
Previous chapter
interference from waves thru 2 slits

wavelength X same or bigger than
slit width so can treat waves in
slits as single Huygens wavelets
what if L slit width
this is the case with light
hard to make slit 1 pm

Then apply Huygen's principle to all
the wavelets that fit inside slit
This is called diffractions
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want to calculate thediffraction interference
minima and maxima at point P

From experiment we see this pattern notethe
change in Intensity



Find minimaabonecentralmaxima

1 Divide the slit into 2 parts
2 Draw a day from top middle to point on screen

a distance RSSSa away where 1ˢᵗ minima is

each pair of rays will be parallel same
3 path difference is a sino just like for

interference calculation
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Easino

R to screen

4 These 2 rays will cause destructive
interference at the point on screen that
is at 0 with respect to horizontal if

path difference is Dr

so asino

or asino X



so 1ˢᵗ minimum is at asino X
for thispay
But also for the pair of rays just below
this first pair
and for all pairs
so 1ˢᵗ minimum is at 0 where asino X

Next minimum is I more of a path diff
so 0 given by asino 2X

so in general nth minimum is given by
asinOnnI n 1 2,13

why because n 1 is 1ˢᵗ min above
central maximum

so n 1 is 1ˢᵗ min below central max

y measures positionof minimum
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tanOn
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for small angles tanO Isg Sino because

coso I as

0 70
so sino

2

and a sinon nx
so
aye

nx yn nE
At n o no path difference so that pointsto
central maximum

ex let 400 nm
a I mm

R I m

1 how manydiffraction minima are there up to
I can on screen

at y 1cm solve for n
102m n 4008911L
n

a 5 25



so there are 25 min above and 25 below

totalof 50
2 what is width ofcentral max
1ˢᵗ min abovecenterof central max

y ME 1.40081200 3 10

400 106m 400pm
1ˢᵗ min below is at y 400pm
so width ofcentral max w 800pm

0 8mm

ex lightofwavelength 570mm on slit

screen is R 7.5m away
width of central max is 3.2cm

how wide is slit

1ˢᵗ minima is 3.2
a 1.6cm abovecenterof

central may
since tan 0 1 1 0.00213 nad n

so a 9155m 0.27mm



Intensitypated
Each wavelet has an E field En n wavelet
At point P each wavelet will have a

P
phase shift from pit

wavelet

having different 9
path length starlet

atAdd up all the waves R

as vectors
But assume RS a

all waves are parallel
so just need to add amplitudes to get final
E field p

d
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ETot at P sum E at each wavelet
each E will have slightlydifferent
phase at point due to the
different path length



Textbook derivation is prettygood also see

below

result I Isinff where Tagino
where 0 angle between dashed horizontal
line from centof slit to screen

and wavelet ray from
centerof slit to P

Io is intensity at central maximum 0 0

note sings sine function

also sift as 0 1

sin x sin x

tes amplitude of
sine term

Tas
minima

men



Intensity minima at sin x 0

so Taste MIT

asino md as before



Intensitypattunderivation

To do this night we would picka point P and
add up the interference from all wavelets
First calculate net electric field
Each wave let has an E field that
has this form EEE cos kr wt too
where i labels the phaseof the

p
wavelet at point P

Et E Ei sum over
n a wavelets
la A wavelets a sum

turns into an integralHr
Er ISÉidx

all
the integral goes from E to E because
we define the phasedifference relative to
the central wavelet

let x be the distanceabove the center of the
slit and EE x Et E
the phase difference between central wavelet



and any
other wavelet at coordinate x

is as usual D Kar
where Dr difference in distance from

the 2 wave lets to point P

just as w 2 slit interference
Ar X sin 0

so di ka ri kxis in

ZITXISin
integral is

a12

E tot at Eo
cos k r wt HEE x dy

the ta is needed to cancelout the
added position dimension from integrating
over X

or you could think of the integral as
being over the fractional distance dfa

this integral is easy
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Ea taEo

