Announcements

1. New schedule .

2. Problem session this evening at 6 PM in Olin 101 ??7?

3. Extra credit opportunity -- need to find a meeting time for
presentations by participants of one of these types:

« Present detailed solution to one of the exam questions
plus another problem of your choosing

* Present an explanation for a physical phenomenon
(such as the optics of a telescope; etc...)

4. Today’s topics
Single slit diffraction

Diffraction
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Plane polarized
electromagnetic wave
at an 1nstant of time:

Interference effects due to superposition of light waves:
(X,t)=E (X,t)+ E, (X,1)

=E__ sm(z (x— vt)j +E__ sin(zn(x —Vt)+ (pj
A A
=2E sin(zxn (x—vt)+ ; goj cos((pj

2
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Young’s double slit (idealization)

| D I

Incident
wave

Path length difference §

L—r,=0=dsin0

E(P,t) - E .. sin(zzrl — ZCﬂ:ftj +E,_ .« sin(zj}ir2 — 2nft)

=2E__ Sin(n(ﬁ; n)_ 2nftj cos(n(rlx_ " )j
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Diffraction pattern from a plane wave incident on a double slit:
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Incident
wave
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Path length difference §
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E(P,t) - E .. sin(x —2nft [+ E,_ . sin(zzrz — 2cht)

=2E_ Sin(n(ﬁ; n)_ 2nftj cos(n(rlx_ " ))
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=» intensity maxima occur for
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Idealized intensity pattern at screen for double slit:

I

max
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Actual interference effects within a single finite size slit

thin slit thicker slit

H\H}% {iff
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Mathematical description of single slit diffraction
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Single slit intensity pattern:
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Effect of slit size on double slit pattern
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1. HRWE 37 P.023] For d = 6a In Fig. 37-38, how many bright interference fringes lie in the

central diffraction envelope?
s zasiné -
Sm( A )

i S(ﬂd sin@ )\
| =1 |co ,
i l masiné
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|
d l
I IR
v

Figure 37-38.
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Diffraction pattern for multiple slits — diffraction grating
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Diffraction pattern for N slits — diffraction grating
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Intensity pattern for N slits » (Nnd sin@j_z

Sin

A
| = Imax Sin(nd;mej

Peaks at dsinO=mA  (same as for double slit but peak
widths much narrower)

Intensity
|

m = ()
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Intensity pattern from multiple slit grating:
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Online Quiz for Lecture 26
Diffraction patterns -- Apr. 6, 2005

—

LD L] min mtipre st

: - A - fat single slit

5 A A A fat double slits

\ ‘ A ‘ A ‘ ‘ thin double slits

Consider the 4 plots which represent the intensity of monochromatic
light on a screen a large distance away from various zlit configurations.
For each of the plots identify the type of slits -- thin double slits, fat
double slits, thin multiple slits, fat multiple slits, 1 thin slit, 1 fat slit, etc.
Write your answers in the space provided. The computer won't be able
to grade your responses.

-

P
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Peer instruction question

The above lines show the diffraction pattern of blue light from a

given grating. Where would you expect red light to be
diffracted?

(A) Approximately midway between each blue line
(B) Separation between red lines 1s greater than that of blue lines

(C) Separation between red lines 1s smaller than that of blue lines
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Question from last time --

The above lines show the diffraction pattern of blue light from a

given grating. Where would you expect red light to be
diffracted?

(A) Approximately midway between each blue line
(B) Separation between red lines 1s greater than that of blue lines

(C) Separation between red lines 1s smaller than that of blue lines

4/6/2005 PHY 114 -- Lecture 26 18



Diffraction by X-rays (A = 0.1 nm)

|

NaCl a;=0.56 nm
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Bragg condition: ()
2d sin 6 = mA
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Bragg condition:

2d sin O = mA

Example A=0.154 A°

d=_%0

If 6 =237.95°for m=1, what

is a.?
is a,° a,

2dsin0=2—"—sin0=A

245
a, = k_\fS =(0.56 nm
sin 0
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4. [HRW6 37 P.058) In Fig. 37-44, first-order reflection from
the reflection planes shown occurs when an x-ray beam of
wavelength 0.270 nm makes an angle of 63.8° with the
top face of the crystal. What is the unit cell size an?

| nm

For thiscase: d=a,/ J2
Figure 37-44.

Note: strictly speaking,
lattice constant = 2a,,.
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