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Let o represent the angular velocity of rectangle =
27,

Let A represent the area of the rectangle = 1d.

When the rectangle has turned an angle ¢ from the
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Position, as shown in Fig. 5o, the wires forming
S S haye a velocity at right angles to the lines of
Sidee Of.V sin 6. The 11ne§ of force cut per second .by .the
is rS Will thus be 2HIV sin 6. But V = =dn, and if time
5 eCkO.rled from the instant when the rectangle was in
b 1Vertlcle position, 6 = ot. Since the end§ of the rect-
e'f]? do not cut lines of force, the total instantaneous
'+ 8enerated will be
(20)

¢ = 2Hldm sin ot = oHA sin ot............
e It, the rectangle is made up of N turns of wire
o €ad of one turn an e.m.f. will be generated in each
tion’ and, since these e.m.fs. will act in the same direc-
rn around the circuit, the total e.m.f. impressed on the
Ushes will he
B SELAN sinob. oo v i b emals v o s (21)
The e.m.f, represented by this equation is obviously

pEr-aIEer“ati“g one, for the value of sin ot changes
thai()dlcany from + 1 to —1. It will also be observed

Vertica]
ts side

€ maximum value of the e.m.f. is ®« HAN, which
If E is taken to represent this maximum
€ (positive or negative), equation (21) may be written
(212)

Constant,

e=ESil’lwt
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e?‘presSi €quation is a particular case of the general
Monje fOn X = a sin y, which is known as a simple har-
Fop  Iiction, and applies to many natural phenomena.
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E‘]Uational?p]e’ if velocity is substituted for e.m.f. in

This

plete cycle of changes takes place is known as the
‘“‘period.”” The number of cycles or periods per second
is known .as the ‘frequency.’”’. In the " illustration
(Fig. 50) the frequency is equal to the number. of revo-
lutions = n. At any instant the angle 6 through which
the coil has turned from the zero-of-time position is
known as the ‘‘phase.”” When 6 is go° the e.m.f. is said
to be in quarter phase. Any alternating = e.m.f. which
can be expressed by a simple harmonic -function as in
equation (21a) is known as a “‘simple harmonic.’’ ‘Simi-
larly with alternating currents. : Alternating e.mi.fs.” and
currents which are not harmonic tend to:become har-
monic. For this reason and for the reason that the har-
monic law lends itself easily to mathematical treatment,
designers and builders endeavor to-construct alternating
current generators so that as far as possible they will
generate e.m.fs., which will vary according to this law.
All calculations relating to these quantities, except where
a high degree of precision is required, are based on the
above assumption.

A graph representing' an alternating current - or
e.m.f., -plotted on a base of time, as shown in Fig. 49,
is usually known as a simple harmonic diagram. For
some purposes it is more convenient to represent such:
quantities by a diagram, as shown in Fig. 51. In this
diagram OP is a line drawn to represent the maximum
em.f., E; OX is a reference axis, and OY is a line
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FIG. 53

drawn perpendicular to OX. If the line OP revolves
about the point O with an angular velocity o, its pro-
jection on the line OY at any instant will represent the
instantaneous e.m.f. The line OP may be made to
revolve in either direction, but to avoid confusion one

| direction only should be used. In the following discussion

the direction of rotation is always counterclockwise.

Fig. 51 is known as the ‘‘vector,” or “‘clock’’ diagram.

The clock diagram is convenient for use when it is
required to find the resultant of two e.m.fs. differing in
magnitude and phase. Suppose the two e.m.fs. to be
represented by the equations e, = E, sin ot and e, —

‘E: sin (vt —#). According to these equations the second

e.m.f. lags behind the first one by an angle ¢; i.e., the
angle ¢ is the difference in their phases at all times.

‘These e.m.fs. are both represented in the clock diagram

(Fig. 52). At any instant the total instantaneous e.m.f.
is € = €.+ €, which is represented by the projection OY
of the diagonal of the parallelogram formed on OP, and
OP:, representing E, and E.. The resultant of these two
harmonic e.m.fs. is, therefore, a simple harmonic esmif.,
of which the maximum value is represented by OP = E.

It is thus séen'that,:ﬂterna'ting e.m.fs. are combined

20a) the expression will represent a simple

ar; .
Monic Motion,

In each case the time in which a com- !,

in the same way as mechanical forces. The same is true
of alternating currents in parallel.



