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KegpaAaio 34

« Kbpata kal cwpatidia-AidbAaon Kail n apxn
TOUu Huygens

2UuBoAn-To treipapa Tou Young-OI1TTAn oXIOHA.

* H évTtaon Tou atroTeEAECHATOG TG CUMBOANG
TNG OITTARNG OXICMNAG.

* ZUMBOARN AETTTWYV UHEVIWV

* To cupgBoAdpueTpo Tou Michelson



34-1 H apxn Tou Huygens

H apxny tou Huygens :

KaOe onueio ToU

METWTTOU £VOG KUMATOG
OUMTTEPIPEPETAI OAV Source
TNYN KUpOTOG. To S
OUVOAIKO METWTTO Eival
EQATTTOMEVO OTA

ETTIMEPOUG METWTTA TTOU
OnMIoUpPYEi KAOE

onueio.
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34-1 H apyxn Tou Huygens

H apxni Tou Huygens gival cupwvn JE TO

\X\ | \ ) I

PAIVOMEVO TNG O1aBAaoNGg




34-2 H apxn Tou Huygens

Ray \]ef‘@&
o, N2
B (%
5

A A Medium 1
V5t D Medium 2
C (v, < vy)

Ray




34-2 H apxn Tou Huygens

H apxn Tou Huygens €&nyei Kal To QpAIVOUEVO
TnG O1a0Aaong.

Ta deutepoyev HETWTTA O1adidovTal TTIO Apyd
0€ UAIKA JE MEYOAUTEPO OEIKTN O10AaONG.

AUTO £XEI OOV CUVETTEIO VO «KAMTITETAI» TO
METWTTO TOU KUMATOG ME ATTOTEAECHA N OKTIVA
va «oTpifel» (aAAalel dieuBuvon).



34-2 H apxn Tou Huygens —
Noupocg AidBAaong

OT1av 10 WG TTEPVAEI NECA ATTO UAIKA N
OUXVOTNTA TOU QPWTOC Ocv uerafalAsrar aAAadlsl
ONWC TO UNKOC KUNATOC:

w_ B . 8B W
)Ll 'Ulr ™ Flo
A



34-2 H apyxn Tou Huygens —
Nopog AiaOAaong

O1 oTrTOCIEC TNG ACPAATOU OPEIAOVTAI OTNV
METABOAN TOU O¢iKTNn O1A0AaONG TOU AEpa
KOOwg autdg BeppuaiveTal.

Direct ray '
Ray directed
/ / slightly downward
Observer /
fﬁ:ﬁ—t‘ » A { I /
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34-3 ZupBoAn-lMeipapa Young
H KupaTtiki uon Tou ewTtog 8a odnynoel o€
PAIVOUEVA CUMBOARG.

‘Eva treipapa tTou eTIREBAIWVEI TNV KUMATIKA
PUO TOU PWTOCG €ival TO TTEipApA Young:

Y

DS e —

'\
S
=]
rays ———T
Sy
\

<

YVYY

Viewing screen Viewing screen Viewing screen
(particle theory (actual)
prediction)
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34-3 ZupBoAn-lMeipapa Young
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34-3 ZuppBoAn-lMeipapa Young

H aitia Tng cupBOANG £YKEITAI OTO YEYOVOG TO ONMUEia
TNG 006vNGg «avixveuongy», dOev ICATTEXOUV ATTO TIG OUO

OXIOHEG.

Katd cuvETTEIa T KUMATO OTTO TIG OUO TTNYEG MTTOPEI va
OUMBAAOUV ETTOIKOOOUNTIKA (QPWTEIVA ONMEIA) R

KOTOOTPETTTIKA (OKOTEIVA ONMUEIA)

interference)

Bright (constructive

6 =00
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Screen

Bright
(constructive
interference)

Extra distance
=X

Screen

Dark
(destructive
interference)

\ 3
\~Extra distance
1
=1x
2

Screen




34-3 ZuppBoAn-leipapa Young
ATTO TNV YEWMETPIA TOU TTEIPAMATOS BPICKOUNE:

— p—

constructive
dsin® = ma, m = 0,1,2,--. interference
(bright)

oK —

KOl

destructive
dsinf = (m + %))L, m = 0,1,2,+--. | interference
(dark)
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34-3 ZuppBoAn-leipapa Young

MeTaU TWV KOPUPWYV KAl KOIAAOWV N £VTACT) TOU
PWTOC METARBAAAETAI KOMOAAAY.

m=3 2 1 2 3

|

ANVUITAA

]

m=2 1 00 1 2 3
Constructive interference Destructive interference
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34-3 ZupBoAn-Meipapa Young

(a) Eival A1Teipa Ta OKOTEIVA KAl QWTEIVA
onuEia Tng oBoévng oTo Treipapa Young;

(b) O1 ATTOOTACEIC METAEU PWTEIVWYV KA
OKOTEIVWV ONHEIWYV gival oTalepn;

a. OXI, e1re1dn 10 Sin B<= 1, n YEYIOTN TIUN TOU M
gival ion YE TO TTANCIECTEPO AKEPAIO OTO Aoyo d/A.
b. OI aTTOOTACEIC AUCAVOUV PE TNV Ywvia 0.



