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1. PRECAUTIONS

1.1 PRECAUTIONS:

Although this instrument is operated from four “D” cells, the high voltage
power supply vperates at voltages in excess of 900 volts which constitutes a
shock hazard if not bandled carefully. The power sopply high voltage com-
ponents are lucated near the high voltage transformer at the rear of the
circuit board. These components should not be touched, even when the instru.
ment is “OFF”, until the high voltage capacitors are discharged. The method
of discharging these capacitors is to short-circuit the two leads of the corona
regulator tube V2 with a screwdriver which has an insvlated handle.

2. GENERAL DESCRIPTION
2.1 INTRODUCTION:

This instrument is a poriable survey meter using a geiger tube as the de-
tector. The geiger tube is mounted in a probe on the end of a thirty-six inch
cable. The entire instrument and its accessories comprise a circuit box, a
probe, a headphone and a carrying strap; a radioactive sample is mounted
on the side of the case.

2.2 THE PROBE:

The probe comprises a nickel-plated brass shield with & window which may
be opened in order to admit beta radiation. Within the probe is mounted a
plug-in type geiger tube which is sensitive to moderate and high energy beta
radiation and to gamma radiation down to low energies. Because the geiger
tube is fragile, shock mounts are provided on both ends of the tube. In
addition, rubber gasketing is used to seal against moisture.

2.3 THE CIRCUIT BOX:

The circuit box consists of the supply batteries, an electronic high voltage
supply, an electrenic pulse shaping and metering circuit and a radioactive
sample. The system is shockproof and waterproof and is secured with rapid
take-down clamps in order to make access very simple. The entire electronic
circuit is mounted on a single card with connections going to the probe, the
phone conpector and to the meter. The batterjes are housed in a high-impact
resistant plastic case which cannot be corroded by leaking battery fluids.
The battery contacts are readily replaceable without tools to facilitate
cleaning or replacement. The battery box is designed to be mechanically
selective so thal batteries cannot be inserted backwards,

2.4 THE HEAD PHONE:

The head phone is a single piece magnetic type device with a connector
suitable for mating with the sealed jack mounted on the circuit box,

2.5 THE CARRYING SYRAP:

The carrying strap, made of vinyl for easy decontamination,is provided with
easily operated spring clips.




3. THEQRY OF OPERATION

3.1 INTRODUCTION:

Operationally this instrument consists of a geiger tube radiation detector, a
regulated high voltage supply, a pulse shaping and metering circuit, an
indicating meter and headphone for audible detection of activity.

3.2 THE GEIGER TUBE:

The geiger tube is a gas filled device which detects the presence of ionization
within its gaseous volume. The. ionization resuits from the passage of ionizing
type radiation through the gas. The primary type of radiation it detects is
beta rays (high speed electrons). These are produced as a primary break-
down product of radioactive substances and in addition are produced within
the geiger tube and within the walls of the probe by gamma radiation. A
shield iz provided which stops external beta radiation, thus making the
detector sensitive to gamma radiation only, but a window in the probe may
be opened to make the system sensitive to beta radiation also. The geiger
tube operates at 900 volts which is essentially the center of a plateau extend-
ing from about 850 volts to about 920 volts.

3.3 THE HIGH VOLTAGE SUPPLY:

The kigh voltage power supply is a blocking oscillator driven “fly-back” type
circuit, The blocking oscillator portion of the circuit consists of (g, RSA,
transformer windings 3-4 and 5-6, and batteries BT1-2. When the instrument
is turned “ON,” Q, conducts and an inéreasing current flows through wind-
ing 3-4. This increasing collector current induces a voltage in winding 5.6
which maintains conduction of Q5. The collector current increases until Q,
has insufficient current gain to remain saturated when the circuit rapidly
turns “OFF” due to the regenerative action of the transformer. During the
“turn-off” action, large “fly-back” voltages appear across all transformer
windings. A voltage peak of about 1100 volts appears across winding 1-2
because of the large number of turns in the winding. This voltage “fiy-back”
is rectified by components CR3 and (5, in the conventional manner and
components R9 and C4 form a filter to smooth the pulsations of voltage
across (5. V2 is a corona.discharge type regulator tube which regulates
the high voltage to about 900 volis throughout the bartery life.

