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mhe revious war - i t ... e f i 1 o x-H ... Jo on wi. ic. the prese 

e:xp ... rL.c tal tu. J.e e .d. L s bee do. c b., .en of r.t." countries 

during t.e p t 35 e rs . 1 1895 oe.t6e ) discovere~ ew t p 

of radi tio whic .e c lled x-raJ5, Vari0us other i vestig tors 

became intereste n tis e. r i tion and i 19:2 lie, Frie r·ck, 

nl rip ng( 2) got to~ · c diffraction pattens from c st ls . ~ e 

s tr of these tterns was e idence of the exi tence of a regul r 

crystalline 1 tt·ce ad lso g v e 'dence concerni g t.e type of the 

b sic structure of ~ese 1 ttices . I 1 13 the Dragbs 3 ) utilized 

crysta 1 ttices 1 t eir stu ·es of x-ra spect1a discoveri g he 

rag 1 w of x-r diffr ction by crystals : 

1tA = l ol .4-V'>1 e 
Lere . is tl ti or er e ·1 velen1:,t;.;_ 0f the incident 

r di tio~, d st e 1 ttice canst t, nd e is the 0 lanc n6 ...J.f;le of 

incidence wit- the c y~t 1 face. s O thL, rel t ·on, t_1e J3 ae:,0 .:: 

e v r recise letl- ... i ti ns of the w ve e_ gt'h of x- rc.y . s 

4) n. de b illi t plic tion of x-r y s ectr to 

t e ro lem of the constitut_on of tter, iscoverin.; t: e : .. osele 

Law -

1 oent0 e. , ..,i tzu::.;;sber er ,,iirzburger ... : sik-: .. edic sell~~ •. 
1r6 • 1995, rar.s., Stanton, ucie ce ~, ~27, 1896 

, ... ~rie ... ric.i 7 a.1d ;:-.· ing, r'a.diw 10, ?, e ., 19_3 _ 
'7 ••.• and" . L. Jrue:;g, 11

.X:-1ay/j a,1 c_y&-:-- .... tructure". 
ele•·, : . .i.l. :: 0 ., £._, lJ...,i, '. 1 13. 



he:::-e _; i.., the t mic . u...,or, ar ✓ .:.v t:. f:::-e li.t.. ::J.C.f 

c:. r'--cteri -~ c s ectr-::. .: • ~o o • e ..... ch eleme .. t . sco ers 

. ' es .i. tal_ 1 ...,ice.l t rru .. e t .. e e er.1e .ts n a IH:"iu ic 

s.,7ste . 

.,.,,ro. t' is t.:.. e o _ ·.e a p.:.;.c ti n or x-r =: ::, r-ece re . t ol 

p ... e u l _t.p.:. • + 
1J.~V of scie ce , but t'.e s eci 1 

r-k n t~e fie: of bsorpti n ~n sc ttcri LJ of x- rc s .~s tLe = st 

irect benr·n on he :p ·esent st ... 1 . o _+ober 1922, ~ . H. 

the la,.s of conserv ti n o v er ... u:.: to t .. e int r-

t on ;: r di t.:. n a d .. .at ... er i!l. t:!J.e Cc;;;.:J f x-r c tter.:. ...., :, 

'':!'re " ... ectro .re 1.1se cert i vf ro.J.iu.t.:.vn 

s. we th t there s.oul be los o e er , wen rad" u ·o~ is scat -

tered b " ... ree" electrons , wnicl. c n be re resented as increa .... in 

., .el 'c.ow e -.ution 

.h e h ~s J;.") j..c:K Cvfr.::, 
L nt , s .::, ·-o t. e rest _1""ss of n ": - vr-, .. , _ 

i tt.e vel cit 0 11,.:. t, ').' is the mo if"e 

r.!Odified wavelength , an (/ t w an~le of scatteri 

:1e un.-

rk n t e r.:.el , .. 
,1 o. pto ; Jec .. er-, '"! tson, u d ._.. 

:Jrode 
u) n sever 1 t·.er .... so showed that 

s teil ~le . 

