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Vagrorelseldra och optik

Kurslitteratur: University Physics by Young & Friedman

Harmonisk oscillator: Kapitel 14.1-14.4
Mekaniska vagor: Kapitel 15.1 - 15.8

Ljud och horande: Kapitel 16.1 - 16.9
Elektromagnetiska vagor: Kapitel 32.1 & 32.3 & 32.4
Ljusets natur: Kapitel 33.1-33.4 & 33.7
Straloptik: Kapitel 34.1 - 34.8
Interferens: Kapitel 35.1 - 35.5

Diffraktion: Kapitel 36.1 - 36.5 & 36.7
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Vagrorelseldra och optik
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Diffraction

What is diffraction

"\
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Diffraction

INTERFERENCE OF WAVES
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Diffraction
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Diffraction

screen with wave  destructive interference pattern  intensity
double slits front  interference on screen  distribution curve
|
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Double slit R
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4 interference / @
constructive interference interference

screen with destructive =
. erf — diffraction pattern intensity
& smtlgle it ::n“: L. 00 on screen  distribution curve

Diffraction: = | <N
Single Sli'l- J.\ opening . “ p |
experiment w4 I_,ﬁm
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Diffraction

Fresnel
diffractionor " ™~
near-field . o

diffraction.

£

Frauenhofer
diffraction or

£ . The lines to the
fﬂl" fleld — T\| screen are assumed

diffraction. == to be parallel
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Diffraction

Huygen's principle

common
center

All the combined circles of both

spherical salit
wavefront
H . propagated _\
Each point in a wavefront il i b—s);
is regarded as a new _ of wavelets) ><
spherical b
source of secondary wavetoit ),
wavelets. (each point
emits a
° wavelet) c >
>§ )

plane plane
efrol
(wavelets) from all the s wavefront 4 wavefront
3 (each point propagated
points add up to create emits a (envelope
the new wavefronts. wavelet) € E  of wavelets)

\
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Diffraction

We divide the slit into
imaginary strips parallel
to the slit’s long axis.

N
Slit
width
a

Y

Each strip is a source of
Huygens’s wavelets.

/

Plane waves
incident on the slit
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Diffraction

Interference from many points in a slit

0=0, sinB=4 / d, sinf=34 / 2d. sinB=24/ d,
bright dark bright dark

iii)

d sin(0) = mA - destructive interference
m=12,3 ...
d: width of the slit
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Diffraction

For every point in the top half of the slit there is a
corresponding point in the bottom half.
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Diffraction

‘D

Interference:

‘ Destructive

m

a
—sinf = =+
2 1

37 [~
] Eﬁ >
4___‘-'-\‘.‘.

N | >

0 Geometry:

tan(0)=y/x

tan(0)= O
Small angles: .
sin(0) = 0

(fory,, << x)
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Diffraction

screen with wave destructive interference pattern  intensity

front  interference

on screen  distribution curve

double slits
|

Bright bands:

\l»gm source, d, A/
/1 /)
destructive interferance %nzmtuw
interf, © 2006 Encyelopadia Britannics, Inc.
screen with destructive
asinglesit wave  inlerference — diffraction pattern  intensity

on screen  distribution curve
front

three
SOUrces
of waves

- e W 0 A
\
SN W
e N )
within AP W\‘
S opening ¢ = N Ait44:
1 / {11h KD
\ --.I.‘.-IJ 1d
. Il
RPN
VY,

— light source

/‘,. AL Wiy
ALy §
VAT

wave constructive

Dark bands:
mA

Ym = X
a

m= *1, *2,

interference @ 2006 Encyclopadia Britannica, Ine
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Diffraction
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Diffraction

Problem solving
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Diffraction

You pass 633-nm laser light through a narrow slit and observe the
diffraction pattern on a screen 6.0 m away. The distance on
the screen between the centers of the first minima on either side of
the central bright fringe is 32 mm How wide is the slit?

A=633nm

D/sm width = ?

Ym = X
d

32 mm x

y = (32mm)/2 = 16 mm

=

. 6.0m)(633 X 107 m
g _ ( ) ) _ 2.4 X 107*m = 0.24 mm
Screen ¥y 16 X 103 m

x=60m
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Diffraction

Intensity for single
slit diffraction
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Diffraction

The intensity of light (I) is proportional to
the square of the amplitude of the total
electric field (E,)

I"“"’Epz

So what is Ep ?
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Diffraction

Assume many small phasors with a total length E,
are giving the total electric field strength (E,)

u Strips within slit
. lE Eo >
Slit
width e R %0 ——
a
P
Distant screen
Plane waves
incident on the slit

B is the phase difference
between a ray at the top and
bottom of the slit.
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Diffraction

