Chapter 32: Interference and Diffraction
Thursday December 15

* V. IMPORTANT: Final exam will be in HCB103/316
« HCB316, last names A to J; HCB103, last names K to Z

* Check your exam scores online
 Still 37 unregistered iClickers; send email if unsure.

‘Brief review of wave interference (PHY2048)
-Two-slit wave interference

-Diffraction

-Single-slit diffraction

Reading: up to page 575 in the text book (Ch. 32)



Interference of waves

-Suppose two electromagnetic waves with the same frequency,
polarization and amplitude travel in the same direction, such that

E =E sin(kx—wr)
E,=E, sin(kc—wt+9)

*The waves will add.
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Interference of waves




Interference of waves
*Mathematical proof:

E, =E, sin(kx— ot)

E, :Emsin(kx—a)t+¢)
Then: E'(x,t) :El(x,f)‘l‘Ez (x,t)
— E_sin(ke—ot)+ E, sin(kx - ot + ¢)

But: sina +sin f=2sind(a+ f)cosi(a— )
Phase
So: E'(x,t) = [2Em cos%¢}sin(kx—wt+%¢) shift

Amplitude ~ YYave part



Interference of waves
E'(x,t) = [2Em cos%qb:lsin(kx — 0t + %qb)

L1 two electromagnetic waves of fhe same amplifude,
polarization and firequency fravel in fhe same direction,

iiney intertere fo produce a resultant electromaghnetic
yave firaveling in the same direction.

‘If ¢=0, the waves interfere constructively, cos’2¢=1 and the wave
amplitude is 2E .

‘If ¢=mn, the waves interfere destructively, cos(n/2) = 0 and the wave
amplitude is 0, i.e. no wave at all.

-All other cases are intermediate between an amplitude of 0 and 2E,,.

‘Note that the phase of the resultant wave also depends on the
phase difference.



Wave interference - spatial

N




Double-Slit Interference

Plane waves impinge Cylindrical wavefronts
on barrier with two slits. spread from each slit.
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waves interfere constructively. screen, bright fringes appear.



Double-Slit Interference

Optical path difference between
the two waves: i

dsin@

0 4 s\“e

X‘dsin@ =mA  (m=0,1,2,...)|

When equal to an integer number of wavelengths,
constructive interference occurs, i.e., bright fringes.




Double-Slit Interference

Optical path difference between
the two waves: i

dsin@

dsinf=(m+HA  (m=0,1,2,...)]

When equal to a half integer number of wavelengths,
destructive interference occurs, i.e., dark fringes.




Diffraction

Huygen’s principle: All points on a wavefront act as point sources of
spherically propagating wavelets that travel at the speed of light. A short
time later, the new wavefront is the unique surface tangent to all of the
forward-propagating wavelets.

cAr—) = Slit width >> 1
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Diffraction

Huygen’s principle: All points on a wavefront act as point sources of
spherically propagating wavelets that travel at the speed of light. A short
time later, the new wavefront is the unique surface tangent to all of the
forward-propagating wavelets.

cAt—  — Slit width < A
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Single-Slit Diffraction and Interference
D Destructive when:
4
3 a .
» —sinf=1A1
) 4
- ®
Incident
light °
a .
—sinf =114
2

lasin@® =mA|

m = integer, but not 0




Single-Slit Diffraction and Interference

Intensity

Intensity
Intensity

a = 10A J“A P
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Destructive interference when:

asin@=mA  (m=1.2,3,.)|

WARNEING: This formula looks identical 1o fhe two-slit
nterterence formula; I'lr IS NOTI Note that a (s the sl

yiath, ais the slifi separafion. Furtnermore, the above
Jadrr*Jf“rJv/ Interierence, wnereas fthe

describes constructive interrerence.

rJr*m,JLx des
two-slit forml JJ