;..;.;:; -"reque .tly occurs L hysi ~. , .,everal rorke ·s .._; t t .... - ..,t....l; 

T'€;b u.l s i ly t..b.Ju.t the s ., time . Rose, ! ~ 1 -ot the .odif"ed 

v :) •.• ptO , .1. ys • .,e,; • 22 , 'Toy., .1 23 • 
.v~..,, _roe. "'at: . , cc;;;.d . 10, ~04, 19'2'2. . 

ec'..~r, , e.tson , ., ,.,· .. e , !'ode and·~ .. t-3:u.t , P /S . Rev . 23 , 
1924 . 

8 ) Stu , Ph s. Re . 26, 6-1 , l 25 . 

n' 
I L, ' 



i e ex~erimentallJ before C mpt n d" w r: .. 

~r s its signi.:'.:.c .ce, .n.0 aL , J be ' ) got out the t!!eory o t~.e 

inter ... c • on of radiation and "f ee" electrons bout the ., .. e tir:: 

. 
'--ested th'"' t the bre dth o. the mot i ied line co 1 bee lai ed ad L 

sort of a ..iviJ ler ef ect •e to the ran c y oriented veloci t • es 

tte sea terin_ electr s . .Tau ce· l) ,70r'.e o t a theor • of t. • s 

loppl~r broadenin t e Bo •• r mo el o the .. o .• ; ri re ·ct-

e a line structure w. ich w snot in o d a reement w· th exper·me t . 

Besides this , Jaunce obta · ne • e • t'on whicl redicted the rel -

tive inte~sitie of n~di "ed and un.c~odified sc tter·n0 • ~his purt 

f Lis ork w s .in goou awreement y;i t. e:r.:peri e .t . In L 29 ;) 

blis.ed t'. ry for t. e er,endence of the breadt :' t c .. odi.,. . ec! 

1.:..e on scatterin anule and w~velen t~ . ~.e ssumpt.:.ons n lie 

.e theory rests are conserv tion of er ar. . u .. vntum, loosely 

bound electr US/ '"~th a r~rdo. r·e t tei ·~tri~ ti "elo 

ti J ,hoee ve 10 i ,, co:n ared w· th the velocity of li~1t, 

n~ t e rob i ~tJ o • ca terl O by u .:.ve electr n cl· s 1s ~r -

:;;,ortional to the pulation o tat cl s . :½is re t If r a 

class o el ·ctrons of ve: c • tJ (3d. i 

b A = If (3 )7(-

g e.., ... :; _riy~ . "' it..., ')') pp. lGl. .,,_pr . 1r.:, 1 23. ' 
~ :::::::_, 

(lO) Lo :- 'OC, :at ' l. ,..., . 
~I 

.., .. 1 23. , n." ~ . .,c • 
'- ' 11) .,. .. cey, ... ~.!~, s . J.e, . .., June 1025. ~ 

~' 
12) l Jtd,:?hy_s. lev. 3:3, I'·~ 1 ') ... ' - . 
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+ ~ :J ~A &n. 

nd ) '- A ==- Jr v - fl.er.t_ I/) 
~4~ 

~lis bre lth or course represents the rea1t of particul r ele-

cent o.f' es ectral ne . !. an· re 1 ~ se the o sered spectral 

line would have a sha e or str cture built up ut o~ a lot of sue· 

rec u. c.,les , hose rea~1th epen on the electro velocit·es nd 

'\'Those areas epcnd on the number o electron o:' given veloci t,f 

class . a s.:.m 11•1e 1er·v tlon of tl1is e uation for t~e e en1e-ce 

0 t..e .. e f the .no ified line on wavelen.;t. vel ci y ar.. scat-

ter.:.ng anzle appears in t.e . ( 1:: / ppe_ 1.. • ... ri orou riv tl no 

... hcse e uc.t.:.on C!lr. e fo .d ·n tne _iter t re 14 ) . 

h ve stud::.ed t.e e e::i e ce o breath o. s~ tter· s an_le and o. e­

le 0 tt, and have obtai.ed considerable uantit tive viJe. e fr the 

t 8 r' a.., assu. .• ptions. 1 a uant • ~ +i ve veri ...-•.:.c t.:. f th s 

t eoretic& e endence of readt. on t'e sc---tter'n unc:e is direct 

ex eri enta- evi ence o.f' a yna!"l_c atom l ! 

