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IRTRODUCYION

The increase in avallanility of radliolsotopes has
led to thelr wide uss as tracers in chemlsiry and other
sclentific flelds. Conseguently methods for detecting and
measuring readloactivity have become Increasingly important.

Althou;h meny technlques are avallasble, tracers are
very generslly neasured by means of an electroniec clrecult
actuated by a raéiatiaﬁ~é&ﬁsitivﬁ detector responslive Lo
individual particles or photons. The wost widely used combl-
ration i&j%ﬁé tcéling eirquiékqnﬁ @aiger tuhé, |

While the commerelally avallable scalers have been
improved since this work was started, they are s3till not
entirely satisfaotory with respeet to stabillity and easse of
msintenance, This is particularly &pplicatle tu the decade
scalers, which subdivide the count rate (to a value within
the range of mechanical re:isters) by faetors of ten, and are
more convenlent to use than Linary scalers which subdlvide by
factors of two.

An inherent defeet of Celger tubes la theilr ilneffi=-
elency in responding to radlation of low energy. This
arises from the fact that the thinneat sindow strong enouzh
to withstand the pressure differentlel (about €80 mm) stops
a large fraction of low ensergy incidemnt redlatlon such as
that from racdliocarbon and radiosulfur, ®hile other detectors
can be used, there ars advantazes In the uase of Gelgzer tubes.,

The diff'iculty bas been surmounted In some cases by

introduction of the redioasctive substance a: & ;as into the



seizer tube. This technique has been used with tritium (as
ﬁg and 820) and radlocarcon (as GGE). These are both beta
emltters, and it is desirable to apply thls method to radlo-
sulfur, another weak beta smlitter, The major diffleulty in
developling methods for jas phase counting with Gelger tubes
Is due %o the fact that few substances can be introduced
ints the tubes without at least partially destroylng thelr

ugeful charactasrisiics.
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RESULTS CBTAINED

A Wynn-#illiams thyratron scale-of-eizht was con-
structed for use in the preliminary stages of the Investigation.

4 wide renge amplifier was built for use with a
synchrogcope 1in the study of pulses produced by sxpsrimental
Gelger tubes.,

A new type of radiastion counter, based on H-scale
rings, was developed, Three ilnstruments of this type were
built, wne s scale-of-twenty-five (two rings of five stages
sach), and two decade scales-of-one hundred each comprising
two rings of ten., These lnstruments are outstanding in
stability and renamnt;ﬂ

In developing & technique for gas phase counting of
rediosulfur 1t was found that methyl and ethyl sulfides are
as good Quenching agents in Ceiger tubes as alechols and
ethers, Consequently it would be possible to introduce
rediosulfur into the Jelger tube as mlkyl sulflide without
adversely affecting the operatlion of the tube, since the
radiosulfur~-carrier would also serve as the guenching agent.
Less complex compounds, ineluding €85, 30y, and HpS showed
little promlise, although H,8 might Le used with careful
control of the operating condivlons.

A standard Celger tube pattern was developed for use
in gas phase counting. The deslgn finally adopted included
an electrolytically polished stainless steel cathode.
Reproducible results could be obtalned with tubes of this

type on repeated filling and evacuatlion.



It was also establlished that erratic behavior of
Gelpger tubes can be caused Ly a trace of oll or grease whose
source may tbe an oll diffusion pump or a gresased stopcocik.
This accounts for lack of reproducibility in results obtalned

in the early stages of this Investigation.



SUMMARY AND CONCLUSIONS

An initial objective of thls work was to construct
radlation counting instrumentas for use in the radiochemistry
laboratory and In subsequent stagea of the Investigsilon. The
most important lnstrument required ls the acallng cireuit or
scaler.

The scaler 13 sn assembly providing the followings
the high volbage needed to polarize the Gelger tube; sn
smplifier to inersase the size of small autpﬁt voltages of
the tube; a circult to dubdivide the count, by a nown factorn
to & slow rate; some sort of electromechanical register to
totallze the disinteyrativns detected; and power for all the
components, most of which are electronic,

Results of experiments with the commonly used Eccles-
Jordan circuit, in which vacuum tubes are used, were not %too
promising. Apparently csreful mstehing of components is
necessary with this circult.

The nature of the Wynn-Wllllams thyratron cirecult is
such that l1ittle dlfficulty was to be expected in lts cone
struction, and since a scaler was needed for the other work
contemplated, a scale~-of-eight of this type was built. This,
with 1ts asacclated input and output clireult and power supply
proved entirely satisfactory in the exploratory work under
way 8t the time. It was slso used for a considerable period
in the radiochemistry lavoratory course, and in an investi-
gation with radiophosphorus undertsken by s graduste student
in zoology.

A scaling factor of elght 1s not large enough, how-

ever, for most purposes, snd moreover, thyratron c¢lrcults



are inherently slow because of the deionizetion time of the

rare gas present at low pressure in the tubes. Consequently
it became necessurg'to‘build scalers of soue other type,

A decade scaler of scuwe sort appearsd to be most
desirable. W%While a hin@ry scale~of-sixteen kecles-Jordan
clrecuit can be mmde Lo recycle at every tenth pulse, the
results are not too satlsfactory, and as has been wentloned,
experiments with the Eecles-Jordan type clreult gave results
which were not encouraging.

A search of the literature disclosed that the le-scale
ring used in the "Eniac® computer has idesl characteristics
for appllcation in scaling eircuitﬁﬁ For such use, 1t must
be equlpped with appropriate input and output clircults and
& high voltage supply for polarlizging the Gelger tube.

A counter of thia type was designed, and a scale~of-
twenty-five utilizing two rings-of~five was built., Since
the perforzance of thls counter was entirely satiafactory,
two decade scales~of-one hundred were constructed.

These three scalers were used in all the rest of the
work, They were found to be completely stable and reliable,
even when opersted consitantly for days at a’time, and equally
well adapted for use with Veeder-Root and Cyclotron Special-
tlea reglsters. While some scelers reguire selection and

matehing of tubes and other components, components of commer-

clal tolerances are entirely satlsfactory in these circuits,
In faet, any bube in elther ring in any of these Instruments

can be exchanged wlth any other, and the plate voltage can
vary over & wilde range, with no effect on performance,

A scale~-of-one hundred 1s usually all that is needed



in radlochemical work. However, 1f a hlgher scallng factor
is required, two counters of the tyse mentloned can easlly
be connccted in series vy & simple circeult, Thus, for
example, tne two one hundred-scalers were operated in serles
to glve a sceling factor of 10,000,

A synehroscope was used in the study of Celger tube
pulses, 4 succession of simllar pulses produced at a satis-
tical rate can be displayed as 8 single pattern on the screen
cf this Instrument. The pulses, however, are not large
enough to actuate the synchroscope circult, and 1t was there-
fore necessary to construct a wide range axplifler to
increase the size of trne pulses without dlstortion,

In early experiments with Celger tubes with standard
fillings, it was found that repsated evacuations and filllings
caused a srosressive and rapld deterioration in performance,
1.8,, the slope increased and the plateau length decreased.
Results with experimental f11lings would obviously be without
significance unless this chan:e could be prevented.

Several varlables were Investigsated without resulting
in a solution ¢f the problem. Tubesz were illed with various
mlxtures at various pressures. Cathodes of several materisls
were trlied, and scme of these were siven several kinds of
surface trsatment.

After these snd other varlations were triled, 1t was
suspected that the source of the difficulty was contamination
of the tube by oll or grease. 4 new vacuum system was bullt

to eliminate the contamination. The oll diffusion pump was



replaced with a mercury pump, and the stopcocks were
replaced with pacikless brass valves. ¥lth thls eystenm,
telger tubes were repeatedly cvacuated and fllled with the
standard argon-slcohol mixture with reproducible results.

To demonstrate conclusively that grease was the
caude of the trouble, Geiger tubes of a speclal design were
used, JFach of these was equlipped with a slde arm containlng
a sample of pump oll or stopcock grease, with & break-off
tip between the sample aﬁé the Gelger tube, The tube was
filled with the utnmﬂﬁrd mixture and its plateau was deter-
mined., Next the breakéeff tip was broken, by means of a
slug enclosed in the side aras, to permit entry of wvapor
from the sample Into the felger tube. Subsequent testing of
the tubes showed the deterioration of characteristics pre-
viously observed with ftutes filled on the original vacuum
ayatem,

3ince it was now posslovle to make Gelger tubes with
cansist@ntiy'godd characteristics, experiments with various
sulfur compounds were undertaken., The oujective was to find
a compound which could be introduced s a gas or vepor into
the tube without seriously affecting 1ts operation, and of a
materlial which could concelvably be Guantitstively prepared
from almost any sulfur compound.

The latter crlterion led to & consideration of
simple Ilnorganie compounds, naxely HpS and 305. Thess,
however, adversely afiect the characteristics of the tube,

in the sense of increasing the slope and decreasing the
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length of 1ts pleateau., The effect la less with Hg3 than
with 8053 if the quantity were limited and the voltaze on
the tube wers carefully controlled, Hy8 might be ugeful in
gas-phase counting. Carton dlsalfide also gave poor results
and thionyl chloride was too corrosive to the metal parts of
the system.

Hext the alkyl sulfldes were consldered. These are
the sulfur analogues of the ethers whiech arse commonly used
quenching agents. On the htasgis of the analogy, and the fact
that the alkyl sulflides have ultravioclet absorption in the
range required of the guenchlng agent, these cumpounds
seemed lo:slecal choloes.

Pubes fillled with argon and elther methyl or ethyl
sulfide had operating characteristies substantlally identical
with those of atandard tubes 1ln whieh aleohol or ether is
used as the (uenchlng agent, It was not dlfificult to make
tubes utilizing the sulfides as quenching agents with the
following cheracteristicas: starting potentiaml, 1000 volts;
length of plateau 200 volts; slope of plateaun, 3% per
hundred volts. This contrasts sharply with the situation
existing with gas~phase counting of radioccarbon in which
specisl precautions must be taken Lo ¢ounteract the
deterioration of tube characterlietlics caused by the carrler,
COg.»

In the course of this work, 1t was found that
cathodes made of stainless steel tubing are very satisfac-

tory. Characteristlcs of Jelger tubes with sueh cathodes



11

are markedly affeeted by the nature of the inner aurface
of the cathode. While quite satisfactory results can be
obtained with cathodes finished by turning in the lathe,
plntgaus are longer and flatter when the cathodes thus
treated are electrolytically polished.

In conclusion, it may be atated that the problem of
gas~-phase counting of radlosulfur has besen solved to the
following extent: the techniques of meking and filling
Celger tubes for this purpose have been developed; 1t has
been shown that sulfur may bte introduced into the Gelger
tube as methyl or ethyl sulfide. The next steps in the
solution would 13v01#e preparation of the alkyl sulfide
tagged with radlosulfur, teating of Geiger tubes contalning
the tagged sulfide, and finally the development of a stan~
ﬁarﬁ‘prcceduré, #i univeésélvan pcssible, for quantitatively
obtaining the sulfur in sulfur compounds as alkyl sulfide.
Such a procedure should be mueh more satlsfactory than those
used with radlocarbon and tritium, since & quenching cir-
cult and close high voltage control are not required with

Gelger tubes containling alkyl sulfides,
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RADIATION DETECTICE AND MUABUHEMENT

¥any devices have been used to deteet radlatlon.
When radicactivity was discovered, only the visuwal obser-
vations of the effects of radlation on & sensitive material
were used, This was due to the more limited knowledge
existing in many flelds &t thst time. These original
methods are tedious and time consuming. They are still
used, however, tut only in thoge special ceses where the
attributes outwelgh the disadvantages.

Simltaneoualy with the progress in electronic art,
detectors ylelding small voltage transients were developed
and gradually the convenlent and more highly senalitive
slectronle detectors diaplaced the older methods, The
newer methods permitted each dlsintegratlion to be recordeqd,
and slso romoved many of the human factora from the obser-
vations. In chemlcal btracer work, the most commonly desired
data are aasays of the radloactive materiel which is present,
Electronlec detectors are the most uselful methods employed
for these asaays,.

A brief summary of each detecting device will be
given, slthough all the methods of detecting radloactivity
possess some similarity, and, therefore, cannot be com-
pletely separated. The Oeiger region, at present, is that
system most widely used ln detecting devices because 1t
presents the least grobiemn. It, therefore, was most
widely used in the research and will be most widely

dlscussed,
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VISUAL #ETHODS

Photorraphlie detection

Photographic methods wers used by Beequerel in his
discovery of radioactivity in uranium in 1896. This was
based on the faet that all radicactive emminations will
affect an unexposed photographic Illm to scme extent and,
upon development, will show up as & blackenlng of the film
or, in sone casses, will show the path of the particle or
ray through the emulsion. Although this process is sensi-
tive to small quantities of radloactive materials (1), there

are disadvantages. The time that iz required to make an

exposure of the film to the radlosctivity may be quite long
{(2), and in additlion, time 18 required to develop and
inspect the film, Another dlsadvantage is that many
materials combine chemically with the silver halide of the
film emulsion. This necesslitates en Interposed protective
film between the emulsion and the subject being analyzed (3);
thus, some of the sensltivity of the process is lost,

This method seswms to De the best method when used in
two ways: one, in experiments in which the materisl is
stratified and the loecaticns of the radlioactive materiasl s
thus readily shownj; and two, as an accumulative exposure
recorder for the protegtion of personnel exposed to pene-
trating radlations (4). In the latter use, small film
contalners are worn by the people subjJected to exposure and
periodically developed under precise conditions.

The length of the photographic process and the
slowness of the recordling limit this method very greatly.

Alao, variations in density of the exposed emulsion, cause
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gons lderable Yrouble (2), Therefore, this system 1s noit so
widely used ss some of the elastronlc detectors.

e and Flectrometers

tlestroscopes have Leen uzed %o detect redlation
almost as loug 8s radicactivivy hes been unown (8), 4an
eleotroncope 15 8 device Lthat containg an esse’:lr dellscted
sonductor, set 80 thas the conduotoy will be regulasd by
anyother part of the sasze conduetor under ithe infinence of
an slectrie ¢harge. Ionipation of the alr or oklsr zas
surrounding the conductor will ceuse leskage of the charge
to oeeurs Iue %o the deerense In repulsion of the two
portions of the contductor s she charze ls reduced by the
fonigation, the rate of elsetrode closure 1= sn indieation
of the Quantity of redlomctivity present, As the initial
charre la very small, the ocomductor must be well insulated
from other omdustora. The effeet of surliace leasksge on
this Insulator can e vary troutlesome &t hi:h humiditlies.

Hleatrometers slac depend o3 slectreststic repulsion
for thely opesration. These lnstrumenig deleet saall currents
by thelr elfect on s mowable elsctrode In an electrostatic
field, Thelr rotazion in sn elzctrostatie field s simlley
to that of the D'Arsonval or moving coll gelvencmeter im an
glegtromegnetic fleld., HNany slectrometers use an opticsl
loever in & zsnner similar to the galvancowter. Since
¢lectrostetlic flelds are required, sddltionsl sources of
voltage are used in thelr operation. The currents tShat they
measure are usually sbiained from en lonlgatlon chesber cone

taining the radlicactive msterial and two sleotrodes charged
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to a moderate potentlal., <The current flow in the chamber
due to the ionizatlon alsc charges the electrometer.

Theae detecting devices have been put together in
many ways {(6). The conductinz fiber quartz slectroscopes
are probacly the most widely used. The small, poeket
variations of this electroscope are widely used for
personnel protection.

These detectors are sensitive; however they have
disadvantazes. Small quantities of redlation arse detected
only by long readings. 3ince they are senzitlve to the
quantity of ionizatlion caused by the radistion, they show
pre ferential sensitivity to some types of radistion,
Readings arc tedious to make, and thils with the slowness
and humlcdity problems make other methods easier to use,
Llectroscopes are most widely used under conditions that

require measurements with limited laboratory facilitles.

Cloud Chambers

The cloud chamber discovered by C. T. R. Wilaon in
1911 has alsc been used to record the presence of radio~
actlive materials. It has undergone many modifications
through the years (2). ‘The operatlion of thls device is
based upon the fact Lhat the lons formed In the path of a
radlioactive ray or particle are excellent nuclel for the
deposition of liquid droplets from a supersaturated vapor.
The radiocactive materisl thus creates a [og track in the

supersaturated area., This cean be photographed., The track
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provides an indicatlion of the path of the particle or ray.

The maintenance of ;as in & supersaturated condlition
for continuous indicatlions has preved to be & problem,
Continuous readings are obtalined by the waintenance of wide
tempsrature differentials between two parts of the chamber.
A vapor evaporated in the warmer end wlll, upon coollng,
become supersaturated at some point In the chamber; theraby
maintaining & sensitive area continuoualy betwsen the two
temperature extremes (%), Otherwise adiebatic expansion is
used to csuse the necessary supersaturation.

The use of this method &8 a guantitatlive detector
would be rather difficult. It ls best used in the detection
of single rays, It hae been used widely with various
géeelekatiugcdaviegs fcr'huelésr‘ﬁraﬁsfﬁrmstlonsv(13}.
Additional data can be obtalned 1f the chamber is surrounded
by an electromagnetic fleld so that the deflection of the
particles cen te seen (1l).

The eloud chambers method is limited in 1ts use
because 1t is time consumlng, and does not readily yleld
quantlitative data. It has not been used to any extent in
the evaluation of rediosctive tracers. The main present

use is in cosmle ray baloons,

Spinthariscopea

The activation of a lluorescent acreen by radiation
wes discovered by Crookes in 1905 (12). If the type of radi-
ation ls kept constant, the 1llght glven off by the phosphor
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13 an indication of the activity of the sample., The
individual scintilletions can be counted in the case of the
more energetic, easily absorbed radlation by observing a
fluorescent sereen through & mleroscope or lens. This
device was used by Rutheriord in the detection of the first
artificial transmutetion of atoms by alpha particle
bomberdment (13).

An observer must count each scintillstion; hence,
a8 reading 1s rather time consuming. The number of counts
that can be accurately detected per unit of time limlts the
maximum amount of sctivity that can ve detected. Spinthari-
scopes are st s serious disadveantaze when compared with the
other instruments now avallable, ‘They are probaily best
used for qualitative, and pami~ﬂgnntitativa determinations
under dlfficult condltions, such as those {ound In field
assay work, For this function they are ideal beéeuse no
batterles or other eqﬁipment are réqmired. They also may
be uged to deteet large quantities of contamination on

laboratory equipment.
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ELECTRICAL COUNTERS

Scintillation counters

The msthods mentioned so far have been of the visual
typs; those to follow are of the elsctronic type. The detec-
ted radlation sives short voltage translents that are
recorded by electrical instruments., The relationshlp between
the visual and the electronic methods can be shown by the
relationship of the scintlllation counters to the spinthari-
scope, For a long time, the human eye wes the only detector
sensitive enough to detect the weak light from & bombarded
phosphor, The eye is much more sensitive than & gas or high
vacuumr phototube (14). It might be possible to detect large
amounts of radiation by the use of a gas phototube, but it
would be very insensitive to small amounts of rediation. The
discovery of the multiplier phototube (15) which can amplify
(by factors of at least 10%) the photo electrons caused by
the incident 1light opened up the scintillatlon counters to
electrical recording.

