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(54) System for indicating the lev-
el of material in a container 

(57) In a radiation detecting system 
for controlling the level of material 
in a container, the first counter 13 
accumulates pulses generated by a 
geiger tube 12 at a rate related to 
the level of material and a second 
counter 14 accumulates clock 
pulses. A race condition is estab-
lished between a NAND circuit 24 
indicating that the first counter has 
reached a predetermined total, and 
a NAND circuit 25 indicating that 
the second counter 14 has reached 
a second predetermined total repre-
senting a fixed counting interval. 

The first NAND circuit to respond to 
its predetermined total actuates cir-
cuit 26 to reset both counters and, 
if indicative of the material level 
being below a predetermined mini-
mum, actuates an alarm or operates 
a control circuit 17, 18 to add 
material to the container. In the 
example shown, an additional 
NAND circuit 27 responds to a dif-
ferent count in the counter 13, 
which count in the same time inter-
val corresponds to a higher level, 
and when material is being added 
to the container, the race condition 
is between the NAND circuit 27 
and the NAND circuit 25. The ef-
fect of this is to provide a hysteresis 
effect preventing the circuit from 
"hunt ing" around one level of ma-
terial. 
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SPECIFICATION 

System for indicating the level of material 
in a container 

5 
The present invention relates in general to 
apparatus for determining the level of material 
in a container and has a particularly useful 
application to a digital point level switch for 

10 use with a gamma ray level detection device. 
During many manufacturing processes, it is 

important to know the level of the material in 
a process vessel. In some cases, a nuclear 
device is utilized to detect these levels, the 

1 5 device including a gamma ray source and a 
geiger tube positioned with respect to one 
another and the vessel such that less gamma 
rays are received by the geiger tube when the 
material in the container rises above the level 

20 of the source detection line. The geiger tube 
responds to the gamma rays by generating 
output pulses. 

The conventional point level switch is an 
analogue device which includes an amplifier 

25 for amplifying the geiger tube output pulses, a 
rate circuit for converting the pulses per unit 
of time into a voltage having a magnitude 
proportional to the pulse count rate, a trigger 
circuit for comparing the rate circuit voltage 

30 with a reference voltage level to detect the 
level at which material is to be added to the 
container and a relay driver and relay for 
activating an alarm or an apparatus for adding 
and/or removing the material. In general, 

35 these devices must be simple, rugged and 
inexpensive. In order to operate at minimum 
possible radiation levels, it is necessary to 
employ circuitry which is accurate and reliable 
in an industrial environment. In an analogue 

40 device, such circuitry tends to be expensive. 
For example, cost considerations limit the use 
of precision dial potentiometers for setting the 
trigger level or levels for the circuit when it is 
manufactured. Therefore, the device must of-

45 ten be adjusted in the field with the power on 
under operating conditions. However, under 
hazardous operating conditions, it may not be 
possible to make the necessary adjustments. 
In these cases, the circuitry can be positioned 

50 in a location remote from the container, but 
the cost of the device is increased. 

Some attempts have been made to set the 
trigger levels at the factory, but the settings 
can be changed accidentally during shipment 

55 or installation. Furthermore, since point level 
switches are often required to operate in high 
vibration applications, the potentiometers for 
setting trigger levels are vulnerable to 
changed settings and damage. 

60 A system according to the present invention 
for detecting the level of material in a con-
tainer, includes: a source of radiation; a detec-
tor responsive to the radiation for generating a 
pulsed output signal and positioned with re-

65 spect to the radiation source and the container 

such that the average pulse rate of its output 
signal is changed by increase in the level of 
the material in the container above a predeter-
mined level; and control means responsive to 

70 the detector pulsed output signal for indicat-
ing that the level of material is either above or 
below a first predetermined level, the control 
means comprising: a first counter responsive 
to the pulsed signal and generating an output 

75 signal for a first predetermined total number 
of pulses counted representing the first pre-
determined material level; a source of clock 
pulses generated at a predetermined constant 
rate; a second counter responsive to the clock 

80 pulses and generating an output signal for a 
second predetermined total number of pulses 
counted representing a given time interval-
means responsive to the first of the said two 
counter output signals to be generated for 

85 resetting the first and second counters; and 
means responsive to a predetermined one of 
the said counter output signals for generating 
a signal to provide the said indication. 

