals forming the thermoceuple,: Seebeck arranged a number of metals in the form of a
series which is called thermoelectric series or seebeck series.

Bi, Ni, Co, Pd, Pt, U, Cu, Mn, Ti; Hg, Pb, Sn,"Cry Mo, Rh, Ir, Au, Ag, Zn, W, Cd, Fe, As, Sb

For large separation between the two metals, greater value of thermo e.m.f. is obtained.

Temperature difference between thestwo junction : Plot a graph
between the hot junction temperature andtheir corresponding thermo
e.m.f. keeping the cold jdnction temperature constant i.e., 0°C. When
the graph is drawn «nitially e.m.f. increases with the increase of
temperature of hot junction and becomes maximum for a particular
temperature T,,and then start 'decreasing. The temperature of hot
junction at which the thermo e.m:f./produced in the thermocouple
becomes maximum is called neutral temperature (T,). On increasing
more temperature of the hot junction a stage comes when thermo e.m.f.
becomes, zero and then changes direction (becomes reverse). The
temperature ofithe hot junction for which thermo e.m.f. reduced to zero
is called the temperature of inversion T;. It depends on the temperature
of cold junction. If the temperature of cold junction is T, then

T +T
T-T,=T,-T, = T, ='T°

Hence the neutral temperature is the arithmetic mean of the inversion T
temperature and the temperature of cold junction. Seebeck coefficient of | parabolic-Gurve
thermo-electric Power (S) 5 ,

: _ : E.. 5
The rate of change of thermoelectric e.m.f. with temperature (i.e., j_T) is £ !
called the thermopower or the seebeck co-efficient (S) g - A =
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dE
S=—
dT
12
Also, E=aT +EBT
S:d_E:i O(T+£BT2 = S:(X+BT »
dT dT 2
Thermoelectric power is independent of cold junction temperature. A
The graph between thermoelectric power and temperature is a S dE
straight line, known as thermoelectric line. Neutral temperature (T,) T dr
and Temperature of inversion (T;) in terms of o and f. o > ' -
n + Temperature
d—E=a+BT at T=Tn;ﬁ=0 \3
dT dT :
0=a+pT, = T, =- %
Again from curve of fig. At T=T,; E=0
1 2 1 2
E=aT +=8T = 0=aT + BT
2 2
= Ti:—Z% = Tizz(—%)zzn >/ T=o,

Peltier Effect

When an electric current is passed through two dissimilarmetals connected as a point (thermocouple), heat is
evolved at one junction and abserbed at the other, junction; this effect is called peltier effect. It is also
reversible.

Peltier coefficient (r) *ron

The heat absorbed when‘a,charge'g coulomb passes from metal A to _ l ' ’

metal B is qn joules. The amount of heat absorbed or evolved at peat evowvea| | Hoat Absorbed
junction of a thermocouple“when one coulomb of charge passed et {Col)
through junction is called Peltier.co—efficient ().

Let g coulomb eharge passes through a junction having peltier e.m.f.
E volt, then

Energy absorbed or evolved = nq joule

1]
Capper R
alsojwork.done = gE joule
=g = =n=E
Unit of peltier co—efficient is joule/coulomb.
Thomson Effect

The absorption or evolution of heat along the length of a wire when a current is passed through a wire,
whose one end is hot and other is kept cold, is known as Thomson effect. It is also
reversible phenomenon. a7 Metal A

Thomson coefficient (o)

The amount of heat energy absorbed or evolved when a unit charge is passed between

two points of a conductor having a unit temperature difference is known as Thomson
-

S.C.0. 16-17 DISTT. SHOPPING CENTRE HUDA GROUND URBAN ESTATE JIND]Ph:- 9053013302

Pagfahies 49



Current Electricity
coefficient (o) for the material of the conductor. Specifically if
two points in a metal A having a small temperature difference dT,
the electric potential difference (dV) is proportional to dT.

TZ
dV oc dT = dV =odT = V=0 dT

Tl
_av
dT

This co-efficient of proportionality is known as “Thomson coefficient”. Let | ampere current flows through
the conductor for t seconds in between the two points of the conductor having temperature difference 1K.
The heat energy evolved or absorbed between the two points of the conductor is H_#clt

Relation between Seebeck, Peltier and Thomson co—efficient
he Peltier coefficient « S by the equation.

o

=TS = Td—E
dT
. : : ds d’E
The Thomson coefficient o is related to S by the equation o=-T T T e

Applications of Thermoelectric Effects :
Q) Thermoelectric refrigerator : Thermoelectricaefrigerator works on the principle of Peltier effect.
(i) Thermoelectric generator : Seebeck effect Can be used to generate electric power in remote areas.

(iii)  Thermoelectric Thermometers : Thermometer used to“wmeaSure low temperature are called
Thermoelectric theoremometer. It is based on Seebeck effect.

(iv) Thermopile : Thermopile is used to measure the very-high temperature (e.g. temperature of an
electric arc furnace) with the help of heat radiation falling on its hot junction. It is based on Seebeck
effect.

Solved Examples

Ex.l1  The neutral temperature.for a copper-iron thermocouple is 275°C. Find the temperature of inversion
when the cold junetion is Kept at 10°C.

Sol.  Temperature of cold junction = T, = 10°C
Neutral temperature = T, = 275’C

Temperature of inversion'="T;
T, +T,

T, = = T,=2T,-T,=(2x275-10)°C =  T,=540C

Ex2 “Thee.m.f.'of a Cu—Fe thermocouple varies with the temperature 6 of the hot junction (cold junction
at 0°C) as E(uV ) = 140 —0.02062 Determine the neutral temperature.

Sol. E=140-0.0202

E=14—2><.02><9

do

For maximum e.m.f. of thermocouple Z—g =0and 6=6,

14-2x0.02x0,=0 = 0, =350C.
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Ex.3  The thermoelectric e.m.f. E of a copper constantan thermocouple and the temperature 6 of the hot
junction (with cold junction at 0°C) are found to satisfy approximately the following relation:

E:a(%t%be2 where E is in pV, 0 in °C and a=41uv°%?, b=0.041nv°c%. What is the

temperature of the hot junction when the thermoelectric e.m.f. is measured to be 5.5mV.?
Sol.  Substituting the given values in the equation

E= a9+% b6? ; we get

5500x10°° = 41x107°0 + 0.5 x 0.041x10°® 02 = 0.020%? +410 — 5500=0
Solving, we get, 6=12618"C or  0=-21262°C

Neglecting —ve value ; 8 ~126°C .

Ex.4 A sensitive microphone can not withstand currents greater than”0.05A. When connected across a
thermocouple of e.m.f. 8.5 mV, the current in a very low resistance ammeter placed in series in the
circuit reads 34 mA. Calculate the resistance of the microphone.

Sol.  Let R be the resistance of the microphone and r is the resistance of the ammeter,“then
Net e.m.f.

Current flowing= | = —————
Net Resistance

-3
__E N 34><10’3A=8'5X10 Vv
R+r (R®r)Q

ForR>>r 34=% = R=0.25Q

Board Oriented Questions

Q1 Is a wire carrying current charged?

Q.2 A steady current is flowing iin a cylindrical conductor. Is there any electric field within the
conductor?

Q.3 For the flow ofgelectricity, throughhgases, they should be better exposed to some high energy
radiations like’X=rays. Why?

Q.4  What is the cause of resistance of a conductor?

Q.5 A largernumber of free electrons are present in metals. Why is there no current in the absence of
electric field across it?

Q.6 Two wires of equal lengths, one of copper and the other of manganin have the same resistance.
Which wire will be thicker.

Q.77 Two,wires\of equal cross—sectional area, one of copper and other of manganin have the same
resistances \Which one will be longer?

Q.8  Two wires Aiand B of the same metal and of the same length have their areas of cross—section in the
ratio of 2 : 1. If the same potential difference is applied across each wire in turn, what will be the
ratio of the currents flowing in A and B?

Q.9  When we switch on an electric bulb, it lights up almost instantaneously though velocity of electrons
in copper wires is very small. Given reason.

Q.10 A car battery has an emf of 12 V. Eight ordinary cells connected in series can also supply 12 V. But
we do not use such an arrangement of cells in the car. Why?

Q.11  Why should the potentiometer wire be of uniform cross—section and composition?
Q.12 Of which material is a potentiometer wire normally made and why? A
Q.13 What type of cell should be used in the main circuit of the potentiometer and why?

