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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
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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



56

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






















































































































































































































































