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A capacitor has a capacitance of 2. 5 x 107
removed from one plate and placed on the other one.

L« 750% 107 (330"

‘When the potential dlfference betweemthe

" plates is 450 V, how many electrons'have been transferred?

Data _
= Capacltance of capacitor C
Potential difference between plates \Y

To Find |
Number of electrons : N =27

= 2.5% 1078 %450
1123% 1078 €
Putting in eqi(i)'.. | . '
' Rt 1125:%.107° ;-
16X 1077
703.1:%407°
703.0% 10"
- . 7:03:x 10" electrons
Result | _
Numberof electron= N = 7.03% 10"

2.5% 108 F

= 450V

F. In the 'charging procésis, electrons are
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- fiH) CURRENT ELECTRICITY = . - :

At ‘the end of thls chapter the students wnl! be able to.

Understand the concept of steady current.

Describe some sources of current.

Recognize effects of current.

Understand and describe Ghm's law.

Understand resistivity and explain its dependence upon temperature

Know:the value of resistance by reading colour code on.it.

Know the working and use of riieostat i the potentral dlwder cnrcwt

Describe the characteristics of thermistor. ;

Use the energy considerations to d:stnngunsh between emf and p: d

Describe the conditions for maximum power transfer.- | _
Know and use the application of Kirchhoff’s first law as conservation of charge.
Know and use the application of Kirchhofi’s second law as conservation:of energy.
Describe the function of Wheatstone Bndge to measure the unknown resistance.

Describe the function of potentiometer to measure and compare potentnals WItheut -
drawing and current from the circuit. 1
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Q.1 Define current electricity?

—

The branch of physws Wthh deals with charges in motion 1S called current elecmcny or
electrodynmmcs c.g |

(@) A hght bu]b glows to the flow of electric current.
(ii): The current that flows through the coil of motor that causes its shaft to rotate.

" (iii) Most of the devices in the industry and'in our homes operate with current.

Q.2 Define electric current and conventional current. -

@) ELECTRIC CURRENT

The charge per-unit time passing through any cross section of a conductor-is ca]led e]ectnc current.
(OR) LA

The rate of flow of charge is also called the electric current.
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.‘ Unit of Electric Current

KEY TO PHYSICS PART-I| ‘

| It i-s represented by “” and it is a scalar quantity. If a net charge AQ passes through any croggs.

section of a conductor intime At then,l electric current I 1s
_ Ae
: — At

. S \The SI-unit of electric current is ‘“‘ampere’’. Th§ current 1sh said
to be Jﬁ;?%;‘mpere when one coulombof charge is passing through any
cross-section of wire in one second. It is reprgsentedby A

e EE
A = Teec.

: //"’
" o Inmetallic conductors the charge carriers are electrons.

When.cel senses danger, itturns
itself into a living battery. Any,one
who attacks this fish is likelyto
get a shock. The potential difference|
between the head and tail of an|
“lelectriceel can be up to 600 V.

<;> The charge carrier in electrolyte are positive and negative
ions. G ;

o In.gasés, the charge carriers are ions and'electrons.
~_Current Direction

Earlyrscicntis'ts=regardedran=electﬁc-current as a/flow of

terminal of the battery through an external circuit. Later on, it was found that a current in metallic

S lsiee | ive char friers d electrons moving in the opposite
' ually due toithe flow of negative charge carric called elec - Ak
conductorshistae e ' ' but it is a convention to take the direction

~ direction i.e., from negative to positive terminal of the battery,
- of current-as the direction in:which:positive charge

e The reason is that it has been found experimentally that positive charge moving in one direction 1s:

equivalent in all external cffects.to anegative charge movin ISHO! :

' measured by its external effects so a current due to motion of negative charges, affer 1 . R

direction of flow: can be substituted by an equivalent current- due to' flow of_ _posuwe_ charges. Thus =
 conventional current in a circuit is defined as that equivalent current which passes-fr_qm a pour .a
higher potentiali(+ve) to a point at a lower potential (—ve) as if it representq:d axmovemer_lt- of ‘positive

~

. charges”, | _ | 3 <
Q.3 Describe the current through a metallic conductor. |

CURRENT THROUGH A METALLIC CONDUCTOR

In a metal, the valence electrons are not attached to-individual
atoms but are free to move about within the body. These electrons are’
known as free electrons. The free electrons are in random motion just
like tF: ~=giconles- of a gas in a container and they.act as charge

_carriers .in metals. The speed of randomly moving electrons depends
upon temperature. | .

Electron flow

If .we:consider any, section.of metallic wire, the rate at which
the free electrons pass through it from right to left is the same as the
rate at which they pass: frorn left to right as shown. As a result the
current through the wire is zero. If the ends.of the wire are connected

-of the conductor. The overall eftect ¢f these collisions is to trans

positive charge from positivetonegative

flow. This current is referred as.conventional current.
oving in the opposite direction. As the currentis,

reversing its

~conductor should be maintained constant: This is achieved by

_of current. The source of current which converts some non-electrical

[CHAPTER 13]

. ) - o - ——.) ‘
o a battery, an electric field E will be setup at every point within the ¢ ool
wire. The free electrons will now experience a force in the direction

_ —> | ‘- ' ‘
opposite to E. As-a result of this force the free electrons acquire a

. e " . -'-l . —} - | 3 :
motion in the direction of —E. It may be noted that the force .
experienced by the free electrons does not produce a net .~ —
acceleration because the electrons keep on colliding with the ato:}ﬁ s\? | +
ety E
the energy of accelerating electrons to the lattice with the results” '
that the electrons acquire an average velocity, called the drift =~

=) .
velocity in the direction of <E. It may be defined as the velocity of
the free electrons in the direction drift or: effectively in the
direction opposite to that of electric field in metal. The drift

velocity is of the order tl_f 10 ms™ at room tempera'ture:. Due to
their thermal motion is several hundred kilometers per second.

Thus, when an electric field is established in a conductor, the
free electrons modify their random motion in such a way that they drift
slowlyin a direction opposite to the field. In other words the electrons:
in addition to their violent thermal motion, acquire a constant drifi
velocity due to which a net directed motion of charges takes place
alongthe wire and a current begins to flow through it. A steady current
1s cstablished in a wire when a constant potential difference is

| " . . | . - - -ﬁ
maintained across it which generates the requisite electric field E

along the wire. |

Fig. Coﬁventional current flows
from higher to lower potential
through a wire.

Q.4 Describe the source of current. |
SOURCE OF CURRENT ' B R

‘Ta have a constant current the potential difference across the @ =~ /@ i3
: g V) P LRt e —
'lGurrent ;Electrons_!

\ 4

connecting the ends of wire to the terminals of a device called a:source

energy such as, chemical, mechanical, heat or solar energy into
electrical energy is called source-of current. There are many types of |
sources of currents. For example;.- |

¥ Cells which convert'.chemical energy into electrical energy.

Fig. A source of current:suchas

battery maintains a nearly

.constant potential difference
- between ends of a conductor.

Types of Cells _ |
(i) - Primary cells: Cells which cannot be recharged.

(ii)  Secondary cells: Cell which can recharge

2 Electric generators which convert mechanical energy into
electrical energy. | ,

* - Thermocouples which convert heat energy into electrical energy.

= Solar energy which convert sunlight directly into electrical e'nergy.
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Q.5 What are the effects of current? == S s . @W .
EFFECTS OF CURRENT | | = gy The copper atoms thus formed are deposited at cathode plate. (R— 'Hl-

: | | . . ' W - . . . . —
ectric current can be detected-by various effects 1t produces. There are three hile copper is being deposited at the cathode, the SO, ions move L,

The presence of el owArdsith '
ards the anode. Copper atoms from' the anode go into the solution as

types o : _ ‘
. - SR - ) - e - pper ions which ' : -
(i) Heatingeffect ~ (i) Magnetic effect (1i1) Chemical effect | vhich combine with sulphate 1ons to/form copper sulphate.

