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THE DESIGN OF A LINEAR AMPLIFIER FOR 
VERY SMALL DC-CURRENTS, CALLED LASC. 

For measuring gamma radiation in air, an ionization chamber is 
often employed. A dc-current of very small value must then be 
measured. Typical current is below 0.01 pA. 
In Sweden, SSI, National Institute of Radiation Protection has 
been measuring gamma radiation in air for more than 20 years, 
employing an electrometer tube for measuring the very small 
current from the chamber. About 40 stations around Sweden have 
been in operation. These stations gave valuable information about 
the Chernobyl accident. Reference 1. 
Electrometer tubes are not in production any more, and SSI is 
exchanging the old electrometer amplifiers with a new design, 
the amplifier LASC designed at ELAB, Institute of Physics, Oslo. 
The amplifier LASC was designed at the request of Director Johan 
Baarli at the Institute of Radiation Hygiene. Norway. 
This institute is planning to install radiation detectors in 
Norway to be produced in Norway on the same line as the ones in 
Sweden. Reference 2. At the moment no funds have been given to 
make this plan possible, but 11 Reuter-Stokes ionization chambers 
have been installed by The Norwegian Institute for Air Research. 
However, SSI was given an experimental model of LASC to be tested 
in Sweden, and the result was that SSI decided to install LASC 
in all their stations. A small number of LASC have been taken in 
operation at this date, september 1989. 

In the coming years the rest of the detectors are to be instal
led. A special data-logger has been designed in Sweden to handle 
the signals especially from LASC, so that they may control all 
stations from Stockholm and receive all data there for further 
evaluation. 

When designing an apparatus for measuring radioactive radiation 
in air, two conflicting interests are to be considered: 
At the one side normal background radiation must be recorded 
with reasonably good accuracy, but at the same time radiation 
with much higher intensity should also be recorded. 

ION CURRENT: 
The ion current is proportional to the gas pressure up to a point 
where recombination will be of increasing importance, when recom
bination sets in, the ions recombine before they reach the 
chamber wall and the electrode. 
A certain recombination will allways be present, but at higher 
currents the effect may increase to saturation, nearly all ions 
and electrons recombine. 
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GAS PRESSURE; 
One must therefore choose the pressure so that the ion current 
is large enough to be measured with a good accuracy. There will 
always be a certain leakage current in addition to the ion 
current, and this part of the current MUST not be represented in 
the result. 
In this way one has to consider the smallest current that the 
amplifier can handle with good enough accuracy. 
The chosen pressure will then set the limit for the highest radi
ation that will be handled well because of the recombination. 
A correction for recombination may then have to be included in 
the design, if higher values of radiation are to be measured. 
When designing the current semiconductor amplifier with today's 
state of the art, high pressure such as 25 or 30 bars seems to 
be necessary in the ionization chamber with the result that 
recording at high levels of radiation is nonlinear or useless. 
We have experienced that the problems mentioned above are in 
great part much smaller in LASC, this will be explained later 
in this report, but first more about designing traditionally 
made amplifiers with semiconductors. 
Today, many detectors and ionization chambers are produced in 
the world, and selected semiconductors and resistors are chosen 
to measure the very small currents in question. 
An example of such an amplifier is made by Reuter-Stokes in USA. 
Reference 3. 
The leakage currents in these semiconductors are larger than the 
smallest currents that are to be measured, and very sophisticated 
electronics must be employed to succeed with the design. 
The resistors must have values of up to I012ohms, and then the 
insulation problems around the electronic parts are large. 
Moisture and temperature make problems just as great, so that 
one may conclude that the whole design is very demanding, and a 
close cooperation with the designers of semiconductors, insula
tors and resistors is necessary. 

TRADITIONAL DESIGN OF IONIZATION CHAMBER CURRENT AMPLIFIER: 

In figure 1 is shown an ionization chamber with amplifier: 
The chamber is like a bottle of steel, typical volume is 4 
liters.Insulated from the neck is a metallic tube, called 
guardring. The guardring is normally grounded. Insulation between 
the neck and the guardring is not important, it must however 
withstand 400V and the required pressure.The bottle is filled 
with argon of pressure 30 bars. The electrode is also insulated 
from the guardring, and must withstand the pressure of the gas. 
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The voltage VI between guard-
ring and electrode is at most 
a few volts, but leakage cur
rent in this insulation is most 
important, as the insulation 
resistance typically must be of 
the order of 10 1 5 ohms. 
Electronic parts connected to 
the electrode may reduce this 
resistance to 1 0 u ohms and with 
a voltage VI of 5 volt, the 
leakage current will be 0.05 
pA. As a comparison the ion 
current with 30 bars of argon 
and normal background radiation 
is 0.2 pA. The insulation 
resistance may easily be much 
less, dependent on temperature 

and moisture. As a conclusion one may say that the voltage VI 
must be kept as low as possible. 
An amplifier of best design today will have a semiconductor 
with a leakage current of 10"UA, but this current will double 
for each 8 degrees above 20° celcius. 
Leakage current in the printed circuit board and components must 
then be added to semiconductor current. 
Ingenious design may lead most of the leakage current away from 
the input of the amplifier, but the design will be marginal at 
best. A number of trimmers and other components must be employed, 
and a procedure for adjusting to best results must be followed. 

