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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 Mapcard, and also
cheques up to £50 with a cheque
guarantee card. We'll even accept
ordinary money as well!

All our shops are close to excell-
ent 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
and surrounding counties and is
just 15 minutes from Portsmouth
(from the M27 junction 6, turn left
onto the A335).

London

Our London store situated just to
the west of the pedestrian shopp-
ing centre in Hammersmith, is just
5 minutes from the end of the M4
and only a short walk from the

District, Piccadilly and Metropol-
itan lines’ Hammersmith station.

The Midlands

In the Midlands our Birmingham
store is just 5 minutes from the M6
on the A34, and only a little farther
from the MS (junction 1) on the
A4040.

The North

Our self-service store in Man-
chester serves the North and is
just off the Mancunian Way,
opposite the BBC, about 5§ minutes
from the end of the M602 or
junction 10 on the M63.

South-East
Essex and Kent are served by our

Southend shop which is right on
the A13, just 2 minutes before you
reach the centre of Southend. And
we're only 30 minutes from the
M25 (junction 29) as well.

All our shops are open from9am.
to 5.30 p.m. Tuesday to Saturday
(closed all day Sunday and Mon-
day) and do not close for lunch.

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.

Call in at a Maplin store and get
what you want today. We look
forward to serving you.
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by Paul Reeve Part 1

he high cost of a correspond-

ence quality printer has made it

feasible to convert a golfball

printer to have a centronics type

interface. The printer mechan-
ism is driven by 17 solenoids which are
sequenced by the on board processor,
according to the ASCII codes received.
The driver card and its program are an
integral part of the completed project so
none of the host computer's memory is
required to run this printer.

The driver card and the special
program will be explained in Part 2. First,
however, you will need the IBM Golfball
Printer Mechanism; available from P & R
Computer Shop, Salcote Mill, Goldhanger
Road, Heybridge, Malden, Essex, tele-
phone (0621) 57440. At time of going to
press this mechanism costs £45 in

operational condition but may be likely to -

require a general overhaul, or £55 fully
working, adjusted and serviced. This first
part of the article will be concerned with
checking out the printer mechanism.

Printer Checkout

The printer has two cables, one is a
mains lead, the other is the ‘driver/feed-
back loom'’. Connect the mains lead to a
plug, note the colowr code may be

LIVE Black
NEUTRAL Black
EARTH Green/Yellow

The live and neutral can be inter-
changed as they are only used to drive
the printer motor and are therefore,
isolated from the chassis. Make doubly
sure that the earth is connected. Once, by
physically checking that the wire is
connected to the chassis and also by
measuring the resistance between the
plug earth pin and the printer case. Fuse
the plug with a 3 Amp fuse.

WARNING: The printer mech-
anism, when switched on, has enough
energy (thermal, mechanical and elec-
trical) to cause serious injuries. I there-
fore recommend that you think carefully
about what you are doing before putting
your fingers inside! Switch off at the
mains socket and pull out the plug before
making any adjustments.

2

After a

Switch on the printer.
possible clatter of any previously set
solenoids, check the front panel buttons
(if nothing happened then check the
mains switch under the printer is in the
up position). From left to right, they

perform TAB, BACKSPACE and
CARRIAGE RETURN, verify that these
work. Open the lid and move the left
margin stop, which is on the flat bar
which is nearest to you, to the left hand
end and remove any TAB settings by
lifting the TAB lever each time a TAB is
encountered. You will now be able to
check the functions over the full range of
travel of the print head. Where the
printer has been standing for a long time,
it is likely that the mechanism may stick
in some places. This stickiness may
prevent the backspace from working at
all. If you are getting these problems, you
may be better to free the mechanism by
printing a succession of ‘CR’s followed by
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Figure 1. Print Solenoid Assembly

‘TAB's once the interface has been built.
If you cannot even hear a response when
you push any of the buttons, turn off,
open the lid and examine the mechanical
linkages from behind the buttons. If the

|

SOLENOID GOLFBALL FITTED WIRE COLOUR
Normal Bank '
Lower Upper Lower Upper ‘
T2 b B RV X Yellow ’
CHECK - o TF — Yellow/Light Blue
T1 w w CR + Yellow/Black
R2A q Q 8 0 Yellow/Brown
R1 y Y 7 | Yellow/Red f
R2 q Q 8 0 Yellow/White |
-R5 i J BC & Yellow/Orange
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linkages appear to function but the
buttons do not work, then the static
checks to be performed later will check
out the appropriate solenoids.

Load a sheet of paper into the
printer and support it so that the under-
side is accessible before turning it on.
Switch off and unplug the printer. If you
can support the printer so that it is tipped
backwards by approximately 45 degrees,
you will see a row of seven solenoids in
the bottom left corner. From left to right,
these solenoids are T2, CHECK, T1, R2A,
Rl, R2 and —R5, label these before
switching the printer on (see Figure 1).
Manually pushing the tops of these
solenoids will print characters which will
depend upon the type of golfball fitted
and whether upper or lower case is
current. See Table 1 for expected resuits.

This manual check will probably
already have been carried out by the
supplier of the printer, as a confidence
check that the print mechanism works. If
all is OK so far, you have all the functions
you require to build a functional printer;
therefore, be sure to see these demon-
strated or you may be buying a useless
mechanism.

Unplug the printer and open the lid.
Remove the roller by pushing the small
lever at each end, note that the toothed
wheel for the line feed drive is on the
right. Remove the bright, metal, paper
guide which has now been exposed, note
the rear edge is curved to help with the
loading of paper from the rear. The four
pinch rollers can now be removed; note
how they are installed and that the larger
diameter pair go to the rear.

WARNING: You must assume that
spares for this machine will be very
difficult, perhaps impossible, to obtain,
80 treat everything very gently as you
could jeopardise the whole project by
breaking something.

Remove the white part of the cover
by pulling the two latches under the
bottom rear cormers towards you (as
shown in Photograph 1). This will enable
you to lift the lid several inches before
you have to undo the connector on the
wires which are holding on to the lid.
This wire goes to the paper out detector
(Figure 2) which is not used in the
interface because, when using single
sheets of paper, it is inconvenient not to
be able to print in the bottom three
inches of the paper.

With the printer placed with the
front panel down, strip the insulation
from the large diameter cable up to a
point approximately one inch from the
metal ‘P’ clip. On the other side of this
clip, you will see that the unused wires
have been bound together with sticky
tape, unwrap them and then slide these
wires out one at a time. You may be
tempted to use some type of solvent to
clean the wires, avoid this for now unless
you are certain that the solvent will not
remove the coloured stripes from the
remaining wires. Cut the remaining wires
in the loom so that they are 24 inches
long, measured from the P clip (this is not
the final length but it does make them
more manageable).
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C7 Shitt contact
assembly

Case shift solenoids

Push both levers
to release white
cover

Carrier return interlock [CR!

Photograph 1. The Printer with covers removed

Figure 2. End of Paper Detector

[ As you can see from Figure 3, each
of the solenoids has a reversed diode
connected in parallel to clamp the
voltage overshoot when the current is
turned off. It is necessary to prove that
these solenoids, diodes and wire colours
are correct before risking the interface
card, which could be damaged.

The colours given in Table 2 cannot
be guaranteed, so be sure to confirm and
label each wire as it is checked out.

Turn the printer onto its back face
and locate the seven print solenoids.
Directly above these you will see a row of
terminals. Unscrew these two blocks.
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YEL YEL/
LIGHT BLU
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T30
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YEL/KHAKI  WHT/BRN WHT/KHAKI WNT/ WHT/RED
LIGHT BLU
Back- Line
space Feed Mum
YEL/ WHT/ WHT/ YEL/ YEL/GREY
MAUVE MAUVE DARK BLU DARK BLU

Figure 3. Solenoid Wire Colours



Adjustments and
Principle of Operation

NOTE: It may not be necessary to do
all of the adjustments that will follow, but
they have to be included because you
are unlikely to be able to obtain any
support or servicing except that supplied
by yourself.

To explain the various functions of
the printer, I will adopt the principle of
working backwards from the required
function. Hopefully this will be the most
familiar place to start from. During this
section, hand cycling will be mentioned
many times. This involves turning the
printer motor by hand which allows you
to stop the cycle at any point to do
adjustments. Try a sample hand cycle
now by turning the motor shaft so that the
top of the belt is moving into the printer;
once any preset latches have cleared, the
motor will be easy to turn. Push the
carriage return button on the front panel,
turn the motor and observe the slow
carriage return. Needless to say itis not a
good idea for the the printer to remain
plugged in at the mains socket whilst you
are doing this!

With the print head at the left hand
side of the carriage (if not check that the
margin stop on the front rack is at the left
hand end and recycle), remove the right
hand half of the black plastic shield as
shown in Photograph 2. Lift the front
enough to unclip it gently, remove
without damaging or straining anything.
Hand cycle as many TABs as necessary
to move the head to the right hand end
and remove the left half of the plastic
shield in the same manner. This will
make the examination much easier.

_———

Escapement
drum gear Operational shaft

|
|
|
i

Tab pinion

Tab governor arbor gear collar

Tab governor spring l

Figure 7. Tab Governor Pinion

If you now cycle a carriage return,
you will see that the head is being driven
by a steel wire which is unwinding from
one reel, whilst the other end winds onto
another, which is on the same drive shaft.
Further out on the same shaft is the
spring which has its tension increased
during a carriage return. This provides
the force to move the print head forward
when printing single spaces or char-
acters (see Figure 6). If you hand cycle a
TAB, the head will be driven forward and
the spring is unwound so the motor will
be easier to turn. Repeat as many times
as necessary. If the wire stretches, it has
the slack taken up by the pulley at the
right hand end, which is mounted on a
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Photograph 2. The Waming Label is on the righthand Plastic Shield

Actuating arm

Shoe to overlap
last three turns

|
z

Clutch spring Carner return
| pinion
|
L R -
Figure 8. Carrier Return Clutch
spring tensioned slide. These two

springs do not look strong enough for
this wire but if you try to squeeze two
turns together with your fingers, then I
think you will be surprised at their
strength.