= Cu** + 507 ——— Cuso

i) ° Heating Effect s 2
" CGurent flow through a metallic wire due to motion of free | , e cothod Asht.h ¢ electrolysis:proceeds, copper is continuously. deposited on the
| T . ode while an equal amount of copper from the anode is dissolved into

electrons. During the course of their motion, they collide frequently F B e
with atoms of metal. At each collision, they lose some of their K.E and o 4 B | nd the density of copper sulphate solution remains unaltered.

give it to atoms with which they collide. Thus as current flows through
wire, it increases K.E of vibrations of the metal atoms 1.e., it generates

' heat in the wire. Heat produced by a current I in the wire of resistance” # g Q6 Stateandexall = | .
‘ ' and explain Ohm'’s law. Also define ohmic and non-ohmic substances.

- R during atime interval t is given by RASEAT |
c 7 ik Heating effect of current/is used| - N ATiS: )
H = I_ RT. | In electric kettie. i OHM’S LAW

Note: ! . . . - & |
Not ;Iz;hls e:;ample also 1l.lustratcs the basic principle of electroplating - a process of coating a thin
yer ot some expensive metal (gold, silver etc.) on an article of some cheap metal.

Intrbduction

Uses: Heating effect of current is utilized in electric heaters, kettles, | ﬂ
- When a battery is connected across a conductor, an electric current begins to flow through. the

.toaster and electric iron. - * . e . S

S | . conductor. A G e etlr g
i) Magnetic Effect | | ! | _ melalliécgmii Gf:m?ndghy5101st Georg_e Simon Ohm showed by experiments that the current through the
(i) . S : uctor 1s directly proportional to the potential difference across its ends. This fact is known

- The passage of current is always accompanied by a magnetic - as @hm’s law.
field in the surrounding space. The strength of field depends upon the - L s e Staforienty

~ value of current and the distance from the current element. The pattern T | _
is law states that “The current flowing through a conductor is directly proportional to the

of the field produced by a current carrying straight wire, a coil or . | : A gict
S 1eraidlisiasishown: _ - . otential difference across its ends provided the physi ch
_ . . N\ (/= =~ remainsunchanged”. P physical states such' as temperature of the conductor

. Uses: All the machines involving electric motors also use magnetic 2B B IR TRARY k=1 i
| - * Mathematically

effect of current. .
If 'V 1s the voltage applied across the ends of the conductor and the current [ is flowing -throughit

(111)_ Chemic E_ffECt | PRl R - g _ =\ ‘.' ~ therefore by ohm’s law |
. Certain liquids such as dilute sulphuric acid (HxSOs) orcopper = | | s | W
sulphate (CuSQj) solution conduct el_e’ctricily due to some chemical N EANANAITANZ o - : - I e V. or: V.
reactions that take place within them. The study of this process is % "V =1R
known as electrolysis. The chemical changes produced during the . = ' 2\ where Rl (com g 1 -
: ks ) : . ¥ . - | stant of proportionally called th istan J 13T
electrolysis of a liquid are due to chemical effects of the current. It A TGS | depends upon the nature, di’mensiogs and the ;}rnivssfé:?gia?i g]fetﬁeotilﬁgzt;hi Valuebofdthﬁ I'ecslismnce
; . . 1t may be defined as the

depends upon the nature of -the liquid and the quantity of electricity 2 opposition offered b
Ly . | _ ‘ed by the conductor to the flow ' ; .
passed through the liquid. , | - collisions. against the atoms of the lattice. of charges i.e., free e}ectrons que to their- continuous

The liquid which conducts current is known as electrolyte. The material in the form of wire or rodﬂf - Unit
plate which leads the current into or out of the electrolyte is known as electrode. The electrode connecte® . | o
with the positive terminal of the current source is called anode and that connected with negative terminal’s - The ST unit of resistance is “ohm”. It is represented by Q.
known as cathode. The vessel containing the two electrodes and the liquid is known as voltameter. ~ Ohm .

p | | _ ' 4 | < | > If a current of one ampere flows through anycross-section of a conductor due to a potential
| . We will consider the electrolysis of copper sulphate solution. The voltameter contains dilute solui® ifference of one volt applied across its ends then resistance of conductor is said to be one ohm.”
of copper sulphate. The anode and cathode are both copper plates. When copper sulphate 1S dissolved'1f t o v = 1.

' : . - S ———

. water, it dissociates into'Cu™" and SO, ions. On,passing current through the voltameter, Cu™ mOVes fowards = T
the cathode and the following reaction takes, place. = ‘ _ | e | | e Y

Cu™ +2¢ ——— Cu




- Ohrmc

96 EY TO PHYSICS PART-I!

A conductor is said to obey ohm’s law il 1ts
resistance remains constant i.e., graph between VandIisa

straight'line, as shown in figure.

A conductor -which stnctly obeys ohm’s law 1s called
ohmic.
Example

Metals

‘ Non-ohmlc

-

“There are devices which do not obey ohm’s law, are

" called non-ohmic devices.

Example |
Filament of bulbs and selmconductor diodes are non-—

ohmic devices.

Explanation

.~ Letus apply a certam potential dlfference dCI‘OSS the
terminals of filament lamp and measure the resulting. current
passing through:it. If we repeat-the measurement for different
values: of potential difference and draw a graph:of voltage V

- versus current T, it will be:seen that graph is not straight line.

It means that filament is non-ohmic devicc. The deviation of

V- = I graph from straight line is due to the increasc in the
remstancc of the filament with temperature. -

= f*;,_m Asthe current;passing through a filament is increased
7 1} NS ; rom zero, the graph is straight line in the initial stage
Bedjbecause change in .the resistance of filament —with.

L= ¢

“temperature due to small current’is not appreciable. As the -
current: is further increased, the resistance due to nse in

~ temperature is\increased.

.Another -example of non-ohmic device is a

-semiconductor diode. The current-voltage graph of such a

diode is-shown in figure. As:thc graph is not straight line, so
senn-conductor is:also ainon-ohmic device. e

Revnew of Series and Parallel Combmatlons of Resmtor

Series Combmatlon of Resistance

- If the resistors are connectediend to end such.that the
same current passes through all'of them; they are said tobe [~
'connected in'series as shown in ﬁgurc

\Y V1+V2+V3

Accormng to ohm’s law .
IReq = iR + Isz -+ I3R3

T (FC)—>.

P
' ]
'

- by side with their ends joiried together at two common points. From

—_——
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. IReq _"'—'-IR1+IR2+IR3 -
Ith = I(R] +-R2+R3)
R’cq. = Ri+Ry+Rj

‘Characteristics qf Series Combination

(1) Voltage acfosseach-resistance is.different such that surh of voltagee-eqﬁal to applied.voltege. |
(11)  Current through all resistors are always same. _ -

('iii)' Equivalent resistance is always greater than the lai'gest individual resistance.

Parallel Combination of Resistance |

In parallel arrangement, a number of resistors are connected side

figure
| i"if+12+l3
From ohm!s law '
YV .= 1R
\Y
| =] ——
Req
VY - WV V |
I = 5~ = Sz —  — — .1
l Riyg =7 : Ry 2= Ry~ 7 I; ~ R3
S e i eI T N T o
¥ Ry T RR VRS
1 (T L

Rq ~ Ri"R; "Ry
Characteristic of Parallel Combination

(1) - Voltage across each resistance in parallel combination is same.:

| -_(ii) Current through each resistance is dlfferent such that sum of branch currents equals to current

supplied by battery.

(1)  Equivalent resistance is smaller than the smallest lndividual-resistance*

Q.7 Define res:stlwty and explain the dependence of resistance upon temperature

.

[EB RESISTIVITY AND ITS DEPENDENCE UPON TEMPERATURE

Resmtmty
It has been experimentally seen that the resistance R of a wire 1S d1rectly pr0pomonal to 1ts

length L and inversely pmpomonal to 1ts cross-sectional area A.

