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GUARANTEE 

Guarantee 

The contract under which the equipment was produced contains the 
following guarantee: 

"Notwithstanding the provisions of Section 5 of these *General Provi­
sions, entitled 'Inspection', the Contractor guarantees that at the time 
of delivery thereof the supplies provided for under this contract will be 
free from any defects in material or workmanship and will conform to the 
requirements of this contract. Notice of any such defect or non-conform­
ance shall be given by the Government to the Contractor within one year 
of the delivery of the defective or non-conforming item, unless a different 
period of Guaranty is specified in the **Schedule. If required by the 
Government within a reasonable time after such notice, the Contractor 
shall with all possible speed correct or replace the defective or non­
conforming item or part thereof. When such correction or replacement 
requires transportation of the item or part thereof, shipping costs, not 
exceeding usual charges, from the delivery point to the Contractor's plant 
and return, shall be borne by the Contractor; the Government shall bear 
all other shipping costs. This Guaranty shall then continue as to corrected 
or replacing supplies or, if only parts of such supplies are corrected or 
replaced, to such corrected or replacing parts, until one year after the date 
of redelivery, unless a different period of Guaranty is specified in the 
Schedule. If the Government does not require correction or replacement of 
a defective or non-conforming item, the Contractor, if required by the 
Contracting Officer within a reasonable time after the notice of defect or 
non-conformance, shall repay such portion of the contract price of the 
item as is equitable in the circumstances." 

* Additional General Provisions, Negotiated 
Supply Contract, BuShips 7-1-50. 

**None specified. 
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Miscellaneous Data 
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INSTALLATION RECORD 

FRONT MATTER 

Contract Number: NObsr 57163 Date of Contract: Jan. 28, 1952 

Serial Number of equipment 

Date of acceptance by the Navy 

Date of delivery to contract destination 

Date of completion of installation 

Date placed in service 

Blank spaces on this page shall be filled in at time of installation. 
Operating personnel shall also mark the "date placed in service" on the 
date of acceptance plate, located below the model nameplate on the 
equipment, using suitable methods and care to avoid damaging the 
equipment. 

REPORT OF FAILURE 

Report of failure of any part of this equipment, during its entire 
service life, shall be made to the Bureau of Ships in accordance with 
current regulations using form NAVSHIPS NBS 383 (revised). The 
report shall cover all details of the failure and give the date of installa­
tion of the equipment. For procedure in reporting failures see Chapter 
67 of the Bureau of Ships Manual or superseding instructions. 
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Miscellaneous Data 

ORDERING PARTS 

All requests or requisitions for replacement material should include 
the following data: 

1. Standard Navy stock number or, when ordering from a Marine 
Corps or Signal Corps supply depot, the Signal Corps stock 
number. 

2. Name and short description of part. 

If the appropriate stock number is not available the following shall 
be specified: 

1. Equipment model or type designation, circuit symbol, and item 
number. 

2. Name of part and complete description. 

3. Manufacturer's designation. 

4. Contractor's drawing and part number. 

5. JAN or Navy type number. 

SAFETY NOTICE 

WARNING 

The attention of officers and operating personnel is 

directed to Chapter 67 of the Bureau of Ships Manual 

or superseding instructions on the subject of radio~safety 

precautions to be observed. 

This equipment employs voltages which are dangerous and may be 
fatal if contacted by operating personnel. Extreme caution should be 
exercised when working with the equipment. 

While every practicable safety precaution has been incorporated in 
this equipment, the following rules must be strictly observed: 

RADIOLOGICAL SAFETY WARNING: 

All personnel working in high-intensity levels of radioactivity must 
exercise caution to prevent bodily damage. While the radiation from 
radioactive substances usually cannot be seen or felt, prolonged or 
intensive exposure may result in serious damage. Three tenths of a 
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Safety Notice NAVSHIPS 91856 

AN/PDR.27' 
FRONT MAnER 

roentgen per week (0.3 r/wk) is considered to be the maximum amount 
of such radiation which can be absorbed continuously, every day, with­
out serious damage. 

When using the radioactive source required for calibration of this 
equipment, exercise due care in handling it. The safety instructions 
enclosed herein, and with the source, must be closely followed. 

KEEP AWAY FROM LIVE CIRCUITS: 

Operating personnel must at all times observe all safety regUlations. 
Do not change tubes or make adjustments inside equipment with high­
voltage supply on. Under certain conditions, dangerous potentials may 
exist in circuits with power controls in the off position due to charges 
retained by capacitors. To avoid casualties, always remove power and 
discharge circuits prior to touching them. 

DON'T SERVICE OR ADJUST ALONE: 

Under no circumstances should any person reach within or enter the 
enclosure for the purpose of servicing or adjusting the equipment with­
out the immediate presence or assistance of another person capable 
of rendering aid. 

viii 

RESUSCITATION 

An approved poster illustrating the rules for resuscita­

tion by the prone pressure method shall be prominently 

displayed in each radio, radar, radiac, or sonar enclos­

ure. Posters may be obtained upon request to the Bureau 

of Medicine and Surgery. 
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GENERAL 

DESCRIPTION 

NAVSHIPS 91856 

AN/PDR.27' 

SECTION 1 

GENERAL DESCRIPTION 

1. PURPOSE AND BASIC PRINCIPLES. 

(See figure 1-1.) 

