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Jrlailes die dogpall jalg Il Lo gamd ddoall o)l ousos
oWy crefraction Jlawsxi¥y (diffraction sgu\g cinterference
S¥alas pub il Sle palglall sha pves ywdh o Liicaasg creflection
oA iuice ¥ alall oiia & 3f 184 all Maxwell's equations Js gwulols
.wave property s guall ias ol Lo sl yulod

Jie e 5l 9o sl T Gle s 65T alsds Wlin T Y]
specified 453ls Lgia (<o cllias stream of particles olar st (s
wave- ¢ gunll LAY 5,00 ola o) .momentum 4 Lol da e g energy
o Lol et dndad e ol aggall J) als| «particle duality
modern ool e Lyaall ol GuloY) J£= &5 special relativity theory
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s Einestein's Proposal (yddid) ¢ g y&ia15-2

¢ guall olow Jon 51 de gydia ar il jugdll Abyjadll aud o3l

Leale 3dbi cdiscret bundels islaiia oy LgEalial Lolass ) glay (g0

Laall D3| ymal o a1905 alall 2l (light quanta s goall cilass

g~ guis g pgnti— daadl s pallall o alall jiwdill (o yied colss A

Max <L jusola (g yall L_,JLLSH igydaitl cbyuall @lle 3 y5as dalustiuly
il g puadn U i3 Lgiis yo g « Plank

il J] dans c‘;\.bg.a&.“ ;}.«AJ‘MJ}.&M?&WU!
Lgia ualgll cllias photons csligssall ¥ dreat e g7 5 guiall ilass o

:Léj\.uﬁ (i
E=hf (obiggall dlk)  (15-1)
10 S

Abgaall i gll 33,3 pe 3)kue 98:(f)
tH] sbew g cagpall Db ol 9o i (h)
h=6.63x107"Js (eldb cols Hluze)  (15-2)
h=4.14x107" eV.s
Loje cllias Lo g coum 28U oiia cllies ¥ s gl (y539al) oof Les
et g all oMl aluseicls o3l (e <linear momentum L_Ja.:.
@l aye oo relativistic relationship il L il aggda (329 dasys
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E'=(pc)’ +(mc) (15-3)
Or9i9all Lgy sl yoy Al de ol oy cogiall Aoy oo (€) Of o
;A S il S Ja35 (3-15) Aolalf Gl auss Le e 4Liyg
E =(pc)’
E=(pc)
03339 o oll adslo e s dai 5 g guiall Ao i Lo oLa LIST Y]
(1-15) LIskadl alaseialyg 18 IS oe 053] (€ = Af) 5yug-ddl LMLy

:OF de
hf=paif
:OT L_gi
h
p=— (Os89all Aadl a3all)  (15-4)

Jodall J13 (4) of Cm c0539all Aasdl ajall e yias Uslell s2ay
orihalalf ¢ye M s Jal o uang «Lia s MU jpiadly ¢ ol
O935al aje Ol 033,53 e kS (559alt A8l (T o (4-15)9 (1-15)
s g conlmll cols o usd culladi s 29 ¢ gl dlgls e ol
.Plank constant s13X
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97T 32,5 o gl Jodadh AWy IS S5 e did puad (01 dudh Bl 2
Jont T Jal el plinyf Cougag . Lae Lgnen 2805uall cliaganll gy
Glolia ygi¥ 13U yuslie cldass sl 03500 of dad S (15-1)
arall sl 6T Ll (oo ctlifingy Lo ¢ uunloliing pgall Caall
(4-15) Wslal) alusrody

Jesl @ SO dais iU Hlaid Lpalall Laidll o I any

Oy 43yt
cadalt Glolie
reasloliig g eI gl Jstatl 33581 Ogigalt aBls
Region of the Elec- Wavelength Frequency (HZ ) Photon Energy
tomagetic spectrum
ale Zail 50 fm 6 x 107 25 MeV
X e 50 pm 6 x 10" 25 keV
Loeaidl Gg8 ias 100 nm 3x10"” 12eV
5,4 550 nm 5x10" 2eV
OV EWR S 994 ] 10 pm 3x10" 120 meV
Gaal sl Icm 3x10" 120 pev
Ll LY 1km 3x10° 1.2 nev
(15-1) Jgumntt

