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CHAPTER

CURRENT ELECTRICITY

“Electricity is really just organized lightning”

“GEORGE CARLIN”

INTRODUCTION

n electrostatics, our discussion of electric phenomena has been focused on charges
atrest. In the previous chapter, we treated the concept of electric potential, which is
measured in volt. Now we will see that this voltage acts like an “electrical pressure”
that can produces a flow of charge or current, which is measured in ampere (or
simply, amp and abbreviated as A) and that the resistance that restrains this flow is
measured in ohm (Q).

Example of electric currents about and involve many professions. Meteorologists
are concerned with lightning and with the less dramatic slow flow of charge through
the atmosphere. Biologists, physiologists, and engineers working in medical
technology are concerned with the nerve currents that control muscles and especially
with how those currents can be reestablished after spinal cord injuries. Electrical
engineers are concerned with countless electrical systems, such as power systems,
lightning protection systems, information storage systems, and music systems.
Space engineers monitor and study the flow of charged particles from our Sun
because that flow can wipe out telecommunication systems in orbit and even power
transmission systems on the ground.




CURRENT ELECTRICITY
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(viii) If a charge q is moving in a circle of radius r with speed v then its time period is T = 2nr/v. The equivalent

Current is a fundamental quantity with dimension [M°L°T°A! ]
Current is a scalar quantity with its SI unit ampere.

Ampere : The current through a conductor is said to be one ampere if one coulomb of charge is flowing per
second through a cross—section of wire.

The conventional direction of current is the direction of flow of positive charge or applied field. It is opposite
to direction of flow of negatively charged electrons.
I E I E
— — : —

The conductor remains uncharged when current flows through it because the charge entering at one end per
second is equal to charge leaving the other end per second.

For a given conductor current does not change with change in its cross—section because current is simply
rate of flow of charge.

If n particles each having a charge q pass per second per unit area then current associated with cross—sectional
. A
area A 1s I=—q=nqA.
At
If there are n particles per unit volume each having a charge q and moving with velocity v then current through

cross—sectional area A is 1= % =nqvA
t

v
current I=g=q—.
T 2nar

Behavior of conductor in absence of applied potential difference :

In absence of applied potential difference electrons have random motion. The average displacement and average
velocity is zero. There is no flow of current due to thermal motion of free electrons in a conductor.

The free electrons present in a conductor gain energy from temperature of surrounding and move randomly
in the conductor.

1 3
The speed gained by virtue of temperature is called as thermal speed of an electron Emvfms ZEkT

[3KT
So thermal speed v = \/—— where m is mass of electron
m

At room temperature T = 300 K, v__ = 10° m/s

etoosindia.com

Study with Best Etoos Faculties of Kota
IIT-JEE | PRE-MEDICAL | CBSE | FOUNDATION




PHYSICS FOR NEET & AIIMS

= L - =

1. Electric Current :

Electric charges in motion constitute an electric current. Any medium having practically free electric charges, free to
migrate is a conductor of electricity. The electric charge flows from higher potential energy state to lower potential
energy state. Positive charge flows from higer to lower potential and negative charge flows from lower to higher.
Metals such as gold, copper, aluminium etc. are good conductors.

2. Electric Current in a Conductor :

In absence of potential difference across a conductor, no net current flows through a cross section. When a
potential difference is applied across a conductor the charge carries (electrons in case of metallic conductors) flow
in a definite direction which constitutes a net current in it. These electrons are accelerated by electric field in the
conductor produced by potential difference across the conductor. They move with a constant drift velocity. The
direction of current is along the flow of positive charge (or opposite to flow of negative charge). i = nveA,
where v, = drift velocity.

3. Charge Current and Current Density

The strength of the current i is the rate at which the electir charges are flowing. If a charge Q coulomb passes
through a given cross section of the conductor in t second the current I through the conductor is given by

_ Q coulomb

| =
t second ampere

. dq .
Ampere is the unit of current. Ifi is not constant then 1= TR where dq is net charge transported at a section in time

dt. In a current carrying conductor we can define a vector which gives the direction as current per unit normal, cross
sectional area & is known as current density.

Thus jzéﬁ or I=1.8

Where 4 is the unit vector in the direction of the flow of current.

Forrandom Jor S, weuse I = ﬁas

4. Relation in J, E and V :
In conductors drift velocity of electrons is proportional to the electric field inside the conductor as; V, = uE
where p is the mobility of electrons

I
current density is given as J = o ne V,=ne(uE)= c E

where ¢ =nep is called conductivity of material and we can also write

1
p= p — resistivity of material.
Thus E= p.J. Itiscalled as differential form of Ohm's Law.

