Lechuve (4 Chapln 3% !

O{w:hmFum P hys jcs

Phelens, Elechons and Afoms

Wor of Marwell) Herhy cnet 0lliews eslblished Mhaf Gght Lo
an elethvmognene wave. Wave nerre o) Light 1 alse eviclenced by
v I‘hkv,’"aem& i cii'f’frachw and pr[@z; jﬂhm Phcwa“mmd- ioweverz l.gfygugn £ro-
Shidico e € ié’a;;cm, QLJ‘EC'YPH(% anel Stfff'vfwf—t"zfﬂ‘ngf c?f C’t’jfr”‘* e bees
fo invoke (I Pé{h,h@[@ nehere, albeit massless, &F Ligit. The encngy
(j} efec%)’am(xgﬂah‘c wave i, G i fipd onel ir 2mi Nedd oy ?’Zbgcﬁ"‘jﬂc‘?{.
(n Penticle Like packages oy olefinife encgy Ol phofons. The
gy o} a simgle phein b proportional fe W fréguered
It Yad iahim '

In Iiis Chaphe we wr i shusly crlin phenomesac Miolving
elechomagnebc waves which can be explained on I basis
OF [ quantum makoe &) Light .

E)icaokbadq Racliahon ( s5eckhom 3%-5)

An abject evnils yadiabon enengy ok any {empé-’?ﬁf?“t‘f
Which we call [Feaped Yyactiakion, A The lemporature & (neveased
boclies slart ko gl ved and ab hightr kemperatures colors change
and  finally become white. Theamad vacliabion consists & &
Confnigin dishibukien of waeleuglb s oo all /3@47*’”5' s
[T afﬁc‘m””ﬁf’fﬁﬁc SPc.ch,(m. ‘

The classiwd Wiew Rk [hovmal yadiakion s ceuset
EMC@[(;%M Changeel f:’ml-:t{gﬁ 0 rof a,det[‘m{{ fo %D[afh
RV erungy  cluibulion coming ouk of a biackiody- #
blackbody (s an jdeal objeck which absorbs all Yadiation
\cﬁu“"‘ﬁ on k. [ U alse (Re best possible emiHor )




2

el éch@mg,uyne/h.: yacliakion o any ea w/e@fﬁ . A close ppro,%'fma/fcm

of & blacklody i a box cwith a symall hole (n T E_‘M
CAPTU met L

. Tl"fff‘ inleusthy of [Re ryacialm coming ouk Jy a
b'(a.clz;badg depeieds on [Fe fﬁi/}ﬂp_yzaf—uye an el an |
e wavelengh showrn in i Fguve . 10 (10 Wi
Two ,[tiﬂfuveg SF [t blackbody vacliohm 4| P
L moleworhy -
{1 The fof=d fmliew;‘i}g L emyled ok
absolude lemperachuve T & given by

[T 51’-&{%!4 - Bolboreann (aw

4 0
I = oc7 Ao X (um)
‘ , ; v T Dashed blue lines are values of A, in
w L"ULQ S U comsfent kh Eq. (38.30) for each temperature.
Skefan - Bel homann constant and 1o §lvenan
S = 5.ty x0T W __
mh KY

Exampie; If iempe}*za/wu L9 (hRecesee biy CLfCiCéErO{: 2., Whaf
il be (& (wiwas v infeusiby ? '

L= 007 3,-c(21) = teop=lely

i - t ¥,= Yo -

2y The peak an@/ﬁP’iﬁﬁ'\ Shiffs ko shevive wrvelenglh el

InVuase of feimpenatune ( Wiews displacement leeeo )
B

/\max T = 2-898 xio” ~m- K

Eﬂamp/e; If /1m: 700 M, tohat s T [4
T= ZEIENGI e

) FXlp~FMm ok
o

Classicad  [Reovy of blackpody radiafron as wavied é‘%f" by
Varzioms cudtiors ( Rayle (9l , Tecws) Conld not explain bt
Waveleug/t olependuce } (e whole bladcbody mdxu/";bg
SRechum ; allhough U waen sSucassfud in €xp@ining
(ong wavelewglh pevet . Their fhedvy bascd om (T eneryy £}