Glas sty B gt J1glo¥ oy
electromagnetic spectrum (pudoliaeg g3 cadall Glolia gl Dligisd A8l atisny
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Example (15-1) Jlia

sodium vapor lamp a g:39—all HL 4 sl Huall O cale 13]
(A =389 nm ) Goluw Jskay Ulad Lbguo> Sl o jubsay

asa3guall Lhgunll i pall 120111 clig3patl Dl lude Lol s
NLAPEITYwt=—1)"{ PR-OMb-9

:Solution I
c
E=hf=h—
r15)

=(4.14x107 eV .s5) (3x10°m/s)

(589x10™° m)

=211eV

Example (15-2) e

¢ gbia yuaic 3|4l radioactive decay oelad¥l Mol Ldee S
Ol Jaod Lgiligigs ol 13 « Gamma ray Lald 2o Lgic Eauds
(1.35MeV ) La,luza

e JSo Hlude L...L.» A gl

Soligisall oiyd 381501 o sll Jskatl -1

Saligisall ola dsalicl (il momentum Il ajall -2

781



Ayl Ay lath oy 5ud

:Solution |>J|
-1

f W E
_ (4.14x107"7 eV.5)(3x10° m/s)
(1.35x10° eV )

=9.2x107" m =920 fm

c hc_hc

h hf E
2 Af ¢
E=(135MeV)=135x10°eV
(1.35x10°eV )
T (leV)
=216x10"J.
(2.16 %1072 J)
T (3x10°m/s)

= 7.2x10-”(-k—gﬂ)
N

x(1.6x107" J)

1 Photoelectric Effect gy (3 yatladt ) ypaliti15-3

dasd La e JUin s ceimall alall Lnpucainy 5y allall ia a3

1 o el ¢clighpall e s Lo garma dalgd s gaiall Oof 00 pa% et

cifguall il depdal (rEGT jeed andiad @f Lo dlagicd i ;3

ultraviolet iy uiaid) 352 10 i3 g visible iyl LY ya Jo ahie 2
Aaldl 5 yallall s34 &igus adlate Loaylely
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AU ol e Loy wds oo Smen Al LSLAN L8631 (0 alarm systems
2 i yalhll ol Lia w st e wo¥ g photo electric effect TPy VI=N]
Doall Sl gyieally gl alighpdll o polasd e 55 o Lgian Sl
(15-1) Jemadl il LIl paaidl

lt——this

(15-1) gsan
e oLl igualt plaid! Lo yglang duigudg reSH 5 yallalt duwlydt aubnics 53¢ Y1 ol
e Sald day 58 (€) ulS e Ddgualt Dlig SSIFY aread Aoy (315 @3 «(P) gl
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pems s J] 4T il Lgia L 33 amd) il gyaentyl &slag!
s (V) oyloiia Laghss conlin g 38ty o (C) ligasaly)
L\_;.éf:. (A4) il ulibe yre ya3 @5 photoelectrons oL gyasntl ooa
dic i (15-2) Jes il y Il (V) Al ugadl 352 O «Laygye e
sadslally

V=Vet + Vepa (15-5)

