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THE SECRET IS IN THE SPRING

EDGE CONNECTORS —EWD SERIES

The latest range of Ferranti Edge Connectors offer even
greater reliability. The design incorporates a unique rolling-
leaf spring contact, which has a low rate stress limiting
characteristic, giving controlied contact pressure and very
low insertion and withdrawal force.

AVAILABLE WITH 8, 16, 24, 32 or 40 POLE POSITIONS
SINGLE OR DOUBLE SIDED CONTACTS.

CONNECTORS
LFC SERIES

Ferranti LFC Connectors are designed for use either as rack
and panel connectors, or, when used with the appropriate
connector cover, as a free plug or free socket. LFC
Connectors offer: UNSURPASSED RELIABILITY - VERY
LOW INSERTION FORCE - LOW RATE FLOATING
SPRING - CONTROLLED CONTACT FORCE.

Available in 35, 70 and 91 pole sizes.

WRAPPING TOOLS

The Ferranti range of Wrapping

Tools enable wrapped joints to

be made quickly and easily

with the minimum of staff training. Wrapped joints are the
most reliable joints known, take less space and completely
eliminate the possibility of damage caused by heat.

A full range of Hand and Power operated tools is available
for making standard or miniature joints. Standard power
tools are driven by compressed air and miniature power
tools by electricity.

CIRCUIT-SAVERS

Ferranti Circuit-Savers overcome the

problem of replacing quickly and easily integrated circuits
in printed circuit boards. The Circuit-Saver is inserted into
the board and soldered into the circuit. Integrated circuits
in 8 or 10-lead TO-5 encapsulations can then be inserted
into the Circuit-Saver in a matter of seconds. Thus integrated
circuits can be replaced quickly, without damage.
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After ninety-five assembly processes and [t's easy to see why a Mullard valve is better.

fourteen quality checks, we were beginning to Right from basic components it's Mullard.
wonder if they were ever going to put usin They make every bit of it, under strict control.
boxes and let us out of this place. . Only in that way can they be sure that its
But we passed for performance and quality, quality and performance are basically better.

so we must be pretty good !

The valve for service-M@Hﬂ@E@ﬂ
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The Post Office and its Powers

WHEN the recommendations in the Government White Paper* on the reorganization
of the Post Office are implemented, a new public Corporation will be set up instead
of the present Government Department but it will continue to be called the Post Office.
The proposed Bill will confer on the Corporation the P.M.G’s existing monopoly, in
a modernized form, “of telecommunications within the United Kingdom.”

A single Minister (should he be called the Minister of Communications or of Tele-
communications?) will be responsible for the new Corporation “and for the residue
of the Postmaster General’s functions (except Savings).” He will assume the P.M.G’s
responsibilities under the Wireless Telegraphy Act 1949 and in the broadcasting field.
“This will include general regulatory control of radio transmission and reception, and
the issue of licences accordingly.”

We have on several occasions voiced the opinion (shared by many others) that a
Department which is itself a major user of the frequency spectrum should not have
the legislative responsibility for allocating frequencies. Although the new Minister
will apparently have ministerial responsibility for this particular aspect of the country’s
telecommunications it is to be hoped the actual administration will be taken out of
the hands of the Post Office and given to a new organization, similar to the Federal
Communications Commission in the United States. Such a British Communications
Commission could adjudicate independently on the vexed question of space in the
spectrum.  The present P.M.G. has, of course, his advisers in this particular field—
the frequency advisory committee under the chairmanship of Dr. R. L. Smith-Rose—
but one wonders whether any such non-executive body can withstand the demands of
the Services for frequencies which “may be needed in an emergency.”

The B.C.C. should also take over the responsibility for licences, both transmitting
and receiving. (The F.C.C. wields considerable power, in that it is able to withdraw
a licence if the licensee is not making full and proper use of the facility granted.) The
actual collection of licence fees could be one of the “counter services” which, under
the Bill, the new Post Office is to provide.

In the international field the B.C.C. would be the Government agency and at inter-
national conferences would be the spokesman.  Representatives of the Post Office
would continue to attend, but as one of the several users of the spectrum (like the
B.B.C,, L T.A,, Cable & Wireless, etc.) and not as the final arbiter.

The Bill may also have repercussions in the electronics industry. At the recent
dinner of the Telecommunication Engineering & Manufacturing Association the Post-
master General (whose contracts, incidentally, account for a major part of the
members’ sales) stated that he was going to do some hard bargaining with the manu-
facturers of telecommunications equipment. This reference to bargaining has taken
on a new significance with the publication of the White Paper, for the proposed Bill
will give the Corporation “power to manufacture anything used in connection with
the exercise of its powers” and “will also have power to form subsidiaries and to
engage in joint undertakings with other organizations.” Might this be the first step
in the direction of a nationalized telecommunications industry?

* ¢ Reorganisation of the Post Office,” Cmnd. 3223
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D.C. NANOAMMETER
AND MICRO-
VOLTMETER

By D. BOLLEN
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Low-drift chopper-type instrument measuring

down to microvolt and nanoamp regions

SENSITIVE d.c. instrument is required when plot-
ting semiconductor junction characteristics at very
low bias levels and leakage currents. General pur-
pose d.c. instruments, which may include galvanometers
and valve-millivoltmeters, seldom offer full-scale sensi-
tivities better than 1pA and 10mV, whereas nanoamp
and microvolt levels are called for when dealing with
modern semiconductor devices. Moreover, it is import-
ant that some compatability should exist between current
and voltage deflections on a given range. It is not always
useful to be able to measure down to 1 nanoamp if this
is accompanied by a voltage drop of, say, 100 mV, equiva-
lent to a series resistance of 100 M{2. Equally, insensi-
tivity on voltage ranges could cause excessive loading of
the device or circuit under test.
Although silicon transistors offer a straightforward
approach 1o d.c. amplification, some care is needed to
better a drift performance of 20 1V /deg C, with direct

R -
|0|0 1uF s
D.C.INPUT O \ “__\y__
Cu-Fe
JUNCTIONS
R 4
Fig. 1. Chosen method for neutralizing offset voltage.
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coupling. Chopper circuits tend to be more complex, but
are less susceptible to thermal drift. In the latter case, a
drift of less than 1 4V/deg C is commonplace. Cost does
not necessarily go hand in hand with complexity. Because
choppers operate in the low audio frequency range, full
use can be made of limited f, germanium transistors,
both for amplification and for the chopper drive oscillator.
A major item, however, can be the chopper iteself. Special
f.e.ts with a small drain-source “on” resistance, dual-
emitter silicon transistors, and high-speed mechanical re-
lays, can often contribute several pounds to the cost of
the finished instrument.

Mechanical choppers are justly criticized on the
grounds of low-speed operation compared with semi-
conductor switches, and unreliability brought about by
contact deterioration in free air; objections largely ruled
out when the reed switch is considered as a chopper. The
miniature reed can be arranged to function at frequen-
cies of several hundred c/s with a drive power of less
than 40mW and its plated contacts are hermetically
sealed. The reed switch is of moderate cost, long life and
approaches the ideal switch with a typical on resistance
of 0.1 and an off resistance of 10" (L

OFFSET POTENTIAL

Most of the defects associated with chopper amplifiers
occur in the input stage, that is, with the chopper itself.
A measure of chopper quality is the amount of spurious
direct or offset voltage present with no input signal. This
offset voltage is created by breakthrough, and partial
rectification of the chopper drive waveform, and is highly
temperature dependent. A switching transistor, with
collector-emitter connections reversed, will show an offset
voltage of around 5004V, and a double-emitter transistor
chopper gives about 50 1.V offset. Field effect transistors
are very much better. Offset occurs with mechanical
choppers, and is due to_stray capacitive pick-up from
wiring, and inductive pick-up from the chopper coil.
Reed switches present a special case because here cur-
rents are directly induced in the ferrous reed material
when the contacts close. Yet, with suitable screening
precautions, reed switch offset can be quite small—less

than 10pxV.
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Another temporary cause of voltage offset is due to
temperature gradients within the instrument case, when
the ambient temperature suddenly changes. Bi-metal
junctions in resistors, nickel plated connectors, and
switch contacts can generate a considerable current in
such conditions. Fortunately, this effect is relatively
short lived but is sometimes confused with normal offset
currents.

Offset Neutralization. Fig. 1 gives a reed chopper input
circuit incorporating offset neutralization. An offset voltage
existing across the reed switch will cause a current to
flow via R,, R, and the source resistance R,. The bridge
circuit VR,, R,, R, is set to oppose the offset voltage.
Adjustment of VR, holds good for differing values of
R:. The temperature dependence of the Fig. 1 circuit
is illustrated by the curves of Fig. 2. The curve marked
(a) +(b)+(c) demonstrates the transient effect of bi-metal
junction drift, mainly created by the Cu-Fe junctions
where copper conductors are soldered to the reed lead-
out wires, but also in part due to thermal currents in
R,, R, and R,. About half an hour after the chopper has
experienced a sudden change of 9 deg C the bi-metal
junction drift disappears, leaving the drift as shown in
curve marked (a)+(b). It has already been remarked
that chopper offset voltage is highly temperature depen-
dent, and the (a)+(b) gradient, in Fig. 2, supports this
contention. Amplifier and chopper drift alone is negligible
by comparison. Since bi-metal junction drift is of short
duration, and is self-correcting, attempts to improve the
drift charactertistic of the circuit are best centred on off-
set voltage. Efforts to minimize reed switch offset voltage
will meet with limited success, but thermal compensation
can be easily achieved by substitution of a suitable ther-
mistor for R, in the bridge arm. Fig. 3 shows the new
drift characteristic where the offset voltage, after a settling
down period, is reduced to less than 0.4 4V deg C by
compensation.

RANGE SWITCHING AND A.C. AMPLIFIER

Fig. 4 gives the complete microvolt-nanoamp meter cir-
cuit. Range switch SW1, with resistors R, to' R,, is
arranged to provide voltage and current division in deci-
mal steps. If greater overlap is required, a switched
series resistor can be incorporated in the negative feed-
back loop of the following amplifier to divide, say, all
ranges by 2 or 3.33. Shunt resistors R, to R, are very
generously rated, to prevent local heating when carrying
current. Since attenuation is purely d.c., occurring be-
fore chopping, any noise or offset created by the chop-
per will show, on all ranges, as a nearly constant meter
deflection, and is not disguised. The normal zero input
deflection is less than two divisions on a scale of 100
divisions, which has no effect on overall linearity or
accuracy provided that the offset control VR, is cor-
rectly set. It is assumed that accurate readings would
not be taken lower than, say, the first 4 divisions on a
100 scale. An abnormally high zero-input deflection will
indicate that there is 50 ¢/s hum pick-up, or other ex-
ternal interference, and remedial steps can be taken to
correct this.

Thermistor Th, in the offset neutralizing bridge, is an
inexpensive composition type displaying the required
temperature characteristic. The battery can either be
a small pen-cell or, better still, a mercury cell.