Thus, a race condition is established be-
90 tween the first counter, responsive to the 

detected radiation signals, and therefore to 
the level of material, and the second counter 
which is in effect a timer. Preferably when the 
system indicates that the level of material is 

95 below a predetermined minimum, a control 
circuit is activated to add material to the 
container. 

In the preferred system, when material is 
being added to the container a race condition 

100 is established between the first counter reach-
ing a third predetermined total (representing 
an upper level of material in the container) 
and the second counter reaching its predeter-
mined count. The first and third predeter-

105 mined totals for the first counter provide a 
hysteresis effect to prevent the system from 
"hunt ing" around the level at which a high-
to-low or a low-to-high transition is to take 
place. 

110 The system embodying the invention elimi-
nates the need for an amplifier, an analogue 
pulse rate-to-voltage converter, and poten-
tiometer. Furthermore, the trigger level need 
not be adjusted and the system can be con-

115 structed to have better resistance to shock and 
vibration than the known systems. 

The invention also consists in a method for 
determining the level of material in a con-
tainer, comprising the steps of: detecting radi-

120 ation from a source which varies with the 
level of material and generating detection 
pulses at an average rate which changes as 
material level increases above a predeter-
mined level in the container; generating clock 

125 pulses at a predetermined constant rate; si-
multaneously accumulating the detection 
pulses in a first counter and the clock pulses 
in a second counter; generating an output 
signal from the first counter for a first predet-

130 ermined total number of pulses counted repre-
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senting a first predetermined level of the ma-
terial; generating an output signal from the 
second counter for a second predetermined 
total number of pulses counted representing a 

5 counting time interval; resetting the said first 
and second counters in response to the one of 
the said first and second predetermined total 
output signals which is generated first; and 
generating a signal indicating that the level of 

10 material is either above or below the predeter-
mined level in response to a predetermined 
one of the said two counter output signals. 

Another contributor to the vibration problem 
in level-detecting systems employing a geiger 

15 tube, is the power transformer for providing 
the high voltage for the geiger tube and the 
signals circuit power supply. The weight of 
such a transformer makes effective shock 
proof mounting of the electronic circuit a 

20 porblem. A circuit will be described which 
eliminates the need for a power transformer. 

In order that the invention may be better 
understood, an example of apparatus embody-
ing the invention will now be described with 

25 reference to the accompanying drawings, in 
wh ich :— 

Figure 7 is a block diagram of a point level 
switch embodying the present invention; 

Figure 2 is a schematic diagram of the 
30 point level switch of Fig. 1; and 

Figure 3 is a schematic diagram of the 
power supply for the geiger tube of Figs. 1 
and 2. 

Fig. 1 is a block diagram of apparatus 
35 embodying the present invention for control-

ling the level of material in a container. A 
gamma ray radiation source 11 and a geiger 
tube 12 are positioned with respect to one 
another and the container (not shown) such 

4 0 that as the level of the material in the con-
tainer rises above the indicator beam, less 
gamma rays are detected by the tube 12. 
Each detected gamma ray generates an output 
pulse from the geiger tube 12 to a first or 

45 level counter 13. The counter 13 is digital 
and generates an output signal when the 
predetermined number of geiger tube output 
pulses have been received. A second digital 
interval counter 14 receives input pulses from 

50 an a.c. power line 15 to define a counting 
interval. 

Each counter has an output connected to a 
reset circuit 16. The level counter 13, upon 
reaching a first predetermined number of 

55 counts, and the interval counter 14, upon 
reaching a second predetermined number of 
counts, each generate an output signal to the 
reset circuit. If the interval counter reaches 
the second predetermined number of counts 

6 0 first, the reset circuit will respond to the 
output pulse to reset both counters and a new 
counting interval is begun. If the level counter 
reaches the first predetermined number of 
counts first, the counters will also be reset 

65 and a relay control 17 which is responsive to 

the output signals from both counters, is set. 
The output relay 18 then provides a low level 
contact closure. As the material level in the 
container increases, there will be a level, the 

70 desired material level, where the interval 
counter will reach the second predetermined 
number of counts first and will generate an 
output pulse to reset both counters and the 
level control. Thus, the present invention wil l 

75 automatically turn on and off a relay for 
regulating the addition of material to a con-
tainer in response to the level of such material 
in the container or for providing required high 
or low level alarms. 