3.4 THE PULSE SHAPING AND METERING CIRCUIT:

The pulse shaping circuit is a blocking oscillator similar to the power supply
with some exceptions. The circuit is held “cut-off” hy the bias formed by
resistors R7 and R8 and the power supply battery.
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The Blorting Luoiifator consists of components Q and T,. Negative pulses
from the aeiger tube appear neross winding 3.4 of T,. These pulses are
coupled into winding 2.5 and into the base circuit of Q. When Q, is turned
“ONT by s GM wbe trigger, Q; saturates and nearly all of the battery
voltage of BT3-4 appears across winding 1-6. The winding current jocreases
and a voltage is induced in winding 2-5. The induced voltage is in a direction
such that conduction of Q, is maintained. Winding 2-5 current increases
linearly until the transformer core saturates. At this time the cjrenit rapidly
turns “OFF” and an inductive “fly-back” appears across both windings.

The metering cireuit consists of an integrating capacitor Cl, and range
multiplier resistors R1 through R3. The multipliers determine the amount of
charge that is placed on C1 during the pulse period of the blocking oscillator,
The charge on the capacitor is discharged by the meter and R4. R5B is used
for calibrativn.

3.5 SCALE RANGES:

Three ranges of operation are provided. The first range X1, requires 300
pulses per minute for full seale indication: the second range X10, 3000
pulses per minute; and the third range X100, 30,000 pulses per minute.
These correspond respectively to 0.5 millircentgens per hour, 5 milliroentgens
per hour and 50 millircentgens per hour of radium-equivalent radiation.
Scale changing is effected by switching meter range resistors,

3.6 THE HEADPHONE CIRCUIT:

The voltage puise for the headphone is taken from the “fly-back™ of winding
1.6 via diode CR2. C3 is an integrating capacitor to “stretch” the “fty-hack”
pulse. C2 couples the pulse to the headphone.

4. INSTALLATION
4.1 INSTALLING THE BATTERIES:

The instruments are shipped with the batteries removed, In order to put the
mstrament into operation, the following procedure should be observed;
Access to the interior of the instrument is accomplished by snapping open
the pull catch at each end of the case and separating the top from the case
bottom. This exposes the two battery hoxes and two battery retainer clips.
Remove each retainer clip by squeezing its ends until it can be pulled ont
of the slots in the battery box. Insert the batteries in the battery boxes
obsersing the indicated polarity. (Each battery box is desighed to he
mechanically selective o that the batteries cannot be inserted with reversed
polarity ). Replace the battery retainer clips. Align the top with the case
bottom and squeeze together gently. & nap the pull catches closed,
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3. OPERATION

3.1 OPERATING THE CIRCUIT THE FIRST TIME:

Clamp the circuit box back together and turn the switch to the X10 scale.
Mske certain that the sliding beta window of the probe is closed. Wait thirty
seconds for the system to reach stability. The indicator should remain
substantially at zero.

Open the window on the probe and present it to the center of the calibration
source which is a beta radiation sample. The indicator should fall between
L5 mr/hr and 2.5 mr/hr, averaging about 2 mr/hr.

5.2 CALIBRATION:

NOTE: The beta source must constitute the sole source of radiation
when calibration is performed. Calibration must not be under-
taken when the background is above normal or when the probe
is in & radiation field other than that produced by the known
beta source supplied with the instrument.

If the indication falls above or below this range, it may be corrected by the
screw-driver adjustment inside the box which is marked “CAL”. Advancing
the adjustment clockwise increases the reading.

