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INSTRUCTION AND MAINTENANCE MANUAL

for

MODEL 111B "SCINTILLATOR"*

MODEL 117 "SPECIAL SCINTILLATOR"*
I.   Advantages of Scintillation Counting

The presence of gamma radiation can be determined by ta k i n g  a reading with a Geiger Counter or a Scint i l l a t i o n
Counter. The two types of instruments are used in a s i m i l a r  manner. The major difference between them lies in the
detecting element. The Geiger Counter uses a Geiger-Mueller tube which is filled with a gas, whereas the Scintillation
Counter uses a Sodium Iodide crystal, which is very dense, as its detecting element. The crystal, if sufficiently thick, i n t e r cepts
practically every gamma ray that strikes it, whereas the Geiger tube reacts to less than 1'% of the gamma rays that penetrate
it. As a result, the S c i n t i l l a t i o n  Counter records many times the number of rays that the Geiger Counter can from the
same source. This makes the "Scintillator" a more sensitive i n s t r u ment than a Geiger Counter. Another important result is
t h a t  a steadier meter reading for a given field of r a d i a t i o n  is obtained, because the "Scintillator" is averaging many times
the number of counts per time i n terval as the Geiger Counter. This effect is particularly important when measuring small
amounts of radiation. As a result, a small difference in i n t e n s i t y  can be read easily on t h e  Scintillator" when the same
difference would not be recognizable on the Geiger Counter, due to its erratic meter movement. This is the factor that makes
the "Scintillator" so v a l u a b l e  for uses such as prospecting where a sma l l  indication is sometimes very important.

II.   General Description

The Model 11IB consists of two separate parts, which are connected by a cable. One portion of the instrument
contains most of the electronic components and the detecting element. This portion is the "probe." The other part of
the instrument is the battery box which contains the batteries. The probe attaches to the battery box with a snap catch.
The probe can be separated from the battery box by releasing the snap fastener on the top of t h e  battery box and
p u l l i n g  the probe away from the battery box. For survey work, the probe docs not have to be removed from the
battery box.

The probe may be removed from the battery box and placed in any position which w i l l  offer greater sensitivity.
Since t h e  detecting element, the sodium iodide crystal, is mounted in the bottom of the narrow end of the probe
(opposite the meter e n d )  there s h o u l d  be as l i t t l e  obstruction as possible between this portion of the probe and
the area being surveyed. The end of the probe need not be pointed d i r e c t l y  at the radioactive source to get a reliable
response.

In the Model 117, all the parts are mounted inside the case. The crystal is located just behind the spot on the end of
the case marked "Sample Check Spot." This is the most sensitive point on t h e  instrument. The neon bulb on the top
panel of the 117 is a pilot light and does not f l a s h  to i n d i c a t e  t h e  presence of radioa c t i v i t y .

III.    Definition of Terms

There are terms encountered in the use of radioactive materials which are peculiar to t h i s  field and w h i c h
should be explained in order to make t h i s  text more understandable.

R a d i o a c t i v i t y :  The process whereby certain elements emit p a r t i c l e s  or rays due to the disintegration of the nuclei
of their atoms. The main types of radioactivity are alpha particles, beta particles and gamma rays. Gamma rays
penetrate matter in much the same manner as X-rays. Since gamma rays are the only type of radiation with
penetrating power, they are the only ones that are important to t h e  prospector. S c i n t i l l a t i o n  counters have great
sensitivity to gamma rays. They do not respond to alpha or beta particles.

Milliroentgen: the common unit of radiation. This term is usually expressed with a unit of time; i.e.,
milliroentgens per hour (abbreviated MR/HR), and expresses the number of units of radiation intensity in a field.
If a man stays twelve hours in a radiation field whose intensity is five milliroentgens per hour, he will have been
exposed to 60 milliroentgens. This is the maximum amount which the Atomic Energy Commission considers to
be entirely harmless even when repeated day after day.



Background: a certain portion of any radioactivity measurement is not attributable to the radioactive sample
being measured, but comes from other sources. This portion of the measurement is called "background." It is
caused by cosmic radiation, natural radioactivity of the earth, and other sources. Since background can vary
greatly, it must be measured separately and subtracted from any measurement upon which it w i l l  have an effect.