Mathemat_lcally

R L
1 .
8 =GN




‘and the atoms.more frequent and hence resistance of the conductor

58

- Combining (i) and (ii) |
Sgics | L
SR

R pL.

= A

where p.is a constant of proportionality known as
resistivity of the material of wire. It 1s defined as the

resistance of a meter cube of a c01:1d1-1ctor. It may be ' 152%107 . :0.00380 :
noted that resistance is the characteristic of a particular + |

_ =, _
wire whereas the resitivity is the property of the m 1.54 X 10  0._00390, |
material of the wire from which it is~mad§. . ' 527 % 1078 0.00340 '

- Unit of Resistivity . - = | .
" S s s 000460
et  [mon [1100x10° [000520

. p. = 8m | - | Constenton | 49.00 10 | 0.0000]
So, SLunit'of resistivity is “@m”. . .94‘-00 o 10—? ;‘0_0()'091

Conductance g i ' ' - | Nichrome | 100:0%-10°®
| Conductance.is the rec'1proca,l of r§31stance. 1.€., | 3_5&( 10° | |
Conductance = pesistance Germanium) |} _|

o =1 - - | Silicon
ST'unit-of conductance ohm™ (Mho) or Siemen. . | | |

Conductivity |
- Conductivity-isithe reciprocal of resistivity. i.e:,
Conductivity = T -
ONCUCUVILY,= Resistivity

| SIunit of conductivity.1s ohm™ . m™ (mho-m"l).
DEPENDENCE UPON TEMPERATURE

' Resistance offered by a:conductor is:due toithe collision of free
electrons ‘with the lattice atoms of metal. When temperature of the
conductor increases then lattice atoms start vibrating with: greater
-amplitude and this form ja bigger target area for the.flowing of free
electrons. Sothe probability of the collisions of free electrons with the
‘lattice atoms increases. This makes the collisionibetween free electrons

increases. -

\ Conversely: when. temperature decreases then. lattice atoms
vibrate with' smaller amplitude 'presenting smaller target area and this
decreases the probability of collisions between the lattice atoms and
free electrons. This makes collisions less frequent and herce resistance
of the conductor increases. - T

[ooow |

202300

- f
o i
L
B - i
-
L] L
o -
»
9 . -
W '
& -
-
- a
¥
1 - a

400 600

o0
_ T (°C)—> h
Variation of resistivity of Cu:
withtemperature. - 24K

resistance is increasing ove '_t'use
the fibers are separating becat=:
of cracks.

They consist of a high-grade ceramic rod or cone (called the. Black R
substrate) on’ which is deposited a thin resistive film' of carbon. The Brown 1

- numerical value of: their resistance is indicated by a colour code |Red 2
which:consists of bands of different colours printed on the body of | Orange 3
the resistor. The colour used in this code and the digits represented. - Yellow 4
by them are given in table. | Green 5
Usually the code consists of four bands. Starting from left to | Blue 6

7

8

9
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Temperature Coefficient of Resistance

Delinition

The fractional change in the resistance per kelvin tem

. _ _ _ perature is known as temperature
coefficient of resistance. It is represented by o. |

Determination’

_ I.;et R, al:ld R; be the resistances at 0°C and t°C respectively. It is experimentally found that
change in the resistance of a conductor.is directly proportional to its original resistance. i.e.,

R-R, Ry S0 ... i)

A];o the change in the resistance of a conductor is directly propoﬁional to change in its
temperature i.e.,

MBR, =& L (ii)
Combiting (i) and (i)
Ri=R, o RoAt
Ri—R, = ORA
. - R=R, i
“RA o e cooocs (i11)

Where ot1s constant of proportionality named as temperature coefficient of resistance.

Also the resistivity is directly proportional to the resistance therefore eq. (iii) can/be written as

e

t~ Vo

PoAt

‘where o 1s called the coefficient of resistivity. It may be defined the fractional changé in the rcsistivi-ty
per kelvin temperature is called the temperature coefficient of resistivity. |

L —

<

Note: There are some substance like germanium, silicon etc., whose resistance decreases with ihcrezise

in temperature. i.e., these substances have negative temperature coefficients.

Q.8 What are the colour code for carbon resistances?

rﬂ‘-—-—-—_—— e g e —

ColourCode |

COLOUR CODE FOR CARBON RESISTANCES [BRicliEIEC

Al —— o i -t

- i —— v <<l

| Value

Carbon resistors are most common in electronic equipment.

right, the colour bands are interpreted as follows | Violet

(1) The ﬁrst'band_indicates the first digit in the numerical value g}rsy
- - lite

of the resistance.




- —“—1-‘#
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(2)  The second'band gives the second digit. | -—% [CHAPTER 13] ; _ CURRENT ELECTRIGITY o 2 o
3)  The third'band s decimal multiplier i.e., it gives the numberof o | el where r is the resistance of the portion BE of the wire. The circuit shown:in figure is known as potential ;
. Jeros after the first two digits. = g ond digit S_(l;old +,5%” divider. Eq. (i) shows that this circuit can provide at its output terminals a potential difference varying
(4)  The fourth band givés resistance tolerance. Its colour is either No.of 0s | . Siver 4 1 from zero to the-_f_ull potential f:hfference of the battery depending upon the position of the sliding
| * contact. Asthe sliding contact € is moved towards:B, the length and'hence the resistance r of the portion

silver or gold. Silver band indicates a tolerance of £10%, a
| gold-band-show's:artolerance of +5%. If there is no fourth r'banf_:l,
tolerance is understood to be +20%. Tolerance means the
possible variation from the marked value. For example, 2

of the wire decreases which decreases Vige. If the sliding contact € is moved towards-the end A, r
increases hence Vpc increases.

(0.10 What is thermistors? How they made? o

Red Violet Orange  Silver

10006 resistor with a tolerance of £10% will have an actual SR
| 0% wi Acua | 0% 7R THERMISTORS
- resistance anywhcre'betweenQOOS'Z and 1100€2. R = 27000 £ (+ 10%) - | oo *
‘_______________—————————___——__—_—_—\ | A thermistor is a heat Sensitiverresi_stor. |
Q'Q' - What is Rheostat? _AISO deser ibe rheostat as: | Most thermistors have negative temperaturé coefficient of resistance i.e., the resistance of such

- (i) Variable resistor thermistor decreases When their temperature is increased. Thermistors with positive temperature
coefficient are also available. | S

RHEOSTAT - i | | | . Thermistors are made by heating under high pressure

onsist of a bare manganin wire: wound over o semiconductor ceramic made from mixtures of metallic oxides of

d.to two fixed terminals A and B. A third termina mangancse, nickel, cobalt, copper, iron etc. These are pressed into
' | ' desired shapes and then baked at high temperature. Different types

. (i) Potential divider

It is. a wire wound variable resistance. It ¢
insulating-cylinder. The ends of the wire are connecte

C is attached to a sliding contact which can'be moved over the wire at shownin figure ().". . . . . ok s e e |
: - | . | e shown.in figure. They may be in the form Of g 1, @{ .
_ | | : ~ leg. Thermistors of different shapes.
A rheostat.can/be used as - , beads, rods or washers. | * ,, ,___.,.,.,,_,,,ﬁ,_*_,_.__,j__,.,__,._______,_,_,_,,,_?

“lnterestingInformation '
Y- J4=
o 'f“:?.'ﬁ:re" ‘,.ér'.ltj gf‘i?l:greqtqn_ :."t

(i) Variable Resistor . (ii) - Potential Divider | . Thermistors with high negative temperature coefficient are

= (1) Rheostat as Variable Resistor Sliding:contact - very accurate for measuring low temperature especially near 10 K A zaro-ohm raglistor 15 Indicated
- | = = 2 (=263°C). The higher resistance at low temperature enables e |lbyiassingle black=colourIbanciy
. ﬁ —_— ' - P around tho body of theresistor. |-

W

!