34-3 ZuupBoAn-lNeipapa Young

AvUo oxiopég atréxouv 0.100 mm kai 1.20 m aT1rd tnVv
00o6vn avixveuongs. Na ewg pe NAKOG KUMATOG / =
500 nm BpEiTeE TNV ATTOOTACN TWV KPOCOWV

OUMBOANRG (PWTEIVWYV KOI OKOTEIVWYV CNMEIWV) 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
SR i 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 ZupBoAn-Meipapa Young

(a) Eav oTO TTPONYOUHEVO TTAPADEIYMA TO MNKOG
KUMaTog yivel 700 nm, TTw¢ aAAalouv ol KpPOO O oI
ouuBoAng; (b) Eav To uRKOG KUMATOG TTAPOMEIVEI TO
i010 dAAd N aTTOOTAON METASU TWV OXIOCHWYV augnOei
TI 0 cupBei TWPA;

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.
(b) Increasing the shit spacing d reduces f for each order, so the lines are closer
together.
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34-3 ZupBoAn-leipapa Young

BAETTOUME OTI VIO AEUKO WG, ME €CaipECN TOV
KEVTPIKO KPOOOO, OAol oI daAAol Kpooooi

TTEPIEXOUV TA XPWHATA TNGS ip100¢.

2.0 mm—>

White

n 3.5 mm >



34-3 ZuupBoAn-lNeipapa Young

AEUKO WG TTEPVAEI ATTO OXICMEG ME
atrootaon 0.50 mm peETALU TOUG KAl
avaAuvueTal o€ 006vn TTOoU BPICKETAI OE
atréoTacn 2.5 m Ao TiI§ OXIOMES. H TTpWwTN
TAEN KPOOo OO HolAdel ME OUPAVIO TOCO ME TO
MW KAl TO KOKKIVO OTIC OUO AKpEG. To HWwf
KOl TO KOKKIVO aTtréxouv 2.0 mm ka1 3.5 mm
OVTIOTOIXO OTTO TOV AEUKO KEVTPIKO KPOOOO.
BpeiTe T MAKN KUMOTOG 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)

,_ dsing _ do dx_(ﬁ-ﬁ}f:’lﬂ‘“‘nf 2.0 X 107 m
1 2.5m

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

= —ﬁ——

m 111 m ¥

) = 4.0 » 107" m,

5.0 = 107 3.5 % 107
L= AE_ m)( M) = 70%107m
2.5m

J00 nm.

1

B 7

Sll e L o X1 |
==

Szl T
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34-4 'Evraon TwV KpooowV ZUHBOANG

To NAEKTPIKO TTEDIO
oT1o onpeio P dideTal
OTTO TIG OXEOCEIG

El — ElOSian‘
E2 = EzoSin((Ur =+ 8)

A

OTTouv ¢ Screen

8§ = —dsiné.
A
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34-4 'Evraon TwV KpooowV ZUHBOANG

To d10vUOUATIKO
afpoiocua Twv dUo
mTediwv pag divel
(érav E,=E,):

& &
Ey = 2Eocos§sin(wr + E)
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34-4 "EvTaon TWV KPOooowV ZUMBOANG

H péon évraon gival avaAoyn ToU TETPOAYWVOU
TOU TTE0IOV:

0
L. = ] 2~
0 0 COS 5

_ g Cosz(wd sin@)
2 A

2
Iy = Iolcos(j—?y)] ; [y« {, d <= {]



34-4 "EvTaon TWV KPOooowV ZUMBOANG

To oxnua d€iXVel TNV €€ApPTNON TNG
EVTAONG ATTO TNV YWwVid.

2 coherent
sources
Iy

2 incoherent
sources

ST 4w 37 27 -7 T 2@m 37 47 S5

| | j = = I = >y (lfy < f)
—SA0 208 -3A0 A0 AL M A 3A0 2AE SAKL
2d d 2d d 2d 2d d 2d d 2d
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34-4 "EvTaon TWV KPOooowV ZUMBOANG

AUo Kepaieg padlo@WVOU ATTEXOUV METAEU TOUG d.
EKTéutroUuVv 0 oupg@wvia (idia otabepn @aon) akTivoBoAia
ME EvTaon |, Kal MAKOG KUpaToGg 4. (a) BpeiTe TV évraon cav
ouUVvAPTNON TNG YWVIOG 0 yIa HEYAAEG ATTOOTACEIS ATTO TIG
Kepaieg. (b) MNa d = 4, Bpeite To | KAl BpeiTe TIC KATEUOUVOEIG
OTTOU £XOUME MEYIOTN ME EAAXIOTN EvTaon.(c) ETravaAdapeTe
10 (b) YIa d = 4/2.
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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 ZuuBoAn AeTTTWV YHeEViwY