The variatlons that can be made Iin the nature of the
phosphor used and the forms thet 1t ean take are many. A
thin film of silver-activated zine sulfide has proven to be
satisfactory (16). The duration of scintillation by this
material is rather long (17), and, 1f faster recording 1s
desirsed, organic materials such as anthracene may be used.
saterlals such as anthracene allow counts to be recorded in
less than one tenth of a mlerosecond (18), probably the
fastest rate that iz possible with any widely used detesctor.

In this method preblems have arisen that make the
system troublesome. In some cases the nolase voltages that
are started by stray electrons in the phototube can be as
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large as the asignal caussd by the detsction of radioactivity.
This has been minimlized by refrigeration of the phototudbe
(19). When anthracens or other low emitters of ligzht are
used, pure materials in excellent erystal forms must be used
to permit the maximum lisht to be incldent on the phototube.
Probatly one of the mosi serlous troubles ls the hystereals
shown by the phototube at ulgh count rates, resulting In
lower sensitivity of the phototube (20),

The method 1a relstively new, and much work has been
done to try to improve the technique. As better phosphors be-
come available, and as newer and better phototubes are developed,

the method may displace aome of the techniques now used.

Crystal counters

Fluorescence ls only one of the reactions of matter
to bombardment by raalatiaé. Van lleerden reported in 1545
that the conductlvity of some crystals, when placed between
electrodes maintained at a high potential differential and
subsequently struck with radlation, was incressed,

In erystal counters, the electirons that are liber-
ated by the radlation are attracted toward the posltive
8lectrcde, and, 1f not trapped In the erystsl before collecw
tion &t the electrode, will yield small voltags transients
(21). The positive ions left are sozewhat of 8 problem
since they are flxed In the crystal lattlice, and thus can

exist in an unchanged state for some length of time,

Some materials that have proven to be satisfactory
for cryatal counting are dlamonds, sulfur, cedmium sulfide,
and silver halides. Due to the high potentials applied,how-

ever, silver halldes and scme of the other materials are
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decomposed by electrolytic action 1f not refrlgerated to
1iquid alr temperstures,

At present, the counting system using crystals is
little used. The low temperatures regulred 1s one dlsad-
vantage., 7The polarlization of the eryxtal'is a disadvantage
in two ways., It causes many orystals to have a limited 1life
in counting, and 1t also limits the maximum recorded count
rate to a small frection as compared to the permlissable
recorded count rates of other methods (28). If more work
will produce a crystal that has fewer of the disadvantages
found at present, the method may ssin in favor., Thls has

not as yet been accomplished (23).

Ionization chambers

The next three detectors te te deserited are
gimilar in one respect. The majority In use take the form
of a fine wire installed coaxlally to a cylindrical ocuter
electrode, The center wire 1s usually positive end is
called the anode; the external conducting cylinder is
negative and is called the cathode.‘ The operation of the
devicea de;@ﬁﬁ#'ta a greﬁt,&xt@nt upen the terminal voltage
applied to the two electrodes, ﬁawevaf, the mode of
operation is different in each tase,

An lonlization chamber has modeéerate terminal potentlal.
The passays of radistion through the zas in the chamber
causes lon pairs to be formed, These consist of an electron

and a positive lon, The volitage impressed upon the chamber
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is such &8 %0 permit collectlon of the electrons formed by
the anode. This, however, doses not accelerate them enough
to cause further electrons to be liberated by collision
with other sas molecules (24). The electrons, dus to thelr
low mass, are qulckly collected at the enode, The posltlve
ions move slowly and thus do not contribute apprecladly to
the current flow. In thls procedure, the current flows are
not very large under ldeal clrcumstances (25). Alpha
particles, beceause of their high specifie ionization, are
easlest to detect by this zmethod.

The individual counts that are recorded by thls
detector can te rezistered 1f they are amplirfied sufficiently
To get a voltage hish enough to be anplifled, the electrons
must flow through a large reslstor, The time required to
charge and discharge the capaclitance encountered with any
chamber and suxlllary elircultry throuzh this resistor is so
lon; that the saximum count rate with this instrument ia
seriously limited; one thousand counts per second 1s the
fastest that can be accurately registered (26), The voltage
translent from an energetle radiocactive particle is very
small, belny less then 10~ volﬁ. Therefore, the amplifi-
cation of the initial voltaze tov a size that will sllow
relistle trigzering of stsble circults is a complex problem,
These amplification circults are not only slow, but elso
unstable due to nolse interference. Therefore, individual
counting techniques with ionization chembers are difficult

to accomplish,



Chambers sre widely used in monitor instruments
that do not reqQuire the accuracy possible with the Indivi-
dual count method. An intepgrating device ls used to
totalize the current flow caused by several lonlzing events
{(27). 1Irn this case, extremely senslitive slectrometer vacuum
tubes are used to amplify the currents flowing in the cham-
ber, and semiquantitative data can be obiained by relatively
simple equipment. Ionization chembers are of use hecauss
they not only detect the presence of radlation, but slsoc
permlt the approximate evaluation of #ts effect on

personnel (28).

Proportionel counters

If the voltape between the electrodes of the counter
is Incressed, ths electrons in their travel toward the
positive pole will acguire hizher and higher velocitles,
$oon & point will be reacned wnere the kinetlc snergy of the
parti¢le is high enough to yleld twe or more elsctrons of
lower energy on collision with a gas molecule. . The caseading
of this phenomenon will result in & much lavrger flow of
electrons at the anode than was started by the original
jonigetion, The current has thua been amplifled; the result
being the same as that encountered 1In the gas phototube.

The only difference between the two 1s the source of the
orisinael lonigzation. This 13 called the proportional
rezion (28%).

Thls method has been widely investlizated recently.
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It 18 capable of relatively fast counting rates (30); a
count belns recorded in less than one microsecond. It also
permlts the separation of radliation having é&lfferent lonig-
ing powers by & circuit that discards all pulses Telow &
minlmam slze. It satisfactorlly operates with the pas in
the detector at atmospherlc pressure; therefore, the sdmple
to e assayed can te placed directly into the chamber of the
detector (31).

In analyzing some samples, the range of the slze of
the pulses that are generated may Le quite large, In many
cases the range 18 so large that amplification of the tran-
sients beconesa problem, causing large pulses to overdrlve
the later stages of the smplifier, It has heen estimated
by otner workers that & ratio of 10% to 10% in the size of
transients detected would he needed for accurate counting.
This range has not been obtalned, but in a report by BRaker
(32), much more relisble results are obtalned with ampli-
flers that will compress voltages that vary by a faetor of
104 to & range that csn be utilized by the subsequent
circuitry, The use of gas at atmospherle prea#araa slao
ceuses the requlred termlnal voltaze to Le relatively hlgh,
8 factor that presents probless from the leakage standpoint
and necessitates sxtreme precautlions to prevent errors due
to this cause (353).

A8 the problems of the amplification and other
electrical troubles are surmounted, proportional counters

will probatly beecome more widely used, It is the fastest
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of the counters based on ;83 lonization with subsequent
electrical recording. It still i not so easily handled as
the Csiger reglon, and thersfore has not been 80 widely
used. The flow type counters seem to be the unilversal Lype
of proportional counters now in use; beceuse of the fluahing
action of the zas they retain thelr characteristics well

over & perlod of extended use,

Gelzer tube detectors

The amount of saplification due to gas lonigzation
inereases aa the terminal voltagse of the detector 1s ralsed.
Over & range in terminal voltagze the ratlo between the
numser of electrons caused by two events of different ioniz-
ing power remalns constant. A8 the terminal potential
increases [larther, the quantity of eleetrons collected by
the center wlre tends to approach the seme value~~those of
limited lonizing power being amplified more by the electron
maltiplication process than those of higher lonlgzing power.
Finally, a voltagze 13 reacned that ylelds the same voltage
transient no matter what the cause of the original ionlzation
This 1s the Celzer threshold voltage.

Tne operatlon of the tube at thls voltage is some-
what more complicated than in the two previcus cases (34 -
39). The ionization of the tube ls not limited to the ares
of the orizlnel lonizatlon, but the whole tube can be ionized
1f no berrler ls placed on the central wire (40). 1If s

simple ges 1s used 1In the tube, such a&s alr or argon, once
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a discharye has ioniged the tube, the tube will stay in a
state of lonization as long 88 a hign potential ls applled,
As in the case of the proportional! counter, which also has
the highly concentrated fielc close to ithe wire, most of the
electron multiplying occurs In a reglon near the anode.
Photons of such hizh energy are relessed that the localized
lonization scon syreads completely along the wire by addl-
tional electrons relessed by the photons. The electrons
can be readlly collected; they are close to the wire and
have only slight inertla due to thelr small mass, Thls
poslitive lon sheath which 18 left close toc the wire then
moves slowly toward the cathode. The sheath effectlvely
shields t§a~dﬁmdé and reduces the algetragtatic'fiald around
1t tc a point below that necessary to rezlater ocdunts. As
the sheath is sitracted toward the cathode, the fleld again
recovers and becomea larpgs enougzh to register counts agaln.
The voltage translent produeced ls smsller than that of a
normal count unless the orlginal field has again been
establlished by the complete neutrallization of the positlve
ion sheath at the cathode, The neutrallzation of the
positive lons ls the process that makes the discharge self-
maintalning., 7The poslitive lons have enou;h enerzy to cause
electrons to be liberated at the cathode., These electrons
then tecome the sourse of another dlscharge, Argon, the
rare zas ususlly used in the tube, can exlst in metastable
forms that have hlgh enough ener;y to lonize the gas on

reversion to a normal state, and, thus, also help Iin the



meintenance of the discharge (41}.

For & long time, the Gelger tube, because of its
complexities, was a diificult plece of apparatus to use
{42). The {irst successful quenching employed a high
realstance in serlies with the tube and the high voltage
supply (43). The flow of elsetrons through this resistor
lowers the terminal potential of the tube, and if the
resistor 1s hish enough (10°C ohms or higher), the tube will
not continue to discharge, The [low of eleectroms through
this resistor will lower the terminal potentlal to a point
that no longer permits the dlacharye malntalining factors to
operate. The recharging of the detector tube limits the
count rate in a manner simllar to. the lonizatlon chamber.
This accomplishes quenching; however, the technique for
stopping the discharge has veen accomplished by methods
that are much fagier, and allew a more rapid count rate to
be recorded.

The second method used to stop the discharge also
reduces the terminal voltage. The original quench circuit
was described by Heher and Harper (44). Voltage created by
the Geiger tube was used to control the terminal potentisl by
the effect of the voltase on a vaeﬁmm tube. In this case,
the terminal potentlal 18 kept reduced only lon: enough to
stop continuous dlscharge of the tube, As no exitremely
large resistora are involved, this method i3 considerably
faster than the reslistance quenched tube.,

The dead tine of a Gelger tube is depsndent upon
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1ts dimensions and the voltage applled; the proper sdjust-
ment oi the guench c¢lreult, therefore, will vary from tube
to tube (41). This method of quenching the discharge is
used only in those cases that make the followlng method of
gquenehing diffiecult or impossible.

Trost in 1937 dlscovered that no external discharge
quenching was needed 1f organic vapors were mixed with the
rare gas in the tube. This discovery led to the self~
gquenched type of lelger tube which contalns a vapor that
will cause termination of the dlscharge. The energy that
would create the new slectrons to maintaln the discharge as
well es the energy contalned In the metestable ions (42) 1s
dlssipeated by decompositlion of the crganle vapor,

The characteristics of an organie¢ gas-quenched tube
over a ran-g of terminal potential 18 shown on Figure 1. No
counts are recorded untll the minimum potentlal is reached,
The counts at thls voltage are mostly in the proportional
region, and can be obgerved tou Le of differsnt aumplitudes
on an oscllloscope. Soon the plateau is reached, and the
change In number of counts recorded will vary only slightly
with incressed termlnal potentiasl., At the end of this
range, which is 200 volts or more in the best tubes, the
count rate ezaln increases; and if the voltage ls lneressed
too far over the end of the plateau, the tube undergoves
continuous discharge, and will be destroyed in a few seconds,

The nature of the voltage pulse produced by a

Gelger tube and the method cof determination of dead tlme and
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recovery time by a single sweep trilgrered by the incoming
translient as descrited by Stever (45), is shown in the lower
half of Figzure 1., After dlscharge has been started by one
disintegration, no further disintegrations can be detected
until & minimumm time has psssed., This time 1s called the
dead time, As the posltlve lons move cloger to the cathode,
a point willl be reached where they no longer neutralige the
f'ield sufiiciently to prevent the [urther counts from
becoming recorded. If the lon sheath has been completely
neutrallized, the next ionlzing event vill csume & pulse
egual to th@vfirst;‘tne time required for thls to occur,
after a .iven pulse 1s the recovery tlme, 7The instruments
negessary to obtain such an analysis of the voltage transi-
ents will be discussgsed 1n = SubseQuent section.

The dead time and the recovery time depend mainly
upon the physlecal slze of the tube used-—the shorter the
tube, the shorter the distance over which the jons must
travel., Tubes fillled as described later in the thesls, with
a 20 mm dlasmeter, have s dead tlme of about 100 microseconds
and a recovery time of about 200 microseconds.

This self-quenched tube is the most popular detecting
device in use at the present time. Hinlmum amplification 1s
required because the voltage that results from the detecting
device 1s large., Stabllization of the high voltage supply
is simple becasuse wide range of terminal potentlals causes
little change in count rate.

The self=-quenched tube, however, has several
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disedvaniages, The méjori%y of the tubes used are of the
organic quench type. The energy dlssipated by the guench
results in the decomposition of the materlial and causes the
slope of the plateau ts inerease with use. A count of about
108 is cobtained with most tubes before the slope of 25% per
100 veoltas increase in terminal potential is reached (46),
the accepted end of usefulness of & Celiger tubs. The change
in slope is gredual in most cases, Also conocurrent with the
increase in slope 1s a shorteningz of the plateau, and some-
times an Inerease in sensitivity to llght.

The usual tube is {illed to only about 100 mm
internal pressure. A gas-tight barrier must therefore be
interposed hetween the sample snd tube. This limits the
operation of the tube %o countling radistion that can pene-
trate thin barriers, Windows of glasss and mics c¢an be made
thin and gas tizht enough to yleld tubes that are stable for
long pericds. Hylon ami other plastic f1lilms have been used,
and cen be made in densitiez less than the 1-2 mi. per sg.
cem that seem to be the limlt of glssa or mics windowed tubes,
The permeablllty of the organle fllms, on the other hand,
do not permit the tubes to be used over a long psriod without

refilling.
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EXPERIGINTAL STCTION

IKSTRUMENTATION

dynchroscops Amplifier

ftheoretleal., The most widely used forms of dstec-

tors yleld small volts e translents when they are struck by
radistion. The sige and duration of the voltace depends
upon the detector used., All voltages are reasonably short,
and amplifiers are used to increase thelr ampllitude if
necessary. All detectors require soxe sort of instrument to
analyze the rate st which the voltaze transients are
detected, 48 has been stated in the discussion of ionigation
chambers, some devices deo not record indlvidual counts, but
integrate the count rate. At best, these are only semi-
guantltative and are used only where the highest accuracy ia
not desired (47), and simplicity is reguired, as in a survey
meter. The indlvidual recording of each lonizing event can
yleld much higher accuracy of radiation counting and is
almost universally used for quantitative radiatlion detsction.
Electronic operations on the transients are made in
all radiation detecting auparatus. These voltage transients,
which may also be called pulses, are similar tc those that
are encountered ln other electronic work; and the termineclogy
used is coumon to both flelds, If the instantenecus voltage
developed by any source 1s plotted as ordinates and time is
plotted as abscissas, a graph called wave form 18 produced.

The time required for the transient to be completed 1
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usually e¢alled pulse wildth or pulse length, The maximum
voltage of the transient determines the pulse helght
{amplitude).

The pulse from a radiation detector may have uany
electronic operatlons perforued on 1t before 1t 1s regis-~
tered, Changes Iln detector pulae lengih Iin many cases
improves the relliabllity of & scaler. The pulse may be %too
small to be used am a trigger for thg following eircultry.
Voltages of thls sort reyulre amplificetion. If separation
of the radlatlion detected is to be based qg:the praportlon~
ality of the detector output, 1t is neaesiary to have a
proportional inereasse in pulse helght. Negleeting thils
separation, the clrcuit has to record only conce for each
time that the detector is hit by & radistion. The inlor-
mation can be transmitted by any voltage that will produce
a recorded count of one., Thus, the length of & pulse can
be widely changed with nc change 1n the accuracy of the
recorded count. For examples, the pulse may be shortened teo
permit short resolution time scalers to funectlon properly;
the pulse may be lengthened to permit slow acting electro-
mechanical re:lsters to complete thelr cyele.

Cbgervation of the changes in these transients as
they are utllized in the electronic circuliry ls the best
method of adjusting circults for proper operation. The
observetion of duratlon and amplitude ls usually made by
means of the cathode ray tube., In thils lnstrament an

electron bean ls deflected across a fluorescent screen by
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means of two palrs of deflecting electrodes. The electrodes
are mounted so that the locus of deflection produced by one
palr 13 at right angles to the locus of defleetion produced
by the other palr. The deflectlon of the Dheaw 18 propor-
tional to the voltage causing the deflection. Conseguently,
if 8 voltarse that lncreases linearlly with time 1s impressed
upon one palr of eleetrodes-—the palr chosen customarily
caused deflection In 8 horlzontal plane-—g linear time base
will be established. The voltage to be studled is eppllied
slmilteneously to the other pair. in thils manner, the
length snd Iinstantaneous voltages exlisting at any tlume can
be determined., The superimposed tracings of & series of
similar voltagzes taken from an instruzent developsd in the
course of the work are shown in Figure &.

The cathode ray tube mey require voltages meny times
those avallable from the clrcult belng studied., The voltage
required to produce a deflection of one ineh on the face of
a 5BPl-A, a representatlve cathode ray tube, is about sixty-
five volts (48). In most cases$ the voltage studied i3 but
a small fraction of thils potential, so amplificatlion must be
epplied to the voltage If a visible deflsction is to be
observed., Some cathode ray tube installations have amplifiers
bullt into the lnstrument to permit low voltages to be
handled, Thils 1ls the case for most of the oscilloscopes.

