KepaAaio 35
[MepiOAaon kai NMoAwon




Mepiexopeva KepaAaiou 35
MepiOAaon atrAng oxiIopng N diokou

H évraon Tng TepibAaong piag atrAng
OXIOMNG.

MepiOAaon OITTARG OXIOUAS
AlakpITIKN IKOVOTNTA; KUKAIKEG ip10EG

A1GKPITIKE IKAOVOTNTA TNAECKOTTIWYV Kl
MIKPOOKOTTIWV, TO OpIO TOU A

AIQKPITIKA IKOVOTNTA AVOPWTTIVOU
MOTIOU-PEYEBUVON

Ppayua MNepiOAaong



Mepiexopeva KepaAaiou 35

QaouatoupeTpa Kol PaoCHATOOKOTTIO

A10KPITIKA IKAVOTNTA Kol I0XUS PpAYHATOC
mePiOAaong.

AKTiveG-X Kal TTEPIOAaON akTivwy X
NMoAwon

2KEOAON PWTOG ATTO TN ATHOOCPAIPA.



35-1 MepiOAaon atrARg oXICKNG N OioKoOU

ASyw TNG KUMATIKAG @UONG TOU PWTOG, TTAPATNPEITAI TO
@AIVOMEVO TNG TTEPIOAaO NG, aTTOKAION ATTO €UOUYPAMMN
01ad00n, YUPW OTTO AVTIKEIMEVA KOl OXIOHEG.
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35-1 MNepiBAaon arAng oXICHAG N OIOKOU

H cikéva trepiBAaong gival o oXNUATIONOS TTOU
onuIoupyeital Adyo Tng mePibAaong.




35-1 MNepiBAaon arAng oXICHAG N OIOKOU

H mrepiOAaon cupBaivel eTTeIdn Ta
OEUTEPOYEVI HETWTTO OTO AVOIYMO TNG OTTHG
UTTOKEIVTOI OTO PAIVOMEVO TNS CUMBOANG.
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35-1 MNepiBAaon arAng oXICHAG N OIOKOU

Ta eAAXI0TO OTNV EIKOVA OCUHMBOANG ATTANG
OoXIOMNGS 1 OiIOKOU TTapATNPOUVTAI OTAV

Dsinf = maA, = okl B3 8 e |minima|

Intensity




35-1 lNMepiBAaon atrAng oXiIounNg N 0ioKou

dw¢ pAKoug Kupartog 750
nMm TTEPVAEI ATTO OXIOUN
mAdToug 1.0 X 103 mm.
[Moco gival To EUPOG TNG
KEVTPIKNS KOPUPNGS (a) o€
Moipeg kKai (b) og cm oTav
n oBovn BpiokeTal o€
atrooTaon 20 cm;
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sinfl = D [first minimum| (35-1)

APPROACH The width of the central maximum goes from the first minimum on
one side to the first mimimum on the other side. We use Eq. 35-1 to find the
angular position of the first single-slit diffraction minimum.

SOLUTION (a) The first minimum occurs at

A 7.5 % 107" m
sinfl = — = = 0.75.
D 1.0 X 10™°m
So 6 = 49°. This is the angle between the center and the first minimum,
Fig. 35-5. The angle subtended by the whole central maximum, between the

minima above and below the center, is twice this, or 98°,

(b) The width of the central maximum is 2x, where tané# = x/20cm. So
2x = 2(20cm)(tan 49°) = 46 cm.

NOTE A large width of the screen will be illuminated, but it will not normally be
very bright since the amount of light that passes through such a small slit will
be small and it is spread over a large area. Note also that we cannot use the
small-angle approximation here (f =~ sinf =~ tan#) because 6 is large.
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35-1 MepiOAaon atrAng oxXIouNS N diokou

Mia TTapaAANAOYPOAUMN GXICHI TOU OXAMOTOG
QwrtieTal. (a) Z& TTola O1EUBUVON AVAMEVETE VA Eival
TTEPICOOTEPO EKTETAMEVN N TTEPIBAaoN; (b) pe Baon
QUTO TTWG TI OXNMA TTPETTEI VA EXEI EVA HEYAPWVO
OVOKOIVWOEWYV O€ Eva YATTEDO;
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RESPONSE (a) From Eq. 35-1 we can see that if we make the slit (width D)
narrower, the pattern spreads out more. This is consistent with our study of
waves in Chapter 15. The diffraction through the rectangular hole will be wider
vertically, since the opening is smaller in that direction. (b) For a loudspeaker, the
sound pattern desired 1s one spread out horizontally, so the horn should be tall
and narrow (rotate Fig. 35-6 by 90°).