Mhe Mormed moedes o (T yadicahion fretd dfF RT gave 5
T(./\) = z,n C\f: T )[/OL\.,U)—?. K "0 flw Bol%y’r)avm conshant -

%
‘Ai}“howjh (s Ihéery Ccovrecfly explalns the lomg coavelenglh behavior
Dl o (o0 o velengit U4 goo fo Infinihg whith ohvicwoly ©

WYng aud v knewm an Lo - widvaviolet cafashzphe.

irp} .
Clanck apel the Quanitum Hypothesis. (1900

To @ePia(n T black boety yaceliaHaon SPU«{Num Plancl
AoSument Motk T 0scillalovs which give owl The elecomagnetic
Uaves Can emit vadiabon of quanhzca or discrele @Y He
Siggesfed Thak [T 2nehgy J.} an oscilladay Vi']o'fOHWQ wilE & ]YQZ'M%]
£ could = have omly cnfain velues egiud o

Epn=mh¥ \ whene m=a,1,2,3- colledd a guentum
Nuimben and b b o Comstant (Fak beas Pland's 747

By tsing [his expression , Planck codl eelafed The [mleasihg |
d’éh’)bﬂuf‘;d\f) of [k noclialion o e glven ﬁemperzafwi@ aSSu;/:;/;?g
Magwett- Bolbmann dishbution of (fe ene7¥ fevels ceewt O

U o be . 2 = M
Loy = ’:ﬁ—hﬁ—[“'_*’/ T
A5 (ehC[ART 1)
Anek goool agveement wWao ﬁ:wnd wrlh A

CApen et olata f ome assumed (W s
Planck constant as  h= 62 Lxig o5 =t BExIOTIT VS

: \ 7 {qC { - . i’,c
Fov lange AT e INeT_y o~ (e /\;\chh _i= ke

= Itny = zn)\cu'zT ) Ragleigh-TJeans formula (C&@Cﬁ&)

_ k= /
For  small A TN = QT“[A.;C e—hﬂ//\lqgo ar A=0
Plav\')ck’s pewldan modet vegancling (e qhanfized enexpg of
Yadialion Seemed o cavk. " ) - he
BY maximizing [ (- ¢. fakhg aﬁ;f_(,)/:o,cdw(afe An = ae
\ J AX o ApTe const (Wiensdispl
By ihkegrabng T(A) one gebs (Bled fqr\HMSﬂg .m B taw)
L= [Enydn = 22kE 7t o g 19 (Skfan-belpann lac)
i5¢*h3



The Phobelechic Effect ( Sechon 3¢2)

4
TF weo discoyiect by Hb‘lfé in lyg7 (hatl when

A €icchramcxgw¢h‘c toaves ot [ncident on a mefal suyfac
dﬂi‘% :
m o

U can emit eledvons. TS & Knpwm as e Phol-oelec}ffc
effeck and The emiHed elechans ane ealled pholoelechens.
The moden day ap’xmahw fov e photoelechrc ehﬁfuﬁ; o shozn

here. When |1 GLPPL%MLF(AA s clanl, e £
o elechm emission aud hewce e ceoreat.

e e
When I elechpmagnebe coave @ (neldeant l% o
on M COL['U\OG(E) QA CUyrenh Slevets Fo , lishe \é - .
Hao Provides Ik freguemty Sy [ B
elechomagnetic cave iy gvester thtn ey
a Wveshe(d freguency . For pesifive 4 :
Valies of Vuo The Gvyent muaeases “’é

., . . Lbi . i

bk “ob alains a saturaled value

£ :\/AC

(b) Overhead view with E field roversed. Even

It [Re polanily & changed, Ihak

wrea the digection of E (ield is reversed so that
the electric-field foroe points awsy from the
anode, blxscimns stilt reach: the anode ...
. i . Anode Z"‘.
b Vac 15 megahve e cuvyenf AToE) e
reversed potential
d&CYm as Shoon - Oh/g lhose 1

elechons which have enough Kinehe
Ehengy fo overceme [fie Q’J&gc‘th e s
Polewhal envgy €| V| will bt

mdepgm!em of the light intensity ...

