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ABSTRACT

A description of the amplifiers, scalers, und\power supplies used

with the air and nitrogen chambers is given. Circuit diagrams end shop drawings

of the chambers are included in the appendix.
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ALPHA COUNTERS AS USED IN RADIOASSAY OF PLUTONIUM

I Principleé and Maintensnce of the Alpha Counter with Air Ionization Chamber,

as manufactured by the Cyclotron Specialties Co., sand designated Type B

a. Operation of Circuit:

This alphe counter is of the type known as & parsllel-plate counter,
with an air ionization chamber, A general outline of operation followa:-

The counter itself comprises three units; (1) the ionization chamber
and prenmplifier, (2) the linear amplifier, and (3), the scaler and poﬁar supply
uﬁit; this latter unit is composed of a high-voltage power supply, a IGWavbltage
power supply, & scaling éircuit, and & thyratron circuit to actuate the mechanical
register, An‘osoilloscdpélis included in each installation solély for monitoring
purposes. . | B

The ionization chamber and pre-amplifier unit are mounted i£ a wooden
box and psoked carefully in several thicknesses of felt; the whole ass;mbly is
then shock-mounted by suspending it from four bolts which are mounted in sponge
rubber, and anchored to a 8blid surface which must be as free from vibration as
possible. The ionization chamber and pre-smplifier case is constructed of brass
as shown in the attached drawings. As is apparent from these drawings, tﬁe ioniz~-
- ation chamber is cylindrical in shape, ﬁnd is so designed that a oep, on which is
mounted a pedestal, is removable from the lower po:rtion of the chamber. That
pary §f the chamber to which this cap locks is insulated from the rema.inder of
the chamber by a polystyrens or lucite ring insulator. Ro;essad’into the opposite

end of_the chamber is & oircular plate, the collection plate, which is well in-
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sulated from all other parts of the chamber; the design of the chamber is such
that this collection plete is coeaxial with, and pnrallol to, the pedsstal when
the chamber is closed and ready for use., The distance between the pedestal and
collection plate should be approximately one centimeter.

. In operatidn, the ssmple to be counted is placed on the pedestal and
the cap is locked into place in the chamber. A strong electrostatic field then
exists between the pedestal and the collection plate; this field ie established
by connaotingltho'lower portion of the ionizat;on chamber to the highsvoltaga
power supply in tﬁo ﬁculor unit of the counter, and the normal operating voltage
et this point isg 1500 volts positivej thié voltage is monitored by s meter in-
stalled on the front panel of the soaler unit. As an alpha particle is amitto&
from the ssmple in the chamber, it causes ionization of the air along the path
which it travels. The positive iong formed are attracted to the collection
plate, which is at ground potential, and a positive pulse is foimed on the
collection plate, Becﬁuse of tho‘ﬁhnmber design,which is fixed by the necessity
of an undistorted electrostatic field,,glphn particles emitted can travel vary-
ing distances before striking some portion of the chamber; therefore, the extent
of ionization, and, hence, the ;mp}itude of the pulse formed, by each alpha
particle is variable within limits. The pulses formod on the collection plate .
are transmitted to the grid of the pre-am#lifier tube to start the process of
amplification fhich is necessary to bring these very weak pulses up to a useful

level.

The tube used for pre~amplification is an RCA type 38, and the agsociated
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" eirouit is a simple rosintﬁnce-coupled amplifier girouit. The acreen supply for
this stage muet be well filtorod, and a large by-pass condenser must be used at
the screen 1ta§1f; the aourc§ of soreen potentini is a twenty-two-andeone-hal f-
volt battery, and the voltago‘nt the tube should be eight td ten volts., The
plate suéply for this tube ig a forty-five-volt battery, and the normal operating
voltage at the plate of the tube should be approximately fifteen volts. The
filement of this tube must be hesated by a six-volt battery source, and the cathode
is operated at ground potential. This stage is very crit{cul is to the particular
tube used, and ususlly several tubes must be tried before a satisfactory one is
obtained; the common fault will be a tendency towmrd excessive microphonic
qualities inherent in the tube. A three~or four-hundredehour period of aging at :
subnormal filament voltnge of the tube to be used will improve its performance
after instellation. In operstion, filament voltage on this tube will have to be
kept very close to the specified value or this stmge will become very miorophonmio.
The output of the preeamplifier stage is fed to the linear amplifier
for further amplifiocation. 'Thn linear amplifier is a three-stage resistance-
coupled amplifier, using type 6J7 tubecs in the first two stages, and a type 68J7
in the final stage. The grid circuit §f the first stage comprises the shortest
time constant of the amplifier (s .OOOSémfd coupling oondenser, and s 250-thouaahd;
chm grid resistor) for the purpose of'pepking the output pulses of the pre-
amplifier prior to further amplification. The tube used in this first stage must
b; selected to avoid microphonics. The filament of this tube is oéerated froﬁ a
aii—volt DC source; the plate and soreen from the low~voltage power supply in the

goaler unit of the counter.
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The ocutput of the first atage is resistance-coupled to a dual sain
control network in the grid oircuit of the second stege. This gain control net-
~ work is uséd in determining the platecau of the counter; this operation will be
described in detuii later in this report, The second stage is convantional with
one exccptiom: the grid is biaéed to a potential of approximateiy minus 10 volts
by means of a cathode resistor. This bias is made necessary by the fact that the
input pulse to the second stage has a positive value, the sequence beings: positive
pulse to the grid of the pfe-amplifier, negative pulse input to tpe firs£ stage
of the linear amplifier, positive pulse to the second stage, and a negative pulse
input to the finsl stage. Thus, the firet and last stages of the linear amplifier
are operated without grid bias, and the second stage is operated with a rather
high negative bias. '

The output of the second stage is resistance-coupled to the final stage
which is conventional in every roépeoto A feature of the amplifier which is
slightly unusual is the necessarily large capacities of all by-pass condensers.
This is imperative as the plate and screen supplies of all stages ﬁust be well
filtered to avoid picking up tranéients in the amplifier.

| The output of the linear amplifier is monitored by in oscilloscope,
and is fed through the "count" switch to am imput trigger circuit in the scaler

unit.}) This circuit utilizes a typs 68J7, and & type 6B8 tube, and is an un- .