THE DESIGN OF LASC: 

When LASC was to be designed, none of the selected electronic 
pares were available from suppliers in Norway, and therefore we 
tried to solve the problem of measuring the very small currents 
in a new way. 
In figure 2 is shown the basic principles of LASC: 
Between electrode and guardring we insert a small capacitor CI 
of say, 500 pF. The capacitor will be charged with the ion 
current during a fixed time, for instance 15 minutes. 
A negative voltage is built up across the capacitor, and after 
the time has elapsed, a relay will connect the capacitor to the 
input of an amplifier. The voltage is inverted in the amplifier, 
and the capacitor CI will discharge through Rl. 
After a time 

t=RlxCl= 2.5 ms 

> 
ELECTRODE 

GUARDRING \ J i > 
_ I 1 1 L 0 U 

- 4 0 0 U 

_ 

| 
FIGURE 1 
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the voltage VI will be reduced to 1/3 VI. But already after 1-2 
,us, the voltage is transferred to capacitor C2 through the peak 
detector. A peak detector consists of a fast comparator and a 
capacitor. A resistor R4 will keep the comparator stable at rest, 
but when the voltage at the input of the comparator is falling 
as a result of VI falling, the capacitor C2 will discharge 
through R4 at a much slower rate than C1R1, 

t=R4xC2=10 s 
for the voltage at C2 to fall to 1/3. 

A few ms after the relay is turned on, an ADC will be triggered 
and store the voltage at C2 as a digital value. 
This value may now be stored in a memory and/or be displayed. 
The very long time constant of C2R4 is of importance when a small 
value of VI is to be detected, at background radiation. The rela
tively long measuring time of 15 minutes is chosen as a compro
mise. 
Shorter time would require that CI was made smaller, this is 
possible to do, but when the relay must operate for years, the 
guaranteed number of reliable contact closures, 107 operations, 
must be considered. 
When higher radiation is to be measured, 1.5 minutes will be the 
measuring time, and at very high radiation 9 s will be the time 
between operations. 
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Experience has shown that LASC is able to indicate currents as 
small as 10'14A, or roughly 2000 electrons/s, and this has made 
it possible to choose 5 bars of argon in the chamber, instead of 
25 or 30 bars. 
With normal background radiation, lmGy/year or 0.114 /iGy/h, the 
ion current is roughly 4 10"UA. 
The digital value is displayed as a four digit number as for 
instance 0.1140 fiGy/h at normal background radiation, where the 
last digit represents 4 10"17A. 
This last digit will be useless, but in the higher ranges the 
four digits are given with a good accuracy. Good accuray is here 
meant to be 5-7 %. 
The capacitor CI must have very small leakage current, but ordi
nary styroflex capacitors are proving to be very good in this 
respect. The relay however, must be of special design for a 
number of reasons: 
First it must have excellent insulation resistance between the 
contacts, and between ground and first contact, that is across 
CI. 
Secondly the coil must not radiate electric and magnetic field 
around the contacts and near the electrode. 
The relay is the only expensive component in the design. 
The amplifier and comparator must be of good quality, leakage 
or input current of a few pA and offset voltage less than 0.3 
mV. Such components are quite ordinary and cheap today. 
With background radiation, the voltage across CI is typically 

VI = Itl/Cl =( 3.5*10"U*15*60 )/500*l0'12 = 63 mV. 

Because of the very low voltage across CI, leakage current in 
the insulation between guardring /electrode, in CI and in between 
the contacts will be very low. 
The obvious and interesting fact is that the voltage across VI 
is decreasing with the current, while a few volts fixed across 
guardring /electrode may be present in other designs of detec
tors. 
In all relay-contacts, push-buttons and switches there is an 
oscillation between contacts resulting in many breaks and 
closings before the contact will come to rest when the contacts 
are being operated. This is of no importance in LASC, because at 
the first closing of contacts the voltage at CI will be trans
ferred to C2. 
What happens after that moment is of minor importance, the capa
citor will be discharged after a short time anyway. 
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We have now seen that the great sensitivity of LASC makes it 
possible to have a low pressure in the chamber, and this has 
made possible an additional range at high radiation levels. 
Below is shown the five measuring ranges in LASC, based on -400V 
on the chamber, 5 bars of argon in the chamber, and 4 liters 
chamber volume. 

