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The thick-target yisld of the reacticn D+ D 3T + p + 3.98 Mevy
has been measured, using a heavy-ice target, apnd observaticns have been
made on the angular distributicn of the prctors., Expsrimertes have been
carried out in the regicn 18 Kev to 10€ Kev incident deuteronu energy.
Evidence has bean cbtaired that, evemr for very small bombarding energies,
the angular distrituticn of protons ir the center-of-gravity (c.g.} system
doss not become isctrcpic. The variation of the cross section with energy

can only approximately be reprssentsd by a Gamow funciion,

Introduction

The quartity which is detemmired in thLe expsriments is the total
nurber of disintegrations as a function of tlis borbarding energy. Ths
¢ross section is then obtained from the slcps of the sxcitaticn curve., If

the thick-target yisld at bomtarding energy E {s denotéd by N(E), cne has:

4

o(g) =1 . 4N ~, dE
A aE dx

where the constant A contsins tte rproduct of ths number of incident
deutercns rer unit cf beam current and the number of deuterium nuclei oer emS
cf the target. d4E/dx is the rate of ensrgy 1css of the ircident deuterons

ir the target. In another report (LAMS-392) the snergy 1lcss of protons and
deutercns in D,0 is discussed. Numerical values are there quoted for dE/ai

ir D0 vepour. By sulteble adjustment of the constant A, these values

can be inserted in tle above formula tc determine o(E). One finds:

o - eirroe . oz vue UNCLASSIFIED

ax dx

.
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where N(E) = thick target yield per microcculomb of incidsnt deuterons,-

-8-

‘i

dN/dE change of N{E) per Kev change ¢f bombarding energy,

"

aE/dx rat¢ of energv 1¢ss in Kev per cm cf desutercns in D_O vepcur

2

at 1 mm pressure, 15°C,

The experiments descrited in what follows are concerned with the

determinaticn of M(E).

Avparatus.

{a) High-voltege Fquirmsnt

The first sxperiments were made in the regicn 15 tc 50 kev
bombardirg ensrgy. For this purpose a small fuil-wave rectifier set was
constructed. The cireuit is shown in Fig. 1. The gensral layout cf tle
accelersting system, togsther with focusing elsctrode and icn source, is
shown diasgremmatically ir Fig. 2.

It was later focund desirabls tc extend the measursmesnts tc¢ higher
ensrgles, and a second high-voltage set was bullt, for voltages up to
125 kev. This was a voltage doubler; tre circuit is shown in Pig. 3. Ths
arrangement of ion sourcs, focusing electrodee and accelsrating system is
represented in Fig. 4.

On both accelerating systems a 4" oil diffusicn pump was mounted
at the ground rotentisl eni, i.s., in the regicn traversed by the dsuterons
efter full accelsraticn and before magnetic analysis. In this way
precticaliy nons of the gas admitted tc the ion scurce reached the magnetic

analysar, -
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APRROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

s UNCLASSIEIED

.

(b) lon Sources
In cecnjuncticn with the smaller set theicn sourcs shown in

Fig. & was used. Tke ccnstructicn is simple and will not be described
hers. A cylindrical permanent magnet was used tc lengtien the elesctron
jeth for icnizing c¢eollisicns ir the canal.

For the largsr set an essentislly similar source was made. (Fig, 6).
In this, however, an eslectrCmagnet was uséd for centrclling the slectron
paths, and this provided an additicnal ad jusiment for cbtainirg cptimum beam
currents.

Both sources were bused on a design of a famillsr type, and dif;ered
oniy in minor ccnstructicnal dstails from models alreuady in uss.

{c] Target Charbesr and Countsr

The vacuum chamber - the "tank™ - is showr in Figs, 7 and 8.
It is a cylindrical brass box witl a steel 1id, and is maintained at a low
pressure (a few unfits of 1¢7€ mm) by a 4™ oil diffusfon pump mountsd below it.
Most of the salient features are indicated in the plan (Fig. 7). After
acceleraticn through the bombardirg rOtential, the dsutercn beam was
magnetically analyzed betwesn th§ poles of an slectronmagret with a vertical
fisld, in order tc'select le br Dz* icns of a specitisa veloeity. The
besm was then collirated and snterad the tank alcng a horizontal radius.
It rassed bstwsen a rair of electro-static snalyzer rlates (used to test
for the pressnce of neutral particles in the beam, but norrally kept

+

grounded) and impirged uron the target.

The target consisted of a copper plate whose plane was vertical.
It was soldered tc the under side of 2 liquid nitrogen container, which in
turn was suprortsd on a thin-walled stesl tube passing through a Wilson

seal in tke 113 of the tank. The target could thus be rotated. The axis of

.kt
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vrotation coincided with the vertical ‘axis of the tank 1ts$1r, and was carefully
arranged tc lie in the front face of the taréet plate. Under thess circumstancess,
the spot produced at the front face of the target by & radial beam lay always
on the axis of the tank, and did not change its position as the target was
rotated .

After the cooling trap had>been filled, a layer of heavy ice could
be deposited on the target, which could then be turned to any desired orienta-
ticn for carrying out a measurement.

The protcns firom the nucleer reaction nere dstectec in proportional
counter (Fig. 9), having a mica winiow of about 8 cms air equivelent. (The
prcton rangs was abtut 14 cmag; all otrer charged particle ranges were less
tran 2 emsl. The counter windcw subtended a small fraction, sbout 1/1C00, of
4n gt the target spot.. The arrangement was therefore one having 'good'
geomstry, The ccunter cculd bs rctated in & horizontal plane about a vertical
axis passing through the target sprot. The ad justment was mads thrcugh a
Wilson seal at the bottom of the tank (Fig. 8), so that the position cf ths
counter could bs altered without brsaking the vacﬁum. The *setting' of the
countsr, defined as the angle between the direction c¢f the ineident beam and
the radius foining target spot tc counter window, could be varied from 40°
to 150° for the study of the angular distribution of the protcens. The counter
was 2nclcsed in a grounded coprer shisld; befors tris was done it tended to
pick up stray disturbances from the target, which, when connscted tc the inyput
of the besar current integratcr, hed a very high impedance tc ground.

Two glass wirdows were provided in the tank toc psrmit an optical
check on the aligmment of the systerm.

A large auxiliary ccoling trep(Fig. ?7) was placed in the tank
above the wids tulie .leading tc the diffusion pump. It was kept filled with

liquid nitrcgen fcor several hcurs before a run, serving ¢c ¢lean up the vacuum
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and tc prevent the escape of any 0il1 vapour fror the pump into the tank.,

{a) Current Integrator

The' accurate measurement of bsam curr=nts was fundamsntal tc
the evaluation of N(E). The use of a valvanometer for the purrose was unde-
siféble since the current to bs measured was sometimes small, and a galvano-
mstar sensitive ennugh to measurs it could not f£¢llow sudden variations in its
magnitude.
A current inmegratcf; for use in the ranga 0.01 to £.5 microsmp,
was therefore designed by V. J. Poole. The circuit dfagram is shcwn in
Fig. 10. Apart from an =xtensive use Of slectronic instead of mechanical
relsys, it was simllar to existing designs. A careful selection Of tubss
for the circuit, together with a balancing of legksge current effects, made
the integratcr ussful dcwn to quite low currénts. I1ts calibration (Fig. 11),
effected witr the aid of a galvanometer, suggsested no changs of sensitivity
due to leakags current, even for an inrut current of only 5,102 microamp,
Charge was accumulated on a 005 microfarad silver mica condenser,
which was autcmatically discharged when the protential reachesd about 100 velts,
Thus to measufe, corrsct to 1%, an input current of 0.1 micrcamp, the inrut
imredance needed tc be 105 msgohms (to make }he mean lsakage current less
tran 107° microamp). Care was taken to ensure thet the target insulafion
to grcund was better than this.
The calibration of the integrator remained comstant to I 2%.
(e} Voltrmeters ;
An asccurate measurement Of the bombarding voltage was essential. -
QO illustrate this, it ray be pointed out that a change of incident deuteron

energy ¢f 1 Kev at 20'Kev produces a 30% change of reacticn yisld. Cars was

+

.

FCR PUBLtC.RELEASE

B N A T

R,

AR

13

- s



APPROVED FOR PUBLI C RELEASE

-

trarefcrs taken to measure the bombarding vcltage to *1%.

On tte lg-tc S0-Kev set, a l-milliamr meter vas prut in serles
with two 20-megohm precision resistcré. A further 10 megohms ras latér'added
in extending the measurements up tc the full 50 Kev (Fig. 1).

For the 50- to 125-Kv set, a stack of 300 l-msgohm precision
resistcrs was made, and was us=d a3 a potential divider. The voltage across
the bettem 1 megohm was arplied to a circuit consisting of 16,5 megohrs of
rrecision resistors in ssries with a 3C-microamp metsr {Fig. 3). The ratio
of the arms of the potsntial divider was msasured using a Wheatstcne bridgs
arrangemesnt, ané was fcund to vary by less than 0.2% under full load.

Botk the ]1-milliamp énﬁ the 30-micrcamp mster were sernarately
calibrated; the deviation from the rated sensitivity was less than 1%.

(f} Cthar eguipmsrt

(1) A block diagram of the pretcn counting system is shcwn in
Fig. 12. To reduce rirrle and stray disturbances tc a minimum, the high-voltage
suprly for the ccunter was from batteries in a shielded box, and the heater
supply for the tubes of the preamplifier was rectified.
{11) Besides the large auxiliary cooling trar in the tank, Other
traps were mounted 1mmediately.above the Qiffusion rumis.
{i1i) Ths deuterium gas was admitt=d to the fon socurce thrcugh a
nesdl~ valvs. The control was quits sensitive. The norrmal ges consumption
was gbout 1C cc per hcur, producing a rressure of abcut 5.10’5 mn in the
accelsrating tube,

Special Considerations

{(a) N esutralization of the Beam

At lcw epnsrgies a bsam of charged particles tends to suffer

nsutralization, ani unless the rressurs in the system is very low the effect

APPROVED FOR PUBLI C RELEASE
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may become sericus. Since in these experiments the number of deuferené
resaching the target was measured in terms of the positive charge collscted,
it was of the utmost importance to reduce nsutralization tc negliglble pro-
portions.

The sssentisal step was to achiave as low a rressure as possible
between the magretic analyzer and thé target, so that once a bsam Of charged
purticles of given velocity had bsen selscted, it remained charged. The means
of dofing this has been descrited; it ccnsisted simply in pumying the region
from both ends. Thes prossure in the tank itself during a run was about
2.10°€ mm. There was probably a rise of pressure towards the magnst box,
because of the low punping sresd of the beam collimatcr and the cOnnecting
tubes bstween tank and magnet box, But 14 1s tclerably certain that the
bressure everywhers in this region was bslow 10'5 mm.

To test the effectivensss of the system, the elsctrostatic de-
frlector (Fig. 7) was used. With a deutercn beam of 17-Kev energy (one of
tke lowest energiss employed) the disintegration vield was measured for the
total besam and fcr thet part of it which was not deflected away from the
target by the elsctrostatic field. The conclusion was that only about 1.5%
of the beam was nsutralized. At higher =2nergies the neutralization wculd
of course bs less, and no correction has been thought necesssary fcr the

effect.

(b} Target Contamiratior

It fs well known thet targets ar: easily ccntaminated, Traces of oil in
the vacuum system beccme attached to the surface and are carbonized through
trhe action of the b;am. In perticular, the effect is very marked in the
case of a target ¢ooled with 1iquid nitrcgen, since any molecule striking

tLhe surface is likely t¢ stick, If 2 vapcur Of molecular weight ¥ is present

APPROVED FOR .PUBLI C RELEASE
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8Ba
at a pressure p in the system, the mass m of matter striking th: targat
is given by:

€ -2 o

Vo~ x 1l.44.1C nicreg: ury, cr<,'sce
p 6 e -2 : I & -
~r¥eE x  5,2,10 T miiligrams/em©/br

ANEre pois mensuyr o nourtic of 6TV e ¥ L g st TR
400. The rangs of the l-wsst-snergy Jdeutsrons swmploysl in ths 4xperiTents was
squivalent 0 a laver Of about 15 micrcgrams psr ¢m@ of oil, At a ovressura of

=5 mm, Ssach a laysr would bulld up in approximately one minute., The nsed .