) The count switch is so oonneétéd that in thn"off“positlon the output of the
amplifier is grounded; in the "on" position the output is fed to the grid of the
63J7 in the trigger or discriminator circuits:
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balanced variation of a multi-fibrttor circuit. The purpoée of this trigger
circult is to furnish a 6harp pulse, of constant amplitude, to the first scaling
pair, regardless of the charscteristics of the pulse‘by which the circuit is
activated. Normally, the 68J7 is in s nonconducting state, the 6BB is conducting,
and'the grid of the 68J7 is bimsed to a potential of minus L5 volts. As a positive
pulse brings the grid of the 65J7 up to a conducting level, the plate voltnge.at
the 65J7 falls from approximately 375 to 140 volts; this raises the grid bias on |
the 6B8 from minus 10 to minus 60 volts, and causes tbis tube to becgme nonconduct-
ing. When the 6B8 becomes nonconducting, its rise in plate voltage causes the
suppressor grid bias on the 6SJ7 to fall from minus 60 to O volts, Because of
this change in suppressor grid bias, the trigéer circuit cannot return to its
stable state until the input éulue has decayed to a considerably lower value than
that which was originally required to unbalence the circuits thuai‘when the circuit
is tripped by a pulse of a given peak potential, the voltage at the.plato of the
688 remains constant until the input pulse has decayed sufficiently to ﬁllow the
circuit to return to its stable state, an almost instantaneous reaétion. The
pulse then rorﬁed at the plate of the 6B8 closely approximates a square wave, and
this pulse is applied to the diode plates of the 6B8. 8ince this pulse has a
positive value in respect to the cathode of the 6BS, rectificati;n of this pulse
takes plnne,kand a sharp negative pulse is developed across the diode load resistor.
This negative pulse 1s fed to the first scaling pair of the scaling circuit.

. Bach of the three scaling éairs in the scaling cirouit comprises two

type-6C5 tubes, and the purpose of each scaling pair, in conjunction with an in-
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verter stage, is to pass only one pulsq ggr esch two pulses recoived° The scaling
pair is an adaptation of a multi-vibraﬁéraﬁircuit which has two stable positions;
that is, it is seabie with either ofvths two tuﬁessin & cdn@ucting state, The
plate‘of;each §c$11ng tube is co&pled back to the grid of its opposing tube
through a bOOK-ohm resistor. The érid of each tube is retﬁrnad to ground thrdugh
& 100K-ohm resistor in series with a source of negative pbtentiél ofe value of

70 volts. The cathode ‘of each tube is essentially at grbund poﬁentiqlor\If the
grid=to-cathode potential of either tube at any time be now consideréd, it is

seen to be the'resultant'of two voltages of opposite polarity. One of these
voltages is the drop across the 100K~ohm grid resistor due to the current flow
caused by the pésitive voltage at ﬁhe plate of the opposing tube, since this
voltage is always of a greater positive value than the negative potential of 70
volts which opposes current flow. This voltage, thus, will always be of a polar-
ity which would tend to keep the grid positive in respect to ground, and its

value will be one fifth of the net difference between the voltage at the plate

of the opposing tube, and 70 volts. The second voltage is, of course, the 70~
volt negative source, and its polarity is such as to tend to keep the grid negative
in respect to ground.

In either stable state of the circuit, one tube is oonduéting. and the
other nonconducting. The voltage at the plate of the nonconducting tube is the
full value of the source, or approximately 40O volts. The grid potemtial, in
respect to ground, of the conducting tube ia, therefore, the difference between

one fifth of 400 minus 70, and 70 volts, or minus L4 volts; this wvalue, of courses,
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tends to keep the tube conducting.

The voltage at the plate of the conducting tube is of a positive value
of ohly 100 volts, howsver, because of the drop across the plate load resistor.
The grid potential, in respect to ground, of the nonconducting tube is, there-
fore, the difference between one fifth of 100 minus 70, and 70 volts, or approx-
imutely minus 63 volts; this keeps the tube nonoondueting.

Yihen & nogativa pulse is applied to the grids of both eoaling tubes
simultaneously, the nonconducting tube is pot'affected, since its grid is merely
carried to a more negative potential than the value which is already maintaining
the tube in a honconducting state. The negative pulse upon striking the grid of
the cpn&ucting tube, however, carries the grid of this tube to a value beyond cute-
off, and causes the tube to becomo nonconduocting; as this tube becomes nonconduct=
ing, its plate voltage rises, and causes the grid-to-cathodé potential of the
originally nonoonducting tube.to fall from cutoff value to within conducting renge
of the tubs. Thus, the originally noncenducting tube becomes conducting, and its
drop in plate voltage causes a corresponding increase in negative bias on the "
tube which was originully conducting, thus retaining it in the nonconduocting
state induced when the negative pulse was first applied to its grid. |

If the action of the soaling pair now be considered as it is actuated
by a series of negative pulses, it is epparent that on the first pulse received,
one tube will change from a nonconducting to a:conducting state, an& at the same
time, the opposing tube will change from the conducting to a nonconducting stfto;

on receipﬁ of fhe second'pulse, this ection will be reversed, and on receipt of
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the third pulse, the action will again be the same ﬁs that induced when the first
pulse was applied to the scaling pair. Thus, at the plate of either tube, start-
ing with the tube ina cohducting state, the voltagé will rise sﬁurply-upon receipt
of the firét pulse, and will remain at that level until the second pulse is applied,
at which time it will fell sharply; this sequence results in tge formation of a
rectangular wave at the pl#to of either tube; two 8uceosaife ﬁegutiva pulses are,
of course, required to form one full rectangular wave at oither plate.

