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Chapter I

INTRODUCTION

1
In 1939 Libby published his design for a new type

of Geiger counter useful for the detection and measure­

ment of low energy beta radiation. All previous designs

of such counters required that the radiation pass through

the wall of the tube in order to be detected. Some ab-

sorption took place regardless of how thin the walls were

made, thus requiring that some correction be applied in

the radiation measurements. Libby circumvented this dif­

ficulty by placing the sample directly inside the counter.

Thus any electron emitted from the sample surface would be

drawn into the sensitive volume by the tube field.

The only loss, aside from obstructions necessitated

by the tube geometry, occur as the result of absorption of

the beta particle in the sample itself. In addition to

placing the sample in the tube, Libby placed a grid between

the sample and the anode and thus referred to his particular

design as a screen wall counter. The grid has various

effects depending upon the grid geometry and the grid to

cathode potential. If operated at a positive potential

of about 10 volts or greater, all the electrons which leave

1. W. F. Libby and D. D. Lee, "Energies of Soft Beta
Radiations of Rubidium and Other Bodies", Physical
Review, LV, 21^.9, 1939.
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the surface of the cathode are drawn into the grid to

anode field and produce counts. As the grid voltage is

increased negatively, an increasing number of low energy

electrons are repelled away from the counter sensitive
2

volume until complete cut-off occurs. The grid is useful

when the Geiger counter is being used for high counting

rates, since the positive ions returning to the cathode

lose their effect as soon as they pass through the grid,

thus reducing the resolving time of the counterHow­

ever, among workers ’in the field there is sane disagreement

as to the value of the grid for low counting rates. If it

is operated at a negative potential, it reduces spurious

counts resulting from photoelectric sensitivity of the

cathode surface and electron emission resulting from pos­

itive ion collections near the surface, but the normal

radiation from the sample is reduced. If it is operated

positively, all the normal sample radiation is collected

but on the other hand the spurious count is increased.

2. S. A. Korff and W. E. Ramsey, ’’Use of a Grid to Reduce
Operating Voltage in Geiger-Mueller Counters”, Review
of Scientific Instruments, XI, 267, 1940*

3. H. R. Crane and E. W.
for Age Determination
CXVI, 342, 1952.

McDaniel,. ”An Automatic Counter
by the C-^4 Method”, Science,



It was mentioned in the first paragraph that ab­

sorption of the beta radiation occurs in the sample itself.

Thus radioactive material located near the inner surface

of the tube must pass through the material above it in order

to reach the surface. In order to determine the true ac­

tivity of a substance the count of sanpies per unit weight

of the same substance must be determined for different

weights per unit area. As the thickness is increased the

increase in the counting rate decreases and finally levels
off.^ The initial slope of the plotted curve gives the

true activity of the sample per milligram. The variation

of the counting rate with the sample thickness may at first

seem an unfortunate complication. However, once having

determined the thickness which gives the maximum counting

rate, all that is necessary is to use a slightly greater

sample thickness on all subsequent radiation measurements

of the same substance.

In 1949 Libby devised a technique for determining the

ages of relics by a measurement of the radioactivity due
to the presence of radioactive carbon (C^). Radioactive

carbon was assumed to be present in living matter in the

same proportion as in the atmosphere. When the organism

died, the carbon cycle was interrupted. From this point

Ip. R. E. Lapp and H. L. Andrews, Nuclear Radiation Physics,
p. 237, 1948. -------------------------------



in time the radioactive carbon present began to decrease

expotentially at a rate proportional to the amount of

radioactive carbon present at any subsequent time.

The maximum energy of the beta particle emitted is

1^0 Kev which is a relatively weak radiation. Hence, the

screen wall counter was admirably suited for this applica­

tion. The problem of age determination by this method was

further complicated because of the small amount of radio­
ed

active carbon present. In maasurements made by Lioby of

contemporary carbon, the count for a sample weighing 8.5

grams and having an exposed area of l|.00 square centimeters

was 16.5 counts per minute. In order to measure this

extremely low count, it was necessary to reduce ths back­

ground to the lowest possible value and in addition attempt

to compensate by some means for the variation in background

The local gamma radiation from the laboratory walls and the

soft component of the cosmic ray radiation were reduced by

the use of an 8 inch thick steel shield. The count due

to the hard component of the cosmic ray radiation was re­

duced by screening tubes connected in an anticoincidence

circuit. In order to partially compensate for the change

in background, Libby modified his counter so that the count

between a contemporary sample and the sample of unknown age

5. W. F. Libby, ’’Measurement of Low Level Radio Carbon",
Review of Scientific Instruments, XXII, 225, 1951*



were taken alternately at Intervals of approximately two

hours. In Libby’s design, the sample was shifted manually
and thus required constant attendance. Crane and McDaniel^

