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ABSTRACT

A description of the amplifiers, scalers, and\pawur 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

Io Prinoipleé and Meaintensnce of the Alphs Counter with Air Ionization Chamber,

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

a. Operation of Cirouit;

This alphe counter is of the type known as & parallel-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 poﬁcr supply
uﬁit; this latter unit is composed of a high-voltage power supply, a loWavéltage
power supply, & scaling 6ircuit. and & thyratron circuit to actuate the mechanical
register. An‘osoilloscdpélia included in each installation solély for monitoring
purposes. ' | B

The ionization chamber and pre-amplifier unit are mounted iﬁ 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 801id surface which must be as free from vibration as
poasible. Tho ionization chamber and pre-amplifier case is constructed of brass
as shown in the attached drawings. As ie apparent from these drawings, tﬁe ioniz~-
- ation chamber is cylindrical in shape, ﬁnd is so designed that a cap, on which is
mounted a pedestal, is removable from the lower po:-tion of the chamber. That
pary §f the chamber to which this cap locks is insulated from the remainder of
the chamber by a polystyrene or lucite ring insulator. Roéessad’into the opposite

end of_the chamber is & circular plate, the collection plate, which is well in-
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sulated from til other parts of the chamber; the design of the chamber is such
that this collection plate 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 sample to be counted is placed on the pedestal and
the cap is locked into place in the chambér. A strong electrostatic field then
exists between the pedestal and the collection plate; this field ie established
by connaotingltho'lower portion of the ionization chamber to the highsvoltaga
power supply in tﬁo ﬁculor unit of the counter, and the normal operating voltage
at this point is 1500 volts positivej thié voltage is monitored by s meter in-
stalled on the front panel of the scaler unit. As an alpha particle is amittoa
from the sample in the chamber, it causes ionisation of the air along the path
which it travels. The positive iong formed nre 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 sn undistorted electrostatic field, alpha particles emitted can travel vary-
ing distances before striking some portion of the chamber; therefore, the extent
of ionization, and, hence, the ;mp1itude of the pulse formed, by each alpha
particle is variable within limits. The pulses formed 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 ssgsociated
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' oirouit is a simple rosintﬁnce-coupled amplifier éircuit. The screen supply for
this stage muet be well filtorod. and a large by-pass condenser must be used at
the sorecen 1ta§1f; the aourc§ of moreen potentiai is a twenty-two-and-one=hal f=
volt battery, and the voltago‘ut the tube should be eight té ten volts, The
plate suéply for this tube is a forty-five=volt battery, and the normal operating
voltage at the plate of the tube should be approximately fifteen volts. The
filement of thig tube must be heated 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 seversl tubes must be tried before a satisfactory one is
obtained; the common fault will be a tendency towerd excessive microphonic
qualities inherent in the tube. A three~or four-hundred<hour period of aging at :
subnormal filament voltnge of the tube to be used will improve its performance
after installation. In operstion, filament voltage on this tube will have to be
kept very close to the specified value or this simge will become very microphonmic.

The output of the pre-amplifier stage is fed to the linear amplifier
for further amplification. 'Thn linear amplifier is a three~stage resistance-
coupled amplifier, using type 6J7 tubcs in the first two stages, and a type 68J7
in the final stage. The grid cirouit §f the first stage comprises the shortest
time constant of the amplifier (a .QOOSémfd coupling condenser, and a 250-thousahd;
chm grid resistor) for the purpose of peaking the output pulses of the pree
amplifier prior to further amplification. The tube used in this first stage must
b; selected to avoid microphonics. The filament of this tube is oﬁerated froﬁ [}
sii-volt DC source; the plate and screen from the low~voltage power supply in the

goaler unit of the counter.
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The output of the first atage is resistance-coupled to a dual zain
control network in the grid ocircuit of the second stege. This gain control net-
~ work is uséd in determining the platcau of the counrter; this operation will be
described in detuii later in this report, The second steage is convantional with
one exccptiom: the grid is biaéed to a potential of approximateiy'minns 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 being: positive
pulse to the grid of the pfe-amplifier, negative pulse input to the 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 roépecto 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 mm imput trigger circuit in the scaler

unit.l) This circuit utilizes a typs 658J7, end & type GBS tube, and is an un-

1) the count switoh is 50 comnected that in the"offposition 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-fibrntor circuit. The purpoée of this trigger
circuit is to furnish a 6harp pulse, of constant amplitude, to the first scaling
pair, regardless of the characteristics of the pulse‘by which the circuit is
activated, Normally, the 68J7 is in a nonconducting stato, the 6B8 is conducting,
and'the grid of the 68J7 is bimsed to a potentisl of minus 45 vwolts. As m positive
pulse brings the grid of the 65J7 up to a conducting level, the plate voltage.at
the 65J7 falls from approximately 375 to 140 volts; this raises the grid bias on |
the 688 from minus 10 to minus 60 volts, and causes this 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 thusi‘when the circuit
is <tripped by a pulse of a given peak potential, the voltage at the.plate 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 fcrﬁed at the plate of the 6B8 closely approximates a square wave, and
this pulse is applied to the dicde plates of the 6B8., 8ince this pulse has a
positive value in respect to the cathode of the 6BS, rectificati;n of this pulase
takes plnne,kand a sharp negative pulse is developed across the diode load resistor.
This negative pulse 18 fed to the first scaling pair of the scaling circuit,