10
fop sxirems cleaniiaess in ths vazuum system was thus arparent.

7o achisve aufficisntly g0d ccondftions for 4 run, tha thras auxiiary
2onYing trap3 wars kept €illed for sevaral hours bafira ihs targst trap it3asl?
wag c0oiad. By this msans, almost all coadsnsible material was resnsved,

To invesatigate any possivle target contamiration which might still
wour, tso ch=zcks were possible, The first 2f thsoss 20nsgisted in observiax
the chunge with tire of the ranction yield fur u civen bombarmiing voltags, A
sgecimsn curve, four ons of ths Uower bombarding voitagss (whars ths affact is
most ssricus) iy shown-in Fig. 13, Ths 2r>ors shown for initviival points ars
statiytizal, The uscond rsthdl was to measurs 18 yisld, for a given bmbarling
voitag=, 38 a function ¢f ths aungls ¢ hetrsan the fs2s of the target, If an
017 £ilm existal, {t3 rthickness in ths direétltn Af tas deuiteroa bhsam would
vary us cosec #, ani ths yiald would be cranged, Fig, 14 shows the rasult of
vinls tegt for 40 Kev HBornvarding snargy.

In tie 1ight ©f thess Observations it was considarel that tas z20a-
tamination prodlsm hald baz2n adajustely Sealt with,

{ci Sscondary Electron Imission

In meaguring tia heam curcsnt in sxpsriments of this typs, (2

i3 alvays a mat'er of some concern :% know whather the recordad targst surrvant
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¢Lrrasrsnis $0 the true currsat of positivs i<ns reaching thes target, Sscondary
alantroas, cften saveral rer isutsroin, are liharatsi at the target ani any

“tasr point where ths beam may strike. For a desuteron basm of 100 Kev, the

maximum posgibis Seconiary electroun enarsy is about 100 sv, and ths majorits of
elantrons huve much lower eﬁersies than this. Ccnseyuently, a positive 7iltage

2t about 120y on thes target was sufficiznt in this work to snsurs effastively no
escaps Of sscondaries frow the targs! itself. Thers rsrainsl the nropiem that

this potantisl mipht collect a faw sacoadariss produzed at the sacond slit ¢f the
b2am collirmator (sea Fig. 7).

To tegt whainsr this was so0, a cylindrical psmraneant rapgne? #as3
mounted surrounding the collimator, with its axis along ths axis Of the heam,

It was magnstissd to give a field whoge compansnt transvarss t> ths, axis had a
valus ¢f about 20 gauss at the collimator slit. This riaid, 2ombinsd with the
elactrostatic fisld dus tO the nositive voltags oOn the targst, sufficed tO maks
ihe ~isgtrona rollew spiral paths towards the tank walls, without appreciably af-
fasting the deuterons., The thance Of an alactrou encountsring <hs targst was thsn
Jmall., The thick tarzest reaction yield, »ec microcoulomp of effactivs besam current,
was found to bs the sams befirs ani after {nssrtinn Of the magneat.

A later tast, on the variautioo with pousitivs targat voaltage 77 the
reg~tion yleld per nicrocouiomdb Of measursd bsam, gzave the resnlt shown in Fig. 15.

“n the hasis of this svidenca, it is thought thet the measursmsnt
af beam currents was satisfactory,

The Determinaizn of Ni(g).

Let tas fraciion of 4% subtsnded by ths counter window at ths targe
570t Ds denotad by F, and 1s% bn(8) be %*hs numder of yrotons par misrocoulomb of
peam oObsgervesd in the ccuntsr at ssiiing €, for soms partlzular bombarding

snerzy 2. Then &videntiy,
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NIE) = 1 n{@) sin 8.46 (1)

&
g

(2]
That 1s. the total yield at § can be found dy Observing al9) for all valuss
¢ 9 from O to magnd numsrically int:grating.tha result.:
Although this {3 perfectly fessible, itis alss tsdious, ani s si~pler al-~-
ternative method «as ajopted: let n' (8') bte ths hypothstical count at an angle 6°
in ths center-of-gravity systsm corr«sronding to the obssrved count nt@) in

the laboratory systsm. Then:

n iy
N(EZ) = - nt0).3ins.46 = -;L— n® 10" 1.e100 36°  (2)
2F >
o) ol
Thus., ai(8) sias 46 = n* (@' )sina' .40’
or n'{9') = n(8).zle) (3)

vhers g{e)} = dleng@)
4(cosk' )

g(9) and (6'-0) can be readily evaluat2d from ths bombariing <necgy E and ths
hest Of reaction Jd {(sss appeniix). Although, stricvtly spsaking, ¢{6) ref=pz ¢> a
single valus of £, a weighted mean vslue oc¢rresponding t5 a thick targst, wher«
81l vaiues of bombarling energy from O tc E c¢orme Jetd play, =an bes arvivsd
at from an approximats knowledgs of the =..itution curve, Thus 7' (0') can ba
found from an obsarvaticn of (8},

Now for the D¥D raeancticn, the ungular distrivaticn 1a ths canter-of-

gravity system can be closasly reprasantei dy.

n*ie') = n"(90°) [1+a‘,E)coszg'] id)
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APPROVED FOR PUBLI C RELEASE
a !B) is tha 'aavmmetry csafficiant’, anl rafaers to a thin-taree?l yisld at a single
moergy. For a thick-targ+t yiml3, a similar formala holds, but al(E) is repiacad
Ly & smaller quantity A(E), sincs the angular distridution bacomes lass anisotropic
@t low anerzies., Thus ons hasa:

Nt I ow (90°) [mAu«:)cos2 G'J (s)

end this sjuaticn cun be used t0 represeant osvasrvsticns on thisk-tarest yields, pro-
vided that £ {s nat t50 largs. (Thls liritation arisss bYecauss varisus anglss
9lE! in th= ilaboratory eontciduts to a sinple valus of &  in wh santer-2f-gravity

iystam,, lntegrating equati~r (5), one cotains N(E) (2f. sjustion (2)). The rmsult

igq e
N{E) » 2. . r'{3.™ [21»“ a(z)}
2F _ -
; . (s
g . n'{9n°) [*r.. A(;«;)]
d

If (hsarvuticns are made at & partizuler angla Oo in ths laboratory svstsm, cor-

r+sponding 1o @' _ in the center-of-gravity, then:

l -
1 +.5 A(E)

N{&) ¥ :% n' (3y) 5 (7)
1+ A(Elcos 5,

as £ollows from equation (5). Now {2 in rarticular Qo' {s chosan 30 that:

7

B
'
L

e~ o = L (8)
3

thsn ejuati~n (7] rsluces simply tos

Ny & SOOI g 19)

B
F
That {s, ths total yielid casn be found from ubsarvati~ns at a single angls, without a

xroviledwa &2 the asymmetry coefficisnt A(E). The only cindition for this 1o be trus

is that siuation {5 shuould be olayed,

cquation (8) fe fulfilled for 00' 54%44' or 125°%15', The ccrrasrond ing

anriesd 9,5 10 the iabSratory system vary of course sith E, tat, for E T 12€ kev,

ar2 aiffacent Only abul 29 from the anglas in ths canter-cf-gruvity.
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If observaticrs ars made at angles 54°44' or 125°15° in ths iaboratory
sy:uem, the errcrs thsarsby 1n%roduced, for a maximum dbombarding energy of 105 kev,
are -2,%% and +1.%b, respe.tively {ses Apreniix!, Becauss of the 3mallar error at
ths backward angls, Obssrvatinpz were alwavs taken with this counter s=tting {or
1259 {n ths lavoratory), and it could be safsly assumed that the total thick-targna?
41214 was given, with an error of 1sss then 2%, bv the eruation:

ME = ¥ elo.) n(a,) (10}
in which 8, * 125,

The *irat stapy in aprlyine this wethod was to estabiish the validity of
auation (£), and measuremsnts on thes aneular distriduti:n wera made at a seriss of
anargias, Uuch x detailed study was not really demandsd for the ruryoss of this es-
reciment, but a knowlade~ Sf a(E) as a functicn of &, derived from the observed
values of A{E), was of ints2sst tc the theoreticians., With 1ts aild, erlain deduc-
ti2ns could he made'concerntsg th= nuclseer radias of ths deuter-on and ths preciss
naturs of the D-D interaction (sss ¥, J. Konopinski: Techical Saries, Voo 3, 2h.?),

The waans OF dariving a(E) from a(E) 1s givsn {n the Aprendix,

Rasulis of angulapr Uisiribut!i~n Vsasucamants

In Pigures 16 to 2C arc shoan the axysrimental results of ths argalsr dis-
tributicn msasurements. In sash case a full curve has bean Jrawn through the sxpr-ri-

mshtal points, ccrresicnding to the thaorsticui relstions:

it

nt 6 n' (307} [1+A!Efccs?‘g']

¥

n' 3] z4(8) ,nf(o) , a7aluated with that valus
ce A(s) which bess ?{ts the data. It may bs seean that the agrearant belwesn theory

ahl exrarimant is quite y2d., A wore sxazting tast of the resulsts cInsists in riet-

At {0

%

w® § TV ~ 3l
ting the quantity [N Lol ) ';] neainst ¢o08”e”, Sinzes the dagrss ¢ anisotrory is
<mali, &Ny 8Xxyerirantal arrcry bacoms gr4atly magnifiei. o plet of this kind is

2+ wn in Figuras 21 ant %2 £or bomberling energies of 5O kevy and 79 keav, respactively,
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A(E} as a fanctinn cf E 18 shown in Figure £3, Tle derived curvs (ses
Aprendix) rspressanting alf) vs, E I3 aiso given in this figure. It may be seen
that the asymmetry c¢oefficisnt shows no sign of tending t¢ zaro at zero bombarding
ansrgy . I; has bsen thought convenlsant to uss s linear relation to exprass the
variation of A(E)} and af(8) with evargy. aithough it i1s clear that the results in
themsalves ars ncl accurats enough sfther to justify or to vitiat= this assumption,

It has b:.en thought of initerest to presant the values of A(E), found from
these exreriments, on a graph which also contains the results obtsined by Vanley,
Travss, et al (CF-1565) at somewhat higher energies. This is done in Figure 24.

The quansisy g{(0}, whizh is us=d so eitensivaly in snalyzingy the results,
bcth of the anrular distribution and of the excitation curvs msasuremsnts, is shoan

48 function of energy and angle in Figur~ 2%,

Excitation Curve Yeasurements

Chservations on the thick-tarzat vield &3 a functinsn of snarpgy ware made
using both mass-4 anud mass-2 beams, with a counter s=ttirg of 125 thrcughout, The
mass-4 beam was assnmed tc be pure Dér, 30 %28t a measurement of the yiald psr micro-
couiomdb of target current ied directly to a8 knowledgs 02 tha number of protcns per
inciden? deutsrcn produced b the nuclzar reaction, - With this bsam, however, deutarons
¢f cnily half the maximur borberding enargy zculd e obtained, Through the employment
of tre mass~2 beam, containing D:.'lons, the full bombariing voltege could be utilized,
but thsre was in this cas2 the disadwéntage that thes mass-2 beaam ccntained some H2 as
watl as Dir « Thus the measur=d yield per uanit of beam current was lower than the true
vield per microcoulomt of deutercns. To correct the apparsnt mesa-2 yields to true
vajues, the £2o0liowing method was adorted:

A* Gamow' rlon was made, of lcg Wh(E) vs, Ehé. In this representation the
¥121d curve bacimas eszentially a straetent line. The (inss correspinding to mass-4
0% mass=-2 (arparent) ylelds war< parallsl, showing that the H2+ content cf the mass-2

beanr as inderandant of enarev. The distancs bztwesn the lines datarmnined the constant

“gnter oy which the Observel mass-2 ylalds wers to ba incrsasei to giva tha trus values
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The actual results ars shown in Figures 26 and 27 for the low-ensrav eni righ-snerey
meusursments, respsciively. It may be s8asn that the corpsction fastor for mass-2
bsar impurity i3 readily detarmined by this means, and, since It makes uss 02 all tke
Obsarvations, 1s rrcbably mcre reliabls than s single corparison of ths yields for
mas3s-2 and mass-4 bsams having the same deutarcan veliozity,

9 .
Dwitt tre ald

N{KE! was then obtained from tre corrzated vaiuss ¢ n(lg5
ot esuatior (13}, F was known from carsful measuraments of the si:es O0f the countsr
windows and thair distance from the targst, The working 1s se1 cut irn Teb’s I below.

