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GANG-OF-EIGHT
has been a successful
product ever since it was
launchedin 1983, because of its all-
round performance and unbeatable
price. S nce introducing this programmer
we have made improvements, incorpo-ating
siggest ons made by working engineers like
yourself. The result is the mature G3 vshich you can
buy todey.

Selection of EPROMS

G8 will hendle the 2516 to 2564 series of EPROMS just s wellas

ithandlesthe 2716 to 27512 series. It seasy toteazhanurskilled
operator 10 use this programmer. G8 is as near fool-prcof as we
can make it. Choosingthe EPROM type ‘s simply a matter of setting
the eight switches to the right combination. All commor settings
are shown on the front panel. As you change the switzhes, the
Liquid Crystal Display changes to st ov/ vour selection of EPROM
tvpe, program voltage and program n=thod. If the combinationis
unorthodox the suspect characters will flash.

Simple operation

\When START is pressed, an automatic sequence of operations
follows. First, G8 checks the EPROMS to see if any are already
programmed. If any match your master, 58 stops end te Is you so,
because t is a waste of time to program EPROMS twice Second,
G8 checks to see if the EPROMS are eased: if any are nct it warns
you. (It is unlikely, but notimpossible, t~at non-blarnk EPRJIMS will
program correctly.) The programming sequence starts automati-
cally if the EPROMS pass these tests. You can override the
" defence mechanism’ and force G8 2 attempt prograryming by
pressing START again. This is useful i¥ you want to raprogram
devices which were not empty to start with. When progresmming is
completed, the display checks the EPROMS against the master.
During this process, you don’t have to stand by and wsach. G8
makes a variety of tuneful noises to let yo.rknow whatis appening
— you quickly learn to recognise wkich tune means progremming
is complete and successful.

Fast and slow programming

38 can Lse both FAST and SLOW methods of programming. FAST
programing means that you work at five times:hespeed. Theold-
jashiored SLOW 50 milliseconds par bozation method is available
too, for older EPROMS.

Checksum facility

it is usatul to know the checksum of veur master EPROMS. This
numbers can be written on the devices, to provida an identity for
checking unlabelled EPROMS. GB8 shows a six <haracter
checksum when you press both keys at once.

A programmer for the
production line

£395

Serial interface

An RS232 style interface

is provided, allowing you

to download code from

your computer in one of

the standard file formats:
MOTOROLA, INTEL,
TEKHEX, BINARY or ASCLL.
Uploading is possible too,
allowing you to send EPROM
contents to your computer for
comparison disassembly or
storage on disc. 9600 baud is
supplied as standzrd, but slower speeds are available onrequest.

Why pay more for a programmer?

Asyou czn see, GE has allthefeatures needed inaproduction-line
programmer. It is very robust, being housed inastrong, steelcase.
G8 prog-ammers are in use throughout the electronics industry.
Admittecly, there are more comprehensive instruments on the
mar-<et, with editing and development facilities, but in practice
these features are rarely used, except in the product-
development-environment which does not need multiple
procramming as well. Elaborate instruments are not so easy to
Lse — &1d they cost much more. There really is no need to pay
trousands of pounids for a production programmer.

Delivery is usually ex-stock by return of post — in spite of G8's
constant popularity. Please confirm delivery by phone, ifspeed
is essential. Send only £395 plus VAT. Postage and packing is
included. There is a 28 day money-back trial period and full
years's guarantee to protect your interests.
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.—-
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DORSET DT1 1RX England

Telex ... cocevvnnnnne 418442 DATAMNG
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This superconductor will burn vour
fingers. The disc shaped copper oxide
compound inside the moisture proof
package has shown possible granular
superconductivity at 500K, The tails enable
superconductivity measurements to be
made. The development was made by
Georgia Tech physicist Dr Ahmet Erbil.
More superconductivity on page 1165.
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Technology.
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H.ERE’S A GREAT ONE-LINER
— the Panasonic VP-5741A

Large scale memories can store
one-line video signcl data ot
high speed 10ns sampling rate

TV field selector and line
number sefting

Auto position for back poich
level locking

7 inch CRT with on-screen
digital readout and iabeliing

100 MHz sampling/35MHz storage/
100 MHz reai time

3 % 10K memory

10 progiams with up ta 100
steps each

Powerful waveform analysis and
arthmetic functions

&P-1B standard fit

Output for plofter or X-Y
tecorder

A hard act to follow. —

Find out why from the 10 page colour brochure.
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] Afew weeks ago someone demonstrated an Atari game that simulated a modern high

performance fighter. The graphics were fantastic, with images updated sufficiently
fast to avoid the irritating flicker associated with earlier computer games. The sound
effects were even better. Before long L had zoomed through the air, shot down dozens
of enemy fighters and bombed numerous targets. What fun. What progress in
hardware and software.

Such games are immensely enjoyable, but they cannot be viewed in isolation from
the rest of society and they may have far reaching implications for all of us.

Just as the map is not the territory, asimulation is not the real thing. You can homb
villages from an Atari without seeing dead babies or getting condemned in the UN. No
sane personwould suppose for a minute that a games player might leave their toy and
climb in to a real bomber for the sake of a little more realism. The more probable effect
is that the games player might relate more strongly to military hardware and actively
support its development and even use against other human beings. What is the
psychological effect of such games on the player who joins the armed forces? Not very
long ago a large civilian aircraft was accidentally shot down by people sitting in front of
screens deep inside aship. [s it possible that years of games playing had affected the
reaction of these young men?

The fighter pilots in these computer games are not always pitted against an abstract
enemy. They frequently find themselves fighting Russians. Suppose the cold war
intensifies. [s it beyond the realms of possibility that those who avidly battled against
Russians in the comfort of their own homes might support the party wishing to carry
that battle into the Russians’ homes? Already there have been reports of a game called
‘Contra’in the USA. in which the player is sent to invade Nicaragua. The majority of
nations {and many US citizens) regard the Contras as terrorists. n this game. a potted
and highly inaccurate version of current affairs is built 'nto the game and the user is
not asked or expected to question the scenario. The player is required only to kill
Nicaraguans — simulated ones, of course.

If this type of game does not disturb the average UK reader, imagine aminor
variation on"Contra’, The goal is for members of the IRA to infiltrate into Northern
Ireland and to plant bombs in public places and on buses carrving British soldiers. A
truly minor variation from the point of view of the player and the software writer, but
imagine the outcry such agame would create in the British Press.

A more observable effect of computer games on society has been the reductionin
female students studying computer science. A decade ago some courses had twenty to
thirty per cent female students, while today the figure has fallen to two or three per
cent. [t would ke unrealistic to lay ail the blame for this reduction at the door of the
computer game. However, ten years ago the computer was seen by girls as *sexually
neutral’. Any visitor to a computer games arcade cannot fail to see that most of the
games are being played by boys. Many school teachers report that boys also
monopolise computers in the classroom. If girls do not get a look-in they rapidly come
toregard the computer as an alien artefact not for them.

I do not deny that computer games can be fun and it would probably be as
unrealistic to ban such games as pronibition once proved in America. At the same
time, the social impact of games will not go away and I donot wish my final thought as
I'see ablinding flash to be "I told you so'.

Alan Clements
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PLL for 900MHz

Applications for 900MHz RF are becoming commonplace.
Siemens has brought out a low cost PLL chip pure enough
for narrow band PMR and cordless phones.

b

y
GERT KRINGS, HEIMBERT-ULRICH IRMER and

he allocation of frequencies in the 900

I MHz range for PMR and the need to

keep the cost down requires a new
hreed of synthesizer design. Siemens claims
a complete IC system solution. The system is
particularly suitable for 900MHz applica-
tions although its individual components
can be applied for other frequency ranges as
well,

The TBB200 CMOS PLL circuit uses a
digital phase and frequency sensitive detec-
tor. It has a high linearity to obtain high
speed control loops and very pure oscillator
signals. The output stage of the detector has
been designed as a current source whose
current can in addition be varied in a 1:4
ratio. A voltage doubler integrated on the
chip increases the level of the detector
output voltage almost to double the operat-
ing voltage. Maximum input frequency is
70MHz with an input sensitivity of 10mV. All
circuit functions are selected by means of a
serial FC Bus. Low current consumption,
low supply voltage. and the voltage doubler
make it suitable for battery operated synth-
esizers.

Fig. 1 shows a block circuit diagram of a
system concept for the RF module of mobile

REINHARD GREIDERER

telephones. The PLL circuits represent the
most important component parts on which
the quality of the radio section relies to a
great extent. Together with a VCO, it is
responsible for the synthesis of the transmit-
ter frequency and the frequency required for
mixing the incoming signal.

The electrical requirements on these
synthesizers are extremely high. For a
mobile radio. a frequency range up to
15MHz must he covered with a channel
raster of 25kHz. In addition, the centre-
range frequency may not vary more than
+2 5kHz.

The phase noise must not exceed 125dBc¢
at a frequency £25kHz off the carrier fre-
quency and spectral lines in adjacent chan-
nels must be attenuated to at least 75dB. At
the same time, loop response times of 10 to
20ms are required. To save current, the
transmission path is turned on only when it
is needed, which adds demands on the
response times.

For cordless telephones, the require-

Fig.l. System block diagram with main
synthesiser componentsin place.

ments are identical with the exception of the
frequency variation range, which in this case
is IMHz.

The system uses two separate PLL loops. A
loop in the receiving path consisting of
VC02, a Pre-scaler T, and a dual modulus
PLL circuit PLL2 generate the frequencies
necessary for the mixer M2. These frequen-
cies are also used to mix down in mixer M1
the transmission signal generated by the
VCO1 oscillator into a frequency suitable for
the second PLL circuit (PLL1).

Here. the TBB200 operates in single mod-
ulus mode and can process input frequencies
of up to 70MHz. While the internal reference
frequency is 25kHz at the receiving end
corresponding to the channel raster, the
reference frequency on the transmission end
is IMHz. The advantage of the resulting
short settling time is the modulation of the
transmission frequency with the AF signal
through modulation of the reference oscilla-
tor. When changing the channel, only the
PLL2 has to be reprogrammed.

Several aspects have to be considered
when using a PLL circuit for applications of
this type. A synthesizer represents a phase
control loop consisting of a digital phase

| &
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Fig.2. Architecture of the TBB20O chip.

detector. a loop filter, the oscillator to he
tuned. and apre-scaler. The phase difference
between the reference frequency and the
frequency to be controlled corresponds to
the pulses at the phase detector output. They
are smoothed by the loop filter and fed
forward to the oscillator as control signals.
As a result. the loop filter directly influences
the spectral purity of the frequency gener-
ated and the system'’s response time.

The phase detector characteristics must
be as linear as possible in the vicinity of the
zero crossing to ensure satisfactory suppres-
sion of the spectral lines at relatively low
filter time constants (that is, short response
time). Another advantage is the high input
sensitivity for the RF voltage coming from
the VCO. A jitter-free operation of the
internal PLI. counter can be obtained at a
lower RF level, which reduces oscillator
noise. Lower RF levels also reduce interfer-
ence problems.

Fig. 2 shows the TBB200 architecture.
The sine or rectangular input signals at Rl
and Flareamplified through wideband input
amplifiers and converted into rectangular
signals by a limiter. Divided down hy the R or
N Counter. the rectangular signals control
the phase detector. which in turn generates
the resulting differential signal at output
PD. The positive or negative pulses as a
function of the phase duration are also
present at the lock detect output LD in

unipolar torm. The locked state is derived
from the pulse width. By means of the
integrated voltage doubler the reference
point for the phase detector output is hised
of negative. resulting in a larger variation
range for the VCO control voltage.

In dual modulus mode, the control signal
required for switching the pre-scaler is
supplied by output MOD. [t changes its
polarity when counter A has divided the
input signal according to the set divider
ratio.

To achieve low current consumption in
battery operated devices. the frequency di-
viders and input amplifiers can be switched
off independently of one another. In addi-
tion. additional external circuits can be set
in stand-hy state by a general purpose PRT
port output.

All functions and divider ratios are set
with the SDA DATA line and SCL Clock Line
via the 1°C Bus.

PHASE DETECTOR

The phase detector (Fig. 3) in TBB 200 is
both phase and frequency sensitive. The
capture range of a closed loop is infinite. The
weighted pulse duty factor of outputs UP and
DOWN is linear in the phase range + 2.
Limited by the real switching times of the
output stages. phase differentiations in the
nanosecond range can no longer be resolved

December 1988 ELECTRONICS & WIRELESS WORLD

with conventional circuits. The result is a
dead band in the transmission characteristic
curve of the phase detector in the vicinity of
thezero crossing.

The locked state of a PLL system also
means that the momentary control point lies
at the phase zero crossing. If there is a dead
hand the loop is no longer closed. A deviation
of the oscillator due to unavoidable leak
current in the loop filter will be noticed onlv
when the dead time zone has been exceeded.
The reaction time of the control loop varies
with the ratio of the VCO frequency counter
This instability leads to increased oscillator
noise.

A delay circuit section VZ has been added
to the TBB 200 to eliminate the dead band.
This (Fig. 3) extends the Up and Down
signals to time t;,. which is greater than or
equal to the switching time of the output
stage (Fig. 4). Through this method. these
stages are simultaneously conducting for a
short period.

With conventional push-pull output
stages. the internal cross current is superim-
posed on the supply voltage. The positive and
negative anti-backlash pulses are offset in
time with the disadvantage that the harmo-
nics created by these pulses are superim-
posed to the VCO control voltage. When
using current sources as output stages, this
offset in time is not necessary. since the
cross current is limited to the value supplied
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Fig.3. The phase detector circuit arrangement.

by the source to the loop filter in case of
phase error.

The effects on the internal processes
cannot be detected externally. By extending
the time of one of the two signals, depending
on the corresponding phase differentiation
at the input, a pulse is generated at the
output whose width is the time difference.
The result is a continual linear increase of
the weighted output voltage with the phase
differentiation.

Use of current sources has other advan-
tages. From the point of integration, it is
easy to change the value of the superimposed
current and thereby influence the gain fac-
tor of the phase detector. In this case, two
current values are selected which can be set
via the 1°C Bus: lpp=2.5 mA and 0.625 mA.
The 4:1 ratio does not produce any signifi-
cant change in the phase angle of the control
system, ensuring the stability ot the control
loop tor the given loop filter.