. . . ) . 4 proportional o cmlcnszty.
Cbb [& ,'O YC’Q{'(/‘\ ] EC &ﬁi ! £ L}—dr amad e Q)Snstant Constant intensity zié
When Vac Yesches e cnih'ead

Constant intensity [ 7
L

value dy =V, , Hu ceovrent SIZP5
L Mo fnbeusiby of (Ko elechomagnetic
wave & mieased , fy bhofoelechrs
Yrent (b higher as shown; bk

It & foumd Mhak The slopping polenfied
Vo 1 exacHy
of low (nhwus

e same as [ case

M elechomagnebe w2ave
OF IR same [YQquenwy . The sPPPINY



Polenbial | Vo| (o highez for elechomagnetrc wave of higher (Yezuenty-

?ieth?ns 02 eckd Lol vanirus Kinchic ehtrgy . Only Wiose elehons
Which cay avorceme (e megahe polinhed o veadh [k celleckory
PWQ*‘ At Ue shppimg pofentiod ~V, , [he elethons d7
Miaximim Kinehe energy bcvw,((j ]Ca,q fo veach [ (olledor
Plake: Then £ 8, & 64 eyew) = Kmax +0

ar km‘lx = eVl Tuis &g uwakbion clleegs us Fo meastre

M maximum Kinebc enexyy wilh which IR elechons can be ejected.

Obsenvodhons
(A) Fov incident Light of [k same freguingy (wavelenglt ), K
Curvend [nureazes of (R (nleusihy (nneases, buk T skopping
boleuiad Yemnains [ saime. Stopping  pofeutal olscy r28-depend
on Inkwsiky -
(b 1§ § © dwreasea ov A b invuascet ; SfEP
| Vo| decveases in meghibndde -

(O If f<f. ov ApAc, no elethoms o emi lfecl | no cearvenk |
Hows, vo makve what 1k fnluw;'/y df [T elechomeognehic o (5,

P ' g P(J Feedrad

Classical Theovy

te Move [mleuse Aght should Nansfez more €nerdy fo The elechons and
lhey showld come out (o1 [h Preve Kineht energy
2. Elechoms shewld be ¢jected by elechomagnehc waw d)-any
ﬁf“{WUJ 1 lomg ar [u inbwsihy o high ensrgh.
. EjeckHon of elechens shiccld ol be (wslanfoneruws becawae
U wotdal fake (e elechoms some hme ko cbsovb €hongh €9y
o overe come [z (;Mw O [l mefal { ok @hcf‘?"”’))
aind gef Q:')td—wl
4 There Shodel MoF be amy »elabismship § (T Kinehc en7y
OF e phokpelechoms eilfi Ty frequeny O [T em waves - KehC
EMENTY  Showtd clepenct om (ntensily only




G
Thus we see fhab almost mone of Ime eAptrimental obsevakions can
e explainest by classicnl [Reovy -

Alsb\ccess]cui erplan abyon of I photoelechic effeck coas
PVDAVldw( by Etnskin (n 190¢ fov which he won (i Nobel
\Zﬂ_}i (v 192, Tw 1905 Efnsletn published two olher f{’éf’l"
’)’Y)&ukfhg WovK § [heay of spedial %{QHHVH avd lheovy of
Brownian vnokm -

Einslern's Explavakion

Exkending Planck's jdea Einskin assumed
Lnengy nsists of disoule guanta of £y hf
ET h§ = %—C-’ = Light can be considered to e fonhtles &
W0 Mass oving wilh a velociby C, odled photens-

According o Enshin madel a pholon intident 01 4 mefd
fan egrly -

Surface can give all s eneny fo an elechon inshanl
These elechoms can (uéhn tome ouk dy (T mefal L e entigg

UF Yeives can oppecome (T baszmidh enogy oy e wo't
funcbon @ of R meku. S0 (ke Mmaxhmum Kinefic €9y
il which e elechsn o be ejecked 5

KYV}C{;(: _;L:thmz;( = I*'JC-'CP

hak Light

Subshbting  Kpmaex =2V, , we have
[eVe = nf-d= BE 9|

Whith by Known as i Efnslen equah TL‘N,WL
Photoelec e eftect.

