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OHM'S LAW

Statement :
“Potential differences across the ends of the conductor 1s directly proportional to current

flowing through the conductor provided temperature and other physical conditions
remains constant”
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" | OHM'SLAW

Case (1) : Linear V-I Characteristics OR Ohmic Resistance , E¥: M etods
Resigtons

Slge N-T a&«'\-"\. o %:CO"nto«st




OHM'S LAW

Case (11)|: Non-linear V-I Characteristics OR Non-Ohmic Resistance @iede,TAo=n¢i Stea,
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Of the following graphs, the one that correctly represents the I-V characteristics of a
'Ohmic device' 1s
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The voltage V" and current / graph for a conductor at two different temperatures 7, and 7,
and shown 1n the figure. The relation between 7, and 7 1s
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The I-V graphs for two different electrical appliances P and O are shown in the diagram. If

Rp and R, be the resistances of the devices, then = omdict Cte e

OQ')BP & Q
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[-V characteristic of a [copper wire of length L and area of cross- sectlon A 1s shown 1n

figure. The slope of the curve becomes q o _ metTA
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X Ohm’s Law in Vector Form
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E is the electric field inside a conductor whose material has conductivity o-and resistivity
p. The current density inside the conductor is j. The correct form of Ohm's law is
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X Ohm’s Law Limitations

-

. It 1s not applicable at very high temperature and very low temperature.

9 1t is not applicable to electron tubes and discharge tube, Diodes, Transistors and
semiconductors.

4. Tt is applicable for metallic conductors.
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Given, a current carrying wire of non-uniform cross-section, which of the following 1s
constant throughout the length of the wire?

o i‘Current only

O Current, electric field, and drift speed

e Drift speed

° Current and drift speed
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The drift velocity of electrons for a conductor connected 1n an electrical circuit 1s V. The
conductor 1s now replaced by another conductor with same material and same length but

double the area of cross-section. The applied voltage remains same. The new drift velocity
of electrons will be
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guestion ®

Across a metallic conductor of non-uniform cross-section, a |constant potential\
difference is applied. The quantity which remains constant along the conductor is

° Current density
0 Current
e Drift Velocity'
Q Electric field

VAL ) T < tonyt
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Resistance of materials ; When temperature of metallic wire 1s raised, its electrical

resistance increases. : Mt_—,.,,.;".s | il S
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The variations of resistivity p with absolute temperature T for three different materials
X, Y, and Z are shown in the graph below. Identify the materials X, Y, and Z

.

X = nichrome, Y = copper, Z = semiconductor

- P
X = copper, Y = nichrome, Z = semiconductor

: ]

X = copper, Y = semiconductor, Z = nichrome

Q X= sem'i‘Eonductor, Y = nichrome, Z = copper
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The I-V graph for a conductor at two different temperatures 100°C and 400°C 1s as shown
in the figure. The temperature coefficient of resistance of the conductor 1s about (in per

degree Celsius) -4 RY G
oy = el ¥ O
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The resistance of platinum wire at 0° C 1s 20 and 6.8 Q at 80° C . The temperature
coefficient of resistance of the wire 1s
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In a conductor, if the number of conduction electrons per unit volume is 8.5 x 10?® m= and
mean free time is 25 f$ (femto second), it’s approximate resistivity is: (m, = 9.1 x 107! kg)
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Three resistances 2(), 3Q) and 4() are connected 1n|parallel.| The ratio of currents passing
through them to when a potential difference 1s applied across its ends will be
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The equivalent resistance between A and B for the mesh shown 1n the figure 1s
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Electric Energy and Power

Electrical Power|: The rate at which electric energy 1s transferred into other forms of energy
is called ‘Electric power’
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Electrical Energy | Suppose, A current of ‘I’ amperes flows in the circuit for ‘t” seconds. It
carries a charge ‘q’ from one end to another.

PTF [€=Pxt




I kWh [ 1 kilowatt-hour 1s the quantity of electric-energy which dissipated in 1 hour in a
circuit when the electric power 1n the circuit 1s 1 kilowatt.
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" ELECTRICAL APPLIANCES

1. Filament of electrical bulb : It is made of tungsten which has low resistivity and
high melting point.

27 Filament of heating devices : It is made of nichrome which has high resistivity and
high melting point.

%, Standard resistances (Resistance box) : Standard resistances are made of manganin
or constantan. These materials have moderate resistivity and very low temperature
coefficient of resistance.

4. Fuse wire : It is made of tin-lead alloy. It has low resistivity and low melting point. It is
used 1n series with the circuit to prevent the electrical appliances from burning by melting
itself to open the circuit.
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ELECTRIC BULB
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guestion ®

A filament bulb (500 W, 100 V) 1s to be used 1n a 230 V main supply. When a resistance R
1s connected 1n series, the bulb works perfectly and consumes 500 W. The value of R 1s
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guestion ®

An electric bulb of 60 W, 120 V 1s to be connected to 220 V source. What resistance
should be connected in series with the bulb, so that the bulb glows properly? \ [HW] H




guestion N

An electric heater rated 220 V and 550 W 1s Connected to AC mains. The current drawn
by 1t 1s

P::'-V
P& = T N\
1= P_ s¢
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20 V are connected 1n series to a 440 V

Two bulbs rated 25 W — 220 V and 100 W —

supply. The, . P6 z |oo 1> \l,) PRV
A (\lls) - 6)-0) ]
° 100 W bulb fuses \qV0s U4 Ruac Pa,  to® i
N ¥ T ygan
25 W bulb fuses <
: Nt Senes Rz 17364 aqy
e
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The power dissipated in the circuit shown 1n the figure is 30 Watt. The value of R 1s
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The power dissipated across the 8 € resistor in the circuit shown here 1s 2 W. The
ower dissipated in watts across the 3 Q resistor 1s:

4
182 312




Electric Cell : An electric cell 1s a source of electrical energy which maintains a continuous
flow of charge 1n circuit

Electric Cell

Positive terminal

Electrolytes

Negetive terminal




Cells, EMF, internal Resistance
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Terminal Voltage
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| “. | Relation betweenkE, V; andr

RELATION BETWEEN E & V N = € -Ts.
1. If cell 1s not 1n use = ©
Iz o,

2. It cell 1s discharging : When current 1s taken/drawn from cell

N <L E

e’

[f cell 1s charging : When current 1s send 1n the cell by some other electric source like

pattery -+ 0 Nz €4I4 | e



guestion ®

When a load resistance R = 4Q) 1s connected to a cell of emf E and internal resistance r,
then current flowing through in circuit 1s 2A, then terminal voltage will be-



guestion ®

If A cell of emf E = 10 V and internal resistance r = 0.5 Q 1s connected with load
resistance R, then current flowing in circuit 1s I = 2A, then terminal voltage will be-

\kr= C -16

V- = \p— <2 AV-§
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Nr=qy



guestion ®

When a cell of emf E = 8 V and internal resistance r = 0.5 €2 is charging by an external
supply and charging current 1s 4A, then terminal voltage across cell 1s-
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For driving a current of 3 A for 5 minutes in an electric circuit, 1350 J of work 1s to be
done. Find the emf of the source in the circuit.
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guestion ®

The storage battery of a car has an emf of 12 V. If the internal resistance of the battery
1s 0.4 Q2. What 1s the maximum current that can be drawn from the battery?



guestion ®

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



guestion Gy

A current of 24 flows through a 2€) resistor when connected across a battery. The same
battery supplies a current of 0.54 when connected across a 9C resistor. The internal
resistance of the battery 1s
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In the following circuit, the terminal voltage across the cell 1s

2V 0.1 0
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Combination of Cells

(1) When two cells connected 1n series :

Consider two cells of emf and its internal resistances E; , r; and E, , r, are connected in
series. I 1s the current through the combination.

T g, £ X . 2 S5 1.
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Combination of Cells

Note :

When a single cell 1s wrongly connected in a circuit. For 1identical cells case, A single

wrong connection will cancel out two cells from overall circuit. Hence the total emf will
be E¢yqr = NE — 2mME



(11) When two cells connected 1n parallel :

Consider two cells of emf and its internal resistances E; , r; and E, , r, are connected in
parallel. I; and I, be the currents through the cell E; and E, .

E' | ~ El’i + E ’01
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For the circuit shown 1n the figure, the current 7 will be c
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1dentical cells each emf 2 V and internal resistance 1 €2 are connected in [series| with|{two
cells wrongly connected. A resistor of 10 € 1s connected to the combination. What 1s the

current through the resistor? K
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A battery with an EMF of 10 V and an internal resistance of 1 Q 1s connected to an
external resistance of 4 (), as shown 1n the figure. The terminal voltage of the battery in
this configuration 1s
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The magnitude and direction of the current in the following circuit 1s
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A cell of emf 4 V and internal resistance 0.5 Q is connected to a 7.5 Q external
resistance. The terminal potential difference of the cell 1s:
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For the circuit shown in the figure, the current / will be:
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| o Kirchhoff’'s 1°T Law

There are two laws given by Kirchoft’s for determination of p.d and current in
different branches of any complicated network.

1. First Law or Junction Law or KCL

KCL states that “In an electric circuit the algebraic sum of the currents meeting at

any junction in the circuit 1s zero™ -

Z g L
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Kirchhoff’'s 2NP Law

2. Second Law or Loop Law or KVL.:

KVL states that “In a closed loop of the circuit, The algebraic sum of the products of
current and the resistance in each part of the loop 1s equal to the algebraic sum of
emf’s in that loop”
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Kirchhoff’s first law, 1.€. ) i = 0 at a junction, deals with the conservation of

o \charge |
O o
e momentum

Q angular momentum




Kirchhoft 's! junction rule is a reflection of

° |conservation of charges

o conservation of current density vector

O conservation of energy —, Loop Juwie

e conservation of momentum

< Nue o Rule




Consider the following two statements:

1. Kirchhoff's junction law follows from the conservation of charge. v~

2. Kirchhoff's loop law follows from the conservation of energy.
Which of the following 1s correct

° Both (A) and (B) are wrong

o (A) 1s correct and (B) 1s wrong

e (A) 1s wrong and (B) 1s correct

2

Both (A) and (B) are correct




The figure shows a network of currents. The magnitude of currents is shown
current ; will be:
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Potential of point A, B & C are 90 V, 20 V, 10 V respectively, then potential of junction X

will be -
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The potential difference (V, — V) between the points 4 and B in the given figure
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For the circuit given below, Kirchhoff's loop rule for the loop BCDEB 1s given by the

equation: i : fie C
—iR, + E; —E3 — 3R =0
2112 2 3 3431 £ i " —EB
. . , i % -/
I,R, + E; —E3 —i3R; =0 F E3 \(P )
Coop RCDER "R E?
IR, + E; + E3 +i3R;{ =0 - X—C"H'E&*‘JR':

—isz 7 b EZ = p E3 o i3R1 — O



[f the galvanometer G does not show any deflection in the circuit shown, the value of R
1s given by
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In the circuit shown the cells A and B have negligible resistances. For V, 12V,
R1 = 5000 and R = 100Q) the galvanometer (g) shown no deflection. The value of Vy 1s







