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A descriptlion of the two-meter curved crystal
focusing spectrometer, including lmprovements in several
of the component parts, is given. The systematic errors
inherent in the measurements and the callbration necesgsary
to determine them are dliscusseds. The construction of a
sensitive geiger'counter for the detecting system was
necesasanry and was achieved only after many fallures. The
over-all instrument Sensitivity is low, requiring sources
of tie order of twenty to fifty millicuries. The gamma-~
ray spectra of four sources, Uold 198, Iodine 131, Cobalt
60, and Tantalum 182, were studied. In the case of Jodine
and Tantalum the entire spectrum was not obtalned becsuse
of ﬁne lack of sufficient soufce strengthe The results
for all these sources and the method by wiich they were

cbtained are given.
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1 gescrirstlon of Gumma-Ray Spectromcter,

Tae spectromster used in thls study of garma-ray
wavelen ths nas beéﬁ”&éééﬁibéd"Iﬁ”oth&r“piaces(lj*%ut~i% is
felt that & short description is necessary here for come
pletensss.

This is a tranumi~“ion—tyﬁe spectrouneter wilch
makes use of Bragg reflection®™ from the (310) atomic planss
in a guartz crystal. This quartz crystael wihich is 2 milli-
meters thlck is curved-te a £ meter radius by clamping it
azalngt thne convex surface of a stainless steel block whlch
nas beonbaccurately vrofiled to a cyliadrical uuffaoe'of

-~

this radiuse. This crystal and nolder will be described in
more detall laters If a gilven spectrometer setiing corres-
sonds to the Bragg angle for a wavelengbh of ganma-ray emitted
by the source then these gamma-rays will be diffracted by
toe crystal and the detectinm: system will respond. Of course
only a small fraction of the gammaerays witih thls wavelength
will be diffracted. The ganma-rays of othsr wavelenpgths

1

contlaue on throuzsh the crystals In order that this

“The connaectlon betwsen wavelenigth and angsle of incldence
for Bra g r reflection is ziven by (for first order reflec-
tion)

A= 2d sin 8
Where A is the wavelength in centimeters, and d 1s the spa=-
cing of the atomic plancs being used, in cantimeters.
8 is thoe anglc between the incident direction of gamma-rays
and the atomic planes used. If the bsam is inuident at an
angle @ the diffracted beam will make the same angle © with
the atomic planes so that incident and eworgent angles are
enqual. Thus ths deviation of ths refracted part of the
bean from 1ts initial direction 1s 2€.



beam of gamua-rays which is not diffracted by ths crystal
shall not reacin the detecting system, a system of lead baffles
called the colllmator 1s placed between the crystal and the
deteetin. systeme. The construction of this collimator will

be dlscussed later,

Figure 1 1llustrates schematleslly the operation
of the spectrometere It should be kept in mind that tils
fisure is only schematic and dlmensions are exasgerabed to
illustrate the operation. The view on the left shows the
spactrometer at a setting whieh will zive reflection from one
side of the atomic planes of tins guartz crystal and the view
on the right sho.us the sebtin. for reflection from tihs other
side of tne same atomic planese The view in the center shows
the zero wavelength setting, In which all wavelength gamasa=-
rays will be detected by ths gelazer counter, In order that
the lead collimator and support (waleh welgh nearly 1500
pounds) nsed noﬁ be moved as the Bragg angle is cnanged, ths
spectromster operates by rotating both the éoufce and bthe
crystal to maintaln the lnecident and emergent angles the
SIS e

In Figure 1 the focal eclrecle (which has a diameter
equal to the radius of curvature of the crystal) is shown
although 1t does not oxlst as sucih on the instruments The
source 1s constrained always to move on the focel circle by
the radius bar SR whille the foeal circle itself (whose center
is at R) rotates bodily about the point P of 1ts circumfoer-

encce The carrlage B plvobs about the polnt X which, along
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with thoe pivobt polnt P, i3 Clxed in space. The carriage C
rolls slong B keepling always perpendicular fo the beam PA.
This beam can gllide thru carriage C as necoessury to allow tiae
above motion. The carriage D in turn rolls alonyg ths top
of carriage C. The distance DP 1ls flxed. Since the dia-
tance SR 1s fixed also, the source o moves on ball-bsaring
ways on bean DPe

The motion of the two carriages C and D is deter-
nined oy twa long precision scrsws located in ¢ (one above

the other) whlch arc geared togebhor so as to turn in oppo-

site directlions and which have tne same piltch and same rate

of rotation. There are tarust bearings at the ends of these
serews. Carriage C is moved by weans of a nut fixed to B
(at Xj running on the lower screw., By means of a nut fixed
o W runalnb'on the upper screw, carriage D is moved the
same dlstunce on € as C 138 moved on .

Thus the angle DPA 1s always equal to bths angle
4PXe Hach of thtse angles is equal te the Bragg angle de-
fined above. Thus tne distance of carrisge D alony carrlage
G, as measurcd from the posltion shown in the central view
in FPigure 1, is proportional to the sine of the anule DFA.
From the Bragz condition, then, this distsnce is directly
nroportlonal to the wavelength beling measured in any given
snectrometer positions

The piten of the proecision screw 1s such that one

revolution {whnlch can be read to 0.C01 of a revolution) moves

carriage D 1 millimetor relative to carriage Ce. With the
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spacing of the atomlc planes being used in the guartz crystal
thls one revolublion corresponds very nearly (in fact to 3
arts in 10,000) to a wavelength difference of 10"1l cenbi-
meters whilen is calledva milliangstroms The name "xe-unit! is

usually reserved for the 3legbahn seals and is therefore not

-

10"*1 centimetors exactly. Ths actual calibration of this

scerew wlll be described latere

Figure 2 shows two ways of usling the transmission-
type curved erystal sphectrometer, of which the arrangement
at the right is used for measuring gamme-ray wavelengths.

Figure 3 shows the fundamental geometry 6f the
curved crystal focusing spectrometer used in transmission.
Due to the fact that the cvystél is bent to a radius which
is equal to the dlameter of the focal circle thsrc will be a
slisht aberration due to the fallure of the crystal to lie
on the focal circle as shown in Plgure lls The relative line
broadenlng from this absrration is given by(l) |

AN o Cos© (\-cos &)

M Cos(4+0)

where 6 1s the Bragg angle and 4>the half angle of aperture

as shown in Figure .
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Comeconant rarbs of the poscetromeber

e 2ourCce icldspy

The source of radlation for bhe spectrometer is in

most cases a thin strip of meterial of tunickness from 0.001
‘inch to (.010 inch, abosut one inch nigh and varying in d=pth
from U.10 inchr to Cegb loneh depending upon the avsorptlon

iﬁ the sourca of radiatlion being messured. In the casc of
gofter gemme radiation whicih 1s strongly absorbed in the
source material 1tself only a much smaller depth of tae source

)

on the side faclny the crystal and counter will bs effectlve
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i gamma-rays walch can be messured.

The source 1s nlaced on the {ocal eircle so that

]

e

bhe narrow edze looks abt the crystal. igure 5 shows the

source geomstry with the shislding nocessary. There are at
loast 4" of lead surrounding the source except in the for-
vward directions The bolttom cart of the sourecs shleld sits
on a metal plate which rolls on another glate fastened to
the boan by means of ball bearin:s in hardened tracuse. This
is przeisely made so that as thne spectrometer moves, the
mobtlon of btne source alony beam PO (sse Figufe 1) is VSfy
accurately in a horizoﬁtal plane and in the radlal directlon.
48 shown in Flguroe O the source is placed in a hold-
er wnicn holds it accurately verticale. The slopilng jaws of
tals holder (inbo which lead is molded) merely limit the

maximun divergoence of tne beam of radlatione They 3o not

define & source slite Ths entirs source width emits radia-

<t
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o
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nto the crystal aperture. Thls source nolder mounts



n a cirecular dise whicn fits into a disc shaped hollow in
the louer hemlsphere of ths source sinleld so that adjustment
‘may be aade to lusure that tae source 1ls looking at tne,cry?
stal strictly edge on (so s to minlmize 1ts offective width
ol the foecsl circls and Ilnsure optimum resolVing power ). |
Tne surfaces involved are sufficiently sasccurately
wade so that it is possible in the fOllOﬂiﬁﬁ way to insure
tnat tiwe source stands accurately verticale The lower hemi-
sphiere of the source shield, wnich has ity top and bottom
surfaces machined parallel and sits on a plate that moves
parallel to itself 1is made level usin:; a preclsion level, so
that its.btop surface lles in a hworizontal plane. Thus when
the source nolder is vevpendicular to this surface, Sthe
slot tnat tae source fits into w11l be verticale The‘naces-
slty for getting the sourco striliectly vertical arises [rom
the fuclt thut the easlest way to have tne source parallel
o tne generators of the cylinder around wilen the crystal
is bent is to have them both verticalse How this is done on

the crystal holder will be secan later,.

