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KepdAaio 34

e Kbparta kol cwpartidla-AidOAaon Kol n apxni
TOUu Huygens

2UuBoAnN-To Treipaupa Tou Young- OITTAN
oXIOMN.

* H évTraon Tou atroTeAECHATOG TNG CUMBOANG
TNG OITTARG OXICHUNG.

e 2UMBOAR AETTTWYV UMEVIWYV

 To ouyoAopueTpo Tou Michelson



34-1 H apyxn Tou Huygens

H apxnl tou Huygens:

KGBe onueio Tou

METWTTOU €£VOG KUHMATOG
CUMTTEPIPEPETAI OAV Source
TNYN KUHATOoG. To S
OUVOAIKO HETWTTO gival
EQATTTOMEVO OTA

ETTINEPOUG HETWTTA TTOU
OnMIoUpPYEi KaBe

onueio.
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34-1 H apyxn Tou Huygens

H apxn Tou Huygens gival cUM@WVO UE TO
PAaIVOMEVO TNG d1aBAaoNGg
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34-2 H apyxn Tou Huygens
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34-2 H apxn Tou Huygens

H apxi Tou Huygens &¢nyei Kal To QpAIVOUEVO
TNG d1d6Aaong.

Ta deutepoyev HETWTTO O1adiIdOVTAI TTIO ApYya
O€ UAIKA PNE HeyaAuTepoO O€ikTn O100Aaong.

AUTO £XEl OOV CUVETTEIO VO KKAMTTTETAI» TO
METWTTO TOU KUMOTOG ME ATTOTEAECHA N AKTIVA
va «oTpIiel» (aAAadel dieuBuvon).



34-2 H apxn Tou Huygens —
Noupoc AidBAaong

OT1av 10 WG TTEPVAEI HECO OTTO UAIKA N
ouxvoTnNTa TOU PWTOC OV ueTaBaAAsrar aAAadlsi
ONWC TO UNKOC KUUATOC.
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34-2 H apxn Tou Huygens —
Nopog AiaOAaong

O1 oTTTa0IEC TNG AC@PAATOU OPEIAOVTAI OTNV
METABOAR TOU O€ikTN O1ABAOONG TOU P
KaBw¢ autog BeppaiveTal.

Direct ray _
Ray directed
/ / slightly downward
Observer /
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34-3 ZupBoAn-leipapa Young

H KupaTtikil ouon Tou WTOC Ba odnynoel o€
PaIvopeva cudBoANG.

‘Eva treipapa TTou £TIRERAIWVEI TNV KUMATIKI
PUOT TOU PWTOG Eival TO TTEipApA Young:

Y

Ll |

’ =
Sun’s
rays —

YYY

Viewing screen Viewing screen Viewing screen
(particle theory (actual)
prediction)

Copyright © 2009 Pearson Education, Inc.



34-3 ZupBoAn-leipapa Young

Wave fronts



34-3 ZupBoAn-leipapa Young

H aitia Tng cupBOARG £YKEITAI OTO YEYOVOG TO ONUEia
TNG 0006VNG «AViIXVEUONGS», OEV ICATTEXOUV ATTO TIG OUO
OXIOHEG.

KaTtd ocuveETTEia Ta KOPOTAO OTTO TIG OUO TTNYEG MTTOPEI va
OUMBAAOUV ETTOIKOOOMUNTIKA (PWTEIVA ONMEIA) N
KOTOOTPETITIKA (OKOTEIVA ONMEIN)

Bright

- Dark
(constructive (destructive
interference) i'nterference) ;
Bright (constructive .
interference)
Sy S :
T T T W
g L= d 7 EO——L- — — — — d d 0% 7]
_L —L L \ _L 3 S
S, Extra distance M E"‘,tm distance \
2 =X = ;/\. 81 —52
2 =d sinf
Screen Screen | Screen

6 = 0°
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34-3 ZupBoAn-leipapa Young
ATTO TNV YEWUETPIA TOU TTEIPAMATOS BPICKOUME:

constructive
dsing = ma, m = 0,1,2,. interference
(bright)

