CHAPTER 13

CURRENT ELECTRICITY

| MULTIPLE CHOICE

- The SI unit of current is

A ohm B volt
C watt D. ampere
F Metals are good conductors of electricity because they have

A large number of bounded electrons

B small number of bounded electrons

C. large number of free electrons

D small numbper of free electrons

3 The direction of .conventional current flowmg in the c:rcmt is:
A From posttive to negative in external CIrcu:l 2

B From negative to positive terminai ' "

C Both directions - \ VWU

D Along the flow’ of e!ectrons

49, The unif rm [velocity gained by the electrons in a conductor placed
is electric field is called:
A. Phase velocity 8. Drift velocity
C. Constant velocity D Varnable velocity

5. If 2 ampere current flows through 2m long conductor. The charge
flowing through it in one hour will be:

A 3600 C B. 7200 C C.1C D. 100 C
6. The electromotive force of a battery is the voltage between its
terminals when

A the circuit I1s open

B the circuit is closed

C its internal resistance is the minimum

D its internal resistance 1s the maximum

7. The reciprocal of resistance is called o

A. resistivity B. conpuctvity(O)\ Y

B 5 U\ 0\ D none ofthese

The unit of resistivity is\\/ 7\ \LAw - L

A QOQm B mm ) C mQ D N/m
Fractional change in'resistance per kelvin rise in temperature is
called ||\ -

A Conductance
B Resistance N

C Resistivity
D. Temperature coefficient of resistance
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The relation V = IR represents: | cO)\B
A Ampere's law A~ )\ B COulombsfaw

C Ohm's law W\ S\ \\D\Led's law
The res;stance ﬂf a conductor does not depend on its:
A Length 1\ B Area

C Rewsh\}rty - D Mass

Resistance of a solid one metre in length and one square metre in

cross-sectional area is called:

A Conductivity B Resistivity

C Reactance D Conductance

The fractional change in resistance per kelvin is known as:

A Temp co-efficient of resistance

B Temp co-efficient of conductance

C Temp co-efficient of resistivity

D None of these

The SI unit of temperature co-efficient of resistivity of a material

is:

A Ohm-m B K C K D Oohm-K
The heat produced by current I in resistance. R m tnme t ns
A I'Rt B I'RY C iRt D IRt

Power dlssmatlon ls expresséd by\ U )

N '|' WAV =T D P = l?R

curmnt is drawn from a cell its terminal potential
dlﬁerence and emf becomes

A Different B same

C zero D negative

A charged particle is projected at an angle into a uniform magnetic
field. Which of the following parameters of the charged particle will
be affected by the magnetic field?

A energy B momentum

C speed D velocity

A rheostat can operate as

A transformer - B. amplifier

C Osciliator D. Potential divider

The algebrait sum of potential changes for a closed cnrcunl: is
A Positive B. Negative - Ul

C Zero D \greater than umty

The value of temperature co-efﬁcsent lof resistance of most
thermistors is . -

A Positive . B Negatwe C Zero D infinity
Threq re,élstors of resistances 2, 3 and 6 ohms are connected in
parallel their equivalent resistance is:

A 11 ohm B 1.0 ohm C 2 ohm D 6 ohm
The amount of work done per coulomb of charge passing though
conductor is:
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A IR B VI C MO VD v

The electrical energy converted lnto heat is: :rqwen by expresagn:
A IRt BIRt e VIH D I'R
Which one of the fallowmg bulbs has least resistance?
A. 100 watty\[, N| S B. 200 watt
C. 500 watt D. 1000 watt
Electromotive force is closely related to:
A. Electric force B. Magnetic force
C. Potential difference D. Electric intensity
' If the conductivity of a material is small then it is
A A conductor B. A Poor conductor
C. A good conductor D. An insulator
Thermistor is
A. a resistor B Thermally sensitive resistor
C. An adiabatic resistor D. An isothermal resistor
The power output of a lamp is 6 W. How much energy does the
lamp give out in 2 minutes?
A3J B.12J I ¥ 120 J ..,TH..,-.-_'-D. 720.J
Semi conductor diode is an exam p!e of 2WEON
A. Ohmic device A~ O A\N\ B Nqn ehmic dewce
C Insulator \ VA O W& ""D ‘Super-conductivity
A rheostat can be used as EL
A. Variabl fE‘S}lStOI‘ B Potential divider
C. Constar L YDeistor D. Both A and B
A complex network consisting of number of resistors and more
than one battery can be solved by:
A. Ohm's Law B Ampere's Law
C Kirchhoff's rules D Gauss's law
Three arms of a balanced wheat stone bridge are of 95 ohms
resistance each. What is the resistance of the fourth arm:
A. 190 ohm B. 950ohms
C. 285 ohms D 150 ohms
The proportionality constant between current and potential
difference is
A P B.R C1/R D .V
Answers: N
1.C 2D | 3.A | 4B | 5B |~ 6.A ) 7.D |
"8.A | 9.D | 10.C | 41.C [ 12.B |“13.A | 14.C
"15.A | 16.D  17.A /18D 19.D 20.C | 21.B
22.B | 23.D(\| \24.B| | 25D | 26.C | 27.B | 28.B
129.D il i,l;.__;;.q;f.@; 31D | 32.C | 33.B | 34.B |



SHORT & LONG QUESTIONS

Q1: Define electnc current Wnte :ts formula and its unit?

Ans: Electric, Current:
Rate of flow of electric charge 1s called electric current,

Explanation:
An electric current is caused by the motion of electric charge. If a net charge

AQ passes through any cross section of a conductor in time At, we say that an

electric current | has been established through the conductor where
aQ
i T

at

Unit of current:
The S| unit of current 1Is ampere

Ampere:
it is a current due to flow of charge at the rate of one coulomb per second.
Note:

i In case of metallic conductors. the charge carriers are. e!ectcens

ii.. The charge carriers in electrolyte are st:twe and nega}we |ons e.g.

CuSO, solution the charge carriers are Cu and SO 4 1oNs.
iii. In gases, the charge. carriers'afe €l ectrons ‘and 10ns.
Q2: What do you mean' by the term conventional current? OR Discuss
the ¢ rrqntﬂirect:on'-'

Ans: Thel onventional current in a circuit is defined as that equivalent current
which passes from a point at higher potential to a point at a lower potential as if it
represented a movement of positive charges.”

Explanation:

i Early scientists regarded an electric current as a flow of positive charge from
positive to negative terminal of the battery through an external circuit,

il Later on, it was found that a current in metallic conductors is actually due to
the flow of negative charge carriers called electrons moving in the opposite direction
1.e.. from negative to positive terrhinal of the battery, but it is a convention to take the
direction of current as the direction in-which positive charges flow. This current is
referred as conventional current.

iti,  Reason for naming for conventional current:

| The reason is | ‘lhat it has . been IfOund o Eketen n“ :

experimentally that positive charge moving in one <\ -

direction is equivalent in all externaleffects 'to, @\ | -

negative charge moving-imthe opposite dtrectton As 2
the current is measured” by its\ external effects so a
current due to motion of negative charges, after
reversing it direction of flow can be substituted by
an equivalent current due to flow of positive charges.
iv. While analyzing the electric circuit, we use
the direction of the current according to the above
mentioned convention




v

V. If we wish to refer to !he rnotion of electrons we use zhe term electronic

current
Q3: Explain how current passes through a metalhc conductor?
Ans: Current through a metaihc conductor:
i Free elep;trdns Free electron

I al'métal 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 the molecules of a gas In a
container and they act as charge carriers in metais.
ii. The speed of randomly moving electrons
depends upon temperature

Current through the wire is zero:
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
from left to right. As a result the current through the wire is zero

iii. Application of battery to the wires:
If the ends of the wire are connected to a battery an efectric ftetd E will be

set up at every pomnt within the wure The frae A= »
electrons will now experlence a forge’in 'the directmn" s
opposite to E. As a ‘result-of, this force the free Co O N LT
electrons acquire a-motion in'the direction of -E. It oS 3 -
may be nated théfl the force experienced by the free Qe \se/r 42
electrons \Wes ot produce a net acceleration
because the electrons keep on colliding with the
atoms of the conductor. The overall effect of these :

g

collisions I1s to transfer the energy of accelerating
etectrons to the lattice with the result that the
electrons acquire an average velocity, called the drift velocity in the direction of E

iv. Drift velocity: |
The drift velocity is of the order of 10°ms™” whereas the velocity of free

electrons at room temperature due to their thermal motion is several hundred

kilometers per second.

V. Establishment of electric field:
Thus, when an electric field is established in a conductor, the free electrons

modify their random motion in such a way that they drift, slowly in\\a direction
opposite to the fieid. In other words the electrons, in- addntuon totherr violent thermal
motion, acquire a constant drift velocrty due \to\\which /a net directed motion of
charges takes place along the wire and. a current begins to flow through it.

vi. A steady currerlxt IS\ estabhshed in a wire when a constant potential difference
is maintained :Tlcrosls it'which generates the requisite electric field E along the wire,
Q4: Discuss source of current. Give some examples also?

