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London: 159-161 King Street, Hammersmith W6. Tel: 01 748 0926,

Manchester: 8 Oxford Road. Tel: 061 236 0281.
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Southend-on-Sea: 282-284 London Road, Westcliff-on-Sea, Essex.
Tel: Southend-on-Sea (0702) 554000.

For mall order enquiries, please do not call our shops as they will be

unabie to help you.

Before you send your next order to us by post, take a
look and see if there’s a Maplin shop near you. In our
shops you'll find that personal service that even the
best mail-order operations cannot match, And you
can look at the products before you buy. If you're
coming for a particular item, a quick phone call will
enable you to be certain the shop has everything you
want in stock.

Our shops are pleased to accept Access,
Barclaycard, American Express and also cheques up
to £50 with a cheque guarantee card. We'll even
accept ordinary money as welt!

All our shops are close to excellent parking facilities,
meters in London and Manchester, and free
elsewhere.

The South
In the South our Southampton store is conveniently
placed for easy access from all parts of Hampshire

MAPLIN S«
5 REGION/

and surrounding counties, and is 15 minutes from
Portsmouth.

London

Our London store situated just to the west of the
pedestrian shopping centre in Hammersmith, is just
five minutes from the end of the M4 and only a short
walk from the District, Piccadilly and Metropolitan
lines’ Hammersmith station.

The Midlands

In the Midlands our Birmingham store is just 3
minutes from Spaghetti junction on the M6 (junction
6). Follow the A5127 to Erdington.

South-East

Essex and Kent are served by our self-service
Southend shop which is right on the A13 just2
minutes before you reach the centre of Southend.
And we're only 30 minutes from the M25 (junction
29) as well.

The North

Our self-service store in Manchester, now open 7
days a week, serves the North and is just off the
Mancunian Way, opposite the BBC, about § minutes
from the end the M602 or junction 10 on the M63.

All our shops are open from 9a.m. to 5.30p.m.
Tuesday to Saturday (9.30a.m. Wednesday) except
Manchester which is also open Sundays and
Mondays, and Birmingham on Mondays. Shops do
not close for lunch. All shops closed New Year's Day,
Good Friday, Christmas Day and Boxing Day except
Manchester which s closed only on Christmas Day.

There's a friendly welcome in store for you at any
Maplin shop. Our helpful staff may often be able
to help with a technical problem or a
constructional difficulty.

Callin at a Maplin store and get what you want
today. We look forward to serving you.
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NUCLEAR
RADIATION
MONITOR

by C.S. Barlow & Ms. M.A. McCarthy
*Portable *Sensitive Wide Range Detector

*Low Power Consumption *EasyTo Read Display

Specification

Internal Supply Voltage: 9V Battery
External Supply Voltage: 7V to 14V DC

Min Supply

Current at 9V: 0.5mA

Max Supply

Current at 9v: 15mA

Radiation Detector: Geiger Muller Tube
Tube Type Mica End Window
Gas Filling: Neon, Argon
Quenching Agent: Halogen

Detected Radiation: Alpha, Beta,

Gamma and X-Rays

Meter Ranges
In Millirems per hour: Range 1 = 0.5mR hr
Range2= S5mRhr

Range 3= 50mR hr

Battery Test
Audio/Visual: Piezo Sounder

Red Light

Emitting Diode
Case Dimensions: 154 x 81 x 37.5mm
Weight
(including battery): 257gm(902)
Main Introduction

Monitoring the environment is becoming
amatter of great concern as the levels of
pollution increase. One form of this pollution,
which attracts a lot of media attention, is
nuciear radiation. Having an independent
method of measuring the natural background
radiation and the level of individual items, will
assist you to determine an acceptable level.
However, radiation monitoring equipment is
not commonly available through domestic
retail outlets and professional, scientific
instruments are very costly.

The radiation monitor described in this
article has been designed with the following
advantages: portability, compactness, light
weight, extremely low power consumption and
an easy-to-read display. The meter has three
ranges displayed in millirems per hour
(mR/Mr), 0.5 mR/hr, 5 mR/hr and 50 mR/r full
scale deflection. In addition, an audio bleep or
2

click, and a flash from a red fight emitting
diode (LED) can be selected to indicate each
count event.

One consideration in the design of the
unit was the ability to expand its versatility and
performance. Provision has been made for an
external power supply, remote detector and
pulse output for counter or computer data
recording. The unit runs on a 9 volt battery,
but may be operated from a power supply of 7
to 14 volts DC.

To meet these exceedingly high
specifications, several components had to be
specially manutactured before a complete kit
of parts was available.

The Radiation Detector

There are several types of detector
available for radiation monitoring and one of
the most commontly used, is the GEIGER-
MULLER (G.M.) tube. It was a German
physicist HANS GEIGER, in collaboration with
MULLER, who perfected the counter tube in

Cathode

Window

1928 and since that time further refinements
have been made. This has lead to a wide
range of detector tubes, but they all work on
the same, basic, principle.

The G.M. tube consists of a wire
electrode, the anode, surrounded by a metal
cylinder, the cathode, which forms part of the
envelope (see Figure 1), inside which is a
mixture of rare gases: neon, argon, and
halogen. The end window of the tube is made
from a very thin piece of mica which bows
inward due to the reduced pressure inside the
envelope.

For the G.M. tube to function, a high,
positive, voltage must be applied to the anode
pin via a high value resistor. The voltage
produces a strong electric field around the
anode electrode. The cathode is connected
via a low value resistor to the 0 volt ground.
Radiation ionizing events, accelerated by the
electric field, ionize more gas atoms in
multiple collisions, resulting in an avalanche of
electrons. This effect is known as Gas
Amplification and it will occur whenever

Anode

Gas filling = Neon, Argon & Halogen

Mica window G EEEe S

Anode-clip
= =)
Anode
Cathode wire
-V
——Glass seal

Seal —

Anode ——

Figure 1. The Geiger-Muller Tube.

- Metal tube -Cathode
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Figure 2. Circuit for the hand-held Radlation Monitor.



alpha/beta particles or gamma/X-rays enter
the tube. Because of the low penetrating
power of alpha particles, a very thin mica
window is necessary to allow them to pass
through. The G.M. tube has two basic
electronic states; high impedance, when there
are no radiation ionizing events, and low
impedance when an event occurs.

Once avalanching has occurred, it may
be sustained by positive ions reaching the
cathode, releasing secondary electrons. To
prevent this, a quenching agent, halogen, is
present to absorb the energy from the positive
ions leaving the G.M. tube ready for
subsequent ionizing events. The quenching
agent, which has been ionized, should re-
combine between events, but minute
quantities will be chemically bonded and have
no further effect. This will lead to a gradual
deterioration until a continuous state of
lonization is reached, rendering the G.M. tube
inoperative. The ambient temperature during
the operation of the G.M. tube is of prime
importance and should be kept below 50
degrees centigrade. At temperatures above
this, changes in the gas mixture may occur.
However, if the G.M. tube is operated within
the manufacturers specified electrical and
environmental limits it should last for many
years.

The handling and mounting of the G.M.
tube is also important. To prevent electrical
leakage between the anode pin and the
cathode, the G.M. tube should be kept dry and
clean. The fragile mica window must neither
be touched, nor should the pressure outside
the tube drop lower than 35 kPa (25 cm Hg) or

MMAAAAAAAAAAAAAAAAAAAAANY

rise higher than the atmospheric pressure.
Any changes in pressure must be graduai to
prevent possible damage to the mica window.
Great care must e taken when fixing the G.M.
tube because the thin walled envelope may be
crushed or distorted out of shape. Soldering
directly to the anode pin or the cathode wall
may destroy the G.M. tube, so the electrical
connection to the anode pin is made by a push
on connector and the cathode has a lead or
strap bonded to it.

[ ] [ ] [ ]
Main Circuit
Description

In addition to the main circuit shown in
Figure 2, a block diagram of the complete
system giving the power supplies and signal
paths are detailed in Figure 3. This should
assist you when following the circuit
description or fault finding in the completed
unit.

The internal DC power is provided by B1,
a9 volt PP3 type battery and when an extemnal
supply is plugged into SK2, B1 is switched out
of circuit. Any DC supply entering the circuit
must have the correct polarity, otherwise
damage will occur to the semiconductors and
polarized components. To prevent this, a
diode, D9, has to have the positive supply
voltage applied to its anode before the DC
power can pass to the switch, S3. This switch
has three positions: power off, power on and
audio/visual (A.V.) on. Capacitor C24 provides
the main decoupling and additional high
frequency decoupling is supplied by
C16,23,25.

