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D.C Circualit

Ohm’s law: Q
Q.No.1: State and explain Ohm’s law? O

Ans: According to Ohm’s law:
“Potential difference “AV ” across the ends of a cond@ is directly

proportional to Current “1” flowing through it provi mperature
and other physical conditions of the conductl&k t change”.

AV oc |

Where “R” is the constant of proportionality, it is k as™Resistance of the

conductor”
Its value depends upon dimensions, n@ial and temperature of the

conductor. x
Hence the product of current “I” and resi t%‘ " of a I
conductor is equal to the potential di aske ” across its
ends, provided temperature an%p ysical conditions
of the conductor do not change raph between potential
difference “AV” and the resulti@rrent “I” flowing through it, AVec ]
is a straight line if Ohm’s is Obeyed.

A material that obg m’s law is called Ohmic

conductor. AV
Q.No.2: Give%ample in which Ohm’s law
is not valid.

Ans: rent is passed through an electric bulb its

eX. It converts part of electrical energy into heat and R
®In this case since the temperature of filament of the
refore, current flowing through it will not be directly —W—

bulb r
pr %t? the pojtentlal difference across its ends. In other Circuit
hm’s law will not be obeyed. —

" representation
Q.No.3: What is resistance? How is it offered?

temperatu

Ans: |t is the opposition offered by a conductor to the flow of electric current
through it

When current is passed through a conductor, free electrons move through the
conductor in one direction. These free electrons suffer elastic collisions with the vibrating
atoms of the conductor. As a result of which their motion is opposed. This opposition to the
flow of current (or to the motion of free charges) is called resistance of the conductor.
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Note that, with a few exceptions, resistance of materials increases with a rise in
temperature and decreases with a fall of temperature.
e The change in resistance with temperature, above and below 0°C, over a
wide range of temperature is uniform.
Also note that, resistance of semiconductors decreases with a rise in temperature.
Q.No.4:0n what factors does the resistance of a conductor depend?
Ans: Resistance offered by a conductor depends upon:
1. Material of the conductor. \
2. Geometrical dimensions (length, area of cross section etc.) of the @,
conductor.

3. Temperature of the conductor. @

Q.No.5: What is the unit of resistance?
Ans: The S.I unit of resistance is “ohm Q.

Resistance of a conductor is said to be one ohm (1 Q) if it allg @e ampere (1 A)
current to pass through it when a potential difference of one vo%(\{@maintained across

it.
N
1V
e

In electronic circuits resistors are used to contro floy of current within desired
values.
Q.No.6: Why does the resistance of a
its temperature? Why is Ohm’s law n
conductor rises?

uctor increase with a rise in
ed when temperature of the

Ans: When temperature of a conquc raised, vibrational kinetic energy of its
atoms increases. Atoms of the cond ow vibrate more vigorously and through
longer distances, as a result of wi e chances of collisions between these rapidly
vibrating atoms and the free el flowing through it increases. Due to the increased
number of collisions, the oppostgn to the movement of free electrons or in other words,

resistance of the conduct creuses.

Similarly, when ta%m conductor is lowered, the atoms of the conductor
vibrate slowly with de ed amplitude of vibrations, due to which chances of their
collisions with freg elecfons or in other words, resistance of the conductor decreases.

Ohm’s |gw W vg2lld as long as, along with the other physical properties, mainly
temperature gf ductor must not change, because if temperature of the conductor
changes it ig¢ance will also change. Since resistance “R” is a constant of
Ohm'’s law, therefore, whenever resistance of a conductor changes while
ing through it, Ohm’s law will not be obeyed.

%ﬁe other words, when temperature of the conductor changes, potential
|

d e across the conductor will not be directly proportional to current flowing
throdgh it (V o I).

Resistor color code:

In electronic circuits carbon resistors are used for introducing high resistances for
various purposes. They are small, their value is indicated by a color code.

Color code is in the form of usually four colored coaxial bands in a particular order.
Following table having four columns shows how to use the color code.
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First and second bands represent number or significant value, 3'd band represents
multiplier whereas the fourth band indicates tolerance (in_other words, possible variation
in resistance, it is expressed in %).

Color | Value (18t 2" band) | Multiplier Tolerance

Black 0 100 Gold +5%

Brown 1 10° Silver + 10%

Red 2 102 No color + 20%

Orange 3 108 \\
Yellow 4 107 @.
Green 5 10° &

Blue 6 106

Violet 7 107 g O

Grey 8 108

White 9

second is Blue, third is Violet and the fourth is Gold. Substijtuti for Orange), 6 (for
Blue),107(for Violet) and £ 5% (for Gold) we will get the value isfance as R=35x107 = 5%.