The complate excitution curve, for mnargies from 15 kev t2 105 kev, i3 shown in

Fipure 28 a3 a Gamow plot, =nd log N(Z2) vs. £ 1is given in Figurs 29.

TABLE 1
E g7 n(125%)" %,n(1ﬂ5°)' g(125°) NiE)
15.4 key  8.05 (VMav)™%  3.240 counts 2.47 10° 1.026 2.53,10°
18,1 7.45 6.507 per §5.74,10° 1,028 €,42.10°
20.% 7.00 1.15 c. 1.18,12° 1,030 1.21,19°
£3.0 6.50 2.23 2.29.10° 1.02y 2.35.10°
1.8 6.47 n.54 2,71.10° 1.032 2.79.10°
26 .4 6.15 3,42 4,30, 10° 1,032 4.47,10%
30,6 5.67 8.37 8,50 ,10° 1.075 8.88.10°
31.6 5,59 7.90 9,090,309 1,009 1.03.10%
3€.5 5.25 15.8 .73, 104 1,040 1.8¢.10%
395 L §.02 18.5 v.22,10% 1.04% 2.41,104
A0, 9 4.92 27,3 2.e1,10% 1.044 2,93, 104
‘ 45 .5 4.68 40.2 4.13. 104 ).045 ¢ gt
40 .7 4.56 a 7.7 4 90,104 5 .C47 5.17%,104
5.8 4,75 50.0 4.29.1:04 1.050 6.59.,:0%
63,2 3.97 88.7 1,i1.10% 1,085 1.17.10%
79,2 156 174 ' 19,105 1,081 5,32,109
9%.0 2,05 286 ' 1.60,109 1.C70 3.02,10°
LR 3,08 354 4.45,10% 1,075 4.78.:09
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* Nots that two distinct valuas of F are usad in forming these products; for the
highar snergy work it was somewhat smallsr than for the l1ow snergy
experimants, (ef. Figures 26 and 27).

Nots on Erpors . S

The counting error at the lowest energy emploved was about 7%. For the
majority of the measursments, however, it was not in excess of 1%. The bombarding
ensrgy was known within 1%. The beam current measuremsnts with thes integrator a¥e
probably good to ¥2%. So far as could be discovered, any errors dus to target con-
taminatior or secondary electron emission were togethsr not mors than l%. The error
due to observing at 1250 in the laboratory systsm instead of 125° in the centsr-of-
gravity system is ulways les, than 1.5%. The srror due to the presance of neutral
particles in the beam is, in general, probably not more than 1%, The solid angls
fraction ¥ was detarmined by measuring the counter windows with a comparator, and
by carefully determining their distance from the targst, The srror in F is con-
siisrsd to be about ¥2%., The combination of these factors lesds to an ageregate
error in the thick target yield amcunting to* 4% at most energi~s, but reaching a
valus as high as 8% at the lowest ensrgy {15 kev) bacause of the vsry low yield.

in garivirg rna, Leocticps from the velues of N(E), ore intrcduces a fur-
ther small srror, rerhaps 3% or so, thrcugh differerntiating the yield curve to fird
dN/d%. But the asacrimted velues of dE/ex are veary urcertain, and it is irpossible
tC assign & rrebable arror tc the values ¢f the creoss sactiorns which will now be
derived.

Crcsg Sectiors

As was stated a% the teginmtiing of thisg report, the cross section at any
erergy £ is given by:
2,38.10%  ( dan/dE ) { aB/dx)barne, whers dN/QE and dE/dx ere measured in

vspecified units (ef. y.1}. To evaluate 3N/dK fror the exrsrimentel values of MN(E),
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Twr wethods have benn amplceyed, and apa described bajoe,

{a) Dirsct Vesltced., In Table )} sr giver tla (beoprvai vaiuss of N(E) at ]

sarius exergles 3. Takipg 1no ad facent erexgies Ei and E2 » Che finds the value
4N of the difference [NI{EJ) - Né(E?E] batween the yields. Dsnotier by 4E  the
quantity El - 82, the\qurtienz LNJ/AE represents ths velue o0 dNsdL at some mean
snergy £. The logics) chaofece of & is dafined bty 1ila 'Gamow® piot (Flgurs ZR! op
10g N(B) vs. Enﬁ. Since tris is a straighv lirs, 1% is apprrogriste to pﬁt

ETF - 2B, F +E,7E The evalustici or AN/AS
und ©of & is sat out {n Table Z %elon, In Tabie 3  hich fallews, o{E) ant thas
product & . o(B) ars derived. Ths lattar guantity is of intermst ir rorparing

sxperiment with tbeory (ses late:),

TABLE 2
E, N, (&) g5 N,(Zy) AN AL MN/AE E-E E

16,4 £.83.10° B 6,480,102 3,867,108 .7 1 4nc® 9.7 18,7
0.8 121068 eae 27608 180N s e 4,A0.00° 8.79 71,7
"8 2.75.16° 6.4 q.40.105 1.64.10° 2.6 ©.31,162 .25 25.1
4.6 B,88.10° 21,6 1,0%.10% 1,45,010° 1.0 1.42,30° S.87 8.2
w6 1,80.10%  se¢ 2.adod 6. 1.3¢° .0 1,81,1¢° s08 a0,v
40,9 2.92.10% 45,6 4,22.10% 1,20 104 4.7 fo9706d 4.8 47,3
57,7 .zt sc.e g rg.ycé vasaut s vt dam enld
P32 1.17.109 w5, 2,22,10% 1.18.00° 16.6 7.e2.160  a2v we,s
°f .0 3,£5.10° 10E.5  4.%8,:¢5 o, 3.10% 1c.n £, 300 .“;3,16 _JXce,

E, C_fr kny
M <

b, B_ir preteng per microcoulomt
<

1
?’i LT

(Vay =& .

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

-} -
TABLY 3 '

5 AN as AN dE o (3) E.0 (E) gmé

. AR ax s " 3
1.7 1.43,10° 0.40 0.57.102 1.25.107% £.25.1C7 7.7%
21.7  4,60,1¢2 0.48 2,21.1¢% 5.2¢,107% 1.14.167% £.79
FELY 6.31.10° 0.£2 3.29.102 2.82.00 1.96.10°2 £.32
21,2 1.42.10% 0,59 8,56.10% 2.13.10% 6,65.1¢7% 5.6
2T .5E, 10 0.66 1.01.10° £.40,107% ¢,05.1072 £.16
<22 2,97,V 0.71 2,11.1¢% s.02,1078 £.17.107% 4.83
501 £.87.10° .77 z.21.163 5.26.1¢7° s,64,1071 ¢.47
2¢.8  7.26.1C° 0.9C 6.4e.100 1.24,107% 1.9 3.7%
00, morat® 102 8.93.¢0  ¢a3.007% 203 3.6

‘Wi Anglvitin ¥athod,

Because of tls aprarently perfect ifnesrity of the

;let of lcg NLE) ve. 7R (Figire 28), an aralytic represantatlcn of tks thick

targat yisld wasg peseltle, of the form:

1og,(, NE) T A - B.ilky -

aN 21,152 B.E

d""ke:v

Ysirg the metkol of luast sguares, the pareareter
q s ¥

trat.

(=%
>
1

{

o
>

ksv

Valnss of dN/dd derived from

t~r OE!, The worring is sat cut in the fillowing tebhle:
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- 0,76C. "% N(E) x 1079

Tret, b differentiation,

. N(E) x 1072,

protons par key

B wnas fcuﬁé to ta 0,660, &0

tr.ts Parruls cculd tliern Le irserted in the souaticn
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TABLT 4
v ¢ N&y BT/ 4N 4E o(E) E olE)
ik dx

15 - B,5  £.17.10° 544 0.9C.10%2  0.28  0,81.1¢7% 1.22.1073
17.5 7,54 5,40.12° 432 1,76.10° 0.2 1.77.107%  z.1c.107°
z 7.07  1,12,10% 3 $,04.102  0.46  2.32.107%  6,64.107°
E ¢.22 3. 4,105 253 6.54,:¢2  0.52 8. 1,iC™* 2.02.1¢7%
B2 E.77 £.00.1¢%  1c2 1.17.10% ¢.28  :1.61,10°%  4.83,107%
ot 5.3  1.574,10% 153 1,80,10° 0,63 .68,1077  9.40.107%
40 5,00 2.55.10% 125 £.42,10% 068  3.9:.107° 15. 6,107%
48 4.7 3.90.10% 105 3.11.00° oz 5,235,107 2.40.30"2
“0 a7 c.e012t B 3,941 0,76 7,029,108 z.85,107]
60 4.09  1.04.12%  €8.1  6,39.10° 0.85 1.06.07% 6.36.107)

"6 3.8 1.65.12% 539 6.75.10° © 0.89  1,42.1¢7%  1.00

20 3.54  2.25,10°  44.3 7,90.10° 0,94 1.76.167%2 1.4)

S 2,33 #.25.12° 36,9 9.15.310° 0.5 2.:2.007° 1,91
Lus 3.8 4.80.10% 203 1,67.10% .03 2.62,107% 2,75

In Table 4, the valuzs of N(E) are taken from tlre fuil 1ins dprawn thrcugh the
expecivente]l pofrts ir Figure 28, 1In Tables 3 and 4, the valuss of dEJdx wars
taken trom [AM5-392; fcy the sake of carpletensas the curve shiwing the varia®ien
ot de.dx wt*h energy is raproduced in Figure 30 of this repcrt,

Figure 31 reprzssnots the varieticn of o(X) with.E. The full curve corres-
pénGe to the values given by the anslytic methnd, and the individual points are
thosa cbteired in Table 3 by the direcs methed, It :hould bs noted that the
nins rcints of Table I ars obteined from eightesn observed valuss of N(S8)}, by
takirg differences in pairs., A srell errcr in efitler or both valuss of N{E)
leade tC a large errcr in 9(£), Thc.d:vzatiop of thase proints from ths smeooth

urve is tharefcre not umduly grest, ami it 1is clsar thet the best line thrcugh
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them will differ very 1little from tre curve derived anelyticully.

Comparison with Thecry,

On the bias of the Breit-¥ignar formula, the crcss secticn is given bw:
of{E) = ¢onst. x L x P(E), where P(E) is the probability
E
itat tie ccllidirg neutercns will penstruta tre potsantial barrier which serarates

ttem. at low snergiss (E < barrier height) this formula takes tre simple form:

H.?i -3
e~l.400E

olE) = comst, x 1 x , B © being expressed
)

-k
in (Mev! * ., Thus, if this relation is obeyed, ons may write:

lcg [vx‘ v o(E)] T const., ~-!.403 R7%

_ 1
or log (:1«, . o(ﬁ):l "- coust, =0.608 E°B
1C

In Figure 32 a plot of log [£ . o(Ei] V3, Evé is made. Its clope is 0.662
fnstead of the 0,608 required by the theory. (A lire cof tha theoratical slops
is indiceted on tre figure).

Althcuglr tre differencs baztwesn theory end exreriment is considersble, it
{s by no msans outside the uncertsinties of iheory cr cf sxyperirent, The oneA
largs source Of dcubt in the exrerimesnts lifes in tre use of aB/dx tc find of(E).
On the other hané, from tie treoretical point of view it is hard ¢tC say what
should be tre correct power of E preceding the expcnential in the crcss sscticn
formula, If cne puts 1/35 ip tre place of 1/E, then thre thecretical slcps be-
comes wraater than the exrerimenta) wheresas befcre it was less, as may be seen
from Figure 22,

For g fuller discuseicn c¢f the probvlesm, reference should be made to the
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article by £. J. Konopirski in the Technical Series (Vol. 2, ch., 7).