. Bach of the three scaling éairs in the scaling circuit comprisss 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 pulse gpr each two pulses recoived° The scaling
pair is an adaptation of a mnlti-vibraﬁér%§ircuit which has two stable positions;
that is, it is seabie with either ofvths two tuﬁes;in & cdn@ucting state, The
plate‘of;each §c$11ng tube is coﬁpled back to the grid of its opposing tube
through a bOOK-ohm resistor. The érid of each tube is retﬁrned 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 considered, it is

geen to be the'resultant,of two voltages of oppoaite polarity. One of these
voltages is the drop across the 100K-ohm grid resistor due to the current flow
oaused by the pésitive voltage at fhe plata 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 condudting. and the
other nonconducting. The voltage at the plate of the nonconducting tube ia the
full ialue of the source, or approximately 4OO volts., The grid potential, 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 value, of course,
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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 nonconductins.

¥%hen a nogativu pulse is applied to the grids of both ecaling tubes
simultaneously, the nonconducting tube is pot'affectod, since ites 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 updn striking the grid of
the cpnducting tube, however, carries the grid of this tube to a value beyond cute
off, and causes the tube to becomo nonoonducting; 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 velue to within conducting renge
of the tube. 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 originullj conducting, thus retaining it in the nonconduoting
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 apparent that on the first pulse received,
one tube will change from a nonconducting to a:conducting state, and at the same
time, the opposing tube will change from the conducting to a nonconducting st?tog

on receipﬁ of fhe second'pulse, this action will be reversed, and on receipt of
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the third pulse, the action will again be the same a5 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 sﬁarply-upon receipt
of the firét pulse, and will remain at that level until the second pulse is applied,
at which time it will fall sharply; this sequence results in th formation of a
rectangular wave at the pl#to of either tube; two suceosaivﬁ heg&tiva pulses are,
of course, required to'fprm one full rectangular wave at of ther plate.

The plate load resistor of only one scaling tube is tappeds this point
is returned to ground through a series RC éircuita and a negative volfuge source
of a value of 4O volts. As the scaling tube passes from & conducting to a non=-
coﬁductihg state, the voltage applied to the condenser of the RC circuit rises
sharply; ocurrent then flawa through the.rdaistor of the RC circuit to chnrge the
condenser teo the new level, and a positive pulse, superimposed on a reference
’ 1ev31 of minus 4O volts;vis developed across the rﬁ:istor. As the soaling tube's
plate voltage falls, a negative pulse, superimposed on the reference level of
minus LO yolts, is develeped across the resistor. The characteristics of the
pulses formed are determined by the time constant of the RC circuit; 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 sumarize the overall effect of the soaling pair and the associated
inverter stage: iwo successive negative pulseh'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 pulse is
formed at the plate of the invafter 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 invﬁrter stage is applied to the second soaling
ﬁair and its associated inverter stage;‘theso are identical to the first set.

The output of the second inierter stage is fed to a third scaling pair; its -
operation is the same aavthat of the first two soaling pairs, but its output is
utilized in a slightly different manner since it is the final sealing pair.

As the overall acaiing circuit is composed of three scaling pairs, and
each palr divides the number of pulses it receives by a factor of two, it ia
apparent that only one pulse will be transmitted from the third scaling pair for
every eight pulses which are applied to the scaling circuit. To¢ take account of
any fraction\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 éhird pair, it is the cathdde of the tube whose output is utilized. The
cathodes of the other tubes of each pair are each returned to the center tap of

& potentiometer. Each potentiometer is so connected as to comprise a shunt for
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- the "Interpolate" meter; this is & Oeto~-50milliampere meter which is calibrated
to read evenly a scale 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
circuit for the interpolate meter is opened, and in the "off" position the ground
circuit is closed. 1In operation, of course, a pbrfion 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 potontiomeﬁera are sgo adjusted
thatienough cathode current of the fifst sca}ing pair tube fléws through the
meter to cause it to }ead to the "one" mark; sufficient cathode currént of the
second scaling pair tube to cause the meter te read to the "two" mark; and enough
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 folloﬁas before any
pulses are applied to the scaling circuit,‘the éirouit must be cleared by bring-
ing the “"reset” switch to its "on" poﬁition, and back to its "off" positionm.