Kdl

destructive
dsing = (m - %))\., pr = LDl 2w, | interfenente
(dark)
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34-3 ZuppBoAn-Meipapa Young

MeTaCU TWV KOPUPWYV KOl KOIAGOWYV N EVTAOT TOU

PWTOC METARBAAAETAI KOMOAQ.

m=3 2 10 2 3
\
h i
/\/\JUUHH\/\A
m=2 1 B0 1 2 3

Constructive interference Destructive mnterference
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34-3 ZuupBoAn-leipapa Young

(a) Eival ATTeIpa Ta CKOTEIVA KOl PWTEIVA
onMEia Tng oBoévng oTo TrEipapa Young;
(b) O1 ATTOCTACEIC METASU PWTEIVWV KAl
OKOTEIVWYV ONMUEIWV gival oTaBEPN;

a. E1re1dn 10 sin 6<= 1, n YEYIOTN TIMWN TOU M €ival
ion JE TO TTANCIECTEPO OKEPAIO aTO Aoyo d/A.
b. O1 atTOOTACEIC AUCAVOUV JE TNV Ywvia 0.



34-3 ZuppBoAn-Meipapa Young

AvUo oxiopég atréxouv 0.100 mm ka1 1.20 m a1rdé Tnv
006vn avixveuongs. Na ew¢ e MAKOS KUMATOG A =
500 nm BpPEITE TNV ATTOCTAON TWV KPOCOTWV

OUMBOANRG (PWTEIVWYV KOI OKOTEIVWV ONMEIWV) OTNV
o0ovn.
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APPROACH The angular position of bright (constructive interference) fringes is
found wsing Eq. 34-2a. The distance between the first two fringes (say) can be
found using right triangles as shown in Fig. 34-10.

SOLUTION Given d = 0.100mm = 1.00 = 107 m, A =500 % 107" m, and

£ = 120m, the first-order fringe (m = 1) occurs at an angle & given by

mA (1)(500 % 107" m)
infl, = — = = 500 % 107
. il 1.00 = 107 m

This is a very small angle, so we can take sin f = #, with # in radians. The first-order
[ringe will occur a distance x; above the center ol the screen (see Fig. 34-10), given
by x;/f = tanfl, = 8,, s0

(9, = (1.20m)(5.00 % 107%) = 6.00 mm.

i

Xy

The second-order fringe (m = 2) will occur at

=

2A
Xy = 0, = EF = 12.0mm

above the center, and so on. Thus the lower order fringes are 6.00 mm apart.

NOTE The spacing between [ringes is essentially uniform until the approximation
sin == #1s no longer valid.
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34-3 ZuppBoAn-lfeipapa Young

(a) Eav oTO TTPONYOUMEVO TTAPADEIYMA TO HAKOG
KUMaTog yivel 700 nm, TTwg aAAalouv o1 KPOOOOi
ocuuBoAng; (b) Eav To NAKOS KUNOTOG TTAPAMEIVEI TO
1010 AAAQ N ATTOCTAON METAEU TWV OXICHWYV augnoOei
TI 0 cupBei TwpAa;

RESPONSE (a) When A increases in Eq. 34-2a but d stays the same, then the
angle @ for bright fringes increases and the interference pattern spreads out.
(£) Increasing the slit spacing d reduces @ for each order, so the lines are closer
together.
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34-3 ZuppBoAn-Meipapa Young

BAETTOUME OTI YIO AEUKO QPWG, HE €EaipEOn TOV
KEVIPIKO KPOOOoO, OAol o1 daAAol Kpooooi

TTEPIEXOUV TA XPWHATA TNG ip100G.