Mainspring tension should be
adjusted to give enough torque to move
the print head, but not so high that a
carriage return would stall the motor.
Remove the motor capacitor clip (you
may need to remove the capacitor first),
which will expose the black mainspring
cage. At the right hand end of its travel is
the cage stop screw which has a rubber
head; the tension can be set by removing
this screw and measuring the pushing
force on the print carriage as it passes
the point where the screw had been. This
should be Y2 to ¥% pounds of force.
Adjustment is carried out by changing
the number of turns on the mainspring,
the spring is not as strong as it appears.
To unlatch the cage, rotate it clockwise
slightly and withdraw the unit towards
you. Adjust the tension, replace the cage
and re-measure the force. Should you not
have the means to meaure this force then
there is no need to remove the cage stop
screw. Position the carriage at the right
hand end and then adjust the mainspring
cage so that it has 5§ tumns on it. This is
meant to be an approximate setting, but
the prototype appeared to have about
double this number, so the measuring

technique appears more satisfactory.
The other end of the shaft has the
spool for one end of the wire, and also
has crown type gears, (i.e. the cogs’
driving faces are at 45 degrees) hence
the cogs are at 90 degrees to one another.
If you turn the motor without a ‘CR’ or
‘TAB' then neither of the driving cogs
produce any movement because the print
carriage is being held in place by what
the IBM book calls the Print Escapement
Mechanism (see later). When the car-
riage is released, (by selecting a TAB)
the driving cog nearest the right hand

Adjustment
screw

/

Set 10-20 Thou’

r

Clutch
actuatingarm |

Clutch
actuating
shoe

Figure 9. Brake adjustment

| end is allowed to move the carriage. This
cog is trying to drive all of the time by
means of a slipping clutch; the clutch
consists of a spring which is used as a
crude regulator for the perpendicular
force on the clutch. This spring has turns
of rectangular cross section, and is
rotated in such a way that, should the
driven end attempt to stall, then the
| spring would try to unwind. This would
effectively reduce the number of turns
and hence if fully squashed, the spring is
shorter. Initial setting of the spring is
obtained by inserting a 0.005 inch feeler
| gauge between the TAB pinion gear and
its collar and adjusting the TAB governor
arbor for no play (see Figure 7).
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If a ‘CR’ is pushed, the escapement
mechanism releases the carriage in the
same manner, but this time the ‘CR’
pinion will give the dominant force.
Again, a spring is used, but this time the
pinion has a tubular extension which is a
close fit on the inside of the spring. Under
normal conditions, the spring will slip
over the pinion’s extension but a small
brake is applied to the last three turns of
the spring which causes drag on the
spring (see Figure 8). Dragging the
spring increases the number of turns and
hence the diameter reduces until the
pinion is gripped by this strangulation
effect. Should the force from the brake
block need changing, adjust the screw as
indicated in Figure 9.

0.005"t0 0.015"

Downwards motion releases clutch

|
Figure 10. Snail Disc

On the shaft that is driven by these
‘clutches’ are two cams which are used as
follows. The right hand cam is for ‘CR’,
and is only activated for a ‘CR’ or a ‘LF,
(note a carriage return without a linefeed
is not possible). Rotation of the cam is via
a pawl which engages on the rotating
ratchet wheel. This pawl is engaged/dis-

engaged by the ‘snail' disc in between

the cam and the pawl (see Figure 10). I
have called this a ‘snail’ disc because of
the slot it has for lifting/lowering the
pawl, normally the pawl is disengaged

—
/ Interposer
/ Contact actuated

Interposer interposer
latch switch

Moves in to hold contact
whilst interposer is reset

Figure 12. Linefeed Drive

used to reset the latch during the cycle as
well as holding the CIS switch in the on
position during the cycle. Hand cycle to
familiarise yourself with the action of the
CIS, and adjust the mounting bracket so
that the CIS breaks when cycled. Also
adjust the keeper to hold and release as
it moves during the cycle. (See Figure
11). As the CIS is activated on ‘CR’ and
‘LF’ you must check that your adjustments
work on both. This is not always possible
as wear on the pivot of the microswitch
will allow it to tilt before rotating in the
required dirction. If you are unable to
adjust or repair this microswitch, so that it
works on both, then adjust it for the
linefeed to work correctly, as it is
possible for the software to ignore this
contact and operate in open loop mode.

The main cam drives the two rollers
which, if you lift by hand, will operate the
line feed mechanism. Be sure to note the
adjustable linkage in case you need to
adjust later. When viewed from behind,
you will notice a stop which allows you to
coarse set the ‘LF' movement (see Figure
12). This should be in the correct position
already. Whilst you lift the cam up and
down, watch from behind the printer and
push the ‘CR’ button. Note that the latch
has allowed a barb to hook onto the ‘LF’
actuator which has increased the force
required to lift the cam up and down. The
extra function performed is to lift the
brake into a position where it will engage
the 'CR’ pinion gear. An extension to the
rod that operates this brake appears on
the right hand end of the printer, where a

Figure 11. Return Interposer Switch

and the snail is prevented from rotating
by a small barb on its edge. When a
carriage return is requested, a latch is
released which:-
1. Operates the Carrier return Interposer
Switch (CIS).
2. Frees the snail which engages the
ratchet pawl.

You will note that the ‘CR' cam is
really two cams, the light coloured cam is
6

Figure 13. Carrier Return Interlock

latching mechanism holds the brake in
an engaged position until the ‘CR' is
completed.

In Figure 13, you can see that the
latch is also used to hold the Carrier
Return Interlock switch in an activated
position. I have noted that there are two
types of contact on the printers I have
seen, SO yows may vary from the
diagram. Only the normally open con-
tacts are used, so adjust this gap to allow
approximately 0.020 inches when open
and then check electrically that the
contacts switch at the correct time when
hand cycled. Contact bounce may occur
when the printer is running at full speed;
this is caused by the moving contact
transferring some of its momentum to the
stationary contact which then starts to
move in the same direction, hence the
contacts momentarily open again. The

Unlatched link

Figure 14. Carrier Return Clutch unlatching

time of this bounce is mainly dependent
on the restoring force from the stationary
contact, so some springs may cause long
or multiple bounces. To avoid problems
caused by this bounce, the output of the
switch can be ignored for a longer time
period, or if the switch is totally non-
functional, the software can run in the
open loop mode for a carriage return,
The release mechanism for the latch can
be traced by following the black rod
towards the front of the printer (see
Figure 14). This rod is pulled by the
margin rack. Adjust the black actuating

Figure 15. Pawl to Interlock link

clip on the margin rack so as to be able
to work the linkage even if the rack is
tilted. The linkage on the end of the pull
rod can now be adjusted to give
approximately 0.040 inches of latching.
Also operated by this Natch is the
device for disabling the print escape-
ment pawl; this will be dealt with later
(see Figure 15). Likewise, the ‘“TAB' cam
also has a ratchet and pawl driven as
before, plus an extra cam which is used
solely to reset the latches during a cycle.
This cam also controls the ‘SPACE’ and
‘BACKSPACE' functions.
As with the ‘CR' cam, a latch is
released which allows it to start its cycle,
Maplin Magazine September 1985



Escapement pawi fails Adjusting stud
1o locate when
cycled by hand
e r_:g?:
5
& I i
, 6___}_\ o) |w’or'modum
Escapomon 73 ANV
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Escapement rack Backspace rack

Figure 16. Backspace Rack

during which the latches are reset. This
time all three functions cause a latch to
hook a barb on to the lifting mechanism
which is mainly obscured by the main-
spring which was adjusted earlier.

The ‘BACKSPACE' is an easy one to
follow, so hand cycle a few times and
note the two racks moving relative to
each other. The starting point of this
motion is determined by the adjustable
nut just above the mainspring; note
where this is for now, but do not adjust
until the print escapement mechanism
has been understood as the two are
interrelated (Figure 16).

The ‘SPACE' operates the rod which
is also used to terminate the ‘TAB’ cycle,
but this time it is only tilted momentarily
before being released. Therefore, only
one position is moved. A threaded stop
determines the rest position of the
linkage (Figure 17), whilst an adjustable
pusher varies the limit of the travel. This
‘SPACE’ mechanism is also used every
time a character is printed, to move the
print head to the next position. This time,
the motion is transferred via the linkage
which passes between the two cams with
its adjustable link in between the cams.
Hand cycle one of the printing solenoids
and note how the linkage is pulled by the
small cam which is driven by cogs at the
left hand end of the printer (Figure 18).

The ‘TAB’ actuates the black rod
which disables the escapement paw]; this
latches in position at its left hand end,
until it is released by the lower black rod,
which indicates that a TAB has been
found, or it is the end of the line (Figure
19). During the latched time, the mal-
select microswitch is held in a closed
position. If this does not function, then the
printer could be used without tabs but if
required, a long delay could be inserted
in the software to allow for the slowest

Cam operated every time
a character is printed

Figure 19. Escapement Pawl

‘TAB' to happen.

Once the escapement pawl has been
pulled out, it is latched in position as
shown in Figure 20. When a ‘TAB’ or end
of line is encountered, the tab pawl is
pushed until it unlatches itself and the
escapement pawl, allowing it to reengage
with the escapement rack and release the
malselect contact.

Lift the ‘TAB’ lever on the front panel
to see the ‘TAB's cylinder twist in a
direction which will cause the appro-
priate ‘TAB' to be disabled by the pusher,
which is screwed on to the print carriage.
Because of its shape, the tip must be
aligned to push on the ‘TAB’ and its
forward/backward position adjusted to
set the off position of the ‘TAB’; Figure 21
shows a cross sectional view of the
pusher mechanism and the position of the
pusher.

When the end of the rack is reached,
the ‘TAB’ pawl is reset and the Last Char-
acter microswitch is activated, adjust the
switch as required.

Printer Head
Operation

Remove the ribbon from the print
carriage. This allows a better view of the
moving parts. Trip one of the print
solenoids and cycle a character by hand
to see what happens. The head will tilt
and rotate before lifting to strike the
paper.

Tilt and Rotate are two different
functions which are transmitted to the
golfball by means of two tapes which are
driven from the static part of the
machine. Tilting motion is transferred by
the tape which does a full loop in the
horizontal plane, the end which goes to
the right hand side of the print head is
fixed via a screw which passes through
the top of the carriage and through a hole
in the tape termination. The other end
enters by the left end of the carriage and
is partially wrapped around a white nylon
pulley before being terminated as the
other end. The centre of the tape is
guided round pulleys so it is free to travel
and only a change in the length of the
loop will affect the position of the white
pulley. A very light pull on the tape will
cause the head to tilt slightly; removing
the head will expose the push rod used to
convey the horizontal rotation of the
pulley to the vertical rotation (tilt) of the
goliball. Obviously, it is not very likely
that the tape could give repeatable
results as it will tend to demonstrate
some elastic properties, so the golfball is
locked in place when it has been placed
near enough by the tapes. Examine the

Tab pawl

Tab rack

Escapement pawl!
Escapement
rack

This is unlatched
when a tab ston

s
-
_

0.003"t0 0.010"

Figure 17. Space Mechanism
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left hand side of the tilt pivot for the
golfball, the lower edge of the moving
part has four slots in it which are used to
lock the head (see Figure 22). Hand cycle
any character and note how the linkage
is driven by the cam through several
levers to lock the tilt, whilst locked you
will notice that the tension in the tape is
much higher, as the pulley end is now
effectively fixed.