This momentarily opens the cathode cirouits 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" switch dh'ita "on® position,

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

tube of the firat éoaling pair from & nonconducting to & conduoting state; the
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interpolate meter will now read "one". The second pulse changes the interpolate

ion tube |from 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 nonmconducting to conducting, and the interpolate
meter reads "two". The third pulse changes the interpolation tube of the first
pair back to & condusting state; this does not energize the second scaling pair,
but the intérpolste metir now reads the sum of the currents of the interpolationr
tubes in both the first and second sciling pairs; thue, the meter reads to the
"three" mark. The fourth pulse agaiﬁ changes the 1nte}polation tube in first
scaling pair frah & conducting to & nonconducting state; this causes the igter-
polation tube in the second pair to change from a conduoting to a nonoonducfing
state; and, since the interpolation tube of the seaond scaling pair drives the
third scaling pair, the interpolutionvtubé of the third soaling pair is now
changoed from a nonconducting te a coﬁducting atate, and the interpolate meter
reads 2four”. The f£ifth pulse applied to the cirouit agein causes the interpolat-
ion tubé of the first scaling pair to-Becoms conducting, and the interpolate meter‘
to read "fiva"; the aixth pulse changes fhe interpolation tube of the first pair
to nonconductingz, and, thus, the imterpolation 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 omce 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 tubs of the first pair is changed to a nomconducting state. This
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changes the interpoletion tube of the second pair to a nénbonducting state, and
this in turn chuigu the interpolation tube of the third pair to a nonconducting
state; the oirouit is now returned to its original conditien in which all three
interpolation tubes are in a nonconducting state. w

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 a.ppaéent when it is oonsidered that the output of the final
soaling pair, after passing through an inverter atage, is used to drive a thyra-
tron. The thyrutron is bissed negatively to a value of approximately 100 volts,
and, thus, & positive »pialae .’_t.s requi?od to fire 1it. To} obtain a positive pﬁln |
at ths 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 & scaling tube passes from a nonconduoting uﬁtc
te a conducting state., Since thg interpolate tube 61’ the third scaling pair
changes from a conducting toa nono'ondgctin; state upon receipt of the eighth
pulse by the scaling circuit, it 13 tho output of the epposite tﬁbo of this pair
which must be utilized; this tubp's uctﬂ.on is, of course, the reverse of that of
the interpolate tube upon receipt of the eigth puln by the soaling circuit.

The output of the thyratron is used to actuate a mechanioal register
which is commeoted inte its plate circuit by means of a receptacle set im the
front panel, and designated 'frcgister".

In'tho scaler "unit, ‘there are "I?wo low voltage pov‘u;or supplies; one is a

positive supply which furnishes approximately 370. to LOO volts DC for the plate
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‘a.nd‘ screen mﬁplies of‘ t_he. scaling circuit and linear amplifier; the other is a
-negative power sypply and furnishes the bias voltagea for the scaling azid thyratron
circuits. Both povfer supplies wre convontionul,. and are critical only in respeot
to the ripple conteut of the . output voltsge. 4

The . hi.gh-voltuge power supply ocontained in the scaler unit furnishes
» the collootion volta.go te the icnization chamber. This is a regulated power supply
designed te furnish & miximun 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 oontrol is designated “stabilize".
, The 'higho‘voltago winding of thia'rpiﬂmr transformer should have & much higher |
voltage ratixig than that necessar,yl to furnish the required output DC voltugé ‘1n
order to insure that no leakage will occt.;r within the transformer under noml.
operating conditions. As will bT noted, a_li components of the power supply are
rated to withstand much more th"f.‘ opero.ting voltage for the same reason ~= to
vprevent leaknge at any point within the ozrcu:lt- this ia a very important point
to consider throughout the entirq pfmr supply oircuit, aa a major proportion of
interference picked up by the pruupliﬁ.er stage is a direct result of lauluga "
within the power supply. The reot:lﬂ.qr tubo of the power supply is & type 212/879;
'the filter somprises a .05,5000-1:011: paper condennr. and a Thordarson type T=17CLO
telsvision ohoke. The choke is -phood .’m the low-voltage side of tho oirouit.
and has a very high inductance ra.tiug. 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 resistive branohes, which, in
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conjunotion with a tube type L7, form the regulating portion of the high-voltage
circuit. - The voltage dnp_mrou s portion of one 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 potential Vin
~respect to the most negative pdint -of the high~voltage oircuit; this volﬁge on
the grid of the L7 is adjustable by means of ‘& potenticmeter which is s&b into .
the chassis of the éountor; The second resistive branch ia composed of a 50K=
ohm wire=wound rhoostat & 50K-ohm fixed resistor, and four othor resistors ‘
whioh total 1,7 megolms; the drop across .the rheostat is used to maintain the
cathode of the L7 at a given pos:l'.‘bivo'gh)otential in respect %o the most negative
point of the highevoltage circuit; the ’tiirop aoross the ﬁ_xod S50Kwchm resistor
furnishes screen voltage fgf' the L47; and the rmining..ls“? megohms x;esihtanoe
serves to complete the circuit across the high-vd;tage aﬁpply. The contro}l l.:no!':
for the S50K~chm rheostat :I._»s mounted on the front pami of the counter, and is
designated "volto.ga"v; ‘The plate load of the FLﬂ is camposed ‘of the kilovolt meter
(mounted. on the fromt pansl) ‘and resliatanoe‘ totaling 2.5 megobms, and in parallel
.n:lth. these is a .5-mfd 3000=volt oil=filled condenser for filtering purpoaos;
ﬁh_an properly ad:just&d the circuit's regula?.'bing{ nbil:lty depends upén. a coustant
current flow being maintained through the regulating tubp", ﬁggrdlqap of fl';t.otu-
ations in the voltage supply. 8ince the: cathode is' rréu to ‘change veoltage in
aocordmce 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-

