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Making microcontroller �AM non-volatile 
TV 'pong' game 
Linear phase shiher 
Class-A imagineering IV 

Circuit Ideas 
e Telephone line monitor with 

extremely high impedance 
e All-pass filter based on current

feedback amplification 
e Traffic light controller 
e Fly-by-wire integrity checker 



ENI 550L Amplifier (1.5 to 400MHz) 50 Watts £2500 
Hewlett Packard 3314A Function Generator 20MHz £750 
Hewlett Packard 3324A synth. function/sweep gen. (21MHz) £1950 
Hewlett Packard 3325B Synthesised Function Generator £2500 
Hewlett Packard 3326A Two-Channel Synthesiser £2500 
H.P. 4191A R/F Imp. Analyser (lGHz) £3995 
H.P. 4192A L.F. Imp. Analyser (13MHz) £4000 
Hewlett Packard 4193A Vector Impedance Meter (4-llOMHz) £2900 
Hewlett Packard 4278A lkHz/lMHz Capacitance Meter £3500 
H.P. -53310A Mod. Domain Analyser (opt 1/31) £3950 
Hewlett Packard 8349B (2 - 20 GHz) Microwave Amplifier £2000 
Hewlett Packard 8508A (with 85081B plug-in) 

Vector Voltmeter £2500 
Hewlett Packard 8904A Multifunction Synthesiser (opt 2+4) £1750 
Hewlett Packard 89440A Vector Signal Analyser (1.8GHz) 
opts AY8, AYA, AYB, AY7, IC2 £9950 
Agilent (HP) E4432B (opt 1E5/K03/H03) or (opt 1EM/UK6/UN8) 
(250kHz - 3GHz) £6000 
Marconi 6310 - Prog'ble Sweep gen. (2 to 20GHz) - new £2500 
Marconi 6311 Prog'ble sig. gen. (lOMHz to 20GHz) £2995 
Marconi 6313 Prog'ble sig. gen. (lOMHz to 26.5GHz) £3750 
R&S SMG (0.1-lGHz) Sig. Generator (opts B1+2) £2500 
Rhode & Schwarz UPA3 Audio Analyser £1500 
Rhode & Schwarz UPA3 Audio Analyser £2250 
Fluke 5800A Oscilloscope Calibrator £8995 

OSCILLOSCOPES 
Agilent (HP) 546008 1 OOMHz 2 channel digital 
Agilent (HP) 546028 150MHz 4(2+2) channnel digital 
Agilent (HP) 546168 500MHz 2 channel digital 
Agilent (HP) 54616C 500MHz 2 channel colour 
Agilent (HP) 54645D DSO/Logic Analyser 1 OOMHz 2 channel 
Hewlett Packard 54502A - 400MHz - 400 MS/s 2 channel 
Hewlett Packard 54520A 500MHz 2ch 
Hewlett Packard 54600A - 1 OOMHz - 2 channel 
Hewlett Packard 5481 OA 'lnfinium' 500MHz 2ch 
Lecroy 931 OCM 400MHz - 2 channel 
Lecroy 9314L 300MHz - 4 channels 
Philips 3295A - 400MHz - Dual channel 
Philips PM3392 - 200MHz - 200Ms/s - 4 channel 
Philips PM3094 - 200MHz - 4 channel 
Tektronix 2220 - 60MHz - Dual channel D.S.O 
Tektronix 2221 - 60MHz - Dual channel D.S.O 
Tektronix 2235 - 1 OOMHz - Dual channel 
Tektronix 2245A - 1 OOMHz - 4 channel 
Tektronix 2430/2430A - Digital storage - 150MHz 
Tektronix 2445 - 150MHZ - 4 channel +DMM 
Tektronix 2445/2445B - 150MHz - 4 channel 
Tektronix 2465/2465A /24658 - 300MHz/350MHz 4 channel 
Tektronix TDS 31 O 50MHz DSO - 2 channel 
Tektronix TDS 420 150 MHz 4 channel 
Tektronix TDS 520 - 500MHz Digital Oscilloscope 
Tektronix TAS 475 1 OOMHz - 4 channel analogue 
Tektronix TDS 340 1 OOMHz - 2 channel digital 
Tektronix TDS 360 200MHz - 2 channel digital 
Tektronix TDS 420A 200MHz - 4 channel digital 
Tektronix TDS 5408 500MHz - 4 channel digital 
Tektronix TDS 640A 500MHz - 4 channel digital 
Tektronix TDS 744A 500MHZ - 4 channel digital 
Tektronix TDS 754C 500MHz - 4 channel digital 

SPECTRUM ANALYSERS 
Advantest 4131 (1 OkHz - 3.5GHz) 
Agilent (HP) 35665A (opt. 1 D1) Dual eh. Dynamic Signal Analyser 
Agilent (HP) 3588A High Performance spec. An. 10Hz - 150MHz 
Agilent (HP) 8560A (opt 002 - Tracking Gen.) 50Hz -2.9GHz 
Agilent (HP) 8593E (opt 41/105/130/151/160) 9kHz - 22GHz 
Agilent (HP) 8594E (opt 41/101/105/130) 9kHz - 2.9GHz 
Agilent (HP) 8753D Network Analyser (30kHz - 3GHz) 
Agilent (HP) 8590A (opt H18) 1 OkHz - 1.8GHz 
Agilent (HP) 8596E (opts 41/101/105/130) 9kHz - 12.8 GHz 
Farnell SSA-1 OOOA 9KHz-1 GHz Spee. An. 
Hewlett Packard 3582A (0.02Hz - 25.5kHz) dual channel 
Hewlett Packard 3585A 40 MHz Spee Analyser 
Hewlett Packard 35858 20 Hz - 40 MHz 
Hewlett Packard 3561 A Dynamic Signal Analyser 
Hewlett Packard 8568A -1 OOkHz - 1.5GHz Spectrum Analyser 
Hewlett Packard 8590A (opt 01, 021, 040) 1 MHz-1.5MHz 
Hewlett Packard 8713C (opt 1 E1) Network An. 3 GHz 
Hewlett Packard 87138 300kHz - 3GHz Network Analyser 
Hewlett Packard 8752A - Network Analyser (1.3GHz) 
Hewlett Packard 8753A (3000KHz - 3GHz) Network An. 
Hewlett Packard 87538+85046A Network An + S Param (3GHz) 
Hewlett Packard 8756A/8757A Scaler Network Analyser 
Hewlett Packard 8757C Scalar Network Analyser 
Hewlett Packard 70001 A/70900A/70906A/70902A/70205A - 26.5 GHz 

Spectrum Analyser 
Tektronix 492P (opt1 ,2,3) 50KHz - 21 GHz 
Tek 496 (9KHz-1.8GHz) 

£800 
£1250 
£1750 
£2750 
£2750 
£1600 
£2750 

£675 
£2995 
£2250 
£2750 
£1400 
£1750 
£1500 

£850 
£850 
£500 
£700 

from £1250 
£850 
£800 

from £1250 
£750 
£950 

£2500 
£750 
£950 

£1200 
£1800 
£2500 
£2700 
£4250 
£4500 

£3000 
£3750 
£6250 
£5000 

£12000 
£4250 
£8500 
£2500 
£8000 
£1250 
£1500 
£3000 
£4500 
£3500 
£3500 
£2500 
£6000 
£5000 
£4995 
£3250 
£6500 

from £900 
£3500 

£7000 
£3500 
£2500 

Quality second-user 
test & measurement 

• equipment 
Radio Communications Test Sets 
Agilent (HP) 8924C (opt 601) CDMA Mobile Station T/Set 
Agilent'(HP) E8285A CDMA Mobile Station T/Set 
Anritsu MT8802A (opt 7) Radio Comms Analyser (300kHz-3GHz) 
Hewlett Packard 89208(opts 1,4,7,11,12) 
Hewlett Packard 8922M + 83220E 
Marconi 2955 I 2955A 
Marconi 29558/608 
Marconi 2955R 
Motorola R26008 
Racal 6103 (opts1, 2) 
Rohde & Schwarz SMFP2 
Rohde & Schwarz CMD 57 (opts 81, 34, 6, 19, 42, 43, 61) 
Rohde & Schwarz CMT 90 (2GHz) DECT 
Rohde & Schwarz CMTA 94 (GSM) 
Schlumberger Stabilock 4015 
Schlumberger Stabilock 4031 
Schlumberger Stabilock 4040 
Wavetek 4103 (GSM 900) Mobile phone tester 
Wavetek 4032 Stabilock Comms Analyser 
Wavetek 4105 PCS 1900 GSM Tester 

MISCELLAN EOUS 
Agilent (HP) 8656A / 86568 100kHz-990MHz Synth. Sig. Gen. 

Agilent (HP) 8657A/ 86578 100kHz-1040 or 2060MHz 

Agilent (HP) 8644A (opt 1) 252kHz - 1030 MHz Sig.Gen. 

Agilent (HP) 8664A (opt 1 + 4) High Perf. Sig. Gen. (0.1-3GHz) 
Agilent (HP) 8902A (opt 2) Measuring Rxr (150kHz-1300MHz) 

Agilent (HP) 89708 (opt 020) Noise Figure Meter 

Agilent (HP) EPM 441A (opt 2) single eh. Power Meter 

Agilent (HP) 6812A AC Power Source 750VA 
Agilent (HP) 60638 DC Electronic Load 250W (0-1 OA) 
Anritsu MG36708 Digital Modulation Sig. Gen. (300kHz-2250MHz) 

Anritsu/Wiltron 683478 (1 OMHz-20GHz) Synth. Sweep Sig. Gen. 
EIP 545 Microwave Frequency Counter (18GHz) 

EIP 548A and 8 26.5GHz Frequency Counter 
EIP 575 Source Locking Freq.Counter (18GHz) 

EIP 585 Pulse Freq.Counter (18GHz) 
Fluke 6060A and 8 Signal Gen. 1 OkHz - 1050MHz 

Genrad 1657/1658/1693 LCR meters 
Gigatronics 8541 C Power Meter + 80350A Peak Power Sensor 

Gigatronics 8542C Dual Power Meter + 2 sensors 80401 A 

Hewlett Packard 339A Distortion measuring set 

Hewlett Packard 436A power meter and sensor (various) 

Hewlett Packard 438A power meter - dual channel 

Hewlett Packard 3335A - synthesiser (200Hz-81 MHz) 
Hewlett Packard 3784A - Digital Transmission Analyser 
Hewlett Packard 37900D - Signalling test set 

Hewlett Packard 4274A LCR Meter 

Hewlett Packard 4275A LCR Meter 
Hewlett Packard 4276A LCZ Meter (1 OOMHz-20KHz) 
Hewlett Packard 5342A Microwave Freq.Counter (18GHz) 

Hewlett Packard 5385A - 1 GHz Frequency counter 

Hewlett Packard 83508 - Sweep Generator Mainframe 

£8500 
£8500 
£8500 
£6750 
£2000 

from £1250 
£3500 
£1995 
£2500 
£5000 
£1500 
£4995 
£3995 
£4500 
£3250 
£2750 
£1300 
£1500 
£4000 
£1600 

from £600 

from £1250 

£4500 

£10500 

£7500 

£3950 

£1300 

£2950 

£1000 

£4250 

£9000 

£1000 

from £1500 

£1200 

£1200 

£950 

from £500 
£1250 

£1995 

£600 

from £750 

£1750 

£1750 

£2950 

£2500 
£1750 

£2750 

£1400 

Hewlett Packard 8642A- high performance R/F synthesiser (0.1-1050MHz) 
Hewlett Packard 8901 8 - Modulation Analyser 

£850 

£495 

£1500 

£2500 

£1750 

Hewlett Packard 8903A, 8 and E - Distortion Analyser 
Hewlett Packard 117298/C Carrier Noise Test Set 

Hewlett Packard 85024A High Frequency Probe 
Hewlett Packard 6032A Power Supply (0-60V)-(0-50A) 

Hewlett Packard 53518 Microwave Freq. Counter (26.5GHz) 
Hewlett Packard 53528 Microwave Freq. Counter (40GHz) 
!FR (Marconi) 2051 (opt 1) 1 OkHz-2.7GHz Sig. Gen. 

Keithley 220 Programmable Current Source 
Keithley 228A Prog'ble Voltage/Current Source IEEE. 

from £1000 

from £2500 
£1000 

£2000 
£2750 

£5250 

£5000 
£1750 

£1950 

£3750 Keithley 238 High Current - Source Measure Unit 

Keithley 486/487 Picoammeter (+ volt.source) 
Keithley 617 Electrometer/source 
Keithley 8006 Component Test Fixture 

£1350/£1850 
£1950 

£1750 

Marconi 6950/6960/6960A/6970A Power Meters & Sensors 

Philips 5515 - TN - Colour TV pattern generator 

Philips PM 5193 - 50 MHz Function generator 

Rohde & Schwarz FAM (opts 2,6 and 8) Modulation Analyser 

Rohde & Schwarz NRV/NRVD Power meters with sensors 

Rohde & Schwarz AMIQ l/Q Modulation Generator 2 channel 

Rohde & Schwarz SMIQ 038 Vector Sig. Gen. 3.3GHz 

Stanford Research DS360 Ultra Low Distortion Function gen. (200kHz) 

Tektronix AM503 - AM503A - AM503B Current Amp's with M/F and probe 

Tektronix AWG 2021 Arbitrary Waveform Gen. (1 OHz-250MHz) 2 eh. 