Ans: Source of current:
i. In order to have a constant current the potentla: difference across the

conductors or the ends of the wire should be maintained constant. This s



-
I

(i)

(ii)
(iii)
(iv)
- Q5:

Ans:

Qé6:

Ans:

achieved by connecting the ends of the wire, to lhe termmafs of a device

called a source of current \
Every source of, current convens some horl- e!ectncat energy such as

chemical, mechamcai heat orsolar’energy into electrical energy

Types of soyrces of current:
Thene aré 'many types of sources of current A few examples are mentioned

below _ _
Cells (pnmary as well as secondary) which convert chemical energy into

electrical energy

Electric generators which convert mechanical energy into electrical energy.
Thermo-couples which convert heat energy into electrical energy.

Solar cells which convert sunlight directly into electrical energy.

How conventional current flows through a wire?

Conventional current flows from higher to lower potential through a wire

Describe the funct:on of battery bemreen ends of a conductor?

Function of baxterv LS
A source of. (Furrent Such as battery maintains a nearly constant potential

difference bqﬁw;q:ém endsof a conductor

Q7:
(i)
(i)
(iii)
Ans:
i.

motion of free electrons  During the course of their
motion. they bmde frequently with the atoms of the
metal At each collision, they lose some of their

Magnet ic effect

lu - Q ) “T

Explain the followmg effects of Current?
Heating effect

Chemical effect?
Effects of current- A O ANVNNWINLY
Heating Effect; |V /|| W\
Current flows through a\ metamc wire due to

S T -

kinetic energy and give it to atorms with which they collide. Thus as the current flows
through the wire it increases ‘he kinetic energy of the vibrations of the metal atoms,
1.e., it generate. heat in the wire



b. It is found that the heat H produced by a current I m the wzre of re&stance R
during a time interval f i1s given by = ~ N\ (¢

H= 1’Rt

Uses of heating effect: | | .

The heating_ effect of currenl rs ut;hzed in electric heaters, kettles, toasters

and electric | ons ptc" "

ii. Magnetic Effect:

a. The passage of current is always accompanied by a magnetic field in the
surrounding space.

b. The strength of the field depends upon the
value of current and the distance from the current

element.

C. The pattern of the field produced by a current @ @D
carrying straight wire, a coll and a solenoid is shown ,

m Fig.

Uses of magnetic effect:

Magnetic effect is utilized in the detection and measurement of current. All
the machines involving electnc motors also use the magnetic effect of current
iil. Chemical Effect:

a. Electrolysis: ~N 75\ -

Certamn liquids such as duute sulphUric acad nr copper sulphate solution
conduct electricity due ta some- t:hemlcal reactions that take place within them. The
study of this process is! known as ‘electrolysis.
Electrolyte: NI

The| ﬁquié whrch conducts current is known as
electrolyte.

Electrode:

The matenal in the form of wire or rod or plate —
which leads the current into or out of the electrolyte is + | Solenowd },
known as electrode.

Anode:

The electrode connected with the posntwe terminal of the current source is
called anode.
Cathode:

The electrode connected with negative terminal is known as cathode.
Voltameter:

The vessel contalmng the two electrodes and the ||quad |s known as
voltameter. ~ 15
Example: - A eV

pAs an example we will consnder the e!ectrolys:s of H"O‘_“ b
copper sulphate solution, The voltameter-contains dilute
solution of copper sutphate The anode and cathode are -
both copper jplates. When copper sulphate is dissolved \% = ]

|

ST

in water, it dissociates into Cu'" and SO, ions. On |
passing current through the voltameter. Cu™ moves
towards the cathode and the following reaction takes

place.




Reaction at cathode: v O ATV WAL
Reaction atanode: | || (| |\ || >

_ WY e + 807 = CuSO, |

As <the electrolysis proceeds, copper is continuously deposited on the
cathode-while an equal amount of copper from the anode is dissolved nto the
solution and the density of copper sulphate solution remains una ‘ered
Uses of chemical effect:

Chemical effect of current iliustrates the bastc principie of electroplating.
Electroplating: _

A process of coating a thin layer of some 'expensive metal (goid, silver etc )
on an article of some cheap metal.

Q8: State Ohm's law. Derive a mathematical relation for potential
difference?
Ans: Ohm's law:

“The current flowing through a conductor is directly proportional to the
potential difference across its ends provided the physical state such as-temperature
etc. of the conductor remains constant". ~ 1) CONUBY :
Mathematical formof ohm's law: © |\ (| O\ /=2

Symbolically Ohm's law can be writtenas-. |\ — L
Itimplies that . _ -7 |\ \M'= 'Rl

where [R\/the constant of proportionality is called
the resistance of the conductor. The value of the
resistance depends upon the nature, dimensions and
the physical state of the conductor.

Note:

A sample of a conductor is said to obey Ohm's law if its resistance R
remains constant that is, the graph of its V versus ! 1s exactly a straight line
Q9:" Define resistance and its unit? ’
Ans: Resistance:

The resistance is a measure of the oppositic: 1. tion of electrons due
to their continuous bumping with the atoms of the lattice
Unit of resistance:

The unit of resistance is chm.

A conductor has a resistance of 1 ohm if a current of ¥.ampere flows through
t when a potential difference of 1 volt is-applied\across its ends The symbol of ohm
18 (1. If 118 measured in amperes, V. in.volts, then R 1s measured in onms : e

1\ R{ohms) = Yiwie)
l - | ( ampervs)

Q10: Ducnbeléhe' difference between ohmic and non-chmic device?
Explain with the help of graph?

Ans: Ohmic Device:
A conductor which strictly obeys Ohm's law is called Ohmic




Non-Ohmic Device: OV

There are devices, which do not-obéy Qhm's: Iaw ue they are non Ohmtc
The examples of non Ohmlc dev:ces are ﬂlament buibs and semiconductor diodes.
Graphical explanation of ohmic and non-chmic devices:

Let us apply a, ertam potential difference across the terminals of a fitament
lamp and mqgswe 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 |, it will be seen that the graph is not a
straight line.

It means that a filament is a non Ohmic device.

Reason of deviation:

i This deviation of | - V graph from straight line is
due to the increase in the resistance of the filament with
temperature. As the current passing through the filament
is increased from zero, the graph is a straight line in the
initial stage because the change in the resistance of the flament with temperature
due to small current is not appraciable.

i As the current is further increased, the resistance ]

of the ilament continues to increase due to rise in nts.m.-'-_-_-; Wal
temperature and graph is not a stranght line.\ % TCAL =

il Another example of nomn Onmm devjce ls ‘a )
semiconductor diode. The current v.oltage plot of such a
dlode is shown in Fig. The graph isnot a straight line.

Semi. (‘TonductmL is'also a non ohmic device.

Q11 How/'are resistances connected in series? Describe the
characteristics features of this combination?
Ans: Series combination of Resistances

Q v—>

3. There is one path in which the electrons can flow in the circuit.
Rl R 2 i g R 3
ANVW-S— AN AN
A Y
L 1
+ lf— .
2. The current flow is the same throughout a senes c;rcult
i-.; = 11 = If “ \ lg
3. Sum of the potential difference \across mdmdual components in a series

circuit 1s equal to! the potenhal difference across the whole circuit
\ -\'l' SIS V =V +V, VY,
4. The' !o{él ressstance R of the resistors connected in series circuit is equal to
the sum of the separate resistors.
Rg - R1 * R‘g + R3
5. For n resistances
Re = R1+R2+R3 e Rq



Q12: How are resistances oconnected in_ Parallel? Descnbe the
characteristics features of this combmation? -

Ans: Parallel combination of Resistances:

1. There are more than one paths for the follow of electrons in the circuit.

I|
1|I .

R,

Y

- + _]F
2. The current ﬂow in the main CerUlt is the sum of the currents in the separate
branches. = (o) W
I=h+l+ly . ~Q\ 2\ (G
3. Each component connected m parallel has the same potent;ai difference
across t.

_ V = V'1 = Vz = Va
- I \ A '- <y ]
4. The, raelprﬁcdi of equwaient resistance — of the equivalent resistance of

the combination is the sum of the reciprocals of the individual resistances.

l 1 1 1
R R R R
5 For n resistances
1 1 | ]
—=—t—t—
R R, R, R

Q13: What are the advantages of cell connec i\ in paraliel?