1va and tends to prevan’q an increase’ in ourrent flow through the tubc,, while uith '
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a decreasa in voltage across the circuit the tube will act to pravent a decreage
in curront flowo Tho output voltago of the high-voltage circuit is tuken aff
acroes the lond resistor of the regulating tube 3 however, the lampotcntia.l qnd

of this load resistor is not grounded dgrectly; 1natead it is returned to the

_ oenter tap of & potentionster which is shunted acress VR-150 tube. This tube

i.s supplied from the ].mv--vol'l.'.erget negp‘blvo, ‘power aupplyc '.l'ho pﬁrpcae of this .

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

be lo\vered by any amount up to 1?0 N’plts without disturbing the reguluticn of
‘the circuit. The’ control for ﬂm potontiometet which governa tho amount by which -

) the high voluge may be lmred 1- mounted en the front punol. und is narked

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

is red from the output of a Geiger tubc and in this o.pplico.tion need nat be

| The prooedure for setting thq pircuit for proper rcgulation in as
follbwn: the potentiometer whioh regujro.tea the grid voltage on the L7 should be
sot approximately at :l.ts mid position. the "voltage" control te its oxl:reme
clockwiae position, and thc "ata.!?ilize" q:ontrol to the po:lnt necean.ry to givo
apent:lng ou'bput voltage as read hy tha pml metar. : '.l‘hu "tost" switoh is then
throm to ita "on® position; this inperts a So-ohm resiator into the reoder lino
to the primary of -the high-voltage tmnufomor. -.nd. thus, dropa tho output voit-
age ‘of the circuit. The' "'aubinu" con'brol is now turnod -clockwilo to bri.ng

'tho output voltage back up to the po:mt at which it is duired. 'bo opentn if. .

when ‘the "vest" ‘swifbch is ratumed to : its "_orf" position, the output volt;ge
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'riua.' the "wvoltage" control is rotated counter=clockwise to deoi‘éa&e ﬁ: tz; the
- dasired level, This procedure is repeated until the poinf is ruchcé at which
the. oufl:put voltage does not change w'_l"xén‘the "test” switch is changed to either
‘its ."on" or "off" poai-.tim. VI‘f"bhi.a point is not reached withiﬁ the range of
the "voltage" control, the grid vgltage on the L7 will have te be raised "slllighély’.'

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 pp.rticlu are emitted from ‘the sample to' be cunntad, nry cbna:ldarably
1n nmpl!tudu also. & certain amount of oxtnneoua interrorenoe is pickad up by
“‘the pre-nmp}irier; part of this i..:rbo.rferqpce_ is straight pickup, and some is due
~ te 'mplitié;ﬁon;of tgbzq di:turbugpgé within the prg-fmplif}ie.r tubes However, -
it is apparent that thewou'bpﬁt of the spmplifier nuat‘,%.e}'sot in some msmner so
that all the pulses formed will be of isurrioiant amplitude te trip th«; disorimine
atot of.’ the soalor unit, while tho nground disturbunou are no‘b amplified
aurfio:laucny to trip the discrimimtor. This :ls accenplished’' by means of the
.gnin oontrola on the Linear Anplf.ﬁar. The "coarse" ga:ln control reguh.tu the
- gein of the mplifior in stepss the "fine" gain oontrol acts as & vernier omtrol
for each atop. To dotemino the gp.in, cantrol setting at whioh the amplifier |
ahould oporu‘bo, s standard sample :l.s phcod in tho countor, 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. .
unt:ll 'S point is resched st whioh the ntandn.rd coun'ba its noraal uluo s ‘at tlﬁ.a

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

«20-

point several counts should be taken to determine dofinit;ly that all pulses
are being ricqrded, boyond this point three or four more gsounts at higher gain
settings should be mads. The standard sample is then r@wd, the gain conmtrols
sst 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 ‘same rate i‘p“va'ov’ioduly. and the counts per minute,
or"bdckgrmd". recorded ;t each _aattin:g? When the background becomes greater
than five counts per mimute, .11: is ipp.o.rcnt that the point has been reached at
which the exteml disturbances nqruny picked up by tho mplifier are being
recorded; operation above this- pnint *a. of course, impoasi.ble. Thus, the low-
est, and the highgat 5ai.n uttingn at .which the amplifier can be ocperated have
been dotem;nod. and the gain 1s aot for psrmanent operation halfwuy bet'nen
these points. The dintni:ne between the highest and lowest po_niialo operatien

- points should uéproaoh thres full steps of the "coarse” geain oontrol for satis-

factory operatiom.