Wayne Kerr 3245 - Precision Inductance Analyser 

Bias unit 3220 and 3225L Cal.Coil available if required. 

Wayne Kerr 3260A + 3265A Precision Magnetics Analyser with Bias Unit 

W&G PCM-4 PCM Channel measuring set 

from £400 

£1400 

£1350 

£2500 

from £1000 

£3500 

£7000 

£1400 

from £800 

£2400 

£1750 
(P.O.A) 

£5500 
£3750 

All equipment is used - with 30 days guarantee and 90 days in 

some cases. 
Tel :  02476 650 702 

Fax:  02476 650 773 
Add carriage and VAT to all goods. 

1 Stoney Court, Hotchkiss Way, Binley Industrial Estate 

Coventry CV3 2RL ENGLAN D 

Web: www.telnet.uk.com 
Email :  sa les@telnet.uk.com 
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3 COMMENT 24 TV LPONG' GAME 
Where is our heritage? Put on your 

flares and afro 

4 NEWS wigs as John 

• Zinc beats lithium in rechargeable battery Morrison 

• Microsoft opens up embedded operating system revives a 

e Satellite HIRDLS the Earth golden oldie 

• 5GHz InGaP power amp from the Fens from before 

•Film fights fire the days of 

• IEE hosts Fabless execs home computers and mobile phones 

• Chip industry on spending spree 

• Simulation in the real world 26 A SMHZ - SOOMHZ RF 

RSSI POWER METER WITH 

100 DB RANGE 
Another excellent design from the workshop of 

the ubiquitous Emil Vladkov - this time a 

RF RSSI meter 

38 CIRCUIT IDEAS 
• Telephone line monitor with extremely 

high impedance 

• Founder buy-out saves UK display technology 
• All-pass filter based on current-feedback 

amplification 
• Blind see through tongue-based display • Traffic light controller 
• X-rays say why ferroelectric memory forgets • Fly-by-wire integrity checker 
e Hidden codes in photos 

• Oscilloscope stereo monitoring accessory 
• Power chip firm goes to Wales • A simple and low cost lOOOV high voltage 
e Berlin engineer attracted by York's magnetism 

driver 
• UK Resource Centre Website Set to make a big hit 

10 CLASS-A IMAGINEERING: 
48 LETIERS 

PART IV 
• Powers that be 

• Circuit idea does work 
Already causing a stir on the letters pages, Graham 

• Alkaline battery failures 2004 
Maynard introduces the first of his Class A designs • Cyril' s conundrum 

18 
• History re-written? 

MAKING MICROCONTROWR • Class A Imagineering 

RAM NON-VOLATILE • Hot air 

Dr. Osman Kaan Erol describes a cost effective • Catt flaps and other electron mysteries 

way of making making some small capacity • Discrimination? 

Microcontroller RAM non-volatile • Feynman' s lectures amended 

20 LINEAR PHASE SHIFTER 56 NEW PRODUCTS 

Featuring low cost and the potential for battery The month' s  top new products 

operation, Robert Watt' s  linearised analogue 

phase shifter has a variety of measurement and 62 WEB DIRECTIONS 
calibration uses Useful web addresses for electronics engineers 

<· October issue on sale 2 September 
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Schematic & 
PCB Layout 

• Powerful & flexible schematic capture. 
• Auto-component placement and rip-up/retry PCB routing. 
• Polygonal gridless ground planes. 
• Libraries of over 8000 schematic and 1 OOO PCB parts. 
• Bill of materials, DRC reports and much more. 

Mixed Mode SPICE Circuit Simulation 

• Berkeley SPICE3F5 simulator with custom extensions for 
true mixed mode and interactive simulation. 

• 6 virtual instruments and 14 graph based analysis types. 
• 6000 models including TTL, CMOS and PLO digital parts. 
• Fully compatible with manufacturers' SPICE models. 

Proteus VSM - Co-simulation and debugging for popular Micro-controllers 

• Supports PIC, AVR, 8051, and BASIC STAMP micro-controllers. 
• Co-simulate target firmware with your hardware design. 
• Includes interactive peripheral models for LED and LCD displays, 

switches, keypads, virtual terminal and much, much more. 
• Compatible with popular compilers arid assemblers from 

Microchip, Crownhill, IAR, Keil, and others. 

obcen�el' 
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Contact us for 
Free Demo CD 

www.labcenter.co.ulc 
info@labcenter.co.ulc 

EDITOR 
Phil Reed 

p.reed@highburybiz.com 

CONSULTANT 
Ian Hickman 

CONTRIBUTING EDITOR 
Martin Eccles 

Where is our heritage? 
Electronics World reports regularly on modem 

developments and frequently carries articles 

using up to date technology. From time to 

Post-Office? Several of the buildings still 

exist but what of the equipment? 

PRODUCTION EDITOR/DESIGNER 
Jane Massey 
J.Massey@highburybiz.com 

time it relapses (and as a personal view not 

often enough) into the past and publishes 

fascinating articles about our industry. 

If wireless had been two hundred years 

old, along with canals, railways, water mills 

and windmills, together with a few stately 

homes belonging to (relatively) 

impoverished aristocrats, the national 

quango responsible for our heritage would 

have endeavoured to preserve some of our 

historic relics. 

There is part of one of the SWB 1 
transmitters in the South Kensington Science 

Museum! Is that the only memory of a great 

venture? The equipments in the large HF 
stations at Rugby, Leafield and Ongar have 

disappeared without trace as have the 

receiving stations at Somerton, Bearley and 

Baldock, although the latter still functions as 

the centre for the Radio Agency. The high

powered VLF stations at Rugby and 

Criggon, which were of primary importance 

during World War II and the subsequent 

'Cold War' are now no more. Criggion, 

which provided communications during the 

action against the Bismark, was dismantled 

with indecent haste when it was closed 
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As it is, not one of the several radio 

stations around our coasts serving our 

Merchant Marine has been preserved. 

Admittedly some of the buildings reflected 

the robust architectural styles of the one

time Ministry of Works, but the occasional 

one - Anglesey Coast Station springs to 

mind - departed from the tradition. What of 

the early Marconi high-powered stations and 

their complementary receiving sites? The 

buildings at Waen Fawr, near Caernarfon 

are still standing (from whence the first 

signals to reach Australia were emitted.) 
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down in March 2003 and recently eight of 

the Rugby masts have been demolished after 

contributing to the Midlands landscape for 

virtually eighty years. So much for BT's 

interest in our heritage. 

BUSINESS SECTOR MANAGER 

Mark Skelton 

The apparatus there went from spark, to 

alternator and then to valves, none of the 

equipment remains. But have the buildings 

been listed? The buildings of the receiving 

station, not for away at Towyn (formerly 

accommodation for the staff) now proudly 

display their title 'Marconi Bungalows'- but 

they will not last forever unless they are 

preserved. The buildings at Leafield, in 

Oxfordshire, built to accommodate the UK 
end of the 'Empire Chain', were standing 

when I last saw them some twenty-five 

years ago. They didn't come into their own 

as a transmitting station until about 1920, 
but the aerial was used during World War I 

for interception purposes. Its original 

buildings mirror the Marconi style of 

Caernarfon. What remains of the short-wave 

Beam Stations provided by Marconi for the 

They couldn't keep their museum at 

Blackfriars intact and then tried to make a 

virtue of dissembling its contents around the 

country to non-specialist museums! As if to 

rub salt into the wounds, English Heritage 

have recently graded examples of latter-day 

communications, namely Goonhilly's first 

dish and building, the London BT Tower 

and now the Bawdsey radar transmitter 

building. True, these are important buildings 

in the history of wireless communications, 

but why have the previous 100 years been so 

ignored? Communications throughout the 

twentieth century have brought the peoples 

of the world closer together and have 

contributed in no small way to the 

improvement in their lifestyles. Surely if 

Sweden can keep a radio alternator station in 

working order together with a broadcaster at 

Motala are we so impoverished that we 

cannot do likewise before it is too late? 
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IJ�DATE 
Zinc beats lithium in rechargeable battery 
Intel has leant its weight to a new 
battery technology by tying up 
with �inc Matrix Power of Santa 
Barbara, California to "develop a 
new battery technology for 
laptop computers that could 
result in laptop run times of up to 
ten hours", said ZMP. 

The two firms will work 
together to develop aspects of 
the technology including battery 
packaging, charging circuits and 
fuel gauges. The results will be 
previewed in this month at 
Intel ' s  developer forum and 
commercial production is 
expected in 2006, said ZMP. 

The basic battery technology is 
similar to that in common 
disposable alkaline manganese 
batteries and in one form, claims 
the firm, "it has demonstrated 
about two times the energy to 
volume of today ' s  lithium-based 
laptop batteries in lab tests". 

Zinc metal has two 
characteristics which make it 
extremely difficult to recharge. 
Firstly zinc oxide is highly 
soluble in alkaline electrolyte, 
and secondly zinc r�charges at 
about the same voltage which 
break water down into hydrogen 
and oxygen. 

Together these have prevented 
zinc-based rechargeable having a 
life of more than a few cycles. 

Zinc oxide is formed during 
discharge and, because it is 
soluble, it dissolves in the 
electrolyte and moves around in 
the battery. On recharge, the zinc 
re-forms anywhere on the anode, 
typically in low surface area 
lumps which cannot deliver high 
current like the high sm;face area 

powder batteries are made with. 
To cure this tendency to plate

out anywhere, maintaining 
constant surface area and 
therefore allow the battery to 
operate consistently from cycle 
to cycle, the anode material must 
reform exactly where it was on 
the last cycle. ZMP does this by 
containing its zinc granules in a 
pi:oprietary polymer matrix. 

This matrix is permeable to the 
hydroxide ions which need to 
move during charge and 
discharge, but blocks zinc oxide 
from leaving the immediate 
vicinity of each zinc grain. 
"Each zinc granule is locked in 
place such that the surface area 
does not significantly change 
over 100 charge/discharge cycles 
or more," said the firm. 

The other issue, zinc 
recharging at a voltage that splits 
water into hydrogen and oxygen, 
causes hydrogen to be liberated 
and the battery gradually dries 
out - oxygen is not an issue 
because is recombines with 
freshly-deposited zinc, forming 
zinc oxide at the expense of 
somewhat reduced charging 
efficiency. 

Heavy metals used to be added 
to recombine the hydrogen, but 
the ones that work are 
environmentally harmful. "New 
low toxicity additives have been 
found which work adequately in 
non-rechargeable batteries, but 
they don't  work perfectly on 
recharging," said ZMP. this 
leads to slight gassing. 

Other water based battery 
chemistries solved the hydrogen 
problem by recombining it with 

Zinc Matrix Technology at a 
Glance - various cathodes. 

1.SV Cell voltage 

Capacity up to 240Wh/kg and over 
600Wh/I iter 

Peak delivery 

Life 

Self-discharge 

Float charge 

Cell thickness 

Safety 

up to SkW/kg and 10kW/litre 

100 cycles minimum 

"low" 

possible 

3mm minimum 

no lithium 

water based chemistry 
zero pressure packaging 

oxides on the cathode to reform 
water. 

Unfortunately, the only 
materials which are effectively 
block zinc oxide also block 
hydrogen, "making a sealed 
recombinant rechargeable zinc 
battery a challenge". 

ZMP's  polymers however, are 
both hydrogen permeable and 
impermeable to zinc oxide in 
solution, allowing the hydrogen 
to get to the cathode and 
recombine, while blocking zinc 
migration. 

The ZMP zinc-polymer anode 
can be combined with most 
cathodes "including: manganese 
dioxide, nickel hydroxide, air 
cathodes, mono and divalent 

silver oxide and singular or 
mixed oxides of Cu, Cr, V, Co", 
it said. 

Of these, the cheapest is the 
same alkaline zinc manganese 
dioxide chemistry used in 
domestic 'alkaline' cells. 

At the high-performance end, a 
zinc-silver chemistry leads to 
ZMP's  claim of double the 
capacity of Liion cells. 

In the pipeline, experimental 
'super oxide' cells - using 
proprietary oxidation resistant 
cathode barriers and a cathode 
matrix which immobilizes 
soluble cathode components -
show potential to operate above 
2 .0V /cell and further improve 
capacity. 

Microsoft opens up embedded operating system 
Licensees of Microsoft's 
Windows CE operating system 
are now able to access the source 
code and produce their own 
versions of the operating system. 

The software giant has 
extended its open source 
arrangement with version five of 
the embedded operating system, 

4 

which opens up some 2.5 million 
lines of code to developers. 

