Feb. 5, 1952

J. M. CONSTABLE

- 2;584,844
GEIGER TUBE RADIATIQN» METER
| Filed Nov. 26, 1949

: > 3l 29
( ; (> AR D) — e AV
2 _lus S v o e il
by 24
\. 8 .
5 .
K. 28 20
3 21
7 25| :
31 TUTAE
q
23 P =i
of _ P 22 -19
26
: 30
18 — 182 —
e’ L
FIG.I.
I
3 4
NV\(/V
r— / MK 3
2
15
TUBE
VOLTAGE
5, 9 SUPPLY:
¥ g+ ol n
q a
§ F O
18/ = '
< FIG 2. INVENTOR



Patented Feb. 5, 1952

2,584,844

UNITED STATES PATENT OFFICE
.  assases
GEIGER TUBE RADIATION METER
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" The present invention relates to a Geiger tube
radiation meter and more particularly to a meter
which is light in weight and has a long: lived
power supply. . : -

As the seience of nuclear physics advances and
the discovery, mining, purification and applica~
tion of radioactive materials becomes more wide-
spread both in g eivilian and military sense,- it
becomes increasingly important that simple, rug~
ged, accurate, and lightweight detecting and mea-
suring instruments for beta, gamma, and alpha
rays and particles be made available. Hereto-
fore, the most successful instruments were of the
type employing Geiger-Mueller tubes and various
types of vacuum tube amplifying means for in-

creasing the output of the Geiger-Mueller tubes.

sufficiently to be readable on a microammeter
integrating circuit. While these instruments are
far superior to any previously available, they still
have several serious disadvantages in that the
vacuum tubes require both filament- and plate
supply batteries which are of considerable weight
because of the added necessity of supplying rela-
tively high voltages to the Geiger-Mueller tube
therefrom, the vacuum tubes had to be minia-
turized to reduce the drain on the batteries there-
by to increase their lives which resulted in a.del-
icate structure, and the vacuum tube amplifiers
are both complex and, because of their com-
plexity, inaccurate. : :

To obviate some of these disadvantages, special
small high voltage batteries have been ‘provided
for use with these instruments. However, the
weight of the batteries is still excessive, because

they are non-standard they are not readily s

available so that prospectors for radioactive ores
could not secure them in remote localities nor
would they be on hand in areas of great emer-
gency as when an atomic bomb has fallen; and
the lives of such batteries by reason of their ex-
tremely small cell size is short and unreliable.
To eliminate the use of such batteries, special
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vibrators and transformers have been developed’ -

to convert the output of 3 volt batteries to ‘the

high voltage necessary to.the operation of a’
Geiger-Mueller tube which ranges between 500"

to 1500 volts. - In this type of supply, the battery

has one terminal connected to the mid-point of .

the primary of the transformer, the .other ter-.
minal of the battery being connected to- either.
end of the primary alternately by operation of:

the vibrator. The step-up ratio of the turns on

the primary and secondary windings of the trans-
former is proportional to the ratio of the b'attery,
voltage to. the desired voltage and, because the-
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desired voltage is high, the turns on the second-
ary winding must also necessarily be high. It is
obvious then that such a winding has both high
resistance and inductive impedance which leads
to large power losses in both the resistance of
the winding and the iron in the transformer core.
Because the vibrator has to have its armature
driven at its high resonant frequency and with
considerable amplitude in order to swing between
its two opposing contacts, a considerable me-
chanical loss is engendered thereby so that it has
been found that by reason of the high resistance,
magnetic and mechanical losses, this arrange-
ment has a power conversion efficiency of only
5 to 10%. Other arrangements have been found
to be equally inefficient by reason of the high
electrical, magnetie, and mechanical losses in-
herent in their construction. :
The present invention was designed after a
thorough analysis of the foregoing disadvantages
and with a view to producing an instrument that
is simple, rugged, accurate, and requires such low
battery consumption as to be both lightweight
and long-lived. 'These results have been achieved
by the total elimination of all filament type
vacuum ‘tubes with the consequent elimination
of the necessity for filament supply batteries and
a considerable enhancement in the ruggedness
and simplicity of the arrangement without any
sacrifice of ifs accuracy. The accuracy has been
further increased by the provision of special in-
tegration and calibration circuits whereby both
low count and high count radiations may be in-
dicated with great precision by a simple switching
between circuits of greater or lesser sensitivity.
Further reduction in battery weight is accom-
plished, not only by the elimination of the fila-
ment - supply -battery, but also by providing a
highly efficient power supply for the Geiger-
Mueller tube which likewise serves as the source
of power for such cold-cathode electronic tubes
as are found necessary to the operation of the
instrument. Because of the elimination of the fil-
ament battery and the high efficiency of the main