MEASURING RANGES. 

The ion current I(air) produced in an ionization chamber of 
volume v = 1 litre at a pressure of p = 1 atm exposed to a 
doserate 1 mGy/year corresponding to a normal background radi
ation is: 

I(air) = eE/W = e(mJ/kg year) 1.293 g/33.73 eV 

Here e is the electronic charge, E is the energy per time absor
bed in the air and W = 33.73 eV is the energy required to create 
an ion pair in air. 
Our chamber has a volume of 4 litre and contains argon at a pres
sure of p = 5 atm. The density of argon at a pressure of 1 atm 
is 1.784 g/litre, and W = 26.2 eV. 
The mass energy absorption coeffisients for argon and air differ, 
being respectively /j(arg) = 0.0266 cm2/9 and n(air) = 0.0293 
cm2/9/ reference 4. 
The output current I(arg) for our chamber for a doserate of 
lmGy/year = 0.114 pGy/h compared to the current l(air) for an 1 
litre air chamber should therefore be: 

I(arg) = I(air)*4*5*1.784*0.0266*33.73/1.293*0.0293*26.2 
= 39*10"15 A. 

Comparing this value with the result of a series of measurements 
shown below, indicates that the effective pv for our chamber is 
close to pv = 4*5 litre atm. 

MEASURING RANGE: IONIZATION CHAMBER CURRENT: 

1) 0300. " 4000. /lGy/h 1.05 E-10 " 1.4 E- 9 A 
2) 030.0 " 400.0 " 1.05 E-ll "1.4 E-10 " 
3) 03.00 " 40.00 " 1.05 E-12 " 1.4 E-ll '• 
4) 0.300 " 4.000 " 1.05 E-13 " 1.4 E-12 " 
5) .0100 " .4000 " 3.5 E-15 " 1.4 E-13 ,r 

In range 1) t h e r e w i l l be 20% recombination a t 4000 /iGy/h, t h a t 
means when reading 4000, i t should be 5000 jiGy/h. 
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Said in an other way, one must add 25% to the value read at 4000 
UGy/h. At the low end of the range 2% must be added, a value of 
minor importance as 5% accuracy is acceptable as a whole. 
In the working models of LASC a simple correction for recom
bination may be chosen with an accuracy of about 5 % by 
operating a switch. 
If 30 bars of argon had been used in the chamber, recombination 
in the order of 80 to 90 % might be expected in the highest 
range. 
The range 2) would then also have recombination of importance. 
A recombination of such magnitude would have to be corrected by 
a table in the memory of a datasystem, such as a PC. 
In a low activity room in SSI, Stockholm, the background 
radiation is 1/10 of normal radiation. 

With LASC one was able to observe 1/100 of normal background 
radiation by adding a weak radiation source, and this represents 
the above mentioned current of roughly 2000 electrons/s. Ref. 5. 

In the practical design of LASC, the electronic parts shown in 
figure 2 without the ADC is placed in a metal box on top of the 
ionization chamber. The box is called the detector. The printed 
circuit in the detector seems simple when looking at the diagram, 
but the physical design was quite time consuming. 
An amplifier not shown in figure 2 is converting the signal from 
the peak detector to a current to be sent to the ^-prossessor 
controlled circuit placed in a crate or box. 
The distance between the detector unit and the electronic unit 
may be 20 meters or more. 
The cable between the units will have conductors supplying the 
detector with +- 15V, relay drive, high voltage, signal out and 
ground. 
The electronic unit is made as a standard European printcard, 
100x160 mm. 

A block diagram for the electronic unit is shown in figure 3. 
The /i-processor is a Rockwell 65/11, a controller without data-
and addresslines on the pins of the package. Instead a socket for 
the eprom is on top of the package, and four 8-bit ports called 
A-D are the connections to the outside world. A small RAM of 200 
bytes is also included. The operating frequency is 1 Mhz. 
The pins of the four ports may be programmed independently, as 
input or output. 
The processor has two 16 bits counters Ca and Cb, and an in/out 
transmission system for Ascii characters sent in series via 
RS232. Pin 6 in the port A is outputting the Ascii characters. 
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A subroutine XMIT is handling the series transmission. 
A 4 digits display may be placed on the front of the electronic 
unit, and a subroutine OUT will operate the display from pins 
0, 1 and 2 at port B. 
Four switches are to be found in the electronic unit connected 
to pins in the port B, for instance for compensating recom
bination, for removing the unit ̂ Gy/h, etc. 
The C-port is controlling the relay, the 12 bit ADC and the 
amplification to be used at the input of the ADC. 
The D-port is receiving data from the ADC. 