5.3 SCALE RANGES:

There is only one control on this instrument for the operator to use. It is the
range control, comprising an “OFF” position -and three ranges labeled,
“X100, X10, and X1". These respectively are both 100 times, 10 times and 1
time the scale reading in milliroentgens per hour and counts per minute
shown on the meter. This scale is 0.5 milliroentgens per hour and 300
counts per minute respectively with the major divisions all indicated on a
50-division scale.

3.4 USING THE HEADPHONES:

If the operator chooses to use a headphone with the instrument, it is screwed
into the connector provided immediately to the left of the handle. The yellow
plastic protective cap is removed. In using the headphone, the operator will
note that each pulse arriving at the instrument is indicated by a distinctively
audible “click” in the headphones.

5.5 NORMAL BACKGROUND:

Since normal background of radioactivity is of the order of 0.01 to 0.02
milliroentgens per hour, little activity will normally be observed. Under back.
ground conditions only ahout 20 per minute of these clicks occur and they
are randomly spaced so that one may wait for several seconds before any
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click is observed and then there may be two or three in rapid succession.
Very accurate measurements of background and other low level radiation
can be made by counting headphene clicks and timing with a watch which
has a second hand. The procedure is to count a given number of counts and
observe the time required to obtain these counts, The radiation rate in counts
per minute is the number of counts divided by the time in minutes. Table 1
gives the number of counts that are required to provide a given percentage
error where percent standard error is defined as that error for which in 68
cases out of 100 the true error will not exceed the given percentage error.
The nine-tenths error is that error for which the true reading is no different
from the observed reading within the given percentage limits for 90 cases
out of 100.

TABLE 1
Percent Number of Counts Required For:
Error Standard Error Nine-Tenths Error
1% 10,000 Counts 27,000 Counts
3% 1,100 Counts 3,000 Counts
10% 100 Counts 271 Counts

5.6 CHECKING CALIBRATION:

The operator should periodically check the calibration of the instrument to
verify that it is correct. This operation is described in paragraph 5.2,

5.7 USING THE CARRYING STRAP:

The instrument may he carried in the hand or by a strap over the shoulder.
The strap anchors are arranged in such a way that the meter is visible when
carried over the right shoulder.

6. OPERATOR’'S MAINTENANCE

6.1 BATTERY REPLACEMENT:

Battery replacement is easily accomplished by removing the circuit box
bottom and the battery retaining elips on the two battery Loxes. The old
cells may be pulled out without tools and the new ones inserted.
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7. PREVENTIVE MAINTENANCE

7.1 BATTERY LIFE:

CAUTION: Make certain the instrument is turned off at all times when
not in use, otherwise the batteries will certainly be depleted and the
instrument rendered ineffective. The life of the batteries in the front battery
box is about 100 hours under continuous operation and about 175 hours
when cperated four hours a day. The life of the other two cells is considerably
longer but it is recommended that all batteries be replaced at one time.
It js also recommended that the operator become accustomed lo noting that
the operating switch is in the “OFF” position when the instrument is set aside.

7.2 STORAGE:

For storage purposes it is best, wherever possible, to keep the instrument in
a moderately cool area as this will provide greater shelf life for the batterjes.
At all times one should attempt to prevent radiclogical contamination of
the instrument and particularly of the probe.

8. CORRECTIVE MAINTENANCE

8.1 REPLACING THE BATTERIES:

Battery replacement is accomplished as outlined in paragraph 6.1. The end
point of the cells in the front battery box is 1 volt per cell. The end point of
the other cells is 2.5 volis for proper accuracy of the counting circuit. How-
ever, it is recommended that all batteries be replaced at one time in order
that the shelf life of the counting circuit batteries is not exceeded.