How is the length of the tape
changed? Figure 23 shows the left hand
end of the tilt tape driver. All motion is
transferred by Tl and T2 being pulled
downwards or not, Tl is the one furthest
away from the fulcrum. These two, with
two possible states each, give four
possible positions, as the fulcrum is not
symetrically placed between T1 and T2.
To show the variation, assume the pulling
is done through a distance of three units.
If both Tl and T2 are selected, then
neither will move and the net result is
zero motion. If neither Tl or T2 is
selected, then both will be pulled and the
fulcrum will be pulled by three units.
Should T1 only be selected, then only T2

-—
|

I

Rotation caused
by tilt tape

/ \ Locator for final
~ A alignment
| / 9
\ / |
N N Loosen nut to make
adjustment
=¥,
“\
/U=
YAl

Tilt tape ¥

<

1 Adjustment screw
1l

M
]
/N

Figure 22. Tilt honing

is pulled and the fulcrum will be pulled
by an amount which is between 3 and 0,
but is nearer to the value of the T2, by
choosing the fulcrum to be only one third
of its length from the T2 end giving a net
pull of two units. Likewise, if only T2 is
selected, then only T1 pulls, giving a net
one unit of pull. So all four combinations
give a different result. If the top row of
the golfball is row 0 then the tilt occurs as
below:

Tl T2 Row
0 0 0
0 1 1
1 0 2
1 1 3

Selection of the T1 and T2 will be
described later. Any offset can be
adjusted by varying the length of the tape
by adjustment in the position of the pulley
at the right had end of the tilt tape (as in
Figure 22). If the error needs adjusting
due to the increments being the wrong
size, then it is possible to alter this by
moving the position of the tilt arm link
(see Figure 23).

8

|

Tab stop is not set.
Escapement
Bracket
% Equal clearance
e |

Figure 21. Tab Pusher adjustment

The rotation of the golfball is caused
by another tape which has its end joined
to a metal pulley on the print head which
rotates when the length of the rotate cord

is varied. As before, the length of the |

cord is not accurate enough to produce
consistant results, so the rotation is

locked in place. Hand cycle a character ‘

to find out what is happening and note
the way the rotation is locked in place; if
you did not have the head in position, you
will have missed the lock, as the ball
itself has the teeth that the lock engages
with (Figure 24).

NOTE: When the golfball is not |

installed correctly and the printer is
running, there is a high chance that a
tooth will be knocked off the golfball by
this mechanism.

Selection of the tape length is similar
to the tilt function but it has one extra

Adjustment for change
in tape length per given
movement of tilt arm

-
Figure 23. Tilt Arm motion

Gotfball

RER R RN T L A1

(GRS NONW SO

L —_—

Figure 24. Detent Actuating Lever

stage (Figure 25). The top of Rl and R2
behave in the same manner as before
and this is then combined with R2A as
before, but this time the fulcrum is 0.6 of
the total length away from R2A. The
resultant of R1 and R2, with a full scale
pull of one unit, will be either zero, one
third, two thirds or one. When combined
with R2A, which has a position of one or
zero, the total resultant will be equal to
the position of R2A plus 0.6 times the
difference in position of the R2/RI
combination. See Table 3 for clarification.

(RZA R2 R1
0 0 0 0 as nothing

is pulied
0 o0 1 0+%"06 = 0.2
0 1 0 0+%°06 = 04
| 0 1 1 0+1*06 = 0.6
1 0 0 1-1'06 = 04
| 1 0 1 1-32'06 = 0.6
[ 1 1 0 1-%4"0.6 = 0.8
1 1 1 1-0"06 = 1.0
Table 3

Form these lugs to give
| the clearance shown

i 0.005" t0 0.008"

Figure 25. Rotate latches

In Table 3, a ‘I' refers to the item
being pulled and as such is negative
logic for solenoid selection. Six different
positions are given here and all re-
present a positive rotation from 0 to +5.

On the lever which¢ takes the
resultant to the rotate tape is yet another
arm to be summed into this movement. It
is actuated indirectly by the print
solenoid —RS, which adds in a negative
rotation of five characters. This extends
the range of rotates to eleven, i.e. from
—8to +85 (Figure 26).

Eleven characters account for one
half of the golfball which generally is the
upper or lower case of a normal type
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golfball. To obtain the other half, the tape
length is changed by the case shift
mechanism. Examination of the pulley at
the right hand end of the printer shows
that the pulley used for the rotate has its
position changed by the cam on which it
sits. Hand cycle a case change and watch
the pulley move in or out. Whilst at this
part of the machine, adjust the shift
contacts (if necessary) so that they are
normally closed, but open during a shift.
As before, the method of selection of the
solenoids will be described later.

With the ribbon cartridge removed,
the drive method can be seen if you hand
cycle any character; the pulling action is
introduced by the same cam that is used
for lifting the print head. The ribbon
direction can be changed manually by
the levers or an auto reverse is used
when no more ribbon is available. To
remove the plate which holds the ribbon
spools, undo the two screws which will
then allow you to remove the plate. This
is a very frustrating exercise which
involves moving the golfball holder
forward (by hand) whilst gently moving
the ribbon carrier to the right to
disengage it from the cam.

It is now possible to see how the
ribbon is lifted, and the amount of lift.
Two levers are visible on the back of the
carriage, the right hand one is used to
produce stencils, so pushing this towards
the front of the printer lifts the ribbon to a
height where the golfball strikes the
paper underneath the ribbon. The left
hand lever has several settings and is
used to vary the amount of lift, by shifting
a pivot point; fully back gives zero lift.
Colour changing of the ribbon is ob-
tained by changing the length of the tape
which adjusts the stop that is connected
to the left end. This causes two different
stop heights, hence top or bottom of the
ribbon is available. Adjustment is fairly
critical, so trip the appropriate solenoid
at the far left edge of the tape and adjust
the position of the pulley at the right end
of the tape.

The remaining cam is on the right
side of the carriage and is used to fire the
golfball at the roller. Although it is
possible to do adjustments in this region,
the distance of flight is adjustable by the
small lever to the right of the golfball, so
use this for any trimming you need to do.
In addition to this, the roller is adjustable
for the thickness of paper (or number of
sheets) by the lever at the back left of the
printer. This drives two small cams on
either side of the machine, which
normally work loose, so set to equal
positions and tighten.

The tilt and rotate selections have
had their magnitudes explained; now we
will see how the selections are made. Lay
the printer on its back edge and activate
one of the solenoids. Immediately you
will hear the clutch being unlatched via
the black pull rod. You can reset the
clutch by lifting the top end of the spring,
which is directly above the pull rod.
Check that every one of the solenoids is
able to trip the clutch. When viewed from
above, you can see that the outside of the
clutch (just left of drive belt) rotates. This
September 1985 Maplin Magazine
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Figure 26. Golfball characters

!‘i.gure 21. Cycle Clutch|Check Pawl
is similar to the clutch of the print

. functions. When the outside rotates

relative to the inside, a spiral arrange-
ment engages the clutch. During the
rotation, the ratchet on the outside of the
clutch moves until it gets caught after
rotating 180 degrees which then disables
the clutch, the trip mechanism having
been reset by the cam, adjacent to the
clutch, during the cycle. When the print
shaft has finally come to rest, a pawl at
the other end engages and prevents a
reverse rotation, the forward movement
being halted by the ratchet shape on the
clutch, holding it from forward rotation
(Figure 27).

Ar.;u(uro pulled
by solenoid

Figure 28. Latch Pusher Operation

On the shaft, in between the two
ends are five cams arranged as two pairs
and one single one. The inner pair are
used to reset the activated solenoids
during the print cycle. The description is
rather difficult, so I suggest that you cycle
a character and watch the very small
movements associated with this reset.
The outer pair are used to move the
frame which pulls all of the positive
rotate latches.

With the printer on its back, push the
R2A solenoid, then cycle slowly noting
the following. First, the reset bar moves
away from the solenoids, allowing any
tripped solenoids to release its pusher
(repush R2A if it did not release). The
pusher in turn pivots and lifts the

Arm as in

RS Cam
\ 8/ Figure 25

. | Stop
3}’__\“ — N _ p u /
o 2 =
/ . — I
-R5 armature t W

I _
Figure 29. —R5 Actuating Mechanism

appropriate puller away from the pulling
frame which will now start pulling,
leaving the R2A behind. This method
applies to all of the positive rotate and tilt
latches (Figure 28).

The CHECK solenoid is used as a
method of tripping the clutch without
selecting any of the print solanoids. —RS
is tripped in the same manner as the
positive rotate latches, only this time, a
stop is removed by the pusher to allow
the —RS cam to be followed (Figure 29).

This completes the mechanical test-
ing of the printer. In Part 2 we shall move
on to the printer driver electronics and
details of the necessary power supply
and the special programs which will be
resident in an EPROM device.
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The Multimeter is so vital in servic-
ing electrical appliances that without it,
one would be working in the dark. It
reveals the exact nature of the fault in the
appliance or circuit, and provides in-
formation to enable you to discover the
cause and provide a cure.

How well and how quickly you will
be able to do this will depend on your
electrical knowledge and experience. So
to assist you to acquire this electrical
knowledge, let me briefly explain the
fundamental principles underlying the
units of electricity, and their application
to an electrical circuit. The strength of a
steady direct current of electricity flow-
ing in a closed circuit is directly propor-
tional to the electromotive force, and
inversely . proportional to the resistance
of the circuit where I equals the current
expressed in units of amperes (A), E
equals the electromotive force
expressed in units of volts (V), and R
equals the resistance expressed in units
of ohms ({)). The above is known as
Ohms Law, and states that the electro-
motive force divided by the current is
equal to the resistance of the circuit, and
is shown in a formula as R = E + . The
current flowing in the circuit is calculated
by dividing the electromotive force in
volts, by the resistance in ohms, which is
shown in formula as I = E + R, and lastly,
the electromotive force is found by
multiplying the current in amperes by the
resistance in ohms, which is expressed in
a formula as E = [ x R. A simple method
of remembering this formula is by
drawing a triangle as shown in Figure 1,
and by placing a finger over the wanted
quantity, the required formula will be left.
For example, to find resistance, place a
finger over R, leaving E + I. To find the
current, place the finger over I, which
will leave E + R, and to find the electro-
motive force, place the finger over E,
leaving I x R.

Example 1

If an electric kettle with a 60 ohm
element was connected to a 240 volt
supply, calculate the current flowing in
the element. By placing the finger over
10

By R. Richards

I xR

| S—

Figure 1. Ohms Law Triangle
the wanted quantity I, it would leave:-

_E _ 240
R - 60

Likewise, by placing the finger over
the wanted quantity R, the resistance
would be:-

R 60 ohms.
I 4
And lastly, by placing the finger

over E, it would leave:-
IxR = 4x60 =

Electric Power

The electrical unit of work per-
formed in unit time is one joule per
second, and is known as the watt, which
is expressed in formula as P. The power

= 4 amperes.

240 volts.
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Figure 2. A meter movement

expended in watts is equal to volts
multiplied by amperes. Therefore, the
power is given in formula as P = E x L.
The power can also be expressed in
formula as:-

P - xR

or )
- _E°

P =3

That is, the current squared multi-
plied by the resistance, or the EMF
squared divided by the resistance.

Example 2

If a 2 kiowatt electric fire is
connected to a 250 volt supply, (a) what
current will flow through the element?
(b) what is the resistance of the element?