80 Fig. 2 is a schematic diagram of the present 
invention which is disclosed in block diagram 
form in Fig. 1. In the description of Fig. 2, a 
true or one logic signal will be represented as 
a " 1 " and a false or zero logic signal will be 

85 represented as a " 0 " . Furthermore, each logic 
element having three or more terminals will 
have those terminals identified with a number 
and referenced by the element reference nu-
meral, a dash and the terminal reference num-

90 ber, such as 1 3 - 1 for the input terminal of 
the level counter 1 3. 

The geiger tube 12 has a cathode con-
nected to a negative polarity d.c. power sup-
ply (not shown), typically minus 480 volts, 

95 and an anode connected through a pair of 
resistors 21 and 22 to a positive polarity d.c. 
power supply (not shown), typically fifteen 
volts. The junction of the resistors is con-
nected to the counter input 1 3 - 1 . The resis-

100 tor 22 functions to limit current flow into the 
geiger tube 12 and resistor 21 functions as a 
load resistor to generate a logic level signal at 
the input 1 3 - 1 . When a gamma ray is de-
tected, a negative polarity pulse is generated 

105 on the anode of the geiger tube which in turn 
generates a negative going transition in the 
magnitude of the signal at the input 1 3 - 1 . 

The counter 13 may be a fourteen stage 
ripple-carry binary counter/divider having the 

110 input 1 3 - 1 , outputs 1 3 - 2 to 1 3 - 1 3 repre-
senting the first and fourth to fourteenth bina-
ry stages and a reset input 1 3 - 1 4 . A "1" to 
" 0 " change in signal at the input 1 3 - 1 is 
added to the total count in the counter 13, 

115 with the total count available in binary form at 
the outputs. A " 1 " at the reset input 1 3 - 1 4 
will reset the counter and all its outputs to 
zero. 

The interval counter 14 is similar to the 
120 level counter 13 and has an input 1 4 - 1 

connected to the clock signal source 15 
through a current limiting resistor 23. The 
source 15 can be an a.c. power source, 
typically the standard sixty hertz power line, 

125 wherein the transitions from positive to nega-
tive half cycles are counted by the counter 
14. Thus, the total number of counts in the 
counter 14 represents elapsed time and the 
total number of counts in the counter 13 

130 represents detected gamma rays during that 
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time which total is modulated by material 
level when the material level is at or above 
the gamma ray beam. 

The outputs 1 3 -6 , - 7 and - 8 , represent-
5 ing the seventh eighth and ninth stages of the 

counter 13, are connected to the inputs of a 
NAND gate 24. A NAND generates on " 0 " at 
its output when all of its inputs are at " 1 " 
and generates a " 1 " for any other combina-

10 tion of input signals. With its three inputs 
connected as shown, the NAND 24 will pro-
duce a " 0 " when the counter 13 has counted 
448 pulses ( 2 5 6 + 128 + 64). 

Outputs 14-8 and-9, representing the 
15 ninth and tenth stages of the counter 14, are 

connected to both inputs of a NAND 25 
which will provide a " 0 " input when the 
timing counter 14 has counted 768 line 
cycles (512 + 256). An output 2 4 - 4 of the 

20 NAND 24 is connected to the "set" input 
17-1 of a bistable circuit or flip-flop 17; and 
output 2 5 - 3 and the NAND circuit 25 is 
connected to the reset input 1 7 - 2 of the flip-
flop 17. 

25 The outputs 2 4 - 4 and 2 5 - 3 are also con-
nected to inputs of a NAND circuit 26, the 
output 2 6 - 4 of which is connected to reset 
inputs 13 -14 and 14 -14 of the two coun-
ters. Thus, if either of the NAND circuits 24 

30 and 25 generates a " 0 " output, the NAND 
circuit 26 resets the counters. 

A further NAND circuit 27 has a pair of 
inputs 2 7 - 1 and 2 7 - 2 connected to outputs 
13-5 and 13-6, respectively, of the counter 

35 13, representing the sixth and seventh states 
of the counter and corresponding to a count 
of 96 (64 + 32). It will be appreciated that 
because in the present embodiment the rate 
of detected pulses decreases with increase of 

40 level in the container, a count of 96 in the 
period timed by counter 14 corresponds to a 
higher level of material in the container than 
the count of 448 required to operate the 
NAND circuit 24. The circuit 27 has a third 

45 input 2 7 - 3 which is an enabling/disabling 
input and is connected to the Q output 1 7 - 3 
of the flip-flop 1 7. Thus, when the flip-flop is 
in the set state, the NAND circuit is enabled 
and when the flip-flop 17 is reset, the NAND 

50 circuit 27 is disabled. The output 2 7 - 4 is 
connected to the input 2 6 - 2 of the resetting 
circuit 26. 