Access is available to the kernel 
of the OS, the graphical user 
interfaces, file system, device 
drivers and the Web server. 

Moreover, developers are 
under no obligation to share their 
modification with Microsoft or 

any other firm. 
"We believe that the ability to 

ship commercial derivatives, 
with no obligation to share 
customisations, will greatly 
appeal to device makers - all of 
whom want to maintain the 
rights to their competitive 
advantage," said Ya-Qin Zhang, 

of the firm's  mobile and 
embedded devices division. 

The firm has a unified toolkit 
for developing Windows CE 
operating systems priced at 
$995 .  A free 120-day trial 
version can be downloaded from 
the firm's website. http://msdn. 
microsoft. corn/embedded 
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Satellite HIRDLS the Earth 

NASA's latest mission - a 
satellite to probe the Earth' s  
atmosphere for pollutants - is 
using an instrument designed 
and built in the UK. 

The Aura satellite is the third 
of the so-called A-Train, which 
will pass over the planet looking 
at the ground, the oceans and 
now the atmosphere. 

Aura's brief is, from 700km up, 
to look at air quality and climate 
change. It should be able to 
answer the question of whether 
the ozone layer is regenerating. 

A key part of the mission is 

HIRDLS - High Resolution 
Dynamic Limb Sounder, which 
will measure ten key chemicals -
including ozone - from the top 
of the clouds to the mesosphere 
(as high as 70km). 

"Information derived by 
HIRDLS will be used to assess 
the impact of a range of natural 
and man-made activities, 
including air travel, volcanic 
eruptions and the movement and 
concentration of greenhouse gases 
on a daily basis," said Colin 
Hicks, director general of the 
British National Space Centre. 

5GHz lnGaP power amp from 
the Fens 
Cambridgeshire design 
consultancy Plextek has revealed 
a 4.9 to 6GHz power amplifier 
IC with a controllable 
linearity /power tradeoff. 

Designed as a technology 
demonstrator, the amplifier 
incorporates an on-chip active bias 
arrangement that dynamically sets 
bias to give low quiescent current 
with high linearity when backed
off from compression - IP3 point 
is over+ 37 dBm at + 18dBm out, 
or good efficiency when saturated 
with 0.5W out. 

This gives the amplifier two 
basic modes. "For low-power 
applications like 802. 1 l a  which 
have complex modulation 
schemes it will operate linearly 

on about l OOmA. For higher 
power simply-modulated 
schemes, like 0.5W FSK for 
cordless phones, it operates 
saturated where current is 
higher, but so is efficiency," said 
Plextek director Liam Devlin. 

An off-chip output matching 
network sets the exact 
frequency /power tradeoff. 

The device is made using an 
InGaP hetrojunction bipolar 
transistor (HBT) process from 
US foundry GCS and can be 
used for a number of 
applications including the US U
NII standard, 802. 1 1  a, 
HiperLAN2, Japanese WLAN 
and cordless telephony. 
www.plextek.com 
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HIRDLS contains 21 
photoconductive HgCdTe 
detectors, each cooled to 65K, and 
measuring wavelengths between 
6. 12mm and 17.76mm. The £20m 
instrument can measure ten 
chemicals - including ozone, 
water, methane, nitrous 
compounds and various CFCs. 

"HIRDLS will give us a much 
better picture of what is 
happening in the upper 
atmosphere," said John Barnett, 
the joint principal investigator at 
the University of Oxford. 
"Computer models of the 
atmosphere show features that we 
are incapable of observing at 
present. We need to understand in 
more detail.how the atmosphere 
works and whether these models 
are right or need changing, 
because we rely on them for 
predictions of climate change." 

UK contributors to HIRDLS 
include the Rutherford Appleton 
Laboratory - optical design and 
building the power supplies; 
EADS Astrium - thermal design 
and main structure and sun shield; 
Reading University - infra-red 
filters; and BAE Systems in 
Edinburgh - gyroscopes. 

Film fights fire 
Japanese materials firm Showa 
Denko has developed an 
electromagnetic, heat-resistant 
shielding film that avoids the use 
of halogens. 

Halogen based compounds are 
often used in such films because of 
their fire-retardant properties. The 
new material also avoids the use of 
siloxane, antimony and lead. 

The sheets of material are 
between 0. 1 and 0.5mm thick. 
Showa Denko has managed to gain 
a UL94V-O rating, the highest fire
proof rating, for the material. 

Heat resistance is to 1 30°C, 
high enough said the firm to use 
the material in automotive 
environments. 

The firm said it plans to 
develop thinner versions of the 
film down to 25µm in thickness. 

Five French students from Heriot
Watt University in Edinburgh 
have won the Alba Centre Design 
Award for their Martian rock 
sorter. The technology students 
designed and built a computer 
operated demonstrator as part of 
their third year course work. 

Hard disk driver maker Seagate has 
once again sponsored the Young 
Innovators competition in 
Northern Ireland. The Belfast event 
awards youngsters developing 
technology-based systems. 

Toshiba has developed a 
miniature fuel cell that can output 
up to 1 OOmW for handheld · 

consumer devices. 
The direct methanol cell measures 
22x56x4.5mm and weighs 
8.5grams. Using just 2cc of fuel it 
can power an MP3 player for 20 
hours, claimed the firm. 
The cell uses a passive technique, 
with almost pure methanol 
passed directly into the cell. The 
firm said it can avoid methanol 
crossover, which sees fuel 
combine with oxygen direct, and 
hence producing no power. 
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IEE hosts 
Fabless execs 
The Institution of Electrical 
Engineers is joining up with the 
Fabless Semiconductor 
Association to host an 
executive forum in September. 

The forum will examine 
tensions in the chip industry, 
especially those fuelled by 
China' s  plans to increase 
manufacturing capacity. 

"The challenges associated 
with the drive to advanced 
semiconductor process 
technologies, coupled with the 
huge volumes enabled by 
300mm fabs, has induced 
massive changes within the 
semiconductor industry," said 
Rick Tsai, president of TSMC 
who will speak at the event. 

Other speakers include Sir 
Robin Saxby, chairman of 
ARM; Jen-Hsun Huang, 
president and CEO of Nvidia; 
Dr Sanjay Jha, president of 
Qualcomm CDMA 
Technologies; and Pascal 
Ronde, a v-p at Agilent 
Technologies. 

Panel sessions w.ill examine 
how fabless companies and 
integrated device 
manufacturers (IDMs) manage 
their relationships with 
foundries. Saxby said: "The 
continuing development of 
deep sub-micron technology 
combined with increasing 
emphasis on designs 
incorporating software and 
standards makes global 
partnering ever more critical to 
success." 

There will also be a 
discussion on the future of the 
industry, as the foundries seek 
to meet rising demand against 
the backdrop of boom-to-bust 
industry cycles. 

The IEE/FSA Semiconductor 
Executive Forum is held on 
September 7 and 8 at: 
IEE Savoy Place, London. 

http:// conferences. iee. 
org.uk/semiconductor 
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Chip industry on spending spree 
The chip industry' s  propensity 
for self destruction is showing 
no signs of changing, as this year 
sees record levels of investment 
in new fab capacity. 

In the second quarter of 2004 
work began on 1 5  new projects 
that will have a total capacity of 
200,000 wafers (200mm) per 
month. 

Analyst firm Strategic 
Marketing Associates (SMA) 
found that the construction set a 
record both in terms of the size 
and value of the fabs, with a 
combined cost of $ 18.4bn. This, 
said SMA, equals the investment 
through the whole of 2003. 

Like all previous cycles in the 
semiconductor industry, the 
building of too many new plants 
during the upturn will lead to 
over-capacity and hence bring on, 
or exacerbate, the next downturn. 

The current rush to build new 
fabs began towards the end of 
2003, and since then has seen 
$35bn pledged to new 
construction. 

"While this is not as high as the 
$58bn the industry started 
construction on in the last boom 
of 1999-2001 ,  the rate of today' s  
boom i s  much higher," said 
George Bums, president of SMA. 

Almost half of the construction 
is in Japan, where Elpida, Fujitsu, 
Matsushita, NEC and Toshiba are 
collectively spending $8.4bn, all 
on 300mm fabs. 

Elpida' s  DRAM fab is notable 
as the biggest single invesment 
to date on a semiconductor plan�, 
with a projected end cost of up i 
to $4.5bn. � 

Production is scheduled to starl: 
later next year using O. l lµm and 
85 nm design rules. The firm 

said it would eventually have a 
capacity of 60,000 wafers per 
month. In 200mm terms that 
equates to around 1 50,000 
wafers per month. 

Other significant investments 
include Samsung with three 
projects in Korea, and Intel with 
two fabs, one 300mm plant 
being in Ireland. 

The end result of this building 
will be over-supply of I Cs. Most 
analysts agree that this year will 
see growth of around 30 per 
cent, falling to perhaps half that 
in 2005. However, the following 
year, 2006, will see the negative 
growth. 

The only way to avoid the 
over-capacity is to invest in the 
downturn, ready for the next 
boom, but only the top two or 
three firms can afford to take 
this approach. 

Simulation in the real world 
A novel scheme for tracking the 
signal integrity and timing inside 
ICs has been developed by NEC. 

The Japanese firm is 
embedding special circuits in its 
chips that monitor the devices 
operating in the field. Devices 
that are networked can report 
back on their internal 
performance. 

"As a result of this scheme, 
needless design margin can be 
reduced, and a next-generation 
feedback capable LSI 
development scheme based on 

precise degradation prediction is 
realised," said Masao Fukuma, 
v-p of NEC' s  R&D unit. 

The technique will address the 
increasing inaccuracy of chip 
development software and the 
corresponding rise in the number 
of re-spins required to get a chip 
design correct. 

The traditional approach would 
be to design extra margin into the 
timing of the signals on the chip. 

"Degradation of the signal 
quality in actual LSI cannot be 
fully grasped by conventional 

LSI development schemes which 
depend on CAD tools that use 
signal integrity models obtained 
from software simulation," said 
the firm. 

Measuring the actual signal 
integrity means ICs can be 
designed with smaller margins 
and fewer prototypes should be 
needed. This, said Fukuma, 
"achieves shorter development 
time, and faster time to market". 

NEC said it has already begun 
using the technology in some of 
its products. 

This new LSI development scheme was enabled by the development of 
the following two main technologies: 
(1) Composed of input and output digital signals formed through the input and output of signal 

waveform analogue information as digital signal timing information, technology which 
enables the collection and analysis of the amount of quality deterioration within the chip 
signal waveform, even if the LS I  is embedded in an electronic device that is actually running 
a customer's program. 

(2) Technology that can precisely measure the amount of quality deterioration, even if the high 
frequency component of the high-speed digital signal is contained within the signal, through 
newly developed comparator circuits operated under a bias condition with the highest 
sensitivity response. 
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Founder buy-out saves UK display technology 
The assets of UK display 
technology firm Printable Field 
Emitters have been bought by 
the firms founders, and other 
stakeholders, with personal 
funds. 

PFE, as the company was 
known, was developing second
generation field emitters for 
display use and produced the 
technology demonstrators 
pictured in April, just before the 
firm was placed into the hands 
of administrators, for reasons 
that have not become clear. 

Field emission displays 
(FEDs) produce the same high
quality images as CRTs, but are 
thinner than plasma screens. 

Second-generation FEDs avoid 
the micron-level lithography 
needed by first-generation FEDs, 
which can only be performed on 
a few square centimetres, and 
can therefore be made over a 
metre across. PFE was aiming to 
licence its intellectual property 

to TV screen makers. 
When the firm went into 

administration, "we were quite 
advanced with an Asian 
company and starting the 
technology transfer process", 
said co-founder Richard Tuck. 
"The intention is to continue this 
and start activities in the UK to 
support that." 

Although the new company 
will be called FEDCO (Field 
Emission Display Company), it 
will continue to trade under the 
Printable Field Emitters banner. 

FEDCO will be a smaller 
operation than the old PFE, 
working mainly on the materials 
side of display development and 
with no need to make costly 
prototypes as PFE successfully 
demonstrated the technology, 
said Tuck. 

If all goes well, expect to see 
early partner-made displays in 
"six to nine months, probably 
closer to nine," said Tuck. 

PFE proved its technology worked, with displays limited only by its 
rudimentary lab-based manufacturing equipment, it claimed. Now 
FEDCO aims to take it to production 

Blind see through tongue-based 
display 
An electronic array mimicking a 
100 year-old technique for 
communicating with the blind by 
touching their tongue has 
revealed new know ledge on the 
brain's ability to learn. 

The array, developed with its 
electronics at the University of 
Wisconsin, has a 12x12  matrix 
of electrodes and is also held 
against the blind person' s  
tongue. 

Earlier research showed that, 
following a little as a few 
minutes use, the subject can 
' see' simple images formed by 
the 144 available pixels. 