Section I 
Paragraph 

Radiac Set AN/PDR-27F is a portable, watertight, battery-operated 
radiation detector and indicator. It is capable of detecting and meas­
uring beta and gamma radiations together, or gamma radiations alone. 
Radiacmeter IM-85/PDR-27F is the main unit of the radiac set; it is 
equipped with a carrying handle, and also may be carried by an exter­
nally connected shoulder harness. Radiac Detector DT-IOI/PDR-27F 
is a probe attached externally. by means of a flexible cable, to the 
radiacmeter. The detector is normally carried in an external well on 
the radiacmeter and can be easily removed. When measuring gamma 
radiation, the detector can be used in or out of the well; beta radiations, 
however, can only be detected when the detector is removed from the 
well and the beta shield on the probe is moved aside. The radiacmeter 
also houses an electronic chassis, an indicating meter, and dry batteries. 
Case CY-1296/PDR-27F is a light-weight carrying case which houses 
the radiacmeter, Radioactive Test Sample MX-I083BjPDR-27. Head­
set H-43A/U or H-43/U. Harness ST-125/PDR-27E spare tubes, spare 
batteries, two wrenches, and two copies of the instruction book.. 

Geiger-Muller (G-M) tubes are used in the radiac set to detect 
gamma and beta radiations. When the G-M tubes are exposed to such 
radiations, they produce short-duration, d-c voltage pulses at an average 
repetition rate proportional to the average radiation field intensity in 
the vicinity of the tubes. These pulses, which are of random duration 
and random amplitude, are converted to pulses of equal duration and 
constant amplitude and are used to generate visual and aural indica­
tions of the average radiation field strength in the vicinity of the G-M 
tubes. Visual indication is provided by a meter reading proportional to 
the pulse reception rate; aural indication is provided by headphones 
in which a click is heard for each received pulse. 

The range of field intensities capable of being detected by the radiac 
set is relatively broad. Therefore, in order to provide an easily observ-

ORIGINAL 1-1 
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TABLE I-I. EQUIPMENT SUPPLIED 

Navy OVER-ALL DIMENSIONS 
Name of Unit Type Volume 

De.ignation Height Width length 

Case CY-1296/PDR-27F 9-7/16 10-21/32 11-21/32 1134 
Radiacmeter IM-85/PDR-27F 8 5-13/16 10-9/16 491.84 
Radiae Detector DT-IOI/PDR-27F 13/S diam. 7% 10.47 
Headset H-43/U or H-43A/U 21/. 7 6% 91.3 
Harness ST-125/PDR-27E 
Radioactive 
Test Sample MX-I083B/PDR-27 3/8 diam. 5 0.55 
Wrench - Special 1/16 thick I 4 0.25 
Wrench - Allen 5/64 thick 45/64 61164 0.60 
Instruction Books 
for Radiae Set NAVSHIPS 91856 V4 thick 5% 7\1, 20.6 
AN/PDR-27F 
Tube (spare) BS-IOI 1/4 diam. 2 3/. 

Tube (spare) BS-I Iv.. diam. 7 
Tube (spare) BS-2 3/8 diam. 4 
Equipment Total 
Maintenance 
Repair Parts 
Box, Equipment 
Maintenance 
Repair Parts, 
fully packed 9\1, 10'/, 13 1296.7 

Dimensions are in inches; volume, CUbIC lDches; weIght, pounds. All weIghts less battenes. 
*26.17 Ibs. including 2 sets of batteries (1 installed, 1 spare) 
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Weight 

8.13 
9.31 
1.0 
0.87 
1.12 

0.03 
0.11 
0.01 

1.00 

0.04 
0.17 
0.02 

21.81-

6.00 

19.00 
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GENERAL 

DESCRIPTION 

NAVSHIPS 91856 
AN/PDR-27F 

Section I 
Poragraph 1 

able meter deflection for any value of field intensity within the oper­
ating range of the set, four ranges of sensitivity are provided. Anyone 
range may be selected by means of a switch on the radiacmeter panel. 
The two most sensitive ranges utilize a Navy type BS-l G-M tube, 
which is contained in the probe. This tube has a mica end-window cov­
ered by a removable metal beta shield. The shield can be moved aside 
to expose the beta window for beta-plus-gamma radiation readings, and 
is left in place for gamma radiation reading alone. The two less sensi­
tive ranges utilize a Navy type BS-2 G-M tube, which is contained 
inside the radiacmeter housing. Only gamma radiation field strengths 
can be measured on these two less sensitive ranges. 

2. DESCRIPTION OF UNITS. 

(See tables 1-1 and 1-2.) 

Radiac Set AN/PDR-27F consists of the components listed in tables 
1-1 and 1-2. 

a. CASE CY-1296/PDR·27F. (See figure l-l.)-The carrying case 
houses all other radiac set units. It is completely waterproof and is 
equipped with carrying handles and hasps. It is fabricated from sheet 
aluminum and is so constructed that it can be disassembled for decon­
tamination. A spare parts compartment is provided in the case. 

TABLE 1-2. EQUIPMENT REQUIRED BUT NOT SUPPLIED 

Quantity Standard Navy 
p.' Name of Unit and (Sianal Carps) Required Use 

Equipment Stack No. 

2 Battery NI7 ·B·59177 ·3036 1 operating; 
BA·261/U 1 spare 

8 Battery, Dry; NI7 ·B·58733·4980 4 operating; 
RG.4(B) 4 spares 

4 Battery NI7 ·B·594 76·5-219 2 operating; 
National 2 spares 
Carbon #457 

ORIGINAL 1-3 



1 Section 
Paragraph 2b 

NAVSHIPS 9185. 
AN/PDR_27F 

GENERAL 
DESCRIPTION 

h. RADIACMETER IM-85/PDR-27F.-The radiacmeter consists 
three castings which comprise the handle, the battery compartment, 
the waterproof enclosure, and space for the electronic chassis. The 
handle is cast integrally with a plate which serves as a water-tight cover 
for the battery compartment. The panel casting provides the means for 
mounting the electronic chassis, meter, range switch, phone jack, and a 
compartment for the batteries. The remaining casting completes the 
waterproof enclosure and provides a well at one end to hold the de­
tector probe, the calibration-port cap, and part of the lead shield assem­
bly for Navy type BS-2 tube (figure 1-3). All joints between castings 
are made watertight by the use of rubber "0" ring gaskets, and screws 
to draw the joints tight. 