If the flip-flop 1 7 is reset no material is 
being added to the container and NAND cir-

55 cuit 27 is disabled. A race condition is now 
established between the NAND circuit 24, 
requiring a count of 448 in counter 1 3, and 
the NAND circuit 25, requiring a count of 
768 in the timer-counter 14. If the level in 

60 the container is above the predetermined 
lower level corresponding to the count of 
448, the NAND circuit 25 will respond first, 
whereupon circuit 26 resets counters 13 and 
14. The state of the flip-flop 1 7 is not af-

65 fected. If the level of material in the container 

becomes too low in subsequent timing cycle, 
the NAND circuit 24 will respond first, again 
causing circuit 26 to reset the counters. How-
ever, in this case the output at 2 4 - 4 applied 

70 to the flip-flop input 1 7 - 1 will set the flip-
flop. This results in a " 1 " at the output of the 
buffer amplifier 28, which is connected to the 
gate of a triac 29 which is in turn in series 
with a relay coil 30 across an a.c. power 

75 source. With a " 1 " at the buffer amplifier 
output, the triac is turned on to pass a.c. 
current and energise the relay coil 30, thereby 
providing a contact closure to indicate a low 
level of material and to start the flow of 

80 material into the container. 
The setting of the flip-flop 17 enables the 

NAND circuit 27 through the input signal at 
2 7 - 3 . The effect of this is to establish a race 
condition between the NAND circuits 27 and 

85 25, the NAND circuit 24 becoming ineffective 
since clearly the NAND circuit 27 will always 
respond to the count of 96, causing resetting 
of counter 13, before the NAND circuit 27 
can respond to a count of 448. 

90 With material now flowing into the con-
tainer, if the NAND circuit 27 responds first, it 
indicates that the level in the container has 
still not reached the upper level defined by 
the count of 96. The circuit 26 responds to 

95 the output at 2 7 - 4 to reset the counters 1 3 
and 14 but there is no change in the state of 
the flip-flop 1 7. Assuming now that the 
amount of material added is such that the 
level in the container has reached the upper 

100 level defined by the count of 96, the lower 
rate of detected pulses will cause the count in 
counter 13 to be below 96 when NAND 
circuit 25 indicates the end of the period 
timed by counter 14. The output at 2 5 - 3 

105 causes resetting of counters 13 and 14 and 
also through its connection to input 1 7 - 2 of 
the flip-flop, resets the latter, causing the 
output of the buffer 28 to revert to " 0 " and 
the relay 30 to be energised, cutting off the 

110 flow of material to the container. 
Thus, the enabling and disabling of the 

NAND circuit 27, corresponding to the lower 
count in count 1 3 and the upper level of 
material in the container, has the effect of 

115 preventing the system from "hunt ing" around 
the 448 total as the count rate fluctuates due 
to the level of the material and the radiation 
variation. When material is added, the con-
tainer will be filled to a level just above that 

120 required to reduce the count rate below 96 
counts during the counting interval. As ex-
plained above, the filling will then be stopped 
and the NAND circuit 27 disabled to establish 
the race condition between the NAND circuits 

125 24 and 25. There is then no change of state 
of the filling control means until the detected 
radiation results in a count of 448 in counter 
1 3 within the timed interval, indicating that 
the material is now below the lower predeter-

130 mined level. Then the filling operation will be 
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started. Thus, the circuit of Fig. 2 has been 
disclosed as having a seventy-five per cent 
hysteresis, 96 to 448 counts, but any combi-
nation of the outputs of the level counter 13 

5 could be utilised to obtain the desired hystere-
sis and total counts. Also any combination of 
outputs from counter 14 could be used for 
different time intervals. 

Although the relay coil 30 has been dis-
10 cussed in terms of operating an apparatus for 

adding material to the container, it could be 
utilised to actuate an alarm to indicate a high 
or low level. Furthermore, the buffer 28 could 
have its inputs connected to the output 17 -3 

15 instead of the output 1 7 - 4 if it is desired to 
have the relay energised for low material level 
instead of high material level. 