Both the synchroscope and the oscilloscope have a
circult that generstes a linearlly increasing voltage to

vield the horlzontal tise sxlis. Uecause both instruments
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are designed to detect relatively rapld changes in voltage
translents, the phosphorescence of the screen is neld to a
minimum so that the pattern will not be zo lesting that the
cheanges are masked. #lth rapldly changing transients,
observaetions of the voltage transients are dlfficult because
the screen must be repeatedly retraced Lo give gn observatle
pattern, The cscilloscope causes traces to Le superimposed
by sllowing the time sweep to be inltlated by soue portion
of the transient being studled., Thls process o/ colncident
retrace s called synchronlzation., As the sweep _enerator
is cycliec in nsture, synchronization can cecur only if the
transient bLelng studled is mlso eyclic in nature, The
statistical nature of radloactivity thus makes an osclllos-~
cope relatively useless as an indilesting device for the study
of radicactivity. The synchroscope, however, does not depend
upon cyclieal transients, but permits the aweep to be gener-
ated only after & transiené has been received, and, thus,
allows superimpesition of reandom voltezes. The zodel P4
#.1.T7« synchroscopes usged dld not have any amplification,
yet must have & minimum of 100 volts to give proper operation
It becams obvious soon after =xperlientel work star-
ted that 1t would be neceassry to utllize a synchroscope,
An amplifler was construeted o permit the observation of
small translients. It was cdeclded that this amplifler must
retain as such proportionality as possible, and, &s used
here, has only the functlion of amplifying proportionally all
the volta es placed on 1ts input terminals, The demands

placed on thls amplliier were guite extensive, It can be
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shown from Fourler snslysls of non-sinusoldal wavelorms
{49), as well a3 by actual experlmental technigues, that to
areserve the last rising portions of any short voltare
transient, zood high frequency response 1s requlred of an
amplifier which inereases such s voltage, The elsctrons
which are collected by the snode of a Teiger tube, for
example, can be collected In less than a miercosecond; and
thus, fast rilsing translents are to be found in radiation
detection. The usual type of amplifier uaed in this work 1is
a varistion of the reslstance coupled amplifier. The
smplification poasible at high fregusncies wlth a resistance
coupled amplifier is 1limited by the characteristics of the
tube and the characteristics of the circulit in which it is
used. The most critical parameter ls the capacitance that
1s sssoclated with the tube and the stray capacitance between
the wirlng, Phis provides an additlonal degenerative path
for the currents that flow in the coupling circult when a
sisnel 1s ampliiied (50). The shunting effect becomes most
pronounced at higher {requencics where the capacitative
reactance becomes low. The phase relationships at these
hizh frequencies become poOr at the same time. Thnls sdds to
the distortlon ©f a waveform, since the Fourier analysis
shows that not only must the wide frequency renge be ampli-
filed, but also & linear relationship between the frequency
and phase shift must be retalned (851).

A second requirersent of s tesat smplifler iz that it

must show a low shunting effect when pleced across any



36

circult veln: studied. The maximum reslstance of any
amplifier will be shown between the grid and c¢cathode. This
reaistance cannot be too high as this 13 the path of the
elactrons thet neutralize the positlve lons formed due to
electron bombardment of the residusl gas In the tube and
are attracted to the negative grid., Too high a resistance
will allow this current to be soc large that the negative
grid volteze 18 neutralized. I the grld is driven positive,
it will draw current from the electron stream (ss will any
anode) and the :rid to e¢sthode resistance will drop to a
low value.

The grild cathode resistance is alsc shunted by the
input capacitance of the vacuum tube., The shunt capacitance
of a triode soting &s an\gmplifier 1a‘thq Wizhest of the
tubes avallable for t&ia pufécse. ’?Qis is due to the Hiller
effect (52), which 1is an appargnt multiplication of the input
capacitance due to the relationship of.th& frid and plate
voliajes. The pentode voltage amplifier doea not suffer
from apperent change in Input csapaclity because the plete 1s
screened from the grid and has little effect upon its
aperation.

One of thﬁ lowest input capacltances is shown by a
cathode follower. This is s device that has a slightly
lower voltase output thanm the voltare Input, It can, how-
ever, increage the power in the voltage pulse, and this
slightly =usller voltage can then be developed across a

much smaller resistance., The regponse of & csthode follower
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extends from D. . 0 frequencies much higher than those
amplified by gzood high freguency amplifiers (83).

he problem of adiusting the overall ampilflcation
of an ampllifier bvecomes e problem when high Irequencies are
handled. There are two kinds of devices that are used to
subdivide the voltase to u voltage more easily seen on the
cathode ray screen. They are bLoth voltage dividing resistan~
cesw-cng 1s fixed; and the other 1s variable., The fixed
voltage dlvider 1a the =ore easlly nandled. The resistance
that 1s used as & voltage divider ususlly has the shunt
capacitence Inherent to elther the next tube or the Indicat-
ing deviee across only a portion of the two or more resistors,
This ecapa¢itance, therefore, shunts only & portion of the
divider, aﬁé 2%t high frequencles, the voltage division 1s ne
longer constant. The change in voltege division iaz a
functlon of ths shunt capaclitance of the device utilizing
the divided voltapge, the freguency being subdivided, and the
totel reslstance in the divider network. A fixed voltage
dlvider has a capacltor shunting the portion of the network
that 13 not shunted by the next portion of the clirecult.
The size -f this especitor ls made varlable, and i3 usually
adjusted in slze until the capacltive voltage division is
equal to the resistive voltage division (54). A resistor-
eapacitor network of this sort is called a freguency
compensated voltage divider network.

The problem of the continuously varlable voltage
divider 1s not 3o casily solved ss 1s that of the fixed

type., The alze of the ecapacltor required wlll vary with
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sach setting of the conirol., One of the most satlsfactory
methods used in this case 13 the use oif as small s total

resistance in the voltage d;vidér as ls possible.

Construetlon of synchroscope amplifier. tThe con-
siderations just discussed were all képt in mind when the
amplifier was constructed for use with the synchrescope.

The circult developed 1s shown in Flgure £, The voltags
being studied s first impressed upon a cathods follower,
the 6X6-0r. As the voltage that the 6K6-0F wlll handle 1s
sosewhat limited; the Installation of two Inputs was
necessary. (me allows the whole input voltage to be
utilized, and the other whiech 1s frequency compensated
allows divlsion by the flxed factor of three. The SKE-CT
has & low output impedance, and, t..erefore, can e loaded by
8 small volta;e divider. “Thus, voltaye dlvision ls possible
with & minimum of frequency distortion.

The portion of the voltage to be anplified 1s fed
to & 6ACT pentode voltage amplifier. 7This 1s & high fre-
quency compensated amxplifier. 7Two Inductances are placed
in the eoupling network between this tube and the next,
These inductances have the effeet of preservin: the response
st the end of the high frequency range, and preserving the
relationshlp between frequency and phase closer to that
which is ideal (65)., These inductances and the reslster used
as a plate load are &ll ineluded in a Hallory Videocoupler,
The next tube, a 6ACG7, 12 also & resistance coupled ampli-

filer; In tuls case, a tube capable ol a hisher output voltaje
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than that possible from a 6ACT. Here azaln, both shunt and
éariaa compensation are used to increase the marginal high
frequency geln., The parameters used are ihose that are
recommended by the Radlio Corporation of Aserics ln the data
offereé for the 6AGY (56).

The power for the plates, and the heaters are pro-
vided by & power transformer and & conventional full wave
rectifier with a8 choge input filter.

To check the operation of the amplifier at high
frequencies, an operatlional check was made, The source of
the sig nal was ¢ Ceneral Radio 605B Standard 3ignal Genera-
tor set at one volt output, The measuring instrument was a
SBPl cathode ray tube. The low galn channel wes used with
the varlavle gsin control set Lo permlt one quarter of the
meximin saln of 400 to be enmployed, Table I on the
following page shows the freguency in megecycles in
relation to the percenta;s of output,

The lowest freguency that the instrument haz to
handle 1s relatively high, and 1s easlily handled wilthout
any speclal circult compensation.

The apparatus was successfully used in many investi-
gations, The ihree decibel loas at about 3 megacycles was
more than sufficlent to reproduce the voltage transients
developed Ly Jelger tubes without noticeable deviation from
the publlished waveforms .for thls sért'ef'ﬁttaetor. it 1
pré&aﬁle that 1t zay be somewhat llmited in 1ts application

in the csse ol the faater types of counters because
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TABLE I o Operational check of the synchroscope amplifier

at high frequencles

Frequency felative Cutput
Hegacycles Percent
0.01 100
.1 100
0.8 95
1.0 85
1.5 85
2.0 g0
2.5 70
3.0 70
3.8 30
4.0 0

amplification used in this sort of equipment 1s much more

demanding.

High voltage supplles

Theoretical, FPractically ali electronic detecting

devices utilize a high voltage in thelir operation. The volte-
age that 1s needed may vary from 400 to 5,000 volts. Any
individual detector usually wlll require only s small frac-
tion of this range in 1ts opersiion. The range provided for
most countling devices used with Celger tubes 18 from 300 to
about 1,500 volts. This permits almoat 2ll conventional

Gelger tubes to be used. (nce a voltage has been chosen for
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the dstector, the velts;e should rexsln constant. The
reason for this is that many detectors will yleld hipher
counts from a constent source of radiation 1f the terminal
voltare ls Increased. <Ccnstsnt voltape is malntalined by a
stabilizing clrecult of some sort because unregulsted volt-
age sources generally are not of constant potential, iost
regulstors are supplied by an unregulated voltaze of a
higher potentisgl than will bte required from the stablilized
source at sny time, The output voltage iz then eontrolled
by the leoss in some part of the clrcult--the loss in voltage
being equal to the unrepulated supply minua the regulated
terminal potential. '?&15 1@38‘1s”variable 80 that the
supply can be adjusted to meet the. demsnds of the detector
used, O(noe the autga%v§axtage ha8‘ﬁaanfadjuxtaﬁ; the loss
is automstically changed in & manner which tends to keep the
terminal potentlal constant,

ferhaps the most satisfactory source of unrezulated
voltage, when 60 c¢ycle 1line current is available, 1s & half
or full wave high vacuum rectifier. This is supplied with
alternating voltage from a transformsr. The flltering
requirements for the pulsating voltage thus generated are
simple, Lecause the regulating clrcult, in jsenersl, 1s
fast enoush to smooth variations cccuring at the rate of
the line supply. This ylelds a souree for regulstion that
has relatively low internsl reslstence. While the load,
placed on a power supply by & detector, can be neglected,

the voltage Indlicating meters are xore rugged 1if they can
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draw a fairly hi:h current, Thc‘ﬁpération =f this type of
device 13 simple and dependavble; snd the measurement
problem encountered is not severe. 3Jome of the hizh resls-
tance cireults used in other hizh voltage suppllies requlire
sxtremely senaltlve volimeters.

Stablllizatlon can e accomplished by several methods.
Certain gaseous tubes have almost constant voltage acrosa
their termlnals over & wide range of current flow through
the tube, Two types are avallable. Une type has & rela~-
tively low constant terminal volitage 8t a relatively high
current drain (57). A larse number of these would be
required to zive a high enough potential. They are, however,
used as a8 source of reference voltage for comparison
purposes.

The other type has a Lterminal potential that 13 much
higher. This tube 1s desl: nsd Lo ogperate Gelger tubes and
thus doea not have the current capaclty of the lower voltags
devices. The terminal potential i3 not too constant, and
the tube must be desisned to operate in the reglon of the
best detector operation. Only one terminal stabillized
voltage 1z thus possible,

All devices that are desligned to handle tubes of
different charscteristics use electronic stabllization.
Wethods ¢f electronic stabllization have been subdlivided
into three classes by Hunt and Hickman (868): transeonduce
tance bridges, amplification factor bridges, and dsgenerative
amplifiers. The stabliligzer 1a not limited to the use of one

cirecult slone, but may use several to achlieve the desired
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results.

The transconductance bridge type clrcuit malntains
a constant output potentlial by changing the current down
by & vecuum tube from a source of relatlvely high internal
resistance. The plate current change 1s such as to minimize
output voltaze changes, The stabilization obtalned is a
function of the transconductance-—the change in plate cur-~
rent of the tube for a change 1In grid voltage at constant
plate voltage.

A% one output voltage, the regulation will be per-
fect. At all others 1t will vary to an extent dictated by
the parameters Qf‘th§.eircu&t,

The anpliiication factor bridge and the decenerative
amplifier both have the voltage drop scross & vacuuu tube,
which 1s in series with the load and the source of non-
rezulated voltege., They dlffer in the menner with which
they couple voltage changes to this serles tube which
minimizes the change.

The anplification factor bridge uses part of the
change input potential to vary the grid voltage of the
vacuum tube; the Ilncrease or decrease thus regulates the
plate potentlal so that 1t is changed slmost opposite to the
variation iln source potential, 7This circult has one voltage
where constant oubtput voltsge cean be obialned; all other
voltaces are somewhat lesa stabllized,

The degenerative amplifier places the ocutput poten-

tlal, or some frection of 1t, Letween the zrid and cathode
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of the regulating tube. An increase in output voltage
causes the tube to increase its apparent reslstance &nd thus
minlmized voltage changes.

The single types can ve used in conjunction with
each other to get better or more flexible voltage regu-
lation. All require one or more stable voltages, either

for reference or for other cireuit funetions.

Experimental high voltage supply Type I. The

schematic dlagram of the first high voltajye supply is

shown in Plgure 3. The unregulated high voltage is furnished
by two 2 x & high vacuum reetiflers, The plate and fllament
voltayes are furnished Ly two Allled Radio £2-399 transfore-
mers that supply 1,500 volts R. ¥, 3. for the plate supply
and 2.5 volts for the heater. As the draln on the supply is
very small, the voltaye output will be close to the peak
value of the instantaneous veltage of the transforzer, or
1.4 times the R. ¥. S. value, The two transformers are
phagsed 80 that they conduct alternately, thus reducing the
eyclic varlstions in the output voltage.

The stabiliging cireult used is that of the trans-
conductence bridge type. ‘It requires only one vacuum tube
in its operation, the 63H7. The current drawn by the whole
cireult 1a drawn through the 50,000 ohm resistors that are
in serles with the cathodes of the tubes; with such reslstors
of the vertlical reslstance bank A a8 are selected by the
range switch Slg and with the 200,000 ohm reslstor Rl’ The

load includes the load of the 100 mieroampere voltmeter
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and its 20 mezonm multlpller; the negligible load of the
detactor (58); the load of the voltage dividing network C;
and the plats load of the vacuum tube, 63H7. The current
drawn by all these ceuses a drop across the reslstors
noted and lowers the output voltage to that chosen. To
vary the output, the volta:e drop 18 Increased or decreased
by changing the plate current of the 63H7. The plate cur-
rent of a vecuum tube can te changed by changing the voltage
at the grid with respect to the cathode., The point of
contact of the variable tap on the 3 megohm potentiometer
in eolumn C ca&an be changed, This allows that portlon of the
output voltage applled to the grid of the B3HY to be changed.
The cathode of the tube ls kept at a constant potential by
means of the VR 108 and the VR 150, both low voltage
stavllizing gas tubes. HNost of the current passlng through
the tubes ls drawn from the output of the sYﬁﬁw rectifler
and 1ts filter system. Thils places no power demsand on the
high voltage supply.

Voltare stabillzation occurs in the following
manner. An increase in ?altaga causes an lncrease of
the grid voltage in a positive direction, This, in turn,
inereases the plate curreat of the 63HT; the?afare, mini-
mizing any large changes. Conversely, a lowering of ocutput
voltage is resisted by a dscresse in plate current of the
68H7,.

A4 elreult, made up of two 10 megohm resistors and

switch S5, tests the eamount of regulation. If the regulator
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is workiny at e stawnle polnt, closing the switch will not
chan;e the volta; e as read on the voltmeter. Reslstor

bank A sllows the voltage drop to be shared by several
resistors when low ocutput voltages are required. The resis-
tor column B allows the plate voltare of the €63H7 to be
closer to the recommended value than that which would be
apparent 1f no plate resistance war&luaed. The socreen poten-
t1al for the 6SH7 is also stablliged, since this element
also controls the current drawn by the tube, and should not
vary i good stabllization is to be achieved.

The full range of from 460 to 1,500 volts cannot
be covered by one rotation of the 3 megohm resistor. In
order to cover the full range, large voltage changes are
made by setting 3 to the proper position. This simultan-
eously changes all the reslstors in columns A, B, and C to
the proper valuses for the range chosen, Coarse adjustments
are made wlth the 3id potentiometer; fine aﬁjusimenta are
made with the 100K rheostat.

The theoretical considerations of this stabllizing
system have besn derived by others (60). The complete
derlvation is given here, tecause the limitations of the
system can be more easlly seen. Of the possible relations
that can Le derlved, perhaps the most Important one is the
rate of c¢hangse in output voltage with changes in unstabilized
voltare, Changes in load are nepligible in comparison to the

other currents flowing in the clircult.
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As can be seen, the larger the value of Ry, the more
stable the ocutput voltepe will be. This is limited to the
maximum sensitivity possible when regged instruments are
used as voltmeters. An lncrease ln the value of Ry also
increases the stablility. 1If this resistor ls made too large,
the current drain of the clreuli beyond this reslstor would
require toc hizh e voltage from the unregulated source., 'The
final design must be a compromise between all of the above
variasblea., S8ince the voltage output 13 at & maximum when
the current cf the regulator tube 1s st a minimum, the
regulation at this point wlll bte poorsste-the gm of the tube
decreases at low plate currents (6l).

The operation of the supply, aside from the limited
voltage range avallable I'rom one setting of the range
awlitch, was excellent, Line variations in the nelghborhood
of plus or minus flve volts yiaided variations of less than
plus or minus two volts in an output voltage of 1,000 volts,

Thik hiszh voltage supply has glven excellent results
and has remxained relatively trouble free. It was used during
the complete course of #nbthmr invasﬁiggtxen using redio-

phosphorous with no failures of any sert.

Experimental hich voltage supoly type Il. The

subsequent voltage supplies deslpgned and used were of
slizhtly different construction. This was necessary in
order to €liminate the uze of reange switches to cover the
range between 500 and 1,500 volts, All the voltaye supplies

of the later deslgn will eover this voltaze range with one
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setting. . The resulation of thls sethed depends wpon 8
direct current am@lfiier ceuﬁieﬁ‘diﬁeetly to & degenserative
amplifier (58). This voltage supply, type II, has been
relatively widely used in voltage éﬁabiiiaatien circults
for use with Celger tubes (62 - €4). Although part of a
complete circult, which will be described more fully later,
the high voltage supply will be described now in order teo
allow the two methods, typesI and II, to be compared.

The use of a vaeuum tube as 8 voltage dropping
device has meny advantages. Its range of reslstance is
almost infinite, thereby eliminating many of the faults of
a fixed loss system. The second system devised has a range
450 to 1,500 volts; this change In voltage 1s accomplished
by the rotation of one potentiometer throughout its range.
To provide for higher voltages for detectors that reqguire
voltazes In excess of thils value, the thlird and subsequent
systems had two rangzes: the one just mentioned, and & range
extending frowm 1,000 to 2,400 volta., The two ranges in this
latter case were intentional becsuse this makes setting not
so critical in the range of BOO to 1,000 volts~the usual
voltage required by conventionsl Geliger tubes. 4 represen-
tative circuit is shown in Figure 8,

As can be geen in Plgure 8, the high voltage is
supplied by & half wave rectifier. The transformer used
for the low range 1s the same as that used in the previous
cireult, as shown 1n Flgure 3, When the high range is used,

the voltagze is incressed by the introduction of an additional
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transformer to provide the necessary increase in unregulated
voltage., {he 6BG6~G (V4) 1s the tube used as the verlable
resistor. The B8BG6 (V5) ie the comparison tube.