Ly (15-1) Jm 201 2 onll eyl 5513 JiaS ( Ve ) 0 n
(C) @iyt pemay (P) i plll oo Jluai¥ uga @50 (Vopa) Joaz
.contact potential difference yializa (nisks (ye (e givas Loajlaels

o il y)n 2 uludll 53 gai lgle o3 vl sl aglall o)
(15-2) Yo Lgien «aypaidl ol M5 e Lgale Juasn all g 3 allall

ikl

V sexdl 3,2
(15-2) gsas
(15-1) U 2 domiagll ubudil gt (po G395 L1 Zsaliadi) Cilaglat) gy
Salsg (V) dganll gl (i) dulgaalt Cilig SSINI (e guilidt 5Lt (15-2) UK 2 gl
s (e 0 Jglatly (;S39 alisns 3pLidf (o5l (igud (ppeladdd
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LAY uga e ijlue g o (V,) S all 1aa 2 ol ugadl o)
obigyueat¥l cal iy a3l ugadl 3,28 e 5 )lic 924 Stopping potential
ois wie yaiall Ugluse g apesatl SLall Jam Los daycall gl
Olatl by @ls g et L st L8Lal| Hlude sloy| Liieaasg ¢ Lauall
rddslall ag Al

Kn=evV, (15-6)

e weiad ¥ s podl Ballall la (15-2) Jemiall e das Dl Lasay
Hling (BLaY! wga Lle ueiad (b cdadlol gl gl &ll 5elis] sl
2 dadl ol pla sl 33y3 (7)) LAY dga A8e (3 5yl o bl 5

Lig—ogpesall i yal Ll L alall da da i e ono il pmng uat
:93311 =il e principle of conservation of energy

hf=¢+K, (i guds g pg=all 5 yallat] Usles) (15-7)

($) c0s5dll 3l iye 35lie 5a (h f) Sl ol bais g pea T o
impiall ielial ausicll guesdll work function Ja il 315 e 35lue g
1ol ool a9 «(P)

Kn=hf-¢ (15-8)

el o AN G palll i ol LB e 5yl e (K
Lgsatigd o Lall cligneat)
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sy 31 sl Jolally (V) ChLasYl sgn i33ke o Le: 81 Jipaally
S il zollf e Aablodl igfsunll iasyl

s Linas 15) Lagd Lgan il oy € JU3—all 1a e il W1 0
A gl e (15-6)5 (15-8) cidlat] cra Ldlasadl] alsasall il g

K, =V,e
(hf—¢)=V,e

)2

A g 531 (a8 (f) 33,3015 (V) BN s o B o 1
sl s 2 (h) ol cansls sloul Liisaayg linear relationship
:L_,SSN sl e (15-2)4 (15-1)

AV,

h= =6.6x107J.s
Af

2 il Lsts gslow (AV,) LAY g 2 5l of sl ag
(h) LB cols Jlute 2 Lgycas ddadlodl ifguall daoll 33,5

Example (15-3) Jlis

Ggd joian e (7=3.5m) Bobws day cagualipdl Guars oo 7]

RPN PRI TP RN Lolaus asgl (p = 1.5 W) 45,03
dia Soas e g (1.8 V) Golmy BB (ra Jlihe oiiimy 5a]
Llae oL €bllo Lo Jumm 3 3Ea¥1 O olyaly «Aisaall ligyrenty)
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gaall eludl) : jde Gualdd) Suaid)

Layhd o aizg Ul ad )il il e @ Lbg call a3V Jlan
(53x10"m)
:Solution I\
1 Agaall plad Alanall iaall 7ol ¢e G Sl oLt
A=314(53x10"m)* =88 x107" m?
168 Sgaall plad¥l sud e
P L5W

dnd®  4r(3.5m)?
=9.7x107° W /m?

I =

60 dmgduall play e Bausdl Ll poe 23U alolas L Lol
R=I4=(97x10°W/m’) (88 x107%' m?)
=85x102w
r}zu.ut:!j.l.” OJaa C)“U“' yalad il L;g‘g\.u.ﬂ (4) éo
: 940 Cagllall 3l Laf
. 1.8¢eV 1.6x1077°J Imin
8.5x107% Js leV 60s