Resistivity:

Q.No. 1: What is resistivity (or spec;ftc%t nce) of a conductor?
Ans: Resistivity or specific resistance o Q) tor may be defined as:

“The resistance offe a conductor of

unit length and ur@: of cross section”.

“Resistivi

by uni

Q.No.2: What is the

Ans: The unit of resistivin@is Q-m (ohm-meter).

Q.No.3: On wha tors does the resistivity of a conductor depend?

Ans: Resistivity 8 3Coglductor depends upon its material and upon it's

temperature.
At a given femp&fature resistivity of a conductor depends only upon it's material.

10°
To understand the color code, let us assume that the flrxmls range,
s

e resistance offered
me of a conductor”.
resistivity?

o e e best conductor of electricity, because its resistivity is the lowest
among all thgc ors. In other words, its unit volume offers minimum resistance to
r

the flow of current among all the conductors.
me alloys have high resistivity, some of them find important use under
suitab itions where high resistance is required, e.g. in an electrical room heater

u y Richrome is used because it’s resistivity is highest.
%ote that, resistivity of semiconductors is negative it means that resistance of
semitonductors decreases with a rise in temperature.
Deriation:
At a given temperature resistance of a conductor is directly proportional to its length
“L” and inversely proportional to its area of cross section “A”:
Ro L & Ro 1
A
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OR Roc L R=pL ]| .oonnn. (7)
A A
Where “p” is a constant of proportionality, it is known as resistivity of the conductor.

At a constant temperature the value of resistivity “p” depends upon material of the

conductor. Usually the value of “p” for conductors is low and for insulators (or bad
conductors) its value is high.

From the above formula: p=RA \\
L
f

Resistivity “p” may be defined as the resistance offered by a conducto
unit length (L = 1) and unit area of cross section (A = 1). (Or resi ce
offered by its unit volume).

S.| unit of resistivity “p” is ohm-m (Qm).

Resistance, resistivity and temperature coe ient:
Resistance of a conductor of given material changes witzt\ ature, hence if Ro is

its resistance at 0°C and Rt at T°C then:

Rr—RoxRoT \
Rr-—Ro=aRoT +
Where “a” is the constant of proportionality n a§ temperature coefficient of

the given material. %
Temperature coefficient of resistainc s
Temperature coefficient “a” m% ed as the change in resistance per
unit resistance pe erise in temperature.
s Its value depends upon.@of the conductor.

» Its unit is (°C) ! or K-

Therefore: Ro+aRoT
? =Ro(1+a T)
Hence resistivity of nductor of given material increases with temperature. if “po”
and “pt” are resistivities ™ ductor of given material at 0°C and T°C respectively, then
in terms of resistivitie bove equation becomes:

provided itg r&si§fivity at 0°C and its temperature coefficient “a” are known (this equation
depend on material).

mperature coefficient of resistance “a” is positive for most of the
c%:. rs, showing that their resistance increases with a rise in their temperature. But in

pT = po (1+ QAT)
This em%w!n be used to find the resistivity of a material at any temperature

<
S

C semiconductors value of “o.” is negative, showing that their resistance decreases
with & rise in their temperature.
In semiconductors number of charge carriers (conduction electrons, holes) increases

113 ”

with a rise in its temperature due to which its “a” is neqative. In other words, its
resistance decreases.
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Conductance and conductivity:

Q.No.5: What are conductance and conductivity of a conductor?

Ans: Conductance of a conductor is the reciprocal of its resistance R, similarly it's
conductivity “c” is the reciprocal of its resistivity “p” (i.e. o =1/p).

Unit of conductance is Siemens “S”.

Unit of conductivity is Siemens/meter “S m™.
In terms of conductivity “c” equation (i) becomes: \\

a ........... (ii) @

c A
Conductance is a measure of how good or how bad a conductor i@uctance
of a conductor is low, its resistance “R” and resistivity “p” will be high and folNa given
potential difference it will allow less current to pass through it, in oth@ords, it will be a
bad conductor of electricity. But if conductance of a conductor is@ S resistance “R”

“ "

and resistivity “p” will be low and for a given potential differencs'% i™allow more current to
pass through it, in other words, it will be a good conduc%) ctricity.