The advantage of controlling a filter from
a current source as the output stage of the
phase detector as compared to control from
a voltage source is that characteristics are
obtained independently of the absolute value
of the control voltage. One particular char-
acteristic is that a PLL system of the third
order can be realised with only three passive
components. PLL circuits with voltage out-
put require components which are already
active, which naturally increase the noise
level.

~ VOLTAGE DOUBLER

A voltage doubler has been integrated onto
the chip. This generates a negative voltage
proportional to the operating voltage at Pin
C. which is the reference point for the phase
detector output PD and, at the same time,
for the external wiring. This resuits in an
expanded control range for the VCO.

The voltage doubler consists of a push-

Fig.5. Application test circuit for 70MHz fundamental operation.

s

Fig.4. Timing diagram for phase detector. Note pulse overlap.

pull circuit, which switches energy taken
alternatively from two integrated load capa-
cities to an external charge capacitor at Pin
C. The clock frequency for the capacitive
loading is derived from the crystal frequency
divided by a factor of 2 or 4 (bus programm-
able).

Fig. 5 shows an example of a synthesizer
for a frequency of 70MHz. The TBB 200
operates in single modulus mode without
pre-scaler.

The crystal frequency at input Rl is
10MHz. This frequency is divided down
internally, to a reference frequency of 25kHz
present at the phase detector, which corres-
ponds to a divider ratio of 400 by the R
counter. Similarly, the VCO frequency of
70MHz is brought to the same comparison
value by a divider ratio ot 2800 in the N
counter.

The output PD is connected to the control
input of the V'CO via the passive loop filter,

-5V l
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Fig.8.Close in noise characteristics.

which consists of three components. The
filter time constant is determined in such a
way that it produces a settling time of 15ms
for a frequency jump of 25kt iz, after which
the actual value of the frequency is 6% of
the target value. The loop bandwidth was
caculated to be 72Hz.

The VCO comprises a controllable Colpitts
oscillator with the Tr1 transistor and a buffer
stage with the Tr2 transistor. The varactor
diode is coupled with the oscillator circuit
L1. C6, and C7 via C2. It is grounded to RF
via CI. so that the oscillator can he control-
led with the voltage doubler integrated in
the TBB200,

991

—=Frequency

Fig.9. Noise spectrum showing effect of a divided clock.

To suppress unavoidable harmonic sig-
nals. a resonant circuit 1.2, C13 and C14 is
connected in parallel to the input of the
buffer stage.

The output level of the oscillator is —15
dBm. Fig. 6 shows the spectral characteris-
tic of the oscillator signal at a frequency
+50kHz off the carrier frequency. In com-
parison to this, Fig.7 shows the same curve,
but with a closed control loop. As can be
seen, the noise ratio is reduced and the
spectral lines appearing in the reference
frequency range are attenuated more than
80dB. Fig.8 shows the phase noise at a
frequency 10Hz to 100kHz from the carrier

frequency, while Fig. 9 presents the influ-
ence of the voltage doubler for a crystal
frequency divided by four, used as clock
frequaency. At a range of 2.5MHz, spectral
lines appear, which are attenuated about
70dB. These values depend very much on the
circuitry layout.

Reference
1 Best. R.: Theorie und Anwendungen des Phase
lLocked-Loop. Arau (Schweiz) AT Verlag




Multi-function
multimeters

An unusual feature of the new 80 series of
multimeters by Fluke is this flexible
stand (below), which consists of allov cables
embedded in rubber. It can be bent over and
around equipment housings. pipes or other
mechanical supports, to support the instru-
ment safely while enabling the engineer to
use his hands more productively. A probe
clip moulded into the plastic protective case
makes it possible even to use the instrument
single-handed.

Technical innovations are to be found
within the case. In place of the familiar
Intersil digital voltmeter chip, the 80 series
has a device of Fluke’s own. Besides provid-
ing enhanced accuracy. this extends the
measurement capabilities into areas which
other designs have been unable to reach. At
the top of the range is the model 87, which
can detect signal transients or glitches as
short as a millisecond. It also has true rms
capability.
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on a years subscription

All three instruments in the series mea-

mi'h 'he leading eIeC'ronics journal sure capacitance. frequency and duty cycle.

and have touch-hold. audible min-max alert

Here's a chance to subscribe, on very special terms, and min-max average recording facilities
to the Electronics journal with the most respected editorialin the which enable the user o average signals over
business, essential reading for the serious and professional [ U to 36 hours. Display is a 3%-digil (4000

count) liquid crystal panel which includesan

electronics engineer. analogue bar-graph with a zoom feature. On

Now includes a new feature ‘Industry insight’ which deals in depth the 87. a selectable 4'2-digit mode is avail
with one particular sector of the electronics industry. able (20 000 count), and the whole display
Take advantage and send the coupon TODAY can be back-lit. The frequency counter cov-

B e — | ersawide range, from 0.5Hz to over 200kHz,
and is optimized for trouble-shooting ac. 5V
logic and 12V systems.

E.m.i. shielding ensures than the instru-
ments work accurately even in noisy r.t.
environments. Input protection against up
| to 10600V is provided on all ranges an‘d an




No charge to evaluate repairs.

No extra premium
for emergency repair work.

No limit on the type ot
motorised products we'll repair.
No need to test repaired items.
No high levels of inventory.
No lengthy downtimes.

No problems, in fact.

That’s what Omega
service ability means.

Yes, we have been repairing and refurbishing all your motors for
over a generation.

Yes, our service expertise covers all your electronic and
electromechanical requirements.

Yes, we are a BSI 5750 registered company.

Yes, we do have a highly-skilled technical feam to solve all your
difficulties.

And yes, we are in the forefront of technology . . . so anticipating
your future needs poses no problems.

Omega Dynamics, Kingsbury Trading Estate, Kingsbury Road,
London NW9 8UP Telephone: 01-200 8844 FAX: 01-200 4816
TELEX: 8954958 G
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Thirty six nanosecon

S

faster than light

This article is based on refined measurements made with the
Obolensky electrical circuit arrangement which, in its various
versions, has been around since 1977. Since then various
reports on possible faster than light events with various speeds

have been made.

P T PAPPAS, ALEXIS GUY OBOLENSKY

he present measure-
Tments indicate defi-
nite anisotropy of the

normal velocity of light, depend-
ing on the orientation, the time
of the day and the polarity of the
current. Certain practically in-
stantaneous interactions seem
to have occurred beyond the
available resolution of the in-
struments. Other signals have
been observed at precisely twice
the velocity of light. All the
above measurements withstood
the statistical analysis for an
artifact effect.

In particular, the anisotropy
discrepancy is a function of the travelling
path, which goes to zero inverse proportio-
nally to the separation distance. The double
speed light signal is similarly delayed in-
verse proportionally to the distance of
propagation. The coincidence and phase
shifts in the dual channel fast oscilloscope
change in accordance to the above effects,
indicating that the observed effects are real
and not an effect generated in the instru-
ments, detectors or other media.

They suggest that certain signals can
travel up to twice the speed of light. These
experiments have been conducted since
1977. Similar observations and reports have
been made on several occasions by
Obolensky '.

However, systematic experimentation
with the parameters of the experiment and
systematic numerical analysis of the results
was made for the first time during August
1988 at the Technithion/Bromion laborator-
ies at Sloatsburg, New York and are pre-
sented here. In this way the significant
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factors of the experiment and their relation
became clear. so that the experiment is
reproducible in all its versions.

The experiment employs one of the top
fast oscilloscopes available in the market,
the Tektronix 2764. Three effects were
ohserved, 1) practical instantaneous
interactions, 2) signals propagating at twice
the speed of light and 3) anisetropic signals
with respect to the direction. None of these
cases were expected by the electromagnetic
theory.

DESCRIPTION OF THE EQUIPMENT

The Obolensky circuit consists mainly of a
symmetrical triangle circuit, as shown in fig
1, a battery to supply current around it, two
relays to interrupt its current and few more
accessories described below. Two 60Kohm
resistors are placed symmetrically as shown
in the figure, to limit the current so that the
battery will not be short circuited and
destroyed when both relays were closed. The

battery was 250V, a commer-
cial photoflash battery.

Near the two base corners,
two identical mercury relays
interrupt the Obolensky cir-
cuit, which when not excited
are normally closed and con-
ducting. Next to the two
relays, two signal sensor coils
are placed. The two coils were
identical. The primary coil is
actually the base wire of the
triangular circuit, passing
through the axis of the coil.
When there is a signal through
the wire, ie, a change in the
current density, an induced
signal, ie, an emf potential appears at the coil
terminals, proportional to the current in-
tensity change. The induced signal was
impedance matched to 50 ohm, through
another transformer inside the relay pack-
age and connected to a high quality 50 ohm
coaxial line.

The coaxial lines from each transformer
were mounted on wooden stands about
60cm above the ground and they were
arranged symmetrically to each other. They
were brought to the oscilloscope and con-
nected through the 50 ohm inputs provided
there. The base of the triangle. in the August
1988 experiments, was of variable lengths as
well as the 50 ohm transmission lines. For
the base lengths of 5,10,18, and 20ft were
chosen; and for the transmission lines from
35 up to 105ft lengths were chosen. The base
wire was a single commercial wire with a
plastic insulation around it. At the ends of
this wire and perpendicular to it, two square
metal plates of 1.5x1.5 square meters were
placed and made contact with the base wire,
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as shown in the figure.

These metal sheets face one another and
form the plates of a capacitor. Their function
was to enhance the signals received at the
oscilloscope. The whole apparatus was mov-
able and could be placed at various orienta-
tions. In the first series of the experiments,
the apparatus was placed with the base wire
facing east/west and the two transmission
lines going south.

THE OBSERVATIONS

While the experiment was in operation
one of the two relays were excited with 12V
AC at 60 Hz, transformed from the 110V
mains. This caused the relay to open and
close 60 times a second while the other
relay remained closed. The signals received
at the oscilloscope are shown on page 1164.
Obviously when one relay, say relay A figure
1, is energized the event of the capacitor
discharge is propagated via two routes to the
dual channel oscilloscope: one short route
ABF and one longer ACE route. The trigger
was set near to zero level and what is shown
is the events received from both transmis-
sion lines, when either the left or the right
relay interrupted the circuit. One signal was
always inverted inside the oscilloscope, so
that the two traces did not overlap.

The first thing always to notice is the fact
that two signals arrive simultaneously from
each line, with no detectable time difference.
These two signals with initial almost zero
amplitude, both increase progressively in
magnitude with time. Then a sudden enor-
mous signal appears, almost a vertical spike,
which changes the amplitude in the opposite
direction. After these two events, dumped
oscillations, consisting of similar spikes fol-
low outside the range of the oscillograms,
until all the signals go to zero. The signals
shown in the oscillograms relate to the event
which is caused by one of the relays inter-
rupting the circuit. When the circuit is first
interrupted the current still flows, due to the
distributed inductance; and it charges the
two capacitor metal sheets. The voltage
increases between the plates and appears
across the opened contacts of the relay. Due
to this excessive voltage an avalanche initi-
ates between the relay contacts and the
capacitor plates discharge giving a relatively
huge instantaneous current, several orders
of magnitude bigger than the DC current
flowing under steady conditions.

Because of the extremely weak coupling of
the signal transformers on the base wire,
only the violent event of the capacitor
discharge is the event recorded by the
oscilloscope. The event of closing again the
contact of the relay corresponds to a current
increase from 0 to 2mA in about 100
nanoseconds. This is a too small change
compared to the capacitor discharge in less
than one nanosecond resulting to a change
from 2mA to several amperes and back to
zero.

The obvious puzzle is what are these two
simultaneous signals, related to a common
cause, but via unequal paths. Numerical
analysis of the data of the August 1988
experiments showed the following facts.

1. The time difference between the two
spikes from each channel is proportional to

Mercury vapour relays

™.
\&i;j

Oval beam
oscilloscope

~ 50Vdc
ns.
50k 60k

Current
transformers

Coaxigl lines {01

Fig.1.A.G. Obolensky's experiment. Oscilloscope is Tektronix 2764.

the length of the base wire, the ratio of the
length of the base wire over this time
difference, is about equal to the expected
velocity of an electromagnetic wave along an
antenna, which is close to the velocity of
light in vactum.

2. This time difference relates to the
direction of the triggering relay and to the
polarity of the DC current in the base wire,
and according to A. Obolensky, considering
earlier data for a given current polarity, it
varies with the time of the day: and it
depends on the horizontal and vertical direc-
tions of the base wire.

3. The time delay, from the moment the
two signals appear simultaneously until the
first spike appears, is proportional to the
transmission line length. The ratio is practi-
cally constant and slightly over twice the
speed of light in vacuum.

4. Making the lengths of the transmission
lines unequal, the two signals no longer
arrive simultaneously, but one delays with
respect to the other by the amount of time
needed to travel the extra length at twice the
speed of light.

With the above discoveries, the values for
signal velocities along the lines, which best
fit all the data are as follows:

a) Two one way Maxwellian velocities C,,
along the base of the Obolensky triangle:

C, = (27121.8)x 10° Km/sec, r.2. 0.7%, for
clockwise propagation

C, = 27822.2)x10° Km/sec, r.e. 0.8% for
counter clockwise propagation.

This velocity is responsible for the relative
propagation delay of the huge spikes. It is a
measurement of one way velocity and not
the average measurement of the go and
return velocity, as it is usually the average
velocity, measured in the case of light. In
this way. the one way velocity is found
slightly anisotropic as described above and
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Tabbe 1: 10 Velocity in the transmission lines

Trans. line Timelapse® Velocity
length/ft ns Km/s
745 36 630031
39 188 632155
39 193 615696
39 19 625449.6
55.5 272 621792
56 282 608990
645 325 604723
825 41 613257
915 45 619658
108.5 53.8 614476
mean velocity 619660 Km/s
standard deviation 2764 Knv's

“Time lapse between the simuitaneous appearance
of the two arrival signals and the first spike.

