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TECHNICAL MANUAL

I_-- INTRODUGCTION

A.- Gengral Description

The Victoreen Model 263A is a modificatibn of the 263 based on
experiencé gained from its performance over the past four years uhder
a wide variety of rugged military and civilian applications. These
two instruments are not to pe confused with the model 263 used ex-
tensively on Operations Crossroads.

The Model 263A 1s a portable instrument for measuring the inten-
sity of beta and gaﬁma radiation. The cdetecting deviée is a 900 volt
counter tube of thin wall élass construction to permitvthe measure-
ment of beta particles.

A suitable pulse width and amplitude limitihg circuit makes the -
instrﬁment independent of wide varistions in Geiger tube pulse aﬂpli-
tudes with battery age. A counting-rate meter smooths out the;random
pulses with a three second time constant, giving an effective com-
promise between statistical fluctuations and quick responsé to chang-
ing radiation intensity. Power is supplied.by Very compact, easily
vreplaceéble A, B and high volfage batteries which are commercially
available. |

The counter tube is a very sensitive device capable of detecting
individual ionizing particles producing a pulse of current for each
particle. The average repetition fate of these pulses is an indica-
tion of the intensity of beta and/or garma radiationlto which the
counter is being exposed. In conjunction with suitable power sup—.
plies and a counting-rate meter, the counter tube is médé the basis
of a survey meter for detecting low intensity radiation.

B. Applications

The instrument is used for semi-quantitative work where high

sensitivity is required. For example:




1., It is very effective in the search for health hazards
from radioactivity in laboratories and industrial plants where such
hazards are a possibility.

2, It is used in determining the effectiveness of decontam-
ination procedures after the health hazard is located.

3., In prospécting for radioactive ores, the 263A is used
to locate out-croppings and to provide a quick semi-guantitative
assay of the carﬁotite or pitchblend ore. |

B 4. Misplaced or lost radium needles may be located with
the 263A.

5. Postal and express inspectors could use the 263A to

determine whether or not shipping regulations regarding radioactivity

are being observed.

C. Variation From Model 263 |

1. The probe has been streamlined by bringing the cable
out the end andveliminating'the side arﬁ connection.

2. Probe clamps have been strengthened.

3. A 1ongef knob is being used on the switch for conveni-
ent manipulation of controls with the same handkthat is carrying the
instrument. , |

'4. Scale multiplying factors are printed on the c&ntrol .
penel. ' |

5. The circuit wiring has been cabled and coupling capaci-
tors mounted more rigidly for increased uniformity.

6. A variable capacitor is used for coupling in the 20mr/hr
range to provide lndependent calibration of that range.

7. Three standard 300 volt batteries, Eveready No. 493,
have replaced the special 960 volt battery.

8. The weight is decfeased by several pounds.A



)

Note: The case size remains the same to pernit the use of the

0ld 960 volt batteries when desiratle. The new battery bracket can
be installed in the old 263 instruczent to convert it for use with the

- new 300 volt batteries.

IT -- SPECIFICATIONS

A, Physical Characteristics
VHéight - 10 inches
Width - 3-1/4 inches
Length - Exclusive of prote, 12 inches
Probe opening - 2 inches bty 2-1/2 inches
" Beta shield - 1/32 inch brass
Weight - 12 pounds
Finish - Black crackle or grey enamel
Indicating meter - 3 inch scale
Probe - 1-1/2 inches in diameter by 9 inches long. Con-
nected to the.ihstfument through a four foot cable. May be clamped
'to the front of ﬁhe‘instrument case. o
Gelger tube wall thicknosc - 30 mg/cm.?
Ccmponents - Supplied complete with tubes, batterles, and
headphones
Tropicalization on special request

B. Performance Characteristics

SensitivityA- Radium gammsa
Rangeio.z, 0 to C.2 mr/hr.
Renge 2.0, O to £ mr/hr.
Renge 20, O to £0 mr/hr.

Accuracy of calibration - Plus or minus 10%

Time constant - 3 seconds




Battery life - A, 140 hrs.; B, 600 hrs.; HV, shelf
Gelger tube - VG-13

Audio output - High impedance headphones

IIT -- OPERATING PROCEDURE

A; Gamma Ray Measurement

1. Close the Beta ray shield on the probe.

2., Turn the range switch to 20.

(O to 20 mr/hr for hard gemma radiation)

8. Place the instrument with the tube in the location to
be measured, (Note the directional characteristics in figures 7 and
8.) |

4. If the reading 1s less than 10% of full scale, switch
to 2.0. (0 to 2 mr/hr.)

’ 5. If the reading is still less than 10% of full scale,
switch to 0,2. (O to 0.2 mr/hr.)
-6+ Watch the neter for about 30 éeoonds to determiné the
average reading. (This is particularly important on range 0 2.)
7. Read the meter and record the data,

B. Beta Ray Measurement

1. Remove the probe from its brackets and place it in the
desired location (positioning of the tube is much more important

than in gamma ray measurements).