Ans: The advantages of connecting cells in parallel:

I The cells will last fonger before they need to be replaced

i. A higher current can be supplied QUL

Q14: Show that the equivalent reslstanca of three resrstors in series is

givenbyR=R; + R, + R;? AL

Ans: To find the equwalent resmstance we slan from the fact that the potential

difference V across. the set is- 'sum of the potential differences across the individual

resistors: [\ [\ N

V=V1+V2+V3

Because the current in each resistor is |, the potential differences across them are
V= IR, V, = IR, V5 = IR,

The potential difference across the equivalent resistance R is



VfIR

Substituting the values of 'V's in . 0 O\ A\ 0 A
\ ¥ v. 2 va A v_v,
{ ]R' 1R1+IR)+IR]
Now we dwnde bolf\ $rqies cf thts equatlon py I and find that
]| R =  + Rz + R3
Q15: Show that the equivalent resistance of three resistors in parallel is
given by V/R =V/R,; + V/R; + V/R3?
Ans: To find the equivalent resistance, we start from the fact that the total current
| is equal to the sum of the currents through the separate resistors.
= lith+ly (1)
Because the potential difference V is the same across all the resistors, their
respective currents are
b Vo V
h= - k= § =
K, R R,
The smaller the resistance, the greater the current through a resistor in a
parallel set. The total current is given in terms of the equivalent reststance R by

—. 7

—_— — \ ( '._ \ "'. \

@

Substituting for the 1 in i

Now we dm\d@\béth ssdes of this equahon by V
| l ] |

— 4o ——

R R, R, R,

I

: Prove that R = p-. OR Describe the unit of resistivity:
16: P hat R to ibe the unit of resistivity?

Ans: Relation between resistance and resistivity:

It has been experimentally seen that the resistance R of a wire i1s directly
proportional to its length L and inversely proportional to its cross sectional area A.
Expressmg mathematically we have

R « I. (1)
R x % o (2)
By combining 1 and 2 we get,
R « % - 5
p R 13

Where p 1s a cpnstam of | proporttonahty known as resistivity of specific
resistance of the matenaf Qf the wire |
Difference betweei res:stance and resustw:ty

it may“ms noted that resistance is the characteristic of a particular wire
whereas the resistivity is the property of the matenal of which the wire is made.
From Eq 3 we have

P & = s (4)



Resistivity (p): : =/ "

The resistance of a metre cube of a matertai tS calfed resnstmty denoted
by p. AR \R SR\
Unit of resistivity: L Ve

The Si unit gf resnstr\my :s ohm metre (Q m)
Conductanbe. ?

Conductance is another-quantity used to describe the electrical properties of
materials. In fact conductance is the.reciprocal of resustance Le.

Conductance = —————
resistance (R)

Unit of conductance:
The SI unit of conductance is mho or siemen.
Conductivity:
Likewise conductivity, a is the reciprocal of resistivity i.e.,
1

0' . —
p

Unit of conductivity:

The S! unit of conductivity is ohm' m™ or mh m’
Q17: Why silver and copper are two best conductors?, QR What is the

reason that most electric wires.are made of copper*?
Ans: Silver and copper are twg beﬁl; f:pndgctors That iIs the reason that most
electric wires are made)of copper, A .

_ resrstwlty (p'} of“s;lver = 1.52x10° n m
N 4|| resistivity (o) of cooper = 1.54 x 10%°am .
The Hesfstlwty of these two metals is !ess than other metals that is why siiver

and cooper are the best conductors (o = i)

Q18: Explain the relation of resistivity with the temperature?
Ans: Resistivity and temperature:
i The resistivity of a substance depends upon the temperature also

ii. The resistance offered by a conductor to the flow of electric current is due to
collisions, which the free electrons encounter with atoms of the lattice
iil. As the temperature of the conductor rises, the amplitude of vibration of the

atoms in the lattice increases and hence, the probability of their collision with free
electrons also increases One may say that the atoms then offer a bigger target, that
is, the collision cross-section of the atoms increases with temperature. This makes
the collisions between free electrons and the atoms in the Iattice more frequent and
hence, the resistance of the conductor increases K
Q19: Describe the change in resistance of a metal!ic conductor with
temperature graphlcally? OR ! 'What “is_' meant by temperature
coefficient of resistance and negative temperature coefficient?
Aris: Experimentally | the\. Change In resistance of a metallic conductor with
temperature: usﬂbuhd to be nearly linear over a considerable range of temperature
above and below 0°C
Temperature coefficient of resistance:
The fractional change in resistance per kelvin i1s known as the temperature
coefficient of resistance i e ,



where Ryand R;are resistances | \at’ temperature 0"C and tC As resistivity p

Ry~ Ry
Pcut

depends upon the temperature Eq \1 gives

N NN eoR= iz and

L

L
Ry = py 7
Subsmutmg the values of R, and Ro inEq. 1, wegetas a = ——

where p, is the resistivity of a conductor at 0°C and p,, is the resistivity at t°C.
Negative temperature coefficients:

There are some substances like germanium, silicon etc., whose resistance
decreases with increase in temperature, i.e.,

temperature coefficients.

Q20: Draw the variation of resistivity of copper with temperature by

using graph?
Ans: Variation of resistivity of copper with temperature:
-Z00 5 260 408 600
7T(C)—>
Q21: Draw a table to show the values of p (resistivity or specific
resistance) and a (temperature coefficient of resistance)?
Ans:
Substance p (om) L a(kl ]
Silver T52x10° T o,b(fﬁs%n -
Cooper ~ 154x10° 000390
Gold 2.27x 107 000340 |
Aluminium 263x10° 0.00390 |
Tungsten 5.00 x 10° _ 0.00460 |
Iron 11.09 x 105~ | 1000520 1
Platinum T4100% 107 T 0.00520
____Constanton | |\ __gg__nox ~1o’r 0.00001 |
.. Mere ' 9400x10° |~ 000091 |
_ Nichrome 100.00x 10° 000020 |
Carbon 35x 10°® 1 00005
Germanium 0.5 005 |
_Silicon 20-2300 007 |

these substances have negative




Q22: How inspectors can easﬂy check the rehablhty of a concrete
bridge? VWLV
Ans: Reliability of a concr&te brtdge\.

Inspectors can, easﬂy eheck the re‘:abmty of a concrete bndge made with
carbon f|t:yersl| THe lﬂbers conduct electricity If senscr shows that electrical
resistance is’ nncreasmg over time the fibers are separating because of cracks.

Q23: Explain how code for carbon resistances colour are used?

Ans: Colour code for carbon resistances:

L Carbon resistors are most common in
electronic equipment. |

ii. They consist of a high-grade ceramic rod or
cone (called the substrate) on which is
deposited a thin resistive film of carbon. 1t G |

liil.  The numerical value of their resistance is ;.4 40y l

L Toterance
Goid + 5%

indicated by a colour code which consists of o Sdver + 10%
bands of different colours printed on the
body of the resistor. Resistor Colour Cade
iv. The colour used in this code and the dIgItS represenied brthem are given in
table. /(o \o
___The Cotour ct:de N ___}
Colour- 0\ N\ o T Value '
_Black |- 0 |
LN TBrown R S
Red 2 ‘.
Orange L 3
S —— hafan= A DR - PRS- AP, "
. Yellow . 4
. Green -, 5
. Blue . 6 7
___ Violet 1 A
Gy _ e T
_White s
Note:
It 1s easy to remember colour and their respective numbers as
_ __B.B. ROY Goes Britain Via Germany West
(8]B] R |0 Y| Goes | Britain 1____Via Germany, | _—W;ét_
I I T S T A PN ___!_.___’r___rl R

e S s -—— e

i

Interpretatlon of colour bands- VLN

Usually the code cons:sts of four bénds Startmg from left to right, the colour
bands are mter'prelem és foilows:

The first band indicates the first digit in the numerical value of the resistance..
2. The second band gives the secnnd digit
3. The third band is decimal multiplier 1.e., it gives the number of zeros after the

first two digits.



4. The fourth band gives resistance tolerance. Its. coluur is eJtner sulver or gold.
" Siiver band ndicates a tolerance of+ 10%;-a'gold | band\shows a tolerance of +5 %.
If there no fourth band, tolérance:is understood to-be +20%. By tolerance we mean
the possible variation from the, marked value.
For example:. [\ o -

A 100C dresustor with a tolerance of + 10% will have an actual resistance
anywhere between 900 2 and 1100 0.
Q24: Describe the construction, working and uses of rheostat?
Anhs: Rheostat:
It is a wire wound variable resistance. Sliding contact
Construction of rheostat: -y 1=

It consists of a bare manganin wire wound ‘
over an insulating cylinder. The ends of the wire are
connected to two fixed terminals A and B.
A third terminal C is attached to a sliding contact
which can also be moved over the wire. . )
Use of rheostat: ’

A rheostat can be used as a variable resistor o~ oA C
as well as a potential divider. N NARC e
Working of rheostat as a variable res;stor' VWAALY

To use it as a variable resistor \one | \of the s
fixed terminal say A and\ the! SIrdlng terminal C are
inserted in the cir un,| (] \ I\ -
In this waythe] résistance of the wire between A and
the sliding contact C 1s used. If the sliding contact is shifted away from the terminal
A, the length and hence the resistance included in the
circuit increases and if the sliding contact is moved =
towards A. the resistance décreases. 5
Working of rheostat as a potential divider:

A rheostat can also be used as a potential
divider. This is illustrated in Fig.
A potential difference V is applied across the ends A
and B of the rheostat with the help of a battery. If R is
the resistance of wire AB, the current | passing
through it is given by

= VIR
The potential difference between the portions BC of the wue AB 15 gwen by
VBC = current X remstance =

\V- . _.
o Vgc = E.* r = V ' (1)
where r is the resistance Of the pomon BC of the wire. The circuit shown in Fig. is

known as potential dwﬂder g

Eq. N 'SHoWs that this circuit can provide at its output terminais a potential
difference varying from zero to the full potential difference of the battery depend:ng
on the position of the sliding contact.

