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Inductance

“the property of an 
electric conductor 
or circuit that 
causes an 
electromotive force 
to be generated by 
a change in the 
current flowing”
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Mutual inductance

If the current in coil 1 changes, this 
induces an emf in coil 2, and vice versa:

The proportionality constant for this 
pair of coils is called the mutual 
inductance, M.



Mutual inductance

The SI unit of mutual inductance is called the henry.

1 H = 1 Wb/A = 1 V · s/A = 1 Ω · s = 1 J/A2



Real world: toothbrush

This electric toothbrush makes use of mutual 
inductance. 

The base contains a coil that is supplied with 
alternating current from a wall socket.

Even though there is no direct electrical 
contact between the base and the 
toothbrush, this varying current induces an 
emf in a coil within the toothbrush itself, 
recharging the toothbrush battery.



Self inductance

Any circuit with a coil that carries a 
varying current has a self-induced emf. 

The self-inductance, L, of the circuit:



Self inductance



Real world inductance: traffic lights

Many traffic lights change when a 
car rolls up to the intersection. 

This process works because a large 
coil is placed under the street, 
which carries a current that 
changes with time.

The car contains conducting 
material, so when it is near the coil, 
electric currents are induced in the 
car, which in turn induce an emf in 
the buried coil.



Real world: power grids

If lightning strikes part of an electrical 
power transmission system, it causes a 
sudden spike in voltage that can damage 
the components of the system. 

To minimize these effects, large 
inductors are incorporated into the 
transmission system. 

These use the principle that an inductor 
opposes and suppresses any rapid 
changes in the current.



Inductors in circuits

The potential difference between 
the terminals of the inductor, L, is:



Inductors in circuits

Resistor vs inductor:



Magnetic field energy



R-L circuit

An R-L circuit contains a 
resistor and inductor and 
possibly an emf source.



L-C circuit

An L-C circuit contains an inductor and a 
capacitor and is an oscillating circuit. 

Reminder: 
ω = 2𝜋𝑓

where 

𝑓 =
1
𝑡



Electrical and mechanical oscillations



L-R-C series circuit



AC vs DC



AC

An AC source is a device that supplies a sinusoidally varying voltage.
Most present-day household and industrial power distribution systems operate with 
alternating current (AC). Any appliance that you plug into a wall outlet uses AC.



AC

A sinusoidal voltage might be described by a function such as:

𝑣 = 𝑉 𝑐𝑜𝑠 𝜔𝑡

where v is the instantaneous potential difference, V is the voltage amplitude, and 
ω = 2𝜋𝑓 is the angular frequency.

The corresponding sinusoidal alternating current is:



RMS

For sinusoidal AC sources, the RMS current and voltage values are:

This wall socket has a voltage amplitude of V = 170 V, 
meaning that the voltage alternates 
between +170 V and −170 V.

The RMS voltage is Vrms = 120 V. 



AC circuits

When a resistor is connected with an AC source, 
the voltage and current amplitudes 
are related by Ohm’s law:



AC circuits

When an inductor is connected with an AC source, 
the voltage and current amplitudes are related by:

The inductive reactance is

𝑋" = 𝜔𝐿

Because XL is a ratio of voltage and current, like resistance its unit is the Ohm.



AC circuits

When a capacitor is connected with an 
AC source, the voltage and current amplitudes 
are related by:

The capacitive reactance is

𝑋# =
1
𝜔 𝐶



Comparing AC circuit elements

The graph shows how the 
resistance of a resistor and 
the reactances of an 
inductor and a capacitor vary 
with angular frequency ω. 

Reminder: 
VR = I R
VL = I XL
VC = I XC



L-R-C circuit

When a resistor, inductor, and capacitor are connected 
in series with an AC source, the voltage 
and current amplitudes are related by:

The impedance of the circuit is:

𝑍 = 𝑅$ + 𝑋" − 𝑋# $



Resonance in AC circuits

Shown are graphs of R, XL, 
XC, and Z as functions of 
log ω. 



Resonance in AC circuits

As we vary the angular frequency ω of the source, the maximum value of I occurs at the 
frequency at which the impedance Z is minimum. 
This peaking of the current amplitude at a certain frequency is called resonance. 

The angular frequency ω0 at which the resonance peak occurs is called the resonance angular 
frequency.
At ω = ω0 the inductive reactance XL and capacitive reactance XC are equal, so 𝜔%𝐿 =

&
'!
𝐶

and:

𝑍 = 𝑅! + 𝑋" − 𝑋# !



Real world: loudspeaker

In order to route signals of different 
frequency to the appropriate speaker 
shown, the woofer and tweeter are 
connected in parallel across the amplifier 
output. 

The capacitor in the tweeter branch 
blocks the low-frequency components of 
sound but passes the higher frequencies.

The inductor in the woofer branch blocks 
the high-frequency components of sound 
but passes the lower frequencies.



Transformers

In a transformer, power is 
supplied to a primary coil, and 
then the secondary coil 
delivers power to a resistor.

The purpose of a step-up 
transformer, such as the one 
shown, is to increase the 
delivered voltage relative to 
the supplied voltage.



Transformers

In an ideal transformer, the ratio of the voltages 
across the primary and secondary coils is 
equal to the ratio of the number of turns in the coils:

If N2 > N1, then V2 > V1 and we have a step-up transformer.
If N2 < N1, then V2 < V1 and we have a step-down transformer.



Real world: geomagnetic storm



• Inductance CH 30

• L/R/C circuits CH 30

• AC circuits CH 31

Next time: Electromagnetic waves CH 32

Summary

ω =
1
𝐿𝐶 = 2𝜋𝑓