In the case of (a), the power in watts
is given as P = E x I, therefore the
current will be:-

P 2000

I = -+ = 3% = 8 amperes

For (b) the resistance of the element
equals:—
E 250

To calculate the power dissipated in
the element:-

= 31:25 Q)

P = ExI =250x8 = 2000 watts,
or
_ E? _ 2507 _
P= R~ 31250~ 2000 watts,
or

P=F xR =8x 8x 3125 = 2000 watts.

Or 2 kilowatts (kW). The foregoing
information is a brief description of elec-
trical units such as volts, amperes, ohms
and watts, together with examples to
show how they are applied to an elec-
trical circuit, which will assist you in mak-
ing logical deductions when testing elec-
trical appliances or circuits. In this article
we shall be using ‘mundane’ household
appliances as examples, but the same
principles apply to more sophisticated
electronics circuits, where each indivi-
dual stage in a complex system can be
regarded as as circuit in its own right.
Detailed trouble-shooting of electronic
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circuits of this type is a subject already
covered by the series ‘Project Fault
Finding’ as featured in this magazine.

The Meter Movement

Let us now look at the working
principles of a typical multimeter which is
illustrated in Figures 2 and 3, which show
a typical layout of the components.
Figure 2 shows the moving coil pivoted
between the shaped poles of a perm-
anent magnet. Any current flowing
through the coil will set up a magnetic
field in opposition to the field of the
permanent magnet which will deflect the
pointer against the torque of the two
spiral springs. These spiral springs also
serve to restore the pointer to zero when
the current ceases to flow. The instru-
ment is designed so that the amount of
current flowing through the coil deflects
the pointer to a position on the scale
proportional to the amount of current
flowing through the coil.

Ammeter

For example, if a moving coil was
designed with a resistance of 108 ohms
and a full scale deflection (FSD - needle
at right-hand end of the scale) current
chosen at one milliampere to flow
through the coil, this would act as an
ammeter with a range of 0 to 1 milli-
amperes (1 mA - one one thousandth of
one ampere). By shunting the moving coil
with a 12 ohm resistor, 1 milliampere
would flow through the coil, and 9 milli-
amperes through the 12 ohm resistor,
hence giving a full scale deflection for 10
milliamperes (10 mA), thus increasing the
range of the ammeter to 0 to 10 milli-
amperes, as in Figure 4 (a). It is in this
way that the instrument functions as an
ammeter, and by shunting the coil with
different resistors the instrument can be
made to measure current over a number
of different ranges.

DC Volitmeter

When the instrument is used as a
voltmeter, the switch is tumed to the
range of the voltage required. This oper-
ation connects resistance in series with
the 108 ohm moving coil, as in Figure
4(b).

For example, if a resistor of 4,892
ohms was connected in series with the
108 ohm coil, giving a total resistance of
5,000 ohms, and a current flow of one
milliampere in the coil, i.e. one thous-
andth of an ampere, then by Ohms Law E
= ] x R we have 0.001 (A) x 5000 (2) = 5
volts for a full scale deflection, giving a
range of 0 to 5 volts. Likewise, by conn-
ecting a resistance of 249,892 ohms in
series with the 108 ohm coil, which gives
a total of 250,000 ohms, and by using
Ohms Law E = I x R we have 0.001 (A) x
250,000 (2) = 250 volts, giving a range of
0 to 250 volts. This explains the principles
involved in adopting the instrument as a
voltmeter to measure DC voltage. If a
variety of series resistances were made
available by a selector switch then a
number of different ranges are made
available.
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Figure 3. A typical multimeter

AC Voltmeter

When the meter is switched to
measure AC voltage, a rectifier is
connected in series with the moving coil
and its series resistance, thus converting
the AC voltage to DC voltage. The meter
is calibrated (series resistance chosen)
so that the rectified DC voltage across
the coil gives an equivalent reading to
the actual AC voltage in the circuit, and it
is in this way that the meter is converted
to measure AC current and voltage.
Because the voltage under test is
alternating, the range of switchable
series resistances are invariably some-
what lower in value to those used for DC,
this is because the meter must measure
the root mean squared (RMS) value of the
AC waveform. It follows from this that as
a result only sinusoidal waveforms can
be accurately measured, and although a
square or pulse waveform will operate
the meter movement, the actual reading
is usually quite meaningless!

Voltmeter Impedance

It will have to be borne in mind of
course that any additional resistance
added in parallel to any part of an

1mA 10mA
—————

— 33— W

—
1T
10R
T
S {Ci
10R 10R ol
— — !
1T J —__T

Figure 4. (a) 10mA ammeter with shunt res-
istor; (b) Series resistor to convert to S voits
FSD; (c,d) Resistors in parallel and series

existing circuit will change the effective
impedance of that part of the circuit. This
is what can happen when connecting a
voltmeter (DC or AC) into a circuit, in that
the meter itself adds to the load. If the
source impedance is high then the
additional load of the voltmeter will
cause the voltage across that part of the
circuit it is attempting to measure to
drop, creating an erroneous reading. In
the case of our hypothetical voltmeter
described above, because the full scale
deflection sensitivity of the movement is
ImA, and subsequent series resistances
are chosen accordingly for particular
voltage ranges, the instrument can be
said to have an impedance of 1 kilohm
per volt (1k§)/V), the actual total imp-
edance depends of course on the actual
series range resistance chosen. There-
fore, the meter cannot be used for
measuring voltages in a circuit where the
current flow in the circuit is much less
than 10mA without causing errors by
upsetting the impedance of the circuit.
Most general purpose multimeters use a
standard of 20k()V/V, which requires that
the meter movement should have a full
scale deflection sensitivity of 50 micro-
amperes (S0uA - 50 millionths of one
ampere), enabling voltage readings to be
taken from high impedance circuits
where the the current flowing is not much
less than 500u. A, without significant error.
For measuring circuits of a higher
impedance the true voltage can be
calculated if the circuit and voltmeter
impedances are known.

For consistency, where the AC
voltmeter will have a rectifier in series
with the meter movement for conversion
to DC current, there is invariably a
second rectifier shunting the movement
in the reverse direction. This maintains
the voltmeter circuit as a whole pre-
sented as a load to both positive and
negative going cycles of the AC wave-
form. In order to indicate very low
voltages (of a few hundred millivolts)
with any reasonable accuracy, these
rectifiers are generally germanium
diodes which have a low forward voltage
drop.

Ohmmeter

To use the meter as an ohmmeter by
switching to R x |, a battery and variable
resistance is connected in series with the
moving coil. When the two ends of the
test leads are put together causing a
direct short, the current from the battery
will flow through the moving coil, deflect-
ing the pointer hard over to the right-
hand side of the scale. The variable
resistance is now adjusted to bring the
pointer back to the zero position on the
resistance scale. When the short circuit is
removed from the ends of the test leads,
the pointer will return to the left-hand
side of the scale, and if any resistance is
now placed between the ends of the test
leads, the pointer will take up a position
on the scale proportional to the resist-
ance between the test leads. The above
conditions are applicable with the switch
turned to R x 1, and each division on the
scale equals one ohm. When the switch is
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turned to R x 100 each division is equal to
100 ohms. Likewise, when switched to R
x 1000 each division will represent 1000
ohms. With reference to Figure 3, you
will see that the scales for voltage and
current divisions start at zero at the left-
hand end, culminating in the full scale
deflection value at the right-hand side.
But the scale for resistance, numbers
right to left. The reason for the latter is in
accordance with Ohms Law, ie. the
smaller the current the greater the resist-
ance and vice versa.

From a study of the multimeter
shown in Figure 3, you will see that the
centre switch can be turned to any scale
for Current, Voltage or Resistance. The
switch on the left selects the AC or DC
mode of voltage measurement, and the
control on the right operates the zero
adjustment for the resistance scale. The
small sctew above the centre switch
and on the meter movement itself adjusts
the pointer to the zero marks on the volt-
age and current scales. When using a
multimeter as a voltmeter it is important
that you start with the meter switched to
the highest range, and then switch down
to the lower (more sensitive) ranges. This
is done in order to avoid damage to the
pointer by allowing heavy currents to
flow through the coil, which will cause
the pointer to bang hard against its end-
stop. Such treatment should be avoided!

It is also important that before using
the meter to measure resistance, the
meter must be calibrated by shorting the
ends of the test leads, and then adjusting
the pointer to zero on the resistance
scale, using the control for this adjust-
ment provided on the right-hand side of
the multimeter — not by means of the
sctew on the meter movement! If nec-
essary this adjustment can be carried
out before starting to use the multimeter,
where for example the instrument has
been moved and is now to be used whilst
standing upright whereas before it was
lying flat. Such a change in attitude can
have the affect of unbalancing the needle
causing it to drift off zero. The use of the
multimeter is illustrated and described in
Figures 5 to 9.

Using the Multimeter

Let us use as an example the
measurement of the AC mains voltage
with a multimeter. Turn the centre switch
of the meter to the 250 volt range, and the
switch on the left-hand side of the meter
to the AC position. First touch the
insulated probe of the negative (black)
test lead to the mains neutral (N)
terminal, and then touch the insulated
probe of the positive (red) test lead to the
mains live (L) terminal. Please note that
there is a high element of risk involved in
such an operation, and the mains
connections must be made available for
the purpose in a responsible manner.
Under no circumstances should for
example, bare wire ends of a plug and
cable be used, nor should you do it by
jamming nails, etc. into a wall socket. A
three way terminal block for the live,
neutral and earth wires, properly
attached to a cable, terminated with a
12
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Figure 5. Measuring mains supply voltage

240V Mains
terminal block

three pin plug is probably the quickest
and most convenient method. Even so,
the power should not remain on for
longer than necessary, and the probes
are only applied to the screw heads of
the terminal block for only as much time
as is required to take the reading.
Immediately afterwards switch off and
pull out the plug.

The multimeter will give a reading of
between 230 and 250 volts, depending on
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Figure 6. Testing a fuse

the mains voltage of your area. Such a
measurement can be invaluable if, for
example, you wish to accurately deter-
mine the secondary output voltage of a
transformer otherwise unknown, in
which case the mains terminals of the
transformer itself can be used.

Testing a
Cartridge Fuse

Turn the centre switch to the
resistance scale R x 1 and adjust the

]

—
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Plug

|
|
|
|

igure 7. Testing for continity from mair
plug to appliance

reading on the resistance scale to zero.
Connect the positive lead to one end of
the fuse and the negative lead to the
other end, which will give a full scale
deflection if the fuse is good. No
deflection indicates a faulty fuse.

Testing an
Electrical Appliance

Before attempting to open the app-
liance, the following tests should be
made from the three pins of the plug to
ascertain the nature of the fault. First turn
the centre switch to the resistance scale
marked R x 1 and turn the switch on the
left to the DC position. Secondly adjust
the pointer to zero on the resistance
scale. Connect the positive lead to pin L
and the negative lead to pin N. The meter
will now give a reading equivalent to the
resistance of the appliance; any reading
below 16 ohms should be suspected of
short circuit providing the appliance is
under 3000 watts, i.e. 3 kilowatts (3kW).