¢. Standard Deviation: .

The error pln.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 oorreapdq.ding to the counting error in ooun:ta por
minute. The physicul aigniticanoo of th.u error is that there 1- & two~to=one
chanse that the true oounting:rate is ri'bhin 'bha limits of error set by the |
standard deviation. The error oontributod by the bo.ckground ms uamlly 1gnond

~bocauso it was so small.
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- Co:lno:ldencee . \ . |

As the emiasion of alpha po.rticles frd\the umple ‘to be counted ig &
randon occurenoe. it happens tha'b two pnrtiolee. at times, are en:ltted 80 close=
1y together that the mplifier oannot diatinguiah between thqm. und the two pert:l-
clee will then be counted only ae one, ‘rht number of times qhat this will he.ppon
durlng any given intorval is a i‘unot:lon of the nunber of puticlu omittod dur:l.ng
this mtemh - Poy o.oomte cmnting thie phenonem must be tekei; :lm:p eeoount,
e.nd, therefore, for each ohnmber there is a ohart on which the mmber olf om‘bl
te be added te the recorded éount is plot'bed vereua the aumbey of oountq per
mlnute or the sample counted. This 6urve wm roughly the shape of an exponenthl
ourvo. and the counter is not ueed for umpha which win cause & ooinoidenoe »
cerrection greater tlun five. per’ cent. ‘.l'ho coi.noidenoe curve for .any chmber is
determined experimentully in the *following—mmer; - etmdard sample pf ® low
‘value (e.pproximntely hOO oﬁ) is ommted for the peﬂ.od nece ssary to obte.in e
s‘umderd deviation in, the region of .2 per centy a eecond standard . ee.mple of.
-approximately the same vn.lue is counted in the same manner; t}w ‘two unpleq are
then oounted togethe’r, and the difrmnce bet-neen the combined count and tb.e sum
| of tha twa teparate counts. repreeente the’ ooincidenoe dorrect:lbn at thie point.
gince deviation ‘must be uken 1n1:o toconnt. thd dirference between the twe counts
is subject te scume deviation, hcwever. /Thue_, u :‘or exampls, onme penple be ocounte
sd o a demtien‘vdf +2% separabely, end _the noondnmple to 2% separately, the
total deviation for the sum of the twe is ths square root of the sum of the squares
of the two dnvil*_bio::u the total deviation to which the ;.p’qinoidonoe éorrection"‘:‘l_el 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

1=\|'|

iy and the deviation of the oount
S It
obtained when the two samples are 'countqa‘ in ocmbiﬁntion. ' o A

After this point hu been’ detarmined two nmplcs. which ouunt upproziuto-
l.y 800 o/m nch. are counted aoptrutqfl\y. a:nd in cqmbination. in the same mamner
to deternd.ne the boincidome at tha no‘xb point whioh 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
var:lous comhinations of the nundarq. qlrudy cllibntod. und by ocmbimtiona of
other hlgher coun’b standards which oan be oali.brated in the manner already de:cribodo

When minor circui‘b, ohango_q mast be mude for muintmmo_ purposes, it is

uamlﬂli sufficient to check the coincidence curve at a few points by merely count~

ingleundardai which are already carsfully calibrated.

“

o Daomultipnor

!'or count:l.ng amplea vhich are too hig,h for 'bhp norml range of ‘t:ho
counter, tho chamber u;r be r:ltted with . dc«mlti.plier oap. with thh typo of
oap ‘the cmpic is. cempletoly ennlosod exoept for a mll orifioo oontorod Juit
below the oollection phtco ‘Thus, only a pérti..n of tho alpha particlu emitted
hy tho nmplo pess through inte the ibniutibn ohmbor and are ooantod. ‘The
proportion of pt.rtioln counted may be dotamﬂ.md by nporimnt; this fastor :ll
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 trouble encoyntered in cperation of these

counters is due to interfarence which may be picked up at any point in the pre-
auwplifier 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 firét test that should be made ia to compare the background of
iha counxer_with the coiiection vo}tago supply both on and off, &s leakage or
‘sparking at any point within fhe cgl}octiqn voltagevcir§uit ié & common cause of
interference. If the interfqrencgz;;tgucod to the collébtion voltage supply.

it should not be assumed that the defect will be obvious, as & much less serious
“ defeot than that which will cause a visible or audible spark will cause surficiont
interference to render the counter unuduble. A roaistﬁnoe test of circuit com-
ponents is of limited velue; in‘gonérél, if the ;eaistun@e'acrosa the cemponent,
or fram the high‘aida of the.cqmponent fo éraund. measures at least 100 megolms,
the part can be assumed to be fit for use, A point that should be checked care-
fully 1s the ioniszation chamber itsélf, as a small hﬁir or piece of‘iint:ciught :
on the pedestal 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 th. pouor supply.
In some cases the only positive method for dctormining the exact cause of the
interference is a systematic replaccment of parts.