A MMt h eey SS10G0TS
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35-2 ‘Evraon lNepiBAaong

H @aon kai n évraon TnG akTIVOBoAiag €€
aiTiag TnG TePiBAaong dideTal atrd TNG

oxXéong:

g = 2TITTDSinEJ.

Kl

: 2
o= 4T )



35-2 ‘Evraon lNepiBAaong

BpeiTe TIC EVTACEIC YIA TA TTPWTA Intensity
OUO HEYIOTO EKATEPWOEV TOU
KEVTPIKOU MEYIOTOU O€ MIa EIKOVA

TeEPIBAaONG. S % A0 i o ou s
APPROACH The secondary maxima occur close to halfway between the minima,
at about
D sin 6
% z ;m ~ (m + 3)m. m=1.2.3,

The actual maxima are not quite at these points—their positions can be determined
by differentiating Eq. 35-7 (see Problem 14)—but we are only seeking an estimate.

SOLUTION Using these values for 8 in Eq.35-7 or 35-8, with sin(m + 3)m = 1, gives

fﬁl _ fnl — m = 1,23,
(}ﬂ + 5)"?1" o
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For m =1 and 2, we get

— — — . 5 —
1y % 0.0451, [m 1]
I = b _ 0.0161 m = 2
0 = 17 = 00164 [m = 2]

The first maximum to the side of the central peak has only 1/22, or 4.5%, the
intensity of the central peak, and succeeding ones are smaller still, just as we can
see in Fig. 35-4 and the photo of Fig. 35-2c.
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35-3 MepiBAaon SITTARC OXIOCHMAG

Na OU0 OXICHEG EXOUME

sinB/2) S

Egy = 2E0( 5/2 cosa-

H évraon Trapapével avaAoyn Tou
TETPOAYWVOU TOU TrEdiou.



35-3 MepiBAaon SITTARC OXIOCHMAG

O TTapayovTtag TnNG

repiOAaong /R
(e€apTaTal ATTO TO ) —_— —— T—

EM@AVICETAI OOV
“@pakeAog”’ TTOU
TPOTTOTTOIEI TOV
TAXEWG
METOBAAAOMEVO
TTapayovTta
oUMBOANG (TTou
£COPTATAI ATTO TOV 0).
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35-3 MepiBAaon SITTARC OXIOCHMAG

AgiCTe OTI N KEVTPIKN KOPUPN TTEPIBAAONG
TOU oXnuaTtog yia d =6D =604, Trepiexer 11
KPOOOOUG CUMBOARNRG.

Intensity, Iy vs. 0



(c) Intensity, Iy vs. 0

APPROACH The first mmimum 1in the diffraction pattern occurs where
A
sinf = —-

D
Since d = 6D,
. A
dsinf = GD(H) = HA.

SOLUTION From Eq. 34-2a, interference peaks (maxima) occur for dsinfl = mA
where m can be 0,1,--- or any integer. Thus the diffracion minimum
(dsinf = 6A) coincides with m = 6 in the interference pattern, so the m = 6
peak won’t appear. Hence the central diffraction peak encloses the central
interference peak (m = 0) and five peaks ( m = 1 to 5) on each side for a total
of 11. Since the sixth order doesn’t appear, it 1s said to be a “missing order.”




35-4 Opl1a OI0KPITIKAG IKAVOTNTOG-
KUKAIKEG ipIOEG

A10KPITIKA IKOVOTNTA Eival N ATTOOTACT OTNV
OTToix £V (POAKOG UTTOPEI MOAIC VA OIAKPIVEI
OUO JIN@OPETIKA AVTIKEIMEVA.

H S1akpITIKA IKOVOTNTA TTEPIOPICETAI ATTO
o@AaApaTta (EKTPOTTEG) Kal TrEPiOAaon. Ol
EKTPOTTEG MTTOPEI duvNTIKA va d1opOwbouv, n
TeEPIOAaon Opwg Ox1. H 1repiOAaon £xel
oX€Eon ME TIG OIAOTACEIC TOU (PAKOU OE OXEOT
ME TO NAKOG KUMATOG TNG OKTIVORBOAIQG.



35-4 Opl1a OI0KPITIKAG IKAVOTNTOG-
KUKAIKEG ipI1OEG

Mo KUKAIKEG ip1OEC JE DIAUETPO D, TO KEVTPIKO
MEYIOTO £XEI EUPOG:

1.22A

0 =
D

|6 in radians]

Intensity

1.22) 0 1.221 0
D D
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35-4 Opl1a OI0KPITIKAG IKAVOTNTOG-
KUKAIKEG ipI1OEG

To kpiTAPI10 TOU Rayleigh A&gl 611 dUO
TTOPACTACEIG €ival OIAKPITEG OTAV TO KEVTPO TNG
MIOG €ival TOUAGXIOTOV OTNHV ATTOCTACN TOU
TTPWTOU EAOXIOTOU TNG AAANG.