. In order to use rheostat as a \{ariable resistor, one of the e —— =8 | |
fixed terminal.say A and the sliding.contact € are inserted in the "”” ” I” l / , ////////////////////// Ml | | e ' |
~~ circuit as shown in figure (b). In this way the resistance of the I UL (B Uses - ot ey o * & fre
wire between ‘A and € i; used. If the sliding contact is shifted =7 Resistance wire (i)  Infire alarms. | - S N
t'i'-“fﬂ.)’ from terminal A, the length and henc® the resistance —_ _ (a) ARheostat = . (ii) . Thermistors with high negative tcmpér_alurc coefficient are very. accurate for measuring low
included in the circuit increases (because R o L) and- 1f the - A0RE temperature especially near 10 kelvin. | ' - "
sliding: contact 1s_*m9Yed't0W3fd5 A, th_e-remst_anceldecrgase‘s. ' (iii) Thermistors have wide range of application as temperature Sensor i.e., they convert changes of
temperature into electrical voltage whichiis duly processed. <

0.11 Describe electrical power and power dissipation in resistors.

accurate measurement possible.

'.J‘-‘_—

3>

ii) Rheostat as Potential Divider - _ = ) Th’e=use' as varial:ilewesiéfor- '-
A potential.difference V is applied across.the fixed €nds A = | - [ro RCETRICA - ND . .
A and:B with the help of the battery. If R isithe resistance of the ‘ s s ' EL_ECTRICAL POWEI,{ ANDEOWER DISSIPATION b RESISTORS |
wire AB, the current passing through it is JEE: - - 3 A Consider a circuit consisting of battery connected in series h==2_ A
- v - | _ _— o ~ with R, as shown in fgure. A steady current I flows through the - &
1 =3 E | | ) | T TS (Ol circuit and a potential difference V exists between the terminals A
Lot PIg s £ e T V. .S h - and B of resistance R: Terminal A.connected to +ve pole of battery
=ae 'l"ihe'.*potentlal difference between the portion- BC of the L <t b : : 1S at a'highe:,p‘otcntial than:the terminal B. : _ | e 2
| wireisigivenby - . - oSE Vel By the definition of:potential difference =T Y SA
e Putting value of 1 ] RV | [ g W/ S AQ
3 v ' | : (Use'of . tial dividef . |
ML R - | | ot e — 1B
5 r < i This is the work done supplied Dy the battery to move Fig. The power of a battery appears
=6 e C ‘. oB. hy Lo as the power dissipated in:the
3 Ve = R VSR, S A e (1) arge 2 fmm— OB : T o | - resistor R. '

i b _p ol e el N L
AF o )y Ty
J [P _-.'__. = 4
J ¥




D.efinition

- “The rate at which the battery is supplying electﬁcalieneegy is the electrical power. of the b‘atterf

or power output 1.e.,

AS . .
Electrical power = Time
S VAQ®
maAt
= é@)
. = vl -' ‘
i ' ‘ . - . v ] - A
~. = : 1P = VIl JOOCO0 ; (1) [ I—f) ‘

In the circuit shown, the power supplied by the battery is dissipated in the resistor R, Tt

pnnc:1pal of conservation of energy tells us that the power dissipated in the resistor is also VI.

T Power dlSSlpated (P) =

From ohm’s/law
V =1IR
Putting value of V in eq. (i), we get

P = IRXI

SIUnit -

The ST'unit:of electrical power is watt.

" potential. The source must supply energy AW to the +ve charge to force

i ¥ chemicals-inithe cells.

e e T ] o e e i M g —— ———T
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Q 12 Define electromotive force and terminal potent'ial difference. Also describe its relation.

/73 ELECTROMOTIVE FORCE (emf) AND TERMINAL POTENTIAL DIFI‘ERENCE

‘Suppose a'steady current I has been estabhshed in'the circuit, due [—>

to charge Aq passes through any cross section-in time At. During motion,
this charge enter the cell at its low potential end and léaves at high

it to go to the point of high potential.

The emf (E) of the source is defined as the energy supplled to a

unit positive charge by the cell in moving from negative terminal to the
positive terminal of the battery.

AW

1.e., " 4B = Aq

Fig. Electromotive force of acell.
(OR).
It is the potentlal difference- between the terminals of the battery when no current is flowing
through an external circuit or whenithe circuit 1s'‘open. |

Terminal Potential leference

The P.D between the two pomts in the circuit 1s the energy dissipated when one coulomb of
charge flows from one point to another.

The electromotive force is not a force and do not measure in Newton.
Unit of emf
~ The unit of emf is joule/coulomb which1s called volt.

Internal Resistan(':e |
The opposmon offered by the electrolyte, present between the '( ,ll.E AAA: | |

two electrodes of the cell to the flow of current is known as internal

resistance ‘r’ of the cell. Internal resistance is due to the remslan,ce of Fig. An equivalent circuit of a cell
- | of emf Eandinternal res:stancer

A cell of emf E having an internal resistance r 1S equwalent to a source of pure emf E with r in |
senes as shown infigure. :

- Relation between emf and Terminal Potential Difference

- Consider a cell of emf E and internal resistance r as- shown in figure. A vo]tmeter of infinite

. resistance measures the potentialdifference across the external resistance R.

When switch S is closed, the current I flowing through the S /4 E_—T\\

circuit-is;given by ' AU

" = R+r | iy llesst ’.: |88
— - ' * S
E = IR+r) | 2 > o Z,
E- =1R+Ir ... (1) SR |
E = V;+Ir 3 : ’ YNV
v ‘ : Flg. The terminal potential .
.t =

ESME differenceVofacellisE- Ir.




= . = o - : - & e — — = -_ o , - o el L N l— - T T e [ L ey e L e e
- N - = . S _-hﬁ- o - 1 -k ".I-_r'l-" __'{.-" Wiy
- -
'
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where V, = IR is the terminal potential difference of the cell in'the presence of c_:ur__rentb_l._. o b e ~ ER

i e S
| ' ' 5 ; | ' R — T 2 ;
When circuit is opén then, I = 0. Therefore, voltmeter reads the emf E as terminal voltage whep | - eS (R -1) '*',4R_1'
' when R = r, the denominator is least and so P

switch S is open. Thus terminal potential difference in the presence of current would'be less than emf E'by Ir, - | ot is maximum. Thus we see that R e ;P{'chr is

- - . S  delivered to a resistance (load) when the i al Tesi .
Now we discuss-eq. (i) on energy considerations. The left side of this equation is.emf E whichiis | = vyalue of this Hlaximum~0ﬁtput)power e_mhtemal Iesisiance of the source equals the load resistance. The

equal to the energy gained by unit positive charge as it passes through the cell from 1ts negative tg .

CURRENT ELECTRICITY - ' 65

; = » - o L N - it ® . . " 1 2 '
positive terminal. The right side of this equation gives an account of the utilization of this energy asithe Pl = E'R
current.passes thro_ligh'_the circuit. A part of this energy equal to Ir, is dissipated into the cell. The restiof | 4Rr

- the'energy is:dissipated into R which is in accordance with encrgy conservation. ' " B2

. - - - - JPis, =

ST SR (OR) " | - ' .. trout _43
| The-emf gives the energy supplied'to a.unit charge by the cell and potential drop across various KIRCHHOFF’S RULE -
elements account for the dissipation of this energy into other forms as the unit charge passes throughithese |  ntroduction

element. | SEILE e | ; Ohm’s law and l f seri d llel 7 ' 5@
. R ] e Ll SN ey T L . ; rules of series and parallel combination of resistances are quitc useful to analyze
Alsosthe-emf is the “cause” and the potential difference is its “effect”. The emf is always present | simple electrical circuits consisting of more than one resistance. However such a method.fails.in the case

éven when-no current is drawn through the battery or the cell but the potential difterence across the r of complex networks consisting of a number of resistors, anda number of voltage sources. Problems. of

conductor is zero whenno current flows throughiit. o | , : P | -+ such networks can be solved by a system of analysis which is based upon two ruiés, known as
| Condition for which emf (E) equal to terminal P.D V,i.e., | . 1 I_{m:hhoff s rules. ' | >
As TR = V=TI e ' e - S { Q.14 State and explain KirchhofFs first rule.
Gt Bls Ve i - _ ST e KIRCHHOFF’S FIRST RULE

| | ~ Statement
L., circuit 1s:0p It states that “the sum of all the currents flowing towards a point is equal to the sum of all the

. Q.13 Calculate the maximurm povrer output. . curreiits flowing away from the point”.