8.2 REPLACING THE GEIGER TUBE:

The chief maintenance on this instrument is replacing the batteries. How-
ever, the geiger tube also expends itself with use and must be replaced
oceasionally but one cannot predict precisely the life of a geiger tube since
the total number of counts it has accumulated and the operating conditions
of temperature, voltage and load characteristics are very important. When.
ever fresh batleries are installed into the instrument and the instrument does
not work correctly, it is wise first to try replacing the geiger tube before
making any further attempts at circuit checking,

8.3 CHECKING THE HIGH VYOLTAGE SUPPLY:

When the power supply is operating, a buzz of about 200 cps. in frequency
can be heard due to the oscillations of the power transformer laminations.
If the buzz is not audible, the oscillator section is probably not eperating
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and the setting of R5A should be checked. This screw-driver adjustment is
set properly by the following procedure:

a. Inset a 0-100 millampere meter in series with the power supply
batteries.

b. Turn the "HV" adjustment full clockwise,
¢. Turn the instrument “ON.”

d. Advance the screw-driver adjustment counter-clockwise until the
meter reads 33 milliamperes with new batieries.

The high voltage output of the power supply should be tested with an electro-
static voltmeter. The voltage should read 910 =10 volts. This voltage may
also be measured with a 20,000 ohms-per-volt meter on the 5,000 valt range
with pew batteries in the instrument.

The nominal resistance values for the transformer are: winding 1-2, 4500
ohms; winding 3-4, 11 ohrus; and winding 5-6, 5 ohms {ali values +20%).

8.4 CHECKING THE PULSE SHAPING AND INTEGRATING CIRCU!IT:

After continuity tests have been made, the integrating circuit should be tested
further using an oscilloscope. The proper pulse waveshape on the collector of
Q. is a positive 3 volt square wave of a nominal 150 microseconds in dura-
tion followed by a “fly-back™ of about —20 volts in amplitude. Diodes CR1
and CR2 may be tested with an ohmmeter on the RX10,000 range, One end
of the diode under test should be disconnected from the circuit for this test.
{Diode CR3 in the high voltage power supply will not respond to this test.)
The indication of a good diode is very low vesistance with the ohmmeter
leads connected a given way. With the leads reversed the resistance reading

should be 100k cohrus or greater for CR2, and 1 megohm or better for CR1.

8.5 TESTING FOR PROPER OPERATION OF THE RANGE SWITCH:

The range switch may be tested with an ohmmeter for proper closure of the
switch contacts. The power supply “ON-OFF” section of the switch may be
recognized by the red battery lead and the emitter of Q; connecting to the
switch. With the batteries removed, test for proper “ON-GFF” operation. A
similar test can be made for “ON-OFF" operation of the counting circuit,
with the ohmmeter connected te ground and to the black battery lead. To test
the range circuit, connect the ohmmeter to ground and the negative (white
end) terminal of 400 mifd capacitor Cl, and read the following resist-
ance values:

X100 range reads 1900 chms, X10 range reads 200 ochms, and X1 range reads
16.5 ohms. (All values +:5%)}. The batteries should be removed for all tests
in this section.
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9. REPLACEABLE PARTS LIST-

9.1 Electrizai Components

*Recom.
mended
Oty For
Quaetty  Flaal &
rer Fieid
Cerenit Manufacturer's Viet  gen Equip- Mamnte-
Sembuel Lescription Functivg Manufaclurer Part INo. Part MNo. ment nance
BT! Battery: 1.5 Volt Power Supply Battery Tinion {larhide 950 164 4 1
Consumer T'rods,
BT2  Same as BTI Power Supply Battery B — - — —- -
BT3  Same as BT Raremeler Battery _—_ —_— - —
BT4 Same as BT1 Ratemeter Battery - -—_ J— — —-
1 Capacitor: 400 mfd; 3V Entegrating Capacitor Nashville Elec- 24.300BP400-3D63 2187 1 1
tronics Ine,
2 Capacttor: 047 mfd; 0V Coupling Capacitor John E. ¥ast Co. —_— 21-390 2 2
3 Same as €2 Headphone Pulse Stretcher — — - — - —
(95 Capacitor: .01 mfd; 1000V DBy-Pass Capacitor Aerovox Corp. 6102624410011120 2143 1 1
[ic} Capacitor: .01 mfd; 1600V Charging Capacitor Electro-Ceramic Co. 2123 1 1
UR1  hede: Silicon Meter Rectifier ¥ictoreen 52-35 52.35 1 5
CK2 Diode: Germanium Headphone Coupling ¥ictorcen 521 321 I 3
CR3  Relenium Rectifier H. V. Rectifter Elgctronic Devices  SOHOHP 489-17 1 5
Inc,
Ji T'hone fack Assembily Aural Indicator Victoreen T00-102 T00-102 1 1
M1 Meter Visual Indicator ¥ictoreen T00-95 TOO-95 1 5
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9.1 Electrical Components (con’td)