In the a.c. amplifier input stage, Trl is run with an
emitter current of about 180 1A and this, together with
the use of metal oxide resistors, and a low source resist-
ance, reduces noise to an acceptable level. C,, between
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Fig. 2. Temperature characteristic of Fig. | circuit when subjected
to a sudden rise of 9 deg C (Rs— | k(Q).

the collector and the base of Trl, restricts the h.f. res-
ponse of the first stage, and C, attenuates low frequen-
cies. . The frequency response of the amplifier therefore
falls away on either side of the chopping frequency, thus
restricting noise bandwidth. Shunt negative feedback
from the collector of Tr2 to the emitter of Trl usefully
provides a means of adjusting amplifier gain, by pre-set
control VR,, and C,, assists C, by introducing further
h.f. de-emphasis. With its low emitter current, the gain
of Trl is sensitive to supply voltage fluctuations and, to
a lesser extent, so is the gain of Tr2. Stabilization
against falling battery voltage is achieved by including
Zener diode D4 and dropper resistor R., in the negative
rail.

Tr3 and Tr4 can be considered separately, as a meter
amplifier with a full scale deflection sensitivity of 3mV
rms., linearized by a negative feedback loop supplying
approximately 20dB of feedback across emitter resistor
R... A full-wave voltage doubler, D2, D3, C,, and C,,,
was found to give improved scnsitivity over the more
usual diode bridge arrangement. SW3 selects either the
internal meter or a.c. output. The latter facility allows
the instrument to be used for driving external equipment,
such as an a.c. chart recorder, and permits oscilloscope
inspection of the chopped signal. With feedback, the
output impedance is close to 600 ohms.

The amplifier and range switch circuit panel is shown
in Fig. 5. The circuit panel was mounted to the instru-
ment front panel by means of SW1, and the two wafers

30
20
v EQUILIBRIUM |
b QQ — f
8¢ \ I
4
10 s\?\\ ™ ]
xko\
L \"J@
@ @+ ® o56uV/deal T T4
7 =1 (@), 0-3uV/ degC
10 012 13 14 05 16 17 18 19 20 21 22

deqc

Fig. 3. Effect of substituting a thermistor for R4 in Fig. | and subject-
ing circuit to a 11 deg C rise (Rs=1k(}).
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/Fig. 4. Complete circuit of d.c. microvoltmeter/nanoammeter,

materials, and low thermal-em.f. reeds, such as the
Hamlin MSMF-2, are available. To achieve a low
thermal em.f., the ferrous reeds are coated with
copper, with rhodium contacts for self-cancellation of
em.fs, and a special solder is used for jointing the
lead-outs.

were disposed one to each side of the circuit panel, with
suitable stand-off spacers.

CHOPPER REED AND COIL

Almost any reed switch with ‘““miniature” dimensions
will serve as a chopper, but there is a choice of contact

COMPONENTS LIST

wire wound

R, 91kQ 2°, carbon R,y 27kQ 5°, meral VR; 2kQ Cg  0.47 uF paper
film 1 W oxide } W 1w Cyg 0.47pF o
R, 91kQ » Ry, 10kQ B Th TH2 (Radiospares) Csy 100 uF  12v.w.
R, 910k ' R,; 10kQ 10°, compo- C, 1 uF 60v.w. electrolytic
R, 9.1 MQ ' sition ¥ W polyester SW1a, b Radiospares Maka-
R; 1Q 20, wire R,, 2.2kQ B C. 0.01gF 30v.w. disc switch, 2 pole 12
wound 3W R,, 2.2kQ ” ceramic way
R, 100 % R,y 12kQ . Cy 100uF  12v.w. SW?2a, b 2 pole 2 way toggle
R, 1000 o0 R,; 3.3kQ " electrolytic  SW3 1 pole 2 way toggle
Ry 1kQ o Ro, 2.2kQ N Gy BuF »
Rq 11kQ 2°, metal R 1kQ (o 100 uF ® Trl AC 107
oxide 1 W 27 » Cq 100 uF  15v.w. Tr2-6 OC 71 or equiva-
R,, 100Q  10°, carbon Ry 100 » electrolytic lent (beta 50).
film 1W Roe 12kQ o C. 8uF  I12v.w. D1 OA 81
R,; 5.6Q o5 ) Ry, 3.3kQ ® ) electrolytic D2, D3 OA T3
R,, 47kQ 5% composi- Ry 1kQ N Cg 3 uF . D4 ) 7B 82
tion } W Rye 560 Q ' Cy 100 xF D Recd switch. Radiospares 6-
Rz 47kQ 10% Ry 1kQ . Cyp 8uF ' RSR, Cockrobin RS/2,
Ry, 140kQ 5% metal = p o gok0 . C,; 100 pF " Proops XS6, Hamlin
oxide } W R, 82 kQ Cys 10uF o MSMF-2 (low thermal
R] 5 27kQ B 35 o 3
Ry, 27kQ » Ry 1KkQ » Cyy 10 pF » e.m.f.)
R:‘_’ 100 Q 5(,() carbon VR] 5kQ wire wound C14 10 p.F s Meter. MR65P 100 MAA f.s.d.
' “ film LW Cys 10pF o Sockets. 4 mm Radiospares.
R;s 4.7kQ 10°; compo- VR, 50kQ carbon minia- Ci¢ 0.05 uF paper Front panel. Alummlqm 16
sition § W ture pre-set C;; 047 uF swg 9 5in.

208

WIRELESS WORLD, May 1967




Fig. 5. Suggested
layout for amplifier  2'/zin
and range switch
panel.

Large rcéds are prone to excessive electrical noise in
chopper applications, and contact bounce due to their
low resonant frequency. The miniature reed has a reson-
ance in the region of 2.3kc/s, well above the chosen
chopping frequency.

Reed coil details are given in Fig. 6, together with a
method of mounting the reed switch, in a plastic sleeve
which slides into the reed bobbin. The bobbin is made
up with circular paxolin cheeks on a short length of
5/16in o.d. brass tubing, which acts as an earth screen
between the coil and the reed switch. The bobbin can
be almost filled with 40 s.w.g. enamelled wire, using a
handrill and the number of turns is not critical. As a
guide, however, the original had 7,000 turns, its d.c.
resistance was 370(), and the pull-in sensitivity was
9 mA.

Chopper Oscillator. The reed oscillator, circuit Fig. 4,
consists of a simple astable multivibrator, with a repeti-
tion rate of 200c/s. With the reed coil acting as the
collector load of Tr5, DI limits the reverse voltage spike,
and C,, is included to provide some measure of feedback
stabilization. The chopper drive control VR, is used to
reduce the oscillator supply current to the lowest value
consistant with reliable chopping, and also fulfils the
function of fine calibration control, by altering the on-off
ratio of the chopped waveform.

The layout of the chopper circuit panel is given in
Fig. 7. It is essential to keep the oscillator away from the
a.c. amplifier to prevent interaction, and a small tin or
other form of ferrous screen is advised. Two holes in the
tin, aligned with the reed coil bobbin, will permit replace-
ment of inspection of the reed switch at any time, and the
reed sleeve can be lightly held in place with a spot of glue.

ASSEMBLY AND TESTING

Hot soldered joints will continue to produce temperature
gradients within the instrument for several hours, and

SPECIFICATION
Ranges:

Voltage (d.c.) Current (d.c.)
100 pV into 1 kQ 10 nA via 10 kQ
1 mV into 10 kQ 100 nA via 1kQ

10 mV into 100 kQ 1 pA via 100 Q

100 mV into 1 MQ 10 kA via 10 Q
1V into 10 MQ 100 kA via 1 Q
Drift: 0.4 uV/°C

Accuracy: 5%, of full scale.
- Noise: 2 uV
Offset: 10 uV
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PLASTIC SLEEVING °
TO FIT BRASS TUBE

7/5zin 1.0.
BRASS TUBE

APPROX 7,000 TURNS
40 s.w.g. ENAMEL WIRE

Fig. 6. Detail of reed and actuating solenoid.

any test conducted while the trend towards thermal
equilibrium is still in progress will be meaningless. Atten-
tion should be paid to the adequate earthing of positive
rail, chopper coil tube, chopper oscillator screening can,
and apropriate input and output terminals to the metal
front panel.

When the instrument has finally cooled, switch to the
1V range and zero with the offset control VR,, while
noting noise level. It is helpful to examine the output
waveform on a scope, to check for stray a.c. inputs super-
imposed on the chopper waveform. Trim VR, for low
noise and calibrate with VR, from a known voltage
source. If noise is higher than expected, slight rearrange-
ment of the layout of the two reed switch leads should

REED COIL
LEADS

Fig. 7. Layout of chopper panel
used in prototype. 2lzin
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bring an improvement. Low current and voltage ranges
may be tested by suitable combinations of potentiometer
and series resistor networks, connected to a precise source
of direct voltage, but this will only be required if a range
resistor is suspect. The instrument will accept either
negative or positive polarity inputs. A discrepancy of
reading when input connections are reversed will point to
incorrect offset adjustment.

Once VR, has been set, zeroing should remain stable
within fairly wide temperature limits, and on all switched
ranges, except where the instrument is to measure current

in a device or circuit otterng a resistance substantially
lower than the internal resistance of the instrument. Such
offset discrepancies should be small, necessitating only
a slight re-trim of VR,. Voltage ranges are unaffected by
external source resistance, apart from the 100 ¢V range.
Unfortunately, as the majority of plugs and sockets are
nickel plated or produce a polarized junction in contact
with copper conductors, some additional offset will occur
after connectors have been gripped by the hand, or are
moistened by perspiration. This effect must be recog-
nized and allowed for when making offset adjustments.

OUR COVER

Chilbolton Satellite Tracking Station

HE new steerable aerial designed to operate down to

3cm, built for the Science Research Council at Chil-

bolton, Hampshire, by AEI Electronics, is the object
of this month’s cover illustration. It will be employed
to aid study of a variety of problems associated with
space communication systems, such as wave propagation
through the troposphere and ionosphere, and also to
investigate radiation from the sun and radio stars.

The aerial is mounted on a substantial stationary base
tower which has been designed and built to an exacting
specification. The maximum error that could be toler-
ated was two minutes of arc under the worst conditions
of wind velocity and temperature, and this has been met
in practice. On top of this tower is mounted a rotatable
platform which supports the reflector and the cabin
which accommodates the transmitters and receivers
together with the azimuth and elevation drives and
other mechanical equipment. The paraboloid reflector
has a diameter of 25m and 9m focal length and consists
of a single skin central panel surrounded by 48 sector
panels manufactured from two-inch thick hor:zycomb
aluminium sandwiched between a stretch-formed alu-
minium skin. This form of construction has been shown
by past experience to accurately retain the reflector
profile in strong gusts of wind by virtue of its high
stiffness /weight ratio. ~ When checked with an AEI
Parabascan optical survey instrument the r.m.s. deviation
from the paraboloid of best fit was 0.04in, this, it is
stated, can be improved upon if necessary. To allow
for thermal expansion of the reflector, and to compen-
sate for the fact that the gravitational forces on the panels
alter with changes in reflector elevation angle, the refiec-
tor is attached to its backing structure by means of sliding
joints and a temperature compensating beam.