= |

Potential
difference (V)
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Q.15
Q.16

Q.17
Q.18
Q.19
Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Current Electricity
The variation of potential difference with length in case of two
potentiometers A and B is shown in figure. Which of the two is preferred to
find emf of a cell? Give reason for your answer.
What is the end error in a metre bridge?
Two wires A and B of same material and having same length, have their cross—sectional areas in
ratio 1:4. What would be ratio of heat produced in these wires when same voltage is applied across
each?
Heat is generated continuously in an electric heater but its temperature becomes constant after some
time. Why?
A current is passed through a steel wire heating it to red hot. The half of the wire is immersed in cold
water. Which half of the wire will heat up more and why?
Why an electric bulb becomes dim when an electric heater in parallel circuitiis switched on? Why
dimness decreases after some time?
Nichrome and copper wires, having same length and same arealof. cross—sectionyare connected
across a battery in turn. In which case the rate of production of heat will be higher?
The current voltage graphs for a given metallic wire at difference temperatures T, and T, are shown
in figure. Which of the temperatures T, and T, is greater?

V-l graphs for parallel and series combination of twe, metallic resistors are as shown in figure.
Which graph represents parallel combination? Justify your answer.
Vv

A

»|
The voltage—currentigraphs for two resistors of the same material and the same radii with lengths L,

and L, are shown in‘figure. If L; > L,, state with reason, which of these graphs represents voltage—
current«change for L.

v B

I

A potential difference V is applied to a conductor of length I, diameter D. How are the electric field
E, the drift velocity v4 and the resistance R affected when (i) V doubled (ii) | is doubled (iii) D is
doubled?

The variation of the resistance of a metallic conductor with
temperature is shown in figure.
(1) Calculate the temperature coefficient of resistance
from the graph. ol
(i) State why the resistance of the conductor increases
with the rise in temperature.

Resistance ()

Temperature (°C) &
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Q.27
Q.28
Q.29

Q.30

Q.31

Q.32
Q.33

Q.34
Q.35
Q.36
Q.37

Q.38
Q.39

Q.40
Q.41
Q.42

Q.43
Q.44
Q.45

Q.46
Q.47
Q.48
Q.49
Q.50

Q.51
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What happens to drift velocity (vq) of electrons and the resistance R if the length of a conductor is
doubled (keeping potential difference unchanged)?

A potential difference V is applied to a conductor of length L, diameter D. How are the electric field
E, the drift velocity v4 and the resistance R affected when (i) V is doubled (ii) L is doubled (iii) d is
doubled?

Explain why bending a wire does not affect its electrical resistance?
A non-conducting ring of radius r has charge q distributed unevenly over it. What will be the
equivalent current if it rotates with an angular velocity ®?

A cell of emf E and internal resistance r is connected across a variable resistor R. Plot a graph
showing the variation of terminal potential V with resistance R. Predict from the graph the condition
under which V becomes equal to E.

A battery has an emf E and internal resistance r. A variable resistance R is‘eonnected across the
terminals of the battery. Find the value of R such that (a) the currentin the circuit is maximum (b)
the potential difference across the terminals is maximum.

Two cells each of emf E and internal resistances r; and r, are connected in series to an external
resistance R. Can a value of R be selected such that the potential differenceat the first/cell be zero?

When we switch on the lights one after the other, what i$,the effect on the resistance of the electric
circuit of the house? On the current flowing in the maincirctit?

What do you mean by a linear resistor?
What is the effect of rise in temperature on the electricaliresistivity-of.semiconductor?
If the radius of the copper wire is doubled, what'will be the effect onlits specific resistance?

A 4Q non insulated resistance wire is bent in the middle by 480° and both the halves are twisted with
each other. What will be its new resistance?

If the electric current is passed through a nerve, the man is excited, why?

Is it possible that there is no potential difference between the plates of a cell? If yes, under what
condition?

What will be the bands of<coleurs in sequenge on carbon resistor, if its resistance is 0.1Q + 5%.
What is the most probable cause of super—conductivity?

Two different wiresX“and, Y of'same diameter but different materials are joined in series across a
battery. If the number density of electrens in X is twice that in Y, find the ratio of drift velocity of
electrons in the two wires:

What are thermistors? Explain their use in brief.

Why is'it unsafe to turna light switch on or off while taking bath?

While making a standard resistance, the coil is made of manganin. The coil is double folded and is
wound over non—conducting frame. Why?

To reduce the brightness of a light bulb, should an auxiliary resistance be connected in series with it
or.imparallel?

If the current flowing in a copper wire be allowed to flow in another copper wire of same length but
of double the radius, then what will be the effect on the drift velocity of the electrons. If the same
current be allowed to flow in an iron wire of the same thickness, then?

Draw V — | graph for ohmic and non—ohmic materials. Give one example for each.

Define the term temperature coefficient of resistivity. Show graphically the variation of resistivity
with temperature for nichrome.

Define the term temperature coefficient of resistivity. Write its Sl unit. Plot a graph showing the
variation of resistivity of copper with temperature.

Explain how electron mobility changes for a good conductor, when (i) the temperature of the
conductor is decreased at constant potential difference and (ii) applied potential difference is doubled
at constant temperature.
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Q.52 Describe the phenomenon of current flow in a conductor and derive the relation between current and
drift velocity.

Q.53 What do you understand by resistance of a conductor? Define its SI unit. Show that resistance of a

conductor is given by R= , Where the symbols have their usual meanings.

ne? tA
Q.54 Define specific resistance and express it in terms of mass, charge, number density and relaxation

time.

Q.55 What is drift velocity of electrons and relaxation time of free electrons in a metallic conductor
carrying a current? Establish a relation between them.

Q.56  Are Kirchhoff’s laws applicable to both a.c. and d.c.?

Q.57  Can metre bridge be used for finding the resistance of (i) moderate values (ii). high values (iii) low
values? Explain.

Q.58 Why do we prefer a potentiometer to measure emf of a cell rather than a voltmeter?

Q.59 The emf of the driver cell in the potentiometer experiment should be greater than the 'emf of the cell
to be determined. Why?

Q.60  Why should the current not be passed through a potentiometer wire for long time?

Q.61  Why the jockey should not be rubbed against the potentiometer wire?

Q.62 Why do we prefer potentiometer of longer length for‘accurate measurements?

Q.63  Using metre bridge, it is advised to obtain the null pointsinithe middle of the wire. Why?

Q.64 What do you understand by sensitiveness#ofya potentiometer and how can you increase the
sensitiveness of a potentiometer?

Q.65 What is the principle of working of metre—bridge?

Q.66  When is a Wheatstone bridge said te’be balanced?

Q.67  Some times balance point may not be obtained on the potentiometer wire. Why?

Q.68  What are two practical forms.of Wheatstone bridge?

Q.69  Whether electric field inside potentiometer wire Is constant or variable?

Q.70 If the emf of the driving cell'be:decreased, what will be effect on the position of zero deflection in a
potentiometer? Explain.

Q.71 If the length of the wirebe (i) doubled.and (ii) halved, what will be effect on the position of zero
deflection in a’potentiometer? Explain.

Q.72  Give the circuit diagram’of potential divider.

Q.73  State the principle of potentiometer. Draw a circuit diagram used to compare the emfs of two primary
cells”Wirite the formula used."How can the sensitivity of a potentiometer be increased.

Q.74  State the principle of potentiometer. With the help of circuit diagram describe a method to find the
internal resistance of a primary cell.

Q.75 “State,and explain Kirchhoff’s laws.

NCERT Questions

Q.1  The storage battery of a car has an emf of 12 V. If the internal resistance of the battery is 0.4Q, what
is the maximum current that can be drawn from the battery?

Q.2 A battery of emf 10 V and internal resistance 3Q is connected to a resistor. If the current in the
circuit is 0.5 A, what is the resistance of the resistor? What is the terminal voltage of the battery
when the circuit is closed?

Q3 (i) Three resistors of 1Q, 2Q and 3Q are combined in series. What is the total resistance of the
combination?
(i) If the combination is connected to a battery of emf 12V and negligible internal resistance,

obtain the potential drop across each resistor.
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Q4 (1 Three resistors 2Q, 4Q and 5Q are combined in parallel. What is the total resistance of the
combination?
(i) If the combination is connected to a battery of emf 20V and negligible internal resistance,
determine the current through each resistor, and the total current drawn from the battery.

Q.5  Atroom temperature (27°C), the resistance of a heating element is 100Q2. What is the temperature of
the element if the resistance is found to be 117Q, given that temperature coefficient of the resistor
material is 1.70 x 10*°C ™.

Q.6 A negligibly small current is passed through a wire of length 15m and uniform cross—section
6.0 x 10" m? and its resistance is measured to be 5.0Q. What is the resistivity of the material at the
temperature of the experiment?

Q.7 A silver wire has a resistance of 2.1Q at 27.5°C, and a resistance of 2.7 Qfat 100°C. Determine the
temperature coefficient of resistivity of silver.