3. Collimator

a order tnat the Iiffracted radiation way bLe do-=
tectod witnout interference from tne main beawm of radiatlon
whica oes direcily through the crystal, a system of lsad
baffles is nocessarye. The angle vetwsen thae difffacﬁed

#14

raedlation and the transmibted radlation is twice the Braug

angle for that radlation but is still a small anglee. or
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exwanle, this angle between main and diffracted boams 1is
abous Ll minutes of arc at a wavelengta of 25 x 1071t
centimsters (500 kev energyle #ith reference to Figure 1
again, tne diffracted radiation always appsars to orlsinate
at the point called V (virtual source)e. vThus a system of
lead béffles wnicih would pass radiation coming from this
point and no other would pass the diffr&cted,baam. In pre=~
vious work thlsg baffle system, wialecn we shall call tne
collimator, consisted of 7 tapering lead sheets witn 4 taper=-
ing open spacess. As the transmission characteristics of
this coliimator determine now close the instrument can be
used bo the positio:n shown in the center of Figure 1, (and

nence now snort a gamma-ray wavelengbih can ve measured) it

is desliravle to have the accesbance widith ag small as
possibles.

The improvement made in tnls collimuator was
affected as follows. A set of lead siwets [ inches high,
3l.b inches long and tapering {rom 0.0L0 inecnes at the
front end to 0.050 inches at the rear c¢nd wers molded of
type metal (B2% lead, 15, antimony and 3% tinje. several
of these plates werc cut len;tinwlse to form narrower spacers
which were placed bétween adljacant partitlons at thne top
and bottom so as to form an arvan¢ument of &5 tapering

olutes and 20 tapering openings. The front and back ends
of this collimator are shown in Flgure 7. The frontopening
is just siightly larger than the crystal gperturs and the

rear largs enough to include the umbra and penumbra in the



vertical dimensione The front of the collimator is about

O incaes benind the erystal. The taper of the lead parti-
cisns is suchn that the collimator accepts radiation from a
soint {(actually all polnts on a verticel line) whicn is the
focal distance of the crystal plus the above O Incaes from
the cr;scél to the front Tace of the collimator.

The transmission curve of the collimator has the
shape shown in FPlgure 7TA when the spectrometer 1s moved
across the ceantral posltion.

The wings of this curve extend for guite a dis=-
tance on both sidaes beyond tne point of cut-~off defined by

ne zeometbtry of taz devlice becauas of scaztaring.from the
colllimator plabtes. Tinis curve indicates how the backyground
increuses as btae spectrometer approaches the gzero wavélength'
sobting (l.es higher ensrgies). From the curve 1t can be
seen that the backzground would begin to iancrease appreciably
at wavelensgths shorter tinan 3 Xeu. (energles greater than

I mev). It is estimated that 1t will not be foasible to
measure wavelengths shorter than about lp Xeu. (2 50 3 mev
BNOTET )e

As described above thls collimatof snotld tranmnit
505 of the radlation fallin: on the front opening slnee the
onan and elesed spuaces are equal in widthe In assembling
tie collimator it was found bnat ths suriacesol the nmolded
rlates were slightly wavy, and any irve;ularity of the sur-
face tends to cut down the open space avallable betwcen

adjacent plates. nvery effort was made to correct such



defects during the assembly. The transmission of this col-
limator was measured using a radium ncedle as source of
radiation and an aperture arrangement so that the radiation
could be measured both witn and witnout tho collimator in
tne besme The transmissioh was found to be approximately
354, 80 that of the numbor of zawmna-rays diffracted by the
2rystbal only about 1/3 are admitted to ths Zelger counter.

It should be polnted out that tinis collimation
doaes not alffect ths s.ectral resolving power of tne instrumoent,
for that depends on the focal patbtern of the curved crystal.

The collimetion taxes place alfter diffraction by the erystal.

Ce QOrystzl]l and Inlder

In Figure 8 1s shosn the arrangement for nholding

quartz crystal against the cylindrical surface of a

{8

{1¢

or

stainlesgs sbeel nlock. DBotn the convex and the concave sure-
facos on thnsse blocks were ground to the cylindrical profile

tnod whien has bsen descrlbed(d). This 1s done using

6]

Dy a i
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suprface grinder wilth & Jig wnich insures that the gensra-

&3
N

tors of the cylindrieal surfaces shall be accurately psrpéndi-
cular to the preclsion ground top and bottom sriaces of the
steol block.

after grinding, taese Dlocks with the apertures in
them as shown are lapoed by anand against sclid cast iron
blocks wavse curved surfaces have besn prepared by the saue
surface grinder method. The lapving ls done Iln a parallel
motlon jig in sucn a way that tne edygss ol tne moveable and

fixed blocks ars always parallels Tnls insures parallelism



of the ggnaratmrs‘of lap and erystal holders Thus ths shape
will remain cylindrical. The concavurlapping b;eck azuinst
wnich the convex surface of ths crystal helder is lapved is
checked for sxcellence of focus psriodicallye. This is done
by using a slit source of light and a miscroscope at the

foeuss The focal pattern ls observed and wnen this pattern

ia sultably narrow, we have found that tne crystal holder

bl

vtselfl will be as good as the lapping block.

The crystal ls then lnserted and bent to the cylin-
drical profile and its concave surface tested onticalily.
Jnly the convex member of the crystal holder determinocs the
curvaturs of the crystal by intimats conbact thoerewith. A
rubber gasket is placed betwsen the back or concave msmber
and the crystal. The procedure of jetting the crystal bent
against the cylindrical surface is a difficult one since the
smallest speck of Just or otner foreign matter on clther
surface wlll prevent the crystul from contacting Ltue steel
at every polint and taus ruln the accuracy of bending. Fore-
tunetely thls situation is easily detected because of thei
interference fringes betwsen ths polished surfaces of the
crystal and tne block. The convex or Jdefining member of the
crystal holder 1s providad with ribs whiéh crous the ganma-
ray aperture to alford better sunsort and definition to the
bent crystal whereas the concave membder has an open hols.
The interfuce between tne crystul and tne ribs 1ls clsarly
visible tnrough’tnls hole. A4S the crystal is bent by clamp=-

ing tne back plece (concave surface) against 1t, these



fringes can be observed (barocugh the aperture in bthe back
blocik) to spread out and the effect of any particles between
tae two surfaces is immediately'noticéd. The cleaning process
congists of brushing the suprfuces wltir a camsels halr brush.
3inecs tne erystal will charge up when 1t 1s brushed and will
plek up particles from the alr, this brushing was done in
the preseance of a wealk sourée of gumma-rays (namely 006?).

dhen the crystal has contacted the metal block
over tne whole wldbh of apsrture, as evidenced by tihe fringe
pattern, ths focal pattern of the polished facses of thé
crystal ls observed with the above mentlioned optical sst up.
Thnis of course does not test the focus of the atomie planss
ag used In the spectromeber but will gilve a good indication
of this 1f the syecimen 1s a nerfect monocrystal accurabely
cut a3 shown in Pigure 9.

To test the focusing of the varlous regions of the
bent erystal optically, a mask was placed in front of the
crystuls DThis mask contalned 5/16 inch diameter holes in a
horizontul line which could be placed over any of the 3
apertures of the crystal holder (see again Figurs 3) keuplag
the othzr two coverede.e This gives five lines in the focal
pattern as geen in the microscorse.s These five rayss can be
traced through the focal plane to determine how nearly they
all meebt In a polntese First thelr separetion la meusured
(with travseling ayepiece.of the microscope) ahesad 6? the
focus and taen bshind the ocuse. The pattern obtained for

the central aperture of the crystal holder 1s shown at the
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top of Figure 10. The pattern from the other two aperturss
is simlilar and overlaons this nearly exactlye. Irom tais it
can be scen that at tho position of best focus the focal
sattern 1s aboubt .06 millimeters wide (corresponding to
0.00 Xeu. on spectrometer).

To determine wnether or not the atomic nlanes are
narallsl to the gensrators of the cylindrlcal surface the
specbromeber is used as is shwun on the left in Plaure 2.
Tho crystal in its holder is set up in place on the spectro-
moter with the center of the crystal above the nivob nolnt ¢
(ses Figure 1) and the holder 1s leveled by means of a preci-
sion lavel. (The »ivobs of the spectrometer have all been
previcusly readered exactly vertical by means of levels.)

An x-ray tube i1lluminatos a fluorescer placed as at 4 in
Figure 2 and on a plece of film the X spectrum is recorded
én both sldes of the cenbral position {at the correct nbsi-
tions to receive.tha £ gwebtrum of the fluocrescsr). If the
atomic olanes are not vertlcal, bthe spectrun on one slde
will be lower on ths fllm than the spechruwn taken on the
othor sidee Jhen the planes are vertical tie spectra from
egither sids will de on the same horlzontal line on the film.
To facilitate this test tne lenyuth of the vertlical spscirum
line iu made ver; sqaort by a lead aperbturs stop placed at
the crysbale

Tha test of Lhe focal pattern of the crystal as 1t
is used for btne specitrometer 1s made wlith X-rays. A tungsten

target x-ray tube ls nlaccd on the spectrometer with the

&
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target direscetly benind a s8lit ab the source position., This
silt is made about C.001 inch wide (0,025 millimeters) and
tas intonsity from the x=-ray tube 1ls sufficlent to give a
convoinlent counting rate in the detector when the spectro-
meter is set ab tae positlion corresconding to the wavelength
of the Key 1line of ths tungsten. An aperture systom ls
placed in froat of tne crystal which pérmits obasrvation of
tiws focus of elgnteen iifferent zones of the crystal as
shown in the diapgram in Figure 10. Thé posiiion of the X«
line of tungsten 1s deterwined for each of these séctions

of the crystul and from the Knowun poslitlon of the aperiure,
& ray may De constructed from that zone of the crystal.