Electromotive force emf: *
WCuit,

When current is passed through an electrical ovement of charges (free
electrons) is opposed (due to resistance of the co ). To overcome this opposition
charges will have to do work. This work done digsip energy of the charges and appears
as heat. Charges will, therefore, continuousl| ergy. To maintain a constant current
some source of power is needed. This soyfc t be able to supply power equal to the
power dissipated. Strength of such a souUgce jsgmeasured by its electromotive force emf.
Hence, the electromotive force “E” o rce of current (Cell, battery, electric generator
etc.) may be defined as:

The potentia

rence across its terminals when
urrent is drawn from it.

Internal resiftance:
Q.No. 1: Whas i rnal resistance?
Ans: Internal r%?nce of a source is:
V he opposition to the flow of charges
through a source of emf.

.Npo. %at causes internal resistance in a cell, a battery?
external electrical circuit conventional current flows from positive to
teMinal of a source of emf. To complete the circuit same amount of current also
h the source from negative to positive terminal. While passing through the
harges suffer collisions with the atoms of the electrolyte. This opposition to the
f charges while passing through a source is called internal resistance of the
source. Internal resistance is offered by the electrolyte of a cell or a battery but in case of a
generator internal resistance is offered by wire of its coil.
Q.No.3: What is terminal potential difference V and what is its
relation with emf?

Ans: Terminal potential difference is the potential difference available
across the terminals of a source for the external circuit.

7
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Explanation and derivation:
A battery (or any source) may be considered as a source of pure emf “E” and an

internal resistance “r’ connected in series to it. If “R” is the total resistance of the circuit
connected externally across the battery, then according to Ohm’s law current “I” flowing

through the circuit (having “r” and “R” connected in series to it) is given by:

I=_E

R+1) \\
E=IR+Ir @»
“I ris the potential drop within the source across its internal resistange “r’.

Hence the potential difference actually acting across the external resistange | ‘TR It
is less than emf “E” of the source. Let “I R” be represented

by “V”, then esiStance R

E=V+Ir
Hence, V=E-Ir

“V” is known as the terminal potential

difference. When current is delivered by a source, i -
terminal potential difference “V” will be less than it's egif “E L E
t%

but when no current is drawn there will be no poten op * o

across the internal resistance, therefore, termingf o al
difference “V” will be equal to its emf “E”. Lar @e}alue of current drawn from a source
larger will be the potential drop within the cand smaller will be the terminal potential
difference “V” available for the external %

Power dissipation
When current is passed thro cOnductor, free electrons flowing through the

conductor suffer elastic collisi ittvthe vibrating atoms. During these collisions a part of

electric potential energy of ;ges ee electrons is transferred to the atoms, as a result of

esistors:

which kinetic energy of at {ncreases, resulting in a rise in temperature of the conductor.
Electrical enerqy is, he 7 converted into heat energy.
Hence power dissiRZap of any electrical device is the rate at which electrical energy is
converted into hegt wh&n current passes through it.
In other e can say that free electrons have to do work to overcome the
%nﬁ
n

e of the conductor) to their flow. This work done by the electrons is
t of heat produced.

Work done per unit charge =V
Work done to move charge “Q” from one end to the other = QV
But I= Q Q=1t
t
- Work done to move charge “Q” from one end to the other=V I t
Since work done by free electrons to overcome resistance “R” of the conductor is equal

to the amount of heat produced, hence:
(Heat produced =V It

8
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But power is the rate of doing work or it is the rate at which one form of energy is
converted into the other (in this case electrical energy is converted into heat energy).
Power = Work or energy P=VIt
Time t

But according to Ohm’s law:

>

S.l unit of power is watt. But watt (w) is a small unit of power, it's com {Q used
multiples are kw and Mw: 6

1 kilowatt  (kw) =103w

1 megawatt (Mw) = 106 w
Old unit of power (which is still used in some cases) is horsepo .

1 horsepower (hp) = 746 w = 0.746
Q.No.1: What is kilowatt-hour (kwh)?

Ans: Kilowatt-hour is the unit of energy, it is used tqrr%@sure electrical energy on
hi

commercial scale.
| kilowatt-hour (1kwh) is that amount of ener%’c is delivered by the electric

current by constant power of 1 kilowatt (kw) in 1
Since: Power = work (or energy)

time
OR P=E N =P xt

If power is 1 kilowatt and time s 1hour, then:
En kw x1 h =1 kwh.
But 1kw=10%w &1 h=3600s
1 kwhf=203w x3600s
1 kwh =388 J/s x 3600 s
1 = 3.6 x10%J

t
Hence energy can be expressed '.(*s of power unit.
g 1

standard S.I nergy “J”.
ctrical energy is commonly known as a unit of electricity.