Movement of sliding contact:

. HH%’

r<__..... ‘e

=1
I
I
i
Ve
I
|
1
&




As the sliding contact C 1s moved towards the-end B.the. length ‘and nence
the resistance r of the portion BCof the wire decreases whch according to Eq 1,
decreases Vyc. On the other hand 1f the shdmg contact C'is moved towards the end
A. the output voltage Vgd =ncreases
Q25: Describe the k:onstructuon, workmg and uses of thermistor?

Ans: Thermistors:
A thermistor is a heat sensitive reststor Most thermistors have negative

temperature coefficient of resistance ie.. the resistance of such _thermzs‘tprs
decreases when ther temperature 1s Increased. Thermistors with positive
temperature coefficient are also availabie

Construction of thermistor:
Thermistors are made by heating under high pressure semiconductor

ceramic made from mixtures of metallic oxides of :
manganese, nickel, cobalt, copper, iron etc. e
These are pressed into desired shapes, and then O
baked at high temperature.
Different types of thermistors are shown in
Fig. They may be in the form of beads. rods or
washers '
- Working of thermistor: \t T\ QL VN
Thermistors with high negatwe tempgzrature coéftu:tent are very accurate for
measuring low temperatqres espemaﬂy near 10 K. The higher resistance at low
temperature enabies, rpore acmrate measurement possible.
Use of thermpstéi*
Ther\rh;stors have wide apphcations as temperature sensors i.e.. they convert
changes of temperature into electrical voltage which is duly processed.
Q26: How a zero-ohm resistor is indicated?
Ans: A zero-ohm resistor is indicated by a single black colour band around the
body of the resistor
Q27: Derive a relation for electrical power and power dissipation in
resistors?
Ans: Electrical power and power dissipation in resistors
The power of a battery appear as the power dissipated in the resistor R.
Using the meaning of potential difference. the work done in moving a charge AQ up
through the potential difference Vis given by
Work done = AW = VxAQ ... (1) SRS, Siinmery
This is the energy supplied by the battery. g
Electrical power: 0
The rate at which the battery t$ supplylng
electrical energy I1s the_ power output or—efectrical -:,
power of the baltery Hszng .,‘h-‘?- definition of power we

\ \-' 1 7o ", \N? et
L N ||’ (TS LT

=
<
]

have NN :
Energy supphed :
Electnca[ Power = 13““”‘ =T = VA—Q- '
Alm'u: taken At v

Since | = o] . S0 ¥

At
Elettrical power =V x | (2)



Eq 2 1s a general relation for power dehvered from a source of current |
operating on a voltage V 0 AN [ (0 o
Power dissipation in resistors: "\ /|| UL

in the circuit shown in th the powqr xuppllod by the battery 1s expended oOr
dissipated in the resistor R\ The principie of conservation of energy tells us that the
power dnssnpatﬁd in|the: resistor is aiso given by Eq. 2

“Power dissipated (P) =V x | - (3) |

Altemattve equation for calculating power can be found by substituting V-

IR, inturn I=V/R EQ 3 becomes ’
P V=1 IRxl FR
v v

P'V‘I-V"ﬁ 'i"

Note:
Thus we have three equations for caiculating the power dissipated in a
resistor

P=Vxl, P = I'R. and P—--;

if V is expressed mn volts and | in amperes, the power is expressed in watts.
Q28: State and prove Joule'’s law?
Ans: Electric energy and Joule's law: =~ MO

The amount of heat energy generated in a, reslstance due to ﬂow of electric
current 1s equal to the product of the square oY cyrrent I the resistance R and the
time durationt This 18 h'\own asJouie’s 1aw
Explanatlon .

havmg a potential difference of V voits, f one Coulomb

of oharge ) betwoen these points. the amount of energy supplied by the
charge would be V Joule Then we will get QV joule energy
Energy=. w = Qv (Work = FS = QV)
W = Qv = IXtxV (Q=1)
By Ohm's Law
') = IXR
W = (1) (IR)
w = I’Rt

This i1s the mathematical form of Joule's law.
Q29: Derive a relation for electromotive force (emf) and potential

difference?

OR

Show that terminal voitage is less than the emf of the source?
Ans: Electromotive force (emf) and potential d:ﬂnmnoe . -
i. A source of electrical energy, say acell ora * |
battery, when connected\ across .a. resistance
maintains a steady currlent through tt.
il.  Thecell continuously supplies energy which
is dissipated in the resistance of the circuit.

Suppose when a steady turrent has been
established in the cwcuit, a charge AQ passes — - !
through any cross section of the circuit in time At During the courseé of motion, this

J r

_i




charge enters the cell at ts low potentia! end and leaves at s hgh) ootenhal end
The source must supply energy aw to “‘e posdwe churge fo-force 1 to go to the
point of high potential. AR RS R\
!mﬁum(mn sl

The emf E of the source s dahnod as the energy supplied to unit charge by
the cell NN\

' 4

ie E = — = . (W)
Unit of Electromotive force (emf)

It may be noted that electromotive force is not a force and we do not

measure it in Newton's. The unit of emf is joule/coutomb which 1s voit (V)
Internal resistance (r) of the cell:

Like other components in a circuit a cell aiso offers some resistance This
Tesistance is due to the electrolyte present between the two electrodes of the cell
and is called the internal resistance r of the cell
Relation between electromotive force (emf) and potential difference:

Let us consider the performance of a cell of emf E and internal resistance r
as shown in Fig.

A voltmeter of infinte resistance _ A
measures the potential difference across the sl
external resistance R or the potential crfference’ ) |\ | |
V across the terminals of the c.eu T’ne cummt 1
flowing through the Cir?UIl I8 given by~

. . I:‘.
l \ ] uth I

R‘.'E JE';\.\

E IRl . (2) et A

E =V, +lr S e

Vi 2 K- ¥ e (3)

Here IR = V is the teminal potential J‘/:‘:\
difference of the ceil in the presence of curent | ’ b %
When the switch S is open, no current passes Sl]
through the resistance. in this case the voitmeter Mf_

reads the emf E as termingl voltage Thus terminai
voltage in the presence of the current (switch on) would be less then the emf E by ir.
(As Shown in Eq. 3)
Q30: wmuwolmﬂondmmhmtuwmuuofmf
and terminal potential difference?
Ans: Law of conservation of energyandemtf: -« (O

Let us interpret the Eq (L~ V. + Ir) on energy: conmm Thohﬂudeof
thws equation is the emf E cfthooﬂlwmchu equal to-energy gained by unit charge
as # pesses through the_cell from ts negative 1o positive terminal The nght sxde of
the equation gives an account of the utkzation of thes energy as the current passes
the cwcut llqmnlhat 23 & unit charge passes through the circut. 8 part of this
energy equal (0 Ir is diesipated into the cell and the rest of the energy 18 dissipated
o the extemal ressstance R It 18 geven by potential drop IR Thus the emf gives
the energy supphed (0 unit chargs by (he cell and the potential drop across the
vanous siements account for the dissipation of this energy nto other forms as the
und charge passes through these siements



charge enters the cell at its low potenhal end and leaves/ at its(high ‘potential end.
The source must supply energy z’_\W to X posmwe charge to force it to go to the
point of high potential.  ~ T\ _—~—~\| V.4 \\
Electromotive force (emf) sl '

The emf E gf the, source 1s defmed as the energy supplied to unit charge by
the cell. '\

AW .

I.e. E = ?1_ (1)
Unit of Electromotive force (emf):

It may be noted that electromotive force is not a force and we do not

measure it in Newton's. The unit of emf is joule/coulomb which is volt (V).

Internal resistance (r) of the cell:

Like other components in a circuit a cell also offers some resistance. This
tesistance is due to the electrolyte present between the two electrodes of the cell
and is called the internal resistance r of the cell.

Relation between electromotive force (emf) and potential difference:
Let us consider the performance of a cell of emf E and internal resistance r

as shown in Fig.