The actual patbtern obtained is shown In the lower part of
Figure 10e. This 1s a superposition of rays from all the

el hteen zones of the crystals. The position of the slit

for these measurements was alony tne solid 1lias shown but it
was determined from this pattern that the besit {ocus would
be two millimeters to the rear.. Adjustment of this distance
1s poussible and by thilis procedure one obtalns the best place
te locate the source. 1t can be seen that the focal nattern
13 Ce07 Xeus wide (0.07 millimeters in space). It should

be kent ia wind that disbances left and right in the figurs

are exapcerated a hundredfolde The crystal aperture is saown

A

fuil size. Tho coenter nivet for the focal ¢ircle (R in
Fisure 1) is adjustable and is set so as to be half way be-

tween the crystul and the bost focus. This adjustment 1s

nade to F£ 0.001 inchese
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The erystal used for the tantalum measurements and
the January 1950 gold measurements was 2 millimeters thick
as compared with a 1 millimeter thick crystal used previously.
It was feared that this thicker crystal might crack after
being bent but it did not do so. The edges were carsfully
polished and rounded to remove any nicks or scratches where
a crack might starts, A detalled study has been made of the
reflection propertlies of these crystals by Lind, West and
putiona (3},

D. Gelger Counter and Cosmic Ray Shielding

The detector for this spectrometer is a gelger
counter in which it is possible to count a certain fraction
of the gamma-rays passing through ite The shape of this
counter can be visualized from Figure 1ll. It has a square
cross section since the diffracted beam of gamma-rays coming
from the crystal and passing through the collimator is nearly
square (it is rectangular due to the penumbra).

The efficiency of this counter for detecting gamma-

=N

rays ls increased by placing in 1t plates, spaced every i inch
of 1ts length, in which the gamma=-rays may eject electrons
by elther the photoelectric effect or the Compton effect
(above an energy of 500 kev). It is these electrons which
cause the count pulse.

A representative counter is the following one
which was used for the majority of the tantalum 182 wavelength
measurements. The plates are copper, 0.005 inch thick each

with four % inch diameter holes for the anode wires. There



are 30 of these plabose The anode wive 1s 0.002 inch dia=

meter tungsiten wlre which is fsd through Stupgkoff insulsators
é’.} L,

at one end «1d down the cenbtaer of the holes in the platese.
At the other end, and 1inside the counter case, the anode

i

ire passes around two glass rod lasulators and back throuszh

,-w

another ssb of holeg. Thus only 2 anode wlires are used,
gach wire goling bthrough two scis of holese The alumlinum
@indow on the front end of the counbesr is sealed with a
load pasket betweon 1t end the front flanged face of the
counter. Thls window and gasiket are held down by a sguare
frame which ls scrswed onto the front face of the counbter
as shown in Figure 1l. This counber was filled with a gas
mixture as follows: 5% ethylene for a guench gas and 9545
ar:-on to a total pressure of 38 centimsters. This counter
nas a plateau from 1160 V to 1400 V. It has bsen o erating
snce Januvary 1950 and still szems to be working satlsfac-
torilye A large number of countsrs of thin type were bullt
before a successful one was obtuineds The difficulty with
tho unsetisfactory ones was that they would plve multiple
pulses and wltnin a day have no plateau at all, even though
triey wore not used for couvntinge. 1t was our opinion taat
it was the cabhode surfacs thabt was csusing the effects
Lead nlates and tanbalum plates were tried bubt nelther would
work satisfactorilye 4dhen they were coppor »latsd an im-
provement could bs noticed but 1t only prolonged thelr life
by a faw Jdays. Unfortunately ths reason for the svceess of

the counter that turned out satisfactorily ls not known.
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I%s prevaration was in all essential respects that we kKnow
of identlcal to the preparation of tne unsuccessful exampless
Jreat care as to cleanliness in all cases was observed.

in order to reduce the b&ckgraund counting-rate,
the counber asssubly was surroundsd by 4 inches of lead on
all sides as a protection from local radiatione. To reduce
the cosmie ray background, the counter 18 surrounded by a set
of rectémgular counters completely surrounding four sides of
the gamig=-ray counter which however do not receive any of
tne gamma-ray bsam coming through the collimators 4 cosnmic
ray wialch nasses through bhe maln counter will also pass
baroujh one or more of these shlelding counters and by_means'
of an anti-coincidence circuit, a count in the maln counter
is not rogistared if it 1s simulbaneous with a pulse from
the shielding countsr. ‘This arrangemnent 1s shown in'Flgure
1. Because these shlelding counters are in anti~coincidence
with thie maln counbsr they have come to be ruferred to as
anti-colincidence or "A.Cs." counterse. These countsers have
reduced the back round counting rate by a factor of two.
Thoe background countlng rate wlith no scource present with
theé counter described above fluctuates around a valus of
about 80 counts per minute.

Although the counter is selfl gquenching, & quench
clrculit is used,'which acts as a pulse former andvfaeds into
the scaler throuzh the anti-coincldence clrcuits These

circults are shown in Pigures 13 and 1l.
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11T Comparator Calibration of the Yavelensbh Screw

The wavelengtn screw ls the one whlch m.ves
carriage D relative to carriage C in Plgure 1, and displace-
ments along this serew from the zoro wavelength position are
strictly proportiozal to wavalengthe. As mentioned before,
each revolution of thls screw con bs read to 0,001 of a

revolution by means of an accurately divided drum and vernier

 ad

ndicators The design is such that each revolution of this
screw corrssponds qulite closcly to an Xeue of wavelengtn and
so the spectrometer ls capable of 5iving readings to U.U01
KXol

The characteristles of this wavelenzbtih screw were
cnecked by a éomparator methods A frame holding a National
Bureau of stundards calibrated zlass decimeter scale with a
total lnterval of 100 millimeters was fastened to carrisse D
(sue Figure 1) and a viewing microscope was fastened bo
carriaze C. Readlngs on the decimeter scale were compared
with the readln;s on the screw drum as carriage D e moved
relative to C by turning the scrow. These readings were twen
over a rezglon of 0600 screw revolutions (300 on eacih side of
cenber) and a callbration curve draws for the wavelongth
screw glving tne correction to be apslied to a screw reading
in any spectrometer position within this range. It 1s used
to zive ths oorreection to apply to the difference between two
different spectrometer settingse #ithin each revolution
there ls another effect which we snall call the periodie

effect, walch indicates thae variations from linearity wilithin
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one revolutloms. Thls periodic error was checked also by
using this decimster scale, but only every 20th revolubtion.
This correction does ﬁot vary ap.reciably from one revolution
to znother, but a gradual change is notliced over many revo-
ilutionse.

There is one more correction to be taken intbo
accounts The source 1ls sltuated on top of the beam PD
(Fizure 1) which places 1%t about 12 lacihes above the "self-
aligningz" ball bearings by means of which carriage D rolls
on G, The drive for carriayse D 1s the nut riding on the
wavelenszth screw which is below the ball bearing wheels of
De Thus any irregularity or eccenbricity in these ball
bearing wheels or minute carticles on the tracks causes a
motion of the source relative to the position it wquld have

f the carrlage D moved with no tilting. The reading on

e

the screw, then, may not correspond exactiy to thne position

v

of the source. - To correct for this, a precision level was
slaced crosswise on tae beam during the calibration men=-
tioned above and lts readings taken as the screw moved along.
Thnis glves a reference level reading to 2o with the calibra=-
tion curve for the screw. This level is kept in place on
the beam and readin.s Haken during vavelength measurcmentss
The difference in level readings abt 2 spectvomster schbin.s
is compared with the level difference betwoen the sawme tuo
gebtings durln: ths callbration run and a correction agplied

on tne basis of this, since knowlin ths distances involved,

the displaccumsnt of the source may bs gotton from bwo level

<
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readings. Tho magnitudé of tnils correctlon will later be
zen to be of the order of 04010 Xeue. In some cases. 1t can

be either a posltive or nsegative correction.
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IV iAbsolute Calibration of davslsnzth screw

The above corrections g ilve the devigticns from

linearity of the serew but the actual coaverslon of the

number of (corrscted as above) screw revolutions bo the

nuaber of X.u. of wavelen;th must be done in anothsr waye

“

Fo; tuls the X-ray tube with a tungsten target was placed
on the snectromebter with a s1it at the source pcsliion.
Readlings were taken to determine the serew position of the
tungsten qu line. §everal independent ruas were made Lo
estabiish this. This value for the tungsten Ke4y line whleh
is now in terms of corrected screw revolutions, is comsared
with the accurate wavelength measurens nt made by ﬁ&st(@)
Asl é w0 erystal Spectrémetar in tais laboratory. This
sives the factor by wilch the serew revolutions must be
multlplied to give the number of Xeue wavelength. Thls
sives the wavelengbh in terms of Siegbahn wavelenzths and
muss be corrected by another factor to wive the wavelength
in milliangstroms or canﬁiﬁeters. Tnnis latter conversion
canl be obtained from relference (5)

davelengtn measuremuat are mads on tac speciro-
ieter as followss Countlag rates are btaken for a given
len th of time at a series of spectrometsr sstiings soaced

suificiontly close btogother in thoe reglon of the wavslength

being measured to glve a satisfactory line profile. In a
si0t, then, of counting rate vs. spectromeber setbing an

inercase will be seen when the spoclrometer setting corres-

poads bo a wavelengbh of radiatlon suitbed Dy bho source.