improved somewhat on Libby’s design by making the shifting

operation entirely automatic. The samples were moved by

means of a motor driven lead screw within the tube. The

shifting program was preset on a clock.

A good description was given of the tube, shield and

circuits and Dr. Sartain suggested that I undertake the

construction of this apparatus with the assistance of Mr.

Musgrove as a project suitable for a Master’s Thesis. In

making up the working drawings it was apparent that there

was a possibility of improving upon the design of Crane and

McDaniel. The large gasket required by the coupling, to­

gether with another gasket on the opposite end, required by

the anode adjustment plate, seemed undesirable. If the sam­

ple tubes were placed in a carriage within the counter

envelope, then the shift from one position to the other could

be performed by simply tilting the entire assembly. The anode

assembly was also completely redesigned. The construction

of the tube following this design is discussed in the next

chapter.

6, H. R. Crane and E. W. McDaniel, Science, CXVI, 3^2, 1952.



Chapter II

CONSTRUCTION OF THE COUNTER TUBE

The Envelope

The envelope is constructed of 4 inch O.D. steel

tubing, 65 inches in length. The flanges which are

brazed to the ends of the tube are made of 5/8 inch flat

cold rolled steel. The end caps which are made of the

same material are attached to the tube by means of six

No. 10 cap screws. A groove is turned in each cap

flange for a 4 inch 0-ring gasket. A 1/4 inch thick

plate glass window 3 inches in diameter is waxed into

one cap and the electrical terminals pass through the

other cap.

The Sample Cylinder and Carrier

The sample cylinders are made of steel tubing 9

inches long and have an inside diameter of 3-1/16 inches.

The outside diameter of these cylinders is about 1/32 inch

less than the inside diameter of the sample cylinder carrier

The carrier tube into which the sample tubes are

placed is made of steel tubing 3-1/4 inch inside diameter

and is 37 inches long. Two slots each 1/2 inch in width

and 1 inch in length are cut into each end of one side of

the tube. Ball bearings which form the wheels of the



o

carriage are mounted in these slots. A slot 1/2 inch

in width is cut practically the full length of the tube

on the side opposite the bearing slots. The purpose

of the groove is to provide space for the carriage return

spring.

The Carriage Return Spring and Rod

The carriage return spring is made of .020 inch

piano steel wire and has an outside diameter of 1/4 inch.

It has a free length of 59 inches and a pitch of 18 turns

per inch.

The spring is supported by a 3/1.6 inch diameter steel

rod which extends the length of the tube. The spring is

compressed between two pins driven through the rod. The

pins are symmetrically spaced with respect to the center

of the tube and are 37 inches apart.

The Anode Assembly

The anode proper which consists of a .007 inch diameter

tungsten wire and the screen wall are supported from one

end of the counter tube by a 1^ inch diameter steel tube.

This tube in turn is supported by a short piece of 2 inch

diameter steel tubing to which a 3'i inch flange is welded.

The smaller tube is electrically insulated from the larger 

by two washers made from 1/4 inch thick lucite plate



The tungsten anode is insulted at each end by bush­

ings made of 3/4 inch polystyrene rod. A 1/8 inch

diameter brass rod passing along the axis of the 1^- inch

tube and insulated from it by polystyrene bushings serves

as the electrical connection between the anode and the

high voltage lead-in bushing in the end cap.

The anode assembly is supported by three No . 10

bolts passing through the flange on the 2 inch diameter

tube. Three additional screws placed in tapped holes

in the flange are used for centering the anode.





Chapter III

THE CONTROL APPARATUS

As stated in the introduction, the sample carriage

is shifted by tilting the counter tube. It is the func­

tion of the control apparatus to tilt the counter tube in

the proper direction at predetermined intervals of time.