5. Sources of Potential Difference & Electromotive Force :
Dry cells, secondary cells, generator and thermo couple are the devices used for producing potential difference in
an electric circuit. The potential difference between the “Electromotive force” or “EMF” of the source. The unit of
potential difference is volt.
1 volt=1 Ampere x 1 Ohm.
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Ex.1

Sol.

Ex.2

Sol.

SOLVED EXAMPLE

A potential divider is used to give outputs of 2V
and 3V from a 5V source, as shown in figure. Which
combination of resistances, R,, R, and R, gives the
correct voltages?

Rl RZ R3
A) 1kQ  1kQ  2kQ
B) 2kQ 1kQ 2kQ
©  3kQ  2kQ  2kQ
D)  3kQ  2kQ  3kQ

For resistors in series connection, current (I) is the
same through the resistors. In other words, ratio of
the voltage drop across each resistor with its
resistance is the same.

5-3 3-2 2

Thatis I=——= =—
Rl R2

e, R:R:R=2:1:2.

Figure shows a thick copper rod X and a thin
copper wire Y, joined in series. They carry a
current which is sufficient to make Y much hotter
than X. Which one of the following is correct?

X
Density of
conduction electrons

Mean time
between collisions

of the electrons

(A)Samein Xand Y Lessin X than Y

(B) Same in Xand Y Samein XandY

(C)Samein Xand Y More in X than Y
(D) More in X than Y lessin X than' Y

The number density n of conduction electrons in

____©

Ex.3

etoosindia.com

the copper is a characteristic of the copper and is
about 10% at room temperature for both the copper
rod X and the thin copper wire Y.

Both X and Y carry the same current I since they are
joined in series.

From I=neAv,

We may conclude that rod X has a lower drift velocity
of electrons compared to wire Y since rod X has larger
cross-sectional area. This is so because the electrons
in X collide more often with one another and with the
copper ions when drifting towards the positive end.
Thus, the mean time between collisions of the
electrons is more in X and than in Y.

How will the reading in the ammeter A of figure be
affected if another identical bulb Q is connected in
parallel to P as shown. The voltage in the mains is
maintained at a constant value.

(A) The reading will be reduced to one-half

@ 2\

(B) The reading will not be affected

(C) The reading will be doubled of the previous
one

(D) The reading will be increased four-fold

Resistance is halved . Current is doubled.

The resistance of all the wires between any two
adjacent dots is R. The equivalent resistance
between A and B as shown in figure is

7 A
A) 3 R
(B) ! R
6
© 14 R ’
8
(D) None of these
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Exercise # 1 [

1.

-

v/ A

Current of4.8 amperes is flowing through a conductor.
The number of electrons per second will be

(A) 3x10"

(€)7.68x10%

(B) 7.68 x10?!
(D) 35102

When the current i is flowing through a conductor,
the drift velocity is v. If 2; current is flowed
through the same metal but having double the area
of cross-section, then the drift velocity will be

(A)v/4 B)v/2
©Ov (D) 4v

When current flows through a conductor, then the
order of drift velocity of electrons will be

(A)10""m/sec (B) 102 cm/sec

(C)10*cm/ sec (D) 10" cm/sec

Every atom makes one free electron in copper. If 1.1
ampere current is flowing in the wire of copper
having 1 mm diameter, then the drift velocity

(approx.) will be (Density of copper =9x10°kgm™
and atomic weight = 63)

(A) 0.3mm/sec (B) 0.Imm/ sec

(C) 0.2mm/sec (D) 0.2cm/ sec

Which one is not the correct statement

(A) 1volt x1coulomb =1 joule

(B) 1volt x1ampere =1joule / second
(C) 1voltx1watt =1H.P.

(D) Watt-hour can be expressed in eV’

Ifa 0.1 % increase in length due to stretching, the
percentage increase in its resistance will be

(A)0.2% (B)2%
(©)1% (0)0.1%

The specific resistance of manganin is

50x10*ohmxm. The resistance of a cube of
length 50 cm will be

(A) 10 ohm (B) 2.5x107 ohm

(C)10°* ohm (D) 5x107* ohm

10.

11.

12.