The width of thls lins profile will be discussed below.
This procedure is reweated on tne othsr side of zero 8o
thut two line profiles are obtalned wnich are a distance
apart corrssponding to twlce tnelr waveslength. Tils
eliminates the necessity of knowing exactly the zero posi-
tion. Tns differcnce betwcen the svectrometer readings at
these two line profiles 1s corrected as above to glve the

true wavelength of the radlation.



YV  Line widtns

The instrumental causes of line broadening are
(1) the geometric source width, (2) the intrinsic diffrac-
tlon pattern characteristic of the quartz crystal, (3) the
focal aberratlion due to the fallure of all the zones of the
crystal to focus at one point. These latter two aberrations
can be determined [rom measurcments as in Pizure 10. The
ssectral distrlbutlon of the radlation has becn approximated
(6) '

in only one casec s for the analhilation radiation from

ol

- Cu 7.« In the case of most gamma=-ray sources bthe nabural

line breadtih is too narrow to be resolved oy tals instrumcnt.



I Aunoizablc Obssrver

To maks Lt possible to take readings with the
soectrometer for 2iL hours a day, which is very luporitant for

shoert halfl 1ife scurces an arrangement has bsen devised for

meter. Thnis was bullt by J. Kohl,.

Tnis sutomabic observer will accumulate the
cocunter pulses for a preset tims Interval and ab the end
of this Interval will move ths specitrometer to tne nexb
position winlch can be presset in advance according to a pre-
determined schadulse. The automatic observer nrints the
accuwiulated number of counts tozeobher wlth the tims and
the spectrometer ssestting. The accuracy of the spectrometer
setting 1s debtermined by a gold contact riding on a seg-
mented disc fastened o the drum on the wavelengih BCTOW.
smonted dise has 50 accurately dividod slots whleh
care flllsd with lasulating maﬁerial. The so0ld contact,
then, rides alternately on conducting and insulating: sec-
tionse The contact and dlsc are sc connected that bthe motor
driving the specbrometer will atop wheon tihls conbtact passes
from a conducting to an insulabing sectlon if the preset
program indlcates that it should stope This programing 1s
done with a mlercswlten riding on 10 millimster movie £ilm.

hach time the gold contact encounters a conducting section

[

thls £ilm 1s advanced a pgiven amount and iT 2 nole has been
punched in the f1ilm so that bthe microswlitceih opens whsn the

f1lm advances, then the specirometer wlll stop when the
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gold contact rides offl that conducting section. B8o the
nositions at which the spectrometer SEOps can bs preset

by punching appropriate holes in the film which passes
under the microéwitch. The timing circuilts are controlled
by a syanchronous motor which closes & mieroswitch for a

short time interval every minute.



VII deloer Gounber Desian
In desizning multi-cellular gelger counters 1t
iz dssirable bo choose the thickness of tine plabss so as

to give mexlmum efficlency for the energy of gamma-rays
being measuredes Aﬁ counter designed for a glven energy gama-
ray will be useful for a range of energles on eitner side of
the desizn energy. However to cover the range of eneryles
which 1t 1s possible to measure with the spectroneter several
selyger counters need to be employede A set of tnrse.counters
will cover the range of snergies 1f they are desizned as
Tfollows:
1. Counter designed Tor U.75 mev which will be
useful from OG5 mev to 1.3 mev (F)
2. Counter designed far Uev mev which will be
useful from UelU mev to Ueb mev
3¢ QCounter designed for oenergles lower tran 100
kev
An sdditlional counter would be needed If it was deslired to
measure onergles around 2 mev. done of these have besn en-
countered so fare. The counter for energies lower than 100
kev is filled with Xenon since'for these energlies absorption
in the pas is large and plates ars not needed.
The design of the counter is affected by the fol-
lowing consliderations:
l. the material of the absorbling plates (for
conversion of the gamma-rays into electrons)

2« hthe range of electrons in this material



3. the gamma-ray absorption coeffilcient of the
mabterial
Ths nurmber of plates used and thelr thickness wlll be deter-
mined from the 8Hove.

Tho length of the counter case and the minlmum
possible snaclng betwesn plates will determine the maxinmum
aumber of plates that can be gothten into the countsers The
len;sh of the counter case was declded to be about 8 inches
(FPipure 11) and the minimum spacing was set by the 1/ii inch
SDACeTS.

The tnlckuness of the glates for opbtimun efficlency
should not be greater than the range of the pamma-ray secon=
daries nroduced in the materilal and in fact, as 1s snown later,
the thnickness should be slightly less than tihls range. Tae

most comrlete data avallable for the range of electrons is

C

that for the range in aluminum obtained from Professor
Fowler(‘). The extranolatlon to the range 1ln conper was
made by taking into consideration only that the rangs is ine-
versely proportional to the ratio( 4/A where (7 is the density.
For the eoxbtrapolation from uluminum to copper {(from 7 = 13 to
4L = 25) 1t is felt that tinis is satlsfuctory to the sccuracy
desired here. H@itler(7) g.ves a curve for the ranze of elec-
trons in lead Lf it i3 desired to work with wmaterials near
lead.

Table | gives the electron ranges in millimeters
for several energles. Flgure 17 glves the range plotted as

a Tunction of easrgy. The ranges in alumlnum are taken from
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rofocesor Fowler's curves. The range of gamua-ray ssconda-

"y

ries:§n>duced in aluminum refers to the thickness of absorber

which reduces the slectron lntensity to 0.33% (down by a fackor

7)

o

of o
In the counter designed for use between Ue5 and 1.0

mev the amma-ray secondaries will be produced almost entirely

by the Comnton offecte For btie energy range U.1 to U.S mev

it will be & combination of the Compton effect and pnobtoslec-

trlec effecte.

Since each plate absorbs a small fractlon of the
gamma=-rays, the last counter cell (affer the beam has gone
thru 25 or 30 such plates) sees a beam of reduced intensitye
For tnils reason the plates at the rcar of the counter do not
glve as many conversion electrons as the I'irst few plates;

If the counter contalned just one cell (one conversion nlatej,
the maximum efficlency would be obtalned if this plate were
made squal in thickness to the range of the electrons in the
mabterial for the cnsrgy gamma-rays belng measured. Iowever
if there are many cells the efficlency may be inecrecased some-
what 1f the plates are made less than the range thickness as
shown belowe

Let the efficiency (relative) per plabe be €y bhe
ranzge of the electrons in the material be R and the thlokness
of the plate be te Let us call)A the linear gamma-ray ab-
sorntion coefficlent resulting in electronas. Tnen thne effi-

ciency per plate:
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Iow Lf there 1is a total of N plates (25 to 30 in the counter)

we have for the to al efficiencj
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That this has & maximum can be gsesn by bakiag the slope as

a function of t which gives:

Ag (|+21?N,u Npt)e Hit

—|
nowy Nﬂt is small {of tine order of 0.05) 80 wo can write:
dd_% s(vr2RNp - Nt )\ - Npt ) -)
< Nptr=(z+2RNK)t+ 2R
for £t = R tails is less than zero and for t = 0.1R (for
exannle) 1t 1s grsater than zero. The maximum can be found

betwosn these values of t, as will be secn in a speclal case.



Ae  Lounber rlutes for TUU Hev vamsna Radiatlion

From reference Y the Linesy absorstlion coeiflclsnt

§
= G

for 70U kev gamna~rays 1n copper 1s nearliy Celb om e The
rane of bue gawma-ray secondarics 1s U.10 mue {(from Table 2.

- The aumbsy of plates in the counter is bo be 30 4 plot of

a

tne equatlon above glving the relative sfficioncy as a {funce

2

tion of individual plate thiclkness is shown in Pigure 1d.

3 P e

'vrom thls it can be suenn that the plates should be made 0410

o

ite taleke The copper plates used in bthe counter were 0,125
rire (Ueul5 inecnes ) thick and so would be most officicnt for
an energy sllightly less than 700 kKoeve [For heavier matoerlals,
lixe lead, where the absorption doefficlent Is high and tio

o

joo

a3s of the secondaries 1s low, bhe opbiluium bthlekness and
raagzae differ by a larger amount than in this case of corpore
This coppsr counbter wilith the Ul005 inecn plasbes waes

used successfully for thne bantalun mesasursments from 150 k&

[}
<



VIII Aoclicabion of specbrometor to lisusursment of canma-iday

vavelongbhs

Ae unimma-32ys Following Beta dDecay of lodine 131 (Iljl)
131

A Tearrier-fras? sourvrce of I obtalaed from Oak

Nidge was used for bthose measurementse The lodlne was pre-
cipitated onto an aluminum baeciting taus forming a thin sources

The xei”er counter used In these mcasuremonts was
cns containing 9 lead plates, cach C.0lY inches thick. Ths
curvel quartz crystal was 1 millimeter thick and made use of
the (310) planes whleh were verpendicular to the faces of the
crystal sleo as dlscussed previouslye.