2. Repeat gamma ray measurement procedure but with shield

14

open. (Steps 2 through 7.) Record reading.
‘3. Take gamma ray measurement (probe shield closed) with
the tube in the same location. Record reading.

4. Beta Intensity is obtained by subtracting reading (3)
- from reading (2).



Ce. Backgrdund Measurement

1, Turn the selector switch to 0,2. (The intensity is at

or near background when the meter reading is less than 20% of full

scale.)

2. Plug the high impedance earphones into the jack on the
panel, |

3. Observe a stop watch or a wristwatch with sﬁeep second ﬁ
hand.

4, Count the number of "clicks'" in the phones for a one
ﬁinute time.

5. Repeat part four several times, allowing a rest period
between counts. ‘(Tﬁe probable error is proportional to the total
number of counts.,)

6. Average the one minute readings to obtain results in_.
counts per minute.

D, Audio Survey

1. De01de upon the level of 1ntensity above Wthh a careful
measurement should be made. An intensity well below the dally toler-
ance 1is recomﬁehded.' For example: 1 mr/hr.

2. Plug in the earphones as in the background measurement.

3. Turn the selector switch to 0.2, |

4, Place a radium sample or other séurce of radiation at a
distance to give the level of intensity determined in (1) above.

5. Listen to the signal to become accustomed to the noise
level and pulse repetltlon rate,

6. Move the probe back and forth toward and away from the
sample. Notice carefully the difference in the audio signal as the
intensity 1s increased or decreased.

7. Close your eyes and have someone move the sample a

short distance.




8. Try to reproduce the distance (4 above) between the
sample and the probe, within 10%, using only the audio signal as a f
guide{‘ |
9. When step 8 can be accomplished easily, audio survejs
caﬁ be made with a degree of confidence and in considerably less
time than with most other methods. Attempts have been made to c&ver
a wide range in audlo surveying, but this has usually resulted in a
sacrifice in accufacy and reliability as compared'to the one point
comparison method described above,
E. Assay
Thls instrument will not subétitute fbr chemical assay or the
laboratory counter assay but is of éonsiderable assistance to the
man in the field for preliminary determination. It has saved months
of waiting for information. | |
1. Prepare:the samples in é fine powder or other physical
form, uniform and reproduceable in all dimensions.
2. Improvise a means of reproducing_the exact position of
- the sample with respect to the tube. |
Se Seléct‘a permanent Samplé as a standard of comparison.
This should be of the same order of magnitude, in intensity, as the
material to be assayed.b
4. Take careful readings, A and/or B above, on the standard
‘before each unknown.
5. 1If the sample is near background intensity, take back-
ground readings and subtract from the readings fakeh'on the standard
and on the sample.

F. Recording Data

In most operations involving the measurement of radiation, a

large percentage of the information desired has been lost through
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improper and incomplete methods of recording data. If data sheets
are not provided, the operator should make up his own before starting
to read the'instrument. The following information should be recorded
on such a data sheet.

Date, time, place, instrument, model or type number, serilal
number, identification of source; position of instrument with respeét
to source, position of beta shield, position of selector switch,
meter reading, unité of measurement, background reading, comparison
standard reading, and identificestion of standard sample.

Those items which are'the same for 2ll measurements can be in-
corporated in the déta sheet heading. The other items can be listed

as column headings.

IV -- ELECTRONIC DESCRIPTION

A. No Signal Conditlon

- 1. Vl, the VG—lS counter tube is charged to 900 V awaltlng
an ionizing event, . 7
2. Vg, the rfirst' VX-41 tube, is biased by the voltage
divider Rg and R3, to approximately-4 volts.
3. Vo is drawing current through the common cathode
reslstor Rg.

4. Vz is biased to cut off by the IV through Rs.

5. No current flows'through the meter in the plate circuit
of V3.

B. Counter Tube Discharge

1, A Beta or gamma ray enters the sensitive volume of the
tube.
| 2. The incident ray ionizes a molecule of the gas or ejects

photoelectron from the cathode which ionizes the gas.
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3. The ion thus produced is accelerated by the electro-
statlc field between the counter electrodes. |
4, With the increased energy the original ion ionizes more
molecules of the gas which find their way to the center electrode,
pfoducing a negative pulse. /
5. A continued spread of ionization throughout the sensi-
tive volume of the tube, called an avalanche, results. ‘
6. Heavy organic molecules forming the "quenching vapor"
are also lonlzed near the center electrode where the electrostatic
fleld intensity is greatest;
6. Thevhe%vy ions form a "positive ion sheath" around the
center electrode and move to the cathode. |
8. The electrostatic field strength in the sensitive
volume of the tube 1s reduced by the "positive ion\sheath" to the
extent that the tube cannot sustain the ionization process or
discharge. .