It consists of the clock, the motor cam switch, the motor

control circuit, and register control circuit. An impulse

from the clock initiates a sequence of operations of the

contactors which stops the counting and timing registers

and starts the tilting motor. The tilting motor continues

to run until the cam switch interrupts the motor circuit.

When this occurs, the counting and timing registers start

again and the contacts return to their initial positions,

thus completing the tilting operation.

The Clock

The counting intervals for a given sample can be set

to occur at any times within a 72 hour period. The time

of occurrence and duration of any particular interval is

determined by the position of small screws placed in

drilled and tapped holes in the disc. There are three

sets of tapped holes placed on three concentric circles.

Time settings for the first day are made on the outer 

circle; settings for the second day on the middle circle 



and settings for the third day on the inner circle. The

screws project below the surface of the disc and depress 

the push bar of a micrcswitch located under the disc as

they pass over. There is one microswitch for each circle

of holes. When the disc has turned through its first

revolution, a small post located on its outer edge engages

the cam of a rotary switch. The purpose of the rotary

switch is to shift the control from one microswitch to

another. Thus the time settings for the next day are

brought into play.

An electric clock motor drives the disc through a

gear train. The clock motor turns at the rate of ten

revolutions per hour while the disc turns at the rate of

one revolution per day thus requiring a gear reduction

ratio of 24.O to 1.

The electrical circuit for the clock is shown in

figure 2.

This clock is simple in design and easily repaired.

Its most desirable feature, however, is the large number

of settings which can be made over a three day period.

The Cam Switch

The cam switch is mounted on tiie motor gear reduction

box. The projections on the cam hold the switch in the

normally open position. When an impulse from the clock is 

received by the motor control, the motor starts, causing





the cam switch to close after a short interval of time.

When the next projection on the cam reaches the vertical

position, the cam switch opens. The opening of the cam

switch terminates the tilting operation and starts the

timing and counting registers.

The Motor Control Circuit

The electrical diagram for the motor control circuit

is shown in the upper part of figure 3» The cam switch

(S) and the clock switch (C) are normally open. When the

clock switch closes, the motor circuit is completed through

the second contact of switch (M) and the motor starts.

Current also flows through the contactor coil. However,

since all of resistance (R) is in series with the coil, the

coil is not sufficiently energized to overcome the spring

tension which holds the contactors in their normal position

About five seconds after the motor starts, cam switch (S)

closes. This operation effectively shunts out about L±0%

of the resistance. The coil is now sufficiently energized

to move the contacts into the second position. The motor

circuit is closed through switch (S) and disconnected from

the clock circuit. When the tube has reached the desired

position, the cam switch (S) opens. The contactor coil,

however, is still partially energized through the clock 

circuit and thus remains in the second position. Thus



the motor circuit is interrupted and the motor stops.

The contactors remain in the second position until the

clock opens. Thus the motor starts when the clock switch

closes, and stops when the cam switch opens.

An A.C. contactor could have been obtained for this

particular application; however, a D.C. relay was used

because there were a large number on hand. Also since

there is no reactive component present in a D.C. circuit,

the adjustment of the circuit constants is simpler than

in the corresponding A.C. circuit. Thus it was believed

that the additional complications introduced by the rec­

tifiers was justified. An electrolytic capacitor of 50

microfarads was placed across the coil. The single wave

pulses coming from the rectifiers was considerably smoothed

out as observed on the oscilloscope. The A.C. component of

the voltage could have been measured by connecting an A.C.

voltmeter in series with a large capacitor across the coil,

and the ratio of the effective voltage to the D.C. voltage

or ripple-factor determined. However, since the contactor

would probably function satisfactorily with twice the

present ripple factor, there was no point in finding its

actual value.

In order to insure a positive operation of the contac­

tor, the pull-in voltage should be about double the hold-in

voltage. Thus a relay having a large airgap was chosen.



It was found that by adjusting the airgap length in the 

open position that the contactor could be made to pull

in on 60 volts and hold in on 30 volts. The voltage

adjustment was made by adjusting the position of the tap

on resistor (R).

The Timing and Counter Control Circuit

There is a timing and counting register for each of

the three samples in the tube. Thus when the sample is

replaced by another in the sensitive area of the tube, the

set of registers recording the counting rate of the one

sample must be stopped and the next set of registers set

into operation. It is the function of the counting and

timing control circuit to perform this operation.

