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1

You observe colored rings on a puddle
and conclude that there must be an oil
slick on the water. You look directly
down at the puddle and see a yellow

green (4 = 3555 nm) region. If the

refractive index of oil is 1.45 and that of

water is 1.33,

What is the minimum thickness of oil

that could cause this color?

ola 4S 3 s o 45 gla cilila 3 ga g il
Sl (e AR ) Alds 3 g g (e Y Ad) il g
9 Jiu) ) 8 pdilie il slal) o o

(A = 555nm) 5 _sada ¢ iua dihia cu 45
JaSS) Jaloa 91.45¢ o 3 L) Jalaa (1S 1)
1.33 stall

O 1A ogdh cruny ) Aldal dla J8) Lad

A glass lens has a nonreflective coating
of magnesium fluoride placed on it.
How thick should the nonreflective

layer be to keep yellow green

light with a wavelength of 555 nm from

being reflected?

dte Jo aguninall by )gld (e sLiS il
Asle g8 Al dllhe duala )

S| E-d (Slad) e eliall ajm\ lacd) La
555 nm >3l J.elall le JAaall paidl) ¢ gl

Ray 1

A — 555 nfnm
Alr

d =7 Magnesium
| fluoride

Glass

Ray 2

nair f— 1-00

1§l — 1.38

nglass = 1.52

alile 3 rlla (ha U gauti Y
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3

You can observe thin-film interference
by dipping a bubble wand into some
bubble solution and holding the wand in
the air. What is the thickness of the
thinnest soap film at which you would
see a black stripe if the light
illuminating the film has a wavelength

of 521 nm?
Use n =1.33 for the bubble solution

el die 48 1) AdeY) B JAIAl) ABadla cliSay
o Lanl) b f o b J glae b Aol Las
5O OSas G giall sléal dlaw J8) La, ¢ s¢dl
hilud) ¢ guall o gall Jshal) (S 13) 3 gl Uaid e
521 nm slaad) e

Cleladl) Jslaal p = 1.33 addil

4

What is the thinnest soap film (7 = 1.33) o Sl Jalra (53 ¢y gabial) plat dlaw ) La

for which light of wavelength 521 nm A gh ¢ g odic JAlid (n = 1.33)

will constructively interfere with itself? Pl 2a ¢ L DAIN 521 nm (A 9
aSile s zlla (pa U guadi ¥ 7 Ayl 18 L glad 3LI8
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A silicon solar cell has a non-reflective
coating placed on it. If a film of silicon
monoxide, n = 1.435, is placed on the
silicon n = 3.5, how thick should the
layer be to keep yellow-green light

(A =355 nm) from being reflected?

CAuSle e Ay Aglhaa ¢ Slud) (e Apads A4
Jalra ¢y gSaludd) aas) J g (o sl iy 1)

Jalaa ) oSl o n = 1.45 s lusil

n = 5.30 sl

g gua (ulSad) aial ABudal) 53¢l & DU clasad) Lad

¢ (1=555 nm) Al dsh huaa il

6

Lucien is blowing bubbles and holds the
bubble wand with a soap film (n = 1.33)
in it vertically.

a. What is the second thinnest width of
the soap film at which he could see a
bright stripe if the light illuminating the
film has a wavelength of 575 nm?

b. What other widths produce a bright
stripe at 375 nm?

o JluSl) Jalaa ¢ gilial) (e slis Jo 4, giaall
JSdiy Llaa oLl 12 (9% Gy (n = 1.33)
)

Euan & gabal) pldad Saw JBY) AL (& ) Le,g
o guall (2 gall Jghal) (S 13) Lipiaa "Und iyl (52
¢ 575 nm sLiad) o bl

Licaa “Und il ) (gAY Gl al) ey 3 e b
slial) Ao Jaalud) ¢ guall 2 gall Jshall ¢ 9$5 Ladic
Y575 nm

alile 3 rlla (ha U gauti Y
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7

A plastic reflecting film (» =1.83) is
placed on an auto glass window
(n=1.32).

What is the thinnest film that will
reflect yellow-green light (4 = 355 nm)?
Unfortunately, a film this thin cannot be
manufactured. What is the next thin
film that will produce the same effect?

