
DIGITAL FREQUENCY COUNTER/TIMER

PART 4 (continued from the November issue)

Frequency measurement is the primary purpose of
the instrument and although, on low and medium
frequency signals of a reasonable amplitude, it is

sufficient to connect the signal and read away, better
results may be obtained particularly on the higher
frequencies if the controls are set correctly.

It should be remembered that the purpose of the
input clipping stage is to provide, from the input
signal, a clean squarewave suitable for driving the
signal gate and decade counters.
With the input switch in the "AC" position the

input a.c. signal can be "slid up and down" the
input characteristic of Trl by rotating the LEVEL
control, so that symmetrical clipping takes place.
The smaller the input signal and the higher the

input frequency the more important it is to set the
LEVEL control correctly.

With the signal applied to the input and the
function control set to a low frequency range, the
LEVEL control should be carefully rotated from
one end to the other and the range noted over
which a steady reading is obtained. The correct
setting is in the centre of this range (see Fig. 19).
The actual physical position of the control depends

to a large extent on the individual characteristics of
Trl. (It may be possible to substitute other types
of f.e.t. in place of the 2N3823 but the spread of
characteristics may make the LEVEL control in-
operative.)

It is assumed that normally the signal to be
measured will be clean and free from hum and noise.
However, if a large amount of hum (mains ripple)
is present on the signal to be measured this may
cause errors due to the clipper stage being saturated
for periods of the hum waveform, as shown in
Fig. 20.

A solution to this problem is to use a simple high
pass filter, as shown, which will effectively remove
the low frequencies whilst allowing the r.f . signal to
pass through.
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Assuming that the LEVEL control has been set

to its optimum position, the function switch should
then be rotated to a position where the first digit

of the displayed reading appears on the left hand
tube.

Suppose that a signal of 7 054321MHz is being
measured, the reading of frequency should be
7 • 054MHz. Setting the function switch to the highest
frequency range will cause a reading of 07-05MHz
to be displayed and obviously the frequency is not
being measured as accurately as it can be.

Conversely, by moving the function switch the
other way to a lower frequency range, the 7 dis-

appears off to the left and a reading of 0543 is dis-

played.
This procedure may be repeated until in the Hz

position the reading will be 4321, the right hand
figure indicating cycles per second and the left

hand figure indicating kHz.
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Fig. 19 : Waveforms showing correct and incorrect settings of the
LEVEL control.
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Fig. 20 : Effects of hum and noise on the input signal. A simple high
pass plter is shown on the right.



This is a useful facility for measuring small

changes in frequency, e.g. checking variable fre-

quency oscillators, frequency modulation systems,

and monitoring the frequency of a signal generator

when aligning the i.f. stages of a receiver and check-

ing crystal filters.

It is important to remember that whilst this

measurement gives very high discrimination it is

only a relative measurement of frequency and is

not an absolute measurement to this accuracy. The
stability of the internal crystal oscillator is insuf-

ficient for this to be so.

Calibration Outputs
The 100kHz, 10kHz and 1kHz outputs at the rear

of the instrument may be used for calibrating

receivers. This can be done by loosely coupling the
appropriate output to the input of the receiver. A
series coupling capacitor and resistor of about
l,000pF in series with lkfl should be used as each
output is directly connected to the divider circuits

and an accidental short to earth or worse still to a

high voltage would upset the operation of the divider

and may cause permanent damage.

Time and Period Measurement
The simplest time measurement for the instru-

ment to make is in measuring the time of one cycle

of a repetitive waveform. This is useful for fre-

quencies below 100Hz as greater accuracy can be
obtained.
On the time ranges of the instrument, the count-

ing is initiated by the negative going part of a
signal and stopped by the next negative going signal.

The operation on various waveforms is shown in

Fig. 21a, b and c.
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Fig. 21 : Operation of various timing waveforms. Circuit on the right

provides a fast negative going pulse when S1 is closed.

For the timing of events, as an electronic stop

watch, it is necessary to provide a circuit which will

generate a fast negative going pulse when a button

is pressed. A suitable circuit is shown in Fig. 21d.

The 1,"F capacitor CI is normally charged to

+ 5volts through Rl. When the microswitch is

pressed a sharp negative going voltage step is pro-

duced which starts the timer counting time. Tht
switch is released and Rl recharges CI. When the

switch is pressed for the second time the negative

pulse stops the count and the total time between
the two operations is displayed in mS or seconds

depending on the setting of the function switch. The
purpose of CI is to prevent the contact bounce in

SI from causing false triggering of the instrument.