0l
02
Rl

R2
R3
R4
R5A

R5B
R6

R7
R8s
Ro
51
S1A
S1B
S1C
Ti
T2
vl
V2

Transistor

Transistor

Resistor: 1900 £ ; 14W; 5%

Resistor; 220 {2; 14W; 59
Resistor: 18(}; %W, 5%
Resistor: 27K ; %W 10%

Dual Potentiometer: 8K; W%

Section of R5A: 60K; 30%
Resistor: 22K; 14W: 20%

Resistor: 270 £1 ;%W 10%

Resistor; 8.2K; 14W; 10%

Resistor: 1 Meg; %W; 20%

Switch

Section of 5]
Section of 51
Section of §1

Transtormer Assembly, Pulse

Transformer
GM Tube: 6993
Tube: GV3A; 900V

Ratemeter Transistor
Power Supply Transistor
X10¢ Range Muliiplier

X10 Range Multiplier
X1 Range Multiplier
Meter Time Coustant

Power Supply Adjust

Calibrate Resistance

Headphone Time Constant

14 of Ratemeter Bias
% of Ratemeter Bias
Filter Resistor

Range Switch

Pulse Transformer
“Fly-Back™ Transformer
Detecting Element
Corona Voltage Regulator

Victoreen
Victoreen

International
Resistance Co.

Centralab Inc.

International
Resistance Corp.

Yictereen

Victoreen
Victoreen
Victoreen

Victoreen

2317 23-17
23-6 2346
GBT% 185-1412
—_ 185-560
R — 185-450
185-252

Model 5 Type 70-2 22.158
6OK-8K

GBT% 185-1365
— 185-78
_— 185-200
—_— 185-1305

700-6 700-6

T04-154 T00-154

14-32 14-32

CP0O-352 CPO-352

CPO-240 CPO-240

*Quantity of field and plant maintenance sopply parts based on five instruments for one year,
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9,2 Mechanical Components

*Revom-
mended
. Qty, for
Quiirltit\-' ) H]_f[';gd&
Manufacturer’s Yictoreen Equip- Mainte-
Descniptivn Function Mansifacturer Part Mo, Part Na, ment nange
Headset Aural Indicator Superex Electronics Inc, 700-16 1 2
Phone Plug Headset Connection Zoron Inc. 40121 T00:57 1 2
Strap Buckle Carrying Strap Length Waterbury Buckle Co. 807 5047 710-44 2 4
Adjustment
Strap Fastener Atiaches Shoulder Strap ¥ictoreen 700-82 T00-82 2 4
to Instrument
Shouider Strap Carrying Strap Victoreen 700-81 700-81 1 2
Case Bottom & Clamp Assembly Bottom Case of Instrument  Victoreen 700-158 700-158 1 2
Circle Lable Circuit Diagram Yicloreen T00-161 700-161 1 5
Battery Retainer Clip Holds Batteries in ¥irctoreen 720-121 720-121 2 6
Battery Box
Battery Contanct Electrical Connections to Yictoreen 700-68 70068 8 24
Batteries
Knob Operating Control Knob H. Davies Molding Co.  1500K 9.9 1 3
0" Ring Switch Shaft Seal Parker Appliance Co. 54271 46-38 1 3
(i rommet Helds {(¥2) Tube Philpott Rubber Co. GB-225 51-7 1 5
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0.2 Mechanical Components {cont’d)