Concluding Remarks

No sxperiments havs been made on the slternative nuclear rsaction
D+ D> Hqs + nt+3,25 Vev, It would have teen very

desirable tc study this rrocess, since in reality 8 corpariscn with tlelry demards
e knowledge of the t:otal crose ssction for the D-D interaction, and the thsorsti-
cal constdereticns of tre preceding seéticn are based on the assumytion of a con-
stant branching retic, The difficultiss in the way of detecting, with good accuracy,
either the H°3 or the neutrcns are, howegcr, rather great, The He3 have a rangse
of only 4.3 mm fcr these bombarding energiss nesr tC 24ro, sO thai tc detasct tlem
onie must have a counter ths air snquivalant of whose winpdow is ccnsiderably lass than
tris. On the othar hané, tra detecticn of tha nsutrons must dsyend upcn an inef-
ticient secondary process, and the liw primary rezction yield at these ensrgiss
makes ror Vvery lcw ccunting retes. Ths problems are by no means i{nsuperable, and
a full study ¢f the D¥D reaction must certeinly dsal with this alternative re-
action, i |

In sddition, if thick-targset yield messurements are tc be translated with
any certsinty into valuss for ercss secticns, a far bettsr knowlaedge of dB/dx fer
deuterons in heavy ice is reauired. It is considered that the experiments dsas-
cribed in this report give a feirly reliahie m2asurs of the thick-targst yield
for the DID,p)T reacticn frem 18 tc 105 kev, but ths values here advanced fcor

crnsg secticns shcould be regarded with suspleien,
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Here ars collected vsricus ejuaticns spd calculations relevant tc the

sxreriments and their interrreataticn.

A,

.

Trensforration of Angles From Laboratory t6 Center-Of=Cravit

*

If @ 1is tre angle measured in the laboretcry, and @' s the corresponding

angle ip the canter-cof-grevity system, then:

D

B.

sin (6 -9) = a . sin @,

whare az < T.]:.m_q , 1
m.in
274 1+ o4 mtnm
. E ._?é—z

m & mass ©Of incident particle.

™, = mwass of bmbarded rerticls.
m:5 - mass of otserved particls.
w - mg8c Cf rermaining particle.
4 T

< = energy relsass of rsaction,
& & anrergy <f inetdent particle.

arproxi~ate exprasaion for sin (@' -8) is:

' & AR
81r{e* -0} » sin & x (MM (_‘_T L - i (in..@.)
m‘ll ] 2 ¥

Ehlef- 2]

where VM = m}‘+m2 e m3+ ,-,,4
The coprrection Factcr gi6),
‘ ‘ s 1
g(e) = dlcos 8) - (1_- a®sin” 0)%

.dlcoge") 5 5
) [a'ccs o +(1 - a?sin 0)é J
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Arprcximates exrression:

gl@) = 1 -2a cos 0+ a2(3 - 8 sin® 8}t -~ —
2

mymz\g m /o &
vzl e o (™ 3) ( 2 (_g:)
S(g 1 cos (m2m4 T} —m-é- <

+(3 - 5 s1x” 0) ('_“.L’l})(__.’l%__)(ﬁ)f S
2 m, my

mom, <
) in the ladoretery

-

C. Errors dues tc Obsarvation at cos'l(+1
. “\S

From equaticns (3) and (4) 1o the tsx2t (p. 1C) it fcllwws that one may

write:

1

Yy = h c 5 2
n(Q; ETEIF)' o' (90 )[,+A(E) cog 9']

We wish tc study the dependence of n(@) or srall changes of @ 1in the neierbtorhead

of 9 = 54° 44" anda 125° 16'. Since n' (90°) 1g put a function of 9, we may writs:

n!o‘ : - [ ﬂ-l [’ (o ~4 “2 'J
T (so5 = Rle egle! i+ ALR) anef ¢

Now from paragrapk B above, we have:

g{@l~1 - 2e:ccs O+a2(3-—§- 51!12 Qi

-~

whence (@} 11+ 28 ces 0+ a2(1 - :;l sin® Q)
~

[}
In the nefghtcrhood of 54 44' and 125° 16", sir? oa 2, so thet (1 -_g. sin? 9)
(v .
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AZ
iy very nsarly zerc, - Yorecver, % may neglect this term in differentiation since

it {g always multiplied by the small factor az. Thus it 48 perrissibls t¢c write:
‘noal @ i .
R~ ] 1+A(B}) cos” © {L* 2u-cos Q) simyriy.

Diffsrentiating,
AR ~ -Zililcos 6 s8in © B (L+2a-cos 8) - Sa-sin 6 A€ (1+ A(E) c:t':s2 e')
Now sin @' A @' = 31“(969 ~ l1+2a 2cs 8) s8in © &0
gle
Thus

AR ~ -ZalF) cos ©" sip ¢ AO {1+ 2a cos 9)2 - 2a sin & AG[I*A(E’) coss 9']

A® 13 the small angls (6' -B! reyprssenting the shirt from the centsr-of-gravity ic

the laboratery system., Thye we may write:

c0s @' ~vcc8 @ - sin 6 AG

2@ -2 3106 ccs © 40,

Tt
cc3™ @' v cos

Thus ,

AR ~ -2 sin 6 A@ {A(E)<(1+ 2a ccs 012 {coe 0 - sin 04 @)+ a[H-A(E) cesz <]

-2A(3) sin @ cos 9 ae]}
v-2 sin @4 @ (A(E) cos & {1+ Za cos 0)‘z+ A D‘*‘A(E) 0052 G]}

¥o osin? o 1\02 {(]+ 2a 208 ©)° AlE}+ 2a AlE)} cos 9}

Nsglescting pewers of a above the first, this be:omess
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sR~=2 sin 6 40 [4IE) cos ¢ +5a A(E) cos?8 + a] + 24(E) s3n®e 8 6° [+ 6a cos 9]

Inserting sin @ fg ; cos e T L,

NES
R~- 282 40 [FA(R) 4 5m A(R) +a]¥§ A{E)p 6% [; r2(T a]
'K} {3 3 3

At the highest enargyv used (10S kev),

an_1 AlE) ~ 0.45
15
Thus AR ~ -i.64 89 [*0.z60+ 0.049+o.eee]+ 0.60 862 (12 2,23
Now AQ@ is tha value of (6' - 8) at 105 kev, 5in'1 1 , ard this i3 ~2°% or
3

‘1—1- radian,

Ingserting this value, we find:

AR (55°) - 0.0%1, and R (55°) =z ]1.2¢

A3 ]

aR (125°) 0.015, and R {125°% 2 1.¢@

LI ]

The percentags errora introduced bv chLserving at ave’-s oa¢'1<r 4‘)1n the
B

labcrstory are thus -2.5% andt+ 1,4%, rezvectivaly,

D, Derivation of alE) from a(E)

{1) Direct Vstlcd.

The thics-target yleld is rerresentsd in the cepter~of-grsvity svster

by
N(E) = CI{E})+ D(E) cos? ¢
: G(E) }:‘;#—D._.).(E ces? o)
C(E)
= Ci8) [z+;.(£‘) cea® 0'1
Differentiating:
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AS

48 : gy 2
4z GE Tqz ¢ ®
= 4a¢ [} + GD/AE  ogg® Gi]
Y aC/aE
- const Li+a (E) cos? eﬂ
Tkus a{g) - d4D/d3

(11) KXonopinski's Vethed

Tt was rointed out by Konopinski that the above methcd was unde-
sirabls, in that a(Z) was evaluat:d as the ratioc Of two differertials. He has
presented a nethod (c?. Technical Serj&s, Vo, 3, e¢h, 7) in which advantags has
beern taken of the clcseness of a(E) tc A(E). The method is -utlined hers, using

the symbolism emyloyed in the rest of this rercrt, From eguation (7! in the test,

e have o
nye (3) = FONIE) - 1tal(E) cos” @
1+ % A(R)
(o]
Jiffarantiating,

2L [nats] - & 1vaw _eofel L an s . iz
F aF 13 94 A(E) AR [:-H A(S)Jg

[=7

3

Sut Ly the dsfinitinn cf a(E), we have:

1. <Z L
&I, o]c 48 - Lt alE) ot 0

*

Pt
F Az

The identity of tas ahove tx0 sxvrassiops holds for cll value: of 8'; by equating
)
3srarately tie constaal terms and ths coaffiziants of cog” 8', we mrrive at the

rollowing relatiops:

+
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64
- aN 2 -N da 1 = 4N 1
ax : = "
ak w1l aA(g) 3[1+’ A(EHZ L 41 a(E)
3 3
dy A tNdA s a - a(E)
3 1+2  alE)
3
Dividing the sscond equaticn by the firss:
aN . A(E) aA 1
AR 1 N3E' 5
1 A(R) [}‘l’ L A("‘l
alg) = _ u{,.‘..‘w‘__..___..-,.__ e
a 1 - Naa . 1
3 ar - )
1 ags) 31+ aii)]
:’-!\ dasad 1 -
A aNjagE L .(E)
= A{&) s Al .
; N dA/ds 1
3 dAN7d% :
1+ % ALE)

cr approximately:

E) » A(g'+ NE) . ad
alB) ~ AEM 553 AR
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cr
AR 'LAMENT\  ELECTROMAGNET

(125 KV SET)

ION SOURCE & ACCELERATING SYSTEM

g 20 27 i [V 20 S 7 125 7 W &

v o o o - ]

g o s s

Va2 AR O AT A GOSN A

T TN 2T T T I T T T X T X T X T YT

Y|
NNNNNN T -
18T FOLUSING 252 FOCUSING
POWER PACK POWER PACK
=T KV - 15 KV
ELECTROMAGNE]]
POWER  PACK t
ARC VOLTAGE
POWER PACK
+125 KV MAKX.
ARC
FILAMENT
POWER PACK

+62)%5 KV MAX.

(27 Irr 77777 7 ZZ L2 e s T T 77

W
INSULATORS

T

TO
ANALYSING
MAGNET

3ASv313d O I'ldNd 04 d3N0HddV



APPROVED FOR PUBLI C RELEASE

| '..\

. |
T T
TR AR

[
h

i

MIM'J‘{LA%

r*ﬁﬁ

\\;\N"‘

U4

LIST OF PARTS |

T i T ooy o P e
NAME & DESZRIPTION  lQUAN MAT'L.

KO LR, SEAL e O 77| [30] 3.5 L5+ Fre v/ 1 7 Eeate]
* o HEN /VUT A BRAS W37 Ty 0D A g Al | / R A

2 T LV

73 '"0,5/

5&(:

STVLPHON / )

7'/7’/(, _/ BRASS
|BiF#5S
[ corr/

SFEEL WIRE T05UIT| 7

720778 * e THK 21X

TG HLEN HD CAP SC, &

2 e O/A3 * 3g THK 7 _BRASS |

/'/§< 0.0 * Y@ lD. U8 [ _| g_g,o:
By HLEW O AR SE | @ BX35S |
L 3, I/ THEH ! L

Cco/17%,
0555 ;A
B/, 551

CAFSS

/ /4 D7t /4 THICK /. PRASS,
6 DI N Lo 7K/ ﬁ(/ﬁ/.?[@
AL Za D/5. 3 /. 7/9’/6/rT/ LRSS |
Z4 OO Y THICK |/ BRASS ]
/*776/1757‘ T T | eerm
Z e LONG 7 /_?A’Af:

T Ve D8 3 THIER 7 /ZRASS]
FL AN AD. (B C | @ LSEsSS]
"% O/7. : _‘377 TRIEK | 1 | GRPIS
*é/fzzf/v HRSET SC |3 | s
22 28 M& | ¢ AN
% DA, g JTAICK 2 RUSBER
3 e DI7 2 Fa THICK |/ RASS
0L 2 /e “ONG | / |BRASS
__é LT LVASHER | 6 |ELASS
L4 O/F * [ LIIVG 6 | ¢yc/7E

re 7.~ s 3., T RS

FIGURE 5

-

n

—

&

O

1

o8]

2

o

&

LL

(@]

E

ol

<

] i
jowar 134 \q—[n.q. [ 4 CHANGED (TEM Was J_'

iey

Gttty K

===l von SouRce

——._ . oW 1 0L TRGE
T omawine No T
2= | 5553 —




APPROVED FOR PUBLI C RELEASE

FIG. 6.