Mf’s laws:

rchoff’'s laws are useful in analyzing complex networks (a complex network is that

e@m circuit which has two or more voltage sources along with different series and

paratel combinations of resistances).

Kirchoff’s first law:(OR Kirchoff’s Current law KCL)
According to Kirchoff’s first law:

Total current flowing towards a junction is equal to the
total current flowing away from it.

1 Kyh = 3.6 MJ.
This forrvys the relation between the commercial unit of energy “kwh” and the
|

9
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Kirchoff’s first law is also known as the_Kirchoff’s current law KCL, it is the
direct result of law of conservation of charge.

Current is the rate of flow of charge (amount of charge flowing per second). Since
charge can-not be created nor can it be destroyed, therefore, total amount of charge
flowing per second towards must be equal to the total amount of charge per second
flowing away from a junction.

Mathematically we can write:

> Ttowards = X Iaway

Kirchoff’s second law: (OR Kirchoff’s Voltage Law K@

According to Kirchoff's second law: &
The sum of electromotive forces in a loop equal O
the sum of potential drops in the loop. &

OR
The net voltage change in a closed loop is equ ero.
Kirchoff’'s second law is also known as the Kirchoff’s law (KVL), it is the

direct result of law of conservation of energy.
When a charge moves from a lower potential to a highgr potential it gains energy but
froE

when it moves from higher potential to lower potential it nergy. OR we can say that
it gains energy when it moves through a source of e .f its negative to positive
terminal but it looses energy when there is a potent%

Hence if charge is moved round a close h
(either clockwise or anticlockwise) then it d@
initial potential energy.

®: While solving a complex netw r omplex network is that electrical circuit
which has two or more voltage so% Kirchoff’s voltage rule KVL,following steps

rting and ending at the same point
the same final potential energy as its

must be taken:

+ Direction of curre through all loops is assumed to be either
clockwise or an@:kmse or you can assume current in a loop in
clockwise in other loops anticlockwise.

% If the dired@hat loop current is such that it flows through a voltage
source itS negative to positive terminal, voltage change across that

source % is taken +E (E is the emf or voltage of the source).

y A1 the direction of that loop current is such that it flows through a
source from its positive to neqgative terminal, voltage change
ss that source of emf is taken — E (E is the emf or voltage of the source).
choff's second rule KVL is then applied to each loop separately, finding the
otential drop across each resistor in a loop by applying Ohm’s law (V = I R).
Q~ s Apply Kirchoff’'s second rule KVL to each loop separately, assuming the

current in that particular loop to be greater than current in its adjacent loop/s.
You will get an equation for each loop. Solve these equations simultaneously.
Thus, you will get the value of current in each loop.

% If current in a loop comes out to be negative, then its correct direction of flow
will be opposite to its assumed direction, it means that if the direction of
current assumed is clockwise and if it comes out to be negative then its
correct direction of flow will be anticlockwise. With the help of each loop
current determine the value of current in each resistor.

10
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Wheatstone bridge:

Q.No.1: What is Wheatstone bridge?

Describe working of a Wheatstone bridge.

Ans: If four resistances R1, R2, R3, and R4 are connected end to end in such a manner
that they form a closed loop. A sensitive galvanometer through a key is connected across
two opposite junctions whereas, a cell is connected across the remaining two junctions,

then such an electrical circuit is known as
Wheatstone bridge
When current is switched on in a Wheatstone T
I

bridge, some current “I” is delivered by the battery.
It divides into two parts “I1” and “I2” at point “A”.

These parts will further divide at points “B” and “D”. +
Some current will flow through the galvanometer, =
due to which it shows deflection. The magnitude T

and direction of current flowing through the
galvanometer and the direction of deflection of its I
pointer depends upon the potentials at points “B”
and “D”. If point “B” is at a higher potential then
current will flow from “B” to “D” and vice versa. ]
If points “B” and “D” are at the same Wheatstone bridge

potential then no current will flow through the

galvanometer, hence it's deflection will be ze

(null point is obtained). Under this conditi atstone bridge is said to be balanced.
Q.No.2: Derive a condition for nced Wheatstone bridge.