Table 2: Clockwise and counterclockwise velocity

Straight Time Time Velocity ft/ns
line/ft lapse” lapse®
cw cCcw cwW cCw
5 5.65 5.74 8849558 8710802
5 562ns 578ns 8896798 .8650519
5 5.62 5.74 8896798 8710802
5 5.65 5.81 8849558 .8598452
10 10.85 1125 9216589 .8888889
10 107 11.00 9345794 .9090909
18 192 1975 9374999 9113924
20 214 2200 9345794 9090909
mean velocity Km/s 278000 271000
standard deviation Km/s 1800 2200

*Time lapse between the two successive spikes.

depending on not properly understood fac-
tors such as direction and orientation. This
uncertainty introduces the relative high
error in the data compared to the top
technology instrumentation employed in
the experiments.

b} A practically instantaneous, non Max-
wellianvelocity C,,.. or a higher velocity than
the resolution which the oscilloscope allows
to detect, along the base of the Obolensky
triangle:

C,. > 100C
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Mezsurements show that there might be &
phenomenon — a purely electrical signal
speculate the authors — that travels faster
than light It shows up here as the simu
taneous arrival of a low level signal (at the
origin on the left of each trace) occuring
just before the relatively massive swing
that you wauld expect to see when the
relay opens.

Antenna distances and transmission-
line lengths have been varied, and ever: the
orientation of the set up has been altered.
In each case, the phenomanon remains.

The pulse relay has picosecond rise and
falltimes

L)

SEL B L T

Antenna IOft_";ér;b onl '1:33 bt
C1=2.074x 10%1t/s=632155km/s

Antenna 10ft Trigger south Transmission line 74 Sft
C, =2 069x 10%t/s=630.031 kv

1w

Additior

Aﬁ;\,nna 10ft Tran: ;'_ —‘o}| Te 38.5ft
C,=2.02x10%/s=615696km/s

An'er-r;a lSnihuggov west

Co=0937 10%/s

Antenna l_ft
Cy=0909x1

285597km/s
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This velocity is responsible for causing no
delay to the low amplitude signal, travelling
the base of the Obolensky triangle and
through the remote transformer down the
coaxial line to the oscilloscope. This signal
arrives simultaneously with the other signal
travelling the shorter route. ie from the
energized relay to the nearby transformer
and via a coaxial line of the same length.
finally to the oscilloscope. No difference is
caused to the simultaneous nature of the
signals. by changing the length of the base of
the Obolensky triangle.

¢) A Maxwellian velocity C, close to the
velocity of light along the transmission
lines, which is the expected standard prop-
agation velocity of the coaxial lines. This
velocity does not affect the relative positions
of all signals for equal transmission lines.
This velocity as determined from our limited
datawas:

C, = 200110 km-sec.

This velocity is responsible for the propaga-
tion of the huge spikes along the transmis-
sion lines. Their absolute delav is affected
accordingly to this velocity and to the length
of the transmission lines.

d) A non Maxwellian velocity C,,, about

twice the velocity of light along the trans-
mission lines.

C, = (620£2.7)x 10¥ km/sec, r.e. 0.4%

This velocity is responsible for the prop-
agation of the low amplitude signals at the
beginning of the oscillograms. The relative
appearance of these signals is proportional
to this velocity and to the Iength difference
of the transmission lines.

Similarly. the relative delay of the first
spike from the beginning of its signal trace,
is affected accordingly to this velocity and to
the length of the transmission line it prop-
agates.

From the above, we see that there are two
modes of propagation in each line. One
mode which carries most of the energy is the
normal velocity of propagation mode known
for these transmission lines which we call
Maxwellian mode. A second non Maxwellian
mode of propagation with much higher
velocity than the first, carrying a low energy
signal of the same event. [However. it was
found for the coaxial line to operate at the
superluminal velocity, non Maxwellian
mode, it was necessary not to be near bulky
objects or the ground and not to undergo
sharpbends.

This was the reason the coaxial lines were
mounted on elevated wooden stands. It was
found that the speed of the signals drops
considerably as soon as the coaxial lines
come close to the ground or to a bulky
object. Analysis of this behaviour showed
that the speed signal in the coaxial line is
about twice the speed of light for the section
between the transformer and the first sec-
tion close to a bulky object or to the ground.
After this section the velocity drops down to
about its Maxwellian value. It seems possible
that several internal and external factors
determine this non Maxwellian velocity. and
have to be found.

No theory available at the moment seems
to explain these superfuminal velocities. The
fact that they carry low energy signals under
special conditions, seems to be the reason
that they have been unnoticed today.

REFERENCES.

1. Alexis Guy Obolensky. Proceedings of “The
International Tesla Conference”. Colorado
Springs, 1986 and 1988,

2. Harold W. Milnes, “Faster Than Light Signals™,
Radio Electromies. V. 34, No 1, p.55. 1983, (This
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report).

Wu, Chu and superconductors

labama and Texas are at war. Fortu-
Anately. the war is currently being

conducted with words as the
weapons and patent applications and com-
mercial contracts as the prizes, but it is
beginning to warmup alittle.

Dr Maw-Kuen Wu of the University of
Alabama in Huntsville and Dr Paul Chu of
the University of Houston are at odds {or,
rather, their universities are) over the share
of credit each of them is claiming for the
discovery of yttrium-barium-copper-oxygen
material which becomes superconducting
at 98°K. Some of the heat in the con-
troversy is possibly generated by the sign-
ing of an agreement between DuPont and
Houston to "commercialize superconduct-
ing products and processes based on the
discoveries of Dr Paul Chu”, to quote the
local Huntsvilie paper The Huntsville Times.
Both the university and Dr Chu stand to
receive substantial profits from the agree-
ment, particularly if a patent on the material
is granted.

In January 1986, Bednorz and Mller at
IBM in Zlrich came up with a lanthanum-
barium-copper-oxygen material which su-
perconducted at 30°K. On the publication
of this work in September 1986, Dr Chu
reproduced the results at Houston and
mentioned the fact to Dr Wu, who had been
one of Chu's students and had subsequent-
ly gone to Huntsville. A worldwide crescen-
do of activity ensued, with a view to
increasing the superconductivity tempera-
ture, the Houston group finding transient
indications of the effect at temperatures up
to 100°C.

Chu, at Houston, believed that there was
a real chance that a number of new
materials based on the IBM work could now

be made and promptly filed a patent with,
reportedly, an extremely wide scope for
materials which had not yet shown repro-
ducible effects at over 77°C — the boiling
temperature of nitrogen.

Seventeen days later, Dr Wu at Huntsville
was able to show the effect at 93°C in a
sample of Y-Ba-Cu-O material and im-
mediately informed Dr Chu, since the two
had agreed to co-operate fully on the
research. A press conference was held a
couple of weeks later. Chu being the senior
of the two, he was accorded the major
share of attention and, therefore, credit for

the discovery, though he was personally
meticulous in including Wu in his remarks.
The gdown-grading of Wu's (and therefore his
university's) efforts by the press has been
exacerbated by the DuPont contract with
Houston, but the two scientists have tried
to remain aloof from the wrangling. The
discoverer of the first, reproducible high-
temperature superconductor will probably
be recorded as Dr Chu of Houston with, at
the most, a passing reference to Dr Wu. it
seems strange that the two {BM resear-
chers who started it all are rarely men-
tionea.

Dr K.A. Gehring of GEC Hirst Research Centre speculates
on the first uses of superconductivity.

Microwave components come right at the
top of the list of possible superconductor
applications. There are real benefits in using
superconductors in that you get dispersion-
less and lossless propagation of e-m waves. It
enables construction of higher quality filter
systems, resonators and so on and yet the
fabrication technology required for these
applications is not even as sophisticated or
demanding as it is for active electronics.
Superconducting quantum and radiation
detectors present a typical early application.

Hybrid superconducting and semicon-
ducting devices are particularly interesting.
Many of the standard semiconductor devices
work happily at liquid nitrogen temperature.
New superconducting materials close the
gap. There are now perfectly accessible
operating temperatures at which both su-
perconducting and semiconducting mate-
rials will operate simultaneously. This
means that 20 or so years from now there
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will be a range of novel devices of which
there are, as yet. no known details. The
potentil for the combination of these two
particular types of material is immense.

Superconducting magnets is an obvious
application of these materials. Where
helium technology is currently used, the
new superconductors could bring benefits,
provided the materials problem can he over-
come. The range of materials which display
superconductivity at these high tempera-
tures is now fanning out. New materials are
being discovered at a comparatively rapid
rate.

Japanese industry has a planned super-
conducting train. It feels confident enough
to produce a model for public inspection on
the platform at Tokyo railway station com-
plete with leaflets for school chiidren. Su-
perconductivity has been brought to the
attention of the man in the street as well as
the Japanese research laboratories.
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PROFESSIONAL QUALITY
PATCHING AND
SWITCHING EQUIPMENT

FOR DIGITAL AND ANALOGUE SYSTEMS.

“NORMAL THROUGH” PATCHING AND SWITCHING EQUIPMENT FOR
THE FOLLOWING INTERFACE TYPES:
V11, V24, V35, X21, X217, G703, RS232, RS422, RS449 VF AND COAXIAL.

NATO, MIL STANDARD AND BABT APPROVED SYSTEMS.
DISTRIBUTED MATRIX SYSTEMS FOR UP TO 4000 USER PORTS.
FULL CATALOGUES AVAILABLE ON REQUEST.

THE SWITCHING SPECIALISTS. . ..

FESHON SYSTEMS

PINDEN, DARTFORD, KENT DA2 8DX.
TEL: 04-747 8111 (SIX LINES) FAX:04-747 8142 TELEX: 96395 (FESHON G)

ENTER 4 ON REPLY CARD

A NTRIM
RANSFORMERS LTD

UNIT 3A/9, 25 RANDALSTOWN ROAD, ANTRIM,
CO ANTRIM, N. IRELAND.

Telephone: (08494) 66734. Telex: 74667.
Fax: (08494) 68745

Manufacturers and designers of high quality
toroidal transformers to specifications VDE
0550, BS415 Class 2 and IEC65 Class 2.

Prices quoted are lots of 100 inclusive of
delivery anywhere in UK (VAT not included).
Prices firm to October '89.

Prices quoted are for primary voltage 110,
120, 220, 230, 240.

For additional primaries please add 4% to
price for the following:
120/120, 220/240, 110/110, 115/115,
110-120/110/120.

AGENTS WANTED - ALL COUNTRIES

15VA-£4.70 120VA- £6.70 625VA-£13.80
30VA-£5.18 160VA- £7.57 750VA-£22.60
S50VA-£5.52 225VA- £8.40 1000VA-£37.20
80VA-£6.00 300VA- £9.40

100VA-£6.56 500VA-£12.50

FEBA.
RADE

ENTER 62 ON REPLY CARD
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- ..
The Far East i
Broadcasting , e
Associalion is ey :
looking for qualhfied ;
Systems Engineers/Journahsts/ —x
Producers who are committed

Christians. to join their statf in the
Seychelles FEBA broadcasts the Good
News of Jesus Christ datly in over 26
languages from Seychelles 10 thirty
countries around the Indian Qcean

It you are interested and would like to
discuss the matter without obligation
please write or phone Margarel Grant,
Personnel Officer, FEBA Radio

E

FREEPOST (no stamp required)

4 Skywaves House
Worthing BN14 7BR
Tel 0903 37281 (24 hrs)

ENTER 29 ON REPLY CARD
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C-mos speech

APPLICATIONS SUMMARY

NES105
° G R R
enc tion thanrel 35 R 15 G
yp aat _13‘)':\ L L Aot
In both the US and Europe. business users (i | n Oy I n
have become increasingly disenchanted with
their mobile radios and cordless telephones: Ry Ry
now that wide-band scanning receivers are . g"a”tnel
available cheaply in almost every high S ISHE, LTk 2k =
street, confidential call traffic can be inter 8in —4 (13 |1" (%I In
cepted by anyone. To combat the problem.
Marconi Electronic Devices is producing a 3 ROMEN
one-chip speech privacy codec suitable for DV5100
use in any analogue telephony circuit
In the DVS100. speech is converted to
digital form by delta modulation; two con Dram g4 L.
version channels are included, for duplex Dram,n A0
communication. Each frame (about 100ms RESB  RAS 22
long) is reversed in time and then converted ] & bk
back to analogue for transmission. This riv B2 D-ram
technique scrambles the speech enough to SRR
defeat casual eavesdropping; but security
can be enhanced by adding a prom and a few : 45780
other components. which make it possible to ‘s 07
transpose time segments according to a -1t 12,1315
rolling key. A two-way link is required for the 10n Riz 100k -
chips to establish synchronization: even an Channel A in ol Ry |25
eavesdropper equipped with another ™
DVS100 is unable to listen in. A data/ E
application sheet from MEDL (numbered . { s
C751D) describes the crvptographic techni 2_2‘2"; E(}g
que and shows sample configurations for _T_T_
various types of communication link. Price
of the device is £24 for 1000-up.
The DVS100 speech encryption chip is a O-ram in O-ram oyt
low-power c-mos device suitable for use in Channel Channel
communications handsets. Chip design Ain A e A out
was by AEP (Merseyside) Ltd. Modulator =l ey
- cHannd] J Multiplexer Demultiplexer { * Channel
High-speed P T e LIV
L] L] g
amplifiers T ‘
Bread boarding with a 50MHz current-mode Clock in :Q::
feedback amplifier can be tedious due to Clock out Timing control )
layout problems. Elantec has produced a ] >
Sync. enable B i *
Forced reset B mﬁo« - h?g?;:;k?
Sync.
Sync. Eng;ypfion
EL Receve Transmit A ]
synchronizer synchronizer Transmit
r control
AisTuse D-ram address
generation Multiplexer

ADDRESSES Elantec Marconi Electronics Devices Ltd  Lightning Elimination

Microelectronics Technology Ltd  Doddington Road Bandet Way
Unit2 Lincotn LN6 3LF Thame

Great Haseley Trading Estate 0522 500500 Oxon 0X9 3SJ
GreatHaseley 084421 3204
Oxfordshire 0X9 7PF

08446 8781
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APPLICATIONS SUMMARY

demonstration board that simplifies de:
velopment work with their EL2020 mono-
lithic amplifier. and five configurations that
can be made up on that board are presented
in “Using the EL2020 demonstration p.c.
board.”

This non-inverting buffer is accompanied
by a times ten amplifier. an inverting buffer.
a summer and a video distribution amplifier
with loop-through ditference input. The
EL2020 is a monolithic device capable of
supplying 30mA with 500V/ s slew rate.