All of the semiconductors run off the 9 volt
DC supply but, the G.M. tube requires a +500
volt DC supply. This high voltage is generated
by the oscillator circuit TR2 and T1. The
transtormer, T1 has three windings, the
primary winding in the collector of TR2 and a
feedback winding in its base circuit. The
secondary winding has many turns providing
an AC voltage step up. The oscillator runs ata
frequency of approximately 40kHz and the
voltage at the secondary is approximately 250
volts, peak to peak. To prevent electrical noise
getting back to the main supply rail, a filter
choke L1 and capacitor C4, decouple the
oscillator supply.

The AC voltage is then rectified and
multiptied by the capacitors C6 to C11 and
diodes D1, D3 to 5. The high DC voltage
across C11 Is fed via the current limiting
resistor R7 to the anode of the G.M. tube
GM1. The only load on the supply is the few
microamps of the G.M. tube present when
ionizing events occur. Thus, if the oscillator
was switched off, the high voltage across C11
would slowly leak away. The oscillator
switching is controlled by the +500 volt
monitoring circuit ZD1 to ZD7, and TR1, TR3.
Only five, 100 volt, zener diodes are
necessary when using the AG1401 Geiger
tube so two diodes are linked out. When the
voltage across C11 reaches the total zener
break down of 500 volts, a DC bias, limited to
less than +9.7 volts by D2, is fed to the base
of TR3 via R4 and R5. When TR3 turns on, the
voltage at its collector goes low removing the
bias from the base of TR1 which then stops
conducting, biasing off the osciliator until the

}+9V }+9V i+9v | Remote Radiation Detector | [
+9V, [
+500V Power Supply 1 29%V | Radiation Detector T Remote v +9V | 4500V Power Supply | ‘
TR1, TR2, TR3, T1 GM1, TR4 p e o TRI, TR2,TR3, T1 | | \
|
! | | ’
4 500V Power Supply Shut Down l J +500V
| v |
f+ov a U I I
Radiation Detector
I GM1, TR4 |
Meter 3 Meter Driver Puise Width Extender
| M1 IC1, TRS, RV1, S1 1C3, TR7, S2 | | \
+9V ‘
rhy B‘eep |
ON ° Piezo Sounder ‘
foie| | Orfisiy e
R2d 162 TR‘e' Pulse Output ‘
s3 S1 — LED 1 JK1 ‘
\
i o '8! |
U \
Pulse Output Switch ‘
+9vV TR8
+9V +9V Power Su +9v| External DC

81, 08, sspp’y P°"es'K'2“°“' }

e .

Figure 3. The complete system.
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voltage across C11 drops just below +500
volts. This regulates the output and a battery
supply of 6 to 15 volts will only cause a small
fluctuation of between 5 to 8 volts in the +500
volt supply. Having the oscillator interrupted
means that the average current consumption
from the 9 volt supply is greatly reduced,
around 350 microamps at background
radiation levels.

When GM1 detects a radiation ionizing
event, the low impedance allows a small
current pulse to flow through R8 and R9 in its
cathode. This produces a positive going
voltage pulse that feeds the base of TR4. The
collector, held high by R17, goes low on each
pulse for approximately 50us. The base of
TR4 is connected to SK1, pin 1, and its
collector to pin 5. When using the remote
radiation detector, if pin 1 is taken to pin 2, no
pulses will reach TR4. Pin 5 is the remote
signal input. Normally, both pins 1 and 4 are
taken to pin 2 of SK1, shutting down the
internal +500 volt supply to minimize power
consumption.

The meter, M1, has a moving coil with a
280 microamp full scale deflection (FSD) and
amulticoloured scale. This scale has three
radiation ranges in mR/hr and a battery
condition range. Diodes D8,7 provide over-
range current protection for M1, and resistor
R11 and capacitor C14 average out the
current pulses. This reduces the amount of
flicker shown by M1 when reading the ievel of
random radiation ionizing events.

The meter function is selected by one half
of switch S1. When M1 is switched to show
the battery condition the current through the
meter is set by R10. When displaying the
radiation level, the current pulses pass
through TR5 and R12. RV1 sets the amount of
6

Inside the handheld unit.

current flow for calibration of the meter. To
maintain a constant current pulse over a range
of supply voltages, a precise constant voltage
pulse must be applied to the base of TR5. This
is derived from a precision +2.5 volt reference
source IC1. Its output pulse, on pin 6, will only
vary by a small percentage for a change in
supply from 7 to 14 volts.

If the number of pulses applied to IC1, pin
2, increase over a given period of time, the
meter reading will rise until FSD is reached. If
the width of each pulse was extended by an
exact amount, then fewer pulses for the same
period would reach FSD. This has the effect of
Increasing meter sensitivity and the wider they
become, the more sensitive it will be.

The pulse width is controlled by IC3, a low
power 555 timer, in its monostable mode. The
high tolerance timing components C19, 20
and R19, 20, 21 are switched by S2 to provide
three pulse width settings: 17ms, 2ms and
200us. This corresponds to the three meter
ranges 0.5 mR/hr, 5 mR/hr and 50 mR/hr
FSD. IC3 is triggered by the pulses from the
collector of TR4, and the extended output
feeds IC1 and R16 in the base of TR7. The
collector of TR7 is connected to S1 and goes
fow on each pulse. S1 selects the direct or
extended pulses for the audio/visual and pulse
output switch circuits. The third position of S1
is used in conjunction with the battery
condition test, producing a constant low output
to these circuits.

The audio/visual circuit comprises of a
gated oscillator, IC2, which drives a piezo
sounder and the LED control transistor, TR6.
With S3 in its third position A’V ON, the supply
is connected, but to prevent any spurious
output when switched off, its supply rail is
taken to ground by R24. When the cathode of

D8 receives a negative going pulse from S1,
IC2 will produce an output of approximately
3.7kHz. If the direct narrow pulses are
selected, a click will be heard from the
sounder and LED1 will flash momentarily.
When the extended pulses are monitored the
sound and light output will change, depending
upon the meter range selected. In the 0.5
mR/hr range, the wider pulse produces a
longer bleep sound and LED1 appears to flash
more brightly. On the 5 mR/hr and 50 mR/hr
ranges, the pulses become progressively
narrower until the clicking sound returns.

Pulses from S1 also drive the base of the
output switch, TR8. The stereo jack socket,
JK1, can be set for Open Collector Switching
or Voltage Pulse Output. When in the open
collector mode, the output is on the ring of the
Jack and is normally low, going high, on each
pulse. The outputis for logic switching of only
a few milliamps and the body of the plug
provides the 0 volt return. If a voltage pulse is
desired, an internal 10k(}, pull-up, resistor on
the tip of the jack is linked to the ring by the
plug. See Figure 8a.

Main PCB Assembly

The PCB is a double-sided, plated-
through hole type, chosen for maximum
reliability and stability. However, removal of a
misplaced component is quite difficult with this
kind of board, so please double-check each
component type, value and its polarity where
appropriate, before soldering! For further
information on component identification and
soldering techniques please refer to the
constructors’ guide included in the kit.

The PCB has a printed legend to assist
you in correctly positioning each item, see
Figure 4. Do notfit the G.M. tube or the IC's
until the initial testing stage!! The sequence in
which the remaining components are fitted is
critical, because of the high density of
components on such a small board. It is easier
to start with the smalier components. Begin
with the resistors including the preset RV1 and
set it as shown in Figure 5, then mount the
resin-dipped and high voltage ceramic,
polystyrene and electrolytic capacitors. The
polarity for the electrolytic capacitors is shown
by a plus sign (+) matching that on the PCB
legend. However on some capacitors the
polarity is designated by a negative symbol
(=) in which case the lead nearest this symbol
goes away from the positive sign on the
legend. You must be very careful whilst
bending the leads of choke L1, in order not to
damage this component.

When fitting the transistors you must
carefully match the case to the outline shown.
The diodes all have a band at one end to
identify the cathode connection. Be sure to
position them accordingly. Please note: Only
zener diodes ZD3 to ZD7 are fitted when using
the AG1401 G.M. tube, ZD1 and ZD2 are
linked out using component iead off cuts.

Next, install the slide switches making
certain that they are pushed down firmly on to
the surface of the PCB. Discard the fixing nut
on JK1, and install this connector as carefully
as you did the switches. The DC power input
socket, SK2, and the remote detector socket,
SK1, are mounted in a simifar manner. The
final PCB mounted sockets are for the IC's.
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Ensure that you fit the appropriate IC holder in
each position, matching the notch with the
block on the legend. The transformer, T1, can
only be fitted one way. The pot core is secured
by soldering two pieces of tinned copper wire
to the steel clips and through two holes in the
PCB nearest each clip. The wire used can be
some of the off cuts from other components.
When mounting LED1 it must be 23
millimetres above the board and the flat
indicates the cathode, see Figure 5.