The flexible control system allows three modes of
operation, these being, programmed movement from
punched paper tape, automatic tracking of a radio source
2nd manual operation. An A.E.I. special-purpose on-line
digital computer forms part of the servo loops that
control the aerial in elevation and azimuth. The aerial
position is continuously sensed by two digital shaft
encoders (one for elevation, the other for azimuth). The
cutputs of thes= are subtracted from digital information
specifying the required co-ordinates, the resulting differ-
ence information is, of course, an exact measure of aerial
position error in the two planes. This error signal after
being converted to analogue form, drives the servo
motors until the error is reduced to zero, then the
outputs of the position encoder and that of the demanded
position will agree; the aerial will now be in the required

position.
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While under paper tape control, the demanded aerial
co-ordinates and the time at which they are required
are fed into the computer, via a tape reader, using stan-
dard five hole tape, at intervals of one second or longer.
To reduce the amount of input data required, the com-
puter performs second order interpolation on every three
consecutive sets of co-ordinate data for intervals equal
to one-eighth of the tape time interval (usually 1 sec).
Linear interpolation is then performed over these one-
eighth intervals down to values corresponding to one-
sixtyfourth of a second.

The outputs of the position sensing encoders are
sampled at one-sixtyfourth of a second intervals and
subtracted from the interpolated values to give the digital
position error signals. These are then converted to
analogue signals and used to control the aerial as pre-
viously described.

When the automatic tracking facility is required, the
computer error signals are replaced by signals from a
receiver the output from which is proportional to the
angular error between the aerial and the radio frequency
source that it is desired to follow. Hence the servo
loop is now completed by the angular position of the
source relative to the aerial.

Manual control is achieved by simple potentiometric
methods coupled directly to the servo mechanisms.

Predetermined aerial co-ordinates may be programmed
on a 256 word capacity peg board, instructions being set
in by means of “diode pegs.” An address on this board
can be selected by means of a command from the control
panel, the “diode peg” instruction then being treated
as a demand signal. This demand signal is subtracted
from the output of the position encoders and the aerial
moved accordingly.

Various timing signals and the aerial position is indi-
cated continuously on in-line digital indicators situated
in the control panel.

When the aerial is operating under tape control the
digital information is converted into linear d.c. voltages,
1mV representing 1 second of arc error, and are sub-
jected to two stages of pre-amplification. In the first
stage, error signal processing is provided to obtain the
required dynamic -characteristic of a low servo control
frequency, and in the second stage transient velocity
feedback is introduced from tacho-generators fitted on
the servo motors to obtain satisfactory stability. The
signals so obtained, after further processing, are used to
control the aerial, in azimuth 2nd elevation.

Some of the experiments to be carried out at Chilbolton
are described on page 238.—Ed.
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Power Supply Filters and

Energy Storage

A New Look at Power Supply Effectiveness using

By L. B. ARGUIMBAU

HE function of a capacitor on the input of a power
supply is to accept energy in pulses and to redistri-
bute it, in time, assuring a reasonably constant

voltage and power flow. Similarly the function of an
input inductor is to accept energy in half sinusoids and
to store it briefly, pumping a constant current into the
load. Looked at in this way it would seem reasonable to
study the filter action on the basis of energy storage
rather than of various other quantities that may come
more readily to mind but are in a sense less significant.
This approach has the further advantage that it points
up a number of broad design principles that should
occupy an important place in our minds.

CAPACITOR-INPUT CASE

Fig. 1 shows a capacitor-input power supply using RC
filtering. As usual with such problems the first question
we should ask ourselves is what variables to use. Con-
ventional approaches to the subject use C, Ry, E; and
either R, or I, but these conceal the issues rather than
clearing them up.

We shall assume that the desired load voltage E; is
known and also the load power. Further we shall assume
that the maximum energy storage of the capacitor at its
rated voltage is known, and that a given fraction, 8, of the

L. B. Arguimbau, a graduate of Harvard University, has
been developing audiometric instruments at the Grason-
Stadler Company, in West Concord, Mass., since 1960.
He began his career with the General Radio Company
where for 18 years he was designing instruments. Then
followed 15 years at the Massachusetts Institute of Tech-

nology where he taught and did research work. While
at M.I.T. he collaborated with Edwin H. Armstrong,
the pioneer of f.m., and took part in the study of transat-
lantic f.m. transmissions between New Jersey and Slough.
Immediately-prior to joining his present company he spent
five years designing f.m. receivers.
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Watt-second Rating in Place of Henrys and Farads

Fig. I. Simple cap- £
acitor-input  power .
supply circuit with

components marked
in terms of energy

storage and power

* v W P-AI
T T3

C=2W/EL, R =E¥P

load power is dissipated in the filter resistor. Our first
job is to get rid of C, E, Ry, R,, and to replace them by
combinations of energy storage and power.

We have for the maximum energy storage of a capacitor,
W=ICE® (In this and in whart follows the output is
assumed to be at the full voltage rating of the capacitor.
The ripple voltage is at twice the power line frequency.)

So C = 2W/E:
P = E)R,or R, = E¥}P
Ry = BR, = BE*P
I,, = P/E

These equations replace C, R,, R,, in terms of the
stored energy capacity, the power, and the voltage. It is
assumed that g<€ 1,

Now it is easy to show* that the ripple voltage in Fig. 1
is given by:—

V2 1, X0
El'/'ppfp ~ 75;‘: —C. 0000050000000 000500000 1.
or l}rinnlr ~ V2 I, }_(rj _ 7\/2 Idc
E R,E (4=f): C2E R,
Using the various substitutions, this becomes:—
Einpre V2P E B V2 P
E T aw: B 4(4-f): W
4nf)2 Ef——
NP, B
El:il vl - \/2 ( P2
e e Ul (NN I A 2.
o ‘ E 6432 W)

Notice that the ripple factor is shown to be a function
of the frequency, the fractional power loss in the filter,
and the ratio of load power to energy-storage capacity.
For f = 60 c/s and for 50 ¢/s we have:—

Eripp[eN 1 (1‘1)2 B 1 (Ii)z
E " |16x10°% \W/ | o~ = [LIX10%8\W/ |5~

Fig. 2 gives the rated energy/storage for various com-

* “Vacuum-Tube Circuits and Transistors.” L. B. Arguimbau, John Wiley
and Sons, 1956. pp. 21-25.
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puter-grade aluminium electrolytic capacitor case sizes
as a function of voltage, as of A.D. 1966, a curve currently
in the process of drifting upward by about 209, per year.
Fig. 3 shows the energy storage per cubic inch at 15V
as a function of volume. It is to be noted that the ripple
factor in equation 1 appears to be independent of voltage.
However, since the energy storage for a given volume
increases roughly linearly with operating voltage it is
clear that the volume effectiveness of power-supply
filtering goes up with voltage, a most important point to
bear in mind in transistor circuit design.

EXAMPLE

Determine the minimum ripple factor for Fig. 1
assuming the capacitors are operated at their maximum
rated voltages. Use a 15-V capacitor with 15 x3}in
can, a 1 W load, and $=0.1 and f=60c/s.

Solution: From Fig. 2 we find W=1.25 W sec
for 15 V and the given can.

E:’ipplt’. 1 (1 2 5
Sriopte 0 i —4.,10-¢
E 1.6)(106}\10_‘(1.25) <10
Epppe = 60 1V,

If we use three equal capacitors and divide the frac-
tional power loss, 8, equally between two filter resistors,
we get,

e 214, X0 4\21,.
TE T E(Ry2* T E@Af)PC'R;?
or E,m[e . ) \ 2 (R )3
E T 1287%gr ‘W

CHOKE-INPUT CASE

It is interesting to turn to the choke-input filter of Fig. 4
and consider its effectiveness by the same criteria. Here
we should expect a certain inherent advantage since the
energy flow to the storage tank is spread over the cycle
rather than occurring in sharp pulses. The energy storage

W, (WATT SECONDS)

01l
I 10 100 1,000
E(voLTS)

Fig. 2. Energy-storage capacity of currently available aluminium
electrolytic capacitors.
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=
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voLUME (in?)

Fig. 4. Simple choke-
input power supply with
L, C and R in terms of
energy storage and
power.

L=2w, E%/P?,C=2W[E%, R =E/P

in an inductor is, of course, W =1 LI®. Here the cnergy
storage is dependent upon all sorts of design factors:
allowable flux density; air gaps; type of iron; and above
all the permissible heat dissipation. It is disquieting to
most of us that wheareas we know little about the detailed
design of capacitors other than in what catalogues the
better ones grow, most of us have had to cope in one way
or another with the detailed selection and often the
design of chokes. For our present purposes onc approach
is to survey the catalogues and manufacturers’ design
sheets to get a curve corresponding to Fig. 2. Fig. 5 is an
attempt at doing this, but the writer feels much less
easy about it than about Fig. 2.

It should be noticed that the energy storage capacity
for a given inductor of given weight and shape is
independent of current, a quite different relationship
from the voltage-dependent curves of Fig. 2. It is
true that the inductance of a given-geometry choke
increases as the square of the number of turns, but it
is also true that the direct-current resistance for a given
weight of copper at the same time goes up as the square
of the number of turns. The resistance-turns relation-
ship becomes clear when we recognize that both the
length and sub-division of the copper go up proportion-
ately to the number of turns. In this connection it is
also convenient to regard the loop current about a core
as the summation of current density over its cross-
section and the power dissipation as the summation over
its volume of square current-density times resistivity.
It should be recognized that, for a given choke geometry
and flux density, the current density (and hence the
ampere turns) is independent of sub-division of the
copper. This independence of inductive filtering effec-
tiveness on impedance level or load voltage indicates
that the effectiveness of capacitor-input and also of
RC filtering, relative to choke-input and LC filtering,
falls off at low voltages. Thus we should expect to find
wider use of inductive filtering with low-voltage, high-
current transistors than with valves. Since even choke-
input and LC filters use capacitors the effectiveness still
increases somewhat with voltage.

For a choke-input filter at the input:—

2 \//2
- E ,
E2f(l‘-m-s-) _ 3= e _ \/3*
T E T2 2
: Eumm
™

*Ibidem pp. 29-31

WIRELESS WORLD, May 1967




At the output of a single LC section we have :—
Botrmsr _ V2 Xe 2 1

E 3 X, 3 (4+fL)4=fC)

o
But ILI* =1L (E) —w,

Hence L = 2W, - (i)

/

2w,
d C=>"°
an 5
Combining this with equation 2 we get:—
Ly = & _ 8
E 3 2W,E 2w
(477f pe ) (477f7E2L)
o Eame __ w2 ()
E 3x64n22 \W, W, ),

For comparison we can write for a two-large-element
filter:—

Ripple factor, choke input We

Rippie factor, capacitor input —

Inspection of the energy-storage data for capacitors
and inductors shows that gIV,./3 W, is likely to be some-
what less than one so that the ripple factor for choke
input, two-large-element filters is likely to be somewhat
smaller than for a capacitor input. It should be noted
that the regulation of the RC filter is inherently low due
to partial discharges of the input capacitor but mainly
due to variable drops in the resistor. A choke can of
course be substituted for the resistor, improving both
the regulation and the filter action because the ratio

1o
\ Z
~
w
(=}
=z
o
o
3
w
—
c
-
>
=
=
0l
-0l
001Gy 10 100

WEIGHT (Ib)

Fig. 5. Energy-storage capacity of an inductor (about 0.1 watt sec/lb)

of ripple impedance to d.c. resistance can be high.

