Superposition of several sinusoidal
waves with same frequency and
polarization (oscillations in the same
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Superposition

Ayl cos(wt + én)
— Re A, exp(iwt)



A1 exp(?ﬁwt)JrAg exp(?ﬁwt)-
+ A exp(iwt)+- -
= A exp(iwt)



Resultant phasor
A = |Af exp(i¢)
= > Ap = |Ap| exp(ign)

Energy (Intensity):
[ =AA*=|A[



cost + 3cos(m/4+t) + 4cos(2m /3 + t)
+2 cos(m/2 + t)







Traveling waves
y(x,t) = |Ap| cos(kx — wt + ¢p)
y(x,t) = Re Ay exp(i(kr — wt))

en(z,t) = Eyexp(i(kx — wt))
E,, = |E,| exp(ion)



Wave vector k

(direction of propagation)
k =21/
Phase velocity vy,

Upp = w/k



Problem

Superposition of large number of phasors
of equal amplitude a and equal successive
phase difference 6. Find the resultant
phasor.

A = |Alexp(ip) = a + aexp(if) + a exp(i20)
+aexp(i30) + -+ - aexp(i(n — 1)0)



A = al|l —exp(inf)|/[1 — exp(20)]
sin(nf/2)

= a n(0/2) exp(i(n —1)0/2)
sin(nf/2)
Al = a sin(6/2)

¢=(n—1)0/2



a 0 ¢ =(n-1)06/2
a =2r sin( 6/2)



When n is large and 6 and
a are small such that
nb/2 = «

na = Ag
A = (Apsin d/oa) exp(ia)
[ = AA* = Afsin® a/a”



Oscillating dipole
q(t)=q . Cos(wt)

Approximations

® 1. d<<r
q(t)= - q Cos(wt)
2. d<<clo~M\
p(t) = p,Cos(wt) Z
Maximun dipole moment 3. ¢clo~L<<r

p,=qd
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Oscillating charges and
dipole radiation
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Oscillating charges and dipole radiation

For large distances (r) the first two terms die
as 1/r2, whereas the last term (radiation term)
survives because It decays as 1/r.
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