The remaining components are
connected to the circuit board by insulated
wires. Cut the PP3 battery clip leads to 50
millimetres and solder the red lead to TBS and
the black to TB6. The piezo sounder is
mounted on two 6BA, 0.5 inch spacers by the
8BA hardware. See Figure 6. The sounder
may have different coloured leads but either
can be taken to TB3 or TB4. The wires for M1
and the anode clip for GM1 are not fitted until
the initial testing stage.

This completes the assembly of the PCB
and you should now check your work very

Figure 4. Main board fegend. ' " carefully ensuring that all the solder joints are
sound. Itis also very important that the
r ] ) bottom, track side of the circuit board does not

Cable tle have any trimmed component leads standing
WARNING. 50 ot M1 proud by more than 1mm.
| over tighten. Geiger - Muller tube JK1 _— .
| Cut off excess T‘: = Sx2 battery clip Main Unit
' : B Initial Testin
| PCB fixing hole ®, Anode-clip VY W 9 ]
.8 and wire a— All the initial tests can be made with a
! f minimum of equipment. You will need a digital,
| H‘ w or electronic, analogue, moving coil
N multimeter with an input impedance of not less
v 7 Pai?zo sounder than 10 MQ on its voltage ranges. Other
| /] Cathode wire multimeters can be used, but some of the
sk~ b ) readings obtained may vary slightly
V@ L ' depending on the type of meter.
P Carefully lay the PCB assembly on a non-
i -+ K " PCB fixing hole conductive suyface. suchasa piece qf dry
| [ s2 Jlj s1 J[ s3 El paper or plastic. Set all three slide switches to
w PCB fixing hole ’ : - their Number 1 positions, see Figure 5.
| lLU I Ll | | g1 U_ ' The power for testing the unit canbe a 9
321 3 2 1 3 2 1 CEDH volt PP3 battery or a regulated power supply
; unit (PSU). The external DC input socket,
| Fiat "oy SK2, is a type commonly used on Japanese
4. o radio equipment, where the centre pin is the

positive connection and the negative contact
is the spring-loaded tag. When the circuitis
running, or even after it has been switched off,
treat the PCB with caution as the 500 volt
supply circuit can make you jump if touched!
When switched off it can be made safe by
dumping the charge to ground using an

Figure 5. Constructing the main board.

B2t 8BA nut . insulated hook-up wire between TP1 and the
| Piezo S"\”“"e’ P g S metal body of the slide switches.
' \ i washer
'
r&""ﬂ =
| ! : :
| : | :
: | \‘\_‘ (AN
l \ iy O e8a V2in. L
[ spacer
e o s
—— re
| H \ Ukt PCB.
K2
. saAb:’: in. A Geiger-Mullér Tube.

Figure 6. Mounting the sounder.
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To monitor the supply current set your
meter to read mA and place itin the positive
line of the battery or PSU. When the power
on/oft switch, S3, is set to position 2, a current
reading of approximately 0.35 mA (350 uA)
should register on the meter. Remove the
meter and set it to read 500 volts DC. Place its
negative lead on the 0 volt ground and the
positive to TP1. Reconnect the power supply
and observe the reading which should be
between 480 to 515 volts.

Now switch off. Disconnect the power
supply and dump the 500 voit charge. Cut two
pieces of hook-up wire to 85 millimetres and
solder them to the PCB at the points shown in
Figure 5. Temporarily soider the wires to M1.
The polarity of the terminals is moulded on the
body of the meter. See Figure 7, stage 3. Lay
the meter face up off the PCB near the slide
switches. Set S1 to position 3 and S3 to
position 2. Reconnect the power supply and
M1 should read approximately halfway on the
green battery scale.

Switch off (S3 position 1). Dump the 500
voit charge and carefully install IC2, the 14 pin
4001BE, into its socket. Set S3 to position 3
(audio/visual on) and a continuous 3.7kHz
tone from the piezo sounder should be heard.
Atthe same time LED 1 should light and the
current from the supply willincrease to
approximately 10mA.

To test the pulse output switch insert a
3.5 mm stereo jack plug, wired as in Figure 8a.
When in the battery test position, S1 position
3, the supply voltage can be seen on the tip or
ring of the plug. If S1 is set to position 1 or 2
then only 0.5 volts shouid be seen. Now
remove the plug and set S1, 83 to position 1.
Before proceeding to the next stage dump the
500 volt charge. install IC1, the 8 pin precision
+2.5 volt reference source, and IC3, the low
power 555 timer. Switch on the power and A/V
circuit, S3 position 3. The supply current
should read approximately 0.5mA, and M1
display zero. Switch off and dump the 500 volt
charge using a high value resistor, not a piece
of wire! To properly test the puise width
extender and meter driver circuits, a TTL
pulse generator must be connected to SK1.
See final assembly. For the time being the
background count pulses from the G.M. tube
will provide an indication that the circuits are
working.

Install the anode clip using a short 10mm
length of hook-up wire, see Figure 5.
Remember when handling the G.M. tube not
to touch the fragile mica end window.
Carefully unpack the G.M. tube and
temporarily lay it on the PCB in the area
shown by the legend. Solder the cathode wire
to the PCB at the point shown, and push on
the anode clip. Tum on the power, S3 position
3, and set $1/82 to position 1. Each time a
radiation ionizing event occurs the meter
should read the pulse as one or two small
divisions and the A/V circult will respond with a
click. When S1 is set to the bleep mode,
position 2, the response of the A/V circuit will
change according to the meter range setting
of S2. At normal background radiation levels
of between 5 to 30 pulses a minute the meter
display on range 2 or 3 will show almost
nothing. Switch off and dump the 500 volt
charge as previously described. Carefully
desolder the wires on M1, then the G.M. tube
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Stage 1

Stage 2
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[} Meter Masks :
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Bend terminals down

Figure 7. Mounting the meter.

3-5mm Stereo
Jack Plug HFS8G

b) / X
/ :-:‘

3:5mm Stereo
Jack Plug HF98G

|
1| /2-5mm Plug HH62S
Inner +V

Figure 8.
(a) Wiring plug for use with a pulse counter,
(b) Wiring plug for use with computer.

(c) Wiring a DC Input Power Plug.

and repack it for safe keeping. This completes
the initial testing of the main PCB assembly.

Main Unit Final
Assembly

The calculator style, hand-held case is
made in two haives. The top half has a window
for the meter and two 5Smm holes. One hole
is for the LED to protrude through and the
other for the output from the piezo sounder.
Unfortunately, the window is fractionally too
wide for the meter. To remedy this two black
masking pieces cover the gaps at each end.
The procedure for fixing the masks and the
meter, M1, are shown in three stages. See
Figure 7.

Stage 1: Apply a thin coating of impact
adhesive at the two ends of the window, inside
the case top. A thicker coating of adhesive is
then applied over a larger area beneath the
window.

Stage 2: Carefully position the two meter
masks at each end of the window and press
them down firmly.

Stage 3: Apply a coating of impact

adhesive to the lower front of the meter, being
careful not to get any glue on the raised scale
area. Position the meter inside the case top
and press it down. Finally bend down the
meter terminals so they lay fiat on the meter
body.

In the lower part of the case topis a
boxed-in area for the PP3 battery. Cuta
54mm length of sponge and glue it down
across the centre of this compartment. This
completes the assembly of the case top. Set it
aside to allow the glue to set.

The bottom half of the case has various
holes and slots cut into it. A piece of wire mesh
is glued over the hole, in front of the G.M.
tube, to protect the fragile mica window. Apply
impact adhesive at the points shown in Figure
9 and carefully position the wire mesh so as
not to cover the hole for the 5 pin DIN socket.
There is a boxed-in area for the PP3 battery
similar to the one in the case top except, it has

Wire mesh

DL 3
\ Fixing screw

Wire mesh

| SE— = = — — —

Figure 9. Mounting the Tube and fitting the mesh.
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a detachable, slide-off cover. Cuta 54mm
length of sponge and glue it down across the
centre of this cover.

Before fixing the PCB assembly into the
case, thread the cable tie through the two
holes in the PCB, See Figure 9. Lay the
assembly inside the case and secure it using
three countersunk seff-tapping screws at the
positions shown in Figure 5. Cuta 39mm
piece of sponge and lay it down where the
G.M. tube outline is shown on the legend.
Unpack the G.M. tube. Position it on the PCB,
as shown in Figure 9, and tighten up the cable
tie. WARNING! Do not over-tighten the cable
tie and ensure that there is at leasta 1mm gap
between the front of the G.M. tube and the
wire mesh. Solder the cathode wire into the
hole in the PCB and push on the anode pin.
Lay the battery clip in the battery compartment
and position the wires through the siot in the
case. Solder the two meter wires to the
terminals on M1, ensuring that they are in the
correct polarity. Lay the front case assembly
face up alongside the switches of the main
unit.