To conclude, watt-second ratings for practical
capacitors and chokes are as useful guides for filter
design as microfarads and henries.

Acknowledgement—It is a particular pleasure to acknow-
ledge help from Mr. P. K. McElroy in preparing the
manuscript. The writer has enjoyed his advice on induc-
tive filtering problems for some forty years.
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Efficiency Considerations in a
Class D Amplifier

IMPROVED 5 W DESIGN

BY G. F. TURNBULL, M.Sc. AND J. M. TOWNSEND, M.Sc.

Part 1 of the article, published last month, contained an investigation
inte the efficiency of a 5 W class D amplifier. This month the authors
conclude by discussing a different, more efficient, output stage con-
figuration. Comparisions are made with a class B amplifier of conm-
parable complexity. The authors feeling that modulated pulse
amplifiers are in danger of being regarded as novelties prompted
them to describe this improved 5 W design. Their earlier article
describing a low-power less-efficient design, published in the April
1965 issue, created considerable discussion in these pages.

HE arrangement, of configuration

2, is shown in Fig. 9 and the

operation made clear in Fig. 10.
However, the problem of ensuring
correct operation is not quite so
simple as it at first appears. To see
the sort of difficulties that can arise,
assume simply that the bases are
voltage driven between levels -A.
Assuming the transistors and diodes
to be sufficiently fast in their opera-
tion, then the d.c. curves of Fig. 11
can be used to determine the way in
which the load current divides
(ideally it should only flow in one
device at a time in the manner
indicated in Fig. 10). Now I, =
I, + I, and V, = V,; so that
reference to Fig. 11 shows that under
these conditions it might be necessary
artificially to increase the base-
emitter voltage of, say, Tr2 by the

provision of a series diode in order
that diode D1 will carry the full
current which would otherwise flow
in Tr2 when it had full volts (2k)
across it. This has two disadvantages.
First, the effective bottoming voltage
(and hence dissipation) is greater and
secondly, the distortion can be in-
creased. The cause of this distortion
can be seen by reference to Fig. 10
since the switching level varies from
4 h(1—V, 2k + Vyp2h)atx = 0
(assuming identical transistors and
diodes) to +A (1—V gp/h 4+ R;px/R))
and — A1 + Vg,/h + Ry, x/R)),
where R, and R, are the incremen-
tal resistances of diodes and tran-
sistors respectively. (This distortion
was discussed in a Letter to the
Editor®.)

A first step in deciding what sort
of improvements are likely is to

SYMBOLS
7 Output power efficiency
D Output stage power effici-
ency

w, Angular frequency of a.f.
w,,. Angular frequency of h.f.

h height of output square wave

xh Mean value of output square
wave

Xh Max. value of xk when x is

sinusoidally varied at w;y
X,.ar Largest expected value of x

Vy Bottoming voltage of diode
of transistor
R, Incremental resistance of

transistor or diode in bot-
tomed state.

I+ Current flowing in output
stage of amplifier when out-
put voltage is positive

3 Peak value of fluctuations in

output current at w,,.

caused by inductive com-

ponent of the load

Average power dissipated in

a component over one cycle

of w,y

B/ Fraction of cycle of w . for
which output square wave is
positive.

il

< G.F. Turnbulil, after
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chester University in
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graduate research for
his masterate. Heisnow
alecturerin the Univer-
sity’s electrical engine-
ering laboratories.

J. M. Townsend grad-
uated at Manchester in
1961 and after a year’s
research was appointed
assistant lecturer. He
received his M.Sc. in
1963 and is now also a
lecturer.

evaluate approximate formulae for

efficiency. Coefficients are given
in Table 1 and curves with V, =
1V, R, = 1Q for the transistors

and parallel diodes are given in Figure
5(g). These suggest that significant
improvement in 7 and 75,, should be
possible.

TESTS ON AMPLIFIER 2

A modified version of the original
amplifier using a configuration 2
output stage is shown in Fig. 12.
It employs the same value of inte-
grator capacity so that the value of
w, ¢, 15 almost identical. Approxi-
mate expressions (appendix 2) which
are analogous to equation 9 are,
for each transistor:—
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TR n\2 T

and for each diode:—

- k2 Vg (%2 # R

p,_ M |[Va(® % 1(_
" 2RL[h(4+n)+RL\

P, and Pg, denote losses due to
finite edge speeds. The ZS72 diode
is now essential to ensure correct
operation. Theoretical and practical
results are compared in Tables 4 and
5, being analogous to Tables 2 and 3.
Reference to Fig. 10 shows how the
output waveform varies over a cycle:
however, # = + 17 V has been as-
sumed for simplicity in the calcula-
tions. Examination of the Tables
indicates that the total lossess in the
output stage due to finite edges
(P;) at £ = 0 are of the order of
100 mW and this was confirmed as
before. The 2000 pF condenser at
the output point modifies the slight
ringing in the current waveform so
as to reduce P, Agreement between
theory and practice is better than 109,.

Fig. 13 and 14 contrast amplifier 2
with amplifier 1, the latter employ-
ing a value of Rjg== 59.4Q, and C,=
0.5.F. Fig. 13 shows how both 7
and 7,, are considerably improved,
especially at low levels. From Fig. 14
it can be seen that the distortion is
slightly worse and frequency res-
ponses (being determined almost
entirely by the 100 xH choke) and
variations in w,,, are almost iden-
tical.

Detailed tests on a loudspeaker
have not yet been performed, but
efficiency and distortion were mea-
sured at a frequency where the loud-
speaker impedance measured 13.5 Q
resistive. The distortion and effi-
ciency figures measured were very
little different from those quoted.
On a resistive load, distortion was
measured as a function of frequency
at a level £ = 0.5; the distortion rose
to 19% at about 5kc/s. At high
power levels and high input fre-
quencies,  sideband  components

TABLE 4. DISTRIBUTION OF POWER

IN AMPLIFIER 2

Component Power {
Output stage ol |2+77.%)’C')+T!
Ris 0425 (1— £7,) ’
_R“ ) 0107 (t+x7%,)

Ru. Ro 0-148

Ry (h f. heating) f 0356 [
—R—e:ainder ) 0060 I

g Loy P B N

Tr7

M
L4 |
=
~
0
=

Fig. 9. Output stage configuration 2.

Fig. 11. Diode and transistor character-
istics showing division of current
between diode and transistor.

/
,|"I TRANSISTIR
VEE

stretching down into the audio band
were seen to be greatly attenuated by
the action of the feedback.

CONCLUSIONS

Except for a slight worsening of the
distortion figures and a small in-
crease in complexity, amplifier 2 is
most likely to be preferred over
amplifier 1 by virtue of its better
efficiency (both 7 and 7,, are con-

TABLE 5.

Fig. 10. Illlustrating the operation of
configuration 2.

siderably improved). If an open-
loop amplifier were contemplated
then this may not be the case since
the difference in distortion is greatly
accentuated. This is illustrated by
the figures in Table 6 which gives
distortion figures for both amplifiers
when overall feedback was taken prior
to the output siage.

Comparison of amplifier 2 with a
practical class B amplifier working
off the same supply lines will show

COMPARISON OF THEORETICAL AND PRACTICAL VALUES OF POWER

DISSIPATION FOR AMPLIFIER 2

Theoretical ,

Power ' Practical r
Input (Py) Prr1.21 143 .
X0 l
Output stage (P,) Pr +0.11 0.22
X=0
Input P +PE'+2.33 P +2.32 '
£=05
Output stage P,+PEg’ +0.45 P, +0.43
X-05
|

WIRELESS WORLD,




+34V
O
Al
0AI0 ¢,
2000p

B
560k [

Fig. 12.

significantly higher values of =7,
at all levels and somewhat better
overall efficiency (Fig. 13). However,
a fairer comparison is probably of two

Fig. 13. Efficiency curves for both amplifier
configurations. The uppermost curve refers
to a slightly modified version of the second
amplifier design—see text.

" g
i L E - AMPLIFIER 2
73 9 AMPLIFIER |
-
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i {reorericary (&)
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0 05 % 0
100
L AMPLIFIER 2
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~ Ik
=2
& sof
o
L L
| (b)
\CLAssB
(ACTUAL)
0 05 2 1-0

amplifiers capable of the same maxi-
mum undistorted power. With a
class B amplifier large distortion will
occur when clipping of the output

o
[V

= a
2 (
3 AMPLIFIER 2
=
(=
-
s /Tﬁurlenl
=
0 oS S 0
lZSE
k (b)
IOOE
T ok
£ AMPLIFIER 2
75
AMPLIFIER |}
50 PR S S O S S S G
0 0-5 < 1-0

BOTH AMPLIFIERS

I

N
AN

0 100 Ik 10k 20k
(efs)

Fig. 14. Harmonic distortion, oscillation fre-

quency and amplitude—frequency response

of both amplifiers.

GAIN (aB)

NP U N - O

TABLE 6. DISTORTION FIGURES WITH OVERALL FEEDBACK TAKEN PRIOR TO THE

OUTPUT STAGE FOR AMPLIFIERS | AND 2

Amplifier

‘ Amplifier 2 \ L
1
Level 0.25 0.5 0.75 Level 0.25 0.5 075 |
[29) (X) |
Distortion | 0.48 0.31 0.74 Distortion | 1.63 2.35 ‘I 1.66 ‘
o ; |
i I
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Circuit of SW class D amplifier using configuration 2.

level occurs. This point will vary
with transistors used but with a 5 W
amplifier may typically be about
% = 0.85. With the present amplifier
the limit is caused by audible high
frequency components aind occurs at a
level ¥ = 0.75. The improvement in
overall efficiency (Fig. 13) may then
be fairly marginal depending on the
particular class B design, although
n,, will still be very much better.
However, improvement in rise times
would allow increase in w,,. and
improvement on the figure £ = 0.75.
Furthermore, as has already been
pointed out® versatility in design is
tremendous with this type of amplifier
and further improvements are ob-
viously possible. For example, Fig.
13 shows results (Amplifier 2) ob-
tained by generating a centre line to
replace the 7.8k chain and placing
a small inductance in series with the
680 Q resistor. ‘

Thus 2 quick answer to the original
question is that the present set-up
(configuration 2) can give very much
better figures for 7,, and some im-
provement in those for n. Further
improvements in efficiency figures
are obviously possible and it is hoped
the analysis presented in the paper
is useful in this respect. If a higher
value of L can be tolerated, significant
improvement will immediately result.
The present amplifier 2 has a 3 dB
point at 20 kc/s and-harmonic distor-
tion always less than 0.25 (improve-
ment should also be possible here).
Low-level distortion, analogous to
cross-over distortion, occurs in an
open-loop version but is reduced to
negligible proportions by the feed-
back. % -
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At this point the Editor’s past
remarks’ seem extremely relevant
when one considers the exact signi-
ficance of efficiency figures. Consider
amplifier 2 with the small choke in
series with the 680 Q resistor. At
any level of output, no resistor dis-
sipates more than 150 mW. A
maximum of 1/3W is dissipated in the
loudspeaker depending on the size of
L (» 100 pH). Under normal
operation heating will only be equi-
valent to, say, X = 0.1 giving a maxi-
mum of 265 mW total in the output
stage (with L = 100 pH). Maximum
can temperature of the BFY64 is
about 12 deg C above ambient. At
full load, the only significant in-
creasc in power loss is in the output
stage with the total power now at 1.3
W (BFY64 temperature 43 deg C
above ambient).