*0-2f KEMELED NYT
8- LERD.

*0-m0 xlz PV, WO, SCMee 1 ~~

2Fesgo.

é-

KOVBE SEALS 10,
2. oD,
TO B8 FUBNISHED

*1-ed xG FiL. oD SR,
o #2590,

) —garT ol
*¢-32x § 16 Soc. Ho. scr. N N\

TN

nhy u \1\

\

. Al
&9/

1/

~*g. 22 x;z& SOC. MO, Sce
S SEQD.

W
ae } - /@
y e

TO 8E& FULNISHED

f’a
@ o~ SYLPHON SELLOWS
“4

— %220 xan-”'/.‘ Joc Ho. Sce.
ctenrgo.

.//—“‘6'52 a?’ L6, soc.Ha ck.

LIST OF P#

NO. NAME & pucmm
|| Base
2 | Coctme

3 eda
4

K

G

e

t | Beor
6A.s(e‘r
N _L__._f///ﬂp -
L7 | S7vo _ ———
"Drsc
9 | Buimns o
10 [ CepomP Eida
/W | Rornrree
(2l 7zer T
/3| g
/G| GAsKET
(75| Cepmm i

——

| /6 | cemmm

17 | Tvee

| /8 | dospres
IO\ GEzEy_
eo| 7ves LU
18/ | ¢ AP S

ez rua_{_______ : %
(23] 7umE

X S
24 0Ml7'7z0 L]

2¢| srvo (3

-] JanLG JoC. HO. Sk
A -7

"/o-&f am rd waswee [T SoES
3 - T, “ 3E | 7/5E CL
| 23| Frrrvvg S
| | Wasawe -
B2
2 | 7eerwvwe U
37| Sceave ~
38 | S v
[al}
' ' (ol
A <
|
] asw wo.
XX [Wopvey B 5. g TS, FART MO,
rmos e |}, 4 ‘.“




APPROVED FOR PUBLI C RELEASE

Fic. 7.

—>-
COLLIMATOR
EleLD
Q F.
MAGNET e
' - ELECTROSTATIC e TARGET
DEFLECTOR
~TUBE FOR
LIQ. N, TRAP INTRODUCING
TR
: DO
2
EXPERIMENTAL ARRANGEMENT

(DIAGRAMMATIC)

COUNTER AND

SCALE | /1-

WINDOW
P

— N T OR PUBLT G REL EASE



APPROVED FOR PUBLI C RELEASE

SHIELD AROUND
COUNTER

Fic. 8.

LEVER FOR ROTATING TARGET

/

INSULATED WILSON  SEAL

LIQ. N, TRAP FOR

%— - COOLING TARGET

__TARGET DEPOSITED

WINDOW N
I\
SHELD \
\\
COLLIMATOR _ T~ A |
= l ]

TO ACCELERAT!NG TUBE L‘

TO PUMPS___ _,

SCALE | /4

- ——P" HERE

]

~—~~TO PRE-AMP

VACUUM
(SECTIONAL VIEW)

_—LEVER FOR ROTATING
COUNTER

NOT SHOWN
HV. TO COUNTER

TANK

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

COUNTER USED FOR EXCITATION FUNCTION AND FOR

FIG. 3.
ANGULAR DISTRIBUTION WITH GOOD GEOMETRY:

7
l—— L5/'|6 —

b ¢

%’ —=— KOVAR SEAL
7 oy B +
A B B4l —r
L ¥\ ¥ |
P 2
o g !
:l’ ."
I’, ’I'
0 :,: |
o] A4 0 "o
¢ i
St -] ™
o T ‘A
I e -
BEN 4 :
177 d

s DIA. -<:?}

g7 ——
. [Z]
|3
O
e

2'%e
T

’ 7
.

Y

e/

.,

1410 MIL COPPER
|1 wIRE

APPROVED FOR PUBLI C RELEASE



+300

-2l10

17 . F

COUNT SWITCH

~

- .;.A.//,,.
YV Y ——

v

N S |
I, PO . g 7]
\.q( /~’5 .. — .\_H 4 . [IQ..(Q.\}I.III
w ?

RELAY PLUG

RELAY]

10K

). mm.‘ . .,L,[zm/./ r AV
M~ : i_ .~., ff . -.w‘
[ - -
) ! mr _ S
Y 7 .
— — J/m‘.(&i[% T .M
. N E 3 I <
T\(<.<>< O] In m _ N 3
“sas L o A2
x ? _.I./J..\.I\V\.( - ) N
0 x - £ F e
& 8
® - N —
K .
Mw 2 (.ﬂ...loll.l\?l. Y
=~ N SF ;
e <N i
;o — VN - are 'S
14. .<<. <« K rM
| 3 - :
x _ M ._v
|
o
ul M —— A
£z W
A 1 N
—AWAL ~ B
N il

i a 0 Q
(2.((»(>~ _ 1
N
4 l~2 —
'd 1S
o 2 I 2 _
S -k w9 3 1

I A N O

x [ A VA S

R 3 ‘ T2 “ o
NN ._ il NI
WA L g
s3

NW S — -

- - - ¢

O

Lt

. (e 4
v ow

H fw

b
3k
> m
o
N
~
=
g3
M..sA.

3Sv3'139 O I'ldNd 04 d3aNOdddV

POY]

oV SOURKC

CHANGED 1tEIN wWaAS

sty
141

v OL 7

O

.

s 26 43]

A

e Rpw 1} 9e
-

APPRGH [
798 cougt.

fowac tv-

L08C 10841 TOLEBANCS & ¢ S8

ATVETIC CORREIVT 1V TEGIRATOR




APPROVED FOR PUBLI C RELEASE

. e - -h ge— v g b e e e — o lvianl‘.Jn(.wll.i.\).wlll\ T T T )i T
m ._~ PO —— s R '.”\.....f s e A.I.J..nTuTlT.T...J.t.Tf\l.L.I. t.ul).'ﬂ..lll..l - 3 : L . - - s . ;
e s e aeal . ! e Rt § oty B T '.lfp.d.— e " i 1 i t b
. . . - be b mda e e PP 0 S R T Punu v | sae gl e B R R R e bl : nr4\L_ i 1
D _ \ R DL R PR TPV PRP U SR DU 4.:.*..1. i ot b RN
. ; : H YOS U At ; H Lot
b P T e e F:...1 N I ....._. = e e ~ it
) . -y . - A R Rt e IR R SR R et Mt 1 ; . SU
{ . . ‘ Choeayin Mx [ O PO P S S SO R e i
. i - . | [ [ D R et !..lf....l..ul.w I«(lﬂ!.l. 4|t.pmf.1.w.a!x‘xral.wvrl..lvlnfnlll!\l-}.ﬂlllf\ —
- S R R N e ] .fl.(. — e v e e i w—— i . i s e : : .
. . Lo v 4 bt e ——
_ el e et e o]y ——rmt IR SO0 LAY LI
e iagie ey - ~ - H N I N ! ¢ N
L. ' X e Wi T mels e et e cemam— i e »17&}131*} - ;
N . . : R i .i.:c..l.r—: PPN “y e - Z.iT.. (..:T‘ ..;olnl SR :Lrll....l.‘l....lrl 1
: . : 3 T
. * " B SR ST R EIE Rl BERRTEE R :..+z o I LI ST |_..... s e S e
o . . - N .x.n_ r.xl.‘n.t. PRV N . - tc(..r..).l.l.l Fu.ctﬁ ;.rr e ll:JL.l'f)nI ———— ]
. @ L e - N " - — . 5
: © : T R e T ~
U U T A .. O R ?TiJ ..H - »X.«.JLA et g oo o r..|..*.t ... o e A SRR -
¢ \ > : :
O VP H O ST A A R ) e e R R e e oot iy PR
een} R P S ..w @ ... ek g - A.wt _.rrt)wi 4 e Sieta e e e Gh b e = e IIIL );rlrlllt. e 1‘“ [P SN S
N fa o Come i) B T T e LTIt S +1ltn_l.l.)ll Jln.,;.n.w.. T e et $2o :'—. e 4me e R i R TR
oo te e b e o - e it B _ " . ¢ : " . teee L . —
e de e e s S et - - L et o idas _I PTG ...,.l..\MJ..?.L Lpatime o e v .w — ks - REUIVR XS .‘TI:..I.L.....:lerlltull..l.‘l'
v . . . VR UONSY I FPUR PP S R T e -...-.;p. I c4.fLLLi I A T AR r,r:. e . ~
Sy e . . . erd e e e - e e Hemil RS IR M.....In {.J.l.l!vl... e T...IIJ... _.:.4_3 N e T i 2 ]
. : ¢ . N
Y [ T boor e v g bime H O e i 1.& S S LOUy U S0 T S 0. U I S, LL:J ;.41.;.11.. "
PO N P e e Y B IL..I —— : e ppe . - - - , i
. B TER = “ . ..N. v PRE T for 1 q PRI S [ o.lJ!t(ll.b.QLr - b e ek . — - . . } - , -
Caege [ SR Jem o onid - I R 12 SRR AETEER SRR 1* g = ~ T:r....T. —— i l.T .....J.A.‘IID;,:I,J.):Illuﬁri, : —
. . v ' =
- s e e e oo, Pk fe g m . Rt B S e b ;TJJ:,.W. | ot R .u— b ..DTI o e
e P S S e w. : . .. " U D el T [T LI TR S N ‘.(! L .vn7|T [ S WA U JLlllflll. D
T 11»!9.._‘-, Itt.Ll!..&ii.s et . & N UL SO i ! L n
e e s O TR r._ Q- mem e b _‘fﬂr‘l._‘_:!l NP D AU PV O M
D Sr e b o e g . T S B R e ST !;t;l; I U U O
..R: e e N PR T, “ R R Rl TR TR S SR S S PYAN S e e e e e
' . .. j . !
P O IR P (IR —gm e 4 [~ A P PRI pares P _0.,!.?1.. - ....Ir — T(ll...nl.,.l.i‘ o oy e ]
. R R e b e T P :.Jll.r.‘ival?l.. e lad __ + . T § - i . P
— * ; : T - T
AJ P e Y PO, . e R TR o W, ket S8 Tfl e — ~ plase = I.LYI;JI.IYI.(Q.)J.. — Tt.l»(ll.lql.
. 1V P P ..|.1~'1.. i sed o . SO BN . Jrlllo....r;. ?.J.Tl._r.(v. r|1~..|1. JESUUISNYS SIS S S G U SO
: GR. P e e IRES! - .C.. s f oy .._...J)..lr}j e e . , P e N -
. !TL... .- B r_. - - e - .- fw...- - ..l......v.._var!.ﬁxJ.. - Al e ul_:.l.lw....].wlf..iln
E'l - . — .lf\l!ld. — — . —— - b -~ . " A + w} mand Y
TIW . D CL R PR N . H:r!. r:.,~4..:i.l~..m;,.4 . —— ke qr.r_:_...xT,.LI - it o R S S
" T ’ '
.2 I wjer omte i e N L ) R s 1L Tl S TIRINS T & SENP P RIS ..J.t *ul.tlc ]...alJllﬂ.i.LT.l..L qﬁ : B
+ i H B N i . T - M o ] .
o=t 1o e e ; - . F { G bordioah wob il 3O o m =l - 1(?. N T P A S ; ]
! ¢ . : nels: .
) Dl e - .I_J.JtT 0.....:_ Ilrwi. (=re 8 ceramiac b e U) ge - t:...;.._...f..l. 1(_."1':. - - xf.:oll—ilp.l-l.lwflll.l
! H 1 . N . . ' . N
. .I;lef... - TL.I.J!... ——n llll.&. - : — L.l.l H g R + . SIS I DI
- e .. _ PR S i b e S .+z.|xr. M FOUHD § PRS SERAPE QU SRRl P —rm e - TTT«.»» .vlT.l..TIJAI\.' - gt L .1.1!«... —
N..F._.. 1 PR - . p wede a b g s e T B LR U R TP ,;..— PO f..rﬁ!r.[ — : Pt At
il ~.s . R S ST WP I|1.:_1. £ TR T S S A U s o e J4~..+11..T<.v..l ; NI
: N . . . N .. vy T X 1
e ot e e gerlon - sk .:.\l,v»tl.l. ,ll.1§72.+.l PP HUPUUN 1 S U S 4117 . egmen _.t.._..l.ut..a!ai P . e _ e ey
. S R U, y o ey s L el T L —— v ———t—t
IR o <, N .I,Ii:....T.r Tlt».\l..l e e FR ; _r._.; RIS R . : : T f]
PR R . > i L T . ! [Re] % ‘
Y N R IRt S ST -— i 1..4 JRT s 4 ..1+|r.4. [T ...t\Jtﬁl G i e T e lyamoram - * »)1. .1|r.t|v ' - .—— . d
Cr L . J X LARES o v
Y IS B .!-:i...i\#..i Hf,«!‘Lvll Lo B N SR RUCPRR peerely . ORI S - L
- - . - ene Rt e \.!»1 loen @Y. [ S PR P TP Sn. U .M .L..T.. :\..... L!.;I i} i dbon de et et & o s e b Y e o ]
e g v e ————— e g oy L2 . N , : . i . et
. - . . ; i~ R N lr..(} .“ Lot ph e _I.ll..:_ e o ._ L ..M) (IR I e o
o . - - * - I OR ST IS FIVEE PSR w vl 1.??1»6 o e = e el . = I ! — —
. ) . P. R | M v B T "
cae o . s e .- .. P Tqu,L [: ...1';.1.....2_'] S O FRESURPERRIY S i aaant datte TN el - . .|\..IL
o— (I PR I e AP R e IR TR ,4rw_x;....t.rl4f“....r. S .
L F O S . 2 - fed : R : ;
X . | o it 1ro—s ~ - e 1 — : .
. ( i A m PR 4!.\.; .;4;~»Irl B Ll C s AJnIL ...ll?:..i RN DR jlr b e . i~ .
.G Cme .N ] R E FURPEL AR R I [ OO S vllh gt e— e RIS S -t . : . _J\.4 — —
|, — REEPEVUU TS I . .}_:I—JL O O Py L et l:ATL.:_.o i AN : :
R .. X [N SN :!.L B o g dems Clped gt
. i | , | ! N 4 N N
PR S i e A e - 1 -
.3 - - 1 Rh w)ul s I R -
| C .ll...m.lt.. - —te e P I . .
. [N NP P .T .t oy
-~ 14 %:ttJ e iR, [
y - Bl G A 2 2 = :
- o VT
« 2% UGN T4 XS AT kD A INYDIN [ AE N
PR
- R bidve ~A4Y1TT NACriALm S om e =