EXAMPLE:

Sample reading ......................  .35MR HR
Background reading ..............  .02 MR/HR

Corrected reading ....................  .33 MR/HR

In order to correctly establish the background effective in the measurement of a particular sample, the sample must
be moved far enough away from the instrument so that is has no effect on the background reading.
IV.   Description of Controls

A. MR/HR Range Control.
The range control has eight positions. The use of each of these positions is as follows:

1.   "OFF"; when the knob is turned to this position, the entire instrument is turned off.

2.   "ZERO"; when in this position, the instrument can be electronically zeroed.

3.   "5"; when in this position, the instrument is set at the highest range. A f u l l  scale indication on the meter
means the instrument is exposed to a radiation intensity of 5 m i l l i roentgens per hour.

4.  All succeeding positions on the range control, 5 2.5, .5, .25, .05, .025, mean that when the range control is
set to one of these values, a full scale reading indicates an i n tensity in MR/HR equal to the value
selected on the control. Note: The "5" range measures the largest amount of radioactivity and is the least
sensitive range. The ".025" range is the most sensitive range.

B.   "TIME CONSTANT" Control.

Model  111B: The use of the time constant control is as follows: One of three positions can be selected by
t u r n i n g  the knurled knob to "FAST," "MEDIUM" or "SLOW." The function of the "MEDIUM" and "SLOW"
controls is to make the meter response slower than when the control is set to "FAST." If the "FAST" time constant is in
use, the meter w i l l  respond very rapidly to any change in radiation intensity. Since the gamma rays do not occur
at evenly spaced intervals, the "FAST" time constant allows the meter indication to fluctuate, especially if the intensity
is very low. The "MEDIUM" and "SLOW" time constants slow down the meter reaction to changes in intensity, thus
giving a more stable, easier-to-read indication. The "FAST" time constant may be used for prospecting if the
average value of the fluctuating reading is taken. It should be used for deciding on what range to set the range
switch and for checking approximate levels of radiation. It is also desirable to use the "FAST" position when
traveling at high speeds. The "MEDIUM" and "SLOW" positions should be used for obtaining more accurate
readings. When using the "MEDIUM" position, the meter should be observed for at least 15 seconds, and the average
reading used. In the "SLOW" position, it w i l l  take about one minute for the meter to reach its final reading.

Model 117: The principles of operation are the same as outlined above, but Model 117 has only two time
constants, "FAST" and "SLOW."

C.   "ZERO" Control.

The "ZERO" Control is one of the two controls which are covered by cap nuts. The instrument can be
electronically zeroed w i t h  this control by first turning the "ON-OFF" range control to the "ZERO" position. The meter
will momentarily give a reading and then return to zero. If the meter does not return to zero, remove the cap
from the control and adjust this  control until the meter does indicate zero. Since the meter zero position w i l l
change as the battery voltages change, it is necessary to check the zero position periodically during use. Such checks should be
made in the first few minutes of operation and every half hour or hour thereafter as experience proves necessary.
There is no set rule for the frequency of such checks because the rate of change of the zero position will depend upon
the age of the batteries, the temperature and minor variations in the vacuum tubes used in the instrument.



D.   "CALIBRATION ADJUST" Control.

This control labeled "CALIB. ADJ." on the Model 11IB and "CALIB." on Model  117  is covered by a
cap nut. It is used to compensate for changes in the battery voltage as the batteries wear out. A calibrated check
source — a trace of radium scaled in a plastic disk — is provided so that the user can conveniently check the
instrument for such changes. Turn the switch to the .25 MR/HR scale and hold the check source flat and well
centered against the end of the Model 11IB probe or against the "Sample Check  Spot" of the Model 117. After
noting the reading, turn the disk over and repeat the measurement to discover which side gives the higher
reading. Finally, with that side which gives the higher reading turned against the instrument, note whether the
meter reading in MR/HR agrees with the number stamped in red on the disk. If necessary remove the cap nut,
and with a screw driver, turn  the calibration control until the meter gives the reading which is stamped on the
check source. The highest accuracy will be achieved in this operation if the instrument is switched to "slow"
response time. For the best results the setting of the calibration control should be checked each time the zero
control is checked. Never adjust the calibration control unless the zero control has been checked first.

V.   Meter Readings

The meter, in order to accommodate a greater number of ranges, has been provided with two separate scales. Each
scale is read from left to right, is divided by five major divisions and fifty minor divisions.