: The'tube, minus a few molecules of the quench vapor is

-

ready for the next event.

"Cs Pulse Rise

l. The voltage pulse from the center wire éf the counter
VG-13 is applied to the grid of Vg, the first VX-41 tube, through a
high voltage coupling éapacitor, Cie

2. When this pulse 1is-3 volts or greater, it drives Vp to
cut off, |

3. The plate’voltage is increased by approximately 15 valts.

4, This pulse is applied to the grid of Vz, the second
Vi-41, through Cp. | | |

5. Current will flow through Vz.
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D. Duty Cycle

1. The counter tube Vi has completed its discharge during
the rise time of the circuit. |

2. Vg is cut off by the voltage across the cathode resistor
R5 due to the larger plate current in V3. Paragraph Cs above.

| 3. Co charged by the sudden cut off of Vo is discharging

through Rg and Ry with an exponential decay of second time constant.

4, The positive signal applied to the grid of Vz and the
resultant current through it ZIs decreasing with the discharge of Co.

5., The decreasing current through V$ decreases the bias on
both tubes across Rg.

6. Decfeasing bias on Vz tends to increase the current ?hat
is in that tube resulting in.a small change in'plate current.

7. This unstable condition 1is terminated when the current
in Rg and the resulting bias on Vg is feduced éﬁfficiehtly to allow
Vo to pass curfent. | ‘

E. Circuit Recovery

1. The decreasing current through Vz and Rg approaches 200
microamperes, reducing bias on Vo to 3 volts.

2. Vg begins to draw current. '

3. A negétive pulse appears on the'plaﬁe of Yl due to iVy
Rg. o ' |

4, The negative pulse is applied to the grid of Vs_through
the coupling of Cy, causing Vz to be cut off.

5, With Vz effectively out of the circuit, Vo resumes its
200 microampere current. |

6., The 200 microamperes across Rs will hold Vg3 cut‘off.

7. Co will discharge through Ry and Rg,

8. The circuit has returred to its normal state awaiting

another pulse from the counter tube.
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F. Metering Circuit

1. The 500 microampere plate current in Vz, during a pulse,.

;charges.capacitor'cs.'

2. Cg is discharged through the meter and Ry, with a time
constant Ry, +Ry) x Cg. '

5. When the time between pulses approaches the time con-
stant of the integrating circuit (Ry+Ry;) x C5, the meter will show
individual pulses.

4. When the time constant is much larger than the time
interval betweeﬁ pulsés, the meter shows ankaveragé'reading of the
pulse repetition rate.

5. Variations or fluctuations still bgcur in the mefer
with long time constants. These afe cauéedvby the random nature of
the particles being measured which result in a statistical variation
in thé pulse repetition rate. | |

6. The magnitude, in percentage, of this random varlatlon
is. proportlonal to the square root of the average pulse repetition
rate and inversely provortional to the square root of the time con-

_ stant of the eircuit,

G. Addltions to Simplified Clrcult

'1. A range switch is provided by switching Cz or C4 in ‘
Place of Co, the coupling capa01tor coupling between Vo ‘and Vz. This
provides a cont?ol over the time Vg‘is conducting, and thus the
a§erage meter current;

2. Rn is added to the meter resistance to increase the
time constant of the integrating circuit;

. -~ 3. Switches are inserted in the battery circults.
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V -~ VAINTENANCE . ' '

A. Improvised Volt Meter

1. Disconnect the microarmeter from the circuit. (50
microamperes with O to 20 scale.)
2. Select a series resistor for the proper full scale volt-

age renge (20,000 ohms per volt)

Full Scale
Voltage 2 10 100 400 1000
Sensitivity ,

"Resistance 40 K | 200 X 8 Meg 20 Meg

2 Meg

B. -Battery Voltage Check

After 150 houré of operation, or six months storage period, the
battery voltage should be measured.

1. Remove the six screws on the sides of the case and llft the
1nstrument from 1ts case.

2, Use a 20,000 ohm per volt meter.

3. Turn‘the instrument on and measure directly across the ter-
minels of the 11 volt A Batﬁery and 671 volt B Battery. See Figure 6.

4, Tﬁrn the instrument off, pull the plugs on the three 300

- volt batteries and,measure-directly across the Battery terminals.,

C. PFree Point Circuit Check

Use a 20,000 ohm per volt meter to measure voltagés and resiéf
tances from the octal socket to grcund. The proper values are given

in the chart below.