In Fig. 3 there is shown a schematic dia-
gram of the regulated voltage multiplier power 

20 supply for the geiger tube 12. This power 
supply eliminates the power transformer of 
the prior art power supplies. A pair of input 
lines 41 and 42 are connected to a 115 volt 
a.c. power supply (not shown) which is com-

25 monly available in manufacturing operations. 
The line 41 is connected through a coupling 
capacitor 43 to an anode of a zener diode 44 
which has the cathode connected to the an-
ode of another zener diode 45. The zener 

30 diode 45 has the cathode connected to the 
input line 42. The zeners are each rated at 
120 volts to provide a half wave rectified 
wave form clipped at 240 volts to approxi-
mate a square wave. 

35 A diode 46 has the cathode connected to 
the anode of the zener diode 44 and the 
anode connected to the junction of a pair of 
capacitors 47 and 48. The other side of the 
capacitor 48 is connected to the input line 42 

40 and the other side of the capacitor 47 is 
connected to the junction of the anode of a 
diode 49 and a filter resistor 51. The cathode 
of the diode 49 is connected to the anode of 
a diode 52 having the cathode connected to 

45 the anode of the diode 46. A capacitor 53 is 
connected from the cathode of diode 46 to 
the anode of diode 52. The other end of the 
resistor 51 is connected to the negative 480 
volt output line 54 and a capacitor 55 is 

50 connected between the lines 42 and 54. 
When the input line 41 is negative with 

respect to the input line 42, the capacitor 48 
will charge to 240 volts through the diode 46 
and the coupling capacitor 43 as the zener 

55 diodes 44 and 45 clip the applied a.c. wave 
form. Thus, the junction of the capacitors 47 
and 48 is at a negative 240 volts with respect 
to the line 42. When the line 41 is positive 
with respect to the line 42, the zener diodes 

60 will hold the junction of the capacitors 43 and 
53 near the potential on the line 42 and the 
capacitor 53 will charge to a negative 240 
volts through the diode 52. When the line 41 
is again negative with respect to the line 42, 

65 the capacitor 53 is clamped at a negative 240 

volts by the zener diodes 44 and 45 and, 
therefore, the junction of the diodes 49 and 
52 will be 240 volts below the potential at 
the junction of the capacitors 43 and 53 or a 

70 negative 480 volts. The capacitor 47 will now 
charge to 240 volts, a negative 240 volts at 
the junction of the capacitors 47 and 48 and 
negative 480 volts at the junction of the 
diode 49 and the resistor 51. Thus, the 

75 capacitors 47 and 48 provide 480 volts to 
charge the output capacitor 55 and generate 
a negative 480 volt potential on the output 
line 54 with respect to the input line 42. 

A diode 56 has an anode connected to the 
80 input line 41 and a cathode connected to a 

positive fifteen volt output line 57 through a 
pair of series-connected current-limiting resis-
tors 58 and 59. A filter capacitor 61 is 
connected between the junction of the resis-

85 tors 58 and 59 and the input line 42. A 
fifteen volt zener diode 62 has an anode 
connected to the input line 42 and cathode 
connected to the output line 57. When the 
line 41 is positive with respect to the line 42, 

90 the capacitor charges through the resistor 58 
and the zener diode clips the wave form at 
fifteen volts. Thus, this portion of the power 
supply is a half wave rectifier wherein the 
resistors 58 and 59 function as a voltage 

95 divider to permit the use of a lower voltage 
filter capacitor 61. 

If the geiger tube 12 of Fig. 2 is connected 
across the output lines 54 and 57, 495 volts 
d.c. are applied to the tube to render it 

100 operational. The capacitors 55 and 61 smooth 
the output and provide current during the 
negative half cycle of the a.c. input voltage. 
The output line 57 and the input line 42 can 
also be connected to the logic elements of 

105 Fig. 2 to provide operating power thereto. 
The accuracy of the level detection depends 

upon the strength of the radiation, the num-
ber of gamma rays emitted over a time inter-
val, and the length of the counting time 

110 interval. Since it is important from a cost 
standpoint to operate at the minimum possi-
ble radiation levels, it is necessary to utilise 
relatively long counting time intervals such as 
one or two minutes. In an analogue device, 

115 the circuitry required to obtain the required 
time constants becomes too costly and unreli-
able. The present invention can utilise rela-
tively short counting time intervals, the output 
1 4 - 8 represents 4.27 seconds at sixty hertz, 

120 or relatively long counting time intervals, the 
output 14 -13 represents 137 seconds at 
sixty hertz. Thus, in operations where the rate 
of change in level of material does not require 
rapid response, the present invention can 

125 function at a radiation source strength lower 
than that required by the conventional analo-
gue point level switch by a factor of as much 
as 10. Furthermore, the counters 13 and 14 
can each have any two or more of their 

130 outputs connected to a NAND circuit having 
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the required number of inputs to obtain any 
desired count total between 1 and the maxi-
mum (16,384). 