The voltage reference standard ls furnished by the
use of two 56851 voltia;e reference tubes-——gaseous type tubes
deslined for thls service, The teralnal potentiasl of thls
type stays more nesrly constant thean does the terminal
potential of the previcusly used VA types. Two are used to
give a higher voliage with which the fraction of the high
voltagze zay be compared.

The meter used in this bhizgh voltege supply can bve
less sensltive, because the current capabllities of this
system are much greater than those of the first., A one
miliampere meter 1s used. In addition, in order to expand
the scale of the eter in the usable renge, a 0.35 milli-
ampere preload was pleced on the movement. Zeroing of the
meter was accomplished by thne uase of an external high
accuracy meter and multipilers while the voliage was set to
& range that was comaon to both.

the changea in unregulaied potential are minimized
by the reactions of the circult. A fraction cf the voltage
change ls cowmpared to Lne reference voltage by the compara-
tor tube, Vg. The increase in plete current causes an
increase in drop across the resistor R in the plate circult
of t:® tube. JThe drop in voltage mcross this resistor 1s,

however, the bias voltaze on the reslstance iube, V An

*.
increase in the blas or negative voltage at 1ts grid with
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respect to 1ts cathode, inereasmes 1ts effectlve resistance.
This, in turn, tends to reslist the voltage change at the
sutput terminalsg and, thus, the change at the terminals

is minimized. The reverse reactlon minimizes any lowering
in voltage.

When the range 1s changed, the voltage to the regu-
lator is ineressed, the sige of the voltage dlvider 1s
chan;ed, and the resistance of the voltage output eontrol
shunt is changed. 7The lest ltem 1s adjusted so that the
potentiometer wlill have & maxlmum of i1ts useful resistance
for controlling the output voltage, and, therefore, will
not cram the reanyse into & small smount of 1ts rotatlon,

The €346~ tubes that sre used ln the supply are
large tubes for the power required., Thls was necessary
because smaller tubes are between thelr slectrodes when
operated under hizh plate potentials, This phenomenon was
not recorded in the older literature (65). This artlcle,
however, was concerned with the tubes that were manufactured
at that time. The destruction of an old type 57 pentode
indlcated that the spacing of the elementa of the tube,
especially the leads to the tube base, were much wore
widely sepsrated than those of a more recent €817, The
€B06=-0, however, has been desipned to handle voltage trsns-
lents of over & killlovolts snd ig, therefore, sultatle for
handling the voltages that are used in the high voltage
svatenm, It &y be possible that one of the sualler tubes

will ve satisfactory in the place of the 6RC6~G tubes used.
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fThe ¢ul«D hag Jroven salisfacsory up Lo tws and one hall
xillovoelts, and nes Jgroven to e lore satlsfactory In
gupylles of one snd a hall xlllovolts thnen sosller types,

the catuodes o both ?é and Vﬁ are at relaivively
hish pouslitive gotentlals wheon compered with the eommon
negative terninal of bobu recilfled voltapge sources. ‘fuis
common nesatlve terwinal 18 the plsce ¥hare one terzinal of
thie €.3 volt heater windinra ls costouarily connected.
Gg arate amsll {llassnt transiormers, therefores, are used
to provide the putentlsls necessary Lo heat sach tube,
The ecathode ls conneetad o ons slde i e hesver winding
in order Lo elizinate any volta s dliferential between
neaLer 8o ¢sthode. 7The insulation of these translorners
must be cespable of withetanding relatively nlch voliave
dirferentialas, The Zisneor type r-0104 hea proven to he
getisfac ory at potentiala upy to 28,5 killovolrs,

4s ln the case o whe Yirst type oS! voltage regulatoy
the thecsretlesl veolisye resulation o type 11 was also
derived, rhis derivation '8 lnsluded o ghow the sggumptlons
regoired, and tne ¢lreult counsideratlons that must e met to
cive ood voltage reoilstlon,

Delfinitions and tersz used:

load resistance neglected here because Lne voltmeler

pa]
joib
[l

load 1s part of the volisge divider

3

a = reslateance betwsen positive terminal and tap on i

Py

p = Teslstance tetween memative zerainal aud tap on R

o
B
t

transconductance, (\
??ES
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'ﬁlgté_éurﬁent of the tube

Iy =
Bp = voltage at the plate with respect to the cathode
Eg = voltage at the grid of a tube with respect to the cathode

}n e amplification factor of a tube,

Ey = unregulated voltage

Ey = regulated voltage

Kumbered subscripts refer to the indlvidual components on
Flgure 7.

As before, the most important characteriatic 1s the
change in output voltage that ccecurs when the unregulated
voltage changes.

By Omm's and Kirchoff's law:
in the circuilt,

Eqy =« Bg ¢ Eb4
and, on changing E; byAQEs,
4By =4, tAE,.
Since AE, will not change greatly, the effect of A1b4 on Ry
can be neglected,
Then:
AE; = p4bEg4 +AEq
AE54 =A1b538
sssuming no change 1in gmg for change in the input voltage,
8Ty, = gmsAE Ry /R, + Rp
substituting,

AEQ - E:‘_“"' R‘b_ S
As can be seen, the larger R, and the larger Rg are,
the better will be the voltage stability. The size of Ry,

however, determines the size of the reference voltage, which

has practicsl limits. Re has a maximum sige as 1t 1s the
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path of the grid current snd this resistor cannot be made
too largs without loslng the vtlas volteje. One megchm is
the maximum for most vacuum tubes that can be placed
between the grid and cathode,

The regulatlon afforded depends upom both the trans-
conductance of Vg, and the amplificatlon factor of V4. Both
tubes are connected a&s trlodes to alxplify thelr voltage
requirenents. The m of 2 triode atays constant over a wide
range of plate currents and will not vary too much in this
case (66). The gm s & function of plate aérrent, and will
decrease as the plate current of the tube decreases. The
value of the tube characterlistics cannot be determined from
the data usually published for thé tubes, hecause ithe range
in which they work is beyond that generally used in thelr
operation.

The overall voltage regulstion was determined ex-
perizentally. The voltage supplled t0 the primarles of the
transformers was varied. 7The value of the voltage was deter-
mined by an A. C. voltmeter. The line voltage should vary
the unregulated supply directly in proportion to its changes.
The output from the stabillized supply was determined by a
preclesion microammeter and a precislon multiplier. 'The
terminal voltage was chosen at 1,000 volts, At this terminal
voltagze, the change in ocutput voltage was 0.03% per volt
change in line voltage for a range between 105 and 125 volts.

This circult gzave excellent results. The substitu-

tion of 6BG6~3 tubes for the small tubes 1n the original
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model stopped internal tube arelng. The voltage supplies
were used extensively durling the work described in the later

portion of the thesis and no troublea 0f any sort developed.

Amplifler and Wynn-§llllams circult

Amplifier. The voltage translent Ifurnished Ly the
detecting device 1s ;enerated by the eleetron {low through
a resistor in series with the detector. This voltaze must
be capable of causlng the subsequent cirocultry to record
one count. The voltage generated by a Gelger tube may vary
between 0.1 volts and well over 10 volts, depending upon the
Gelger tube voligge, The amsller voltagea must be amplified.
However, the sualler voltages that are generated by other
detectors may reqgulre even more amplification. Amplification
13 reguired because the reglster circuilt cannot be mmde
sensitive to ex£mamely small voltages, If the register 1s
very sensitive, small spurious voltages that are present in
the A. C. lines would cause spurious counts to be reeorded
(67)s 1If the circuit is sensitive, small changes in circult
cémgen&nta may cause self triggering; and sgeln, fanlty
counts will be recorded.

Secalers invariably emplify the detector voltage to
one large enough Lo trigger a stable recorder assenbly.

The anplifiers used should have good responge at high
fregquencies, The low frequency response in most cases is
neglscted, or may even be supressed, This supression of

low frequency resgonse minimizes the effect of low frequency
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disturbance from the €0 cycle line current.

Shaping of the voltaye transient may also occocur in
the aaplifying clreults, If a voltage has too long a
duration fur the best operation of the next clireult, the
voltage 1a tranaferred Letween amplifier stages by a short
time constant coupling ¢ireult. This i3 & resistor-capacitor
combination that ylelds a small product when the value cof the
individual components are multiplied together (62)., If such
& cireuit has & long duration square wave asapsllied to 1ts
terminals in comparlson to the time constant, the shsrp ris-
ing wavefront 1s pssgsed little attenuated. The capacitor
charyes rapidly-—-the charge tlme beiny the reciprocal of the
dlscharge curve shown in Figure 4. Therelore, the current
flow, and the voltage asross the reslstor decresses rapldly
in an exponental menner. When the square wave decays, the
voltage rapldly increases In a polarlty of the opposlte
direction; and once again drops to gero as the charge in the
condenser 1s dissipated. This action can also be explained
on the basls that the high frequency components in the
leading and treiling edges of the waveform ars esally trans-
mitted by the coupling circult., This circult is called a
differentisting circult and is used widely to create sharp
transients. The rise time of the sharp pulse cannot be
shorter than the square wave fed Intoc the c¢ircult.

This very convenlent clreuit takes the form of the
eircult used to ceouple the voltage from the plate of one

tube tec the grid of the next, The capacltor is also used to
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bloek the .. C. at the output plate from the next grid.
This grid normally operates at a different potential. The
resistor, the element across whlch thls sherp transient 1s
formed, 18 the normeal #Zrid resistor of the followlng tube.
If the voltage is to he transferred with as llttle echange
&8 possible, the tlme constant should be made large in
comparison to the longest pulse to be amplified.

A second method of changing the sbape of & pulse s
the maltivibrator. 7The cireult 1s &n old one, having been
used since its Iinvention in 1919 by Abraham and Black. I%
has two different forms, perlodle, and non~pericdic. The
periodic forms are susceptible to slight changes in natural
frequency., This 1s due to a synchronising trigger. However,
these periodic forms are not capable of gaynechronlzatlion over
the wide rates obtalined when counting radiocactive sources;
therefore, they have little use,

The non-perlodle varlety are different and are useful.
The "one shot" or eaptive multivibrator, a circult widely
used in subsequent cireults, is descrlbed here. It is of
the non-psriodic type. Such a maltlivibrator is a8 circuit
contalning at ledst two vacwum tubes having ¢nly one stable
state (69). 1t, hbvever, may ve driven Into en unstable
state by a voltage translent. Unce 1t haes completed s
cycle whose len;th 1ls determinsd by the parameters of the
circult, 1t again assuymes the stable atate until it is
triggered by another transient. The output voltage

depends little upon the size of the triggering pulse,
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One form of this circult 1s shown in Figure 4. The
initisl situation described will be valid for only the
gtable state., Tube ?1 does not econduct. It has & negative
grid voltage crested by the flow of current passsing through
ﬁ7 which stops the flow of the Vl plate current. The alze
of 57 is chosen sc that the plate current of Vp will create
a large enough voltage drop across R7 to keep the effective
grid voltage of Vy; below that which will allow current to
flow,. The effect of grid voltage on plate current can ve
seen on the zgrid voltage-plate current curve in the upper
left hand side of Flgure 4.

Tube Vg, on the other hand, does not have any nege-~
tive grid blas. E, will be sligntly positive due to the
effect cf Rz, which !s connected to the plate voltage supply.
The grid potentlal cannot be more than slightly posltive
because at a positive potentiaml with respect to the cathode,
the grid ean draw current from the electron stream in the
tube, The zrid clrcult then becomes a low reslstance
device., ‘The current drain thréngh Rz causes a voltage drop
almost equal to Epnp minus the cathode gatsnﬁiai. As Vl
draws no currtn%,"ﬁbx'will‘be equal>takﬁbb. Epp Will not
be equal to Eyy because Vy, 1s drawlng current through Roe
The charge on Cg will be determined by the voltage Byp
minus Egl. C3 will be char;ed to a voltage Ebﬁ'

The introduction of a voltage transient into the
grid of VI changes the situation existing st boith tubes,

providing the voltage is large enough to raise the Egl
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above E“°1. As soon as V, starts to draw plate current,

Ebl decreases. Thls causes Cy to dlscharge through Rz end
38' The current flow through Rg drives the grid in s
négative direction, and this lowers the current drawn by

Vz and ralses Ebg’ 62 then charzes as it 1s connected to a
source of higher potential than 1t was during the qulescent
state. As Ibl inereases, Ibg decresses., Vl is soon conduc~-
ting strongly, and Vy is non-conducting. The speed with which
this transition occurs is dependent upon the frequency
response of the tube--the Letter the high frequency response,
the faster the transition. The dlscharge of 65 will continue

as long &8s E_ 1s less than Eeo « The time of the discharge

g :

1s a functiwngof both the canﬂeﬁser alce, CS' and the reslis~
tance through which it discharres. The relationship of
voltage and discharge time is ashown in the upper right hand
cerner ol the dlagram. Condenser-resistor combinations

are flexlible enough to allow this sort of elroult to com~
plete & cycle In less than one microsecond or over uany
seconds,

Once Egﬁ reaches the cutoff potentisl, the changes
which ¢ocur when the triggering transient hits the grid of
?1 are reversed. V, quickly becomes non-condueting, and Vo
goes back to the stable econdueting state. The voltap
changes that occur in one cycle are shown below the schematic
diagram for the circult. The rate of triggering 1s limited

t0 & rate that will not allow the unstable state to be

present for more than 0.7 of the elapsed time (70). This



relationship is called duty cycle. 'The wvoltage that 1s
delivered to the next clrocult depends upon the clircult and
not on the transient that caused the cycle to be inltlated.
The length of the output pulse depends upon the cireuilt,
and net on the pulse causing it. The trigger trensient
should be shorter than the output pulse, because 1 too
long, it meay cause two or more cycles. As connected, the
circult cannot be triggered bLy negative transients. The
voltages that can be generated sre shown in Filgure 8, C
being an example of the short nature of the output voltage
available, F is the amplified output of a multivibrator.
The length of the pulse can be calculated (71).
Phe length can also be estim&tﬁd from the characteristics
of the tubes used, and the discharge of the K-C cirecult.
This latter technique waz used In most of the multivibra-~
tors employed in the following eircuita. Small component
changes werc mede as required to glve the desired results.
The {irst amplifier made opersted with the high
voltage supply, type 1, and the seale-of-eight scaling
circuit, The schematlie diagram 1s shown in the top portion
of Figure 5. The detector signal voltaze is generated
atross the 1M G. ¥. tube series reslistor and coupled to the
1¥ voltage divlider by the 0,03 mfd capacitor., The amplified
signal frou the plate of the 63J7 then can be placed into
either the rignt or left hand grid of the 63X7 dual triode.
The grid chosen 1s dietated by the peolerity requirements of

the following scalling eireult., The voltage to trigger the
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scaling circuit 1s taken from the right hand plate of the
8387, A switch in this connectlion, sllows the triggsers to
be interrupted without dlsturbing the operation of the rest
of the circult.

In the case of positive output trigpers, a 63L7
dual tricde multivibrator and e 6F6«L power output tube
allow & neon ligzht and a speaker to¢ be used as audible and
visual count indicators., The multivibrator lengthens the
short pulse that 1s supplied to the scallng circult to one
that 1s more easlly seen and heard,

The A. C. voltages regqulred are obtained from a
small radlo power trenaformer energlzed by the 60 eycle
115 volt line. The D. (. valiigas sre obtalned from the
§Y3-0r full wave rectifler and a choke Ilnput amcothing
system. The vcit&g&g\aupplieé to the voltage amplifiers,
the 63J7, 63X7 and 6SL7 multlivibrator, arenatabilize& by
the VR15O,

The apparatus was ssssmbled as & self sufficlent
unit, It proved to be satisfactory for the purpese for
which 1% was dealpned; that 1s to drive the scaling circuilt
shown below in Figure &, and to give audible and visusl
indications of count rate. its relliabllity was indicated
by iis complete satlalactory performance on a separate
research problem. The convenlence of completed scalers,

developed later in the research, limited 1ts use to initlal

problems.,
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Binary gScalers. The voltage transient produced by

any detector may be amplified and shaped to & polnt where it
will rellably actuate an electromechanlecal register. All
detectors can detect radlioactlive disintegrations faster

than the fastest reglster can record themj; and, 1f neo

buffer circult is placed betwsen the reglster and the detec~
tor, only very slow rates will be recorded with any accuracy.
For example, the Cyclotron Specialties weilister Vo. 401l-A
can respond to only about €0 evenly spaced counts per second,
and even less can be recorded by lesss expensive types.

The uneven spacing of the statistical radicactive counts
will lower the rate even farther of guch a deviece. To
permit fast counts tu be accurately recorded, electronic
methoda have heen devised to divide the count by a inown
factor, and, thus, Impose only & fraction of the detector's
rate on the electromechanical register.

Considerable demands are'piaeed upon the electronie
circult which makes this d;vision. It must be capable of
functioning over Q_very wiﬁg‘raﬁge of rates., The minimum
rate musy be guite low--counts as low 28 One or two per
minute belnyg encountered, Ixtremely active samples, on
the other hand, may gslve rates of many thousand counts per
minute. The circult must plve accurate divislon throughout
this range., The cireult must be atablej that 1s 1t must
not add spurious counts by indspendent operations of its
own. It should not require too wide a variety of component

sizes, Laat, and related to the ltem Just mentioned, the
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circult must be able to operate reliably after the tubes
and other parts have sged and changed somewhat in thelr
characteriatica.

The scallng circuits used in counters, In general,
can trace thelr origin to the trigger circult of Hecles and
Jordan. Other types of divislon circulta sre known, and
are widely used for division of ecyelic voltages (72).
Adaptations of this type of eircult have been suggested for
the division of radiosctive counts (73). These adaptations
have not achieved any popularity for thls purpose, however,
probably due to the inabllity of such devices to respond
accurately to the wide rates posaible when counting
radioactive semples.

The Eeccles~Jordan circult and most of 1ts modifica~
tions provide division by two, and are talled tinary
circuits., If more than one elrcult 1s used, division willl bs
aceompllisned by powers of two., The clrcult requires two or
more veouwm tubes in lts conastruction. The use of more than
two tubes only lncreases the rellability of the assembly. In
the binary clreult, two tubes are connected in a manner that
requires one to assume a condition that differs widely from
the ‘atate of the other one. A single voltage trigger will
reverse the relatlonship of the twe tubes. A second trigger
again reverses the relationship to that exlisting before the
first trigzer. If the next circult is made sensitive to only
one of the two transitions, division by twu has been accom-

plished, Cascading circuits permit division by s factor of 2B,
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The original Heeles-Jordan circuit was not stable,
snd ¥ymn-Willisms (74) found that gaseous tubes were much
more rellable then high vacuuam tubes., The separation between
the two states is much essier in thls case, because the ;ag
tube 18 elther lonized, and, therefore, conducting strongly,
or non-ionized, and in the latter case, non-conductive.

The yaa lonization and deionlzation ls not an instantaneous
process and, thus, limitg the maximum count rate possible.
The Wynn-%1lllams eircult has other disadvantages, as well,
but, in general, 1s more sta:le and easlly constructed than
many of the high vanuam binnfy circuits (75).