Mounted on the panel are an indicating meter, a range switch, a 
switch actuating sub-assembly, and a headset jack. Mounted to the 
underside of the panel (hgures 1-4 and 1-5) are the electronic elements 
of the equipment including a plug-in unit (figure 1-4) containing three 
subminiature tubes and their associated circuit elements, and a push 
button switch which controls the pilot light. 

The plug-in unit contains the circuit elements shown within the 
dotted box on figure 7-8. Electrical contact to the plug-in unit is made 
through 11 base pins, the shell, and one spring-clamp connection. 

The indicating meter face has a window behind which is placed a 
meter card with four colored scales (figure 1-2). The meter card is 
carried on a shaft turned by a sprocket gear. Rotation of the card shaft 
places the scales, one at a time, within the meter face window; only one 
scale at a time is visible. 

The range switch is a three-wafer, five-section switch with six oper­
ating positions selected by switch shaft detents. Mounted on the switch 
shaft is a sprocket gear 0101 (figure 7-4), connected by a spring-loaded 
chain with the gear on the card shaft. As the range switch is turned to 
the various operating positions, the card shaft positions the correspond­
ing scales of the meter card in the meter face window. 

The battery power is conveyed to the electronic chassis through the 
wall of the battery compartment by means of a waterproof feedthrough 
connector which has male contacts on both sides. Female plugs, can· 
nected to the battery and electronic chassis cables complete the circuit. 
Four mercury cells (BT 102, 103, 104, IDS) for filament power are placed 
in a molded styrene holder which in turn fits into the battery holder. 
The battery holder makes the contact to, and facilitates the changing of 
the batteries. 

ORIGINAL 
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I Section 

Paragraph 2b 

NAVSHIPS 91156 

AN/PDR.27' 

Figure 1.3. Radiacmeter Waterproof Housing 

GENERAL 

DESCRIPTION 

A-IOI 

H-I04 
CATCH, FASTENER 

The carrying handle is constructed to allow space for the radiac 
detector flexible cable when the detector is stowed in its well. 

c. RADIAC DETECTORDT-IOI/PDR-27F. (See figure 1-4.} -The 
radiac detector is a probe consisting of a Navy type B8-1 G-M tube 
contained in a cylindrical metal housing. At one end, the housing is 
closed by a threaded ring and plug; at the other end, a threaded retain­
ing ring bears against the body of. the G-M tube but leaves a mica win­
dow exposed. The G-M tube is supported by a rubber gasket at one end. 
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DESCRIPTION 
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AN/PDR-27F 

Section I 
Paragraph 2c 

Electrical connection to the tube is made by a kinkproof flexible cable 
which passes through a waterproof packing gland in the threaded plug 
at the end of the housing. A spring-retained metal shield covers the 
mica window of the G-M tube. When the shield is over the window, 
beta radiations are prevented from entering the tube; the shield can 
be swung aside when beta-plus-gamma radiations are to be detected. 
A metal guard is secured directly over the window. 

figure 1-4. Radiacme'er Pane'. Righ, Side and Rear 
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NAV$HIP$ 91856 
AN/PDR-27F 

figure 1-5. Radiac:mefer Panel, I.eft Side and Rear 

CAUTION 

GENERAL 
DESCRIPTION 

Since the mica window is only O.OOOS-inch thick, it is ex­
tremely fragile. Do not touch window under any circum­
stances, as damage to the tube will result. Do not rely on the 
guard to protect the mica window; the guard openings are 
large enough so that sharp objects can pass through and 
pierce the window. 
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AN/PDR-27F 

SectiDn I 
Paragraph 2d 

d. HEADSET H-43A/U m· H-43/U_ (See figure 1-1.) -The headset 
provides the operator with aural indications of radiation intensity when 
plugged into the jack on the radiacmeter front panel. 

A-I 

R-I06 
50MR 
SCALE 

0-123-------"'-

A-IIO 
SWITCH 

ACTUATING 
ASSEMBLY 

E-IOS 

H-IOS 

A-IOI 

R-I04 
5MR 
SCALE 

R-IOB 
5QOMR 
SCALE 

CALIBRATION 

PORT 

9r.:iZ:-:tI'-----__ 0_122 

Figure 1-6. taJiacmefer IItt-85/PDR-27F. Showing CaiiDration Port ancl 
Switch Actuating Assembly 
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GENERAL 
DESCRIPTION 

e. HARNESS ST-12S/PDR-27E. (See figure l-l.}-The shoulder 
harness, an adjustable strap make of a non-absorbent plastic, is used 
for carrying the radiacmeter and probe during operation. Metal clips 
on the harness fasten to harness buttons secured to the radiacmeter 
housing (figure 1-2). 

f. RADIOACTIVE TEST SAMPLE MX-I083B/PDR-27. (See'fil/­
ure 1-1.)-The radioactive test sample consists of a plastic tube con­
taining 7 micrograms of radium. The tube is flattened at one end to 
facilitate handling. The radium provides a radiation source that permits 
the operator to ascertain the operating condition of the radiac set when 
no known radiation field is avai1able~ 

WARNING 

Because radium is potentially dangerous, serious skin and 
internal burns may result if the test sample is held close to 
the skin for prolonged periods. When using the test sample, 
handle it only long enough to ascertain the operating condition 
of the radiac set; then replace it in its storage compartment in 
the carrying case. If the radioactive test sample is broken, 
notify the officer-in-charge immediately and x;equest disposal 
instructions. 

g. SPARE PARTS.-The field spares, consisting of spare batteries, 
G-M tubes, and a corona-discharge voltage regulator tube, are carried 
in the spare parts compartments (figure 1-1) of the carrying case. 