~<-2.0 mm >
| 3.5 mm >

White




34-3 ZuppBoAn-Meipapa Young

AEUKO QWG TTEPVAEI ATTO OXIOMEG ME
atmrocTtaon 0.50 mm MeTASU TOUG KAl
avaAueTal og 006vn TToU BPICKETAI OE
atroéoTaon 2.5 m amo TiI§ oXIoOMEG. H TTpwTn
TAEN KPOO OO MOIALEI ME OUPAVIO TOEO ME TO
MW KAl ToO KOKKIVO OTIG OUO akpes. To pwf
Kal TO KOKKIVO atréxouv 2.0 mm kai 3.5 mm
AVTIOTOIXO OTTO TOV AEUKO KEVTPIKO KPOO OO.
BpeiTe TO TO uAKN KUMOATOG TWV OUO
XPWHATWV.
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APPROACH We find the angles for violet and red light from the distances given
and the diagram of Fig. 34-10. Then we use Eq. 34-2a to obtain the wavelengths.
Because 3.5 mm is much less than 2.5 m, we can use the small-angle approximation.

SOLUTION We use Eq. 34-2Zawith m = 1 and sinf =~ tan & = #. Then for violel
light, x = 2.0mm, so (see also Fig. 34-10)

L _dsing do dx _ (5-{}:3: 107 m (2.0 x 107 m
m  om mil 1 2.5m

or 400 nm. For red hight, x = 3.5 mm, so

) = 4.0 » 107" m,

5.0 = 107 3.5 =% 107
LT ( m)( '“) ~ 7.0 % 107" m

J00 nm.

1

2.5m
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34-4 "Evtaon Twv KpooowvV ZUhBoAng

To NAEKTPIKO TTEDIO
oTo onueio P dideTai
QTTO TIG OXECEIG

El = Elosinmr
EZ = Ezosin(mr s {S)

Screen
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34-4 "Evtaon Twv KpooowvV ZUhBoAng

To O1IaVUOUATIKO
afpoiocua Twyv dUo
TEQIWV pag divel
(otav E,,=E,):

o o
Ey = QEOCOSESin(mr i 5)

Copyright © 2009 Pearson Education, Inc



34-4 'EvTaon Twv Kpooowv ZUMBOANG

H péon évraon gival avaAoyn TOU TETPOAYWVOU
TOU TTEdIOU:

o)
Iy = I 2 —
4 5 COS 5
B Icosz(qrdsinﬂ)
0 A

2
Iy = I{}[CDS(:—?})>] : v <<, d << {]
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34-4 "Evtaon Twv KpooowvV ZUhBoAng

To oxnua dgiXVel TNV £€APTNON TNG
EVTAONG ATTO TNV ywvia.

2 coherent

sources

Iy 2 incoherent
sources

S —4wm 3w 2w -w
—SAL 2A€ -3A0 AL -A[
2d d 2d d 2d 2d  d 2d d 2d

T 2@ 37 4w S
: : | | -y (if y << £)
A A 3AE 200 5S\/¢

iy
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34-4 "Evtaon Twv KpooowvV ZUhBoAng

AUo Kepaieg padlo@WVOU ATTEXOUV METAEU TOUG d.
EKTTEéuTTOUV O€ cUp@WVia (id1a oTaBepr @Aaon) akTivooAia
ME EvTaon |, Kal KOG KUHaTOG 4. (a) BpeiTte TV EvTaon cav
ouvAapTnNon TG YWVIOG 0 yIa HEYAAEG ATTOOTACEIS ATTO TIG
Kepaieg. (b) MNa d =4, Bpeite To | Kal BpeiTe TIGC KATEUBUVOEIG
OTTOU £XOUME MEYIOTN ME EAAXIOTN EvTaon.(c) ETTavaAdaeTe

>/
@ @ > X

~—|d—~
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APPROACH This setup is similar to Young’s double-slit experiment.

SOLUTION (a) Points of constructive and destructive interference are still given
by Egs. 34-2a and b, and the net intensity as a function of # 1s given by Eq. 34-6.

(b) We let d = A in Eq. 34-6, and find for the intensity,
I = I,cos*{msind).
I1s a maximum, equal to [, when siné@ = 0, 1, or —1, meaning & = (), 90°, 1807,

and 270°. ['is zero when sinf = 3 and —3, for which @ = 30°, 150°, 210°, and 330°.