Hany clrcuits based on high vacuum tubes have been
proposed (76 - 82). Thelr rellability in most cases was
questlonable (83). Perhaps the most popular binary clreuit
now used is sn adapteation and simplification of & circult of
Stevenson and Getting (24) by Higinbothem (84), The aignal
causing the reversal of the staze is fed only to ths tube
requiring the trigger; the other tube is kept 1moclated until
reversal 1s almost complete, The Higinbotham cireult re-
quires only one dual triode and one dual diode lnstead of the
four pentodes reyulred by tne original cireuit.

The maximum rate at which such & clreuit will respond
can be made quite fast (82). As in the case of the mmltle
vibrator, the role of transition from one state to another
depends upon the hich frequency response of the tubes used
in the elrcult. Pentode amplifiers are used in the very

fast circults, and the compensatlion methods described in
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the section on the synchroscope ampllilier may be uased,

Certain disadvantages are inberent to binary clir-
cults, Jome circults are criticel in that they require
precise matching of the components (64), The probability of
circeult failure of the Higenbotham type 1s so nigh that at
leagt one manufacturer made the whole circuit removable for
ease of replacements, The most troublesome feature 1ls the
creation of divislon fectors that are not easily integrated
into a decimal numbering system. If counts are recorded
that are not exaet multiples of the gcaling factor, the
additional counts in the scalling c¢ircult are inconvenient
to totalize and to add to the divlided counts recorded by
the slectromechanical reglster,

Preliminary experiments with high vacuum scaling
pairs indicated that they were rather critical in thelr
operstion. Experiments with the ¥ynn-%Williams scaling
circuit, on the other hand, zave lmmedlste success. They
were, therefore, used in the [irst scaler despite their
limitations. The design developsd is shown on the lower
half of ¥ilgure 5. The input trigrers from the amplifier
are [irst placed on the left hand tricde of the 83L7 which
is & phase splitvter, This triode 13 ancther place where the
pulse can be changed to elther positive or negatlve., The
voltage fed to¢ the right hand side of the tube 1s slighily
shaped by the 0.01 mfd and 20 X coupling circult. The
slgnal is somewhat attenuated by thia process, and is

anplified by the right hand side of the tube. To present a
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constant voltage to the first scalling clrcult, the sharpened
voltaze transient ls then used to trigger a mltivibrator,
the 68N7. The multivibrator produces a posltive transient
of about 50 mlcroseconds end uniform helght to trigger the
first palr of %ynﬁ-@illiams tubes which are two 884‘; to the
right of the 83K7.

Cne of the two 884 tubes comprising the flrst Wynne
%illlams circulit will conéﬁct. The conducting tube creates
a cathode blas by virtue of 1ts plate current flow through
the 3.3 resistor that 1s common to both cathodes. The blas
gs hilgh enough to prevent ionlgzation and conduction of the
other tube of the palr. Under this statlic condition, the
plate potential of the conducting tube willl be very low,
resulting In e difference bLetween cathode and plate potentirl
of only 10-15 volts, The otuer plate will be at the effec~
tive plate voltagze supply since the tube 18 not drawlng any
current through its plate resistor. Therefore, the 0,1
mfd capacltor which is connected between these two plates of
different potential will ascqulre a& charge.

A trigger from the detector is now fed into both
grids. The grid oi the condueting tube has little effect
upon the plate current of this tube. The positive voltage,
however, can cause the non-conductling tube to conduct. This
starts plate current flow through the plate reslstor which
lowers the plate voltszge. 3Since this chanzes the potentisl
gradient to which the 0.1 mfd capacitor 1s connected, the

capacitor discharges through the plate realstor of the
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inltially conducting tube, This discharge lowers the plate
voltage of this tube tc such a point that 1t no longer
conducts, The discharge current decreases exponentially,
and soon the plate potential 1s agaln high enough to cause
conduction in the initially condueting tube. However,
the plate current of the newly conducting tube creates a
Lias that pravagta.ionisation until & second trigger agaln
reversses the situation. |

| The plate ol the right nand tube of the Ilrst palr
becomes éésiiive and &cgativeishea it 13 striggered by two
detector transients. The second palr which is coupled to
one plate of the first palr will be triggered by a negative
and poslitive pulse. The gsecond pslr 18 not triggered by the
negative transient and 1s in this manner only triggered once
for two input voltesge pulses.

The third palr is trizzered by the ehaaga in one
plate of the second palir, and ylelds a poslitive and nesative
voltage change at 1ts plate, This occcurs once for esch
elght pulses genereted at the detector,

The volta e that 1s used to actuate the Cyclotron
Specialties Co. Reglater ls generated by the ESN7 multivibra-
tor and amplified by the GKE~G power amplifier. The
insensitivensas of the multivibrator to negative pulses
completes the selective use of the voltages oecurring in
one cycle of the last scaling stage. A multivibrator is
used to srovide & pulse of the optlmum length-~about 10,000

microseconda--for the reglister,
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The count that is In the scalin; circult at the tlume
that the count is stopped is deteruined from the neon llghts
that are placed ln the plates of cone tube of each scaling
palr. They are arranged so that they wlll 1light when a
palr has completed half of its cycle, and thus has 1, 2 or
4 counts in addition to that indicated on the reglster.

As the palrs always start frown a glven state, the shift in
state in each pair will cause one plate to 7o gulite positive
when half of the o¢ycle 18 complete. This voltage éhangm is
large enough %o cause the neon light to fire, indieating

the occurrence of the halfl cycle, The standard zero state
18 establisnhied by connectlon of the grid reslstors of those
tubes that are to conduct at zero count to & positive source.
All lights will be extinguished at thls polnt. The sum of
the subscripts on the neon 1l:hts In Figure 5 1s added to
the reglster count when a count 1s stopped.

The power supplled to the eclreult 1s furnished by
trasgsformers and a hizh vacuum rectifler., The plate supply
to the 884 tubes 1s delayed to mllow the cathodes to reach
operating temperature before plaste potential 1ls supplled.
The power demand for the 884 sceling pairs 1s high; the
heater power 1a large; and the plate current l1ls nigh because
the tubes drop to such 8 low effective reslsiance while
conducting.

The circuit has proven to be f{airly rellsble under
conditions of relatively low count raste. As had been men-
tioned, it was satlisfactorily used in & separate research

sroblem,.
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Counters with n-scsle rings

Theoretical. The binary circult has the disadvan-

tage of providing scaling factors that are not easily
Integrated with the declimsl system used on most electro-
mechanical reslsters, 3Scaling ractors of powsrs of ten
simplify the srithmetic of count reeardiné eansiaarabiy,
and thus, mach effort has been éingeted towards the develop-
ment of scales~of~ten, Lifschutz, in an article on

vacuun tube scaling clrouits, pointed cut thet the binary
circult was capable of operation at scaling factors other
than powers of two (85). A scale-of-ten cean be altered in
meny ways to yleld a scale~of-ten.(86)., “This scheme was
adapted by Potter tv a scale~of-sixteen using four bilnary
circults es the base [or commercial decade counters (87)
and this system has been subsequently used by others (85).
At & eount of elght plus two, all four cireults are Inter-
nally reset to zero, so that the scaling factor 1s reduced
to ten. 3caling factors other than ten can be cbtalned in
this manner (£%) but ten is the wost uselful, If only one
dual triode 13 used per blnary staye, the circuit 1s very
economical of parts and power.

The altered scale-cf-sixteen has seversl disadvan-
tares. ‘‘he neon lighits whileh lndicate the residusl count
In & scale cause problems. If direct Indlcatlon of the
binary sta-ses 1s used, additions are necessary. If direct
single 1ight indication 18 used, & reslstor matrix is

required whlch causes direct indication of the operation
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of the scaling tubes to be lost, 3Scaler operarnion csn be
checked by observing lights at slow count rates. Thls can
be done best, however, only when direct connection 1is
possitle. Anotrer dlasdvantage 1s that the maximum count
rate may e decreased., In one such scale, on which full
information 1s avallable, the count rate was reduced from
125,000 ecounts per second to 30,000 counts per second by
the feed back circults needed to sdapt & scale-of-slxteen
toa scale-of-ten (90). These eclrcults are made by many
manufecturers as completely replacesble units; this should
not be necessary in a completely satisfaetory unlt,

Ring eircuits or combinations of ring elrcults and
binary eircults have been used for declmsl division of
fast translents., The ring circuls can te consldered an
expansion of the bLinary cireult. Two tubes react in the
rins in & menner gimllar to that of the t wo tubes In a
binary clireuit. By this sort of a reaction to s transient,
8 state, possessed by only one tube in the ring at a time,
becores rotated around the ring, Translents equal to the
effective number of states In the ring are requlred to cause
complete rotation of the ring to any arblitrarily chosen
Initiel atate, The electrical change that occurs at this
tube 13 large when the tube enters the unususl staste, Since
the tube enters thls state only once per ring rotation, the
subsequent eircult will be triggered only once per revalution.

This method was first used by Wynn-Williams with
gas fillled tubes, but did not prove satisfactory (91).
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Host ring type hlgh vacuum tube scaling circults have been
limited to a maximum of five, because of the additlonal
demand encountered when esach subsequent tube 1s added to
the ring (92). C(Conseguently, to obtalin a scale~of-ten,
binary circuits are usually incorporated in various ways.
lewls described a nethod that used s scale~of-two Lefore
& ring of flve {91)., Other methods have been described
using the seals-of-two with ring ciroults to get a decade
scale (63 ~ 98).

A circult that combines this type ring and binary
scaler has been deacribed by Sharpless (92). Fach diglt in
the decade i3 assiimed a binary eircuit. The orlentation
of the binary scale 1s the distingulshing change in the ring.

This type ring hass several advantazes. It is ex~
pansible and can ve sade in any size up to at least twenty.
It is not mueh more demanding of parts sand tubes thaen others
that have been described (93) and 1t can operate under a
wlde range of conditions. It alsc has the recommendation
of successful use 1n the Enlac computer, whieh 13 a device
that dexands high accuracy in division., In addition, the
palr per unit of the scele slsc permits direet observation
of each portion of the secale by the indlesting neon lizhts.
S8ince tnls clreult was found to e easy to construet, and
very satlsfactory ln operation, 1t will be aore fully

described in the experimental section.

Construction. Although the Wynn-Wllliams acaler was

satisfactory for counts within 1ts range, the speed that a
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niob veeouuws tube elrvealt possesses wee thess more desirsble
in & soeler, Az laboretory erperluents with Uinery clreults
wad not besn ton sablelesciory, work wes stsrted on & cume
2letely contained geale~afwal nt which assewmbled L Ilrst
power supgsly, ‘he anylifier, and she Pynn-uilliews circult
on one chassis,

The pabllesilon of Enlae clircults at thls tirme,
with 1t8 ¢lal:s of extrsce rellalllity when sade =1th parts
of nermml tolersnce, seeomed Lo Indlcsate that this circult
nisnt te vebisr Lhan those Lhat have besn previcusly Lested,
Lotest ring of flve was =mede and found to be gulte statle
and o Janctlon secuaratoly.

The tegl ring Indlested Lhst Tesl res:lis were

phbtalinsd #hen 2he rins was driven wich & pulse of one

3

slerogocow]l durgtlon, The Jdrivinys ¢lreult publlshed Ifor
uge wlitl e comguter clroull gsemed Lo Le somewhat compli-
ceted and oo demsndins (or use ln an agaesily of as lizlted
gervices as ere avallietls In s scaler., ‘lthereiore, simplle
ficetlong were musde 1n thia clrsult. The new ﬂ?i%ing
circult uses & multivibrator thatl gpencretles a conatant
volta.e pulse of short doration. Az thls triccering voltare
1s lasced Into a rlas st 8 polnt of relstively 10w Lupedance
(£.0e resliatance), 8 power asplifler 1s umed ©o suplify the
power contalined In ftos voliass output of tre maltivihrater,
e slete sapwply volteos fornalsped tu the gesler and the
grivic clroult could be varisd Irom bedween 78 snd 210 vol:

wlthout ohanslng whe sesllns Taetor or itz rellabllliy.
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The range 18 probsably larger, but this represents the
voltaye that was convenlently avallable at the time. The
normal coammercisl tolerance (plus or minus 10%) of parts
did not seam to change the operation of the c¢circult.

Althouzh the dats deserlbed wes obtained with a
constant source as .enerated by & pulse generator, this
fine stablility was mmintalned when the scaler was triggered
by Geiger tubse transients which were enlarged by an
amplifier desliyned for use wlth the scaler,

As & result of the satlisfactory operatlon of the
teat ring of five, two rings ¢f filve were lncorporated into
the assexnbly origlinally designed to integrate the three
individual parts of the original "scaler™, At that tiue,the
convenience ¢l a ascale~of-ten was recognized; the special
limltations of the partlally completed assenbly would not
allow this factor of ton to be used. 43 this clircult is
easentlally the saze a3 the more widely used scales-of-ten,
it will not be discussed in detall, 1t differa from the
more widely used scale~of-ten In two ways; in size of the
scale cathode reslstors which are a function of the scallng
factor; and In the fact that 1t has only & single range
high voltage supply. A scale-of-0ne hundred using two rings
of ten based on the Inlac rinyg clrcult proved much esasler
to uss,

Because the operation of the decade scele 1s best
explalned with 1ts other parts, ithe whole scaler will be

deacribed. Tihe complete clrcult used ls shown in Flgure 6.
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It consistas of two ampliflers, two rings of ten, and e

high voltage supply. The work on the test ring had indlca-
ted that & sharp pulse was necessary Lo obtaln positive
operation. Comparlison of the pulse requirssents with the
long duration of a Gelger tube pulse, as shown in Figure &
indicates thet it is necessery 1o shape the Jelger tube
pulse intc a form more suitable for the operation of the
scaling clrecults, The only rspld voltage change shown is
that of the 1nltial voltage chenge, which oeccura during the
rapid collection of the light and mobile electrons formed in
the discharge. The'aagaeitange that 1z shown by long connec~
ting cables will load the leizer tube In suech a manner that
the sharp rise will not Le accurately reproduced and will
take much lonser to resch lts maximun voltage. Thus, to
persit the pulse to be more accurately transmitted to the
emplifisers, and yes, perﬁit the use of reasonabtly long cables,
a cathode follower 1s placed at the detecting device. The
cathode resistance, whiech 1s mounted on the malnm chasis, is
8180 used as the galn control that allows the amplifieation
accorded the pulse to be varied. As the cathode resistor
ean be relatively small, less distortion, due to frequency
diserimination, 1s also encountered.

The sizgnal, dependling upon size, can us placed into
the amplifier in one of two places, If the sizgnal 13 small,
it ¢an be amplifled by three ampliflier tubes in addition
to those that are In the cireult at all timss., The three

tubes are Vg, Vy and V,. Tubes V, and Vz are conventlonal



reslstance coupled ampllifler tubes with linearlity of
resonse aided by the cholece of small reslistors for the
plate cireuits of both tubes. The third empllfier used, vé,
iz a8 cathode coupled grounded grigd amplifier (§9). iere,
the signal 18 placed into the cathode circult instead of the
grid, and at the plate where the amplified signal 1s recov-
ered, no change in pelarity occurs. The low resistance of
the cathode circuit wlll load down Vs, the last pentode
amplifier, 1f the signal for the grounded grid amplifier
is taken directly from this pleste, The signal 1s, therefore,
buffered by 8 cathode foliower in the left hand side of VQ
and both functions are hendled by & single envelop €. The
cutput from this amplifier is of the seame polarity as that
furnlshed by the cathode {ollower Vl, and can be substituted
for 1t when additlonsal amplificetion iz reguired.

All signels, elther lar;e or sumall, are amplified by
Vs, a conventional pentode amplifler. Since the signal is
negative, the tube can te sffestively operated at gerc blas
to prevent undershoot (tralling pulses of opposite polarity
caused by the reaction of the cireult to transient waveforms).
If the signal is largs, some chopping of f of the top of the
waveform occurs, but this dées rnot seem to materislly chenge
the operstion of the subsequent cireuits,

Thne signal is coupled 5o the next cireult bty means of
toe only short tinme constant circuit used In the samplifler
train, Rl and C;. The change thet occurs can De seen by

comparing the Gelger tube pulse duration of section 4 in
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Figure 8 with the pulse B on the same [igure that 1s shaped
from it. Thia circult lowers the amplitude of the pulse
that 1s ouvtained, and it must agaein be amplirfied by Ve and
Y?. Two tubes are used szince it 1lg desired to¢ nhave a
positive pulse for further triggering.

The cubtput ifrom V, 1s then used to trigzer a one

7

ghot multivibrator V This tube forms the voltage that

g*
drives the scallng ring. Vg must be driven by a positive
pulse, thls bvelng the reason why so much care 1s glven to
the polarity of the signal wheon amplifieé by the tubes of
previous sectlons. This multivibrator, when trigzgered,
will produce & pulse slightly‘aver one microsecond Iin length
and of relatively constant amplitude. The multlvibrator
thus serves as & buffer between the varying voltage furnished
by the amplifier snd the ring, which is best triggered by a
constant veolta e, The multivibrator has also another func-
tion when used with a proportional voltaze yleldins detectour;
it %ill not allow any trijsger volta;s to be furnished to the
riny unless the voltage driving the cathode follower is
larper than that required to cause the left hand triode to
conduet. larger siznals do not cause the cutput to ineresse
appreciably, thus glving the ring a chance to operate under
almost constant driving condltions.

The voltage obtained from the plate of the rizht hand
side of Vg, however, does not have two necessary characteris-
tica. A trigger wust be of negative polarity; and the driving

pulse which must be placed into a relatively low resistance
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should contaln relatively large power. Amplificatlion of the
signal from Vg by Vg, & power pentode, solves both problems,
The output from Vg 1s used to trizger the rlng. This also
has proven Lo be the most satlafectory place to interrupt
the signals which start or stop the recording of disinte-
grations; therefore, this signal is transaferred turough the
count switeh., A timer, if available, can automatically
start and stop the count rate by energlzing the relasy
paralleling this switeh,

The rings used ere a decade version of those
descrited by Sharpless. The first rinc consilats of tubes
Vip 8nd Vy4. When not triggered, ten of the twenty trlodes
comprising the ring will econduct, one triode In each envelope
As the circult is shown connected, nine of the left hand and
one of the rlght hand trlodes will conduet. This latter
tube is called the "odd" tube for the sake of convenlenca.

The left hand plates tuat are conducting will cause
the plate voltagse existing at these plates to be too low to
maintain the discherye of a 0.04 watt neon bulb, The
interpolation 1igzhts are, therefore, connected to these
platea., The odd tube contains the non-conducting left hand
triode, and therefore, 1t will be at a potential hlgh enough
t0 cause the neon bulb to light. Thus, the operation of
the ring which depends upon the odd stute location is
followed. When operation is atopped, these lights also
indicate any residual count not yet recorded by an electro-

mechanical rezlster,
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Conduction by only one triode In each envelope 1is
due to the differences in grid voltage of the two triodes
a8 & consequence of the connectlon of each plate to the
opposite grid by the resistor network. Conduction Tty one
side incremses the negative voltage at the grid of the other
slde enough to cause this slde to cease conduetion.