Ans: For a balanced Wheatston Wige potentials at points “B” and “D” must be equal
i.e. Ve = Vp or in other words, potgMijal difference across “R1” must be equal to the
potential difference across “R3”

But Potential diﬁeren@cross R1 =11 R1

Potential di nce across R3 =12 Rs
" \f% [1R1=12R3 ............... ()

Similarly potential
But Potential

ence across Rz and R4 must be equal.
fference across R2 =11 R2
ifference across R4 =12 Ra

Pgte
}. . tR2=12R4 ... (7
Dividin ion (i) by equation (ii) we get,
IiR1= I2Rs

I'R2 I2R4

Ri=_R3
Rz R4

This is the condition for a balanced Wheatstone bridge. If this equation is satisfied, the
bridge will be balanced i.e. no current will flow through its galvanometer and null point will
be obtained. In other words, if R1 are Rz are in the same ratio as R3 and R4 then the
bridge will be balanced i.e. no current will flow through the galvanometer.

11
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® |f three resistances are known in the above equation then the fourth one can be
determined after balancing the bridge. Many electrical circuits used for
measuring unknown resistance, such as meter bridge, post office box etc. are
based on the principle of balanced Wheatstone bridge.

Thermoelectric current:

When junctions of two wires made of different materials are maintained at different
temperatures an electromotive force emf is generated across their ends. This emf is d
thermoelectric emf and the resulting current is called thermoelectric current. \

Thermoelectric emf finds many applications in modern day life. @'

Devices such fire alarms, thermostats etc. work using thermoelectric em

\
c?+
N
&
X
S
\?*
$?*
&
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Section-A Multiple-Choice Questions MCOQs:

Q.No. 1: Kirchhoff’s laws are useful in
determining:

(A) current flowing in a circuit.

(B) emf and voltage drops in a circuit

(C) Power in a circuit.

(D) Only emf in a circuit.
Q.No.2:The resistance of a superconductor
is (A) finite.  (B) Infinite.

(C) Changes with every conductor.

(D) Zero.
Q.No.3: Reciprocal of resistance is called:

(A) Conductance. (B) resistivity.

(C) Resonance. (D) Capacitance.
Q.No.4: The graphical representation of
Ohm’s law is:

(A) Parabola. (B) Hyperbola.

(C) Ellipse. (D) Straight line.
Q.No. 5: A potential difference is applied
across the ends of a wire. If the potential
difference is doubled, the drift velocity of free
electrons will:

(A) be quadrupled. (B) be double

(C) be halved. (D) remain unchan
Q.No.6: Internal resistance is the re
offered by:

(A) Capacitor. (B) .

(C) Conductor. (D) Qe f emf.
Q.No. 7: Power dissipation,d istor can
be calculated using Whlfm

(A) P=V?/R I2R

(C)P=VI ?D) P=R/(V )
Q.No.8: What is §potewtiometer used for:

(A) Meawg ectric current.

(B) M Ing electric charge.

ing potential difference.
asuring electric resistance.
eat sensitive device whose

(A) Conductor.

(C) Thermistor.
Q.No. 10: A wire of uniform area of cross-
section A length L and resistance R is cut
into two parts. The resistivity of each part is:

(A) becomes zero. (B) is halved.

(B) Resistor.

(D) Thermometer.

(C) is doubled. (D) remains same.
Q.No. 11: Temperature coefficient of
resistance is of a semiconductor is:

(A) Positive. (B) Negative. (C) Zero.

(D) Can be positive or negative.
Q.No. 12: The commercial unit of elegiNgal
energy is: (2005,10 Karachi B %
(A)ohm. (B)watt. (C)kwh (D)a
Q.No. 13: The rate of transfer of{€harges
through a circuit is called:

(2006 K: i Board)

(A) resistance. B) current.

(C) potential d&e.(D) all of them
Q.No.14: Whe r carries a current
‘T, the power di ion by it is “P”. If the
same resistgr®arries the current of ‘3 T', the
power di will be:

(2007 Karachi Board)
%/3 (C) 3P (D) None of the above
No If a wire of uniform area of cross

|s cut into two equal parts, the
istivity of each will be:
(2007 Karachi Board)

(A) Halved. (B) Doubled.

(C) Remains the same. (D) none of the above
Q.No. 16: A piece of wire of length ‘L’ and
an area of cross section ‘A’ has a resistance
‘R’. Another piece of wire of the same
material and the same length but twice the
area of cross section is connected end-to-
end with the previous wire. The effective
resistance is: (2008 Karachi Board)

(A)R (B)2 (C)3R (D)%R
Q.No.17: In a house circuit all the electrical
appliances are connected in parallel with the
phase and the neutral to get:

(2008 KARACHI Board)
(A) Same current and potential difference.
(B)Different currents but same potential difference
(C) Different currents and different potential difference
(D) Same currents and same potential difference
Q.No. 18: The electrical energy dissipated
as heat in a resistor is:

(2016,10,9,6,5 Karachi Board)

(A)V2R. (B)V?Rt. (C)I?Rt. (D)I?R.

