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circuit to it is completed by the decoder-driver. (See
Nixie Tubes).

With another type of display, each number is made up from
two to seven segments. By illuminating appropriate segments,
any number from O to 9 can be displayed. For these
numerical displays, the decoder-driver has to be of different
type, as its purpose will be to illuminate particular segments
for each numeral. (See 7-Segment Light Emitting Diodes, and
Minitrons).

By working in one of these ways, BCD1, DD1 and Numeral 1
are able to count and display up to 9. With the next pulse
input to BCDI, Numeral 1 reverts to 0, and a pulse is passed
from BCD1 to BCD2.

The binary coded decimal decade counter BCD2 acts in the
same way as BCD1, but will be counting the “Tens”. It will
_provlde binary coded input for the decoder-driver DD2, which
in turn operates Numeral 2. So the count can now proceed to
99, Numeral 1 running through all its digits for each single

step ahead of NumemJ 2. The display is thus as if writing down
numbers from 1 o0 99, except that the unrequired zero is
present — 01, 02, 03, etc., up to 09, then followed by 10, 11,
-and so on, up to 99.

When BCDZ has reached 9, the next pulse into it will change
Numeral 2 to zero, and a pulse will pass from BCD2 to BCD3.
From this input, BCD3 will step ahead the Numeral 3, via its
decoder-driver. The count will then be up to 999, after which
all numbers return to zero, to begin again.

The output of BCD3 may go to a further binary coded
decimal decade counter, with its decoder-driver and numeral,
to allow the display to count up to 9999. Other counters or
dividers, drivers with decoders, and numerical indicating
devices can be added, for as many numbers as are required,

In some cases a count up to 9 is not required, Asexample,
with the “Minutes” section of a clock, Numeral 1 would count
up to 9, but Numeral 2 only up to 5. Then when 59 is reached,
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To allow the indication of frequency, the count is allowed to
take place for only a known length of time. An example, if
the count is enabled for 1 second, and the numerals read 50 at
the end of that time, then the frequency of the input to the
counter is 50 pulses a second, or 50 Hertz. In the same way, a
read-out of 650 would indicate a frequency of 650 Hertz, if
the count had proceeded for 1 second..

The count may be enabled for one-tenth of a second (or some
other interval). A read-out of 50 would then show that the
counter had received 50 pulses in one-tenth of a second, or is
indicating a frequency of 500 Hertz. Similarly, with counting
for one-tenth of a second, a count of 650 would show 6500
Hertz, or 6.5kHz.

A frequency counter or similar device thus has a counter
section similar to Figure 1, probably with four or five
numerals, and a section which controls the interval of time
over which counting can take place.

BCD’s and DD’s

Figure 1B shows a typical binary coded decimal decade
counter, the 7490. This is a single package integrated circuit
of 14-pin dual in line type, and fits 0.1in matrix perforated
board. Though it normally divides by 10, this can be changed
by appropriate connections. It operates from about Sv, and
working data will be found later.

The decoder-driver shown here is the 7441, for use with Nixie
tubes. By connecting the 7490 to the 7441, the latter will
allow a Nixie tube to display all figures from 0 to 9, in
accordance with the number of input pulses received by the
7490. The 7441 runs from about Sv also.

Numberings in Figure 1B are when viewing the ICs from the
top. A dot or mark indicates the 1-14 end, which must of
course be correctly placed for correct connections on a
circuit board.






Binary Decimal Equivalent
0000 0

0001
0010
0011
0100
0101
0110
0111
1000
1001

VoS WN =

Counting can naturally proceed to higher numbers, but only
these are required here. Decimal numbers have the base 10, so
have 10 as multipliers. Binary is based on 2. Thus 0101, as
example, is no eights, plus one four, plus no twos, plus one
one, or 5. In the same way 0110 is no eights, plus one four,
plus one two, plus no ones, or 6.

A divider may be operated by input pulses, which may be
derived at known frequency from AC mains, or may be
obtained from a highly stable oscillator, or from any other
source where required. Assuming that the input pulses are
from 0 to 9, logic obtained from the output circuits providing
binary would be 0000 for 0, 0001 for 1, 0010 for 2, and so on,
up to 1001 for 9, as just shown.

