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liesis concerns the nmeasurcaent of avsolute

+3
H3
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¥-ray intensitiec of thre continuous x-ray swvcctruz,
anl a comnariscn cf the exnerinental values withh thieory.
The best avalladle theory concerning this subject 1is
that due to Sauter (1). It is shown that the intensity
of x-ray radiation wnroduced when electrons intcract

with nuclel 1s devendent on several factors, namely,

the enefgy of the incident electron, the anzle of obsce-
vation from the direction of the incident electiron, the
atomic number of the bombarded nucleus and the freguency
of the radiation e:itted. Due to the mathematical diffi-

culty in treating the more comnnlex cases, the theory 1is

o

B

paged on the assumdntion that a cinzle bonbarding clectron
interacts with an isolated nucleus of an atcx of thre
tarset material to »rcduce an x-ray quantum. It can be
seen that the assgumntion rezariing the isolated nucleus
will be more closcly apnroxinmatced the fewer the nuaber

of atoms present in the x-ray tute tar et. lowever,
tar_ets of the thlnness necescsary to annrcxinate the

heory are not sc<lf-su-~nortin_, and consejuently a

nackiny rmaterial rmust be usel on which the tar_et

(=0

naterial is denosited. ESince it 1s desirel to find only

the effects nroducel by tlhe tarzet atoas, and not the



backiny material, it is necessary that the effect due
to the backing rmaterial in ths nath of the incident
electronseither bHe ne;li ibly small, or that it be a
knovm quantity in oricr that a correction for 1t way
be made.

In »revious weork on thie measurezent of abcoclute

x-ray intensity, H. R. Kelly (2) and A. ?. Reno (3),

jon

2llcnhane as the tarset backking material. Their

uees
asis for using this materlal was that when a target
consisting merely of the backing material, and no de-
noslited metal, was placel in the x-ray tube, nc measur-
ahle quantity of x-rays were nroduced under the sanme
conditions cf tube current and voltase as were used for
the ecxneriment with the denositel metal on the target.

iewever, with electron currents ¢f one hundred times

normal, x-rays were »nircducced, bt the Intencity was so

snall as to recult in no detccta™le clion_c in the value
of absolnte intensit; et lhe fretgucncy bHein chudiel.
In snite of the evilcrze to the contrary, it con
@ scon thiat the tar_et matcria mi st nroduce two
nceginle 2ffcets. First, 1t ig conecclivable that tlie

snould »nroiuce some w-rars, and sccond, 1t 1s pogsible
that it covld rediffuce the elcctrons bac
nmetallic film, both of which woull cause more x-rays tc

-

ne produced than would be withh the 1:deal conditions.
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Furdred tires thie tlhicliness of the densslted nmetallic

film. It 1is not knovm why the bazskin_ material, with
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x-rays in larger

nantities. It 1s »ncgsivle that 1t mi bt be cauced

rents of small atonle number, anl it 1s knovwn trhat the
intensity of x-rays vnroduced varlies rou_iily as tie
square of the atomlc number for the 11t elcments
and (2) the density of cellonhane i1s snaall, wailecl im-
nlies not only 1i
In view ¢f these possibilities and conesiderii_ tie
fact that the reoults of Reno (Z2) and kelly (2) are
“her than the theoretical values, it wvas

thousnt advieable to conduct cwneriments to find what

s}

effect the packin_ material has, and 1f possible to find

b

this quantitativel;y, in crdcr that the more usable,
thicker backing naterial mi it be used, and tlicse values
corrected to valnes that woull be obtainzd if no baclking
material were nresent.