3. SUMMARY OF OPERATION. 

Step 1. Remove the equipment from the case, attach the shoulder har­
ness, and plug in the headset. 

Step 2. Check the battery condition by turning the range switch to 
BATT CONDo The meter pointer should rest at the right of 
the line, marked BATT, on the meter face. 

Step 3. Set the range switch at either 500, 50, 5, or .5, depending on 
the intensity of the radiation. ---..-

Step 4. Check for the presence and the intensity of radiation by ob-
serving the meter reading or the frequency of the clicks in the 
headset. 
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Paragraph 3 

Step 5. When necessary, illuminate the meter face by tilting the radiac­
meter so that the panel is in a 45~egree position, or the meter 
face may be illuminated by using the push button switch located 
on the meter panel. 

Step 6. When the combined beta and gamma radiation from an object 
is to be measured, turn the range switch to .5 or 5, remove the 
radiac detector from the well of the radiacmeter, move aside 
the beta shield on the probe, point the probe at the object to 
be investigated, and move the probe close enough to the object 
to obtain a meter indication. 

Step 7. Stop the equipment by turning the range selector switch to 
OFF. Remove the harness and headset from the radiacmeter, 
replace the radiac detector in the well of the radiacmeter, and 
stow all items in the carrying case. 

CAUTION 

The batteries should be removed from the radiacmeter and 
from the case if the equipment is not to be used for a pro­
longed period (approximately three months). 

4. REFERENCE DATA. 

Reference data applicable to the radiac set is as follows: 

•. NOMENCLATURE: Radiac Set AN/PDR·27F. 

b. CONTRACT NUMBER AND DATE: NObsr 57163 January 28, 
1952. 

c. CONTRACTOR: Admiral Corporation 

d. COGNIZANT NAVAL INSPECTOR: Inspector of Naval Mate­
rial, Chicago, Illinois 

e. PACKAGES PER SHIPMENT: One 

I. CUBICAL CONTENTS: 4.53 cubic feet (including eqpt spares) 

{

crated, without batteries, 66.8 pounds 
B. WEIGHT; uncrated, without batteries, 40.8 pounds 

uncrated, with batteries, 43.6 pounds. 

Above weights include equipment spares. 

h. RANGES: Four sensitivity ranges: 0.5, 5, 50, and 500 milli­
roentgens per hour. 

i. TYPE OF DETECTION: Field intensity of gamma radiations 
alone, or gamma and beta radiations together. 
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j. TYPE OF DETECTORS: Geiger-Muller tubes, Navy types BS-l 
and BS-2. 

k. POWER SUPPLY: Dry batteries: 

Number D-C Standard Navy 
Req. Type Voltage and (Signal Corps) 

(volts) Stock No. 
1 BA-261/U 22.5 N17-B-59177·3036 

4 Battery, Dry 1.345 N17·B-58733-4980 
RG-4(B) 

2 Battery, Dry 457 67.5 N17-B-59476-5219 

I. HEAT DISSIPATION: Negligible 

TABLE 1-3. SHIPPING DATA 

Ship- CONTENTS 
OVER.ALL 

ping DIMENSIONS 
Volume Weight 

Oox 
N •. Name Designation Height Width Length 

1 Radiac Set AN/PDR.27F 15%" 17%" 28YB" 4.53 66 
(including eqpt spares) 

"I 

A-1l3 

Figure 1-7. Switch Actuating Assembly, Expladed View 
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THEORY OF 
OPERATION 

a. INTRODUCTION.-With the arrival of atomic energy as an 
important factor in national defense, naval personnel are called upon 
to take part in the handling, measurement, and detection of radioactive 
materials. The following paragraphs will acquaint naval personnel with 
the nature of atomic radiations, the necessity for detecting them, and 
methods of detection. 

/' b. ATOMIC RADIATION .-Many chemical elements, such as 
( radium and uranium, and materials exposed to powerful radioactive 

disintegrations have the property of expelling radiations, which are 
invisible to the eye. Some of these can penetrate the human body and, 
if they are of sufficient intensity or duration, can cause serious injury 
and death. To prevent exposure to damaging concentrations of radio­
active materials and to prevent exposure to damaging radiation fields, 
eq uipment is provided which detects the presence of these radiations 
and measures their intensiV 

/ Emissions by radioactive substances are generally composed of alpha, 
( beta, and gamma radiations. Certain characteristics of these radiations 

are important aids in their detection and measurement. The alpha 
radiation carries a positive charge; it ionizes gases strongly, but it pos­
sesses weak penetrating power. The beta radiation carries a negative 
charge; it does not ioniz€: gases as readily as the alpha radiation, but 
its penetrating power is much greater. The gamma radiation carries 
no charge; it ionizes gas molecules by reaction with them, and its 
penetrating power is much stronger than that of the alpha and b~;; / 
radiations. ./ 

c. DETECTION OF RADIATION.-The ability of alpha, beta, and 
gamma radiation to ionize gases is the characteristic most frequently 
used to detect the presence of radiation. A simple device for such de­
tections is a G-M tube (figure 2-1). The tube is filled with a gas mix­
ture at low pressure. A thin wire, the anode of the tube, is oriented 
axially to a cylinder and insulated from it. A voltage is impressed across 
the tube so that the wire is positive with respect to the cylinder. The 
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magnitude of the impressed voltage is just below that necessary to 
ionize the gas molecules and cause conduction. Therefore, in the dor­
mant condition, no current flows. When radiation is present in the 
vicinity of the tube, an incoming radiation usually ionizes some mole­
cules of the gas within the tube. The ionized gas particles are attracted 
toward either the cylinder or the wire, depending on their charge. On 
their way through the gas, these ionized gas particles collide with non­
ionized gas molecules and ionize them. As a result of this action, a large 
portion of the gas becomes ionized, thus producing a large current flow. 
This current flow is quenched quickly, either by a small amount of 
organic vapor which is included in the gas mixture or by the use df 
external circuits which reduce the potential between the tube elements 
after conduction. As soon as tube conduction stops, the voltage across 
the tube is returned to the original pre-ignition value, and the tube 
awaits the next ionizing event. The duration of tube conduction is short 
compared to the average time between ionizing events and, therefore, 
the tube output is in the form of a series of pulses. Because of the fluc­
tuating intensity of the ionizing radiations, the random time interval 
between ionizing events, and the chance arrangement of the gas mole­
cules in the G-M tube, the pulses produced by the tube vary in ampli­
tude (1/2 volt to 50 volts) and duration (50 to 100 microseconds), and 
occur at random time intervals. These pulses are generally used to 
activate various indicating devices. 