The plate load resistor of only one scaling tube is tappeds this point
is returned to ground through a seriles RC dircuita and a negative volfage source
of a value of 4O volts. As the scaling tube passes from & conducting to a non=
coﬁduotihg state, the voltage applied to the condenser of the RC circuit rises
sharply; ocurrent then flows through tha.rdsiStor of the RC circuit to chnrge the
condenser to the new leyoln and a positive pulse, superimposed on a reference
’ level of minus 4O volts, is developed across the riaistor. As the soaling tube's
plate voltage falls, & negative pulse, superimposed on the reference level of
minus 4O yolts, is develaped across the resistor. The characteristics of the
pulses formed are determined by the time constant of the RC eoircuit; and since
thia time constant is quite short, the pulses formed are sharp. The pﬁlaes de-
‘veloped across the resistor of the RC circuit are applied to the grid of the
inverter stage, The inverter stage utilizes a type-6C5 tube, and, since this
‘tube is biased to a value of minus LO volts, the inverter stage is actuated enly
by the positive pulses applied to the grid of the tube; the output of this tﬁbe

is, of course, a negative pulse.
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To summarize tﬁe overall effect of the soaling pair and the associated
inverter stage: iwo successive negative pulaeh'applied to the grids of the scal~
ing-pair result in a rectangular wave at the plate of each scaling tube, one
rectangular wave is transformed into one negative, and one positive pulse; the
inverter stage is actuated only by the positive pulse, and a negative pulae‘is
formed at the plate of the invefter tube; thus, two successive negative pulses,
when applied to the scnling'pair. result in an output of one negative pulse fram
the inverter stage. .

The output of the first inwﬁrter stage‘ia applied to the second ecaling
fair and its associated inverter stage;‘theso are identical to the first set.
The output of the second inverter stage is fed to & third scaling pair; its -
operation is the same asvthat of the first two socaling pairs, but its output is
utilized in a slightly different manner since it is the final sealing pair.

Aa\the overall acaiing cirouit is composed of three scaling pairs, and
each palr divides the number of pulses it receives by a factor of two, it is
apparent that only one pulse will be transmitted from the third scaling pair for
svery eight pulses which are applied to the scaling circuit. To take account of
any rraction’of eight pulses applied during a given length of time, an intere
polation circuit is included in the scaling circuit. The cathode of only one of
the tubes in each scaling pair is grounded directly; in the first and second
scaling paire, it is the cathode of the tube whose output is not utilized; in
the £hird pair, it is the cathdde of the tube whose ocutput is utilized. The
cathodes of the other tubes of each pair are each returned to the center tap of

a potentiometer. Each potentiometer is so connected as to comprise a shunt for
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- the "Interpolate" meter; this is a Oeto-50milliampere meter which is calibrated
to read evenly a soale of one-to-eight; it is mounted on the front panel. The'
negative side of the interpolate meter is grounded through a switch which is
mounted on the front panel and is labeled "Reset™; this is a single-pole, single-
throw toggle switch, and is so connected that in its "on" position, the ground
cirouit for the interpolate meter is opened, and in the "off" position the ground
circuit is closed., 1In operation, of course, a pb{Fion of the cathode current of
each of the three scaling tubes which are connected into the interpolation circuit
must §aas through the interpolate meter., The potontiometera are so adjusted
that’enough cathode current of the fifst sca}ing pair tube fléws through the
meter to cause it to }ead to the "one" mark; sufficient ocsthode currént of the
second scaling pair tube to cause the meter te read to the "two" mark; and cnough
cathodercurrent of the third scaling pair tube to cauéo the meter to read te the
"four™ mark.

Overall opo;ation‘of the scaling circuit is as folloﬁss before any
pulses are applied to the scaling oircuit,‘the éirouit must be cleared by bring-
ing the "reset" switch to its "on" poﬁition, and back to its "off" position.

This momentarily opens the cathode circuits of the three scaling tubes involved
in interpolation, and brings these tubes to a nonconducting state; the interpolate
meter now, of course, will read zero; If pulses are now applied to the/trigger
or discriminator circuit by throwing the "coﬁnt" switoh th its "on" position,

and thence to be first scaling pair, the first pulse will change the interpolation

tube of the firat éoaling pair from s noncondusting to a conduoting state; the
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interpolate meter will now read "one". The second pulse ohanges the interpolate

ion tube Ifrom conducting to nonconducting, and since it is the output of this

~ tube which drives the second scaling pair, the interpolation tubs of the second

scaling pair is now changed from nonconduoting to conducting, and the interpolate
meter reads "two". The third pulse changes the interpolation tube of the first
pair back to & conducting state; this does not energize the second scaling pair,
but the intérpolste meter now reads the sum of the currents of the interpolation’
tubes in both the first and second sciling pairs; thue, the meter reads to the
"three" mark. The fourth pulse agair changes the 1nte;polation tube in first
scaling pair fraﬁ o conducting to & nonconducting state; this causes the inter-
polation tube in the second pair to change from a conducting to a nonoonducﬁing .
state; and, since the interpolation tube of the second scaling pair drives the
third scaling pair, the interpolutionvtubé of the third scaling pair is now
changed from a nonconducting te a coﬁduoting atate, and the interpolate meter
reads 2four”. The f£ifth pulse applied to the circuit agein causes the interpolat-
jon tube of the first scaling pair to become conducting, and the interpolate meter‘
to read "fiva"; the aixth pulse changes fhe interpolation tube of the first pair
to nonconducting, and, thus, the interpolation tube of the second pair to conduct-
ing, and the interpolate meter reads "six", The ssventh pulse causes the intere
polation tube of the first pair to become conducting once more, end the meter to
read "seven". It is apparent that at 'this point the interpolation tube of each
scaling pair is conducting current; therefore, on receipt of the eigth pulse, the

interpolatidn tube of the first pair is changed to a nonconduoting state. This
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changes the interpolation tube of the second pair to a dénbonducting state, and
this in turn changes the imterpolation tube of the third pair to a nonconducting
state; the oirouit is ‘nom i‘eﬂu.:ned to its original conditien in whioh all three
interpolation tubes are in a nonconducting state. v.

As previously specified, it is not the output of the interpolation tube
in the third scaling pair which is utiliged, but that of the opposing tube; the
reason for this is appaéent when it is considered that the output of the fimal
soaling pair, after passing through an inverter atage, is used to drive a thyra=-
tron. The thyratron is blased negatively to a value of approximately 100 volts,
and, thus, a positive pialee .'_t.s requi?od to fire it. Tob obtain a positive pﬁln |
at the grid of the thyratrom, . negative pulse must be applied to the grid of tho
inverter tube; to obtain a negative pulse at the grid of the inverter tube, the \
‘pulse must be that formed when a scaling tube passes from a nonconduoting uﬁtc
te a conducting state, Since thg interpolate tube bf the third scaling pair
changes from a conducting to‘u n_ono’omiwtin; state upon receipt of the eighth
pulse by the scaling circuit, 11:. 13 tho eutput of the epposite tﬁbo of this pair
which muet be utilized; this tubp's uctﬂ.on is, of course, the reverse of that of
the interpolate tube upon receipt or the eigth puln by the scaling circuit.

