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Let « represent the angular velocity of rectangle
2TJ1.

Let A represent the area of the rectangle = Id. 
When the rectangle has turned an angle 6 from the

A graph representing an alternating current or 
e.m.f., plotted on a base of time, as shown in Fig. 4g,
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an jVer^cle position, 8 = Mt. Since the ends of the rect- 
e.m f t*° not cut Fnes °f force, the total instantaneous r

• • generated will be

FIG. 51

e = aHldTrn sin <4 = »HA sin <4 
!f, the
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rectangle is made up of N turns of wire 

of one turn an e.m.f. will be generated in each 
and, since these e.m.fs. will act in the same direc-
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XT'nstead 

turn
bri?oi^r°un^ the circuit, the total e.m.f. impressed on the 
0rushes will be
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an r 6 represented by this equation is „ ____
perj‘ ernating one, for the value of sin <4 anges 
t^at thCa*^ ^rom + 1 to —1. It will also be observed 
is Co 6 maximum value of the e.m.f. is « HAN, which 
Vg]u stan_t- If E is taken to represent this maximum 

(Positive or negative), equation (21) may be written 
e E sin «t.............................................................. (21a)
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FIG. 53

drawn perpendicular to OX. If the line OP revolves 
about the point O with an angular velocity «q 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 
direction only should be used. In the following discussion 
the direction of rotation is always counterclockwise. 
Fig. 51 is known as the

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 <4 and e, = 
E3 sin H — ej. According to these equations the second 
e.m.f. lags behind the first one by an angle 6; 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 e = e, + e2, which is represented by the projection OY 
of the diagonal of the parallelogram formed on OP, and 
OP2, representing E, and E=. The resultant of these two 
harmonic e.m.fs. is, therefore, a simple harmonic e.m.f., 
of which the maximum value is represented by OP = E.

It is thus seen that alternating e.m.fs. are combined 
in the same way as mechanical forces. The same is true 
of alternating currents in parallel.
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vector,” or “clock” diagram.
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FIG. 52
Thi

expreSs;0n eTUation is a particular case of the general 
?°nic f, * ~ a s>n y» which is known as a simple har
bor “nctl°n, and applies to 
filiation ^P e> if velocity is 
k‘arrr'onio 2°a) the expression 

lc motion. In each
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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- 5°) the frequency is equal to the number of 
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 e is 90° the e.m.f. is said 
to be in quarter phase. Any alternating e.m.f. which 

be expressed by a simple harrhonic function as in 
equation (21a) is known as a “simple harmonic.” Simi
larly with alternating currents. Alternating e.m.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.
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