Q.8 A heating element using nichrome connected to a 230 V supply draws an initialscurrent of 3.2 A
which settles after a few seconds to a steady value of 2.8A. What isithe steady temperature of the
heating element if the room temperature is 27°C? Temperature coefficient of resistance of nichrome
averaged over the temperature range involved is 1.70 x 10* C .

Q9 Determine the current in each branch of the network shown,in figure.

10Q JUAY

Q.10 (i) In a metre bridge (figure,) the balanee point is found to be
at 39.5 cm from the end A, when the resistor Y is of B

12.5Q. Determinedthe resistance of “X."Why are the i
connections between resistors in a‘\Wheatstone or metre (_gG)
A

bridge made of thick copper strips?

(i) Determingsthe balance point,of thefbridge above if X and
Y are interchanged. "

(iii) ~ What happens if/the galvanemeter and cell are interchanged at the balance point of the
bridge? Would the galvanometer show any current?

Q.11 A storage battery of emf 8:0 V, and internal resistance 0.5Q is being charged by a 120 V dc supply
using a'series resistor of 15.5€). What is the terminal voltage of the battery during charging? What is
the purpase of having a series resistor in the charging circuit?

Q.12 £ In a potentiometer arrangement, a cell of emf 1.25 V gives a balance point at 35.0 cm length of the
wire. If the'cell is replaced by another cell and the balance point shifts to 63.0 cm, what is the emf of
the secondicell?

Q.13 The number-density of free electrons in a copper conductor is 8.5 x 10®® m™. How long does an
electron take to drift from one end of a wire 3.0m long to its to other end? The area of cross—section
of the wire is 2.0 x 10° m? and it is carrying a current of 3.0 A,

Q.14  The earth’s surfaced has a negative surface charge density of 10° Cm™ The potential difference of
400 kV between the top of the atmosphere and the surface results (due to the law conductivity of the
lower atmosphere) in a current of only 1800 A over the entire globe. If there were no mechanism of
sustaining atmospheric electric field, how much time (roughly) would be required to neutralize the
earth’s surface? (Radius of the earth = 6.37 x 10° m)
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Q.15 (a) Six lead—acid type of secondary cells each of emf 2.0 V and internal resistance 0.015 Q are
joined in series to provide a supply to a resistance of 8.5Q2. What are the current drawn from
the supply and its terminal voltage?

(b) A secondary cell after long use has an emf 1.9V and a large internal resistance of 380Q.
What maximum current can be drawn from the cell? Could the cell drive the starting motor
of a car?

Q.16  Two wires of equal length, one of aluminium and the other of copper have the same resistance.

Which of two wires is lighter? Hence explain why aluminium wires are preferred for overhead power

cables.
Q.17 What conclusion can you draw from the following observations on a resistor made of alloy
manganin:
Current I1(A) Voltage (V) Current | (A) Voltage
0.2 3.94 3.0 59.2
0.4 7.87 4.0 78.8
0.6 11.8 5.0 98.6
0.8 15.7 6.0 118.5
1.0 19.7 7.0 1385
2.0 39.4 8.0 158.0

Q.18  Answer the following questions:

@ A steady current flows in a metallic conpductorsefsnon—uniform cross—section. Say which of
these quantities is constant along the<€anductor: current, current density, electric field, drift
speed.

(b) In Ohm’s law universally appliCable for all ‘¢enducting elements? If not, give examples of
elements which do not obey,Ohm’s law.

(c) A low voltage supply from whichyone needs high current must have very low internal
resistance. Why?

(d) Why a high tensiondH.T.) supply of say"6-kV must have a very large internal resistance?
Q.19 Choose the correct alternative:

@) Alloys of metals,usually have (greater/ lesser) resistivity than that of their constituent metals.

(b) Alloys usually have much(lewerfhigher) temperature coefficients of / resistance than pure

metals?

(©) The resistivity,of the alloy manganin is nearly independent of increases rapidly with increase
of temperature.

(d) The resistivity of‘a typical insulator (e.g., amber) is greater than that of a metal by a factor of
the order of (10%4/10°)

Q.20 4(a) Given n resistors each of resistance R, how will you combine them to get the (i) maximum,
(ify\minimum effective resistance? What is the ratio of the maximum to minimum resistance?

(b) Given the resistance of 1Q, 2Q, 3Q, how will you combine them to get an equivalent
resistance of;

L 11 11 .. 6
(1) EQ (b) EQ (iii) 6Q (iv) 1—19

(c) Determine the equivalent resistance of the following networks:
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Q.21  Determine the current drawn from a 12V supply with internal resistance 0.5Q by the following
infinite network. Each resistor has 12 resistance.

Q.22 Figure shows a potentiometer with a cell of 2.0 VV and internal resistance 0.40Q maintaining a
potential drop across the resistor wire AB. A standard cell which maintains a.constant emf of 1.02 V
(for very moderate currents upto a few A) gives a balance point at 67.3 cm-length of the wire. To
ensure very low currents drawn from the standardecell, a“very high
resistance of 600 k Q is put in series with it, which is shorted close to 2V,040Q

the balance point. The standard cell is thengreplaced™ by a cell)of If
unknown emf & and the balance point found-similarly turns out to be/at 4

82.3 cm length of the wire.
@ What is the value of £?

(b) What purpose does the high'resistance of 600kQhave? % 600 k02
(© Is the balance point affected by thishigh resistance? WY
(d) Is the balance pointsaffect by the internal.resistance of the

driver cell?

(e) Would the method werk,in the above situation if the driver
cell of thegpotentiometer had an emf of 1.0V instead of
2.0V?
()] Would the circuit work well for determining extremely
small emf, saysof the order of a few mV (such as the typical
emf of a thermoeouple)? If not, how will you modify the It

circuit? A | la
Q.23  Figure 'shows a potentiometer circuit for comparison of two R 2)
resistances. The balance point with a standard resistor R = 10.0Q is HV:"""“ 3
found to be 58.3 cm, while that with the unknown resistance X is —'w‘;—-:
]

68.5 cmubetermine the value of X. What might you do if you failed ¥
to find a balance point with the given cell £?

Q.24  Figure shows a 2.0V potentiometer used for the determination of internal resistance of a 1.5V cell.
The balance point of the cell in open circuit is 76.3 cm. When a resistor of 9.5Q is used in the
external circuit of the cell, the balance point shifts to 64.8 cm length of the potentiometer wire.
Determine the internal resistance of the cell.

ANSWers

1. 30 A 2. 8.5V 3. (i) 6 Q, (i) 2V, 4V, 6V
4. (i) %Q, (i) 10A5A, 4A, 19A 5. 1027°C 6. 20x107Qm
7. 0.00394°C™* 8. 867.35°C
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9. IAB=%A,IBcz%A,IDC=%A,IAD=%A,IBD=1—72A,I=%A
10. (i) 8.16Q, (ii) 60.5 cm, (iii) galvanometer will not show any current
11. 115V 12. 225V 13. 7.57h
14, 283 s 15. @ 14A, 119V, (b) 0.005 A, No
16. Al
18. (a) Only current is const ant, (b) No, (C) lyx Will be large if r is small
(d) If the internal resistance is not very large, then the current will exceed the safety limits in

case the circuit is short—circuited accidentally.
19. () greater, (b) lower (c) is nearly independent of (d) 10%
20. (@) (i) nR, (ii) R/n, (iii) n?: 1, (b) (i) 1 Q // 2Q in series with 3Q, (ii) 2 // 38 in series with 1 Q,
(i) 1 Q, 2 Q and 3 Q are in series, (iv) 1 Q // 2Q /1 3 Q, (c) (i) 16/ 3¢, (ii) 5R
22. (@) 1.25 V, (b) High resistance of 600kQ protects the galvanometer for positions fariaway from the

balance point, by decreasing current through it. (c) No, (d) No, (e) No, (f) the circuit Is modified by
putting a suitable resistor R in series with the wire AB.

23. 11.75Q 24, 170

Objective Assignment — [AIIMS

Q1 Dimension of electrical resistance is

() [ML*T A (b) [ML*T°A%] () [ML*T3A 7] (d) [ML°T°A™]
Q.2 Dimension of resistivity is

(@) ML?T It (b) ML3T 31 (C)MLFAT (d) ML3T 212
Q.3 Which of the following relations is called as current density?

(a) /A (b) A/I (c) IP/IA (d) I*/A?

Q.4  Given a current carrying wire of non-uniform cross section, which of the following is constant
throughout the length of theavire?