The output o;‘ the thyratron 1: used to actuate a mechanioal register
which is commeoted inte ite plate circuit by means of a receptacle set in the
front panel, and desigunated 'frcgister".

In the scaler‘/unit, ‘there are two low voltage pﬁor supplies; one is a

p‘baiti’vo supply which furnishes approximately 370. to LOO volts DC for the plate
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‘a.nd‘ screen mﬁplies of‘ t_he. soaling oircuit and linear amplifier; the other is a
-negative power sypply and furnishes the bias voltiagea for the soaling azid thyratron
circuité. Both er supplies are convon‘bionul,. and are critical ocunly in respeot
to the ripple conten‘b of the output voltsge. 4

The . hi.gh-voltuge power supply oontained in the scaler unit furnishes
» the collootion volta.go te the ionization chamber. This is a regulated power supply
designed te furgish & miximum of 2500 volts positive at very low current drain.
A varisc on the fremt panel comtrols the value of AC voltage applied to the high-
voltage transformer of this snppiy; thovvnriac control is designated “stabilize".
, The 'highdvolfago winding of thia'rpiﬂnr tﬂnsfomr should have a much higher
voltage ratixig than that necessar,yl to furnish the required output/Dc voltugé ‘1n
order to insure that no leakage will ocm.;r within the transformer under noml.
operating oonditions. As will bT noted, a;li components of the power supply ars
rated to withstand much more thtt;l opero.'bing voltage for the same reason ~= to
vprevent leaknge at any point within the ozrcu:lt- this ia a very important point
to conesider throughout the entirc pfmr lmpply cirouit, aa a major proportion of
interference picked up by the pruupuﬁ.er stage is a direct result of louluga "
within the power supply. The reotiﬂ.qr tubo of the power supply is & type 212/879;
'the filter samprises a .05,5000-1:011: paper condennr, and a Thordarson type T=17CLO
television ohoke. The ohoke is -phood in the low-voltage side of tho oirouit.
and has a very high inductance utiug. but wnl handle only small amounts of
qurrent (maximum current rating thrgqpillhmparu). Aorou the power supply,

on the output side of the filter, are two parallel r‘osiztivo_br;nchu. which, in
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conjunction with a tube type L7, form the regulating portion of the high=voltage
circuit. The voltage drop across & portion of oms of the::reai_sftiw branches is
used to ignite a neon lamp, and a portion of the stabilized voltage across this
neen lamp is used to maintain the grid of the 47 at a positive potentiml 1in
' respect ﬁ‘o the most .mgo'.tive pdint -of the high~voltage cirocuit; this volﬁge on
the grid of the LT is adjustable by means of ‘a potenticmeter which is n&b into .
the chassis of the éountor; The second resistive branch is composed of a 50K~ |
ohm wire-wound rhéostat, 8 50K-obm fixed resistor, and four other resistors
whioh total 1,7 megolms; the drop 'acr‘os_l .the rheostat is used 't;o. maintain the
cathode of the L7 at a given poaitiw'éotentiul in respect %o the most negative
point of the highevoltage circuit; the ’tiirop aOross ﬂ", ﬁ_xod S50K~chm resistor
furnishes screen voltage fgf' the 47; and the rmining..ls? megohms x;esihtanoe
serves to complete the oircqit across the high-vd;tage aﬁpply. The contro}l l;noﬁ
for the S50K~ochm rheostat i_»s mounted on the front panel of the counter, and is
designated "voltage". The plate load of the L7 s odmposed of the kilovolt meter
(mountod. on the fromt panel) and resliatanoe‘ totaling 2.5 megobms, and in parallel
.nith. these is a .S-mfd 3000-volt oil=filled condenser for filtering purposes,
ﬁh_an prdpen}y ag:ju,st&d the circuit's regula:.'bing nbil:lty depends u.pén. a constant
current flow being maintained through the zgogu]l.-.'bing tubpé ﬁggrdlqap of flv;a_otu.
ations in the voltage supply. BSince the: cathode is' rréu to ohnngo voltage in
accordmco with cht.ngu :m outpub volto.go of the r'cti.rier. while tho grid is
mintain-d at & atable potanti.al .tt is ;ppurcnt ‘that with an 1ncmn in volugo
across the oircuit the grid voltage in rcppact to the oa’ah?de becomes more mgat-

i.va and tends to prevan’q an increase’ in ourron’c ﬂow through thc tubc,, while uith '
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a decrease in voltage across the circuit the tube will act to pre‘vent a decreage
in current”flowo The output volta.ge of the high-voltage circuit is tu.ken o!'f
across the lond resistor of the regulating tube, however, the lampotentie.l end

of‘ this load resistor is not grounded directlys .’matud it is returned to the

_ cemter tap of a potentiometer which is shunted acrpss s VR=150 tube, This tube

i.s supplied from the low-voltaget uegptlve, power eupplyc '.l'he pﬁrpaae of this

oircuit arnngement is to providé a meana Ly which the high-voltage output may

be lo\vered by any amount up to 1?0 wplts wi'bhout disturbing the reguleticn of
‘the circuit. The' oontrol for ’the potentiometet which governa the amount by which -

’ the high voluge may be lmred 1- mounted en the front punel. und is narked

"subtract". Howsver, thi- f'ee.ture u lncorporated only for use when the scaler

is red from the output of a Geiger tube and in this application need not be

| The prooedure for setting the sircuit for proper regulation in as
follbwn: the potentiometer whioh regujro.tea the grid voltage on the L47 should be
sot approximately at :l.te mid position. the "voltage" eontrol te 1ts exl:reme
clockwiee position, and the "sta.!?ilize" eontrol te the point neceaury to give
apenting ou‘bput voltage as read hy the p-.nel meter. : '.l‘he "test" switoh is then
throm to ite "on® position; this inperts a So-ohm resiator into the reeder line
to the primary of -the high-voltage tmnufomer. -.nd. thus, drope the output voit-
age ‘of the eircuit. The "'aubilue" con'brol is now turned -clockwile to bri.ng