=56 min

Example (15-4) Jlia

FH9—all Husasll o g U Jotall o 53l (15-3) Galowdl JLELI 2
(1 em’) alus Sguall plad¥ly 5,50l Ll y « (589 nm ) S 9bey
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Apaal] el e pulaad Sl ciligigdll sue L Ll sy
:Solution >l
: oLl JULY cyn

leV
I=(9.7x10W/m’ )| —————
(9.7 )( 1.6x10°7 J J

=6.1x10"% eV /m’s
1 abes Ut o2 2 us ol (5354l Bl o

E=hf=—}j—1—c—=2.11eV

Touall doegaially audaiad Gl @lisigall Lead OF wad i3 le slisg
1§ gbedd

R=(6.1x10 ev /m? 5)| 219" (10 m? )
211eV

=2.9x 10" photons /s

: Compton Effect 3iunsS (3l ) y3l515-4

rlot e cnules Yliag Lodgad S5 Gl (6,331 5 pallall 8 000a
Ol «the quantum theory of light (il lgaus g Sl 5 gunall dpasall &y daill
Lo oo Lulee SLts coadd Leil 2 ¢patin 3y pall dyymnill o3 a Lyeal
Y1 oyl @uds D (e by cpguall e a3 Al iligisall sgag
T s« ladl (5igall momentum a5e g energy Bl (e J<= 3529 sle
s el Ll jalai o J) 8L o) x-ray du—wdl La &Y L Ghaie Jodo
el ol oa 2 Luom el 350 dakailly iyl ABLaill (ESgun g pgSsll
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(15-3) Jem &l I8 cial 31 5 pallall o3a Jom copdl 22l

1=
abadid! gl
(15-3) gsa

40@3&“4&Ligwlgﬁ3ﬂl
(T) ugh (e TOLNN RalsW) Jglog 5 (o Yo ubidy plE Cup

plall 2 5tiagSe da s g (I Cniyill eits o (15-3) Joiall o
(A) Sobuss o> 50 Jodos (X—ray ) e 80 &1 Arthur  Compton 1923
ndall 2 a¥ s s Gulids pieggo al® uEl ((T) Gou Ml e dad o
Jsdall pliss wlidg «Budly il 2a Y aluda sl uay scattered x-ray
e dadladl Laa¥1 O e 2,01 ey (Batalag 5yliie cilaladl 2 gl
s ondslo UGS AT LN T W] (Tusty L e Fglo elle (ot
0953 Gty (A1) Jslall pn 53915 (A) daBloadl 2a ) o 38155 Losu]
O sagE Jomi e (Slg (A A) Hludey (1) oagll Joall (e jussl
e Tl L i o gl o gty puits ity Jgill 19 Compton shift

(15-4) Yz ddl Jlait o (T) Cau !
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(15-4) ysas
Lilg) gy scattering angle ( $) CBAN (ubad dagly ysis (A2) Ogipagio Jood SIS (2
(@) coscd) Aagly sLazyls Majs (A A) HIaGl o dasSlag (05 455 905 135°) dalisea
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s Sy ¥ (15-4) Jem il 2 3l (A) cadall isge ded o)
e s Bl e Uadlodl L ll Za 831 daga o Lipdel 13f Lalies
J> iy cnial s of b wave model wSLall gy oill 3oy Longe
236 Il SUganlyl o) egall s usiiy Con ¢ Loasall idguall il
o3 o g (f) Aadlaadl Ln gl 33y (ot by un (T) o)l 2
ot L Lol 4 s Ll ol bl cowes 30 oscillations 13\ ;a¥!
Slasll udse 2 Jlw)¥ Homma Jor 53gll L5l yesatl cilin A
33T by dde saalie il o gl ol s Eaddi G L cundoling g gt
x5 Joo 3 yrghl ol il

3358 @l Lt aSmn o g ZE0l) Lajadl ol ka1 10a e g
Bl 18 guall Lajadls Label (1) skl Jolall ity (f)

