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[57] ABSTRACT 

Apparatus for detecting nuclear radiation from a 
source not absorbed by target material, in order to 
measure density or thickness of the material, employs 
a process for detecting radiation particles which con-
verts the energy level of the particles to pulse height, 
through a photomultipler tube, one pulse for each sep-
arate particle detected, and develops an AGC signal 
for stabilizing the gain of the conversion system, 
through the high voltage power supply of the photo-
multiplier tube, by effectively comparing the pulse 
rate of a low level threshold detector, used to reject 
noise pulses in the conversion system, with come mul-
tiple R of a higher level threshold detector, where R is 
the anticipated ratio of low energy level particles to 
high energy level particles predetermined from an en-
ergy level spectrum or histogram of the source. The 
multiple R is introduced by dividing the lower-level 
rate by the product RN while the upper level rate is 
divided by N, where N is an arbitrary integer. 

4 Claims, 3 Drawing Figures 
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AGC FOR RADIATION COUNTER sion of radiation, either particulate or electromagnetic 
in character. This radiation, when detected, has an en-

R A r K C . R O I I N D OF THF I N V E N T I O N C r g y d i s t r i b u t i o n - T h i s e n e r g y distribution is either in-BACKGROUND OF THE INVENTION h e r e n t i n t h e r a d i a t i o n o r i s c a u s e d b y i t s interaction 
This invention relates to automatic gain control for 5 with the material being examined. The relative number 

a radiation counter, particularly in apparatus for mea- of rays produced at each energy level for any given 
suring the density or thickness of material using nuclear source, target material and geometry is given by an in-
techniques, and more particularly to apparatus for pro- variant probability density function which is unique to 
ducing an automatic gain control signal in a system the particular arrangement. 
used to detect radiation transmitted through or back- 10 Once the impinging radiation on the scintillator has 
scattered from material in the path of radiation. been converted to pulses at the output of the photomul-

Inspection of material using nucleonic techniques de- tiplier tube, it is known that the pulse height of any par-
pends on absorption or scattering of radiation. Since ticular pulse produced is directly proportional to the 
the parameter of interest in the inspection process if intensity of the light flash produced in the scintillator, 
the thickness or density of material, radiation flux den- 15 and is therefore a direct measure of the energy of the 
sity must be of sufficient magnitude to penetrate the radiation detected. The electronic circuits connected 
material and still allow for a measurable degree of radi- to the output of the photomultiplier tube effectively es-
ation. If the determination cannot be accomplished by tablish a level on the energy-level spectrum or histo-
transmission, the thickness or density of the material gram of the radiation source being used, and count the 
can still be measured by detecting backscattered radia- 20 number of pulses per unit time having energies higher 
tion on the same side of the material as the radioactive than that energy level. 
source. In either case, the detection system must re- The problem with this technique for measuring thick-
spond to flux intensities which arise with no absorbing ness of density of material is one of maintaining the de-
material present and to that flux intensity which arises tected energy-level spectrum constant with respect to 
with the maximum amount of absorption that takes 25 a reference voltage employed for detecting pulses hav-
place when the material to be inspected is placed in the ing higher energy levels. This means that the conver-
path of the radiation. sion process from radiation energy must be constant 

The technique of detecting backscattered radiation is regardless of source density, temperature, and any 
generally used where it is not feasible to place the radi- characteristics of the components affecting the conver-
ation source on one side of the material and the radia- sion. Since variations in the process for converting radi-
tion detector on the other side, but the basic principles ation energy level to pulse height represents variations 
are the same since the amount of radiation backscat- in the gain of the detection system, it is desirable to 
tered is proportional to the thickness or density of the compensate for such variations in the gain of some ele-
materil. Given a uniform density, such as the density of ment in the detection system. The gain of the photo-
plastic material in tubing to be used for gas lines, the 3 5 multiplier tube is dependent on the high voltage ap-
thickness of the material can be monitored during pro- plied to it so that if an AGC signal can be developed 
duction. Conversely, if thickness is known to be con- and used to control the high voltage power supply of 
stant, density of the material can be monitored. the photomultiplier tube, stabilization of the measuring 