Although in the example shown the de-
5 tected pulse count rate decreases with in-

crease in level, so that the NAND circuit 27 
representing the higher level has to be disa-
bled when the higher level has been reached, 
it will be clear that the system described can 

10 easily be adapted for use with a radiation 
source and detector of such a nature or so 
arranged that the detected count rate in-
creases with increase of level. 

As an example, the radiation source and 
15 detector may be positioned on the same or 

adjacent sides of the container in such a 
manner that detected radiation increases with 
increase in material level in response to scat-
tered radiation. 

20 If desired, the first counter 13 may have 
associated therewith a further NAND circuit 
for generating an output signal representing a 
fourth predetermined total number of pulses 
counted, this total representing a radiation 

25 level equivalent to the background radiation if 
the total is reached within the time interval 
defined by the counter 14 and NAND circuit 
25. A malfunction-indicating circuit can be 
arranged to respond to the NAND circuit 25 

30 and to the additional NAND circuit corre-
sponding to the fourth predetermined total, to 
provide a malfunction-indicating signal when-
ever the NAND circuit 25 responds before the 
said fourth predetermined pulse count is 

35 reached. 
A sensing means may be provided for moni-

toring the average d.c. current through the 
detector; the sensing means may be arranged 
to stop the input of pulses to the first counter 

40 whenever the d.c. current exceeds a predeter-
mined level. 

CLAIMS 
1. A system for detecting the level of 

45 material in a container, including: a source of 
radiation; a detector responsive to the radia-
tion for generating a pulsed output signal and 
positioned with respect to the radiation source 
and the container such that the average pulse 

50 rate of its output signal is changed by in-
crease in the level of the material in the 
container above a predetermined level; and 
control means responsive to the detector 
pulsed output signal for indicating that the 

55 level of material is either above or below a 
first predetermined level, the control means 
comprising: a first counter responsive to the 
pulsed signal and generating an output signal 
for a first predetermined total number of 

60 pulses counted representing the first predeter-
mined material level; a source of clock pulses 
generated at a predetermined constant rate; a 
second counter responsive to the clock pulses 
and generating an output signal for a second 

65 predetermined total number of pulses counted 

representing a given time interval; means res-
ponsive to the first of the said two counter 
output signals to be generated for resetting 
the first and second counters; and means 

70 responsive to a predetermined one of the said 
counter output signals for generating a signal 
to provide the said indication. 

2. A system in accordance with claim 1, 
in which the radiation is attenuated by the 

75 said material and the average pulse rate of the 
detector output signal is reduced by an in-
crease in the level of the material in the 
container above the said predetermined level, 
and in which the means for generating the 

80 indicating signal is responsive to the output 
signal of the first counter and indicates that 
the material is below the said predetermined 
level. 

3. A system according to claim 1, in 
85 which the radiation source and detector are 

positioned on the same or on adjacent sides 
of the container such that detected radiation 
increases with an increase in the level of the 
material in response to scattered radiation and 

90 the average pulse rate of the detector output 
signal is increased thereby. 

4. A system according to claim 1, 2 or 3, 
for maintaining the level of material in the 
container, and further including means permit-

95 ting the addition of material to the container 
or preventing further addition of material to 
the container in response to a signal indicat-
ing that the material in the container is below 
or above, respectively, the first predetermined 

100 level. 
5. A system in accordance with claim 4, 

in which the first counter additionally includes 
means generating a counter output signal for 
a third predetermined total number of pulses 

105 from the detector, and in which while the said 
further means permits material to be added to 
the container, the resetting means is respon-
sive to the second counter output signal and 
that one of the first counter output signals 

110 which corresponds to the upper level of the 
material in the container, and in which in 
response to the said first counter output signal 
the addition of the material is stopped and 
thereafter the resetting means is responsive to 

115 the output signal from the second counter and 
that one of the first counter output signals 
corresponding to the lower level of material in 
the container. 

