
Wewant to find the film thickness t that will cause reflected light to
interfere constructively We'regiven thefrequency of the light but we need

thewavelength Thespeed of any wave is Vwavelambdaf and the speed of this wave

is c the speed of light So Clambdaf beginmatrixlambdafraccf3times108ms5times107m6times1014Hzendmatrix 500nm

Thewavelengthof this light in air is lambda0500nm When this lighttravels
inthesoap film the wavelength decreases lambda

film beginmatrixlambda0nendmatrix
n beginmatrix500nm376nm133endmatrixbeginmatrix12endmatrix

rtimes11
airLight ray 1 reflects at the air soap interface Since the

light is reflectingfrom a higher refractive indexmedium

the reflected light is phase shiftedby 180
0
or frac12lambda

Lightray 2 transmits into the soap film reflects from

the soap air interface to then travel outof the film tothen
interferewith lightray 1 Lightray 2 is notphaseshifted

because it reflectsfrom a lowerrefractive indexmedium

Soap
t veewedge

filmvairLight

ray 2 travels a longerdistance than light ray 1 so there is a pathdifferenc

Ray2 travelsthrough the film twice once going in and once coming out Ray 2
travels tt2t farther than Ray 1 This means thepathdifference is

2t.Forthe two rays to interfere constructively the rays must be in phase
when they leave the film Usually if the path difference is equal to the

wavelength or an integermultipleof wavelengths mlambda but this time we

alsoneed to consider how Ray 1 experiences a 1800 phase shift which
moves Ray 1 out of phase by frac12lambda with Ray2 In order for these rays to



constructively interfere we need the path difference to be half a waveleng
or integermultiples leftmfrac12rightlambda This is onlybecause one light ray is phase shifted
If bothrays were phase shifted then the pathdifference needed for
constructive interferencewould be mlambda

OK now we are ready to setup the calculation

pathdifference 2t
one phase shift 2tleftmfrac12rightlambda for constructive interference

lambdan wavelength oflightwhentravelling in thefilm

2tleftmfrac12rightfraclambda0n where n133 indexof soapfilm

minimumthickness m0

thickerfilms m12ldots will also result
in constructiveinterference.Solve

for thickness tleftmfrac12rightlambda0

minimumthickness tleft0frac12rightleft500nmright94nm
2left133right



This isvery similar to the previous problem It's a soap film surrounded

by air on both sides of the film Theray that reflectsfrom the outersurface
of the film is phase shifted because it reflectsfrom a higher n medium nsoap na
but theray thattravels intothe film and reflectsfrom the air at the inner surface

ofthe film is notphase shifted nair n film

Thepathdifference is still 2t becauseRay 2 travels intothe film and backout again

For constructive interference and with only one ray that is phaseshifted we will
set thepathdifferenceequal to leftmfrac12rightlambdan

2tleftmfrac12rightlambdan beginmatrixtleftmfrac12rightlambda02nendmatrix2tleftmfrac12rightfraclambda0n
m0 thinnestthickness to result in constructive interference

m1 2 next two thinnest thicknesses

tleft0frac12rightleft460nmright865nm2left133right
tleft1frac12rightleft460nmright259nm

2left133rightbeginmatrixtleft2frac12rightleft460nmright432nm2left133rightendmatrix
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an

n1 Thistime we are looking for film thickness thatwillcauseair

film

glass

Lambda

n138 destructive interferenceofthereflected light Thiswayyouwillt
v

n152 notsee lightreflectingfromtheglass whatwecallglare

Ray1 travels in air n1 and reflects fromthefilm n138 Since this is a reflectionfro

a higherindexmedium thereflectedRay 1 willbephaseshifted Ray2 travels in the film

n138 and reflectsfrom theglass n152 which isalso a reflection from a higher

medium so thereflected Ray 2 is alsophaseshifted Sincebothreflectedrays are phase
shiftedbythesameamount theywill remain in

phase.Toensure destructive interference we will set thepathdiffenceof 2t equalto mfrac12 lambdan where
m0 for theminimum thickness

2tleftmfrac12rightlambdan 2tleft0frac12rightlambda0n2tleftmfrac12rightlambda0 tfraclambda04n
minimumthickness fordestructive interference t555nm1005nm

4left138right
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Similartothepreviousproblem bothreflectedraysexperiencethesamevair

oil hattvee
water

n1

180 phase shift becauseeachone reflects from a highern mediumn125

n133 noil n air forRay1 and nwaternoil forRay2

Thistimewe're lookingfor theminimumfilmthicknessthat will cause constructive interference o

thereflectedrays Sowe can set thepathdifferenceequalto thewavelength m1 forminimum

thickness

pathdifference 2tmlambdanm1 for minimumthickness

beginmatrix2tlambdanlambda0nendmatrix

tfraclambda02n530nm212nm2left125right