—




35-4 Opl1a OI0KPITIKAG IKAVOTNTOG-
KUKAIKEG ipIOEG

To diaoTnUIkO TnAeokoTTio Hubble BacileTtal oTnv
avAakKAaon Kal gival o€ Tpoxia TTEPIE TG yns. H
OIOKPITIKI TOU IKOVOTNTA EEAPTATAI KJOVO» ATTO TO
oTPORBIAIOHO TG aTpoo@aIpasg. H dIauETPOG TOU
OVTIKEIMEVIKOU aKOU Tou gival 2.4 m. INa opati
akTIivooAia tr.X. 4 =550 nm, BpeiTe TTOON €ival n
BeATiwoN OTNV OIAKPITIKI IKAVOTNTA TWV ETTIYEIWV
TNAEOKOTTIWYV TTOU TTEPIOPICOVTAI ATTO TNV TTEPICTPOPN
TNG aTHOOCPAIPAS TNG YNG ~1/2 arc-s. (KdBe poipa Exel
60 minutes kal kaBg minute 60 seconds, emopévwg 1°
= 3600 arc-s.)
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APPROACH Angular resolution for the Hubble is given (in radians) by Eq. 35-10.

The resolution for Earth telescopes is given, and we first convert it to radians so
we can compare.

SOLUTION Earth-bound telescopes are limited to an angular resolution of

1 \°/ 2w rad
S = L4 X —o )
(36[}[}) ( 360° ) 2.4 x 10" rad

The Hubble, on the other hand, 1s limited by diffraction (Eq. 35-10) which for
A = 550nm is

i =

bd | —

1224 1.22(550 x 1077 m)

o e — 28 % 107 rad.
0 D 24m ra

thus giving almost ten times better resolution (2.4 X 10™°rad/2.8 X 107" rad = 9x).
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35-4 Opl1a OI0KPITIKAG IKAVOTNTOG-
KUKAIKEG ipI1OEG

BpiokeoTe o€ Eva agpotrAdvo o€ Uwog 10,000 m. KoltTwvTtag TTpog T
£00@OG EKTIMEIOTE TNV EAGXIOTN ATTOOTAOCT) S METASU OVTIKEINEVWYV TTOU
MTTOPEITE VO dlakpiveTe. MITOPEITE VO HETPEIOTE AUTOKIVNTA OE Eva OTOOMO
parking ; OQwpeiote yOvo TTEPiIOAaoN Kal UTTOOECTE OTI N iPIOA TOU MATIOU
oag gival 3.0 mm o€ didueTpo Kai A = 550 nm.

APPROACH We use the Rayleigh criterion, Eq. 35-10, to estimate 6. The
separation s of objects is s = £f, where £ = 10°m and 6 is in radians.

SOLUTION In Eq.35-10, we set D = 3.0mm for the opening of the eye:
1222 (10*m)(1.22)(550 X 10~ m)

s =0 = —— = = 2.2m.
D 3.0 X 107 m

Yes, you could just resolve a car (roughly 2 m wide by 3 or 4 m long) and count them.
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35-5 AIGKPITIKA IKAVOTNTA TNAECKOTTIWYV
Kal MikpookoTriwv; To 6plo TOU A

10 TNAECKOTTIO TO OPIO €ival AUTO TNG
TEPIBAAONG ONA. :

1.22A
D

|6 in radians]

Mo MIKPOOKOTTIA, UTTOOETOVTAG OTI TO
OVTIKEIMEVO BPICKETAI OTNV EOTIA TOU PAKOU,
n SIOKPITIKA IKAVOTNTA OidETAI ATTO TNV
OXeon: , _ 122

D

&
|
cq
l
I

Copyright © 2009 Pearson Education, Inc



35-5 AIaKPITIKA IKAVOTNTA TNAECKOTTIWYV
Kal MikpookoTtriwyv,; To 6pilo TOU A

Mola gival n eAayxioTn amréoTacn OUO ACTPWYV TTOU
pTTOpEl Vva dlakpivel (a) To 200-IVTOWYV TNAECKOTTIO OTO
Bouvo Palomarkai (b) To Arecibo padioTnAeoKOTTIO, ME
O1apeTpo 300 m Kai akTiva KaptruAotnTag 300 m.
Y1ro0éoTe A = 550 nm yia 1o (a), kat A =4 cm yia 1o (b).