sings
Easingfin Ikr wt t since

sin ter wt II sino
let A fer wt B sino

then sin At B sin A B

Sin AcosBtWSASinB sin AWB cosAsiaB
2 cosAsi u B

so Eton Eo coolkr wt

sinfII
sfIg sine ex since s.in

S0E ot EocosCkr wt sine itafi_n0

then intensity
I EoEETC



EocEsco Ikr wt sine Kasia
me

I Io since Taga
1st min is where Hagia IT Sindt D

or a Sino X

2nd min is when Tagino IT

or a sin D 21

etc asino I ma ma 42,3 mining

we don't look for maxima this way because

the sine function is the product of 2
functions since x I since

max of sin x is not necessarily max of sine
but min sine min sin



Ellits also forms diffraction patterns
2ⁿ MdAY

1stmin central max is
Efdka.ly called Airy'sdisc

for circular apertures slits
the above integral is more
complicated

condition for 1ˢᵗ minima

D sino 1.224 1.22 comes from the
complicated integral

diameter
ofaperture

angle between central 2ⁿᵈ maxima

so objects will not form crisp images on the
retina or film due to diffraction spreading
image out

diffraction will then cause images from
2 objects that are close together to

overlap want central maxima to be
far apart as possible so that central
maxima don't overlap blurred together
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pupil is the slit D 2 4mm
each object produces diffraction around image
if objectsare too close together diffraction will
blur them on retina so image will be blurry
let o be the angularseparation between
the images this is also the angular
separation of therejects
if sino 1.22 then the image ofone

will fall in the Airy
disc of the other

images are not resolvable
0

hht ptffffhgg6084



central max's are close max

f
n
of 1 talls on min ofthe
other barely resolvable
here 0 1.2

1ˢᵗ image falls on 2ⁿᵈ mar of

Why image not resolvable

object angular separation is 0
it 04 1.22 then the images are not

resolvable

this is the diffraction limit for optical
instruments
Oseparation 1.2 to be resolvable

to 0



ex eye pupil can be as small as 2mm

if light has 550 um what is the
minimum angle between objects that
you could see

i
id

d

O 1.22 1.2215 101 3.36 104

if head lightsof a car are r 1.2m apart what's
the farthest dist the car can be for you to
still resolve the 2 headlights and not look
like a single headlight

O F 3.36 10
4

Exo y 31341
3577m
3 6km
2 2miles

200 3 12 400 3 12



ex eye pupil is 0.4cm diameter dilated

if 2 stars are 108kmapart binarystars

then what's the furthest distance

they can be and still viewable by
the eye without beingdiffraction limited
use 400hm

0 1.251
m 122 0

0 19 r 108km

9

I 1.22 104

d
1174

8.2 10 km 8.2 10 m

note speed of light c 3 108m s

so the time to travel any dist d
ct

so the timefor light to go 8.2 10 m

1 2732 light sec

45.5 light min



The closest star is Proxima Centauri
d 4.246 light years

whats the smallest separation at 4.246lightye
that you could see a binary star or not

using 400am light
diffraction condition Osep Odiff

Gap Reg kept

Osep Ie
1.2 mmdeyepap.it

Sindaife Oditt 1.22 d D for small
so 1 22 Isp solve for Tsep

d

Vap 2 4 4 1 1 09m 4.246 10 H
yr

pupil 4mm
I light year dist light goes in 1 yr et

so I H yr 3 1085 ly 3651 241 360054
9.4641015m

Isip 4.246 15 It up 9Y.gl
m 4.0x10 m 4xi09k

Pluto orbit averages 6 109km
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Diffraction bending waves

A Δ B IF
3
M

A shouts sound hits opening
Note Us 343m s Xf

let f 20042
then X 3 3 5 1.7m 5.6ft

doorways are 4ft so X a diffraction
waves will hit slit and de rant around
the ends

477someofHuggen's wavelets near
door corner will be bloiled

causingdiffraction
waves can bend around

1 corners

Diffraction will always occur around edges
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wavefronts

resulting interference pattern had
maxima when dsino nx

n 0,11 2

If we use light 550mm slits are

usually with a so have to include

diffraction in interference pattern

I I
screen Rsa d X

11 fd
He
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2 slit interference dsino nd maxima
4 1 A minima

n O 1,12

diffraction asino MX minima m 1 2

for sino small tano sinono and tano If
2 slit Interference Diffraction both happen
things are linear

so position y for interference min

dye n X

or yn Cut

distance between interference minima

Dy yn i Yn D

position for diffraction minima

aye
MX

or you m



dist between diffraction minima

ΔYa_YMH YmRI
usually a ad so Dya Dy
so there will be manyinterference minima
inside diffraction minima