Computer reliability

An update of “The reliable operation of
computer-based systems in the office en-
vironment” is now available.

\Written as an aid to “the successful com-
puter installation in the average office en-
vironment”, this note, from Lightning Eli
mination, is one of a set of four covering the
protection of electronic systems from tran
sients and lightning. It explains the nature of
the interference problem, presents different
solutions, and gives some guidance on prob-
lem solving.

In their introduction. the hooklet’s au
thors quote IBM and Bell Laboratories re
search indicating that 88% of mains-derived
computer problems are due to spikes. ahout
11% are due to voltage fluctuations., and
only about 0.5% are due to total power
failures. This graph, based on international
data taken from companies in America,
Switzerland and the UK, does not include
dips in the supply caused by heavy load
switching.

NEXT MONTH

Working with DSP. The fast Fourier trans-
form is one of the most universal of DSP
applications. We present an overview of the
possible routes to FFT and FIR filters and
examine ways of implementing them. We also
look at strengths and weaknesses of specific
DSP chips and the algorithms with which to
program them.

Realtime VO control using the Z80 family.
Organising and writing software for realtime
/0 control challenges ingenuity if hold-ups
are not to occur in the system. Multitasking
co-routines are much faster than single task
subroutines when slow peripherals are in-
volved. Speed yours.

Practical design — an electronic frequency
counter. An 8-bit processor lies at the heart of
this design providing exceptional versatility
and general usefulness. It offers seven digit
resolution to 1GHz with a prescalar option. It
will also calculate sum. difference and ratio
functions.
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telecomms

Working with
DSP

Frequency
counter design

you can

Mass storage
developments

equipment hire

gyroscope

Optically broadcast telecomms. Rather than
provide point to point communications links
with selected traffic to a selected route, why
not send all traffic down all optical lines and
pick off what you need? Optical waveguides
now have the handwidth and BT Martlesham
thinks optical broadcast has real possibilities.

The economics of equipment hire. The true
cost of under used test equipment can be
surprisingly high. Hire and leasing options
look attractive for more reasons than a possi-
ble saving in money.

Caching in the chips. Cache is a way of making
slow, cheap DRAM look like fast, expensive
SRAM. Intel’s 82385 cache controller chip
intercepts data traffic destined for the main
system memory and diverts it to 3 small, high
speed SRAM. Frequently used data is always
kept to hand, available to the processor with-
out wait states. The article describes how it is
done.
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Spectrum analyser using
fast Fourier techniques

Fast digital signal processors and analogue-to-digital
converters allow the design of a spectrum analyser to handle

pectrum analysis based on swept
S heterodyne techniques is the best

solution for the analysis of megahertz
signals. The elaborate analogue circuils
needed to heterodyne and band-pass filter a
complex waveform would, however, strain
almost any engineer’s design skills. Fortu-
nately, designers who need to analyse lower
bandwidth signals have an alternative: f.f.t
techniques employing fast, digital signal
processors and analogue-to-digital conver-
ters, which enable the simple construction
of a spectrum analyser that handles 100kHz
signals over a 72dB dynamic range.

A low-cost, high-performance spectrum
analyser consists of d.s.p.. an a-to-d conver-
ter. analogue circuitry, program and data
memory and interface logic. The system
shown in Fig. 1 uses a common data address
and data bus to communicate to on-board
circuitry and an external processor. Thi:
external processor can be the c.p.u. of a
personal computer, which can use its c.r.t.
display to plot the spectrum analysis results.

As with any data-acquisition system, a
spectrum analyser’s performance relies
heavily on the analogue front-end circuitry.
The designer must carefully select circuits

100kHz signals over 72dB
PAT MEEHAN AND JOHN REIDY

that minimize harmonic distortion and spu-
rious noise. The circuit shown in Fig. 2
employs a ninth-order, elliptic anti-aliasing
filter (Fig. 3), a fast 200ns track-and-hold
amplifier, a 1.5ppm/°C voltage reference and
a3us, 12-bit a-to-d converter.

The spectrum analyser's a-to-d converter
will determine its input bandwidth and
dynamic range: an AD7672 has a 333kHz
maximum input bandwidth and a 72dB
signal-to-noise ratio. It is manufactured in
c-mos and requires an external voltage
reference such as the 1.5ppm/°C voltage drift
AD588. The reference has force and sense
terminals to ensure a high-accuracy Kelvin
connection to the a-to-d converter

The choice of track-and-hold amplifier
will depend on how fast the analyser must
acquire the input signal. Since the through-
put rate of the spectrum analyser is 256kHz,
there is only 3.9us hetween successive con-
versions. But the converter’s 3s overhead,

Fig. 1. High-performance spectrum analys-
er employing a signal processor with Har-
vard architecture. Two-bus design im-
proves signal throughput by permitting
simultaneous program and data fetches.

combined with the 100ns allotted for extra
maigin, leaves only 800ns for the signal
acquisition. An HTC-0300 easily beats this
specification with its 200ns acquisition time
and 100ps aperture jitter. Furthermore, the
device’s 250V/ps slew rate and 8MHz signal
bandwidth ensure low harmonic distortion.

Designers typically choose a switched:
capacitor or active-filter circuit for the anti.
aliasing function. However, the high
frequency clock used in a switched-capacitor
filter injects noise into the signal, while slew
rate limitations in op-amps used in an active
filter introduce unwanted distortion. A pas-
sive RLC filter avoids both of these problems.
The 9th order elliptic filter (Fig. 3) has a
1004B stop-band attenuation with a 0.1dB
pass-band ripple. Although the phase re-
sponse of the elliptic filter is not linear. its
magnitude response is. Since spectrum
analysis is primarily concerned with the
input signal’s magnitude, phase errors are
not of major concern to most designers.

The cut-off frequency, which ultimately
determines the upper bandwidth limit of the
system, is set at 100kHz. Plotting the filter’s
response shows the Nyquist limit to be in the
middle of the transition band which, since

Bus grant

Bus request

Data memory address bus

ADSP2100

Program
address bus

CY7C261x3

Program memory
~ BKx24 {eprom)

Data memory
8Kx16 {static ram)
CY?70185x2

and

Clock out

data bus

Divide by N

Analogue circuitry

converter

Conversion start

> To host c.p.u.

a-to-d

counter
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this application has a 256kHz sampling
frequency. is 128kHz. The filter’s roll-off
attenuates frequencies above 156kHz by
100dB. Because there is a deadband between
100kHz and 128kl1z, any frequencies above
100kHz are discarded in the digital frequen-
¢y domain. This includes any alias frequen-
cies mirrored back into the 100 to 128kHz
bandwidth.

An ADSP-2100 digital signal processing
microprocessor provides all the necessary
compulting power for the spectrum analyser.
The device can execute a single instruction
in as little as 125ns - the faster ADSP-2100A
has an instruction cycle time of 80ns. Its
parallel design and Harvard architecture.
however, permit the processor lo execute
more than one operation per instruction
cycle. For example, in one cycle the ADSP-
2100 can generate the next program address.
fetch the next instruction. perform one or
two data moves, update one or two address
pointers. and perform one computation.
This means that the it can execule a block
floating-point, 1024-point f.f1. in 12.77
milliseconds.

PROCESSOR INTERFACE
The processor-to-converter interface (Fig. 2)
must include provisions for proper timing
and bus isolation. The timing for the a-to-d
converter and t-and-h amplifier is derived
from the ADSP-2100 ci.x out. which runs at a
frequency of 8.192MHz. A counter attached
to the ASDP-2100s’ clock divides this signal
by two to generate a 4.096MHz clock signal
for the AD7672. An additional division by 16

The f£t. algorithm, while not the only digital
technique, is certainly the most popular
method of measuring the power spectral densi-
ty of a signal.

An f.ft. only looks at a “snapshot™ of the
signal taken during the sampling interval (A). To
perform a continual analysis, the fft and
display routines must run in parallel with the
sampling activity. But one ff.t. stiil only repre-
sents the sample during N samples.

Two important considerations when using
fits are the algorithm'’s frequency and ampli-
tude resolution. The frequency resolution of an
f.f1. is equal to the sampling frequency divided
by the number of points in the f.it. Obviously,
lengthening the fft. improves resolution, but
leakage, or smearing, in the frequency domain

Sample

produces a sampling frequency of 256kt |z,
resulting in a total input bandwidth of
128kHz.

A timer on the system board produces a
convsTarT pulse of 500ns duration, initiating
an a-lo-d conversion and triggering a "hold”
for the t-and-h amplifier. Upon receipt of
this pulse, the AD7672 brings its susy output
slatus low. Since susy is Anded with cow
stakT. both ¢s and ko remain low for the
duration of the conversion. At the end of the
conversion, susy returns high, and the sys-
tem clocks data into two 74HC374 latches on
the microprocessor board. The latches buf-
fer the converter's outpul data. provide
data-bus isolation and match the AD7672's
slower read time to the fast data access of the
processor. An RC delay line compensates the
data set-up time after rusy goes high, ensur-
ing that valid data is clocked into the latches.
At the end of each conversion. the AD7672
BUsy output also interrupts the ADSP-2100
indicating that new conversion results can
be read.

Good printed-circuit-board layout is cri-
tical for high-accuracy results. All analogue
components should be decoupled with 10uF
and 0.1uF capacitors connected in parallel.
Furthermore. the circuit should use a single
point for analogue ground. The track-and-
hold and a-to-d converter digital grounds
should be the only other grounds connected
to this point.

JUSTIFYING DATA
After the ADSP-2100 reads 1024 samples
from the lalches. it uses an f..t. algorithm to

SPECTRUM ANALYSIS USING THE FFT

complicates this simple calculation: unless the
truncation intervat is equal to an integer
number of periods of the signal, the spectrum
wilt be smeared. Although various windowing
functions may be used as multipliers to reduce
this smearing, all windows spread the main
lobe and produce side lobes. If the signal being
analysed should have any frequency compo-
nents in main or side lobes, then this frequency
information is effectively hidden, decreasing
the effective frequency resolution of the ff.t.
The rolloff of the antialiasing filter, instead of
Nyquist criteria, places.a ceiling on the input
frequency. The fower frequency Is limited by
the fact that the system must sample at least
one full period during the sampling interval,
Thus, for sampling 1024 inputs at 256kHz, the

Display Sample

FFT

process the data. First. however, the 12-bit
data must be aligned to the processor’s
16-bit buses. The data should be left-justified
as far as possible, without causing an over-
flow. to decrease the significance of bits lost
due to truncation after fixed-point operation
on the data. The extent o which data can be
left-justified depends on the real and imagin-
ary growth in the first stage of the radix-2.
decimation-in-time .£.{. An analysis of this
f.f1. routine indicates that only a 1-hit
growth is possible in the first stage when the
imaginary data and imaginary twiddle fac-
tors are zero. Consequently, the sign bit
(m.s.b.) of the AD7672 is sign-extended by
one bit. The m.s.b. of the converter, there-
fore. maps into the two m.s.bs of the ADSP-
2100A data bus. in addition. the m.s.b. of the
AD7672 must be inverled lo give twos-
complement format. After manipulating the
data. the processor places the results into
memory.

The memory for the spectrum analyser is
divided into two blocks: program and data
memory. Program memory stores the f.f.t.
twiddle factors, the window coefficients and
the processor’s source code. (Twiddle factors
are precalculated sin and cosine values used
to speed up the f.1.t. algorithm.) The total
requirement for the program memory is
approximately 3072 words.

The system’s data memory must have
sufficient room for the a.d.c. samples, fft.
results and some housekeeping information.
Source code for this application was written
so that the f.1t. results “over wrile” the
sampled data as the f.1.t. progresses. produc-

minimum bandwidth is 250Hz.

The system noise floor and resolution of the
a-to-d converter fimits the amplitude resolu-
tion. The smalfest signal to an 12-bit a-to-d
converter can digitize is -72dB relative to a full
scale. However, this is only true for a smail
signal on its own: in the presence of a larger
signal, the small signal will act as a dither
around the a-to-d converter's transition points.
With a 12-bit converter, signals with magni-
tudes as low as -98dB will appear in the
spectrum of a 1024 point f.f.t. Conversely, the
largest signal a system can handle is the
full-scale amplitude of the a-to-d converter.
When the input signal exceeds the full scale, it
will be clipped, creating distortion in the f.ft.
analysis.

FFT

ID'SDIGYV Sequence

of events

WA N A

v
A0

NN I\
VVV VIV

A

r=>Waveform to
\/ w \ ; be analysed

V

happen between sampling periods.

V

— ‘Snapshots’
of waveform

A. Unlike swept heterodyne techniques, an f.ft only captures a snapshot of an input waveform. it misses any occurrences that may
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ing what is called an “in-place” f.f.t. imple-
mentation. Total data memory requirement
isamere 2068 words.

SYSTEM SOFTWARE

To develop the software for the spectrum
analvser. an ADDS-2160 evaluation hoard
hosted by an IBM PC/XT was used. Software
consists of ADSP-2100 code lo obtain the
samples. condition them and perform the
f.f.t. routine. Code for the host PC is also
needed to calculate the twiddle factors and
plot the log of the relative magnitudes.

Calculation of the twiddle factors (for a
radix-2 decimation. in-time f.f.t.) reguires
the computation of N/2 cosine and N/2 sine
values, where N equals the number of
samples. The digital signal processor could
calculate these values using a Taylor series
expansion. but this lengthens the time it
takes to initialize the system. A better
approach is to calculate the values on the PC
and then link them to the program memory
al the same lime as generating the source
code. The Basic program listing in Table 1
calculates the twiddle factors.

Table 2 isa listing of the ADSP-2100A code
necessary lo read 1024 samples, window
them and store them in memory in bit-
reversed form. The routine automatically
initializes the imaginary data to zero.

Inputs to the program are the a-to-d
converter samples and the window coeffi
cients: initial outputs are two arrays of data:
INPLACECREAL and INPLACEIMAG. The
former is the weighted and bit-reversed data
samples. while the latter is zero. After the
processor execules the f.f.t. these two arrays
will contain the real and imaginary frequen-
cv data. respectively.