A voltmeter of infinite resistance /"é”":}“‘\
measures the potential difference across(the | et~ —AAN—}
external resistance R or the potential drfferenc:e ) _-g SR VRN /

V across the terminals 6 the-celh The current I S
flowing through thtla czr?uit 1s given' by
I\ 'E
1|\l| 1 — i
E o= IR -« ir (2) "—{T"—WT——“

E =V, vk ; i
Vi 2 Ex=lr  guoews (3) =
Here IR = V is the terminal potential m
difference of the cell in the presence of current I. : NC
When the switch S is open, no current passes Sﬁ
through the resistance. In this case the voltmeter Mﬁ
reads the emf E as terminal voltage. Thus terminal ‘
voltage in the presence of the current (switch on) would be less than the emf E by ir.
(As Shown in Eq. 3).
Q30: Why law of conservation of energy is not satisfied in case of emf
and terminal potential difference?
Ans: Law of conservation of energy and emf: __ (OB
Let us interpret the Eq. (k- V, +1r) on energy\ conmderatnons The left side of
this equation is the emf E of the cell whlch is\equalto energy gained by unit charge
as it passes through theJCEH from its' negative to positive terminal. The nght side of
the equation gives an ]account of the utilization of this energy as the current passes
- the circuit t; statés that, as a unit charge passes through the circuit, a part of this
energy equaf to Ir is dissipated into the cell and the rest of the energy is dissipated
into the external resistance R It 1s given by potential drop IR. Thus the emf gives
the energy supplied to unit charge by the cell and the potential drop across the
vanous elements account for the dissipation of this energy into other forms as the
unit charge passes through these elements




Q31:
Ans:
il

Describe the difference between emf and potentsal dtfference"
Difference between emf and- potentla! difference:

The emf is the * CaUS& anrd potential difference is its "effect” ii. The emfis

always present even Erhen po current is drawn through the battery or the cell, but

it

Q32:
Ans:
i

through the resistance R, the charges flow from a
point of higher potential to a point of lower potential s
and as such, they loose potential energy. e e

loss of potential epergy per second is VL. This loss 3 R
of energy. per second appears in other forms of =

the pote ntial ﬁilfferenc

across the conductor is zero when no current flows through

Descrlbe maximum power output?

Maximum power output: ___QME,____
In the circuit of Fig as the current | flow Mo o’

If V is the potential difference across R, the : Sﬁl

energy and is known as power delivered to R by

current |.

iii.
Q33:

Power delivered to R = Poul = V[‘......, &
P ol l [{ (2) - -.II'"""'. \' " III, I o) ) A
(- \’ B IR) VAV W VYN

oo IR BB (3)

(R4+r)* (R-r )%+ 4Rr

When R =r, the denominator of the expression of Py, is least and so Py, 1S
then a maximum.
Thus we see that maximum power is delivered to a resistance (load), when

the internal resistance of the source equals the load resistance.
2

The value of maximum output power as given by Eq. 3 is %};
How voltmeter connected across the terminal of a cell measures

emf and terminal potential difference?

Ans:
(a)
(b)
Q34:
Ans:

A voltmeter connected across the terminal of a cell measures _

the emf of the cell on open circuit A\

The terminal potential difference on a closed C|rcu1t

Why we use Klrchhoff’s rules7 ALY )

Kirchhoff's rules: | "\ |\ o2

Ohm's law and| rules of series and parallel combination of resistance are

quite usefu Hto ana yze 'simple electrical circuits consisting of more than one

resistance.

owever such a method fails in the case of complex networks consisting

of a number of resistors, and a number of voltage sources Problems of such
networks can be solved by a system of analysis, which 1s based.upon two rules,
known as Kirchhoff's rules.



Q35: State and explain Kirchhoff's first. rule’ '
Ans: Kirchhoff’s first rule (Klrr.hhoﬁ’s pomt rule)

It states that the sum of alt tha currents meeting at a pomt In the circuit IS
zero e, SRS
Conventldﬁ '

It is @ convention that a current flowing towards a pomt s taken as positive
and that flowing away from a point i1s taken as negative.
Explanation:

Consider a situation where four wires meet at a
point A,

The currents flowing into the point A are |, and
I, and currents flowing away from the point are 15 and
l¢. According to the convention currents |, and i, are
positive and currents |y and 1,, are negative. Applying
Eq. 1 we have

L+ h v (-h)+ () =0
or e b=4hL+ 1 (2) = (O U

Using Eq. 2 Kirchhoff's first rule canbe stated m other words as
Second statement of Kirchhoff’s, first ruie- W\

‘The sum of all the currents ﬂowmg towzrds a pomt is equal to the sum of all
the currents flowing away\ from the' point.”

Kirchhoff's first/ rule and law of conservation of charge:

KircHhoff's first rule which is also known as Kirchhoff's point rule is a
manifestation of raw of conservation of charge. If there is no sink or saurce of
charge at a point, the total charge flowing towards the point must be equal to the
total charge flowing away from it.

Q36: State and explain Kirchhoff's second rule?
Ans: Kirchhoff's second rule:

It states that the algebraic sum of voltage changes in a closed circuit or a

loop must be equal to zero.

Explanation:

i Consider a closed circuit shown in Fig. The direction of the current | flowing
through the circuit depends on the cell having the greater emf.

ii. Suppose E;, is greater than E, so the

current flows in counter clockwise direction. We

know that a steady current is equivalent to-a /| >\ 0 e
continuous flow of posmve charges through the‘-.__'_'";-.

circuit | &

fii. . When a pos;twe charge AQ due to the T (\1

current | in_the qlaséd circuit, passes through the d

cell E,, from /low (-ve) to high potential (+ve), it gains R,

energy because work is done on it. The energy gain b AAMA——

IS E\AO

iv. When the current passes through the cell E, it loses energy equal to - E; AQ
because here the charge passes from high to low potential.



V. In going through the resistor R, theitharge" AQ io$es Energy equal to - IRy,
AQ where IR, is potentlai dxfference acmss RS The minus sign shows that
the charge is passdng frorn htgh 103 low potenhal

vi. Similarly the Io§s of! energy while passing through the resistor R; is - IR, AQ.

vii. Fmaumhe charge reaches the negative terminal of the cell E,, from where
we started.

viii.  According to the law of conservation of energy the total change in energy of
our system is zero Therefore, we can write which is Kirchhoff's second rule
and it states that

E.AQ- IR, AQ-E;AQ -~ IR; AQ =
E%‘[R1“E3"]R:=O {1)
“The algebraic sum of potential changes in a closed circuit 1s zero’

Rules for finding the potential changes:

Before applying this rule for the analysis of complex network it is worthwhile
to thoroughly understand the rules for finding the potential changes

(i) If a source of emf is traversed from negative to positive terminal, the
potential change is positive. it is negative in the opposne d:reCtu:m

(ii)  if a resistor is traversed in the direction of current me cﬁange"m potentia! is
negative, it is positive in the opposﬂ& leeCt&Qﬂ \ .' (el

Q37: Discuss procedure of solutn:m or;ircult prﬁblems’

Ans: Procedure of stﬂutton af clrcwt problems:

(i) Draw the c:rcuarldlagram

(ii)) The gﬂp«qé'of loops should be such that each resistance is included at least
once 1n the selected loops.

(iii) 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) Write 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 'rom high to low
potential,

(v) Solve these equations for the unknown quantities.

Q38: Explain how Wheatstone bridge can be used to find the unknown
resistance?

Ans: Wheatstone bridge:

Wheatstone Bridge is an electric circuit that is used to measure the value of
an unknown resistance accurately. o~ AN
Construction of Wheatstone bridge: . N 75 \oo™

The Wheatstone bridge circuit sHown m F|g cons:sts of four res:stances R,
R,. R; and R, connected,in such-a way Yo} a& to’'form a mesh ABCDA A battery is
connected between pomts A and C. A sensitive galvanometer of resistance R, is
connected betweem pdmts B'and D
working of Wheatstone bridge:

If the switch S is closed, a current will flow through the galvanometer. We
are to determine the condition under which no current flows through the
gaivanometer even after the switch is closed. For this purpose we analyses this
circuit using Kirchhoff's second rule. We consider the loops ABDA, BCDB and



ADCA and assume antlclockwlse loo;—r currents 11 le and 13 lthUQh 'the loops
respectively. = 0\ .~ Y4 8
Application of Ksrchhoff's second rule
The Kirchhoffls| second rule as applied to loop
ABDA gives ||\ VA
LRy - (- 1) Ry - (- )Ry = 0 . (1)
Similarly by applying the Kirchhoff's second rule
to loop BCDB we have
LRy« (= L) Ry (= L) Ry <0..ccoin (2)
The current flowing through the galvanometer
will be zero if,

L-1L=0 orl, = l.
With this condition Eq. 1 and Eq. 2 reduce to
-hR; =3 (h - I,\) R;

. -LRy=(l:- 1)) Ry

Dividing EQ. 3 by Eq 4 we get, _
' R N— _ 7 (8), ~R0)
R 34 [T ;"'f""_:-.\:!’ )