13.

etoosindia.com

The resistivity of iron is1x107 ohm —m . The

resistance of a iron wire of particular length and
thickness is 1 oim. If the length and the diameter of
wire both are doubled, then the resistivity in
ohm —m Will be

(A) 1x1077

(C)4x1077

(B) 2x1077

(D) 8x1077

The temperature coefficient of resistance for a wire
is 0.00125 /°C . At 300K its resistance is 1 ohm.
The temperature at which the resistance becomes 2
ohm is

(A)1154K (B) 1100K
(C) 1400K (D)1127K

When the length and area of cross-section both
are doubled, then its resistance

(A) Will become half
(B) Will be doubled
(C) Will remain the same

(D) Will become four times

The resistance of a wire is 20 ohms. It is so stretched
that the length becomes three times, then the new
resistance of the wire will be

(A) 6.67 ohms (B) 60.0 ohms
(C) 120 ohms (D) 180.0 ohms

The resistivity of a wire
(A) Increases with the length of the wire
(B) Decreases with the area of cross-section

(C) Decreases with the length and increases with
the cross-section of wire

(D) None of the above statement is correct

Ohm’s law is true
(A) For metallic conductors at low temperature
(B) For metallic conductors at high temperature

(C) For electrolytes when current passes through
them

(D) For diode when current flows
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Exercise # 2 [

1.

/ A

A current I flows through a uniform wire of diameter
d when the mean electron drift velocity is v. The
same current will flow through a wire of diameter d/
2 made ofthe same material ifthe mean drift velocity
of the electron is

(A)v/4 (B) v/2
©O2v (D) 4v

Two wires each of radius of cross section r but of
different materials are connected together end to
end (in series). If the densities of charge carries in
the two wires are in the ratio 1:4, the drift velocity
of electrons in the two wires will be in the ratio :
(A)1:2 (B)2:1

(©)4:1 (D)1:4

An insulating pipe of cross—section area 'A'
contains an electrolyte which has two types of ions
: their charges being —e and +2e. A potential
difference applied between the ends of the pipe
result in the drifting of the two types of ions, having
drift speed = v (—ve ion) and v/4 (+ve ion). Both
ions have the same number per unit volume = n.
The current flowing through the pipe is

(A)nev A2 (B)nev A/4

(C) Snev A2 (D) 3nevA/2

45 A wire has a non—uniform cross—section as
shown in figure. A steady current flows through it.
The drift speed of electrons at points P and Q is v,

and v,
VARV
A)v,= Vo B)v,< Vo
(C)v,> Vo (D) data insufficient

A wire of resistance R is stretched to double its
length. Its new resistance is

(AR (B)R2

(C)4R (D)R/4

Three copper wires have their lengths in the ratio
5:3: 1 and their masses are in the ratio 1 : 3 : 5. Their
electrical resistance will be in the ratio

(A)5:3:1 (B)1:3:5
(C)125:15:1 (D)1:15:125.

etoosindia.com

The equivalent resistance between the points A and
Bis—

A B0 30 70 g
802 102 403
36

) =0 (B) 10 Q
85

(©) = Q (D) none of these

A battery of internal resistance 4Q2 is connected
to the network of resistance as shown. In order
that the maximum power can be delivered to the
network, the value of R in Q should be :—

Wy iy
R R %
e R R R
M

40 AMAMA
=] 4R
4
@3 (B)2
©) % (D) 18

The current i in the circuit (see figure) is :

300
1 1
ST ® 54
1 1
C) —A D) —A

( )10 ( )5
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1. Match the statements in Column I with the current element in Column II
Column - I Column - I1
A) Current always flows from higher @ A Resistor

potential to lower potential

3B) Energy dissipated in an element is Q) Ideal cell/Battery
always zero

(&) Current flow through the element is R) Non-Ideal cell/Battery
always zero

D) Potential difference may/will be zero oS Short-circuited resistor

2. Match the following :
The following table gives the lengths of four copper rods at the same temperature, their diameters, and the
potential differences between their ends.

. Potential
Rod Length Diameter Difference

1 L 3d \Y

2 2L d 3V

3 3L 2d 2V

4 3L d \Y
Correctly match the physical quantities mentioned in the left column with the rods as marked.
A Greatest Drift speed of the electrons. @) Rod 1
B) Greatest Current Q) Rod 2
© Greatest rate of thermal energy produced (R) Rod 3
D) Greatest Electric field S) Rod 4

3. The diagram shows a circuit with two identical resistors. The battery has a negligible internal resistance. What

will the effect on the ammeter and voltmeter be if the switch S is closed ?