For automatic operation, two photocells may be
used and a suitable circuit for timing the duration

between two events is shown in Fig. 22.

Fig. 22 : Circuit shown above is suitable for automatically timing the

duration between two events.

An extension of this system with more powerful

light sources may be used for race timing, horse
trial events, etc.

In the above applications of start-stop pulses it is

suggested that the input switch is set to the "AC"
position and that the LEVEL control is adjusted

to the position which gives reliable operation, this

is usually slightly higher (clockwise) than the centre

operating point used in frequency measurements.

Very Low Frequency Input Signals
For very low frequency signals where the input

coupling capacitor may attenuate the signal severely

the input switch may be used in the "DC" position.

This may result in the LEVEL control having little

or no effect. However, if the input signal has an
amplitude of about 10 volts peak to peak about

earth potential, reliable operation of the instrument
should be obtained.

The integrated circuits used in the Digital Fre-

quency Counter Timer are the 74 series of TTL
(Transistor-Transistor Logic) in the 14 and 16 pin

DDL (dual in line) package. The device operates

from a supply of +5 volts (4-5V min., 5-5V max.).
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In the operation of the logic only two states are
possible, and 1.

logic = "low" =less than +0-8volts.
logic l = "high" = greater than +2-0volts.

7400N Quadruple 2 Input Nand
Gate

This device contains four separate identical two
input NAND (NOT AND) gates, as shown in Fig. 23.

Truth table

2 Input NAND gate

Inputl TN
f>—Output

Input 2— J

Input 1 Input 2 Output

Low Low High

High Low High

Low High High

High High Low
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Fig. 23. SN7400N integrated circuit and truth table.

Each gate has two inputs and one output and the

operation is shown in the truth table. It can be seen
that only when input 1 AND input 2 are high will

the output NOT be high, i.e. low. In the circuit of

the instrument some gates are shown with only one
input and here the other input is left disconnected.
This is equivalent to connecting it to a high input.

In this condition the gate becomes an invertor, the
output condition is the inverse of the input.

7473N Dual Master-Slave J.K.
Flip Flops
The SN7473N contains two Master-Slave J.K. Flip

Flops, each flip flop contains a large number of
gates all internally connected to form a bi-stable

or flip-flop in which the state of the outputs for
specific input conditions is clearly defined. This is

shown in the truth table in Fig. 24. What this means
is that if J and K are both low, no change takes
place during the clock pulse. But if K is high and
J is low the clock pulse will cause Q to go low and
conversely if J is high and K is low the clock pulse
will cause Q to go high. And finally if J and K are
both high Q will change state at each appearance
of the clock pulse. With J and K both high the
circuit makes a divide by two divider stage, the
output from Q being half the frequency applied to

CP.
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CP - Clock pulse input

C - Clear

V
Clock input waveform

Truth table

tn tn +1

J K O

Low Low On

Low High Low

High Low High

High High On

tn a bit time before clock pulse

t n+1 - bit time after clock pulse
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Clock 1 Clean K1 Vcc Clock 2 Clear 2 J2
Low input to clear sets Q to logical 'O' regardless of clock state

Fig. 24 : SN7473N integrated circuit and truth table. The sequence of
operation relative to the clock waveform is also shown.

In the master-slave JK flip flop, the input to the
master section is controlled by gates operated by
the clock pulse. The clock pulse also regulates the

state of more gates which connect the master and
slave sections. The sequence of operation, relative

to the clock waver'orm shown in Fig. 24, is as follows

:

1. Isolate slave from master.

2. Enter JK input information into master.
3. Disable input gates.

4. Transfer information from master to slave.

The input C is a direct clear input which restores

Q to low irrespective of any other input signals.,

opposite logic condition to Q.
instrument is in storing information and transferring

this on the application of a pulse to the clock pulse

Q is the reciprocal of Q and always has the

The use of the Master-Slave JK Flip Flop in the
input.

7490N Decade Counter
The SN7490N contains 4 flip-flops and 3 gates

forming a divide by 2 stage and a divide by 5 stage.
When used as a binary coded decimal counter,

the signal input goes to the divide by 2 stage and
from the output of this to the divide by 5 stage.