Note: » -‘\ \.\. |' ) -
i. Whenever the condition of Eq 5 iS satlsﬂed mb CUrrent flows through the

galvanometer and it shows no’ deﬂecttqn or-conversely when the galvanometer in
the Wheatstone: circwt shows no deflection, Eq. 5 is satisfied.
i. If we. < ﬂeef.three resistances R,, R, and R; of known adjustable values
and a fourth/resistance R, of unknown value and the resistances Ry, R, and R; are
so adjusted that the galvanometer shows no deflection then, from the known
resistances R, R; and R; the unknown resistance R4 can be determined by using
Eq. 5.
Q39: Why the resistance of the voltmeter should be hlgh7
Ans: Potential difference 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 be large cornpared to the circuit resistance across which the voltmeter is
connected. Otherwise an appreciable current will flow through the voltmeter which
will alter the circuit current and the potential difference to be measured. Thus the
voltmeter can read the correct potential difference only when it does not draw any
current from the circuit across which it is connected.
Ideal voltmeter: N
An ideal voltmeter would have an infinite: resrstance
Q40: Why prefer potantlometer as cempared to dug:tal voltmeter and
cathode ray oscllloscope"
Ans: There are some potential measunng instruments such as digital voltmeter
and cathode rayloscuiloscope which practically do not draw any current from the
circuit becé'use of their large resistance and are thus very accurate potential
measuring instruments. But these instruments are very expensive and are difficult to

use A very simpie instrument which can measure and compare potenttal
differences accurately is a potentiometer




Q41: Explain how potentlometer can be used to measure and compare

potential differences'-'

Ans: Potentiometer: U\
PotentJemeter s S|mple mstrument which is used to measure and compare
potential differences accurately 1hE

Construction of potentiometer:

form of a wire on which a terminal C can shde (Fig a.)
Workmg of potentiometer:

iv.

V.

vi.

vii.

viil.

iX.

A potentiometer consists of a resistor R in the

The resistance between A and C can be varied
from 0 to R as the sliding contact C i1s moved
from A to B.

If a battery of emf E is connected across R (Fig v
b.), the current flowing through it is | = E/R. If F
we represent the resistance between A and C
by r. the potential drop between these points
willbe rl = r&/R. E
As C 1s moved from A to B, r variesfrom 0-toR\[ [ /2| I\
and the potential drop between A\ and N =
changes from 0 to €. Such an: arrtangement also”

known as potenttal qmder <an be used to 1B
measure-the Umknewn emf of a source by using ¥

the c;ﬂdu‘lt hown Fig ¢

Here R is in the form of a straight wire of uniform :
area of cross section A c B
A source of potential. say an emf whose emf E,

is to be measured is connected between A and bll‘ C )

the sliding contact C through a galvanometer G.

It should be noted that the positive terminal of E,, and that of the potential
divider are connected to the same point A. ‘

If, in the loop AGCA, the point C and the negative terminal of E,, are at the
same potential then the two terminals of the galvanometer will be at the
same potential and no current will flow through the galvanometer. Therefore,
to measure the potential E, the position of C is so adjusted that the
galvanometer shows no deflection. Under this condition, the emf E, of the

cell is equal to the potential difference between A and C whese value Er/R is
known. N\~ T WY/ (elo~

Calculation of unknown emf* WA Sl
In case of a wire of umform cmss sectlon the resistance is proportionai to

the length of the WII‘E Tnerefore the unknown emf is also given by
AN ‘ E, -E—-—E- .......... (1)

Where L is the total length of the wire AB and Lis its length from Ato C, after
C has been adjusted for no deflection.
Null condition:



Q41: Explain how potentiometer can be used to measure and compare

Ans:

potential differences agcurately -
Construction ofio

form of a wire on which a terminal C can shde (Figa )
Workmg of potentiometer:

iv.

V.

vi.

vii.

viii.

ix.

potential differences?
Potentiometer; \ VAU 22 ™ &
Potentiometer is a. srmple tnstrument whuch is used to measure and compare

tentiometer:
A potentlometer consists of a resistor R in the

The resistance between A and C can be varied
from 0 to R as the sliding contact C is moved
from A to B.

If a battery of emf E is connectad across R (Fig N
b.), the current flowing through it is | = E/R. If Ly
we represent the resistance between A and C
by r. the potential drop between these points
will be rl = rE/R e 1
As C 1s moved from A to B, r varies from 0 to R
and the potential drop between A and C
changes from 0 to E. Such an afrangement alsa
known as potential divider can lpe used ‘tol +E
measure the unknowr‘l emf ofa source by using g
the circuit shown ¥ Figc
Here R|1s 1h tHe'form of a stralght wire of uniform =4
area of cross section A e &
A source of potential, say an emf whose emf E, 3

is to be measured is connected between A and \ C y

the sliding contact C through a galvanometer G. i >

It should be noted that the positive terminal of E,, and that of the potential
divider are connected to the same point A. s

If, in the loop AGCA, the point C and the negative terminal of E,, are at the
same potential then the two terminals of the galvanometer will be at the
same potential and no current will flow through the galvanometer. Therefore,
to measure the potential E, the position of C is so adjusted that the
galvanometer shows no deflection. Under this condition, the emf E, of the
cell is equal to the potential difference between A and C whose value Er/iR is
known. N\
Calculation of unknown emf: N2 (@

In case of a wire of uniform cross- section the resmtance IS propomonal to
the length of the ware Therefore the. unknown ‘emf is also given by

E E-_E— .......... (1)

Where 1N it lthb Itotai iength of the wire AB and { s its length from A 1o C, after
C has been ad;usted for no deflection.
Null condition:




As the maximum potential that can be obtamed between A and C is E, so the
unknown emf E,, should not exceed thlS value ‘otherwise the null condition will not
be obtained. 2 - )

X. It can be seen that the unknown emf E. determined when no current is
drawn]frqrh #t-and therefore, potentiometer is one of the most accurate
methods for measuring potential.

xi.  Comparison of the emfs:

The method for measuring the emf of a cell as described above can be used
to compare the emfs E,, and E; of two cells. The balancing lengths, ¢, and {; are
found separately for the two cells. Then,

E, =Eﬁ and E, = E=

Dividing these two equations, we get
o= (2)
E, 7, reeeeeeee |
So equation 2 shows that the ratio of .the emfs is equal to ratio of the

balancing lengths.

— . —

SUM MA RY

g"

The electric currem !s Satd to be\caused by the motlon of electric charge.

1.

i The heat energy H produaed by a current | in the wire of resistance R during
a tnmejintellwlf {s'given by H = | Rt

3. The passage of current is always accompanied by a magnetic field in the
surrounding space.

4. Cenrtain liquids conduct electricity due to some chemical reaction that takes

piace within them. The study of this process is known as electrolysis.

5. The potential difference V across the ends of a conductor is directly
proportional to the current | flowing through it provided the physical state
such as temperature etc. of the conductor remains constant.

6. The fractional change in resistance per ke’ i known as temperature
coefficient of resistance.

7. A thermistor is a heat sensitive resistor. Most thermistors have negative

- tamperature coefficient of raaustance.

]
8. Elactrical power P = VI = 'R = '?z'

9. The emf E of the source is the energy supplied to, umt charge by the cell

10. The sum of all the currents meetmg at a pomt IN"a circuit 1§ zero 1s e
Kirchhoff's first rule _ \ V

11. The algebraic sum of polent:ai changes In a closed circuit is zero is known
as K:rchhoﬁ‘s gecond rule.

l| l



SOLUTION OF EXERCISE

13.1. A potential difference is applied across the ends of a copper wire.

What is the. effect-on the drift velocity of the free by:
(a) Increésmg potential difference
(b) Decreasmg length and temperature of the wire
Ans: Drift velocity:

The average directed velocity along the conductor in the presence of applied
electric field is called arift velocity and is given by

¢ T
Vg =
1
Where T 1s relaxation time, E s electric field strength and m is mass of the electron
(a) The anft velocity of free electrons increases with increases of potential
difference because by increasing potential d|fferenf‘e electric field increases.
vy XV or Va %X E

(b) Decreasing resistance and temperature of the wire it increases electric

current. (rate of flow of charges) which demands Increase n dnft velocity because

1 L\ 1\ 1-_,.
Vg X = amd.--= \{ v¢ oc i

13.2. Do bends in a wire affect its resrstance"
Ans: Bends in a wue have no'! effect on its electric resistance because the

electrons whose rrpptn‘on constitutes an electric current are extremely small with very
hittle mass an&stherefore can change direction readily.
As the dimensions (length, diameter. volume etc ) of a wire are not affected
by the bends, then its resistance will not be affected by the bends.
13.3. What are the resistances given in the figures A and B? What is the
tolerance of each? Explain what is meant by tolerance?
Ans:

Fig A:
First digit for bro .mn cclour \ D=

Second dgnt for] green colour = 5

Number of zeros for red colour = 00

(Because red cclour has value 2 therefore it has two zeros)
R = resistance = 1500 Q

4" digit for gola represents tolerance = + 5%

R = 1500+ 5% {2 = R = 1500+ 75 Q



= R = 1425101575 0
Ferst digit for yenaw coIour ::_.._ 4

Second digit rwh:te coIOur =9

Numger|of| zeros for orange colour = 000

(Because orange colour has value 3 therefore it has three zeros)

R = resistance = 49000

4" digit for silver represents tolerance = + 10%

R =43000 + 10% = R = 48000 + 4900 (1
= R = 44100 to 53900 0.
Tolerance:

Tolerance is the variation of the actual resistance from the marked value on

the resistor.
13.4. Why does the resistance of a conductor increase with rise in
temperature?