Thts Ihiovy an explain all aspecks & [ phofoemission
LAPesiments 7 | s
@) §,‘U‘PPi“V!3 f:okwh‘a,( Vo dews &N f ov A and nhetam mkusﬁg.
(b) Ef p,f(c{)) e b MO phabﬁmf56IM- fe= ﬂ:j]

€) There in mo Hme (ag & elechon €jechion, sinee each phofo
has enough enowy to ghed- an €lechen:




=¢V, 1
If We plot kmax versus £ e shodd kmax o Meel Mefal 2

Jeb a shalght live fv a glven metal -
Expiiimental cbseavation of siuch o linean
Yedakionship haa confirmed Etnskein's [heavy -
The value df £ when U crosses [Tu
L‘M}W\iﬁi axi's gives e tribead
- ¢quamey beliw hich [hew Mo
Phelvemission. The in e coph-om
e virbed axis 9lues a measuve

% e wowe funchon- . . o
The cakoff cawlag b A= =3~ °F
In

Light i AY A cannok cause P[AOI’D{ZWJB/)/!UYJ‘

The combimahon  he = 1240 e U-mm wnll appee

mamny  Fimes.

Example; Neo Surfoe (lluminaka i A= 200mm:

) Kmaxr =7 = Kma;( - h{-¢ - he _4
= 240 6!/»}4”7_7;:;@/ ~ |-t7el-

©) Ae=? forNa- 206N
Aci he  |2qoev-nm _ so4 nm
4 - TI-GLev

Pholot(echic efed- han many f}ﬂPM‘an?— mp/;{f'cah‘msl

49':2‘116@’




X"Rag Procluckon and CLT:‘P_@_‘EP@ ( Secheon 2§ ?)

X-rays  (Jore eliscoveud |n 1895 by Wi [helm ROW'}”‘ when
he o weviing ofl Cofhade-ray fubes. His appavakus wans simila
o M orme shouom Fgure. He found Mhak
fhu  enlhode yays (clethons) oviginahing from [T

Electrons are emitted thermionically from the
heated cathode and are accelerated toward the
anode; when they strike it x rays are produced.

Heated

heolked callodle PY%%{\»M& ' 2 Sone myslueowe /’H\\
Anode \

Yoys when They - [Re mekllic anede. He
fotmd Mak These vays cordd pass Ihrough rncdealal: i
Opaque fo Aight and adkuale fluovesant streens e
ov photogrophic plaks. He found alt Tnakeials
e f‘Ya/u/)fJDwLni— b [hae yays /'O,j_%affﬁ_f“
i [t hauspaancy olccyeased Wl deusihy mcn
Tlags fock Ject |o neckiced use d} x—vays ' [h
Monlhs of Roenben's Pa{)m-

Ruem}%@m was upable o defl@dcd (hine Y35 by magnefic

HMS} Ner wGo he able b obsewe ve peibon ov | nkeaforen @
s, he called [hese myshuziruo

Phenoimena assocated wnff AVes < .
Yays as x-yayS: Now , of e, W Koo (o x—voys AL

elethrmagnenc waves of very shork oavelengllis 001 to 065 7
They can be cliffvacted by [Re cdforns n a soliol: 17 ot
Usea o f”"’"d cryslad shudhues of wn kot yncericds

Accelerating
voltage V

Compton Scabborng (1923, Nobel Pri3e (927)

Arfhur B Complon Shudied scallrery o) X-rads by
ﬁw elechons ov losely bozund efechorns. His tves gakions tent
frrlfhon eVidence fo (e idesn (Rak in infraacton enlh mativz
g’iemcﬁh&b‘c coaves fggj,]qv@ Like yncessless /70&55{65 wr !k "
@ Guanfuim (Fenvgy hf and o enfrn {% . The sealforing