If no reading is obtained, check if
the appliance has got an ON/OFF switch
and that it is in the ON position. Still no
reading would indicate an open circuit,
which could be due to a blown fuse,
loose connection in the plug, broken wire
in the flex, faulty switch, or faulty element
in the appliance.

The appliance must now be tested
for leakage to earth. This is done by
connecting the negative lead to pin E and
by touching pins L and N with the
insulated probe. Any reading on the
meter would indicate an earth leakage
fault.

It is important that the appliance
must be proved clear of earth problems
or short circuit faults before replacing the
fuse and putting back into service.

Testing
a Refrigerator

Figure 8 illustrates the use of the
Continuity Tester. The first test is to find
the nature of the fault, and secondly to
isolate the fault by systematic testing
based on logical deductions.

The multimeter can be used as a
continuity tester when it is switched to
the resistance scale R x 1.

Test No. 1. The nature of the fault
can be found by testing for continuity
from points 1 to 2, which will test cont-
inuity of all the components in the circuit
and by testing for continuity from point 3
to points 1 and 2 will reveal any earth
fault.

Test No. 2. Having decided the
nature of the fault, test from points 1 to 8
which will eliminate half the circuit. If the
fault is in section 1 to 8, make another test
from points 1 to 5 and isolate the fault to a
quarter section. It will be obvious that if
the fault is in section 1 to 5 it is a blown
fuse, loose connection on the plug or
faulty cable. Should the fault be in section
5 to 8, then it will be a faulty thermostat
because the cabinet light and door
switch will be isolated when the fridge
door is closed. If the fault is in the other
half of the circuit, it should be treated in a
similar manner by dividing into sections
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Figure 8. Test points in the electrical circuit of a refrigerator

until the faulty component is isolated.

If the total resistance of all the com-
ponents are more than 100 ohms, the
multimeter will have to be switched to the
R x 10 scale, and switched back to the R x
1 scale when the faulty section has been
isolated to less than 100 ohms.

Testing a Double
Element Electric Fire

The centre switch on the meter is
turned to R x 1 on the resistance scale.
The switch on the left is turned to the DC
position, and the pointer adjusted to zero
on the resistance scale. Connect the
negative lead with the alligator clip to pin
N and the positive probe to pin L of the
plug. Everything being normal you would
get a reading of 62.5 ohms with the switch
of the fire in the OFF position, and 31.28
ohms with the switch in the ON position.
The reason for the latter reading being
that when the switch is in the ON position
the resistance of the elements are
connected in parallel, and as explained
in Figure 4 (c), the method of calculation
is:—

62.5 30906.25
62.5 125

which equals 31.25 ohms. Any full scale
deflection or small reading at this stage
would indicate that the appliance was
short circuit.

62.5 x + 62.5

To carry out a routine test on the
appliance, leave the negative lead on pin
N of the plug and move the positive
probe to point 6 where a full scale deflec-
tion will be obtained proving continuity
of the negative side of the circuit. No
deflection would indicate a broken
negative wire in the flex, or a loose
connection in the plug or terminal block
and a very small reading would indicate
a high resistance joint between pin N and
point 6.

Now move the alligator clip from pin
N to pin L on the plug, and shift the
positive probe to point L on the block
terminal where a full scale deflection will
be obtained proving continuity of the
positive wire in the flex, the fuse and that
there is no loose connection in the plug.

Move the positive probe to point 2,
with the switch in the ON position which
will give a full scale deflection. No
reading at this point would indicate that
the switch was faulty. A full scale
deflecion will also be obtained at points 3
and 4, and a reading of 62.25 ohms at
points § and 6. No reading at these points
would indicate an open circuit. Remove
both elements and test them for contin-
uity. This system of testing would
indicate the position of any open or short
circuit in the appliance.

To test the appliance for leakage to
earth, you would need a 500 volt insula-
tion tester, i.e. (a megger), but most earth

MULTIMETER

—
U-Q’U
? 1

| E—

62:5R

Element (1]

Element (2]

62:5R
OFF ON

Switch

Figure 9. Testing a donble element electric fire
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faults can be located with the multimeter
by using the following method.

Turn the multimeter switch to R x
1000 and adjust the pointer to zero on the
resistance scale in the normal manner.
Put the alligator clip on pin E of the plug
and touch pins L and N with the positive
probe of the test lead; any reading on
pins L or N would indicate a leakage to
earth.

For example, if a reading is obtained
on pin L, keep the positive probe on this
pin to maintain a steady reading on the
meter. The circuit can now be discon-
nected at points 1, 2, 3, 4, 5, 6 and 7 and
note the meter reading at each point. If
the reading goes off when disconnected
the fault is clear to that point but if the
reading is unaltered, the fault is between
the last two test points. In this manner, the
position of the earth fault is detected.

Before putting the appliance back
into service, the earth system must be
checked. This is done by connecting the
negative lead to pin E on the plug and the
positive probe applied to every exposed
metal part of the appliance which should
give a full scale deflection, proving
continuity to earth and that the appliance
is correctly earthed.

You will note that the cwirent ranges
on some meters may not be much more
than a few amperes. Some appliances are
highly rated, so to overcome this diff-
iculty, the resistance and voltage is
measured and the current calculated by
Ohms Law, i.e. I = E/R.

Most tests are carried out with the
multimeter switched to the R x 1 scale but
there are appliances with resistance of
over 100 ohms which will require the
higher ranges to be used. For your guid-
ance all appliances under 600 watts will
have a resistance of over 100 ohms. For
example - the resistance of a 25 watt
soldering iron would be as follows: P =
25 watts. E = 240 volts. Therefore, the
cuirent would be:-

___ P _ 25 _
1= E = 240 0.104A
Therefore:-

_ _E _ _ 240 _
R = 1 - 0104 23010

With a little forethought, together
with the given examples and tests, you
should be able to apply these to the test-
ing of any electrical appliance and be
able to make logical deductions as to the
nature and position of the fault.

When fitting or renewing mains
leads, if in doubt, always use a size
larger, never a size smaller. The sizes
and ratings are as follows:-

Size (mm?®) Current ower
Rating ting
(Rmps) (Watts)
0.5 3 720

0.78 6 1440

1.0 10 2400

1.28 13 3120

1.5 18 3600

2.5 20 4000

40 25 6000
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by Robert Kirsch

he Floodlight Controller des-

cribed here was primarily de-

signed as a security device in

its own right, although provision

has been made for it to be
linked into a larger security system. This
controller also has other applications
where it is required to switch on a mains-
powered device for a preset period of
time after which it will automatically
switch off until re-triggered.

The controller was intended to be
triggered by the Infra-red Movement
Detector (kit LK33L — see 1985 catalogue
page 219), described in the December
1983 to February 1984 edition of
‘Electronics’ Volume 3 Issue 9, although it
could be operated from any make or
break detection device. The Infra-red
Movement Detector (LK33L) is intended
for indoor use in its standard form and
special precautions should be taken if it
is to be used outside.

The detector should be protected
from direct rain or sunlight by a suitable
housing but do not cover the window of
the unit as most materials will seriously
reduce the sensitivity of the device.

oy
% e

After setting up and testing has been
completed, the casing should be taken
apart and then reassembled using liberal
amounts of silicon grease on all the joints,
not forgetting the LED hole and the cable
entry through the ball joints. Care should
be taken to prevent silicon grease coming
into contact with the window material.

In the automatic mode, the controller
will switch on the floodlight when the
sensor is activated, and it will remain on
for a preset period of time after the
sensor releases. This time period may be
adjusted by the ‘DELAY" control, from 20
seconds to 4 minutes, using the timing

_ capacitor (C3) supplied. A larger value

capacitor may be used if longer delays
are required.

During the floodlight ON time, the
buzzer will sound and the neon indicator
light. The ‘RECORDED ALARM' LED will
also light and remain on until the
‘OFF/RESET" switch is operated, thus
giving an indication that the system has

|
|
|
|

been tripped. The floodlight may be
turned off at any time by using the
‘RESET/ARMED' switch which also resets
the timer. The floodlight may be turned
on manually by using the ‘AUTO/ON’
switch. The neon also serves as a lamp
failure indicator as it will remain perm-
anently on if the lamp filament or
connecting cable become open circuit.

How it Works

The infra-red movement detector is
connected to the controller via terminals
A, B, G and H. Regulated + 12 volts DC is
delivered to the detector via terminals A
and B. Terminals G and H are connected
to the relay contacts in the detector
which are made when no movement is
detected. These contacts connect the
+12 volts via R8 and R11 to the input of
the Schmitt inverter, IC1b. In the event of
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Figure 1. Circuit Diagram
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the relay contacts breaking or the
connecting cable being cut, the input of
ICla is pulled to zero volts by R12. The
output of this inverter goes high, lighting ’
the ‘SENSOR ACTIVATED' LED (LED2) |
and rapidly charging C3 via R9 and D9. ‘
This potential is connected via the
two inverters ICla and ICIf to transistor
TR3 via its base resistor R6. The mains
relay RLA is connected in the collector
circuit of TR3 and will operate when the
16

1 R4
03 D4 R8 R12 AN
out e o
RC1 ?_ nu '"D D D D Dﬂ
he R ) Q:.g‘ |
g o 4] N2
= +C°°)
R2
-1 Bl
k o a k "{:" 5
00 00 R O]
8 9 10 n 12 13 18 15

NO C NC BUZ.I.

transistor is biased on, thus causing the
floodlight to light. The latch formed by
IC1d and ICle is tripped via D7 causing
LED], ‘RECORDED ALARM to light. This |
latch can only be reset by the action of |
the ‘RESET/ARMED’ switch. [
When the movement detected by 1
the infra-red unit ceases, the relay
contacts will close, 12 volts is re-applied .
to the input of IC1b and the charge to C3
is removed. C3 now starts to discharge
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Figure 3. Interwiring Diagram
via R10 and the ‘DELAY" variable resistor ‘RECORDED ALARM LED.

(RV1) until the voltage reaches the
threshold voltage of IC1a's input, at
which time the inverters will switch and
the relay release, turning off the
floodlight.

When the ‘RESET/ARMED’ switch is
operated, any charge on C3 is
discharged to ground and the latch is
reset via diodes D8 and DS. This prevents
the relay operating and extinguishes the I
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The buzzer and relay RLB, cont-
rolled by TR1 will operate during the
floodlight on period. Both of the relays
make and break contacts are brought out
for connection to an external security
system. TR2 provides a latched output for
direct connection to a low current alarm
bell (e.g. YK85G) which will ring from the
time that the detector is tripped until
reset by the ‘RESET/OFF switch.

Construction

Insert and solder all the components
on the printed circuit board referring to
the legend on the board and the Parts
List. Insert Veropins from the under side
of board, through the holes marked with
a white circle. Remember to observe

‘ polarity of electrolytic capacitors, diodes

and transistors. Refer to Figure 3 for
wiring information between PCB, con-
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trols and sockets. Figure 4 shows drilling
details for the recommended box.