d. MEASUREMENT OF RADIATION.-The unit of measurement 
of radiation is calJed the "roentgen," or "r," and is defined as the amount 
of gamma radiation that will produce one electrostatic unit of charge in 
one cubic centimeter of air that is surrounded by an infinite mass of 
air at standard conditions. Radiation values are usually expressed as 

INSULATOR 

ORIGINAL 

GAS FILLED ANODE INSULATOR 

CATHODE GLASS ENVELOPE 

Fig. 2~1. Typical Geiger-Muller Tube 
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milliroentgens per hour, or mr. hr. Human tolerance to radiation is 
usually defined. in terms of these units. Radiation intensity (in mr/hr) 
decreases rapidly as the squar~ of the distance from the radioactive 
object is increased. 

2. GENERAL CIRCUIT DESCRIPTION. 
(See figure 2·2.) 

Dry batteries supply + 13S-volt d-c power to the high-voltage power 
supply and the shunt voltage regulator circuits, l.S-volt d-c filament 
power to the high-voltage power supply, the shunt voltage regulator, 
and the pulse shaper and amplifier circuits, and a 221f2-volt d-c bias 
voltage to the shunt voltage regulator circuit. The batteries are the 
source of all power for the equipment and, at 25°C. (77° F.), can power 
it for approximately 40 hours of continuous operation. 

The high-voltage power supply circuit converts the + 13S-volt d-c 
power from the batteries into regulated + 700-volt d-c power that is 
fed to the G-M tubes in the detector circuit. The power supply circuit 
operates on the "fly-back" principle, and utilizes a corona-discharge 
regulator tube to maintain the output voltage relatively constant. 

JV"'.. 
....fV'+ 
....fV'+ 

I 
RADIATION 

DETECTOR AMPLIFIER AND f---CIRCUIT 
~ 

PULSE SHAPER 
CIRCUIT 

~ V 101 OR V 102 VI05,VI06 

REGULATED REGULATED L 
+100V +50V 

HIGH-VOLTAGE LOW VOLTAGE 

REGULATOR +1.5V REGULATOR - CIRCUIT 
VI03 VI07 

~'35V + + -22.5V 

I DRY BATTERIES 

HIGH-VOLTAGE :n1.9Str , 
POWER SUPPLY ~1JQ-rJ ~~I:>~ 

CIRCUIT 
.;.... Ijjflo~ 'BTI04' +1.5V 

EI04, VI04 'Bf103 'Bflo5' -
+1. 

5V 1!i! __ ~u;! __ i!I 

fig. 2-2. Rodiac S., AN/POR-2Tf. Sloel Diagram 

INDICATING 
CIRCUIT 

MIOI 

HEADSET 

H43A1U 
OR H43/U 
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The G-M tubes generate voltage pulses when exposed to radioac­
tivity. The average repetition rate of these pulses is proportional to 
the average radiation field intensity in the vicinity of the tubes, and 
this rate is used in the radiac set to m~asure the radiation intensity. The 
pulses generated in the G-M tubes are of random amplitude and ran­
dom duration and are fed to the amplifier and pulse shaper circuit. This 
circuit is a one-shot multi vibrator which converts the G-M pulses into 
pulses of constant area and feeds them to the indicating circuit. The 
duration of these pulses is different for each sensitivity range. 

The indicating circuit converts the pulses fed from the pulse shaper 
and amplifier circuit to a meter reading proportional to the pulse recep­
tion rate. The factor of proportionality depends on the sensitivity range 
selected by means of the range switch. The meter scales are changed 
automatically when the sensitivity range of the radiac set is changed 
by operation of the range switch. Consequently, the meter is always 
direct-reading. 

The shunt voltage regulator circuit maintains the plate voltage of 
the pulse shaper and amplifier circuit at a relatively constant value as 
the battery voltage decreases with age. 

3. CIRCUIT ANALYSIS. 

a. DETECTOR CIRCUIT. (See figure 2-3.)-The detector circuit 
consists of G-M tubes VIOl and VI02, anode load resistor RIOl, 
coupling capacitors C113, and section SIOIA of range switch 8101. 

The two G-M tubes are used as radiation detectors. Tube VI02, a 
Navy type BS-l tube, is the more sensitive of the two and is used in 
the probe. When SIOIA is in either the .5 or 5 position, VI02 is con­
nected to the radiacmeter and VIOl is disconnected. When SIOIA is in 
either the SO or 500 position, VIOl, a Navy type B8-2 tube, is connected 
to the radiacmeter, and VI02 is disconnected. 