0 JsSi) Jalra (uSle Siiudly pLiS auay

Jalra AS all 43503 Azala j 3380 e n=1.83
(n =1.52 )L jlus)

(A =555 nm) >l Ak

Lad, lacd) 13g pLiS aiua (Say ¥ Bal) ¢ gudd (S
Chmdl Al duaad oAl AU clad)

What is the best possible explanation for
why the colors of a thin film, such as a
soap bubble or oil on water, appear to
change and move as you watch?

slall Ao cuill o) ¢ sleal) A BB Fia ¢ 38 )
€ s i LS LgS g

s gual) 0 gl 328 ) pliall @@;‘W\&gﬂﬂ‘dﬁ‘ Sl ga N
because convective heat waves In the air next to the thin film distort the light

Gl s g o (pra pdga G sldad) dlaw Y

because the film thickness at any given location changes over time

Gl g goa CAlIAT (uadid) 5 g A ga J) skl Y

because the wavelengths in sunlight vary over time

Gad sgsa pa la ds ) Cilids iy ) oY

because your vision varies slightly over time

alile 3 rlla (ha U gauti Y

i 3 gl 5L
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9
In a system where only one wave is Jadd 3aa) g A ga ‘éxg—"‘ 48 oty ol L4
inverted, what is the initial condition for Celisl) Jalaill 4yl g¥) Ja g pd) A La
constructive interference?

g = Aritm g = Aritm d = Afitm d = 2 Afitm
2 4

10
For a film with one phase inversion, A La g 59k SO (63 sl dpndlly
which set of thicknesses will produce Colis MAIN il Al pldal) dlaw 4 gaa
constructive interference?

r4, 3N/4, S)/4 M2, N 3N2 A, 20, 3A M8, INS
11

For a film with two phase inversion,

Mbw@hcwﬁﬂ di;\.ﬁnﬂw\.\

which set of thicknesses will produce O3l MA ) il Al pldal)
constructive interference?
M4, 304, S5)/4 M2, N 30/2 Ay 20, 3N M8, 3)/8

alile 3 rlla (ha U gauti Y 1
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Winter is approaching and Salem is
helping to cover the windows in his
home with thin sheets of clear plastic
(n = 1.81) to keep the drafts out. After
the plastic is taped up around the
windows, the plastic is heated with a
hair dryer to shrink-wrap the window,
which alters the thickness but not the
refractive index of the plastic. Salem
notices a place on the plastic where
there is a blue stripe of color. He realizes
that this is created by thin-film
interference.

What are three possible thicknesses of
the plastic where the blue stripe is

produced if the wavelength of the light
1S 445 nm?

38) o3 dglads 8 allus do by (s LA Juad ) JB) pe
el (n = 1.81)48:8 ) A8ldd 4800 ) 51l 4l jia
«28) gil) J ga lindlal) (ual dra 3 L) ) gd)
o83 Laa BMUY Cileil md Chdaay SLiudLl) (A

O sl Jalaa yuadl () g3 ASans

AN il Jdo 3,00 daypd g g all Badl

Al ) LS JAIN oo il day pdd) 1
) il Aldiaal) EMAY dadd) cla 3 A L
Ao bd (s

¢ Sagili 445 5 gl da ga J b (1S 1)

alile 3 rlla (ha U gauti Y
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1
You observe colored rings on a puddle sla AS 5 rha o A gla Cllla 3 a9 culial
and conclude that there must be an oil G 3 e AR8 ) ABada 35 g (pe Y AS) Capiiia g

slick on the water. You look directly
down at the puddle and see a yellow
green (4 = 5355 nm) region. If the

ol Jauy! () B pdilaa Al g, f«Ld\Ghuuka
(L = 555nm) 3 pada ¢ jiua dllaia Cuy 8 4S
bl Salaa 91.45¢ <o 3 eSS Salaa LS 1)

refractive index of oil is 1.45 and that of 1.33 ,:.Ldt
water is 1.33, Coell 1 ) gedd anen o 3l @wa
What is the minimum thickness of oil
that could cause this color?
Y dar GlameMN €4t 4+ s G d=ls
S;‘p AR
9
<’ -\’\-5)) ?_C)-‘(\_SLI:& :(W\*—l;j'/\‘
s <\.32 . _ \
| PR\ Q.A-,L\L\‘5 __QQ*__{)YSE»S
 Zee (U
Yoer s O e JZt Az I5-F qwm ¥\o
d=9-5% 3c\c>\B ™M
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2