The question has been, are 
these images seen by the brain' s  
visual processing system, or 

somewhere else. 
Neuropsychologist Maurice 

Ptito of Universite de Montreal, 
who is working with colleagues 
in Denmark and the US, put 
people in a brain scanner and fed 
them pictures through the tongue 
display unit, or TDU. 

"The images are articulated in 
the visual cortex," Ptito told 
Electronics World. 

"In a congenitally blind 
person, the cortex has never 
been used before. This proves 
the brain can do sensory 
substitution and the tongue can 
really act as a portal to carry 
information to the visual cortex." 

This disproves a theory that 
proposed the visually cortex 

gradually fails if it is not used. 
"The cortex is alive and being 

recruited," said Ptito, and this 
visual perception appears to be 
perceived in the same way as 
sighted people experience 
vision. "Subjects say that they 
see the stimulus outside them," 
he said. 

"These people have never 
seen, they have no visual 
repertoire." 

Following this work, Ptito'and 
collaborators are working on a 
wireless TDU with electrodes 
built into something resembling 
a top depture and a small 
camera, which could eventually 
be fitted into a false eye, said 
Ptito. 

Three years ago the University of Wisconsin produced this, an electrode array for presenting images to a 
person via their tongue. Only a few volts are needed to produce the 1.6mA need for a recognisable pixel. 
Electrodes of 2. 13mm were used on a 2.34mm, Although other spacings and contacts down to 1.55mm in size 
will work. 
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X-rays say why ferroelectric memory forgets 
Ferroelectric memories, a new 
class of non-volatile storage 
device, lose data. 

Now scientists from the 
University of Wisconsin
Madison and the US Argonne 
National Laboratory have taken 
a step towards an explanation. 

"The neat thing about these 
materials, is that they have built
in electronic memory that doesn't 
require any power," said Madison 
researcher Paul Evans. But 

Hidden codes 
in photos 
Fujitsu has developed a 
technique of embedded ID 
codes, web links and phone 
numbers in printed images 
without degrading the quality of 
the image. 

Up to 12-digits of numeric 
data can be embedded into an 
area as small as 1 cm2·. 

The technique exploits the 
characteristics of the human eye, 
and its sensitivity to colour and 
size. Data can be embedded in 
digital camera images and can be 
successfully printed using home 
quality colour printers. 

Fujitsu expects that the first 
use of the technology will be to 
pass data to mobile phones. In 
Japan mobiles are often used to 
scan one·and two dimensional 
barcodes to gain information, 
but manufacturers do not want 
unsightly barcodes all over 
their goods. 

A phone could extract 1 2-
digits of information in around 
one second using the processing 
power already available, said 
the firm. This shows an 
advantage over digital 
watermarking which requires 
significant processing power. 

The Un iversity of Surrey has 
appoi nted Professor Christopher 
M Snowden, FREng, CEng, FIEE, 
FIEEE as the Un iversi ty's Vice
Chance l lor and Chief Executive 
with effect from 1 Ju ly 2005. 

Prof Snowden was awarded 
the 1 999 M icrowave Pri ze of 
the IEEE Microwave Theory and 
Techn iques Society - on ly  the 
second UK c itizen to win  thi s  
award i n  5 0  years. 
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"eventually they quit working". 
The memories store data bits 

in their arrangement of atoms, 
which can be modified and read 
electrically. 

However, each write pulse 
diminishes storage ability "until 
they either forget the 
information or quit switching 
altogether", said Evans. "It could 
switch 10,000 or even millions 
of times and then stop working." 

With colleagues, Evans used 

the US' s  most powerful X-ray 
source, the Advanced Photon 
Source at Argonne, to measure 
atomic locations. 

The experiments showed 
progressively larger areas of the 
device cease working with each 
write. "After 50,000 switches, 
the atoms were stuck - they 
couldn 't  switch anymore," said 
Evans, who also found a higher 
voltage pulse puts the atoms 
back in motion. 

When the researchers used 
more voltage from the 
beginning, switching stopped 
100 times later, when further 
boosting voltage made no 
difference. 

"With higher voltages, the 
material can't  switch because 
something has changed about the 
material itself," said Evans. "It ' s  
not just the switching that stops 
working, but something even 
more fundamental." 

Power chip firm goes to Wales 
Swansea has been chosen by 
power semiconductor maker 
Vishay Siliconix as the location 
for a chip design and 
development centre. 

Sited at the Digital Technium 
in Swansea University, the 
Power MOS and Linear IC 
Design Centre will be headed by 
Dr. Dilwyn Williams and 
Richard Davies, both returning 
to Wales from overseas. 

"Attracting a global company 
of this calibre is further evidence 
of the outstanding success of the 
network of Technium innovation 
centres," said Welsh economic 
development minister Andrew 
Davies. 

Berlin engineer attracted 
by York's magnetism 
A Berlin engineer, Gerd 
Merklein (54), who graduated 
from the University of York in 
July, commuted from Berlin for 
six years to attend exams and 
residential teaching at York. 

Gerd studied part-time for an 
MSc in Electromagnetic 
Compatability & Radio 
Frequency Communications. He 
manages a team of electricians 
and engineers maintaining 
wireless communications for 
automated logistics operations 
for a German stationery 
manufacturer, Herlitz PBS.  

He chose York because there 
are no equivalent professional 
development courses in 
Germany. 

Teaching is predominantly 
self-study, with one to two 
weeks of residential teaching 
each year. The course normally 
takes around four years - at any 
given time there are between 40 
and 50 students on the course. 

www.york.ac.uk 

The academic expertise of the 
power electronics group at the 
university was said to be a 
deciding factor in locating the 
centre in Swansea. 

"When companies like Vishay 
Siliconix make an investment 
like this it is noticed and sends 
out a very positive, very strong 
message to industry," said 
Technium director Dr Steve 
Davies. 

"These design centres play a 
key role in enabling innovative 
technology companies like 
Vishay Siliconix to maintain 
their global market lead." 

Up to ten staff will be recruited 
at the centre in functions such as 

analogue IC design, IC layout, 
and production engineering. 

Vishay ' s  announcement 
coincided with the launch of the 
£4.3m Digital Technium, which 
joins specialist centres for 
optoelectronics and automotive 
in Wales. 

The Swansea centre includes a 
£2.6m Agilent Laboratory and a 
virtual reality facility allowing 
researchers to visualise products 
in 3D from heart valves to new 
cars. The £0.5m 'VR Cave' has 
three screens each measuring 
8xl0ft. 

Six firms have already signed 
up to Digital Technium, which 
has space for 13 companies. 

UK Resource Centre Website Set to make a big hit 

The new UK Resource Centre for 
Women i n  SET (Sc ience, 
Engi neer ing, and Technology) 
has launched a new resource 
website today at the Institution 
of E lectr ical  Engi neers, with a 
l u nch for women in SET. 
The Resource Centre is a 
s ign i fi cant development of the 
Government's strategy to 
i ncrease the part ic ipation and 
progress ion of women i n  the 
sectors. The Centre was one of 
the key recommendations in the 
Greenf ie ld Report, which 
i dentified the need for greater 
coord i nation of i nformation, 
resources, knowledge and good 
practice. The comprehensive 
website has been developed to 
act as the central source of 
i nformation to provi de in formed 
solut ions to employers i nc lud ing 
academ ia, profess ional  i nstitutes, 
research counc i l s, careers 
profess ionals  and educational ists 
whi l st provid i ng  access to 
mentor ing and networks for 
women and g ir l s  enter ing or 

a lready part ic ipati ng  in SET 
learn ing or work. 
The website launch was 
atten ded by women 
represent ing the breadth of SET 
occupations.  A l l  agreed that the 
websi te wou l d  provide 
i mmed i ate support on areas 
inc lud ing research, women role  
models, case stud i es and  
mentor i ng gu ides. 
Pam Wai n, Pres i dent, Women's 
Engi neer ing Society, 
commented: 
"The new websi te is another 
usefu l step forward for women i n  
the sector. We have s o  much to 
contr ibute and welcome thi s  
way to  he lp  us to  be more 
effective.  We look forward to 
the new Resource Centre 
becomi ng fu l ly operational ." 
The new website can be 
accessed at 
www.setwomenresource.org.uk 
The UK Resource Centre's 
offi c ia l  launch wi l l  take p lace on 
1 6  September 2 004 at the Royal 
Armouries, Leeds. 
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Class-A 
imauineerinu: Pan 4 
Graham Maynard's valve (tube) based amplifier observations and 
power comparisons have not yet been ful ly stated, but these findings 
are not necessary for him to introduce the first of his two class-A 
designs; as shown here 

s i rn u I ate d- 8 o h  rn 
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The simple 25W-8W pure class-A audio amplifier circuit. 

is genuinely 'hi-fi' pure class-A 
pecified design is obviously 
imilar to the 1969 and 1996 

circuits due to John Linsley Hood. 
Naturally efficient and same type 
NPN bipolar transistors continue to be 
used in both push-pull output halves, 
though here much more gain linear 
devices run within a faster circuit 
topology that has a differential input 
stage, dual power rails, plus a directly 
coupled output stage having a more 
accurately stabilised offset zero than 
with the 1 996 update. 

At this point I am taking a late text 
revision opportunity to suggest that 
readers study the original 1969 
Wireless World article as respectfully 
reprinted by EW in the June 2004 issue. 
The non-complementary output stage 
shown in Mr Hood's original figure2, 
and which is used in my figurelO, is 
fundamentally different to all other 
types. Its composite functionality must 
be analysed as a whole; not on a per-

half basis as can be done with most 
other class-A and class-B output stages. 
For simplicity JLH illustrated voltage 
drive with resistors connected directly 
to the voltage rails - which is less 
linear, however, when the 
driver/splitter transistor is properly 
current driven via a high impedance 
source it can run both 'constant current 
sharing' (bootstrapped) output devices 
as properly reciprocating, class-A 
push-pull, current amplifying, common 
emitter output halves. As is usual, the 
voltage sensing NFB loop ensures 
overall input-output voltage gain 
linearity with reactive loads. If the 
resistors connected to the bases of the 
output devices have different values 
then this upsets the natural balance, as 
do individually different device gains + 
gain variations with device current and 
alternating headroom voltages + 
dynamic signal/NFB induced high 
frequency junction capacitance and 
storage effects separately acting upon 

the splitter transistor's collector and 
emitter. However all three transistors 
will continue working together as a 
class-A output stage, if maybe just a 
little less accurately at higher output 
and frequency due to their dynamically 
induced output-half mismatching, 
which also happens in class-B 
amplifiers anyway, only there having a 
greater effect because there is then only 
one half capable of correcting the 
errors without a conduction crossover 
being invoked. Before the arrival of 
computers I also ran this non
complementary output stage in a much 
more efficient class-A configuration 
which had dynamically self adjusting 
bias, as well as in classes 'AB' and 'B', 
but the naturally low waveform 
distortion, good bias and temperature 
stability, also the low propagation 
delay which assures phase coherent 
NFB loop control, always became 
impaired such that all of the extra work 
and circuit complexity involved was 
not worthwhile. I did however, learn 
much from my efforts. 

To read more about this output stage 
visit; www.tcaas.btinternet.co.uk and 
read the - /jlhoutput.pdf - page. 

The Amplifier 
In order to minimise overall circuit 
propagation delay, which 
simultaneously lowers both an 
amplifier's first cycle distortion, and the 
NFB loop generated output impedance 
that dampens loudspeaker back emf 
induced output terminal error voltage 
shift wrt input waveform at all, and 
especially tweeter driving audio 
frequencies, I concluded that:-

( a) there should not be any input 
filtering; the system bandwidth should 
be set by the pre-amplifier and/or a 
prior recording medium. 

(b) the amplifier's stability margin 
should be extended by increasing the 
differential input pair tail current to at 
least 1 OmA with suitable devices. 
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(c) to maximise TRla,b,c,d input 
stage voltage to current transfer 
linearity, also to minimise output stage 
inductance at high audio frequencies, 
the TR2 current splitter stage should 
not be fitted with any form of directly 
connected dominant pole Miller 
capacitor; this keeps current node 
impedances high and minimises phase 
shifts to ensure fast and accurate NFB 
loop induced error corrections. 

( d) there should not be any emitter 
resistors to drop non-linear quadrature 
voltage between the mirrored 
differential input stage transistors due 
to 90 degree leading TR2 C-bc 
charging currents during high slew 
NFB loop controlled output drive. 

( e) to maximise efficiency without 
increasing complexity or propagation 
delay TR2 should remain a singleton; 
this optimises the current to load
voltage transfer characteristic for the 
composite output stage without 
introducing additional device non
linearities. 

(f) there must not be any series 
output capacitor or choke, nor too low 
a value of input capacitor, nor an 
uncompensated NFB resistor, any or all 
of which could lead to potentials at the 
differential input stage becoming phase 
shifted wrt the user input and output 
terminals, the voltage waveforms of 
which the differential input pair should 
be near instantaneously attempting to 
match, with a view to minimising all 
output terminal distortion wrt live and 
constantly changing input, regardless 
of reactively altered load current flows. 