5 power supply, battery life is also greatly extended

beyond the maximum heretofore achieved. In
a final attempt to secure simplicity, the power
supply has been designed to cperate from a single
standard flashlight cell of the type readily avail-
able in any five-and-ten~cent store or cross-roads
country store. .

Specifically, the apparatus of the present in-
vention comprises a Geiger-Mueller tube having
its voltage supply connected thereacross. - A step-
down' {ransformer is so connected to the tube
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that pulses corresponding to the tube pulses pass
through its primary winding and appear across
its secondary winding at considerably decreased
voltage but higher amperage. These low-voltage
high-amperage pulses are rectified and supplied
to a microammeter having an integrating con-
denser connected thereacross whereby the micro-
ammeter will indicate a value dependent upon
the number of pulses produced by the tube per
unit of time. The aforesaid rectification can be
switched to be either half-wave or full-wave, the
half-wave rectification having been found to bhe
more sensitive for low tube counts and the full-
wave rectification providing greater resolution for
high tube counts.

Tor even greater sensitivity when the number
of pulses from the tube is low, a storage condenser
may be provided across the tube so as to enhance
the intensity of the pulses and a variable calibra-

tion resistor is provided for simultaneously ad- k

justing the effective value of the storage con-
denser and variably shunting the microammeter
for calibration purposes. When full-wave recti-
fication is employed, a second variable resistor:is
connected to shunt the microammeter to-provide
calibration thereof.

The novel power supply includes-a closed core
inductor having a low resistance primary winding
in series with the winding and normally closed
contacts of a vibrator relay, the series circuit
being connected to a single dry cell of the flash-
light type. The inductor is also provided with
a fairly low resistance secondary winding con-
nected in series with a gaseous tube rectifier to

5 storage condenser, the latter in turn being con- :

nected through a loading resistor to a voltage
regulating tube. The voltage regulating tube is
connected through either a surge limiting re-
sistor or rectifier toa condenser which-acts as the
power supply for the Geiger-Mueller tuhe and its
associated meter circuit.

An object of the present invention is the:pro-
vision of a radiation meter in which all filament-
type tube amplifiers have been eliminated.

Another object is to provide a radiation meter °

having as its only source of power a single dry
cell of the flashlight type.

A further object of the invention is the pro-
vision of a high efficiency low-drain power con-
version system between a dry cell and a Geiger~
Mueller tube.

Still another object is to provide an-amplifica-
tion means which converts the high-voltage low-
current pulses of a Geiger-Mueller tube to low-
voltage high-current pulses without the inter-
vention of electronic tubes.

Vet another object of the present invention
is the provision in a radiation meter of readily
adjustable circuits which are capable of detecting
low count pulses from a Geiger-Mueller tube with
great sensitivity and high count pulses with great
accuracy.

Tt is also an object of the invention to provide
a radiation meter which is selectively responsive
to both low and high count pulses from a Geiger-
Mueller tube with simple calibration means.

A further object is to provide in the power
supply system of a radiation meter, a voltage
regulation means arranged to prevent surges pro-

duced by such regulation from having a deleteri- d

ous effect on the operation of a Geiger-Mueller
tube energized therefrom. ]

Other ohjects and many of the attendant ad-
vantages of this invention will be readily ap-
preciated as the same becomes better understood
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by reference to the following detailed descrip-
tion when considered in connection with the ac-
companying drawings in which like reference
numerals designate like parts throughout the fig-
ures thereof and wherein:

Fig. 1 is a diagram of the preferred form of
circuit employed in the radiation meter of this
invention, and

Fig. 2 is a diagram of a modified ecircuit in-
tended to replace:a portion of the circuit of Fig. 1.