This circuit consists of a D.P.S.T. magnetic switch,

a timing circuit, a magnetically operated rotary switch,

and three sets of registers. A schematic diagram of the

electrical circuit is shown in figure 3.

The magnetic switch (N) is a conventional type and

needs no further description. The registers are magneti­

cally operated and records one count for each pulse re­

ceived. They have a revolving time of about 1/10 second

and cannot be reset. The counter registers are actuated

by pulses received from the scaler amplifier, and the

timing registers are actuated by pulses received from the

timing circuit.



The timing circuit consists of an electric clock

motor, single wave rectifier, capacitor, and a set of

contacts. The motor which revolves at the rate of 60

revolutions per minute has a cam mounted on its shaft

which opens and closes the set of contacts at the same

rate. When the contacts are open, the capacitor is charged

by half-wave pulses coming from the rectifier. When the

contacts close, the capacitor discharges through one of

the timing registers.

The purpose of the rotary switch is to direct the

pulses coming from the counting and timing circuits to

the set of registers corresponding to the sample whose

counting rate is being recorded. The contacts on the

rotary switch are closed in the proper sequence by a cam.

The cam is turned through a definite angle by a solenoid

operating through a ratchet and prawl arrangement.

A brief description of the operation of the circuit

as a whole can now be given. If sample No. 1 is in the

sensitive area of the counter tube, the rotary switch is

in position No. 1 and the pulses coming from the scaler

amplifier are directed to counter register No. 1, and

pulses coming from the timing circuit are directed to tim­

ing register No. 1. When the end of the first counting

period for sample No. 1 is reached, the clock circuit 

closes, starting the tilting motor. Since the coil of 



cunbactor unj is connected across the motor circuit, this

contactor interrupts the counting and timing circuits and

closes the circuit of the rotary switch solenoid. Con­

tacts No. 1 and No. 11 on the rotary switch are opened and

contacts No. 2 and No. 22 are closed. As soon as sample

No. 2 has been moved into the sensitive area by the tilt­

ing operation, the motor circuit is opened and contactor

(N) returns to its normal position. Thus timer and counter

No. 2 now begin recording the counting rate of sample No. 2

The circuit of the coil of the rotary switch is con­

nected through a contact on switch (M) • The purpose of

this connection is to reduce the period for which the coil

is energized. This is desirable since the current flow 

through the coil is auite he aw.
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Chapter IV

DESIGN OF THE VACUUM PUMP

In this particular application not only a high

vacuum was desired but also some convenient means of

refilling the counter tube was necessary. Thus it

seemed reasonable to design an apparatus suitable for

both functions. It also seemed desirable to have the

pump and guages built into a framework which could be

moved about as a single unit anywhere in the building.

A schematic diagram of the pump is shown in figure

4« It was decided to use metal tubing since apparatus

constructed of glass not only requires greater skill in

its assembly but is also less rugged. Copper tubing was

the logical choice since vacuum tight connections can be

made using soft solder. Copper tubing 3/4 inch in diameter

was used for the pumping line since it is the largest size

copper tubing locally available. Copper tubing 1/4 inch

in diameter was used in the charging and guage lines since

in the first instance the gas in the line is under some

pressure and in the second instance the rate of flow of

gas into and out of the guage tubes is relatively low.

Bellows type valves were chosen since the walls of

the bellows form a complete metal seal against leakage.

In order to prevent oil vapor from the diffusion 

pump from entering the tube and guages, a vapor trap is 



usually placed near the pump inlet. The simplest type

of vapor trap from the standpoint of construction is a

U-tube surrounded with some cooling medium. It was de­

cided to use a glass U-tube in order to reduce the amount

of heat flowing into the cooling medium from the room

since the heat conductivity of glass is much lower than

that of metals.

It was decided to use two electrical vacuum guages,

a thermocouple guage for pressures above 1 micron and an

ionization guage for pressures below this point. The

thermocouple guage should be particularly useful for leak

detection purposes, since its response to changes in pres­

sure is fairly rapid.

Since the tube is to be refilled with argon and ethane

after the air is removed, it was necessary to provide some

means of measuring the pressures of the two gases. Manometers

are easily constructed in the laboratory and are suitable

for this purpose. Hence it was decided to use a mercury

filled manometer for measuring the nine centimeters of mer­

cury pressure of the argon gas and an oil manometer for

measuring the 1 centimeter of mercury pressure of the ethane.

