Transformers

Motivation: It is more efficient to transmit power at high voltages. Consider power
being transmitted through power lines which have aresistance R, Not al power P;

arrives at the output. A part Pgjsgislost in the wires and only a part Py, is available for
use. Thus B =P, +P,, =1V . Since wewould like to transmit large amounts of power

diss
in princi plethrs can be done in either of two ways - with large | or with large V.
However, thereis adifference. The power dissipated in the wireis

P, =12 _F
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Hence the ratio% = % R,. Since P; and Ry are fixed this ratio decreases as V
t

increases. The decrease occurs quite rapidly and the gains realized can be quite
substantial.

So how does one transform voltages UP to high values ?i.e. we need a device like the
onein the figure below:
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Design 1: Consider two solenoids 1 and 2 each with N1 and N2 turns respectively
carrying currents | 1 and 1> which are wound on the same cross-sectional areaa shown in

the figure.

If there is a changing current 11 in the first
solenoid then there is an emf across this solenoid
which is given by:

e =- L% and due to the mutual inductance

between the two solenoids we also have:

Therefore

% = % =constant means that coil 2 has emf which scales with the emf in coil 1. For an
idleal sol enoid we know how to calculate L and M explicitly. We have:

L=—"1— mN,"A and M =m——2— NN, A . These equations imply that: izﬁ.
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For N2> >N1 wecdll the transformer step-up and for No < N1 it is a step-down.



How are the currents related in the two coils ? Isit possible to have the same current in
the secondary ? No! remember that energy must be conserved. Since power isthe same

we have 1.e, =1.e,. And this means that:
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. A step-up transformer thus lowers .