The first scale, at the top of the meter face, reads from 0 to .25. When a range is selected with the range control,
the user reads from the meter scale which corresponds to this range. The 0 to .25 scale can be read with three
separate ranges, as selected with the range control. These ranges are "2.5 MR/HR," ".25 MR/HR" and ".025
MR/HR." When using the 2.5 MR/HR range, each major division is equal to 1/5 of the full scale reading, or .5
MR/HR; the first major division reading being .5 MR/HR; the second 1 MR/HR, and so on. When using the .25
MR/HR range, the only difference in readings taken is the placement of the decimal point. The first major division
reading would be .05 MR/HR; the second, .1 MR/HR; and so on up to .25 MR/HR. The same rule applies when the
.025 range is used; the only difference being in the placement of the decimal point. The first major division would
then be equal to .005 MR/HR; the second, .01 MR/HR and so on, up to .025 MR/HR.

EXAMPLE:

Range control set at "2.5"
Meter needle deflected to read ".15" on the top scale.
MR/HR intensity: 1.5 MR/HR.

Range control set at ".25"
Meter needle deflected to read ".15" on the top scale.
MR/HR intensity: .15 MR/HR. Range control set at ".025" Meter needle deflected to read ".15" on the top scale. MR/HR
intensity: .015 MR/HR.

The second scale is printed on the meter face just below the first scale and reads from 0 to 5. Here, each major division is
equal to 1/5 the full scale reading as in the previous scale. The ranges, as selected with the range control, which can be read
from this scale are "5," and ".5" and ".05." When the range control is in the "5" position, all readings on this scale can be taken
directly with each major division representing 1 MR/HR. The first major division (marked "1") equals 1 MR/HR; the
second, 2 MR/HR; and so on, up to 5 MR/HR. When the range control is in the ".05" position, the scale should read
as follows: the first major division (marked "1") is equal to .01 MR/HR; the second, .02 MR/HR; and so on, up to .05
MR/HR.

EXAMPLE:
Range control set at ".5"
Meter needle deflected to read "3" on the scale.
MR/HR intensity: .3 MR/HR.

Note that changing the range switch setting cannot change the amount of radiation to which the instrument is
exposed and so cannot change the reading to be taken. The range switch does affect the amount by which the meter
deflects and so determines which set of numbers are to be read on the meter scale. In general the setting of the range
control should be chosen so that the meter gives the largest possible deflection without going off scale to the right.



EXAMPLE:

Range control set at ".5"
Meter needle deflected to read—"2" on lower

scale. MR/HR intensity - .2 MR/HR.

It would be better to make this last reading on the next more sensitive range:
Range control set at ".25"
Meter needle deflected to read—".2" on upper

scale. MR/HR intensity - .2 MR/HR.

The instrument is calibrated in MR/HR rather than counts per minute because this is a more meaningful and
reliable method of measurement. The reading in counts per minute in a given field of radiation may vary widely,
whereas the intensity in MR/HR is a constant value.
VI.   Operating Instructions

A. Turn the "ON-OFF" range control to "zero." There w i l l  be a momentary meter reading and the needle w i l l
then return to zero. If it does not return to zero, remove the cap from the ZERO control and adjust u n t i l  it does indicate
zero.

B. Turn the "ON-OFF" range control to the "5" MR/HR range and bring the probe to the point from which you wish
to measure the sample. If the meter reading is below 2.5 MR/HR, turn the control to the next lower position (2 .5 ) .  If
the meter reading is below .5 MR/HR, turn the control to the next lower scale (.5) and so on. When measurements are
taken, the user should always turn the range control to the lowest possible range upon which he can obtain a reading,
preferably the .025 range. The range should be increased only if the needle goes off scale to the right on the range
being used. If the 5 MR/HR, or highest range, is used and the meter is still off scale to the right, the probe end may be
moved back away from the activity until a reading can be made. If the probe does have to be moved back from the
sample to acquire a reading, and the intensity of the sample is to be compared with the intensity of another sample, caution
should be taken to make sure that the distance from the samples is the same for both readings. The "INVERSE
SQUARE" law applies here. That is, the intensity of the radiation decreases in proportion to the square of the increase
in the distance from the sample. The distance should be measured from the center of the sample to the center of the
crystal inside the probe.

EXAMPLE:

Reading from sample at 3 inch distance — 2 MR/HR.
Reading from sample at 6 inch distance — .5 MR/HR.