(a) current, electric field.and drift speed (b) drift speed only
(c) current and drift speed (d) current only
Q.5 A wire of radius 4 has resistance Ru If it4s stretched to the wire of r/2 radius, then the resistance
becomes
(@ 2R b)4R (c)16R (d) zero

Q.6 A wire of length L is'drawn such that its diameter is reduced to half of its original diameter. If the
initialdresistance of the wireawere 10Q), its new resistance would be

(a) 40 O (b)80 Q (c) 120Q (d) 160 ©
Q.7 Ten identical wires each having a resistance of 1Q are connected in parallel. The combination will
have a resistance of
(a) 10Q (b)1Q (010 (d)0.010Q
Q8 In the given figure the equivalent resistance between the points A and B is
(a) 80 R,=40Q
(b)6Q A
(©4Q
d2Q
Q.9 What is the current I in the circuit as below?
@1A
(b)0.5 A
(©12A d2A

R,=2Q
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Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

=

11
16

Current Electricity
The resistance between the terminal points A and B of the given infinitely long circuit will be

@) V3-1 Ao—AN/ A S
(b) 1-+3 o
(c) 1++3 (d)2+ 3 oA ~ N

The voltage of clouds is 4 x 10°V with respect to the ground. In a lightning strike lasting 100ms, a
charge of 4C is delivered to the ground. The power of the lightning strike is

(a) 160 MW (b) 80 MW (c) 20 MW (d) 500 MW

A 60 W incandescent lamp operates at 120 V. The number of electrons passing through the filament
per second will be

(a) 1.61 x 10% (b) 3.12 x 10 (c) 7.21 x 10* (d) 12.40 x 10*

The internal resistance of a cell of emf 2V is 0.1Q. It is connected to a resistance of 3.9Q. The
voltage across the cell will be

@05V (b) 1.9V (c) 1.95'V (d)2Vv

Eels are able to generate current with biological cells
called electro-plaques. The electro-plaques in an eel are
arranged in 100 rows, each row stretching horizontally ™~ 015V 020
along the body of the fish containing 5000 electro- ‘_]:: MARAA- -
plaques. The arrangement is suggestively shown below, s, e
Each electro-plaque has an emf of 0.15V and internal

resistance of 0.25Q. The water surrounding “the eel AN

0.15V 0.25Q
FAAAA

completes a circuit between the head and its tail. I, the e
water surrounding it has a resistance\of 500Q, the

current an eel can produce in water is about

@ 15A (b)3.0A (c)15A (d)30A

The instrument for the accurate measurement of thesemf of a cell is

(@) a slide wire bridge (b)amammeter (c) a potentiometer (d) a voltmeter

When a balance point_is obtained,in a potentiometer for finding the internal resistance of a cell, the
current through the‘potentiometerwire is due to

(a) the cell, whaseiinternal resistancetis to be found (b) the auxiliary battery
(c) both cell and the auxiliary battery (d) neither the cell nor the battery

In figure, the potentiometer wire AB has a resistance of 5Q and length 10m. The balancing length AJ
for theemfof 0.4 V is

_i'iv 450 K
A i v_l-y
—H@—]
@4m (b) 1.5m (c)0.8m (d)0.4m
Answers

b 2 b 3 a 4 d 5 c
d 7 c 8 b 9 d 10 c
a 12 b 13 c 14 a 15 c
b 17 b

Objective Assignment — [AIEEE

Q.1

The length of a given cylindrical wire is increased by 100%. Due to the consequent decrease in
diameter, the change in the resistance of the wire will be
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Q.2

Q.3

Q.4

Q5

Q.6

Q.7

Q.8

Q.9

Q.10

Q.11

Current Electricity
(a) 200% (b) 100% (c) 50% (d) 300%
An electric current is passed through a circuit containing two wires of the same material, connected
in parallel. If the lengths and radii of the wires are in the ratio of 4/3 and 2/3, then the ratio of the
currents passing through the wire will be

(@3 (b) 1/3 (c) 8/9 (d)2

The resistance of the series combination of two resistance is S. When they are joined in parallel, the
total resistance is P. If S = nP, then the minimum possible value of n is

(@4 (b) 3 (c) 8/9 (d)2

The difference in the variation of resistance with temperature in a metal and a semiconductor arises
essentially due to the difference in the

(a) crystal structure (b) type of bonding

(c) variation of scattering mechanism with temperature

(d) variation of the number of charge carriers with temperature

A piece of copper and another of germanium are cooled from roem‘temperature to 77,\K. Resistance
of

(a) copper decreases and germanium increases (b) copper increases and germanium’‘decreases
(c) each of them increases (d) eachiofithem decreases

The thermistors are usually made of

(a) metals with low temperature coefficient of registivity.

(b) metals with high temperature coefficient of‘resistivity

(c) metals oxides with high temperature coefficientiof resistivity

(d) semi conducting materials having low temperature'eoefficient of resistivity

The resistance of a wire is 5Q at 50°C and6<2 at 100°C.The resistance of the wire at 0°C will be
(@30 (b)2Q ()10 d)4Q

What will be the value of currentthrough 2@ resistance for the circuit shown in the figure.

10V 5Q 100 20V
[ 0 J
A4

@) 5A (b) 27A (c) zero (4A

An energy source will supply a constant current into the load, if its internal resistance is

(a) zero (b) non—zero but less than the resistance of the load
(c) egual to'the resistance of the load (d) very large as compared to the load resistance

Two sources of equal emf are connected to an external resistance R. The internal resistances of the
two sources are R; and Rx(R, > Ry). If the potential difference across the source having internal
resistance R, is zero, then
R,+R R,R
(a)RzRZXM(b)Rzi () R=—2-2_ ()R=R,—R;
(RZ_Rl) (R1+R2) (RZ_RI)

The total current supplied to the circuit by the battery wire is
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Q.12

Q.13

Q.14

Q.15

Q.16
Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

Current Electricity

6V-I- I

@ 1A (b)2 A ©)4A (6 A

A material B has twice the specific resistance of the material A. A circular wire made of B has twice
the diameter of the wire made of A. Then, for the two wires to have the same resistance, the ratio
1/l Of their respective lengths must be

3Q

(a) 1/4 (b) 2 ()1 (d) 1/2

By increasing the temperature, the specific resistance of a conductor and a semicenductor

(a) increases for both (b) decreases for both

(c) increases, decreases respectively (d) decreasesyincreases respectively

The resistance of bulb filament is 100Q at a temperature of 100°C. If its,temperature coefficient of
resistance be 0.005°C %, its resistance will become 200 at a temperature of

(a) 500°C (b) 200°C (e) 300°C (d) 400°C

The resistance of hot tungsten filament is about 107times“the cold resistance. What will be the
resistance of 100W — 200V lamp, when not in use?

(@) 40 Q (b) 20 (c) 4000 @20

An electric bulb is rated 220V — 100W. The power consumed by it, when operated on 110 V, will be
(@ 25W (b) 50 W (c).75W (d)40W

A 220 volt— 1000 watt bulb is connectedacross a 110°V mainsisupply. The power consumed will be
(a) 750 watt (b) 500 watt (c) 250 watt (d) 1000 watt

A heater coil is cut into two equal parts and only one part is now used in the heater. The heat
generated will now be

(a) doubled (b) fOur times (c) one fourth (d) halved

A wire, when connected 10220V main supply, has power dissipation P;. Now the wire is cut into two
equal pieces which are connected in parallel to the same supply. Power dissipation in this case is P,.
Then P,:P; is

(@1 (0) 4 (c)2 (d)3
If in the circuit, power dissipation is 150W, then R is
(@) 2Q (b) 6Q (c) 5Q (d) 4Q

A 3V battery with negligible internal resistance is connected in a circuit as shown in the figure. The
current 1'in the circuit will be

@ 1A

(b) 1.5A

(©)2A (d) 13 A

In the circuit, the galvanometer G shows zero deflection. If the batterles A and B have negligible
internal resistance, the value of the resistor R will be 50091

(a) 200

(b) 100 ©

(c) 500 (d) 100002

The Kirchhoff’s first law (21 = 0) and law (XIR = X&), are respectively
based on

(a) conservation of momentum, conservation of charge

(b) conservation of charge, conservation of energy

(c) conservation of charge, conservation of momentum
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(d) conservation of energy, conservation of charge
Q.24  In a Wheatstone bridge, three resistances P, Q and R are connected in the three arms and the fourth
arm is formed by two resistances S; and S, connected in parallel. The condition for bridge to be
balanced will be
R 2R

P _RG,+S,) P_ L
@ Q_ 2S;S, ) Q S+, R Q S$,+S, @
E:R(Sl+82)

Q SlSZ

Q.25 The current I drawn from the 5V source will be 100
(@) 0.67 A
(b)0.17 A A AAM—TAA—LEANA
(c)0.33A A 100
(d) 0.5 A VYV

5V

Q.26 In a metre bridge experiment, null point is obtained at 20 cm fromone end of the wire when
resistance X is balanced against another resistance Y. If X <Y, then where,will be the new position
of the null point from the same end, if one decides to balance a resistance of'4X,against Y?