Ans: Effect of Temperature upon Resistance:
When the temperature of the conductor rises, average speed | of the random

motion of the free elec trons increases which enhances the rate) of \collision of
electrons and the atoms. This causes an increase mfhe\rems,tance of the conductor
The increase in resnstance s dtrecﬂy prépqrtlonal to! the]ncrease of temperature. 1
Tx R. ~ 0
13.5. What are th? dlffiCUltlE‘J II‘I test:ng whether filament of a lighted
bulb obe ysﬂ')hm’s law?
_Ans: Whéh the current in an electric bulb rises to a maximum then its temperature
and resistance increases. To apply Ohm's law we must have resistance and
temperature constant. In bulb it doesn't happen, and its V-I graph is not a straight
line Showing that bulb is non Ohmic.
13.6. Is filament resistance lower or higher in a 500 W, 220 V light bulbs
thanina 100 W, 220 V bulbs?

Ans: Since R = —P—

. L
Now R = 20 96.8 0

S00
Y Z
Also R, = Y2 = 4g4n.

100

Clearly, R, is less than R, -
Hence, 500 W, 220 V bulb has lower filament resistance than 100 W, 220 V bulb.
13.7. Describe a circuit which will give a varying potentlal'f
Ans: A potenual divider c:rcm' can gavé a cantmuously varying potential
For example: . B8

Rheostat, potenuometer etc
ili. AsCj rf mqw& flom A to B, r varies from 0 to R and the potent! ucp
between A'and C changes from 0 to E. Such an arrangement also knowi a5
potential divider can be used to measure the unknown emf of 3 souice ©v we.
the circunt shown Fig ¢ -

1]




13.8. Explain why the terminal potential difference of a battery
decreases when the current drawn from it is increased?
Ans: Since V=E-I
This relation shows that the terminal potential difference of a battery
decreases when the current drawn from it 1s increased
The reason is that a pattery of emf. e. suffers an internal potential drop (Ir)
due to Its internal resistance (r).
13.9. What is Wheatstone bridge? How can it be used to determme an
unknown resistance? -
Ans: Wheatstone bridge:

'L_. )

......

an unknown resistance aLCurateTy - r
Determination of an unknown re5|stance

If we ’“‘nném anee resistances R, R. and R, of known adjustable values
and a fourth\rbs: ﬂ*anre R. of unknown value and the resistances R,, R, and R, are
SO adjusted that the gaivanometer shows no deflection then from the known

resistances R, R. and R, the unknown resistance R, can be determined by usin’g-
Eq

SOLUTION OF EXAMPLES

Example 13.1: 1.0 x 10’ electron pass through a conductor in 1.0 ps.
Find the current in ampere flowing through the conductor. Electronlc
charge is 1.6 x 10°*C.

Number of electrons = A = 1 0 x 10f
Tsmetaken:m:10ps — 10:10 3 O\ O™
Charge on electron = e\ .,__,=_:'-- 6 X 10 ’g C
Current 2R \I\\ : -?
Using the formula. _ ] yL
= !Il ﬂQ _
NN | = = (Since Q= ne)
ne
I = —
At

10 x107x1 653017
1O x 1070

]
1

16 x10°A



Example 13.2: 0.75 A current flows through’ an rron wire when a battery
of 1.5V is connected across its| ends The tength/of the wire is 5.0 m and
its cross-sectional area ls 2. 5 x 10’m% Compute the resistivity of iron.

Current | LU L= Y= 0 75A
Potential dnffqrenne NJ o =V = 15V
Length of the wire =L = 50m
Area of cross-sectionofwire = A = 25x10'm’
Resistivity of iron = p =?
By Ohm's law

R = 0—"1 20w\‘ 200 (~VA'=0)
Since . p = R::;

= 20x2585x107 =1_0x10rnm

50
Example 13.3; A platinum wire has resistance of 10 1 at 0°C and 20
N1 at 273°C. Find the value of temperature coeff' c:ent of resistance of

platinum? T2\ L
Resistance of wire at 0°C R{, 10 n (2
Resistance of wire at 273°C R\& 20 ) WooaW = &

Initial temperature = t, =0 % 273 =273K

Final temperature =t = 273 + 273 = 546 K

Temperature, diffetence "= t = t,—t, = 546 K - 273K = 273 K

N

---pl I

Temperature coefficient of resistance = a = ?
Ky-R
Temperature coefficient of resistance = a = ;““
n
20 10 1 5 .
q = —— = — = 366x10°K

A w277 273
Example 13.4; The potential difference between the terminals of a
battery in open circuit is 2.2 V. When it is connected across a resistance of
5.0 11, the potential falls to 1.8 V. Calculate the current and the internal

resistance of the battery.
Potential difference = E =22V
Resistance =R =500
Fall in potent:al = V=18V
(i) Current = | =7
(ii) Internai Resistances = r = ?
\( A "
(i) By Ohm's law oA
V=R

I -~]| b
(1) Internal resistance 'r' can be calculated by using the relation

E = V+iIr - EV =1t o g =..°

e 20 2 MY 29

TR {' 14y



Example13.5: Caiculate the currents in the three resnstance of ‘the circuit
as shown in the figure gwen beIOW‘ AATVN VY

R1=1OQ /7 WY

E. =400 ._;-.;i--r-l'i"'*ii"’l--' N

E;=500

Solution:

- (i) Current through R, ? : = =
(ii)  CurrentthroughR; = ? ’ 4 )
(iti) Current through Ry = ? 1: :—\ ;!' ‘:\ I

E

n m

Direction of current in the loops, abcda and befcb

is clockwise Starting from point ‘a’ and applying

=
Kirchhoff's 2™ rule, we have —_— —_ -
~ For Loop abada: ¥ ¥ ! .

“IZJ”ILI{'(I}‘l:)R_‘+E: - 0 .............. (1)
For Loop ebace:
'EE‘ “ -1 )R;- IgEz = 0 ............. _._:1.. (2) ____/__‘-\-_\--
Using values in (1), we have -~ N\ O\
4Q-I= X 10 (ImI?}iCBO*SU 0
\(28 10[(1,\+3(I,-12] =0
]20\! 10(1,+3|,-3|2)
NN 31, = 2vat =24
Substttutmg ihe values in (2), we have
60-(l;-1,)x30-1,x15+50=0
10 - 15 x [l + 2(I- 14)] = 0
-15 (1, + 21;-21.) =10
Multiplying both sides by 3, we have
. Bl-9l, = % =2A (ii)
In order to solve this equation for 'l,' and 'l muitiply Eq. (1) by 3 Eq (i) by 2, we
have

121, - glz = BA
121, - 18]2 = 4A
= + =
Substituting this value of Iin Eq (1) we have \W )
4], = '3” - "ZA ”;:r”--A ZA
(1 A
41!.‘@/\"1;\-? = |I=z

The' éwen figure shows that ' I,' and ' lz are the actual current through the
resistances 'Ry’ is the difference of 'V and ' I, and its direction is along the larger
current.

Current passing through R, = I, = EA = 0.66A



The direction of '| 'is fromatcd R AYGE
Current passing through R = ! [. ___5 A:C 22,; N [(2)o™
The direction of this current is _f(;;m?._f' to & SR\ LCR\EA”

#|  SOLUTION OF PROBLEMS

13.1 How many electrons pass through an electric bulb in one minute if
the 300 mA current is passing through it?

Solution:

Time = t = 1 min = 60s
Current = | = 300 mA = 03A
Number of electrons = n =?

Since | =2 - Q=Ixt . .. (1)
But, ?

_ Totalcharge = Q = ne ... .. (2)
Comparing Equations (1) and (2) we get,

n x e bt I x t ) I__‘“L__-_..-.- :._ -'I,T-_-' /::_' -_:I'-_IIII--}'.II.I-_IJ "._I_'-
P\ VAR AR LA LA .] |
0.3.% 60 \\ \( () \\ L :
= o <\ \ 24125 x 107 electrons

13.2 A charge of ! |0C pass "S"fhro'ugh a wire in 1 hour and 15 minutes.
What is the currentn the wire? -
Solution: /-

Charge = a=9¢C
Time = t = Thour8 15 minutes = 75 minutes = 75 x 60 s = 4500 s
Current =1 =72 '
Stee I = ” (%
Using.values in equation i 1) we get
[ = =~ = 002A = 20mA

00

13.3 Find the equivalent resistance of the circuit total current drawn from
the source and the current through each resistor.