. @
Testing
WARNING: 240 volts are present on
the PCB when the controller is connected

to the mains and therefore, DO NOT
apply power to the controller whilst the

I 4 Holes O 3-5mm i
{ C’sk to sult 6BA screws ‘

Cutout
$ g ‘e Cutout ¢ R
32425 27x12'5
) mm mm

mm mm

60mm
35mm
’4 -

box is open. : 4 : 1 : :
Cpnnect a 240 Yolt te;t !amp to the ! L 20mm |
floodlight plug and insert it into the ——— - E 40'mm I
appropriate socket on the rear of the unit. 09-5mm = > [
Connect a short length of twin flex to e e e B e e e e e .L _____ |

terminals G and H and feed through the 1

rear of the box. Bare and temporarily

twist the two wires together. Set l

‘AUTO/ON’ switch to AUTO and ' .

‘RESET/ARMED' switch to RESET. Attach l
1

the front panel to the box with all four
screws and connect the controller to a ‘
mains supply. At this stage, no indicators
should be alight. Separate the two wires
which were twisted together. The \ ‘
‘SENSOR ACTIVATED' and ‘RECORDED w i

ALARM‘ LEDS Shou.ld now hght. the @
buzzer sound and the test lamp come on. & i . ?
Rejoin the two wires and check that the {

‘SENSOR ACTIVATED' LED is ext- winf | (120w

inguished and the buzzer stops but the —io-{ f—6 25mm

‘RECORDED ALARM' LED remains on. , ) |
The test lamp should remain on for a 1
period of time between 20 seconds and 4
minutes, depending on the setting of the
‘DELAY control. Repeat the test with | %
various settings of this control to ensure it |
is functioning correctly. Check that with ;
the RESET/ARMED' switch set to RESET ) ‘ ‘9 ~
and the wires disconnected, the test lamp ' 09mm 06-35mm 06-35mm
will ot light, and that the ‘RECORDED !
ALARM goes out. Switch the ‘AUTO/ON’
switch to ON and check that the test lamp

E

E| ‘
lights' 5| Y | Q10-5mm
REMEMBER, in case of problems or | I ol R ( ) ;
before making any connections to the ]

controller, ALWAYS disconnect it from £ ' 1|— ] 03Smm
the mains supply. This completes the | 8 " _¢
testing of the controller and it is now + Y * ¢ ‘ '

ready for service. Front Panel |
i Existing | M_‘Mﬁ,l

29mm

1tmm

70mm

Figure 4. Box Drilling Details
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ELECTRONIC
CHRONICLES

A Brief History of Elecironics

»

by Mike Wharton Part 6

The History of the Digital Computer

Ever since man has had a need to
count, he has devised a variety of aids in
order to speed his calculations. One of
the earliest such devices is the abacus,
still used today as a form of mechanical
calculator. Thus the modern computer
could be thought of as a glorified type of
abacus, but one which is infinitely more
versatile in the way in which it is able to
manipulate data.

Before the introduction of effective
computing aids, the preparation of
logarithm tables required the organis-
ation of large teams of human computers.
In 1874 the French government decided
to have a new set of logarithm and
trigonometric tables prepared. A team of

six mathematicians were used to super- °

vise the'work of seven or eight ‘calc-
ulators’ who handed out work to around
eighty ‘computers’. Each calculation was
double checked and it took 2 years to
complete the work. The results were not
printed, since this would have introduced
too many errors.

Most tables, even in the 19th century,
contained many errors. For instance, the
British Nautical Almanac, which had a
high reputation, was still found to contain
58 mistakes in the 1818 edition. Charles
Babbage and John Herschel were in
Babbage's rooms at Cambridge checking
some calculations which they suspected
contained errors. “I wish to God these
calculations had been executed by
steam!" exclaimed Babbage. “It is quite
possible,” remarked Herschel. This set
Babbage, now regarded as the founding
father of computers, to thinking of the
design for an automatic calculating
machine,

The first adding machine had been
made by Blaise Pascal in 1642, when he
was just nineteen. 30 years later, Gott-
fried Leibnitz improved on the original
idea and made a machine which could
add, subtract, multiply and divide. The
mechanism he designed was still in use
in some of the mechanical calculators

Blaise Pascal

All of the work done by Pascal
seems to have gone largely unheeded,
for it was not until some years later that
Babbage produced a working model of
what he called his Difference Engine.
Pascal had invented a mechanism con-
sisting of a series of wheels with figures
engraved on them and so interlocking
that the operation could be carried out
manually by turning the wheels one at a
time, carry-overs being effected from
one wheel to the next but it was a very
cumbersome machine.

In Babbage's Difference Engine only

integers, or whole numbers were cons-

idered, but negative
numbers were

represented by their arithmetic compl-
ement as in today’s computers. In 1822,
he produced a working model of a
simpler machine for which he received a
Gold Medal from the Astronomical
Society. This recognition of his work
encouraged him to pursue his goal
further and make a start on his scheme
for a larger machine. For this, he was
granted an award of £1,500 from the
Treasury in order to finance the work, for
he had managed to persuade some
influential friends that his scheme was a
viable proposition. Unfortunately, their
enthusiasm was short-lived, for the
machine could not be made to work
properly and it was eventually shelved.
However, Babbage was undaunted
by this early failure, having realised
during the time spent on the original
ideas that a far superior form of
calculating machine could be built, using
similar principles. It must say something
of the character of the man that he was
able to commence this second project
without ever having really overcome the
problems inherent in the first design. His
conception was for a machine which he
called his Analytical Engine. Here, it was
intended that results generated in one
part of the machine would be used as the
inputs to other parts, or as Babbage
described it, “to eat its own tail.” Again,

produced in this century.
20

Pascal's Calculating Machine
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Gottfried Wiihelm Leibnitz

here is an idea which pre-empts the
operation of the modem electronic
computer.

The Analytical Engine was to consist
of three main parts:-

1. The Store: where numbers were to be
held for transferring to the Mill.

2.The Mill: where all the arithmetic
operations would be carried out.

3. The Printing Mechanism: which would
print out the results of the calculations.

Numbers were to be held in
mechanical registers in the Mill. Upon
activation, the processes of addition,
subtraction, muitiplication and division
were carried out. The ‘program’, which
had to control the sequence of opera-
tions, was stored on punched cards, an
idea borrowed from the silk weaving
loom invented by Jacquard earlier in the
century. This is not a stored program in
the modem sense, for the program was
stored in a different form from the
variables. However, it was possible for a
jumping in the sequence of cards to be
performed, like the branching of a
modem program.

In 1842, the Government decided
that they were no longer going to support
his efforts, and the project was aban-
doned by them and left entirely to
Babbage. This was brought about mainly
as a result of arguments between him and
the instrument makers employed to
make the parts for the Engine; Babbage
was continually improving and refining

his ideas which meant that new parts
were ordered before the first ones had
been finished or paid for by the
Treasury.

At this point, a lady by the name of
Ada Augusta, Countess of Lovelace
appears on the scene. She was in fact the
only daughter of the poet Byron and his
wife Anabella and had made the
acquaintance of Babbage as the result of
attending one of his lectures in
Edinburgh in 1834. Surprisingly, she was
a lady of quite remarkable mathematical
ability, at one time having been given
tuition by a Professor de Morgan, whose
name should be recognised by anyone
who has ventured into the realms of
electronic logic. She arranged a meeting
with Babbage and persuaded him to
continue his work, which would be
financed by the money she intended to
win by backing horses according to a
scheme based on mathematical probab-
ility! Inevitably, the scheme failed and

T

Charles Babbage

Countess Lovelace twice had to pawn the
family jewels to pay the bookmakers.
After she died in 1852, Babbage contin-
ued with his quest which had long since
become an obsession with him.

He was, unfortunately, way ahead of
his time, for his ideas could not be put
into practice in the mechanisms which
could be built with the available techno-
logy. His original Difference Engine was
destined to become a museum piece, but
somewhat swrprisingly a Swedish printer
named Scheutz had made a simplified

Leibnitz’s Calculating Machine could multiply and divide
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Babbage’s Difference Engine contained
columns of cogged wheels

version after reading an account in the
Edinburgh Gazette of the same lecture
that the Countess had attended. Another
model was also made by Donkin in
London which was actually used by the
Registrar-General's Department for the
computation of statistical tables.

Charles Babbage lived to a ripe old
age, dying in 1871 at the age of 80. During
the later years of his life, he still
continued to tinker with computing
machines but he must have felt very sad
and disillusioned that his far-sighted
vision had not been put into practice.
Indeed, it was not until a hundred years
later that his prophetic vision eventually
came to fruition in the shape of the
microprocessor.

HERMAN HOLLERITH

For many years after the death of
Babbage, little or no interest was to be
shown in the idea of mechanical compu-
tation, until the advent of the electrical
systems. The use of electricity as the
‘driving force' allowed much greater
versatility and removed the need for
precision engineering which had always
been the major obstacle facing Babbage.
Some of the earliest schemes, in fact,
took over some of the ideas which had
been pioneered by him but using electro-
mechanical devices rather than cogs and
gears. One of the first of these machines
which was eventually to lead to the
conception of the modern computer was
invented by an American named Herman
Hollerith. He was given the task of
collating all the statistical information
gathererd during the American census of
1890.

The method he used was based on
the same idea Babbage had incorporated
for storing his programs, that of the
punched card. Hollerith devised a
machine where metal pins arranged in a
matrix could make contact with a pad if
a hole had been punched in the
appropriate position in the card. Each pin
formed part of an electrical circuit,
connected in turn to a simple counter.
Operators placed the cards in the pin-
presses, closed the lid and a counter
automatically notched up one more piece
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Hollerith's Tabulating Machine

of information. The machines were such
a success that the results of the census
were able to be published in 2)2 years,
whereas the previous one had taken
seven. In 1896, Hollerith set up the
Tabulating Machine Company to exploit
the commercial aspects of his census
machine and in 1911, a Hollerith machine
was used for the British census. Event-
ually this company merged with others to
become the International Business
Machines (1.B.M) Corporation in 1924.

Electro-Mechanical
Computers

By 1937, interest in automatic comp-
utation, which had lain dormant since
Babbage's death, began to revive. Alan
Mathison Turing, a mathematician work-
ing in Britain, had published a paper
which defined very precisely his concept
of a ‘universal computer. He also put
forward the idea of machines teaching
themselves by a process of trial and
error; another of his insights was not to

prove so well informed, since he.

predicted that there could not be more
than about half a dozen computers in the
country because of the need for highly
trained mathematicians to operate them.

In the same year, Howard Aiken of
Harvard University used the principle of
the punched card tabulator and similar
components used in telephony to build
an automatic computer of the type
envisaged by Babbage. Aiken
approached I.B.M for assistance, as the
components he needed were already
being used by them. Over the next seven
years, he and a team of engineers built
the Automatic Sequence Controlled
Calculator which was presented to
Harvard in 1944. This machine, also
known as the Harvard Mk. I, was an
enormous beast, 51 feet long, 8 feet high,
weighing 5 tons and containing 500 miles
of wire. It took around 1 second to
perform an addition and 10 seconds for
division. The life of these relay based
machines was short, for by 1946, the first
electronic machines had been built and
demonstrated, working at a speed 1000
times faster than the best relay machine
could achieve.