An interrupt-driven inner program loop
complicates the normally smooth program
flow. The program jumps from the warint
loop to the serve loop when interrupted. The
software decrements the counter. avo, before

Fig. 2. Careful design techniques must be
used with the analogue circuitry in a
spectrum analyser. Digital and analogue
grounds must go to a common point.

it returns to the warint loop. A “pass
instruction recovers the condition code
logic status. If register ar is zero (ea). then
the program exits the loop.
FLOATING-VERSUS FIXED
-POINTARITHMETIC

The use of floating-point calculations and
coherent sampling delivers the lowest f.f.t.
noise floor and offers the best frequency
resolution (see box). Coherent sampling
maintains an integer ratio between the input
and sampling frequency. avoiding leakage in
the frequency domain due to discontinuities
in the time domain: f-p arithmetic mini
mizes truncation and overflow errors.
Combining floating-point and coherent
sampling delivers low total-harmonic distor-

TABLE 1. CALCULATION OF TWIDDLE FACTORS

60
63
65
66
67
68
69
70
80
OK

IMAG =
IMAG = IMAG - .55
IMAGS (K) = HEXS$ (IMAG)
IF LEN(IMAGS (K))
IF LEN(IMAGS (K))
IF LEN(IMAGS (K))
PRINT K, REALS(K),
NEXT K

END

1 THEN REALS (K)
2 THEN REALS (K)
3 THEN REALS (K)
IMAGS (K)

tion. However. there are some harmonics
that rise above the noise floor at -82dB. The
antialiasing filter. track-and-hold amplifier.
and impedance mismatches are the likely
causes of this additional distortion. Since
the a-to-d hasa -72dB s.n.r.. its contribution
to any harmonic distortion should be below
-90dB.

Coherent sampling and floating-point cal
culations have a number of drawbacks.
Firstly. it is almost impossible to insure
coherent sampling in real-world spectrum
analysis. Second. floating-point requires
large software overhead. Fixed point algor-
ithms are much faster and easier to develop.

Fixed point f.fts require scaling of the
results. which is easy to perform with the
ADSP-2100's barrel shifter. The fft. of a
sequence tends to be significantly larger
than the sequence itself. according to
Parseval's theorem:

N-] N-1
N xn)= 1N 1X(k)
- N sy
n=0 k=

"000" + REAL(SK)
"00" + REAL($K)
‘0" + REAL(SK)

10 REM TWIDDLE FACTORS

20 DIM REALS$(512)

30 DIM IMAGS(512)

40 FOR K = 0 TO 511

50 REAL = 32768!*COS(K*22/(7*521))

53 REAL = REAL - .55

55 REALS$ (K) = HEXS (REAL)

56 IF LEN(REALS(K)) = 1 THEN REALS (K)
57 IF LEN(REALS$(K)) = 2 THEN REALS (K)
58 IF LEN(REALS(K)) = 3 THEN REALS (K)

Wonwon

32678!SIN(K*22/(7*%512))

"000" + REAL(SK)
"00" + REAL ($SK)
"0" + REAL (SK)

oo
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TABLE 2. ADSP-2100 SAMPLING CODE

.MODULE SAMP_AD;

.EXTERNAL INPLACEREAL,
.EXTERNAL WINDOW COEFFS;
.PORT AD7672
.ENTRY SAMPLES;
.ENTRY SERVE;
SAMPLES: 1CNTL=B#00000;
AYO=N; {SET UP COUNTER}
AR=N;
10="INPLACEREAL;
15="INPLACEIMAG;
I4="WINDO:_COEFF;
MO=MOD_VALUE; {MODIFIER
MS=1;
ENA BIT_REV;
IMASK=B#1000;
WAIT_INT:AR=PASS AR;
IF EQ JUMP FINISH;
JUMP WAIT_INT;
SERVE :MX0=DM(AD7672) ;
MYO0=MX0*MYO (RND) ;
DM (I0,M))=MR];
DM(IS, MS5)=0;
AR=AY0-1;
AYO=AR;

{ INDEX

RTI;
FINISRH:
DIS BIT_REV;
RTS;
.ENDMOD ;

IMASK=B#0000;

.CONST N=1024, MOD_VALUE=H#0010
INPLACEIMAG;

{RECOVER THE CONDITION CODE)

{MULTIPLY SAMPLE BY WINDOW COEFF AND])

{DISABLE ALL INTERRUPTSs}
{DISABLE BIT REVERSAL}

{SET UP TRIGGERED INTERRUPTS)

0 = START OF ADDRESS OF INPLACEREAL}

FOR BIT REVERSAL}

{STORE IT BIT REVERSED IN INPLACEREAL}

12V

Pnn 1?mn ann 'I%BL'TEn %

-IZVﬁ'

I T
= 0 Pivot point
a=) for eliasing
wl
o
>
—
= ’
2 Aliased -
= frequencigs
100 -—————
100 128 156

feutoff  fsample fstop

FREQUENCY (kHz)

Fig 3. A ninth-order elliptic filter delivers a — 100dB stop-band attenuation and cutoff

frequency of 100kHz.
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The mean-square relationship between in-
put and output is determined by the number
of f.f.t. stages. An N-point f.f.t. will have
log,N stages: therefore. for a 1024 point
L.L.t., there are 10 stages. While the magni-
tude of a data may grow hy one bit per stage.
very often the real or imaginary data can
grow by two bits.

There are three possible scaling techni-
ques: unconditionally shift the magnitude
one bit right at each stage: conditionally
shift right each stage depending on magni-
tude growth; or scale the real and imaginary
data by two bits and test for growth at each
state. Scaling and shifting the real and
imaginary arrays is the best solution, since
the first method is inaccurate due to un-
necessary scaling and the second devours
processor overhead.

The upper and lower bounds of the signal-
to-noise ratio due to round-off and scaling
can be determined by two equations:

RMS (Error) _ Vv n x2"x(0.3)x V'8

RMS (Signal) ~ RMS (Input)
and

RMS (Error) o0 o 2159 b
RMStsmnaH_(M"“S’ X{0).3)x2

where b equals the number of bits to repre-
sent the word, n equals the length of the f.1.t.
and M equals the number of stages.

The program listing for the ADSP-2100
represents data as a 14-bit word at each
stage. with the exception of the first stage,
which is 15 bits. This gives an upper bound
of 56dB and a lower bound of 86dB. The
upper bound, however. is the better measure
of the actual results. With a spectrally pure
sinewave input and fixed-point calculations.
The noise floor is greater than -80dB up to a
maximum frequency of 100kHz.

"BOOKS

Introduction to the 4:2:2 digital video tape
recorder, by Stephen Gregory. Engineer's
guide to the D1 component-coded digital
recording format, covering video and audio
interfaces, cassette and tape parameters. track
pattern, signal processing and channel cod-
ing. A final section describes the integration of
a D1 machine into two practical studio sys-
tems, 1TV's experimental digital production
facility and the Quantel digital production
centre. Since this book emanates from Sony
Broadcast. the example chosen is Sony's DVR-
1000. Pentech Press (John Wiley & Sons), 200
pages. hard covers, £28.

Crash course in electronics technology, by
Lou Frenzel. ‘Programmed instruction’
course beginning with basic concepts and
devices and taking the reader by numbered
stages as far as amplifers, oscillators, modula-
tors, pulse techniques, test equipment and
industrial control methods. Each chapter in-
cludes a statement of learning objectives and
ends with a quiz. Other volumes in the series
deal with microcomputers and digital technol-
ogy. intended readership is in technical
schools and industrial training. Pitman Pub-
lishing, 562 pages (A4 format), soft covers.
£17.95.
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NOW YOU CAN
LEARN ABOUT THE
TRANSPUTER...

The most powerful microprocessor in the world using concurrent processing.

W State of the art technology!
With major computer companies “designing-in” the
Transputer, it is imperative that fodays technology
does not remain a mystery.
In short, the Transputer Training System gives you
a unique low-cost method of obtaining practical
experience — fast!

W Saves your time
Unpack, plug in and start learning. Everything you
need including self feach manuais in one package.

M Saves your money ;

The complefe system costs just £995 00
+ VAT and uses any IBM Compatible PC with
640K RAM and hard disk as the host
computer

B Now with Y2 price course option

Attend our special 3 day course for just £200 o

extra if order with the system. Normal price of course
is £400.

The unique Transputer Training System has been
designed specifically for education and is therefore ideal
for use in colleges and universities. The excellent self-teach
manuals, included with the package, mean that it can also
be used by engineers to rapidly evaluate the fransputer and
utilise its amazing power in real time applications

The system is suppl ed with everything you need including

B Interface card — takes a ‘shor slot’ in the PC and provides
link in‘out and control | nes

W Cable — links the interfcce card to the Transputer Module

B Transputer Module - cemplete T414 based subsystel
supplied in its own sturdy case

B Powersupply - ir dependant power fo fransputer if required

B Development Software - folding editor, OCCAM compile
downloader, ferrinal e ulator and utilities, hosted on the PC

B Example programs —noless than 28 fully worked examples
W On Screen Tutorials — learn how to use the system ‘on-screen

W Hardware Manual — ful circuit diagrams, timing diagrams
ani circuit descr ptions

W TDS User Guide — self confained tutorial guide fo using the
development software

B TDS User Manual - the reference manual for the development

software

B Introduction to OCCAM — a complete self-leach course In
OCCAM

B OCCAM Programming Manual - fthe definitive guide to
OCCAM

B T414 Engineering Data

W CO012 Engineering Data
Adapter

The Transputer Module houses a 15 MHz T414 with 256K
RAM and is external to the PC, so that the hardware is fully
accessable. The module includes a wealth of test points, 14

status LEDs, 16 I/0 ines, EVENT input, independant
~ power supply, prototyping area and four 15 way D
connectors, which allow access tothe 10 M bifs/sec
links angd control signals
a Full hardware and software support is provided
@ for multi-tfransputer applications. Simply plug
& additional Transputer Modules info the spare link
connectors using the cables supplied. In this way networks
of any configuration using any number of fransputers may
be realised! Each module can run one or more concurrent
processes and has access 1o its own local /4 Mb RAM and
I/0 system

The 1/0 connector links directly to our Applications Board
which enables the Transputer to control DC mofor speed
temperature, analog input/output, and much more!

full specifications for the Transputer
full specifications for the Link

ENTER 24 ON REPLY CARD

FLIGHT ELECTRONICS LID.

Flight House, Ascupart St, Southampton, SOT TLU
Telex; 477389 FLIGHT G Fax: 0703 330039
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You don’t only get
equipment
when you buy
from Carston...

SUBSTANTIAL
SAVING
N CAPITAL COST

I
(=

"AS NEW”
APPEARANCE
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TEST & MEASUREMENT
AND COMPUTER
EQUIPMENT

Carston Electronics Limited
2-6 Queens Road. Teddington Middlesex TW 1| OLR
Telex: 938120 (CARLEG G)

Tel: 01-943 4477

ALSO IN FRANCE Contact [o/er:\YI1g
Telephone Paris (1) 46 86 97 01

ENTER 41 ON REPLY CARD

RACKMOUNT
CASES

19" Self-Assembly Rack Mounting Case with lift off Covers
Front Panel 10 gauge, Brushed Anodised Aluminium Case
18 gauge, Plated Steel with Removeable Rear & Side
Panels. In 1U & 2U Types, a Subplate Chassis is Mounted
to Bottom Cover. In 3U Type the Subplate is located on two
Rails Mounted Between The Side Plates.

1U (1%4) height, 230m depth............ £28.30
2U (3'2) height, 308m depth............ £33.60
3U (5'4) height, 230m depth............ £41.00

Width Behind Front Panel 437m (All Types).

All prices include Postage & VAT. Cheques, Postal
Orders Payable to

J. D. R. Sheetmetal, 131 Grenfell Road,
Maidenhead, Berks SL6 1EX.
Maidenhead 29450.

ENTER 49 ON REPLY CARD

LECTRONIC &
COMPONENTSLTD.

» All items guaranteed to manufacturers spec.
» Many other items available.
‘Exclusive of V.A.T. and post and package’

}; KESTREL W\~
'E

1 50+ 1+ 50+
7418125 015 012 | 8Meg 045 035
74L8244 030 0.21 | 16Meg 045 035
7415245 030 021 | ILQ-74 150 1.35
7418373 030 021 | 1488 025 016
6809 250 220 1489 0.25 0.16
6821 125 095 | LM2901 0.80 0.60
6845 250 220 | LM2917-8 150 0.75
6850 160 140 | 2732-A 250 2.30
6502 280 190 | 2764A-25 220 190
6522P 280 185 | 27C64-20 300 230
8031 280 170 | 27128-25 370 3.40
8085 160 095 | 27C128A-25 3.40 310
8255-5 190 1.30 | 27128A 298 250
LM319N 0.50 0.40 | 27256-25 330 3.12
32.768KhzCrystal  0.25 0.16 | 27C256-25 350 3.22
1.8432 MHz 095 0.70 | 43256C12L 11.00 10.00
2.4576 MHz 0.75 0.65 | ICLB211CPA 080 060
3.5795 MHz 0.50 0.35 | TLOB4CN 050 045
4 Meg 0.45 0.35 | Z8BOACPU 100 065
4.194304 0.45 0.35 | Z8OACTC 1.00 065
6 Meg 045 035 | Z80AP10 1.00 0.65

All memory prices are fluctuating daily, please phone to
confirm prices.

178 Brighton Road,
Purley, Surrey CR2 4HA
Tel: 01-668 7522. Fax: 01-668 4190

ENTER 19 ON REPLY CARD
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IBC

1988

Technical developments seen and heard at broadcast

ing points at the Interna-

tional Broadcasting
Convention were direct satellite
broadcasting and high-defini
tion television, with hdtv the
clear leader. Of the 15 technical
sessions, during which some
100 papers were presented, no
less than five were devoted
wholly to advanced television
systems while others — such as
those on cameras — included
many papers connected with
hdtv. Interest in satellite
systems was centred on dbs
services for the UK, which are
due to begin in Februury from
the Astra satellite.

Qutside the meeting halls,
the focus was on what might be
described as the festival fringe,
with its two big hdtv events. Out
of town. at the University of Sussex sports
centre. was a large exhibition of 1125/60
studio equipment staged by an alliance of
mainly Japanese manufacturers, and
backed up by all-day showings in the
Kingswest cinema of programme material
recorded in the 1125/60 format. Meanwhile.
down on Brighton's shingle beach, there
took place in a specially-erected pavilion
the first, keenly-awaited demonstrations of
the rival Eureka 1250-line system.
HD-MAC.