Referring now to the drawings, there is shown
in Fig. 1 a gas-filled tube { of the type which
discharges when the gas therein is excited by ex-

ternal radiations as from gamma, beta or alpha

rays or particles, such tubes being generally

Xknown in the art as Geiger-Mueller tubes. The

tube 1 is provided with the usual cathode 2 and
anode 3, the anode being connected to one end
of -a resistor 4. The other end of resistor 4 is
connected to one end of the primary winding 6
of & step-down transformer 5, the other end of
the primary winding 6 being connected to one
end of a condenser T which has its other end con-
nected to the cathode 2 and is grounded. The
condenser-1 is maintained charged ab the operat-
ing voltage of the tube I by power supply equip-
ment to be-described hereinafter and serves there-
fore as the source of high voltage for making
tube | operative when radiations excite the gases
therein.

The transformer 5 is of the closed core type,
as illustrated, and is provided with a center
tapped secondary winding 8 having considerably
fewer turns than the primary winding 6, a ratio
of about 40 to 1 being preferred. One end of the
secondary winding 8 is connected through a recti-
fier 9 to one end of a microammeter {0, the other
end of which is connected to the center tap of
the secondary winding. Connected across the

 microammeter 10 is an integrating condenser {1.

The other end of the secondary winding 8-is con-
nected to one end of a second rectifier 12, the
other end of which is.adapted to be disconnected
from or connected to the same end of the nicro~
ammeter i0 as is the rectifier 8 by the switch 13.
The rectifiers 9 and 12 are poled to produce full-
wave rectification of the output of the secondary
winding 8 when both rectifiers are connected to
the microammeter 10. :

Connected between the anode 3 and the re-
sistor 4 is one side of a condenser {5 of much
smaller capacity than the power supply con-~
denser 1, the other side of condenser {5 being-
connected to one end of a resistor {6 having an

G adjustable sliding contact thereon as illustrated..

A second switch {4 mechanically interconnected
with switch 13, as shown, to provide simulfane-
ous operation thercof is arranged in its left-hand-
position ‘to connect the sliding contact of resis-

s tor i€ to the grounded lead {8 of the power sup-

ply and in its right-hand position to connect a
sliding contact on a resistor {7 to the grounded
lead 18 for a purrpose to be made apparent here-
inafter. It will be noted that one end of the re-

5 gistor 17 is commected to one end of the micro-

ammeter {6, the other end of the microammeter
being connected by lead 18a to the grounded lead
i8. In its left-hand position, the switch 13 con-
nects the lower end of resistor 18 to the end of
the microammeter 10 which is not connected to.
lead 18a. . S C

In order to maintain the condenser 7 charged:
at o high voltage, a voltage conversion and regu-.
lating system energized from 2 single dry cell 19,:
which may be of- the flashlight ‘battery or equiva~.
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lent low voltage, lightweight type, is provided.
The voltage conversicn ‘portion of the system
comprises a relay 28 having a coil and normally
closed contacts in-series with the battery (9 and
the primary winding 22 of an inductor 21, the in-
ductor having a-closed core 20 and a secondary
‘winding 23 thereon. .

The relay 20 is s current operated rélay de-
signed so that a minimum amount of power is
required to effect opening of it§ contact; and the
mechanical movement of the relay armature
need be very slght and only great enough to
break ‘the contact as distinguished from the
operation of the usual full-wave vibrator which
must have sufficient' mechanical mévement in its
armature to close a pair of back contacts. It is
apparent that this type of construction reduces
the- battery drain considerably over other ar-
rangements. : :

The primary winding 22 has very few tifrns
and therefore low resistance loss to limit further
the drain on the battery {8, the high induétahnce
of the closed core 38 providing considérable mag-
netic energy storage therein te cause the pri-

mary winding 22 to have a large impedande 9

thereby to slow down operation of the relay 20
with-a further saving of mechanical energy and
consequent reduction of the drain on battery 19.
Opening of the contacts of relay 20 produces a
large magnetic surge through the core 39 and
this produces in the relatively few turns of the
winding 28 a considerable voltage which ig great-
er than" the magnitude needed to operate the
tube I The ratio of the turns of primary wind-

ing 22 to'secondary winding 23 need hot approach i

that of the ratio of the voltage of battery {9 to
that needed to operate tube { as the Voltagé pro-
duced by winding 23 is not only ‘s funétion of its
turns but alse of the rate of change of flux in
core 3@ which, as stated above, is very high. The
use of a closed core provides high inductance and
eliminates the losses inherent in an open .core
whereby the sizeé and weight of the core ¢an be
made quite small. Thus the weight of inductor
24 is considerably reduced when compared with
that of a step-up transformer or an open core in-
ductor. )