Since the oil has a specific gravity of ,925, an oil man­

ometer reading of Uj..7 centimeters is equivalent to 1 centi­

meter of mercury. The manometer tubes were to be sealed off

at one end and evacuated in order to give absolute pressure

readings,



Chapter V

CONSTRUCTION OF THE VACUUM PUMP

The Frame

The pump is mounted on a welded steel frame made

from 1 inch angle iron. The frame is in the form of a

table with a guage panel and a shelf for the electronic

control circuit for the ionization guage.

The Oil Diffusion Pump

The diffusion pump was already on hand as part of

a large stock of war surplus material. It has a 2 inch

diameter throat and 3/^4- inch forepump connection. A 2$0

watt electrical heating element located at the bottom of

the pump supplies the heat required for the vaporization

of the oil. A cooling jacket through which water is cir­

culated is located in the upper part of the pump and is

used to condense the vaporized oil. There are two jets;

one is placed near the middle and the other is well up

into the throat of the pump. Both are part of a single

piece and are removable. Since the original flange to

which the pump was attached was not available, it was

necessary to make one. For practical reasons this flange

is made of 5/8 inch thick flat stock in the center of



which a 1 inch hole was bored for the copper tubing con­

nections. A groove 3 inches in diameter is also turned

in the flange for an 0-ring gasket. The flange is bolted

directly to the frame and thus provides a support for the

pump. The forepump connection is reduced in size since

the available mechanical pumps are designed for 1/lf. inch

hose connections.

The Vapor Trap

The vapor trap consists of a 3/^4- inch glass U-tube,

the ends of which are waxed into two copper tubing L’s.

The two L’s are welded to the ends of a short length of

3/U inch copper tubing, thus forming a rigid support for

the U-tube.

The Valves

A bellows type of valve is used. Small 1/1|. inch

needle valves are used in the manometer and gas charging

lines, and a large 1 inch valve is placed between the

vapor trap and the charging line. The large valve has

a rubber valve seat and a rubber gasket in the flange.

It was found necessary, however, to replace the flat

rubber gasket by an O-ring. Apparently the flat gasket 

was attacked by the stopcock grease applied to its sur­

face and soon became soft and spongy.



The Gas Charging Systern

The gas charging line is connected to the regulator

valves on the argon and ethane gas tanks by means of short

sections of rubber tubing. A needle valve separates the

charging line from the guage lines.

The Manometers and Guages

An oil and mercury manometer are waxed into a T-con-

nection soldered to a piece of 1/4 inch copper tubing.

The other end of the tubing is connected to the guage line

through a needle valve. The manometers were both filled

by first pumping out the air and then allowing the fluid

to flow into tubing through a T-connection in the vacuum

line .

A thermocouple is connected directly into the guage

line. The filament current of the thermocouple tube is

supplied by a 1.5 volt dry cell connected in series with

a rheostat and 0-1 ammeter. The thermocouple is connected

directly to a 0-200 microammeter having a resistance of

250 ohms•

An ionization tube is also waxed directly into the

guage line. An electronic circuit for use with a simi 1 er

tube was already on hand. A switch and an ammeter were

added to the grid and filament circuits in order to insure

that the filament circuit was open when grid was being

outgassed.
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Chapter VI

THE ELECTRONIC APPARATUS

A schematic diagram of the complete electronic cir­

cuit is shown in figure 5.

Pulses from the counter tube, after being amplified,

are used to trigger a univibrator. Positive pulses from

the univibrator are then fed into the mixer. The screen­

tubes are connected in parallel, and pulses from these tubes

are fed directly into a univibrator. This univibrator

serves the double purpose of amplifier and quenching cir­

cuit, thus making it possible to use the screening tubes

after the quenching gas has been consumed. The mixer is

a simple resistance circuit which blanks out pulses from

the counter tube when they occur in coincidence with

pulses from the screening tubes. The pulses from the

mixer are thus amplified sufficiently to actuate the

registers.