' MAXIMUM PGWER QUTPUT

(oR)

“The sum of all'the currents meeting at a point in the circuit is zero".

In the circuit shown, as thé current I flows thr_oilgh R, ‘the

S .. . HEOLE Mathemati
-+ charges flow- from a point of higher potential to apoint of lower ekl emat;cally .- : : o ot
- . - potential and they. loose potential energy. If V is the potential - | 1:€., -2 =0 e e 1) _
T difference across R, the.loss of P.E (Bl second is VI. This loss of ~Tt'is a convention that current flowing towards a point.is taken as positive and that flowing away

- potential energy per second: appears n other fomjs of energy and 1S from the point is taken as negative.
 known as:power delivered:to R by-current]. ' | o S t'-' | _
SCR i h . - Explanation
e ‘ -delivereditoR = Poy "= VI e % W = . : -
SR _ Powerd % e s A - Consider a situation where four wires meet at a point-A. | The
e * BT P =2lvRE current flowing into the point A are Iy and .. Currents flowing away from
REE e e s e S e ' | point ‘A are I3 and'L;. According to conventions I; and I, are +ve wherea‘s
""- | ’ i = A I _ = R 1 | (" 1\=[R) .- I3andI43re —V¢C. | | “
F R N e L = E’R Applyeq@)y = Tioa
| AT S (R+1) I+ L+ EhE)+ (). = 0
2 ~ . - |
‘out - = RZ. 1_2 | . s VAVAVAVAVAVA Vv _ | e REb= o Faats: :
= . = +, @ R A “f:):ter conrcdted a'emsst'he% S Kirchhoff’s 1°* rule is also called as Kirchhof’s point rule is a | v
. i1 e - e : : - i - . B ' . . 10~ . y S . . " <t
i 2R 3 P SLEGs te:;iha'lé o el measurgfv‘(a - manifestation of law. of conservation of charge. If there 1S no sm_k and F,Lg. According:to Kirchiofi's 5
Pow = RZy2Z_DJRr+4Re 22 |the emf of the cell ori'open‘c"‘;‘,’} ~ source of charge at the point, the total charge flowing towards the pomnt  1~rulely +I=ly+1;.
LU ER - |(® the terminal ‘BoleHPHl  mugt be equal o the total charge flowing away,from e POTEL '

RE+2—=2Rr)+4Rr
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Q 15_State and explairn Kirchhoff’s second rule.

KIRCHHOFF’S SECOND RULE
Statement

| - This rule states that the algebraic sum of potential changes for a closed loop (closed circuit) is

ZErO0.
Explanation

Consider a closed circuit as shown in figure. Let E; is greater

than E,, (E; > E;) so the current flows in counter clockwise direction as
shown in‘figure. By the definition of P.D

| AW
_V — -!SQ
W = VAQ

- ‘when a positive charge AQ® due to current I, passes through cell E; from

Fig. According to'Kirchhoff's
negative to positive terminal, ‘it gains energy equal to E{AQ. When the i -

2" ruleE,-IR,-E,-IR —0.
current passes throughithe cell E, it looses energy equal to-E;AQ, because 1= dinedires

here the charge passes from high to low potential. In gomg through R;, the charge AQ looses energy
‘equal to —IR;AQ where IR; is the potential difference across R;. The negative sign shows that the charge

~ is passing from high to low potential. Similarly the loss of energy ‘while passing through R, is —=IR;AQ.
Finally. the charge reaches the negative of cell E; from where we started. According to the law of
conservation of energy the total change inienergy of the systemiis zero.’ -

EAQ - IR1AQ —E;AQ - IR AQ = 0
_ AQ(E; - R, ~E;~IRy) = 0 |
Divide by AQ on both sides |
So El—IRl—Ez—IRg 0
whichiis Krrchhoff’s second rule.

g

Note: This rule is simply a partlcular way of statmg the law of conservation. of energy in electncal

problems.
J
Conventlon
_e, If a source of emf is traversed from —Ve to pos1t1ve terminal, the potential change: IS Hve, it 1s

negative n opposite direction.

c 1If aresistor is transversed in the direction of current, the change in potentlal 1S negatwe 1t 1S Ve
in the opposite direction. e

. Procedure of’ Solutlon of Circuit Problems B , |

i

After solving the above problem we are in a position to apply the same procedure to analysc |

other direct:current complex networks While usmg Kirchhoff’s rules in other problems it is worthwhile
- to follow the approach:given below 2 N R - |

(i) Drawthe circuit diagram.

|

(i1) “The choice of loops should be such that each resrstance is included at least . once in the'

selected loops

. . ]
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(111) Assume a loop current in each loop, all the loop currents should be in the same sense. It

may be either clockwise or- anticlockwise.

~(iv) Wnte the loop equations for all the selected loops. For writing each loop equation the
voltage change across any component is positive if traversed from low to high potential and

it is negative if traversed from high to low potential.

(v) Solve these equatlons for the unknown quantities.

).16 _ ‘What is Wheatstone Bridge? Describe its construction and working.

WHEATSTONE BRIDGE

it 1s a device Wh_ich-is used to determine the unknown resistance of a material.

Construction

It consists of four resistances Ry, R, R3 and R4 connected 1n such
a way so as to form a mash ABCDA. A battery is connected between
points A and.C. A sensitive galvanometer of resistance Ry is connected
betweenipoints B and D.

Workmg

If the swrtch S is closed, the current will flow through

galvanometer. We are to'determine the condition under which no current
flows through the galvanometer even after the switch is closed. For this
_purpose we analysis this circuit using. Klrchhoff’ s 2" rule. We consider

the lobps ADBA, DCBD and CDAC and assume anticlockwise loop
currents Iy, I> and I3 through the loops respectively. - |

“The Kirchhoff’s 2% rule appliedito loop ADBA gives
- - B)R3 —(hh — )R -1k = 0
Similarly applying Kirchhoff’s 2" rule to'loop DCBD -+
| —@G-LR-BR-G-TRg = 0
The current flowing through galvanometer-is 0/if,
L-L, =0 o L-Ti =0
i =5 L =0
Putting this in eq. (i) and(ii) we get

""""

lllll

=M =BR3=LRy =0 . e

S GETR=BRy =0 o

SR e =) RaE o e e

—;I'z'R'z- =HIDIRAE = L S e e
Dmdmg (v) by (vr)

=LRp _ (l —=I3)R3. - Al

“LR, - (L-T)R4 ' .