:t .;..s ne.o:' e u'~ ts of ... e·rr•·ese. t rior:. w·t "-'e .•J le 

r, 
J.';i 

t .. e 

iL-in 

( ]._n I 

1:) 
1;:;) 

(:') 
, 
- I 

I • r: 

to. ~ • ectro eter to get 

oa·r.:.e ., • -I. 

ra J..8 '"'~vl ... . 

'l 7 
~v .. ea .. s of t .. s C ~ 

'i-('•:r~t 1 ::.ne -e-f'lecti..J . , 

ev'dence a ut ... e ree ... 
0 ... I, 

14 thol 0 spe~trosco y util-
~, 

(t' e ~ ble ,...r.,,r ._. 
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one ca~ studr t e ~om tone~ e ·t t 

a. les . ':'lie auuole cr,rstal S"'ectro ,leter '1..._s verJ :1 • gh resolut • on 

i .r> tl e Cl" stal s a roac 1 erfection) an ci ves a ver/ f'. e 2rained 

stud o t½e spectrum. ~ . t {1~ .. ome 11vest ~:a ors -- usin~ he double 

rtrst 1 s ectrometer h ve re orte .p•ne struc1.ure ·n t .. e mod·r.:.eu 

.... c ttered s ectrur;i . Some investi~cto-rs r· nd indica.ti .1. . of separ -

t i on of the two cor:i:,onents of : _. ,._ o\.,.- attered fron carbon{l?) ; o. -nd.. 

.oss { 18 ) us i r:g 6. ui :i_;le crystal S.,b)uctro rap ic n.et.1od published 

a photo -raph which seemed to s ow t. e se a ... tion of the .: o{ no_ blet . 

f t·. e r orte e· eriments are tested experiment lly, as sort 

of pr uct of t. e present study . 

X-l .A 

·n1en a e o-f' -ra:·s tri'.:es matter a c 1plic tea set or 

corpusc lar and radiat.:. n . enome.m occur . ,., ese 1enomen mu· be 

listed as -

Cor-:,usc llla.._' 

. ecoil atom 

Rec il e e ~t1·on 

( 16) 
17) 
17, 

(1~ 

:'luorescent Z-Radiutiu' if ,I> -.j) 
':'runs. i tte<l - -re r eru 

1 n: oui ie sent tere x-ra,·s 

6 



w: ere -y' .1. tte • ci ent f ·eq 1 er-c~• an i -..j .... t' e exc tct on fre­

uency -> ~ o.. y l -el .:.n "":i a.t .. f t' e ...ut_,.._ .:.al .. ch t e x-r .... Js 

str • ke . ':' .. e sc tter x-rays are t 1e p rt _,, t' • s .:.r-ter~ t.:. 

wl1lct is f pa:rt'ct.. ar .:.nterest for us . 

The unmo if' ed scattering fro. iffe ·ent at s is co ere. t 

1
' ot 1 \'Tit • tself an t e priruary earn) since t 1.:.s ::s t e t, . e 

scatter in a e.:.ves B a·b (refection) iffract·on r. er, s~~l 

attices ", ,e.e t: ere is s:pac n .... at ..iic :v:. ne an 

ce a ss ~iate' c ns~ t ha et een : e .P 

~l s ,e x-ra_:r w ve .,_ ·&.:.n d • f ractocl erer.t at . ic 

lanee .'IC ie c ., stal. H ev r , t ' ie r: i ie" scatter .:.!l[; fro.. d • 

:'ere_t a·~o.s .:.s inco erent wit t.e ri.ary s.o, ·., -'-he 

• ..p..p 
.... ya c~•st 1 , un y t ' e .:.nit.:.al 

wavele n~tlw a 

w.:. t'1 "free" .,... . 