0.5 0.6

0.4

(O

RUBLE&URELEASE

FER

Q.2

APPROVEDRA



3ASv3a13d O 11aNd d04 d3aN0dddv

FIG. 12,

COUNTER

s T
L /

BATTERY
YOLTAGE SUPPLY
~1500V

PREAMPLIFIER

COUNTING SYSTEM

AMPLIFIER

DISCRIMINATOR
&
SCALER

COUNTING
METER

34SV3a134 O 11aNd d04 d3aNodddv



KEULFFEL & £SIEM CO.. N Y. NO. g2oe
4 Mildoseters. Zmam lines acyhiod, em. lines Haave,
MADE ‘N V. 4. A,

. -E; ~ : e A=t} =
3 gt fet3 Fote s LSy ve s buntp SR
m. et o %"._ abLa: l:f Sannl abexd
D : =] LRI 1 7y e
VE e b S B e R
£ o radatp o u iy 1 ool g b
Tt - 5 bt foy e Py St
: TP S
ro o PR fges pep g et
/ . s TN o b pany
. AT T
- T cha Tt T
C Eh' 1 ABS Kouoas wy chve p
R bosel sl Svun g é s  n
0 4 Ana b s oy X
t suw s el - —7 =} =Se
I [ NI R o T I?i- KO mma 3¢
T S Bt A, =g puiry T pepegyanadn
— ey ~ P a3 + {34 a5
O TS nw raqde - 23 = Nq 2.5 000 RES
. [t p g il sricin. 5 yagrerl oy T. =Lt r =t T
Y £ I aased
TS soa Sus: ahhaa rl1eterre
;‘::}VT‘T—"—?LT-—‘-—T?' e o 1“L'~ =T L aetle a3 5 A -
rperapin : o H T T v .
=TT e 9§ nod) xhans e g g
A EpsEEeean FEE R T e [
—iors =3 = [ T
Tt (va = AL emaen x pa :‘,“-ﬁ_r:—_n_p_m,u 1 - T
= : S T AT T T Sy ko T Peis ha whu 524
IS aeaxdvonds IR SERSES S RS e e e e b 2o aRetISAEs
4 ynare v 4243 |t 29850 pa bibs ek ooy = .
AEwwNpE A [ec R et st iathd bx, e liabeEnny Pt Ko + e it .
w0 . S LS T e s Tt 1 T ooy kel P 3 d waed doeed
m 4 u M s Rl ek 17 I P_n:)-,-s 13y pnand e T
figy: § 34O by e byy me Sygyn Srasa vl R ag by W] e ks g T Svand p kel
B 4 ¥ 'g.;-‘; T rwm1 > ryve renen I
e ] B abinbos i By e o F Y d——--lb
: Iz FIE It Eaea pe aps boted dpaak Fpfes sravatus!
Y St B Tr
o l ~ NP Reniad TH tan Jean: t =~ ] I t
pas t g8 = dor ¥ Rt honay e o] o
05 34 p eI 5 =y Saprtpentrrre yeliny feennrat;
X9 § 1utey L ) . - T
L Y

e
Hp

4+
H

T
T

il

)
IR seaky 2 2Ly

%3
e :%_m- ri-r&--:l—.«

: TH —TTR
3 I por—t o =it
" v, 3 — !
29) - o ~or P4 1t
§ Earoree ppyfanan:
?:—_...‘T_‘ R irnasy
T S
fo 7 bebedr o - ML - e ganad
CLo 3y sny bpara bae
e Lasy  pugrer oy
- - = o) o
T PR RIS

o] Bl o ks v b et
-h‘ﬁ‘ 1 ~
' > et
,.I_.'_ e ?:.:"“": TR -+

g Fomly wfile o0y PE ppe
s T EEn
Db asl wrvadie § Ravuion 1 t 1

PR R ety

dSV3134 O 1'1dNd d04 d3N0dddV



®E,TFEV & TH4sER . R [ 4 : 1
. Mijirmecers. o < L cae e ey - “r

LRSI S

ISvV313d O I'1dNd d04 d3INodddv

R .
I ot e i

%

L.

i —d
B

!
e

¢
H
- N
B
|

Y
Ry

Tiew

: Iiﬁ:Fl‘

’

dps

4
D

VS,

—— il

B

i —j'

e

o

.:.‘r-l-‘..".‘,.

[l SRS Rl

L

H

g

dves

ilitg

14,7
1

rhee

i
'_':';..4 A

L

!

1314t ebsg

A

.r +
il
stfi

il
11

SPEESRLLE 1
i

T4

LiiL

i

!5“‘ "

)= rpyn

m

3ASVa1Ed O I'dNd d04 d3INOodddV




ISYITIY D 179Nd 104 aIA0dddY

AEUTFEL & ISSERm CX.. ~ T AT . ¢ -
Milinetern, $ pun, Nec 42200, D3 bne by, N
MADE i

ri._q:x.’:

P ary

e

TH

sit

e
et

1 12%
11irt

st E
S35 07
o

2t

bt

RIS

TS

e
-

%
il

4411

i

PERO

1
{

O
o
R

A

I 4 39 £

:

F

v
h

a5

3¢

3
i

fyevfe
ot

T

]

1]

it

3

Frigl
3
s

3k

IRy
12

1200

R EY=
;g

1334 wis
o} Te—

34SV313d O I'dNd d04 d3INO0dddV



1.4

)

o

34Sv313d O I'ldnd dO4 CEI/‘OE:IddV
& »

A

=

e INERY O

Lrogk

et
rperpE

A

PR

tiag]eese

IR
1

B B iy
SALdUT] S

T

s
eyl

BPOO farus

e

. ‘¥Cacn N 30Yn
TEARNY WU WD TPe)-atw S3U|| T 5 CeaBWMPE
P33C CON TR N CU0D BEINS3 Y 134403 X
.

ASvV3T13d O 1'19Nd d04 d3aNodddv



>

3

®

3SY3 134 D 179Nd 204 a3AQdddY

()

KEGFFEL & E¥SER £C.. . F NGO 'S . . -
[N Millimesrs, ~mm hne: o i | em Ginps eeer

LR AL IO REY

%

e

i
1.

S ooy

SR

B R E
Thiew b Hf ..

. bt

')

e

1

o v
i

3+
]

o}

i
it

]
;
3

i

+

R
t

i
H}

%3
.

L

'R

N

4

1]
<

1

5
!!.l

13

i

S
v
iz

!
i
g

g

T
:

t
]

it

i
it

I

L)
v
T
.

i

1

A XA 3¢

i
i

5

5y

i
171

It
a3

L
L

:

.,,ﬂ
it
{

}

)
.
ri:

¥

-
foe

T

Ei

e

!

: - B B Ve ~4 Tt . : i
7 - q B T N P T T N gy gy e ——=
- - - - T 2= T 3 = v . . HIEEE B0 BN 9004 "‘,:',.FZ..
3 . : [0S b I N J ; - S Iy BFE B . ot - LUy R AT T
oL X AR : . . T 5 : raR Il el “pieyttios

34SV3T13d O 1NdNd d04 d3aN0HddV



RELPFEC & ES4dn €. & r o , -

. iy P i
ABranet 4, mn tines AT rm s &y yvg

MALE =y A

i)

-t

§

:
BB
13

...JL“ :

e

V% N

gl
Hy

b
i

1]
by
R
1
i
!

iy

]
4
f

Hi

adv
X
f
4
!
t
1
Hi

2 17aNnd &9Q4 d3anod
o

1 JFER SR
) R buna 4 fyyh o o oA RY SN ES S args
Y. T yasved BrocesBd ¥ Eoei e
= Fry == — ~~7—"'"ﬁ~-—‘_1’-.r*
o gty o - 3 ) DDy Nt & Pt gy
St 3 s baneod P sl aepl oo
d PETEDS [ fed G [T A
- ~- [[p2d Pt ~ Ly epe
RS 35 2
s iy 1T PO 4on 3o
SEa L] . et BT
o= ranry Srape =3
z&...—.—.. il e -
o oty el oA s
et 5 5 toid
S I pu s - Ty,
8 u]iF —npT e b H
Sdal LT -3 353
i b Ee Jime ketos fos Sadygery
el EED Prtnied gt die w3 3 aegh @
52 T HED
=~ el sxwpabds
e F ESEY Py
g - IR
= £ shabis
- g e iy
==
Al s

i
{§453
A

EISVERE

T

[
1

)
i
bd

prep:
st
i

Lt e
bl pysay
e 1 - 1
s o
tree 83
R A Rk . ol *

SR Ly JRY RS TINCY Y- TS IO =7 IR TS
2 LT LT Rk ETy
&L 4 S=bes R ] Frisc ]33

e At b i

jpe s ARTeg Jis

LTT S SR
- P gt

= =3

= Fr=sny ey =3

: el e s

panr: [ pb s = ot

¥ g LEERL Pt e
M e ?’—Z}I

100 120

ASV3T134 O 17a9Nd d04 d3aNodddv



1 €14

>C.

A4

~

KEUFFEL & ESSER CC.
Mililmerers. 6 mm |awa asbonrad, em lnes heavy.