Tr.ere are two metlicds cf attacking the »nroblen
which might e used for this experiment. 7The first
would be to use cne thickness cf baciiing material and to
dencoit various thiciinesses of metallic Tilw, to mneacure

the x-ray intensity from these various tarzets, and tlcen

from a granh of intensity versus tar;et thicliness, to



extrapclate the curve to zerc thlciiness of metallic

t of having

Q

film. This consequently results in the efle:
only the bacizin; material. This »rocedure has three
major shortconinss. The first 1es that as trne thicknes
thie annroxination to the theory

of the film is increased,

cf the clectron strizing a sinzle aton 1s Jdecreased.

meagsurenent of the thicitness of the film camnmct be used
for the s:zall thicinesses ncecessary for accurate
extranolatiocn of the curve to the zero thickness of
netallic filn. And the third is tiat the thinner fila
PRODVCE 50 SMALL A QUANTITY OF R-RAYS A8 To
wouldcreatly decrease the accuracy of any results
obtained.
The second method of attacizing the provler, and the

-

one used in this work, is to, as nearly as »ossible, use

one thiicliness ¢ metallic film which can be easily and
accurately megsured, and which will oroduce a sufficient
gquantity of x-rays,and vary the thicliness ol the bacliing
raterial. TIrom a curve of x-ray intensity ajsaingst baci-
ins naterial thickness, extranolation to zcrc thiciness
wlll -ive results,due only to the foll thickness itself.
The disadvantase in using this meth:od lles in the fact
thiat the thinner bacliiinz naterial is relatively wecax and
therefore will not stand un weXl in the tuve. Tut it

has the added advantase that it is easy to vary the

thickness of the backin; material, and targets with
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lifferent tricinesses are quickly cocnstructed.

Tt wag decidzd for this work to ussz four diflfzrent
tiilciimesses of hoacliin: nmaterinal, conc of trem keln; the
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cocmmerclal ccllophone used in tlhie nreviou
experimnents, for comvarison purrposcs, and three tiicl-
nesses of another material to be descrived later. A
set of four tar_ets, one of each thiziness, would be
coated by the same evanoratiocn yith a thin uetallic

ame thiciiness of target

|92

film. This would give the
t

-
ra

erial and any variation in results from different

targets would Ce due to the baciing material alone.

I TAS YA T AAT TRATTAMT T
II TILECRETICAL Lgudhadlenao

A. Discussicn of fauter's Theory

ror the tnecretical work with which the exneriien-
tal results are compnared, an eguation develonel by
Sauter (1) was usel. Iis verk was used becausc to date

it renresents thie most counlete recult of thieory, reing

a relatively comnlete relativistic treatment of the

nroblem. This thieory is basgsed on the ascuinticn of a
sinzle Dombariin: electron of “nown total ener_y striking

an isolatel ateom, which may result in the vroduction of
a quantum of continuous x-ray encr;y at o snecifiic fre-

- 2 o ERN
ertoalin azintl
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quency and a

The equations 3iven by Zauter, which were evaluated

Eal
L

or this exmeriment, are the following:



-
O

ool - 227° £ 0(4){(35;—C:ﬂ!)m’c ‘swe 28> - cpt
R‘C (-4 qu ﬂ‘

—Ec o e;ase— g& L06 £+CP +CP¢. (ﬁm)cose c/°o)
2u 2 pL cpP 2R

(n2c? _ A, BIN(AY -c p, cos o)) p Rip
Jr(“‘ @t ) )/%LOGFZ—P

act R*

G E,[—m‘c"'f—c‘f’uv (3 E, .ANJ/»JC "-E‘,Ec‘ﬁ‘)m‘c‘:mb-
+1L0
EcF -m*c-c'pp ARP MUY

+3£ B~y Admic e B P (ELE +c/’.)14cose]
4C2Pof,“_ I/C-pll—

AN - P S A Eo SR PN 25 P R A PRRTE R
The correcticon factor which this must e sualti-

=11ed Ty to make the formula valid for the wicle cnec-

tral ron_c is:
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in the foriula arce defined
P].a.;:i:'b COnNos \JgLnt
Char_ e on the electron

Lest mass of the electron

Velocity of 1i nt
Distance cI the defining aperture
Trcn the x-ray tar_et

Atemic nunmber of tiie torzet material

arca, ncr electron, »ner second, ocr atonm per

ass:

Initial total encr_y cf the bouhariing

clectron

Total ener;y of the electron after collision

Initial momentun of bombariing electren
cmeontun of the electreon aflter collision