By taking a reading from this sample at 6 inches, the distance from which the first reading was taken has been doubled, i.e., the distance has been
multiplied by 2. Since the radiation intensity decreases in proportion to the square of the increase in the distance, the reading at 6 inches must be 1/4 of
the reading at 3 inches, i.e., the factor of increase in distance is 2; 2 squared is 4, therefore the first reading (2 MR/HR) is divided by 4
when the distance from the sample is doubled. 2 MR/HR divided by 4 equals .5 MR/HR.

From this example, it is apparent that if readings are taken from two samples to determine the relationship between the amount of radioactivity in
each, any difference in the distance at which these readings are taken can cause a large error if the inverse square law is not taken into consideration.
When the sample is very large, as for example a bin of ore, the inverse square law is not effective at close range but the radiation
near a large pile of ore tends to be constant.

C.  Changing time constant settings may be desirable during a measurement to reduce meter needle fluctuation. The
time constant control can be used to obtain quick readings on the "FAST" position or may be changed to the "SLOW"
position if the needle fluctuation is too great to allow an accurate reading. It is important for the user to remember that
when the slow time constant is used, the meter takes longer to reach its final reading (about 1 minute) and he should wait
until the needle has reached the end of its travel. To make the most accurate readings the user should watch the meter for
about one minute after it has reached its apparent final value. The most accurate reading can then be taken as the
average of all the readings indicated by the meter needle in that time. Somewhat better averages can be made by
waiting three or four minutes. With practice it is possible by this method to obtain successive readings which agree
w i t h i n  2 or 3 of the smallest meter divisions on the most sensitive range.

D. Occasionally, it is desirable to check the calibration of the instrument. The procedure for checking calibration on the
Model 11IB is outlined in Section 1V-D. This procedure should be repeated after the instrument has had an hour or more of
continuous use and after a rest period of an hour or more. After the instrument has been in use for some time, the calibration
control will no longer bring the meter to the desired reading. This usually indicates the batteries are exhausted and should be



passing over the hill. False indications may occur from the ignit ion system of the aircraft. If this happens, the condition
can be corrected by using suppressors on the spark plugs and by grounding the probe of the Scintillator to the frame of the
aircraft.

XIII.   Oil Exploration with Scintillation Counters

The art of oil exploration with scintillation type instruments is at present in an experimental stage. A theory has
been advanced to account for the pattern, or anomaly, of radiation existing over known oil fields. The validity of the theory is
questioned by some individuals working in the field of oil exploration. They feel that not enough statistical results are as
yet available in the form of reports on new producing oil wells whose existence was predicted by this method.
However, there is a considerable body of opinion which holds that scintillation type instruments are a valuable aid in
oil exploration.

The Model 1 1 1 B  has frequently been used for oil exploration. However, it cannot be recommended for this
purpose. The very small measurements that must be made in this type of work require an instrument of much greater
s e n s i t i v i t y  such as the Model 118 ROYAL SCINTILLATOR.

XIV.   Theory of Operation

The Model 111B "Scintillator" employs a 1 ½ x 1" sodium iodide crystal (Model 117 uses a ½" x 1" crystal) with
an RCA 6199 photomultiplier tube. The tube is enclosed in a magnetic shield to prevent defocusing by the earth's
magnetic field. When gamma rays penetrate the crystal, they cause it to scintillate or throw off minute flashes of light.
The light flashes are converted to electrical pulses by the photomultiplier tube and the tube greatly amplifies these
pulses.

The voltage pulses produced by the photo tube vary widely in size. In the portion of the circuit following the
phototube they are converted to pulses of identical shape and amplitude. The average rate of arrival of these uniformly
shaped pulses is then measured in a continuously integrating voltmeter which thus indicates the average counting rate. A
relaxation oscillator power supply is used to obtain the thousand volts required for the photomultiplier tube. When current
which has been flowing through an inductance or choke coil is suddenly cut off a large transient voltage appears across
the coil. In the power supply circuit a pentode vacuum rube is used to establish a steady current in a choke coil and a
neon tube connected as an oscillator periodically (about 100 times a second) interrupts the choke current. The
resulting surges of voltage across the coil are rectified and filtered to produce the steady high voltage needed to
operate the photomultiplier. A corona discharge type voltage reference tube is used to return a portion of the output
high voltage to the grid of the pentode, and thus the average current in the pentode and choke are controlled to produce a
constant value of high voltage independent of battery voltages.