Step 2
Find r |

§$= I'B Eo —T B
180°- B + 90° + X + 90° = 360° r=Eo/p
X=p
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Diffraction
[ Triangle:

sin(B/2) = (Ep/2) / t

Ep

sin(B/2) = (Ey/2) / (Eo/B)

sin(3/2)
° B2
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Diffraction

Intensity

But what is 3 ?
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Diffraction
| o
- 0 P A path difference of one
a ‘9‘._\% % — wavelength corresponds to
—>fl<- i a phase difference of 2n
asin
B . rp —
Path difference: 2m A
r‘z - r'l —° S|n(e) \/
r,-ry is the path difference Dt
between a ray at the top and B = ——asinb
bottom of the slit. A
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Diffraction

P
T — T
- ' 0
tan(0) =y / x = sin(0)
\
\&j B = 2Tﬂ-asint’ﬂ & 27;_&))(
=
A
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Diffraction
Summary K
I— —— i
- 0
: 2
I ~ E.2 fes [sm(ﬁ/z)}
. °| B2
where
sin(8/2) _2m o omay
E‘,D=EOJB—/2 B A asinf = "——
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Diffraction

: ) Destructive Constructive
. [Sll’l(B/ 2) ]‘ interference: interference:
—_— 0 A ——=Y:
B/Q Intensity is minimum Intensity is maximum
0 i =3 {Sin(B/Z) ]z dl _
[ = 0.00831 = 1o -
i m=3 Pp=6n B/2 dB
I = 001651,
m=2 [3 = 4x 0= Sillz(ﬁf(z) Gives maximum
I = 0.0472I, L (and minimum)
—»H e i 1 B=em 0 =sin(p/2)
> —— - But the resulting
i 0 p=0 equation has no
>l 7=1 q . .
—_— 9 — 1 B=-pp |P=0.2m 4m 6m.....=£2mm)| analytical solution.
m=-1 B=-2n
m=—2 B=-4r This gives again: The peaks are close
S omA but not exactly at
m= -3 B = —67’[ ‘}”I ok a B = 37[, 575, 7TC....
27
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Diffraction

a = 5\

1 | 1
—-10°  0° 10° g

—20% =102 (P 107 20°

—20°

1
=20°

mA

Ym = X
a

a=8A

—-10°  (@° 107

If the width of the slit is equal or smaller than A then only one broad

maximum is observed.

A broader slit makes a narrower centre peak.
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Diffraction

screen with wave destructive interference pattern  intensity
double slits front  interference on screen distribution curve
|

Intensity:

\
light wave '\

: I = Iycos*—
\l»gmsnun:e 2

2md

0 ¢ = —sinéb
destructive interference & / constructive = =~ qi
i interf © 2006 Encyclopadia Britannics, Inc. tan(@) y f R S"](e)
ith destructive
:c;ﬁ:;l‘swﬂh wave interference — umr::u;n&mdlwmtutmm:t:um
front

AN A\
three S \\\ SO
sources A\
of waves

S s 3\
within A ISR
= opening i A
FAF AL

{SiH(B/Z) r
ol ———
B/2
2
B = Twasinﬂ
tan(0) =y / x = sin(0)

— light source

FY .rl.'__. } / Wi
AT
v i/ £

wave constructive

interference @ 2006 Encyclopadia Britannica, Ine
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Diffraction

Problem solving
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Diffraction

intensity at the center of the pattern is /. What is the intensity at a
point on the screen 3.0 mm from the center of the pattern?

y

A =633 nm

[ A =633 nm
_ x=6.00m
U i ' :> a=0.24 mm

y = 3.00 mm

Slit width = 0.24 mm

K—— xr=60m

Screen

tanf = y/x = (3.0 X 107 m)/(6.0m) = 5 x 10 = sin(0)

(24 X 1074 m)(5.0 X 107*
g 2 ity i ) 2120
A 6.33 % 107 m
sin(B/2) 1? sin 0.60 )2
—— [{]['ﬁ_/z" — 1’0( 060 ) = 0.89!0
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Diffraction

(a) The intensity at the center of a single-slit diffraction pattern is /.
What is the intensity at a point in the pattern where there is a
66-radian phase difference between wavelets from the two edges
of the slit? (b) If this point is 7.0° away from the central maximum,
how many wavelengths wide is the slit?

sin(3/2) sin(33 rad)

2 2
I = 1’0|:B—/2:| B — 66 r‘ad I = IO[W} . (92 X 10—4)f0

a _ B B 66 rad
——asinf 0=7.0° A 2mwsin® (2 rad)sin7.0°

= 86

B
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Diffraction

Two broad slits
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Diffraction

In the analysis of interference from two slits it was assumed
that they were very narrow. What if they are broad ?