Table 3 gilves the results of the individial mea-
surenmsnts before and after correction for the small errors
in the secrew and in the carriage mechanism of the instrument
as mentloned nreviocusly., Lach “poading® measurcs the dis-
tance in revolutions of the wavelenzbh screw between the
centers of two complete line profiles, as reflected to the
left and to the right of the (31U) planes of bthe quartsz
crystale Thls, divided by two and by the instrument screw
converslon factor (1l.00023 revolutions per x-unit) glves the
wavelengbh in x-units (Silegbahn scale)e This is then con-
verted to absolute units (10711 em) in the column )\g ’
by means of the factor )\%/A = 1.00203 and the final column

2ives the energy in kev from the formula kev s (1:3%h.8 x

O-ll )/( )\g Cllle )o
Jhen these measurcments were started only the 30

kev and 80 kKev lines had boen revortede After measurements
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on bhege two 1lnes were nearly compileted a ihysical Review

arrived containing a new disintegratlion scheme of Fe. detazger

(10)

and ¥e Deutsch s showlng at least two additional lines.

Thne stronger of these at 20l kev was irme:dilately sought and,

in s»lte of coaslderable source decay, 1t was still nossible

So obtaln one srecision measurement of tnis line. Two weoeks

. L. . . 11, ; T .
later, Ouen, Moe aad Cook publlsned( ) results indicat

e

ng
four gammna-ray lines from tihls same source, giving a differ-
eat decay scneme, In both of these cases the work was done
with a magnetic Beta~ray épectrometer, the precision of the
gneryy det nations belny probably of thne ordsr of a per-
cent or so. Tho algher precislon of the Z-meter focusing
spectrometer offers sa oprortunity to test and discriminate
oetween these two schemes. Fisure 19 shows bthe two docay
SCHemes.

It is esasy to verify that the ensrglies of tue 80
and 20l kev lines add up bo eguallty with tnat of the 304
kev line to a part in 44500 ﬁhich is aboubt the precision to
be exnected Prom the single observation on the weak 231 kev
line. The precision measures agssigned in Table 3 ars based
chiefly on rossible systewatic serrors in the calibration of
the Instrumsnt rather than on btae esxcellent reproducibllity.
These results then glve strong nositive suuvort to the uwebzjger

ang Deubtsch schene. The additional lines will be measursd

WiEli a4 new source is presared.
It was »ossible to estimate the inSensity ratlos

for these turce lines kaswing the reflection coefficient of



the crystal at tihe different wavelengths and the geigsr
counter efficiency. This was possible thru the work of

De As Linde {se=2 roferences 3 and 1l.)

Be acasurements of the lel and 1.3 mev Gamnma-Ray Lines

) . ) o0
Following Decay of Co

A source of Cobalt in the form of a metal strip
lech Inenes nigh, U.0UQ inches tnlck and V.40 incnés daep
was prenared and sent to Oax Rldge for irradiatlion. The half
1ife of this isotope 1s 5 yearse. The reaction of preparatiocon

and decay is ab f)llOwS'
21 CO +°n *——""'_‘) Co + Y
(slow) {5 urs

(19 N1 €°)% + B +V

L——%zsNiw + ¥ “:gMev)

An ectivity of 50 millicuriss was obtained and used for tae
measursmentse

ffor these measurcments a new erystal bolder (as
shown in Flgure Jd) witn much larger asperture tnan the first
was used. The quarts crystal used was the same as nroviously
(1 mme. bihilex, 310 nlanes). 4 new collimator was put inbo use
for tne first tlme for GLiese mecasurementse ILH has bsen des-
crivbed and is snown in Flgure 7. Its transmission cnarac-
teristic is shown ia Figure 7i.

Figurc 20 shows some of the spectral curves obtained
by reflections from both sldss of the erystal planes.s Run 1
(ot shown) was cXplorabory 1n nature bto locats the 1.3 mev

’ : , 3 - _
line. Run £ shows the le3 mev llne of Co walle runs I and



5 snow bota the 1.1 and 1.3 mev liness In ran 2, a single
lins profile of the 1.1 mev line (nobt plotted) was also run
r bhe rilont bhand side only. The source was tazen out of its
%
nolde ﬂfter i 2 to pernmit temporary study of a sample of

Ta 142 received at that btime, The Coéo

o

ource was then roe

¢

nlaced in the inagtrument and another exnloratory rua (lo. 3
not shown) was made to relocate the lines.s Tals removal and
roplacement of the sourece accounts for the slight shift in
the line vosltlons on the ilnstrument scale, a shiflt corres=-
ponding to a disrnlacement of the source 1a the source holder
ol' about Ce07 mne ilowever the separabion between the reflec-
tiong from the two sildes of the crysbtal plenes (which is used
as & measure of the wavelen:th) is very reproducible from
run toc ruine

Tho scales at the top of Pigure 20 show the Bragy

angzles of reflection in minutes of arc and also the displace=-

| d

ment of the wavelength screw carrias in millimoters. It is
to be noted that the lines do not occur at exactly the samne
readings oan the two sides. This is becausse the zero on the
wavelength screw does not colncide exactly with the Beba point
{the noint on the focal circls to which the roflacting plunes
would converge if produced). The ordinate scales for the
different mung are indicated by numbsers giving the total
munber of counts served at ocach se yting for & standard

»

counting ilnterval which was 1000 seconds for zll ths runs

plotteds TFigure 21 shows 3 more runs btuken on the l.l wev

(o)

My, 2

line alonoe This glves a goocd ldea of the reproducibility
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of the measurcments, when the lnstrument is werking at its
bists Flpoure 22 shows a detall of on: of tae lines,.

Table L. shows the results of the wavelonith
measurements of the two gamuaeray linss of Cobo. It is to
va nobed thaet less welght has bssn assigned to the 1.3 mev
wvavelengths obbuined from the sexploratory runs 1 and 3.
Tals 1s becauss these curves were bakea with a snorter
countling inbterval than the rest, thelr primary object beling
to locate the positions of the lines suffleclently accurately
to permit planning an cconomical schiedule of sattings Lor the

mors carciful runs. Also, less welght was asslp

ct

ned to the

o~

(v

1.1 mev wavelengbhs obtained in runs £, 4, and » than in
] ] »

the thrse labter very satisfactory runs 0, 7, and 3, In run

o

thne wavelength of the single l.1 mev line had to ve deter-
mined by measuring its distance from the nelznboring 1.3

mev line. Also the counting interval in this case was only
five mlnutes. In run li there were counter troubles whlch
were not cxbremely scrilous but sufTiclent to make repetitions
of some of the readings desirable. Suech repetitions reguired

reversing the directlon of travel of the serow carriage to

=

raach a nrevious sstting and bhsn nroceeding as before. It

has besen found that sucih a procedurs in the middle of a run

may result in mimute but detectable hysteresils effects which
may lead to small errors in tne wavelength readings. There

was a susncleion also in run 5 that the beta-point of the

lnstrumpnu might have ghifted ever so slightly in gzolng

from the raflectiong on one side to those on tne other.



Shaciis wsre theP@fQPﬁ mada on thoe l;l mev wavelsnosdbh 1o runs
L and 5 by measuring the ssparabions from the adjacent 1.3
mev lines. In ths cass of run Y, 1t was found that a sligiat
beta-nolnt shift had indeed occurred and thersfore in bthis
run tioe wavelength differences from the adjacent le3 mev
lines togsther witn the averazge value of these latbter were
used (instead of the sesarabtlon bebween right and left hand
orders) and only half welgnt was assimed to this individual
valuse All of these deviations are small and give no cause
for alarm regarding the rellability of the final average
reculbse

The le3 mev line st 9 x-unlts is tne shortest
wavelength gso Tar studled wilith the spectrometer aad 1t wus
of intersst to measure tne Iintegrated reflection coefflicient
of the (310) planes of the quartz crystal st thls wavelength
for comparison wita the data at longer wuvelengthse The
total counting rate ln the dlrectly transmitted beam was
determinad by.setting the spectrometer at "zero wavelensth®
go bhaabt the srimary beam was directly transmiitted through

o

the

G

rystal and colllmabtor to the counber. Thls bsanm 1ls far
too intense to be me & sured by the counter directly, so it is
necegsary to Lntroduce avbsorbing sheets intc the bean and
plot the counting rate as a functlon of absorber thickness
and esxtrapolate to zero thnicknesse Ons-nalfl of thls direct
Deam counting rabe i1s assoclated with each =0 bie two lines

1

since Lthe scectra show bhat they

rg qulte closely egqual in

]
&

intenslity. The counting rabts ab ths neak of tie line can
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then be compared with this cenbtral beam countin rate to
_ives the fraction of gamma-ray phobtons diffracted by the
crystules ©Un thls basis, 1t was found for the lel mev line,
497 counts 1ln the diffracted veam per 10,000 counts in the
divect beam; and for the 1.3 mev line, lL«12 counts in the

]

diffractesd beam ner 10,000 counts in the direct beam. This

47

docs not sive the integrated reflection coefficlent (ses
reference 3) but it gives a basis from which the latter can
be calculateds The integrated reflection coelficient hnas
begn shown %o diminish as )\2 for wavelengths from A= 200

Xelle O )\w g Xelo

Ce w#sasurement of the 411 kev Jamma-Ray Following Beta

Decay of Gold 138 (Aulga)

Freliminary results for gold nave already beon
}ublishad(7) but several sources of gold have been measured
since then and the agreement 1s very goods Gold is a very
satisfactory source for checking the operation of thé
spectrometer beéause of the nilsh specifilc activity avallable
in sources irradiated at Oak Rldge (500C curies psr gram
for zold)e Tnls makes 1t possible to get sufficient acti-
vity into & source that is only U.00Ll inehes wide (0,025 mme)
with wnien 1t is opossible to check the resolution of the
guartz crystal.

