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I Introducticn

:

Ae 2¢rly as 1912 it had been found that scattered
X~raYs were softer than the incildent rays, Sadler and
Meqham(2> téated g prediction of the Thoméon theory in
thet year thet the scettered reyes should have the saume
gbeorption coefficient ss the primery rsys. They found
suite the oprosite to bs true; n-=mely, the esgattered rays
were softer tv=n the primary reye, Florance (1) nzda found
the seme effect in the csse of the gamma rsys from radium
s esrly as 1910, Mnv theoreticsl work which wes done
follewing these experiments was along clessical lines and
in no way approeched the final exple=netim lsater put for-
werd by Couwpton after more accurate wessuresents had deen

cerried out in 1922,

Debye in 1215 attempted to exténd the classicel theory

of scatterin

g

by tsking inte zccount the srrangement of
the 2lechron In the stom, WHe stated thet there would be
interference effects between the rsys scsbttered from the
various =lzctrons in the s=me ring. Pyt even this was

not co&plete, for it essumed the electrons to be arrenged
in only one riag arcund the nucleus, £A.¥,Couwpton £isc
attscked the problen of scatter ing from this point of view,

But none of the methoda secned s=ztisfastory,

M

Tn 19272 Compton first obteined sxperimentsl evidence

j o

fer @ chenge in wevelength upon scattering, Qince 1t secme
aaible to sxplaein this on any save the gqusntuw theory,

a
Compton was led to develop such an explsnaticn,



B r¢y in 1923 Compton published his extreme corpusculsr
theory in support of his previocus guantitative expveriments,
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zppiled
the guantum theorv to the scattering of X-rays =nd arrived
2t the sawme result as had Compton., The corpuscular picture

end explenstion sre given l=ter,

A - h . . "
Turediztely oter inveetigators started work to confirw
Compton¥s cats, Ross, ia Californis, was the first to be
successful, He improved on previocus werk by obteining

a photograchic record, wheress Compton hsd been using an

+5

ionization chsaher, Dusne and his

o

sascociates =t Harvardg,
however, seered to obtéin negative results, But after

st

(‘3

repested trials thev too confirned Compton and the le
resl opposition was removed, Whet Dusne reelly observed
et first wes a so-called "Tertiary" =ffect, which will be

brisfly menticned later,

A

ot

nresent the experinents 2nd theory upon the amount
of s*1ft of the modified line, =nd its dependence upon the
engle cf =cattsring, °ge so well known thed no further

work nesds to be dme vwoon it, But the intensity distrib-
ntion of the shifted line ie¢ still in nded of much invest

igation.

Following the early period of experimentsl eactivity
there came 2 lazrge smount of theoretical work, This re-
sulted in the sxplensticn hesed upon the quentum theory,

Then refinements of measureménts and & f~w new evidences

on intensityv distribution were mads. HFeuncevy's theory
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of the scettered intensity snnd the wave mechenics' theory
have been the 1stest importent steps, Now it remaine for
exverimentalistes %o prdduce more sccurste intensity date

end such &s can be compsred one with snother for different
sngles of scattering., So fer the veriebility of exéerimental
conditions hsve h=de this =t best & compdiceted end uacertain
tedk. TIn the experimental chepker =t the end of this pdper
we %11l briefly wmention twe methods which mey sccomplish

v

this end,

C.T.R.Wiééoéllﬁ in 1922 rbtain=38 photograpghs of re-
goil electrons by mesns of his will-known cloud-expension
aperatus, NQuantitstive messurements on these plates verify
the corpuscular explanetion of Compton znd give added weight
to the evidence in favor of the quantum theory &s opposed

to the wave theory.

At firet the experinmentel results differed from theory
in that =2n wmumodlfied line was found &t the sawe tlme as
the modifizsd one. Also the modified line hed a grester

width then eithe

2]

the primery or the nmodified lines,
Part of the wid*h could bs explsinad by slight varicticns
il

in the value of the scattering =ngle, but not &ll, by =ny

e

]
6]

means, The explanetio of these two wnoints zre takxen up

later on.

Tnesmuch #e the Compton effect cesn seemiagly be eX-

plsined upon the basis of the cl caicsl wave theory, the

m

auentum theory , or the new wsve mechenics, it is natursl

to try to obtalin some ceorrelation chong the three trhecries,
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Mo one of these three methods suits everv problem in sciencse,
The weve theovry can not explain the photo-slectric effsct
the quantum theory =8 yet feiles to interpret opbicsl inter-
ference, the weve mechenice is %to0 new &ad dizficﬁl - to have
had oomplete sucdesa. But where these thrse basic theorices
cverlep to sxplein one and the sene phenowesnon then it would

gesn os=ible to find scowme definite relastios bebwesn thew,

=
6

feveral sttemmts heve besn mads in thie direction =ad the
correspondence principles so determined are wmenticned, as
they occur, in this paper, No one of thew im generally
valid, However, this phenomencn of Professcr Comptonts
gcems to glve m excellent besse from which to work, As
more work is done on the subjzct 1t is hoped that more
conclueive methods cof bridging betwesn them will be found.

It is for this re&son, partiy, that sc much importance is

nlacedupon & correct sclutim of the intensity problem,

The wave theory cof light heés sbtood more precise tests
than slmost any oth-er theory dn the histery of ecience,
With the addition of Maxwell¥e equations snd electiomagnet~
ic idezas there seemed to e nothing more to be desired
in expleining the vropagation of radistiom, But Planck
in studyling black nody radiatiom found discrepancies which
seemed to indicste thet the electrons could not be thought
of as continucus radiestiors., Thie led him to postukte Lis
corpuscular theorv, or ruantum theory of radistion. In
the field of sp@ctral eng ly=is the quentum theory was
egpec ia‘ly attrﬂctive The @Gompton effect derived much

of ite btmportsnce from the fezct that it was the first,
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direct experimental =vidence fevoring the then new sjuantuw
theory by disclosing encoumters between guants of radistion

end "frea" electrons,

Thus the Compton effect, with 2ll the evidence which
it presents, strongly confirme the idea thet radision
travels in qusanta of energ§ hv, =ad with mementum hv/c
"which never expsnd, or st =11 events &lweys remein simell
enough to be swsllowed up in ocme gulp by en atom, cr to

\
strike an electron with one single concentrated blow."(cj

However, it is act beo be understocod that the wave thercy

is by this entirely supercedesd, TFor, &8 is elsewhere pointed

(3]

out, the thenowsng of diffrattion s#re best exvlsined by

the weve theory., The ~uantum idea may reslly be thought

of 28 meking accord between weve and corpusculsr theories,
Nor can it be forgotten thet the quentum theory involves
the wave theorv in its most fundsamentel concept, for the
"guentum of a given radistionr is defined in terms of the
frequency of the radiztion, end the freguency is determined

C
by applying the wave theroy.“( )

The discussion of the Coumpton effect which follcws
ig the basis upon which qomﬁof the present evidence for
the cuantum theory stands, 28 the yet unsolved questions
sre amswered 1t can onlv be hopsd thet the discord of ®eve
snd corpuscu ler theori=s will be removed by some mnifying

generalizat ion,

It hég been impossible to find & definite test to
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indicstc the mannef in which scsttering takes place. The
two proposed mechanisms asre (&) delayed, (b) instantaneous,
The delayed type suzpoées the =ztom *to absorb the guantum,
hodd it for = finite swall in*ervel of time, &nd then emlt
it, after heving moved an appreciable distance. Thié is

& complicated process end one which je difficult tc Justify,.
At best the delayed theory could nct explain unmodified
acatterimg which has been showmn to be "ococherent'-<i.e., to
e definitely in phese relaticnahoﬁ wit T the wrimsry rad-
$etion. On the whole the instantiecus recoil of the gquantu
end emission of the electr m sme used throughort modern
thecry; Tt is on this lostter assumption that Jauncey beses

ris intens ity formulea,

By plecing shsorbing screens in the path of the pri-
mery rays, and then in the path of the scattsred rays it
was origin-~lly shown that the scsttered rays were gofter
than the incident rsys, This same mekhod hee &lsgo been

goften—

~

1sed to show thet gemma rays from radium mdergo

A

inz upon scattering. However, since the energy of the gammz
rays is so grest, nogne of the electrons are too tightly
bound--or practically none--not to guffer ejection &s

recoil electrms from the parent atom, Hence the unmod=

1 fi2d line is =ntirely sbsent or too feint to be observed,
Howev=r, messurements on the dhfnge of absorption coeffic-
jent agree Wwery closely with theory. This shows that &s
the limiting case of infinitelv short waveslengths is ap-

prorched the scattering of electrons obeys the ssne rules,
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Duane's Tertiary radistion, so-called, was attributed
to proto-electrons cmitted when the primary X-ravs atruck
the scatterer, It was supposed that some of these entered
the scattering subste=nceg that sone of these cnthred the
scattering substence and atruck other stoms meking them
emit other ¥-reys, Duens tried to show that these would
have a méximum at ebout the ssme voint as thst at which
the Cowpton maximum occurred, But this view had to be
abandoned for it could not explain the dependence of the

shift upen the sngle of scattering,

Before going on the theory of the Compton effect 1t

AL >
iMv? e
mey be well to present a var , i it
¥y + Y Reeoid Gty facocl L letigm ‘Lw\u i) ﬁa)e
schematic dlagram, due to Richt- ’ P“W”*V“““
mever, Wrich readily shows the I
relations existing between the N Meostin -
h i ] ' A a)
verioug phenomena accouwpanying 7. 4. ? S coty vt —_—