- LiRi [1=I3)R3

LR, ~ (Iz-DB)R4

”1 "+
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Since Iot | | +

/ IRy _ ({i-L)Rs
L'.' iR, = (11-'13)R4

Ry _E:,'__‘ '
R - Ry e el

Thus whenever the coaditioh of eq. (A) is satisfied, no current flows through galvanometeri.e., it
" shows no deﬂectlon or conversely when galvanometer shows no deflection, eq. .(A) is satisfied. If we
connect three resistances R, R, and Rs.of known value and a fourth resistance Ry of unknown value and

Ri1, Rz and Rj; ‘are so adjusted that galvanometer shows no deflection then using eq. (A), R4 can be
| detem:nned '

Q 17 Descnbe potentiometer w:th tts uses.
) Ans] POTENTIOMETER

Introduction

- Potential dlfference is usually measured by an instrument called a voltmeter. The voltmeter is
connected across the two points in a circuit between which potential' difference is to be.measured: It is
necessary that the resistance of the voltmeter-must be large as compare to the circuit resistance across
which the voltmeter is connected. ®@therwise an appreciable current will flow through the voltmeter

which will alter the circuit current-and the potentlal difference to be measured. Thus the voltmeter can

read the correct potential difference only when it does not draw any current from the ClI'Clllt aCross
_ whichits connected Anideal voltmeter would'have an infinite resistance. -

. However, there are some potentlal measuring instrumerits such.as digital voltmeter and cathode
ray oscilloscope which practically do not draw any current from the circuit. because of their large

resistance and are very accurate potentlal measuring instruments. But these instruments ‘are very
expensive and are difficult to use. A'very simple instrument which can measure “and: compare potential’

differences accurately 1s a;potentiometer.

Deﬁmtlon

A very simple -electrical instrument which can measure and compare potentlal dlfferences
“without drawing-any current-from the circuit is called potenuometer '

~ Principle

dlrectly propomoaal to.its length when constant current-flows throughit.
S - E. L | |

A potentiometer is conswt of a. resastor R in:the form of a wire, on
whicha:terminal(€ canislide shownin figure.

;Functlon _ 3 .:E
| ks ' i i e
() As Potentlal Divider . | Y e ' g
. The resistance between A and C can be varied from zero to R as® :_ — VY VVV, Yol
‘the sliding contact € is moved from A to B. If a battery of emt E is L
~ connected across R. The currenrflowmg through itis .

+ _ N : b e X :
SR

The potentlal difference across any wire of length L and. umform area of cross section A iS

. L T il ol TR R — -
L

-

“.1. -."-_ﬂ F _‘H —
S ey “"'--_-ﬁ
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Istance between A .and @ ; 18T, the potential drop across. these points will be

VAC = r

Putting the value of I we get

. :
Vac = R
g

'V'AC = EE

; Hence as € is:moved ifrom A to/B, r varies from 0 to R and VAC changes from Oito E.
(ii) To Measure Unknown emf of a Cell - [E

To measure the unknown emf of a source by using a

~circuit shown in figure, Here R is in the form of a:straight wire of
uniform area of Cross-section A. A cell whose emf E; 1s to be

measured is connected between A and G through a galvanometer =
@G. It should be noted that +ve terminal of E, and fhat of the . “IE
~ potential'divider are connected to'the same point A. If in:the loop L— .
AGCA, the point C and the —ve terminal of E; are at the same & 5
potential then the two terminals of the galvanometer will be at - Sk .
same potential and no current will flow through the galvanometer. o
Therefore to measure the potential E,, the position of € is-.so AT -
adjusted that the galvanometer shows no deflection. Under this . [— it .
condition E, —I{- . | | T : 1'300 ¢cn
- +200cm.__ .

It L, is total length from A to B and ‘I' 1s length. of wire - o .

between AC. e 1004
| HTherefore-unknown emf is given by | , ey
X .

It can be seen that the unknown emf E; is determined ‘when . no current is drawn. from it and
therefore potentiometer is:one of the- most-accurate methods for measuring potential.

To Compare the emf of Two Cells | TN ' .
To compare the emfs E; and E; of two cells we use the - T‘ —_—
circuit diagram as shown. the balancing lengths liand 'l are found || Bl )
separately for the two cells,then TE [RB| 2 P L
. L= i i s S|
]?1 = fE ' | .......;“(l) | - = II +1'A
lr | v | =
E, = EE - ......;(Il) | : + ]——01_
Dividing@by@) - . . | E =@
E, _ LEL B TG
Ex— ~ hLEL
- E _ &
; Ez i 12 )




. T sl o _aame L = - i = PRt T - mw*“ - . - ey
- - i "l .
| + — . - o B
L]

L
R 3 p A 2
RXA
P = R N O R (l)
But R =ik
=L |
- o U -
ﬂ - 9 . | ' ok - =075 = 209 -
AR L a s e Nl S5 5 = 20x2.5x (O
Charge : = = 1 : = )
To Find Rt = e | _ Sl e rree 'l | 0 = 1.0x107 @m
Current =1 i | | | oy ! 3 e, Result
* | | Resitivity='p = 1.0x 107 Q:m
I = a | A platinum wire has resistance of 10 Q at 0°C and 20 @ at 273°C. Find ‘the value of
P ey | temperature coefficient of resistance of platinum. - ’
But AQ . NoSCIR ~19 | Data - — :
'~ 1.0x 10" % 1.6%10 | -f
o | Resistance at 0°C = Ry = 10!
_ = 1.6%107°C | A - - ~.
AL 65 1072 | ~ Resistance at 273°€C = Ry = 20'Q
So 1 = W 2 | - - — Temperature =t = 0°C+273
2L 2 ' | ' = 2/3K
- 1.6%x10°A i ) .
SAUrey | - Temperature = t = 273°C + 273
- SO — 6 X | f - |
Current I : f- ) Difference = t—ty, = 546273
MPLE = 2 ' | h b'attefy of 1.5 V is connected across its AT | e SIS 2
- _ . .- an iron wire wnen a : : 3 _ - | T
75/ AGurTent Hov. e “(.io?ts cross sectionaliarea is 2.5 X 1077 m”. COI?IP“FE the | To F ind

ends. The length of the wire is 5:0 m an

- ' | | | 12 . Temperature coefficient = o = 7.
- resistivity of iron. - e ! 3 | 7 = | e
. Data ¥ R
Current el = 9'75 A By -formula
: Potential difference = V. = 15V . g R. <R,
_ ) . h _ R -
Lengthiof wire =L =%90m = . ; R
Area of wire = A = 25%10"m" i 20—10
\rea Oof L
. 22X 10:%273
2 4 ' - - —] .'-.‘{-_’
Resitivity.ofiron. = P = o
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Calculate the*curl:ents in the thﬂree-resista_nces of the'circdi_t-Shown-in-ﬁgure.

Data

Result 1 | N | e e s .
= o= 360K ' | Fran ~ The grven resistance are

Ry .5-' 1082

tery in open clrcult is 2.2 V. Whenvit Ry = 150
1.8 V. Calculate the current and the and voltages are

E,
.E3

y R2 = 30 Q

etween the termmals of a bat

1 difference b
The potentm 5.0 @, the pote ntial falls to

1S connected qCross a resmtance 0
internal resnstance of the battery.

40V

, B2 =60V - -
50V '

Data | 2o | T AT B o | * | i - To Find
x Voltage . = E. 22volt - - , |
; i R 1

Current from R

]
L,
J
>

|

o

O,
[
f

" Resistance =

Potentlal dlfference = V" =" 13V ] i :, . ST =

ToFmd Seaie = s ‘ TR S N o
_:Cun‘ent ey ._ _ % . 0 % ; | = : .I - : By formu]a
- Internal resistance * - 2|

Current from R,

l
et
Hl
Il

~

Current froni-Rg

ll
&
|

X

I\
p—
|

~J

l
pt
Lk

~J

: Now applymg the Klrchhoff’s 2% rule on the: loop adcba
i —E; - T1R; - 01“12)R2+Ez = 0
:  H40-TIx10-(G-L)x30+60 =0
=40 - 10T; — 30L; + 30L, +60 = 0 -

‘Forcurrent - — R e s

V
L =R
e e eaee Tl s A A 0 .
e e RO, L e e o ion e e )
36 A e _ | - = | IR | Applying Kirchoof’s 2" rule an/loop'bcfeb

=3

| = 0.
F‘Dr mternal reswtance Zgient | o .. 7S £ - i ' e =B = (L-1)R2—hLR3+E; = 0
B EVaES o o T W S e (R A0 IS 50/ 10

oV = Ir e L R N Sa | -6j0_—301;+3011-1-51;;+50 = 0

_ BV ARy & Sanm - ' . 10=45L+30 =0

! pERsteD, o a - & .. -_ e T T R - gDividebyS' d = :
22—1-8; = QW N | = .' SRR o Ll
S SiEsaae o 2B Multiplyeq. (i)\by 3 and addiin (i)
SRR, ) i O, Sme e e SRRE T T 2= 9l + 6l
‘ S s e Tales = ' b 2 ok .6;1'-21_14-912 _

: g it s ".-=_.-+ A -. _ : : [ '-__ | .. _ t'-. ._ 2 : | - |
Current HE e AR I =:10-367 . - gt P St | = A * ol :

|
(s,

|
—

Result

|
~ O

Intemal re31stance = r o
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AT QUESTIONS
" 'Th e fmﬁhﬁﬂ';ﬂﬂtlﬁ'ﬂ:::f‘—— = :

.

