INTERFERENCE

* Today Ch. 35 Interference
— Review of the general idea
— Two slits
— Multiple slits
— Intensities

Review of Interference

Adding two waves of the same frequency:
E, = E,’ sin(kx - at)
E, = E,’ sin(kx — ot + §)
E,=E,+E,=?

ADSWCE: | " sin(kx — ot + 4,)|

Result is a wave of the same frequency. Usually we
want the amplitude ETO or the intensity | T

Review: Phase & Path Differences

One way to get a phase difference Ad between two
waves is to arrange for a path difference AL.

The general relation between phase difference
and path difference is AL

Ap=kAL =275 —
¢ A

Remember k is phase per unit length: E = E° sin(kx — at)

Review *

* We have discussed conditions for constructive and
destructive interference in terms of the phase difference Ag:
— Constructive: Ag =0, 360°,720°, ...
— Destructive: A¢ = 180°, 540°, ...

* We have looked at 5 different ways to arrange for
interference between two light waves:

— Double slit, Reflection from glass surface, Thin films,
Michelson interferometer, Different index of refraction.

In most cases, we achieve a phase difference by arranging to
have a path difference AL:

— Constructive: AL = A, 2), 32, ...

— Destructive: AL = W2, 302,502, ...

Review: Double Slit

For point P at angle 0 triangle HH~. ]
shows AL =dsiné

For constructive interference
weneed Al =mA
where m=0,1,2,... is any integer.

So the bright fringes are at /
angles given b | " | /
g g ' d sin 0 = mﬂ‘ el 'Ilr-..:..u. Tengih difference AL

Bright and Dark Fringes

So the bright fringes
are at angles given by

dsinf =mA

And the dark fringes . 1
are at angles given by dsin@ = (m + E) A




Locating the Fringes
|

- D 3
| For a bright spot we
need dsind=mA.

ncident

From the figure we
see tanf@ = y/D.

————

But for small angles
we have sin8 = tan 6.

So the bright lines are at
mA=dy/D
f ¢ y=mAD/d

Q.36-1

A =600 nm i

rn—r,=900 nm

What is the
phase difference
between the two
waves at P?

B C

Mz/2 )z (3)37/2 @)2r (5)37

A=600nm  (Q.36-1 |

Vl —_ rz = 900 nm Incident
What is the phase difference _ o
between the two waves at P? S e

AL=1.54
~Ap=15Q2r)=3x

Mz/2 )z 3)3z/2 @2x| 5)37

Interference: The General Case

What if the phase difference neither 0 nor 180° but
something in between? How can we calculate the
resultant amplitude?

Use phasors!

Phasor Diagram

Just as for AC circuits, we can
add two oscillating functions
using phasors. The lengths of
the phasors are the amplitudes
of the waves and the angle
between the phasors is the
Pphase difference between the
waves. Then the length of the
resultant phasor is the £y
amplitude of the total wave.

Adding Vectors

A good way to get the length of the sum of two
vectors is to use the dot product:

¥ C=A+B
Then C2=5-5=(ﬁ+l§)-(}i+i§)
=A*+B*+2A4-B
=A>+B*+2ABcosb




Intensity Formula

Suppose two light waves have equal intensities 1,
and a phase difference of ¢. When these waves
interfere, what will be the total intensity 1?

E, E'=E'+E, +2E, E,
~ S ¢ E?=2E, +2E,’ cos¢
E
0 =4E, COSZG¢)

— 2( 1 Text Eq.
I=41cos (2¢) 3621

But I o E? so:

Double-slit intensity

Intensity Example
Problem 35-29.

Two waves interfere with phase difference ¢ =60°.
One wave has intensity I, E

th : i !

e other flIO What is the E,=2E,
resulting intensity? ]
E’=E'+E, +2E,E,cos¢ E

E*=E, +4E,’ +2E,(2E,)1/2)
=5E," +2E,’ But I =(Const)E*

so 1=51,+21,71]

Intensity
atscreen 41 (two coherent sources
A 21 (two incoherent
S N N I S W _j__ 2 sources)
\ I (one source)
ANV WA WA I W W A WA
57 4x  im 2n E 3 (1] x 2x 3 4 B
2 1 0 1 2 m, for maxima
2 1 0 o 1 2 m, for minima
25 2 L5 1 05 0 0.5 1 L5 2 25 AL/A
Q.36-2

Two waves interfere with phase difference ¢ = 909

E,

Each wave individually
has intensity I,. What is ¢
the resulting intensity?

El
M2, @21, 31, @1,z G)1,/2

Q.36-2
Two waves interfere with phase difference ¢ = 9()9
Each wave individually
has intensity I,. What is E, E
the resulting intensity?
E'=E’+E,
2
ButI < E E,
I=1,+1,=2I,

m2I, |21, @)1, @I,/N2 5)1,/2

Interference with 3 Slits
Path difference ' /’
between rays / g
from adjacent 3 N S -
slits: d N\
AL =dsiné
O~AL/d

b= 2w ?‘:_
I*‘Q,SI.-..-B > de A

Get intensity from

Phase difference between .
phasor diagram:

rays from adjacent slits:

¢=27££=27rﬁ
A A

_/




Intensity for 3 Slits

What is intensity as a function of angle?

I=E,;’
2
1,=E,
¢=2”£=2”dsm0
A A

We could do a lot of trigonometry and figure
out the general result for I as a function of I
and ¢ but let’s not. Just get location of fringes
using the phasor diagram, as 6 and ¢ increase.

3 Slits Continued

4. Next minimum:

5. Next maximum: ¢=2r dsind =4
—_—
—_— ET=3E0 IT=910
#=360°

e

— ¢=180° E,=E, I,=1,

—

3 Slits Continued

1. Central maximum: ¢=0 0=0
T Er—<
————=%  E,=3E,

~

r =91,

2. First minimum:

27 o A
YA A N

E, =0 I,=0

3. Next maximum:

o=z dsin@=1/2

T

6=AL/d

~Mi -EH:_-;'AIA

Tre)” Summary

g= 0

AL= 0

Five Slits x(e)

-+
-¥

Note we still have 8 . =mA/d

max

But more slits makes the peaks sharper.

I®

For many slits, we get a diffraction grating.