OT1av TTavw o€ PIa ETTIPAVEIO UTTAPXEI £VA TTOAU
AETTTO OTPWHA (UMEVIO) KATTOIOU UAIKOU, TO TTAXOG
TOU OTTOIOU gival TnNG TAENG HEYEBOUG TOU NAKOUG
KUMOTOG TNG OKTIVOBOAING, TOTE N «avAKAAoN»
aTTO TIG OUO ETTIPAVEIEG TOU UMEVIOU MITTOPEI VO
odnynoel o€ cupoAn. To @aivopevo auTtod givai
EMPAVEG OE CATTOUVOPOUOKES KOl O€ KNAIOEG ATTO

.
-
. " . ~
2o .ie.
V]
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34-5 ZuuBoAn AeTTTWV YHeEViwY

To NAKOG KUMATOG OTO 5&
AddI kKal oToVv agpa Ba |
gival SI0QPOPETIKG Kal |
aVOKAQOEIC aTTO TA
onueia A kai B ’(
OuUVNTIKA UTTOPEI VA
TTPOKAAEOOUV
METABOAR OTNV QAOCH
TNG AVAOKAWMEVNG A\ |C Air
OKTIVOBOAiag. Oil
B Water




34-5 ZuuBoAn AeTTTWV YHeEViwY

AakTuAidia Tou Newton: n o1ATagn 10 OXNHATOG
ONMIoOUPYEI KPOOOOUG CUMBOANG.

A D




34-5 ZuuBoAn AeTTTWV YHeEViwY

Mia OECHN PWTOG TTOU
OVOKAATOI OTTO UAIKO UE
OgikTn d1aBAaoNng
MEYOAUTEPO ATTO TO HECO
01ad00NG, UTTOKEIVTOI O€
aAAayn @aong karta 180°
N % KUKAO.

Y
S\
YaV,
VAV

l’l2<n1



34-5 ZuuBoAn AeTTTWV YHeEViwY

‘Eva Ae1rTO oUpua OIOUETPOU
7.35 x 103 mm ToTtro0cTEiTE
METOEU OUO £TTITTEOWYV
TTAPaBUPWYV a1Td YUOAL. Dwg
ota 600 Nm TTEQPTEI KABET
TTAVW OTA TTOPABUpO Kal
ONMIOUPYEI EVa OXNUATICUO
OKOTEIVWYV KOl QWTEIVWV
TaIviwy. Nooeg Talvieg
oxnuaridovral; AitrAa oTo
oUpMO N TTPWTN Talvia Ba givai
OKOTEIVI | 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
15 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
21 = maA, m = 0,1,2,--

Bright bands occur x-.hen 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 2t/A =
(2)(7.35 % 107" m)/(6. ﬂ[} % 1077m) = 24.5 wavelengths. This is a “half integer.”
so 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
OA. LA, 2ZA, 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 1l the glass plates are
extremely flat. If they are not, the patiern is uneven, as in Fig. 34-20c. Thus we
see a very precise way ol testing a glass surface [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 ZuuBoAn AeTTTWV YHeEViwY

Mia ocaTTouvOo@ouoKa n=1.35 \L ,

gM@avietal Trpaocivn (A

=540 nm). Eav o Incident ray

OeiKTNG d1AOAAONG €ival Reflected rays>

n = 1.35 rolo givai 10 o Bubble
, , Outside air interior

EAQXIOTO TTAXOG TNG =100 n=1.00

CATTOUVOPOUTKAG; \

1
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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 2f, 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 5 A,,. Thus, 2t = A/2n, so

A (540 nm)
d4n  (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, 2t = 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 ZuuBoAn AeTTTWV YHeEViwY

[M6co gival TO TTAXOG MIOG Coating
ETTIKAAUYNG EVOG

OTITIKOU OTOIXEIOU OTTO
MgF, ye n=1.38 2 |
oXeSINONEVO WOTE VO \Efrangﬂted
EAAXICTOTTOIEI KAOETEG Incident ray J
OVOKAQOEIG KOVTA OTO
550 nm; To utTToCTPWHA
gival yuaAi pe n = 1.50.

Air Glass
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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 guite 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 light, so we do not
consider constructive interference.

J. Destructive interference. To e¢liminate 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 i1s 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 § cycle
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, so that destructive interference occurs, where A, = A/n 1s the wavelength
in the coating. With 21 = A,/2 = A/2n, then

S A _ A (s50nm)
4 T 4 (4(a3g _ oomm

NOTE We could have set 2t = (m + %)A,, where m is an integer. The smallest
thickness (m = 0) is 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.




34-6 ZuuBoAopueTpo Michelson

To cuuBoAouerpo Michelson BacileTal o€ Eva
dlaxwplioTn d0Eoung (beam splitter), Trou £xEl
TNV 1010TNTA VA avakAd Trepittou 10 50% TNG
O£0MNG KAl VA TTEPVAEI TO UTTOAOITTO.

M (movable mirror)

1 Mg

Source

M,
Eye (fixed mirror)