6. A system in accordance with any one 
120 of claims 1 to 5, in which the said source 

provides gamma ray radiation and in which 
the detector is a geiger tube for generating 
output pulses in response to the gamma rays. 

7. A system in accordance with any of the 
125 preceding claims, wherein the means respon-

sive to a predetermined one of the said coun-
ter output signals for generating a signal to 
provide the said indication, includes a bistable 
circuit, the bistable circuit being set by the 

130 said first predetermined total output signal to 
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generate the said indicating signal and being 
reset by the said second predetermined total 
output signal to stop the generation of the 
said indicating signal. 

5 8. A system in accordance with claims 5 
and 7, wherein the bistable circuit, when set 
by the said first predetermined total output 
signal, generates an enabling signal which is 
terminated by the resetting of the bistable 

10 circuit by the second predetermined total out-
put signal, and wherein the resetting means is 
reaponsive to the said enabling signal and to 
the said third predetermined total output sig-
nal for resetting the first and second counters. 

15 9. A system in accordance with any one 
of the preceding claims, wherein the first 
counter generates an output signal for a 
fourth predetermined total number of pulses 
counted, representing a radiation level equal 

20 to background radiation when the said total is 
reached within a period corresponding to the 
time required for the second counter to count 
the said predetermined total number of clock 
pulses, and further including a malfunction-

25 indicating means responsive to the said sec-
ond counter and to the generation of the 
output signal corresponding to the fourth pre-
determined total, to generate a malfunction-
indicating signal whenever the said second 

30 predetermined total number of pulses is 
counted by the second counter before the said 
fourth predetermined pulse count is reached 
in the first counter. 

10. A system in accordance with claim 9, 
35 comprising a sensing means for monitoring 

the average d.c. current through the detector, 
the sensing means stopping the input of 
pulses to the said first counter whenever the 
d.c. current exceeds a predetermined level. 

40 11. A method for determining the level of 
material in a container comprising the steps 
of: detecting radiation from a source which 
varies with the level of material and generat-
ing detection pulses at an average rate which 

45 changes as material level increases above a 
predetermined level in the container; generat-
ing clock pulses at a predetermined constant 
rate; simultaneously accumulating the detec-
tion pulses in a first counter and the clock 

50 pulses in a second counter; generating an 
output signal from the first counter for a first 
predetermined total number of pulses counted 
representing a first predetermined level of the 
material; generating an output signal from the 

55 second counter for a second predetermined 
total number of pulses counted representing a 
counting time interval; resetting the said first 
and second counters in response to the one of 
the said first and second predetermined total 

60 output signals which is generated first; and 
generating a signal indicating that the level of 
material in either above or below the predeter-
mined level in'response to a predetermined 
one of the said two counter output signals. 

65 12. A method in accordance with claim 

11, in which the average rate of detection 
pulses decreases as the material level in-
creases, and in which a signal indicating that 
the level of material is below the predeter-

70 mined level is generated in response to the 
said first predetermined total output signal. 

13. A method according to claim 1 2 in-
cluding generating an output signal from the 
said first counter for a third predetermined 

75 total number of pulses counted representing a 
second predetermined level of the material 
and resetting the said first and second coun-
ters in response to the generation of said third 
predetermined total output signal after the 

80 said first predetermined total output signal has 
been generated. 

14. A method according to claim 1 3 in-
cluding the step of terminating the generation 
of the said signal representing the first predet-

85 ermined level in response to the generation of 
the second predetermined total output signal 
to indicate that the material has reached the 
second predetermined level. 

15. A method according to any one of 
90 claims 11 to 14 including the step of activat-

ing an alarm in response to the generation of 
the said indication signal. 

16. A method according to any one of 
claims 11 to 15, including the step of adding 

95 material to the container in response to the 
generation of the said indication signal. 

17. A system for detecting the level of 
material in a container, substantially as herein 
described with reference to the accompanying 

100 drawings. 

Printed for Her Majesty's Stationery Office 
by Burgess & Son (Abingdon) L t d . — 1 9 8 0 . 
Published at The Patent Office, 25 Southampton Buildings, 
London, W C 2 A 1AY, from which copies may be obtained. 