T R A Lol LI v =P SUNCND JURRVASENT
(p=h/4) Jaxl Lgase g (E = hf) BUaN ol L3 g3pdy adleat] insdl
Luad 2 Lalal Jraomy Lo Jams® Coutgll 5y ol ilig ity pula o
pobuaill aundey (0 (9353l o) Es ¢ billiard ball-like collisions g\t
s ey casloadll Jud 4Bl lude e J37 Laylida (E) &3l cod
Slada yaly ¢polatll 43 adle 5 Las JBT (1) Linal 033,53 ylude o5&y
Loty polaaill 13 o gl adsle lGia e peol (A') gl ol disla
Osigall Bl a s3> e p3liatl] Lles 2 LA ()3 3EtY] Juamy

dado Tucpe Burdal (e o W asbeatll sy (9,3t B3l e uyll Lo 5aly
Le L youd @ Lo alall 1s 2 Jlondl desdas 8 ¥ Le Lirag cale a3LLl1

791 se e



Al Ay ash o1y 3udd

coaall ogyreatyl of ety il Lyyladll e 2l cilesbuaill oda 2. Sius

Yy
ML O el
e vav, o X
1 v=_0
‘s.\haﬁl S
y
Ogise T
-~ % < Z
\9 *
pabeaztl s

e gia ciit (15-5) Jsat
O EmIM Tty yyinastn 3ol (e Bllall dads Tuge Gaslad 0]
e Lol gyl aggia e bl > psboaill Tules 2 1;Lad)
PR

E=mc’ +K’ siadent! Bl
E=hf :Ogigall i3l
E'=hf' readall oeisall Blb
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Zyaal) el 1 Ll ualdd) Juadll

K2 = e iasbianl] iy Gyl (gyiealy 3L

RISTEURS LY POE SIS SIS oo cadall ae et Lallall 3]
recoiling electron aslaill das ¢yayiEatI iusm ol aUall 1513 il

hf=hf'+mc’ ——1———1
v
c2
1ol Lag
d - <
f= ) : f T
%)
L L (15-9)

(O9iaagEn i yal ls 2 LBUAN da as Lisles o (15-9) Lalall &)
poleatll uayy Jud Aadt ajall dada Tuse oli 13ke ¢ ¥ g dall Jlseully

Sconservation of momentum

pre el (P =h/2) J| ol paleaill 43 Llasll oyg3pall a3 oo
) Gglensd Lupaaidl o, laill Lag asliaill aas g i€ty
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pm=—— (15-10)

e Juamil ¢ psbuaill das (15-5) JEaidl s ¢y p5all cilgaia diams

(b e
x-componets il Oliss Ll
—h———h—cos¢+ cos 6 (15-11)
A A P
y-compnent Lsball ol |
h . .
=7szn¢~pszn9 (15-12)

Legialid o (6, 0) Oxlagl 3l (ot Sim T o531 s
e Wllg (A2) oyisayien bl ool shan] Jgadl (s 2113 snsLugyod
1Y) geeil!
e sylae ooy () clilly (15-12) 5 (15-11) cnadsboall qayia -1
T sl e T a Laglifn aged @ ¢ gull de s
pccos @=hf—hf'cos ¢
pc sin @=hf'sin ¢
: AT il e Logaaaig caalalall onile 2050 2oy 3 -2
P =(hf)-2(hf)(hf')cosp+(hf') (15-13)
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Byaadl ol 5dd 1 de Guadl Juadl)

: M (§5bead T TBUAN o Ll aglall (o
E=mc’+K
E=mc’+p°c’
107 wad catlalall ola (e
(K+mc? ) =K +2Kkmc® +m’ ' =m? ¢’ +p2c2
prPé=K+2mdlK
K=hf-hf
PE=(hf)2(hf)(hf)+(hf) +2mc (hf-hf) (I-cos $)
(15-14)
I G55 ally (15-13) Uskally (15-14) slall gt dan 3L
2mc (hf-hf)=2(hf)(hf)(1-cos §)
(Af=¢) G§Telts (332 M o Yoy g U o Lall alin by