13
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Q.No. 19: Resistances of 10Q2, 30Q2 and
40Q are connected in series, if the current in
10 Qis 0.1 A then the current through 40 Q
will be: (2019, 10 Karachi Board)
(A) 0.4A (B)0.3A (C)0.1A (D)O0.08A
Q.No.20: Resistivity of a material is p, If
area of cross section of the material is
doubled and length is halved then the
resistivity of the conductor will:
(2022, 18 Karachi Board)
(A)Remains constant (B)Increase 4 times
(C) Decrease 2 times (D) is one fourth
Q.No.21: Four bulbs of 1002, 202, 30Q2 and
40Q are connected in series, the bulb that
will shine the most is:
(2022 Karachi Board)
(A)10Q (B)20Q (C)30Q (D)40 O
Q.No.22: A current of 9 amp. flows in a
circuit of three resistors connected in
parallel. If each resistor has magnitude 5 Q,
then current in the 3™ resistor is:

Q.No.23: A 12 volt battery with internal
resistance 0.1Q is to be charged at 10
the charger must be of:

(2022 Kar | Roard)
(A)11 volts (B)9 volts (C)13 vo )12 volts

Q.No.24: A 2.2 KW electgn erates at

(2022 Karachi Board)
(A)9 amp (B) 3 amp (C)1.5 amp. (D)0.5 amp.

220 volt, current it drawsy,
rachi Board)

il difference across
ee cells becomes
‘\ (2003 Karachi Board)
cells are combined in series.
cells are combined in parallel.

(B) Allitheyth

(@ ells are connected is parallel and
X :

D)

Q.No.25: Total p

the combinatjo
maximum
(A) All they

cell in series with the combination.
( o cells are connected in series and
the third cell in parallel with the combination.
Q.No.26: If 1A current flows through 2 m
long wire, the charge flows through it in
2 hours will be: (2023 Karachi Board)
(A)3600C (B)7200C (C)1C (D)600C

Q.No.27: Reciprocal of resistance is called:
(2025, 26 Karachi Board)

(A) Resistivity. (B) Conductance.

(C) Resonance. (D) Capacitance.

14
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Answers:
/ (1) (A) current flowing in a circuit. (16) (C)$R \
(2) (D) zero. (17) (B)Different currents but same
(3) (A) Conductance. potential difference.
(4) (D) Straight line. (18) (C)I?R t.
(5) (C) be halved. (19) (C) 0.1A.
(6) (D) Source of emf. (20) (A) Remains constant. \
(7) (A),(B)If “V” is constant then (21) (A) 10 Q \
P= V2R, If “I” is constant then P = I°R. (22) (B) 3 amp @'
(8) (C) Measuring potential difference. (23) (C) 13 volts. &
(9) (C) Thermistor. (24) (C)10 amp. X@
(10) (D) remains same. (25) (A) All the three c8{sS are
(11) (B) Negative. combine eries.
(12) (C) kwh. (26) (B) 7200 2,]
(13) (B) current. (27) (D) ce.
(14) (C) 3P
)

k (15) (C) Remains the same.

Q.No. 1: The storage battery of a car h
an emf of 12 V. If the internal resistane

of the battery is 0.5 QQ, What is the
maximum current that can be drayn
the battery? <~
Data:

EMF E =12V Internal r tang
Max. current =74

Solution:
Current drown from Mfattery is given by:

I=_E

r=05Q

igthe load resistance.
current can be drawn from a

batte hedpad resistance is negligible.
%12 I = 24 amperes.
(0+ 0.5)

.Np.2: A negligibly small current is
passed through a wire of length 12 m and
uniform cross section 4.0x10~” m? and its
resistance is measured to be 6.0 Q.

What is resistivity of the material at
temperature of the experiment?

LengthL=12m Resistance R=6.0 Q
Area of cross section A = 4.0x10~" m?
Resistivity

Solution:

Resistance of a conductor of given
material is given by:

p =7

R=p L p=RA
A I; e
p=6x4.0x107 (p=2.0x10"7Q - m)
12

Q.No.3: In a potentiometer arrangement,
a cell of emf 1.20 V gives a balance point
at 40.0 cm length of the wire. If the cell is
replaced by another cell and the balance
point shifts to 74.0 cm, what is the emf of
the second cell?

Data:
Ei1=12V L1=40.0cm.
Eo =7 L2=74.0 cm.
Solution:
Ei=L1
E> Lo

15
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Ex=E1l2=1.2x74
L1 40

(E2 = 2.22 volt.)