XV.   Preventive Maintenance and Battery Replacement

An occasional calibration check assures the user that batteries and other electronic components are in proper working
order. The first indication of weak batteries is an inability to recalibrate the instrument. Replacing the batteries is easily
accomplished by simp l y  p u l l i n g  them out of the box. Care should be taken when making replacement to be sure that
negat i v e  and positive terminals are properly connected. The batteries last much longer under intermittent use than
when used continuously. Under intermittent conditions, a complete replacement of the batteries should only be necessary
approximately once a year in the Model 1 1 1 B  and twice a year in the Model 117. In the event the instrument is stored for
long periods such as one year, the batteries should be removed. Even at freezing temperatures, batteries can be stored
successfully for several years. However, the l i f e  of a battery in use at 32/F w i l l  be only a few percent of normal.

BATTERY COMPLEMENT:

MODEL 111B
2 RCA #VS016 or 2 Eveready #467 - 67 ½ volt
2 RCA #VS084 or 2 Eveready #412 - 22 ½ volt
4 RCA #VS036 or 4 Eveready # D99 - 1 ½ volt

MODEL 117
2 RCA #VS055 or 2 Eveready #455 - 45       volt
1 RCA #VS084 or 1 Eveready # 4 1 2  - 22 ½ volt
4 RCA #XS036 or 4 Eveready #D99 - 1 ½ volt

The 1 ½ volt D99 batteries should be replaced only by new D99 batteries, or equivalent leakproof cells.
Although ruggedly constructed, the Scintillator is an electronic instrument and should be treated accordingly. It can be
damaged by improper or rough treatment.



XVI.   Corrective Maintenance

Access can be gained to the circuit components of the Model 111B by simply twisting and then pulling the two halves of
the probe apart. To service the Model 117, simply open the two latch fasteners and l i f t  the instrument out of its case.

In both units the crystal is hermetically sealed in an aluminum can with a plastic window and this assembly
should never be opened as even minute amounts of moisture will damage the crystal. Failure can be due to the common
faults of electronic circuits, such as burned out resistors, shorted condensers, tubes, etc. Standard servicing techniques may be
used with certain exceptions. Because many ohmmeters produce enough voltage to burn out subminiature tube filaments,
such tubes should never be checked directly for filament continuity. The filament can be safely checked by placing a
thousand ohm resistor in series with the ohmmeter. The resistance of a normal filament will then be read as a very small increase
over the value of the thousand ohm resistor. The 1000 volts across the photomultiplier tube can be measured accurately
only wi th  an electrostatic voltmeter. Any ordinary meter, even of the vacuum tube type, will load the circuit sufficiently
to cause a drop in voltage of 100 volts or more. An oscilloscope with a fast preamplifier and triggered sweep not slower
than five microseconds may be required for some servicing functions. Ordinary service shops do not have such
equipment and an otherwise qualified service man, inexperienced with Scintillation Counters, could seriously damage the
photomultiplier assembly. It is advisable, therefore, for servicing to be performed by a shop experienced with Scintillation
Counters and properly equipped.

XVII.   Laboratory Calibration Procedure
A gamma ray source of known value (in MR/HR) must be used to recalibrate the Scintillator. It is desirable to use a

radium source for this purpose. A source which will produce an intensity of 1 MR/HR is necessary for most accurate
calibration. A radium source of one millicurie equivalent radium strength wi l l  produce an intensity of 0.97 MR/HR at
a distance of one meter. Intensities at other distances can be computed by using the inverse square law.

Place the source at a distance from the center of the crystal so that the calculated intensity at the center of the crystal
will equal 3/4 full scale deflection on the range being used. Remove the cap nut from the "CALIBRATION ADJUST" control
after checking the zero setting, adjust this control until the meter reads the calculated intensity plus background intensity and
scattering. The instrument will then be properly calibrated.

XVIII.   Guarantee and Factory Service

All parts except the batteries are guaranteed for a period of ninety days from date of purchase against defects in
workmanship and material. The batteries cannot be guaranteed as they may be easily damaged by misuse. Always check the
batteries before returning the instrument for factory service. To obtain service, pack the instrument carefully, and return it insured and
prepaid to the factory. If you prefer to use a local repair shop write us and we wil l  advise you of the name of the closest
factory authorized service shop. The instrument should be covered on all sides with a thick layer of soft packing material.
Enclose a note stating exactly in what way the instrument has not been performing properly, from whom it was
purchased and the date of purchase.

Ship it to:

PRECISION RADIATION INSTRUMENTS, INC.

           2235 S. LA BREA AVENUE

           Los ANGELES 16, CALIFORNIA

World's Largest Manufacture of Portable Radiation Insturments