The amplifier is designed to amplify 2 or 20 times, controlled 
by a fet transistor from the C Port, and the only trimmer in LASC 
is placed between the current converter and the amplifier. 
The current converter transformes the current from detector back 
to a voltage to be handled by the amplifier. 
RELAYII not shown is dividing the voltage from CI by 10 in range 
1, thus making the difference between range 1 and 2. 

The principle of LASC shown in figure 2 has been awarded 
Norwegian patent, application no. 880461 of february 2.1988. 

On page 10 a very simplified flow-chart for LASC is shown: 

FLOW-CHART: 
After POWER ON, the processor is made ready for operation by 
resetting the addresses to be used in RAM and storing the Ascii 
caracters for fiGy/h and CR LF. The mode control register is set 
so that the two 16 bit counters are functioning as pulse gene
rator and event counter. 
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Port D is made to input data from the ADC, and the ports A, B 
and C are set to the required states. 
The RELAYI is turned on for 100 ms discharging the capacitor CI 
in the detector,then the relay is off again. 
After RELAYI has discharged CI for 100 ms, RANGE 1 is turned on 
with RELAYII on. We then wait for 9 s, while the capacitor CI 
is being charged, and then RELAYI is turned on again, connecting 
the capacitor CI to the peak detector. 
After a small delay of 5 ms the relay has had time to close the 
contacts and the peak detector has stored 1/10 of the voltage 
from CI thanks to RELAYII. 
Then we activate the 12 bits ADC and wait for 0.25 ms for the 
ADC to have made the conversion. ADC ON. 
We store the 12 bits result in RSLTl and RSLT2 and wait for 
another 100 ms before we cut RELAYI off. 
CI is now well dis-charged. 
A new 9s time interval is now in function, but if the result 
from the ADC is too small, a change to RANGE 2 will be made 
eventually, please see further on. 
Now TEST will begin, finding out if the result is above 4060 
decimal, when overload is the case. If overload, a flag is set 
in MOLE. 
Then we test if the result is below 100, or below 3 00. Here also 
we put a flag in MOLE as required. If the result is over 300 and 
less than 4060, no flag is set. 
We now must find out which range we are in, by testing flags in 
address PE, where flags are put indicating range. 
In our case we are in RANGE 1. (9s and RELAYII on), and we go to 
routine NINO. 
In NINOr we first check the flag in MOLE to find if the result 
is less than 100, in which case we go to RANGE 2. 9s and RELAYII 
off, where we will have a result 10 times as large after the new 
9 s period, for instance 80.00 instead of 80.0 
Then we send out UL for underload to the display and to a PC or 
datalogger through XMIT. XMIT is a subroutine which sends the 
result in Ascii characters through RS 232. 
The unit fiGy/ti is sent, if a switch is set for that purpose. 
In the subroutine XMIT the send/receive register SCCR is set for 
Baudrate 1200, even parity, 7 bits, two stop bits. 
After sending UL, we go back to START and wait for the next 9s 
to elapse in RANGE 2. 
From START to START we have more than sufficient time to go 
through all the tests, delays and routines that are described 
above. 



1 0 

FIRST RANGE IS FOR HIGHEST RADIATION 
F I R " RANGE HAS RECOMBINATION OF DfORTAHCE 

NAY BE COMPENSATED BY ROUTINE RECO. 
FTFT RANGE IS FOR BACKGROUND RADIATION 
UL IS DSDICATING THAT RSLT IS TOO SMALL 
OL ]S INDICATING THAT RSLT IS TOO LARGE 
NINO IS THE ROUTINE FDR HPrøUNG I . RANGE 
NIKE IS THE ROUTINE FOR HAMUJNG Z. RANGE 

NINO AND NDHE ARE 9 s MEASURING TINE 
NINA AND NDNB ARE 90 9 MEASURING TIME 

FIFT IS 900 s MEASURING TIME 
MOLE IS A STORE FOR BITS INDICATING RANGES 
PA-PD- 4 8-BIT PORTS 
CA, CB: 2 16-BIT COUNTERS 
CA (BERATING 9 S, 90 S AND 90d S 
CB GENERATING BAUD ...VTE FOR XNIT 

PD RECEIUE DATA FROM ADC 
NCR NODE CONTROL REGISTER 
RELAY! IS CONTROLLED BY TINE T 
RELAYn IS OPERATED ONLY IN RANCH I 
DISPLAY IS ON THE FRONT, 4 DIQTS 
XHIT IS SEI" )ING OUT ASCII CHARACTERS 