PVocess can loer shawn prlefrially as /ﬁaf{ows;
Al frecaveting fo chassical WAL
Iitony elechom vl oscd [ake ‘un'i%W ‘
{?"e?bcmggc’i, fte waw auat .W'H'f vevod ade
Wik same fyezzm(ﬁ Complom ol svwesd
QA chaug in wavelead [f -




Aoz celiision 0{4 T Phofﬁm, [Fe elechsn gefs scoffareot /kxo—&g/q
an augle @ Gaining Some ehegy formn iRz phofern audd [tz photen
ek scalluied in 1 olivedqen :f) atidd ac?’uu/e_s a lewte f)’ef’mu:f
](,au/wﬁ lengez wm/e/r:bg}/ﬁ /{ The enengd and amemeunta of ke
Photms befove aud offvr cetlision con be wrffen as
E =pc=hf = p= 4 = 2
in / / d
and gl = p'c = h{ = P[—_:-;\—?
Momenbimn comsorvabon duving cetlision gives
E - P/'IL IDL’_ 5 / ) ( )
. - e T f / - (
bd = (BB = Prab mzPRac®
Consewafion of en2Gy gives y
petES = blc + ml e Eg=7TeC
Tvaustbosmg p ¢ lo leHt haud Slee aud 57“"”’" v
o ' 2.2
KT (bop)ct 4 2ESC (b)) = BTt ke
) ~C '
IZ) P@lt P,L—\" bil—' ZPP/‘f‘ gm_tia__(!?'/of) (_2)
C
tquqh‘hg (he vigihvt hand sides of £9s- (1) and (2)
) L - €
PP (1-cosd) = ZEr (pop)
- M (AN
|2 _ U
a7 C‘DCP) = el h (3, o) Axt (

= li\‘f\z\ en q‘))] LMPP@n 5%# @Wﬁ‘hm
Q/\ = /\ Ciwa’)d)) whwe wj
Mg C

)\c v Called TG &;W\P/ﬁn &)Ct(/e/emgﬁa

u/YhPHm)S Teaseyments (ot i {UCCe”eMlL aywemeaf— 007//;
[his pvectichon. They twene [he first expenimental vesefts (o
convine most physicists & [Fa Hme of [k fum(amw/m‘ wu&cmﬂg

of [t quantum Theavy-




Nole [hat $i'mee [Tt @rrplon aﬁawieugﬂ, I veny small W/ﬂwua{ o
[Re incident cnelaglt | ITa scaboud wave vepresents o ool /+ change
ﬁMTﬂbﬁi{l&_i Ught - S0 th wAll nok ke signifrcant i IR visible,
buk Ut hoa 5f§i*1|‘/—;’¢&hﬁ peork of T v Ciclent &Jave/eywﬁ, Y

X-vay frajf“oh/ Qm\pi'zm l/m[h@( his }Dreo{fc,(—,bwq using
Chonackor she x-voy Live of wdvelenglh o -0FIl M forn

HD{yba('ehum( Molybdenum (g €ine). The energy of [iat's  phobmn

®

b E= hifz {,_\_(; = PUocl-mwm _ gy lew DD binding enefd
OO0 HINm ‘

Of G waleuce elechons f1, conheon. Thus lhize elechins Cab be

feated <ssevbally free.

E)"QW\P((*', ngn()}—mq tused Mo K, tlne | A= o.0oFinm. Glelate

s

(&) Wavelewglt; of Itz pholem scallencdt ok 180°
A= A4 A (1= cosigo’) = Ao+ 27
= 0.0 Hinm + 2 (0-00243 )hm

= 0.075Gcnm » A

() Enengy of incideut avd s cabloned Phofoms

NYs) m
~1
E' - hc . _ .
TN = !ﬂow i;;zm* = jezKi10Ter
0 nn

) Enengy & yecorl elechenn
Fo= E-£! = llleev

[O




