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In general, sources will be positioned relative to each other so that neither perfect
constructive nor destructive interference occurs. The more general case can be analyzed by
obtaining expressions for the displacement produced by each wave which refer to the source
location. Figure I11.1.4 illustrates a source located at xg.
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Figure [11.1.4: General source.

Suppose that the source oscillates with frequency w and amplitude A and that the
wavespeed is v. The vertical displacement of the medium at the source location is

Ysource(t) = A cos (wi — ¢}

This disturbance takes time (z — zg}/v to reach any location, at position x, to the right
of the source. Thus the displacement at x at time ¢ is equal to that at the source at time
t—{x —zg)/v, or
yla,t) = Acosw(t — (x — o) /v) — ¢
= Acos|wt = k{z — zq) — &)

where we have used w = kv, Rearranging gives:

If a source at xp oscillates according to
Ysource (t) = Acos (wt — gf))

then the displacement of the medium at any location
x > xg ab time ¢ is (111.1.3)

ylz, t) = Acos [k(x — zq) — wt + ¢

where k = w/v is the wavenumber of the waves with
v being the wavespeed.

We can apply this to the overall disturbance produced by two sources. Suppose that
these have the same amplitude, frequency and are in phase, i.e. k,w and ¢ are the same for
both. Thus, if source j is located at x;, then the two individual disturbances are described
by

yi(x,t) = Acos [k(z — 21) — wt + ¢
ya(a, t) = Acos[k(x — 22) —wt + @l

This implies that the disturbance on the medium is

ylz,t) = Acosk{zx — z1) — wt + ¢} + Acos [k{z — 29} — wt + ¢! (IT1.1.4)



This can be simplified by using a complex representation for the two waves. This requires
a complex function z(z,t} such that

y(z,t) = Refz(z, t)]. (I11.1.5)
Here the appropriate choices for the individual disturbances are of the form
zi(x, 1) = AetFlome)wite) (111.1.6)
Thus the combined disturbance is represented by
2(,8) = AciBla=e1l=et46) | goilbla—m)-witd)
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Finally Eq. (I11.1.5) gives
kAz Tl Tp .
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y{xz,t) = 24 cos ( 5 ) oS {k (ZL 5 "5 ) wt -+ (,b}. (T11.1.8)

where Ax = x1 — x2. The factor

only refers to the location of the two sources and not any point along the the medium. The
remaining factor

¥ T
Cos (k (:1:~ —21- - —2—%) —wt+q5] = CO8 [lc:twwt+cﬁ)’],
where ¢/ = ¢ — % — %, represents a sinusoidal wave traveling with speed v = w/k to the

right. Thus these wave interfere to produce a superposition with amplitude 24 cos (E%‘E)

Swmmarizing:

If two sources each oscillate with the same amplitude, A, the same
frequency, w and are in phase, then they interfere to produce a travel-
ing sinusoidal wave with the same frequency as the individual sources

and with amplitude
cos kAx
0
2

where Az is distance between the two sources and & = w/v is the
wavenumber of the sources.

(111.1.9)
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