Alignment Without
a Pulse Generator

if you do not have access toa TTL pulse
generator to complete the calibration, then
RV1 should be left in its centre position. This
will provide a reasonable basic accuracy for
most applications. Affix the front and back
self-adhesive labels to the case in the
recessed areas. Install the PP3 battery and
test each switch function. Once these are
successfully completed the bag of silica gel is
placed over the PCB at IC2 and the case can
be closed. When fixing the two halves of the
case together ensure that the meter wires and
terminals are not touching any other
components. Secure the case with the four
long self-tapping screws. The Nuclear
Radiation Monitor is now ready for use.

Alignment With
a Pulse Generator

To calibrate the unit a TTL pulse
generator, set to produce positive going
pulses, must be applied to pin 1 of SK1 viaa
100002 resistor. The ground retum for the
generator is to pin 2 of this socket. The width
of the pulses must be no more than 50us ata
repetition rate of 1.8ms (550Hz). Install the
PP3 battery. Set the meter range switch, S2,
to the 50 mR/hr scale, position 3 and turn on
the power, S3, position 2. Adjust the preset
control RV1 until a meter reading of exactly
40 mR/hr is displayed. Remove the generator
and test each switch function. Once these
tests are successfully completed, the bag of
silica gel Is placed over the PCB at IC2. The
case can now be closed and secured using
the four long self-tapping screws. When fixing
the two halves of the case together ensure
that the meter wires and terminals are in the
clear and not touching any other components.
Affix the three self-adhesive labels, one at the
front and two at the rear, to the case in the
recessed panels provided. The Nuclear
Radiation Monitor is now ready for use.
September 1987 Maplin Magazine

Gelger Tube mounting position.

Using the Monitor

The DC power for the unit is supplied by
the internal alkaline, PP3, 9 volt battery.
However, external power can be fed into SK2
from a variety of sources, see Figure 9. The
wiring for the 2.5mm DC power plug is shown
in Figure 8c. For mobile use, a car battery
voltage converter, or just a 12 volt cigarette
lighter power lead is required. When used in
the home, to save the battery, a mains adaptor
supplying a regulated, 9 volt output is
preferable. Due to the low power demand of
the unit even a Solar panel, under moderate
sunlight, will produce sufficient voltage output.
If the unit is to be stored for long periods of
time, remove the PP3 battery.

The meter of the Monitor is scaled in
millirems per hour, (mR/r). One mR equals
one thousandth of a REM. The term REM
stands for Roentgen Equivalent Man, a radio-
logical unit. One REM is that quantity of
radiation which when absorbed by a human
being produces the same effect as the
absorption by a human body of one RAD of
Gamma or X-rays. The RAD unit is the
absorbed ionizing radiation dose. One RAD is
equal to an energy absorption of a hundred
Ergs per gram of tissue. A new unitto
measure absorbed dose, the Gray (Gy), will
be used more in the future. To convert from
RAD to Gy is simple, 1 Gy = 100 RAD, or 1
mGy = 100 mR. The Geiger Muller tube is
capable of detecting Alpha, Beta, Gamma and
X-rays.

Alpha Particles

An Alpha particle is the nucleus of a
helium atom which has lost its two planetary
Electrons, leaving it positively charged. Each
Alpha particle consists of two Protons and two
Neutrons. They do not have much penetrating
power and can be blocked by a piece of paper.

Beta Particles

A negatively charged particle, an electron
ejected at high velocity from the nucleus of the
atom of a Beta emitter when one of its
Neutrons changes into a Proton. Beta
particles are more penetrating than Alpha
particles and it takes several millimetres of
aluminium to stop them.

Gamma and X-Rays

Gamma rays are electromagnetic
radiation of nuclear origin, of very short
wavelength, emitted by the nuclei of certain
atoms in the course of their radioactive decay.
Gamma rays are not composed of particles,
but consist of high-energy Photons; they have
the speed of light and have no electric charge.
Their range, both in air and matter, is much
longer than that of either Alpha or Beta
particles, but their ionizing capacity is much
weaker than that of either of the latter. The
wavelength and penetration of Gamma rays
occupies an intermediate position between X-
rays and Cosmic rays. Lead screening must
be used to block them.

There should be few, if any, sources of
radiation in the home. The occasional ionizing
events are mainly due to the background
radiation in the environment. Some old ciocks
and watches have radium paint on the hands
and dials which makes them glow in the dark.
In modemn timepieces, the radioactivity from
the more commonly used Tritium, is too fow to
penetrate the glass lens. if you have a rock
collection test each sample. Shouid you
discover a particularly active one store It in an
airtight metal container and take care not to
inhale any dust or fragments which may rub
off the specimen. If monitoring radiation in wet
or dirty environments, the remote detector
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should be deployed by plugging it into SK1,
See Figure 10.

The background radiation count is a
combination of random events which can be
from 5 to 30 counts in any one minute period.
The G.M. tube will produce a background
count even in the absence of any external
radiation sources. This is due to Beta particles
from contamination and impurities of the
materials from which the G.M. tube is made.
The AG1401 has a maximum self-background
count of not more than ten counts in any one
minute period. The majority of background
count events in the environment are due to
Gamma radlation and a smaller amount of
Mesons from Cosmic radiation.

To obtaln a clearer result from these
random events, you should take the average
of one minute counts, over one hour. The
average background count will vary,
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depending upon the geology and other
influences of your location. To manually
record all this data is very tedious, an
electronic recording device Is preferabie. A
pulse counter set to record events over an
hourly time period, then averaging out the
resuit manually, is one method. However, if a
computer is employed, automatic data
recording with graphic output on the screen, or
printer, can be achieved. Itis not possible to
cover all the available computer hardware and
software for each machine however, two
example programs are shown in Listings 1

and 2. Oneiis for the BBC and the other for the
AMSTRAD 464/6128. The BBC computer has
an input port builtin, but the AMSTRAD, like
$0 many computers, has to have one added. A
simple input port kit is available from MAPLIN
for the AMSTRAD 464/6128 computers.
Figure 11 shows the sort of display that can be

produced on a computer.

When the Geiger counter is producing the
17millisecond pulses in the 0.5 mR/r bleep
mode, most computer hardware and BASIC
software wilf register each event. However, at
higher radiation levels when the pulse width is
reduced in the 5 or 50 mR/hr ranges, events
may be missed, giving a false, lower data
recording. One method of overcoming this
problem is to feed the puises into a CMOS
4040 12-stage ripple counter and read the 8
bit data output, see Figure 12. The maximum
number of count events is 255, all 8 bits high.
To stop the 4040 at this point a 4068, 8-input
nand gate removes the pull-up voltage from
the input of the 4040. To reset the count to
zero, pin 11 of the 4040 must be taken high
and when low, counting can continue. This
circuit is included for experimental use only. A
PCB or kit is not available. Generally, when

Remote Detector
Computer
o]
10 po.%l,':::::::: R %
freospa@wment i 8
fosnsrsmmas
L I |
4', Digit Counter
LM19V
Universal Counter Timer OR EE——
YJ82D or YM65V l-l
——— / \
Counter _
o oooooooooooo @ L
‘ = hepet
Soongcves o
(- R
cacfr— - - S _]
10 o caf—w, «——
Regulated 9vDC
Mains Adaptor
YB23A
Car Voitage Converter 9V
——— FE62S
/,_ \ or
% Cigarette Lighter Power
Lead
YW59P
N |
OR
Solar Panel \\
RK23A or RK24B
|

Figure 10. Many things can be plugged into the main unit.
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10 REM MAPLIN GEIBER COUNTER

20 REM SET TO BLEEP MODE

30 REM SET METER RANGE TO .SmR/hr

40 REM BBC MICROCOMPUTER 10 REM AMSTRAD RADIATION PLOTER PROBRAM

%0 REM USER PORT PIN 5-OV/PIN 6-PBO 20 REM MAPLIN GEIGER COUNTER

60 MODE 11VDU 23/1,0507040} 30 REM SET 10 BLEEF MUDE

70 CL=O: T%L=26000 40 REM METER SET 10 .SeR/hr

80 SSA=1100: XY%=0 50 REM MAPLIN AMSTRAD B-B1T INPUT PORT LM140Q

90 BSU=1701 TT%=0 850 REM ADDRESS LINK 1| = &FBFO

100 LS%=160:1CUSS"COUNT” 70 REM HEADER PLUG FIN S5=0V/PIN 6=DO0

110 8]1%=6401 VNY=O 80 MODE 1:BORDER 1:CLEAR:DIM SX(60)

