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The basic principles of a transformer
The transformer is based on two principles:
1. An electromagnetic current can produce a magnetic field AKA electromagnetism.
2. Changing magnetic field within a coil of wire induces voltage across the ends of a coil AKA electromagnetic
induction.

Changing the current in the primary coil changes the magnetic flux that is developed. The changing magnetic flux
induces a voltage in the secondary coil.
An ideal transformer
The adjacent diagram indicates an ideal transformer, the
current that passes through the primary coil creates a
magnetic field.
The primary and secondary coils are wrapped around a core of
very high magnetic permeabillity, such as iron, so that most of
the magnetic flux passes through both the primary and
secondary coils.
If a load is connected to the secondary winding, the load
current and voltage will be in the directions indicated, given
the primary current and voltage in the directions indicated
(each will be alternating current in practice).

Figure 1 - An ideal transformer

The law of induction - Equations and ratios
The voltage induced across the secondary coil may be calculated from Faraday's law of induction, which states
that:

where Vs is the instantaneous voltage, Ns is the number of turns in the secondary coil and Φ is the magnetic flux
through one turn of the coil. If the turns of the coil are oriented perpendicular to the magnetic field lines, the flux
is the product of the magnetic flux density B and the area A through which it cuts.
The area is constant, being equal to the cross-sectional area of the transformer core, whereas the magnetic field
varies with time according to the excitation of the primary. Since the same magnetic flux passes through both the
primary and secondary coils in an ideal transformer, the instantaneous voltage across the primary winding equals

Taking the ratio of the two equations for Vs and Vp gives the basic equation for stepping up or stepping down
the voltage
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Np/Ns is known as the turns ratio, and is the primary functional characteristic of any transformer. In the
case of step-up transformers, this may sometimes be stated as the reciprocal, Ns/Np. Turns ratio is
commonly expressed as an irreducible fraction or ratio: for example, a transformer with primary and
secondary windings of, respectively, 100 and 150 turns is said to have a turns ratio of 2:3 rather than
0.667 or 100:150.
Ideal power equation

Figure 2 - Ideal transformer as a
circuit element

If the secondary coil is attached to a load that allows current to flow, electrical power is transmitted from
the primary circuit to the secondary circuit. Ideally, the transformer is perfectly efficient. All the incoming
energy is transformed from the primary circuit to the magnetic field and into the secondary circuit. If this
condition is met, the input electric power must equal the output power:

giving the ideal transformer equation

Transformers normally have high efficiency, so this formula is a reasonable approximation.
If the voltage is increased, then the current is decreased by the same factor. The impedance in
one circuit is transformed by the square of the turns ratio.
For example, if an impedance Zs is attached across the terminals of the secondary coil, it appears
to the primary circuit to have an impedance of ( Np/Ns)2Zs. This relationship is reciprocal, so that
the impedance Zp of the primary circuit appears to the secondary to be (Ns/Np)2Zp.
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