UIA RS 232 TO PC OR DATALOGGER 
RSLT IS DATA FRON ADC, IS BITS 



11 
In this way most of the measuring time will be "spent" waiting 
for time to be out after START. 

We now go back to the RSLT_-tests where we will study the case 
of RSLT > 4060. As we are in the 1. range, no range exists which 
will measure higher radiation than RANGE 1. Therefore we send 
OL to the display and through XMTT, and go back to START. 
A radiation which will make overload in range 1 is above 4 mGy/h, 
or above 5 mGy/h if recombination is corrected for. 
The next possibility in RANGE 1 is that the result is less than 
3 00, but more than 100. In that case we shift to 2. range, and 
go to SET DES. PT. where we make ready fov- the result to be sent 
out. 
However, in the two ranges of 9 s, ranges 1 and 2, we only want 
the result to be sent out each 90 s, as each 9 s is too often. 
The routine TEH TIMES 9 s NOW ? will take care of this problem. 
If the answer is yes, the result is sent out to both DISPLAY and 
to XMIT after removing leading zero in the result. If the answer 
is no, only the display will show the result. 
We now have left the fourth possibility in range 1, namely that 
the result is above 300 and below 4060. 
Since we are in RANGE 1. we have a spesial problem in that there 
will be some recombination reducing the result. We may choose 
beween compensating or not compensating this reduction. A switch 
on the printed circuit board will make this possible, and if we 
want the compensation done, a routine RECO will divide the result 
with 50, and this 2 % value will be multiplied by the decimal 
number representing the four most significant bits in the result. 
A staircase like curve will correct the result, accuracy better 
than 5 %. 
Again the total or faulty result will be sent to both the display 
and the PC/datalogger, or only to the display if the TEN TIMES 
9 s NOW ? is answered with a no. Then back to START as before. 

In this flow-chart we have not shown the routines for the four 
ranges 2, 3, 4 and 5, these routines differ in a number of ways 
described here: 

1) If there is overload, a switch of range will be done to a 
lower numbered range, measuring higher radiation. 

2) In range 5, no lower range exists, so no UL, underload, 
will be sent out. All results will be XMIT and displayed. 
Here the measuring time is 900 s. Amplification will be 
20. 

3) No recombination must be compensated in ranges 2,3,4,5. 
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4) In the ranges 3 and 4 the time Is 30 s, and In range 4 

amplification will be 20. At both OL and UL, with results 
below 300 or over 4060, rangeswitch will occur. 

5) Testing of TEN TIMES 9 s NOW ? is not in use in the three 
lower ranges. 

SUBROUTINES: 

A number of subroutines, 18 in all, are not shown in figure 4, 
but a selected few are shown in figures 5 and 6 on pages 13 and 
14: 

DECI is the routine which sorts out the number of thousands, 
hundreds and tens in the result from the ADC. The 12 bits result 
must be handled in two parts, 8 lower bits in RSLl and 4 higher 
bits in RSL2. 
The digits, four in all, are stored for conversion in subroutine 
CONV to 7-segment digits for the display. Further, the digits are 
converted to Ascii characters for use in XMIT. 

XMIT is the routine for sending out ASCII characters of the four 
digits, of the unit jjGy/h, of space, of desimal point and at last 
of CR and LF. The unit may be omitted, and then the label XLEN, 
the number of characters to be transmitted, will be changed ac
cordingly. 

CONV is converting the digits to 7-segment values, where bit 1 
is zero. This bit will be a 1 in the digit where a desimal point 
must be included. This takes place in COMA. 

COMA will start with a test to find out which range is in 
operation by looking at MOLE. This test will decide where the 
desimal point must be placed, and a 1 will be set in the right 
digit, bit 1. 

OUT is sending 7-segment digits to the display. A clock of 4 kHz 
will send 32 pulses, CK, to the display, and at the same time 
the 8 bits for each digit is sent on line DATA. Then LD on a 
third line will load the data into the display. The display will 
keep the information until a new OUT. 
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SPECIAL VERSION: 
A special version of LASC has been made which has a much more 
complicated and longer program: 

In this version we store and add each measurement in one of five 
addresses, one for each range. 
After a chosen time, for instance 30 minutes, an averaging is 
done in each address. 
Then a test will decide the highest range that has a result 
larger than 1 averaged, and to this result we add 1/10 of the 
averaged value in the range below, so as to get the most exact 
result. 
Then this result is transmitted to PC or datalogger. The display, 
however,will give the result of each measurement. 
As our ii-processor does not have a realtime clock, we are not 
able to write a date and time together with the results, this 
must be done elsewhere, for instance where the data will be 
stored to be studied further. 

MEASUREMENTS WITH IASC: 

Our room for calibration is only 4.40 x 2.72 x 2.89 m3, so there 
will be a substantial scattering from the walls. The gamma source 
is a Cs 1 3 7 source of about 300 mCi. The doserate as a function of 
the distance d from the source has been measured by using the TLD 
method. The absolute values has been determined by collaboration 
with SIS. 