(@) 50 cm (b) 80 cm (c)40 cm (d) 70 cm

Q.27 In a potentiometer experiment, the balancing with a cell is at length 240 cm. On shunting the cell
with a resistance of 2Q, the balancing length becomes 120.em: The internal resistance of the cell is
@10 (b) 0.5Q ©4Q d2aQ

Q.28 The length of a wire of a potentiometer is 100 em and the emf of its standard cell is & volt. It is
employed to measure the emf of a battery, whose internal resistance is 0.5Q. If the balance point is
obtained at | = 30 cm from the positive end, the emf of the battery is
@) 2= 0) 2= (0) 3= () 262050

1005 99.5 100 100
where | is the current in thegotential wire.

Q.29 Statement — 1.The temperature dependence 'Of resistance is usually given as R = Ry (1 + aAt). The
resistance of a wire changes from 100Q to /250Q when its temperature is increased from 27°C to
227°C. This impligs'that c= 2.5 % 10 %/°C.

Statement — 2. R = Ro(1 + aAT) isvalid only when the change in the temperature AT is small and

AR = (R - Ry) <<Ry.

@) Statement — L iS,true, Statement — 2 is false

(b) Statement — 1 is true, Statement — 2 is true, Statement — 2 is correct explanation of Statement

-1

(©) Statement — 1 is true, Statement — 2 is true; Statement — 2 is not the correct explanation of
Statement— 1. (d) Statement — 1 is false, Statement — 2 is true

Answers

1. d 2. b 3. a 4, d 5. a
6. c 7. d 8. c 9. d 10. d
11. o 12. d 13. c 14, c 15. c
16. a 17. c 18. a 19. b 20. b
21. b 22. b 23. b 24, d 25. d
26. a 27. d 28. c 29. d

Objective Assignment [II T-JEE

One Option Correct
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Q.1

Q.2

Q.3

Q4

Q.5

Q.6

Q.7

Q.8

Q.9

Current Electricity
A steady current flows in a metallic conductor of non-uniform cross—section. The quantity/
quantities constant along the length of conductor is/are
(a) current, electric field and drift speed (b) drift speed only
(c) current and drift speed (d) current only
The potential difference applied to an X-ray tube is 5 kV and the current through it is 3.2 mA. Then
the number of electrons striking the target per second is
(a) 2 x 10 (b) 5 x 10° (c) 1 x 10" (d) 4 x 10®
Express which of the following set up can be used to verify Ohm’s law?

()

(@) (©) ()
, i ]l ‘ % ) %[ % .|
1 f v i A i

The three resistances of equal value are arranged in the different combinations shown below.
Arrange them in increasing order of power dissipation.

1

AN AN AN
(i)
(i) ‘%’ (iv)
@I<Il<IV<l () l<ll<IV<I @ISR <1l @) I<l<N<IV

A piece of copper and another of germanium-are,cooled from room temperature to 80 K. Resistance
of

(2) copper increases, germanium decreases (b) copper decreases and germanium increases
(c) each of them increases (d) eachyof them decreases
The current | and voltage V curves for a given temperatures T, and T, are shown in the figure. Then,
@T,>T, T,
(b) T1<T, T T.
(©T1=T, = :
(d) T, =2T,
V-

The temperature€oefficient of resistance®f wire is 0.00125 °C*. At 300 K, its resistance is 1Q. The
resistance of the wire will be 2Q at

(a) 1154 K (b) 1100 K (c) 1400 K (d) 1127 K

Six ideptical resistors are'connected as shown in the figure. The equivalent resistance will be

(a) Maximum between P andhR

R

P Q
(b) Maximum between Q and R

(c) Maximum between P and Q %

(d) all are equal * R

R

Find out the value of current through 2Q2 resistance for the given circuit.
(@) zero
(b) 2A
(c)5A 10V 50 10Q 20V
(d)4A 20
MV

Q.10 The equivalent resistance between points A and B of the circuit shown in the figure
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Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Current Electricity

@) 2R

(b) 5 R 2R 2R 2R

(c) 2R/3 AT MW MWN—TAMN—0 B
(d) R/5

In the circuit shown below, each battery is of 5 V and has an internal resistance of 0.2 Q
The reading in the ideal voltmeter V is ¥
(a) zero
(b) 5V = s C) 1%
(c)75V
(d) 10 V i
A constant voltage is applied between the two ends of a uniform metallic wire. Some heat is
developed in it. The heat developed is doubled, if

(2) both the length and radius of wire are halved (b) both length and radius of wire are doubled

(c) the radius of wire is doubled (d) the length of theawvire is doubled

A 25 W-220 V bulb and a 100 W-220 bulb are joined in series and eonnected to the,mains. Which
bulb will glow brighter?

(@) 25 W bulb (b) 100 W bulb

(c) First 25 W bulb and then 100 W bulb (d) Both will glowwith,same brightness

A 100 W bulb B4, and two 60 W bulbs B, and B, are génnected to a

250 V source as shown in the figure. Now W,, W5 and W5 are the By B,
output powers of the bulbs By, B, and B; respectively.Lhen ¢ ¢
(a) W;>W, =W; B,

(b) W, > W, > W, ¢

(C) W1 <W; =W, e

(d) Wl < W2 < W3 250V

In the circuit as shown in figure, the heat produced in the 5Q resistor due to the current flowing in it
is 10 cal s. The heat generatéd in 4Q is: a6

(@ 1lcalst

(b) 2 cal s’i ) Ao—] ——oF
(c)3cals (d).4 cal s ,\j\fj\,

A wire of length Lyand 3 identical cells of negligible internal resistances are connected in series. Due
to the current, the temperature of the’wire is raised by AT in time t. A number N of similar cells is
now connected in seriesywith a wire of the same material and cross—section but of length 2L. The
temperature of the wire israised by the same amount AT in the same time. The value of N is

(@4 (b) 6 (c)8 (d)9

An ideal gas is filled in a closed rigid and thermally insulated container. A coil of 100 Q resistor
carrying current 1A for 5 minutes supplies heat to the gas. The change in internal energy of the gas is
(@) 10kJ (b) 30 kJ (c) 20 kJ (d)0kJ

A battery of internal resistance 4Q is connected to the network of resistances as shown as shown. In
order that the maximum power can be delivered to the network, the value of R in Q should be

(@) 4/9
(b) 2
(c) 8/3
(d) 18
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Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Current Electricity

In the given circuit, the potential drop across the capacitor must be v
@V | AA
(b) VI2 v c
(c) Vi3 i T
(d) 2vi/3 v "
1} MV
In the circuit shown in the figure, P = R. The reading of the galvanometer is same with switch S open
B

or closed. Then,

@ lg=lc
(b) lp=1Ic
©) lg=lc (d) lg = Ir

Each of the resistances in the network shown in the figure is equal to R.
The resistance between the terminals A and B is

@R

()5R

(©)3R

(d6R

In the given circuit, it is observed that the current | iSyindependentef the value of the resistance Re.
Then the resistance values must satisfy
(@) RiR:R3=R3R4Rs
LS S S

R: Ry R;,+R, R; +R,
(¢) RiIRs = RzR;
(d) RiRs = R;R4 = RsRe

The effective resistance between points P and Q of the electrical circuit shown in the figure is
2Rr
@ ——

R+r
8R(R+r1)
3R+r

(b)

s~

(c) 2r#+ 4R (d) %+ 2r

In the shown arrangement of the experiment of the metre bridge if AC corresponding to null
deflection of galvanometer is x, what would be its value if the radius of the wire AB is doubled?