N == Eal 1. b} - -y
Loventum o thz guantun

of emitted guantum with
lent clectren directlon

by -definition

city of inclident electron to

Tatio of velocity cof electron after
collicion to that of 1li_hkt

( <A oos-eb)
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S mantities Vsed in tlie Commutation

ror the evaluation of thie esuaticn, the Tfollowing

values of the constants were used:
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57523 x 10-27 er-sec.
750 x 10710 cgu
0

x 10-28 oram
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C = 2.70775 % 1010 cn/sce.
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Trom Comnton and Allison (5) the [ absorption

limits for the A7 and Cd ugsed in tiie Zoss balanced
fcils are:

Agg (& limit) = 462,13 XU

A pp (X 1imit) = 434,43 31
"mich ives:

4)Cd (X 1imit) = 5.4723 x 1013 sec-1

»-"S

4)A“ (K 1limit) = 6.1876 x 1013 sec~l
(4
These jlve a mean freguency between thnc i abnsorn-

tion limits of:

1) A - 563302 x 10'18 sec” —
&)

Li¢

d4), ca - 4) . = 2.85244 x 1017 sec™t

(&

AR - ~057 x 108 ergss
Jev = 1.60336 x 10-12 erss
¥ - —C—")—- 1.40002 x 1078 n-cn/sec.
Tor electron energies of 35.7 and 41.74 X.7. the

velues of J} d 4 are taken froem calculations by A. F.

neno (2):

K.V. Jo d o

35,70 1.25 x 10°26
41.74 1.15 x 10~2°

Co TIEDCEOLOARY CCUSITICLIS TC DE LET 2IlnmlTALLY
wor this exnerimental wori, the electron eneryy was

measured by careful control of the volta_e of the x-ray



tuve, the number of boubarding electrons was ncted by
closely controlling thie x-ray tube current, and the
agsumntion of an imeolated atom wes apsroxinated by
using a very thin targct, thereby kecning the atcms per
unit area smnall. The frequency ranze of th
produced was controlled by the use of
foils, the azimuthal an;le was aczura
staniard ionization chamnber 1n connection with a Coxnton
Tectrozeter was used to measure the nuaber of quanta
nrojuced »ner unit time. The balanced folls in this

case glves J) d4) for a »narticular frequency 4) in a

range d 4)

IIT PRCOUCTICH CF BACUIUZ IILUS

A. Aoaratus and Procedure

Since it is desired to use a target backin; material
thinner than comnercial cellophane, and to use several

ses, and since nothing ol thils nature
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was readily available, 1t was necescary to cnoocse a
naterial and develop a tecimnique feor zaking films of
various thiclinesses. It 1s necessary that the backing
tar;et material be as strons as possibhle, net only

e ilns uceld are very thiln, but zlso because
the posgitively chiarg;ed targset 18 in close nroximity to

[

thie negatively char_ed x-ray tube case, and consequently
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Table I

Data Tor tle meacurernent ¢f bacliinz filx thlciuness.

szale ccale

realings rcaiin_s

(cn) thickness (cm) thiickness

4.70 4,20 4o75 5.CO
5.C0 5.C0
5.00 5.10
5.C5 5.10
5.00 ~+00

L.70 505 5.0
5,05 5.10
5.0C 4,75 5610
500 5.10
4,90 5«15

4,70 5.05 5.C0
5600 2.15
5.10 5620
500 4a75 510
510 .20
5.10 5620

475 .10 5.10
5.10 5.05
5.C0O 520

LeT5 .10 4oT75 520




riess for the thickest {ilm of 00137 c¢cn, for tl.e middle
cne, 00107 cm, and for the tlinnest, .0007C ¢c7. The

cellonhaong was 00205 cm thick.

S Tor~et Constructicn
Tnese films were thien cermented with Duco Ecusehold

Cement to the wire frames wilch act as tar_et sunmorts
in the exnerimental »-ray tube. It vies found that the
cement dissclved tne films, but by using a @mininun
quantlity on the frames, and by careful nandliaz until
it had dried, it hardened into a very Tirm supnort for
thie films.