If the source of interference is found not to be the cqllcoﬁion voltage

supply, the voltage supplies for all smplifier tube olements should be oheoked
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Qaf_efully with & sensitive oscilloscope; probably the mo'a.t common fault encounter-
ed in th:.a event will be the discovery of transients on the é=volt DC filament
‘mpply. Ihe t‘ilam?nt of the %8 .used fér pre-amplifjcation is particularly suscept=-
ible to -ihia trouiale. Faulty ql-ectrdlybic.»by-pusn cﬂndenserﬁ om the screen and
 plate supplles will often be found te be the cause, l}!co
A second caube of high btckground is, of course, contamination of the

ch#mbe'r,f If any active material becomes lodged within the chn.mber, the particles
emiﬁed from it will ca.uae counts,. Usunlly particles of active material may be
framoved by oarefully oleﬁing the ohumber wﬁ.th tissue moistened with hoxnnz or
ocarbon tetrachlorides if this trea‘bmgnt does not suffice it will be necessary to .
: remove a few thouaa.nds or an inch of all exposed surfeces with gnrnet cléth.
| Oocasionnllg 609cyola AC pickup Will appear 1n the output of the amplifior;
this is again ueunlly traceable to the collection voltage supply, and will_. be
found te be the result of omaﬁsivo current drqin bn .the power supply. When the
‘current dnimtmugh the fi.lterf choke becomes appreciable, saturation of the
cheke seenis to take place and ﬁim filtering'aotion be'conies impi.ii'ed. The second
ma,jor cause of 6D-cyolo piokup ia the existence of more than “one ground conneotien
' betwe'n the oountqr itself and the pre-nmplifier; it is adviublo to ground all -
cable shields st the coumter end only to avoid this trouble.

B There is & strong ténaemy for thorcoum:or te deﬁl@p excessive mcnph-
onic qualities. The na jor causois‘ aro.s an mplif‘ier- tube becoming mj.crophoniq,
the pedestal in the chamber becoming loose, the sample plate failing to contact

" the pedestal solidly so that it is subject to vibrations, te pedestal being so

+
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adjusted as to be too close to 'th;é collection plate, and & drop in the f:lhment,.
or plate and screen supply, voltage sources.

Failure of the scaling qi;:onlt is a recurrent fault. Completely errstic
scaling with r'zoA pattern will indicate a faulty filter condenser, usually in the
positive lwévfoltageupmt supply, but it my be in the negative lowsvoltage
power supply. If it is found that fhis is not the 'cnuao, the rectifier tube in
the ponifive low-voltage power supply should be checked for poor'emigsion. If e
single 'sculing pair becomes fuu_lty, the scaling circuit will fblldw o faulty
squling pattern; feor example, it may régiatér_ correctly up to a given .lev‘._]. ind'
fail ‘tq&f.o]_.vlaw through 1ta~regulo.r' pattera i,rter. that peint; returning te zere
each time.A _Tha‘faulty,aoali‘.n‘g' peir is emsily detez;minodv by observing thé sction
of the ﬁccling circuit as it is enei-gized by the outpu{: frcm & low count standard,
= eno in the region of 50 te 100 ¢/ms Both tubes of the aculing pair uhould then
be cheoked for poor emission, and for balanced emission. If the tubes cheok'
favora.bly, the scaling pair w:lll bave to be robalanced by changing tho vnluo of
one plate-to-grid coupling resistor; the best check for balance is, or course, ta
compo.re_ thev grid voltu;gea .of the tubos in 'both condusting and poncondugting

uﬁtas} these volteges should be ap'proxixiato'ly the same for préper_ operation.
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II. The Nitrogen Counter

&, Operation of Curcuit;

The nitrogen counter comﬁrisea three uﬁtgg the lonization éhnmber .o.nd
amplifier, the soaler, and the dual power supply. Much of the do.tl_xi prqviv_ou_sly
qutlj.nod in reg'o.rd.jbq the air §hqmber apply equally to this type counter; specifice
ally, the data as regards piatem, gtandard deviation, coincidence carréctton and
method ef dotormining ceincidence ' apfxly emct]iy.':

The chamber itself is a- po.n.llel-plate chamber, but is I‘i),led ‘with
nitrogon gas. rather than witk; atr- beoauso Na dees not combine with free electron:
‘ts 0. does, The collection plute is at & positive potential in respect to the

