Light of frequency 6.00 x 10 Hz illuminates a soap film (n = 1.33) having air on both sides of

it. When viewing the film by reflected light, what is the minimum thickness of the film that
will give an interference maximum when the light is incident normally on it?

We want to find the film Lhickness (£) that will cause reflected |(3kt to
interfere constructively. We've given the -Fvexﬁ:e.mﬁ of the lijht but we need
the WA\IC|w3-|:h. The speed of any wave is V., = A and the SPeed of +his wave
is ¢ - bhe speed of light. So: c=AF —» A=c = 3¢ID'™s = 5x(Dm

£ 6xD"Hz =500 mm
The wa\lc‘ema-\:h of this lfﬁht in aiv is A = 500 nm. When this liﬁH: travels in
the soop film, bhe wavelengbh decreases: A, * A= 500nm = 336 nm.

e 1.33
air Liﬁht ray], reflects at the air - soap interface. Since the
g‘plap ht |,'3M; is refled'\'ng from a hiﬂher refractive index medivm,

e veflected ||'3H: is Phase'ship'lzec) bg |XO°, or "i/\.

air Light ray 2 transmits into the soa.p £ilm . reflects from
the soap- air in{er'Facc, to then travel out of the film o then
interfere with lish‘l: vay 1. Lich: ray 2 is not phase shifted

because it ref lwl:s from o lower refractive index medium.

Liakt roy 2 travels a \omje,r distance than ‘ia'n‘t ray 1 so bhere is a Pal:h differenice.
Rm[ 9 troavels —H\roush the film twice | once goivg in and once coming out. Ray 2
travels £ + & = 2t farther than ‘Ray 1 This means the Pal:h diffevence is 2t

For the two roys to interfere cons{:vuch'velj, the rays wmust be in phase
when Hr\eY leave the film. Usually, it the Pal:h diffevence is eiu@l + the
wavelenﬂlzh (ov on ivd'e%er muléiple of wave.lenﬁl:hs= m/\)‘ but this time we
also need 4o consider how an/ 1 experiences o (80° phase shift which
Moves RaY 1 out of Fhase (blj 17',/\) with Ray 2. In ovder for these rays 0



c,onsjcvw:l:l'vcla interfere, we need bhe path diffevence 4o be half a wavelength

(ov in\'eosov mul-‘*i\?\e6=(m+%,))\), This is Dh‘lj because one liﬂh'\: ray is Fhase—shifkecl.
[f both rays weve P‘nase‘shi&ecl : Ehen +the \)o{:\n di fevence needed v

constvuctive intevfevence would be mA.

DK, now We ave reaA\( to set up the caleulation

poth diffevence: 2t
one Phasc S"\i{:{:, 1t = (WH-[;))\ -For constructive interfevence

{ A, = Wavelength of li%\n‘t when 'bravc“(nj in the film
?.{'/ = (m *"7’) A: where n= .33 (index of So0p pi(m)

Solve for thickness: 1 = (M+15,) Ae minimum dhickness : m=0
in thicker films (m=l,1,--.) will also result

in conskructive interference.

minimum thickness * t = (O +17;)(500 nm) = 94 nm
2(1.33)




| W\s \s \)BY\{ swm\av “:o ‘U\c \:ve.VIous ProHem lts a soa\o F\'m suwouna,ec)
\OY air on bol:l« su!es of l:he, £ilm. 'ﬂne voy bhat re,Flwl-s From the outer surface

: o{' H'\e, 'F\lm s Pkasc shlﬂze,c\ Eec.n.uso It re,ﬂecl:s -Rmm ® Inlshor n medlum (n,,.rm
l)ud'. ’c\M roy Hno.t 'E\n\Ve.\s \vrl'b {'Me Nm amd YB'F lecl—s ‘F\mm 'l:he aiv al: {sk& hner mrﬁce,
o(: l:hc mm is no‘t Phase smﬂ:ed ( Maje ¢ “cn...)-

| T‘\e Pa{:k di F‘&vehce is S‘L\ll 1‘b Bccause ij 2 ’amvc\s m‘"b -l'.he 'mm a.nd bac.k ou‘t aﬂam
Fov Cons{:vuc{:wc m’cex&mncc and wikh onls one. ray l;\r\a-lz is Phas& shuﬂ:al we will
se‘; he Pa{:h d\qevence eaL\mI Yo (m+ z),\

e (o) —> 2= (o) —> t=(mes)d

| M" O Hmvmesl: Huckmss -|:o vesult in consi:ruc{-.we, m-"exjc\erencc,
m= 1 ').. nead: buo Ut\mnes{: l;h\d(nesses

£ (0+5)(460mm) = 305
2(1.33)

. 'b=( ')(%Onvn) - 25‘1 nm

2 (1.33) .

(Q{-L)(%Ohm) = L-B')_nm |
PIE:)




The antireflective glass shown is covered with a thin layer of magnesium fluoride (n = 1.38).

The index of refraction of the glass is 1.52.

UNCOATED = COATED

What minimum thickness of magnesium fluoride is heeded to cause destructive
interference of light whose wavelength is in the middle of the visible range at 555 nm?

aiv n=| This time we ave \ookin3 Lor film hickness bhat will cause
£ilm |t n=1.33 destructive interference of the veflected IisHZ. This way you wil |
olass n=152  nol see lu'%H: reklecting from the glass (wha’c we call 'S(are')'

Roq 1 Lravels in aiv (n=1) and reflects from bhe film (n=1.38). Since bhis is a reflection From
a h'\%\\w index medivm . the veflected Roy 1 will be phase shifted. Ray 2 travels in the film

(V\"\.?)%) and veflecks from the 3\ass (w= . 5?.)' which is alse a vefleckion From a hn'ﬂher n
mediom So the reflected R"’Y 2 is also phase shifted. Since bobh reflected rays ave phase

shifbed by the same amount, they will vemain in phase.

To ensure desbruckive inferference , we will sct the path diffence of 2t ""lﬁ"l +o ('“"ji) A wheve
m=0 for the minimum thickness.

Q{-,=(m*-‘ﬂ)\“ — J{;=(m*",‘)& — > %‘(O*‘(g‘_)}\, — = A
n n Yn

minimum thickness -For destruchive inl-qu.mncc : L= 666pm = |00.5 nm
4 (1.28)




A thin layer of oil (n = 1.25) is floating on water (n = 1.33). What is the minimum nonzero

thickness of the oilin the region that strongly reflects green light (A = 530 nm)?

aiv n=l Similar £o the previous problem , bobh reflecbed rays experience bhe same
oil ¢ nz|25 |%0° phase shift becouse each one reflects from a ki%kev n mediow
waber n=(33 Nat 2 Yair 'Fbr RAY 1 owd Nater > Mot ‘F;v RGY 2.

-n\l's Lime we've \ookins for the minimum film thickness ot will cause eonstvuctive interfevence of
the veflected rays. So we can set the peth difference cqual 4o the wave,\emsl—h (m=( Hv minimum
Bnickness).

path differonce : 2§ = mA, m=l for minimum thickness
A=Az A
n
t=A =530mm = 212 nm
an  3(125)