'the output voltage back up to the po:mt at which it is duired. to opere.te; if. .

when ‘the "vest" swifbch is retumed to : its "_orf" position, the output voltege
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'riua.' the "voltage" control is rotated counter-clockwise to deoi‘éa&e ﬁ tz; the
- dasired level, This procedure is repeated until the poinﬁ is ruchcé at which
the ouftput voltage does not change w'_l"xén‘the "test" switch is changed te either
‘its ."on" or "off" poa@tim. VI‘r"bhiva point is not reached withi’ﬁ the range of
the "voltage" control, the grid voltage on the L7 will have te be raised slightly,

and the adjuttmént procedure follqwed at this new level. ' o

b. The Plateau '

| As mntiomd previoualy, thq pulses formed in the ianiution chmbcr,
as alphs pg.rticlu are emitted from ‘the sample to be connted, nry obna:ldarably
1n l_mp_l!tudu also. certain amount of oxtnneoua interrorenoe is piokad up by
“the prc-nmp}ifiof; part of this i..:rbo.rferqpce_ is straight pickup, and some is due
o 'mplifid;ﬁon;ot‘ tgbzg ditturbugp_qis_ wittﬁn the prg-fmpliﬁgr tubes However, -
it is apparent that thewcu'bpﬁt of the ppliﬁér nuatl%.e}'sot in some wsmner so
that all the pulses formed will be of surrioidnt amplitude te trip th«; disorimine
a.tot of the soalor unit, while tho bukground disturb.nou are not amplified
aurfioiaucny to trip the discrimimtor. This :ls accenplished by means of the
.gnin oontrola on the Linear Anplf.ﬁar. The "coarse" gain oontrol recuh.tu the
- gain of the mplifior in stepsy the "fine" gain ocontrol acts as & vernier omtrol
 for each atop. To dqtemino the gp,.iq cantrol setting at whioh the amplifier |
'aizould o'povn'bo,- s standard sample ‘:I.i ‘phcod in tho 'coﬁntor, and the gain controls
set at " point at which the standurd counta conaidonbly Jower thn.n its rated
ulun. Counts are then udo a.ppmx;lmatoly 20 points apart on the f‘im oantrol, .
until '3 point is reached &t which the ntandurd counta ita noraal uluo 3 ‘at thda
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point several counts should be taken to determine dofinit;ly that all pulses
are being ricqrded. boyond this point three or four more asounts at higher gain
settings .lshould be made. The standard sample is then r@wd. the gain controls
set at the point at which the standard Pirst couhted to rated valus, and the
caur';ta‘ per minute recorded with no sample in the chamber; this value ahoﬁ],d be
quite low « in any event, qu_a than five counts per minﬁto.'q _ Fron thin p'oini_i,
the gain is advanced at the fs_amca 'r_p:bg 'o.‘p“va'ov’ioduly. and the counts per minute,
or"bo;clcgro'und". recorded ;t each _nattinj;. When the background becomes greater
than five counts per mimute, .11; is ipp.o.rcnt that the point has been reached at
which the external disturbances nqrully picked up by tho mplifier are being
recorded; operation above thia- pnint *a. of course, impoasi.ble. Thus, the lowe
est, and the highgat 5ai.n nttingn at .which the amplifier can be ocperated have
baen dotem;nod. and the gain 1s aot for psrmanent operation halfwuy bet'nen
these points. The dint:ine between the highest and lowest poniblo operatien

- points should approack thres full steps of the "soarse” gein cantrol for satis-

factory opoution.

o.  Standard Deviation; ;

The error ph.ced \on oauntiqg data was the atandurd doviat:lon. obto.a.nod
by 'hkin; the square root of the totq. counts rocordod and dividing by the tin.
interval. - This gave a mmber oorrupdq.ding to the counting error in ooun:ta por
minute. The physicul signiticanoo of thh error is that there 1- & twosto-one
chanse that the true oounting:rate is ri'bhin 'bha limits of error set by the

standard dev‘iation. The error oontributod by the bo.ckground ms uaually 1gnond

‘ -bocauso it was so small.
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d. - 'Co:lncidoncoé . \ ‘; |

As the emission of alpha po.rticles frah\the unplo ‘to be counted is a
randon occurenoe. it happens tha'b two pnrti.oloa. at times, are en:lttod 80 close=
1y together that the mplifier cannot diatinguiah between thqm. und the two pnrti-
clu will then be countod only as one’, ‘rht number of times qhat this will h'.ppon
durlng any given fnterval is a i‘unot:lon of thc nunber of puticlu omittod dur:l.ng
this mtomh - Por aoourate cmnting this phononem must be uqu :lm:p aqoount,
n.nd. therefore, for each ohnmbor there is a ohart on which the mmbcr olf cm‘bl
te be added to the recorded éount is plot'bod vonua tha aumbey of oountq per
mlnute or tha sample counted. 'l‘his 6urvé wm roughly the shape of an cxponent.'ul
ourvo. and the countor is not used for umpha which un cause a ooinoidenoo »
cerrection greater tlun five. pqr cont. ‘.l'ho coinoidenoo curvo for any chmbcr is
determined oxperimcntully in the ‘following'mmar; -a atmdurd uamplo pf * low
‘value (approximately hOO oﬁ) is cmmted Por the peﬂ.od necessary. to obt-.in
s‘umdcrd deviation in, thc region of 2 per centy a ucond standard . u.mpla of
-approximately the same vn.lue is countod in the same manner; t}w ‘two unploq are
then oountod togcth"r, and the difrmncc bamen the combined count and tb.o sum
| of the twa toparato counts. roprounta the’ ooinnidonoe dorroctibn at thil point.
gince deviation must be takon 1n1:o toconnt. thd dirferenco betwoen the twe counts
is subject te scue deviation, hcquer. l?hus_, u :‘or exampls, onme pmplo be ocounte
sd o a domtidn‘vdr +2% separabely, end _th§ ncondsmplo to 2% separately, the
total deviation for the sum of the twe is the agquare root of the sum of tho squarea
of the twe doviltionu the total deviation to which the ;_[o’qinoidomo éorrec'tion"‘ #-. A
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subject, 1s then the square rost of the sum of thi ‘a'qujdres of the deviations of
the oounts of the two samples counte: aQyﬁ ‘