2
sample holder' :I.n this c:ho.ml:mz'f and thtgs. instead of poaitive ions bqing collected

to form a pulse, olbctrbns are dolle‘c'i::.ed as sach alpho; particle is emitted, .
- Begause of the much smaller mhsa of the electrons as compared with ions, the time
1nt§rw.1 required for all the electrons to be attracted to the cdlioctj.oh platé

is much shorter than the collection time in "l;,h& air chamber, dnd:coﬁaaq‘uently

the pulses formed are a grent;dul sharper than in the air chnmbaiof Sincé the
‘colleotion time of the nitrog;n cha@ber is so much shorter than that of the air
chamber, it is apparent that the relative time interval between pulses is much
greater in the'nitro;"ch chamber, and, thus, it is possible’ tvo count samples of a
much higher mctivity than can be ceunted with an air ohamber. The range for which
the nitrogen counter _13 used is from four thousand to two hundred ‘Eho@s‘an/d counts
éér 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 'st'age} how-
ever,‘ the tﬁbe used fot this stage must be !carefully selected, as oniy' [} 'auuil
percentage of these tub-es have & ‘sufficiently low noise leve.l to be stti'si‘iétoryq'

: Following tﬁe GAXS a‘bqgeé, are fbur‘ stageé \':vhioh utilize type-é&d? tubes; the
ajcre'en“grlid voltage on these f‘ou: stages is &iaed successively, so that thd gein
of each stage increases. To increase the overall stability of the amplifier,
neg&tive.feedbaok is introdﬁpod into the first and third 6AC7 mgu, and into

the sixth stage, which ut;l.l;l'.zes * typoeéae'l tubé. The amoeunt of-fe#dbuok.whieh

may be introduced into the ‘f:l;ird §AGV~ s'bo.ée' can be regulated by mesns of a step
switch which 'i.a mounted on the fron'b‘punal of the nmpliriei', and the overall

-gain of the ampliﬁer m.y be reguluted by this switoho The seventh stugo of. the
smplifier uses a typo-6x6 tube, o.nd the finsl atage is & oathode follewer te
prevent any loo.dingvof the mpliriqr by the socaler unitz this final s‘_bugo uses a
type=6V6 tube, The load rés‘:.letox.'. of the.Aca‘bhb.de follower atage is & potentiometer,
and the output of the amplifier is taken off the center tap of this pé'benti’ametoi-;
‘thus, a second gain control, which is used for fine adjustment, 1s achieved.

Plate‘ and éc,reegnb voltage for tﬁe entire amplifier is furnished by the external
power iuppiy; ‘the filaments of all t’ubga in the smplifier are sﬁppliod from an
external é-volt DC ééurcbo In genoral, the principel requirements of the amplif-
jor are great stability, .high-trpqﬁonqy response, and very low background noise
level, cupocially in the first three ‘atages. ' \ |
The discrinim\tor circuit of the scaler unit is quite. aimila.r to that .

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

s
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pulse toa roctangular wawe . a-xd to convért this wave to a pulse, nnd %o invert
the pulse to drive the first scaling pair, a ahort-timeoconstant RC gr.td oircui‘b‘
feeding a tjpe-ésw tuhe is used, ‘.I‘hc grid bius on the input 6Ac7 of the diao
'cmimtor pair, is rcgulated by a pota;rbimo‘ber adjustments thiu. of oourse, “';
to regulntc the “trip leval of the oircult, It is convenient to locate the |
oom;rol for thia petenttmeter on the rront pnnol of the scaler, the guin of thc.‘-;
' ampl:lﬁar oan 't:hen be aet 80 thnt the diucriminator will be trippcd at appm:d.mteu

1y onaothird mn aotting of its udjuntmntg ‘bhe pla.tuu or the counter can Lhen
bb run by ctmnging the trip hvel of the dincriminator ra.ther tham tha go.in of
the amplif’.el'a By ‘this mmns it il puaible to achieve greater stabinty of |
'eperntion :inco the amplifier is ulmya operated at comtmt gain aat‘tin,g.v

‘rhe ncunng pairs or thin ‘counter are of & plug-.’m type. and conaht of 3

~one type-636 tube and one type-ésm’o These scanng pairs dirfer f‘rom those of
the air counter ohiefly in. the method of couplin.g; in -the nitrogen counter ncdb
ing pairs, the goupung,i..a agcdmpl_tighed vy -m“.‘"”,f-’,f, the double dicdo, ‘_b_ypeyéné
tube.. | Iﬂn‘v ?hia soaling é;;_cﬁit tﬁerg ‘.j.;"no inﬁrtar stage bctvieen acahngpn:lraa
| au'ch‘.. uo@}i_qg pair éri,veu‘thial auecofodi,x_'x&;pair diroctly. The catﬁodoi éf 'e;bh 636
p.ré'.i:;i:.eg-to.gqthgz'f. and comnscted d@rectl;lr to & point. on the io'ad're#i_ator'ot one
triode 'soction of‘ the 68)1? in the préceding scaling bo.ir; eﬂch aca'ling pair 1- '.
trigped only whon thia preced:lng trioda section po.sses from . noneouduoting to a
sonducting atato, In conaidering a single pan-. which has been eleo.red. that u. "
one that is in a ltate iuch that it muat be trippod 'I:wice in ordcr tc triggor ita
sucoeeding pair onod. 1t za seen that the driving trtodo section is in a conduot--