120 PRINT TAB(12,4)3" % RADIATION X * 90 INK O.U:INK 1,263 1NK 2,13:INK 3,24

130 PRINT TAB(13,29);"TIME = 1 HOUR" 100 V%=0:Cx=0: NNX=0: RAX=0: PAX=0

140 FOR CH%=1 TO LEN(CUs) 110 LS%n=49185%=57: X4=LSX: PBX=100: XTx=1

150 PRINT TAB(O, 13+CHX) j MIDS(CUS,CHY, 1) 120 PEN 1:PAPER O:FOR P%=22 TO 3 STEP -1

160 NEXT CH% 150 LUCARIE 2.PRtFRINT USING "88" VX VI=VI+SINEXT PX

170 FOR Vw26 TO 7 STEP -1 140 LOCATE 1.PRIPRINT USING “888%:VX1VY=0

180 PRINT TAB(2,V%)jVNL 150 FuK L%=LSX 10 680 STEP 10

190 UN%=UNX+S: NEXT V%3 UN%=O 160 PLOT LE,BSX-2,11DRAM L% ,BSX~6,1:NEXT L%

200 FOR V=4 TO 38 STEP 3 170 1AB:FUK Fes1 10 12: READ DATX

210 PRINT TAB(VY,27);" "jJVYN%} 160 IF vx=0 THEN MUVE DATX,BSX-~10:1PRINT VX+1;160T0 200

220 VUN%=VN%+10:NEXT V% 1YU MUVE DAIL,BS%-10: PRINT Vi

230 GCOL Oy 200 VAsV7.eS5:NERT F%: TAGOFF:PEN 3:PAPER 2

240 FOR XL%=LSX YO LS%+SS% STEP 36 210 Cs=" KADIATIUN CUUNT “1FOR P%=1 TO LEN(CS)

250 MOVE XL%,BS%iDRAW XL7%,BSX+SIX% 220 LOCATE 1,5+PX:PRINT MIDS(CS,PX 1) :NEXT PX

260 NEXT XL% Z30 LULATE 3,24:PRINT ~ MINUTES *

270 FOR YL%=LS%+10 TO LS%+10+S1% STEP 32 240 LUCATE 14,11PRINT = & RADIATION & ©

280 MOVE LS%,YL%IDRAN LS%+SS%-16s VL% 220 PEN 1:PAPER O:FOR L%=LSX 10 640 STEP 10

290 NEXT YLYZ:GCOL 0,3 200 PLUI L%,BS%,2: Db L% 377 ,2: LLA=BSX+NNY

300 DRB=LFE6O: DDR=AFEE2 Z/0 PLUI LB% LL%,2: DRAW 680,LL%,2

310 ?DDR=%00: TIME=O 280 NNL=NN%+16: IF NN%>320 THEN NNX%=320

320 PROCRADCOUNT 290 Nexl L%:eVEKRY 3uiv 60SUEB 340

330 6070 320 30U KEM & SAMPLE #

340 DEF PROCGRAPH 310 IF INFWFEFU)<ZDS THEN 310

3%0 IF C%>100 THEN C%=100 320 IF INP(MFBFO) 254 THEN 320 ELSE Cx=Cx+1:680T0 310

360 YV=BSK+CL¥6+CL/2.5 330 KM & DRkaw LINE &

370 IF XY%=0 THEN MOVE LS%,Y%iDRAW LE%, YX: GOTO 390¢ 340 1F¥ Lx>lvu THEN CX=100

380 DRAW LS%L+XY%,YX 350 SARIR) =U%: RAXSRALPCL: YX=BSL+CX834+CU\S

390 XY4mXY%L4+1B1 TTAU=TT%+1 360 IF Xi%m1 IreN PLOT XX YX,1

400 IF TT%A>S9 THEN TT%=O03 XYX=0 S/0 LUNAW X%, Y%, l: A4=XZ+10t XTX=XT%+l

410 C%=0:TIME=O B0 LF KI%>6U IHEN GUSUB 400

420 ENDPROC YU LAURmUY KE | URN

430 DEF PFOCRADCOUNT 400 FOK M%m1 TO 60: NAX=SX ML)

440 REPEAT A10 IF NRALIPAL IHEN FAL=NAYL

430 X%=7?DRB 420 IF PELONAYL ITHEN FBYISNAY

460 IF TIME>TYL THEN PROCGRAFH 450 NEXI MXL:LOCAIE 14,243PRINT "TOTAL COUNT":RAxg“ *

470 UNTIL X7%<255 440 RAL=HA%L\SO: LOLCATE 8,25

480 REPEAT 250 PRIN) “Max":PR%LE “MIN";PHL; “AVERAGE " ; RAL: "PPH *

490 X%w?DRB 2460 ATR=11X%=LBX: PAR=0: PAU=100: RAL=0: KETURN

500 IF TIME>T% THEN PROCGRAPH 470 DAIA 25,65,108,156,208,256,308 3%, 408, 456,308,556

510 UNTIL X%>254

520 CL=C%+1

530 ENDFPROC
Listing 1. Listing 2.
the Geiger unit is used with a pulse counter, Tube Type: Mica End Window watertight screw-on end caps. The detector
the 3.5mm stereo jack plug is wired as shown Gas Filling: Neon, Argon can be permanently mounted outdoors, or on
in Figure 8a, or as in Figure 8b when used with Quenching Agent: Halogen an extension pole, if you wish to keep an
a computer. Detected Radiation: Alpha, Beta, appreciable distance from the object being
Remeote Detector Gamma and X-Rays monitored. The DC power is provided from the

e Case dimensions: 150 x 50mm main unit and is fed to the remote detector by
Specification Weight inexpensive, 3-core, mains cable. This cable
Supply Voltage: 7Vto 14V DC (including 3 metre cable): 291gm (10.302) also carries the signal pulses back to the main
Min. Supply Current N ] unit, which can be up to 100 metres away!
7 g‘v_ 0.5mA The main unit is not suitable for use in wet
:Aax 'Supply Cms ’ or dirty environments because of the various
; openings in its case. To monitor radiation

atov: 4mA | Remote Detector

|
Radiation Detector: Geiger Muller Tube ¢

levels under these conditions, the remote
detector is housed in a tough plastic tube with

[3
Circuit Description
In addition to the circuit shown in Figure

Gt

1. 5 30 35 40
3 OTAL COUNT 117
35 MIN 14 AVERAGE

13, a block diagram of the complete system
“w RADLATION % showing the main power supplies and signal
Y, . et ——— R SRS SR paths is detailed in Figure 3. This should
§ G- assist you when following the circuit descrip-
3%:_"_ ARHAERAREEARERRRRERARARARENNE 1+ | | tion or tault-finding the completed unit.
SO FEREENNERENY jRERARASRAEI 2R EEEAI The DC power is provided by the main
e unit through pin 3 of SK1/PL1 and is
70 1 ++ connected to the circuit board via three metres
G e T of 3-core mains cable. Al of the
4L IR EREERNECERRENEERANESIETNERRERNTRERERET semiconductors run off the 9 volt DC supply
{ | I ! IRSEAE IEESRETRERS decoupled by C14. However, the G.M. tube
-+  ERSERREESEARRESEESRRARSIRRRRREEREEEERRERARREASED: requires a +500 volt DC supply. This high
N 53585185250 NRRRNI 1305RERREEEES! ' voltage is generated by the oscillator circuit
TR2 and T1. The transformer T1 has three
windings, the primary winding in the collector

of TR2 and a feedback winding in its base

* circuit. The secondary winding has many turns
providing an AC voltage step up. The
oscillator runs at a frequency of approximately
40kHz and the voltage at the secondary is
approximately 250 volts, peak to peak. To
prevent electrical noise getting back to the

Figure 11. Typical computer display of daily radiation levels.
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main supply rail, a filter choke, L1, and
capacitor, C4, decouple the oscillator supply.
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Figure 12. 8-bit pulse counter circuit.

The AC voltage Is then rectified and
multiplied by the capacitors C6 to C11 and
diodes D1, D3 - 5. The high DC voltage across
C11is fed via the current limiting resistor R7 to
the anode of the G.M. tube GM1. The only
load on the supply is the few uA of the G.M.
tube present when ionizing events occur.
Thus, if the oscillator was switched off, the
high voltage across C11 would slowly leak
away. The oscillator switching is controlled by
the +500 volt monitoring circuit ZD1 to ZD7,
and TR1, TR3. Only five, 100 volt, zener
diodes are necessary when using the AG1401
Geiger tube so two diodes are linked out.
| When the voltage across C11 reaches the
i total zener break down of 500 volts, a DC bias,

limited to less than +9.7 voits by D2, is fed to
the base of TR3 via R4 and R5. When TR3
turns on the voltage at its collector goes low,

= removing the bias from the base of TR1 which
then stops conducting, biasing off the

oscillator until the voltage across C11 drops
just below +500 volts. This regulates the
output, and a battery supply of 6 to 15 volts will
only cause a small fluctuation of between 5 to
8 volts in the +500 volt supply. Having the
oscillator interrupted, means that the average
current consumption from the 9 volt supply is
greatly reduced, around 350 uA at
background radiation levels.