‘:'.v'»

iy and the deviation of the count
n !
obtained when the two samples are ‘uountqa‘ in oembiﬁntion. ' o A

After this point bas been’ detarmined two nmplcs. which ouunt upproziuto-
l.y 800 c/m uch, are counted aoplrutd\y. u‘nd in cqmbination. in the same mmer
to deternd.ne the boincidome at tha no‘xb point which is about 1600 c/n. Thc only
change in procodun is that the oohoidonoe correctiou as determined at 800 o/
must be added te the scpo.ratc cmmha to obtq.in'tho -true eouut of each ssmple;
Various other poin?sa on the curve mny now be. ;‘.!‘Qtpmined in thn sm mnnor by
various oomhinations of tho nundarq. qlrudy cllibntod. und by ocmbimtiona of
other hlgher count standards whioh oan be oalibrated in the manner already de:cribodo

When minor circult ohango_q must be mude for muintmmo_ purposes, it is

uamlﬂli sufficient to check the coincidence ourve at a fow points by merely omni;-'- =

ing standards which are already carsfully calibratoed.

“

‘.o.. Daomultipnor

!'or count:l.ng amplea vhich are too h:lg,h for 'bhp norml range of ‘t:ho
counter, tho chamber u;r be ritted with . dc«mlti.plier oap. with thh typo of
cap ‘the cmpic is. cempletoly ennlosod exoept for a mll orifioo oontorod Juit
below the collection phtoo ‘Thus, only a pért:ltn of tho alpha particlu emitted
hy tho nmplo pess through inte the ibni;atibn ohmbor and are ooantod. ‘The
proportion of pt.rtioln counted may be’ dotamﬂ.md by nporimnt; this fastor is
determined by -the ratio er the area of th- orifics to the ares of tho top piute

of the cap.
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f. MNaintenance; |
A large proportion of the trduble encopnfered in cperation of these

counters is due to 1nterfarence which may be picked up at any point in the pre-
amplifier or amplifier, although, in gangral. the final stage of the amplifier
is not very susceptiblo to pickup as the signal at this point is of sufficient
" amplitude as to be little affected by minor disturbances, When interference is
en@ountered. the rirét test that should be made ia to compare the background of
%he counter_with the coiiection voltage supply both on and off, &s leakage or
‘sparking at any point within ﬁhe cgl}octiqn voltagevbirguit ié & oommon cause of
interference, If the 1nterfqrenc9:;;tgucod to the oollébtion voltage supply.

it should not be assumed that the defect will be obvious, as & much less serious
“ defect than that which will cause a visible or audible spark wi;l cause surficiont
interference to render the counter unudublo. A resistinoe test of circult com-
ponents is of limited value; in‘gonérél, if the :eaiatan@e'acrosa the cemponent,
or fram the high‘aida of the.camponent ﬁo éraund. measures at least 100 megolms,
the part can be assumed td'be fit for use. A point that should be chnckpd caAre~
fully is tho ionization chamber itself. a8 a samall hair or piece of lint caught
on the pede-tal will provide a path aoross the chamber for a highevoltage dis-
churge. Thn filter cﬁndonaer across the chamber itself is a frequent cause of
interference, as is the filter oondenaer across the output of the ponor supply.
In some cases the only'positivn method for dctormining the exact cause of the
interference is a systematic replaccment of parts.

If the scurce of interference is found not to be the colleotion voltage

supply, the voltage supplies for all smplifier tube olements should be ohecked
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. ,a*.‘

Qaf_efully with a sensitive oscilloscope; probably the mdﬁt commen fault engounter-~
ed in th:.a event will be the discovery of transients on the é=volt DC filament
‘mpply. The t‘ilam?nt of the %8 ‘used fér pre-amplification is particularly suscept-
ible to -ihia troui:le. Faulty ql-ectrdlybio.»by-pusn cﬂndenserﬁ or the screen and
~ plate supplles will often be found te be the cause, l}!'o

A second cauke of high btckground is, of course, contamination of the
chaﬁ_;be'r,f If any active material becomes lodged within the chn.mber, the particles
emitfed from it will ca.nae counts, Usunlly particles of active material may be
rramoved by oarefully oleﬁing the ohumber wﬁ.th tissue moistened with hoxnm or
carbon tetrachloride; if this trea‘bmgnt does not suffice it will be Nneceossary to .
: remove a few thouaands or an inch of all exposed surfaces with gnrnet cladth.
| Oocasionnllg 609cyola AC pickup Will appear 1n the output of the amplifior;
this is agein ueunny traceable to the collection voltage supply, and will_. be
found te be the result of omaﬁsivo current drgin on .the power supply. When the
‘ourrent dnimtmugh the fi.l'cerf choke becomes appreciable, saturation of the
cheke seenis to take place and ﬁime filtering'aotion be'coni’os impi.ii'ed. The second
ma,jor cause of 6D-cyolo piokup ia the existence of more than “one ground conneotisn
' betwe'n the oountqr itself and the pre-mplifier, it is adviublo to ground all -
cable shields st the coumter end only to avoid this trouble.

B There is & strong ténaemy for tho'ooum:or te deielap excessive micreph-
onic qualities. The ne jor causois‘ a.ro.s an mplif‘ier- tube becoming m;i.crophoniq,
the pedestal in the chamber becoming loose, the sample plate failing to'contb.ct
: the pedeato.i solidly so that it is subject to vibrations, the pedestﬁl- being so

+
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adjusted as to be too close to 'tr{e cellection plate, and a drop in the fila.ment,.
or plate and screen supply, voltage sources.