The source may be pulled up from a box of lead on the floor to 
a distance 5 cm above a wooden plank. This plank is 2.50 m long 
and each 10 cm is marked from the center of the source. 
By placing our ionization chamber on the plank at the required 
distances d, a series of measurements have been performed. 
But first a correction of the readings in LASC have been done at 
a chosen distance by adjusting the trimmer in the amplifier, and 
later this adjustment has not been touched. 
First the chamber has been set with its socket at a line marked 
for instance 40 cm. Then the center of the chamber will be 52.5 
cm from the source, as the distance from the end of the socket 
to the center of the chamber is 12.5 cm. 
Then the source has been placed in its posision and measurements 

MEASUR have been performed four times or more. 
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In the TABLE 1 
DIST is the distance d from the source to the centre of the 
chamber. 
MEASUR is the measured output. 
FACIT is the actual doserate including scattering from the walls 
at distance d in our standard calibration room according to cali
bration. 
NOSCA is the doserate from the source alone excluding scattering 
from the walls. 
% SCAT = 100(1 - NOSCA/FACIT) 
% RECO is percent recombination. 
CORR is a later number of measurements with correction for recom
bination performed in the software of LASC. 
CORR/FACIT is the last column. 

TABLE 1 

DIST MEASUR FACIT NOSCA % SCAT % RECO CORR CORR/ 
cm uGv/h uGv/h uGv/h % | uGv/h FACIT 
34.5 3990 
37.5 3540 
42.5 2990 
52.5 2160 
62.5 1634 
72.5 1265 
92.5 816 
112.5 576 
132.5 422 
142.5 360 
152.5 318 
172.5 266 
192.5 218 
212.5 184 
232.5 156 

5430 
4585 
3585 
2380 
1700 
1270 
814 
565 
415 
362 
318 
250 
205 
172 
146 

5340 1.2 
4520 1.4 
3520 1.8 
2310 3.0 
1630 4.4 
1210 5.4 
743 8.0 
502 11.1 
362 12.7 
313 13.5 
273 14.1 
214 14.4 
172 16.1 
143 17.5 
118 19.0 

26.7 
22.8 
16.6 
9.2 
3.9 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

5260 0.97 
4527 0.99 
3690 1.03 
2554 1.07 
1820 1.07 
1265 1.00 
816 1.00 
576 1.02 
422 1.02 
360 1.00 
318 1.00 
266 1.06 
218 1.06 
184 1.07 
156 1.07 
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COMMENTS: 

The last column CORR/FACIT shows that the preliminary adjustments 
for the amplification and recombination are fairly good. 
When looking at the numbers in detail, it looks as if the ampli
fication is set 3- 5 % too high, because at low doserates the 
output is on the average a bit too high. However, the main diffi
culty at distances greater than d = 3 m in our small calibration 
room, is to find the correct doserate from the scattered rays. 
The doserate %SCAT shown in Table 1 is found by two methods. 

First the total doserate is measured by the TLD method and the 
result compared with the values expected if there were no scat
tering from the walls, the NOSCA numbers in Table 1. 
The result of these measurements are then compared with the 
doserate from the scattered rays from floor, walls and ceiling 
obtained by calculation. The column %SCAT in Table 1 shows the 
result. 

If the amplification is say 5 percent too high, the correction 
for recombination at the highest doserates seems to be a few 
percent to small. However, the main difficulty we have at high 
doserates is that with a 300 mCi source the distance d cannot be 
chosen big compared with the dimensions of the chamber. 
Therefore, we do not know if the recombination chosen is correct. 
It is however easy to change the recombination correction and the 
amplifier setting. 
It would not be surprising if the effective centre of the chamber 
does not coincide with the volume centre of the chamber at dis
tances d less than lm. 
To find out if we within other errors could use our defitiision 
of d as the effective distance d, we performed a st ries of 
measurements with a source which gave doserates so low that 
recombination was negligible. Installing this source at the same 
place as the 300 mCi source gave the results shown in Table 2 on 
the next page. 

In TABLE 2 DIST is the distance d. 

MEASUR is the measured doserate at distance d. 

BACKG• is the measured value of background radiation to be taken 
into account in these measurements. 
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ME -BA -%SCAT is measured minus background minus % scattering at 
the distance in question. The % scattering is taken from TABLE1. 

CALC SOURCE = (ME - BA - %SCAT) . (100/d)2 is then the calculated 
value of the doserate at d = 100 cm based on the measurements at 
the other distances d in question. 