& i i r ] --'i
A ™ "l'.
& [
---—---:I -

=6 |
_2A = 066A | 5 RPN e 0 Wt . .. |
i - = ga _ 3 13.1 A potential difference is applied across the ends of a copper wire. What is the effect on the

drift velocity of free electron by?

Put in'eq. (il) for I | AT ke 4 ) Increasing:the potential difference. |
2 -9 % T5 + 6 X-% = 0 | | (i) Decreasing the length and the temperature of the wire. .

.- . . : 1 Ans. (1) As we know that the drift velocity of free electrons is directly proportional to the potential
. | ' | ' difference ie., o B

2 -9, +4
2-9, =0 . S - ol <8

: | L e | - | | ~_ Therefore if potential difference is increases then the drift velocity of free electrons is also
- * INCreases. | | c

. PR o | (ii) As the resistance depends (i.e., directly proportional) upon temperature and length_of the
1 , . | conductor. So on decreasing the temperature.and length of the conductors, the resistance -
L | al ~+ decreases. So drift velocity increases. ' - |

So the current from Rl k- 13.2 Do bendsina wire affect its electrical resistance? Explain.

Ans.  The resistance of conductor of-length LL and c'ross-sectioﬂnal area A is given by

e ———

“‘Current fromR2

Current from R3
P —ur

B\ Result

RESS=Es

Where p is the resistivity whose value depcncis upon the nature of the conductor. If length L. ar}d
cross-sectional area A of the wire is unchanged after bending then its electrical resistance will

remain same.

Current from X 13.3 What are the rt_asi'stanceé of the resistors given in the figures A and B? What is the tolerance

of each? Explain what is meant by the tolerance?

Current fromR2

e

e — e S =

Silver

Current from'R3

= ' | ey T . ; E Ao  Ans Figure A as-we know that first three bands on the left show values of resistance and'the extreme
2 - | - it ! band gives tolerance of the resistance. Thus in this figure. '

1 bandin’brown = 1
k- 2™ pandingreen = 35 :
S | % - e = L | 3™ bandiis red = 2 = Noofzeros= 00
- . | | 4" ba;ld!is-gold'whicﬁ-shows tolerance = 5% i T 5 G
»-” = WS & | | | | ' g r - So the actual value of resistance. = 1500 _.-_?:5%
| . pa | Figure‘.B y
| | 1% band:is yellow
SR B | = - __ | ' 2™ pandiis white

Il

I
O
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3™ band is orange = 3 = Noofzeros = 000
4" band s silver = Which shows tolerance
= +10%

So the actual resistance = 49000 £ 10%

Tolefance Tolerance means ;he possible variation from thé marked value. For example, 1-50()@
resistance with a tolerance of £5% will have an actual value of resistance b/w- 1425 to 1575.

Why does the resistance of a conductor rise with temperature?

As we know that resistance offered by a conductor to the flow of current is due to:the collisions,
of free electrons with atoms of lattice. As temperature of the conductor rises, the amplitude of
vibration of the atoms in the lattice increases and hence the probability of their collisions with
free electrons also increases. Hence resistance of conductor rise with temperature.

What are the difficulties in testing whether the filament of a lighted bulb obeys Ohm’s law?

According to ®hm’s law current is directly proportional to applied poten_tial-différeﬁpe providing '

physical state of conductor must remain constant therefore when current passes through the

" filament of ‘bulb, initially the temperature of filament is low and its resistance remains conétant

“hence filament O@bey’s Ohm’s law but with the passage of time, its temperature increases, so
resistance of filament increases therefore ®hm’s law is not valid due to increase in'temperature.

. 'Isﬁthelﬁlament resistance'lower or higher in'a 500W, 220 V light bulb than ina 100W, 220V |

=O100F

bulb? |
-As we know: that
e (OR)
| R '
BT V2 S R
P Ve
For 1% case = M
S %%%ﬁ e . If V= (fonstant.
| Eor.' 2% case _ | S :
ey S -~ (220)% = 454 D) SOOj:watt bulb-h_és lessfrlehsistance_'t_han }O.O‘W' T. _

~ So the-résiqtahce of 500 watt bulb is less than the resistance of 100 watt. But 500 watt bulb will | |
- draw more current as:.compared'to 100 watt'bulb. | : |

- Describe a‘.‘circuit,'which willigive a ¢ontinuously v'anyin'g,potentjal? |
For coﬁtinubuély varying potential, we canuse | ' =
(i) Rheostat as:potential divider.

(i) Potentiometer as potential divider.
Here we describe rheostat as potential divider,

\

A potential difference V' is applied‘across the ends A and B:of the rheostat as: Shown:in:ﬁgure.' '

[CHAPTER 13]

-l A |
| = V/R
The potentia] difference between B and € js
. Ve = I %
Putting values of I = ki "
V S —— !
Vec = R T I i +
r
s 8
= R M

13.8 Explai;l why the termi '
rminal potential diff of
drawn from it is increased? ATt

Ans, | ' o
.V.Ve know that the relation between terminal potential difference and emf js

Vi ‘= E-Ir : | . | .

becomes small. Th
| . ' Thus the
gcreases when current drawn-from-it_incfeases. |

Wheatstone bridge is an electrical circuit which is used to'ﬁnd

- unknown resistance of a wire, . | |
Wheneyer bridge is balanced that is, galvanometer shows no i Ly :
deflection then following condition is satisfied. 1. E

Ri~ — Ry : S A &) e
R; Ry ‘ : | . X
- Inithis circuit Ry, Ry, 'R3 are known. If Ryis unknownthen Ry ’ -"'H‘s
' "R:tRz T | |
L T =L =



[CHAPTER 13}  CURRENT ELECTRICITY

y | A"charge of 90 C passes through a wire in 1 hour and 15 minutes. What s the current in
the wire? . e ‘

Data
How v _el'ectro ns p asS through an electric .bu]b in O1ne minute if the 300 mA cu"enl*is ‘ " Charge = Q = 90C
p.assing*ﬂiroughlit’? | . | : e i ' | Time = t = 1hour 15 min.
. Data SaloI
' S Electric current =1 = 300mA = 15%60
=il To Find
Time ® =t = 1m11'l. '
= 5 - Current inthe wire =1 = ?
— SCC.
: ' ; '  [soLurIoN
To Fina 1
_ | ; By formulia
| Number.of electrons = N = 7 E y
| S g
; Z 90
g t T = %500
e | | g A SE . | = 0.02:amp
...... (1) . i A A = "4 _' ‘ - - 1(2}30 o0
But | - = 20mA
. Result |
Gl'lrre_ntlin*the wire= 1 = 20mA
. Q@ = 18€ | L Find the equivalent resistance of the circuit (Fig. P 133), -
T S 52 ' 5 . total current drawn from the source and  the‘current through ea_ch
. Puttlnglneq.(l) .- | _ | resistor. |
< e~ O g - . Data _ .
: | 1.6:%x-10 : | £ i, - , - =
= N | | | SRt =9 10 =3 | ‘ Resistance #= Ry = 69 _ ' .# | E
s FEr | e i 1&%.2-5)(-10 . . Resistance =Ry = 06% R A : | i
= 1.125% 10" electror ‘ - _ 2C =5 | | |
_ e " el . e =
REaSe ‘Result: SRR . Voltage of battery = V. = 6"01‘5_
| Number.of electrons = N = 1.125%10% | e | . T SRR




e B e B

b

-';"f'ﬂ:'h“':ﬁwﬁ_ “ e it e
L-ﬁ.*tl?rr-l - _,l...t' -rl_—.-.-—.l.‘ll ‘ -
- . " r h 1 v __;_ I _h-