In this manner cscveral sets of tar:gets were made,
eacn set containin:; one tarjet ¢f each tnickness of
ethyl cellulosc mzterial, and conc tarzet made of the
commercial cellonuanc used in the previous (2) (3)

wneriments.  ‘our tar_ets coulld be constructed fron
cach viece ¢f ccllulose acetate nade, and threrefore
Tour scts of tarzets could ve made at once, which would
t

ie thie sets commarable to each other as far as thick-

necs of baclkin: material was concerncd.

4

Iv ETAPCEATICH COF ALULINUL CIT BACLING

The evanoration of alunminumn onto the tarjet was

carried out in a crlinirical slass tank with steel top



and bottom nlates, the inside size of wnilzch wias twelve
inches in diameter and twelve inelies hi_ . Ihie vacuun
vas onitalned with a Cenco lLejavac pump in connection
with an o0il diffusion ~umne Thils was suilizicnt to
ar;e vwiten tested with the
Figh voltaze from an automolile snhari colil.

Thic aluninum was evenorated from tungsten fila-

ments nlaced nzar the bottom »

~clder was conctructed which weuld hoeld an interferoneter

disteonczce of the mean free nati of the zluninum mole-
cules, which in tiils case wvas anpnroxinatcly seven inches.
As can e scen {rom the illustration of figure(Ql tre

interferometer vlate was rhell in tre middle, surrounded

as closcly ag vogscihle D the feur tarsets. At the
distance Trom the filaments usel, tihls shoulld sive a

el
pe

(o)

In order to deter ine the thlciness cf the evapor-
ated mctallic Tilm, the follovin: »roccldure vwas uscli.
An interferometer plate was nlaced In thce evancration

Y- i~ - -~ S el qv ~ - XEREE al Y —
chiamber alone anld siven an onajue surface ol alunlinuaz.

It wns tlhen removel, and a cellonhiane or mica strin
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about one-tlird its widthh was cencnted over tlhe alurin-
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ized surface
imnortant that care be talen tiat tiie ed_es of this

strin Te as siiocctll as »osclble. It waos tlhien cencented

only at the ed;cs of the »nlate, s2 acne 20 the aluslinu
would e »wulled off when the mica was rcuoved. Tiisg
vies asaln nlaced in the evanoration chasber alon; with
the four tar_ets to be ccatel. or the szts uscld in

s 3 - S - 4 s + 4+ - — oY
el liteen aluninm wire was cut into three egual lengtls,
- 2. " ~ -~ £33 - A - + A
cun; Sron o three locons in the filament, and evaporated
Tnvee  Ya B Y s 4 et b - hal 1 (1
D7 heatin the fllanent with an electric current. As

different evanorations.

V. .casurencnt cf Thiciness of
Aluzninur rilas

A. llethod

From the nreceding, it can be seen that the outer
tvo-thirds of the interferometer plate received an
adlitional ccating of aluminun egual to the tarsct thick-
ness while the center section, nrotected by the nilca
strip 1141 not. Uncn removal of the nico strin, it can
be scen there results an interferomcter wlate witnh two

reflecting surfaces, at a dictance cof the thickness of

5
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the correcsponiingly sreater will be
any ziven thicliness of denosited fil: beisuse of its
creater fraction cof A/2. Yo oexamnle, using the mercury
sreen line, isolated by sultable filters for the mcno=-

T o 4
cited filu of 3004

[ ]
he other hand, usin; a wavelength of 235544, the Tringe

N
300/2554/2 "= 1/6 of a frin_e.

This sreater frince =shift will facilitate the measuresnent

e
@
9]
(@)
6]
@]
=
O
]
(0]
-+
o
(0]

of filn thicknesses, and will also mal

measurencgnt of thimmer il

4

I

o]

the low pressure nmecrcury are sohectrun tiere is a

- — - o .
triplet comnosged of A = Z£50, 7555 anil 2452A of relative

intencities of 10, 7 and £ resnectively, the necan wel nted
L] . b . - — o —~ . . v
vavelensth of whicn is A = 2254A. Corning filtars Hos.

584 or 5945 have a maxirmunm transmission at A = EUOOK,
and will reduce the only other line near the A = 33543
croun (A = 7"%7K to about 1/12 the intzncity of the

A = 243548 croun.