R clcads’ o RPN | Refracted
the interaction of radis=tion =d Ry
metter, //////

; . hdy = zh A
M imagintry horizontzl ‘ Ui ilegoind

e *“‘“W’r A i e
- a R .. ,L!_‘wf, 3 . G 7 T
line m=y be drawn through the Corndotan Modsnd Copinm b

H 75"\-( d Rt LY R N
COE - . - e + g 3 e .
riddle of the sguare to separct FQEI

the rzdiastion (lower helf) from the non-rediation {(upper-~
helf), It will De noticed thst each radiation arrow is
directly sssocisted with 2 non-rediation &arrow, This rela-
tion is indicsted by disgonslly opposite positions., FThue

the shifted frequency which ocmre in the.Compton e ffect

is directly o;posite the kinetic energy of the recoll electron.

(The direc*ions of the arrows have nothing whatsocever to do
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with the directicn which these rays and corpuscles actually

may assune in experiments,

Arrows 2%t the top represent respectively: the recoil
of thevatomA(%MVS), the recoll of the electrons as in the
Compton effect (%mvg), end the energy of the vhoto-slectron

(%muz), where u is the velocitr of the photo-elsctren,

In the’bottom half we have the flucr=scent r=diation
which is charscteristic of the mstter with the relation
%mugz hwe=hvgy, Where th=;th, for the flucrescent radiation
wey be emitted at & number of different freguencies, which
employs f to distinguish particulsr guantum tramsitions,
Then follc®s hv', the modified energy of the ~uantum thrown

off in the Compton effect, TFinally, there is the unwmodified

scattered guantum hv which caases the unmodified line,
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II, Theoretical

Thomson Clessical Theory:

The clagesical theory of the scattering, developed by
J.J.Thomson and extended by Debye, accounted for iany of
the experimental properties. The successes of the theory
led tc the general belief that sdatter%ing could be pleced
side by side with intsrferencyg and refrasction as poasitive
proof for the clrssicel ideas of electrens and glectromag—
netic waves, However, Thomson's theory could in no wey
sccomt for the Compton effect. And this new phenomenon,
being quite cpposed to the laws of electrodynamics, forced
reople to consider scattering to be direct evidence in
favor of ths cuentum theory for radient ensrgy. It ise

free electron upon

o

true that the observed energy leaving
scsttering is in close =greement with Thomson's &lassical
theory, but 1t doss not agres wten the metter of wevelength
is ccnderned, The Thomson theory says thst no chamge in

frequency is to be expected upon the classical theory,

Tven if one thinks of the Doppler principle as being
sctive in causing the skhifting phenogenon, the scattering
 varticles weuld have to be moving in the directibn‘of the
primary beam at & spesd comparsble with, but considerably
less than that of light, This is not possible on the
clas~ical (Thromeon)theory, which eupposes thet all the
electrs in the radistior sre effective in scatfering.
Thus the classicel electrodgnamic theory appears 1lrrecon-
cilable witk the view that the part of the secondéry rays

thet are of greater wavelength than the primary are truly
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scattered. This objection, though hes lost ise force since
both the modified and the unmodified scattered radiestion
heve been observed., It was advanc=d soon after the Compton
effect wes discovered, The reason for fallure of‘the
Thomson theory 1s that tbe magnetic fiekd vector , and hence

glso the redistim pres sure, is npglec+ea<97)

Doppler Tffect:

This mekbod of explaining the Compton effect is based
upon the fact that the electrm after impacl ct by *the incident
guantum is supposed to move off in a directicn, dependen
unon the initisl conditions, and simultaneoursly to amit
will be in the form of spkericdl weves, If

]
ctron were stati CNArY. when 1% receivsd the iac dent
ivble %0 =ssume t%et’%ne rsdisticn then th

) the el
it were po=

would be a change of wavelength for scattiering strefght
forwsrd in the diredtion of the primarv radistion. But tae
electron must be considered to be in motion, and hence &
double Doppler effect occurs, The electron is in motion
both for the radistion it receives (primerv) aand for the rad-
setion it emits (secondsry) &s well, FHence in the forward
dipection there is no change in wavelength. An ou\erver on
the moving electren recelves the incident ﬁavee at a lower
frequency than thet =% which 2 stationary obeserver would

receive them--gssuming th+t the electron is travelling

(o

n the direction awsy from the incicent waves, Md thris
decrease of frequsncy in the forwsrd direction just cowpzn-
getes the shorter wavelength produced by the forward CTOWG~

-

ing effect of successively emitted weve fronts, Let it be



in the sccompsnying fig, II, re-

present sowmz particulilsry phsse in

ot
jg
p

nearly ~l=me incident waves

the cir¢les reprasent that psrticular phase in the scattered

el
;3
j &N

wave which is elwaye emitted from the electron when said
particulsr phsse of ths incideant wave &rrives &t the eslectroen,
hrees then the corrzsponding

g shere 2nd vnlane sre tangent at the instant cof ewiession,

emnd will remdin tangent forevermere, in the feorwerd direc-
tion, since ‘n *that direction the phese veloclties ars

peralled end equal to the speed of ligh

Howev=er, Compton h=s calculszted thst the osclllsator

C _ C
must hzve 2 velocity ecusl 0 Aomc. . = N/ . +1 in the
el to Rpne T T N
diredtion of the primsry r=v to obtein the correct change

of frequency. Where Au is the incident w=velength, and

the oth=r terms hs=ve the usual mesnings,

Thé metheustical derivetion is mimportent for the
parposes of this review, and if desired mey readily be
consulted in & number of serly papers {cf, bibliography
pezpers nuzhered 18, and 110), It ie suffici
that the results obteined by the Doppler considerations
--omitting relstivistic gorrections~—are the e-ne, to the
first order, as those obtains=d by Compton's extreme corp-
usculsr view, Using the relativity considereticns th

reswlts sre snzlagous up to second degree terms.



The end formule 13( ): ANz 7 L1I-caf, whare
v is the changed freguency, and vy ies ths incident fregueancy.

)

f the ohserveticn 1ie

of frecuency is O, £8

§ E j ; . =z - ]
for @-180°: AA= /LL"“UJ =40,

explenation upon the basig of stendatd idess,
rether than having to bhink of an entirely new set of
concepts, even though +these new coacerts sre more probably
correct, and (2) to give & method upon which to base a
poseible correspondsnce prindtple betwesen wave znd gusntum

theories,

-

a

@

With reg=rd to this lest pecint, P,8.Epstein hes point
out such é corres condende principle, He assumes a vietual
cillator re=disting according to classical laws during
the intsrval of dmpact. This has 2 wvelocity which is the
vectorial mean of the initadl &nd final velocities, This

gives the correct shifted values from the Doppler effect,

The msin objection to the Doppler sffect as =n explan-
aticn of ths Coupton effect 1s that it requircs & uniferm

veloulty«wh—~ for the electron., The radiation pressure,
k

Mo Hh
however, would give sn acceleration, a1d whils
wzs getting up to the reguired epeed the Deoppler effact

M 13 'Y . e

would give the WIONE. frequency. But since the Compton lins

is diffuse and not gherp this ast objecticn is not very

atreng,
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Extreme Corpuscuidr View:

The extreme corpuscuiar treory in explznation of the
Compton scsttering w=s =dvenced aluwmost SlmU1tQQuOUSLY by
Compton =nd Deoycfl ) To Americsn writers it is knowm as
the»Compton'theory end to Turopesns as the Compton-Debye
theory., We will snter into the expienation of this theory
sagth chmge of scsthered ¥-rays wore fully
tren for the other theories for ssverel reasons, In the
first olzace it is the mo t generally acceptsd explanstin
and gives a picﬁnre most easily naderstood. Second, the
Cempton effect is taken =zs being the first wmost importent
evidence. for the light suantum theory, and this Compton~
.Debye éxplenation iz br3ed on thet hypothesis, And finally
ths results of =211 ths other thecries msy be shewn to be

enalegoug to those ohtained by thie eethod.