AL/ LW LLLE WA ALAL AW 4spgss e
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APPROACH We apply the Rayleigh criterion (Eq. 35-10) for each telescope.
SOLUTION (a) Since D = 200in. = 5.1 m, we have from Eq. 35-10 that

1220 (1.22)(5.50 X 107 m)
D (5.1 m)

0 = = 1.3 X 107" rad,

or 0.75 % 1077 deg. (Note that this is equivalent to resolving two points less than
1 ¢cm apart from a distance of 100 km!)

(b) For radio waves with A = 0.04 m ecmitted by stars, the resolution is

_ (1.22)(0.04 m)

= 1.6 X 107" rad.
(300 m) 1.6 X 10" rad

The resolution is less because the wavelength is so much larger, but the larger
objective collects more radiation and thus detects fainter objects.

NOTE In both cases, we determined the limit set by diffraction. The resolution
for a visible-light Earth-bound telescope 1s not this good because of aberrations
and, more mmportantly, turbulence in the atmosphere. In fact, large-diameter
objectives are not justified by increased resolution, but by their greater
light-gathering ability—they allow more light in, so fainter objects can be seen.
Radiotelescopes are not hindered by atmospheric turbulence, and the resolution
found in (b) is a good estimate.
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35-5 AIGKPITIKA IKAVOTNTA TNAECKOTTIWYV
Kal MikpookoTTiwv; To 6plo TOU A

Ev YEvEl n OIOKPITIKA IKAVOTNTA EVOC
(POKOU MIKPOOKOTTIOU Eival:

A
RP ~ =
2

Agv gival duvarov va OIaKpivouueE
AETTTOUEPEIEC MIKPOTEPEC ATTO TO UNKOC
KUuAro¢ TnN¢ aktivoBoAiac mou
XPNOIUOTTOIOUE.
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35-6 H d10KpITIKA IKAVOTNTO TOU aVOPpWITTIVOU

MOTIOU KOI N XpRon MeyEBuvong

To avOpwTtTIvo HATI OIOKPIVEI AVTIKEIMEVO
Tou atmréxouv il cm ota 20 m, R 0.1 mm
oTNV amrooTacn Tou near point (~ 20 cm).

AUTO mepIopilel TNV «xpRoIUunN» NEYEBUVON
EVOC OTTTIKOU MIKPOOKOTTIiOU peTalu 500X—
1000x.
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35-7 ®payua MepiOAaong

To @paypa TTEPIBAAONG aTTOTEAEITAI ATTO TTOAAEG
ICATTEXOUCEC OXIOMEG | YPOMMEG/eEYKOTTEG. To
PpAYyHa d1Ad00NG £XEI OXIOHMES KAl TO PPAYMO
avakAaong éxel YPOMMES/EYKOTTEG TTOU
OVOKAOUV TO QWG.

‘Ooo peyaAiTepn n /\ /\/\

TTUKVOTNTA TWV YPOANMWV
TOOO OTEVOTEPEG Ol (a)
KOPUPEG.




35-7 @payua MNMepiBAaong

Ta JEYIOTO OTO «PACHA» (EIKOVA) TOU
Ol1apPAYMATOC Eival

ing = —, = 0,1,2,
sin g m , 1,2,

mMA [diffraction grating,]

principal maxima

700 400 700 400 Both A 400 700 400 700
nm nm nm  nm nm  nm nm nm

Rainbow Rainbow White Rainbow Rainbow
(fainter) (fainter)
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35-7 ®payua MepiOAaong

Na epaypa mTepibAaon pe 10,000
YPOuMEG/CcM, BpeiTe TIC BECEIC TWYV
MEYIOTWY KOPUPWYV TNG TTPWTNG KAl
OEUTEPOG TACNG VIO PWGS ME MAKN
KUJaTtog 400 nm kai 700 nm



APPROACH First we find the distance d between grating lines: if the grating
has N lines in 1 m, then the distance between lines must be d = 1/N meters.

Then we use Eq.35-13,sin # = mA/d, to find the angles for the two wavelengths
for m =1 and 2.

SOLUTION The grating contains 1.00 X 10*lines/em = 1.00 X 10° lines/m,
which means the distance between lines is d = (1/1.00 X 10°)m =
1.00 X 10™°m = 1.00 um. In first order (m = 1), the angles are

mA (1)(4.00 X 107" m)

b0 = = = T oox 10°m AW
_ (1)(7.00 X 107" m)
Sin By, = 100 X 10-°m = 0.700

sO flyy = 23.6° and 64y, = 44.4°. In second order,

2\ (2)(4.00 X 107 m)

inf,, = — = — (.800
S0 = 7 1.00 X 10°m

_ (2)(7.00 X 107" m)

Sin B4y, = 100 < 10-°m = 1.40

SO By, = 53.1°. But the second order does not exist for A = 700 nm because
sin # cannot cxceed 1. No higher orders will appear.




