Diifraction seems-an unusual effect to most of us. We tend to think of
waves or rays travelling in straight lines. They may reflect off a surface or
change direction when entering a different medium, but we expect them to
travel in a straight line otherwise.

The curving of waves within a medium caused by diffraction goes against
our usual assumnptions, and can be quite a problem at times. However we
can also rmake use of this wave property.
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Diffraction causes waves to bend around edges, or spread out through
gaps. We often say that diffraction is a maximum when the wavelength is
similar to the width of the aperture. If the aperture becomes smaller than
the wavelength, diffraction will, in fact, increase. However the total wave
energy passing through the gap decreases, making the diffraction effect less
noticeable. So perhaps it is reasonable to think in terms of wavelength
matching aperture size. It certainly makes calculations easier.

—

%&3’5@ Strong diffraction occurs when the wavelength is equal to the g
width of the apertiure. - E

2

What we are going to look at in this Factsheet is diffraction, and its effects
in a variety of wave motious (noting similarities and differences, uses and
difficulties). We will also consider some basic mathematical relationships

involving diffractic

]
1.

Answers to the questions posed will be given at the end of the Factsheet.
It will prove useful to attempt each question as it occurs, rather than all
" together at the end. - T

A more in-depth look at diffraction with light, including more complex
maths, will feature in a follow-up Factsheet.

Waterwaves

We build harbour walls with narrow entrances to shelter boats from large
waves. But diffraction causes the waves to spread out within the harbour,
limiting the value of the harbour walls:

Problem 1

(a) A wider opening would reduce diffraction within the harbour, but
what are the problems with this?

(b) A narower opening would increase diffraction. Is this necessarily
counter-productive?

Another interesting diffraction effect can be seen with boats. A small boat
often has a strong wave disturbance directly behind it, where a larger, wider
baat does not.

Problem 2

Using ideas of diffraction and interfarence, can you explain this effect?
=1 -

Sound waves

Sound travels at about 330 mis™ through air (depending on temperature).
This means that the wavelengths of audible sound tend to match aperture
or obstacle size around us in nature (and in buildings). So diffraction effects
are very large with sound waves.

Note that diffraction occurs both for transverse and longitudinal
oscillations, and also for both mechanical and electromagnetic waves.

Problem 3

If we can hear sounds between 50 Hz and 20 000 Hz, find the range of
wavelengths (in air) to which these frequencies correspond. (Notice
how this range spans the size of many things around us, leading to

diffraction.)

Owl hoots are at a relatively low frequency compared to songbirds. This
longer wavelength leads to greater diffraction effects, bending the sound
around trees and hillsides. The owl can communicate its presence over
considerable distances. However the diffraction makes it very difficult for
any prey to successfully locatz the exact position of the owl.

Foghorns operate atlow frequencies (long wavelengtiis). Diffraction means
ships cau hear the sound around (or over) islands and headlands that may
be between the ships and the foghom. However, again, locating the direction
to the sound source is difficult.

Problem 4

Suppose a sound system is playing in the house. You are in the back
garden with the door open. When you are in line of sight to the speakers,
you hear more treble; when you are off to the side you hear more bass.
Explain this.

In a concert hall, it is important that the sound from the speakers fans out
across the hall. But it is also important to limit the sound intensity reaching
the ceiling, as the reflections will increase echoing (reverberation) within

the hall.
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Physics Factsheet

Problem 8

If a beam of X-rays of wavelength 2.1 x 107° m is directed at a thin
metal sheet (composed of a large number of randomly orfented metal
grains), a diffraction pattern is produced. It is found that rays deflected
through 36 degrees produce the first interference maximum. Find the
spacing between the atomic planes in the metal.

An alternative to these transmlssmn patterns, where the X-ray beam
penetrates the sample, is the back reflection method. Diffraction patterns
are obtained from X-rays rcf]ected back from the surface of a sample.

With electrons, we select the wavelength by choosing the voltage through
which we accelerate them.

PE =V (usually quoted in election-volrs)

p=mv=h_A (de Broglie's equation)

his Planck’s constant
m and e are the rest mass and dzmge of an elecn oI

De Broglie’s equation links wave and particle properties of matter.

By combining these equations (and remembering that E =
our final relationship:

A= h/ )

Yam?), we reach

2meV,

Problem 9 _

{a) If we accelerate an electron through 200V, what energy do we giveit
(stated in joules)?