The secondary winding %3 has one side con-
nected to grounded lead I8 and the other side is
connected to the anode of 3 cold-cathode, high
voltage rectifier 24, the cathode of which is con-
nected to one side of a condenser 25 having its
other side connected to grounded lead {8, -Con-
nected across the condenser 25 is. a voltage reg-

ulator tube 2§ of the ionization type having an:

anode 28 and a cathode 27 connected to ground-
ed.lead 18, a current limiting resistor 29 being
arranged in the cireuit betwseen tube 26 and con-
denser 25. The resistor 29 and the tube 2§ act to
produce a load on condenser 25 which. limits the
peak voltage on the latter and therefore the volt-

age across the turas of secondary winding 23 and:

primary winding. 22, the number of turns ‘on
winding 22 being selected to limit the voitage

across the contacts of relay 20 to a safe value.

to prevent improper eperation thereof.

if desired, the anode 28 may be connected di-
rectly to the primary § of transformer 5 thereby
to eliminate the gondenser T but it hag been

found.mere desirable to employ the:condenser 71-

to reduce the effect. of surges likely: fo-be pro-
duced. by the voltage regulator tube: 26-when the
voltage of battery 19 is low. To achieve this re-
sult, the condenser 7 is connected through a rec-
tifier 31 across the tube 26; the rectifier being

&
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Poled so'that surges from the tube 26 are isolated
from -condenser . When Geiger tube'! is' puls-
ing o cause thereby a drain on the power supply
and 'a drop. in‘its voltage during esch. pulse, the
regulator tube will momentarily stop conducting
during each pulse if the battery voltage is low
and a-surge will result Wwhen conduction resumes.
This surge is blocked by rectifier 3{ which acts
as & low resistance in one direction and a high
resistance in the other permitting thereby charg-
ing of condenser 7 hut Opposing the efféct of
surges. If desired, rectifier 3i inay be replaced
by a resistor which will permit condenser 7 to
supply the peak currents while the condenser 25
kieed supply only an average current to the con-
denser 1. )

Reéferring now to the arrangement of Fig, 2,
there is disclosed therein g modification in all
respects similar to - that of Fig. 1 except that the
primary winding 6 of transformer 5 is conneécted
in series with condenser 5 across the tube |,
1t being apparent ‘that-discharges of tube I will
produce pulses in secondary winding 8 in a man-
ner similar to the arrangement of Fig. 1.

The operation of the fadiation meter described
Hereinabove will niow be disclosed. Referring to
Fig. 1, as soon as the babtery {9 is connected in
circuit as by & switch, the relay 20 commences
to. vibrate produeing thereby intermittent high
intensity flux surges in the closed core 30 of
inductor 2{ whenever the contacts of relay 29
cpen, it being dpparent that the building up of
the flux ih core 30 is relatively slow when the
confacts close. These high intensity fiux surges

" link the furns of secondary windirig 23 to pro-

duce high voltdage pulses therein which are rec-
tified by réctifier 24, the direction of winding
23 and poling of rectifier 24 being arranged to
permit-this. Theintermittenthigh voltage pulses

7 charge the condenser 25 to a voltage determined

by the voltage regulator tube 25 and the loading
resistor 28, such voltage being of a magnitude
to produce discharge of the Geiger tube | in the
bresence of fadiations. The condenser 25 grad-

> ually charges the condenser T through the re-

sistance of theé rectifier 34, or 8 resistor: which
may- be substituted therefor as described above,
the voltage of theé condenser 7 remaining sub-
stantially constant by reason of the presence of
the rectifier 31. - : _

The-meter is now ready for calibration, it being -
merely - necessary - to select the positions of
switches: 13- and 16 and set the calibration “of
resistors 16 or 171 depending on whether a_low
or a ‘high radiation cotunt is to be detected.
Assuming ‘that a low' radiation count is to be
detected, it is obvious that the instrument should
have high sensitivity even at the sacrifice of good
resolution.  For high sensitivity, the switches §3
and 14 are thrown to the left or into the posi-
tion shown in Pig. I, in which position the con-
denser 1§ is Connected in series with a portion
of resistor 16 and through its movable contact
and: the switch 14 to the grounded lead i8. It
is" thus. dpparent that the condenser and the
Uppefr portion of resistor 16 are connected across
the' arigde and cathode of tube | and thst the
charge i the condenser will bé discharged, when
the tube ! becomes conductive, at a rate deter-