Column I Column IT
A) Ammeter reading P) Increases
B) Voltmeter reading Q) Decreases
© Equivalent resistance of circuit R) Does not change
D) Power dissipated across R in right branch  (S) Becomes zero
4. In the potentiometer arrangement shown in figure, null point is obtained at length 1.
E, R
—] ———
s
J
[
E.
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Exercise # 4 /

1.

/-

7

A bridge circuit is shown in figure. The equivalent
resistance btween A and B will be

[CBSE AIPMT 2000]

(A)21Q (B)7Q
252 14
=< =0

© 4 D)

Potentiometer measures the potential difference
more accurately than a voltmeter, because
[CBSE AIPMT 2000]

(A) it has a wire of high resistance
(B) it has a wire of low resistance
(C) it does not draw current from external circuit

(D) it draws a heavy current from external circuit

A cell has an emf 1.5 V. When connected across an
external resistance of 2 Q , the terminal potential
difference falls to 1.0 V. The internal resistance of

the cell is [CBSE AIPMT 2000]
(A)20Q B)15Q
(©)1.0Q (D)0.5Q

In a Wheatstone bridge resistance of each of the
four sides is 10 Q. If the resistance of the
galvanometer is also 10 Q, then effective resistance

of the bridge will be [CBSE AIPMT 2001]
(A)10Q (B)5Q
(©)200 (D)40Q

Resistivity of potentiometer wire is 10~7 Q-m and its
area of cross-section is 10 m?. When a current
i= 0.1 A flows through the wire, its potential gradient

is [CBSE AIPMT 2001]
(A)102V/m (B) 10*V/m
(©)0.1V/m (D) 10 V/m

6.

10.

The specific resistance of a conductor increases
with [CBSE AIPMT 2002]

(A) increase in temperature
(B) increase in cross-sectional area
(C) decrease in length

(D) decrease in cross-sedctional area

For a cell, the terminal potential difference is2.2 V
when circuit is open and reduces to 1.8 V when cell
is connected to a resistance R = 5 Q, the internal

resistance (r) of cell is [CBSE AIPMT 2002]
10 9
—Q —Q
@ ®) 15
11 5
—Q D) =Q
©5 ®) 5

In a Wheatstone bridge, all the four arms have equal
resistance R. If the resistance of the galvanometer
arm is also R, the equivalent resistance of the
combination as seen by the battery is

[CBSE AIPMT 2003]
(AR (B)2R

R R
© 7 )

A battery is charged at a potential of 15 V for 8 h
when the current flowing is 10 A. The battery on
discharge supplies a current of 5 A for 15 h. The
mean terminal voltage during discharge is 14 V. The
watt-hour efficiency of the battery is

[CBSE AIPMT 2004]
(A)82.5% (B)80%
(€)90% (D)87.5%

The electric resistance of a certain wire of iron is R.
It its length and radius are both doubled, then

[CBSE AIPMT 2004]

(A) the resistance will be doubled and the specific
resistance will be halved

(B) the resistance will be halved and the specific
resistance will remain unchanged

(C) the resistance will be halved and the specific
resistance will be doubled

(D) the resistance and the specific resistance will
both remain unchanged
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STRAIGHT OBJECTIVE TYPE

1. In the circuit shown, each resistances is 2 W. The potential V, as indicated in the circuit, is equal to

5

12V

Aanv (B)-11v ©9ov D)-9Vv

2. In the circuit shown, the value of R in ohm that will result in no current through the 30 V battery, is :
— 50V
— 30V R
2002
AN
1002

(A)10Q (B)25Q (©)300Q (D)40Q
3. The maximum current in a galvanometer can be 10 mA. It’s resistance is 10Q2. To convert it into an ammeter

of 1 Amp. a resistor should be connected in

(A) series, 0.1Q (B) parallel, 0.1Q (C) series, 100 Q (D) parallel, 100Q2.
4. When a galvanometer is shunted with a 4Q) resistance, the deflection is reduced to one - fifth. If the galvanometer

is further shunted with a 2Q wire, the further reduction (find the ratio of decrease in current to the previous
current) in the deflection will be (the main current remains the same).

(A) (8/13) of the deflection when shunted with 4Q) only

(B) (5/13) of the deflection when shunted with 4Q) only

(C) (3/4) of the deflection when shunted with 4Q2 only

(D) (3/13) of the deflection when shunted with 4Q) only

5. In the figure shown the current flowing through 2 R is :
(A) from left to right A R 2R- 'ﬁ.-’ﬁ.-'- B
(B) from right to left
(C) no current
(D) None of these
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