Briefly the pieturs mey ve given as follews, For
siuplicity we sssume the scettering electron to be at

reat at the inst=nt of impsct of thz inclident lignt guentum

)

2vy. Where h is, as uauv=l, Plenck's coastent, znd vy the
frasguency of the incident beam--"nzdslatrshlung"-in the
1

notaticn of Cesramen writers, The a3t mplast method D der-

ivetidn is to amit rel-tivity Lor redtions for the slcectron
aftsr impres, We shell nare consider snch h=2ras, s the

di fference is nact very great, =nd it &dds to the completeness

irst from

R
conaider=ztions of the law of \\
. A
cenzzrvetion of snergy we ob- g
1 7

te iﬁ ha) =49 " me @T?{—\lj VL
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Then, considering the X and YV componsnts respectively of

the momenta, we haove from the conservation of momentuu

hd_ _ Ad' . e 144
law T = T e gt eeim T e g { %
0= AL i@ o~ TNEC L L@ (14 1

C

From =quétions (14,1) and (14,2) we obtein, by eliminetion
)
Y

PN s by h2 Y4 hde Ad 9~ mv s /
of the sagle ¢: (%) +( T — 20 R eme = TS (i,

which conild have been obt=ined diractly from the figure

by the law of cosines,

point

The engle of =acattering (¢ ) is determined by the
=t which thes obsarvation is made, and is, conzeguently, &

known ~usatity. The thre= vnknowns to be determined by

these three egnations v' {chanzed freg

‘1,.
@

4

uency), @—“nnd A the
angle of the vecoil electron., Valude of m (mass of the

electron =t rest), v (freguency of the incident radintion),

snd ¢ (the velocity of light) are all numériedlly kncwm,

(8)

Pertialily following Coupton's derivaticon Wz write

'—C—, f
A= 7 for more conveaient actation of the result, The

goluticn, readily obtainszd is:
1. . .
A /\4“’ /M(,{I” o ¢j \ILf-HJ
o~ l i j‘ . ; ) . 1_@ ; .
A S A =T /m(.\ @’J NLNT 0 G e 2 S

S

Considerstions of ~quetion (14.4) show that the shifted
wavelength must bs larger then thet of the Incident besm,
Also, frowm (14,5) it is sppsrent thaet for =n angls of scst-
tering ¢-pWe have no che=ngs ofzv%velengt-, and for ¢ =is0°

Iy a . Y = . . ’{' ; - Cor s i
the shift is = wesximam, which i erurl: 2 Vme =0 0957 A

The relation between thes ragle of =cattering and the
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anglé st which the recoil electron is ejscted hE8s Dbec:

found asporoximstely to be'”'):w;ﬁ.r<kfv Q It holds
where v' 18 nesrly enusl to v, bscause then the womentum
triangle is nesrly isosocles, This wmezns thet 1f the

scattering aagle ¢ increasss from O to i7 , then® decrsases

"y

from /2 te O. T

]
e

his is directly evident, siso, feom fig, IIT,

T

NOW

e

f the initial motlon of the scattering particle

3

bz taken into accomt--say witha velocity v, which mskes

- a

sn @agle 9, with the direction of the incident ray, then the

. . 27
thres initial equations become( ),
s - 1

i t

o ; N —_ s A /1"'/
. I T T A LIl
Sl oy Y sk -
ML i A&y‘ll - a/, L -t ¢ o 1= s 4
i
~ /
by 4 ”5 A - s ?’ # 7= 3 Y AN
e M :
v ! {‘/4‘,& Y N ’
- -
- s 1 Ty 7z /o
. = 4 - P y > ¢ g f )
A ZF_C_. . Py — s . Pl -~ 7 acd 7 s i v
7 Lm0 Y Yy~
B

Y - K L e e 7[ - e S i

TR

Where the capital Cressk lztters denote a new zet of
engles, correaponding in vosition but differing in magnitude
from thoss of the first set of esuastions., L. deRroglizs haz

g0lved these equations end arrives at an answer &€ the same

form ss (14,5), But wore complicated. = .=
A 5 ‘ .
: . N TP L I S AU S S R -
J /\ - /\ . /A\A;) = /\C PV W ] q'o : ¥ } 7 L N /)‘1’!

/- 7-. toos ‘/-'f\a
e - r . . O ® I o 3
..i’l = f PIOY QI S ¢ e Jaa Lo S x'P(. Dm0 Y
If vy =0 is substituted in (15.4) it then reverts tc the

Whare:

form of {14,5). Farther, if the initial velocity is suff-
. ' Yy J , e
icizntlv grest Gf%véf) then the Bomptdn effect entirely
.0
2isappears =and (15,4) gives tie customsry Doppler g ffect
e s . (97)
for scattering by & moving electron .

()



If,in setting up the energv equation for this type

of scsttering, sccount Were taken of

o)

a0

11l poskible sources

of loss of ensrgy, we should have to add a term %MVB to

ct

r

equation (14,2), szy. There M is the mass of the atom tod
V its recoil velosity., But inasmuch as V is so mmall this
term m=2y resdily be neglsascted in all cascs, A further
correctio: ashould, =asccording to Compton in his ook, be

-

added--hvg-~~to denote the energy required to resmove the

®

cattering electron frow the stom., PFut accordiang to Jaun-

Q
v}

v!'s theorv the proceas of scsttering is concsived of &as
occurring in so short a spsce of time thet the electreon
moves o¢aly a negligible amount through the atoemic forcs
field of the nucleus, During the procsss the 1light quent
in its interaction with the slectron does no workof ion-

idzatio: upon it, In this theory the electren obtains zll

(D
[
jude
3
=
ct
2
o
Py
jof
ot
H-
f]
g'i
]
o
(&3
jol
(U]
o

ite momentuw and energy frowm sh
irpulsive blow =nd subses-usntly, after the guant has trav-
slled off with loast energy =nd changed freguency, the
slectron "cozats nup-i11", =¢ to spe 'k, out cf ths atow uwpen
the womentun gein=d from the collision.. Put the sgustlion

of conssrv-tion goveralng *hs collision zxpress oaly the
z~uality of energy snd momentum gust befere impsct to

the corresponding guantities Just =fter dwp-ct, fnd

sinc= in this small time intsrvel the elec'ron had not
moved appracishly with respsct to the za2tom these enustloans

should not con-tin & term =xpressing the work of ion-

igation.
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Half-Clzssical Theory:
This helf-clzssic 1 theory of the Coumpton =ffect wes
inly adv=nced by Forstsrling<60) s Halpern(bg). It is
built upon the fz=ct that thet the depsndeace of the &av&lengih
change upon the =2ngle of scattering is in agreswent %ith

that found v the Depplsr principls for the scattering of
a meving electron in the direction of the primerv ray., Iu
cther words, it starts with ideas frowm the corpuscula
theory &nd triss to =xnlain thewm by the wave theory, Its
chisf work is sn sttem t %o justify the velocity which i%
is nsceaasry for sn =lectron to heve ia order to yield

the Doppler effect of the per megnitude to explain the

ved BBifY,

is desired %o
- 'L‘ f),a —
,; J. o+ ear e

Q9
ity,

ge -

ne
frow & co usg
other 1limit th

vields & corve

+he Compton x

-~

O'e

id %

°

wave snd qusnt

by mores cozera

Compton(A) points out thst

he whole

brnother way of =xpressing this is that 1t

gqusntize the classlcal velocity equatiom

eand thus obtain the guantum theorv for

limit in the end eguations (for

j=

ng oas

~

above notsd articlesy the Compton effect

uial View wolab is cbilaiacd, wad

¢ clascicel Doppler seffect i= found,

ppondsnce between the two &8xp

enomenon .,

this theory is a complicated mixtu

UL

win idess which ig now

at atments.

; 1f not simpler tre

the velecity which the



which an electron would acquire by the absorption of the
energy quantum kv or by scattering sveh 2 guantum." They
thought that the eleétron scattered its energy in‘all direc-
tions after it hed acquired a velocity (3¢, But to do this
811 the recoil electrons should move forward with.a veloclty

3C . However, Comypton points out that his expsriwent

IS 4

Vv
with Simon found these felocities %o be sctually twice as

o ok
Gy

Y
i

U

»

2t gs this theorv predicts, "This £ T pepreseuts
1

merely on 'effectivs® velocity, mot & resl velocity, of

"

the racoil electrom

O

tetistical Theory of the Compton Fffect:

Bohr suggested that inasmuch =8 the light quantuu
theory is meeninglsss without some of the notions of the

wave theory {(1.e. frequency) thaet there must be some

du=listic theory to combine the best guelities of each,

A

Bohr, Kramers, and leter( +’sought to unite these two

heteroganecus views by the startling assumpﬁibn that the
lagwe of conservafion of momentum end energy were valid
atetistically, rsther then =ctually for every individusl

nroeess,

Thile =zxperiments by Compton snd by Bothe znd CGeliger
later provad beyond s ressonabide doubt thet this new thecry
was untenable, neverthelsse we shall briefly desoribe it
ss of historicsl intercst, and also shall show the mekhod

by which it was disproved.

