
After studying this chapter the students will be able to 
• describe the concept of steady current. · 
• state Ohm's law. 
·• define resistivity and explain its dependence upon temperature. 
• define conductance and conductivity of cpnductor. 
• state the characteristics of a thermistor and its use to measure low 

temperatures. 
• distinguish between e.m.f and p.d. using the energy considerations. 
• explain the internal resistance of sources and its consequences for external 

circuits. 
• describe some sources of e.m.f. 
• describe the conditions for maximum power transfer. 
• describe thermocouple and its function. 
• explain variation ofthennoelectric e.m.f. with temperature. 
• apply Kirchhoff's first law as conservation of charge to solve problem. 
• apply Kirchhoff's second law as conservation of energy to· solve problem. 
• describe the working of rheostat in the potential divider circuit. 
• describe what is a Wheatstone bridge and how it is used to find unknown 

resistance. 
• describe the function of potentiometer to measure and compare potentials 

without drawing any current from the circuit. 

Current electricity is the study of charges in motion. Simple electrical circuits 
can be solved by applying Ohm's law. For other circuits, Kirchhoff rules are 
applied. 

I 
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We all enjoy the comforts and benefits of using electricity. Electricity has 
characteristics that have made it uniquely appropriate for powering an emerging 
technological society. ~--
Electricity is also relatively 
easy to distribute. 
Electricity authorities use 
high-voltage transmission 
lines and transformers to 
distribute electricity to 
homes and industries in a 
town. Voltages can be as 
high as 5 x l 05 volts from 
power stations but by the 
time· this reaches homes, the 
electricity has been 
transformed to 220 volts in 
Pakistan. While it is 
relatively economical tQ 
generate electric power at a 
steady rate, there are both 
financial and environmental 
issues that should be 
considered when assessing 

For Your Information 

.1 
e. electric eel is an electric fish which is capable of 

~cncrating powerful electric shocks of up to 600 volts. It 

~ses electric shock for hunting and self-defense. 

the long-term impact of L..---
supplying commercial and 
household power. 

In making transition from electrostatics to moving charges, ,ye have to study 
phenomena like magnetic field produced due to the motion of charges, resistance 
offered but the materials to the moving charges through them arid lastly the 
dissipation of energy when the charges move through the condµ -:tors. In this chapter 
we shall discuss briefly the various features associated with themovingcharges. 

I 12.1 STEADY CURRENT I 
The continuous flow of free electrons is called steady current. ,:he flow of 
electronic current can be easily explained by referring Fig 12.1 The conductor 
has a large number of free electrons when electric field or voltage is applied, then 
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free electrons, being negatively charged, will start moving towards the positives 
terminal around the circuit. 

Ir 
Free Electrons 

Fig: 12.1: Flow of electrons in a conductor. 

This directed flow of electrons is called electric current. 
Following are the main points: 

1. Current is-due to flow of electrons and electrons are the constituents of 
matter. Therefore, electric current is matter (i.e. free electrons) in motion. 

2. The actual direction of current is from negative terminal to the positive 
terminal throughout that part of the circuit external to the cell. However, 
prior to electron theory, it was assumed that current flows from positive 
terminal to the negative terminal of the cell via the circuit. This convention is 
so firmly established that it is still in use. This assumed direction is now 
called conventional current. 

3. Those substances which have larger number of free electrons will permit 
current flow easily. Such substances are called conductors, for example 
Copper, Zinc, Silver, Aluminum etc. 
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In differeni current carrying materials the charges on the moving 

particles may be positive or negative. In metals the moving charges are always 

electrons (negative charges). While in gases the moving charges are negative 

and positive ions. In semiconductor material such as germanium or silicon 

conduction is partly by electrons and partly by motion of vacancies, or holes. 

These are sites of missing electrons and act like positive charges we define the 

current through the cross-section area A to be the net charge flowing through 

tlze area per unit time. 