For the first time, the European consor
tium was showing a complete broadcasting
chain, from studio picture sources to satel
lite transmission equipment, right through

Inevitably. the two main talk

engineering’s biennial event, held in

Brighton in September.

The trade exhibition at IBC '88 was the
biggest yet, spreading from the Met-opole
into the Brighton Centre, the Grand Hotel
and even into a windy temporary pavilion
erected by the West Pier.

Somewhere among the formidable fleet
of outside broadcast vans assembied on
Brighton's esplanade was this one from the
Travelling Matte Company, which de-
scribes it as Britain's only mobile compu-
ter graphics unit. Among its recent succes-
ses has been Knightmare, a children's
programme for Anglia television, combin-
ing a dungeons-and-dragons fantasy
theme with live action. Star of the show
(top picture) was Eric the skeleton.
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to receivers and peripherals for
the home. A description of some
of the technology behind the
demonstrations appeared in the
September issue. pages 845-850
(Eureka 95 - a world standard?
by Tom Ivall).

The impetus to create a new
hdtv standard arose in 1986 from
a widespread feeling in Europe
that the NHK 1125/60 system
was fundamentally unsuited to
European conditions.

Creating an alternative system
in time to prevent 1125/60 from
becoming established as a de
facto standard among program
me producers has meant a
breathless scramble among de
signers and manufacturers. But
although some aspects of the
proposed bandwidth compress
ion scheme were not ready for
inclusion in the Eureka demonstrations, the
consortium was able to show that the system
worked in its entirety and indeed gave
excellent results. To this writer’s eye. even
without the motion-compensation encod
ing. Eureka gave significantly better pic
tures than 1125/60with its Muse encoding.

Presenting an invited paper during the
technical sessions on the philosophy and
practice of the Eureka hdtv proposals Pieter
Boegels of the Eureka hdtv directorate
described to a packed hall how far the project
has progressed

In some respects, he said. Europe had
benefited from its late start in hdtv and has
been able to introduce the latest technology
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into the system.

Studio cameras (by BTS and Thomson)
were now available and were on display in
the Eureka pavilion. So was a wide range of
production equipment, including vtrs, tele-
cine and slide-scanning systems, and an
HD-MAC mixer. Using the HD-MAC trans-
mission standard, pictures could be distri-
buted by satellite, cable, optical fibre, micro-
wave and terrestrial links.

Work was continuing in the replay areas,

he said. “We are developing some exciting
new ideas in the area of hd camcorders and
electronic still picture cameras — ESP. But
that’s another story.

Next year, said Boegels, would see the
start of experimental hd transmissions and
the setting up of experimental studios for
making programmes. By the time of the next
IBC in 1990, Eureka would be ready for
adoption as a world standard. “We're on
time”, he said, “in fact, we're ahead of time

and if it were up to us, hdtv could start before
the 1992 target date.

Inside the Eureka pavilion visitors were
shown an introduction to the project in the
form of the first television programme to be
shot in the format, the production made by
the BBC at the Open University studio centre
in Milton Keynes. Pictures were displayed in
the 40-seat auditorium on a large projection
screen and on c.r.t. sets by a variety of
manufacturers in both 16x9 and 4x3 for-

AN EXPERIMENTAL DOMESTIC VIDEO RECORDER

One of the experimental consumer products
on show in the Eureka pavilion was a mod-
ified VHS video recorder capable of record-
ing transparently the whole HD-MAC signal.
This machine has a bandwidth of over
10MHz, four times that of a standard VHS
machine. Because the recording mode is
transparent, it can handle any type of video
signal: the only circuits specific to signal
type are the sync separator {which provides
synchronization) and a stage which adds
redundancy to the digital signal to protect
against tape dropouts.

In record mode, the input signal is time-
expanded by a factor of 1.8, giving two
channels. These are recorded in parallel on
the tape using frequency modulation, with
guard-bands between. On playback, the sig-
nals are expanded and combined once

more.

A residual timebase error of less than
15ns has been achieved by the digital inser-
tion of an additional negative-going sync
signal and a 2.8MHz burst, which fix an exact
time relationship that can be used by the
decoding circuits on replay.

 EXPANDED TV LINE

To compensate for non-linearity, a test
waveform (a linear ramp) is recorded on
some extra lines added to the video signal.
On playback, the reproduced ramp is com-
pared with a replica of the original, and any
differences are written into a look-up table in
ram through which the signal passes after
de-compression. Since the channel linearity
changes only slowly, there is no need for
rapid updating of rapid updating of the ram
contents.

Unweighted video signal-to-noise ratio is
42dB and playing time is 65 minutes.

ORIGINAL TV LINE
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mats. Pictures were originated at 1250 lines,
50 fields, progressive scan: a compression
ratio of 4:1 is required to make this signal
format match the MAC channel.

Providing the pictures were three outside
broadcast vans plus a large amount of associ-
ated equipment, including an optical fibre
link and satellite transmission simulators.
In the neighbouring exhibition area, further
equipment was available for display and
demonstration.

- 1125/60

Another fibre link, this time provided by
British Telecom, was used by the 1125/60
manufacturers to demonstrate two-way live
hdtv pictures over the 75km between Bright-
on and the SVC Television studio in Wardour
Street, London. To preserve studio picture
quality, a bandwidth in excess of 1GHz is
required; and BT achieved this by transmit-
ting chrominance and luminance separately
on a pair of 565Mbit/s lines.

The pictures were of excellent quality;
though it is fair to say that it would have
been hard for them to be otherwise, given
the availability of gigabits of link capacity.
Getting good pictures through a standard
satellite channel is a much more impressive
trick. However, the winners here were un-
doubtedly the telephone users of Brighton,
who were to gain the use of the new fibre as
soon as the IBC demonstrations were over.

Introducing the 1125/60 exhibition, Bill
Connolly, the group’s technical spokesman,
said that a clear separation needed to be
drawn between the requirements for pro-
duction and transmission of h.d.tv. Refer-
ring to moves in the US towards a 1050-line
advanced television system, he pointed out
that 19 standards were still under considera-
tion there. The 1125/60 system was available
here and now.

And indeed the association was showing
equipment by some 29 manufacturers
certain of whom, like Quantel, also had a
foot in the Eureka camp. Among this equip-
ment was a pair of cinema-size projection
displays, by Eidophor of Switzerland and
General Electric of the US; a Panasonic
135-inch diagonal front-projection set and a
54-inch back-projection set by Hitachi; a
real-time h.d.tv 35mm laser film recorder by
the Japanese manufacturer NAC (not to be
confused with NEC); an electron-beam re-
corder by Sony suitable for archiving (it
could record a bandwidth of 46MHz, laying
down RGB triplets of pictures on black-and-
white film); and a Sony standards converter
giving an output in PAL or SECAM, the first
such device to use motion-compensation for
reduced flicker.

Also shown was an analogue h.d. video
recorder by Sony, which used 25mm tape
and gave a playing time of 63 minutes with
20MHz luminance bandwidth. Timebase
correction of up to five horizontal periods
was built in. Still more remarkable was a
digital vtr which used 25mm metal particle
tape and gave a total recorded data rate of
1.188Gbit/s. Tape speed was 805mm/s, drum
speed 7200 rev/min and video sampling rate
was 74MHz (eight bits) giving 30MHz lumi-
nance bandwidth and 15MHz each for R-Y
and B-Y. Eight digital audio channels, using

A 1250 line hdtv picture looks more like a
35mm slide presentation than a raster
scan image. Vertical scanning at 100Hz
eliminates present-day flicker problems,

the 48kHz, 16 bit consumer format, were
also included on the tape, together with
time-code and cue tracks.

VIDEO TECHNIQUES

An interesting look into the future of video
technology came in a presentation by M.
Morizono, deputy president of Sony and the
man responsible for the introduction of the
U-Matic ver. Referring to the proliferation of
vers in both consumer and professional
spheres, he urged industry, manufacturers
and users not to allow a diversity of formats;
this woulc create severe problems. To some
it must have looked as though his plea had
come a little too late. Ideally, he said, a single
ver format (presumably digital) would be
capable of covering all applications, and
such a machine should be developed in the
long-term future. Meanwhile, vcrs for elec-
tronic news gathering needed to become
lighter, smaller, more rugged and reliable,
and lower in power consumption.

Turning to the field of image processing,
Mr Morizono showed some fascinating re-
corded examples of recent work by his
company. The first illustrated the interim
results from an experimental real-time pic-
ture manipulator using high-speed parallel
processing. It began with a still image of a
girl's face. By placing a cursor over selected
areas, the operator pulled the image forward
into three dimensions, like a mask, as could
be seen when the image was tumbled and
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spun about itself. As the mask rotated, the

girl’s face could be seen inside-out and on
theback of it. Contours could be exaggerated
too — guffaws rose from the audience when
the cursor landed on the unfortunate mod-
el’'s nose and drew it out to Pinocchio-like
proportions.

Another image computer newly developed
by Sony was capable of deleting movement
from an image. One one screen, a toy train
was seen trundling around a figure-of-eight
loop of track. On the other screen, only the
track and scenery were visible; though, after
Mr Morizono had drawn attention to it, it
was possible to see at times the faintest
suggestion of the train's moving shadow.

The computer could execute the same
trick in reverse, showing only the moving
portion of the picture. This took the form of
a black screen containing nothing but the
image of the locomotive, plus whatever lay
in its shadow - it looked as if it were
illuminated by a single spotlight.

MEASUREMENT TECHNOLOGY

Despite the arrival on the consumer scene of
teletext receivers equipped with “full Level
One facilities” (i.e. Fastext, with its page-
linking feature) and with memory stores for
as many as 80 pages, pressure for shorter
access times has continued. At the broadcas-
ter’s end, this had meant inserting teletext
on more lines per field. Since the field
blanking interval cannot be increased,
broadcasters have had to consider moving
some of the test and other signals they
currently radiate during this period, to make
way for more teletext.

A paper by C.R. Spicer and R.P. Hubbard
of the BBC described an economical method
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of telescoping three lines’ worth of test
signals into one. Up to now, lines 19/332
have heen used for insertion test signals
(pulse and bar, staircase waveforms etc. for
the monitoring and automatic control of the
national network) and line 21/334 has been
used (by both BBC and ITV) for distributing
text information about the network for
presentation and other purposes.

The new signal, which appears on line
21/334. includes the subcarrier component
and staircase during the even field only
(334); in the odd field (21) are a colour-bar
waveform and eight bytes of data. At the end
of line 334 is a data component consisting of
a four-bit clock run-in followed by eight
bytes of data. Clock rate is SMHz, locked to
line frequency. Five of the bytes are for
communications; one is reserved for syn-
chronization and housekeeping, and the
remainder are for audio monitoring.

Line 21
10ps bar 2Tpulse

10 T composite

Staircase with
140mV subcarrier

700mV subcarrier
Line3s |/

Audio monttoring and du?n)

component
This last enables the network operator to
ensure that the sound signal accompanying
the picture is the correct one and is at the
correct level. The insertion test equipment
measures the peaks of t he programme sound
and transmits them in coded form using the
two bytes. At each monitoring point. these
are checked for an acceptable match. Tests
showed that the experimental equipment
could detect differences in modulation level

as small as 0.25dB.

DIGITALAUDIO

IBC was very much dominated by television
technology. but a technical session on digit-
al audio produced information on recent
developments in the digital radio broadcast-
ing scheme which is being developed as one
of the European Eureka projects. Presenta-
tions by Paul Ratliff of the BBC Research
Department. Daniel Pommier of the French
research centre CCETT, and by Ch. Weck
and Gunther Theile of the Institut fur
Rundfunktechnik in West Germany de-
scribed the coding methods under consid-
eration for this new service.

The aim is to provide a universal radio
service capable of reception on fixed sets or
on the move. and which is free of the
drawbacks of present-day fm broadcasting.
Besides the tuning problems so discourag-
ing to listeners, these include multi-path
distortion and signal cancellation in built-up
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Having largely won the battle of lightweight, portable cameras,

charged-coupled image

sensors are staging a take-over of general-purpose studio cameras, as in the LDK900
from BTS. Three matched ccds are used, as against just one in cameras for the consumer
market. Ccds give noise-free pictures in poor light and do not suffer from the lag which
afflict tube cameras; but experts say ccd pictures are still marginally inferior when
viewed on a studio monitor. However, Plumbicons and their equivalents continue to hold
amonopoly in hdtv: high-resolution ccds are still some years off.

areas. Through a spread-spectrum techni-
que assisted by the creative use of multi-path
signals. the scheme promises to provide a
hus containing up to 16 digital stereo signals
which listeners would select on an uncom-
plicated fixed-tuned receiver simply hy
pushing huttons.

New source coding methods make it
possible for a stereo programme to be
digitally coded. together with an associated
data channel. at a gross rate of about
250Kbit/s. One possible transmission format
consists of a comb of 448 mutually overlap-
ping carriers spaced 15,625kl [z apart (televi-
sion line frequency). giving a total band-
width of 7MHz. Using a technigue known as
convolution-coded orthogonal frequency-
division multiplex, cofdm. this vields a use-
ful data rate of 5.8Mbit/s. A feature of this
system is that the transmitted spectrum
resembles Gaussian noise, which means that
its potential for interfering with analogue
radiotelephony services is 25dB lower over a
4kHz bandwidth than for other types of
signal.

In answer to a question later from the DTI.
Paul Ratliff explained that because of the
signal’s television-like characteristics. it
could be transmitted on a conventional uhf
television channel. Unfortunately. the
carefully-planned uhf spectrum in the UK
was heavily occupied already (and will be still
more so if the Government's plans for a
Channel 5 and Channel 6 are put into effect).
A problem would arise with the frequency
offsets employed by the broadcasters to
reduce co-channel interference. It would be
impossible to maintain a half-line offset to
all potential interferers. For national ser-
vices a single block band would be needed.
for which satellite distribution would be
attractive. A minimum requirement of
4-8MHz was being looked for, ideally all over
Europe; the service could not be interleaved

with the existing fm services.

The system’s tolerance of multi-path was
due to the provision of a guard-period after
each symbol to allow for delayed reflections.
Shadows in the satellite coverage could
therefore be filled by terrestrial repeater
stations operating on the same frequency.
Another possihility would he a ground-based
network provided by transmitters sited on a
triangular lattice pattern. Provided that
receivers were not subjected to long-
delayed. strong signals. they would be un-
affected.