n uo • fie ave en t s a. :pear • . t' e recess of 

mo 1
.:. ·e sca.tterine as ~iven 

oosely om xpe· t to 

o s rve reater inten<"' .i. ty . .n· + e odifie ra • ation ,her -:, e 

in enE:r • of t1e e octrons is s .all (1..' at.:. ... ,..or ele n ·so sr. 11 

n -

ato·. • c nw:iter) . ,..., . 
V .. •"" , .. rhere .,_ e b • c .er ~Y o-" e electr ns 

t 1e c .... t-

terin:; w :.1:, e unrr..o if.:.e . Or o. e can Sf..Y 'at cu .;_t.:.,m nee-

ess r. ... l ta.in m .,_i~' e ..... sc--tterin ls .at 1..' El E' . ,~-,/, "" ....... 

t' ~, e.ry ra .o.t.:.o ID' S lar~e C.).,.1 arel! .,_ th "-1 , 
in 1 • ener • ..... l, ..., u 

of' t _ sc ... tterin.., el0.:trons e ~, 0·w-t' er , r ..... very s ort av s s"c. 

l.3 ro.uJ rad.:. ur.i or uld expect all the ·at tcred rad· -

7 



ton o "he . dif.:.e n, ese r '· tio,_s ... re very e t.. .... _ 

vm in t e ""or·_ o"" om ton a d .'oo ( 1 } . ,, e effe ~t of 

rs on t· e. attcr i~ t ~t 01 ea ..... ion must 

SI!l.a l i e tofus i~s· et e scatLcrer sre to e effective in ~ivi 

sca .... tered intensity. :o _et t~e m x.:., sce:'·tered • r.tenu • t .. one must 

T.181:e u e f t e sc:.:.tter.:.n fr . t e ~x.:. un num ~r of el ctrons. 

of scut erer; ,1·1 for m::;.ter .:.a . , 

is ue to a rel .... i ·roly super 'i ci l ~ 'er o tores. 

furt er cons.:. eration of im ort ~ce e vi Ll ex eri ,v!l 1 

at on scatterin~ Le~ men is t ureat 1 ss o intensitl l-- re~ 

in e scatteri ~ proce s . In ac n t e C 't 

bo1.1t 1 10OJ o_,.. t'·e in't al L.tc ~.:.... sir·.:. e .. , .. e .. c .in ~tu~ in 

scatterin: e. orr.e. a O"le .ust ar·a ·~e ""01· "" ver, .:.!ltens s~· ""Ce of 

c,rrents, ~ d uttln: th scut~erc~ :ose tv t.e focal sp t . 

vo t 0 e ca .. n'.Jt e too .. i,). .. 0r -'-Le cont· nuo s spectrum of t' e nalf 

. avelen t . .:.s refll"\cte· int: e sec:> 01-- er ro ucos ack~ro nd 

int C reu 0. 0 nterest, .. e ractic&l lir~t ~ v ltabe is Lbo t 

:' t mes t'.o exci tat.i.on •ro::. ta'--'e !'or the spectral ir.e use • ':'Le orL 

l.'.. its O- t' e nurrcn arise it t e tu e ni powe~ su ly an so 

tires t· e co0Ung sy:., • e:-,i of' t' e tari:,u C ... ' '-- .. 

... om J .. Ele tr " O'l 



.i. t nee .p 
... v tte scatterinc lock t, oeca·se 

..l iu ~ce is ecre sc their. omogenei~ of s tterin: 6le 

fo.lse roule. • ne r1 Le rel ro~d 

in w._ct is of cour e the 

rJent . 