35-7 @payua MepiBAaong

Agukd @wcg TTEPIEXEl MAKN KUpATOG aTtrd 400 nm péxP!r 750 nm Kai
avaAveTal atrdé @payua pe 4000 ypappég/cm. Agigte 611 yia TO MTTAE 4 = 450

nm n Tpitn TAgN TOU PACHATOG ETTIKAAUTITEI TO KOKKIVO ot 700 nm a1rd
TNV degUTEPN TASN the second order.

SOLUTION The grating spacing is d = (1/4000) cm = 2.50 X 10™°m. The blue
of the third order occurs at an angle 6 given by

mr  (3)(4.50 X 107" m)

d (250 X 10 m)

Red in second order occurs at

(2)(7.00 x 107" m)
(2.50 X 107 m)

which is a greater angle; so the second order overlaps into the beginning of the
third-order spectrum.

sinfl =

= (.540.

sinf = = ().560,

Copyright © 2009 Pearson Education, Inc.



35-7 ®payua MepiOAaong

OT1av KoITASTE TNV €TTIPAvEIa Evog CD,
QaivovTal Ta XpwHaTta TnG ip1d0og. (a)
BpeiTe TNV amméoTOON HETASU TWV
«MOUCIKWV» YPOAHUMWYV TTOoU d1aBadel To
laser. (b) Bpeite TNV amméoTOON HETASU TWV
YPOMMWY UTTOBETOVTOG OTI TO CD TrEpPIEXEI
80 Min MOUCIKAG KOl TTEPICTPEPETAI ME
TaxutnTa atrd 200 péExpl 500 otpoeg/min,
KOl TO MOVO Ta 2/3 a1ro Ta 6-CM AKTIivVa
EIVOl «XOPOAYHMEVOY.



RESPONSE (a) The CD acts like a reflection diffraction grating. To satisly
Eq. 35-13, we might estimate the line spacing as one or a few (2 or 3) wavelengths
(A = 550 nm) or 0.5 to 1.5 um. (b) Average rotation speed of 350 rev/min times
80 min gives 28,000 total rotations or 28,000 lines, which are spread over
(3)(6cm) = 4cm. So we have a sort of reflection diffraction grating with about
(28,000 lines)/(4 cm) = 7000 lines/cm. The distance d between lines is roughly
[ 1cm/7000 lines =~ 1.4 X 107°m = 1.4 wm. Our results in (a) and (b) agree.
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35-8 QaouaTopeTpo Kol PaocuaTOOKOTTIA

‘Eva @OONATOMETPO METPAELI PE OKPIBEIO TO
MAKOG KUMOTOG TNGS OKTIVOBOAIOG HE TNV
BonOeia rpicpuaTOC | PPAYHATOG TTEPIBAAONG

—

Source /
rating
/

[ Collimator
- 7




35-8 PACHATOMETPO KAl
DOaoUATOOKOTTIO

To MAKOG KUMOTOG ETTIAEYETAI I
TTPOOodIoPIfeTAI NE MEYAAN aKpPIfEla ATTO TNV
YWVia TOU TTPICHOTOC I} TOU PPAYMATOG:

il o O m o= 0,12, [diffraction grating,]

principal maxima



35-8 PACHATOMETPO KAl
DaoUATOOKOTTIO

ATopa Kal popia «avayvwpifovrai» atro TIG

XOPOKTNPIOTIKEG KYPOAMMES» ATTOPPOPNONG
I EKTTONTTRG!.

Atomic hydrogen

Solar absorption spectrum
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35-8 PACHATOMETPO KAl
DaoUATOOKOTTIO

To atopo Tou YOPOYyOVOU EKTTEMTTEI QWG
TO o1roio avaAvetal pe epayua 1.00 x 104
YPpOaupwv/cm. O @OCHOATOOKOTTIKEG
YPOMMES aTTO TO KEVTPO (0°) gival WP OTIg
24.2°, UTTAE OTIC 25.7°, NTTAE-TTPACIVN OTIG
29.1°, ka1 KOKKIVN oTI¢ 41.0° a1rd TO
KEVTPO. Bpeite Ta HJAKN KUMATOG AUTWYV
TWV YPOAMHWV.



APPROACH The wavelengths can be determined from the angles by using
A = (d/m)sinf where d is the spacing between slits, and m is the order of the
spectrum (Eq. 35-13).