Thus if a net charge 'Q' flows through an area in a iim~ ;, :.~: ~!!~~nt I is 

(12.1) 

The charge Q is measured in coulombs and time tin seconds. Therefore the unit 
of electric current will be coulombs/sec or ampere (A). One ampere is the 
current when one coulomb of charge flows across any cross section of a 
conductor in one second. The submultiples of ampere are: 

1 milliampere = 1 mA = 1 x 10-3 A 

1 rnicroampere = 1 µA = 1 x 10-6 A 

Do you know? I 
Current is a scalar quantity as it does not follow vector law of addition. 

I 12.2 DRIFT VELOCITY IN CONDUCTOR I 
Every metal has a large number of free electrons which wander 

randomly within the body of the conductor. The average speed of free electrons 

is sufficiently high ( = 105 ms-1
). During random motion, the free electrons 

collide with atoms of conductor again and again and after each collision their 

direction of motion changes. Due to random motion of all free electrons there is 

no net flow of charges in any particular direction. 



Consequently no current is established in the conductor. 

When the potential difference is applied across the ends of a conductor, an electric 

field E is set up at every point within the wire. The electrons experience a force 

in a direction opposite to electric field, E . As a result of this force and the 
continuous collision with the atoms, the electrons acquire a net drift velocity. 

Free Electron 
Atom 

+ 

(a) (b) 

Figure 12.2 : drift of free electrons 

The average velocity with which free electrons get drifted in a metallic 

conductor under the influence of electric field is called drift velocity ( Vd ). 

The drift velocity of free electrons is of the order of 1 ff5 rnf s. 

I Do you know? _ I 
Now if electrons drift so slowly, how room light turns on quickly when 
switch is closed? The answer is that propagation of electric field takes 
place with the speed of light. 



Electroencephalogram (EEG) I 
Electroencephalography, or EEG, is a neurological test that uses an electronic 
monitoring device to measure and record electrical activity in the brain. 
Special sensors (electrodes ) are attached to your head and hooked by wires to a 
computer. EEG measures voltage fluctuations resulting from ionic current flows 
within the neurons of the brain. The brain's electrical charge is maintained by 
billions of neurons. Neurons are electrically charged 1( or "polarized " ) 
by membrane transport proteins that pump ions across their membranes. Brain 
electrical current consists mostly of Na+, K+, Ca++, and Cl- ions that are pumped 
through channels in -neuron membranes. The computer records your brain's 
electrical activity on the screen or on paper as wavy lines. Thus the potential 
difference created by the electrical activity of the brain is used for diagnosing 
abnonnal behavior. The electrodes are not harmful to your body. 

EEG normal alpha rythem 

EEG abnormal 

Figure 12.2(c): An electroencephalograph, or EEG, detects and measures electrical signals. 
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I Example 12.1 I 
Each second 1018 electrons flow from right to left across a cross-section of a wire 
attached to the two terminals of a battery.(a) Calculate the current in the wire, (b} 
in which direction the current is flowing. 

I Solution: I 
Electric current 

Q ne 
l=-=

t t 

Charge on single electron: e = 1.6 x 10·19 C, 

t = 1 s 

I= 
1018 

xl.6 xw-•
9 

-i.6 X 10-1 A=160mA 
1 

The current is flowing from left to right i.e. in opposite direction of electron flow. 

1 12.3 OHM'S LAW I 
Many materials contain some 'free' electrons which can move in response to an 
applied electric field. By attaching a pair of metal wires and applying a voltage 

between them we can move these charge carriers through the material. Ohm's law 
is the most important, basic law of electricity. The relationship between the three 

fundamental electrical quantities: voltage (V), the current([) and resistance (R) in 
a D.C. circuit was first discovered by German scientist George Simon Ohm in 

(1826). When a voltage is applied to a circuit containing only resistive elements, 
current flows according to Ohm's Law, which is I= VI R. If a voltage Vis applied 

across a conductor and current (/) flows through it then according to ohm law 

The magnitude of the current in metals is proportional to the applied voltage as 

long as the temperature of the conductor is kept constant. 
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