There will be those who believe I am 
wrong to not use an input filter as 
stated in (a) above. However, I do not 
feel obliged to satisfy others when I 
have never had any problems 
associated with the sensible usage of 
this type of amplifier. Yes I have had 
to deal with the odd 

'
case of taxicab or 

BBC-FM breakthrough with 
professional stage amplification and 
music installation equipment, and I 
have always managed to effect cures 
by fitting ring cores and/or resistor
capacitor filters on a per-site basis, but 
I would not suggest degrading the 
performance of every home used 
amplifier to ensure that the few which 
might suffer from electromagnetically 
induced interference will be protected; 
that's like wearing a raincoat all 
summer long instead of carrying one in 
case of need, but I still could never 
state that such a choice is wrong. My 
success with this circuit might 
however be due to always fitting an 
output Zobel network, as here with 
47nF and 2.2Q, so that the output stage 
is always loaded at high frequency, 
and not free to oscillate. 

I am also quite aware that emitter 

resistors are often fitted to input 
devices, ( d) above, in order to minimise 
output terminal zero error drift with 
temperature. However I always keep 
the imput transistor pair together away 
from radiating or conducted heat, and 
have additionally covered offset by 
using an alternative arrangement - R.z -
which will not leave input stage high 
frequency linearity at risk from 
momentary degradation due to leading 
TR2 C-bc slew charging currents, 
especially when load current flow is 
out of phase with signal input voltage, 
which does not show up if testing is 
done using resistor loads only. 

I could also imagine someone writing 
in to ask why I have not used a 
constant current source to supply the 
differential input stage tail current. 
Reason;- the emitter node already runs 
at low impedance and so current 
sharing will not be significantly 
affected by a resistor in the same way 
as can arise when emitter resistors are 
placed in series with individual input 
devices. There is no advantage to be 
gained from using a current source, so 
why use several components when one 
suitably chosen resistor will do? 

When good NPN transistors first 
became available I remember my 'best' 
small signal circuits being OC44-
BC 107C combinations. 'Best' refering 
to their bench measured fundamental 
nulling distortion performance at lkHz, 
where a degree of PNP-NPN transfer
error cancellation between the opposite 
polarity device stages produced lower 
distortion figures than either 2x NPN or 
2x PNP could manage alone ! Slight 
fortuitous distortion cancellation can 
occur here, as indeed it can within the 
original JLH class-A circuits, but do 
note that this applies to the THD figure 
alone, which does not reveal any high 
audio frequency first cycle input and 
NFB inadequacies. 

Actually, using additional 
components to artificially reduce THD 
always has the potential to degrade a 
first cycle or transient response. For 
example, feed-forward with its 
momentarily increased NFB loop 
controlled current flow during the first 
couple of microseconds of a new 
waveform event, can lead to the 'tuning 
out' of steady-state distortion products 
through say a following 1 OkHz 
sinewave, but the feed-forward is 
specifically related to input-output 
signal voltage propagation and not 
necessarily to a fast and out of phase 
NFB loop energised load current 
correction. It is the potential for non
linear small signal stage current flow 
during that initial feed-forward period 
that can increase transient (first cycle) 
distortions in class-B bipolar amplifiers 
in exactly the same way that a Miller 
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connected C.dom can when the load is 
reactive. All additional capacitors 
connected to the signal path within a 
closed NFB loop cause additional 
leading current flow between their take 
off and application nodes, creating a 
potential for increased leading edge 
reproduction inaccuracy when the load 
is a dynamic loudspeaker instead of a 
passive resistor. 

With my new circuit having 
increased open loop gain and speedier 
output transistors than the 1969-96 
circuits, subsequent computer 
simulation showed:-

(1) better low distortion push-pull 
operation at high audio frequency is 
achievable when TR2 emitter and 
collector resistors are equal, as here 
with 390Q; this allows for faster and 
better balanced push-pull NFB sensed 
error correction control within, and up 
to, the limit of the phase coherent small 
signal bandwidth frequency range. 

(2) TR4 was slower to turn off on 
positive going square waves. It is 
assisted here by the addition of TR5, 
a pull down transistor which sinks to 
ground TR4 collector-base charges,  
in much the same way as TR2 
removes TR3 collector-base charges 
on input overdriven negative going 
transients. The rather strange looking 
addition of TR5 does not pass any 
current until after TR2 base has been 
turned fully off by input mirror 
overdrive, whereupon it quickly 
shunts TR2+4 storage that would 
otherwise have a potential to slow 
their response and induce output 
stage cross conduction during high 
slew NFB loop induced drive 
corrections close to maximum output. 

(3) increased input stage tail current 
flow helps to increase the unity gain 
stability margin to approximately 100 
degrees, almost twice that for earlier 
JLH class-A designs with their 350µA 
first transistor current flow. 

( 4) with 390Q splitter resistors in 
use, this class-A output stage is more 
efficient, faster, and more phase linear 
with the original JLH-69 bootstrapped 
resistor bias source than it is with any 
other type of transistor current source. 
Unfortunately this means that the 
initial setting up of quiescent current 
once again becomes a trial and error 
procedure for selecting a value of R. b 
between 150Q and 470Q, though 
once set the current then remains 
stable after just two minutes of 
junction warm-up time. 

(5) a similarly empirical selection for 
R.z of between lOOkQ and lMQ leads 
to an excellent degree of output 
terminal zero voltage stabilisation so 
that offset drift is minimised; the 
minute change of current flow through 
R.z due to TR3 base-emitter junction 
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voltage variation with temperature and lower base capacitance and more gain any non-linear waveform modulation testing a supposedly 'perfect' design dynamic alteration of first cycle to then knowingly continue not 
power rail fluctuation, counteracts drift linear transistors is good for 30W into of the input stage NFB current which under steady state conditions, when waveform coherence. giving our public the clear sounding 
by reducing the offset potential down 6Q resistive. arose within the original designs due to connecting real world loudspeakers in This is a long overdue wake-up call. amplifiers they really want, would 
to flicker levels shortly after switch-on; For the current splitting transistor I them having a single input transistor place of a passive resistor can be heard We need to move on beyond simplistic cause even more grumbling against 
do though allow the amplifier to recommend a Toshiba 2SC3421 or the which simultaneously modulated the causing music distortion through and isolated steady state fundamental those of us who read these pages, 
operate normally for about an hour in more widely manufactured BD1 39, NFB loop potential in sympathy with parallel connected headphones? nulling distortion measurement especially when an excellent first 
its usual enclosure before attempting to with no more than a clip-on heatsink at transistor current flow related to phase This is why I quote a different techniques at a the output terminal, cycle performance is so easily 
select a permanent value for R.z. its back in higher power versions. shifted driver and output demands with specification for my 25W-8Q class-A because it tells us nothing about what attained. Unfortunately first cycle 

( 6) slightly better simulated THD test Some other types are equally suitable, reactive loudspeaker loads. This audio chassis, and I state that its might already have happened to a THD examination is not a procedure 
results can be achieved by optimising but might not be widely obtainable. combining of the bias and NFB current equivalent first cycle THD, or its leading and often asymmetrical first that is easy to retrospectively set up 
positive and negative transfer error The 2SC3421-Y has a much higher DC flows in the original circuits, with 'FCD' figure within the safety margin cycle audio waveform prior to the on the test bench, though it is worth 
cancellation, by using a different current gain than BD1 39s, but real- additional series input, output and of a 1 OOkHz bandwidth specification, development of low steady state THD. noting that any amplifier having 
mirror, or by adding other components. world comparison testing has shown NFB capacitor zero potential w.r.t. input, for 25W at lOkHz and into Normal music waveforms have some series output inductance that exceeds 
Several alternatives were tried in real- that it does not make the amplifier averaging, could give rise to a gentle 8Q, is a more modest 0.02%. By of their most importantly recognisable the equivalent of 1 µH, whether that is 
life but there was no change in reproduce differently. With a lower 'pumping' effect upon reproduction, to comparison, a 'perfect' (computer combinations of harmonics choke or propagation delay 
reproduction when compared to this gain driver the only difference noted on the extent that the bass loudspeaker simulated) amplifier with 6µH/ /8.2Q characterisingly combined within first generated, might already be at the 
very neat and basic circuit. the simulator was a fractional increase cone could be seen gently 'breathing' also driving an 8Q resistor only cycle leading edges. 'First cycles' also acceptable limit when attempting to 

With its self biasing differential input in output impedance, which is always in sympathy with the increased need manages 0.37% of first cycle THD at tend to have the largest amplitude, and guarantee coherent reproduction via 
stage this circuit should work with any swamped by loudspeaker cable for output stage current drive at higher lOkHz. Now should anyone attempt to yet designers have been failing to real world loudspeakers. 
dual supply potential between ±10 and resistance anyway; the distortion output levels on bass-less voice or mid massage the choke FCD figure by report (and maybe not even been 
±40 volts DC, yet it is also possible to figures remained virtually unaltered! range instrument drive. starting the measurement after the examining either?) their amplifier's first First Watt listening 
reconfigure for single positive rail As a note for those who might wish This was my reason for implemented group delay time period has elapsed, it cycle transient performance I cannot disagree that the JLH class-A 
operation by removing the lOkQ input to build more powerful versions by the differential input stage, which many still works out at 0.22% due to the capabilities. Even after accepting that circuits might look as if 'stone-age' (not 
resistor; adding the conventional base using paralleled output devices, say for existing JLH class-A users might then amplitude displacement of an amplifier introduces a group delay my words) to those students of some 
bias resistors from Partl -figurel ;  4Q, 2Q or l Q  load driving, I suggest view with scepticism through their incompletely settled exponential input time period, there is still first cycle 'transistor-age' designer-writers who 
inserting a 22mF capacitor in series that both of the 390Q splitter resistor association of its use with less good rise as pointed out in Part2-figure2. output distortion at t=O for every new have shown us how to achieve ultra-
with the loudspeaker and, linking all values be dropped to 220Q, 120Q and sounding amplifiers which were often With a more human like 30kHz waveform we eventually hear; that is low distortion and ultra fast slew rate 
zero volt connections to the negative 68Q respectively, with Rb and fitted with a Miller connected C.dom. examination bandwidth read 0.008% why I aim to minimise all delay and circuits when the load is entirely 
rail. Twin power rails are advantageous possibly a different driver being chosen However, it is the less inaccurate FCD w.r.t. input for my amplifier, but first cycle errors from t=O wrt input. passive. However I also understand that 
however because they remove the need to cover any increased dynamic voltage input-NFB differentiating at the still 0. 1 9% w.r.t. input, or 0 . 1 2% w.r.t. Every amplifier needs to be tested for such comments tend to come from 
for that expensive series output requirement. Emitter resistors should input stage of my '25-8' circuit which output for 6µH choke coupling. Also if FIRST CYCLE THD, which will those who lack direct 'hands-on' and 
capacitor which unavoidably increases not be used in the figurelO or JLH has removed that bias 'pumping' anyone thinks that 0.02% is a poor directly relate to an input filter, output 'ears-on' experience of JLH designs. 
low frequency loudspeaker induced class-A output stages unless parallel distortion characteristic (which some figure for first cycle distortion then I choke, signal path devices and their There are so many circuits capable of 
output terminal distortion, and can also output devices are being used; these are users might not have noticed, or challenge them to check out other 'user capacitance shunting, which cannot fail exceeding 50V/µS, but as with THD, 
make the bass cone thump during an current and not voltage driven circuits ! thought curious but not unacceptable), available' amplifier circuits, and to to affect transient capabilities during this figure will not be of real-world 
initial power-up charging to half of the Unmatched power transistors used in and which has set this design apart observe the simulated leading edge the time it takes for exponential circuit value unless the amplifier linearly 
supply potential unless the bias and parallel will generally work with from the earlier versions. The changes introduced by input-output settlement to complete whilst the slews 50v within the first l µS of t=O. 
bootstrap circuits are both made to take 0.47W current sharing emitter resistors, simulated THD might be much lower filters, bipolar-Mosfet stages, one-two- amplifier circuit is simultaneously So many designers drive their 
at least five seconds in charging to their but even when they are matched I still but I regard this as irrelevant because three stage architectures, also feed- following constantly changing audio amplifiers with a steady square-wave, 
working potentials. prefer to not go below 0.33Q when the original JLH class-A's were good forward and stabilisation paths within a signal waveforms and attempting to and some even deliberately overdrive 

A suggested 'first-try' value for R.b higher supply voltages are used. Also; enough already. The equivalent FCD NFB loop, as well as different types of NFB loop control dynamically induced by a considerable margin, in order to be 
is 270Q, but do remember that this part do not forget that these emitter resistors figure is also no more than three times NFB loop enclosure. and phase shifted loudspeaker current able to specify fantastic plus-to-minus, 
must be rated to cope with the should be non-inductive, and not just better for it too had already been Now, before anyone thinks about flow. This directly relates to the way in or minus-to-plus slew rates at ±90% of 
additional power it could dissipate due plain ordinary low resistance excellent, so I believe that the only writing in about group delay not which a pair of dynamic stereo peak amplitude, as if the results are 
to a maximum output square wave wirewounds. other slight audible improvement affecting sine wave distortion, or loudspeakers can subsequently useful design pointers relating to 
voltage being developed across it via 