The Counter Tube Amplifier

The circuit shown in figure 6 was designed by Crane

and McDaniel for use with their automatic counter. It

has two stages of amplification, a univibrator, and

voltage regulator. The bias voltage on the first tube is

about 2 volts negative and in its quiescent state has a

plate current of about 1.5 milliamperes. A negative pulse





from the counter tube sends the tube to cut-off causing

its plate voltage to rise abruptly. A positive pulse

is then sent to the grid of the second tube which is

biased by the cathode follower resistance. Thus the

plate voltage of this tube drops sending a negative pulse

through the diode to the univibrator, and the voltage on

the cathode rises sending a positive pulse to the grid

of the voltage regulator tube • When the tube fires, it

discharges the .002 microfarad capacitor. The plate

voltage drops due to the charging current flowing through

the 50 megohm resistance, thus permitting the tube to

recover control. This drain on the 1 microfarad capaci­

tor which is fed through the 200 megohm resistance causes

a 2 volt drop in the counter tube voltage. Since the

counter tube pulse size decreases as the supply voltage is

moved downward toward the threshhold voltage, the next

pulse received by the regulator tube is slightly less than

the preceding one. The regulator tube continues to fire

with each succeeding pulse until the amplitudes of the

positive pulses arriving on its grid are insufficient to

raise the large negative bias voltage above cut-off. The

regulator circuit is capable of maintaining the voltage

well within the limits of the plateau, even when the thresh­

hold voltage changes during counting.

The second tube of the univibrator has a zero bias 

voltage and thus in its quiescent state is conducting. The
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first tube is biased well beyond cut-off. A pulse arriv­

ing on the grid of the second tube carries the grid

voltage to cut-off. The positive pulse resulting from

the rise in plate voltage is transmitted to the grid of

the first tube through the .0001 microfarad capacitor

causing the first tube to become conducting. This tube

remains conducting as long as the capacitor is charging.

When cut-off is reached on the first tube, the grid of

the second tube is returned to zero bias and becomes con­

ducting again. The pulse amplitudes and duration depend

upon the circuit constants of the univibrator and are thus

independent of the counter or amplifier pulses. This

characteristic of the univibrator greatly simplifies the

mixing stage.

Quenching Circuit for Screening Counters^

The operation of this univibrator is essentially the

same as described in the preceding paragraph. This am­

plifier is shown in figure 7 • The voltage swing of the

first tube, however, has a swing of about 270 volts which

is fed back through the capacitor separating the circuit

from the tube. The time constant of resistor R and

capacitor C determines the duration of the pulse.

1. S. C. Curran and J. D. Craggs, Counting Tubes, p. 1 )|2
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The Mixing Circuit

The mixing circuit is shown in figure 8. Positive

pulses coming from the counter tube ordinarily swing the

grid of the 6J5 amplifier tube positively and thus cause

it to deliver a negative pulse to the register amplifier.

Actually a double pulse appears across the grid for each

square wave pulse delivered by the counter univibrator.

This results from the fact that the small capacitor,

together with the resistance, have a time constant of

about 1 millisecond which is approximately the duration

of the square wave pulse. Hence, the capacitor has suf­

ficient time to reach almost full charge. Thus both a

positive and a negative pulse appear. Since the tube is

biased negatively, the negative pulse of course does not

cause the tube to conduct.

Pulses coming from the screening tube univibrator

appear practically as negative square waves on the grid

of the 6JJ? tube, since the time constant of the 0.1 micro­

farad capacitor and grid resistance is 0.1 second. Thus,

peaked, positive pulses, which arrive during the interval

when the grid is being held negative by the screening

circuit pulse, are blanked out and do not produce a count.

It is important that the blanking time should be known,

since this must be added to the dead time of the counter

in correcting the count.
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The Register Amplifier

A pulse arriving on the grid of the thyratron tube

causes the tube to fire and discharges the 0.1 micro­

farad capacitor. The register is an inductive load which

momentarily blocks the current through the tube. This

allows the grid sufficient time to gain control of the

tube. In recharging the capacitor, sufficient current

flows through the register to record a count.

2
The Vacuum Tube Voltmeter Circuit

It was necessary to build a vacuum tube voltmeter

to measure the counter supply voltage which ranges from

500 volts to 2000 volts.

If a triode is operated with its grid positive and

a negative potential is applied to its plate, the grid

current will decrease as the negative plate potential is

increased. Thus, a milliammeter placed in the grid cir­

cuit can be calibrated to read a negative plate voltage

with practically zero plate current.