(a) x flr
(b) x/4 &,
(c) 4x ﬁVV"?WV_
(d) 2x
A+—x —_ B
A post office box is shown in the figure. In order to calculate the value of an external resistance, it
should be connected between LIRS -
(@) Band C N
(b) C and D T T
(C) Aand D s ‘o. S "‘o o)
(d)B'and C' e e
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Current Electricity

Q.26  Figure shows three resistor configurations R1, R2 and R3 connected to 3 V battery. If the power
dissipated by the configuration R1, R2 and R3 is P1, P2 and P3 respectively, then

(@) P1>P2 > P3 (b) P1>P3>P2 (c) P2>P1>P3 (d)P3>P2>P1
Multiple Choice Questions
Q.27 Read the following statements carefully:
Y The resistivity of a semiconductor decreases with increase of temperature
Z In a conducting solid, the rate of collisions between free electrons and ions increases with
increase of temperature.
Select the correct statement(s) from the following:

(a) Y istrue but Z is false (b) Y is false but’Z'is true

(c) Both Y and Z are true (d) Y is true and Z is the correct reason for Y
Q.28 When a potential difference is applied across, the current passing through

(@) an insulator at 0 K is zero (b) a semicondugtor at 0 K is zero

(c) ametal at 0 K is finite (d) a p—n diode at 300 K is finite, if it is reverse biased
Q.29 In the circuit shown in figure, the current through the » 30 4 20 5 20

(a) 3Q resistor is 0.50 A
(b) 3Q2 resistor is 0.25 A
(c) 4Q resistor is 0.50 A (d) 4Q resistor is 0:25 A

Q.30  For the circuit shown in the figure
(@) the current I through the battery is 7.5:mA
(b) the potential difference across R, is 18 V.
(c) ratio of powers dissipatedin Ry and R, is 3
(d) if Ry and R, are interchanged, magnitude,of power dissipated in
R., will decrease by a factonof 9

Answers
1 d 2 a 3 a 4 a 5 b
6 b 7 b 8 c 9 a 10 c
11 a 12 b 13 a 14 d 15 b
16 b 17 b 18 b 19 c 20 a
21 a 22 c 23 a 24 a 25 c
26 c 27 c 28 a, b, d 29 d 30 a,d

Higher Order Assignment
Q.1 « \The amount of charge passed in time t through a cross—section of a wire is Q(t) = At" + Bt + C.
@) Write the dimensional formulae for A, B and C.
(b) If the.numerical values of A, B and C are 5, 3 and 1 respectively in Sl units, find the value of
the current at t = 5s.
Q.2 Anelectron gun emits 2.0 x 10* electrons per second. What electric current does this correspond to?
Q.3 The electric current existing in a discharge tube is 2.0 pA. How much charge is transferred across a
cross—section of the tube in 5 minutes?
Q.4  The current through a wire depends on time as i = iy + at, where i, = 10A and a. = 4A s ', Find the
charge crossed through a section of the wire in 10 seconds.
Q.5  A-current of 1.0 A exists in a copper wire of cross—section 1.0 mm? Assuming one free electron per
atom calculate the drift speed of the free electrons in the wire. The density of copper is 9000 kg m™>.
Q.6 Awire of length 1m and radius 0.1mm has a resistance of 100Q. Find the resistivity of the material.
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Q.7
Q.8

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17
Q.18

Q.19

Q.20

Current Electricity

A uniform wire of resistance 100Q is melted and recast in a wire of length double that of the
original. What would be the resistance of the wire?

Consider a wire of length 4m and cross—sectional area 1 mm? carrying a current of 2 A. If each cubic
metre of the material contains 10%° free electrons, find the average time taken by an electron to cross
the length of the wire.

What length of a copper wire of cross—sectional area 0.01 mm? will be needed to prepare a resistance
of 1 kQ? Resistivity of copper = 1.7 x 10 Qm.

Figure shows a conductor of length | having a circular cross section. The radius of cross section
varies linearly from a to b. The resistivity of the material is p. Assuming that b —a < < I, find the

resistance of the conductor.
N ——

1

A copper wire of radius 0.1mm and resistance 1 kQ is connected across a power supply of 20 V. (a)
How many electrons are transferred per second between the supply and the wire at one end? (b)
Write down the current density in the wire.

Calculate the electric field in a copper wire of cross—sectional area 2.0 mm® carrying a current of 1A.
The resistivity of copper = 1.7 x 10® Qm.

A wire has a length of 2.0m and a resistance 0f6.0 Q. Find theelectric field existing inside the wire
if it carries a current of 10 A.

The resistances of an iron wire and a cdpper wire at 20°C are'3.9 Q and 4.1Q respectively. At what
temperature will the resistances be equal2:Temperature coefficient of resistivity for iron is 5.0 x 10
K™ and for copper it is 4.0 x 10° K™*. Negléet any thermal expansion.

The current in a conductor4@and the potential difference across its ends are measured by an ammeter
and a voltmeter. The meters.draw negligible\currents. The ammeter is accurate but the voltmeter has
a zero error (that is, it does not.read zero when no potential difference is applied). Calculate the zero
error if the readings*fortwo different,conditions are 1.75 A, 14.4V and 2.75 A, 22.4 V.

Figure shows an arrangement to measure the emf ¢ and internal resistance r of a battery. The
voltmeter has'a veryshigh'resistance and the ammeter also has some resistance. The voltmeter reads
1.52 V when the switch.S is open. When the switch is closed the voltmeter reading drops to 1.45 V
and thedammeter reads 1.00A. Find the emf and the internal resistance of the battery.

The potentialidifference between the terminals of a battery of emf 6.0 V and internal resistance 1Q
drops to 5.8 V when connected across an external resistor. Find the resistance of the external resistor.
The potential difference between the terminals of a 6.0 V battery is 7.2 V when it is being charged by
a current of 2.0 A. What is the internal resistance of the battery?

The internal resistance of an accumulator battery of emf 6V is 10Q2 when it is fully discharged. As
the battery gets charged up, its internal resistance decreases to 1Q2. The battery in its completely
discharged state is connected to a charger which maintains a constant potential difference of 9 V.
Find the current through the battery (a) just after the connections are made and (b) after a long time
when it is completely charged.

Find the value of iy/i, in figure if @) R=0.1Q, (b)) R=1Q (c) R=10 Q.
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Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Current Electricity

svl 6V ‘ ﬁl N
6V

1Q 1Q

10

—AA
R

Consider N = n;n; identical cells, each of emf E and internal resistance r. Suppose n; cells are joined
in series to form a line and n, such lines are connected in parallel. The combination drives a current
in an external resistance R. (a) Find the current in the external resistance. (b) Assuming that n; and n,
can be continuously varied, find the relation between ny, ny, R and r for which the current in R is
maximum.
A battery of emf 100 V and a resistor of resistance 10 kQ and joined in sefies.Ehis system is used as
a source to supply current to an external resistance R. If R is not greater thany100€Q2, the current
through it is constant up to two significant digits. Find its value4This is the basig principle of a
constant—current source.
If the reading of ammeter A; in figure is 2.4 A, what will the ammeters'Asand A; read? Neglect the
resistance of the ammeters.

200

Q

The resistance of the rheostat shown in figure 15830 Q. Neglecting the meter resistance, find the
minimum and maximum currents through the ammeter,as the rheostat is varied.
5.5 V| "

il

10Q

10Q

G

30Q

300
200

Three bulbs, each_having a resistance of 180 (2, are connected in parallel to an ideal battery of emf
60 V. Find the edrrent delivered by the,battery when (a) all the bulbs are switched on, (b) two of the
bulbs are switChed on and/(c) only ongbulb is switched on.

Suppose you have three resistors of 2002, 50Q and 100Q. What minimum and maximum resistances
can you obtain from these resistors?

A bulb isimade using two filaments. A switch selects whether the filaments are used individually or
in,parallel*\When used with a 15 V battery, the bulb can be operated at 5 W, 10 W or 15 W. What
should'be.the resistances of the filaments?

Figure shows a part of a circuit. If a current of 12 mA exists in the 5 kQ resistor, find the currents in

the other three resistors. What is the potential difference between the points A and B?
20 kQ
A 5ka 100k g

10 kQ

An ideal battery sends a current of 5 A in a resistor. When another resistor of value 10Q2 is connected
in parallel, the current through the battery is increased to 6 A. Find the resistance of the first resistor.
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Q.30

Q.31

Q.32

Q.33

Q.34

Q.35

0.36

Q.37

Current Electricity

Find the equivalent resistance of the network shown in figure between the points a and b.

a r r r b
NNV N AN~ AN

A wire of resistance 15.0 Q is bent to form a regular hexagon ABCDEFA. Find the equivalent
resistance of the loop between the points (a) A and B, (b) A and C and (c) A and D.

Consider the circuit shown in figure. Find the current through the 10Q resistor when the switch S is
(@) open, (b) closed.

Find the currents through the three resistors shown in figure.

40
AN

e Son
i

Figure shows a part of an electric circuit. The,potentials at the points a, b and c are 30 V, 12 V and
2V respectively. Find the currents through the three resistors.

100 v 200 b
VAV

[
30Q

Each of the resistors shown in figure'has a resistance of 10Q and each of the batteries has an emf of
10V. Find the currents,through the resistors a and b in the two circuits.