Real performance 
relates to a slightly improved phase real-world dynamic loudspeaker regenerate a sound image at moments accurate sound reproduction. Yes, 

the bootstrap capacitor, as well as to the response and a more accurately system impedance §Wamping output of high harmonic content or sibilance unavoidable input overdriving should 
heating effect from static bias current For those who are still interested in controlled loudspeaker back EMF stage characteristics, please note that or percussive attack, and especially not upset an amplifier, and we need to 
flow. Also note that this amplifier's steady state specification figures, the damping. There is now very tightly my 'FCD ' figure is already inclusive during those moments of coincidentally be sure that it can respond and recover 
gain setting NFB divider resistor value simulated distortion at 1 OkHz for 25W controlled bass drive to the limit of of these aspects without any need for generated loudspeaker back EMF. By quickly, but what about its initial 
is not critical. The 750Q component into 8Q is less than 0.003%, falling output powering capabilities, while the clever posturing that hoodwinks the using a 'FCD' figure instead of 'n'th immediacy? What about that initial 
shown in figurelO is correct for 25W of below 0.001 % by lkHz and lOW, even treble retains dynamic clarity to higher public. Yes I know that genuine cycle THD, maybe then we will be exponential start-up waveform and the 
output into an 8Q load with 1 V.RMS with good 2N3055s. The distortion output levels. 'group delay' via a transmission line better able to identify at the design 10% comer change shape being 
of input. specification, frequency response, and I had so long ago heard signal path cannot be heard, and that some of this stage those amplifiers which are more properly examined at the output 

If you intend using recently signal to noise ratio are up to those capacitance and output chokes this equivalent distortion figure is likely to be capable of responding to terminal when a representatively 
manufactured parts then I recommend which would normally be expected degrading reproduction, but I was caused by delay, but the effect of a constantly changing audio waveforms, reactive loudspeaker load is connected? 
Toshiba 2SC3281 and 2SC5200, or from a 21st century design, but it is the unable to prove anything. This left me series input filter or a slow amplifier, without distracting arguments about the The JLH class-A circuitry has so few 
On-Semi (Motorola) MJL328 1A and phase accuracy that is especially wondering whether so many published or an output choke does audibly application of any author' s  technical signal path junctions, without any 
MJL428 1 A  output transistors. If you worthy of note because this is flat to designers actually listened to their affect reproduction by making it knowledge, or a listener's subjective additional path, or stabilisation, or NFB 
have old 2N3055s, or for that matter within ±2 degrees between 12Hz to designs, and how they could avoid sound 'smoother' and rendering opinion, also without risk for an capacitors, so there is only the tiniest of 
any other power transistors to hand, 25kHz at rated power, which makes for being openly truthful with their public; reproduction less clear. They cause a individual's occasional omission of delay between an input arising and its 
then it really is worth trying them too - cleaner low and high frequency or were they merely satisfied at being momentarily subtractive error which facts leading to irrelevent points being fully NFB controlled output becoming 
just build to their rated current, power, responses than valve and most other able to present 'unchallengable' lasts for longer than the steady state nit-pickingly deconstructed without naturally and stably amplified. As a 
voltage and safe operating ratings. My class-B designs can manage. specifications. Even a 0.0001 % THD measured group delay period topical regard. result, and unlike most other amplifiers, 
2SC5200s still run without problems at Whilst increased NFB lowers the specified power amplifier is incapable suggests on first cycle leading edges, The only folk I can see grumbling the original JLH has a first cycle 
±25V and 2.4A (Rb =220Q) with distortion, it is the mirrored differential of regenerating equally accurate and the greater the transient/harmonic about my proposal are those who response that closely matches its 
additional draught from an enclosed driving of TR2 with its 390Q resistors sounding audio via real-world content the more noticeable the error. have already designed amplifiers that measurable 'n'th cycle THD figure. The 
12V fan running inaudibly at 6V unless that gives this circuit its flat topped loudspeakers if it uses an internal series If you can hear a difference - then the do introduce propagation delay and JLH class-A's also present 
you are very close to the back of the open loop gain of approximately 80dB output choke to ensure smoothly stable audio waveform is being distorted, first cycle amplifier-loudspeaker loudspeakers with a 'softer' and more 
amplifier. One push-pull pair of these out to 30kHz. Also, there is no longer class-B operation. So what good is and that difference is due to the reproduction problems, but for them valve-like source impedance, which, 
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with lower damping levels, is slightly show, as at public performance revealing electrostatic loudspeakers. changes that arise within the CD 220Q instead of 390Q current splitter dedicated pcb etching, or a series of 
less controlling of complex equipment sound levels. To me the JLH class-A's are like old recording medium? loading resistors; 40W of pure class-A solder tags bolted tightly together in a 
loudspeaker system reactivities. When the JLH-69 amplifier circuit gems - they never lose their sparkle ! This brings me to the question of from just one pair of output devices spiral though quite literally star pattern. 

Unlike valve amplifiers however, was originally published its very wide This is why I have worked for so long validity for test bench or simulation appears realisable, and possibly SOW Try to keep 1R2, 1R4, output terminal 
and so many other solid state bandwidth initially went unnoticed at increasing their loudspeaker testing an amplifier by using an 8Q with forced air cooling ! At least the and Zobel connections short wrt the 
amplifiers too, the output impedance because it exceeded that of the powering capabilities whilst retaining loading resistor, for where in this world OnSemi and Toshiba types listed above star earth point. 
of the JLH-96 and my '25-8 ' is measuring equipment being used. their natural immediacy. is there a cable-loudspeaker-crossover should be available for some years to I freely admit that I had had concerns 
virtually resistive at all audible Subsequent 'concerns' about its Throughout solid state amplifier combination that does not present the come. BC547C and BC556B for the risk of oscillation when using a 
frequencies. Neither are low frequency surprisingly high frequency response history there have been designers who amplifier with an additional series transistors cost only pennies each, so differential input stage with these 
capacitive, as with the JLH-69, nor led to suggestions for artificially have fitted one or more capacitor or inductance of say 1 OµH, and in many order extra and rig up a circuit to pair modem 30+MHz gain-bandwidth 
high audio frequency inductive, as is limiting its bandwidth by fitting resistor-capacitor networks between a cases more than 50µH? There should match characteristics at 5mA. To output transistors, especially with leads 
the case with so many other designs, additional resistor-capacitor signal path high impedance gain stage node and of course always be driver impedance maximise power output always use the that were 15cms long out to large 
except for the odd well thought out one filters. I had already constructed an the signal ground to control hf compensation, but when this is part of a highest gain output transistor in the electrically insulated heatsinks which 
or two stage architectures which do not amplifier and had it working perfectly bandwidth and thereby ensure stability. crossover network it also can increase position of 1R3 ; this is because it has had the power devices mechanically 
need to rely upon additional satisfactorily before reading about However more than myself had first cycle problems within NFB loop only the series 390Q resistor driving it, and thus electrically bolted directly to 
capacitively shunting delay to maintain these modifications, which I then felt observed that even though these controlled amplifier designs that are whereas 1R4 can receive additional them in order to minimise output 
NFB loop enclosed stability. obliged to implement. amplifiers came with unconditional unsuitably pressed into audio currents via 1R2. Now that there is junction heating. This is because it is 

These comments once again bring But these additional components stability and full 'hi-fi' specifications, reproduction duties. much improved output stage linearity hard to estimate PCB inter-track and 
me back to first cycle distortion completely ruined its dynamic and they were fine for driving Curiously, the non-complementary and more NFB , distortion is no longer body capacitances and the lead 
mechanisms, for the equivalent FCD reproduction capabilities, and so were electrostatics loudspeakers, they were output stage first championed by the deciding factor. inductance values we should enter into 
figure with the JLH class-A falls with immediately cut out again! much less satisfactory when it came to Mr.Hood in his class-A designs is less A lQ version with ±15V rails and a computer simulation programme. 
reducing amplitude and measured Later I checked out the input filters driving dynamic loudspeakers loudly, high frequency slew rate limited when set up for a SA quiescent current using Also, computer programs show 
THD. However, with most other high that started becoming integral with so as for discos. This though is only to be its load is a real loudspeaker or an a single pair of 2SC2922 output frequency-phase-Nyquist plots for 
NFB amplifier designs, the first cycle many designs as an artificial way of expected when it is considered that ordinary wirewound resistor, instead of devices should be capable of directly predetermined conditions only, not 
distortions do not fall in the same way reducing TID in poorly designed loudspeaker induced NFB loop error a genuinely non-inductive test bench driving a ribbon tweeter element. That those that match widely varying audio 
because the THD figure is already amplifiers, but these too affected sense transient generated correction component. Thus these 'old' class-A is, a ribbon tweeter driver without any induced driving. Square wave 
negligible. The first cycle errors that reproduction. Eventually I tried currents become leading edge loaded circuits can be particularly faithful need for a matching transformer being simulation with impossibly fast rise 
arise in other amplifiers are generally buffered input filters having different by these very same signal path when driving full range loudspeaker inserted within its signal path! times, and the use of idealised device 
related to their architecturally fixed turnover frequencies many times my connected capacitors, as similarly systems, where 'established' test bench Ribbons present near-resistive models can even suggest instability 
causes, and, apart from loudspeaker own single frequency - steady happens with some Miller connected and computer simulation loading, which means that dynamic where none might be apparent in real 
delay induced non-linearities, these do sinewave - hearing capabilities, but C.doms though then without the class- measurements might suggest damping is no longer of prime life because the software derived high 
not change significantly with either their frequency was so high that B output stage bias crossover induced otherwise. The JLH-69/96 circuits are importance, so when short leads are frequency response and output 
amplitude. The more that NFB the insertion was pointless, or there was input stage current spiking that Miller excellent examples for revealing to used this amplifier's NFB capacitor characteristics lead to much faster 
techniques are employed in an attempt an audible effect upon the leading capacitors can cause. those who rely upon measurement value may be tried at lOpF. circuit reactions. Equally, some 
to minimise propagation delay and edges of sibilants and percussive A recent simulation of the old JLH procedures and computer simulation The physical construction for this amplifiers will be unstable due to 
stabilisation circuitry induced errors, sounds when the amplifier was being circuit with those bandwidth reducing investigations, that what they think amplifier may follow that already used physical construction interactions 
then the greater is the potential for FCD used to reproduce at realistic sound 'stabilization' components added, they ' see' does not actually match with an existing JLH-69 class-A which will not show up in software 
and reactive errors being generated at levels. Well that made my mind up, I showed that the THD figure remains what is eventually 'heard' .  We are chassis, and amplifiers could be generated tests. 
higher audio frequencies, irrespectively would not be using any more artificial unaltered, but that the FCD figure very likely to 'see' better steady-state updated whilst reusing the heatsink The internal base-collector junction 
of amplitude. With most modem power bandwidth limiting circuitry - and - exceeds 2.0% ! These signal path THD simulation results being mounted power transistors that are capacitance of the current splitting 
amplifier designs their first cycle since then I have never had any connected capacitors had had an produced by other modem class-B already fitted. Make a convenient star driver transistor already acts like a low 
responses cannot be improved by stability problems with this two stage undeniably audible consequences upon designs, yet we may be just as likely to earth point, and fit/use a ground value high frequency C.dom acting 
increasing NFB or by running them at class-A topology as a result. pop-music reproduction. This leaves find that the use of these simple class- insulated input socket. Also keep the above audio frequencies, and thus 
reduced output powers, and this is why It is a fact that I cannot hear bats, but me pondering a halving of that A circuits can provide an indisputably input circuitry plus 1Rla,b,c and d, at control is maintained with no more 
their equivalent FCD figure needs to be I can occasionally sense their echo audible/measured effect, with a ten superior listening experience ! Maybe one end of the circuit board away from than the Zobel output filter and 22pF 
low at the outset, which is the case with location calls. I have also experienced times reduction safety factor to be designers would 'see' more by studying driver and output transistor, power rail NFB correction capacitor shown. This 
my '25-8'. sonically induced sensation, as from acceptable for quality assured listening, and comparing theiJ: own circuits' first and loudspeaker output wiring latter component is fitted to prevent the 