When SIOIA is turned to one of the range positions, regulated +700-
volt d-c power is applied through anode load resistor RIOI to the anode 
of the selected G-M tube. When the G-M tube conducts under the influ­
ence of an ionizing event, a voltage pulse is developed across resistor 
RIOI. This pulse is capacitively coupled through Cl13 to the input grid 
of VIOS in the pulse shaper and amplifier circuit. The output of the 
G-M tube is a series of negative-going pulses, one for each ionizing 
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TO VI05 GRID 

CI13 ~ 
100 V 

1000V VI02 
BS-I 

IT~:i:~~-~-~_~_O'_E----------tH~---, 

\1101 
BS-2 

T 
20 

'0 

'0 

9 , 

~ :-;"0 
6 0 7

1
500 MR/HR 

RIOI 
1.2 MEG 

R~Gf&:[%g~-<~~V\----------~ 

Fig. 2-3. Defector Circuit 

event that occurs within the tube. The approximate average duration 
of these pulses is 80 microseconds, and their average amplitude is 
approximately S volts, although pulse amplitudes of SO volts occur 
occasionally. 

b. PULSE SHAPER AND AMPLIFIER CIRCUIT. (See figure 2-4.) 
-The pulse shaper and amplifier circuit consists of tubes VIOS and 
V106, section SI01B (front) of range switch SIOl, and associated 
resistors and capacitors. This circuit converts the random-amplitude, 
random-duration pulses from the detector circuit into pulses of con­
stant amplitude and constant duration and fee.ds them to the indicating 
circuit. The amplitude and duration of the output pulses are seriously 
affected by changes in the plate supply voltage of VIOS and VI06. To 
eliminate this effect, the plate supply voltage for both tubes is regulated. 

Tubes VIOS and VI06 (connected as triodes) comprise a single-shot 
multi vibrator. In the dormant state--that is, when no pulses are re­
ceived from the detector circuit-VIOS is conducting and VI06 is cut 
off. Resistor RU9 is the plate load for VIOS which is made to operate 
as a triode by connection of its screen grid to its plate. Resistors R117 
and RUB comprise a voltage divider; these resistors, in conjunction 
with common cathode resistor R120, establish the steady-state grid bias 
for VIOS. As a result of this bias, VIOS conducts in the dormant state. 
Tube VI06 is also connected as a triode amplifier. The control grid of 
VI06 is connected, via one of the resistance paths, through SIOIB 
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(front) to ground. The cathode of VI06 is connected to the cathode 
of VIOS and is, therefore, held positive by the steady-state current 
through VIOS; thus, VI06 is held in the cut-off condition during the 
dormant state. 

The negative going pulses from the detector circuit are applied to 
the control grid of VIOS. These pulses drive the grid of VIOS more 
negative. The resulting rise in the plate potential of VIOS is coupled 
through capacitor Clli to the control grid of VI06, causing VI06 to 
conduct heavily. Plate voltage for VI06 is applied through components 
of the indicating circuit. As long as VI06 conducts; VIOS is held at 
cut-off by the rise in cathode potential caused by the plate current flow 
of VI06 through common cathode resistor RI20. Capacitor Clli now 
discharges to ground through the selected resistance path and SIOlB 
(front). Tube VI06 conducts until the discharge of Clli has lowered its 
control grid voltage to cut-off. The length of time that Vl06 conducts 
is determined by the R-C time constant of Clli and the selected re­
sistance path to ground. Four separate resistance paths to ground from 
the VI06 grid are provided by RID3 and RI04, RIDS and RI06, RI07 
and RIDS, and Rl09 and RIIO. Potentiometers Rl04, RI06, RIOS, and 
R110 are provided for calibration of the equipment. 

When VI06 reverts to cut-off, the corresponding drop in its cathode 
potential, directly coupled to the cathode of VIOS, permits VIOS to 
conduct its steady-state current again. Since the average time between 
successive pulses from the detector circuit is considerably longer than 
the duration of the conduction of VI06, the entire circuit reverts to its 
steady-state condition after each input pulse. 

The output of VI06, a series of current pulses, is fed to the indi­
cating circuit. The duration of the V106 output pulses is determined 
primarily by the constant of the selected coupling circuit, and is thus 
constant for any particular range; each range has a different time con­
stant because the grid to ground resistance of VI06 is changed by 
SIOIB whenever ranges are changed. Consequently, the duration of 
the output pulse changes when ranges are changed. 

The pulsed fluctuations of the VIOS and VI06 cathodes are applied 
to a voltage divider circuit consisting of R122, C112, and R123. The 
a-c component of the cathode fluctuations generates a voltage across 
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R123, and this voltage is applied to jack JI01. A headset may be con­
nected to JI0l for aural monitoring of the radiation intensity. 

c. INDICATING CIRCUIT. (See figure 2-S.)-The indicating cir­
cuit consists of capacitor CI03, resistor R121, and meter MIOI. Capaci­
tor CI03 is connected in parallel with MIOI. The complete circuit is 
connected between the plate of VI06, in the pulse shaper and amplifier 
circuit, and the VI06 plate supply. When V1Q6 conducts, the current 
pulse charges CI03 and causes a meter deflection. During the inter­
pulse interval, VI06 is cut off, causing CI03 to discharge through MIOI 
and thus maintains the meter deflection nearly constant. 

The function of the indicating circuit is to convert the output pulses 
of VI06 into a'relatively steady meter deflection proportional to the 
radiation intensity. The pulsed output of VI06 is smoothed and aver­
aged by CI03 to form a fluctuating average meter current; because of 
the inertia of the meter move-
ment, the fluctuations do not 
appreciably affect the pointer 
deflection. The average cur­
rent through MI01 depends 
on the following factors: 

1. The number of pulses 
per second received from 
VI06. 

2. The amplitude and dur­
ation of each pulse. 

Since the number of pulses 
per second is proportional to 
the radiation intensity, the 
average meter current will be 
proportional to the radiation 
intensity as long as the am­
plitude and duration of each 

NOTE: 