TABLE 2. 
DIST MEASU BACKG. ME - BA. CALC. 
era uGv/h uGy/h - %SCAT. SOURCE 
92.5 6.52 0.82 5.22 4.46 
72.5 9.83 0.84 8.49 4.46 
52.5 18.0 0.90 16.6 4.57 
42.5 26.7 0.93 25.3 4.57 
37.5 33.0 0.94 31.6 4.44 
34.5 39.2 0.96 37.8 4.50 
32.5 43.3 1.00 41.9 4.42 
27.5 60.3 1.01 58.8 4.45 

Studying the table above, you will see that the chamber may be 
thought of as a point formed detector at the center of the 
chamber, for the distances d used. The numbers in the column 
CALC SOURCE are within accepted errors the same. The average 
value of the doserate at d = 100 cm being (4.49 +- 0.06) /iGy/h. 

Therefore we may say that the recombination measured in Table 1 
must be reasonably correct. 
Calculation shows that when approximating the chamber to a cylin
der with a radius r = 8 cm and length 2L = 19 cm, the effective 
distance R from the source can be found from the formula 

R2 = d2 + r2/2 + L2/3 

COMPENSATION FOR RECOMBINATION. 

Recombination will set in at above 1500 /iGy/h if we refer to 
Table 1, and as the highest range in LASC is from 300 to 4000 
/iGy/h, we must have correction in this range only. 
The analog result in LASC is from an ADC of 12 bits, the 8 lower 
bits in one group labeled RSL1 in the program. 
The 4 highest bits from the ADC are in RSL2 as the four lowest 
bits, and the bits 4 - 7 are always zero. 
Our idea was to calculate a certain percentage called QOT of the 
total result RSL1 and RSL2 and add QOT to the result as many 



19 
times as RSL2 is indicating. That means from 0 to 15 times. 
We found 2.2 % to be a good value, but adding this percentage 
to the result for lower values of RSL2 gave too high a value in 
the total result. 
We found that we must start adding the percentage when RSL2 
was larger than or equal to 6. The total result is shown in 
TABLE 1. Corr. 

The program for doing the correction is called RECI. 
A switch in the electronic unit may be operated to turn on or off 
this program. 

The program RECI is shown below: 

RECI 

REC4 

REC3 

LDA #FF 
STA QOT 
LDY RSL2 

CPY #06 
BCC REC7 

LDA RSL1 

SEC 
INC QOT 

SBC #45 
BCS REC3 
DEY 
BPL REC4 

REC6 

REC5 

LDY RSL2 
LDA RSL1 
CLC 
ADC 
STA RSL1 
BCC REC5 
INC RSL2 
DEY 

LOAD 255 IN QOT 
QOT BEING AN ADDRESS IN MEMORY 
PUT VALUE OF RSL2 IN Y-REGISTER. RSL2 BEING 
BEWEEN 0 AND 15 
COMPARE RSL2 OR Y WITH 6 
GO TO REC7 IF Y IS LESS THAN 6. REC7 IS GO 
OUT OF PROGRAM, DO NOT COMPENSATE. 
TAKE 8 LOWER BITS AND LOAD IN THE 
; ACCUMULATOR. 
SET CARRY 
ADD ONE TO QOT.(FIRST TIME QOT IS THEN 
ZERO.) 
SUBTRACT 45 FROM ACCUMULATOR, AND IF CARRY 
IS STILL 1, DO IT ONCE MORE, ETC. 
SUBTRACT 1 FROM Y, AND IF Y STILL POSITIVE, 
GO BACK AND SET CARRY, AND SUBTRACT AGAIN. 
Y IS NOW NEGATIVE, SUBTRACTION IS STOPPED 
AND THE NUMBER OF SUBTRACTIONS ARE STORED 
IN QOT. THE RESULT IS TO FIND 2.2 % OF THE 
12 BITS WHEN RSL2 IS GREATER THAN OR EQUAL 
TO 6 AND STORE III QOT. 
AGAIN TAKE THE ORIGINAL RSL2 AND LOAD IN Y. 
THE 8 LOWER ORIG. BITS AND STORE IN ACCUM. 
RESET CARRY AND ADD QOT TO ACCUM. 

STORE RESULT IN RSL1. IF NO CARRY GO TO 
REC5 AND Y MINUS 1. IF CARRY, 
ADD 1 TO RSL2 
Y MINUS 1 
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BI!E REC6 ; IF Y MOT ZERO, GO TO REC6 AND ADD AGAIN. 

REC7 RTS ; GO BACK TO MAIN PROGRAM. 

The result is now that R3L1 and RSL2 are a number of 2.2 % larger 
than before RECI. Please observe the values in TABLE 1 under CORR 
and compare with the values under FACIT. 

MEASURING LINEARITY OF LASC. 