(c)For o = A/2, [ 1s maximized for # =0 and 180° and minimized for 90°
and 2707,
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34-5 2uuBoAn AeTTwyV YPEVIWY

OT1av Tavw o€ JIA ETTIPAVEIN UTTAPXEI EVA TTOAU
AETTTO OTPWHA (UMEVIO) KATTOIOU UAIKOU, TO TTAXOG
TOU OTToiouU €ival TNG Ta¢NG MEYEBOUC TOU HAKOUG
KUMOTOG TNG AKTIVOBOAIOG, TOTE N «avAKAaon»
aTro TIG OUO ETTIPAVEIEG TOU UMEVIOU UTTOPEI VO
odnynoel o cupfoAn. To @AaIVOUEVO QUTO gival
EMPAVEC OE OCATTOUVOPOUCKEG Kl O€ KNAIOES OTTO
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34-5 2uuBoAn AeTTwyV YPEVIWY

TO NNKOG KUMATOG OTO
Aadl Kal oTov aEpa Oa
gival OIa@POPETIKO KAl
AVOKAAQCEIG ATTO T
onueia A Kai B
OuvVNTIKA PTTOPEI Va
TTPOKOAEGOUV
METABOAN OTNV @AON
TNG AVAOKAWMEVNG
aKTIVOBOAiag.

Ailr
Oi1l
Water

Copyright © 2009 Pearson Education, Inc



34-5 2uuBoAn AeTTTwyV YUeviwy

AakTuAidla Tou Newton: n di1atagn 1o
oXNHATOG ONMIOUPYEI KPOOOOUS CUMBOANG.




34-5 2uuBoAn AeTTwyV YPEVIWY

Mia SECUN @WTOG TTOU
OVOKAATOI OTTO UAIKO UE
OgikTn d1a0Aaong
MEYOAUTEPO ATTO TO NECO
01a000NG, UTTOKEIVTAI O€
aAAayn @aong kata 180°
N % KUKAO.

n2>n1

Y
aVaV
YaV,
VAV




34-5 2uuBoAn AeTTwyV YPEVIWY

‘Eva AeTrTO oUpua OlapETPOU
7.35 X 102 mm ToTro0ereiTe
METAEU OUO £TTITTEOWV
Tapadupwyv atrd yuali. Pwg
ota 600 Nm TrE@TEI KABETA
TTAVW OTA TTOPABUpa Kai
ONMIOUPYEI EVa OXNUATICHO
OKOTEIVWYV KAl PWTEIVWYV
Taiviwyv. Nooceg Taivieg
oxnuartiovral, AiTTAa oTO
oUpMO N TTPWTN TAIVia Ba gival
OKOTEIV | QWTEIVA,
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APPROACH We need to consider two effects: (1) path differences for rays
reflecting [rom the two close surfaces (thin wedge ol air between the two glass
plates), and (2) the 3-cvcle phase change at the lower surface (point E in
Fig. 34-20a). where rays in air can enter glass. Because of the phase change at the
lower surface, there will be a dark band (no reflection) when the path difference
1s 0, A, 2A, 3A, and so on. Since the hight rays are perpendicular to the plates, the
extra path length equals 21, where 1 15 the thickness of the air gap at any point.
SOLUTION Dark bands will occur where
2t = mA, m = 0,12,

Bright bands occur 1;-.ha-n 2t = (m + 3)A. where m is an inlegEr Al the
position of the wire, = 7.35 % 107°m. At this point there will be 2i/A =
(2)(7.35 x 107" m)/(6. ﬂ[} % 1077m) = 24.5 wavelengths. This is a “half integer.”
s0 the area next to the wire will be bright. There will be a total
of 25 dark lines along the plates, corresponding to path lengths of
DA, 1A, 2A, 3A. ..., 244, including the one at the point of contact A (m = 0),
Between them, there will be 24 bright lines plus the one at the end, or 25,

NOTE The bright and dark bands will be straight only il the glass plates are
extremely flat. If they are not, the pattern is uneven. as in Fig. 34—-20c. Thus we
see a very precise way ol testing a glass surlace [or [latness. Spherical lens
surfaces can be tested for precision by placing the lens on a flat glass surface and
observing Newton’s rings (Fig. 34-18b) for perfect circularity.
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34-5 2uuBoAn AeTTwyV YPEVIWY

|
Mia catrouvo@ouoKa n=135-18 f

gM@avileTal TTpacivn (A
=540 nm). Eav o Incident ray
O€iKTNG O1AOAAONG €ival Reflected rays> o
n = 1.35 1ro10 €ival TO o Bubble