" mined by the portion of the resistor {6 in series

withi the coéfidenser. Tt will be apparent, also;
that the condensér 15 acquires its charge from
the-condenser T°through the primary winding §
and-current limiting resistor §; '

“With: the switch. 13 thrown to the ‘left; the:
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rectifier 9 only is connected to the microammeter
10 and the lower portion of resistor 16 is con-
nected across the microammeter by means of
leads 18a and I8 and switches {4 and 3. It will
be noted that when the adjustable tap on resistor
16 is moved downwardly to increase the amount
of resistance in series with condenser 15 and thus
decrease its rate of discharge and therefore the
size of the pulse passing through primary wind-
ing 6, the amount of resistance introduced by
resistor 16 across the microammeter 10 is reduced
simultaneously to increase the shunt across the
microammeter thus reducing its sensitivity.
Thus, resistor 16 acts as a calibration means and
it may be so adjusted when a standard source
of radiations is placed adjacent Geiger tube |
to provide any desired scale reading on micro-
ammeter (0.

The condenser I5 is a recognized means for
increasing the pulse size of the Geiger tube when
greater sensitivity is desired as it is obvious that
it permits an enhanced discharge across the
Geiger tube by reason of the charge stored in
the condenser. An additional increase in sensi-
tivity is achieved by the use of half-wave rec-
tification in employing the rectifier 9 alone as
this leads to pulse stretching in the winding 8
of transformer 5 by reason of the inductive lag
in the core of the transformer when the entire
pulse passing through the core is not utilized.
Because of the latter means for securing greater
sensitivity, the condenser 15 may be omitted.

From the foregoing, it will be understood that
the meter is first calibrated against a standard
source and that when the tube | is placed near
a source of low count radiations, the pulses pass-
ing through primary winding 6 will induce pulses
of a considerably higher amperage but lower volt-
age in the output of secondary winding 8 of
transformer 5 which are rectified by rectifier 9
and integrated by condenser Il to produce an
average reading on the microammeter 10, the
latter being properly calibrated to give a direct
reading of the number of radiations received by
the instrument.

For higher count radiations, the switches I3
and 14 are thrown to the right, thereby discon-
necting condenser 15 and resistor 16 from the
circuit but connecting rectifier 12 to the micro-
ammeter 10 to provide full-wave rectification of
the output of transformer secondary winding 8,
the calibration resistor {71 being also connected
across the microammeter. The removal of the
condenser {5 lowers the sensitivity of the meter
but sensitivity is unnecessary when high radia-
tion counts are to be detected. Likewise, as soon
as the output of winding 8 is connected for full-
wave rectification, the inductive lag in the core
of transformer 5 is eliminated along with the
pulse stretching produced thereby with a con-
sequent reduction in sensitivity, now no longer
necessary, but with a corresponding increase in
resolution so that each pulse will produce a def-
inite effect on the integrating condenser {1 there-
by to increase the accuracy of the readings of
microammeter 10. As before, the calibration of
the meter is determined by a standard source, the
resistor {1 being adjusted to produce a desired
initial reading on the microammeter.

The operation of the modification of Fig. 2 is
essentially the same as in Fig. 1. The condenser
{5 is charged from the power supply through re-
sistor 4. When Geiger tube | discharges by rea-
son of radiations impinging thereon, the dis-
charge of condenser 5 causes a high-voltage,
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low-amperage pulse to pass through primary
winding 6 and produces a low-voltage, high-am-
perage pulse in secondary winding 8 which is rec-
tified by rectifier 9, integrated by condenser {f,
and indicated by microammeter 10. Asin Fig. 1,
full-wave rectification may be employed for the
output of secondary winding 8 and the various
calibration means disclosed in Fig. 1 may be em-
ployed.