The first demonstrations of this system
were given to broadcasters attending an EBU
meeting in Geneva three weeks before 1BC.
An experimental transmitter had been set up
on a television tower, simulating a satellite-
delivered service. Delegates were able to
sample the system during car rides around
the city. No interruptions to the service were
experienced under bridges or behind build-
ings and no changes in reception quality
were reported: all rated reception quality as
“excellent™,

An advantage of cofdm was that it could
work with satellite signals nearly 7dB weaker
than were necessary for standard fm. Receiv-
ing antennas for the service could include
flat plane types stuck to car or lorry roofs;
and for portable sets. a small pointable helix
- though some members of the audience
were evidently unhappy with the latter idea.
A receiver for the service could be with us as
a consumer product by the early 1990s, said
Ratliff: "By the next IBC | hope you will
experience its sunrise.”

Details of the IBC programme are available
from IEE Conference Services. 01-240 1871,

Further reports from IBC appear in this
month’s Satellite Systems. Radio Broadcast
and Television Broadcast columns.
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If you've felt you could step into
the boss's shoes and be a big success,
now'’s your chance to prove it.

Simply enter the Reed National
Management Game. To take part, you
form your own board of directors and
make business decisions in competition
with others.

Winners go through round by
round and through regional finals until
there's one team left.

Prizes total £25.000, but for the
winners the rewards are even greater
There's the satisfaction that you've
taken on some of the best up and
coming business brains in Britain's
most prestigious management game.

And won.

How would you man:
Were we

o, \v.t.-

2.
5.
¥

/

Equally important, the Reed
National Management Game provides
excellent training with the game
devised by the Cranfield School of
Management.

So it's not just the participants
that benefit. Their companies benetit
And with up to 15,000 people taking
part, so too will British Industry

The Reed National Management

! Bedtord MK430Al '
Name: itio
| Organisatior
Address

I
R i o1 No

ENTER 63 ON REPLY CARD

aring thes

Game is owned and organised by
ICL-Crantield Business Games Limited
and sponsored by Reed Business
Publishing and Nicklin Advertising

If you'd like to form a team and
take part or if you're already the boss
and would like to ercourage a team of
your employees, your first decision is to
return the coupon. Closing date for
entries is 24th December 1988

REED BUSINESS PUBLISHING
& NICKLIN ADVERTISING



THE BEST
EQUIPMENT

EDUCATION AND QUANTITY
PRICES ON REQUEST

3% and 4'% 12mm LCD Digital multi-
meters: Sranges AC and DC volts:

. 6 Resistance Ranges to 20M ohm: AC/-

FROM THE BEST

&7 DC 10 20 Amps: Hfe Transistor test:

“NAME IN VALUE -
INSTRUMEX

Franklin
3600

Raca
9081

Marconi
6158A

Marconi
2017

Hewlett Packard
9122D

Tektronix
2245

Hewlett Packard
64100A-041
Marconi

2430

Marconi
2438

Fluke
6010A

Hewlett Packard
4192A

Hewlett Packard
69408

Hewlett Packard
7470A/001

Hewlett Packard
8568A

Hewlett Packard
8672A

Marconi
2382

Marconi
2370-015F

Prices are e»

isive of VAT and delivery. Prices

Single + 3Phase Power Line
Disturbance Monitor

Synthesised Signal Generator
5MHz-520MHz

AM/FM Signal Source, 8.0GHz
12.4GH:

Signat Generator
10KHz-1024MHz

Disc Drive

100MHz Four Trace Scope

Microprocessor Development
System, including twin disc
drives for up to 6 stations

Digital Frequency Meter
10Hz-80MHz

Universal Counter Timer, DC to
520MHz

Frequency Synthesiser
LF Impedance Analyser
5Hz-13MHz

Multiprogrammer

Graphics Plotter, R§232C

Spectrum Analyser
100Hz-1500MHz

Synthesised Signal Generator
2GHz-18GHz

400MHz Spectrum Analyser
Built-in Tracking Generator and
Display

Spectrum Analyser, 110MHz

MLP

£5,192

£9,250

£4,851

£13,900
£1,050

£1,495

£9,435

£400

£1,285

£4,950

£10,045

£2,648

£482

£30,985

£28,390

£16,950
£17,900

Here's a small sample of the high quality equipment
now available from Instrumex, Europe’s leading
supplier of second-user equipment. Contact us today.

OUR
SALE
PRICE

£2,950

£1,500

£950

£5,750
£795

£1,350

£2,950

£200

£650

£1,950

£7,500

£400

£360

£17,500

£18,500

£11,500
£4,500

orrect at time of going to print

OPEN 6 DAYS A WEEK — CALLERS WELCOME ’gﬂﬂ%mr
RAUDIO ELECTRONICS  nisidd

(2] TELEPHONE 01-724 3564

1 Diode Test: Continuity: Auto polarity
and zero: Plus extra features as
below. Size 176 x 90 x 36

EXTRA FEATURES

Low AC/DC 0/20 micro
amp ranges

LED continuity indicator

5-Range Capacitance Test

2-Range frequency counter

350 3 5-Capacitance

Jata Hold
4630 4 5>-Range Capacitance 0.05 £60.83
4650 4 0 Data Hold, 2-Range Freq 005 £69.52

¢-Capacitance
Add 15% VAT UK only - UK POST /INS eic. FREE (EXPORT EXTRA]

SAE A4

301 EDGWARE ROAD. LONDON W2 18BN i
OROER BY POST OR TELEPHONE

ENTER 48 ON REPLY CARD

A A

[ INSTRUMEX

VAR

INSTRUMEX (UK),
DORCAN HOUSE

MEADFIELD ROAD
LANGLEY, SLOUGH SL3 8AL

TEL: 0753 44878
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ENTER 35 ON REPLY CARD

.. LANGREX ¢
SUPPLIES LTD

One of the largest stockists and
distributors of electronic valves, tubes
and semiconductors in this country.

Over 5 million items in stock covering more
than 6,000 different types, including CRT’s,
camera tubes, diodes, ignitrons, image
intensifiers, IC’s, klystrons, magnetrons,
microwave devices, opto electronics,
photomultipliers, receiving tubes, rectifiers,
tetrodes, thryatons, transistors, transmitting
tubes, triodes, vidicons.

All from major UK & USA manufacturers.

Obsolete items a speciality. Quotations by
return. Telephone/telex or fax despatch
within 24 hours on stock items. Accounts to
approved customers. Mail order service
available.

LANGREX SUPPLIESLTD

1 Mayo Road, Croydon, Surrey CR0 2QP.
Tel: 01-684 1166
Telex: 946708
Fax: 01-684 3056

ENTER 50 ON REPLY CARD
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Save time on ' Doppler radar module for mm | Microwave
prototype p.c.bs measurements measurements on

An casy-to-use svstem which cuts the

A
i dcosts of nrotol r A unit produced by the GEC-Marcont— recener miser. Adual wavepuide horn OSC1||OSCOpe
R, —
|m:1 an ‘: ot I)I }‘:r;' l“ M ""n ] research centre generates Doppler antennawhich directly intertaces with \ microwave fregtency rigser for
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N e cod by ) . : ) awlett Packard's requency
RIS R RSN TS RLE IS Y shells travellmg at up to 100ns canbe - performs the function of a modulated CIT R 1 Irey :
Seaward. o L S R . ) o digitizing oscilloscope provides true
Singl double sided hoards of measured withan accuracy ot 0,24, transmitter and a homodyne recever. 0 trisigering {0 185Gz, Thi
< o IR ‘ ; L : . wvent trigge 0 . This
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anv sizeup to Saren g o R . . . dlows microwave ireguency
L eIPASU]] el i — temperature stabilized v.c.o., I annirgticld Road, Great Baddown ; quiene

measurements that were previoushy
impossible usmg countdown
synchronizers, which are mited to
continuous wave appications.

The TS5 41 I8N trigper . with
independent control of armimg and
triggening levels, is clamed to be the
tirst nucrowave device todetine a
trigger by level and slope., Thus
digital oscilloscope microwave
measurements are extended to
include pulsed r.1., pulses and non
sinusordal inputs. Microwave
applications include testing and
debupgimg ot non lincar devices,
Iightwave-communications svstems
and radar systems and components,
True eventtrigpermg. mdependent
ot mput signal trequency s achieved
viaathm-film dual tunnel diode
cirewt, Hewlett Packard Ltd
liskdale Road. Winnersh Triangle.
Wokingham. Berks RG11SDZ. Tel

0734 6496622

directly and automatically trom the
output of ap.c.b.cad system. The
Boardmaker is aprecisionx, v
outline milling system, which by
cutting and drilling standard p.c.b.

huttering iso circulator, transmit Chelmstord, Essex CM2 81N, Tel:
mhibit switch, Lo, coupler and 0245 75331

— |
copper clad material can produce a
meditm density board measuring 2

< Jinin I mmwithout using

hazardous chemicals. The system
intertaces with any 1I3Mor
compatible providing a standard
photoplot output tile. It comes
completeserth an mitial 30min
hothne mstallation assistance.
Seaward Electronic Ltd. Bracken
L South West Industrial Estate,
Peterlee, County Durham SR8 210,
Tel: 091 586 3511,
B e

Training system for
electronics teaching

Asystem tor teachmg electricaty and

Piezoelectric rubber
in sheet form

A prezoelectrie rubber material
distributed by Quantalec is avarlable

electionies trom basie to advanced
levels has been developed by Lab Volt
Svstems.

The Fault Assists Cocunt Tranmg
SyatenutFACTS ) consists ot a base
work station. traimimg modules. and

in sheet torm as well as coaxial cable
The composite material 1s made by
dispersing small particles ot
prezociectric ceramie through a
syinthetic rubber matrin. The
presoelectric layer s sandwiched

courseware. The modules used to
pertorm expernmentsare
interchangable and contam

Consistent bonding of adhesives
components identical to those used

inindustry. The hase work station Popular mahes of surface mount stabihsation. For processing boards
adhesive, such as Loctite, Amiconand  with urderside leads or compe nents.
Ablebond ete. can be cured inthe new  variable width edge support conveyor
Flenicure convevor oven range is avatlable. Belt sizes extend from 150
mtroduced by Hedmair. to bhtimm wide. The length is made th

hetween two sheets ot conductive
rubber. towhich connection is made
Twoversions are avatlable: a single
and a double Laver contiguration,
Flving leads can be attached to the
outer lavers at the tacton . Quantelec
Ltd. 50 Marhet Square, Whitney,
Oxon OXEOAL Tel: 0943 TTRARK,

teatures circuit modification and
Tault insertion switches to develop
trouble shooting skills. Lah-Vaolt
Svatems. PO Box 630, Farmingdale.

New Jersey 07727, USA. Tel: 201 938 P.c.bs are carried through zones of - suit the required output. norally EE————————————
D000, controlled heating and/or . hetwee 12 and 4 Hedmarr LWL PO
s | Fodiation by avibration tree mesh belt Box 71, Chadwell Heath, Romiord. Enhanced graphics
Boal’d testel’ fOl‘ l’ent convevor, withvernier setvariable !’2.\'3('\]%.\11)41()\\

speed drive and tacho speed ek 01 -501 20491, Fwo monolithic video digatal to

analogue converters provide
pertormance upgrades tor the 18M
Personal System/2 and compatible

Anadvanced testunit designed tor
hench and tield testmg of electronic
circut hoards is available tor vent

through Rentech. . sustems.
The Boardwizard s sottware ,s' Analogue Devices supply the 6-hit
driven, being controlled by an 1BM and 8 hit devices withidentical

PC/XT/AT or compatible. fts own
device library may be extended to test
and isolate faults on existing boards.
aswell as future products., Itis
capable of diagnosing device
problems down to component level.
Rentech. Hamilton Rentals (UK Ltd,
Hamalton House, North Crreular : palette. Analog Devices. Station
Road, London NW 10 TUR. Tel: 01 “ Avenue, Walton-on-Thames, Surrey
9616777 KT2 1PF. Tel: 0432 L8

package and pinout for hardware
compatthility. Sottware s upwardly
compatible between them
Apphications mclude high-resolution
colour graphics, image processing
and desktop publishing. 256 colours
areavailable at any time tor the total
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SMALL SELECTION ONLY LISTED
RING US FOR YOUR REQUIREMENTS WHICH MAY BE IN STOCK

Latest bulk Government release — Cossor Oscilloscope
CDU150(CT531/3) £150 only. Solid state general purpose
bandwidth DC to 35MHZ at 5MV/Cm - Dual Channel — High
brightness display (8-10cm) full delayed time base with gated
mode - risetime 10NS illuminated graticule — Beam finder —
Calibrator 1KHZ squarewave power 100 — 120V 200V - 250 volts
AC - size W 26CM — 14CM deep — WT 12.5 KG - carrying handle,
colour blue, protection cover front containing polarized viewer and
camera adaptor plate — probe (1) — mains lead. Tested in fair
condition with operating instructions — £150.00.

Racal RA17L Communications Receivers. 500KC/S to 30MC/S
in 30 bands 1MC/S wide from £175. All receivers are air tested and
calibrated in our workshop supplied with dust cover operation
instructions circuit in fair used condition — Racal Ancillary Units
for all receivers mostly always in stock — Don 10 Telephone Cable
/2 mile canvas containers or wooden drum new from £20 — Army
Whip Aerials screw type F sections and bases large gty available
now P.O.R. — Test Equipment we hold a large stock of modern
and old equipment. RF and AF Signal Generators — Spectrum
Analysers — Counters — Power Supplies - Oscilloscopes —
Chart Recorders all speeds single to multipen — XY Plotters A4
A3 - Racal Modern Encryption Equipment — Racal Modern
Morse Readers and Senders ~ Clark Air Operated Heavy Duty
Masts P.O.R. All items are bought direct from H M Government
being surplus equipment price is ex-works. S.A.E. for enquiries.
Phone for appointment for demonstration of any items, also
availability or price change V.A.T. and carriage extra.

EXPORT TRADE AND QUANTITY DISCOUNTS
JOHNS RADIO, WHITEHALL WORKS,
84 WHITEHALL ROAD EAST, BIRKENSHAW,
BRADFORD, BD11 2ER TEL NO. (0274) 684007.