The gold sources used were in the form of gold
plating 0.001 inches tnlck on an aluwninum backing. The
source was 30 mm. nigh and 2 mm. deep. Tals gilves aboub

30 mze. of sold in which an activity of 1b0 millicuries was
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obtalnede The nall life 1ls <eo7 dayse Thne muclear reaction

tavolved i1g as followss

199
AT 4 n' —> P+ X
(slow) Lz_,‘l days

(Bo Hgtqs)*+(3-+.y

soHa'*® 4 ¥ (411 fev)

19

Table 2 zivss the results obbtalned frow the gzold
msasursments. Thls reoresents measurements made on two
sanples of zold, one in June 1949 and the other in January
1950 The measurements in June 1949y were made using the
new collimutor and erystal nolder described above and the
1 millimeter thick quartz crystal. The wcasurements In
Jamuary 17250 were made using the 2 miliimetor thick guartz
crystal. This 2 milllmeber crystal was found to have a roflec-
tion of 0.37/% at this wavelsngth (l.0. oubt of every 1000
nhotons 1ncldent upon the crystal de7 of thnem undergo Braig
reflsction)s The eipger counter used for these Jaavary 1950
measursments was one composed of 25 tantalum nlates C.OOB
inches thick whlech had besn-conper slauted with a thickaess
of cooper not exceedinyg 0.0001 inch on each sides. This
counter was satigfactory only for a bime long snough to
obtain three runs. After this it began glving worc and more
spurious counts. These spurlous counts would come in bursts
as 1Y trig ered by a bona=-ide counte Refllling tne counter

would not improve 1% at tinls stapge of 1ts deterioratione.



Figure 10 shows a bLypical line profile obtalned for the
auly samma-ray. These two profiles represent one run, one
profile taken 1n refloctlon from one side of the (31C) planes

of the guertz crystal and the other profile taken in reflece

tion {rom tihw other sides of the samne plancs.

De Cheack of vpectroucter screw Factor

To check the spectromeber screw factor (that s,
tne factor which converts the revolutions of ths wavelength
screw into nilegbshn k—units), & slit was placed abt the source
Dosition on ths spectrometer and a tungsten target x-ray
tube set up to illuminate the slit {rom the rears In this
way btares runs were made of the tungsten ﬁdl, Xx=ray line with
the slit of tihs order of 0,001 inches wlde or lesse One of
these line profiles is shown in Flgure 15.

The spectrometer readings were taken and corrected
in the usual waye. The corrected spectrometer readings (revo=-
lutions of the wavelength screw) obtalned were as followss

Run 1 208,039
Run 2 208,030

Run 3 208,630 .
Average 200,035 scruw divisions
From refercnce l, west's vulue for the wavelength of the
tunxsten Ke line as obtained witir the 2 crystal spsctroe-
ey l 4
meter 18 2004575 % 0,008 x-unlts. Thus the scrsw factor is

208,035 . 1.00029 Serew division The value presviously

208e5(5 X-units
used differs from shis by only © parbs in 100,000.



e  Gumna=-nays Followingz Beta-Ddecuy of Tanbtalum 102 (Talgz)

A source of tantalum in the form of & mebtal strip
GoCOL inches thlck, 0«20 inches deep aand 1.2 inch:s hisgh
woelghing aodoub 275 mye waas prepared and seat to Oak Ridge for
irradiation for four months, The half 1ife Ls four months.
The nuclear reactlon taking olace is as followss
18 [ 1 8
Ta ‘
13 + oM , > 3 B + X
slow
¢ | &4 months
/ 182\% =
(14,W ) +F’ +V
182
W 7T+ ¥ (many)

¥uch przvisus work has been done on thes gamma-ray
gnectrum of tantalum {(actually wlﬁa) using veta=-spectromneters.
See Peferenceslh.through 22« The precision study of the

samma=-ray spectrum should meke the snerzy levsls failrly

certaln,.
The sample obtalned from Jak 3idge nad nearly SO0
millicuries of Aal;n ener.y activity (1 mev)e 4 survey meter

zave 2% Roentgen/hr at one fookbe

The tarec high snergy lines wers measured flrst
and thae results of the individual measurcments on each line
are siven in Table L. Pour runs were made on each of the
lines. The spectrum of tne high cnerygy lines 1ls saown at
tns ton In Pigure 23. oince the 1169 kev linc ls weak and
is so close to the 122 kev lins, its center was found by
a gpecial vrocedurs. The backpround counting rate was sub-
tracted from the reudings tnus ;iving bthe lines on a level

(instead of sloning) plot. since tie 1189 kev line sits on
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the tall of the 122l kev line, the findin: of the center of
the line (or its true peak) is not aé straizntforward as in
the case of a line whlch 1s symmetrical about the center line.
In this plot of the 1189 and 122l kev lines the low energy
tall of the 122& kev line ls approximated by assuming the

line is symmetrical.. Thils tall nas also been asproximated

0

" ""
by comparison with the 117 mev line of co” nlotted to same

gcale. This standard line profile (1l.17 mev line of CobO)
matenes alwost exactly the wavelength of tinis tantalum line
and has the same width. This tall (whlech sloﬁes under tﬁe
11499 keov line) is then subtracted from the 1139 kev line to
sive the true profiles The center of this true profils can
he found in the usual way or by comparison with the 1l.17 mev
line of CobO plotted to same scalse

The gelier counter, describéd above, with the 0,005
inech thniek copper plates was used for all these measurements.
It is estlmated Lthat 1t gave 1(}Jd counts during all of the
tanbalwn runs.

Because of the varlety of wavelengths renorted (see
Table 3) in the lower eneryy range it was declded to make a
survey of the whole wavelengtn region in whieh lines had been
renortede This survey would never have been undertaken if 1t
nad not besn that the automatic observing mechanlsm had jﬁst
been covipletede The automatlic observer (which as described
above glves a prianted record of tue counts) was set to take
<0 minute readings every J.0i x-units from 30 x-units to 382

x-unitts. This 1s 1150 settlings and took nearly a month to
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complzta, vith ths automatle observer oing nlght andrday.
This of coursse could never be attempted for & samyle with
& short half life.

This survey save evidenceo of 6 lines in this
wavelength reglon. PRigure 2li shows this survey piotted to‘
a small scale. A spectral interval requiring 130 hours of
robot operablon to explore ia shown in the figures, eaker
lines than those roporbted may of course exlst bubt at least
we can say that these six lines are the only ones which
this spectrometer will rosolve with certalnty above the
background @lth the sresent counting interval (20 minutes
o a setbing) and the glven source strenzthe As can be ssen
in FPlgure 2, there are no other places where the counting
rabe is algh encush to cause susplclon of a lines The 138
#ev line is the weakest line, being ouly 1 1/5 times the
hackground counting rate.

After the wavelengths of the llnes were obtalined
from tha\suPVay, i1t was only necessary Lo make runs on sach
line {a detormination. on both sides of zero for each run)
Lo determine the wavelenpths of these 31x linese.

Table 6 gives the results of measurements on those
6 1ines. Six detsrminabtions each, were made on the 20l, 198,
ard 152 kev lines and five debermlinations on the othors,

Tor each determination, the spectrometer readings were cor-
rectod as descrlbed before (lsees corrected for level error,
¢ error, systematic error, screw factor and Slegbann

o mllliangstrom factor)e.
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#out of the run: were made using 20 minute count-
irng intervals at each point. 4As the source decreaséd in
strength it was necessary to use 10 minute Iintervals for
the wealer lines. The weisghtling factors in Tablaé 5 and 6
were assigned on the basis of the number of counts recorded,
in otner words on the statlistical errors lanvolved,

Table 7'gives a composite picture of all 9 of thé
semua-ray 1lnes from tantalumi®? winieh have been determined
to date. The X error ziven is the probable error defined s
0.07l5 times the standard deviatione

Aceordlng to reference 22 there are eizht more
5amma¥ray lines of lower eneryy, all of which are wlitain the
reuch of the spectrometer. Because of their low eﬁergy and
the hiszh density of tantalum, the absorptiocn in the source
is nigh and the depth ih the source from whioh radiation will
escape is very small (of the order of 0.07 mm. for the Tl kev
linc)e For this reason a hizgh specific activity (millicuries
per millizram of material) ls nscessary so that tﬁare will
be enougn latensity coming from this thin layer to be de-
tected with the spectrometer. The gpecific activity avall-
able at 0sk Rldge 1ls not sufficients A fuctor of ten over
tinat available at 0sk Ridze would be's&tisfactory and the
chaln reacting plie at Chalk River, Canada would supply this
but it 1ls imvossible at the sresent time (due to international
rulingss) to have samples lrrsdiated there. Thus the-femain-
der of the btantalum snectrum will have to be postponed until

a samnle of sultable activity can be obtained.
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Tablo O compares tine reported values of the ener-
Zies of the gamma-ray lines Irom tantalumlaa. in reference
22, Cork et al have sssentlally corrected thelr interypreta-
tion of the electron lines as reported in reference 19.
Dor tils reagon the lines reported in reference 19 are not
included 'in Table d. It 1s tc be noted that after reinter-
preting thelr elecitron spectrum Cork el al»(refarence 22)
report only tihovse lines which our gamna-ray sgeétrometer
detecteds Iroviously many more lines wore Paportéd in this
regions. It tius appears that In the low ensrgy reglon
{below 113 kev), the lines reported by Cork (and shown in
Table 8) are probably the only ones walch will be detectsd
witn tho ganuna-ray spscbtrometsre.