Two narrow slits: One broad slit:
sin(8/2)
I = Iycos*— 1=1{—]
T °l" B2

N /

Two broad slits:

2md
L, o[sin(B/2)7? ¢ =) sinf
I = Ipcos™—|——-—| Where 5
2 B/z B = %sinﬁ
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Diffraction

Two narrow slits:

I, ==

m;=4 m;=38§

One broad slit:
_ !”[sin(B/E)T

2
- B/
1 my=2
Two broad slits:
., Gt
Calculatpd “Envelope™ of sin '3/2
inlensi[y: intensity function I = I(,Los [ 5/2
0
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Diffraction

Lignt saurce
& Red laser
Green Lyser
Bl Later

- Light incadent on &

| Simglle skt

* Double source

| © Double s

bt width (microns) = 1

1l soparation (microas) = 3

distance to screen jm) = 0.7

http://www.opensourcephysics.org/items/detail.cfm?ID=9988
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Diffraction

Multiple slits
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Diffraction

The path difference between
adjacent slits that gives maximum e
intensity with many slits is always:

2 slits

dsin@ = mA (m=0, x1, x2,...)

m = —1 m =0 m =

e A N e e e e

8 slits

| | - N-2 small peaks

m= —1 m=0 m =1
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Diffraction

Imax =i N2

m=—1 m=10 Y\\M=I

N-1 minima

[

m =10 m=1

Iwigth~ 1/ N

Principal maxima: dsin =m\  (m =

0, +1, 2, *3,...)
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Diffraction

Phasor diagram for ¢ = 4

w

Phasor diagram for ¢p =

I

Phasor diagram for ¢ = 7

¢ == 180°

ittt

mimima for
d=k2r /N

where k=1, 2.....N-1
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Diffraction

N=2 SHEVWAGIN = 20 pm St Separation = 100 am Wavelengih = 0.37 pm

http://www.opensourcephysics.org/items/detail.cfm?ID=8331
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Diffraction

In diffraction grating one uses devices with thousands of slits or
reflecting surfaces.

This gives very narrow principal maximum that can be used to determine
the wavelength of light.

Transmission grating Reflection grating

/ dsino-dsinp=2
= bf:'"/‘l fr L
e Wron:
3 ad )

— Y

keaseashensieasfen s

Z(_’ Grating Equation:

| mA = d (sin o + sin B)
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Diffraction

Problem solving
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Diffraction

Grating: 1000 slits per mm 1st order maximum at 24°  What is A ?

dsinf® = m\ with Ceii 124|’|.'(\)m / 1000 slits = 10® m

% = d sin(8) = 10 sin(24°) = 0.407 x 10-6 = 407 nm
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Diffraction

Spectrometers
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Diffraction

Spectrometer for astronomy

Light from star through telescope

— Small slit in telescope’s focal plane

Light incident on a grating is dispursed info a spectrum. The angles of
deviations of the maxima are measured to calculate the wave length.
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Diffraction

The ESO Very Large Telescope The XSHOOTER spectrometer
(VLT) in Chile in the VLT

ESO:

European Southern Observatory
https://www.eso.org/public/
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Diffraction

CCDTIF

Light from the VLT

CCD FF
H lamp
B> ADC ('

l.l \_r i“l"!l.'ll.‘:

Wiy VIS slit o
Pe shuittsr can‘i;plc dichr. 1 i
] . i = o
1 (o2 -~ Spectro.
= | =1 Y UVslit  shulter
focus” h - carriage
VIS G o | e 2
I piczo. 3\
Spectro. >

\Ji NIR slit wheel

NIR Spectro.
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Diffraction

Chromatic resolving power:
The minimum wavelength difference (AMA) that
can be distinguished by a spectrograph.

R=— (chromatic resolving power)

R is higher for many slits and higher orders |
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Diffraction

Pinhole diffraction
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Diffraction
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Diffraction

Diffraction limits the angular resolution of
optical infruments.

Airy disk_

fl, is the angle between the center of
the pattern and the first minimum.

A
sinfl; = 1.225 (diffraction by a circular aperture)
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Diffraction

Rayleigh's criterion:
Two point objects can be resolved by an optical

: . o _ A
system if their angular separation is larger than 6; where sing, = 122

The limit for two objects to be
resolved is when the center of
one diffraction pattern is in the
first minimum of the other.
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Diffraction

Resolution or resolving
power:

Minimum separation of
two objects that can be
resolved by an
instrument.

Higher resolution for
larger optical aperture
and shorter wavelenght.

o>

sinf; = 1.22

stances between ight sources

plics apertu

http://www.opensourcephysics.org/items/detail.cfm?ID=8198
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Diffraction

DVD players
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Diffraction

The principle of a DVD player:
Destructive interference

land land
| T [
Jwavelength (125 nm) I
/
pit / otut [0f phas)e
1 pit o (sensor
1 wavelength (500 nm) <
in phase v
(from laser) '

laser sensor
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Diffraction

CD DVD HD DVD Blu-ray

| =800 nm 1 =400 nm 1 =200 nm |—150nm

-

600 nm - &) Q:|320nm apes o0|20M Loce amee 7130 nm
p= 5 p= p= - o - e == ap=
1.6 pm |b ® ﬂmo e O . et 400 nm |=°° ***=30nm

@ = * = .O. as oo f == oo =
1.6 um 1.1 ym 0 |62Unm Poamo 480 nm
% - - & Jdb Ty WY b M 5 T
eJ L1 | P | N\W
A=780nm A =650 nm A =405 nm A =405 nm

TO.‘] mm
y >

— ()] —— —— ———
L 0.6 mm 0.6 mm i
)‘ - 1.1 mm A 0.6 mm 0.6 mm
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The End
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