Only the arrangement for measuring backscattered system can be achieved. The problem is in developing 
radiation need be considered in any detail since the 4 0 the AGC signal. Accordingly, it is an object of this in-
other possible arrangement differs only in where the vention to provide a system for obtaining an AGC sig-
radiation detector is placed. The radioactive source is nal to stabilize a radioactive thickness or density mea-
placed inside of a lead block into which is bored a suring system. Another object is to provide an AGC 
small-diameter hole. The block is thick enough to ab- system which does not require a radiation reference to 
sorb the penetrating radiation from the source so that 4 5 stabilize the energy-level to pulse-height conversion 
radiation can only emerge through the opening. In that process in a thickness or density measuring system 
manner, a parallel beam of radiation is produced. using nucleonic techniques. 
When material is positioned in front of the beam, radia-
tion is scattered back to impinge upon an annular crys- SUMMARY OF THE INVENTION 
tal surrounding the lead shield. Each time an impinging These and other objects of the invention are achieved 
photon or charged particle interacts with the crystal in a system for detecting radiation not absorbed by tar-
structure, a flash of light is produced. The crystal struc- get material (i.e. in a system for detecting radiation 
ture thus functions as a scintillator. backscattered by or passing through target material) 

The scintillator is optically coupled to a photomulti- ^ using a beam of radiation from a selected radioactive 
plier tube. Accordingly, light produced in the scintilla- source directed at the target material. An AGC signal 
tor causes the release of electrons from the photo cath- is developed for the measuring system which stabilizes 
ode of the tube. The number of electrons progressing the main lobe (highest peak) of the energy level or 
up the chain of dynodes between the photocathode and pulse height distribution curve in the process of con-
the anode is multiplied by secondary emission at each verting radiation energy to pulse height. The AGC sig-
dynode. nal stabilizes the main lobe at an upper threshold level 

Since the number of photons or charged particles is selected a proper amount above a lower threshold 
proportional to the density or thickness of the material, level. The latter is set at a level selected for the measur-
the number of electron pulses produced is proportional ing system to exclude noise pulses, which is at a level 
to the density or thickness. These pulses can be ampli- 6 5 corresponding to a null below the main lobe for the ra-
fied, shaped and counted for a direct readout of the pa- dioactive source being useed. This is accomplished by 
rameter being measured. In other words, the radioac- setting the lower threshold level in one pulse height de-
rive process of nuclear disintegration causes the emis- tection channel, and so selecting the upper level thresh-
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old level for a second pulse height detection channel 
that the main lobe of the pulse amplitude distribution 
curve is centered about the upper threshold level. The 
ratio of pulses counted from the lower level threshold 
detection channel to the pulses counted from the upper 5 
level threshold detection channel will remain constant 
if the process for converting radiation energy to pulse 
height is stable. Consequently, dividing the pulses from 
the lower threshold detection channel by that ratio, and 
comparing the resulting pulse rate with the rate of 1 0 

pulses detected in the upper level threshold channel 
yields an AGC signal which may be used to stabilize the 
conversion process by controlling the gain of an ele-
ment in the system for that process. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 shows a block diagram of a system for measur-

ing the density or thickness of material using nucleonic 
techniques, and embodying the concept of the present ^ 
invention. 

FIG. 2 is a schematic diagram, partially in functional-
block form, illustrating an exemplary embodiment of 
the AGC circuit for the system of FIG. 1 embodying the 
concept of the present invention. 

FIG. 3 shows an exemplary histogram for a typical 
radiation source useful in understanding the concept of 
the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 3 0 

FIG. 1 illustrates a system for measuring the density 
or thickness of a material 10 for use in those applica-
tions where access to only one side of the material is 
feasible. The system is comprised of a measurement 35 
probe 11 approximately 1.5 inches in diameter and 9 
inches long. The probe consists of a photomultiplier 
tube (PMT) and preamplifier 12, a scintillator 13 and 
a radioactive source 14 inside a cylindrical lead shield 
15. A hinged shield 16 covers the radioactive source 40 
when the system is not used. 

The arrangement of a measuring system operates on 
the principle that radiation impinging the target mate-
rial 10 causes radiation to be backscattered to the scin-
tillator 13, which is a suitable energy conversion me- 45 
dium, such as a crystal of sodium iodide (Nal) for 
gamma particles, or a beta sensitive plastic scintillator 
such as NE-102 or anthracene for beta particles. When 
a radiation particle interacts with the scintillator 13, a 
flash of light is produced. This flash of light is optically 5 0 

coupled to the photocathode of the PMT and causes 
the photocathode to release the electrons. The elec-
trons are multiplied by dynodes, and collected by an 
anode. Electrical pulses thus produced by flashes of 
light are amplified by a preamplifier to a level suffi- 5 5 

ciently high for transmission through a shielded lead 17 
to a pulse amplifier 18. 