A glass lens has a nonreflective coating
of magnesium fluoride placed on it.
How thick should the nonreflective
layer be to keep yellow green

light with a wavelength of 355 nm from
being reflected?

hse Jo a gauiiall 3y ) 918 (e pLIS 1
AuSle & dduay dotha daala )

UA\S!.\‘ b\.d UASL’J\ J.\D ﬁw ?J)M M\ La
555 nm u-syd\ Johll 3 haall yadl) ¢ gl

Ray 1

A= D55 nm

Aldr

d = 7 Magnesium
fluoride

Glass

UNoo Olia g Il WL P NNV T

2 d N\ :QY\’*‘—}_—L—)A

2 Qx\-38 - (o~ -%—)555

O ol x\é—q

3

You can observe thin-film interference
by dipping a bubble wand into some
bubble solution and holding the wand in
the air. What is the thickness of the
thinnest soap film at which you would
see a black stripe if the light

illuminating the film has a wavelength
of 521 nm?

Use n=1.33 for the bubble solution

ued die 438 ,1) a8 V) 8 JA)adl) Aaadla dlica

B Lanl) @by ol el Jglaa B Aol Lae

S5O (S gall plial dlaw S8 o, ;\34.\\
Jadlod) ¢ gucall o gal) Jshal) )l 1) U

*521 nm 9L~d$ uk‘

cleladl) Jolaal p = 1,33 aaddiul

5\-)@“_:\ W % C UI:‘?:,O/Q‘ Q't_)\y\s A v\ﬁa\bt):
5 \s- n =\-33 2 d“ﬂ_sLB:(o - M )\
s\;“t&\ E./‘
_ 2 & % t-2% = \ x 52\
AI)er D
Y Y\am = D) d<= 186 nw ST
- \-96 X\o’—?m
alile 3 rlla (ha U gauti Y 13 Aily 338 Cd ghad 5LI8
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4
What is the thinnest soap film (» = 1.33) o Sl Jalaa gl ¢y galual) sl o JB) La
for which light of wavelength 521 nm A gh ¢ g odic JAl (n = 1.33)
will constructively interfere with itself? faiudd 2o ¢l MAIN 521 nm (A 9]
APV TN A der Olazad)cust o s Le d=Lo
Qj\.p—: Nn=1-33% 2 A n s\z2 = <‘(Y\ - "\'.;_"D /\
_ D \ 2 |
> s M = 0 d »1-32 = L& & ep)B
d= 38 nv™m x\o .
9.2 L ©om

.

A silicon solar cell has a non-reflective
coating placed on it. If a film of silicon
monoxide, n = 1.435, is placed on the
silicon n = 3.5, how thick should the
layer be to keep yellow-green light

(A =335 nm) from being reflected?

CAuSle e Al Athaa ¢ Slud) (e Apads A4
Jalra ¢ gSbedd) pus) Jgb (o pLEE pua§ 13

Jalaa 53 ¢ glud) o p = 1.45 s luSil

n = 5.30 bl

¢ o alSad) adiall dddal) 03¢t a U dlacd) Lad

¢ (=555 nm) Al Adgh jias yail

alile 3 rlla (ha U gauti Y
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Ahmed is blowing bubbles and holds the
bubble wand with a soap film (n = 1.33)
in it vertically.

a. What is the second thinnest width of
the soap film at which he could see a
bright stripe if the light illuminating the
film has a wavelength of 575 nm?

b. What other widths produce a bright
stripe at 375 nm?

dc|8dl) Lany dluay g ‘&Lct."aél\..dgémi iy

o i) Jalaa ¢y gbiall (pa sl o Ay giaall
JSdy llaa sLal) 138 68 Saa (n = 1.33)
ol

Gy ¢ gibual) LS WS 8 (I 2 o) L.
g guall A gall Johall IS 1) Bndaa Tk G i) (5 2
¢ 5§75 nm Ll e Ll