The binary coded decimal output is then available

as shown in Fig. 25.

When used as a frequency divider, as in the Crystal
Oscillator divider panel, it is more convenient to
feed the signal into the divide by 5 stage tirst and
then the divide by 2 stage, this ensures a 1 : 1 square
wave output which has certain advantages when
used as a calibrator output. The other arrangement
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Fig. 25 . SN7490N integrated circuit used as a binary coded decimal
counter.

will of course also divide by 10 but the output wave-
form is far from symmetrical. The SN7490N has
input connections for resetting to "9" or "0" and
in the instrument only the reset to "0" is used.

74141N B.C.D. to Decimal
Decoder Driver

This device contains a complex arrangement of

gates terminating in ten high voltage transistors

for driving the numeral indicator tube. The opera-

tion of this device was illustrated in Part II of this

series (Fig. 9, page 480, October 1971 issue).

A number of queries have been received regard-
ing the use of a SN7441AN device in place of the
SN74141N. The SN7441AN was in fact used in the
prototype and whilst a number of these functioned
satisfactorily a few gave trouble by loading the
decade counter excessively and causing an incorrect

count.
The SN74141N is an improved version of the

original SN7441AN.

B.B.C. RADIO LONDON
Sunday, November 7th at 3 p.m.

on 95-3 MHz.

"Don't call us 'hams'!"

featuring radio amateurs of London, with
Sylvia Margolis, past P.R.O. of the
Radio Society of Great Britain
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ONE of the attractions of medium wave DXing
is its unpredictability, a feature which is very-

apparent when the listener searches for North
American DX. Although reception conditions can
vary considerably from night to night, there is also

a long term trend which follows the sunspot cycle;

the best medium wave DX occurring in years of low
sunspot activity. We are now well past the maximum
of the current sunspot cycle and can expect an all-

round improvement in long range reception on m.w.
Last month it was suggested that the newcomer

to MW DXing should listen on 1070kHz after 2300hrs
for the Canadian CBA located at Moncton, New
Brunswick. Other North Americans that are fre-

quently heard in this country during the early part
of the night are CNB 640kHz in St. John's, Newfound-
land; WNBC 660kHz in New York City; WABC 770
also in NYC; WHDH 850 in Boston; CBH 860 in Hali-

fax, Nova Scotia; WABI 910 in Bangor, Maine; CJCH
920 Halifax, N.S.; CJON 930 St. John's; CHER 950
Sydney, N.S.; WINS 1010 NYC; WBZ 1030 Boston;
WBT 1010 Charlotte, North Carolina. An unusual
catch is Radio St. Pierre 1375kHz situated at St.

Pierre, the capital of the French islands of St. Pierre
et Miquelon, located to the south of Newfoundland.
When conditions are favourable R. St. Pierre will

cause a heterodyne on Lille 1376kHz before the
latter closes down for the night at 2300hrs.
Harold Emblem, of Mirfield, Yorkshire, has re-

ceived a verification from the new station at Kin-
shasha (692kHz). This is a difficult country to verify
and the address for reception reports is Chef des
Services Techniques, Radiodiffusion Nationale Congo-
laise, Kinshasha, Republique Democratique du Congo.

Reception of Far Eastern medium wave stations
is possible in the U.K. during the afternoon in

winter time. Stations fade-in about one hour before
sunset and are audible either until they sign-off or
they become submerged in interference from Euro-
peans, which increases as darkness approaches. The
l,000kW All India Radio outlet at Calcutta, on
1130kHz which broadcasts in English from 1530 until

1600hrs was heard frequently last winter. It is easy
to pass over this station as it suffers from slow cyclic

fading, so it is worth while pausing on the frequency
for a few minutes. The Voice of America, Okinawa
1178kHz is another megawatter that is often heard
in this country, usually as a background to the
Swedish broadcaster on the same channel. Pro-
grammes from Okinawa are in local languages but
identification is on the hour and half hour usually
in English and is accompanied by the Yankee Doodle
signature tune. Sign-off is at 1700hrs. Peking has been
logged on 1,000kHz, 1230kHz and 1290kHz; Taiwan
(Formosa) has been heard on 750kHz and 1200kHz
with programmes of westernised Chinese music while
Kabul, Afghanistan 1280kHz is a regular until close
down at 1830hrs.
Reports to 132 Segars Lane, Southport PR8 3JG.
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