With a decade counter or divider, counting would return to 0
after 9. For higher counts, output would be taken on to a
further decade counter or divider, whose function would be to
deal with the “tens” column. Output from this divider could
pass to a further divider, for the “hundreds” column.

As direct binary display would be inconvenient for the user,
the decade counters or dividers provide inputs for a decoder.
This takes the binary inputs 0000, 0001, 0010, and so on, and
translates them into outputs which can display the numerals
0, 1, 2, and so on, by means of suitable numerical devices.

Dividers may divide by 2, 4, 5, 6, 8, 12, 16 and combinations
of dividers make possible almost any result wanted. Thusa
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suitable layout. The board should be 0.1in matrix, and the
divider, or a 14-pin holder for it, fits this correctly. A board
10 x 22 holes will be satisfactory.

An easy method of preparing this and similar boards is to use
bare tinned copper wire. This can be 20 swg or similar for the
positive and negative circuits, but much thinner (say 30 swg)
elsewhere. This is easily run from point to point as needed,
and is passed through holes in the board, so that circuits are
made from a single, uncut lead. If the wires are taut, sleeving
will not be needed here.

If a board with foil conductors is used instead, the strips
should run along the longer dimension. Wires will be needed
only on top of the board, as shown by solid lines. It will be
necessary to provide breaks in the foils at all places where short
circuits would otherwise be caused. These can be made with a
cutter, or a few turns with a sharp drill. Make sure the
conductors are completely cut, and that fragments do not
bridge the cut, or touch the adjoining foils. Assembly will
take a little longer than when using wire conductors
throughout,

Pins can be fitted for positive, negative and other external
circuits, or colour-coded leads can be soldered on here. Input
pulses can be from any of the circuits shown later.

Display Inverter

The logic can be inverted so that 1 is shown by an illuminated
LED, and 0 by a LED not illuminated. This may be preferred,
and it is perhaps more easily read by someone unaccustomed
to the other form of display, or to the binary sequence, it
being more naturally assumed that illumination shows 1, and
non-illumination zero.

The inversion can be obtained for each LED by a transistor as
in Figure 3. Assuming that 11 is 0, the LED in Figure 2
would be lit. But in Figure 3 this state removes base bias from
TR1, so that collector current virtually ceases, and the LED is
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A check that TR1 is oscillating can be made by listening for the
2nd hormonic with a receiver tuned to 200 kHz long wave; or
by noting with a meter that the supply line current changes
when the crystal is removed; or by observing the operation of a
counter connected after the divider chain.

An accuracy of about 0.01 per cent would be expected, with-
out adjustment, when the crystal is intended for this type of
circuit, and it may be possible to omit C2. Otherwise, using
surplus items, it may be necessary to adjust C1 and C2, or to
place a trimmer in parallel with the crystal, so that frequency
may be shifted a few Hertz or.cycles per second, as required
for maximum accuracy.-

Accuracy can be checked with a radio receiver. One method is
to tune in the 200 kHz long wave transmission, and provide
enough coupling from the 100 kHz oscillator to the receiver,
for an audio beat to be obtained. Adjustment will be most
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supply. If wished, the emitter circuit can be separated, so that
a higher voltage may be applied to the transistor and lamp, to
allow the use of larger bulbs.

An AC128 and similar PNP transistor will be adequate for the
smaller bulbs. Larger PNP transistors may be fitted for higher
current and voltage.

The circuit is duplicated for each indicating device. There will
thus be four transistors for the four bulbs with a binary display
as shown earlier.

Similar circuits can be used, operated from a decoder-driver, to
allow more powerful indicating devices to be utilised. A 7-
segment LED type decoder-driver, with seven small power
transistors, will allow switching bulbs, or pairs of bulbs, to
form a home-built, large size numeral. This will require cut-
out masks, so that the display resembles that of the 7-segment
LED numerals in form.

Minitrons

The Minitron numeral has filaments arranged as in Figure 31.
By selecting these, numbers from 0 to 9 can be produced, A
decimal point and other signs are also available. The various
sectors are lettered A to G, as for the 7-segment LED. Thus
current would be supplied to filaments B and C for 1, or to A,
B, G, E and D for 2, and so on, all sections being in use for 8,

Figure 31 also shows connections, the numerals being of 16
pin DIL type. All sectors have a common return, by external
connection of the pins. Then current at 14 and 11 would
illuminate segments B and C, for 1, and so on.