Check Point Meter Range Voltage Resistance
1. Ground - 0 0

2., Counter Anode 1000 880 00

3. B+ 250 67 11 meg
4, V2 Plate 50 42 11 meg
oe V3 Plate 250 67 11 meg
6. V3 Grid - 0 900 K

7. = PFllament 10 BeO 24 K

B8 + Fllament 10 5 24 K
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D. Signesl Tracing

l., Using a .025 microfarad capacitor in series with an
oscillescope lead, check the wave form of the pulse between the ter-
minal of the octal socket and ground.,

2. If an 6scilloscpbe'is not avallable, use the crystal‘
earphones supplied wlth the iﬁsﬁrument. Place a ,0025 microfarad
eapacitOr in series with the phones torcheck the signal between the
points on the octal sockets and ground. A signal should be audible
from points 2, 4, 6, 7, and 8. |
' E. Counter\Tubé Check

'l.,.Place new batteries in the circuit.
2. Adjust ;.souree of radiation at the proper distance from
the tube to'cause e meter reading of 10 on the 20 scale.
Se lep a 10 meg. resistor acrosa the counter tube (between
pin No. 2 and gfound) to reduce the counter fube operating voltage |
to 875 volts, If aelo meg. resistor is nof available, connect a 22%
volt battery in series with the three SOO volt batterles with oppo-

site polarity to reduce the voltage to 877 volts. )

4, If the meter reading is decreased below 9, the counter
. tube should be repleced. |

' F. Symptoms end Diagnosis

l. No response to radiation.
Check hatteries, trace signal with phones.,
2. Continuous Reading with no Radlation.
| Check voltage point 8, cathode bias.
If voltages are correct, replace amplifier,
3. Meter saturates at high intensities before reaching )

full scale.

If battery voltages are correct, replace amplifier.,
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Calibration too high cr too low on all scales.
If battery voltages are correct, adjust screwdriver

calibration control.

Calibration does not agree on x1 and x10 scale.

-

Adjust trimmer capacitance Cg.
Meter fluctuates excessively.
Add capacitance in parallel with Cg.
Meter responsé is‘too slow to sudden change in radia-
tion.
Put jumper across Ry or replace Cg with a smaller
capacitor.‘

A\
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THE VICTOREEN INSTRUMENT CO.

NOV. 1947 DATA SHEET - 2

MODEL 263 A
PORTABLE BETA GAMMA RADIATION METER

Cs

—

"SIMPLIFIED CIRCUIT DIAGRAM

Fig. 2




THE VICTOREEN INSTRUMENT CO.

NOV. 1947 : DATA SHEET - 2

MODEL 263-A
CIRCUIT DIAGRAM
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THE VICTOREEN INSTRUMENT CO.

NOV. 1947 DATA SHEET - 3 TYPICAL
MODEL 263 A
BATTERY DATA
REF. MFG. TYPE VOLTAGE CURRENT LIFE ENDPOINT
A Ray-0-Vac  #2LP 1.5 . 20 ma. 140 hr. 1.2 V.
B Eveready #4€7 67 .5 200 ma. 600 hr. 60 V.
HY 850 V.

’
The A battery characteristic is determined by the VX-41A filament '
characteristic.
adjustment. The HV battery characteristic is a reflection of the VG-13

plateau.

% OF NORMAL METER READING

Eveready #493 300 Negligible 1 yr.

100
80
60
40

20

B battery aging is compensated for by the calibration

EFFECT OF BATTERY VOLTAGE ON CALIBRATION

— :_VA
]
f/ /
/
W/
/
”}/
/I
/
l
a/// ’I .
/
60 80 100 120

% OF RATED BATTERY VOLTAGE
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THE VICTOREEN INSTRUMENT CO.

NOV. 1947 DATA SHEET - 5 . TYPICAL

MODEL 263 A g
DIRECTIONAL SENSITIVITY-VERTICAL

Readings are taken on the x10 scale. A 1 mg. radium source is rotated

about the center of the counter tube at a distance of 65 cm.

Meter reading vs. direction in the vertical plane of the instrument.

270°

180°

90°

Fig. 7
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THE VICTOREEN INSTRUMENT CO.
NOV. 1947 DATA SHEET - 6 ~ TYPICAL
MODEL 263 A
DIRECTIONAL SENSITIVITY-HORIZONTAL
Meter reading vs. direction in the horizontal plane of the instrument.
Readings are taken on the x10 scale. A 1 mg. radium scouce is rotated
about the center of the counter tube at a distance nf 65 cm.
10 Lt} 20 90f
180°

Fig. 8
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