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For small angles: sin® ~ tan0 = 2 1
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Young’'s Two-Slit Experiment

 What is the wavelength of the light in this

example? d ),
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Describing the Intensity Pattern
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What is the intensity at some point?

* The electric field (of an EM
wave) is written generally as:

Ei(r,t) = Eq(r)cos(kr — wt + qb(l))
e But, if we want to look at the

intensity at a point:
Ey(r1,t) = Ey(r1)cos(kry — wt + ¢

* Thenr, isa constant and kr, o _
can be rolled into the phase of L NN,
the wave at that point in
space (it doesn’t change with
time).

Ei(r1,t) = E1(r1)cos|—wt + (kr; + qﬁ(l))]



Superposition with Phasors

 Now, if we want to add two
waves (superimpose) we
have to add the phasors
vectorially, where the only
important phase is the
phase difference:

Ei(r1,t) = E1(r1)cos|—wt + (kry + gb?)]

E5(r2,t) = Ey(re)cos[—wt + (kra + ¢9)]
=

3¢ = (kry + ¢9) — (kr1 + ¢7)

8¢ = (krg — kr1) + (45 — 47)

All phasors rotate counterclockwise
with angular speed w. '
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Superposition with Phasors

* Then, we can find the amplitude of the
resultant wave as the vector sum of the
two phasors:

All phasors rotate counterclockwise
Ep = E; + E, %t

with angular speed w.

’ NOW it |E | Is not equal to |E | The resultant wave .
regardless of the phase dlfference there e
will be no (complete) destructive
interference.

* With |E,|= |E,|= E, we can use trig to find
E_:
PE? = E? + E? — 2F*cos(m — 6¢)
= E? + E? + 2E%cos(8¢)
= 2FE?*(1 4 cos(6¢))
= 4F?cos? (%’5)
I B E, = Ecos (ot + ¢)
Ep =2E | cos(+) |
where,

5¢ = (kry — kr1) + (¢9 — ¢?9) Phase DIFFERENCE!

has amplitude Ep




Amplitude and Intensity

* Now, E, is the amplitude of the resultant
phasor (it also rotates with angular frequency

w). y
Ep(t) = Epcoswt = 2FE | cos(~) | coswt

* The intensity of light is just:
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Eprer = Ep = 2F | cos(%qs) |=
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Sources in Phase

* |f the two sources are in phase,# = ¢} = ¢, and
then the phase difference at the position of

Interest is just:

Eq(r1,t) = Eq(r1)cos[—wt + (kr1 + ¢o)]

FE, (Tz,t) = Fy (’I"g)COS[—wt + (k'l"Q + qbo)]
=,

dp = (kry + ¢o) — (
(qu = (sz — kT‘l) =

5¢ = 2%(7“2 — 7“1)

kri + ¢o)

All phasors rotate counterclockwise
with angular speed w. '
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The resultant wave
has amplitude Ep
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Ep=2E cos—/) ; |
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E, = Ecos (ot + ¢)




Sources in Phase

* Then, the conditions for constructive and
destructive interference can be put in terms of
the overall phase difference:

— Constructive: ¢=M kr, — kr;) = 2mm
— Destructive: ¢ = (¢~¢) +(kn,—kn;) = (2m+1)x

2E2 ¢ Intensity maxima occur where ¢ is an integral multiple
J = C082 of 271 and d sin 6 is an integral multiple of A.

HoC

m=0,£1,%2,...

y = distance of a point in the pattern
from the center (y = 0)
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“d sin # = path difference from the two
slits at each point in the pattern




Assumptions again...

* What do you see that is inconsistent between
the picture and the graph?

Intensity maxima occur where ¢ is an integral multiple
2 ¢ of 271 and d sin 6 is an integral multiple of
] = cos Zapand g1 S @ gral multiple of A.

..... y = distance of a point in the pattern
<" from the center (y = 0)
L 5
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l l L l l l I P e waves at each point in the pattern
—6m —4 —27 0 2 4 6r
I I | I | | | ¥ ™dsin § = path difference from the two
—=3A —2A -\ 0

A 2A 3A 450 ¢ slits at each point in the pattern
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@ U Strips within slit

Phasors, really? -

Distant screen

Plane waves
incident on the slit

* We will see in the coming lectures that  Qu .
you get interference patterns even when
you only have one slit! SEERASEAM S

() Phasor diagram at a point slightly off the

* To understand this phenomena, and
others, you have to understand the
phasor diagrams obtained when you
break up the source wave front into a
continuous set of sources (a la Huygens). ..o wm i

ubdivided into infinitely many strips

 We won’t begin this discussion today, gl
but know that you need to understand A
how to set up a phasor diagram. AN
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