'QEMF of the second cell is 2.22 volt.

Q.No.4: (a) Three resistors 1Q, 2Q and
3Q) are combined in series. What is the
total resistance of the combination?

(b) If the combination is connected to a
battery of emf 24 V and negligible internal
resistance, obtain the potential drop
across each resistor.

Data:

Ri=1Q Ro=2Q R3=3Q R=7?
(a)V=24volt Vi=? Vo=?  V3=7?
Solution:

R = R1+ Rz + R3 (For series combination)
R=1+2+3=6Q
Total resistance of the combination is 6 Q
V=IR (Ohm’s law)
[=V =24 =4 amp.
R 6

same current flows through each resistancsg
therefore

Hence 4 ampere current flows through th
the combination. Since in series combination ®

V1:IR1:4X1
V2:IR2:4X
Vz=IR3=4x3 (k 12 volts.

(To checkCthe result ies

combination total voltag 2+V3)
Q.No.5: From the gl%‘lrcwt find the

value of “I”.

0.6 A

0.5A

Solution:
According to Kirchoff’s first law (KCL)
Total current flowing towards a junction =
Total current flowing away from the junction.

Since 0.2 amp., 0.7 amp. and 0.6
amp. currents are flowing towards the

junction; therefore, their sum must be equal
to the sum of currents “I”’, 0.5 amp. and 0.4
amp. Which are flowing away from the
junction. Hence,

2 ltowards = 2 Iaway
02+0.7+06=1I+05+04

1.5=1+09 [I1=0.6a

Q.No.6: In a meter bridge with a s
resistance of 15 Q in the right gap
ratio of balancing length is 5:3§Find the
value of other resistanc

Solution:

Working of a me ridge is based on
the principle of balan eatstone bridge.
For a bal ter bridge
Ratio of resistan?ﬁ% ratio of balancing
length Sinc

balancing lengths are in the
ratio of 5: ore, resistances will also
be in

other resistance will be 5 times

rd resistance.
resistance = 5 x standard resistance
Standard resistance = 15 Q
Other resistance = 5 x 15

Other resistance =75 Q

Q.No. 7: By KVL (Kirchoff’s Voltage Law),
find current flowing through 10 Q
resistance.

t t

Ri1=5Q R3=10Q

Rs5=120

E1=4V|
-

TE2=6V

Data:
R1=5Q R2=15Q R3=10Q2 R4=8Q
Rs5 =12Q Ei=4V E2=6V

Current flowing through 10Q 12 =7?
Solution:

In this problem direction of currents I,
I> and Is in first, second and third loops is
given as clockwise.

¢ Applying Kirchoff's voltage law
(KVL) to first loop (assuming I1 > I2) we get:

16
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Et-I1R1—-(I1-I2)R2=0

4-5I1—-(I1-12)15=0

4-5I1-1511+1512=0

4-20I1+1512=0 (1)

e Applying Kirchoff’s voltage law
(KVL) to second loop (assuming I=> I3) we
get:

—(I2-I1)R2-I2R3-(I2—I3)R4 =0
—(I2-I1)15-10I2— (I2-13)8 = 0

-152+1511-1012-8 12+ 8 I3 =0
-33L2+15I1+8I3=0 (2)

® Applying Kirchoff’'s voltage law
(KVL) to third loop (assuming Is > I2) we get:
—(Is-I2)Re—IsRs —E2=0
-—(Is—-12)8-121I3-6=0
-8I3+8I2-121I3-6=0
-20I3+8I2-6=0
-10I3+412-3=0 (3)
To solve these equations simultaneously
from eq. (1) we have:
4-20I1+1512=0
Ih=-151b-4=151>+4
-20 20
Put this value of I in eq. (2),

—3312+345(1512+4)+81=A\
204 \%\

-13212+4512+ 12+ 3

—87I2+321I3+12 =OQ...

Now multiply eq. (3 32°and eq.
by 10 and then add therg

(1013 +4 12
(—87I2+321s

(A)

(12= -0.03235 Amp.)

e sign shows that Iz is flowing

urfent flowing through 10 Q ( represented
by R3) is_0.03235 Amp. In anticlockwise
direction.
To check tour answer:
Find the value of current in
each resistor, put the value of Iz in eq. (1) :
4-20I1+1512=0 (1)

&)

I1=—-1512-4=1512+4
- 20 20
I1 =15 (—0.03235)+ 4 = 3.51475
20 20
lI1—01757amE'
Put the value of Iz in eq. (3) :
-10I3+412—-3=0 ..........
-10Is+4 (—0.03235)-3=0 \
-10I3-0.1294 -3 =0
I3 =3.1294 I3 = —0.3$29

