


19.1 Current  
Charges in motion 

In this chapter, we shift our emphasis to situations in which non-zero electric 
fields exist inside conductors, causing motion of the mobile charges within the 
conductors. A current (also called electric current) is any motion of charge from 
one region of a conductor to another. 







The current at any instant is the 
same at all cross sections. 
 
 
When you turn on a light switch, 
the light comes on almost 
instantaneously because the 
electric fields in the conductors 
travel with a speed approaching 
the speed of light. You don’t have 
to wait for individual electrons 
to travel from the switch to the 
bulb! 



EXAMPLE 19.1 How many electrons? 
One of the circuits in a small portable CD player operates on a 
current of 2.5 mA. How many electrons enter and leave this part 
of the player in 1.0 s? 



19.2 Resistance and Ohm’s Law 
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Superconductivity 



The Discovery of Superconductivity 

H. Kamerlingh Onnes 
found that the resistivity 
of mercury suddenly 
dropped to zero at 4.2K, 
a phase transition to a 
zero resistance state. 
This phenomenon was 
called superconductivity, 
and the temperature at 
which it occurred is 
called its critical 
temperature.  

http://hyperphysics.phy-astr.gsu.edu/hbase/solids/scond.html
http://hyperphysics.phy-astr.gsu.edu/hbase/solids/scond.html
http://hyperphysics.phy-astr.gsu.edu/hbase/solids/scond.html
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This is a graph for a 
semiconductor diode, a 
device that is decidedly 
non-ohmic. Notice that 
the resistance of a diode 
depends on the 
direction of the current. 
Diodes act like one-way 
valves for current; they 
are used to perform a 
wide variety of logic 
functions in computer 
circuitry. 

Non-ohmic conductors  





19.3 Electromotive Force and Circuits 

The influence that moves charge from lower to higher 
potential (despite the electric-field forces in the opposite 
direction) is called electromotive force (abbreviated emf 
and pronounced “ee-em-eff”). 
 
 
 
A battery with an emf of 1.5 V does 1.5 J of 
work on every coulomb of charge that passes through it. 

We’ll use the symbol 𝜀 for emf. 



The nature of this 
additional 
influence depends 
on the source. In a 
battery, it is due to 
chemical 
processes; in an 
electric generator, 
it results from 
magnetic forces. 



No complete circuit 
 

𝑉𝑎𝑏 = 𝜀 
 
 
Ideal source 

𝑉𝑎𝑏 = 𝜀 = IR 
 
 
 
Real source with internal 
resistance 

𝑉𝑎𝑏 = 𝜀 − Ir 









It’s important to understand how the meters in the 
circuit work.  
 
The symbol V in a circle represents an ideal voltmeter. 
It measures the potential difference between the two 
points in the circuit where it is connected, but no 
current flows through the volt-meter.  
The symbol A in a circle represents an ideal ammeter. 
It measures the current that flows through it, but 
there is no potential difference between its terminals.  
 
Thus, the behavior of a circuit doesn’t change when 
an ideal ammeter or voltmeter is connected to it. 





Take the 
potential 
to be zero 
at the 
negative 
terminal of 
the 
battery. 

How the potential changes in a circuit. 

Battery or 
cell 



19.4 Energy and Power in Electric Circuits 

𝑆𝑖𝑛𝑐𝑒 𝐼 =
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Then 
 

∆𝑊 = 𝑉∆𝑄 = 𝑉𝐼∆𝑡 









Power Output of a Source 
 
Using    𝑉 = 𝜀 − 𝐼𝑟 
 

𝑃 = 𝑉𝐼 = 𝜀𝐼 − 𝐼2𝑟 
 





19.5 Resistors in Series and in Parallel 



Resistors in Series 



Resistors in Parallel 







19.6 Kirchhoff’s Rules 
These help us work out more 
complicated problems. 







Kirchhoff's first rule for 
junctions is to do with 
conservation of charge. The 
same number of electrons out 
of a junction that went in. 
 
Kirchhoff's second  rule for 
loops is  to do with 
conservation of energy. The 
amount of  energy we  put into 
a system must be the same as 
the amount we get out. 





19.7 Electrical Measuring Instruments 

When there is a current in 
the coil, the magnetic 
field exerts a torque on the 
coil that is proportional to 
the current.  
Thus, the angular 
deflection of the coil and 
pointer is directly 
proportional to the coil 
current, and the device can 
be calibrated to measure 
current. 



Ammeters 
An instrument that measures current is 
usually called an ammeter. The essential 
concept is that an ammeter always 
measures the current passing through it. 
An ideal ammeter would have zero 
resistance. 

Voltmeters 
A voltmeter is a device that measures 
the potential difference (voltage) 
between two points. To make this 
measurement, a voltmeter must have 
its terminals connected to the two 
points in question. An ideal voltmeter 
would have infinite resistance, so that 
no current would flow through it. 

The ideal behavior for a meter would be for it to measure the circuit 
quantities of interest without disturbing or changing those 
quantities by its presence. 