A 1£-E transmitter tube was found useful for this

purpose. In order to determine the optimum grid to

cathode voltage, characteristic curves of grid current

versus grid voltage for constant values of negative

plate voltage were run. The high voltage was neasured

2. M. Kupferberg, "Vacuum Tube Voltmeter for Measuring
High. Negative Potentials", Review of Scientific
Instruments, XIV, 254, 1943* ————— 



by a D.C. kilovolt meter. The curves are shown in

figure 9. It was desired that the meter which was

calibrated for some specific application indicate full

scale at 500 volts and as small an indication as possi­

ble at 2300 volts. It was also hoped that the meter and

grid circuit might be connected directly across a VR-75

tube in order to eliminate supply voltage variation.

After plotting the characteristic curves, it was

evident that a load line passing through eg s 75>

i - 0 and intercepting the -500 volt plate voltage curveo
at the full scale reading as shown by the dotted line in

figure 10 would cause the meter to indicate one-third of

full scale for the 2300 volt reading. Thus only two-thirds

of the meter scale would be available for reading the range

of voltages desired. From the graph it was apparent that

a load line running through eff = 55» i_ s 0 and passing

through the -500 volt curve at the point of full scale

deflection would give about the optimum conditions. If

the base of the load line were carried further to the left,

the scale range would be extended, but the high voltage

readings would be unduly compressed. As such, it was

necessary to connect the grid circuit to a tap on a volt­

age divider connected across the VR-75 tube.

The use of a 700 volt center tapped transformer for 

this application was not good design since only about 20%

of the voltage was required. However, the transformer
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was immediately available and so was pressed into service.

The voltmeter calibration curve can be determined

from the intersections of the load line with the plate

voltage curves. Thus referring to the graph, a meter

indication of 1.0 represents a potential of 1700 volts.

The meter calibration curve is shown in figure 11.

The Voltage Regulator Circuit

A voltage regulator is incorporated into the counter

tube amplifier as shown in figure 12. It did not seem

wise to apply this type of regulator to the anticoinci­

dence quenching circuit since the pulses produced by

the univibrator are quite large. It seemed that there

might be some difficulty in preventing the voltage reg­

ulator from responding to the univibrator pulses instead

of being controlled by the counter tube pulses. Also,

since the screening tubes are manufactured under con­

trolled conditions, it is not very likely that their

plateau voltage would change appreciably in the course

of a single test.

A 6C6 tube is placed in the positive side of the
3

line with the cathode towards the load. The grid is

connected to the bias resistor connected across the load.

3. Korff, Serge A. Electron and Nuclear Counters, p. 18 



The screen grid voltage is provided by the power supply.

A VR-105 tube is used to hold the screen grid voltage

constant*

The 6C6 tube functions as a variable resistance in

series with the line. A slight decrease in voltage re­

duces the grid to cathode negative bias, reducing the

voltage drop across the tube, thereby tending to counter­

act the decrease in line or load voltage.

The voltage supplied to the load can be adjusted over

a wide range by simply varying the grid voltage.

The chief objection to the above circuit is that if

the negative side of the line is grounded, then the entire

power supply is above ground. The power transformer must

therefore be insulated for the full line voltage.



Chapter VII

CONCLUSION

A sample cylinder was mounted in the tube within

the sensitive volume in the exact position which it would

occupy in the sample tube carriage. The endcaps and anode

were then placed in the tube. It was then coupled to the

vacuum pump and pumped down to a pressure of 20 microns

as indicated by the McLeod guage. Both the pump and tube

were flushed out three times with ethylene gas and then

filled with the same gas to a pressure of 1 centimeter of

mercury. The pump was then flushed with argon gas and

the tube was filled with argon to a total pressure of 10

centimeters of mercury.

After grounding the screen wall, a counter circuit

was connected to the anode terminal. The tube began to

register the background radiation when the anode poten­

tial reached a value of about 1450 volts. A further rise

in potential showed an increase in the counting rate. The

tube also registered an increase in counting rate when

radioactive material was brought into the vicinity of the

tube.

At irregular intervals a glow discharge developed

within the tube, the frequency of which increased as the

tests proceeded. It was visible through the anode termi­

nal and apparently was occurring at this point. Because 



of this difficulty, it was not possible to determine the

extent and slope of the plateau. However, it was defin­

itely established that the tube would register the passage

of ionizing radiation through it.
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