The following measurements were done a year ago when LASC had 
only 3 digits, because an 8 bit ADC was in use at that time, not 
a 12 bit ADC that is now in use. 
Through the night the background radiation B was being measured 
and a value of 0.102 jiGy/h was found for B. 

B = 0.102 
Then the chamber was positioned on a large wooden table. Two 
radiation sources A and C were set on the table and their exact 
positions marked on the table. 

Please remember that B, background radiation, always will be 
included in the measurements. 
The following measurements were performed a number of times and 
the results were averaged: 

1) A : 1.40 (iGy/h 
2) C : 1.44 " 
3) A + C : 2.72 " 

We therefore have the following: 
A + B = 1 .40 ftGy/h 

P l u s C + B = 1 .44 " 
A + C + B + B = 2 . 8 4 " 

minus A and B and C = 2 . 7 2 " 
B = 0 .12 MGy/h 

In the same way we made the measurements with a small source S 
set close to the chamber, and the source A: 

S + B = 1.47 JiGy/h 
Plus A + B = 1.40 " 
A + S +B + B = 2.87 " 

minus A and S and B = 2.74 " 
B = 0.13 MGy/h 

Then we measured A, B and S together in the same way, the result 
being B = 0.10 juGy/h 
With C, B and S we got the result 

B = 0.11 tiGy/h 
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To study the linearity of LASC in the ranges 2, 3 and 4 the 
following measurements were performed. 
A cylindric ionization chamber for radon measurements with an 
inner radius r = 9.5 cm and length 2L = 56 cm was filled with air 
of 1 bar. The voltage on the chamber was minus 120 V. 
The chamber was exposed at varying distances d from the chamber 
centre to the Cs 1 3 7 source. 
As we measured at distances d down to 1/3 of the chamber length 
2L, we used doserates corresponding to an effective distance R 
calculated by integration over the whole chamber volume 2?rr2L by 
the formula: 

R2 = d2 + r2/2 + L2/3 

The result was as follows in Table 3: 

TABLE 3 

d R OUTPUT FACIT OUTPUT 
cm cm uGy/h /FACIT 
20 26.6 1135 9080 0.1250 
30 34.7 627.4 5290 0.1190 
40 43.7 378.1 3380 0.1119 
50 53.0 286.7 2345 0.1220 
60 62.5 209.3 1716 0.1220 

100 101.5 83.12 648 0.1215 
130 131.2 50.40 422 0.1195 
170 170.9 31.42 256 0.1226 
220 220.7 19.77 156 0.1264 

The result show that recombination was negligible even though the 
voltage on the chamber was only 120 V. 
The output is without dimension, as the chamber was not calibra
ted to LASC in this case. 
But the result show that the linearity is good and that there is 
no measurable increase in recombination for doserates increasing 
from 156 /iGy/h to 9000 juGy/h. 

For a long time LASC has been run to measure the variation in 
background radiation, mostly in our lab. As an example, by measu
ring through one night and recording the result in a PC, we got 
the following 15 min results: 
B - 0.1372 0.1389 0.1432 0.1362 0.1389 0.1379 0.1377 
0.1402 0.1363 0.1422 0.1403 0.1401 0.138B 0.1418 0.1388 
0.1397 0.1385 0.1370 0.1398 0.1370 all in flSv/h or JtlGy/h 
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The differences obtained above are about the same as the vari
ation of the background in the room which was controlled by a 
GM-counter. The above results and several other similar 
measurements done later on have shown that the recombination 
needs not be taken into account and that the linearity is good 
in this measu-ring range. 
The linearity of LASC is also checked by connecting the input 
to increasing voltages by ordinary methods. 

CONCLUSIONS: 

The experiments reported above clearly show that the amplifier 
LASC is a useful instrument for recording the very small currents 
from a high pressure ionization chamber for measuring the 
doserates originating from gamma-rays. 
The advantages of this instrument in this connection is the wide 
measuring range from as low as 0.001 pA to 1000 pA. This combined 
with its reliability due to a simple design should make this 
instrument useful for many purposes. 
Several copies of LASC have up to now been in use and tested here 
in Norway and in Sweden. In most of the measurements performed 
the instrument has been coupled to the high pressure ionization 
chamber designed at SSI, Sweden. 
Here at the University of Oslo and SIS, Norway, we have for a 
long time used LASC when coupled to an open ionization chamber 
to measure radon concentrations in air. The measuring range of 
LASC is very suitable for continously measuring the various radon 
concentrations in houses. For example, in this way it is easy to 
determine how the concentration varies with time due to forced 
and natural ventilation, reference 6. 
The last year we have started to study ion concentrationsfin air, 
both positive and negative ions, by using two open ionization 
chambers. An electric fan is used to draw air through the 
chambers in this case. 
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