To merit further improvements
onc is surely thinking in terms of
microminiaturization, since even with
the present arrangement ajl com-
ponents operate at all times well below
maximum ratings. Considerations
of this sort have possibly more
relevance in other fields.
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APPENDIX |
Calculation of Efficiency in Case (ii), Table |
w”_\,rL<R: Ry=w

Voltage and current waveforms are iden-
tical, being rectangular waves of height

h, ! h|R, respectively. Correct oper-
ation is always ensured, i.e. Trl carries
the current I+t= /R, .

The voltage across the transistor is
V -V, R, so that the power (P,)
averaged over one cycle of the oscil-

lation frequency w, . is given by:—
P Vyh R .hZ gé
! R, R? 2
el v R
o RLCIVE A yeees
2R, h R, |

Now w;y>w,s, s0 that substituting
x =X sin wt and integrating over one
cycle of the input signal gives the average
power (P;):—

Py P Vi, Ry
2R, h R,

The load p&wer (P) at a point in a
cycle of the input signal is P=L2x*[R,
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DESIGN

In designing a modulated pulse
amplifier of the feedback type
(whichever configuration of the
output stage is to be used) one
important factor in minimizing
distortion is to ensure that the
loop gain is both large and as
linear as possible. Although one
part of the loop in the feedback
circuit is a hysteretic relay it can
be shown both theoretically and
practically (e.g. Fig. 7a, ref. 1)
that the relay has a continuous
characteristic as far as the low
(audio) modulating frequency is
concerned. In view of the
original requirement of high loop
gain it is therefore essential that
the gain of this low frequency
characteristic is high. This is
achieved first by keeping the
hysteresis small and secondly by
keeping all stray capacitance with-
in the loop as small as possible
as it is found that additional time
constants comparable in size with
the main loop time constant in
the first stage have a profound
effect on loop gain and distortion.

RECAP

The first stage, the summing
integrator, must be designed so
that the input impedance does
not cause too great a decrease in
the loop gain since this resist-
ance, together with the feedback
resistance and all the other resist-
ances connected to the base point
form a complex attenuator net-
work within the feedback loop.
The principal requirement is a
transistor having a good high fre-
quency response together with a
high gain at low currents.

The second requirement for
keeping the distortion low is a
linear loop gain. The first stage
provides some of this gain but
the largest part is provided by
the relay in the way described
carlier. In order to maintain
linearity the circuit was arranged
so that its switching character-
istics between the two states were
reasonably similar while retain-
ing simple circuitry. This is the
reason for employing a comple-
mentary driver stage in addition
to a complementary output stage.

This means that the layout Further design details are
should be small and neat. given in ref. 1.
and thus the heating losses in R, are:— APPENDIX 2

h2(1 —x2)
kLT R I'—

Averaging over one cycle of the input
waveform gives:—

- B X2 — (2 —X2)
P e o d [Prp = - -
I R, 2 an R 2R,
P
Thus P=E= = —_
P +P,,+2P,
T .
| Then P V. 2 (x
nen g = . -0 XY
A
1
i P
i and P, = ; "SR x(1—x) +
]

Derivation of Equations 10 and |1

In the amplifier 2 at x =0, the ‘‘ change-
over points” are approximately 0,
w2, =, 37/2, etc. It is thus very easy to
show that cxpressions for P, and P, are
identical,

I)] — .[/“8 &82
8 12
Conduction is by one diode and tran-
sistor once |x|{>dR,/h which with
L - 100 pH is approximately for |x|>].
pe R P ey Mat s
1€L ZRI a SSUAS 8 6 X
R, I R2,
: x(1=x) 4+ - f1-x
g, 2r, T g )

The approximate formulae of ecqua-
tions 10 and 11 have been derived first
by assuming that this expression is valid
for all x (i.e. changeover to the other
diode and transistor occurs at x =0 as it
does with a large value of L) and aver-
aging: since this gives a value at x=0
which is much less than P, this has been
simply added to the result. Exact analysis
is readily achieved but leads to rather
weighty cxpressions, and anyway the
approximate method gives little error at
large values of x, e.g. x=0-5.
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I.L.S. for Automatic Landing-

Can the system be improved?

regular service on British airlines it is disquieting to
hear that I.L.S. (Instrument Landing System), on

»

AT a time when automatic landing is about to go into

which the whole process depends, has “inherent defects
and that “the required system integrity cannot be
guaranteed.” The words quoted were used by two
experts from the Royal Aircraft Establishment, J. Ben-
jamin and J. M. Jones, in papers presented at a joint
IEEYLERE. conference on “Air Traffic Control
Systems Engineering and Design” held in London in
March. Their argument was not that the reliability and
accuracy of the manufactured equipment were in ques-
tion but that the “integrity” of the whole operating
system—that is, including the radio propagation path—
was not good enough for automatic landing. “Integrity
is, in fact, a measure of system reliability, and in the
case of I.L.S. it is given by the probability value that a
radio signal in space of specified characteristics is avail-
able to the landing aircraft.

R.A.E. have carried out a feasibility study to determine
the suitability of I.L.S. as the sole means of guidance for
automatic landing, and the results were presented in a
paper written by J. M. Jones. It emerged from this that
the “locali er” transmitter, which provides field patterns
for guidance in azimuth, is the most critical part of the
system—the glide-path transmitter not being used during
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Fig. I. Principle of R.A.E.’s correlation-protected I.L.S.: (a) localizer
transmission; (b) cross-correlation in aircraft receiver.
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the final “flare-out” and landing phases. The under-
lying problem is that LL.S., despite its name, was not
really designed as a landing aid but as an approach aid—
to bring the pilot within sight of the runway and its lights.
For automatic landing it becomes a more serious matter
that the “localizer” propagation path is vulnerable to
noise caused by re-radiation from fixed and moving
objects (e.g., airport buildings and aircraft taking-off over
the localizer transmitter) and by locally generated radio
interference. This, of course, degrades the signal received
in the aircraft, where the accuracy of the left-right auto-
matic guidance depends on the aircraft following a cen-
tral equi-signal line between “left” and “right” field
patterns laid down by the localizer. As an ecxample,
Jones’s paper stated that noise due to over-flying aircraft
produced a spurious a.c. term in the guidance signal
which was typically 40 A peak-to-peak, of duration up
to 10 seconds and of frequency increasing from 0 to 5c¢/s.
At London Airport, the paper went on, the probability of
such an occurrence in the last 60 seconds of an approach
was 1.72x10-* (measured during the whole of 1965).

The vulnerability of the localizer, according to Ben-
jamin, was due to the traditional position of the trans-
mitter at the “up-wind” end of the runway (at the far
end from the aircraft when landing) and to the shape of
the aerial beams. Much of the radiated energy was
directed upwards over the landing aircraft, and in the last
30 seconds before landing the field strength at the air-
craft fell by up to 20dB, so decreasing the system’s
signal/noise ratio. Furthermore, variation in runway
lengths prevented standardization and, in particular, the
rate of change of sensitivity (dB per degree deviation
from course line) could vary by up to 3 to 1.

TWO COMPATIBLE DEVELOPMENTS

Since I.L.S. has become almost mandatory in aircraft
operated by airlines and there is a world-wide investment
in the system, radical changes that would affect aircraft
equipment are out of the question and any technical
improvements must be “evolutionary and compatible,”
as Benjamin put it. One solution now being tried by
R.A.E. is a “down-wind localizer.” This is a wide-aper-
ture (400ft) array of dipoles situated near the opposite
end of the runway to the normal “up-wind” localizer
position. Thus the aircraft flies through a region of high
field strength in the last stages of landing, and conse-
quently the effects of interference are reduced. Because
of the wide aerial aperture the radiated energy is confined
to a narrow wedge. reducing the possibility of re-radiation
from airport buildings. This localizer will form part of
an R.A.E. exhibit devoted to automatic landing at the
Paris Air Show this year. - |

A more compiex solution described by Benjamin was a
localizer system using correlation technique as a protec-
tion against noise. Statistical correlation is, of course, a
well-known method of recovering periodic signals de-
graded by noise. The basic principle is that if an
incoming periodic signal plus noise is correlated with
another periodic signal of similar structure (cross-
correlation) or with a delayed version of itself (auto-
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correlation), there is high correlation between the
periodic components but practically zero correlation
between the random noise and the periodic components
and between the noise and itself. In a practical system,
the noise is, in effect, “cancelled out.”

The R.A.E. “Correlation Protected 1.L.S.” uses two
microwave transmitters straddling the runway at its mid-
point, as shown at (a) in Fig. 1. Their frequencies, f,
and f,, are arranged such that the difference frequency,
fi-f., is a normal v.h.f. localizer frequency, so that,
although the aircraft has to have a small horn microwave
aerial (with a built-in mixer), its I.L..S. receiver does not
have to be modified. Transmission f, is modulated with
0.5 us pulses and f, with synchronized 1 us pulses, both
at a p.r.f. of 200kc/s. In addition f, carries the normal
90c/s and 150c/s tone modulations used in I.L.S. to
identify the “left” and “right” field patterns, but here
only the sidebands are selected and the microwave fre-
quencies actually transmitted are f,+90c¢/s and f,+150
c/s. These two frequencies are also pulse modulated
and, as shown, the pulses are advanced and delayed by
0.25 s with respect to the Transmitter 1 pulse.

The effect of these transmissions is to set up three
hyperbolic phase patterns in space. These delineate the
phase relationships at points in space of the pairs of
pulses carried by f,/f., fi/f:+90c/s and f,/f.+150¢/s.
The hyperbolic patterns can be considered as being made
up of lines (as shown), each of which joins all points in

space where a pair of pulses arrive with a given time
displacement (r) between them. As the landing aircraft
deviates from the runway centre line its horn aerial
‘“samples ” these lines. The LL.S. receiver acts as the
integrating filter of a correlation detector, and at each
point in space the receiver effectively computes the cross-
correlation coefficient between each pair of pulses. 11 the
aircraft moved laterally across the parttern lines, thus
“seeing” a series of different time displacements (7)
between pulse pairs, the receiver would derive three
cross-correlation functions as shown at (b). From the
three cross-correlation coefficients at any point (value of
7), the receiver automatically derives a d.c. voltage cor-
responding to that giving the difference between the
“left” and “right” modulated signals in conventional
I.L.S., and this voltage is used for control of the steering.
This d.c. difference value at any point in space is, 1n fact,
the difference between the f,/f.+90 and {./f,+15C c.c.
coefficients, divided by the f,/f. c.c. coefficient, and a
graph of this difference value with = is shown at (b).