An attempt by two rizht hand sides to conduct is
guppressed In the cathode clircuits., All the right hand
cathedes and all the left hand cathodes are connected in fwo
gseparate clroults, The reaslstance through which the plate
current of the left hand sides wust flow 1s only one ninth
that of the rlght hand sides., 4n attempt for two right hand
sldes t¢ conduet will thus increase the negative voltage on
the right hand sides enourh to suppress this condition.

The injection of & single pulse into the left hand
cathode circult from the pulse driving clireult causes the
odd tube to rotate one tube in the ring. As an example,
if Vls were the odd tube, one pulse would csuse "11 to be
the odd tube. This change may be explalined by considering
the following reactions. The negatlive pulse will drive all
left hand grids 1in s positive directlion by canceling cathode
blas. This will have 1little effect upon any of the tubes,
except the odd tube, because all but the odd tube have this
side condueting and, therefore, must have thelr grids at
almost zero potentlal with respect toc their cathodes, Any
attempt to drive these grids farther positive will drive

them poslitive with respect to thelr cathodes., 3Since the
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driving voltage comes from a source of nigh internal resis-
tance, most of this positlve voltage wlll be lost in the
scurce, due to grid conductlon. The left hand grid of the
edd tube, however, will not ve so limlted because this grid
is at a much lower voltsye and can be used to drive the
left nand triode conducting. Thls, in turn, drives the rlght
hand side of thls odd tube to a state of non-conduction by
a transference of the large negatlive change at the left
hand plate, almost unchanged, tc the right hand grild by

the 285 micromlero faerad capscitor connecting these two
elements. The large positive Ilncrease at the plate of the
right hand side of the tube that ls leaving the odd state,
1s trensmitted Lo the right hand grid of the next tube in
the ring, csusing 1t to become the new odd tube., A short
ring driving pulse ls required since it is necessary to
remove the negative signsl from the ctathode of the new odd
tube nefore the positive voltage ls removed from the right
hand grid.

Az 1t is more convenient for computation purposes
for the odd tubes to be in a flxed position in the rings,
all the grid resistors of the triode sections that are
reguired to conduct &t zero count &re connected momentsrily
to source cf positive voltage. This establishea the zero
setting of the rings. Unce this has been established, all
these grid resistors are returned to their normal ground
connections, A capacitor ia3 placed at the end of the resis-

tor used to 1limit the current f{low during this operation of



resetting., Thils allows much hilzher initlial current flow
than that of the steady state in order tc assure positive
resetting, Another portion of this switch removes the plate
voltage from Vgzg, since resettling with more than nine
residual counts in the scales will cause the register to
increase one In count.

The information that the ring has completed & cycle
is obtained from the right hand plate of the zeroth tube.
The voltage varlations that will take place at the plate
are shown in section ¥ of Figure B, This portion of Flgure
8 records the variations that ocecur for more than ten
drivings of the ring. The larze posltive change that occurs
when the tube goes into the odd state 1s used to btrigger
the subsequent cireuits. This 1s the largest posltive
voltecge that cceurs durlng one complete cycle of the ring.

The device that extracts this Information must not
load the ring. 7The loadling of & simple oscilloscope will
cause a good clreult to stop operating. Unbelance is
limited by the use of serles 1solating reslstors in this
lead, and alsc by the use of a cathode followere=the left
hand side of Voge

The duration of the square wave that 1s renerasted
at the plate of Vi, may be quite long, especlally at slow
count rates. To be applicable &3 a trigser for s second
decade, 1t must be sharpened., This takes place in the
coupling clrcult between the left and right hand cathodes
of Vga. The right hand side 1s the grounded grid amxplifier.
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This short time constant circult perslts only & short,
sharp pulse tu te transmitted vo ihe next ring driving
circult,

The bliss on Vgy, the multlvibrator, in the second
decade driving clrcult, must be large enouzh to reject all
but the larse positive pulse that occurs when the first
ring has completed 1ts cycle. Although the negatlve pulse
that follows is large, 1t cennot cause the multivibrator to
cycle, and 1t follows after V., has completed 1ts cycle.

Aside from thls relstively critical adjustient,
the second decade driving circult and the second ring are
duplicates ol the [irst.

The Infornation from the seeond decade is extracted
from the geroth tube in the ten's ring by a cathode follower
in the same manuer that informatlon from the first ring is
extracted, The output from the csihode follower, the left
hand slde of Vas, ssrves a8 & trigger for V34, a2 multivibra-
tor generating a veliage transient. When this Is amplified
by Vss, s power amplifier, the electro-mechanical register
advances once.

The operating characterlistics of the reglsters used
made certaln changes in the output of the cathode follower
necessary. The reglsters uased have a certain cycle thai must
be achleved to permit the maxlimum possible count rate of
the register to bte utilized. FKElectromechanical registers
usually have an armature that 1s drawn to an electromagnet;

this motion advances the recording mechanism. The eurrent
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for the energization is supplled, In thls case, by Vzg. Cnce
the armature has been attracted, 1t must be sllowed to return
to the rest position by de-energizing the mapnet. The tlue
that the coll must not be energlzed in this resetting phaae
is about equal to that requlired during the energiring phase,
Any shortening of this oyele will reasult in inaccuracy.

Of course, the de-energized tine may be any length of tise
longer than the minlmum, This cycle seems to hold for both
Cyclotron 3pecialtles Co. type 4014 and Veeder-Foot form
B«124806 registers,

If the multivibrator creates the proper voltages,
this voltayze will exist halfl of the time between register
impulses at the maximum count rate. In the cutput from the
cathode follower, the positive trigger 1s followed by a
negative trigger by only one tenih the tive beiween reglster
impulses., At slow retes, the multivibrator will have com-
pleted its cycle befors this negative pulse will cccur and
thus, the minus pulse cannot Interfere. At fast count rates,
the negative pulse wlll oceur before the multivibrator will
have [inlshed its optimum eycle, and whille ire negative
pulse cannot cause the multivibrator to start a cycle, it can
cause 1t to finlsh a cycle not as yet complete., If the
eycle of the multivibrator !s materially shortensd, the
reglaster will not have had enough tim@.ta complete ita
energlzation. ﬁtvé rate that would be the maximum for the
register, the eﬁarg&zing pulss would be shortened to one

tenth instead of one half of the elapsed tiue vetween
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resister impulses. Under theae considerations the register
will not operste accurately. Thus, 1f the multivibrator

is t¢ be triggered by the decade positive pulse, the negatlive
pulse must be removed.

A gating olrcult wae devised to remove the nejstlive
pulse. The signal aut;ut of the cathode follower 1s not
used directly as the trigger, but is passed by the common
cathode to the right hand triode of Vzg. The positive trig-
ger from thls plate 1s used ss the trigrer for the maltivi-
brator. The multlivibrator, Vgg, returns & negative slgnsl
to the grid of the rizht nand slde of Vsa' rencering this
tube Insenslitive to any further signals untll the tube Vs,
has completed ilts cyele. As thls nepative voltage lasts
for oniy hnalf the duration of the time Letween rezister
impulses at the maximum eount rate, no recordable counts
are lost, The gating elrcult was not included 1ln the
original model. Later, when incorporated intoc the circuit,
1t increased the maximum count rate by a factor of at least
three.

As the maximum count rate that will be handled by
the two reglsters varies Ly a factor of slx sand the rated
power demand varles by a factor of sixty. A eircult, with
no changes in the slze of the components that will permit
both the ecount rates and the power dexand to be used at thelr
maximum rate, 1ls nol easlly desigcned. A circult, utilizing
one re ister, was desicned as a result of the wide differen-

cgs, 7The eclrecult that 1s shown ln Filgure 6 is that used
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with & Cyclotron 3pecialtles register 401A. This recister
hag a maximum rete of about 6V evenly spaced counts per
second, Vags therefore, generates s pulse slizhtly less
than 1/120 second. As only about 0.1 watt is required to
operate the reglater, Vizy does not have to be of large size.
A 6VE=0T is used to 1limit the varlety of tubes that are
used in the scaler,

If a Vesder~Hoot counter 1s used, the pulse must
be lengthened to about 0.05 second, and 8 lerger tube used,
because the Veeder-Hoot counter requires six to eight watts,
The cireult evolved by ¥r. Williaw Propts for use with thils
register is shown in Figure 7, It uses a 6Y6~C to furnish
this power.

The power supply for the complete scaler ls shown
in Figure 7. Thls furnishes heater, plate, and polarizing
high voltazes., 7The low plate voltages are supplied by a
full wave rectifier and choke input fillter. The plate
voltages for the amplifier tubes are atacilized by a OD3/VR
150 to assist in meintsining constant amplification, The
first multivibratoer, ?8, also érsws 1ts plate voltageﬂfrom
this souree to xeep lts triggerinz threshold constant.

All the rest of the plate voltages sre dropped through
series resisters to 150 voltas. The scelling rings will
operate at 2 voltage ranzge that extends from 75 to at least
210 volis, Voltages above 150 volts unneceasarlily increase
the plate current drawn; while plate voltages mmuch leas than

150 will csause the neon lights to operate faultily.
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The high veltage supply 1s of the type that has
been described under the sectlon on voltage supplles, and
will not be further described at this time.

The ocperation of the scalers, especlally the Celger
tubea, has been quite satisfactory. The galn control had
no effect on ihe numter of counts re:lstered sfter it was
advanced beyond that point required to cause the ringss to be
driven. Thls peraits & range of at lsast six to cne in most
cases, %hen the polarizing voltages of the detsctor were
raised, resulting in an Increase In the voltage, no larg
changes in count rate were observed.

The hizh zain amplifier, utilieging the three extra
stezes of amplification, have not been thoroughly tested
with a radioactive detector., ‘ihelir sensitivity i3 that
which has been offered by other lnstruments of the same type,
& voltage of less than 0,008 volt causing the scalea to be
accurately ensrgized., At any setting of the galn control
in this hlzh galn amplifier, it will satisfactorily hendle
a voltage that is at least 100 times as large as that that
will just cause it to c.orate. Voltages too large will
cause the scaling operation to be very errstic, due to the
overload that is placed on the amplifying system.

If these instruments are used for these detectors,
it would bve wiae to substitute or place In the circult one of
the non=-linear amplifiers developed by other investligators
that compress the voltage range to a slze more easlly handled.

The maximum count rate of scalsrs employing both
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Veeder~Root and Cyelotron 3peclalties Co., registers was
determined using evenly spaced pulses of avout one miero-
second in duration. The pulses were shaped [rom sine waves
that were generated by an gudio frequency si:nsl ;enerator,
This frequency was continucusly monitored by either Lissajou
filsures or circular sweeps that employed the 60 cycle line
frequency as a reference standard,

Using thls method of calibration, the waximum count
rate of a seale~ef~cne“hnnﬁrad naing a Cyelotran Speoclalties
rezister is in excess of 3 x 105 counts per minute. @ith
a Veeder-foot counter, the maxlmum rate i3 Iln excess of
54,000 counts per minute. Helther of these rates utilizes
the =maximum count rete that can be ocbisined with elther a
Gelger tube of 100 microseconds resolving time, or the
gcaling rings of about 5 mlicroseconds,

The statistical rete of a rediosctive count will
lower the meximum count rete appreciably. Since the scale~-
of ~one hundred using a8 Cyclotron Speclalties reglster is
mich fagter than the scale-of-one hundred using a Veeder-
Root c¢ounter, the first will not lose counts at the point
where the alower one will. Therefore, the output of a
Gelger tube, using radioactive sources Lo cause discharge,
was used to simultanecusly test both scales-cf-one hundred,
A cathode follower was used to distrlbute the same pulses
to both scales,

Using the feat circult as a standard, the scale-of=-

one hundred driving a Veeder~poot counter atarted to lose



counts at about 45,000 counts per minute-=losing approxl-
mately 1% by 47,000 counts per minute. 4 similar test could
not be made on the fast counters, vecause no greater
scaling factor than 100 and only the Cyclotron Speclalties
rezister was avallable.

The maximum stastistlcal count rate at a scale~of~
one hundred using & Cyclotron dpecialties reglster was
determined 1in & aslightly different manner, The alterations
in 8 100 scale usini such & reglater follow: Anocther tube,
furnishing power from a separate power supply was driven
by the left hand side of Vﬁ& in & manneyr similar to the right
hand side of Vgpge The circult was the same except for a
500 mmfd coupling capacltor between cathodes. The oubtput
from the right nand trloede is bulfered by a cathode follower
to produce low lmpedance level transmission. 7This means
that the second decade in this elrecult not only drives the
recister, bvut also drives the equlvalent of & crossover
network between decade rings. The output of the cathode
follower, shaped for further decsde use, is then placed
Into the first decade of snother scale using a Veedsr-Foot
counter. FProper adjustsent of the Lias on the second scale~
of »one hundred allows the Veeder-Hoot counter to heve an
effective scallng factor of 10,000, The rate at which the
Cycloiron Speclelties register mlssed counts was, thorefors,
easy to detect, VUsing & 100 miec rosecond dead tlme Selger
‘tube, the loss oi counts started at 140,000 counts per
minute, increasing to 1¥ at about 343,000 eounts per minute,

and to 2% at albout 300,000 counts per minute.



GAS PUASE COURTING

Discussion

The decsde acalers, just describved, worked very well
with commercial Gelger tubes. The 100 mm internal pressure
found in most tubes requires wslls with enough mechanicsl
strength to withatand atmospheriec presgure, W#lth gamma rays,
this does not materlally decrease the count. However, most
artificlal radiosctlve materials are beta emltters, and
thus yleld much less penebtrating radiation, If the materisl
to e counted is outside ihe tube, thin windows or walls are
necesaary Lo permit the radlation to enter, Thin concave
bubtles In slass have long been employed Lo permit electrons
freer access through container walls (100). Tﬁia method ia
aatisfactory only witﬁAaamg materlials; the low energy beta
form Hﬁ, for example, will not pass through the thinnest
practical wall, ¥indow counters are inefficlent; at best
only 3% of 395 or ¢4 padiation 1s counted by a commercial
thin end window tube (101).

The weak radlosctive emltters would be much more
easlly counted if they did not have tube walls to penetrate,
Seversl early papers lncorporated "° as water vapor intoe
Gelger tubes (102 - 103). ¥No operational data on such tubes
is siven. rowell &nd Keid found that gaseous Jad could be
used with butane; howsver, the limis of E° concentration
was low {(104). Other workers have used nixtures of H3, ethyl
aleohol, and argon; although, In this case, & gquenching

circull was necessary (1l05).
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Due to the interest in 014, work hes siso bteen done
on gas phase counting with this material. Brown and xiller

14 carrier (106). Carbon dluxile

used ¢ arbon dloxide as the C
alone could not be used because 1t forms negative lons by
two electron capture at the cathode, and thus, maintsains
discharge, Adding cerbon disulfide to the mixture permitted
this difficulty to be overcome, slthough & Neher-Plckering
circult was needed to achleve successful operatlion. Ihis
technigue has bLesn further developed by idann and rarkinson
who point out several refinements they found necesssry (107).
The Introduction of solid radiosmetive mmterials Into
the sensitive volume of & counter worklng in the proportional
resion 1s posslible (108)., Continuous flow of & gas—usually
methane--through the chaaber st atmospheric pressure is
used (30). Here, however, the self-absorption of Lhe radlo-
gctivity not emitted close to the surface of the particles
of the radlosctive contalning material cauzases loas of ecounts,
Cas phase proportional counting, therefore, has been propoased
for such materials (109).
o gas phsse Uelger tube technique has been prqpaaed
for 899, (Consideration of the xnown ga8 phase cwthods
shows that none 18 completely satisfactory. Host scalers
are desl;ned to operate only with self-quenched Zel.er tubes
and do not have guenching clircults., 4 system that would
operate a8s & selfl-quenched gas phase Jelger tube would thus
have wlder sppllcation. The proportlonal technlgues have

seversl dlsadvantages, In additlen to the provlexs that
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were discussed under the sectlon on proportional counters,
they also requlire voltages usually in excess of those pro-
vided by ordinary hizh voltage supplles. These difficulties
were considered when the sulfur gas phase problem was
consldered, and the research was concentrated on methods

that minimlzed these dlsadvantages.

Exploratory work

The {irst technique that had to e evaluated con-
cerned the prepsration of Jelger tubes by known technigues
which contained normal fillings that would give conslastent
results. This proved to be a tlme consuming plece of work,
Tubes that would count were readily prepared. However,
thelr inltial characteristics dlfifered widely, and the
operation of the tube on repeated filliny was far from
consistent. The lstter difficulty, 1f not corrected, was
& problem that would limit the usefulness of the gas phase
work, since few counta are of enough value to compenssate
for the use of a new Celger tube for each count made,

The location of the source of trouble was made more
difficult by the many varlebles in the operations used to
make 8 Gelger tube., Broadly, the variables may be classified
as the vacuum system that 1s used to evacuate the tube
before filling, the gas mixture that 18 placed 1lnto the tube,

and the msterlsl and shape of the tube assembly.

Filling systems. The vacuum system used to fill the

tubea underwent many changes. The flirst system used ordinary
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glass stopcocks and a Hyvac rotary oll pump to provide the
exhaust, Althousn seversl tubes were oviained with thils
system that would count for & brlef perlod, the system had
so many leaiks and was s¢ limited In ultlmate vacuum that it
was soon abandoned.

The second system was much more elaborate than the
first., The nlgh vecuum was produced by a three scage
De P I. GF=25W o011l éiffusion pump, whlch was then backed
by a Cenco Megavac oil pump., The Hyvac pump was used only
to remove the org&ﬁic vepors from the system to prevent
contamination of the hulgh vacuum producing system. The
apparatus was all glass, with pyrex stopcocks of the amercury
seal type. The vacuum obtalned with this gsystem was highw
approximately 1078 mm orf Hg.

The first tubes prepered on thls system operated
and, due to good sealing techniques, would malntain their
characteristics for a long perlod of time, if they were
sealed off, Almost all were faulty in that thelr count
rate d4id not remain constant over any range of terminal
potential, 'They were obviously of poor guallity since one
of the reasons why the GCelger reglon is used so extensively
1s due to the lack of sensitivity to terminsl voltage vari-
ations when the tube is properly made, To illustrate the
character of the resulta that werc obtalned at this time,
the least increase In count that could be determined for a
tube for & change in 100 volts is given in the following

table, The values wesre chosen at rendom from the large
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gmount of data recorded., The slope that la clalmed for
commercial Celger tubes 1s usually less than 5% for organic

guench type.

Table II. Variable behavior of early Ceiger tubes,

Run number % slope Run number % slope
5 no platesu 85 7
7 10 67 20
17 10 73 11
35 16 78 66
45 9

A

As the alape resultin. frou data obtained from
Gelger tubes prepared on the second system was not satls-
factory, the znethod and materlels used in the manufacture
were changed to see 1f the cause of the trouble could be
located. The vacuum system was left to the last since

this second system gave a very good vacuum.