50VDC 
REGULATED 

A 121 
8.2K 

UNLESS. OTHERWISE INDICATED: 
ALL CAPACITANCE VALUES ARE IN 
MICRO MICROFARADS 
K~ 1,000 OHMS 

figure 2-5. Indicating Circuit 

pulse remain the same--i.e. at anyone position of range switch SIOL 
When ranges are changed, the amplitude and duration of the pulses 
from VI06 change; consequently, the meter current per pulse per 
second also changes. 
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The meter deflection is proportional to the average meter current; 
this current is proportional to the number of pulses per second, and the 
number of pulses per second is, in turn, proportional to the radiation 
intensity for a given type of radiation. Consequently, the meter scale 
can be calibrated to indicate mr/hr (milliroentgens per hour) directly. 

d. RANGE SWITCH CIRCUITS.-The functions performed by 
each of the five range switch SIOI sections are shown in figure 2-6. 

e. FILAMENT POWER SUPPLY CIRCUIT.-Batteries BTI04 and 
BTIOs in parallel provide 1.5 volts for the filaments of VIOs and VI06, 
and are connected to these filaments in all positions, except OFF, of 
range switch SIOIB (rear). These batteries "float" with respect to the 
chassis, thus permitting a potential difference to exist between the 
filaments and chassis. 

Batteries BTI02 and BTI03 in parallel provide 1.5 volts for the fila­
ments ofVI04 and VI07; these batteries are connected to these filaments 
in all positions, except OFF, of SIOIB (front). In the BATT COND 
position of SIOIC (rear), MIOI is connected across the battery to provide 
an indication of battery condition. A center line, marked BATT, on the 
meter face indicates the minimum operating voltage of the battery. 

f. HIGH-VOLTAGE POWER SUPPLY CIRCUIT. (See figure 2-7.) 
--. The high-voltage power supply circuit consists of a relaxation oscil­
lator circuit, a power amplifier circuit, a rectifying and filtering circuit, 
and a regulating circuit. 

(1) RELAXATION OSCILLATOR CIRCUIT.(See figure 2-7.) 
In this Circuit, + 13s-volt d-c power from the series combination of 
BTI06 and BTI07 is applied through resistor R1l2 to capacitor CI04. 
Tube EI04, a cold-cathode glow-discharge tube, is connected across 
CI04. Capacitor CI04 charges slowly until it reaches a value equal to 
the striking voltage, approximately 90 volts, of EI04. As soon as 90 
volts is reached, EI04 conducts heavily and discharges CI04 almost 
instantaneously. Capacitor CI04 then starts to charge again, and the 
cycle is repeated as long as the equipment is operating. The sawtooth 
voltage across CI04 is coupled through capacitor Ctos to the control 
grid of VI04 in the high voltage amplifier circuit. 

(2) HIGH VOLTAGE AMPLIFIER CIRCUIT. (See figure 2-7.) 
-In the high voltage amplifier circuit, + 135-volt d~ power is fed to 
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the high voltage amplifier tube VI04 through the center tap of auto­
transformer TIOl. Resistor R113 and capacitor CI06 provide the screen 
grid voltage of VI04. The positive-going part of the sawtooth volt­
age applied to the grid of VI04 causes the VI04 plate current to build 
up gradually, then the negative-going portion of the saw-tooth voltage 
drives the grid rapidly beyond cut-off. When the plate current of VI04 
increases during the slow rise of its grid voltage, energy is stored in the 
magnetic field of TIOL As soon as the plate current of VI04 is cut off 
by the sharp fall of grid voltage, the collapse of the magnetic field of 
TIOI causes a damped oscillating voltage to exist on the VI04 plate. 
The amplitude of the oscillations is large because of the large inductance 
of T I 0 I and the sudden current change. This voltage is stepped up by 
auto-transformer action and applied to the rectifying and filtering 
circuit. 

-(3) RECTIFYING AND FILTERING CIRCUIT. (See figure 
2-7.)----ln the rectifying and filtering circuit, the oscillations of TIOI are 
rectified. Half-wave rectification is provided by selenium rectifier 
CRIOI; the rectified voltage is filtered in a network consisting of 
resistor RI02 and capacitors CI07 and ClOt. The rectified oscillations 
provide approximately gOO-volt d-c power at the junction of RI02 and 
CIOl. This output is applied to the regulating circuit. 

(4) REGULATING CIRCUIT. (See figure 2-7.)---The regula­
ting circuit consists of resistor RI02 in series with corona-discharge tube 
VI03. Tube VI03 functions in a manner similar to the standard gaseous 
discharge voltage regulator tubes, except that it regulates at 700 volts. 
Resistor RI02 limits the current through VI03. Capacitor CIOI, in 
parallel with VI03, bypasses noise and stray voltages induced in the 
wires. Regulated 700-volt d-c power is fed from the junction of R 102 
and VI03, through RIOI in the detector circuit, to either VIOl or VI02. 
Note that RI02 serves a dual function. It is common to the filter circuit 
and to the regulating circuit. 

g. REGULATED PLATE VOLTAGE POWER SUPPLY CIRCUIT. 
(See figure 2-8.)-The regulated plate voltage power supply circuit con­
sists of batteries BTI06 and BTI07 in series, a shunt voltage regulator 
circuit, and capacitor CI02. Battery power is applied through resistor Rl27 
to a voltage divider consisting of resistors Rl24 and R125. The control 
grid of shunt voltage regulator VI07 is held at a potential 22 V2 volts 
below the potential existing at the junction of RI24 and R125 by means 
of battery BTIOI. Tube VI07 is connected as a triode. The voltage 
existing on the plate of VI07 depends on the potential drop caused by 
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the VI07 plate current through R127 and R126. The plate current of 
VI07 is, in turn, governed by the potential on the control grid. 

As the batteries age, their output voltage decreases, causing a corre­
sponding decrease in the potential applied to the VI07 grid. The result­
ing decrease in VI07 plate current causes a corresponding decrease in 
the potential drop across R127 and R125. Thus, as the battery voltage 
decreases, the potential drop across R127 and R125 decreases; this 
action tends to maintain the voltage at the plate of VI07 at a constant 
value throughout the usable life of the batteries. 