MAQE 1M U. ¢ A,

APPROVED FOR PUBLI C RELEASE

AR R TR TR T
] 3 H % I HE THINH
AEmat Aty il BBl G R
N (n i1 ¥ );.L._.ru. 1150 ] H 3 r =t R -3
H i A i H bl HiRA A i T R BRI J.,rww_. .L%.ﬂw
T I :
.w..gm | Tk s 1B el NHIE shiisht i
S R R R R s A
;%3 X }Lmv\ i .w Ak R EHH AT e mM.r.“.“ L] i
SISy R v g nagwen =) pamgs ETH
Hi Likidae-2pta] AT m MF;%.W A T..%.. Av_ R g
Rravm - 4 + -3 y.-. E
5 SR CH L Er R R L OB R
L A S S T B e e 1k
.54¢L....M4,.u4...rw. s ER BRI I : m
(e i FHH T B I Sl e
; 1 1] R R TR THIHH 14 i 2 H R S
HEHA I SRR sk L R R
R R sk T e i b HL U TH R ﬂm.n.{.
PR 12 g R R R T T H A R e T B
Syyunp [ s
1 H i, ity shavipkinfardtyanki TR TR R i
13 e p L R e R T ithigalh LM BT r.j_.Lh-.
- 1 N 4
oy s Erstay b it 1 Y
o “ IR i £ TR
rw” H T H] Pﬁ%ﬁﬂu mﬂ% H SATBIRIRESE AR e R
A i H : £ §USEE R
A H T P TS e THi e B EH 3
.hmn“ SR Simats HHA BT SEART ]
i bR P A R b TR B R i
! HRIHTH PR T HT HHED o b ;.
R i
g 4._; 14 . 3 ugings Hit 34 upayines 2 NEy ANy iaa {1k '
,w.*» ) ‘Tx HiE R R B T R HH }5-¥m1- HATH £ LmTMA 18 :
1 ﬁ . ! .nw.ﬂr‘ H T AH T X i3 en v r a 1
MY Hy iulym__ﬁ“‘\l H yyp e fIEEEsuen FHEE R L
4 Y sgrasha L H LMLz 1 5 s2isideipey CLT T
toh HE B 1B ST 2 STh RAS SR T
Ve B e et R R e
il L T R T FE T e i LI (L R §
Ml ferits _,m 4 _.*x. £ 14 fw.fﬁﬁ 3 H_ yaxyg ” =3 FH mu uuL..J “ LT HiRiH HeH un_. 3 J'ﬂ.# A“m.u nm -
«.hﬂ. w.:..m,m e TR m..-? RN HTE HTIH dasype) T rSunram - AR Cod N LD
o 3o nHf & R JHH TR R o e 14 LT RRTak: i LATEITTE
T »uﬂ_ et -+ o £ H+H 7‘MA w3gry i r.uL “ﬁ:.l. siiie H
By RO RIS MR T re e R h A HRHIH B H
. LT pRE ittt R s R R pid
i R LRk 1 R ﬁm H L R A R T T o
_u“w " mr.ln G .M T R HE giimsamiet St mm TR JL”_ T : A
8 B Ias DS RRCHTS i 4 dii ladc 2RISR SR 11T Rt 1 A 3
R bl Hrh s e R R R LR R T A R T Hi L §
Sy R b S A N T ] FRH BT A R i
: = A e T b E 1 2 : Saasdidnzeciecaney ! A )
Jm.w. o .*u ALA «,u— 1#...114‘“4.” o g oy ». M T v_r.. =2 H ..4 et - 1:&.1&.‘
Kk .w N3a mvt b ] ey Y ] L} wivs pidudc - 3 BHTHIY il Hirte o
b kel BT M A Siagrasipaispeses ir i i
fa o itk mH 03 1l PRI e Pt e R i SIS ¥ Sz
_.mw., IR R 1) er_z.. u,: ru%, W kit pr 15 HH + n”mu -
J...,. ' *uﬁ _.w. | ..n_r U&W w : v it .._Tn (] 3 .cxx. dalysalassiiiite ,zw.«. : .mjn
o Al SBRataN It AVISRERS Hi vifgsa)=lond i
HE Bt HEGIRE R, it R O R
. siiirgidl Rt Yy h H REASEardralidadonetnt B &= tyefia L L
¥ : 1 H H
i ; Hhisitiin FEE T Eet TH R PR H
A A R
: 1 i ] 14} . xu.. L1 I 1N .,..“r.h..x,.u
2 Jisrst e : ey & 3 £ gagrids -4 1 cIoO
il i LR R A R TS
i i peehatading HCHAST O3 B S
HEraelis QR R T
e, T i 1 A e R B
A NI : R T @
I e it a3y 1s 11 X HHRIH HHHH G T e
fi AN [t i AT B e
UL, it gy ndestid Hoteia B A R iHE o .
- fam 13880 5s! 584
i LD i T R R
T *?ﬁ + 3 L ¥ - - izl et
P8 PR 1 I 8ar 5 4 :
2 t: it 138 i 3\‘ - Awhu ++” 1 it
i AR 5T e R
il bR AR DAY R L e T
S Emi HUHID Ry e H R, : B
Eh iR L e TR AR T Lt I R R R e e T
RN AUTH AP e T TEYR a2 ayge Fh e HiiH e HQ
sl nl R A AR AR TR TR o
; it T T R A e EH b
wﬁm T ..:Ar! IEq3a3dd b HHT] & Ui g
JUTH qH HEHS T phileey
2 T 3 B1: ona 1.._1 aduelblvataiia = i ...M Lw £ AA
i IR n IR AT .
! HlatHaRd1e8 R yEd H413 ATH 01 ]
HE .nw 11 mn Wﬂ.,, ST s -,w 1 %*-1 L Eh i
b iR RO R R HF HE P
:., bl ”.ix § whh .L, ”m [rhids Lv A Jﬁ q fedlilei .m““r}o
i qp = FH BT T T S HENE i T 1h
T L.w_un.. _ZT Hi4] u.w..ulj_mw .@ ,.%ﬂ ﬂerwﬂ.
W TR, KB S
r.v 4~ﬁw.ru. Hyl4are ; b1 A.N..u- ._MM.MA.
1t SR R THHIET T T
Khi IH LR R HE Akt B
LH. : rw [Hrf _.M.u H U.L 1 m 3y m_y.mu_r.a ...qm‘J..
bt ey .m s i | Lw S by Hy pdel <3t o
3 AR BER Hla R H . i
i 17 1 H = Hingi 3 N
u.,.“ S} HhthH B Ay iat 1y * N,mﬂ‘ i1 :A* rwu
CHEE ap AR T4 b p
it q L T ,.w%w.mﬁ;].‘
it i Higita s i v Bl b T It
Gl G
} A H e T bl
i nettthi SR R
1 FH it ¥




KEUF“EL & ESSEP C4.. ™ ¥ wE. r .-
« Mifimeters, 3 mm. Unes s<tar1 |, era fipes Erevv.
MAYE WU e a

e
b
o 3
Ll
o
B
T
s
¥ fogng eopeyy
bl
L4} :
P o
N + brng .‘:t'J
2ok .s..;:ﬁ'"
RNy
i e s
> BiEs 2o s
BBk LN i -
Y] NI :-,-FE:; il ¥
_U -QF—, o K g Wbdoatnn w 4——& brd.
st ) LT e T 5
< il e ey 2! T X
12 Ry o i e R i
) .L':.'Ex“ ity r_»;_:_:{-{_-,}“ W s 2233
’ - .t - i
RS IR L "‘( T Al TS i
= 7] [T oma prs ng : oy s o -
t SEad ST Lot p R L oy o ettt L ce o =4
O EhET 1S b i ey e 2] D es ehak s pod e Tiok
| = L B ! XIS ISt piver soamt oot ifam iipe) . —t‘;»:r
o B R O s S o] R WET:
| —=L Ryrity rolted e, PRAeS Ronbor: ieets s pdl Lo ot 3 free o
= CairS| FE SESTE 3
(oF s -‘: [[Eaaat? et IRt 1 *’
E cx=g {ioho
OF s et g
H I R i i ey B
T 1 d i popy
LUy o falvt
) F’”Q\ o g s i <b P Epgen
c |iZa A
W ek HE S Rl ;
= g R = oy :
whi 9 b dabary 3
—_— ] - ¥ - * (s - - bt i 3
ks t'i-_,..."‘ ixhe s 5 e o DYt ok b e paed Ere i e
ma st 122 P LAY XL -t e 8 pny v pats f:_'tgz‘ b B s
(04 Ko Sewere S =y oot wave s mpyea poy L - hi-sh T Her 3 ]
) - e T T et b =17 ] S bl e S i
T EEPELE e B B E
4: + ) | ol W gy 3 hatand ',"‘l !
:‘.—&1 . e [V 1 s e s ; i
m el reyr it ~ Ho et ot =
— s Jupes i At it grle ey =2
:JEL’:HC; ey 1L 9 e :_‘.' ey " e
ol At 0 1 AR R4 Frasde Joboty 7 5] 2
e 1= 2 wina o % po i o s 8 <5 :
& oo E e e B
3 T - Hires i 3 :
e setes ; : ety 5t
grees [z St vraged araabin 58 1) T H A
& vy 10 ST Bt WV L I 2 .| WREBAS T
ShenyRraad§un; =t sptetd i I L ot s I
—1‘-‘.-1~~"‘,‘ Eore ] I "."%","l eTsasaytfulunie I HT '
R ST S : o
- STETyuars o Y > T v it~
N Spa, 1w ¥ =5
SRS i3 T =
[ [gran) - o=
- o £ -~ r’
;;1:;»;_ s pae AT . '1‘{}
04 e S g i ‘11
r :.4.-,1. YR , —11t %‘-
T ] Sdove
& =
: , ErTr
== ot z
= raseg =
tpa ) £ T‘ff}-vt f 4’
4 L T ea v ™ : =
rasyryad T Raoey meade i
: -’J—l -4 =
PP e honpd reRa oy = :
and ol } Wi EiH
; i g
T S
oS Sk 3L vl
: ,‘ jhers
St S
e v
poamyx et 5]
S ke betos RS~ oh 1;!j~
i pR o RS s Gt
$ b b (‘
oun e oo Thes o e =1
IS el
| Tty ] ix ol P
pidey
fayd
X

3ASVa13d O I'dNd d04 d3IN0dddVY



IS4

~NO.

KEUFFEL 4 K8SEH CO,, N. V.