Failure of the scaling qi;:oult is a recurrent fault, Completely erratic
scaling with hoA pattern will indicate a faulty filter condenser, usually in the
positive lwdvfoltageupcwer supply, but it my be in the negative 10%-’-#01“39
power supply. If it is found that fhis is not the 'cnuso, the rectifier tube in
the poniﬁive low-voltage power supp}y should be checked for poor'emigsion. I.t‘ [ |
single soaling pair becomes fuu_ltj, the scaling circuit will félldw a faulty
squling pattern; feor example, it may réglatér_ oorrectly up to a given .levi_l ind'
fail iq follew through 1ta~regulo.r' pattera i,rter. that peint; returning te zere
each time.A _Tho‘faulty,aoali‘.n‘g' peir is emsily detez;minodv by observing thé sction
of the ﬁocling oircuit as it ie enei-gized by the uutpuf frcm & low count standard,
= one in the region ‘of 50 te 100 ¢/m. Both tubes of the aculing pair ahould then
be oheoked for poor emission, and for balanced emission. If the tubes cheok'
favora.bly, the scaling pair w:lll bave to be robo.lanced by changing tho vnluo of
one plate-to-grid coupling reaistor; the best check ror balancs 1is, of courae, ta
oompo.re_ thev grid voltu;gea .of the t_ubos in 'both condusting and x;onoondugting

sti.u:;} these volteges should be approxixiato'ly the same for préper_ operation.
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1I. The KEitrogen Counter

R, Operation of Curcuit;

The nitrogen counter oomérisea three uhit_a; the lonization éhnmber .o.nd
m'ufier, the soaler, and the dual power supply. Mﬁch’or the do.tl_xi prpviv_ou_sl‘y
qutli\nod in reg'o.rd.jbq the air @_hqmb,er apply equally to this type counter; specifice
ally, the data as regards phteu_r, gtandard devistion, coinoidence curréctton and
method ef dotormining ceincidence ¢ apfxly emct]iy.':

The chamber itself is a- par&llal-plate chamber, but is I‘i),led ‘with

nitrogon gas. rather than wi‘bk; atr- beoauso Na dees not oombine with free electron:

‘ts 0, doss, The collection phte isat a positive potential in respect to the _

2
sample holder' i;x this cho.mberf and thtgs. instead of poaitive ions bqing collected

-

to form a pulse, olbct;rbns are éolléc'i;ed as sach alpha particle is emitted,

- Because of the much smaller mhsa of the electrons as compared with ions, the time

interval required for all the electrons to be attracted to the collection platé
is much shorter than the collection time in the air oham_bqr; dnd'conaaq‘uently

the pulses formed are a grentidul sharper than in the air c‘hnmbai'of Sincé the

‘golleotion time of the nitrogen chamber is so much shorter than that of the air

chamber, it is spparent that the relative time mtam_z between pulses is much
greater in the nitrogen chamber, and, thus, it is possible’ to count samples of &
much higher motivity than can be ceunted with an air ohamber. The range for which
the nitrogen counter is used is from four thousand to two hundred thoy.tl‘nfi counts

pér minute. ,
The amplifier used with the nitrogen chamber is an eight=stage resistance-
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soupled highefrequency amplifier. A type GAKS is used in the first lst'age'; how-
ever,‘ the tﬁbe used fot this stage must be !carefully selected, as oniy' [} 'mil
percentage of these tub-as-hnve 3 ‘sufficiently low noise 1eve.1 to be sn.ti‘si‘iétoryq'

~ Following the 6AXS a‘bqgeé, are four stages which utilize type-6AC7 tubes; the
ajcre'en“grlid voltage on these f‘ou: stages is &iaed successively, so that thd gein
of each stage.‘inéfeqse,é. To‘ increase the overall stability of the mp-lifier,
neg&tive.reedbaok is 1ntrodﬁpod into the first and third 6AC7 suges, and into

the sixth stage, which ut;l.lé.zes * typoeéae'l tubé. The ameunt of" reédbuok.whieh

may be introduced into the 'Ehird &07. s'bo.ée' can be regulated by mesns of a step
switch which is mounted on the front‘punal of the nmpliriei-, and the overall

-gain of the unpliﬁ.er my be reguluted by this switoha The seventh stago of the
smplifier uses a typo-6x6 tube, o.nd the finsl atage is & oathode follewer teo '
prevent any loo.dingvof the mpliriqr by the socaler unity this final s‘_bugo uses a
type-56V6 tube, The load rés‘il.etox.'. of the..ca‘bhgde follower atage is & potentiometer,
and the output of the a.hpii._ﬁ.pr is taken off the center tap of this pé'benti’ametoi;
‘thus, a second gain control, which is ueed for fine adjustment, is achieved.

Plate and éc,ree'vnb voltage for tﬁe entire amplifier is furnished by the external
power iuppiy; ‘the filaments of all tu‘bgl in the smplifier arse sﬁppliad from an
external 6-volt DC source, In general, the principel requiremsnts of the amplif-
jor are great stability, .high-trpqﬁonqy response, and very low background noise
level, npocially in the first three ‘atages., ' ) |
The diacrinim\tor circuit of the scaler unit is quite. aimila.r to that .

of the air chamberj however, two 6ac7 tubes are used for canversion.o!.‘ the input

st
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pulse to ﬁ fectahgular‘wuve, aﬁd ﬁo.éonvert ‘this wave to a pulse. tnd %o inv?rt
»'the pulse to drive the first scaling pair, a ahort-time-constant RC grid oircuit‘
feeding a tjp@-éﬁﬂ? tuhe is used, Thc grid bius on the input 6Ac7 of the diao
'criminntor pair, is rcgulated by 1 potentiamoter adjustment; thiu. of oourse, 1:?
to regulntc ths “trip leval of the oircult, It is convenient to looate the |
oontrol for thia petenttuneter on the rront pnnol of the scaler, the gnin of thc}
' amplifiar oan then be aet 80 thnt the diucriminator will be trippcd at approximate-

iy onaothird full aottins of its udju;tmont; ‘bhe plutcau or thc counter can Lhan
:,bb run by chnnging the trip loval of the dincrtminator ruther than tha gain of
the amplifiera By this mnans it il pczsible to achieve greater stahizity of
'operntion :inco the amplifier is ulwuyu operated at conutnnt gain aatting.v

The nculing pairs er thin ‘counter are of & plug-in type. and conaint or;