The great advantage of the system is that the difference
value derived in the aircraft’s I.L.S. receiver and used for
steering is a measure of time difference instead of signal-
amplitude difference, so that it is independent of trans-
mission amplitudes and is unaffected by uncorrelated
noise in the radio propagation path.

A similar technique is used to form the glide-path
component of the C.P.I.L.S. scheme.
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ELECTRONICS IN MEDICINE

International Medical Engineering and Automation Exhibition*

FIRST appraisal of Medea 67 left an impression
that there was little else but instruments and equip-
© 7 ment for the analysis and treatment of cardiac
cases. Closer scrutiny, however, revealed that while
there were many such instruments, the 75 exhibitors at
Earls Court were also showing equipment as diverse
" as feetal heart rate indicators, e.c.g. machines, ultrasonic
surgical and diagnostic apparatus, and an electronic
sleep ‘inducing unit. An interesting highlight of this
exhibition was the small but encouraging number of
exhibits by hospitals and research organizations, a
“symptom,” it is hoped, of even closer collaboration
between the doctor and engineer in this young inter-
disciplinary science. An outstanding example of this
was demonstrated at the exhibition by the Atomic
Weapons Research Establishment at Aldermaston who
have worked with the Medical Research Council Unit
for Muscle Substitutes to develop a powered hand pros-
thesis. This hand is an improved version of the one
shown at the 1966 Physics Exhibition, and the first two
fingers are actuated by a d.c. permanent magnet motor.
Silicon strain gauges are contained within the pros-
thesis to provide an electrical signal proportional to the
force developed. Muscle potentials (e.m.g.) from flexor
and sensor groups in the forearm provide control of
the hand. These potentials are amplified and rectified,
and produce a d.c. signal closely proportional to the
force demanded of the muscles by the central nervous
system. Velocity and force feedback are employed in
this control system and both a delicate grip and the
ability to lift heavy objects are possible.

The West End Hospital for Neurology and Neuro-
surgery were showing their system for the accurate
focus of ultrasonic transducers employed in neuro-
surgery. Location of sites for surgery 10cm away is
achieved three dimensionally—by the pulse echo tech-
nique—to an accuracy of 0.1 mm King’s College Hos-
pital showed in experimental form a cardiac stimulator
with paired pulses. The Royal Naval Physiological
Laboratory is concerned with the problem of measuring
the physiological parameters of a diver when working.
A telemetry system is being developed (part of which
was on display), and it was stated that an e.c.g. signal
was actually transmitted through several feet of water
during a recent experiment in a water tank. A blood
flow meter, by Nycotron of Oslo, utilizes the principle
that an e.m.f. is induced in a conductor moving across
a magnetic field. By means of a C-shaped probe, this
meter measures the mean blood flow in surgically ex-
posed but unopened blood vessels, and these probes
are available for vessels having diameters from 1 to
25mm. This instrument is intended for applications in
such cases as heart and vascular surgery, and for moni-
toring blood flow through heart-lung or artificial kidney
machines.

An interesting array of medical electronic units on the
modular plan have been designed by Simonsen & Weel
of Denmark. This equipment exhibited by Newmark

* MEDEA 67 was spnsore1 by the Electronic Encineering Association
¢n1 the Scientific Instrument Manufacturers’ Association.
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Instruments Ltd., consisted of a basic range of seven
units, a pulse tachometer, pacemaker, miniscope, cardiac
synchronizer, manometer, d.c. defibrillator, and a high-
low heart rate warning system. Each of the units can
be used separately, or in combination with each other to
provide complex bedside monitor systems in tecovery
rooms and intensive care units. The same company have
designed a portable e.c.g. simulator, for testing e.c.g. and
patient "mdnitoring equipment. Producing a known
cardiac-rhythm signal, it will enable an operator to check
for a faulty oscilloscope, defective cables, misaligned
amplifiers, and by variable heart rates it will check the
high-low warning systems of equipment.

Computer applications

There was abundant evidence also that automation
in medicine is keeping pace with other medical engineer-
ing trends. A computer capable of forecasting the ap-
proach of a heart attack was on show at the Lan-Elec-
tronics stand. The heart rhythms of a patient are fed
to a computer, which scans the information continuously
and gives a 40 minute warning of an impending crisis.
Based on detailed studies and recorded data of seriously-
ill cardiac patients, this system is a good example of
collaboration between electronics engineers and doctors.
This small computer, known as the Pre-Arrester, can be
programmed not only to give a warning but also to
initiate remedial action—such as automatic pace-making
pulses—as heart abnormalities arise. Other computer
applications, perhaps not so dramatic in demonstration,
were shown at various stands. Data Laboratories Ltd.
presented the Biomac 1000 a new computer model for
use where there is a need to study electrical waveforms
which are too small, or too numerous, to be recorded by
the normal techniques. An averaging process permits the
recovery of repetitive signals from a noisy background.

The applications of computers for biomedical research
are numerous, but those mentioned and seen at the ex-
hibition indicate the scope and depth, particularly of
analogue computers. These applications included simu-
lation of muscle contraction, heart simulation problems,
haemodynamic data, cardiovascular systems, hemiplegic
gait studies, chemical reactions, simulation of blood pres-
sure curves, simulation of gas exchange and ventilation
in the lungs, blood clotting models, and control systems
for nervous pressure. An electroencephalograph by
Galileo of Italy was shown on the stand of Specialised
Laboratory Equipment. It has 18 channels, two of which
are for time and stimulus, and event and stimulus. The
maximum sensitivity is 1 uV/mm. Recording is by
an ink stylus using folded paper which can move at
four speeds: 7-5, 15, 30, 60 mm/sec.

Complete patient monitoring systems, automatic bio-
chemical analyses, and the acquisition and processing of
data (electronically by computers) are encouraging signs
of the advancement not only in research, but of actual
applications in this field of medical engineering where
the translation of theoretical concepts and designs into
actual working instruments can be difficult.
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Colour Receiver Techniques—5

COLOUR DECODING “MATRIX™ CIRCUIT

How the receiver combines the two demodulated “colour-difference’ signals with one-
another, and with the luminance signal, to give suitable drives to the three guns of
the shadow-mask tube to reproduce red, green and blue in the picture display.

VERY colour has three defining properties: lusninance
(brightness), hue (wavelength) and saruration
(strength). Black-and-white television transmissions

carry information on luminance only. Colour transmis-
sions carry information also on hue and saturation. At
the transmitter, separate camera pick-up tubes in con-
junction with an optical colour separation system analyse
the scene into three signals corresponding to the primary
colour components red, green and blue. After com-
pensation for receciver display tube non-linearity, three
colour voltages emerge (red == E,, green = E,. and
blue = E;) available for modulating the transmitter
output. Some cameras use just three pick-up tubes (for
red, green, blue), while others have in addition a fourth
tube giving a separate luminance signal.

To make it possible for monochrome receivers to pick
up a black-and-white picture from the colour trans-
mission, the pick-up tube voltages, before being used for
transmitter modulation, are * encoded > or converted into
threec combination signals. The three final modulation
signals resulting from this encoding process are lumin-
ance, Y, and red and blue “ colour-difference > signals,
R— Y and B — Y, respectively at voltage levels e
0.877(E;, — E,) and 0.493(E; — E,). Although the
green voltage signal, E;, does not appear here explicitly,
it can always be reconstituted from the three transmitted
signals Y, R — Y and B — Y because of a relation that
exists: E,. = 0.30E, 4 0.59 E, + 0.11 E,. From this,
E;=170E, — 051 E; — 0.19 E,, or, in colour-differ-
ence terms, E;—E,= —051(E,—E;)—0.19(E,—E,).

In the colour transmission, the black-and-white voltage,
E,, amplitude-modulates the main station carrier, and
the colour difference voltages, 0.877(E, — E,) and
0.493(E, — E,), are amplitude-modulated separately in
phase quadrature on to a special *“ chrominance > sub-
carrier of 4.43Mc/s. The luminance carrier goes out
complete with its modulation sidebands, but the chromin-
ance subcarrier is suppressed before transmission and only
the colour-difference sidebands are transmitted.

The receiver picks up the transmitted signals, and, after
suitable frequency changing and amplification, recovers
the three separate modulations. Fig. 1 illustrates how
this is done. At the video detector, the mixed luminance
and chrominance signals are demodulated together from
the main carrier.  Thereafter, the luminance, Y, signal
out to 5.5Mc/’s is amplified on its own in the luminance
amplifier, while the R — Y and B — Y signals in side-

*Newmarket Transistors Ltd.
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bands up to - IMc/'s about the 4.43Mc/s subcarrier
have their subcarrier reinserted and are finally recovered
in two colour-difference synchronous demodulators.
Thus we end up with three video signals in the form
of luminance, Y (bandwidth 5.5Mc/s), and colour
differences, R — Y and B — Y (bandwidth 1Mc/s) to
provide drive to the colour tube. Now this tube has
three separate electron guns, one each for activating the
red, green and blue phosphor dots on its screen, as shown
in Fig. 2. The red gun requires a voltage, E,, between

0-5-5Mc/s LUMINANCE
/ MOOULATION

5:5Mcls BAND OF —— 5-5Mc/s
VISION MODULATION WIDEBAND
(INCL. CHROMINANCE LumnANCE I*o Y
ON 4-43Mc/s)
\‘ IMcfs
VIDEO NARROW W.B.
\ DETECTOR _ R-Y
\ CHROMINANCE R-Y CHROM.
UHF. TRANSMISSION AMPLIFIER DEMODULATOR
WITH 5:5Mc/s BANO OF G e
VISION FREQUENCIES REITTSERSTON Mess
SECTION NARROW W.B.
443t |Mcfs B-Y

CHROMINANCE
MODULATION

B-Y CHROM.
DEMODUL ATOR

Fig. 1. How receiver accepts and amplifies colour transmission signals
with three picture modulations (Y on main carrier and R-Y, B-Y on
colour subcarrier frequency) and extracts the modulations separately
to provide signals for ultimately driving colour picture tube.
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Fig. 2. Arrangement of voltage drives to cathodes and grids of three-
gun, shadow-mask colour picture tube to ensure that grid-cathode on
each gun sees only appropriate R, G, or B drive voltage on colour
transmission and only luminance, Y, on monochrome transmission.

221




its grid and cathode; similarly, the green ard blue guns
call for grid-catliode voltages E,, ard E,,.

The circuits in the receiver which take the Y, R — YV
and B — Y video signals derived by demodulation from
the colour trar smission and convert them into R, G and B
tube grid-cathode drives are known as * matrix ” or
« decoder ” circuits. These must provide the tube drives
in such a way that, in the absence of colour (i.e., when
E,_y and E;_. , in the transmission are zero), the
three guns receive a drive voltage proportional to the
luminance, Y, only. Fig. 2 shows how this is done by
feeding R — Y, G — Y and B — Y signals to the grids
and — Y signals to each of the cathodes. In the result,
the red gun sees only (R — Y) — (— Y) = + R at the
grid with reference to the carhode on colour signals and
4 Y on monochrome. Similarly for G — Yand B — Y.