Since the amount of radiation is proportional to the 
density or thickness of the target material, it is possible 6 Q 
to detect these pulses above a predetermined threshold 
level (selected to reject noise pulses) in a circuit 19 
which converts the rate of pulses thus detected to a 
lower rate using a conventional pulse rate divider. The 
output of this pulse detector and rate converter may be 6 5 
displayed in a unit 20 in either a digital or analog form 
using conventional digital or analog pulse rate meters. 

143 
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The display unit may include circuits to linearize the 
output of the pulse detector and rate converter 19. 
That is desirable because while the pulse rate thus pro-
duced is proportional to the density or thickness of the 
target material 10, it is not linearly proportional, and a 
linear display will facilitate interpreting the measured 
thickness or density. 

Radiation backscattered by the target material 10 
onto the scintillator 13 will produce a flash of light for 
each particle impinging the scintillator with an intensity 
directly proportional to the energy of the absorbed par-
ticle. Accordingly, if the process of converting particle 
energy level to pulse height is stable, the output pulse 
rate of the converter 19 could be relied upon for the 
measurement output. However, variations will occur in 
the conversion process due to such factors as flux in-
tensity variations in the radioactive source, tempera-
ture, and aging characteristics inherent in the compo-
nents employed between the scintillator and the pulse 
detector. Therefore, an AGC circuit 21 is employed to 
vary the output of a high voltage power supply 22 for 
the photomultiplier tube to vary the gain of the photo-
multiplier tube and thus stabilize the energy level to 
pulse height conversion process. That is accomplished 
by applying both the output of the pulse amplifier 18 
and the output of the converter 19 to the AGC circuit 
where a signal is developed to control the high voltage 
power supply 22 for the correct system gain in accor-
dance with the basic concept of the present invention. 

An exemplary implementation of the AGC 21 is 
shown in FIG. 2. It is comprised of an upper level 
threshold detecting channel and a lower level threshold 
detecting channel. The latter includes the pulse rate 
converter 19 having a threshold detector 23 and a pulse 
rate divider 24. The output of the converter is transmit-
ted to both the display and a monostable multivibrator 
25 which provides a negative pulse for every input 
pulse with a fixed amplitude and width such that the en-
ergy of each pulse is constant. 

The upper level channel is similar in that it includes 
a threshold detector 26, a pulse rate divider 27 and a 
monostable multivibrator 28. The latter is identical to 
the multivibrator 25 except that its alternate output ter-
minal is used to obtain positive pulses of the same am-
plitude and width as pulses from the lower level thresh-
old channel. 

The configuration of the upper level threshold detec-
tor 26 is similar to the lower level detector except that 
a variable voltage divider 29 is adapted to select a 
higher threshold level for detection of pulses from the 
amplifier 18. Each of the detectors may be a high gain 
differential amplifier used as a voltage comparator to 
produce an output pulse rising from 0 to +5 volts each 
time an input pulse exceeds its threshold (reference) 
voltage. An emitter follower may be used at the output 
of each detector to increase its current sink capability. 

To facilitate understanding the concept of the inven-
tion in general, and the manner in which the upper 
level threshold is selected in particular, reference is 
made to FIG. 3 which shows a typical energy spectrum 
or histogram of a source of radiation having two lobes 
with the main lobe at a higher energy level and a null 
(low number of events per unit time) at an energy level 
below that of a low point between the two lobes. The 
lower threshold level is set for the null of the histogram 
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as shown in FIG. 3. If the upper threshold level is then tected in a given time is a number A, there is a statisti-
set for the center of the main lobe, the pulse rate ob- cal variation +AA called the standard deviation cr 
tained (with no pulse pile-up occurring) from the lower equal to the square root of A. For example, if A = 100, 
level threshold detector is twice the pulse rate obtained then cr = 10 and the reading (A±AA) is 100 ± 10 for 
from the upper level discriminator because the area 5 an error of ± 10 percent. If A = 10,000, then cr= 100 
under the histogram curve between the two levels is ap- and the reading is 10,000 ± 1 0 0 for an error of ± 1 per-
proximately equal to the area under the curve above cent. Thus the accuracy of the system is inherently lim-
the upper level. Consequently, if the pulse rate ob- ited by this statistical fluctuation, but accuracy can be 
tained from the lower level detector is divided by the improved by either increasing the number of particles 
product RN while the pulse rate obtained from the 10 available with a larger radioactive source, or by in-
upper level detector is divided by N, where N is an arbi- creasing the time constant of the display unit so that 
trary number and R is the ratio of the lower-level pulse more particles are detected to give a reading. Beyond 
rate to the upper-level pulse rate, the pulse rates at the that, accuracy can be further improved by averaging 
outputs of the dividers will be equal. several readings, as is standard practice for all measure-