Tube Clip

Baitery Box

Circuit Board

Seal Nut

Rubber Cland

Washer

Probe Assembly

Gasket

Probe Shield Retaining Spring
Detent Ball

Detent Spring

End Cap

Probe Clip

Cap Plug & Chain Agsembly
0" Ring

Probe Stand Handle

“0" Ring

Meter Gasket

Case Gasket

Case Top

Instruction Manual

*Quantity of field and plant

Holds ¥2 Tube te Circuait
Board

Holds Battesies

Holds Electronic Parts
Clamps Probe Cable

Seals Probe Cable

Bearing Surface

Sensing Element

Seals Probe

Holds Probe Shield in Place

Positions Sliding Probe
Shield
Holds Detent Ball in Place

Fnd Cap of Probe

Helds Probe to Case Handle
Covers Phone Jack

Seals Probe Stand

Carry Ha:;dle of Instrument
Seals Phone Jack

Water-Tight Seal Between
Case Top & Meter

Water-Tight Seal Between
Case Top & Case Bollom

Top Case of Instrument

Oyperating Instructions

Yictoreen

Victereen
Yictoreen
Victoreen
Yictoreen
Victoreen
¥ictoreen
¥Yictoreen
Yictoreen

New Departure

Victoreen
Victoreen
Victoreen
Victoreen
Parker Applience Co.
Yictoreen
Parker Appliance Co.

Victoreen
Victoreen

Victoreen

Yictoreen

700-94

700-66
700-15%
700-72
700-71
4461
700-175
700-174
700-87

X" Ball
44055 Gr. 2

700-171
700-78
700-16%
700-65
2.9
700-73
2-12
T00-63

720-157

700-162
700-151

maintenance supply parts based on five instruments for one year.

700-94

700-66
700-159
700-72
700-71
44-61
T00-175
700-174
700-87
700-89

700-171
700-78
700-169
T00-65
46-25
T00-73
4647
T00-63

720-157

700-162
700-151
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9.3 List of Manufacturers

AEROVOX CORPORATION, Myrtlz peach, South Caroiina

CENTRALAB, INCORPORATED, %00 East Keefe Avenuc. Milwaukee, Wisconsin
ELECTRO-CERAMICS, INCORPORATED, 120 State Street, New Haven, Connecticut

ELECTRONIC DEVICES, INCORPORATED, 50 Webster Avenue, New Rochelle, New York
HARRY DAVIES MOLDING COMPANY, 1428 North Wells Sireet, Chicago 10, 1llinois
INTERNATIONAL RESISTANCE COMPANY, 401 North Broad Street, Philadelphia, Pennsyivania
JOHN E. FAST COMPANY, 3580 North Elston Avenue, Chicago, Hlinois

NASHVILLE ELECTRONICS, INCORPORATED, 309 Eleventh Avenue, Nashvilie, Tennessee

NEW DEPARTURE DIVISION, GMC, 53 Purchase Street, Bristol, Connecticut

PARKER APPLIANCE COMPANY, 17325 Euclid Avenue, Cleveland 12, Ohio

PHILPOTT RUBBER COMPANY, 2077 30th Street, Cleveland 15, Ghio

SUPEREX ELECTRONICS, INCORPORATED, 46 Radford Place, Yookers, New York

UNION CARBIDE CONSUMERS PRODUCTS COMPANY, 30 East 42nd Street, New York, New York
VICTOREEN INSTRUMENT COMPANY, 5806 Hough Avenue, Cleveland 3, Ohio

WATERBURY BUCKLE COMPANY, 862 South Main Street. Waterbury 20, Connecticut

ZORON, INCORPORATED, 612 West Monroe Street, Chicago, Illinois
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