ol aa (A 7f =)y

me (f f )= S T (1-cosg) (15-15)
h c c c c
mc _I__Lj_ (1-cos¢)
h A A AR
mc ( A=A\ _ (I-cosg)
h AL AL
Ty
M=2-A=—"(1-cosg) (15-16)
mc
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Slaall ¥y (4 4) ooayio bl yoil e e ! Lslall
e Byl o (hm, ) pe JEog OsT5al) ads Lyl alad o (cos 4)
Lygl 31 iy oof 61 ¢elidy coalh e ogpigalyl Lbids ¢pguall deyus calsh
OgagEs H5l A8 yel 455 (9)

s gy i ¥l Ul 2 M ualall sita e sLidn ¥l Liidmayy
Ity Kag yall Lo yuslies aagastl

R 243%10" m=243pm

mc

Compton wave (ysiassal sl Jslall o (2.43 pm ) 510Gl ol
Iycads eat® o < isalall 5 pallall oia iseal Ll ity Lis cpa < length
Ugone LT ] Tolin] (gl da bl Jgo coidii] Il L il Lniomio
iV e Lol dplolize g ygeal cabiadlly o Lo s yalls e
Lald Rl e Ty ¢ Lulall (gl (VLM ol e 2 Lgsill duylyandl
e ladl oia e s gl x-ray S| dadly pray

SS9t LS| ) 53355yt LA Lrcudalitag ygenll culuall ol
35t Uae el @i 133 ¢ gy ¥ gedacs ] Wl gamg JLo 2 5Ly pnt
.«::Lc\.-.fu?‘ PRV

Example (15-5) Jtw

. %ew

o luda g Joday (g0l puaie G XTaY HusS) Lafeads
Lyt 3 Lyghpa bty (56 KeV) cyp39all L3l L &g (A =22pm)
adlolf plesd) uilly (4= 85°)
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Byaal) gl sl 1 ode Gualddl Juadl

e 5lde Lol
(A A) Hgiragss Bl yoil -1
iligigall adzate ol Bl luze -2
:Solution >l
1] alew giasss Bl ol T Lt aglall ¢y -1
Al=—11—(1—cos¢)
mc

_ (6.63x107* Js)(1-cos 85°)
(9.11x107 kg )(3x10°m/s)

=221x10"" m=2.21pm

(243x10™° m ) Ll g 9Tmassat 2 sl Jolall aluieinl (e

797

:‘?3:}“ o=l e ety ALl sia 2_ ¢y 5iassn (Bl poil sl
AA=(243x10"m) (1-0.037)=2.21 Pm
(F9¥ sladtl 2 Laude Lilias Al il cld ag
:0e 3yle g Bl e sgaal) o 3adl -2
E-E W -h" (c/A)—(c/N)

Jrac=—% Hf (c/ 1)
A=A A M
2 A A+ A
2.21Pm
frac=
22Pm+2.21 Pm
= 0.091 = 9.1%
(M-A=A4 = A'=A+44) ST



Al Ay latt oy a0

1 Plank’s Constant &3% Sl315-5

pesiild B Il i a1 G Sl Lyl
daddl cl gl e 5 yslalt Loyl podl LaiDU S (A1) g yall el
| kel sl | Aol ) daally Z_’e;...l.b cavity radiation

Y1 Alally Lgie yand Gally gl

S(A)= —2—”;—4”— (15-17)

S (poguand! g Laintie cilss il Lubeall aluliall e 343

0igs oLl 9ilall aiis g (e 01900 alall 2 Plank 3L @Il &ad oo

psen ey cileal] loliall ren po Lalal Ladie gl gl «ieal
L0V Ll Alslally 3 yally o gl Jolo¥

2rnc’h 1
PE e(he/AkT) _ g

S(A)= (15-18)

IO e illyg () calil) jlade aaasd Hf Juo s LDk @llall O]
il of g ladd Ltk o5ils Lgdde 3llay ally « (15-18) Dolall aluiie
oyl aia Liau® )Ty e g1y ol 3 ke LISk @ILall @l Sy ()
(15-2) Wslall 2 Juadll 1 2 gauall
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