SOLUTION Since these are the closest lines to 6 = 0°, this is the first-order
spectrum (m = 1). The slit spacing is d = 1/(1.00 X 10*em™) =1.00 X 10~ m.
The wavelength of the violet line is

00 x 1070
A= (%) sin f = (1 00 110 m) sin24.2° = 4,10 ¥ 107" m = 410 nm.

The other wavelengths are:

blue: A = (1.00 X 107°m)sin25.7° = 434 nm,
blue-green: A = (1.00 X 10™°m)sin29.1° = 486 nm,
red: A = (1.00 X 107" m)sin 41.0° = 656 nm.

NOTE In an unknown mixture of gases, these four spectral lines need to be seen
to identify that the mixture contains hydrogen.
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35-9 AlakpITIKA IkavoTnTa
OpayudaTwWy

O0o0 peyaAwvel o apIOuOC TWV YPAUMWY EVOG
PPAYHATOSG TO (POACHATOOKOTTIKO EUPOG TNG
KEVTPIKNS OKTIVOBOAIAG YiveETAl EAAXIOTO:

A
Ay =~
H S1aKpPITIKA IKOVOTNTA EVOS PPAYMATOG
opifeTal ATTO TNV EAAXIOTN O1A@OPA MAKOUG
KUMOTOG TTOU MTTOPEI VO OIOKPIVEI:

A

B e e W
AN o



35-9 AlakpITiKA IkavoTnTa
OpayudTWYV

To NATpI0 EXEI MIO XOPAKTNPIOTIKR «OITTAR
YPOMUMUN» oTa , 4, = 589.00 nm Kai 4, =
589.59 nm, Bpeite (a) TNV MEYIOTN TAEN M
TTOU B EpAVIOEl Eva PPAYHA VIO TNV
vypapun autr Tou Nartpiou (b) Ta
XOPAKTNPIOTIKA TOU @PPAYHUOATOG TTOU
QTTAITOUVTAI VIO VA OIaKPiVEI Ta SUO MAKN
KUMOTOG.



APPROACH We first find d = 1em/7500 = 1.33 X 10™°m, and then use Eq.35-13
to find m. For (b) we use Egs. 35-18 and 35-19.

SOLUTION (a) The maximum value of m at A = 589 nm, using Eq. 35-13 with
sinfl = 1,18 |
d d 133 X 10" m

— — Q1 = — = — 26.
A= TSk 0 m

so m = 2 18 the maximum order present.
(b) The resolving power needed is
A 589 nm

R = AA N 0.59 nm = 1000,

From Eq. 35-19, the total number N of lines needed for the m = 2 order 1s
N = R/m = 1000/2 = 500, so the grating need only be 500/7500cm™" =
0.0667 cm wide. A typical grating is a few centimeters wide, and so will easily
resolve the two lines,
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35-10 AkTiveg-X Kal TMepiOAaon AKTivwv-X

Ol aTTOOTACEIG METALU ATOMWYV O& KPUOTAAAIKA
TTAEYMATA €ival I0AVIKEG VIO TNV TTEPIOAACN
OKTIVWV-X




35-10 AkTiveg-X Kal lMepiOAaon AKTivwv-X

MepiOAaon pe akTiveg-X gival icwWG 0 OUCIAOTIKOTEPOG TPOTTOS avAAuong
TWV KPUOTAAAIKWY SOHWYV OXI HOVO avOopyavwy UAIKWYV aAAd Kai
BioAoyIKwV Hopiwv.

Heater
emf

Electrons

///'////\\\
/// // \\\\
7 // \\

&) @ // ® o \

Target
(anode)

\

High voltage
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35-11 NMéAwon

MpappIka NMoAwPEVO
PWG: OTav TO £TTITTEdO
TAAAVTWONG TOU
NAEKTPIKOU TTEDIOU
TTOPOUEVEI OTAOEPO O€
oxéon ME TV O1gevbuvon
01406001 TOU PWTOG.
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IHoA®won Tov POTOG

['poppikd moAwuevo @mg, Otav 1 o0evbduven TUAGVTMOGNC TOV
NAEKTPIKOV TEDIOV TOPAUEVEL GTAOEPT

= @
®
R

E:EX‘FEy /

Ex =iE,sin [2777(2 —Ct)}

Ey = jEOsin[ZTﬂ(z—ct+¢)} Xl

Copyright © 2009 Pearson Education, Inc.