SRR A0FE,

of
Findithe potential difference V, — V,, in the circuits shown in figure.
p b
_1 R
1
a b
R3
L
o .
@ ()

In the circuit shown in figure, & =3V, & =2V, & =1V and r; = r, = r; = 1Q. Find the potential
difference between the points A and B and the current through each branch.
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Q.38

Q.39

Q.40

Q.41

Q.42

Q.43

Current Electricity

AAN !
Ki
(2
£3
AN
3

Find the current through the 10 resistor shown in figure.
10Q v

l}
|7
45V

Find the current in the three resistors shown in figure.
2V 2V 2V

: [ I
%10 %10 %?Q
[ h |I
I “ ||
2V 2V 2V

What should be the value of R in figure for which thelcurrent in it is zero?

100 50

100 50

| P“‘@

|
6V
Find the equivalent resistance of the cirecuits shown in figure between the points a and b. Each
resistor has a resistance r.

a b
AV
(a¥ (5}

Find the current measured by the ammeter in the circuit shown in figure.

10Q 10Q 100
A AVAYAY, AN
%500 %SOQ
VAN YAA% VANAN
100 10Q 100Q
|t D)
L &)

Consider the circuit shown in figure. Find (a) the current in the circuit, (b) the potential drop across
the 5Q resistor, (c) the potential drop across the 10Q resistor. (d) Answer the parts (a), (b) and (c)

with reference to figure.
100 50 100 |_| 5Q
12v 6\.}:’ 12V 6V
(®)

(a)
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Q.44

Q.46

Q.47

Q.48

Q.49

Q.50

Q.51

Q.52

Current Electricity

Twelve wires, each having equal resistance r, are joined to form a cube as shown in figure. Find the

equivalent resistance between the diagonally opposite points a and f.

a b c
d

e f

h
Find the equwalent resistances of the networks shown in flgure between the points a and b.

e)
An infinite Iadder is constructed with 1 Q and 2 Q re5|stors as shown. in figure. (a) Rind the effective

resistance between the points A and B. (b) Find the current that“passes through the 2Q resistor
nearest to the battery.

PORK:! 10 19 10
—J:'vw AAA, -
§ZQ éZﬂ §2Q

B

The emf & and the internal resistance r of sthe battery shownin figure are 4.3 V and 1.0 Q
respectively. The external resistance R is 50Q. Fhe resistances of/the ammeter and voltmeter are
2.0Q2 and 2002 respectively. (a) Find the readings ofithe twosmeters. (b) The switch is thrown to the
other side. What will be the readings of the two meters how?

A ®

S

O
A voltmeter of resistance 400°Quis used to measure the potential difference across the 1002 resistor
in the circuit shown in figure. (@)»What will be the reading of the voltmeter? (b) What was the

potential difference across 100Q2 befaresthe voltmeter was connected?
| IB4 Vv

‘1\99/53 II 200 Q —l
The voltmeter shown in figure reads 18 V across the 50 Q resistor. Find the resistance of the
voltmeter:

30\.’|L

Il
50Q
24Q)
SA"A%

A voltmeter consists of a 25 Q coil connected in series with a 575Q resistor. The coil takes 10 mA
for full scale deflection. What maximum potential difference can be measured on this voltmeter?

An ammeter is to be constructed which can read currents upto 2.0 A. If the coil has a resistance of
250 and takes 1 mA for full scale deflection, what should be the resistance of the shunt used?

A voltmeter coil has resistance 50.0 Q2 and a resistor of 1.15 KQ is connected in series. It can read
potential differences upto 12 volts. If this same coil is used to construct an ammeter which can
measure currents upto 2.0 A, what should be the resistance of the shunt used?
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Q.53 The potentiometer wire AB shown in figure is 40 cm long. Where should the free end of the

galvanometer be connected on AB so that the galvanometer may show zero deflection?
8Q 12Q

A B

___l}
Q.54  The potentiometer wire AB shown in figure is 50 cm long. When AD = 30 cm, no deflection occurs
in the galvanometer. Find R.

6O R

A D B

Q.55 A 6-volt battery of negligible internal resistance is connected across a uniform wire AB of length
100cm. The positive terminal of another battery of emf 4 V and internal resistance 1Q is joined to
the point A as shown in figure. Take the potential at B to be zero. () What are the potentials at the
points A and C? (b) At which point D of the wire AB, the potential is equahto the potential at C? (c)
If the points C and D are connected by a wire, what will be the current throughgsit? (d) If the 4 V
battery is replaced by 7.5 V battery, what would be thg@answers of parts (a) and (b)?

6V|,
L

A B

A

Q.56  Consider the potentiometer circuit arranged as in figure.\\The potentiometer wire is 600 cm long. (a)
At what distance from the point A should the jockey touch the wire to get zero deflection in the
galvanometer? (b) If the jockey touches the ‘wire at a.distance of 560 cm from A, what will be the
current in the galvanometer?

Q.57 Find the charge onthe,capacitor shown in figure.

\}:EpF

]
100 200

[
avl’

Q.58" (a).Find the current in the 20Q resistor shown in figure. (b) If a capacitor of capacitance 4 puF is
joined between the points A and B, what would be the electrostatic energy stored in it in steady
state?

Q.59 Find the charges on the four capacitors of capacitances 1 uF, 2uF, 3uF and 4uF shown in figure.
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Q.60

Q.61

Q.62
Q.63
Q.64

Q.65

Q.66

Q.67

Q.68

Q.69

Q.70
Q.71

Q.72

Current Electricity

1“F\| \|2|.|F
Il H
10 2Q
1
[Tev
30 30
it | i
3pF 4 uF

Find the potential difference between the points A and B and between the points B and C of figure in
steady state.

m
=
m
Al
7
—H
]
m

00V 100

A capacitance C, a resistance R and an emf & are conne€tediin series at t = 0. What is the maximum
value of (a) the potential difference across the resistor, (b) the current in the circuit, (c) the potential
difference across the capacitor, (d) the energy stored in_the.capacitor, (e) the power delivered by the
battery and (f) the power converted into heat.

A parallel-plate capacitor with plate area 20 cm? and plate separation 1.0 mm is connected to a
battery. The resistance of the circuit is 10 kQ. Find the time constant of the circuit.

A capacitor of capacitance 10uF is cannected to a battery of emf 2V. It is found that it takes 50 ms
for the charge on the capacitor to become 12.6 uC. Find the resistance of the circuit.

A 20 pF capacitor is joined to a battery of emf 6.0 V through a resistance of 100 Q. Find the charge
on the capacitor 2.0 ms afterthe connections are mades

The plates of a capacitor«f eapacitance 10,uF, charged to 60 uC, are joined together by a wire of
resistance 10Q at t = 0. Find the charge on'the capacitor in the circuit at (a) t = 0, (b) t = 30 ps,
(c) t=120 ps and (d)t ="2.0 ms.

A capacitor of capacitance 8.0 uF is.connected to a battery of emf 6.0 V through a resistance of 24Q.
Find the currentin the cireuit (a) just after the connections are made and (b) one time constant after
the connections are made.

A parallel-plate capacitor of plate area 40 cm? and separation between the plates 0.10 mm is
connected to a battery of 'emf;2.0 V through a 16Q resistor. Find the electric field in the capacitor 10
ns after the connections are’'made.

A parallel-plate capacitor has plate area 20 cm?, plate separation 1.0 mm and a dielectric slab of
dielectric constant 5.0 filling up the space between the plates. This capacitor is joined to a battery of
emf 6:0,\/ through a 100 kQ resistor. Find the energy of the capacitor 8.9 us after the connections are
made.

A 100 uF capacitor is joined to a 24 V battery through a 1.0 MQ resistor. Plot qualitative graphs (a)
between current and time for the first 10 minutes and (b) between charge and time for the same
period.

How many time constants will elapse before the current in a charging RC circuit drops to half of its
initial value? Answer the same question for a dischanging RC circuit.

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?

How many time constants will elapse before the energy stored in the capacitor reaches half of its
equilibrium value in a charging RC circuit?
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Q.73 How many time constants will elapse before the power delivered by the battery drops to half of its
maximum value in an RC circuit?

Q.74 A capacitor of capacitance C is connected to a battery of emf £at t = 0 through a resistance R. Find
the maximum rate at which energy is stored in the capacitor. When does the rate has this maximum
value?

Q.75 A capacitor of capacitance 12.0 pF is connected to a battery of emf 6.00 V and internal resistance
1.00Q2 through resistanceless leads. 12.0 us after the connections are made, what will be (a) the
current in the circuit, (b) the power delivered by the battery, (c) the power dissipated in heat and (d)
the rate at which the energy stored in the capacitor is increasing.

Q.76 A capacitance C charged to a potential difference V is discharged by connecting its plates through a
resistance R. Find the heat dissipated in one time constant after the connectiehs are made.