They assumsd thst "spherical electrouagnetic Waves
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are scattered by virtual o=cillztors, cne such osctllator
corresponding to each electron in the scattering mediua,
Theae virtual oscillators scatter the radiation ia spherical
weves in & menner similsr to that demandsd by the‘classical
theqry§ but to accomnt for the change of wavelengkh they

are supwoacd to scatter =s i1f moving with such a veloclity
that the Doppler effect will give the same effect as thet

predicted by the quentun theory."(ﬁ)

Forther in their proof the? find the radistion pressure
to be dve only to the amomentam of & few recoil esiectrons,
Alsc the difference betwéen the energy spent on the virtual
oscillators and that resppearing as scattered rays does not
apperr uniformly distributed awong all the slectroas, but
rather #8 the kindtic energy of a swall number of recoil
eledtrons. Thus it is found that the conservation of
momentum is onlvy statistlicelly valid.

Bothe ~=nd Geiger experimentally refuted this view in
a striking manner$59> The test of the theory is possible
if one is able to detect indifidual fécoilﬂeleotrons end
individual qurnta of scattered X-rays, . Following Bohr,
¥rsmers, and Olaterfs statis¢ticad view the probabllity N
that a Beta-ray from the schttered X-rgy should appear
at the seme time a8 the recoil slectron 1is estimated to
be less than 10'5. Rothe and Geiger srrang:-d two chambers
with adjacent openings inteo which the scsttezéd rays
passed., One chamber contsined en "hv-counter", the other
an "e~coﬁnter". On the view of Bohr and his aesociates

there shoudd havs been practically no e-count snd a very
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lzrce hv-count, But the Germen experimenters found very
peny more coincidences--a r2tic of one to eleven--&nd their

appar=tus covld not detect svery possible coincidence,

(72)

Compton and Simon performed a second type of ex-
periment which aleo Ffefuted the statisticsl idea, "They
passed very hard X-r=ays into 2 Wilson cloud chamber and ex-
amined the Reta ray tracks so produced., They measured
the initial direction of the recofl electron track znd 80
measursd \J . Occasionally the guantum scattersd in the
direction ¢ is eithsr scattcored again or ejects & photo-
electron a8 & point outside the primery beam of X-ray,
Joining the origin of the first Beta ray trakk to that of
the second Beta-ray track, the angle bstween thém line
snd the forwerd direction‘of the primary X-rays track is

ip , while the =ngle at which the first Beta-ray track

stsrts from its origin measimee‘Ur."(ll4)

These cloud»expﬂneion sxperiments show the the number
of scattered quanta snd recotl electrons =re, on the average,
identical, Thease resulte ars quite opposite from the
{deas of Bohr snd his coll=borstors, =ud hence may be taken
gs mullifying their theory. TFurthermors the experimental

resvlts ape=k fzvorzWwly for the extreme light gquantum theory.

The We=ve Mechanics System:

Fundamentslly the wave mechanics starts out with the
consideration of this emuation: V w 9ﬁ~*“ ‘/E—L/}‘“
whzre E is the total energy, U is the potenti&l energy of

the electron, Mu is the m=sss of the electron. This equation
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considers, for our purposes, the action of only one electron,

Horze terms would have tobe

added to this equation for more

3

v
complem forms, As i+t is we 3

ek

o . e PR

havs reduced the problem to a8 &

S

o8]
hydrogen~like one, i.e., one W R —

slectron 2ad the rest of the

I A S LLSAL st S e st e L

aystem consldered as wore or less of 5 nucliear entity,

The equation has two particular cases, when E i8 pos-
itive and when i1t is negative., Certain restrictions are
placed on § =--the "eigenfunktion"-wnemely: it aust be
finite when integrated over all space, it must be finite
at all points in space, and finslly it must vznish at infin-
ity, In order for’v/ to satisfy these conditions E nust
heve discrets vslues when it is negatvige. On the other
hand, if ¥ is positive, then it (¥) may assﬁme eny one of
a continuum of values, The negat¥ve discrete velues of
E correépand to the 0l1ld energy levels, The positive con-
tinuous velues of ¥ correspond to the enerBy of &an electron

in so-cglled hvyperbolic orbits; i.e. an ionized electron,

In Wentzel's theory of the Compton e ffect a gquantunm
&f radisnt energy hv (ﬁ;'the binding energy of =n electron)
is givem to &n electron which is initislly in one of the
negaive en=rgv levels, The electron, instead of =bsorbing
this energy coMplétely, tnd thue gaining kinetic eaergy
{as a p“otomeléctron), radiates part or 2ll of the endrgy

it has received, its final state being either the seume &8
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its initizsl state or znv one of the states discrete or
continuous higher than the initial state, The shsorption

and radistion of energy together w'th the transition of
radistion of the &lectron from the initizl to the fina

~tete 1is here cmceived as & single process, The radiation
thus scettered will be unchanged in wavelength if the initial
and finzl stetes of the electron are identical, These singls

processass &ars called Smeckal jumps., (Since first writing

this a3 »a has &anpeared in the Physicsl

)
o
]
o
]
92
D
o]
e}
]
3
—
&
<
[
N

Review for Sepbtember, 1288, It presents good evidencs for

the Bumeckal jumps Where the initisl and finsl electron lsvels

sre discrets energy levels,) The energy gained by the electron,

if ite finsl state is higher than its initéal state, is &b-
straced from the radiation., The scsttered radiation should
thus contain freouencies less then the incident radiation

by sumounts corresponding to 21l such possible trensitions

of energy that the elsctron cam meke, Corresponding to

C

jumps to discrete energy levels thore eshould be shifted

lines, differing from the incident rsdistion by amounts

characteristic of the snergy levels in the scrttering atoum,
Since %the scsttering atom is light these lines zre, in

most casss, very close to the ukshifted line, The in-—~
tens ity of such shifted lines is proportional to the prob-
abilitv of such an electiron transition when the initial
and final states of the electron coincide, Finally, there
is some probabilitv correspohding to a trensition of the
electrm from its initial disctete level to any region dF

of the continumum of positive energy levels, We -ntzells paper
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purpdrss to show thset these latsr probabilities have g
maximum occuarring st just the right continuuous energy
level to give the reguired shift: h/mc{l-cosB)., In fact
it appears from his paper thset the an=lytical condition for
the abovs mentioned magimum is formelly identicsl With
Combtonts équation for the conssrvetion of momentuwwm, Ac-

cording to this the Compton shifted rediation

]

&

ashould ana
t

1,1’&

th

ry’
@

rear as £ band whose meximun intensity occurs point

cbserved end calcualted by Compton for this shifted rad-

iation,

It is weli, =zt this =oint, to brieflvy point out that

Jeuncey's theorv will give exectly the same result as to

4

the position of ths cut-offs and the Smeckal lines, and

sunalitatively the same general shape of continucus distrib-

O

ution as doess the Wave Mechanice systen, The principle

difference be*wssn the two theories is in the assumption

o ey - .
of the n&aive Bohr stom with point electrons snd elilptical

o

s

orbits by Jauncey; ¥hile Fentzel's theory is mors rigorous
in taking the wsve meckanics stom in which the electrons
are not pointe but sets of weves, "The @ave mechanics atom
aust be regarded es only £ rsfinsment on the Bohr atom,
gsince in setting up the Hamilton-Jacobi eguation for the
weve mechanice atconr the Hamilton fmcetion is identical
with the old-fashioned mechantdsl function set up for the
Bohr stom, 4Indeed, cne sets up the HamiltonpJacobli eru-
ation in identically the same wav &s though the Bohr aton

model with point electrons in definite orbits were being
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considered, BRut once having set |
it up one substitutew for the 1. )
3 i - “o=
gensrzlized momentz certein B S C
differential operators which i " ‘ . -
then leaves the ejuation as ‘
P e
8 weve-cquation inste8d of a L
wechsanical e uation, about nass A
‘ g . .
points, ~ ,/Uj R - W—“m*\\
1 N i

The accoupenying rough disgrems show thz sort of spectral
distribution one is to =xpect from the tyea of jumpﬂe
clza=ified on the preceading page, The first part, showigg
a rectangle gives the effect of the X electrons of the
scattering astom, The second part is the sepsrate effect
of =2n elliptic orkit electrom. While the third part is

2 combiaaticn of the firaet two curves,

In the seeond parzgreph sbove it is statesd that the
Cowpton radistions should appesr as a bend whoge meximum
intengsity should ccour at the point cslcuslt=d by Compton
for nis shifted radistion. Thbe predicted band for the

Comoton effect on the basis of the Cusnitum wmechanics has

bzen observed by Sherper =nd slse by DuMeond of this Institute,

o

Reeaon for the Unahifted Line:

It kas previously been seen in the Compton corpuscular
explanation of the shifted line thet the absorption of

some of the originsl hv enerly by the were loosely bound
o

the acattered energyv of the quantum, Thers ohvionsly



feliowe Trom this %

(o7

3 e oy ] 1 h - A
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to the nuclsues then there will be more energy absorbed in
rder to throw it loose as & recohl electron. The heavy
atom, with olosaly bound 2lectrons, will be harder to
distort by ~uan*um impacts, and hence the unmodified line
will heve the greater intensity. In order for modified
redistion to be found the changs in hv, die to the scatter-
ing process, must #t lesst be e~ual to the critical ioniza-
tion energy of the atom, One does not begin to get mcdified
radiption wntil the fregoency of the incident cuafitum not

only exceeds, but sven greatly exceeds, the criticel ionization

frequency, This is why there is no Compton effect for
ordinsary light, Alﬁof this will b= sesen to pisy & Very

important part in Jauncey's explanatidn of the intensity
of the modified line, 1In the limiting case thst the
zlectron is so desely bound in the atom that the single

s

suentum is unsble to release it then ¥ follows that the

(O]
[$u]

original smount of ensrgy will be reradiateéed and no not-
jcesble changs of frequency will take place. The prob-
ability of multiple collisions at the seme time is too

small to be of value,

What heppens ifsthat +he momentum of the entire etom
is ca&ll=d into nlay for the cmse of hv impact on a closely
hound 2lsctron. Th-t is, the electron may be thought of
as absorbing the entire cuantum, recelving on this account
s severe shock which is not sufficient to knock i% free.

Then the entire atom must move- -if at all--for the electron

3t111 remains in its originel orbit, Since the mess of
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the atom is severazl thousand times thst of the slectrm
he esquation (6) of the Ccmpton Corpuscular theory
"m" must he replsced by "M" in the denominstor, sc that

delts lembdsas becomas negligibly suwall,

In every case for which we find ascatter: ng accofding

ot

o the Compton theorvy we will &lso encounter bhound electrous

i

-either in the innsr ¥ orbit or other more closely associsted
g=zctions of other orbits., Hence an mmodified line may

nearly alweys be exoected, in the X-ray venge, The unumod-

s
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ied lin= can
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the X~rsy renge if the Xérays
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herd snd the 2towm of low stomic number snd ths

ol
3
@

[§1]

sngge of

i

W

scattering learge, It d4uffice~ that the reccll snergy be sufl-

ficient to ionize the ¥

[0}

lectrons, & theoretical method has
bazn worked out for obtaining a sufficient concentrsztion

of & true "electron gas" fo result ‘n & ehifted line alone,
If an experimental procesdurs to test this can bé obtained

then sn Mmmodifizd line would net be sxwpected., When geuamna
Lo

-
i
w2
[v)]
o

3T

@

used 28 =an exciting energy sourc’s the modified
line i very wmuch wore intense than the wnmodified, showlng

that practically all of the eleetrons encownterazd heve besn

Int=nsity Theories:

More formulae for the intersitv and width of the
wodified line have bean develeoped then theories of the
explénation of the vrresence of the modified line. We cn
here but mention each briefly =nd give their reistions to

the other formulass, The two most sstisfactory results
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are obtained frow Jeuncey's formula and from the one devel-

he beais of the wavs wmechanics. The physical

ot

oped on

picture behind Jauncey's reasming we shall sttempt to

&)

give, Tor the weve mechanics ideas ths reader ig referred

ot
O
0]
@
<
U]
H
k.,
k¥
4
73
D
4
3
e Bo
o) 4
[ d
1Y
£
w5
s

in ths bibliography: 146, 128, 1leC.

lems which exist in the intemeity field. TBriefly they ars
sa follows. TFirst, the guestion of total 2hifted intensiity
as = function of the =ngle of scattering. Second, thet

of the retio of the total shifted intensity te the vnzhifvted

intensity as & function of the scattering zngle. Trird,

&-

the structurs of the ahifted Iine, That is, the intensity

¢ A D

tn sny region 4. as = fimetion of the cerrespoiding shis

o
e d

A -/ for eany given constant angle of s¢ tering. Fourih,

z i
3 x

Y

R Y
NG IINns8iluy,;

2

iew, and

o’

jerae

&

s P " ey - M -
hege is whet wight be calie

for which no satisfsetory egluticn hes =5 yet be=n found,

namely--whet deternines whether &n clectron will e elected
thoto-electrically, The thscries of Jeuncey snd Wentzel

zg cgutlined beloﬁ are the cnlv setisfectory solutions for
the secmd =@ tTird intensitv problems listed ebove, I
snewer to the first su-zeticn Rreilt and Dirac heve developed

fettlv ssticfecteory formulre,

Tha ahi fted intensityv s worked cult by Freit, snd pre—
-~ N
s s e " - . {. ._i + e P
sented ia Comnton's Yook is: Lg= 0,77, 0 Tog, "
N . N R "\;" -
where I, is the incident intensity, znd AT - aC
"Thisg represents the simnlest poseinlis average ci the two
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Wentzel gives & very compect znd clesr resume cf the

sta

'\‘1

tua of the clesssicsl and corpusculer thecries upon the
intensity prohlew., In the wave thecrk the frequency zad

intensity problems receive eq

v 2

12l ¢ amsiderstion, whilie in

+

(D

the ~usnbum theory the intsasity cquestion is & specleal

- -

problem the sclution of which 1s, in princlple, very
uncsrtein, znd logicelly less ssztisfametery., In the ex-
perimental section we mention two methods which should in

the near future go long wsy Yowerds cles

(o]
H'
>
419}
[
ke
cr
oy
l_ e
.

o

vncerteinty, "The Rohr ccrrespondence principle serves

A

ee cne guide to the generally menticned expression tha

ﬁ"

1ttstively the classicel csleukstion of intensity for

v

qua
the nuantum process is necesszry; in the boundary case,
where the frequenciees from classical and quantum consider-
etions sre exactly ths same, ¥hen the cowputsd intensities
sre exsctly right., Tn our czse, where the intensity dis-
tritution of the differeat dirsctions ef scsttered rays

sfe condsrned, the statement of the corrsspondence principie
is espec ‘i 81ly wsagsr and has =ccordingly found freguent
sexplanstion, While in the fresuency questica the different
theprics 1-@d to the szme end formula.“‘“7) But it can

be shown thst onlv two intensity formulss are In any way

3

comvatible with exper ument--namely those by Jsuncey &nd

Cemoton and lster the one rzaed upon the wave mechanics,

[a)

importence is given to ithe need for =n experiment-

811y determined intensity law by the fzet that it weould

£

meke possible 2 'mowledge of the veloclty distributiocm ci
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A first it was thought that the predicted width of
the modified line on theoreticsl grounds would give uuch

vider lines than esctually occeunr, Put it is now found that

faad
ry
(ST

=]
4

iiscrepancy is not =s gres et as at fir-t supposed. Dulond,

in & paper soon to be onublished, has found the agrecmsnt

@

jon
[
[

to be &9.good se csn be expected when the effect of ai

o

—rd
g

the electrms in th=s ecattering atom 1= counted ia.
points ocut that "those slectrons which were thought to

cive too wide a line, as in the czee of carben K slectrons,
only contribute & part of the totel wodifled intensity so
thet when the curve is addef uvp for all electrons its general
sppesrance is not far fifferent from the experimentsl

curve., Obviously those electrsms which catribute bresdth

to the curve c&mot contribute much inteneity in anv one

epot =ccording to Jauncey's theory~-which a@ssumes thet ell
1

4

cctrons have equal a-priori probasbility of collision
(modified or unmodified gcattering). For 1f the zres wunde
ttre component psrt cf the curve, for each electron, is to
e the gzme the cbmponent curves which are broad cennct be
," Tn the esrlier Jauacey thecry the ciscrepancy

in the width of the theoreticsl znd experimental curves

-

wea stiributed to one or all of several csuees, Nawely,

=

ts =znd not in

[

some electrms sre moving in elliptic ord
circular; there is an apprecisble tilme of cembtact between

clectron and quantum; or becesuse the electrons do not wove
with as grest a velccity as the current form of the =zatomic

theory supposes,

Tre sdiscent figure V, shows the relation existing betwes
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gxperiment and ths severe

3

upon the question of totsl shifted
intengity es & funcition of the eng
of ecett;rin;. The dotted line is
faer experimentel values, The eother
curves sre: (1) Clasecical, (B) Nebve

(z) Compton's, (4) Jouncey's, [(5)

the Weve Yechenics', Thev wili now

[+]
.o

a3 N Y ]
nd conzidered in the srme order.
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be mentioned

Clesaicel Theorve

m
o3

o

he claasicel thecry of intensity

ot
o

J.J.Thomson developed

ives tthe

oG

@

which, =8 is seen from the accompanying figure,
same velue for 180 degrees as for zerc degre:s, And gxcept
for ite initiesl value iz non-coincident with known eXper-
iment=1 data, The intenmsity I of the scsttered line ie

rom ckeesicsl censiderations of electrosmagnetic
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weves, snd bhecomas more comp. sted ae additional fazctors
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auch 28 wotion of the secondary redistor are consldercc,

e prim=rv intensity, then the scrttered
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cuentu Theory:

({
Compton points out‘A)that "e1l forme of the -usntuw

Py

theorv of X-ray ac-ttaring =2re hased on the sssumotion that

for long wavelengtha, whare the motien imperted to the
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scettering electran is o small, &
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ray appreachas th=t asassign=d by Thomson's clessical theorvy.,"

The correspondeance principle of Bohr renuires & ai ferent

r'b-.
(u

shows this new limiting vakue te be: T =T,(1+% mn6)% 3101
From theoretical considersticns and actugl experimentesl

det
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Nebye in his originel paper(l7); states =2t the intens

aquestion (referred to

m
)

s qurber 1, opage £68) cen be solved

only by sn =ssupption &g to the probebility of & single
process of scettering at & certein angle Or, 8t=ted in

another way, the number of gusnte scattersd in any direction

¢
¢ mev be assigged by the clsssicsal the ory,;z), but tecause

Towever, it is knowa th=t the totsl sbesorption of herd
Y-reye isg less then ¢,; hence Debye's formulee must e

3 ] 3 : 1 .. o o s - N -
exclvded from fulfill mg the expericentsl Curve coumpletely,

Compton £nd Toe, frow considsrations of the Teppler
foruwulse =nd its rei‘*‘cn to cusntun. theory, derivsd a ferm
Woo used # Lorentz transformetion

end cbtzined: IQ;T/ o R Mién(\ﬁ+ﬁa) (31.3)

= the limits sho+1d lie between those dewanded by equetien

ity
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whare: ™ 7 FpacA | 0t Ly “Loglmtc? A(IFAmms)®

This &ppreoaches mors nesrly the experimentzl form, but is

Q)

seen to be quite differant even vet, It cenaoct bg cerrect

o )
FJ
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a0 the form of corréspondence principle used in its

determinaticn be inapplicasble, Upon evalustion for sigua

D

-~ "

Woo found that he, too, had 6=3, which is snother arguenent

zgeinst his formuls,

-

Compten, by a different method, obtained:
o ¥ ;

_ [ L ; IR sy 9 + 2R ( (e ﬂkj Mbé_%
J, C W‘( .?—L \441., B y*"L./pe) i (32.1)
and - ,'5 o &.2
S (AR (3" " )

Thie 13et equation indiceétes & reduction of the escattering
ahsprption ceosfficient with feeouency, which is fcund to be

trdcexperimentdlly, slso,

Jruncey's formnla gives results which sre in good agree-
ment with fsct =nd the theorv behind whHich secme to =zccount

for the phrysics for the sc=tterir ﬁg very completely, To

[0

s =3¢ g goume-

[

obtein the theoreticsl curve for =nv practical
what of & tmek for i% invelvss manyv computstione, Briesfly

it is as follows,

Fgr his intensitv formuls Jauncey mekes the fellowing
8ix assumptions, He Sgaumes,:

(1) the Rohr-Scmuerfeld stom—~-point electreons re-
volving in definltc ellipticsl and circular orbits,

(2) & prieri prohebility of & collisiocn between &
light suentuw ehd =n electron engual fro 2l1ll electrons,.

(3) impulsive sction between light qﬁanta end electrons

—-t.&., the time of interscticn between lightquants and electron



compared to the orbital pericd of the clectrom is negligible.
(4) =, conservstion of energy end momentum between
electron and licht guentum when electron is ionized by

tum

n-;
]

lighf guant and (b) the s=me betwssn atom and light qus
whren slectron i nct ionized, The orbitsl momenutm of the
elesctrm is teken into account,

(5) the electron is ionized when recoil energy, &as
calculsted mder (48), exceeds the biandiag encrgy of the

. . : . n . s \ -
electron in question, &nd thet it is mot 1loized In &ll

(8) vnmodi fied scattered redistion 1s due to energy

scstterad under second part of (5).

'!'l
d‘
H-
o

-
02

C

=
(9]
=
Ly
(&)
“
[ -
Ay

4

The procesn involves separ=te celculs
and elliptical orbits of the electrens, We ah&ll here ppo-

3 to cubtline the method followed for circuler orbits

end then the variastions preliminsry to solving the elléptic-
szl oproblem, The case considered is for 180 degret scatter-

ing, which is the simplest, and at $Be same tine :lves
meximim displicerents, Inaswuch ss varistion of displece~
ment with ecattering sngle varics as (lwcos@) it is rezdily
aeen that the curve will be ?pODOXimeelv flat-topped at

180 degress--so theat this method will hold true for 176°

scattering (which wes the experimental zngle used by Dullond,
ho! hy.
Resides ascum‘ng electrons in ¢ <
I e vm 2 i g e 4Ll T 4\\ o e &T_m_n
L "'\\4 ¢:’5’0‘ 9
circular orbits, we will Turther
gasume thet thers are an infinite . Nl
M Ao
umber of them, The adjacent fig. Vi o~ . |
. u . A .
VI. is = vector picture of th ‘ \
FI7' VI h
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meomenta for the case of electrons with initial velocity
and scattering =ngle of Phi equals 1800, We will let ©
‘be the sngle between the incident quantum and the initial
electron direction, v the incident frequency, v' the scat-

v L Ve
tered freguency, B, % “¢ . T , and the other

J
gusntities their usuel meanings. The szbove figure is
necessitstsd by the law of conservation of linear womentum,
From this :nd the law of the opnservetion cf energy we

sre encsbled t

hy ’;
f Sl J (34.1)
h }J’i“/\ ] (34,2)
Tpon so¥ving for v' we obtain the relation:
[ I [ L‘?
WL ST v/\’” TR e (34,3)
‘ IR ) B o A R P
R
oT: e A €y e Sl (24,4)
/\'\ = Il» lb,mn@ n \lh by Ly g
hence the change in wavelength la:
. N . oo = ‘
o LY s A b VU ‘5, (34 5)
- s - R . - 4y ¥
AN ' Tl - T e G L

| —3 Lwn

-

M examinstion of equation (5) shows thset & chenge in wevew

ngth 1s & noarly stetionsry quantity of awount s(h/uc),

with: & slight correction fsctor, and &lso & varizble term

~~

%]

!

e Tirst term) whose importance diminiehes with the in-

nd which mey be positive or negalive

o

¢ident we ve;enptnv

(.)

depending uon 6., If all directions of electron velocity
et the instant of collision are wqually prchbable then thie
latter term should occur negatively =8 often as pos itivégy.

This term sccounts for the breadening of the line. The

second term accounts for the wavelength shift, 5 1is slways
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& very sm&ll guentity, less thsn one teanth the speed of light,
Hence @,1' is lees than one percent and mey, for our purposcs,
be neglected. Tf now we let & be the chenge in wavelength
that ie the shift of the r=distiocn cn either side‘of the
shifted position for the casc if initislly stetionary electrons
(1.e. 2n/ac) then the poeitive As zre for shifts grester

4
then 2h/me, =nd negative one=a for lesser shifts, Then,

from equaticn (5) a2fter simplifving end unifying we obteain
**
=2 A w20

I = 3 eps & (35.1)
where /\*: A+ “/’MC 2ad the subscript of 3is
v ~& 7c
dropped. Mnd AA= 2 3AF i gd @ 4 BTl (35.2)

(I — X e 9)
It is known that the probahility that =zn electren will he

kit by & guantuw with =n angle 6 between the two trejectories

& and €+/8 18 Pg= [ 2in6 A0 . Hence, neglecting J “agein:
Ad
== a4 T (35.3)

In other words, for any A (shift from the pesition for rest-
ing electrons) the chance is independent of A and egual
gimply to the vroporticonzl part of the totai svresd-- 4{9/\*

~-~representdd by Aa. The =zrea of the

rectangke (fig, VIIT) is called unity

1f the probsbility of hitting the el-

. i ¥ & 1 V. bisd T
ectron is teken &s unity, Thus we ob e LI e g g 0% )

tsin the width of the shifted line on

either side of the A~ A position., The ©o HoA 222
keight involving the intensity is com- Fi, v,

puted from more involved mathemstical consiflersztions, But
it is resdily seen that the ares will be & total integrated

Ry
intensity: 4 :}/\ ik = Lp
Now turning to the cease of elliptical crbits, The curve
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of Fig. VIII holds true in this case, except that it becomes
more aad more of a tnu¢ curve as the @llipticity incresses,
This is because electron velocity varies in different portions
of its orbit and account must be taken of this, So that it