Computers Using
Valves

In a way, it is surprising that it took
so long for the electronic computer to
arrive. The triode valve had been
22

invented in 1906 by Lee de Forest, and in
19819 Eccles and Jordan had devised a
circuit which allowed a pair of these
valves to act as a bistable flip-flop. The
first electronic, as opposed to electro-
mechanical, computer was designed and
built by John Mauchly and ]. Presper
Eckert of the Moore School of Electrical
Engineering at the University of
Pennsylvania, Eckert being particularly
responsible for the design of a ring
counter. It was actually made for the US
Government, and was completed in 1946,
only 2 years after Aiken's. This new
computer of Mauchly and Eckert was
called ENIAC, standing for Electronic
Numeric Integrator and Calculator. It was
also a vast machine, 100 feet long,
consuming 100kW of power and contain-
ing 18,000 valves!

John von Neumann

Data Handling

All of these machines held values in
decimal form, but in 1946, John von
Neumann swept up a number of thoughts
that went right back to Leibnitz and
brought into existence the modern
concept of programming. Leibnitz had
foretold of the advantages of using the
binary scale and this had been taken up
in the mid-nineteenth century by George
Boole (who gave us Boolean algebra).
Neumann recognised the advantages of
the binary system because the two states
needed to perform binary operations
were easily provided in electronic terms
by opening or closing a switch. Still more
important was Neumann's recognition of
what Babbage had called judgement’ -
the ability of the machine to modify its
course of action according to results
obtained. The Neumann concept of the
stored program machine demanded a
much larger storage capacity than was
available on these automatic calculators.
He estimated that such a machine would
need a store able to hold 1000 numbers.
Some of the features of the von Neumann
concept had actually been anticipated by
Alan Turing, and quite remarkably by

one Konrad Zuse. His work in war-time
Germany had produced an electronic
machine in 1941 but his achievements
went unrecognised until 1947.

Over the subsequent years many
forms of data storage were evaluated,
including the magnetic drum, a cathode
ray tube store and magnetic core stores.
Most of these have been superseded by
the semiconductor storage devices
which have become so prominent in
recent years. Perhaps public interest in
computers first arose as a result of the
correct prediction by a UNIVAC machine
that General Eisenhower would win the
1952 US Presidential election. This also
sparked off the discussion as to whether
such machines could think. As it
happens, Lady Lovelace had dealt with
that question 110 years earlier, when she
wrote “the Analytical Engine has no
pretensions to originate anything; it can
only do what we know how to order it to
perform.”

The Microprocessor

The development of the digital
computer over the last 30 years has really
been synonymous with developments in
semi-conductor technology. From the
invention of the transistor at Bell Tele-
phone Labs in 1947, the rate of progress
has been ever quickening. In 1958, Jack
Kilby, then working at Texas Instruments,
produced the first ‘integrated circuit’,
which contained just a couple of trans-
istors on a chip about 1 centimetre
square. A few years later, the first
‘microprocessor’ chip appeared. This
came about as a result of some lateral
thinking on the part of the team at Intel
who were producing calculator chips. It
was realised that it would make more
sense to produce a single device which
could be programmed to do different
jobs, rather than a number of dedicated
devices.

Since then, ever more powerful
devices have been produced with
associated improvements in all manner
of silicon support devices, from ROM's to
RAM's and everything in between! This
pace of development seems to show no
sign of halting and the next step will
probably be towards silicon systems,
with all the back up store contained in
non-volatile RAM. One particular deve-
lopment in this direction is the wafer-
scale integration which Sinclair are
known to be working on. Here, individual
chips are left all together as a wafer,
rather than being individually packaged.
The main problem is that software acces-
sing of these devices will need to be
adaptive in order to avoid any defective
locations within the interconnected chips.
By this means, it is anticipated that a
silicon ‘disk’ of up to 3 megabytes could
be produced but without any of the usual
hardware.

This brings to a conclusion this
series of Electronic Chronicles; if nothing
else, it will hopefully have shown that the
field of electronics has always been
varied and exciting, and promises to be
ever more so.
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Transistor Checker

Most transistor checkers rely on
simple DC tests to indicate whether or
not test devices are serviceable, or in
some cases, to give measurements of
their current gain. This is quite satis-
factory in the majority of cases, but a
satisfactory outcome from DC tests does
not necessarily indicate that devices
have good dynamic performance,
especially at high frequencies. A comp-
rehensive transistor analyser to measure
such things as gain at a specific
frequency, noise, and so on, is an
extremely complex piece of test gear,
and equipment of this type is often quite
difficult to use. Something much more
basic is acceptable for amateur users,
where precise figures for gain and noise
are not required and we simply wish to
know whether or not test transistors
function well at high frequencies.

There is more than one way of
tackling the problem, but it really boils
down to two basic approaches. Either the
test device is connected in an amplifier
which is fed with an RF signal and an RF
strtength meter is used to monitor the
output level, or the test device is
connected in an RF oscillator circuit and
an indicator circuit is used to show
whether or not any output signal is
present. The first approach is more
informative as it gives an indication of
relative gain, but the second approach is

—— —

by Robert Penfold

more simple and the straightforward
‘go'/no-go’ result is adequate for most
purposes. The second approach is the
one adopted in this tester.

If we first consider the circuit with
an npn device connected to SK2, the
device operates as a common emitter
amplifier. R1 acts as the collector load
resistor, while R3 provides base biasing.
Crystal X1 acts as a sort of tuned circuit in
conjunction with Cl and C2, with the two
capacitors giving what is effectively an
earthed tapping on the tuned circuit. This
circuit acts as a form of single wound
transformer and like an ordinary circuit
of this type, the signal fed in at one end
produces an out-of-phase signal at the
other end. In this case, the circuit is
connected between the collector and
base of the test transistor and it provides
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positive feedback at the operating
frequency of the crystal. With a service-
able device connected, the circuit should
therefore have sufficient gain and feed-
back to produce oscillation at about
4MHz. The precise crystal frequency is
not important but a frequency of about
4MHz is reasonably demanding on the
test transistor, although not excessively
SO.

With a pnp device connected to SK1
the circuit is much the same as before,
but R2 is the collector load resistor.
Depending on which type of transistor
(npn or pnp) is being tested, either Rl or
R2 plays no active role in the circuit.
However, the unnecessary resistor does
not prevent the circuit from operating
properly, and this arrangement avoids
the need for npn/pnp switching.

The output of the oscillator is fed to a
rectifier and smoothing circuit, which
drives LED indicator D3 by way of
switching transistor TR1. Provided the
oscillator has a reasonably strong output
(which any serviceable test device will
provide), LED indicator D3 will switch on.

It is worthwhile mentioning that the
unit is not only suitable for testing RF
devices, and that high speed switching
transistors can also be checked. In fact,
most silicon transistors for audio use
have FT's in the 100 to 300MHz region
and can be given a dynamic check using
this circuit.

Telephone Indicator

While a telephone answering
machine represents the best solution to
the problem of the inevitable telephone
call during ones absence, unfortunately it
remains a fairly costly solution. There is a
simple and inexpensive alterhative in the
foorm of an indicator which shows
whether or not there has been a call
during one’s absence. Although this does
not give any idea of who was calling or
their message, it can still be useful on
occasions. For example, if you are
expecting a call from someone but have
to leave the house for a time, the
indicator will show whether or not a call
was received during your absence. If a
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call was received, then the chances are
obviously very much in favour of it being
the awaited call and appropriate action
can be taken. If no call was received,
one’s mind is put at rest as the awaited
call has clearly not been missed.

This unit activates a flashing LED
when a telephone call is received, and
the unit is easy to install as it does not
require any direct connection to the
telephone. It operates by picking up the
sound of the telephone bell (or whatever)
using a microphone placed near the
telephone. Due to the method of pick-up,
the unit should, in fact, operate perfectly
well as a doorbell monitor if desired.

Obviously, a very simple circuit can
achieve the desired result, but things are
not quite as easy as one might hope. The
complication is that the unit will need to
be left running for long periods of time in
normal use and it must therefore have a
quite low current consumption in both
the stand-by and activated modes if it is
to run economically from a 9 volt battery
supply. The current consumption of this
circuit is only about 100 microamps or so
in the stand-by mode, rising to an
average level that is still well under 1
milliamp when the unit is activated. This
gives many hours of operation from even
a small 9 volt battery.

The microphone is an inexpensive
crystal microphone insert or a ceramic
resonator (the latter seeming to give
substantially better sensitivity). The out-
put from the microphone, even when
placed quite close to the telephone, is not
very large and TR1 is used to amplify the
microphone signal. TR1 operates in the
common emitter mode, but with a low

collector current of around 45 micro- -

amps. The necessarily low collector
current gives a relatively low voltage
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gain, but by using a high gain device for
TR1, an adequate level of performance in
this respect, is obtained.

IC1 is a 7555, the low current CMOS
version of the popular 555 timer device.
IC1 does not actually operate as a timer
in this circuit but acts as a sort of latch. It
is effectively connected in the mono-
stable mode, but with pins 6 and 7
connected to the negative supply rail, so

that once triggered the output goes high
indefinitely. R3 and R4 hold pin 2 of IC1
just above the trigger threshold, which is
1 of the positive supply voltage, but
when the unit is activated, negative half
cycles from TR1 take pin 2 below the
trigger threshold and pin 3 goes high.
The circuit can be reset by activating S2,
and this should be operated if the unit
triggers at switch-on.

The output of IC1 drives IC2, which
is another 7555. This one is connected in
the astable mode and it flashes LED
indicator D1 at a frequency of about 1Hz.
The ‘on’ time of D1 is only one eleventh of
the ‘off time, and although a LED current
of a few milliamps is used, the average
LED current is only about 800 microamps.

In use, the unit should function
properly with the microphone placed
anywhere close to the telephone.

Baby Alarm/Intercom
3

Amplifier

This circuit can be used as a baby
alarm or with the addition of suitable
switching it could operate as a simple
intercom. It is really just a high gain audio
preamplifier driving a small power
amplifier. The input and output both
connect to high impedance loud-
speakers, with the one at the input
operating as a sort of crude moving coil
microphone. This does not give parti-
cularly good audio quality, especially in
terms of the frequency response which
tends to be rather limited at the high
frequency end and to have quite strong
resonances. However, the quality is
adequate for use in a baby alarm and is
just about passable for use in an intercom
system where it is the standard arrange-
ment. In order to use the unit as an
intercom, switching must be included to
permit the roles of the two loudspeakers
to be swopped over to provide com-
munication in either direction.