, , Outside air 1nterior
EAAXIOTO TTAXOG TNG = 1.00 n=1.00
CATTOUVOPOUOTKAG; |

— t —
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APPROACH Assume the light is reflected perpendicularly from the point on a
spherical surface nearest the viewer, Fig. 34-21. The light rays also reflect from
the inner surface of the soap bubble film as shown. The path difference of these
two reflected rays is 2, where [ is the thickness of the soap film. Light reflected
from the first (outer) surface undergoes a 180° phase change (index of refraction
of soap is greater than that of air), whereas reflection at the second (inner)
surface does not. To determine the thickness ¢ for an interference maximum, we
must use the wavelength of light in the soap (n = 1.35).

SOLUTION The 180° phase change at only one surface is equivalent to a 3 A path
difference. Therefore, green light 1s bright when the minimum path difference
equals 5A,,. Thus, 2t = A/2n, so

A (540 nm)
4n  (4)(1.35)
This is the smallest thickness; but the green color is more likely to be seen at the
next thickness that gives constructive interference, 2f = 3A/2n, because other
colors would be more fully cancelled by destructive interference. The more likely

thickness is 3A/4n = 300 nm, or even 5A/4n = 500 nm. Note that green is seen
in air,so A = 540nm (not A/n).

= 100 nm.

[ =
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34-5 2uuBoAn AeTTwyV YPEVIWY

[M6oco gival To TTax0¢g Coating
MIOG ETTIKAAUWYNG EVOG

Glass \

OTITIKOU OTOIXEIOU ATTO i

MgF, pue n=1.38 ) |
oxedloouévo WoTE var ! ?\>Ea“rsa§£“ed
EAOXIOTOTTOIEI KABETES Incident ray Y

550 nm; To utréoTpWHA

AVOKAQOEIC KOVTA OTO \
gival yuaAi pe n = 1.50. \ /
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Copyrigt

SOLUTION

1. Interference effects. Consider two rays reflected from the front and rear
surfaces of the coating on the lens as shown in Fig. 34-23. The rays are drawn
not quite perpendicular to the lens so we can see each of them. These two
reflected rays will interfere with each other.

2. Constructive interference. We want to eliminate reflected hight, so we do not
consider constructive interference.

3. Destructive interference. To eliminate reflection, we want reflected rays 1 and
2 to be 5 cycle out of phase with each other so that they destructively interfere.
The phase difference is due to the path difference 21 traveled by ray 2, as well
as any phase change in either ray due to reflection.

4. Reflection phase shift. Rays 1 and 2 both undergo a change of phase by 4 eycle
when they reflect from the coating’s front and rear surfaces, respectively (at
hoth surfaces the index of refraction increases). Thus there is no net change in
phase due to the reflections. The net phase difference will be due to the extra

ath 2t taken by ray 2 in the coating, where n = 1.38. We want 21 to equal
5 A, 50 that destructive interference occurs, where A, = A/n is the wavelength
in the coating. With 2f = A,/2 = A/2n, then

Ay A (550 nm)
YT T T (4)(1.38)

NOTE We could have set 2t = (m + 3)A,, where m is an integer. The smallest

thickness (m = 0) 1s usually chosen because destructive interference will occur

over the widest angle.

NOTE Complete destructive interference occurs only for the given wavelength of

visible light. Longer and shorter wavelengths will have only partial cancellation.

= 99.6 nm.



34-6 2uuoAoueTpo Michelson

To oupyBoAopueTrpo Michelson BacileTal o€ Eva
dlaxwpioTh 0éoung (beam splitter), Trou €XEl
TNV 1010TNTA VO avakAAQ TTepiTrou TO 50% TNG
O£0MNG KAl VA TTEPVAEI TO UTTOAOITTO.

M; (movable mirror)

Source

| M,
{7/ Eye (fixed mirror)
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