Q.77 A parallel-plate capacitor is filled with a dielectric material having resistivity p and dielectric
constant K. The capacitor is charged and disconnected from the charging source. The capacitor is
slowly discharged through the dielectric. Show that the time constant of the discharge, is independent
of all geometrical parameters like the plate area or separation ‘between the plates. Find this time
constant.

Q.78 Find the charge on each of the capacitors 0.20 ms after the switch S is closed of figure.

25Q S
Iy
govl'

Q.79 The switch S shown in figure is kept closed for'a,long time and is then opened at t = 0. Find the
current in the middle 10Q2 resistor at t =4.0 ms.

{25 uF
Al
o s
*_i |—'vvx,—,
12V 100

Q.80 A capacitor of capacitance 100pF is connected across a battery of emf 6.0 V through a resistance of
20 kQ for 4.0s. The battery is thenyreplaced by a thick wire. What will be the charge on the capacitor
4.0 s after the battery is-disconnected?

Q.81 Consider the situation shown in figure. The switch is closed at t = 0 when the capacitors are
uncharged. Find the charge on the capacitor C; as a function of time t.

’i) }CL'
b

Q.82 A capacitor of capacitance C is given a charge Q. Att =0, it is connected to an uncharged capacitor
of,equal capacitance through a resistance R. Find the charge on the second capacitor as a function of
time.

Q.83 A capacitorof capacitance C is given a charge Q. At t = 0, it is connected to an ideal battery of emf E
through a resistance R. Find the charge on the capacitor at time t.

Answers

1. ITY 11T, (b) 53 A 2. 32x10°A 3. 6.0x10"C

4. 300 C 5. 0.074 mms* 6. x10°Qm

7. 400 Q 8. 3.2x 10*s~8.9 hours 9. 0.6 km

10. p—'b 11 (a)1.25x 107, (b) 6.37 x 10° A/m’

na
2. 85mvm’ 13.  25vm! 14.  84.5°C
15. 04V 16. 1.52V,0.07Q 17. 29 Q
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18.
21.

24.
26.
28.
29.

32.
34.

35.

37.
39.
42.
43.

44,

46.
48.
51.
54.
95.

56.
59.
61.

63.
65.
67.
71.

74.

76.
79.
81.

83.

Current Electricity

(a) 0.3 A, () 3A 20.
10 mA 23.

(a) L.OA, (b) 0.67 A, (c) 0.33 A

450, 2250

(a) 0.57, (b) 1, () 1.75
1.6 A, 4.0 A

4 mA in 20 kQ resistor, 8 mA in 10 kQ resistor and 12 mA in 100 kQ resistor, 1340 VV

0.6 19.
@ ”En ~, (b) m, =Rn, 22,
R+-—1-
n,
0.15A, 0.83 A 25,
1250, 170 O 27.
2Q 30,
3750
(@) 0.1A, (b) 0.3 A 33,

1 Ainaand zero in b in both the circuits

2V, ilzlA, i2=0, i3=—1A
Zero
04A

40.

r/3 31.

(@) 2.08Q, (b) 3.33Q, (c)

zero in the upper 4Q resistor and 0.2 A in the rest two
1 A through 10, 0.4Q2 through 202 and 0.6 A through 30Q2

36t

38.
any value of Rawilhdo 41.

@ 1.2 A, (b)6V,(c) 12V, (d) same as the parts (a), (b) and(e)
5 4 r

(a) 3" (b) 3" (c) r, (d) & (e)r

(@) 0.1 A, 40V, (b)0:08A, 4.2V

5
—r

6

(@20, (b)1.5A
(@) 24V, (b) 28 V
1.25x 102 Q
40

45.

47.
49.
52.

130 Q 50.
0.251 © 53.

€ &
R OR,
@795 71
Rl RZ R3
Zero
@) r/2,(b) 4r/ 5

6V
16 cm from A

(@) 6V, 2V, (b) AD =66.7 cm, (c) zero, (d) 6V, =25V, no such point D exists

(a) 0.2 A, (b) 32 ]

0.18 s

(@) 0.25 A, (b) 0.09 A
0.69 in both cases
0.69

(a) 221 A, (b) 13.2 W, (c) 4.87 W, (d) 8.37 W

() 320 cm, (b) =& 57, 4uG 58,
22r
2 uC, 8uC, 9uC and 12'uC 60.%. 25V, 75V
€ 1., . E° g?

a) €, (b) =,(¢)&, (d) =C¢&~, (e) =, (f) — 62.
(a) ()R()()2 ()R()R
5 kQ 64. 76 uC
(a) 60°uC, (b) 44 uC, (c) 18 €, (d) 0.003 uC 66.
1.7x10¢ Vv m? 68. 6.3x10%0) 70.
6.9 72, 1.23 73.
82

=_J€R In2 75.

4R

%(1—1/e2) cv? 77.  gpK 78.
11 mA 80. 70uC

—e—t/rc C1C2
q=EC( ), where C=—1-"%- 82.

C +C,

CE (l_e—t/CR) + Qe—t/CR

9.2 uC

Q . —e2tire
, )
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Current Electricity

Thermal and Chemical Effects of Electric Current

Q.1
Q.2

Q.3

Q4

Q.5

Q.6

Q.7
Q8
Q.9

Q.10

Q.11

Q.12

An electric current of 2.0 A passes through a wire of resistance 25Q. How much heat will be
developed in 1 minute?

A coil of resistance 1002 is connected across a battery of emf 6.0 V. Assume that the heat developed
in the coil is used to raise its temperature. If the heat capacity of the coil is 4.0 J K™, how long will it
take to raise the temperature of the coil by 15°C?

The specification on a heater coil is 250 V, 500 W. Calculate the resistance of the coil. What will be
the resistance of a coil of 1000 W to operate at the same voltage?

A heater coil is to be constructed with a nichrome wire (p = 1.0 x 10°® Q) which can operate at
500W when connected to a 250 V supply. (a) What would be the resistance‘ef the coil? (b) If the
cross—sectional area of the wire is 0.5 mm?, what length of the wire will be needed? (c) If the radius
of each turn is 4.0 mm, how many turns will be there in the coil?

A bulb with rating 250 V, 100 W is connected to a power supply’of 220,V situated 10'm away using
a copper wire of area of cross section 5 mm?2. How much power will be'eonsumed by the connecting
wires? Resistivity of copper = 1.7 x 10 Qm.

An electric bulb, when connected across a power supply:0f220 V, consumes a power of 60 W. If the
supply drops to 180 V, what will be the power consumed? If the supply is suddenly increased to 240
v, what will be the power consumed?

A servo voltage stabilizer restricts the voltage eUtputto 220 V"+ 1%. If an electric bulb rated at 220
V, 100W is connected to it, what will be the minimum and maximum power consumed by it?

An electric bulb marked 220 V, 100W will get fused. if it isunade.to consume 150 W or more. What
voltage fluctuation will the bulb withstand?

An immersion heater rated 1000W, 220 VA is used to heat\0.01 m® of water. Assuming that the power
is supplied at 220 V and 60% of the power supplied is used to heat the water, how long will it take to
increase the temperature of the water from 15°Cito 40°G?

An electric kettle used to prépare tea, takes 2 minutes to boil 4 cups of water (1 cup contains 200 cc
of water) if the room temiperature is 25°C. (a) If the cost of power consumption is Re 1.00 per unit
(1 unit = 1000 watt-hour), caleulate the cost of boiling 4 cups of water. (b) What will be the
corresponding costsif the room temperaturerops to 5°C?

The coil of an eléctric bulb takes 40'watts to start glowing. If more than 40W is supplied, 60% of the
extra power is converted into light and the remaining into heat. The bulb consumes 100W at 220 V.
Find the percentage drop in light intensity at a point if the supply voltage changes from 220 V to 200
V.

The2.0.Q resistor shown'in figure is dipped into a calorimeter containing water. The heat capacitor
of the calorimeter together/with water is 2000 J K™. (a) If the circuit is active for 15 minutes, what
would betthe rise in the temperature of the water? (b) Suppose the 6.0Q resistor gets burnt. What
would be the rise in the temperature of the water in the next 15 minutes?

6V 1Q

v ovten

Answers

6.0 x 10%J 2. 2.8 min 3. 125Q), 62.5Q
(@) 125 Q, (b) 62.5 m, (c) ~ 2500 turns 5. 8.4 mW
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Current Electricity
6. 4AOW,71W 1. 98 W, 102 W 8. upto 270 vV
9. 29 minutes 10. (@) 7 paise, (b) 9 paise 11. 29%
12. (a) 2.9°C, (b) 3.6°C
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