Now many listeners use higher finding myself near to a young bat that bringing me back to that old 0.1  % cycle capabilities with representative terminations which should be brought lOkQ output node sensing resistor 
power systems at 'First Watt' listening had lost its mother, and from being in valve distortion 'hi-fi' standard, though virtual loudspeaker loads, instead of by to the board radially at the other end - from becoming part of a low pass filter 
levels to be sure that amplifier line with a 25kHz energised supersonic via an entirely different route. The only minimising THD with plain and i.e. with no significant currents flowing within the NFB loop due to 
distortion levels are low, that transducer. So, although I cannot 'hear' simple JLH-69 and my '25-8' already passive resistor loads that are through PCB tracks. It is essential that capacitance at the base of TRl b, which 
dynamically generated loudspeaker all of the harmonics that are generated satisfy this stringent FCD requirement, incapable of properly loading the connections to the bases of 1Rl a  and would then create a potential for loop 
back EMFs do not place undue by a percussive drumstick rim strike, I but how many other designs are circuit due to the lack of reactively TRlb are kept short with a compact enclosed phase change and load 
demands upon their NFB loop can and do sense that something from genuinely and equally capable? generated back EMF. input stage layout; also use a screened induced instability; it also optimises 
controlled amplifier circuits, and that real life is missing when that same Digital amplifiers must be fitted with All amplifiers should be auditioned cable between the input socket and C l .  high audio frequency loudspeaker back 
loudspeakers transduce as linearly as sound is reproduced via a high quality output filters. Will these ever be with a variety of real world It is also easier to later update, modify EMF damping. When my circuit 
possible. What they are really doing CD playback system; and I don't blame capable of achieving <0. 1  % of lOkHz loudspeakers, and if circuit simulator or repair an amplifier when its power topology is compared to the original 
however, is taking the constant level of the transducers or known good first cycle distortion, and thereby be examining - run into 'representatively devices do not have to be removed JLH69/96 versions, I have obviously 
system induced FCD errors down to amplifiers either! properly able to drive real back EMF complex virtual loudspeakers' .  from heatsinks because they have been included additional signal/NFB path 
levels where they become naturally So where do we set our levels for generating dynamic loudspeakers with made integral with the circuit board. devices, each one inserting an 
masked by threshold hearing excellence? I do not know ! Without audio waveforms in a manner whereby Surprisingly good Do not twist or lace wires that go out to attendant 90 degrees phase shift, 
capabilities at lower sound pressure any filtering an original JLH circuit they can become an integral part of a 1 OOW of dissipation is about as far as it the power devices; my choice for open however, loop gain goes through the 
levels. This is why it is very hard, and simulates at an equivalent of about system that can properly gift the is possible to go with plain convection construction is to use the PVC unity gain floor before their high 
often impossible to distinguish between 0.05% FCD at normal listening levels, necessary cerebral illusion of reality? cooling and a single pair of normal insulated solid copper conductors from frequency poles can affect stability. 
different good amplifiers at low and they reproduce all first cycles and Also what value is there in a output transistors. More powerful low rated twin plus earth or three phase In spite of me having just written 
listening levels; the errors are still harmonics cleanly as long as the phenomenally low THD figure for devices are available within Hpak cables, which can be formed to neatly that, do not assume that this or any 
there, but they are rendered inaudible, driven loudspeaker is not overly constant sinewave distortion, when outlines, like the 2SC2922 and some follow any chassis outline and maintain other JLH class-A amplifier is 
and it is only when the source program complex or reactively difficult. They there can still be unmeasured and more recent variations. These might be a mutual km spacing; or if the layout unconditionally stable. With sensible 
is good enough and the 'volume' is are particularly good at driving unquoted first cycle non-linearity better treated as if they already are a permits, use extra-flexible high current usage they are, but they are two stage 
turned up that differences begin to transformer driven and highly acting through the dynamic amplitude pair of paralleled devices by fitting cable. The ' star' earth may be a topologies, so there is always a chance 
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for some unexpectedly high 'Q' and 
predominantly capacitive loading to 
induce an oscillatory edginess. This is 
one reason why I am very wary of 
using capacitive loudspeaker leads. In 
the unlikely event that problems arise 
with a difficult load that cannot itself 
be corrected, then a series 0 . 1  Q to 
0.22Q output resistor should be 
sufficient to overcome any NFB loop 
induced sensitivity. Actually I have 
always been unsuccessful in 
deliberately trying to upset these 
amplifiers by deliberately shunting 
their output terminals with different 
value capacitors whilst they are driving 
loudspeakers. The high audio 
frequency response will start to become 
increasingly dull with values above 
1 µF, and the capacitor itself might 
become warm, but the amplifiers 
themselves run on without problems. I 
once had to drop a capacitor real 
sharpish when it so quickly came too 
hot to hold through me trying this with 
maximum pop music drive via my 
original SOW chassis; which still runs 
to this day, even though looking a little 
less tidy due to all of the circuit testing 
it has completed! 

When I first powered up my '25-8 ' 
prototype and there was no thud, nor 
any hum, and not any hiss either, not 
even when I quite literally placed my 
ear into to the efficient test loudspeaker 
mid-bass cone or right up beside the 
tweeter phase compensator, I thought 
that my new construction was not 
working and that I must have made a 
wiring error. However when I checked 
with a test meter both of the output 
halves proved to be correctly biased, 
and then a normal mains hum came out 
of the virtual minus 1 15dB silence 
when I touched a meter probe to the 
input capacitor. What an anticlimax ! I 
went straight from being tensed up and 
ready for emergency switch-off, into a 
realisation that it had actually been 
working from the very first moment it 
had been switched on. No smoke; no 
problems to sort out! 

This has proved to be a most 
competent DIY amplifier. Its 
specifications meet audio requirements, 
and it recovers from momentary 
overdrive or overload without 
fussiness. Also where loudspeakers 
have been properly designed to accept 
low impedance drive, this simple 
amplifier is genuinely capable of 
making the very best of 1 5-20W valve 
designs redundant. Of course there is 
not much of a 'party-time' sub-bass 
punch, but it is most satisfying for 
home use with full-frequency 
loudspeaker systems. 

My twin rail power supply circuits 
are not regulated either. Each channel 
has its own (old) 2x 24V-5A 

transformer, with a 7 A ( 1 50A pk) 
bridge rectifier feeding twin 2x 1 OrnF 
reservoir capacitors on each rail. I do 
however also use one lOW 2.2Q 
series resistor per rail, each followed 
by 2x 1 0rnF of smoothing capacitors. 
That is two resistors, and 8x 
Panasonic l OmF 'TSUP Series' 
electrolytics per channel. Do be 
warned though; these capacitors will 
retain unloaded charge for weeks, if 
not months; so do fully discharge 
them with say a 1 00 ohm resistor 
after testing the power supply. Note 
that my transformers have a 240V A 
rating for approximately 1 50W of 
rectified DC, and although they are 
air draught cooled they still become 
quite warm after more than a couple 
of hours running. When supplying 
class-A amplifiers, a completely 
enclosed toroidal transformer should 
have at least twice, and if possible 
three times a VA rating for cool 
running at the VxA power supplied 
by a directly connected bridge 
rectifier psu that does not incorporate 
choke smoothing circuitry. 

'Junk Box' parts can be used to try 
out my figurelO circuit on a hand 
drawn and wire linked cardboard pcb, 
or on stripboard, because a few watts of 
output is all it takes to prove the worth 
of a low propagation delay class-A 
design. Indeed this is an ideal circuit 
for recycling old industrial or obsolete 
parts to build a genuinely good 
amplifier. Early output transistor types 
will be driven so much more accurately 
than within the 35 year old circuit, but I 
could not guarantee their survival at 
maximum input if the output leads 
were to be shorted when there are twin 
power rails, a bootstrapped biasing 
arrangement and no output capacitor. 

If you doubt that my above 
mentioned low level and microsecond 
acting filter, C.dom and choke effects 
can have any impact upon listening, 
then please do at least show that you 
have not already been tolerating their 
induced aberrations, and prove to 
yourself that your amplifier is indeed as 
blameless as you had been led to 
believe it is when driving your own 
loudspeakers, before assuming from 
your armchair that I am wrong. 

To counter any possible loudspeaker 
system induced C.dom, output choke 
and speaker cable effects you first must 
make a purely resistive load with which 
to remotely terminate your loudspeaker 
cables. With 8.2Q (live) and 0.47Q 
(earthy) series resistors replacing your 
loudspeaker, use the potential 
developed across the 0.47Q component 
as input for my amplifier. Then be 
prepared to be very surprised by the 
reproduction differences that your own 
loudspeaker(s) will reveal as you swap 

short leads back and forth between 
their original connection, and my new 
amplifier, the latter being driven by no 
more than your already existing 
amplifier and its cable-resistor 
termination. For some who are game 
enough to try this, maybe the word 
' surprise' will tum out to be total 
understatement, also with your 
loudspeakers suddenly becoming the 
better performers they could always 
have been, but which you never 
realised was possible ! Do not worry 
about repeatedly turning this amplifier 
on and off either, it operates as if gated, 
without the slightest fold-down or 
recharging thumps. 

I consider that this '25-8 'pure class-A 
design does not impart any describable 
reproduction characteristics; i.e. it is 
just a plain and ordinary audio 
amplifier. This said, it might still sound 
different to other designs, due either to 
the way in which others might 
introduce describable phantom errors 
which result from loudspeaker induced 
first cycle nuances, or the way in which 
a particular loudspeaker might be 
differently cable impedance energised 
and damped at an individual or over 
some range of frequencies. Actually it 
could be said that my finished amplifier 
is boring, because apart from it maybe 
lacking in real driving power, there is 
nothing more to be done other than 
listen to its output. Unfortunately 
however, this amplifier is also much 
more capable than designs which 
include input filters, Miller C.doms, 
multi-stage topology and output 
chokes, at detailedly resolving the 
flawed processing artefacts of modem 
CD, DVD-A and SACD mediums. If 
'direct cut' DVD-LPCM discs ever do 
get off the ground, that is digital 
recording which is unadulterated by 
dynamic response algorithm controlled 
compression and expansion processors, 
then at least this amplifier will not 
impair their analogue equivalent 
reproduction integrity. 

On-Semi (Motorola) transistors, 
capacitors etc. are available from 
Farnell InOne. 

For a free CD.ram catalogue phone 
(UK) 0870 1 200 200, or search 
http://www.farnellinone.co.uk 

Genuine Toshiba transistors and 
many other components are available 
from Cricklewood Electronics: phone 
(UK) 020 8452 0 1 6 1 ,  or search 
www .cricklewoodelectronics.co. uk 

In Part 5 I propose a second 
amplifier test that may be used with first 
cycle circuit distortion examinations to 
predict audio capabilities. I also use it 
to illustrate the intrinsic value of my 
simple class-A circuit. 
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Passive Component Analyser 

Automatic Identification 
and Measurement 

Inductance: 1 µH to 1 OH 
Capacitance: l pF to 10,000µF 

Resistance: 10 to 2MQ 
Basjc accuracy: 1 % 

"Astonishingly, this little unit 
seems te pack most of the punch 

of a large and very expensive 
automated LCR bridge 

inlo its tiny c_ase. " 
Ancl� Flind - EJp:g, 

£79 

Seiniconductor Analyser 

Visit www.peakffec.co.�k to download the data sheets , use g uides and copies of independent 
reviews. You can pay using a cheque,  postal order, credit or debit card and even pay securely 
onl ine.  Please contact us for your volume requ i rements .  

Also available from Farnell, 
Maplin, Rapid and CPC 

(prices vary) 



Making microcontroller 
RAM non-volatile 
Assist. Prof. Dr. Osman Kaan Erol describes a cost-effective way of 
making some small  capacity microcontroller RAM non-volatile 

Writing s0ftware for the 
smallest capacity 
microcontrollers is the 

other side of the software universe. 
When compared to big computers, 
these quantum-sized microcontrollers 
in contrast have nearly all the 
necessary peripherals to design a 
complete system. · These peripherals 
(UART, CAN Bus controller, RF 
Transmitters, EEPROM, RAM, . . .  etc) 
are various but the non-volatile RAM 
exists only in expensive battery
backed-up micro-controllers. 
However adding an external memory 
adds extra costs (hardware and 
softwar� costs) taking into 
consideration microcontrollers having 
only 8 pins and lK of memory or 
even less. The proposed method is 
nearly transparent to the user, making 
the microcontroller RAM non
volatile, a necessary feature for 
storing highly varying data storage 
such as energy data. 

System Description 
The problem of having non-volatile 
memory first appeared to me while 
designing an energy meter using 
ATMEL' s  89C205 1 Flash based 
805 1 family 20-pin microcontroller1 . 
The program memory was already 
full, and there were difficulties in 
fitting the code into a 2K memory 
space. The device was designed so to 
receive energy pulses from another 
energy measurement IC, to accept a 
tariff change signals, be able to 
communicate via MODBUS, drive 
six 7-segment LED displays, read an 

8 pin address switch and drive three 
signalling LEDs. Above all, there 
was no spare program space to fit an 
interface for a serial EEPROM. At 
the time of the design, there was no 
4K option of the above 
microcontroller, so it was required to 
find a way to store the energy 
registers in the absence of power, that 
would only consume a few bytes of 
memory. The microcontroller was 
designed to operate down to 2V7 
which gives the chance to add a 
three-cell NiMH battery pack in the 
power line. Non - rechargeable 
Lithium button cells were not 
appropriate since the voltage drop 
between the pins of the diode D3 
would decrease the 3V battery 
voltage below the operating voltage 
of the microcontroller Figure 1 .  The 
NiMH cells (3V6 nominal by using 
3-cells) were charged using a trickle
charging method2. Since this battery 
is used to back-up the data, fast 
charging methods were not required. 
The schematic given in Figure 1 has 
no special configuration. With the 
given schematic, the system is able to 
operate when the power shuts down 
but not for a very long time, 
especially when long term data 
retention is considered. To prolong 
the data retention time to beyond a 
year, some more severe energy 
reduction themes were necessary. 