The two pulse trains from the dividers are applied to 15 ments made with instruments when greater accuracy is 
the multivibrators 25 and 28 to obtain two trains of desired. 
pulses of equal width and height, but opposite polarity. This limitation on accuracy is pointed out to empha-
Upon algebraicly summing the two pulse trains, and in- size that setting the upper threshold level is not critical, 
tegrating the sum, there is produced, as an AGC signal, which implies that setting the lower threshold is like-
an average DC voltage which will have a zero deriva- 20 wise not critical. The latter is predetermined and fixed 
tive with respect to time only if the system gain remains in the design of the system for use with a given radioac-
stable. If the system gain changes, the average DC volt- tive source, as noted hereinbefore, and serves primarily 
age will deviate from zero to so adjust the system gain to exclude noise pulses. The upper threshold level need 
as to reduce the average DC voltage to zero again. only be adjusted to yield a ratio of pulses approximately 

The AGC signal thus produced is preferably used to 25 equal to the predetermined value R, which implies that 
control the system gain through the high voltage power R need not be predetermined with any greater accu-
supply of the photomultiplier tube in a conventional racy. Once the upper threshold level is adjusted, the 
manner. However, it could be applied to any compo- AGC circuit will maintain the system gain stable. Then 
nent part of the system which will affect the conversion the system readout can be calibrated, 
system gain. In other word, how the AGC signal is used 3 0 As noted hereinbefore, this ratio of pulse rates de-
to stabilize system gain is not a part of this invention tected assumes no pulse pile-up occurring, i.e. assumes 
which relates to a new and improved technique for de- two particles do not strike the scintillator simulta-
veloping the AGC signal. neously, or so close together that the conversion system 

When the system is turned on initially, the AGC out- components, such as the monostable multivibrators, 
put will rise to some positive value sufficient to cause 3 5 cannot respond to both. That is a reasonable assump-
the high voltage power supply to operate at a level for tion because there is nearly equal probability of pulse 
a desired average system gain. That level is controlled pile-up occurring within each region above and below 
by a clamping diode 33 and biasing resistors 34 and 35. the upper threshold level. This is an improvement of 

prior art methods, e.g. in methods in which a reference 
In practice, the lower threshold level is predeter- 4 0 source of radiation is used to develop an AGC signal 

mined and fixed in the design of the detector 23, but where there is a higher probability of pulse pile-up at 
the upper threshold level is adjusted within a predeter- higher count rates, without any compensating factors, 
mined range for a pulse rate ratio of R for any target making the system less sensitive with high radiation be-
material. With practice, this can be done by simply cause of the AGC action. Therefore, as noted hereinbe-
looking at the average height of pulses from the ampli- 4 5 fore in the discussion of statistical variation, this new 
fier 18 for a given ratio R. In the example of FIG. 3, the AGC circuit allows operation at higher count rates with 
ratio is 2, but since any radiation source may be used improved statistical accuracy. 
having a distinguishable main lobe, the ratio may be Although a particular embodiment of the invention 
some other value, particularly if the main lobe is not ^ has been described and illustrated herein, it is recog-
symmetrical as in the case of FIG. 3. In each case, the nized that modifications and variations may readily 
ratio can be predetermined from the known histogram occur to those skilled in the art, such as placing the 
of the source material. That sets the value of R. The source of radiation on one side of target material and 
task of adjusting the upper threshold level is then one the scintillator on the other side to measure density or 
of simply adjusting the upper threshold level. thickness of the target material by detection of parti-

Any target material can be used while adjusting the cles passing through the material, instead of detecting 
upper level because the adjustment does not affect cali- particles backscattered by the material. Consequently, 
bration. An adjustment for calibration is made in the it is intended that the claims be interpreted to cover 
display unit 20, along with an adjustment for linearizing such modifications and variations, 
the output as desired. 6 0 What is claimed is: 

The adjustment of the upper threshold level is simply 1. In apparatus for measuring density or thickness of 
to set the ratio of pulses detected at the lower level to material employing a beam of radiation from a nuclear 
the pulses detected at the upper level equal to the pre- source, said radiation having a known energy level 
determined value R. This adjustment is simple, and not spectrum of radiation events per unit time, either inher-
critical. 6 5 ent in said radiation or caused by its interaction with 