Gelger tube components. The tubes that were filled

underwent many changes, One of the tube components that
underwent the most change was the cathode. If the work
function of the cathode is too low, the positive ions may
be able to generate addlitional elesctrons when neutralized
at the cathode durin: the tlue when the tube is azain
becomin: fully sensitive to additional ionization. Silver,
grephlte, stainless steel, copper and brass were each

employed as cathodes, ‘The thin nature of the deposit and

1706406
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the lnabillity to properly outgas chemicslly deposited silver
made this cathode gurlace less desirable than the others,
Colloldal graphite with the zlue binder removed has 1ilttle
edherence to the tube on which it haa been sprayed; tLhere-
fore, thls ecathode surface was little used. The other
cathode materials were glven meny trestments; they were
etched with reagents that would attack the surface; they
were internally bored on a lathe to give as smooth a bore

838 possivle with this technigue.

¥leroscopic lnveatigation of seversl lengths of the
tungsten wire that was used for anodes indlcated that the
wire was relatively smooth, 3ince thls material is almost
universelly used for ancdes 1n Jelger tubes, no further
conslderation was glven this raw material., The technlgue of
anode jlowing was used on almost &ll tubes. In this proce-
dure, the tube is first evacuated and then an electrical
current 18 allowed to flow through the wire until it is
incandeacent, Thlis not only éutgaaaea the wire, btut also
is supposed to burn off any sherp protuberances on the
surface (110).

The material of the envelope was plass in almost all
cases, The difflculty of outzessing tubes that had organie
Insulators as well as the slow decomposition of the organie
insulators at low pressure on eging, -akes glass a much
better Insulating envelope. The thermal instabllity of large
metal-to-zlasas seals makes aetallie tube bodles much harder

to use than those requiring small glass-to-uetal wire sesls.
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Tube trestment and flllings. The tube itselfl, when

assewxbled, was gliven many types of pre-trestment. All were
thorourhly washed once the glass blowing operations were
completed. Then they were treated with one or more substan-
ces such a3 concentrated mineral acida, ammonla, or organic
solvents vefore belng tuorcughly rinsed. 3Jome were furiher
rinsed with redistilled orranlc solvents such as éanzena,
ethyl alcohol, dioxsn, and soc forth.

The fillings that were used were varied to & great
extent, The quenching azenis used include methyl alcohol,
ethyl alcohol, diethyl ether, xylene, and n-amyl acetate.

A dry, commercially prepared, raw materlal was chosen for
purification and then redistilled under conditions that
produced dry samples for use as quenching caterials. The
ether was distilled from sodium; the ethyl alcohol wes dis~
tllled with anhydrous bengene and only the last fraction
uged; the xylene and n-amyl acetate both form low bolling
ageotropes--any water present would be discarded with the
forerun; methanol was distilled from C. P. Methanol using
only the middle fraction of the distillation. All samples
were distilled throusch a fractionating column that had
approximately 10 theoretlical plates-——the theoreticsl plates
being determined by total reflux with bengzene and toluene,

The commerclal tank argon used In the tubes was
furnished by two different suppliers. To purify this
material by removing any reactive contaminants, the gas in

soms runs was led over magneslium st 600% C, Other inert
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gases beslides argon were used, namely, hellum and neon. The
ratio of rare gas to organie vapor, as well as the total
pressure of the gzas mlxture, was widely varied.,

Although the rgQIéual ai? in the aystem was removed
by heating both the tube and the system with the f{lame of
a nand torch, 1t was thought that resldual gas still in
the tube mlight be 8 cause of trouble; iherefore, an oven
was bullt to house the Jeiger tube so that 1t could be ex-

hausted at a temperature of 400° ¢ for fifteen hours or more.

Vacuum system changesa. Although all of the iltems

that have been listed above were used In en attenpt to
inereese the rellabllity of counting, no appreclable change
in results was noted. This left only the vecuum system
to te ehanged., The need for a change in the system was
confirmed by an experiment run on an unusual téb@ prepared
on the systemea tube that had only & negligible slope.
The tube was agaln evacuated and filled to 100 zm with only
argon for seven cyecles, At the end of the seven fills, the
tube was again filled with arzon and ethyl alcohol and the
slope determined. The f11ling operstions had increased the
slope to 13%.

it was postulmted that the tubes misht be contam~
inated vy either volatile materisl from the stopcock
lubricant or decomposition products from the oill diffusion
pump, Alkallne titration showed that the hlgh bolling
ester in the diffualon pump had acgulred quite 2 high acidity;

thus, this material hed decomposed.
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A new system was therefore constructed that ellme
inated both of these possiivle contaminants, A two stage
meprcury diffusion pump was substituted for the oil dirffusion
pump, Dry lce trsps were itept between the vacuum rack and
both exhaust systems st &ll times, The stopcocks were
replaced by mércury cutoffs, sdaptations of a design of
Stock (11l). The float valves in the two legs were replaced
by astmospheric legs, as 1t was hard to et valves that did
not leax, Fritted glass dlscs were used to allow partial
equalizstion oi the pressure between the two legs; otherwise
high pressures caused violent displacement of the mercury.

The first two tubes prepasred on this system were
excellent, and had low slopes. At the end of f1llin: and
eéxhausting these tubes seven times, the slopes were 1.7
and 1.2 on the tubes, The Intermedlate runs did not differ
appreciably from the first and last.

The fraglle nature of thils system made continuous
use of mercury valving system impossible. The diaphrauxs
developed msrcury leaks after a period of use. The large
volumes oi mercury needed, and the ease with which 1t could
acqulre high velocitles led to much gless breakage., Thus,
while it was possible to get good tubes on this system, it
was necessury to replacs the mercury cutoffs because of
maintenance reasons.

The asrcury cutoffs were successfully replaced by
brass valves of the type that sre used on high pressurs zes

cylinders. 3Simple replacsuent of the stopcocks by these
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would have meant that wany metal to zlass sesls would have
to be used; so much of the glass tubling was replaced by
copper and brass tubing. The copper tublng used to connect
the valves to the system was silver soldered directly to the
ports of the valve. Bilver solder was used tc seal all
other metal-to-metal Jjoints. kKetal-to~glass seals wers used
only when necessary.

The aystem was found to function quite satisfactorily
in the preparstion of Gelger tubes. The average alope per
100 volis cobtalned from the tubes fllled on' this system was
less than 37 end rarely more than 5%. & diagram of the
system is shown in Flgure 9 along with a pleture of the

completed system.

Gelger tube manufscture. The experimental technlque

that was evolved for meklng Celger tutes, which are reason-
ably simple, requires several steps. A drawing of the tube
that was choasen for tﬁn gas phase work la shown in Flgure
10. Since the radloasctivity 1is placed into the tube, no
thin walls are neee@aary. As many types of experimental
mixtures were to be plaeed into the tubé, the tgﬁé had to
be sasy tu make because some might be ruined by corrosion
or other contamination, and therefore dlscarded.

Qf the component parts Iln the Geiger tube, the cathode
recelved the most sitentlon, Etched cathodes used in the
beszinning of the work gsve more reliable results than the
non-etched eleetrodes, Highly polished cathode surfaces

gave more rellable results than did the eteched ocathodes.
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This latter fact is probarly due to the lack of sharp
particles on the suriace ¢! the sleetrode. Stalnless steel
1s guite easily electropolished and 1t 5ecame the standard
material for cathodes,.

A cathode was prepared in the followiny manner. A
section of stalnless stesl pipe slightly longer than the
finlshed cathode was cut from the stoek. After chucking 1t
in 8 lathe, a 60 grit aluminum oxide abtrasive wheel was
used to grind the wéld narks Irom the bore. The bore was
then polished with a rubber bonded polishing wheel., After
trimming off the excess length, the tube was mounted on a
brass expansion manﬁr@l; and the outsicde machined and
pollished to & smooth surface., 011 and metal chipe were
removed Ly washing in not detsrgent solution. The blank
was then ready for electropolishing.

The electrolyte employed ior the pollshing was a
zixture of 10% n-butyl aleohol, 60% puosphoric acid, 15%
sulfuric acid, and 1564 water by volume (112). The cathode
was polished by 70° C at 1 s/ina anode current denslty for
cne half hour., The apparatus used 1s shown in the bottom
half of Flgure 10, The pump was used to clirculate the
electrolyte, otherwise a hizh coneentratlion of hydrogen
bubbles from the cathode bullt up in the solutlion and
caused poor conductivity. The solution colored rapidly
during its use due to the presence of chromium and nlckel
salts. However, these asalis did nol seam tc hinder the

polishing operation. T[his treat:zent leaves the stuinless
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steel In a very passlive state which alds its corroslon
resistant abllity, and in additlon, probably mekes 1t a
better electrode material,

The cathode was then well washed and drled. HNext,
six suall stalnless steel lugs were spot welded on to the
outside of the ends of the tube, three on each end. This
kept the cathode separsted from the glags wall of the
envelope, and permitted much more thorough washing of the
completed Gelger tube. The cathode was then placed on the
brass mandrel snd the lugs machined to make a close fit to
the bore of the glass tubing that was to bLe used iIn the
envelope. A bsaded tungsten-to-Pyrex seal was then spot
welded to the outside of the cathode, which completed the
cathode, It was iIintroduced into the tubs at the proper
polnt In lits construction.

The only anode uatsrial that was used was tungsten
wire, It has high corroslon resistance, and resists the
pitting action of electrical discharges., 1t was spot welded
to the tungsten~to-metal seals and the nlchrome spring that
1s shown in Figure 10.

When the tube body was hall msde, the cathode was
inserted and the other half of the tube body blown, The
anode was then inserted with the help of a atiff wire and
sealed into the small tubes that surround it at each end of
the Gelger tube. The tube was then ready for cleaning. This
involved many rinses before beling driled under vacuumi two

with bengene, one with dlozan, at least two with alecohol,and
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finally five with distllled water., If the tube was not to
te used ilamedlately, 1t was filled with distillied water

untlil needed,

Final vacuum system, The vacuum system required

very little work after assembly. Huch less trouble was
experlenced wlih oxide coatings Inslde the system due to
the heat necessary for solderling, 1f natural zas was allowed
to slowly flow through that paprt that was beling slilver
soldered, The plpes were soldered to a dlsmanteled valve,
the seat cround with 600 mesh cerborundum powder, and
lapped with rouge after grinding, Even with these precau-
tions, valves sometimes leaked. The finished valves were
soldered ons by one to the system, the system evacuated,
and sllowed to stand for at least 16 hours. 1! &ny appre~
clable change could be seen in a mercury msnometa connected
to the system, the valve was replaced. Later, 1t was found
that scetone, dripped over a suspected leak, caused an
inerease In the pressure that was recorded by the left hand
Plren! guage in Fiyure 9., Host of the metal-to-glass seals
that were used in ithe system were Housekeeper coppsr-to-
Honex seals. They werce recovered [rom used klystron vacuum
tubes. In most cases the Pyrex tublng was sealed direetly
to the Yomex of the seal, The sallver soldering of these to
copper tublng save some dlificulty, because the copper tubling
left on the recovered seal was rather shert. This short

copper tublng el the recovered tubes conduded the heat of
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soldering to the wetal-to-glass seal. Inltially, an attempt
was maede L0 try to keep metale-to=glsss sesls cold by immers-
in: them in water whlle the svldering was being done. The
rapid renoval of the heat by this coolant zade the prepara-
tion of silver soldersd jJoints very difilcult, Later, the
whole joint was heated, and aftgr sclderin., the louasekeeper
seal was very alowly cooled to reileve strains in the seal
caused by the heating.

The Gelger tube to ve fillled was sealed to the Pyrex
manifold in the right hand side of Flgure 9., If the Gelger
tube was to be sealed off after f1lling, the glass tublng
connecting the “elier tube Lo the system was narrowed down
to permlt easy sealling.

After all the tubes had besn sesled ontoc the ’yrex
manifold, the alr was removed by the Lyvac pump, Then the
diifusion pump was connected by opening the proper valve,
gnd the tube and vecuum aystem pumped until the pressure
did not rise above 1 mlicron whils the system was hot, The
heat was supplied by a hend torch. The anode was "glowed"
at a high vacuum by allowing an A. C. volta:e (sbtout 1 V)
to flow through the wire, The pressure was allowed to again
drcp below 1 micron 1 any raise was noted due to “"glowing".
Then, proper pressure cf premixed argon-ethyl alcohol waas
diffused into the tube from the lower manlfold in Yilgure 9
The zlope was deterained while the tube was on the rack.
Satisfactory tubes were sealed ol from the system 1f this

was t0 be the deposition of ihe finishted tube,
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Contaminant trlals. Consistent tubes werc jrepared

by the technique using the brass vslved system. As thls
represented 8 change in several varlatbles, an attempt was
made to further lsolate the contamlnating material from those
that were thou.ht to be causing the trouble.

The work in jrepering & good vecuum gystem using
brass valves was s0 time consuming thet direct introduction
of a possivle contaminant Into the system was not considered.
The testins was done by breaking connections in ssszemblies
that had been sealed completely from the vacuum aystem.

Two types of apparatus that permit exposure to
contaminants were used. ‘The [irst was a Celger tube that
had two chambers sealed to 1t, each separatsd initlally from
the tube by breax off seals., With two seals, a good tube
can »e re-evacuated, and then, by breakln; the proper seal,
can be exposed to the xaterlal under test as a contamlinant
while & hi h vacuum exlsts, The tube 1s then brought to
the proper yressure of rare jas-organic vapor by breaking
the second breakt off ssal.

The second, and more slmple apparatus, used only
one side arm. A good Gelper tube was used ior the experl-
ment. To this tube, & single side arm was attached, and,
after filling the tube with & standard 100 mm of 10% alcohol
and 90% argon, the sesl was broken and the characteristics
of the tule determined from time to time. The absence of a
hish vacuum did not seex Lo hamper the effect of some of the

constltuents on zood tubes. This is probably due to tne long
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duration of exposure., The single side arms were less
complicated and, as a result, less sublected tc leaks and
otner undesirable complications., 3lngle slde arm tubes
were used Yor almost all experliments,

The procedure evolved for making test on the pos-
sible contaminants is as follows: [Iirst a good tube of the
gsort illustrated in rlgure 10 was made, 1ts plsteau being
checked after completion., The contaminant was sealed into
& small bulb et the bottom of a Pyrex tube approximately
the same length as the tube., The small bulb in the bottom
connects to the larger volume at the top of this 12 mm tube
by means o! & break off seal similar to that used on rare
s88 flasks. Above thls wes placed a8 hammer zade of ryrex
rod severzl millimeters smaller in dlameter than the 12 ma
tube bore. The comparatively long side arm is necessary to
permit the hammer to aequire enouph kinetic energy to break
the seal. The szall btulb for the contaminant was thoroughly
washed, rinsed, and dried in the same manner as the Celger
tubes, A drop er aaall,quantizy of the material to be
teated was placed in the bulbj the bulb's sidearm sealed
onto & dry lce trap thet isolated the bulb from the vacuum
system; end the buld thoroughly evieuatéad. After less than
1 micron of pressure had been malntalned for more than 30
minutes, 100 mm of arpoen were added to the bulb, sand the bulb
sealed off frox the vacuum system. A mixture of alcohol and
argon, which would have been lesas dlsturbing to the mixture

of the Geluer tube when the break off seal was broken, was
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not used because condenmation of the aleohol in the trap
would have contrlbubted snother variable,

After the top of the side srm and the hammer were
thoroughly washed with solvents and waber, the hammer was
slaced in the side arm and the top of the side arm sealed
to the filling tube of a e¢leaned CGelrser tube. The asseambly,
senled dlirsctly to the vacuum aystem, was pumped down,
agaln "glowed", and f1lled with 1O mm of ethyl alcohol vapor
and 90 mm of sargon. The tube was sealed off from the system
after a gqulek check, and allowed to stand for several days.
The starting potentlal of the tube was determined several
times and st least one slope determination was made., If
the slope was satlsfactory, and appreclable increasse in
starting potencial due to leaxs had not developed, the
hamnuer was allowed to break the break off seal., After the
break, the slope of the tube was determlned from time to
time. Assemblies were made with the following materisls;
used Octoil, 3ilicone lilgh Vacuum (rease, Cellogrease, and
new GCetoll., Two bLlanks were run at the same time. The
increase in slope that oecured 1s shown in Figure 1l. As can
be seen, only used vetoll and Csllogrease gave slopes that
increased appreciably with time. No starting potentlials
of any blenk sssemblles changed appreciebly during the runj
thus, the chan;e notlced was probably due to the contaminat-
ing effect of the materlial and not due to alr leais.

To test the effect of exposure of the contaminants

on the aleohol psrtial pressure in the Gelger tube, a
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seoarate exgeriasnt wes conducted. A glass coyllinder, oqual
In volume %o s el oer Lule, %as s8sl.d kv & cleosed end
mansmater. 4 alde ars, hacmer, anc Lresx If tlp was

gesled o the evliinder, o bulb below the bLreal off tip
eontalned 10 mm of srpon In addlitlon Yo used dloveiyl
phthimlate, the econtowinent, tnet weas espleyed In the con-
taminastion trials. oloetyl pghthalate wss chosen bLecause 1t
should pe the Lest sslvent lor ethyl mlecvhol of ihe contame-
inants tested., The eylinder was then evacuated, filled with
10 mm of etnyl mleohol snd serled ol from the vasuum rack.
Ko ensnse In alcohol preesure was notleced over & two day
pericd. The cylinder, thersiore, was tichtly ssaled. TFext,
the Dresx of f gsesl was Drogen end the pressure recorded
perlodicelly over s syusce °f more than one month., Any
decressgs In preszurs due to ehaorption wes less then that

visible an & sercury menoemeber (J,5 mw). This data, there-

fore, Indlgates Limt sny changceg In the Jelrer tube were
not csuged by loas ol sleohkol pressure,

the pregence ol Cellogresse snd bhe used Cetoll in
be unsstlalactory old systomn wes thas proba.ly the cause of
piwes wocr roesults that were sbserved over = lony gerloed of
tise. Tlllicune ;reuse <ld not sesm tu aoniaclnete the ube
to whiileh 1o was connscted. however, tnls lubrleant, due %o
1ta inhomosenlious nature, was nob getlisfactory as & s opesck
lubricant,

Tne bubes toat were comneeled Lo the new Uotoll,
ardl the sllicone Jrease were beated alter Lone porlod of

slope dstarsinatione #as conpisted, The s'dearns were
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heated in the {urnace that was desipned for the Gelger tubes.
he btemperatures at which the tubes were hested started at
£50%° ¢ and finished in both cases at 450% C. The tubes

waere heated for one hour at the terminal temperature and

for an saditional hour at each S0° interval between the
extremes, A slope was determined after eamch heating perlod,
The new Cctoll did not change the chearacteristics of the

tube even when heated. AL the end of the hizhest temperature
heatling period, the ester had syparently decomposed, sinoce

8 solid subatance had sublimed from the side arm into the
cooler portions of the Jelger tube.