— ~ . | 21 . .| 27
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Kvkhikd molouévo omg, otav 1 oevbvven TaAdvtmone Tov
NAEKTPIKOV TTEOIOV TEPLOTPEPETAL YUP® OTTO TOV ASOVOL O1AO0CTG
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IHolmTég

TpoOmol Topay®YNG YPOULUIKA TOAMUEVOV GOTOG

* Avaxioon * Auypoikoi KpOGTAALOL
* ZKédoon *AttAoOAacTIKol KPUGTOALOL
Avaxkiaon

* H avaxiopevn oéopn civan todopévny KAGETA oto eminedo npoonTmonC.

* To emimeoo mpoonTMGNS opileTon amd TNV devLBVVON TG APYIKNC OEGUNG Ko
¢ KaBETOV GTO €Minedo 6T0 oNUEIO TPOGTTWOOTC.

\\

tan QB o & ['a aépo/yoaii

['a yovieg pocntmone Brewter n, 0,~56,3°
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2 Ké0moN

To pwc¢ mov exmépnetal omo Eva deitypoa KAOETA otnv 01e08vven 010061M¢ g
aPYIKNG 0EGUNG elvar ypaupikd moAmuévo pe nodwon KAGETH otnv otevbouvon

O18000™M G TNG APYIKNG OECUNG XA
\zk‘
\4 Z

['vopilovpe OTL Y100 LOVOPOTOVIKEC LETOMTMOGELS TO VOV Twv MAII yivouevo apytkng
KOl TEAIKNG Kvpoatosvvaptnong npénet vo mepEyel MAII mov va wepiéyovv 10 X, Y,
Z. Ed&v n 01400061 t0v mT¢ €ivot 0 Z, T0TE HOVO HETANTOGELC X, Y Oa emtpémovtal
(E,=0). T exkmopmn katd prkog tov dfova X, E4=0 ka1 emropévog 1o pog eivar Y-
TOAMULEVO Ko avtioToya  kotd pnkog tov déova Y, Ey=0 kot emopévmg 10 pog eivar
X-TOA®MUEVO KO avTioTOTYO!
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Aypoikot Kpvotairon

KpbOotaAlot Tov amoppo@odv gm¢g GUYKEKPIUEVNS TOAMGONG, ONA, EMITPETOVTOL
LETATTAOOELS LOVO He Y 1 X TOA®UEVO PG,

5 ze

AvaAroyo pe 1o edv Bewpnoovpe Eva TAEYLO LE KATAKOPLOOL Oy DY LLOL
Kadmowa yoAkov . H méAmon tov potoc mov exnéuneton eivan KAGETH ota
KOA®OL O10TL 1| GAAN CLUVICTOGCO OTTOPPOPATOL

%
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Awtho0ractikol Kpvotailon
Kpiotairot mov otaywpilovy yoptkd tnv Y moAmuévn Kol X-toA®UEVN GUVIGTWOGEC.
N

) $.8.00

BAénovpue 60T1 | X-moA®UEVT GLVIGTOGO LETOTOTTICETOL QItd TNV aPYIKT] d1evBvvon NG
oéoung (extraordinary) evo n Y-moA®pévn cuviotdoo dev HetaaAleTa.

Ipiopoata Glan Laser

A [TeprotpéPovtag T0 KPUGTAAAD YOP®
® and Tov déova Z, aAldlel Kol 1) TOA®ON
NG OEGUNG TOV EKTEUTETOL.
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Kvkka ITolopévo ®og

['a va TapayBel KokMKd TOA®OUEVO PMC amd YPOUUIKA TTOA®UEVO, YV®PIlovue OTL
mpEmeL 01 600 cuvictoeg (B, M E,) tov nhektpicod nediov va £xovv dlapopd

pacewg m/2. Tovto emttvyydvetal pue ta Aeyoueva A/4 waveplates.

M4 A2
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1a0IC 8.9 G)Z)C_ ERIOHIVO Ur U HTVAL VIATENIALY

Useful Transmission Range

. ( 2 10% transmission) Index of Refraction Knoop Melting Point
terial in 2-mm Thickness [ wavelength (wm) in parentheses] Hardness (°C)
LiF 0.104-7 1.60(0.125), 1.34(4.3) 100 870
MgF, 0.1216-9.7 n, = 13777, n, = 1.38950(0.589)’ 415 1396
CaF, 0.125-12 1.47635(0.2288), 1.30736(9.724) 158 1360
BaF, 0.1345-15 1.51217(0.3652), 1.39636(10.346) 85 1280
Sapphire (Al,0;) 0.15-6.3 n, = 1 836(0.26520), n, = 15864(5.57T))  1525-2000° 240 £ 10