Because emission of particles is a random phenome- said material, said spectrum having one main lobe with 
non, the rate of particles detected at the lower level has a peak higher than any other lobe, said apparatus hav-
a statistical variation. If the number of particles de- ing a scintillator positioned proximate to said material 
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and responsive to each event of said radiation passing 
through or backscattered from, and therefore not ab-
sorbed, by said material for producing a flash of light 
with intensity proportional to radiation event energy; 
means optically coupled to said scintillator for convert-
ing each flash of light produced by said scintillator into 
an electrical pulse directly proportional in height to 
light flash intensity; threshold means for detecting 
pulses from said converting means above a predeter-
mined level corresponding to a lower level of radiation 
event energy at a low level null in said spectrum, 
thereby rejecting noise pulses from said converting 
means; and means responsive to said t h re sho ld means 
for indicating material density or thickness as a func-
tion of the rate of lower level pulses detected, the im-
provement of an automatic gain control system for sta-
bilizing the gain of the process for conversion of radia-
tion event energy received by said scintillator to electri-
cal pulse height comprised of 

an auxiliary threshold means for detecting electrical 
pulses from said converting means above a prede-
termined level corresponding to an upper level of 
radiation event energy at a high level in said spec-
trum approximately at the center of said main lobe, 

means for dividing the rate of pulses from said lower 
level threshold detecting means by a predeter-
mined factor relative to the rate of pulses from said 
upper level threshold detecting means, where said 
factor is the ratio of pulses anticipated from said 
lower level threshold detecting means to pulses an-
ticipated from said upper level threshold detecting 
means in view of the threshold levels selected for 
pulse heights corresponding to predetermined en-
ergy levels on said spectrum, 

means for comprising said rate of pulses from said 
lower level threshold detecting means divided by 
said factor with the rate of pulses from said upper 
level threshold detecting means, and 

means responsive to said comparing means for pro-
ducing said automatic gain control signal propor-
tional to the difference between said pulse rates 
compared, and with a polarity corresponding to the 
sign of said difference according to a predeter-
mined selection of polarity for a given algebraic 
sign of said difference. 

2. The improvement defined by claim 1 wherein said 
means for converting each flash of light produced by 
said scintillator into an electrical pulse is comprised of 
a photomultiplier tube and a signal controlled source of 
voltage applied thereto, and said automatic gain con-
trol signal is applied to said power supply to stabilize 
the gain of the process for convertion of radiation event 
energy received by said scintillator to electrical pulse 
height. 

3. Apparatus for stabilizing the gain of a process for 
conversion of radiation event energy, where the radia-
tion has a known energy level spectrum of radiation 
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events per unit time, said spectrum having one main 
lobe with a peak higher than any other lobe, the combi-
nation of 

a scintillator for emitting a flash of light in response 
5 to each event of radiation impinging thereon, each 

flash of light having a height proportional to radia-
tion event energy, 

means optically coupled to said scintillator for con-
verting each flash of light produced by said scintil-

10 lator into an electrical pulse directly proportional 
in height to light flash intensity, 

a first threshold detecting means for detecting pulses 
from said converting means above a predetermined 
level of radiation event energy at a low level null in 

15 said spectrum, thereby rejecting noise pulses from 
said converting means, 

means for converting the rate of pulses detected by 
said first threshold detecting means to a lower rate 
by dividing by a predetermined number, 

20 means responsive to pulses from said last named 
means for producing an indication of radiation re-
ceived by said scintillator as a function of the rate 
of lower level pulses detected, 

a second threshold means for detecting electrical 
25 pulses from said converting means above a prede-

termined level corresponding to an upper level of 
radiation event energy at a high level in said spec-
trum approximately at the center of said main lobe, 

30 means for comparing said rate of pulses from said 
second threshold detecting means divided by a pre-
determined number less by a given factor than said 
number by which pulses are divided in said con-
verting means, where said given factor is the ratio 

35 of pulses anticipated from said first threshold de-
tecting means to pulses anticipated from said sec-
ond threshold detecting means in view of levels se-
lected for said first and second threshold detecting 
means on said spectrum, 

40 means responsive to said comparing means for pro-
ducing an automatic gain control signal propor-
tional to the difference between said pulse rates 
compared, and with a polarity corresponding to the 
sign of said difference according to a predeter-

45 mined selection of polarity for a given algebraic 
sign of said difference, and 

means responsive to said automatic gain control sig-
nal for driving the gain of said converting means to 
reduce said difference to zero. 

50 4. The combination of claim 3 wherein said means 
for converting each flash of light produced by said scin-
tillator into an electrical pulse is comprised of a photo-
multiplier tube and a signal controlled source of volt-
age applied thereto, and said means responsive to said 

55 automatic gain control signal for driving the gain of 
said converting means to reduce said difference to zero 
is said source of voltage. 

60 
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