-10
Negative sign shows that I5 isw.
.. Current throqughWR2:

(I1—I2)= 0.1757— - 0.03 = 0.20805 amp
- Curr ugh Ra:

(I2-I3) =-0.032 91294= 0.28059 amp
To verify yo Its:

Apply Kjirc zﬁkcurrent law to junction C:

0.1 0.03235 =0.20805
.20805 = 0.20805

ing towards C= Current flowing

away from C
Kirchoff’s current law to junction D:

0.31294 = 0.03235 + 0.28059
0.31294 = 0.31294
Current flowing towards D= Current flowing

away from D
Since current flowing in each branch

satisfies Kirchoff’'s laws, hence verified.
Q.No.8: A silver wire 2 m long is to have a
resistance of 0.5 Q.

What should its diameter be?

c fl

Data:
Length of the wire L=2m.
Resistance of the wire R=0.5Q.
Resistivity of silver  p =1.52 x108 Q-m
Diameter of the wire d=?
Solution:
R=p L
A
0.5=152x10"%2
A
A=152x10%_2 (A =6.08x10-3m?)
0.5
But A=nr? (For circular wire)
6.08 x1078=22 xr?
7

17
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r’ =6.08 x10°8
3.142
r =1.935 x107®
r=+1.935x107®
r=1.39x10™m
But diameter of the wire is given by:
d=2r=2x1.39x10™
|d=2.78x104m|

'é Diameter of the wire will be 2.78 x10-4 m.

Q.No.9: A 40 Q resistor is to be wound from
platinum wire 0.1 mm in diameter.
How much wire is needed?
Data:
Resistance of the wire R =40Q
Diameter of the wire d = 0.1 mm
0.1 m=1x10"*m
1000
Resistivity of platinum
Length of wire
Solution:
Diameter of the wire d = 2r
r=d =1x10*m=5x10"°m
2 2
Area of cross section of the wire:
A =nr? =22 (5x107°)?
7
A =7.854 x10°m2
Resistance of a wire is given by:

L=?

L
7.854%]9*
L =40 x 7.854x¢8&

11x1078

@256 W will be needed.

Q.No.10: Age is made by using a
50 meter e wire of diameter 0.8
mm at0 alculate its resistance at

R=pL
A
40 = 111078

50°C.
( :¥esistivity p =1.1x1076 Q-m
and a. = 0.0002 °C-" at 0°C.)
(2009 Karachi Board)
Data:

Length of the wire L=50m

Diameter of wire d =0.8mm =0.8103m

r=d =0.8x102m=0.4x10"m
2 2
Resistivity of nichrome p = 1.1x107° Q-m

p=11x1078 Q-m

Temperature coefficient
o =0.0002 °C" at 0°C

Resistance at 50°C, Rso=?
Solution:
Resistance of the wire at 0°C is given by:
Ro=p_L_
A
Ro = 1.1x107x 50 \
nr? \

Ro = 1.1x10%x 50 =109.42 Q
7 (0.4x1073)2

Resistance at 50°C i i@&

Rso = Ro (1+ a t) K

Rso =109.42 (1+ 0

Rs

Q.No.11: A50 I'ﬂu
wound from a p& m
diameter.

H wire is needed?

(Resistivily of the wire p =11x10-3Q.m)
(2%6, 03,1999,85 Karachi Board)
a;

O

istor is to be
wire 0.1 mm in

Resistance R=50Q

Diameter d=0.1mm=0.1x103m

Resistivity p=11x108Q.m

Length of wire needed L=7?
Solution:

Radius of the wire:
r=d =0.1x1072 = 0.05x103m
2 2
Area of cross section of the wire will be:
A = r? = 3.143x (0.05x10-3)?
= 7.854x10-°m?

R=p L L=RA
A

L = 50x7.854x10-° (L=3.57 m]
11x10-8

'g 3.57 mlong wire will be needed.
Q.No.12: A 20 m length of cable has a
cross-sectional area of 1 mmZ. and a
resistance of 5 ohm. Calculate the
resistivity of the cable.

(2025 Karachi Board)
Data:
Length of cable L=20m
Area of cross-section A=1 mm?= 1x10~% m?.
Resistance R=5Q
Resistivity p="7?

18
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Solution:
Resistance of a conductor is given by:
R=pL
A
p=RA=5x1x10"%=2.5x10"7 Q-m
L 20

| 3 Resistivity of the cable is 2.5x10~" Q-m.
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