When GM1 detects a radiation ionizing
event, the low impedance allows a small
current puise to flow through R8 and R9in its
cathode. This produces a positive going
voltage pulse that feeds the base of TR4. The
collector, held high by R10, goes low on each
pulse for approximately 50 us. This signal is
feed to pin 5 of PL1 by the 3 metres of mains
cable and the 0 volt ground retum is
connected to pin 2. To shut down the detector
and +500 volt power supply of the main unit,
pins 1 and 4 of PL1 are linked to pin 2. If you
wish to have both detectors active then these
links can be left open.

The Remote Unit.

T81

IN4148  ZD) 102
A ~
I il 1%l

0s
INARR7N
%4

ci12 4§
NTF T ANTF T

182

PL1

183

R4
a7

203 204 Z

DS

106 207

Figure 13. Remote Detector circuit.
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Remote Detector
PCB Assembly

The PCB is a double-sided, plated-
through hole type, chosen for maximum
reliability and stability. However, removal of a
misplaced component is quite difficult with this
kind of board, so piease double-check each
component type, value and its polarity where
appropriate, before soldering!

The PCB has a printed legend to assist
you in correctly positioning each item, see
Figure 14. Do not fit the G.M. tube, anode clip
or the 3 metres of mains cable to TB1, 2, and 3
until the initial testing stage!! The sequence in
which the remaining components are fitted is
critical, because of the high density of
components on such a small board. Begin
with the resistors, then mount the resin-dipped
and high voltage ceramic, polystyrene and
electrolytic capacitors. The polarity for the
electrolytic capacitors is shown by a plus sign
(+) matching that on the PCB legend.
However, on some capacitors, the polarity is
designated by a negative symbol (—) in which
case the lead nearest this symbol goes away
from the positive sign on the legend. You must
be very careful whilst bending the leads of
choke L1, in order not to damage it .

When fitting the transistors you must
carefully match the case to the outiine shown
on the legend. The diodes all have a band at
one end to identify the cathode connection.
Please note only zener diodes ZD3 to ZD7 are
fitted when using the AG1401 G.M. tube, ZD1
and ZD2 are linked out.

The transformer, T1, can only be fitted
one way. The pot core is secured by soldering
two pieces of tinned copper wire to the steel
clips and through two holes in the PCB
nearest each clip. The wire used can be some
of the off cuts from other components.

This completes the assembly of the PCB
and you should now check your work very
carefully ensuring that all the solder jcints are
sound. Itis also very important that the bottom
track side of the circuit board does not have
any trimmed component leads standing proud
by more than 1mm.

Initial Testing

You will need a digital, or analogue
moving coil, multimeter with an input
impedance of not less than 10 MQ2. Other
multimeters can be used buf some of the
readings obtained may vary slightly. An osc-
iloscope is also useful, if available.

The Geiger Tube mounted on the remote pcb.

Carefully lay the PCB assembly on a
non-conductive surface, such as a piece of dry
paper. The power for testing the unit can be a
9 volt, PP3 battery or a regulated power
supply unit (PSU). When the circuit is running,
or even after it has been switched off, treat the
PCB with caution as the 500 voit supply circuit
can make you jump if touched! When switched
off, it can be made safe by dumping the
charge to ground with an insulated piece of
hook-up wire between TP1 and TB3.

To monitor the supply current, set your
meter to read mA and place itin the positive
line of the battery, or PSU, to TB1. When the
power is-applied a current reading of
approximately 0.35mA (350uA) should
register on the meter. Remove the meter and
setitto read 500 volts DC. Place its negative
lead on TB3 and the positive to TP1. Re-
connect the power supply to TB1 and observe
the reading, which should be between 480
and 515 volts. Remove the power and dump
the 500 volt charge to ground.

Instalt the anode clip using a short 10mm
length of hook-up wire. Remember! When
handling the G.M. tube, not to touch the fragite
mica end window. Carefully unpack the G.M.
tube. Mount it on the PCB using a sponge strip
cut to 39mm and a cable tle in the area shown
by the legend. Ensure that the fragite front of

the G.M. tube is set back from the edge of the
PCB by approximately 1mm, and remember
notto over-tighten the cable tie. Solder the
cathode wire to the PCB at the point shown,
and push on the anode clip. Power up the
PCB and connect an oscilloscope to the
output pulse terminal, TB2. At normal back-
ground radiation levels, a negative going
putse with a width of 50us should be observed
between 5 to 30 times a minute. This
completes the initial testing of the remote
detector PCB assembly.

Final Assembly

The housing assembly is constructed
from a tube, two coupling pieces and two
threaded, end cap fixings. There are three
screw-on caps: a capie entry cap, a closed
and an open detector covering cap. All three
have threaded tube fixings but only two are
required. The third can be discarded. The
pieces are bonded together with epoxy resin
glue, spread liberally around each threaded
fixing and both ends of the tube, see Figure
15. As the pieces are pushed together the
excess glue oozes out of the joints forming a
watertight seal. The excess glue is then
scraped off, before it sets, using a knife to
leave a smooth finish both inside and out.
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R cie
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Figure 14. Remote Detector board legend.
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Glue
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4
mb/
Tube Coupling
\ -
27

Threaded End Cap Fixing

Figure 15. Assembling the remote housing.

Transformer T1

Figure 16. Making T1 shock resistant.

The 3 metres of mains cable has 45mm
of outer sleeving removed from one end which
goes through the strain relief grommet in the
end cap. The grommet is a tight fit and grips
the cable, but to ensure a watertight seal,
flexible rubber sealant is smeared all over it.
The other end of the cable has 15mm of sleev-
ing removed for later connection to the 5 pin

- DIN plug.

Cuta 70mm piece of sponge strip and
glue it around the transformer, T1, onthe
remote detector PCB, see Figure 16. This
acts as a mechanical shock absorber for the
rear of the PCB when inside the housing
assembly. The three coloured wires emerging
from the rubber sealant on the inside of the
end cap must have 3mm of insulation
removed and they are then tinned with solder.
The brown wire goes to TB1, the 9 voit DC
power input. The blue wire goes to TB2, the
signal pulse output and the green/yellow wire
to TB3 the 0 voit ground return.

The PCB assembly is¢hen slid into the r
housing, see Figure 17 and the cable end cap
is screwed on tightty to form a watertight seal.

The remote unit could be clamped to a pole.

Strain relief Flexible rubber sealant

grommet

=T,

| AT NP

3-Core 3A Mains cable

«@—3 Metres ——— &
5-pin DIN plug
to main unit

Figure 17. Remote Detector final assembly.
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Position the PCB so that the front of the board
is flush with the end of the tube. WARNING!
DO NOT TOUCH THE MICA WINDOW!!
Carefully drop the bag of silica ge! past the
G.M. tube, cut a 70mm length of sponge and
gently position it as shown. Do not apply any
glue to this piece of sponge as it will stay in
position by itself and it may have to be
removed at a later date. Take the end cap with
the 20mm hole and using impact adhesive,
glue the piece of wire mesh into the recessed
area inside the cap. When dry, fit this or the
solid end cap onto the remote detector
assembly. Finally, fit the 5 pin DIN plugin the
following manner; slide the plug cover over the
cable, take the pin assembly and solder the
brown wire to pin 3, blue to pin 5, green/yellow
to pin 2. Link pins 1 and 4 to pin 2, the O volt
return. Assembile the plug body, close the

XY
a

clamp around the cable and slide the cover
over the plug.

to completely seal the detector. This will block
the Alpha particles, but Beta particles and
Gamma rays will pass through. Since the

Remote Detector majority of background radiation is composed
° of Gamma and Cosmic rays, the solid end cap
I-'inul TOﬂlllg will have no effect. To restore Alpha

Monitor the current in the 9 volt supply of
the main handheld unit. When the remote
detector is plugged into SK1, you should
observe very little change in the reading and
the background radiation count should remain
the same. This completes the testing of the
remote detector and it is now ready for use.

sensitivity, the open end cap with the wire
mesh is used, but only in a dry and clean
environment. Be extremely careful when
changing the end caps, especially if the unit
has recently been in a wet environment, as
water can get trapped between the threads of
the housing and the end cap.