Pigare 25 shows Corx's decay scieme as reported in
Fe Re I8 95 (1350) (reference 22). The transitlons indicated
by dolted lines ars those he arrived at by a double inter—
pretation of certain electron lines. The transitions marked
with a star (%) are nresumably the onss detected in this

€«
e

i~

thes]
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1. Zough Jetsrumination of the 113 kev Line

Becauvuse of the'longsr wavelengths of thne other
roported lines, the sensitlvity of tne 30153? counter 1is
low and extrewmely long runs would be necessary to detect

llnes If indeed they could be detected at all, liow=
aver, using 30 minute runs it was possible to gob nroflles
of the 113 kov line on one side of zerc only. 7Tals was done.
after all the runs had been completed and of course the
source had descayed about one nalfl lifes A line profils was
obtained with which 1t was possible to find the cenbter of
the line. .By taking differences of thls line position
from the positions of the © other lines, a wavelength of
10427 x 1071} om, was arrived at. Thls zives an enusrygy of

113.ly kev wnich 1s probably rellable to 4 Osl keV.
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2. Revision of Cork!s Dzcuy Scheme on Basls of Fresent

HGeasuraements

It 1s to be noted tihat the seven lines roported
avove will determine uniquely all the levels given by Cork
in Figure 25. It is necessary to have the 113 kev line to

do this, and the levels deturmined from this %111l not be as

preclse as the others, HKnowledge of this 113 kev line is

<

used 1n debormining only three levels (tﬁe 113.4 lovel,
the 120.0 level and the 342.7 level)e.

since the levels nave besn determined with the 7
lines measured it is possible to predict tne other lines a
1little more accﬁrately if tals level scheme ls the correct
one. It would, of courss, be necessary to know the other
lines as accurately as the ones already measured in order
Lo cneck thlis level scheme completely;

Figure 20 shows this level scheme of Corkt's,
modified by the 0 lines known precisely and one llne not
éo crecisely (113 kev)e In the figure, the valuss not de-A
termined, but only inferred from sim!llar transitions ob=-
served by Cork, are given in parenthesis,

It is thus very desirable to continue thils work
on the gamma=ray spectrum of Tantulum182 when hilgher,
speciflc activiby source strenpbths become avallables. The
activity tnat would be necessary can ve detsrmined from
tns following consliderations. The solid angle subtended by
thoe crystul 1s about 3 x 10’5. The erystal gives about 5%

roflection at a wavelength of 165 x-units. (This was
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measured usling the lead Kal radlation excited 5y fluores«
coucee ) The roported tantalum line ab 75 kev (10% x=-units)
nas & mass absorption coefficient of J.lp whicih is the high-
o#t of any of the reported linss in tals re.lon because it

s just on tne saort wavelengtn side of btne A critical abe

e

sorption ed.e of tantalum. The iisbance in which the inten-
sit; of this radlatlon 1s reduced to 1/e of its value is

0+007 millimeters. If a sample 0.2 mm, thlck and 30 mm.

nigh is used bhere will be 0.7 milligrams dowm to this level
(Ce057 rm. ). A eounting rate of § counts per minute in this
weaker line, i the bgckgrouad countiﬁg rate were not more
than ten times this wvalue (i.es not greater than 50 counts/
seine } would be satisfactory. If we assume the counter has an
efficlency of 105 (perhops a xenon filled proporticonal counter)

and that the collimator bransmits 30%, the number of millicur-

ies setivity in this line would nced to be:
millicuries = ,05

(3.7%107) (60) (6.05) (3x1072) (0410) (G4 30)
Tils lves the activity which would be necessary lan thls
narticular line (7L kev)e To dectermline the totul activity
whlcn world be necessary is difficult, but on the basls of
tne oresent samols a falr estimate would be that this line
gt conbain 0.545 of the botal actlvity. This would mean
the total activity would be 10 mitlicurles and in 6.7 mg.'
this would call for a specific activity of 1.5 millicuries
ner mlliliszrame Thiz soecliflce sctlivity of tae present sansle

{irradlated at Oak rldge) was G.k willicuries per miiligram
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er i months irradiation. '

ar Thus an irradistion of ! months

Ct

with a neutron flux which is at least l times as great as

tiat ab Qak Ridge should be sufficlsnt to dstermine these

lower energy lines.
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TABLE 1

Ranze of Bleetrons (filllimeters)

Range of gamma-ray fange of gauma-ray
HEV RAl ROu secon@arios Segonéaries
in Al, in Cu,
0.1 .13 SOoh2 | <05 .016
0e2 «25 .08 »10 +03
Ce3 «35 - 5 § «16 «05
Oaly «55 «17 025 .08
0eb 72 23 «35 . A
0.6 | w90 | w29 | s .l
07 1.08 35 o 58 18
0,8 1.é7 ol o 70 22
0.9 1.5 o6 o35 1. 27
1.0 1.65 52 .98 ‘031
1.5 2465 85 1.75 . W56
2.0 | 3.70 [1.17 2450 .83
3.0 5690 [1.89 e ltO 1.1
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GOLD 198 RESULTS

Column 4 Column B Column C
_ Column A Column B
Date Hun Corrected multiplied by divided inte
Humber screw 1.00203 12395%x10™
divisions 1.00629 mnergy in mev

Axi0-1l em,

1 30,101 304155 11.043

June 2 30,090 304150 411,111
1949 6 30,113 304172 {110,011

1 304112 3041006 10.893

3 304101 30155 411.043

1 30,076 30.128 hil.h11

Jane 2 304063 306115 411.598
1950 3 30,068 300120 111,520

30.092% 0,007 304145 X 0,007 111,178 0.1

The % error 1s the probable srror
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TA. BIL, i b‘

davelenuath Measurements of Two Gamma-Ray Lines From cob0

1.3 iev line 1.1 Hev line

Serew Screw
Reading delpght Reading
(Double) Factor { Double)

Run 1 18,570 Ceb Rua 0 21.111

Aun 2 18.595 1.0 Run 7 214118

Run 3 18,573 Ceb Run 8 £1e121

Bun I 18.585 1.0

‘ ‘ » Average 21.117
fun 5 134573 P
Avere 13.502 Correc. ) (1057831 0.005) x 10711 cms
Hesults

1171.8 Kev X 1.0

funs 2,0,5 ((10.583%0.005) x 1073 oms
Corracted
Results 117163 Bev £ 1.0

Corrac. | {Je 3ﬂfi0.)0%) - Average : 13
Results x 101l ems |6,7,8 Welght 1 1u.§do:to 005)x10 cms
1331.0 Kov £ 1.0 [2,l145 delght 0e5{1171e5 Kev 4 1.0
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TABLE &

ik nersy Lines of Tantalum 182

Bun loe Welght kaveleng%? KBV
e x 10

1 1 104127 122§.9§

2 2 10123 1220l .. P -11

b 2 10,118 | 1225.0l 1224.6%0.3 kev
Average: 10,121 122,61

1 1 10.&3& 1136.11

2 2 10, 5% 11879 (10 1 o0 4 nnd « 1a=11

¢ 2 10.420 1189277 |1165.02 0.6 kev
Average: 10a.4,25 1139402

1 1 11,000 1120470

2 2 11.035 112321 i , w1l

i 2 llaOb3 ll:ﬁ?ozto ll.ObOi.OlO % 10 ci
2 11,06 111979 [112141%1.0 kev
Average: 11.050 1121,08

+ frror gives probable error
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. Lo2 .,
Data o1 3ix Ta = Lines

Run Noe Yelght ﬂaVBlengt?lin KV
' en £ 10
1 1 4.0 961 203494 :
2 2 164952 203499 (164946 X 0,008 x 10 es
3 2 1164926 2004139
5 2 46-)57 203¢905 | 26114026 X 0405 kev
7 2 lw-9 . 261,055 -
8 2 I 20014 03;
Average: 10«40
1 1 {.o 08{ ac..go 18 : ) 11
2 2 b¥.046 229, 3§ SleeGb3 £ 0,008 x 16 em
: g Sw.gpg %pé.ab? 96270 X 0.0
b & 4.4 ¢ &5 e 22Fe 27 «035 kev
8 2 5u;.069 229+ 200 '
Average: 5leub3" 225270
1 1 5543119 2214937 | -
2 2 556300 222410 (554320 £ 0,011 x 107 "em
3 2 550018 2224061
5 2 5544330 2224013 (2224053 T 0404 kev
8 i} 55799 2224136
Average: 554820 2224053
2 2 o.a 51@ 198+27 | 024512 T 04010 x 10~1lexn
3 3 63.;06 1934301
5 3 ) 02. 9\).;50 1‘?60&105 i Oe 037 kev
6 2 53 196057
38 2 c_oélé 178203
average: 62.512 13842082
1 1 69¢11  179.3L v
2 2 64060 179.43 | 69.105 £0.010 x 1071 em
3 2 69.113 177 3«@; ,
5 3 054112 17;.310 1794365 £ 0.03 Kev
3 1 $111 17309
averages 09410 1774305
2 2 ’;‘lc 30 15’302441, '
3 g 814326 1,&.2411 31.31 * 0.008 x 107+ o
I 2 81.303 15241150,
5 2 81,3006 152049 [ 1524430 £ 0,01 Kev
8 2 81,320 1524022
Average: 91.31l 1524030
9 109.27 113.4 % 0.\

T Srror gives probable error



TABLE 7

davelensths and Juanbun Bnergles of palta Garma=Ray Lines

@ Decay, ialf Life 120 Days

o« of runs davelength in cus, suantum zZnersy HKev.
avorazed

I 10,121 + 0.002 x 1031 1224.6 X 0.3

I 10125 £ 0.006 % 10731 1139.0 £ 0.6

b 11.056 T 0.010 x 10711 1121.1 +1.0

Hegion from 1121 to 3L5 Kev not yét explored.