The 3015 Minitron has characters approximately 3/8 in or
9mm high. The BM8 and BM15 types are for 8 mA or 15 mA
approximately, each segment. Operation is from about Sv.

They may be controlled by a 7447 decoder-driver without
current limiting resistors. However, some form of limiting
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14 7490

Clock Setter

Since returning an electronic clock display to 00:00 by
opening the reset line requires that the clock be started at this
time, a manual reset to any required display can be obtained
by using the circuit in Figure 33B. The remaining gates of the
quad NAND IC are employed. Input from the counting
circuit is to 12 and 13, and output is from 8 to the first
divider operating a numeral. The noiseless switch point 3
connects to 10. Then operation of S1 allows the clock
display to be set to the correct time.

One such setting circuit is required for the minutes display

and one for the hours display, to avoid laborious adjustment

of the hours. Seconds can be adjusted by resetting to 00 by the
re-set switch at the minute, minutes and hours then being set
by the switches S1 for each,
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There are three spring loaded push buttons, S1, S2 and S3, S1
and S2 are preferably of the electronic zero-bounce-type
described earlier. S1 is normally open, S2 is normally closed,
and S3 is normally closed. S3 operates on the re-set line, and

is necessary to return the numbers to zero when starting or
after an attempt. In these circumstances, counting begins from
zero immediately Sl is closed. For an immediate response

test, the competitor then has to press S2 as quickly as possible.
His delay, in tenths of a second, can be read from the display.
For longer tests, the competitor must perform the assigned task,
then press S2. To avoid any need for a more elaborate counter,
the person operating S1 can note if the time runs beyond 9.9
seconds, as after this the display returns to zero. The com-
petitive task should be one which can generally be done in this
interval,

Ordinary toggle switches may if preferred be substituted for S1
and S2. In this case, S1 is opened after noting the time shown,
and S2 is closed ready for the next attempt.

The display can be 7-segment LEDs, or Nixie numerical tubes,
with the appropriate decoder-drivers, as described. Simple

power supply circuits can be incorporated with the 50 Hz
clock driver.

With 7-segment LEDs, battery running is feasible, all circuits
running from 4.5 volts, or three cells. (Four cells or 6v must
not be used). Asno 50 Hz pulses from the mains will be avail-
able, it is necessary to employ a different source of pulses. A
unijunction transistor pulser can be utilised. Whatever form
of oscillator is used, it should be of adjustable frequency. The
frequency is then set, as accurately as possible, while timing
the 1 second to 9 second display against the movement of a
clock or watch with second hands. In this way quite close
agreement can be obtained.

The whole equipment should be assembled in an attractive
case and S1 and S2 may be on flexible leads, when this is more
convenient. With only two numerals the current required is
within the capacity of cells of medium size.
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The high voltage oscillator for the Nixie supply is wired as in
Figure 15. It uses a BEY51 or 2N3053. Operation of the
power supply is as described. About normal full brightness of
the Nixie tube should be easily achieved. The GN4 end view
tube is suggested, though other tubes may of course be fitted.

The complete circuit will run from a single 3-cell battery as
used for hand-lamps, or from a battery made up of three non-
miniature cells in series. A 1000uF or similar large capacitor is
necessary across the supply. A 4-cell pack could be tapped at
4.5v for the decade counter and decoder-driver, the full 6v
being used for the high voltage oscillator.

The more popular type of 7-segment LED will present a rather
smaller numeral, but could be substituted for the Nixie tube.
It is essential to use the 7447 driver (instead of 7441) in this
case, connected as shown elsewhere. The high voltage power
supply is then unnecessary. Its purpose is to allow use of the
surplus Nixie tubes.

Compact 4-Digit Counter

By making use of the low-cost side viewing Nixie numerical
tubes designed to fit 0.1 in matrix perforated board, a compact
counter can be assembled as in Figure 38. Four digits allow
counting up to 9999. Overflow results in the counter starting
again from 0000. There is a re-set line, so that the count can
be returned to 0000 at any time.