The detector can be clamped to an

° extension pole, or mounted out-of-doors
Usmg the using aerial mounting brackets. An extension
Remote Detector cable of up to 100 metres can be added to the

When using the unit in wet, or humid
environments, the solid end cap must be fitted

detector, fitted with a DIN line socket at one
end and a DIN plug at the other.

GEIGER COUNTER
PARTS LIST

RESISTORS: All 0.6W 1% Metal Film
Rl 1k2

R2 4k7

R3,22 470k

R4,8 AM7

RS 270k

R7 BM6

R8 a7k

R8,10 47k

R11,15,24.28 10k

Ri23 ik

R13,16,18 100k

RI4 4700

R17 56k

R19 IM8

R30 180k

R2} 180k

R23 220k

RV1 1k Cermet Preset
CAPACITORS

Cl,18,22 2n2F Monores
C2,8,21 InF Moncores

3 10nF Monores

CA. 14,24 100uF 16V Min Electrolytic
C6,7,8.8,10,11  4n7F 1000V Disc Ceramic
Cl2 220pF Monores
CI3 100pF Monores
Cl8 330pF Ceramic
C16,17,23,25 100nF Monores
Cl18 10nF Polystyrene 1%
C20 InF Polystyrene 1%
SEMICONDUCTORS

D1,34,8 1N4007

D28 1N4148

D6,7 OAS0

D9 1N4001

ZD1.234,8 ZPY100

ZD8,1 Not Required
TR1,86,7 BC548 :

TR3 MPS3638A

TR3,8 MPSA 14

TR4 BSX20

ICl1 REF03C

1IC2 4001BE

Ic3 TLC888C

LDl LED Red Hi Bright
Ll 10uH Choke

September 1987
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MISCELLANEOQUS
Constructor's Guide 1 (XHTOL)
SK1 PCB 8-Pin DIN 1 (YX91Y)
SK2 Power Skt 2.3mm 1 (FK06G)
Bl Min Piezo Sounder 1 (FMB8P)
Ml Geiger Meter 1 (FPSTF)
)) ¢} 3.8mm Jack Socket Stereo 1 (FE20W)
1 M 81,33 R/A DT3T Switch Slide 3 (FV03C)
1 (M1K2) Tl Transformer Module 1 (FP18K)
. (S:;&)’) GM1 Geiger Muller Tube AG1407 1 (FP96E)
- MAMT) PP3 Clip 1 (HF28F)
1 M270K) Geiger Case Drilled 1 (YP26D)
] ( Sponge Rubber Block 3 (FSO4E)
- W(mm; Tie-wrap 200 1 (BF93B)
2 (M4TE) Meter Mask 3 (UHSIY)
4 (MI10K) Wire Mesh 1 (UHB0X)
1 P.C. Board 1 {GD48D)
: (M(roolg No.4 x Yin. Self Tap
1 (MAT0R Pozi/Csk Screws 1Pkt (FPS8G)
- (MSGK; Label Front 1 (FSO1B)
1 IME Label Rear Small 1 (FS03C)
(M1MS5) Label Rear Large 1 (FS03D)
i (M150K) Pillar 6BA x Yain 1Pkt (FW38Q)
1 (M180K) Bolt 8BA x ¥in 1Pkt (FP6SA)
- (M220K) Shake BBA 1Pkt (LROIB)
(WR40T) Nut 8BA 1Pkt (BFISV)
Silica Gel 1Pt (FSIOL)
3 (RAL0T)  OPTIONAL
‘; (mm«l;)) Bl Battery PP3 Long Life Alkaline 1 (FK6TX)
3 (RABSK) Canrying Case 1 (YN7IN)
e (HY18U) Impact Adhesive 1 (FLASW)
1 (RA37S)
1 (RA36P)
1 (WXB2S) A complete kit of all parts, excluding optional items,
4 (RA48D) is available for this project:
1 (BXBET) Order As LM24B (Geiger Counter Kit) Price £99.95
1 (BX56L) The following items included in the above kit list are also
available separately, but are not shown in the 1987 catalogue:
Zener ZPY100 Order As UHS89W Price 24p
4 (QL79L) Geiger Meter Order As FP9TF Price £1.98
2 (QLSOB) Geiger Transformer Order As FP18K Price £1.95
3 (QHIIN) Geiger Tube Order As FP96E Price £59.95
1 {QL73Q) Geiger Case Drilled Order As YP26D Price £4.95
5 (UHBOW) Sponge Rubber Block Order As FSO04E Price £1.98
Geiger Meter Mask Order As UH91Y Price 98p
4 (QBT3Q) Geiger Wire Mesh Order As UH30X Price 58p
1 (QHB3T) Geiger Counter PCB Order As GD49B Price £1.95
2 {QH60Q) No. 4 x Yin. Self Tap Pozi/Csk Screws
1 {QF32K) (Pack of 10) Order As FP98G Price 15p
1 (RAS4F) Front Label Order As FS01B Price 88p
1 (QX01B) Rear Label Small Order As FS02C Price 88p
1 (RAT6H) Rear Label Large Order As FSO03D Price £1.20
1 (WLB4F) Bolt 8BA x ¥4 (Pack of 10) Order As FP69A Price 60p
1 (WH35Q) Silica Gel Order As FS10L Price 20p
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Y

A
REMOTE GEIGER Wire Mosh 1 o
. PC. Board 1 {GD33H)
PARTS LIST Cable Min Mains Black 3Mus  (XROIB)
Silica Gel - 1Pt (FS10L)
. Grommet SR 5M-3 1 (LR48C)
RESISTORS: All 0.6W 1% Metal Film >
Rl 1k2 1 (MIK2) DIN Pug 8-pin A i %
R2 4k7 1 (M4KT) 1 2 (FS06G)
R3 470k 1 (M4T0K) %"c‘:’ _ - o
R4S 4M7 2 (M4MT) = cgg Cab”““l‘ i FS08T)
R6 270k 1 (M3T0K) s Sulty
R7 5M8 1 (MBMS) End Cap Mesh Hole 1 (FS03K)
g ig : g:ﬁ??g oy e 3 Ara.ldne Rapid 1 (F1A44X)
RI10 10k 1 (M10K) e
Impact Adhesive - 1 (FIA3W)
CAPACITORS Cable Min Mains Black As Reqd (XRO1B)
cl 2n2F Monores 1 (RA4OT) DIN Phug 5-pin A } (HH2IE)
c28 InF Monores B (RA39N) g‘“ Qn’;“" 8-pin A Socket 1 (HH43W)
c3 10nF Monores 1 (RAUMX) s ber Sealant ! (81
C4,14 100uF 16V Min Electrolytic 2 (RASSK)
C6,7,8,9,10,11 - 4n7F 1000V Disc Ceramic 8 (HY18D)
Cl2 220pF Monores 1 (RA37S)
o s Mfmores . P) A complete kit of all parts, excluding optional items,
SEMI CTO is available for this project:
D1.3 405? ad 11;54007 4 (QLT9L) Order As LM25C (Geiger Remote Kit) Price £79.95
D2 IN4148 1 (QLSOB) The following items included in the above kit list are also
7D1.2.3.4.5 ZPY100 8 (UHBOW) available separately, but are not shown in the 1987 catalogue:
D67 Not Required Zener ZPY100 Order As UH8SW Price 24p
TRY BCH48 1 (QBT3Q) Geiger Transformer Order As FPZ8K Price £1.95
TR2 MPS3638A 1 - (QH63T) Geiger Tube AG1407 Order As FPI6E Price £59.95
TR3 MPSAL4 1 (OHGOO) Sponge Rubber Block Order As FSO4E Price £1.98
TR4 BSX20 1 (QF3ZK) Geiger Wire Mesh Order As UH90X Price 58p
Geiger Remote PCB Order As GD53H Price £4.50
MISCELLANEOUS Silica Gel Order As FS10L Price 20p
Constructor’ ; (XH791 Plastic Tube Order As FSOSF Price 30p
T Tnnsfermexsh?o?:l?;o } (FP’IBK; Coupler Order As FS06G Price 98p
L1 10uH Choke 1 (WH35Q) End Cap Plain Order As FSOTH Price 98p
GM1 Geiger Muller Tube AG1407 1 (FP9BE) End Cap Cable Entry Order As FS08] Price £1.30
Sponge Rubber Block 3 (FSO4E) End Cap Mesh Hole Order As FS09K Price £1.20
Tie-Wrap 200 1 (BF93B)

The Geiger Counter unit could be powered
by solar energy.
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ignal generators can be divided into
two kinds: analogue and digital. The =
analogue ones usually generate a sine wave s gars SIGNAL GENERATOR e
or several harmonics in the case of noise > uooet. S6-41508 '
generators. Digital signal generators usually
generate a square or rectangular waveform. !
And sawtooth waveforms, are they analogue
or digital? It does not matter, as long as we
can generate this very useful waveform for
use in timebases for sweeping across TV and
oscilloscope screens. l
Let us deal with sine wave generators ‘
first. Among the most useful ones are the '
Wien Bridge, the Hartley oscillator and the ,
Colpitts oscillator. These are basic oscillators
that go into making up a signal generator. The |
Hartley and Colpitts use a tuned tank circuit '
\
f
)
|
|

e e

FREQ RANGE

XTaL

O

{inductor and capacitor) and are useful in the
frequency range 100KHz to 500MHz roughly.
For frequencies of 1 Hz to 1MHz, the Wien
Bridge is a useful oscillator. All these circuits
provide the basic oscillations whereas a signal
generator has the added ability to produce a
modulated output.