The decoder circuits fed with input signals Y, R — Y,
and B — Y have thus to give output signals Y, R — Y,
G — Y and B = Y as shown in Fig. 3. It is important
to get this clear, if you are to understand what decoder
circuits do and how they work in a colour television
receiver.

Before we go on, it is well to note that, strictly, only
unprimed letters such as R or G should be used for direct
outputs from studio colour cameras and primed letters,
R’ or G’, for the actual corrected signals used to modulate
the transmitter. In popular writing, it is becoming
common to ignore this distinction, and to drop the primes
when discussing the signals passing through the receiver.

DEMODULATED SIGNALS INPUT TO DECODER

In earlier receivers the three inputs to the decoder matrix
were all intermixed in the decoder to give the four outputs,
but recent practice has tended to be to process the Y
signal through on its own path to the tube cathodes and
to intermix only the two colour-difference signals.

Although Fig. 3 has been expressed in terms of R — Y,
G — Y inputs, other colour-difference signals have been
used in the past, as for example, I/Q, X/Z,or R—Y/G—Y.
As these are largely only of historical interest in Europe,
where equiband R — Y, B — Y transmissions are now
the norm, it is not proposed to discuss these further,
except to note that decoder matrices can be designed to
handle any selected colour-difference signals and to
produce the necessary R — Y, G—Y and B—-Y
signals at the tube grids.

What sort of signals are supplied by the chrominance
demodulators to the decoder? Nowadays, the two
synchronous demodulators are often four-diode ring
elements which give out video signals with bandwidths
from 50c/s to 1Mc/s and with a full drive level of the
order of 0.5V peak to peak. The demodulator has an

Y =Y b
30 CATHODES
LUMINANCE
AMPLIFIER IS oF
AND R-Y MATRIX R-Y o COLOUR
COLOUR O——— CIRCUITS [—»——O RED GRID >PICTURE
DIFFERENCE AND G-Y TUBE
DEMODULATOR l——0"GREEN"
e AMPLIFIERS GREEN  GRIO
B-Y B-Y . "
o—p—] ———0"BLUE " GRID

Fig. 3. Function of colour decoder section in converting three video
signals Y, R-Y and B-Y into four corresponding signals, Y, R-Y, G-Y
and B-Y needed to drive colour tube.
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output impedance of about 1,000 ochms with a d.c. return
path to earth in the source. The R— Y and B — Y
demodulated signals ideally should replicate the trans-
mitter modulations only, but in practice they contain
unwanted spurious components, such as leak-through of
the 4.43Mc/s local oscillator chrominance dfive to the
synchronous demodulators. This arises because the
oscillator drive to the bridge is typically of the order of
5-10V peak-to-peak, and unbalance in the bridge diodes
permits some 4.43Mc/s to pass on into the matrix circuits.
Other unwanted components that can arise are high-level
luminance sidebands between 1 and 4.43Mcfs, and
residual sound-to-colour subearrier beat in the band
1.57Mc/s -I- 150kc/s. Trap or filter circuits in the stages
leading up to the demodulators tend to reduce to a satis-
factorily low level all the unwanted components except
the 4.43Mc/s local oscillator feed through.

COLOUR TUBE DRIVE REQUIRED FROM’

DECODER OUTPUT :
At the output end of the decoder matrix, what sort of
signals do the grids of the colour tube require? You can
get some idea of this by considering a modern tube such
as the Mullard A63-11X. The phosphor dots of different
colours have different light-producing efficiency, and, if a
correct ““ grey scale > is to be reproduced in black-and-
white transmissions, the luminance drives to the three
tube cathodes have to be proportioned. At full drive the
peak cathode-drive voltages required are about Ep =
100V, E, = 80V and E, = 70V.

The colour-difference drives to the grids necessary for
fully saturated colour bars are given by E, — E, =
0.70E,, E, — E, = 041E,, and Ez — E, = 0.89E,.
If we allow for the different cathode drives specified
above, this calls for E, — E; = + 0.70 x 100 = 140V
peak-to-peak, E, — Ey = 4 0.41 x 80 = 66V peak-to-
peak, and E, — E, = 4 0.89 x 70 = 125V peak-to-
peak. Now we must make an allowance for the lower
sensitivity of grid drive compared with cathode drive in
a cr.t. A conventional procedure is to provide about
1/3rd more drive at the grids. This raises the peak-to-
peak voltages required at the grids to E, — E, = 185V,
E.,— E, =88V and E; — E, = 167V. Finally, if we
allow a further 10%, margin against component ageing,
the peak-to-peak drives required at the tube grids come
out to something like E, — E = 200V, E; — E, = 95V,
and E; — E; = 180V.

OVERALL GAINS IN COLOUR DIFFERENCE
i MATRIX CHANNELS

At the transmitter, the R — Y and B — Y modulations
are scaled down compared with the Y modulation to
prevent overmodulation in total. The relative ratios are
expressed in the modulation equation E,, = E, +
[0.493(E, — E,)sin 2nfg £ 0.877(E, — Ey)cos 2f]
where the -+ sign indicates the PAL alternate-line phase
reversal of the E, — E, colour-difference signals, and f,
is the chrominance subcarrier frequency. In the receiver,
it is practicable to set the Y level independently of the
R — Y and B — Y levels by adjusting the gain of the
Y luminance amplifier on its own. The colour-difference
signals decoder must, however, provide for the different
scaling 0.493 on B — Y and 0.877 on R — Y. This
means that the peak B — Y signal at the chrominance
demodulator output is down on R — Y in the ratio of
0.493/0.877 = 0.56. Thus, for fully saturated colours,
which produce a typical R — Y demodulator output of
0.5V peak-to-peak, the B — Y demodulator correspond-
ing output will be only 0.56 x 0.5 = 0.28V peak-to-peak.

The required overall voltage gain from the synchronous
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detector to the c.r.t. grids thus resolves itself into approxi-
mately 200,0.56 = 400 times for R— Y and 180/0.28 =
650 times for B— Y. Gains of this amount call for two
stages, which nowadays often comprise a transistor driver
and a thermionic valve output. As yet, no transistors are
ccmmercially available for the final 1Mc/s wideband
drive of up to 200V peak-to-peak required.

So far in the decoder circuits we have been looking at the
R—Y and B— Y demodulated signals being amplified up
to drive the corresponding grids of the colour tube. We
must now look into how the G— Y drive to the third grid
of the colour tube is obtained, when only R—Yand B—Y
are available at the decoder inputs from the two de-
modulators.

Earlier we noted that E,—E, = -—051(E,—E,)—
0.19(E,—E;). Thus if the decoder can take the R—Y
and B—Y signals, invert them both to change their sign,
reduce their amplitudes to 0.51 and 0.19 in resistance
attenuator networks and add the results, it will end up
with E;—E,. This array of “ mixing resistors” is a
“‘matrix >’ and gives rise to the term matrix applied to
decoding circuits.

Many ways of inverting, scaling and mixing in a decoder
matrix have becn used over the last decade of colour
television in the United States. To underline the prin-
ciples of matrixing, Fig. 4 shows several basic circuits that
have been used, cven though these may be largely of
historical interest only. In the double-triode, cathode-

B-Y
INPUT

R~Y G-y

B-Y
RiS outeut

ouUTPUT

{c)

matrixing circuit of Fig. 4(a), the R—Y and B—Y
signals at the cathodes of V1 and V2 are in opposite phase
to the R—Y and B—Y outputs at the anodes, and are
mixed in the necessary proportions by the resistors
R,, R; and R; to give the required G— Y output at the
cathode of V2. Fig. 4(b) shows a three-triode, anode-
matrixing arrangement, where proportions of the R—Y
and B — Y outputs at the anodes of V1 and V3 are tapped
off through R,, R; and RV, into the grid of V2 to appear
phase-inverted and amplified as the required G—Y
output from the anode of V2. The double-pentode, screen
matrixing arrangement in Fig. 4(¢) is a little unusual in
that the R—Y and B--Y inputs are applied to the
suppressor grids of the earthed-signal-grid valves V1
and V2 to produce the necessary R—Y and B—Y
outputs at the anodes. The phase-reversed R— Y and
B—Y outputs at the screen grids are mixed in the re-
sistor network R,, R;, R,, R; to produce the required
G—Y output from the junction of R,;, R,. Finally,
Fig. 4(d) shows a three-triode, cathode-matrixing circuit
that is particularly insensitive to the coloured hum
bars that can be a problem with some of the other ar-
rangements. Here R—Y and B— Y are amplified con-
ventionally in V1 and V3. The outputs from the cathodes
of these valves (in opposite phase to the anode output
signals) are mixed via R,, R, and RV, and applied to the
cathode of the earthed grid valve V2, to produce the

Continited «n next page

G-Y % B-Y
OUTPUT RS ouTPUT

)

R-Y
Ris outeut

Fig. 4. Colour matrix basic decoder circuits that have been used in American commercial receivers: (a) double-triode, cathode-matrixing;
(b) three-triode, anode-matrixing; (c) double-pentode, screen-matrixing; (d) three-triode, cathode-matrixing.
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G—Y signal output from the anode in phase with the
mixed signal applied to the cathode.

Earlier it was noted that two stages of amplification
are necessary in the decoder to produce sufficient tube

grid drive, from the low-level R—Y, B—Y output from.

the diode-ring demodulator. The derivation of the G—Y
signals can conveniently be done in the transistor first
stages as shown in Fig. 5. This circuit is a transistor
version of Fig. 4(d). R—Y and B—Y are amplified
directly in Trl and Tr3. The emitter outputs of these
transistors (in opposite phase to the collector output
signals) are mixed via R, and R and applied to the emitter
of the earthed-base transistor Tr2 to produce the re-
quisite G— Y signal output from the collector in phase
with the mixed signal applied to the emitter. This is the
circuit later illustrated in full detail in the commercial
design of Fig. 8 below.

Unlike the a.f, modulation in a sound receiver, the video

+
R-Y G-Y B-Y
RyS ouTtPuT Rg< ouTPUT R;<$ ouTPUT
T3
Rs I%;UYT
[———A
Ry Tr2 Rg

Fig. 5. Basic circuit of three-transistor, emitter-matrixing decoder
circuit analogous to Fig. 4(c) valve version.

SYNCHRONOUS
DEMODULATOR

AMPLIFIER OUTPUT  CLAMP

VALVE VALVE

Fig. 6. Basic arrangement for preserving d.c. levels in colour-
difference decoder channel.

1us
DELAY\LINE

LUMINANCE

D]

VISION
DETECTOR

COLOUR
SUBCARRIER FILTER

CRT.
(REJECT 4°43Mc/s)

G (CATHODES

Fig. 7. Block diagram of
luminance, Y, amplifier
channel.
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signal in a television receiver includes a d.c. component.
For the true reproduction of the transmitted picture, this
d.c. component must be preserved. The ideal solution
in the colour decoder is to have d.c. coupling from the
detector right through to the picture tube grids. Un-
fortunately it is uneconomic to do this in a commercial
receiver as the arrangements to compensate for tem-
perature drift and component ageing would be impossibly
expensive. The practical solution is to a.c. couple in the
decoder amplifiers and clamp the outputs to the tube
grids at “ black > or zero-colour-difference level on line-
flyback to restore the d.c. level at the beginning of each
line. This is not ideal, but keeps to an acceptably low
level the colour distortion arising during the line period
from the charging up of coupling capacitors.