n, slightly less than n,
Fused silica (5i0,) 0.165-4¢ 1.54715(0.20254), 1.40601(3.5) 615 1600
Pyrex 7740 0.3-27 1.474(0.580), = 1.5(22) = 600 820%
Vycor 7913 026-27 1.458(0.589) - 1200
AsyS, 0.6-0.13 2.84(1.0), 2.4(8) 109 300
RIR 2 =04~-4.7 175(22) = 600 =000
RIR 20 =04-55 1.82(2.2) 2 760
NaF 0.13-12 1.303(0.185), 0.24(24) 60 980
RIR 12 =04-57 1.62(2.9) 504 = 900
Mg0 0.25-8.5 L7120) 692 2800
Acrylic 0.340-16 1.5066(0.4101), 1.4892(0.6563) - Distorts at 72
Silver chloride (AgCl) 0.4-32 2.134(0.43), 1.90149(20.5) 95 45
Silver bromide (Aghr) 0.45-42 2.313(0.496), 2.2318(0.671) 295 432
Kel-F 0.34-38 - = -
Diamond (type LIA) 0.23-200+ 2.7151(0.2265), 2.4237(0.5461) 5700-10,400¢ -
NaCl 0.21-25.. 1.86332(0.185), 1.3403(22.3) 18 803
KBr 0.205-25 1.55995(0.538), 1.46324(25.14) 7 730
KCl 0.18-30 1.78373(0.19), 1.3632(23) - 716
CsCl 0.19- = 30 1.5226(0.226), 1,6440(0.538) - 646
CsBr 0.21-50 1.75118(0.365), 2.55090(39.22) 195 636
KI 0.25-40 2,0548(0.248), 1.6381(1.083) 5 ™
sl 0.235-60 1.98704(0.297), 1.61925(33.12) - 621
5eTi0, 04-74 2.93(2.9), 2.19(4.3) 620 2080
SFy 0.13-14 1.438(0.538) 130 1430
Rutile (Ti0,) 0.4-7 n, = 25(10),n, = 27(1.0) 850 1825
Thallium bromide (T1Br) 0.45-45 2.652(0.436), 2.3(0.73) 12 460
Thallium bromoiodide (KRS-5) 0.56-60 2.62738(0.577), 2.21721(39.38) 10 445
Thallium chlorobromide (KRS-6) 0.4-32 9.3367(0.589), 2.0752(24) 39 4235
ZnSe 0.5-22 240(10.6) 150 -
Trtean 2 (Z05) 0.6-156 2.06(2.2), 2.25(4.3) 354 800
Si L1-13* 3425.0) 1150 1420
Ge 1.85-30¢ 4025(4:0), 4.002(12.0) 692 036
Cals 1-15 35(1.0), 3. 135(10.6) 750 . 1238
CdTe 09-16 9 83(1.0), 267(10.6) 45 1043
Te 38-8+ n, = 6.37(4.3), n, = 4934.3)" - 430
CaCOy 025-3 n, = L90284(0.200), n, = 1.57796(0.198)" - -

n, = L6209%2.172), n, = 147392(3.324) 135 844"
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2ovemce Inyés Pmtog

Méhov Zouo

TABLE 42
Common continuum sources
Window or Apprieimate
envelope Wirvelength spectral radiame
 Type Radiating material material range {Wem=—pm=tgr 1)
Neznst Rod of zirgomia, Nune (hd-20 wm -+
dlower yiiria, of thoma at
12002000 K
Glabar Raod of sHicon MNong 1-40 um 10
carbide at 1300-
1500 K
Tungsten Tungsten flament at (ilass FUh-2500} nm -1t
20003000 K
Quartz-indine Tuagsten filament Oares 20-3000 nm 5w 107
(T = 3600 K)
Hydrogen o Are discharge jn a Chirelz 130-370 nm 5wt
denterium [ew torr of Hy ar '
0. '
Xenon e Arc discharpe in Quartz 00« LKN nm 1!
>l am Xe

*Values ate towgh approximations al specific wavelengehs: for Nermst glower and ghobar, & = 10 i for lungstem, b o 500 nes for quarts
odint: with fodise scavenger, b - 400 nm for Hy, A = 250 am; for Xe arc, b — 506} e (75-W lamp).
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Aoumntnpec aepiwv

AoumTpEC
Tocov

IRRADIANCE AT 0.5 m (mW m nm ')

INSTRUMENTS

L 1
1000 1500

WAVELEMGTH (nm)

6332
S0WQTH
;SHORT FILAMENT

-
o

AoUmTPEC
W-AAloyovovu

IRRADIANCE AT 0.5 m (mW m~“nm-)

1000 1500 2400
WAVELENGTH (nm)

http://www.oriel.com/netcat/\Volumelll/Descrippage/lamps.htm

Copyright © 2009 Pearson Education, Inc.



