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23.5: Transformers
The electric power generated in power stations is transmitted using high-voltage transmission lines, typically with voltages above 

 for long distances. However, that voltage is not usable in our households, as our appliances expect a voltage around 
 (or  in Europe). Transformers use electromagnetic induction to transform one alternating voltage into another. Figure
 illustrates a transformer.

Figure : A transformer converts a primary alternating voltage, , to a secondary alternating voltage, . The magnetic
flux produced in one coil is transmitted by an iron core to the secondary coil, where a different voltage is induced, depending on the
ratio of the number of windings in each coil.

The transformer has two coils, the “primary” and the “secondary”, with different numbers of loops, , and , respectively. The
coils are wrapped around an iron core, which can transmit the magnetic flux generated in the primary coil to the secondary coil. In
the transformer, an alternating voltage, , is applied to the primary coil, and transformed into the desired voltage, , in the
secondary coil.

The current in the primary coil creates a magnetic field. Those field lines are transmitted by the iron core into the second coil. A
voltage is only induced in the secondary coil if the magnetic flux through the secondary coil changes with time. Thus, transformers
only work with alternating voltages, so that the magnetic field created by the primary coil changes continuously. Both coils will
have the same magnetic flux, , through them, since they have the same area. The voltage in the primary coil is given by
Faraday’s Law:

as is the voltage in the secondary coil:

Since the flux (and thus its time-derivative) are the same in both coils, we can isolate the time-derivative in each equation to obtain
the relationship between the voltages in the two coils:

Thus, with a transformer, one simply needs to set the ratio of the number of loops in each coil in order to transform one voltage into
another.

Which coil in Figure  has the highest voltage?

A. The one with the most loops.
B. The one with the least loops.

Answer
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Which coil in Figure  will have the highest current?

A. The one with the most loops.
B. The one with the least loops.
C. Not enough information to tell.

Answer

A power plant produces energy at rate of , and wishes to transmit this power as efficiently as possible to a town.
The power lines between the power plant and the town have a resistance of . Compare the amount of power
dissipated in the transmission lines depending on whether the power is transmitted through a voltage of  or .

Solution
We model the transmission of power from the power plant to the town using the circuit shown in Figure .

We do not know the resistance of the town, but we can still calculate the power that is dissipated in the transmission lines that
have a total resistance of . The power plant produces power, , and transmits it through the lines at a potential
difference, , resulting in a current, :

The current, , will dissipate power in the lines at a rate of:

With the two different voltages, this corresponds to:

Thus, when the power is transmitted at low voltage, more than 80% is dissipated in the transmission lines, whereas an
insignificant fraction is dissipated when the power is transmitted at high voltage. This is why we need transformers.

This page titled 23.5: Transformers is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by Ryan D. Martin, Emma
Neary, Joshua Rinaldo, and Olivia Woodman via source content that was edited to the style and standards of the LibreTexts platform.
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