The sllicone stopcock grease d1d not chenge the
slope appreclably until 40@? C heating period. At this teme
perature the slope lncreased from 5% to 9% and a fter heating
for one hour at 450° ¢, tbg slope was raised to 38f. A hard
deposit was seen to be present in the vottom of the buldb
that had originally held ﬁha’greaa&, and a deposit of an
01l was noticed in the Gezger<tuﬁe. The greasé had appar-
ently been separsted into its volatile and non-volatlle
fractions,

The failure of the new Octoil to contaminate e tube,
even after such drastie neating, 1s probazly due to the

lack of alr in the system to oxldize the eater,
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Experiments wlth $ulfur @aﬁpaunﬁg

Inorganic sulfur compounds. As soon as the tech-

nique for makine consistent Zelger tubes had been devsloped,
attention was slven to the gas phase counting of sulfur.
This part of the work was comuenced only after the Jeiger
tube procedure had been perfected, vecause the varistions
obtalned before would have masiked any changes due to the
sgulfur compound,

The saterial used o carry the sulfur had to have
definite speclilcetions. It wmust not be corrcsive to the
gstainless steeol cathode or the copper and brass of the
metal portions of the vacuum system. The sulfur compound
must be & gas or a liquid poasessing a high vapor pressure.
A high vepor pressure 1s requlred for two reasons: a high
vapor pressure would assure enoush aulfur iIn the tube to
yvield an appreclable count; and also 1t was found during the
experiment on variations in quenching agents, that materials
which were relatlvely non-volatile, such as n-amyl acetate,
were difffieult to remove from the vacuum system. The
materisl nust not contsuinate a8 Celger tube when used
repeatedly In the same shell. And 1t should not change
the operation of the tube upon aglng, because time must be
allowed t¢ obtain a count,

Two types of fillings were consldered with all
aulfur fillinga. At first, the material was mixed with
the inert gas, argon, and evaluated without any additionsl

guench. 1If thls was not satisfactory, the second filling
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employed an orgaenic quench to see whether or not the
results could be improved,

The use of a guenching clirecult would probably
extend the range of waterlals that could be used in the
Gelger replon. This circult is nov avallable on most com-
mercial counters, however, and sketehy experiments In the
laboratory indlcated that quenching circults were not easily
used, Ths use of a guenching elrcult, therefore, was rele-
gated to the position of last resort--a method to be used 1f
all the compounds tried would not count in the Jeiger region
without quenching.

It was unlikely that sulfur to be counted would be
in the proper chemical form, so unly simple compounds were
conslidered so that the gasa contsining form of the sulfur
could be casily prepared., Inorganic compounds were con-
sldercd first because they are the moat easily obtalned,
especlally 1f quantitative ylelds are required, Sulfur
dioxlde, carbon disulflde, hydrogen sulflde, and thionyl
chloride which waré all casily available for evaluation,
pagsed most oi the reguirements of the sulfur carrier.

A technique fdr'thé‘int?adactien of the sulfur com=
pound into the Gelger tubes follows: The Gelger tube used
was simllar to that shown In Flgure 10, It was sealed
directly to the upper manifold as is shown aﬁ Flgure 9, and
left there unlesa further operations on the tube necessi-
tated 1t beling sealed off after filling. The tube was firast
filled with 90 mm of argon and 10 mm of ethyl aleohol by
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the Geiger tube procedure already described. A plateau
was determined to make sure that the tube waz of good
quality.

The tube was then re-svacuatsd and outgmssed by
flaming. After thia, the suifur geas wes thsn placed in the
manifcld by openling the valve above the llquid reservolr
untll the proper pressure was indlested on the mercury
mnanometer, The proper asmount of argon or argon alcohol
mixture was then let ln from the lower manifold, and at
least one nalfl hour ellowed for diffusion to take place.
The characteristics of the tube were determined while the
tube was stlll sealed onto the vacuum system. As no radlo-
active materlals were used in the screening process, elec-
trons were liberated in the tube by bowbarding the enclosed
gas with an external radlum source.

Sulfur dloxide was the first gas svaluated. As
conflicting statenents were to be found in the litersture
(41, 113) as to the effect of this gas on & Celger tube,
it was found necessary to evaluate this substancse In the
laboratory.

The sulfur dloxlde used was prepared by adding 50%
sulfurilc acld to €. P, potassium metablsuliite. The
mixture was gently warmed to complete the reaction. The
sulfur dloxide evolved was drlied vy passing 1t over anhydrous
caleium sulphate, and then condensing it in the gss tank
whille cooling it wlth dry 1lce. After about 100 ml of ligquid

sulfur dioxide had been collected, the outlet of the tank was
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sealed, and the flask allowed to werwm up to room temperature
slowly. The aulfur dloxlde that was 1n excess was allowed
%o bubble through the mercury sesled vent, and the finel

gas preszure was thus limlited to about 16 mm of mercury.

The large excess of sulfur dloxlde when vaporized swept

the elr from the aystem, A sample of this gas was
completely absorbed in a 107 aqueous sclution of sodium
hydroxide,

o plateau resulted when 10 mm of 50g gas was mixed
with 90 mn of argon. Less than flve volis ceused the tube
to go from & state of non-counblng to continuous discharge.
As amaller quantitles of 333 would result in the tube having
qualities close Lo that of argon {(which will nut self=-
quench) no further work was done on binary mixtures of
sulfur dioxide.

The results that were obteined when sulfur dioxide
wea mixed with argon and sthyl eleohol are shown in the
table on the followlng pege. A3 can be seen from the data
in the wable, the introduction of even small concentrations
of sulfur dloxide %o a tube, that otherwise should give good
results, causes very poor resulta to be obtained, The
sulfur ges raises the starting potentiel; however, this
raise 1s not enough to make its supply a prodblem. The slopes
were so poor, however, that the use of 50y was temporarily
disecarded.

Hydrogen sulflde was the next inorganic sulfur gas

to be tried. This, the end product of a vigorous reduction
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Table I1I. The influence of sulfur dloxide on Ceiger tubes,

#1lllngs Tube chargcteristics
best slope/

zm 502 =zm aleochol mm argon starting voltage 100 v

- 10 90 910 P

10 10 80 1650 no plateau

& 10 80 1400 &7

2 10 30 1350 160

1 10 20 1150 170

- 10% g0 930 1,0#

#Plateau of tube after SO° experimenta,

of a sulfur compound, 1s relatlvely easy to obtain from a
sulflde. To prevent 1ts contamlnation with the alir in the
generatiing system, the system was evacuated to less than
lmm pressure before the 50% sulfurlec acld was added to FeS
to gtart the gas generstion. The gas was collected In the
liter storage flask under slight pressure after 1t was dried
by caleium sulphate. A sazple of the H,.8 used, disasolved
completely In & sllghtly scidiec soclution of lead scetate,
A mixture of 10 mm of EyS with 90 mm of argon did not have
any appreclable range of terminal potential, so its use was
alsc discarded as was the bilnary sulfur diexlide--argon
8yaten,

The mixture of hydrogen sulfide with ethyl alcohol
and argon gave the results that are tabulated in the table

on the followiny page. The results show that again small
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Table IV. The influence of hydrogen sulfide on Selger tubes.

Fillings Tube echarscteristics
best szlope/
ma HpS mm slcohol mm argon starting voltage 100V
- 10 20 00 1.9
10 10 90 1350 70
& 10 20 1300 23
2 10 90 1260 18
1 10 80 12560 11
- 10% 90 2304 4.35%

#Plateauy of tube after ﬁzs experiments.

Quantities of the sulfur pses raise the starting potential
and the slope of the Jeiger tube, froportionately, the
change was not 30 much as that shown by the sulfur dloxide,
but it was enough to warrsnt ithe attempt to find & better
meterial to carry the sulfur.

As iller has found, €5, alded in the quenching of
8 carbon dloxlde contalning tube., This materisl was next
considercd. No attempt 1s made here to claim C8g is an
inorganic compound. It is included here because of its
simple structure, &nd for the sake of convenlence., The
chemlstry of carbon digulfide's preparation 1s not so simple
a8 the two materlels already dlscussed, and it was thus
tried after the other twc had proven unusable and discarded.
As it contains carbon as well as sul fur, and 1f it would work,

this compound might also be used for ¢l4 counting.
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The earbon disalfide used wes a C. P. laboratory
sample, It was Nuether purldiled by distillation. Unly the
center cut of the meterial was zaved for use, The saumple
had & bolling renge of sboul 0.1% ¢ and was clesr and
golorlens,

The carbon dlsulfide was Introduced into s good
tube with sargon. It proved not to Le a guenching agent,
and, when aixed with ethyl aleohel xnd ergon gave the

following resultz as snown in the table,

Table V, The Influence of carbon disulfide on Celger tubes.

Pillings Tube charscteriatics
beat slope/
ma (Se mm gloohiol mm arion starting voltage 00 ¥
-— 10 20 930 1.9
20 10 7o 1700 no platesu
10 10 £ 14580 "
S 10 88 1350 "
€ 10 87 1200 *
10 89 1060 "

Thus, the carbon dlsulfide 1tself was not a guenching
agent and 1t interferes with the jusnehlngy actien of a proven
guenching sgent, 7The success of ¥iller with the carbon
disulfide-carbon dioxide mizture, in sll protebllity, was due
g0 ths gquenchling elreult,

Experimenis with thionyl chlorice indlested that this

material would nut be satisfectory, due tov extrsme corrssion
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of the meprcury and the copper in the system, Other sulfur
compounds containing utalogen were set aside until other

less corrosive materisls could be tried,

Organlic sulfur compounds. As the lnvegtigatlions

described had ellminated most of the simple inorganie
materials, considerstion was next glven to the organic sul-
fur contalning materials. The more simply prepared of these
materials, the sullldes and the mercaptans, had chemical
simllarity to ethers and &lcohols-—gubstances that had
proven to be ssatisfactory quenchera. These were thus cone
sidered rirst. The low molecular welght mercaptans do not
seem Lo Le as ﬁaaoaiatad as are the aléonels; they boil at
a lower t@§§araﬁura and have a hizher vapor pressure at
eQuivélent tenperature, The higher molecular welght of the
..saulfldes make them boll hisher than the corresponding .
mercaptans——a reversal of the low molecular welpht oxygen
counterpart behavior, lethyl - isulflde has a beiling point
close to that of dlethyl sther, This relatively high vapor
pressure, thus, would make 1t easy to purge from ths vacuum
system, The odor ¢f the .sulfides, while bad, are not so
bad as the odors of the mercaptans, and therefore, were
less offensive to handle. For these reasons experlmentsal
work was started on “sulfides first.

The methyl sulfide used was an inactive sample
parchased from the Eastman ¥odak Co. and was packaged In
8 sealed glass bottle. The material was sllowed to stand

over C&Sﬁ4 Lo dry, but no further puriiicatlion was given to
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it. It wes then placed in & bulb, and sesled onto the
vacuum system wihlle cold. 3eversl samples of the i8s were
evaporated and discarded to remove the air in the system, As
the material was evaporated to provide the vapor in the
Geiger tube, some purification was obtalned by the filling
process.

The procedurs was the saxe as that used on the
inorganic sulfur gasses, A btudbe was flrst filled with argon
and alcohol to checlt its performance. If thls filling geve
satlisfactory results, it was used for further experiments
with the untrlied mixtures after the tube tad been pumped
again to a high vasuum,

The first sample of dimethyl sulflde used gave ex~
eellent results when nmized with argon and irradiated with
ganma rays from an oubtside radiam source. Subseguent
tubes proved to be equally satisfectory. Consequently,
systematlec evaluatlon of thls compound was meds. .

One of the moest ilmportant factors that had to bLe
considered was the elfeet of the disulfide on continued
use Iln the saxe tube. The results that were obtsined in
five runs ars srayaed in Section A of Figure 18. The slaope
did not chanre at #11 and the tube was &8s good at the end
of the several vuns as 1t was at the beginning.

The maximum tolerance of the tubes to methyl sulfide
vapors was determined, and the resulta are shown in Section
B of Figure 18, The slope of the tube dld not exceed 5% untll
over 20 mm of dimethyl sulflde had been placed in the tube.
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the use of larger pressures is not satisfactory as they
increase the potential reguired. An increasge in terminal
potential of ubsnt’séﬁ volés higher is reguired to cause &
tube to count at 30 mm pressure than that which 1s required
at 10 mm.

A tube was filled with 10 mm of dimethyl sulflide,
and 90 mm of argon and then irradlated wlth gesms radiation
at 100 volts above lts starting potential for & long period
of time, The slope of the counbing rate terminal potential
curve was determined from time to time, and is graphed in
Section ¢ of Figure 12, The slope was less than 5% for
about 108 counts. The dead time and recovery tine of the
dimethyl sulfide {illed countera was determined by observ-
ing synchroscops displays such as are shown in Figure 1,
The dead time was the same a&s that shown by e thyl aleohol
and dlethyl ether, 95 microseconds. The average recovery
time was equal to that of the ethyl aleochol, 180 microssconds,
but larzer than that shown by the dlethyl ether, 175 micro-
seconds,

The starting potentlal averayed about 1,000 volts
when disulllde was used at 10 mm pressure, This is about
the same as that shown Ly the sase tube [illed with ethyl
alcohol at the same pressure, and under the same conditions.

Hethyl sulfide tubes seem tov be egual %o or better
than ethyl alcohol filled tubes, when operated as self
quenching Ceiger tubes, Thus, methyl sulfide seems to be

an excellent sulfur carrier. The plateaun ie ;enerslly longer
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than that found with ethyl aleochol. Inough vapor can be
placed into the tube 10 get large counting rates if dilutim
of the radioactive sample by ilnactive sulfur iz not too
large. A dllution factor of 196 gives very aoceeptable
eounting rates. The tubes do not suffer from change in
characteristics on repeated fllling; therefore, 1%t would be
possible to use the tube again for a different sample. The
sulfide vapor is not corrosive to any extent to the brass,
copoer, Kovar, or mereury used in the metallic parts of the
vacuum system. The counts that & tube can record before
appreciable change will occeur l1s much in excess of those
regquired to obiain very high accuracy. Although in sauch
tubes, filled with 355, continuous bombardment cof the gasses
1z always goinz on lnside the tube. The very limited number
of lon palrs forued when no terminal potential 1s applied
should reduce the decomposition to a negliglble extent. Thua,
the only decompoaition that would change the tube's slops
and other properties would be that occcuring when the count
is made.

Diethyl sulflde was glven an evaluation almilar to
that glven to dimethyl sulfide, to sscertaln if the proper~
ties thst were found for the lower molecular welght sulfide
would also heold for the new compound. This material possess-
es a lower vapor pressure then the dimethyl sulflde; however,
et room temperatures this is stlll high enough to give
relatively}high pressures, pressures mﬁch in excess of those

normally used In Jeizer tubes.
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The diathyl sulficde used was also a relatively high
purity, inactive sample purchaesed from the Fastaan Xodak Co.
It was drled over (a304 before belng sealed to the system
in a8 glass conteiner. The procedures followed those
employed when dimethyl sulfide was evaluated,

The slope change with repeated radletiocn at 100
volts above starting potentlal Is shown on Curve D of Plgure
12. 'The slope change occuring with different pressures of
diethyl sulflde 1s shown In curve D, and the slope change
on repeated filling is shown In curve 7,

When filled with 10 mm diethyl sulfide and S0 mm
argon, the tubes shown in Figure 10 had a starting potentlal
of about 1 kV, a dead time of about 100 mierosecoends, and a
recovery tlme of about 1756 microseconds. All of these
results are very close to those shown by a mixture of
dimethyl sulfide in the same proportion with ergon,

The only property shown by the graphs for diethyl
sulflide that does not egual or betier the same properties
for dlmethyl sulfide 1s a tendency for the diethyl sulfide
t0 contaminate the Gelger tube., The cause for thls was not
determined. It probalbly liea 1n an lmpurlty in the aulfur
compound, Eaperluents with this materlal were not mmsde as
thoroughly as thosée run for dimethyl sulfide slnce 1t was
thought that the contaminants might cause the vecuum system
t¢ become contaminated es well., The purity of any sample
wlll depend upon the method of preparation of the sampls

used for countling, and a method will probably have to be



150

developed thet wlll yleld a relatively pure ssmple, If this
difiieculty could be surmounted, dlethyl sulfide would be as
good or Letter a sulfur carring quench as dimethyl sulflde.
The work on the preparation and evaluation of the
sulfur contalining compounds was not carried on any farther
due to lack of time. A satisfactory method of preparing
the sulfide must be developed, and when this is accomplished,
1t zmst be evaluated with radloactive suliur. 7Too much
trouble with the latter Is not anticlpated; 538 yields
chlorine on losing an electron, and chlorine will alsc
quench the discharge of a Gelger tube (1l4). The quantity
of chlorine formed would be very small under any circum-
stances, unless, sulfuf‘vapar pressures greatly in excess
of optimum are used,

' The ease of preparatlion of the inorzanic compounds
would scem Lo made them preferable to the organie sulfur
carrlers, but their incompatibllity with known gquenching
mixtures maikes them almost lmpossible to use. Dimethyl
suliide, on the other hend, possesses all the necessary
requirements for a good quench, if 1t is possible to
develop a method of preparation it should be an ldesl

material,



Table Vi, Results of contamination triasls.

Contaminant Tube Time Best Start- Tube Tiwme Best Start-

No. + Slope ing no. + 3lope ing
/100V woltage /100V woltage
Cellogrease 381 S# 2,7 900 392 B+ 3.1 870
4% 2.1 9OQ 4% 4,1 920
0 . 84,58 9ab (4] 4.6 960
3 4.8 950 3 14,0 970
28 o 950 28 14.2 980
47 o 2806 47 o 96
Used Cetocll 390 B« 2.9 926 397 as 4,3 850
4% £.2 985 O 3.6 890
0o 3.5 9860 0 6.0 820
h 7.0 840 60 16.0 840
3 7.0 950 8 0 850

a7 5.9 940
28 8.8 950
47 19,0 880

Silicone 386 2% - 880
grease 1l 5.0 9810

2 3.8 940

18 4.9 930

37 6.4 930

46 7.0 930

New Cctoil 389 88 ww 800
1= 1.5 00
2 2.0 800
18 2.2 880
37 4,2 920
48 7.9 3900

Blanks 368 8% == 900 384 28 - 880
1= 2,6 930 1 1.6 87

2 2,8 890 2 1.0 930

17 3.8 910 17 4.0 880

20 3.2 980 29 2.3 900

48 2.8 900 48 3.0 900

+ Elapsed time in days.
# Time before introduetion of gontsuminant,
¢ Would not count over 100 volt range~-slope infinite.
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Table VII. Results with Dimethyl (¥) and Diethyl (E)
Sulfide tubes,

mR ma pillling Fotal Starting# Best Slope
3ulride Argon no. Counts Potentials 100V £
() () (#) (E) {#) (E)
10 80 1# - - - - 3,0 4,9
10 20 2% -— -— - - 4.0 -
1@ ‘QO 5—3@ [— - r— - 1 ‘Q S
10 0 4% - - - - 1.8 -
10 20 S - - - - 2.0 23,0
1@ % —oa aad ——-— 1%9 10 3-9 4 ¢g
EQ %{} e - b - 12‘8’3 1250 5 05 4 95
S0 70 - - - 1680 1480 68,0 11.0
10 0 1 10° w:’; - - 0.5 5.2
1 3x107 3x10] - - 3.8 5.7
1 8x107 8x10' o me  w= 14.4 5.9
1 10° 29.0

Zame tube sbells, refilled
I

-3
# In volis
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