ing ~state while thc‘ other triode aeotion $sina noneonducting state, 4: tme
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plate or the 686 vhich is connected to the plutq of the nonnonducting triode is
.at tho naqe potential as its oathode, no current will flow through thia diode
"1 section, tha other plnte of the 86, 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, which il
..nlno ‘the load rea1ator for the interpulate triodo section. As the voltugo at
ttthe piate of thc 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 beconos nonoondusting, the grid valtage of tho
interpolate trioda rxsel and cauces thxu triode aection to bacome ccnﬂucting; the -
'voltage drcp across the load resiator of thc triodo whioh hase now. passed to a
conducting state 1gn1tea a neon lump whi¢h is used as an 1nterpo1ation indicator. '
When ths*catbodg potentia; of the_énﬁ_;ises’aguin‘ga the triode whlch is driving
.thA'puir'hnder cbnsidsrutién‘faturna té a noncénduoting stute;‘a.pokitive'puisé"
 13 applied to the grid of the trioda wh1ch ie alroady in & conduoting stlte; this,
mof course, doss not affect the noaling pair. When the driving triode ngnin be=
camns oonduoting, the ofroot on “the aoaling»pair-il to return 1t to ita originma)
state in the same fashion aa just outlined, and s this chango is wade, the next‘
_ suoceading scaling pair is, of course, trippod once. '

The scnling oirouit contsins eight soaling paira; thc fhctor of the
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total »ac;;:lix.:.g cirouit is, therefore R ‘2'56;. ‘however, & sw:‘l‘.tch is pz;oiided on the
front. panel of the scal.er by means of which the last two scaling pairs may Se
cut out of the cirouit, and a scale of 32 used, Tha final scaling pair drives a
type<bVS tube which is ‘used to actuate a mechanioa]. reginter,

‘The power supply of the countar conta:lns a low-voltuge pover supply,
whioh furnishes sn 0peru1'.ing value of 500 volts at approximatcly 110 nﬂli-.mperu,
and the oollaotion voltage aupply vhich is operated at minus 1200 whae 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 amplifier. One triode section’ of
the 63L7 15 ccntronod by wariations in 1nput voltage to the po.asing tubes, and
the other soction by variutions in output voltage; the drop scross tho cammon

~doad redictor o.t‘ the two triode neotiona controls the grid bias on the pussing
' tnbon_o' The_ oonec»tion vo}._.tngo aupply is cxmtiy the ‘same‘ as that in the air

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

“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-
g iy davolop a reucti.on time whioh {s %o alou to. handlo the nunber of pulses whioh
must bo oounted; the roault of 'bhis flaw. w:lll be tho.t tha counter w1l ceunt
either high or low by a nodgratoly con_atgnt poroentuge,‘, -This trqublq .will, of
co’ufa‘é. morb often be encoﬁu_taréd in the first three sco.ling‘p.lj‘.ra:o Another
cause of or?atio ooﬁn‘lﬁing fréque;ntly ancoun‘h‘ored is _cmminatic‘sn of‘ the nitrogen

gas ussd in the chamber; a very high degree of purity is démanded of this gas
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for 3utisftdtory operation, Inptubility‘bf tﬁa'amplifier r@gultiﬁg in a shift-
ing pliteau-ia often enoouhtared; this will often be found te be the result of
changing tube characferibtioa. but may also result from variations in voltage
output of the power supply, The feesd=through insulator which oarries thé high
voltage lead into the ionization chamber is a fregueﬁt source of troublé; this
insulator is subject tb‘bitremes of tbmperatura, and under these cénditiona must

yet withstand high voltages, and moderate pressures,

ce Operation of Counter;

After all péwer is turned on in the ooun#cr,’it should be allowed to
warm up for at least twonty-minutéa'ao that the entire unit wi;llhavu'anfepbortuni-'
j ty to remch stability. The sample is then plmced in the chamber, and the pressure
plate uffixed;jths §hﬁmber_ahouid then be evacusted and the nuts on th.‘ffedauro
plato'tightenpd with & vacuum in the chamber; nitrogen gas is than fbd 1nt; the
chdmbar,-.uauul operating prbeaﬁro‘boing_tpproximgtely three pounds; the chunbor
| is-then sgain evacuated and refilled to rémnvt the last vaatigdi'of iir; ihe counter

is then ready for operation.
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