The items can be accommodated on a board 92 x 60 mm, using

eight holders (4 off 14 pin, and 4 off 16 pin) for the counter

and decoder ICs. More details of operating conditions etc. will [
be found earlier. The top of the board carries the ICs, Nixies, 5
by-pass capacitor, and four individual resistors for the HT i
supply circuit.

If necessary carefully straighten the IC, holder, and Nixie tags

with tweezers, so that they pass correctly through the board

holes, and so that the ICs fit the holders correctly. Position |
the ICs so that pins emerge as shown in Figure 39. The
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may be of ordinary type, or preferably a switch which opens
when pressed. A display is only possible when the re-set line is
connected electrically to negative,

The carry-on pulse is from 11 to 14 of the next divider,
Figure 39. It may prove helpful to wire only the Units section
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first, and to test this to assure that it operates correctly, and
provides a count of 0-9. The later sections can then be wired
in exactly the same way.

The counter could be modified as explained earlier, if required.
As the small tubes are often sold in packs of five, an additional
numeral could be provided, for a display of up to 99,999.
Should higher counting be wanted, without reference to the
least significant figure, a further 7490 could be used to divide
input by 10, and a S-figure display would then read to
999,990, with the last figure absent. Such an arrangement is
not uncommon, to extend the count available,

Frequency Counter

As mentioned earlier, a digital counter can be used to indicate
frequency. Thisis arranged by switching the counter on fora
known interval. Manual switching is only practicable for low
frequencies — as example, to determine the number of
revolutions per minute. For electronic or audio purposes, the
period during which a count is taken will be brief, typically 1
second or less. Assuming the interval for counting is 1 second,
the counter will show the frequency directly in Hertz, Thusif
the counter reads 4975 after receiving pulses for 1 second,

then the frequency is 4975 Hz.

By utilising the small 4-digit counter described earlier, fre-
quencies may be read up to 9,999 Hz. This can be extended to
99,999 Hz by adding a further digit, or used with 4 digits x 10,
or to 99,990 Hz, by placing a 10 divider ahead of the counter,
or by allowing the count to occupy only 1/10th second instead
of 1 second.

The digital counter can use any of the numerical circuits shown
earlier. It is necessary to have a connection to the re-set line, so
that digits can be returned to zero before each count, This
poses no difficulty.
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Gating

An electronic switch or gate is used to allow pulses to pass to
the counter for the required interval. This is one-quarter of
the quad 7400, IC4, in Figure 40. Here, the signal input is the
unknown frequency to be counted, taken to pin 9. Counting
only takes place while the gate is opened by input at 10, from
the control circuit IC3. By arranging that this ahppens for 1
second, the signal input at 9 will be present at the gate output
8 for this interval, to operate the counter.

A control circuit which merely provides 1 second pulses at 10
would be unsuitable, as the count would continue until the
counter overflowed, and no reading would be possible. So it is
necessary to obtain a single, 1-second pulse, from IC3.

Some method of obtaining a reliable series of pulses is also
necessary. A 100 kHz crystal is often used. This can be
followed by decade dividers to obtain 10 kHz, 1 kHz, 100 Hz,
10 Hz and 1 Hz control pulses. Circuits of this kind have
been shown earlier.

An alternative method is to utilise 50 Hz or 60 Hz mains, with
S and 10, or 6 and 10 dividers, to obtain 1 Hz. This is done in
Figure 40.

Input to C1 is from a 6.3v transformer secondary, and the trans-
istor operates to produce a pulse across R3 for each cycle. IC1
is connected to divide by 5, so that 10 Hz pulses are obtained

at 11. These go to 14 of IC2, which is connected to divide by
10.. Output from 11 of IC2 is thus at 1 Hz. These 1 Hz pulses
go to 1 of IC3.

IC3 contains two separate JK flip flops with clear, and they are
interconnected in such a way that when switch S1 is closed,

the next pulse arriving from 11 of IC2 opens the gate IC4. The
gate remains open until the subsequent pulse from 11 (e.g., for
1 second) and is then closed, remaining locked in this con-
dition until S1 is again operated. Thus when S1 is closed, the
counter will count for 1 second, and the display will then
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