Solution:
R1 = 6N
Rz = 6 )
Ra = 3N
Equivalent Resistance = Rq, =7 Total current = | =2
Current through R, = |, £\?\| |1\ | oy
Current through Ry =/ =2 I

Current through Ry = 15 = ?
In order to solve this numericat first of all we label the figure as follows
For the parallel combination of R. and R,

1 ] 1 ; . .
- D - — =3 ..[. = 1 = % = = 141 5
R Ra R, K o 6 R b



The direction of "1 'is fromatcd

Current passing through R, = ' _|. :S-A =022r« Y

The direction of this current isfrom f toig\ W\ ~

[ SOLUTION OF PROBLEMS

13.1 How many electrons pass through an electric bulb in one minute if
the 300 mA current is passing through it?

Solution:
Time = t = 1 min = 60s
Current = I = 300 mA = 0.3A
Number of electrons = n =?
Since | = % = Q=1Ixt. ... (1)
But, »
_ Totalcharge = Q = ne ... .. (2)
Comparing Equations (1) and (2) we get, - T~
nxe = | xt ~ 1S\ OBV
n = BN YA\ NP 125 x 107 electrons

TSR AR RY

13.2 A charge of 90 C p sses :fh_ro.ugh a wire in 1 hour and 15 minutes.
What is tt_gg;-ﬁ&ti@éﬁ%an the wire? .
Solution: -~

Charge 90 C

Time = t = 1hour& '5minutes = 75 minutes = 75 x 60 s=4500 s
Current =1 =7 '
Suee | = ¥ (%

Using.values in equation 1 )‘ we get
I = ——- = 002A = 20mA

0

13.3 Find the equivalent resistance of the circuit total current drawn from
the source and the current through each resistor.

Solution:
R; = 60
R: = 60
Ry = 30 o Ao Nee
v = 6V RAVZARE SR\ A 1% R = Y |

Equivalent Resistance = Ry, 7 Total turrent = j =7
Current through R, =) \2\) -

Current through(ﬂf_}._! R T 2
. _ ]f

Current through Ry = 15 = ?

In order to solve this numericat first of all we label the figure as follows

For the parallel combination of R. and R,

1 1 1 ! 1 ) ] H
= — =5 —_ = e e - - - = i:_' =
R - Ry R K O {y R 6



R =30 oy AW [
This resnstance R will be in series wuth Ral-__ I =
-R+R3-—3+3 &n Sl
Accordmg to Ohm s Iaw =

V) I| _E_ R,=
Regq v'r‘v_":vl R=30 c
Using values we get, o '?—-*".‘i“f‘?“—]
I=2=1A part =
Again using Ohm's law,
VBC = IR, v

Vgc = 1x3 = 3 volts L——l.'—
Itis clear that, :

Vas + Vac = BV =  Vag=6V-Vge = 6V-3V = 3V
Now,

v
And, |, = =£ =>=05A P Yo\

From figure :t is clear that, I QP
L=1=1A

134 A rectangular bar of i lron is 2 0 cm by i 0 cm in cross section and 40

cm long. Calculate its| resmtanoe if the resnstmty ofironis 11 x 10 Om.

Solution: /N0

Area = A 1H|Zém X Zcrn 4cm? = 4 x 1_0"

Length= L = 040 m
Resistivity = p =11 x10%am
Resistance =R =7
Since R=p x-%
—sx
R = =220 = 11x10% = 1.1x 10%

13.5 The resistance of an iron wire at 0 °C is 1 x 10°Q. What is the
resistance at 500° C if the temperature coefficient of resistance of iron is
5.2 x 107 K*?

Solution:

Lower Temperature = T- = 0°C = 0+273= 2?3 "
Higher Temperature = T = 500 °C = 500 + 273 773 .
Temperature Difference = AT = T- To =773 2-1.3 500 K.

Resistance at Tp = Re n=C —~1%W 10,4 Wk

Temperature co-efficient- = oc: "-\5 ;3. x 10 K

Resistance at T = R, = 7

Since W RNR Rc (1 + AT)
R Y 00w 1452 107 x 500
R (1 +2600 x 10°%) x 10*

(1+286)x 10°

36 x 107

TR 'ilj:

R.



13.6 Calculate terminal potential difference of each of célls in circuit of
Solutlon \/7\ \( (3 \ VL
In the given circuit the battery wath em‘ 24 V 15 the charger and the battery with emf
.6 Vis being charqed We have'to detemﬂne -
VAB —']| i and V o R
Totaf resistance of the crrcuit = R = 1, + Ry +r
= R=01+8+090 =90
From the figure it i1s clear that both batteries will

oppose each other therefore, | ©

V =24-6 = 18 volt —
According to ohm's law, "

l=£=]£~—2A Ez6V

For 24 V battery which is being discharged we D
can write,

E: = Ir + VAB

24 = 2x01+ Vg

Vag = 24 - 0.2 volts = 23.8 volts A0
For the 6 V battery which is being charged ..---«:“;"-?Z“\.*""""‘;5551 \ (G2

Veo = E,+Ir -~ O AT QLN S0

VCD = (§ 1' 2 "_O’QJ\_ 1 "4 d;‘ 1 8}’ L 7 8 VOltS
13,7 Find the current whtch flows in all the resistance of the circuit of

Fig.

I|
J| NN
Solution: )\ NNR
First of all label both the loops and name the currents as |, and |; in the

anticlockwise direction.

d b C _
, BV B gy = 6V =
R#1202 “ : 20
f e 4 wy—
Applying the Kirchhoff's 2" rule to !oop afeba we. get _’ AR i
E,-(I-L)R 5 0 ¢ [~
9-(I-[)18  =0(\-&7 r«? 8(11 ) = 9 = (I,-1)=9/18
Il-l o= SA\. ..u (l)
I, I| |Il\l 5A+12 .......... (2)

Equation for. IOOp edcbe,
-LR,+E;-(I;-1,)R; =0
0 = -I,bR; + 6 - (I,-1;)18
6 = + IzR‘J_ 2 (12‘ 11)18 = 6= +I;Rp+ 18.[3 1811



6 = +121.+181,- 181, gla 6 mhIM;
Dividing both sides by 6 we get o A\ N\

Using the value of |, from equatron (2) " equat:on (3} we get,
! I 1513 3(0.5 + 1)) = 1=5[-15-3,
1am5 25131, = 1+15=5,-31, = 25=21
L = 1.25A
Putting this value of I; in eq (2) we get
L = 0.5+ 125 = I;=1.75A
CurrentthroughR, = I, = 125A

Current through R, =1, -1,= 1.75-125=050A

13.8 Find the current and power dissipated in each resistance of the
circuit, shown in Fig.

Solution:

We complete the ioop as follows,

A RS10Q  pR=100

According to Kirchhoff's rule the loop for ABCDA,
Ei=lRs=(l.-1;) Re- KR,=0

6‘i1"2(|-'|2)'l1 - 0 = 6*'1'2|1+2'2“11:0
6-41.+2,=0 = -4l,+2,=-6
Dividing both sides by 2 we get
f. 2+ = 3. (D
s = 2li= 3 wovsanisiaifd)

For loop EFDCE,
'EI - i;4‘R3 - I2R2 - (l2 - Iy ) R4 |
-10- 2h- 1= 2 (1, 1y) -
401b¢w%+muh
Dividing both sides by 2, we get, ~\[1= )\ (G
Using this.value of I, in equatson (2) we get
g ? = %(3l2*5} 3= 6l,+10-3

R =

(3% )

0
0
0

m o

= _A0R6l+21,=0

RN |J' = I, = 1.4A
Putting this value of I; in Eq (3), we get,
l, = 3(14)-5 = 42-5=-08A

Taking only magnitude we can write,
Current through R, = |, = 08A



CurréntthroughR, =1;= 14A

CurrentthroughRy, =1,= 14A . ‘ A
CurrentthroughR, =1,-1,=-08- 1 4= -2 2A J.-j-;.--. \ @O\
= 22A0 A \n\| \\ ‘f‘-., \ ’tMagmtude only)

Current through Ry = l; = 1 4,\ ( "-LZ"' \\ SR\BAS )
Current through Re __]e‘ n 8 A\
Now.

er“&isdn‘patlen through Ry=/f R, = (0.8) (1) = 0.64 wat
wer dsssnpatlon through R, = l,_ = (1.4)° (1) = 1.96 watt
Power dissipation through R, = !3 R, = (1.4)% (2) = 3.92 watt
Power dissipation through R, = L. R.= (2.2)* (2) = 9.68 watt
Power dissipation through Rs = !5 Rs= (1 4) (1) = 1.96 watt
Power dissipation through Rs = 12 Re = (0.8)2 (1) = 0.64 watt

\]|\i|\ NN