Fig. 6 shows in skeleton form an arrangement of a.c.
coupling and d.c. restoration. The output from the
synchronous demodulator (2) is d.c.-coupled to the base
of the driver transistor (B), but the transistor output is
a.c.-coupled via capacitor (C) to the grid of the colour-
difference output pentode (D). The pentode output is
a.c.-coupled via the capacitor (E) to the corresponding
c.r.t. grid, and across this grid is a “ clamp ” triode (F).
This last triode is so arranged that, when a line flyback
pulse is fed to its grid, the valve “ bottoms” and its
anode carries the tube grid down to zero signal level, (i.e.,
to a level corresponding to zero colour-difference voltage
at the tube grid) and holds it there while the coupling
capacitors (C) and (E) have time to discharge. During
this period, it should be noted that the colour-difference
amplifier leading up to the diode-ring demodulator has
also been ¢ blanked out ” by a flyback pulse so that
during flyback the colour-difference input to the decoder
is also held at zero level.

Y DRIVE TO THREE CATHODES OF COLOUR
TUBE

Now that we have examined the individual sections of
the R—Y, B—Y decoder, it is well to remember how
they tie in with the Y signal passing through the separate
luminance amplifier. To recap, the two synchronous
detectors deliver R—Y, B— Y signals to the matrix de-
coder where a separate G— Y signal is derived by com-
bining proportions of R—Y and B—Y. Then R—Y,
G — Y and B— Y are amplified to give outputs in the right
proportion sufficient to drive the three c.r.t. grids.

Meanwhile, in the separate luminance amplifier, the Y
signal is amplified and applied in suitable proportions
to the three tube cathodes as shown diagrammatically
in Fig. 7. From the vision detector, the luminance signal
passes through an amplifier, a colour subcarrier rejection
filter and a delay line, before it is finally amplified up
to provide a sufficient peak voltage to drive the colour
tube cathodes. The delay line introduces a delay of about
1ps because the signal passes faster through the 5.5Mc/s
wide-band luminance channel than do the corresponding
chrominance colour-difference signals through rhe 1Mc/
wide-band matrix decoder amplifiers. This lps delay
ensures that the luminance for any picture element
reaches the tube cathode at the same time as the colour
difference signals for that element reach the three grids.

As we saw above, the drives to the three tube cathodes
have to be scaled to compensate for the unequal illumina-
tion efficiencies of the three colour phosphors. This is
also illustrated in Fig. 7, where the final drive from the
luminance output siage is applied in full to the R cathode,
reduced to about 80%, to the G cathode and to about 70%
o the B cathode by means of a potentiometer string of
resistors which form the load to the output stage. The
resistor values shown on the diagram are what might be
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expected with the typical
total load resistance of about
3kQ usual in a 5.5Mc/s wide-
band amplifier driving tube
cathodes to the levels shown.
The approximately-1us delay
line in the luminarce amp-
lifier is often a short lergth
of coaxial cable with Tow
transmission velocity; the
cable inner conductor can be
spirally wound in polythene
insulating material loaded
with ferrite dust. In some
designs, lumped low-pass
filter circuits or all-pass
bridged-T phase-equalising
circuits have also been used.

R-Y
CHANNEL

0AT70 x 4

R-Y
DEMODULATOR

3 0+ 280V

R-Y outpuT
T0 R-GRID
OF CRT.

Whatever type of delay line s
is used, the actual delay time

depends on the ratio of the

luminance and chrominance

video hand-widths. With 5.5

Mc/s luminance and 1Mc/s

colour - difference band-

widths, the typical 1us delay
required calls for about 1ft
of cable.

G-Y
COMPLETE PRACTICAL CHANNEL
- MATRIX DECODER
CIRCUIT

To bring together the
points discussed separately
above, Fig. 8 shows the com-
plete matrix decoder section
of a recent Mullard design.

You will immediately
notice the distinctive rewo
inputs from the synchronous
demodulators leading up to
three outputs to the colour
tube grids. The demodu-
lators with an output im-
pedance of around 1kQ look
into the transistor stage input
impedances of  around
2.2kQ through the filters I,
and L tuned to 4.43Mc/s to
reject residual leak-through
of the colour subcarrier
injected into the synchronous
demodulator.

The driver stages use
BF184-type diffused high-
frequency silicon transistors.

BALANCE
G-y

CHANNEL

0A70 x 4

DEMODULATOR

—

330

680

Q +280V]

G-Y ourput

T0 G-GRID
OF C.R.T.

B-Y outpPut
70 B-GRID
OF CR.T.

0-0474

+50V

In the R—~Y and B-Y -
channel transistors, Trl and
Tr3, emitter d.c. current
stabilisation by resistance to
a negative rail is used to
secure the necessary long-term stability necessitated by
the d.c. input drive from the detectors. In these driver
stages, the colour-difference signals are inverted and
amplified to --3.5V peak-to-peak.

The input to the centre, G— Y, channel is derived from
proportions of the R— Y and B— Y signals fed from the
emitters of Trl and Tr3 through scaling resistance net-
works to the emitter of Tr2, and amplified in phase to the
collector Tr2 as explained above in connection with Fig. 5.
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Fig. 8. Complete colour-difference matrix decoder section of commercial receiver (Multard.)

The collectors of the three transistors are a.c.-coupled
through 0.022uF capacitors to the inputs of the output
pentodes, with anti-parasitic 100-Q grid resistors.

The output pentodes, Vla, V2a and V3a are the pentode
sections of PCL.84 triode-pentode valves. These are
special valves designed to be able to provide up to 200V
peak-to-peak with the necessary 1Mc/s bandwidth, when
working from a 280V h.t. rail. To ensure long-term
reliability, they are worked at anode dissipations about one-
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half and anode currents of one-third of maximum ratings.

The output pentode anodes are a.c.-coupled to the tube
grids via 220pF capacitors. The grids are also d.c.-
coupled to the anodes of the clamp valves, V1b, V2b and
V3b, which are here (as commonly) the triode section of a
triode-pentode valve. Line flyback 50V positive pulses
from the line output transformer fed to the grids of the
three clamp valves drive them into saturation to effect d.c.
restoration as described earlier.

Overall, it is desirable that the tolerance in gain between
the three channels of the matrix decoder is within 410%
(+1dB). Three variable preset potentiometers are
included to make this possible; a 5kQ at the input to the

G—Y channel to set up G— Y balance, and a 5kQ in
each collector lead of Tr2 and Tr3 to adjust G— Y and
B—Y gains separately.

The major problems of decoding the transmitted colour
information in a colour television receiver have been
examined so far as it is possible within the scope of this
article. If you would like to study decoders in more
detail, you are recommended to consult an exhaustive
discussion of the subject in a paper by D. R. Birt and
K. G. Freeman “An Appraisal of some Decoding Systems
for Three-gun, N.T.S.C. Colour Television Receivers
in The Radio and Electronic Engineer, Vol. 28, No. 1,
July, 1964, pp. 33 to 54. :

LITERATURE

An a.c. potentiometer, used as a data transmitter in analogue
equipment such as navigation systems and fire control com-
puters is fully described in the 3-page Perkin-Elmer brochure,
“ Advantages and Applications of Vernistat A.C. Potentio-
meters.” Design simplification, accuracy applications, and a
quick reference chart are some of the contents of this pub-
lication available from Elliott Brothers (London) Ltd., Cen-

tury Works, Lewisham, London, S.E.13.
WW 339 for further details

“Tropospheric scatter communications, past, present and
future ” 1s the title of a 22-page article by F. A. Gunther
originally published in the I.LE.E.E. Spectrum (Vol. 3, No. 9,
September 1966 pp 79-100) and now available in reprint
form from Radio Engineering Laboratories, 29.01 Borden
Avenue, Long Island City, N.Y.11101, U.S.A. It describes
the principles and applications of tropospheric scatter com-
munications and discusses current developments. Included
is a table listing many of the tropospheric systems installed
around the world, relevant data, and maps showing geo-

graphical locations.
WW 340 for further details
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A set af 22 punched cards—each card printed with a full specifica-
tion of a relay-——are edge coded with 13 parameters, including coil
voltage, contact rating, number of contacts and working voltage.
This relay select.on system is available from Keyswitch Relays Ltd.,
120-132 Cr «klewood Lane, London. N.W.2

WW 341 for further details
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Micronotes Vol. 4. Number 4, September/October 1966,
covers r.f. injection priming techniques for magnetrons, and
a tunable (electronically and mechanically) Ku-band source.
Number 5, November 1966, gives details of high-power diode
techniques in duplexing actions. Microwave Associates, Inc.,

Burlington, Massachusetts, U.S.A.
WW 347 for further details

“ Cubicle Construction System for Non-Standard Size Units ”
is the title of a four-page brochure published by Alfred
Imhof Ltd., Ashley Works, Cowley Mill Road, Uxbridge,
Middlesex. The system described 1s constructed from heavy
duty aluminium extrusions, and press formed steel vertical
members, available in four standard heights of 4ft, 5ft, 6ft,
or 7ft, and is designed specifically to meet the need for non
standard size units which can be any width or depth required.
Panels, bays, vertical sections and members are discussed
and illustrated. Guidance on calculating dimensions is

given, and finishes are described.
WW 343 for further details

The latest issue of Measuretest discusses testing of rotating-
head video-tape recorders with the Marconi TF1099
sweep generator. Another note discusses the setting up of
accurate mark/space ratios of rectangular waveforms. Al-
though the maximum value of peak a.c. input signal that may
be applicd to the trigger circuit of the TF2203 Marconi
Oscilloscope is 7V, it is possible to switch into circuit a’
high impedance attenuator which reduces the level applied
to the trigger circuits, thus permitting trigger pulses of much
higher voltages to be applied. The circuitry and modifi-
cation procedure necessary for this are also contained in this
issue of Measuretest (Publication No. 4) issued by Marconi
Instruments Ltd., Longacres, St. Albans, Herts.

WW 344 for further details

The 13-page British Standard, “ Method of Measurement of
Current Noise Generated in Fixed Resistors,” BS 4119:1967,
is based on, and is identical in technical content with I.E.C.
Publication 195, except where indicated by a footnote. The
method of measurement described, applies to all classes of
fixed resistors used in circuits where current noise is critical,
e.g., in some low-signal-level audio and other low-frequency
circuits. It is not intended as a general specification require-
ment. Price 12s. Also available is Supplement No. 3 to
BS 204:1960 “ Glossary of Terms used in Telecommunica-
tions (including radio) and Electronics.” This supplement
which supersedes Subsection 742 of BS 204 covers the section
dealing with colour television terms. It was, however, pre-
pared before the colour television system for the U.K. was
chosen and some revision will therefore be necessary. Copies
of this 23-page supplement cost 6s. Both publications are
available from B.S.I. Sales Department, Newton House,
101/113 Pentonville Road, London, N.1.
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