Lipuae “Undl il ) 5 JAY) (G jall iy ja L b
slial) o Jadlud) ¢ guaall L gal) Jghall () oS5 Ladic

*S75 nm
—Q”J\_EP bi-:.’)—b]d\pﬁ . 8 SL&&\;}
\ =
™ el D_zygp@ \ Iw W
~\ep N <33 AR = Q‘“*—%—)x\ d, - M=l
| . )%"ﬁfj‘@ ‘2.(;‘ *\-33 = C\—\—--S-;L-)xs?g
220 ww
> d = (v LA
‘2__(; ¥ 1,38 = <O + ..\__z—>x C+5
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A plastic reflecting film (» = 1.83) is b i) Jalra (uSle Siudly slds aua g
placed on an auto glass window Jalaa 4S al) 4003 4ala j 338U e pn =1.83
(n=1.52). (n =1.52 ) i)
What is the thinnest film that will i il paraie sl o Liall dlaw (J8) La
reflect yellow-green light (4 = 555 nm)? (k 555 nm) (A5l A g
Unfortunately, a film this thin cannot be | L, daud) 133 sLiS adia Sy Y Bal) ¢ gl (Sl
manufactured. What is the next thin Chudl AL Giaa oA AU e

film that will produce the same effect?

3
What is the best possible explanation for sLiad) ) ol st s Jaliaa il Juiad) La
why the colors of a thin film, such as a slall Ao cuill gl ¢ silual) A BB Fia ¢ 328 )

soap bubble or oil on water, appear to

YA laS S ady
change and move as you watch?

g gual) 0 g (38 ) pLdad) uilaw ¢ 5¢d) A gl ad) Jaad) il ga Y

because convective heat waves in the air next to the thin film distort the light

L Gl s g o (e pBga A sldad) dlaw Y
because the film thickness at any given location changes over time

G s 9a pa ANIAT (uadd) ¢ guda A ga J)ghal (Y
because the wavelengths in sunlight vary over time

Ga sgsa pa la da ) CliAS ety ) Y
because your vision varies slightly over time
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In a system where only one wave is Jad o“u aly allai
inverted, what is the initial condition for EERNPSIEED 4.1 ) Ja g dd) A La

constructive interference?

d — Afitm d — AfilnT d = Afiim d = 2 Afiim
2 4
‘Zansb:(’(\(\-\-.\i_) A
2 0\ - <m S %) A  fum's
\
d:- §m+-—;:) A e S M=o AN

For a film with one phase inversion,
which set of thicknesses will produce
constructive interference?

M4, 34,504 M2, A 32

A
L wWw—-—< AI‘T
| @chﬁ%&lx %mz 3. -

11

For a film with two phase inversion,
which set of thicknesses will produce
constructive interference?

M4, IN/4, Sh/4
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Winter is approaching and Salem is
helping to cover the windows in his
home with thin sheets of clear plastic
(n =1.81) to keep the drafts out. After
the plastic is taped up around the
windows, the plastic is heated with a
hair dryer to shrink-wrap the window,
which alters the thickness but not the
refractive index of the plastic. Salem
notices a place on the plastic where
there is a blue stripe of color. He realizes
that this is created by thin-film
interference.

What are three possible thicknesses of
the plastic where the blue stripe is

produced if the wavelength of the light
is 445 nm?

38) o3 dglart LB allus ao oy (s LAY Juad il 138 2
Bl (n = 1.81)A88) Adlhd 485l 71 sl Al 3
28] gil) J oo lindlal) (ual dra 3kl ) gd) G
S Laa (B LB ey ) (A

Al ) AEe Y JAIN oo il day pdd) 1
Qo)) bd (s
¢ S gili 445 5 gual) A ga J b 1S 1)

3\_;9 N=\ >

b~ 2 d, =3x6)-3=135mm

(&3: SC)«\:

s Le (M=

.
2. dﬁéar_(‘“*l{))\

S _ (&X\"g\ '_‘_(O “"%")445
A\: 6"5“W\
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