.:U I' .n? Tl-u 

e "i..i te to ea~ure .: t is s al 

0 stu' s me intense ch r cteris C "' ectr ..... l line. l•,0 l d :,(I~ l:) s 
) 

in this expe . 701'' (.Alver • o(,,a · s also re ucntl., ' ,.;:;_. . 
essenti l re r ~nts ·r t e s ec~r line r ~ation T. t i 

m st e etr te t' e sc\.A, \I erer e:l, re· leci, ..... t reasone.b r.. .,) .. cs fr 

teer st ls o the s ectro eter, not c ffer toJ 

tion in ir, x-ra~· t 1 e ,.:.n 71s, c. 1 .i.o::ii atio ch . e:· window, e." 1 

ro sonable en...,t .. e :.e 

• rorr. i. :ie , l:'ur ioxi co: ~~tly_ :odi "e ' SU 

ra lie.ti 'i • tc 

:r tion one n· l ' "Ve to kc +'1e .ion·,,.o.ti 

.,,_ec • 11.. es.i. • eJ. -- -- ------
t , 0 1 ) to :_-- l -..1o. .J.. excite 

t' e x-ra.t tu e _cu·.i: . 

ei t:; ,...,,. -(' 
• I 

S • ;:)ot' t C 

o( 

r 

:.1. e W S lSC 

~ t' t 

'1 t.,C L co e 

d 
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LONG/Tll.DINAL .5,ffT/ON 
.SC/ITTE/i'Eli' li'£MO//ilJ 

ft.mp C(Jl]lleCl'lt:¥1 

6/aJ.J /o_p;;JJ g1?JVntl.J17li1/ mdde \ 
llqllf Wll'IJ clel(oll/"111.Jl(y CMle/1/". 

6/m IHJt/ rne/ul ()JiletJ' ht-"ll' 
Wlfh delfoht,ns-'!)' cement 

SHTION ALONG A-13 
SCATTE/i'£1i' IN /'LACE 

DTE!i'NAL VIEW WITH WATER CONNECT!ON.5 

Showi,zg /ocat,on of" wt1ter a70/Ji1p 
dvc t. T/11.r dvcl" mpde '2Y dnl/mg 
holes from ovi..s1de and 1/Jen..;a.zi-r)y" 
m brass plugs w11e~ reru1md. 

METAL X-ffAY TIJ/3£ 
k.J!fllt'd lo ,oemvr Clare tlfP"lJ?Cl?('U,· mmintvm) 
/O /OCO/ Jpor. //.H(!Ytf"J/1/Dut'ft¥KI. 

~l .-raJ tube an scutterer, se to stu t e 

Co~pton effect at lcrge sc tterine ancleu, 

Spectral curves, fig. 12 a. 13, were obtained 

us..:.n • t is u· 

O\Te nu , . ..., l t .e VI 'oi ts • ere W'lter 

coo ed . :' . .1.e t e we.., operate on t' e • ps and :Je.~ 1 tir:..,:. :.i..,h 

temperature wux as use to sea the v r.:ous u·ts o the tube 

toget e v e i~l have no ouble in o_. ere.tine;; .... n. x-1 a· +uoe 

"on t '1e pum s" as _ong as two c nd • t • ons "..., .,. 1 ille , r e 

size vacuu:n connections to t.. e me cur, iffus.i.on um s. ::.) A 

hi 1 spee' ump.:ng s_,stem. he size of the vacuu:n con ecti is 

a more important factor th n the absence of bends) . Te scatterer 

se ias a ylin er of ~cheson Gr ite l" · n di .eter ~d 2" _i 

It was inclose' n cl se fittinu lea box to prevent le ' a 0 e o_ 

x-rays t1.rou..., t.L.4 s~ tterer into tL.e r o . of t e x-ray 

tube an scatterer is shown in Fi ·ure 1 . 

the tL n luminur:i in ows 3 t· es . '.:.' ... e loss b c sorption ent ile 

in ~ .. is tr · ple tr nsi t mno' ts to 3 ,; for the w velen0 t e -

num .,. e re ini O 70 1; as fo· n-1 s ff.:c·e, t for ne surer ent . 