From the foregoing description, it will be ap-
parent that a radiation meter has been provided
which is simple, lightweight, and has very few
parts while maintaining great efficiency and ac-
curacy in its operation. Tests have shown that
its power conversion efficiency 1s in the neigh-
borhood of 40% whereas the highest previously
known for this type of supply is 17%. The unit
is so efficient that 70 hours of operation may he
expected from one standard flashlight battery
whereas heretofore twice the weight of batteries
in other arrangements has given less than 8 hours
of operation.

The power supply is inherently self-regulating
in that when the battery voltage drops, the out-
put high voltage does not drop in proportion as
the relay 20 merely slows down but continues to
produce practically the same induced voltage in
the secondary winding 23 of the inductor 2{, any
drop in voltage being produced merely by the de-
mands on the charge in condenser 25.

The tube | does not necessarily have to be a
Geiger-Mueller tube as any counter tube which
operates to produce small pulses may be em-
ployed in its stead. The indicating means need
not be restricted to the microammeter 10 and the
integrating condenser I as these may be re-
placed by other indicating or recording means
satisfactory for the purpose. -

Various modifications are contemplated and
may obviously be resorted to by those skilled in
the art without departing from the spirit and
scope of the invention, as hereinafter defined by
the appended claims as only preferred embodi-
ments thereof have been disclosed.

What is claimed and desired to be secured by
Letters Patent of the United States is:

1. A radiation meter comprising a gas-filled
tube subject to discharge by radiations when ener-
gized, a source of electric power supply for ener-
gizing said tube, a step-down transformer having
a primary winding and a secondary winding, said
primary winding being connected to the source of
power supply for said tube and responsive to the
discharge of the latter, an indicating means con-
nected to said secondary winding and energizable
therefrom for indicating the rate of discharge of
said tube, and a rectifier interposed between said
secondary winding and said indicating means to
supply the latter with unidirectional current.

2. A radiation meter comprising a gas-filled
tube subject to discharge by radiations when en-
ergized, a source of electric power supply for en-~
ergizing said tube, a step-down transformer hav-
ing a primary winding and a secondary winding,
said primary winding being connected to the
source of power supply for said tube and respon-
sive to the discharge of the latter, an indicating
means connected to said secondary winding for
indicating the rate of discharge of said tube, 8
rectifier interposed between said secondary wind-
ing and said indicating means to supply the lat-
ter with unidirectional current, and an integrat- .
ing condenser connected across said indicating
means and in series with said rectifier.

3. A radiation meter comprising a gas-filled
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tube subject to discharge by radiations when
energized, a source of electric power supply for
energizing said tube, a step-down transformer
having a primary winding and a secondary wind-
ing, said primary winding being connected in
series with the source of power supply for said
tube and responsive to the discharge of the
latter, an indicating means connected to said
secondary winding and energizable therefrom for
indicating the rate of discharge of said tube,
and a rectifier interposed between said secondary
winding and said indicating means to supply the
latter with unidirectional current.

4. A radiation meter comprising a gas-filled
tube subject to discharge by radiation when
energized, a source of electric power supply for
energizing said tube, a step-down transformer
having a primary winding and a secondary wind-
ing, said primary winding being connected to
the source of power supply for said tube and
responsive to the discharge of the Jatter, an in-
dicating means connected to said secondary
winding for indicating the rate of discharge of
said tube, a rectifying arrangement interposed
between said indicating means and said second-
ary winding for producing half-wave or full-
. wave rectification of the output of the secondary
winding, and switching means operable for selec-
tively connecting said indicating means to said
rectifying arrangement to subject said indi-
cating means to half-wave rectification for low
rate tube pulses and to full-wave rectification
for high rate tube pulses.

5. A radiation meter comprising a gas-filled
tube subject to discharge by radiation when
energized, a source of electric power supply for
energizing said tube, a step-down transformer
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having a primary winding and a secondary wind-
ing, said primary winding being connected to
the source of power supply for said tube and
responsive to the discharge of the latter, an in-
dicating means connected  to said secondary
winding for indicating the rate of discharge of
sald tube, a rectifying arrangement interposed
between said indicating means and said second-
ary winding for producing half-wave or full-
wave rectification of the output of said secondary
winding, switching means operable for selectively
connecting said indicating means to said rectify-
ing arrangement to subject said indicating
means to half-wave rectification for low rate
tube pulses and to full-wave rectification for
high rate tube pulses, and an integrating con-
denser connected across said indicating means
and in series with said rectifying arrangement,
JAMES M. CONSTABLE.
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