The mercury arc used for the source vwas the Cconer-
Lewitt labeoratory arzc Tyne K213220, quartz bulb unlt
which onerates (with Duilt-in controller) from 105-125
volts A.C. Or D.Ce using 2.2 anveres. A3 coumparcd to the

¢ tube hiil pressure la», and the cemmon low

pressure dischar ;e tubves, 1t is about a medlum nressure
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The naner wos then remnovel

18 an

[oN

roa the sunnort,

Ve z an es
can arain be scen Dy referrin: to rise (5), lines were
drawn throu h the mariis on ons side of thz "sten'", oar
allel to the horigontal rulinss, and consejquently »arallel
to the fringes, ovsr throush the systen of marks on the
other sile of the "steon". By direct measurcuent, there-
fore, the distance of one frin_e line frox the corres-
nondin; one on the other side of the "sten” will renre-
cent a nunber nronortional to the frianze srnift, while

side of the "sten"

Frcem trhese

To nmcasure all the ghiftis

nlate, a steecl scale vwas place

wale on the lines from one sid

o0

noints markaed on the other

[
(=]

one nositicn and successive re

lenth of nattern (Table II).

cn the other

¥

frin:e skl

4.
the s

4

snift then

al
caLc

Fad

CL

ne

VL,A:-A.L

ulated,

J-‘.
[VP

ecutive lines on the san
ent the corresponding

two measurcnents, the

cticnal shift may pe deternined

ions on one

[oX

1 s0 that reaiings cculd be

cf the "sten", anl on the

Ic)
~

a

n;
Thi
3ide cof

fts and

the metallic [

od sives accurate

&

<4
il

tabulatsz

4



Cauml ta slieet Ior cooutatl-n of trilcimezes of tiiin
met films. Interferoueter nlate 30, pucto_ranh L.
scale 12) frinse le f»in.c
lines Tnto vidtn 3 widtl
0 27 2 0 3 13
111 135 11 25 125 14 125 13
240 255 122 272 254 292 122 27
Zo4h 303 124 z1 220 ! 1253 I,
407 515 127 25 514 525 174 21
~15 £y 124 27 £05 55 15 25
750 724 25 74 751 Toh z2 23
2355 205 15 O 83 cOo7 120 25
1004 1023 172 20 1006 1074 25 273
1122 1155 123 ) 1125 1145 20 19
1222 1204 130 e 1255 1253 129 2C
1327 141 125 zZ0 1224 1407 20 27
1515 1545 123 =0 1512 1522 123 20
1639 1252 124 27 1572 1555 120 24
1747 1206 123 3G 1720 1720 120 2
1821 1725 124 54 1232 1223 122 17
2025 2058 125 z2 20C0 2C24 113 24
2147 2185 127 >3 2135 2152 135 17
2270 2712 23 42 2255 22738 120 23
2778 2425 1232 27 22720 2404 125 24
2525 2558 137 23 2500 252 120 z2
2551 24520 11° 29 2532 2558 172 25
2770 2212 119 42 2755 273 124 27
27275 2237213 125 4z 2232 2210 12z 23
3025 =C35 130 3! 2010 =033 123 23
2153 =173 23 20 2130 315 120 z3
Z2270 Z3C0 117 70 z270 z22827 140 17
ZZ0T7 7Lph 127 27 2704 2414 124 2
zn13 ITAZ 114 30 250G 7542 115 22
TR43 TTRZ 130 C 7570 Z%58 1221 23
z722 2705 125 27 TTT4 5501 14 27
Z270 z013 122 4 50702 72175 112 24
4017 4045 123 22 4021 445 129 25
L1 45 L170 172 25 4143 5175 127 27
4255 4205 121 30 4271 hont 173 15
4720 L4202 123 Z3 4405 4426 124 21
4515 spie) 122 2 4541 1555 1Z5 14
4528 4570 123 z2 LAo3 4527 112 w4
%755 4708 122 72 Q?SE 40048 170 25
G003 4027 137 24 4701 4072 113 21
Ilean shift 27.5 Fracticn  .218 .218 x TAS4/2
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VII Viorizing Zguation

Jue to the absorpticon ¢f variowg naterials in the

RN ~ b P L, o “n cvr e - Aes - 3 -~ PN
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