~~ttempts were de to et results 11t· tvo c .ere.: 1 x-

t 1:)13., but were u.nsL1ccessful because o ..... bsorpt:cn n t '1e 0 la s of t ' e 

tubes ad because of t:e gre t istance rom t:e oc 1 sot to the 

sc tterer . In t _ree exper ::-ien l tubes whic'1 :1a.: 1 1\.:,8 SC"" tterin 0 

block in· e the vacumn, ffic t:, was ncountere becc.use it was 

not :possi le to !"opcrly b '~e out tre scatterin_; :r::ateria_s Car..,o 

and .,__,ery ~nd the p· . i ng system was not q_ui te fast e ou to 

handle t.e ·a that was __:..:.ven of . :nis co .:tion maue tte eh-per·-

m n+n c rves ja__:ged +'1ey cou ot be inter reted .:.t:.. ce t L,1.y . 

o~ the tuoes rra e cu 1 be operate wit,. noderate ower ' ut in 

:.o 
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ec-.si:..J" r .... av nd ~ - t~ et -nd :1 tle w ~oi .ts .. ere •rrater 

coo ed . :'.J.e tt..be wa., o erate on t '1e 

te per t·1re m,.x was use to sea the Vc...rious rts o the tube 

to et!!e ....ie ill have no t 0 11ble in operc.tini; a x-ra tuoe 

"on t '1e purn s" as ong as two condi t • ons -re ful 1:ed, 

size vacuu...71 connections to t. e mercur• i.f'fus.ion i, p.,,. 2 

hi" s ee:i ·1.1:.,ping s~rstem. he size of tie vacuu:n con ectio is 

more important factor t:. n the absence of benc:.s) . The sc tterer 

se y•as ..... CJ 1 ~ .1 er of a che son Gr i te l" • n iameter nd 2" Li 

It was in~los d :n cl se fit inG lead box to prevent le' aue o_ 

~ -rays t rou~. t' e s ..... tterer into t .. e r 01.. . ...1. i ra-ni o the x- o..y 

tu e and scatterer is shown in Fi ~re 1. 

the tin~ u:.Lin~~ wi ' u-s 3 ti ~s . The loss b sorption entaile· 

.in ~ .is tr: ,lo t-ra ... sit runo t::. Lo 3 ,~ for the w velen
0 

tJ e-

• ur •. • : o( I ..:he re inin0 ?O,~ .as found s ,-f':'in:e. t for e su ernent . 

.c1.ttemp s were de to r•et re ults wi h t o corut.erc l x-

tu es ut '.Yere un uccess ul bee use o -bsorpt • on n t: e 0 la s of t ''e 

tubes ad ecause ot tle gre t istance ~rom t.e pc ls ot to t.e 

sc tterer . In t ' .ree exr,eri!"lent..... tubes whic'. lrn.;: a lar'-"e scc...tterin 

block in i e •~e vacuum, fie , t:· as cnco·J.ntero:J. bees.use it w s 

not possi;)le to ro:p ly 1J '·e out the scatter · ng rr,ater.ial Curo 

and ~eryl~i ,J ~~d the pu.~ ing sys+em was ~ot uite fast e ou:;l to 

handle t c ·a th t was t • ven o f . ':' is co .:. ti0r.. ma o t .e oxperi-

c rves ~ot e inter eted it ce ta · n 

,.~ of tl e tu.oes , e co 11 be OJerate wit. 111oderate ower 1 u:t in 

• 
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. 3. 

L 

,.. ... "' r ,., r ......, . 

:.1 

tuJ •rD ~ ttere r •ation X- ':J.' es ot 'e run vc··.; aevorel• 

:n or er to n: -e the oc ttere inte .s • ty suf ... .:.c • e t to me sure . 

..,,. ectr • .,. e S:PC\C. a_ es· ~no D u le cr··stal s:p ctror::eter 

used is s'10 .:.n ers ective n fiour>e ,, ·.r en used s an L stru-.., . 
ment for a ... si <CJ sp ctr t .. e instrument is use in the nti-

p ra_ e position. L the not tion o .i.L.ison arid .i.li 

:'.,e n ture of i-cr,,rst :line ref ection i sue t at on-~ .e 
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