(b) What wavelength would this energy translate to for an electron?

(c) Would this be suitable for studying crystal structure using electron
diffraction?

Problem 10

What voltage would produce elechons with a wavelength of exacily
3.0x 101 m?

i
i

Electron diffraction can also be used to study the nucleus. Here we need
wavelengths of about 105 m for diffraction patterns. If you use the above
equahon: you will find that the speeds required of the electrons are greater
than the speed of light.

‘However it is possible to produce these wavelengths. As the electrons
approach the speed of light, relativistic calculations replace the above
equations with the simple expression:

E=¢eV=he/l

A quick calculation will show you that if you can accelerate the electrons
through several million volts, you can achieve very short wavelengths.

Visible Light
A separate Factsheet will deal with diftraction effects with visible light.
Factsheet 81 will include:

(a) Single slit diffraction (through gaps and holes)
(b) Multiple slits

{2) Transmission and refiection gratings

Crossed gratings

vith opt’

aatical calon

Answers

Problem 1 Solution

(a) More wave energy would enter the harbour. Reflections from inner
harbour walls could still spread the wave energy throughout the harbour,
So increasing the harbour opening is not a sensible option.

(b) Although diffraction would increase, the total wave energy e
the harbour would decreass, reducing the danger to the boats shelterin
in the harbour. However a namower h:arbour entrance would make
navigation into the harbour more difficult in poor weather conditions.

Problenm 2 Solution
With a narrower boat, waves diffra mg around the back corners can meet
beliind the beat, leading to a strong ir rfbr:,ncc effec
/ interference
< & j pattern occurs

(My apologies to readers if there is a nautical term for ‘back corners’.)

Problem 3 Solution:

v, 330
A= =% = = 6.6m
v 330
A= = 50 000° =0.017m = {.7cm
This range of wavelengths for audible sound makes diffraction very
noticeable.

Problem 4 Solution:
Through the same aperture, longer wavelengths (bass notes) experience

greater diffraction.
SN /

g

A greater proportion of the epergy frem the bass notes will e
tyough greater augles. The ‘line of sight” sound will have lost more en rgy
from the bass, sounding more treble. Off to the side. the music will sound
more bass (deeper).

Problem 5 Solution:
The speakers should be tall and thin.
side view

Top view
ST
|
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|
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sound out across

Diffruction from the narrow horizontal aperture fans the
the Indi.
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For small dishes:

Area=9xax05x
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Problein 8 Soluilen:
nA = 2d sin§

n=}, A=2.1%10%m

e resclution wouold have a

as the ratio of aress

}\:
RS . S b -10
=0 si0) " 34x10"m
Problein 9 Soluticn:
(1) E=200eV =200 x

6.6 % 10
V(2% 9.Ix107" x 1.6x107 x 200)

(by A=

(¢) This seems reasonable. Tine spacing of pl
3. 10" m.

Problem i0 Sclution:
Rearranging the given equation:

h?
] o e 7
\ = Omer) = 16.6V

16107 £ =32 X107 1

8.6 x 107" .

{a} Define diffraction (In words).

(b) What relation:
sxhmum

ttern when
Yhat happens t

Wave motion of wavelength, A, gives a diffraction pa
it goes through an aperture of width, a.
pattern if we:

(1) Double the wavelength (culy)
(ii) Double the apeviure width (only)
le both wavelength and

{c)

o this

. HAES N
aperfure width?

(i) Dout

{d)

(i) Microwaves Of wavelength 3.0 ¢ {ravel through 2 double

slit of spacing 6.5 cm, and the detector is placed 0.8 mbeyond
the slits. Find the distance between adjacent maxiina in the

interference pattern.

(ii) The microwave source and detecior are replaced by an
infrared source and detector. What would you notice about
the diffraction pattern?

Answers
(a) Diffraction is the bending of a wavefroint when it travels through an
aperture or past an edge.

(b} W

elength and aperture size should be approximaiely equal.

(¢c) (i) The patrern spreads out.
(ii) The pattein closes in.
(iii) The partern is unaffected.

(d) (i) y =—'§~Q S

(ii) The wavelength is much shorter for infrared. The fringe spacing
W (71'7d1l’::'16’_]'716’ be much smaller. You probably weuld noi be able
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