~one type-636 tube and one type~6837° These scaling pairs dirfer from those of
the air counter ohiefly in the method of coupling; in the nitrogen counter ncalb
ing pairs, the goup}ing,;a agcdmp)ighed bquognawof the double dicda, typeyéﬁﬁ
tubq,,'inighia qqalipg'éﬁpchit tﬁérg};;kno in§artar stage ﬁetwben e;i}ingﬁpg;qu :
| aneh:uoa}igg pair ériveu‘thblauecoqdiégvpair diroctly. The oatﬁodei éf'e;bh 6&6:
gré't;eg-togqthgé. and comnscted d@rectly %0 a potnt56n'tﬁo iéad'reﬁigtor'ot one
triode'soction of the 68u7 in the préceding uoalingiﬁair; eﬂch acdling pair 1§ u
trigped only whon thia preceding tr;oda section passes from . noncoudunting to a
conducting atato, In considering a single pair. which. hau been eleurod. that. ia.:
one that is in a ltate iuch that it muat be trippod twice in ordor tc triggpr ita
sucoeeding pair onod. 1t za seen that the driving triodo section is, in a conduot--

in5~state while the other triode ueotion isina nomsonduoting:otgtq. 4p thge

/
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plate or ‘the 686 vhich is connected to the plutq of the nonnonducting triods is
.at tho naqe potential as its oathode, no current will flow through thia diode
"1 section, tha other plnte of the 636. since it i» oonnected to the. plate of thﬁ :
conducting triodo seetion. 1s at & nsgat1ve potentiui in respect to rta cathodeo
If the cnthode potentinl of the 6&6 now drops, as the preceding driving triode
passes from & nonconducting to = conducting state, current will flow in that
diode seotion the plntc of which .is connectud to the plate of the nonnonducting
- triode, and a puluc will be develoyed acroaa the éiode lomd rcaiatar, whioh 1-
_.nlno ‘the load realator for ‘the interpulate triodo section. As the voltngo at
  the piate of Lhe 1nterpolate trzode drops. tho grid voltnge of the drrving triodc
. lection ralls heoause of tho platc-tqogrid coupling. and thia tr1oda becomes none _-
eonducting; as the driving trioda heconos nonoondusting, the grid voltage of tho
interpolate trioda rxsel and cauces thxu triode aection to bacome ccnﬂucting; the -
'voltage drcp across the load resiator of thc triodo whioh has now. pu-sed to a
conducting state 1gnitea a neon lump whi¢h is used as an 1nterpo1ation indioator. '
When ths*catbodg potential of the_énﬁ_;ises’aguin‘ga the triods which is driving
'he'puir'hnder cbnsidsruﬁién‘faturna té a noncdnduofing stute;‘u.pokitive'puisé"
 13 applied to the grid of the trioda wh1ch is alroady in & conduoting stute; this,
wof course, does nat affect the noaling pair. thn the driving triode ngnin be=
camns oonduoting, the oftoot on “the aouling»pair-il to return 1t to ita originma)
state in the same fashion ua just outlined, and us this chango is wade, the next'
| suooeading scaling’ pair is, of course, trippod oncc. '

The scnling oirouit contsins eight soaling paira; thc fhctor of the
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total »a‘c#iiﬁg cirouit is, therefore R ‘2'56;. ‘however, & sw:i‘.tch is pz;o'éided on the
front panel of the sca.“..er by means of which the last two scaling pairs may Se
cut out of the cirouit, and & scale of 32 usedo Tha final acaling pair drives a
type<6VS tube which is ‘used to actuate a mechanioa]. reginter,

‘The power supply of the countar conta:lns a low-voltuge pover supply,
which furnishes an 0peru1'.1ng vailue of 500 volts at approximatcly 110 nﬂli-.mperu,
and the oollaotion voltage aupply which isa operated at minus 1200 voktae ‘The
.low-voltago power aupply 1: regulated by means of four type¢6\r6 tubes used as pass-
ing tuboa, and & type 68L7 as a double voltage amplirier. One triode section’ of
the 631.7 18 contronod by variations in, 1nput voltage to the po.asing tubes, and
the other section by variutions in output voltage; the drop scross tho cammon

~doad redictor o.t‘ the two triode neotiona controls the grid bias on the pauing
' tubon_.s The_ oonec»tion vo}._.tngo aupply is cxmﬂy the ‘same‘ as that 1n the air

counter oxcapt;, of course, that it is inverted to give a negative cutput.

“Be Muintenance t

The most comonly encounterod fault will be failure of the aca.ling
paira; u' these scaling pairs become only sligh‘bly unbnhncod. thoy w1l frequont-
' “].y davolop a reucti.on time whioh {s to alou to. handlo the nunber of pulses whioh
must bo oounted; the roault of 'bhis flaw. mn be tho.t tha counter w1l ceunt
either high or low by a nodgratoly con_atgnt poroentuge‘.‘, -This trqublq .will, of
co‘ufa‘é. morﬁ often be encoﬁn_taréd in the first three scaling‘p‘niralo Another
cause of or?utio ooﬁnﬁing fréque;ntly ancoun'ﬁ‘ored is _cmminatic‘m of‘ the nitrogen

gas used in the chamber; a very high degree of purity is démanded of this gas
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for ‘ut'isftc'tory operation, Inptubili—ty‘ of tﬁa amplifier r@sultiﬁg in a shift-
ing plateau is often encountered; this will often be found to be the result of
changing tube ch‘aract'eri"atioa. but may also result from variations in voltage
output of the power supply, The feed=through insulator which carries the high
voltage lead into the ionization chamber is a fre‘quer‘:xt source of troublé; this
insulator is subject to bitremes of témperature o and under these cénditiona nust

yet withstand high voltages, and moderate pressures,

ce. Operation of Counters

After all power is turned on in the counter, it should bs allowsd o
warm up for at least twonty-minutéa 80 that the enmtire unit will have an epportuni-
j ty to reach stability. The sample is then plmced in the ‘chamber, and the pressure
plate a.ff:’n\xed;f the ‘c.hb..mber_ahod.ld then be evacusted and the nuts on the. é;‘edauro
plato. tightened with & vacuum in the chamber; nitrogen gas is then fed 1nt‘;: the
cha’mbe‘r,-.ulml operating présaﬁro being approximately three pounds; the chmbar
| is -then asgain evacuated and refilled. to rémov‘c the last natigdi ‘of i:lr; ‘i:he counter

is then ready for operation.
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