The load of this power supply consists of a series of short-duration" 
high-current pulses, separated by relatively long periods of zero cur­
rent. The shunt voltage regulator and batteries alone are not capable 
of supplying the pulse current requirements without serious decreases 
in voltage. However, the supply voltage must remain constant during 
the pulse. Therefore, CI02, connected across VI07, is used to maintain 
the voltage at constant level. During each current pulse, CI02 acts as a 
low-impedance source of power; during the interpulse interval, the 
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charge on CI02 is replenished. Capacitor C102 is sufficiently large to 
prevent a substantial decrease in voltage during the load-current pulse. 

h. METER ILLUMINATION CIRCUIT. (See figure 7-8.)-The 
meter illumination circuit consists of mercury switch S102, push button 
switch 8103, Glow discharge lamp EI0S, and resistor R116. 8102 and 
S103 are connected in shunt with each other, and in series with R116 
and ElOS across SIOIB (front) and series combination of BTI06 and 
ETI0? Switch 8102 is open when the radiacmeter panel is horizontal; 
however, when the radiacmeter is held so that the panel is almost ver­
tical, 8102 closes automatically, causing EI0S to illuminate the face of 
meter MIDI, ifS101B (front) is turned to one of the four operating ranges. 
Resistor R116 limits the current through EI0S to its operating value. 
Switch S103 closes the meter illuminating circuit in anyone of the four 
operating ranges regardless of the position of the radiacmeter panel. 
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The radiac set is shipped in a wooden crate. When unpacking the 
equipment, perform the following steps: 

Step 1. Cut the two metal bands from the wooden shipping crate, and 
discard them. 

Step 2. Pull out the nails securing the top cover, and remove it. 

Step 3. Pull out the nails securing the cleat, and remove the cleat. 

Step 4. Lift out the two inner packages. 

Step 5. Cut open the waterproof paper, the foil bag, and the corrugated 
paper. 

Step 6. Lift out the carrying case and the spare parts box. Remove and 
discard the supports protecting the handles. 

Step 7. Open the carrying case, and remove and discard its corrugated 
filler and wadding. 

Step 8. Remove the cloth bag containing the dessicant from the spare 
battery compartment, and discard it. 

2. INSTALLATION. 

Batteries must be installed in the radiac set before the set can be 
operated. In addition, one set of spare batteries should be placed in the 
carrying case; these batteries are to be used as field spares. When 
installing batteries, perform the following steps: 

Step 1. Obtain batteries listed in Table 1-2 from Supply Department. 

Step 2. Place spare batteries in the spare battery compartment of the 
carrying case. 

Step 3. Remove the radiacmeter from the carrying case. Remove the 
four screws securing the handle and cover of the battery com­
partment. Remove the cover. 
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Step 4. Place the batteries in the ba"ttery compartment. 

Step 5. Replace the cover. 

Step 6. Replace the screws securing the cover and tighten. Screws must 
be tightened equally on all sides, or rubber gasket may be 
damaged 

CAUTION 

Do not use excessive force in tightening screws. Breakage 
may result. 

3. INITIAL TESTING. 

(See figure 3·3.) 

Test the radiac set before placing the unit in operation by perform­
ing the foHowing steps: 

BA-261/U , 
BT-106 

Figure 3-2. Iladiacme'er' Caver wi'" Battery Moullfings. 
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WARNING 

Steps 4 through 9, below, in­
volve handling of the radio­
active test sample containing 
radium. Exercise the utmost 
caution in handling the test 
sample. Obey all safety regu­
lations. Perform steps 4 
through 9 as rapidly as pos­
sible to avoid prolonged ex­
posure to the radiation. 

Step 1. Remove the radiac­
meter from the car­
rying case. 

Step 2. Turn the range switch 
to BATT COND. The 
indicating meter 
pointer should now 
rest to the right of 
the center line marked 
BATT. 

Step 3. Turn the range switch 
to 500. The meter 
reading should be 
zero. 

RADIACMETER 

ACTIVE END ___ ---LJ 

RADIOACTIVE 
TEST SAMPLE 

ACTIVE END (COLORED) 

MX-1083 81 POR-27 ~ 
RADIOACTIVE TEST SAMPLE 

Figure 3-3. Radiac Set Tes, Setup. 

Step 4. Remove the radioactive test sample from the carrying case. 

Note 

A dimple is provided on the bottom surface of the radiac­
meter housing. When the active end of the radioactive test 
sample is placed in this dimple, maximum meter deflection 
is obtained. 

Step S. Place the test sample in the dimple under the radiacmeter 
housing as shown in figure 3-3. The meter reading should be 
10 to 30 mr/hr. 
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Step 6. Turn the range switch to SO. Place the test sample in the 
dimple under the radiacmeter housing as shown in figure 
3-3A. The meter reading should be 5 to 15 mr/hr. 

Step 7. Turn the range switch to 5. Hold the active end of the test 
sample near the radiacmeter probe as shown in figure 3-3B. 
The meter reading should be 1 to 3 mr/hr. 

Step 8. Turn the range switch to .5. Hold the test sample near the 
radiacmeter probe, as shown in figure 3-3B, with the active 
end of the sample pointing away from the probe. The meter 
reading should be 0.10 to 0.30 mr/hr. 

Step 9. Replace the test sample in the carrying case. 

Step 10. Turn the range switch to OFF. 

When the meter readings specified in steps 2, 3, 5, 6, 7, and 8 are 
obtained, the radiac set is in proper operating condition. If any of the 
meter readings are incorrect, trouble shoot the radiac set as instructed 
in Section 7. 

Note 

To obtain more exact readings of the meter when performing 
steps 5, 6, 7, and 8, above, refer to the calibration procedure 
in Section 7-6a and Section 7-6b. 
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