Miliimeters, 6 mm. line+ aerentad, am tinew hogvy,

MADE 1N V. Ba AL

APPROVED FOR PUBLI C RELEASE

A R O T H TR TR
AN R AT " S b - i el -
B¢ fidihdhiL L Leleets mw..“u”. AT .m.wﬁz_, ,m_nm_. = 1H
_,f.,u L..zv.w... Nt HH Lt Y A YR r*o R B
L1l 4311 i Pt g 1 UM R S AR L pm_ Bt .mw. ..~...T..T EE Aﬂ
S{egs ,.H_I,P ST 33l i HhH L B T = *v H i ey 1
TR TR E S B R HEHHTTHAS R H A R HE G
B3 E - I o T cebercAn R BEE s v 1 HEIRE vaakd i w WL. ! w
TR Hy IH ket 1 IR E H eyt iF 4
L R e e T T TR S CHER R R L AL
LT e g T R TR R it T R R e SIBGN
I LT T H R R A T s R U R LH R
A it Hilnillidb i Rl
i ﬁ_ i 1tH it Th TRt st ] oy o e NI LY
..“."_.._ L: N. ,*..L. Zafirintsy " mﬂ_ 2 1] {21 -xqm,;ﬂ_. P“I ..ﬁ. .#.W :M. _nw M "..J.
: b s M R R A e e ey : 1 b e e gttt
L sl R IR i H 11 P R HIH e TR THT i
m HE T B kit . AN R el ey
R5 T R T i 1 B B R e I R e
a st tititli; ,mf iR R E SR e g
\5 : iR T b B i R e T e L e
e ittt b i iR ol R e i e T RO
Ra SEREL ALY oL H R R Py I R . it
i Rk G B R R e R T
Ky: X H 0 = s & 8 4 e a
: dnE L s R R m.m e R T R AR it
B HH 2ty $ i ﬂL H Tm ~ re e laliodall H e T I st R H T D m R ﬁ@h‘rﬁ”
! el HE Pl H H144 SAEatEs b ol L e P TR g
b ‘T. it Gt sifdse .,mm% FHIT f & B ET i ‘.m:ﬁw it .r.h i ,rT Jurxibﬁ.w Anl.“
irgt «m@ 1 L.w THIHa Y :...&,.m..h 1 S AEnImi i HRE SRS Sagyoh
TSR, b 1 S AT S .n_;, < LM =t O e L i (R e
L] A s P :ﬁr“.ﬂ,.‘ﬁ L _”x.w Am, FL ..{.»W_. L Tny.x 1 1@‘ﬁrl M HEH ..ww ;.‘mr.w Lr i ”_T mﬁ %..m
4 i L : { = T Hin LhtE{ 113 BTy It -1 T
A8 B H 114 w\wm ..._|wu1u IR '3 syEBunx - 14 §. L ...1— ) b s Jen,
L2 e
7 I E e R N FOn R ] THEER R RIS T e : £
Fiieidiss 333 A Tru. PHLH BN R B gt e IR HTRT Mi .ﬁ.. Jﬂqﬁfr .uvw.g LT
obh S HE Y s RISS VLS H LR 0 T S = svaldnTadidka ? 1k i ht
patni LT E T BR S -“-Ww g1 h .m_” 31_% h e 5-, LR f HI G L ”wnu.mh*- R T.«:.“. iy
R Ty T B T T R e T I R e B e o TR e pitt il a kT B R
D T
NE 4 | od SEi% o4 ETANIETE 1] T + i H ) 4 a Rl
I e R T s B N et B ! B i
BN LR T e TR T s R g : B R RGR il
tHHETF an b R B Y I B R R T Bh Eils R h T
e s T s I ek L R ! S e IR (i
Rrsii k T 4 A HIEN %u.. fHHT Mm t HH S R e N A L P S e R I
R R s . t T T igic N e R L M T ) LF
seicalb E T B Bl T IR B T B AR e
iR HH av i) o T T Epbaanaseaanidiadaiisadhol HHILT ]
) AR i B SR B N HI R HH ST ISR i :
A T e S T R HIEH Vil FTH] T i L, it
it gelinteli H-A LR T e T ST T R E R o e L
il g S A R Rl RN i
Ao T T R G T T T e jis T e 52
LR ke oo ot S L R i e I R
alHE SRR T L I T HE e T e
m.‘«.w..mr oL ‘r. a” ....< np. -.w.v W.T A HE -v_nLL 43 .J\r,,.#.
i R o R e T oE
,h,m.:ﬁ) 1] T | T FHTHS R PR .,J.M. it
THTH | B3 e i3 SN S e riiy i
i il aEns L DU ARIAR LI
LR s T S G T L T T e
M 1 :r Hy T LS HRE LY B ETEET orAHHE T o PR g
LRI G R B R e ey R BT R 1 I R e T
iR e R L R AR (R T T LHL"T bttt nlletlt
(LSRR LT B ML i e ,.‘j-ﬁ:u.ﬁ:un& ik
p TR R L B T R e B R slliliilis S
el R T T R et PR
i T N e A I e G i R,
S T R e AL L JPUM et O A : ,Llum:;
H b H{ H : sl b B ISR T EaSS g B HR T F S N Lr 2 =
fil :Jlm ittt R R R R R T
3H3 IH u»rﬁH. 3 wiu‘x rwn... |U_. it A5he [Hik L [N .,; .nL ehaa]lats AE3sssaIEeg R
r*,nm,w T e 5 TR t 2a]=4] HHTE fisrstafy et fps
TRt i H R .rm.u.i; I bR T i .,rw.‘ml- i Sl it PR
i Twm i L.w SRR L e R R H R e FIHNGE
v 1+ HA O Ty E.,Lx LR a= m Aig+h I L
i M iiilicg YR TR L S TR TR R LT RN
J HmL. FHT T - B R TR I LT EN
r*m.l.al.“;w. . AM. 388 Mun ST n. J.w%., U. ‘.Tunm v”.w.ﬁ; .ﬁ 2 Tym .'Aru ”_— i f.z: .W [ 14
plehs ] T TR R L T TR R : TR B
et : et et R e T R it ity )
b i Mg
N m, e R T M B e Tt
g PG ft st g e e s bR R N i e
Hos 'w ._ it vw,k_,qm- ‘n 4,". 5K ‘_ um ;%lhr ;...w 238 E LL.“ 11 FH THT ~ 13 43
L HH PH e TR 4 Boahte e z ; ’ £
- HE bt e b TR TR et o= eyintayienc e spannl Yoyrakh
M..v.m i ...»,umuam;“nwxw ﬁ..x rw‘w ks .w.mrr =480T ET) .‘TWW R ﬁm wf :
1 S eI IR AR T O TR R R PR
R s i
1 i AR TR Ay & " " on - e .. -
Ml R R e U R i e e LT A e el
S R e SRR e e R it Vil
el g e R e e e e b T i i
A e R T e e N
B » T ki T ol R * kY ) 5 4 e |8 £ 0 08, Y
Whbh e R A R R S E;ﬂb? ik éwﬁmﬁmﬂ.ﬁ

>mwm0<mo‘ FOR PUBLI C RELEASE . ©

PRSI . « Y

1.0

COS%* A




[T LIS

NS,

£3SER CC,. v ¥

KZUFFEL &
Millimeters, Symm hines argented, em Roos hewer,

MAGE D U, S, A

APPROVED FOR PUBLI C RELEASE

- TTHY BN AR e T HEET [ Aw H LY T T RTRT HHT
i st AR B e TRy
. iR gRiEER A R
i35 T e A 1] AT R T TR e B 7
“ pil Rl A B R T e A
L S AR R A L LR S T R H T m; ity HzH
< TR T ¥ HH g TR HHrEHH A ittt
By w.;w Hi et R UG TR R B pEiEEta fakadeitt AT
i SHp : H EfaslfaaSnfindiiznitesy HH
i N s e stz : ; T
b i b R HEH PR PR TR B R R fn B 4R HhiLe
HEf R Ll o e RS idintihahib i ; bty THY
s R L TR A R R ST Gl AT i gL ili
b ﬁe“u#m :w.—a _«hb v‘n-.@_f Jmu_ HH IR O iR Lﬂx- LHTH T mw‘...z. } #14 *,7. wmrhuv._rw..k
ot :.. 1y :W%.. Epk PLNES e HH 3t 4 qul_l F38 53 3 : i u. wif: 3
0 T S s R B R b R R R B T R T e i R
o KRR BTG e i R i e eI RS AR
A eethye A R A e et H T g b R FHEE N 2tli:
sy st . ; . et LS T T 3]
.w. ;ix._f M,r % T m LMM =N T 1m ”..J.. J.r.u ‘..H.I,m i T.nmin) 74 va.‘; m.urmxr gmr- agh
HeR T A T b LR HE T R e 3o L HHLE S
it w..wm G L INHEERE I e B e B E ; HGT
mu% T ..t e TR mr THHE T, 1 iH 18 .uu 1y H R{THEN xjait 3 Lh1-
i THE :.ﬁ.l...?ﬁzr . w.... : .wnh. {Lau 855 “* Hr B HH .Tut‘ i i “,..Ju.rvu, thhE
”nLl .~ a . H3 3 1 LR ll..l— ”.A N - 1. £ t.q - .1 1.“ I. a3 ]
L N T e
R O T R AR e e e T i e gt R R
i ril e riy | R R v U TR IR A nGHH
T R T T T T T i
I L e RS HRE i TR B L T
el Ly et il oAt 2 1 X spEtces Airis
LA Eg i i A e RN Hslie i i i
BT R R R , SR _
ket SR e Ry e 2Rt
Lol B S = 1 g e ¥ T T ; b
i e I B e e it H e i BRI R
WNJ.F.....ﬁW. Hi .qu._ .Lu% _...m, HEY n.r.w w% LR .m,. Hihh .m M Tm it
; Jun st EAH R SV T HTR B S R i : R
e !;TJ“ s prsea; R TR I AT R JH; o T St
R m..u, it R R L i Bl
SR Re Ay . ,—|~ TR wr...-rn.x‘ rwﬂ._ .y..i.._.;. oY J._.ni; s B SipXuky
Rt S EUNIR I HT AN i 5 il naRGikRINIE
T e M T AL LT . T rﬂ el S E
Al g ot iR e k IR
RE Ly i RN NI i : { : T R
.m.,o.f_.7~l,.7 SRR R B SRR R T ,;,J“Lni. H AR TR
w_m LTI] .Ew ﬁﬂ He T E T L F F s | S
sl o R T il i i AR R
B ) p T ¥ ua eny ot T g ..r 3 d : - £ HETH
B ¥ i3t phrad B v S T ISR T H = H H Frid 1
e R s SR S I R e e
wl...M |m ged u%.. ] :w'nt”tr; 1-% _.A.A.AM...WPwmqu ~+41 H t rU 1] j riiH i - acf oy u.x iy T
G0 BRI RN I TR TR e R
HIRE ey L AR [ e e pE T R T
i ls et i T L L 1T AL n SRR (yidaidateriitis HI -
h.mn.r“LH ERIEEc3 pes 3] P ....-.Lx.,l“ T yEry RS eas e il sl
ithEh{ Izl Ltk T R T e e AT T
i1 .i o mo..“ i .“”1 “,,_m ..| (i\m wn... .;.n T A» i 2] HsEif e audies .ﬂu ¢d H .f o
- - fm i HE MM, = L <ﬂ 3 i ol SRR FHiHr 1
it (el R T TR e i i L T
::;?..m ..w.““w.u.ﬂ._l HH T HE LR e s b 3 .w.ﬂip_ i
f:;.,&_ . e R HEAR [ W MR e e A HH i HiE ?Lm
L el et hI I el 5 EHTHEH T 3 :
LD w._mq 1!l 5 et LR R HRE e g
R P e U R R T R EA TS S T A SR e S
L it : L.% spredhe, P tlefi e %r wﬁﬂ.ﬁxﬁ EEscitit FHHE B3THIT m.JLyn,LnﬁL-m A
ﬂtruh.m aw“mai Mq .muj.np L‘.*\m, H w...:nn‘ ] TR I .m. SR T T A TERS TS T T TS
b Uohs u: T AT e ZEt] R s a1 R ,.L.m..
JLavi e e .. | 4 gl a4 i 141 Hiig e - g EHHIEH d H
WAT.\LJW.. wlHH wLWm HEh mm zw.,w}. 1 1 i@ﬁm fda iy ._my g4 S\l e ae HRE AT -..H TR ;m“
g it RHMETTHRInT R e HEHRNE T S R
s e e e
i it il A A E e e
= - L izt ; i siila Lo A
i p ! f.q ki i} U* HiH .myJ. b |7 Mt er.n:. .+, 1
D L fatla]
yHE e s eI R ] AR i i He TR
Hel R MR e R e N L
h: hq« _. -t .L;vw HT ,m.nw t B uu.‘. $ r..ﬂ L.P 7: rn,._ ¥ l..xu'm .ﬁ 1..“ HH | § _.nn
4 T T R R, T s e s Ee R R e e R (R TR e
Sttty e he Tz it il e it e TR T FD M REH S
il R F R O e B e e S e s o i
H i L.w e ..1 =it "; i 1.. t 44m| £ £ T .(vu.v H &
¥ m H wﬁ. Ai... artH U In I HA R e b wmr:r..m. mv Y] mnénk Yr.@ 6yt
s t OIS i T 23 aj¥gaarnipwes guyw ST H N z 1]
t.m ARIE: t.mdw ‘ i1 :%u_w“nj A :r.:mvd wpnj uw BIELI 119
Hiit IR R BRIt C T T E HF it
H ik A e Lk Es s A i bR IR it
s TR I WT I s e e f
fhis Bl i H il il S w.“ﬁmp,&.n pialisk L
H s 3 sHLt H e i . ! aensifad T
i STRb ) B R L ih
il e U R T R H T e T R B LT R R T T o T
1 it ! b R TH NG Rh i pen
i i £ an 1 it et T 5 ¢ ALl r X TR ET
i sl gt Rl el A B R el S8 R e v
- . .9 o ) S ) =)
APPROVED FOR POBLI.C RENEASE =
. e e A . - SN



APPROVED FOR PUBLI C RELEASE

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

APPROVED FOR PUBLI C RELEASE