A small integrated circuit power
amplifier is the obvious basis for a unit of
24
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this type, but few devices can provide
the high level of voltage gain required in
this application. The output from a high
impedance loudspeaker, when operated
as a microphone, is typically well under a
millivolt rms, and is comparable to a low
impedance dynamic microphone. The
audio power amplifier device used here
is the very versatile LM389. This is
basically just a standard small audio
power amplifier which has inverting and
non-inverting inputs that can be left
floating or referenced to earth. What
makes it so much more versatile than
most other audio power amplifiers is the
three uncommitted high gain npn trans-
istors it contains. These all have their
three terminals externally accessible and
for all practical purposes they can be
used just as if they were discrete
components.

Only two of the transistors are
utilized in this design, and the third is just
ignored with no connections being made
to its terminals. One transistor operates at
the input as a high gain common emitter
amplifier. C4 is an RF filter capacitor

which removes any radio frequency
signals that are picked up in the
microphone cable and which could
otherwise cause audio breakthrough at
the output. It is not essential to use a
screened cable at the input, but doing so
ensures a low level of mains ‘hum’. The
second transistor is used in another
common emitter amplifier but this stage
has a much lower voltage gain due to the
negative feedback provided by emitter
resistor R6. If necessary, the gain of the
circuit can be increased somewhat by

making R6 a little lower in value but do
not use so much gain that the output
stage becomes prone to overloading, as
this results in a very poor quality output
signal.

C6 couples the output of TR2 to the
input of the power amplifier stage. The
latter gives an output power of only about
140 milliwatts rms into a 64() load but
this is adequate for the present applica-
tions. C7 is a decoupling capacitor for the
supply to the preamplifier stage of IC1.

The quiescent current consumption
of the circuit is about 8 milliamps but it
rises substantially when the unit operates
at maximum volume as IC! has a class B
output stage. An ordinary 9 volt battery is
suitable as the power source if the unit is
used as an intercom, but a mains power
supply unit or rechargeable batteries
would be more suitable if it is used as a
baby alarm, since it would then be
necessary to leave it running for long
periods of time. Ordinary batteries would
prove short-lived and an expensive
power source in the medium and long
term.

Avudio Millivoltmeter

Although one of the most useful
pieces of test equipment, audio milli-
voltmeters do not seem to be one of the
most popular items of equipment
amongst home constructors. Some
designs are admittedly quite complex
and expensive, but even a very simple
type such as the one described here can
be invaluable when testing audio equip-
ment. When used in conjunction with an
audio signal generator, it is possible to
measure such things as voltage gain,
signal to noise ratio, input impedance,
and frequency response. This circuit has
three ranges with full scale values of 10
millivolts, 100 millivolts, and 1 volt rms.
The response varies by less than a
decibel from 20Hz to 20kHz, and the
response is in fact, reasonably flat up to
about 100kHz. The input impedance is
high at approximately 1 Megohm.

On the face of it, a millivoltmeter
need consist of nothing more than an
audio amplifier driving a moving coil
panel meter by way of a rectifier circuit.
In practice, such an arrangement does
not work well due to the non-linearity of
the rectifier. In the case of a silicon
diode, about 0.5 to 0.6 volts is required
before it will start to conduct significantly
and unless the signal was to be amplified
to a very high voltage, this would result in
severe non-linearity. Obviously, the
meter could be recalibrated to take the
non-linearity into account but this is not a
very practical solution for a home
constructor instrument.

A much better solution is to include
the rectifier in the negative feedback
loop of the amplifier, so that feedback
compensates for the non-linearity of the
diodes. This is precisely what is done
here and the bridge rectifier formed by
D1 to D4 is included in the negative
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feedback loop of IC2. When the diodes
are supplied with insufficient voltage to
produce conduction, IC2 is effectively
open loop and a minute input voltage is
enough to produce a large output
voltage. However, once the output
voltage reaches the point at which the
diodes come into conduction, a high level
of feedback and low voltage gain results.
The non-linearity of the feedback distorts
the output signal from IC2 so that it
counteracts the non-linearity of the
diodes. The diodes are germanium types
which have better linearity than silicon
types and help to optimise results. S2
enables the meter to be connected

across the supply via series resistor R10.
The meter then becomes a simple 0 to 10
volt DC type which monitors the battery
voltage. The battery should be replaced
when a reading of under 7.5 volts is
obtained.

IC1 is an input stage which gives the
circuit a high input impedance and also
provides most of the circuit's voltage
gain. IC] is preceded by a three step
attenuator which provides the unit with
its three ranges. Although the attenuator
is in a high impedance part of the circuit
and is not frequency compensated, it
does not produce any significant
irregularities in the response over the
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20Hz to 20kHz audio range. Rl, R2, and
Cl generate a centre tap on the supply
which is used to bias the circuit and
obviates the normal (operational
amplifier) requirement of dual balanced
supplies.

RV1 must be adjusted to give the unit
the correct sensitivity. Any known
voltage, within the range of the unit and
at a suitable frequency, can be used as
the calibration signal. It is merely a
matter of setting the unit to the

appropriate range and adjusting RV1 for
the correct reading. One way of tackling
the problem is to use an audio generator
set to a middle audio frequency of about
1kHz. Use a multimeter set to a low AC
voltage range to measure the output of
the generator and adjust the output level
control for a reading of 1 volt rms. Then
set Sl to the 1 volt range, connect the
output of the generator to JK1, and adjust
RV1 for precisely full scale deflection on
MEL.

Microphone

A perenial problem when using
audio equipment is that of a component
in the system which provides an inad-
equate output level to drive the input with
which you would like to use it. One of the
most common offenders is the humble
microphone and all common types have
an output level of a few millivolts rms or
less. In fact, low impedance dynamic
microphones, and some other types,
have typical output levels of only a few
hundred microvolts rms. Many amplifiers
and other items of audio equipment only
have high level inputs which require a
few hundred millivolts rms, and (poss-
ibly) an RIAA equalised cartridge input
which may have adequate sensitivity but
is unusable anyway, due to the strong
bass boost and treble cut of the
equalisation.

The problem is easily overcome by
using a suitable preamplifier to boost the
signal to an adequate level to drive a high
level input. This preamplifier circuit is
designed for use with a low impedance
(2002 to 1k) dynamic microphone or a
type which has similar characteristics
(some electret types for instance). It
provides a voltage gain of up to about
80dB (10,000 times) and with a maximum
output level of over 2 volts rms from a low
source impedance, it can provide suff-
icient output to drive any normal high
level input. Although the unit is in-
expensive to build, it achieves a fairly
high standard of performance with a
good signal to noise ratio of around 70dB
under typical operating conditions.

A three stage circuit is used with
TR1 and TR2 acting as a low noise input
stage and voltage amplifier. These are
connected in a well known direct
coupled configuration, which has both
devices in the common emitter mode.
TR1 is operated at a low collector current
of approximately 50 microamps in order
to give a good signal to noise ratio. The
noise level is not as low as can be
obtained using one of the best audio
operational amplifiers or preamplifier
ICs, but the noise performance is
superior to that obtained using in-
expensive operational amplifiers. How-
ever, the cost is comparable to in-
expensive operational amplifiers and is
far less than that of special low noise
integrated circuits. RS introduces neg-
ative feedback which reduces the volt-

26

+9 to 12V

JK1

LF351
Ca
2u2F *05
2u2F

R10
100k
—~ve

age gain of the amplifier to about 40dB
(100 times) and gives improved distortion
performance.

C3 couples the output from TR2 to
gain control RV], and from here the
signal is coupled to the output amplifier.
This is a straightforward inverting amp-
lifier which, like the input stages, has a
nominal voltage gain of 40dB. The biFET
operational amplifier specified for IC1
gives good noise and distortion perform-
ance.

The circuit has a current consum-
ption of about 3 to 4 milliamps, and a 9
volt battery is suitable as the power
source. The input and output of the
amplifier are out-of-phase, and problems
with instability due to stray feedback are
unlikely. It is still essential to keep all the
wiring near the input of the unit as short
as possible and to use a screened lead to
connect JK1 to the circuit board. It is
definitely advisable to house the unit in a
case of all metal construction and
earthed to the negative supply rail to
provide overall screening against mains
hum and other sources of electrical
interference.

SW Aerial Amplifier

Most short wave receivers intended
for serious DX reception have an input
stage that is designed to be fed from a
longwire aerial, dipole, or some other
fairly elaborate outdoor aerial. This leads
to problems if such a receiver is used in
conjunction with a very simple aerial,
such as a short piece of wire or a
telescopic aerial. Apart from the reduced
level of signal pick-up in a shorter aerial,
the output impedance of the signal
voltage that is present can be quite high
with the aerial at just a small fraction of a
wavelength.

With most receivers, it is possible to
obtain much better results with a short
aerial by adding a preamplifier between
the aerial and the receiver. Ideally this
should be a tuned type but even a very
simple and inexpensive broadband cir-
cuit, such as the one featured here, will
normally give a substantial improvement
in results. When used with a Trio QR666
receiver, the prototype boosted 80 metre
amateur band signals that were other-
wise barely perceptible, to the point
where they were loud and clear, bringing
the AGC circuit into action. Results on the
20 metre amateur band were similar. The
unit should in fact work well over the
entire 1.6 to 30MHz spectrum of the short
wavebands. One point must be empha-
sized and that is the unsuitability of the
unit for use with anything other than a
short aerial of no more than around two
metres or so in length. An aerial longer
than this would almost certainly overload
the amplifier for the majority of the time,
giving poor results with an output signal
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TRANSISTOR CHECKER

PARTS LIST
RESISTORS: All 0.4W 1% Metal Film
R12 1k8 2
R3 470k 1
R4 1k 1
CAPACITORS
Cl 39pF Ceramic 1
C3 86pF Ceramic 1
C3.4 10nF Polyester 2
s 100nF Polyester 1
SEMICONDUCTORS
TR1 BC109C 1
D12 OA91 3
D3 LED Red 1
MISCELLANEQUS
SK1,2 T05 Socket 2
Sl SPST Ultra Min Toggie 1
X1 4MHz Crystal 1
TELEPHONE INDICATOR
PARTS LIST
RESISTORS: All 0.4W 1% Metal Film
Rl 100k 1
R2,3,4,6 10M 4
RS 10k 1
R7 IM 1
RS 1k 1
CAPACITORS
Cl 10uF 80V P.C. Electrolytic 1
c2 10nF Polyester 1
3 100nF Polyester 1
SEMICONDUCTORS
1C1,3 ICM7585 2
TR1 BC109C 1
D1 LED Red 1
MISCELLANEQUS .
S1 g SPST Ultra-Min Toggle 1
MIC1 Min. Piezo Sounder 1
8-Pin DIL Socket 2
BABY ALARM/INTERCOM
AMPLIFIER PARTS LIST
RESISTORS: All 0.4W 1% Metal Film
Rl 1k8 1
R3,5 4k7 2
R34 IM 2
R6 1k 1
R7 220k 1
R8 10 1
CAPACITORS
Cl12 100uF 10V P.C, Electrolytic 2
Cc3 1uF 100V P.C. Electrolytic 1
C4 22nF Polyester 1
cs 330nrF Polyester 1