= - — ’

Signal generators are used for tracing | | | amplifer and feedback loop must equal
faults in equipment including radio and L e
television receivers. They can also be used to | Figure 1billustrates the above points.
measure the response of ampiifiers and filters | { With the circuit modified so that Vout s not
and align them by providing an input signal ' " | zero, the bridge can be used to provide
and monitoring the output with an ! ? | feedback and hence oscillations. The bridge
oscilloscope. i has good stability and is often used as an
Qirne A/ . | audio oscillator.

Sine W@VG Oscillators ; One of the easiest ways of producing
The Wien Bridge was discussed in an . oscillation is to inductively or capacitively
earlier part and is reproduced here in Figure ! couple some of the output back into the input.

1a for convenience. At balance the bridge Y ' i The Colpitts osciltator in Figure 2 uses
yielded the following equations: A= =0
g 1 Figure 1a. A Wien Bridge.
a 27 CR ‘ — 1 [
[
R, | , Amplifier | +Vec
and R4 =2 : | gain | ‘ |
ifRy=R2=RandC,;=C,=C | | vi] Av __oVo=AvY | }
However, at balance Vout = 0 which is ’ éﬁ';:n
useless and a modification is required. The l ‘ — = -VJ |
Barkhausen criteria for oscillation states that | 2 2 |
two conditions must be satisfied if oscillations | | Feedback L1 3 Feedback
are to be set up and maintained. | Vg = BAYV; pELOTK ‘ ‘ A
! { utpu
i) Voltage must be fed back from the . = Vi = Input voltage | I ’
output to the input and must be in e Vi Vo 8 Output'voltage: i~ | |
phase with the input so that oscillations | | then BAy =1 V¢ = Feedback voitage | '
buiid up. | ‘
ii)  Theloop gain must be unity, i.e. the L — N - !

voltage gain around the combination of Figure 1b. Feedback for Oscillations. Figure 2. Colpitts Oscillator.
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capacitive coupling and the Hartley oscillator
in Figure 3 uses inductive coupling.
Whichever method is used the oscillations
build up in the LC circuit or ‘tank’ and the
frequency is given by:

1
2rVLC

In the Colpitts oscillator C, and C, are
ganged and therefore tuned together.
Nevertheless, in the initial design, greater
feedback can be achieved by making C,
smaller than C,. LC circuits can produce
oscillations in the megahertz range. If
oscillations in the gigahertz range are required
then magnetrons and klystrons must be used.

Square Wave Generators

Here the titie square wave is used to
distinquish it from sine waves but rectangular
waves are also included. There are two
methods of generating square waves. The
passive, pulse shaping circuit takes a sine
wave and truncates (clips) it to give an
approximate square wave, see Figure 4. The
alternative is to use active, pulse generating
circuits. Active generators charge and
discharge a capacitor and are called
relaxation oscillators. The most common
relaxation oscillators are multivibrators and
blocking oscillators.

We saw how the bistable (two state)
multivibrator was used in counters and
counting circuits. Here we require something
free running and the astable muitivibrator is
used. Figure 5 shows a basic astable circuit, It
is collector coupled since the collector of one
is connected to the base of the other. At
switch-on both transistors will start conducting
but because of small differences in their
characteristics let us assume that TR1
conducts more strongly than TR2.

The collector of TR1 drops towards zero,
biasing TR2 negatively and driving it further
into cut off. When a transistor conducts it is
useful to think of it as an electrical switch that
is closed. In this way it is easy to visualise C,
charging to the supply voltage V¢ via the
emitter-base path of TR1. Since TR2 s off, itis
an open switch and the full supply voltage
appears at its collector. On the other hand, the
coliector of TR1 is at zero volts since it is
conducting (switch closed). C, now starts to
discharge from —Vc exponentially through R,
reaching zero and tries to charge up to +Vg,
the base supply. This immediately forward
biases TR2 causing it to conduct and making
its collector voltage drop to zero. The drop in
collector voltage biases TR1 towards cut off.
With TR1 cut off, its collector is at Vc potential
and C, charges up to Vc via the low resistance
of the base emitter path of TR2. The whole
cycle then repeats and the waveforms can be
seen in Figure 6. The waveform of the
collector current is of opposite polarity to the
corresponding voltage since when the
transistor is ON (V¢ = 0) maximum current
flows and with the transistor OFF (V¢y = V),
the current is zero. For completeness, the
waveform at the base is shown. The siope is
the initial linear charging curve of the
capacitor. Since R; C4 = R, C,, the waveform
is a square wave at the collector. To get a
rectangular wave, one of the time constants
needs to be changed.

18

+Vee

tank

circuit
! P
| | -5

|

| Figure 3. Hartley Oscillator.

[ Sine wave
Square wave

Clipped sine wave

Figure 4. Puise Shaping.

TR2

| VB

| =

sl
Figure 5. Astable Multivibrator.

Figure 6. Astable Waveforms.

Let time constant ty = R, C4
and let time constant t, = R, C,

The period of each half of the waveform is
then given by:
Vs
Ve + V¢ )

T1 = t1 |Og e (
Vs
Vg + V¢

Thewhole period T=Ty + T,
Ramp Generators

The blocking oscillator is one of the best
known ramp generators, see Figure 7. In
addition the circuit produces puises. These
can be either a single pulse or a pulse train,
i.e. the circuit is capable of both monostable
as well as astable operation. The RC circuit
permits free running operation. Without it, the
blocking oscillator will be monostable.
Feedback from collector to base is via a
transformer. The dots on the transformer
indicate the direction of the winding and hence
the feedback is positive (regenerative). Since

T2 =t log e

Figure 7. Blocking Oscillator.

there is a 180 degrees phase shift between
base and collector signals, the transformer is
wound in antiphase to provide a further 180
degrees shift and bring the feedback back into
phase with the original input signal. A third
winding connects to the load and the direction
of winding can be chosen to give a pulse of
either positive or negative polarity.

The ON-OFF operation of the transistor is
controlled by the charge and discharge of C.
When C, discharges sufficiently to permit the
base-emitter junction of the transistor to be
forward biased, the transistor switches ON.
When the transistor is ON, current flows
through it to charge up C4. When C, has
charged up sufficiently, the base-emitter
junctionis reverse biased and the transistor
cut off. The cycle then repeats, see Figure 8.
The overshoot in the output pulse is caused by
oscillation in the coils when the current is
interrupted. The oscillation occurs at the
resonant frequency of the coils and can be
damped by choosing coils with low Qand a
suitable load.
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( Transistor Transistor PU/SB Chaf aCfeﬂSﬂCS '

% 10N IOFF| A perfect pulse is shown in Figure 9a. It
9 V o [ has perfectly flat horizontals and verticals, i.e.
| by the pulse rises to its full voltage
Yoo ' | I instantaneously, holds this value for the
|__ required time and falls to zero or a negative
value instantaneously. A pulse may not |

500 r l
Pink
200

100 }

| 50 +

occupy the full period allocated toit. For |
instance a train of 1MHz pulses gives a period

I

I 20
| ‘ ‘ of 1 us for each pulse. If the pulse occupies

|

l

10F  White ™
5

28
1t

Vil
L Transistor

discharges | only 0.5 us of this time slot it is said to have

50% duty cycle, see Figure 9b.

/ A non perfect pulse will notrise to its full
Vbe | value instantaneously. Instead, the rise time is
! , defined as the time taken for it to increase 05

| from 10% to 90% of its full value, see Figure 10Hz 100Hz 1kHz 10kHz 100kHz
L ! 9c. Similarly, the fall time is the time taken for
it to drop from 90% to 10% of its full value. |
Figure 8. Blocking Oscillator Waveforms. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>