WANTED: REDUNDANT TEST EQUIPMENT — VALVES — PLUGS - SOCKETS,
SYNCHROS ETC. RECEIVING AND TRANSMITTING EQUIPMENT

ENTER 28 ON REPLY CARD

WHILE STOCKS LAST

=0 ]

= |

POTENTIOMETERS (min, 10 per value)
10mm Vert Skeleton Carbon
100R,2K2,220K,680K

£1.00 per 10 SN

15mm Vert Skeleton Carbon
100R,220R, 1K,2K2,4K7
10K, 150K, 470K, 2M2.4M7
£1.10 per 10

T
POTENTIOMETERS (p.c. terminations)
16mm Sq. PR16PC Conductive Plastic
1K 4K7 10K 22K 47K 100K 220K
470K, 1M, Linear only £0.25 ea,
10mm Hor Skeleton Carbon PR16PCS as above but fitted 2A on/otf
100R,3K3,25K,220K,330K
470K, 1M, 2M2

£1.00 per 10

15mm Hor Skeleton Carbon
100R 220R,330R,470R, 1K
2K2 10K,22K, 47K, 100K, 220K
470K,680K, 1M, 2M2

£1.10 per 10

ol

U

SLIDE SWITCH
36 x 9mm DPCOEscutcheon £0.80 ea.

MIXED COMPONENTS
20 Mixed Preset Pots, £1.00
5 Mixed Min. Relays  £1.50

IN VIEW OF THE EXTREMELY
RAPID CHANGE TAKING PLACE
IN THE ELECTRONICS
INDUSTRY, LARGE QUANTITIES
OF COMPONENTS BECOME
REDUNDANT. WE ARE CASH
PURCHASERS OF SUCH
MATERIALS AND WOULD
APPRECIATE A TELEPHONE
CALL OR A LIST IF AVAILABLE.
WE PAY TOP PRICES AND
COLLECT.

R. Henson Ltd.

21 Lodge Lane, N. Finchley,
London N12 8JG.
5 mins. from Tally Ho Corner

Telephone:
01-4452713/0749

switch, 47K Log, 1M Log, MLin. £0.40 ea.
PR16G2 Dual Gang 47K Log. only £0.36 ea.

ENTER 27 ON REPLY CARD

CHASSIS RELAYS (5A contacts)
1 P>le C/o 100VDC or 6VAC £0.50
3PsleClo 2avDC  £0.50
2PsleC/o 100vDC  £0.50

PLUG-IN ENCLOSED RELAY
3 Pale C/o 6YDC £2.00 ea.

MIN. PUSHBUTTON SWITCHES

13 x 10mm 2301 DPNO  £0.25 ea.
2302 DPINO-1INC £0.25 ea.
2303 DPNC  £0.25 ea.

JACK PLUGS
3.5mm 2 Pole  £0.50 ea.
6.3mm 2 Pole Metal Case £0.60 ea.

6.3mm Line Socket  £0.75 es.

Et

WIREWOUND RESISTORS
% watt with slide tag.
100R, 250R 500R 50K, 150K, £0.30 ea.

POSTAGE AND PACKING CHARGE £1.00. PLEASE ADD 15% VAT TD THE TOTAL ORDER.

s

REEDHAM HOUSE BURNHAM

BLORE-BARTON LIMITED 8uckNGHAMSHIRE sL1 8AG ENGLAND

Telephone Burnham (06286) 5524 10 lines

ENTER 51 ON REPLY CARD
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TAYLOR RF/VIDEO MEASUREMENT INSTRUMENTS

MEASUREMENTS
MADE EASY

o
_m-.;«.«‘-i P e

[UNAOHM FSM5987 T.V. FIELD STRENGTH METER
INPUT
Sensitivity: from 20dBuV to 110dBwV [-40dBmV to 50dBmV] or 10uV to 0.3V,
in eight 10dB steps
Reading: dB reading proportional to pesk value for video signals; proportional
to mean value for AM or FM sound signals. For both signals scale
calibrated to rms value and expressed in dBuV. Two more scales are
available: volt from O to 50, and ohm from O to 2000 ohm. Battery
status is also provided.
Accuracy: +/- 3dB for bands | & lll +/- BdB for bands H & IV/V
Impedance: 75 ohm unbalanced; DC component blocked up to 100V
FREQUENCY
| Range: 46 to 860 MHz as follows Band 46 to 106MHz
106 to 206MHz
H 206 to 460MHz
IV/V 460 to 860 MHz
Reading: 4 digit LCD readout. 100KHz resolution
Price: £378.00 exc. VAT and Carriage

—

e

TAYLOR BROS (OLDHAM) LTD.
BISLEY STREET WORKS, LEE STREET,
OLDHAM, ENGLAND.

B Y TEL: 061-652 3221 TELEX: 669911 FAX: 061-626 1736

ENTER 14 ON REPLY CARD

UNAOHM EP741FMS
FIELD STRENGTH METER/SPECTRUM ANALYZER

Frequency Continuously adjustable via a geared-down vernier as follows
Range: IF 8.9MHz
Band | 46 to 106MHz
FM Band 88 to 10BMHz |
Band lll 106 to 290MHz
Band H 290 to 460MHz
Band U 460 to B6OMHz
Frequency TV Bands — 4 digit counter with 100KHz resolution
Reading: FM Band — 5 digit counter with 10KHz resolution
Reading Accuracy: reference Xtal +/-1 digit.
Function: NORMAL: picture only
TV Monitor ZOOM 2 to 1 horizontal magnification of picture
M. picture + line sync pulse (with chromaburst if TV signal
i) L is coded for colour)
Panorama: panoramic display of the frequency spectrum within the selected
band and of tuning marker.
Panorama Adjustable expansion of a portion of the spectrum around the tuned
Expansion: frequency.
Analogue 20 to 40dB. Static measurement of received signal. Scale calib-
Measurement: rated in dBuV (at top of picture tube] to rms value of signal level. |

DC/AC Voltmeter: 5 to 50V

Measurement 20 to 130dBuV in ten 10dB attenuation steps for all bands;
Range: -60 to 130dBuV in nine 10dB steps for IF

Measurement  ANALOGUE: brightness stripe against calibrated scale
Indication: superimoosed on picture tube. The stripe length is proportional

to the sync peak of the video signal

Video Output: BNC connector. 1Vpp max on 75 ohm

DC Output: +12V/S0mA max. Power supply source for boosters & converter

TV Receiver: tunes in and displays CCIR system [ TV signals. Other standards
upon request. |

Additional {1) Video input 75 Ohm. (2] 12V input for external car battery. |

Features: {3) Output conrector for stereo earphones

Price: £1344.00 exc. VAT and Carriage

¥
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Tr/oM FIELD STRENGIN MLIER

@

FSH 5987

UNAOHM EH 1000 TELETEXT AND VIDEO ANALYZER

Eye Pattern: displav of RF and video-frequency teletext signals by
means of eye pattern diagrams both in linear representation and
lissajous figures (O and X). Line selection: display of video signals
and line by line selection. Measurement of modulation depth |
Teletext: monitoring of teletext pages

Freq. Range: 45 to B60MHz. Frequency synthesis, 99 channel |
recall facility, 50KHz resolution, 30 channel digital memory. Level: |
40 to 120dBuV; attenuator continuously adjustable. Indication of |
the minmum level for a correct operation of the instrument
Impedance: 75 ohm. Connector type: BNC.

Video Frequency Minimum Voltage: 1Vpp. Impedance: 75 ohm or 10K ohm in case
Input: of a through-signal. Connector type: BNC.

Teletext Input:  Voltage: 1Vpp/75 onm

Teletext Clock  Voltage: 1Vpp/75 ohm. Measurement: Aperture of eye pattern:
Input: linear or Lissajous tigures, selectable. Indication: directly on the
picture tube. A calibrated scale shows percentage of eye pattern
aperture. Error: the instrument introduces an error of < 5% with
video input and 20% with RF input. Jitter on regen'd clock: < 25ns.
Line selector: Selection of any TV line between the 2nd and the
625th scanning cyce by means of a 3 digit thumbwheel switch.

VERTICAL CHANNEL. Sensitivity: 0.5 to 2Vpp/cm. Frequency
Response: DC to 10MHz. Rise time: pre & overshoot € 2%. Input
Coupling: AC. Input impedance: 75 ohm/5S0pF.

TIME BASE: Sweep Range: 20 to 10ms [11/2 frames); 32: |
64/192us (1/2; 1. 3 lines]. Linearity: +/—3%. Horizontal Width
10 divisions; x5 magnification |

£1670.20 exc. VAT and Carriage |

Function:

RF Input:

Oscilloscope:

Price:




GOP -
CRITICAL
ENVIRONMENT
CLEANING
PRODUGTS
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This new catalogue features the

TEXWIPE range of ‘high tech’ cleaning
materials.

TEX\VIPE is the world leader in ‘critical
environment’ cleaning. The catalogue
details products tormulated tor Clean
Rooms, laboratories, optical applications
and general use. These include wipers,
cloths, applicators and specialised
packaging. CCP is the exclusive UK
distributor for TEXWIPE

ENTER 43 ONREPLY CARD

IHENRY'S

ELECTRONICS FOR TRADE, INDUSTRY,
EXPORT, EDUCATION AND RETAIL

|GOMMUNICATIONS
W INTERCOMS m CB RADID

. PAN;LSSECURITY
NPRS m
| WDOORPHONES mSTROGES

) ATy m CBRADIO
SECURITY. B
B CCESSORIES

ease state cation 01
il/mail o 129" x 9

of  (Ad4) SAE £1.00 each or £1.50 for both
404 tdg g Road

UFFRGE U 818 3810 ax { 4
ENTER 47 ON REPLY CARD

High power bench PSUs from

KENWOOD

e Current to 30A, voltage to 110V
e Wide model range, 22 versions
® Analogue or digital meters, rack mount

e |EEE-488 interface option

The TRIO connection. Trio is a trade name of the giant
Kenwood Corporation of Japan. The well known family of
Trio test equipment now carries the Kenwood logo.

Let us send you data on the product featured
above and update you on the extensive Kenwood
instrument range.

Thurlby Electronics Ltd,
Burrel Road

St. Ives, Huntingdon,
/l Thurlby| Cambs PE174LE,
Tel: (0480) 63570

1184

Digital storage from

KENWOOD

el

<«

e 10 Mega Samples/sec on both channels
e Stored and real-time waveforms on-screen
together
® Full cursor measurement facilities
The TRIO connection. Trio is a trade name of the giant
Kenwood Corporation of Japan. The well known family of
Trio test equipment now carries the Kenwood logo.
Let us send you data on the product featured
above and update you on the extensive Kenwood

instrument range.
Thurlby Electronics Ltd,
Burrel Road

St. Ives, Huntingdon,
// Thurlby| cambsPE174LE
Tel: (0480) 63570
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Thev.s.w.r. enigma

The standard explanation of standing waves contains a
fallacy, in that power does not go anywhere — it is a rate,

mong the many chapters and articles
Awritten in books and journals that deal

with transmission lines, it is rare to
find a lucid and factual explanation of the
phenomenon of standing waves. Standing
waves exist, there is no doubt, but are of no
consequence to some and anathema to
others. What is clear is that there is a
misunderstanding about how they occur,
what they are and whether or not something
should be done to avoid their presence.

A study of standing waves can be fascinat-
ing and. with care, reveals that they are not
what most texts suggest. The greater under-
standing gained from the study will give
confidence in deciding what steps, in certain
circumstances, should be taken to avoid or
eliminate them.

Reading, which admittedly has not heen
exhaustive but nevertheless has been fairly
wide, reveals that except for two articles'~,
the stock explanation is that some of the
forward power is not absorbed by the load
and is reflected back to the generator, (the
suggestion is still to be found that this
reflected power is ahsorhed by the generator
on return’) from where it is sent once more
back to the load where a little more is
absorbed, the remainder again returning to
the generator end. This to-and-fro journey
continues until the power is finally used up
or radiated. The standing wave pattern, it is
said. is caused by the adding and subtracting
of the power due to the in and out of phase
components as it journeys along the length
of the transmission line.

The misunderstanding here is that power
has direction which, by definition, it does
not. Power is the rate at which energy is
expended. What is actually propagated along
a transmission line is a plane electromagne-
tic (EM) wave™, constrained to follow the
path taken by the line. An EM wave has
electric and magnetic components which
are perpendicular to each other and will bhe
familiar to the radio amateur”.

The wave possesses energy: potential
energy in the electric field and kinetic
energy in the magnetic field. Travelling
through space or along a transmission line,
there is an exact balance hetween electric
and magnetic fields. Half the energy is in the
electric field, the other half in the magnetic
field.

If the wave enters a different medium,
there is an immediate redistribution of
energy. Since no energy can he added to the
wave as it enters the new medium: the only
way a new balance can take place is for some
of the impingeing energy to be rejected. This
does indeed take place and the rejected
energy is seen as a reflected wave. Study of
light waves show the same hehaviour and; of
course, light waves are an exact analogy of
radiowaves.

December 1988

not an EM wave.
P.B. BUCHAN

Toillustrate this argument in more detail:
a practical transmission line will be de-
scribed which has dimensions and charac-
teristics giving the line a high v.s.w.r. The
line will have a generator at one end and a
load at the other and will be locked at under
steady-state conditions, calculating the va-
rious input and output impedances, the
value of voltage and current and the dis-
tributior: of energy throughout the length.
The line will be considered to have no loss
and be of such a length that allows relatively
straightforward figures and calculations. [
hope it will become clear that there is no
power dissipation of any kind except in the
load. and no power in the standing wave.

A suitable length for ease of calculation is
one half wave. At a frequency of 3.5 MHz
(A = 85.7m), the line length will be 42.9m.
Terminating the line in a 5042 non-reactive
load at the receiving end and with a gener-
ator of 100V, 5002 output impedance at the
sending end describes a long but perfectly
practical transmission line. A line composed
of conductors Imm in diameter. spaced
75mm between centres has a surge impe-
dance of 6004). Capacitance of the line will
be 5.5pFm ' and inductance 2.0 Hm ". Fi-
gure 1 shows such aline.

Looking through the calculated results
shows
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