Region from 3L5 to 203.9 Kev explored
clear-cut evidence of lines.

o o

e < N ¥ s S © N ¥ 1

464916 £ 0,008 x 10711

544063 % 0.008
55820 % 0,011
624512 % 0,010
694105 £0.010
81431l * 0,008
109.27 X 0.08

X

X

X

X

X

X

10~Ld
3041
10-t1
10-il
10-11
10-11

wlthout revealing any

26110206 * 0.05
229.270 £0.035
2224053 £ 0,04
198.282 0,035
1774305 % 0,03
1524034 -_\:o.o;u

1134  +£0.1

+ error gives probable error
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TABLE 8

j & ke
Comparison of Revorted Values for camna-ray Lines of Tald“

{All values are in kev)

Gama-ray goddard Beach, reacock Cork, HKeller,
srectroneter and Cook and wilklason Rutledge and
values FeRe 76 1419 FoRe 70 1585 Stoddard

{vresent) (190455 (1919 FeRe I8 95 (13950)

1a;a.6, 1234 1237
115940 1190 1219
112l.1 1120 Ji33
324

2611, 026 201 26l 20243
255

2294270 243 22840

2224053 220 : 222 2211

198,232 209 198 197.5

179.365 180 172 175.0
165

1524443k 151 157 151.5

141 o (143.62)

132 (133.8)
122

113l 112 11342

103 98 99

8l 82 Blyelr

71 The8

| 6742

05.3

504

1640
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QUARTZ CRYSTAL (UNBENT)

>//4\d / (310) PLANES
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Figure 9 . The (310) lattice planes of Quartsz
lie so that they are parallel to the edge of the crystal
and normal to the major faces., The crystal is bent
elastically so that the optic axis, and therefore the
(310) planes, lie parallel to the generators of a right
circular cylinder.
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Figure 15
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FigureR0.Three spectral curves showing the 1.1 and 1.2 Mev lines from
Co%o as reflected from both sides of the planes of the curved crystal.
Run | (not shown) was exploratory, to locate the 1.3 Mev line. Run 2
shows the 1.3 Mev line while runs 4 and 5 show both 1.1 and 1.3 Mev
lines. The source was removed from its holder after run 2 to permit
temporary study of another much shorter-lived source which had just
been received, Tal82, The Co0%0 source was then replaced in the in-
strument and another exploratory run (run 3, not shown) was made to
relocate the lines. This removal and replacementof the source accounts
for the slight shift in the wavelength position of the lines on the instru-
ment scale, a shift corresponding to a displacement of the source in its
holder of about 0.07 mm. The separation however between the re-
spective reflections from the two sides of the crystal planes (which is
used as the measure of the wavelength) is very reproducible from run
to run. Scales at the top show the Bragg angle in minutes of arc and
displacements of the screw carriage L (relative to Q) in millimeters.
The wavelength scales shown are in pominal milliangstroms. Their
differences are converted to true milliangstroms (1011 c¢cm) by multi-
plying by 1.00179, the factor determined by the X-ray calibration. More
than three times the total width of this figure is omitted from the wave-
length scale in the space at the counter. The ordinate scales’are indi-
cated by numbers giving the total number of counts accumulated at each
setting in a 1,000 sec time interval.
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FigureZl «Three more runs taken on the Co60 1.1 Mev line alone. Here
the source was not disturbed and this gives a good idea of the repro-
ducibility of the measurements, when the instrument is at its best. The
scales on this figure are similar in all respects to those of Figure 5.

- 20 -



= 8] =

ONIL13S ¥313IN0Y™ 1DO3dS
00°0l

o¢e’

08°

4 l

0cel

080¢

otree

oove

0esce

0ciLc

0o88c

I

S LNNOD 31vd ONILNNOD

"NIN Ol NI

T _ _

—~—

/-%//14///:
M 3

f

AIWN 1L17]

09’

22 eandtd

T | 1

Mwwww/

ANITT AVH VIWNVO

09

- -
— -
—
—

——t

0D

ovvi—

0091 —}.

09 L1

0261

0802

ov 22

NIW Ol NI SLNNOD 31vd OSNILNNOD



82 -

- e 5 o S i S b 14000
' A ! N |
/{ { i / I-i\ ;
I / I : |
. 1\
| ! o 5000F———— f- ,,-,Xr_k“d e — - R -
\ I / i\" = 1 7
1 | 2 ’ 1
e S s 4—,/—--;]/ ety — 13000 Z /I \ 1 )
{ i i . = 1 /\ 1
I/ ! X I T 9 I\ I A
i e JI{ Tig = I / AL /
_— ‘\HI = i A i i :
by 41" 2 i1y | % ;
! v i | T 4000f1>=—1—~ \f 7 —
| o i :
.__{_I }.}J’L o) i I : J\,
: o ; g 1oL 4
i }Ix}‘f'zd \\1
I I S — S S 42000 i 1 Iy I
| P
|
16 X.U. ‘ I
‘ X=UNITS l ; ~— OMIT TED — 1 X-UNITS :
! ! 1 1 |
=150 -11.00 -10.50 -10.00 9.50 3000 9.50 10.00 10.50 11,00 11,50
OBSERVATIONS TAKEN EVERY 0.04 X.U. OBSERVATIONS TAKEN EVERY 0.04 X.U.
T T T T T T T
T T TN T f | . | |
| oo f P! ! Lo |
e b e b ; PR | WA
L\ | ! ; \ : . 3 3 £ .
o ] . o R’ i |
St A " I x [
| BEEEEN b E z 2P| |
e [ O N | L IO bl Foak ooy 4 " -9 2000 P} 1 T TR B T S
{ F ; 1 i ] | e E "‘kiﬁ B
i 4 ] halle gul P | A
P Al ol |0 | e i f !
g | i i ﬂf‘ TR 1 ;Aé t § ; {i | gl
A u : Pt it b i et F %
T S gt L Ame P} wo i gt 1 . =t ! 1500 |
o b ‘ if};? W i [ L 5 ,
ik t i | : i | |
P i = ; | | [
! i i | ; i [ i
-82.0-81.5-81.0 535-690- 6&) -630525-00 563 560555 A5 BA0535  a75- 470-465 460365 470 535 540 54.5 5 685 690 695 805 B10 B15
X.U. X.U. x.J. X.U. XUN X.U / X, X.U. XU, X.0. X.U.
OBSERVATIONS TAKEN EVERY 0.04 X.U.
GAMMA RAY SPECTRUM OF TANTALUM 182
T T T T T T T T T T T T : i } T T I T T
— j e 00 _ ; ‘ ;
i i A T "
& — v | = | .
. | |
z 1 ‘ :
L - - L
% S B oy N S
L)
: o ‘
= = 1y 500 s t : f g e ]
= 1 }300 100 HRS, |
Lol . ! i : i ——— o o]
o ! } SETTINGS
V] ! i
- z -t ‘ 3 : ks 4 S S SIS
E | E ‘
S 1 P | - ; ] R
, l . ‘ | ‘ o) | i ! | i | | ‘ ]
— T e e LT
: ‘ X-UNITS | ‘ \ — i ; ! . | X-UNITS | ]
-90 -80 -70 -60 -50 -40 -30 -20 -0 f 0 | 30 ! 40 | 50 60 70 | 80 90
i 7 T T T 1 TTTTITI |- I T T T I T ] [}
14 1.5 16 1.7 1.8 1.9 zl.ono’a.v. [ 3!0 4[0 so 6 1 é |'["!h“‘ H“lllllﬂgé b tls 5.0 4!0 3!oxlo’s.v. zl.o 1.9 18 1.7 16 1.5 1.4
1MEV., 2MEV. 2MEV. 1MEV.

Figure 23



13

BRGEBEs

I

§ioh







- 85 -

EXCITED STATE
oF ,,Tal82

""":::::\ 73
F\ ENERGY LEVELS .,4w'5?-
‘ 441.0 KEV

| '
|
9&1.8 |
; |
P— 341.2
| !
2210 % L
il | 143.2
|
¥262.3 B g
| 228% P
I
i/ .. . 167.5
\ |
e . 178.4
| I |
76.8 | |58.4
| ! i
|
84.4 | | 65‘31
| X - 120.2
B
¥ | : : 13,2
I151.5% 133.8 74.8 | 67.2
|
¥%197.5 *178.,4] n3.2*1
Y | Y T 46,0
46.0
X Y Y X 8

FIGUKE 25, Excited levels (kev) in w 182 following
beta~emission from Ta 182 according to Cork,Keller,
Rutledge, and stoddard. (See reference 22 )
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