“To Find = - - .T % _ | [cHaPTER1g _ cummenTruEen e 5 :
(1) Equivaléﬁt- resistance = Re="1 | (i) " Current from each resistance . | e s
(1) Totai ‘cﬁrrent through its circuit = 1 = ? - | - Now from:the circuit (i), the potential betwe. 75 nd B is
(iii) Current through resistance Ry~ = I, = 7

Current thrbugh'resistance R =1, =1 = [%x3

Curreﬁt ihrough*resistanée R3 = I3 = " Vap = 3volt

S0 the current from resistance R; is

|SOL UTION

I, = Van - 3
. - Ry 6
i)  For equivalent resistance _ 05
oiifl pa?iallllqei ;l;?nfii::?:r?e Ryjancits arg gonTECtegin ,parallel The current from-resistanée R,18
S | , .
e : il : i : I, = Van = 3
) (R |\ S ' — . R 6
= 1+ (i) . 2
R R; R | &
e 1 2 | I, = 0.5A
%{_ i -(1‘; +_(1§' The current from resistance R 1s
= | | . \% .
- = | ' T '-' _ _ 2 -
6 _ g | L = 1A
e s e . Result
R ~6 = . - it S . PRLF
| E 1) Equivalent resistance = R.= 6 _
: %{; = % . . (i) Totalcurrent fromthe circuit = I = 1L.OAmp ' -
G - | (iii)  Current fromresistanceR; = I, = 0.5 Amp |
R = 38 ‘ | |
s , f Current fromresistanceR; = I = 0.5 Amp
. - . . P | : - ‘ _ .
o 'SSIPIS@SE?:S?;:IE;E?]ZE& and R; are- connected -1n Series s Current from resistance R3.© = I3 = 1.0/Amp
snown'SO 11 : - n ". : : 4
= 33 A rectangular bar of‘iron is 2.0 cm_ls)y 2.0 cmiin cross-section and 40'cm long. Calculate'its
| resistance if the resitivity of ironis 11 10™ m. |
R. .= 6 Q_ - .

| : o . Data
~ Sothe equivalentresistance = Re = 682 :

. e Area of cross-section = A = 242

(ii) © For total current: drawn from the circuit is | = e
h ; ~ 4x107m’

Length of ironbar = L = 40‘cm :

= 0.41?1 _
Resistivity of iron = 11 %10~ Qm :
To Find
0

Resistance ofiiron bar = 24 =




=
i

Result

Da'ta_

~ Resistance at:0°C

- Temperature

Resistance at: 500°C

T

KEY TO PHYSICS PART-II

11 %1078 .04

4 x 10 |

80 50 1

1.1%107%Q

Temperature of iron'wire

Change initemperature

- Resistanceof ironbar= R

Ry

I'F

1.1 x 107" &,

_ The resistance of an iron wire at 0°C is 1 % 10 Q. What is the resistance at 500°C if the
temperature coefficient of resistance of ironiis 5.2 X 107 K72 .

= 0°C + 273

= 2'73‘K- |

= 1%10°Q
= 500°C + 273

= T3 K

Temperature coefficient: of resistance

To Find

= -1 |
= T3-273
= 500K

={0AS 5.2)( 107 K

.?'

" Result |
| Resistance at 500°C

[CHAPTER 13]
Putting the values
Ry

R,

PR@BLEM 13.6

Calculate terminal potential difference of each of cells
“in circuit of as shown. |

Data

ll

Potential of cell E; -

Resistance of cell E;

Potential of cell E,

Resistance of cell E,

Resistance 1n circuit

To Find

(1) Potenti alkdifferénce oficell Eq

(i) Potential difference ofcell E;

CURRENT ELECTRICITY

1x10* (1 +5.2% 107 x 500)
1% 10% (1 + 2.6)

:x 10* 3.6

3.6x10* @

= R, = ‘3:.6>< 104 @

=V = 24volt
=1 = 010/
=V, = 60volt - E =)
= I -—'—" "9 |
= R =80
= V,= ?
=i

E1k, 24V

bl

*\0.10Q .

""""

According to c1rcu1t all the three remstances 11, R and: r, are connected in series S0 in series

combination -

R

P
E.

r1+R-+r2

0.10+8.0+0.90

00

As the two cells opposes each other:so the net effective voltage is
= 24-6 ' |

18 volt

So the current flowing through the circuitiis

\Y

I

-

1

-So using the relation - -

E

IR,

DA
R’¢
18

9

2 Amp

Vo-Ir




84  KEY TOPHYSICS PART-Il | - | Y |
&.,———\ ' .
® ForfstedlEy -_ > loweTER . comeewvessemiemy
Wi = By=lli - Applying Kirchhoff’s 2nd rule on loop BEDEB s | .
= 24—2X010 . _EZ“'IiRz—(IQ—I])RI = 0 | e |
Vt | = 23:8 VO][ | | - _ _6_1'212;(12_11)18 = 0 : - _ | 2
(ii)  For'the cellE; - PR | ' ,‘ Divide'by.6 - g X '
Vl — E2+-II2_ | - | | : & mrg L ' ‘ - -1-21’2—3('[2'—1'1) = () |
Since the same current flowing through E; from —ve to +ve | - =1 - 21, = 3, +3], =0
V.S 642x09 EETa g , lmsh =10, (i)
= 7.8 volt Multiply eq|(i) by.3 and eq (ii) by 2 and add
Result | | =61+ 6L, = 3
(1) & Poteﬁtial difference of cell By = Vi = 23.8 volt il | _211_-_10_23_%_
(11) Potential difference of cellEp = V¢ = 7.8 volt | W =4l =5
PROBLEM 13.7 - | T ol 2 | L o=
- Hindthe current- which flows in:all the resistances of the circuit of figure. . . ATl : e
| . : | . L : , 2= =125
Data = . b St | | Putting1neq. (1)
Voltage of cell = E; = 9volt | 9.0V S . 60V g oL _
_ an | | O T B S T hSiT i =21 +2(=1.25) = 1 |
~Resistance = R; = 18 | . . : | - | 75 ._ e
Voltage of cell = B ~ = Gvolt e & =2li=2:50 =1 - _ e 2
Resistance =R, = 12@ ' E , 2L = 1+2:50
Ta Find = - = . | S . - 2R SIO U
(i)  Curent fromresistanceRy = Ty = 9 ' N B | ' | '.'I ~3.5
1= — 75
(i1)  Current fromiresistance R, = I = 7 5 : Sy | -
[SoLUTION) § S e N e
‘ ' ' S e e - R | Current'throughR; = L=T;
- Let], and I are the currents flowing through the loops ABEFA and BCDEB réspectively/in |
c]q’ckwisc direction. Applying Kirchhof_f‘js*secondtrule, the potential changes fromithe loop ABEFAare | = =1.25-=(=1.75)
X I r I — = =515
=) =R —=E; = 0 | o = 050A
t SUEDIS == =2t Current thioughRs = L = —1.25A
DPivide by 9 4 |
B SRR | Result
=2M=h)y=-1 =10 i _ -
=<l 21 = | TR
oL 42], = ] @ | Current'throughRy = I = =1.25A
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