000 00 000
diff min

AT 4 4
diffmir interference mining

Intensitypattern for 2 slit
I Io cos02 where phasediff between

waves from top bot200 3 14
slitbar k dsino

ZTdqin



Intensity fo diffractionof single slit

I Io sine Tage

overall intensity diffractionmodulates interference

I Io w since Taft
in in

interference
maxima

diffraction
minima

ex a 1mm d 3mm

interference max is a ptsYu ME
diffraction min you ME
since d 3a can write yn nXE
so int max coincides w diff min when
M 4 3

this means 3ʳᵈ interference maxima is washed
out by 1ˢᵗ diffraction minima



washed outwasted NhV

it
in general interference maxima between

diffraction minima will be

N tan 1 22 1
in central

side side 19ft once2 1

241



st instance is

a
constructive at P

Id if kar 2T A

4 0,11 2 etc

for n 1 then kDr 21T D

and Dr dsino

bar ZId siuo 2IT dsino X

Pp
y tano 1

o

ay
R and tano since

so sino
2Δr dsino

y XI
y height above line

of symmetry between
wave 1 2



now add another slit w same spacing

P
ri

Id is

this wave will also add constructively at P
because the pathdiff to theother 2 waves

will also be a multipleof

Pp
constructive

l

d
9

a 1
Z

d In r

Dri r r dsino

3v85 Are V3 r disino
AT 3 V3 r 2d sin 0 27

this is in the limit RS d D dist to
so that all rays make an screen

angle 0 to the horizontal
dashed line



each path diff has to be Dr X for
constructive interference for ALL
waves with each other

Next add more slits Each slit will
add constructively at point P with other
sources at the other slits

This will produce a very bright max at
point P

Now move point P slightly up from themax
and add more slits

p at y
may at Yi

l

d

2
R

d

3

Dashed lines are point P at y y



1ˢᵗ 2 waves have pathdiffDriz that is slightly
bigger than before red line

2ⁿᵈ pair has a path difference Dr that is
even bigger than Dr

Are Dr
each additional slit will have an even

bigger path difference
for large enough numberofslits at some
point the extra pathdifference will
start to be X from the 1ˢᵗ
and will canel each other out

ΔT EX

so right next to 1ˢᵗ may we will fall

quickly to zero amplitude due to all
the cancellations

for M w dist d between you will
still see max when dsino nd



but as m a the amplitude falls off
more quickly

2 slits

M
3 slits

u
10 slits

u
100 slits

uh



Actually there is some structure between
these maxima but it is muchreduced
there are N 1 minima inbetwee maxima

for N slits

1m
3 slits

Nn
N5 slits

but the slits all have to have the same

separation

Diffractiongating
This is used for verymany slits 1000s

The interference maxima are very peaked

grating
N slits D 6cg Ay

r

p



N slits per length D spacing d 1I
interference max are when dsino nd

and tano sino 1
so dy nx

so yn n JE
then distance between maxima on
the screen Dy Yun gu II
so if we measure Dy d R carefully
then X d.gs tells youthe
wave lengthof light

Diffraction gratings can be used to
measure wavelengths of light
to high accuracy

These can be madeby etching lines on glassto be the slits



ex diffraction grating w 10,000 lines CM

send beam of white light screen R 2m

Find angles for 380 nm blue and 760mm red

note all wavelengths have same condition
for constructive interference

red
blue

grating
10s or

r

condition for constructive d sino
this is 1ˢᵗ may beyond central

note all X's interferere constructively at
central max

so d 15m

dsin Or Ar 760rem
sinor 7 1659 0.76



Or sin 0.76 50

dsinOb Db 360

so sinor 0.38

Or 220

200 3 24
400 324