1s necescary to plot, firet, a graph of the relation of speed
of each electron against its position in the orbit., The aresa
of the rectangle is proportional to the number of electrons

in the type of orbit under consideration, or, it is propertion-
2l to the length of time &n electrom is in & given speed
intervel of the orbit, The total intensity must, of necessity,
be composed of components added together from the effects

given by each of the orbits of the electrons of the scatter

ing =t om,

Avove certain critical veleclties the electron is so
cloeely bound to the nmucleus that a light quentum cannot
knock it lcose. This causes criticel cut-off freguencieg—-
defined in & later paragraph under "Limits dae to the Cén-
servation of Energy"-~, These cause irregularities in the
intenasity curve.' Thaet 1s, theoreticdlly the width of the

#
line will appreech toc closely to the unmodified poaitim1} .
But these cut-cff fregquencies govern where the cut-off for
gach particular electron orbit must occur, Hence peart of
some of the com-onent curvee are made inoperative. The

area which ie thus cut off is added to the intensity of

the unshifted line,

The absissae are pletted equally on either side of

the ah: 22cng position which is the shift for initially sta-
tionary electrons st the scattering sngle of 180°. If there

is mord than one electron in the sswme type of orbit, then
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the intensity for tatat type must be multiplied by the nuuber

cf electrons in the orbit,

"

The sgreement betwesn Jauncey's thecretical curve, the
theory of other iavestigstors, and experimefit cannot def-
initely be stated yet, for good experimental datas is hard

to obteain, Put it has hu“ shewn that the maximum intensity

demgended by J=uneey is fer grezter than thst show on the

photographic plsates, The méximum shift znd the width of
the line are, however, in good sgreement, as is slso the

[0}]
(6]
oo}
o
21
i
[
[45]
13
o
o}
[
»

Weve Mechenics:

As is seen frox curve (5) of the grash on pags (20)
the intensity curve as calculated from the new wave mech-

enice 1is in good sareement both with Compttn's tkeory end

£leo with the sxperinentzl results, Dir&c(lﬁo) evegives
kC,‘fu’ )"(
the intensity formula Zp-= B 7 1O M?(/*&L/ where ¢

the velocity of light, v is 2 Pi times the wove number
of the incident radiation, and ¥' is the s=me for the
scettered redistion, "a" ie & small constamt ‘neglected
in cond order effec's, and 1o 1s e direction cosine,

PR o

This he shows to be just ﬁi tiuwes gs large as those
formulae besed on the quentum theory., In particulay this
formula agrees with the others at zero snd 180 degress.
‘Dirac furtﬁer pecints out thst this is the first physicsal

-

reoult ohteined from the new mechanics wi

O

previcusly heen known. .

W.Cordan = ' showed thst the valuss of the intensity
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of the Compton effect on the Basis of Schrodinger's wave
mechanics is esqual to the geometrical mesn of the correspond-
ing quantities for the beginning and end conditions of the
process based on tke corpuscular thecory., Thée suggests

& correspondence orinciple between quantum idese 2nd the

weve mechmice which mey, in the future, resdilv be extended,

Poarizaticn of Shifted and Unshifted Lines:
D rag (1R0) , o .
Dirzc gteteg thet "the witste of polarization

of the scattered radietion 1s the same 83 on the classical
theory", Mnd further, "the redirtion s€attered through 20
degrees 1s thus nlane polarized for unpeolarized incident

rediation."” This has been exverimentally vesrified by Kelli-

3 s 122)
mann =2nd Mark in Germany( /

. They inveastigst:=C w ether
or not the primesry inteneitv actwally appreaches zerco, sand
alao whether the secondary ray is linesrly polarized., Tc
accemplish this the secondary rays were analyz:¢ spedtro-
grees, and then the anwlyziﬁg crystal
wes turnsd with respect to the secondsry réys, when 1t

wszs perpendicular *to them, The amcuvnt of this turning is
messured by sn angle "A", The relation of fhe unmodified
line is known, and slso it is known *that its intensity in
the case of linear polarizetion detracts from the customary
gcsttered redistion with the function cosgﬁ. It wes thus
observed th t the ratio of the unmodified indensity to the
medified intens ity depended upom the sngle A, If this retto
rensins constant th n it »reves thet the Compton radisticn
ié linecrly polarized--similariy to the normal scottering.

ray; The sctusl resulte which they obtained proved thet

ty

the ratic of the shifted and unshifted intensitics wzs

.(D
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pr=cticell

[

pdlariz=tion agle, which

[o5
ob

showed thszt the intensity of the Compton rzdistion depends
vopon the normel westiered ray in the same manner thet the

polarizetion depende uvron it,

fz was oolnted out st the end of the sectlon desaling

with thz extreme corpusculsr visgw sevsral mlaoor tT=rus must

(i

L

be 2dded to the ensrov agueticn to weke it theoretic
niz wivas, following Cowpton's book on page

PEG: [ :’1 -—I - __/ ! £ .
b =hd end;tmer 5 ) TREMY (39.1)

To determine the limiting conditions we cwlt UV as being

P - /4 o . . .
neglizible, ?nahﬂfﬂ?;4pe O for v! to be = maximumy, Hence

we have: By =4~ h 2] (39,8

GT:JA~%¥;;A \V“ A) . Since there is no finite lower

lindt to the fresuency, the firast equstica being satisiled

when v' ie O, then the wavelength of theseattered ray may
.

he=ve sny value for which: A‘E’A+¢Aé_xj— . This e-maticn

gives the lower ¢imi for the cut-off frequency. The oniy

ctrer limit ezesily obtsinsble is from the knowledgs thail

v wust be greszter than vg to threw an eléctron from the

stom and form a scattered rey. Hence it focllows that

when the slectron is firmlv boimd to the atem that no wod-

ified line may be expected.

The firaet ¢f these limits tells why no Compton line

is observed in the reglon of the visible spectrum,
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Photo-electrbe Eff-ct vs, Compton Fffect:

For & short time there avpeered to be a conflict Wetween
the idess upon photoelectrons and the recoil electrone of
the Compton effect, Milliksn showed, in his experiments
upon photo-electricity, that theAelectron which is ejected
pust be free, Then Compton showed thet the momentumw snd
hence the energy of the incident quattum becowss divided.
This represented &z definite dis&grecument betwee the two
tﬁeories; end sesmed to mesm the comnlete sbeandonment of
on or the other, PRut Klein and Roselend (7,f.P. 1V,46,1931)
foind sn interuediate process, "Collisions of the gecond
kind", which showed thst the photo-electrons and recoil
electrone were upon two very distince bases, "Bollisions
of the second kind" =dmit of &nergy hv being trans¥erred
indirectly, without loss, from the 1light weve to the free

of = direct transisr,

ot
<

sl

CD

electron, thus obvisting the nece

ght wave to

F"

Thet is, enerev csn be transferred frow the 1
2 o

[

he free electron bty being absorbed fir=t by an atow, which
18 thus theénged from the normal to &an excited state, This

cxcited atom can return to ites norwal ¢ sendit lon without rad-

iztion by collisddns of the seecnd kind, which consist in

,d/

trenaferring its whole absorbed hv to & free &lectron,

Tn the Compton effect the light guant coliidaa directly
with ths free slectron =nd ban b chenged in frequency 1f
1% ecollides with a bonnd slectron only if The bound =le on
ig roissd to 2 higher energy level, discrste oY contlaucus,
l3sion, Hence ﬁhe shoto~slectric affect cannct

>oqqﬂo‘v represent the direct jntersetion betwesn 2 1ight
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The sxperimental errzngement is rather fully set forth

{
in Compton's book "Y.ravs and ?lectrons"‘A), s¢ that thers
is no deed to describd thet here. The apparatus ussd by

Tilscn to obtu=n his "fishtracks" chotogrpahs azlso nseds

no description. However, it mey be well to ssy a word
2

3 %o the wmesning of his photogrsaphs,
By weans of the passs=ps of the X-r=ys throggh the

gas one obtains two tvpes of figures: &) electrens of long

rengs, 2ad b)) slectrons of short range., The long reags

o
’...!o

prrticles sre phote-alectrons and are sjscted most coplously

by the longer wsve-length X-reoya. The short ronge Beta
nerticles {or recoil electrons) ars found to be due to

ahorter wave Y-revs. These :re the "fish tracks" on the

photographic pistes,

The range of these particles and their dirsctionof
emission furnish stroang svidence for the corpuscular theory

of the Compton effect, The light cquantum ides demands

s astrong concentration of recoil electrons with paths in
B

ths primary dirsction, which is in entire spreemsnt with

exnarimens., Picturss of these tracks have Dbeen taksn

s

which field still wore nccursts measurements.

The tiwe of sxposurs reguires to obtain a photograph
of the Compton effect is sbeut one hyndred hours., 11t is
obvious thet conditions will chemge tremendously during

thet time so thot inteansity conditions will vary within
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modified linz &nd its intensity silmultansous.y frowm =

Sesemén cryatel spectrometer for practiczliy a 270° Tangzs.
¥r,J. W.M,DuMond is =t pressnt carrying on work to cbtain
experimentel results with at least the first two of these

devices,

+v of the shifted line

oo

srzaent ftew data upon the Intens

3
p-be
54
oy
4
a

gsrd to scettering =gle and shift the thsorist
must halt or work most uncerbaialy upon this suestion of

the Compton =ffect, TWhen the oroblem is finrlly golved

a
4

puch new 1ight will be furnishzd science upon b

LA o d e A T e P i G
guantue thecry on g fimm basis wnd has repsalcd 08

ha corredpond-

attzcks upon the lsws of conservetion of snerzgy and wmowontua.

Tan conclusion T thke this cpportudity of expressing

and sincercst thanks %o ¥r. J.

ot

=dn

4

ny very great indeb

o

3

W M. Dulfond who has =ided me with much véluable assistanee
znd meny suggzestions, snd who hes wost Xindly reed OVEr

the preliminary m=nuscuipt,
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following bibliograslly of the Coupton effa2ct covers
a3 pessible all articles dsaling with the subject

ve &y eared sine Professor Compton's original peper

nd of 19282. 4 faw 3§

o~

2zling indirectly with thic type
aring which aprezred before then have heen included

¢of fuandamental interast. h

L |

&

firct arrangezent is
end sub-grouped by pericdicsls--in chronclogical
The sescond list is an alphavetical author list with
corraspondity to those appeariag in the first indsx.
owing abbraviztiong have besan resorted to:

PR, -=Physical Reviaw.

PNAS.-=Pruvceedings of the National Acadexy of Scisnce.
JF2,=-=Journal ¢f the Franklin Institute.
JOgR.-~Journal of the Cprtical coeisty of America.
PH,~=Philogcphical lagazine of Lormdon.
PRE..-Proceedinge of the Boyal fociaty.
Z¥P;-=-Teitschrift fur *hyveik,

P7,.-=-Physikalische 72itschrift.
NW.-=Naturwiscsnschzft,

CR.-=Comrtes Rendues,

Cim.--T1I1 MNuove Cimento, Rologana.

X rang broaclogically by Pericdicals.
A. Arrznged Charomclogically by Periedical

v and Secendary Camra Rays. C.C,H,Fldrance.
zC. $231-938. 131C

gen Radiation from Substances of Low Atomic Weight.
24. 138-148. 131:. Sadler =and Yeshurn,

ndary Redistion Produced by X-Rays. A.H.Compton.
Nat.Research Council. §. 1-58. 1822,

tur Theory of Scattering of X-Rays by Light Zlewents.
21l. 485-502. lay 1923, A H,Coupton.

grectrur of Scattered X-Fygys. AH,Conpton.
2. 408-41%. gept. 1523,



1923 {cont'd,)
8. gcattering of X-Rays by Light Elements. G,E.¥.Jauncey
P.R. 23. 233-241. gept.1323,

7. Change in wavelength by Scattering. P.A.Ross.
PNAS. 9. 246-348. July 1823.

8. vwavelength of Secondary X-ERays. Clark and Duszne.
PNAE, 8. 413-418. and 418-424. Dec. 1933.

©. X-Ray Ccattering and J Radiations. Rarkla and Sale
BY, 4B, 737-75N. Arril 1823,

12, Absorption Measurerents of the Change in Wavelength
Accompanying the gcattering of f-Rays. A.H.Conmpton
???{n _4;910 8975“911- E\EOVQ 19830

11, Investigatione of X-Rays and RBeta Rays by the Cloud isthod.
C.T.R.Wilson
I. PrR8. 1G4, 1-34. Auga 1e23.
II. PRE. 104. 182-812. gept. 1933.

font
k]

csecondery X-Rays. J.A.CGray.
Trans. Roy. Soc¢. Canada. 17. Sec.3. 185-168. 1923,

13. A New 7-Rav Secondary Radiation. W.BRothe.
ZFP, 18. 318=320. 1823,

14. Uber das thermische (Gleichpewicht zwischen Strallung
und freien Elektronen. w.Pauli.
ZFP. 18. 272. 1923.

15. Wavelength of foattered X-Rays. H.Xuvlenkamulf.
ZFP., 18. 17-19. 1923.

18. A4 New gecondary Radiation of X-Rays. W.Bothe.
ZFP. 30. 3-4. pps. 237-355. 1823.

17. geattering of ¥-Rays and the Quantuw Taeory. P.Debye.
PzZ. 84. 161-188. April 15, 1823,

18. Change in Wavelength Accompanying the Diffusien of X-Rays.
CrR., 177. 1031-1033. Nov.19,1923. T, Bauer.

18. The Theory of the Diffusion of X-Rays. Bauer,fugser& Perrin.
CR. 177. 1211-1212. Dec.3,1823.

20. The geattering of X-Rays by EHydgron. C.A.Schott.
PR. 283. 119-127. Fsb.1924.

2l. Intensities of X=Rays Scattered from Fock Salt. Jaunceyi iay.
P.R, £23. 1238-138. 1934



1824 (cont'd.)
2. A Corpusculsr Quantum Theory of the Scattering ¢f Polarizad
. {-Rays. G.E,¥,.Jauncey.

PR 23, 313-317. Har. 1924.

23. The Recoil Elactrons From Scattered X-Rays. Compton & Hubbard.
PR. 23. 439-44%8. April, 1934. ‘

24. The Corpuscular Theory of the Distribution of the Recdil
Electrons Produced by Polarized X-Rays. Jauncey.
PR» _2_)_:7,_1 580“5880 Ei&y 192 ;;-'o

25. Jauncay and gtrauss.
PR, 23, 763. 1824,
26. A Cenarsl Quaniuw Theory of the Wavelengtn of gcattered
X-Rays. B H,Compton.
PR* . 24188-176. Aug.l1924.

27. Theory of the width of the Modified Lines in the Conmpton
Effsct. G.E,¥,Jauncay.
P,R, 24 204. 1934 (abstract)

38. wavs Theory of the Compton Effsci. (.Eckhart.
PR- .2;%0 59}.‘5g50 Deca 1984

2¢. Tertiary X-Radiation. Cl=rk and Duane.
pNAS, 10. 41-47. Jan.1824.

30. Secondarv and Tdrtisry X-Radiations from Cermanium.
PNAS, 10. ©92-.88. ifarcn 1924. Clark and Duans.

31. Absorption Yeasurerxents of the X=-Rays kKeilected frowa
A Calcite Crystal. Y.H.Weo,
PNAg, 10. 145-148. Apr.1924.

32. <cecondary and Tertizry X-Rays from Elemente of Small
Atoriic Number. Clark, Duane, and Stiffler.
PNAS, 10. 148-152. Lpr.1924.

33. Tertiarv Line Specéra in X-Rays. D.L.Webster.
PN¥AS. 10. 188-181. lMay 1934.

34. Theory of the Tertiary Radiation Produced by Impacts
of Pnoto-electrons. Clark and Duane.
pNAS, 10. 181-186. Hay 1934.

35. Absorption Measurevents of Certain Changes in the
Aver:zge Wavelangth of Tertiasry X-Rays. Allison and Duane.
PNAS. 16. 196-187. May 18234.

38. GQeattered X-Raye. P.A,Ress.
PRAS. 10. 304-308. July 1924.



1524
38a.

37,

46.

47,

43,

50,

{cent'd. )
Thae Ceompton and Duene Effects. Backer.
PNA.Q’ l"Ji 348“‘348: ’ 1’2340

Influence of <“econdary X-Ruys Spectra of Placing Tube and
Radiateor in 2 RBox. Arzstrong, Duane, and Otitfle

Same title zs 37. Alléson, Clark znd Tuana.
:D}\TAQ- _1_9_0 .j? “384 s_‘%\al..t 19 4.'

The Polarizing Angle of X-Rays Scattersd by Parafin.
PFAc.  1C. 405-.4C8. 18324. Jeuncay znd £

Seaondary Elsctrens Preduced by Hard Y-Rays. in Light
Flements. H.Fricke, =znd O.CGlasar.
PRac, 1G. 441-447. Tov. 1824,

The Scattering of X-Rays. u,,alzlich.
Jre. 178, 887-68C. ‘May, 182

Tne Scattering of X-FEggs. AJH,Compten.
JFSO 18&9 57“?5n J?‘le,lgg4a

Yeasursmaat of the Polarizstion of gecomd-ry X-Rays.
JOoga., 8. 487-48). April,1834Cowpton znd Hagenow.
Theory of the width o ¥odified Spectrum Lines inthe

£ th
oo o
Compton Effect. GoE,ﬂ,ﬁaunc=y
PM, 47. 427-433. ay 18

The Quantur Theory of kadiatéon. B2Bohr, Yrarers, &Slater.
P?}:c _&_?__a 785“8{:2‘ Eﬁia}* 19243

The Emiscion of Zeta and Gamra Rays frem z Yetallic Fily
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