Reset Signal Requirements 
Like several other brand 
microcontrollers, the microcontroller 
used has very small power-down 

To +5� 01 [>!•--------..._.. �---� ... �icrocontrol ler 
BT 1 

current consumption, in the order of 
twenty microamps. The problem was 
to stop the microcontroller when the 
power shuts down and to restore to 
the normal operating state when the 
power resumes. This problem is 
resolved without any additional 
external components. A software 
algorithm coupled with the reset 
circuit shown in Figure 2 is enough 
to overcome the problem. The reset 
circuit is given below. 

The reset circuit uses a special 
three-pin reset IC which has positive 
reset pulse required for this 
microcontroller. Negative reset 
pulses are not appropriate for this 
type of application. The wave-forms 
belonging to power-on and power-off 
states are shown in Figure 3a and 3b 
respectively3. 

The power-on reset pulse is a 
normal pulse as mentioned in the 
datasheets of the reset IC, while the 
power-down reset pulse is dependent 
on the voltage fall slope. Anyway, 
the slope of the power supply circuit 
at power down is steep enough to 
reset the microcontroller. When the 
voltage falls below the reset high
state (active state) of the 
microcontroller, it starts running the 
program since it is powered from the 
battery pack. Therefore it can be 
concluded that the microcontroller 
will receive a reset pulse (the term 
'pulse' is important since the on
going reset state as long as the power 
is down is not allowed for this type of 
the application) every time the power 
is up or down. The program checks to 

+5V 

89C205 1 DS1 8 3 3  
reset 

Figure 1: Back-up power circuit. I Figure 2: Reset circuit of the 
microcontroller. 
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Figure 3: Reset signal waveforms of the DST 833 reset circuit JC 

Figure 3a: Power-on reset signal waveform. 

J 

Figure 3b: Power-down reset signal waveform. 

Reset interrupt routine start 

Wait a l l  the voltages in the circuit except microcontroller supply, 

fall below logic "0" decision level of the microcontrol ler i/o pins 

Sample an i/o pin used in the circuit to drive external components 

such as LEDs, displays, etc 

Go to power-down 

state 

Normal program operation 

Figure 4: Basic alogorithm of the operation 
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see whether it  is  a power-on reset or 
power-down reset. This can easily be 
accomplished by checking a pin state 
of the microcontroller normally 
driven to zero when power is down 
but can be set to high state when the 
microcontroller is reset (normally the 
AT89C205 1 puts every i/o pin to 
high state after reset). The basic 
algorithm for checking the reset 
status (up or down) is shown in 
Figure 4. 

The Algorithm 
After reset, the microcontroller waits 
for a predefined delay time to allow 
all the voltages to fall to zero after 
power-down. Then it samples the 
state of a pin whose load 
characteristics are mentioned in the 
preceding paragraph. If this is ' 1 '  
then it is a power-up reset and the 
program-counter of the 
microcontroller is loaded with the 
main program start address. If the pin 
state is ' O ' ,  then this means a power
down reset, the microcontroller is put 
in the power-down state, which 
reduces its current consumption to 
below 20µA. This current 
consumption offers a time retention 
capacity of more than 1 year 
depending on the battery capacity (in 
the application a standard 250mAH 
button cell battery pack has been 
used). Since the power will never go 
down for such a long period of time, 
this can be considered as long as the 
battery life. The memory requirement 
for this application is less than 1 0  
bytes which means this algorithm is 
quite transparent to the programmer. 
The necessary memory size can be 
decreased if a microcontroller having 
a command size of one word is 
chosen. Actually 805 1 derivatives 
use commands that spread over more 
than one byte (2 or 3 bytes are 
normal). 

Conclusion 
The proposed method is well suited 
for small program memory and 
highly cost sensitive applications 
requiring data retention that is nearly 
transparent to the user. The 
implementation of the algorithm 
consumes just a small program 
memory space. 

References 

1 . ATMEL 89C2051 datasheet, pages 1 -5 .  

2 .  Varta V250H N i M H  battery datasheet. 

3. Dal las Sem iconductor, DS 1 83 3  SV 

Econoreset IC datasheet, page 3.  
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Figure 1. Vectors 
involved in the 
potentiometer 
and 
compensation 
resistor 
combination. 

2 0  

linear phase shifter 
Featuring low cost and with the potential for battery operation, 
Robert Watt's linearised anal�gue phase shiker has a variety of 
measurement and calibration uses 

Linear analogue phase shifter specifications 

Reference input voltage 1 V RMS 
Maximum DC input +40V 
I nput resistance 1 MQ, AC coupled 
Frequency ranges 1 OHz to 1 OOHz, 1 OOHz to 1 .OkHz and 1 .OkHz to 

1 0kHz 
Phase-shift range 0° to 90°, 90° to 1 80°, 1 80° to 2 70° and 2 70° to 

360° in fou r  switched q uadraflts 
0 . 1 °  
0. 1 °  

Phase-shift resolution 
Phase-shift accuracy 
Shifted output voltage varying, 1 V to 0 .7071  V to 1 V, dependi ng on output 

phase angle 

System operating requirements 

1 .  Osc i l loscope with X/Y ampl ifiers, sensit ivity ±0.SmV/d iv 
2 .  D ig i tal voltmeter - 3.5 dig it  or better at 1 V RMS 

H aving studied the phase
shiftable signal generator in 
the July 2000 issue, I thought 

that you might find the design 
presented here interesting. This circuit 
does not have the 1 6MHz frequency 
range of the one in the July issue, but 
it is very inexpensive to build and has 
computable accuracy. 

If necessary, the circuit' s  lOkHz fre
quency range can no doubt be 

Voltage 
across R 

+ 
R I 90° 
vector 

increased by reducing the potentiome
ter resistance to the limit. Should you 
do this though, bear in mind the output 
impedance of the amplifiers. 

This design is stand-alone in that it 
does not need the assistance of a com
puter. It merely requires a reference sinu
soidal input wave and a digital voltmeter. 

The circuit has sufficient precision to 
make it suitable for calibrating other 
instruments. It can be battery powered, 
giving it the potential for portability. 

Using lOMQ scope probes terminated 
with approximately 50kQ resistors, and 
of course an oscilloscope, the circuit 
could be used for in-phase measurement 
of three-phase mains supplies*. 

It can accurately measure the phase 
shifted by any RC or other network. 
Alternatively, it can be used to shift the 
phase of a sinusoidal source from, for 
example, an oscillator. To my knowl
edge, there is no other analogue phase 
shifter with this linearity and precision 
that is currently available. 

The circuit's origins 
This concept was developed some 30 
years ago while I was employed by 
Ferranti Ltd and is long overdue for 
publication. 

A patent was never applied because 
the principle was shown mathematically 
many years before this by a chap called 
Drysdale. At that time, implementing the 
circuit was impossible, although the cir
cuit is a very simple method of produc-

List 1. Corrected and uncorrected 
results obtained from the Qbasic 
program, List 2. 

Result 1 Corrected 

Dial Deg Mins VO 
0 0 0 1 
5 4 5 8  .9234656 
1 0  9 5 8  .863 5239 
1 5  1 4  5-9 .8 1 6601 7 
20 20 0 . 7801 6 1 1 
2 5  2 5  1 . 7523797 
30 30 2 . 7 3 1 9505 
35 35 2 . 7 1 79568 
40 40 . 70979 1 1 
45 45 0 .7071 068 
50 49 59 . 70979 1 1 
5 5  5 4  58 . 7 1 79566 
60 5 9  5 8  . 73 1 9503 
65  64 59 .752 3793 
70 70 0 .7801 607 
75 75 .8 1 6601 1 
80 80 2 .863523 1 
85 85 2 .9234646 
90 90 0 .9999987 

Result 2 Uncorrected 

D ial Deg Mins VO 
0 0 0 
5 3 2 2  .946077 
1 0  7 8 .8958065 
1 5  1 1  1 9  .8498366 
20 1 5  5 7  .808901 2  
2 5  2 1  2 .7737994 
30 26 34 . 7453561  
35 32  2 8  . 7243559 
40 3 8  4 0  . 7 1 1 4583 
45 45 0 .7071 068 
50 5 1  20 . 7 1 1 4582 
5 5  5 7  3 2  . 7243557  
60 63 26 .7453558 
65 68 58 .773 799 1 
70 74 3 .8089007 
75 78 41 .8498361  
80 82 52 .8958058 
85 86 38 .9460762 
90 90 0 .9999992 

ing a linear phase shifter. 
Extensive use of this phase-shift 

method has been made in the past. It 
involves producing a 90° vector equal 

45° 90° 1 90° 45° 
i:;=_-==- - ·--�.;==--==--=--=--.---. 
' 1 80° vector, 1 V · 0° vector, 1 V 

* Specialist knowledge of the safety requirements and regulations for working with 
anything involving mains voltages is mandatory due to their potentially lethal nature. 
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in size to the input vector and then con
necting a potentiometer between the 
input and 90° vectors. The potentiome
ter wiper position represents a vector 
output from the input phase to 90° . 

The problem with this method is that 
the output is not linear so a modification 
to the circuit has been developed. This 
modification is very simple; connect a 
resistor of 1 . 8025 times the total value 
of the potentiometer from the wiper to 
each end of the potentiometer, Figure 1 .  

As the calculation results in List 1 
show, the errors before correction are 
approximately 4° maximum and after 
correction are less than 2 minutes over 
the entire potentiometer range. 

Generating a 90° vector 
To achieve a 90° vector, the frequency 
range switch in the circuit involved 
here selects a suitable capacitor, which 

1k • 10kHz 

is connected in series with a poten
tiometer marked frequency balance. 
This series combination is connected 
between the 'zero' and 1 80° vectors. 

Now, the balance potentiometer is 
adjusted for the frequency involved. 
When the voltage across the capacitor 
is equal to that across the balance 
potentiometer then the vector at the 
junction of the two is 90° and is unity 
in size. 

Circuit requirements 
Figure 2 is a practical circuit, produc
ing phase shift from 0 to 360° with an 
overall accuracy of ±0. 1  ° and a fre
quency range of lOHz to lOkHz. 

As the phase potentiometer can only 
shift up to one quadrant, the vector 
polarities require manipulating to shift 
around the circle; a ' quadrant switch' 
achieves this. To enable resolution to 

0. 1 ° ,  a ten-tum helical potentiometer 
with an appropriate dial is required. 

Due to stray capacitance along the 
length of the potentiometer, maintain
ing ±0. 1 °  accuracy at lOkHz requires a 
potentiometer of as low a value as 
practical. A value of l kQ with a lin
earity of ±0.02% such as a Beckman 
model 'A' is suitable. 

For the dial to display the output in 
degrees, the potentiometer must travel 
ten turns to the dial ' s  nine turns. This 
requires the dial coupling to be made 
via a 9 : 1 0  gear assembly. 

To produce an accurate 90° vector, a 
DVM is alternately connected between 
the 90° vector and the zero and 1 80° 
vectors in tum, by the setting of the 
balance switch. The frequency-balance 
potentiometer is then adjusted for equal 
readings on the DVM for each setting 
of the balance switch. This adjustment 

Figure 2. 

Frequency range 

Practical circuit for 
a linear analogue 

phase shifter. 
100 • 1 kHz 

10 • 100Hz 

TP3 

4.7k 1 %  
adjust 

������--���, RV2 

Frequency 
balance 

Ref l/p 

1 v  C>--0 
RMS + 1 0µ 

sov 

1 M  

220 

4.7k 

CV3 
20p 
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LF 1 00 
4.7k 1 %  

TP2 

TP1 

4.7k 1 %  
LF 

RV1 
1 00 

CV1 
4.7k 1 %  20p 

TPO 

360° 
270° 
1ao· 
90° 

All ICs LF353 
Phase Pot. Beckman 10 turn helical 1 k tot. 1 % l in 0.02% 
Rx 1 .8025 x overall pot. resistance 
multi-turn dial connected to pot. via a 9 : 10  gear train 
*C1 , C2, C3, are polystyrene or polycarbonate type. 
Frequency balance pot. is 1 O turn 5k 

1 Quadrant 
I switch 

I 
J... I .22Q � 
� Bal. 

To DVM I SW4 

270° 
1ao· 
90° 
o· 

To lCs 

+ 1 000µ = 

4.7k 
1 %  

+ 
1 000µ 

4.7k 
1 %  

Power in 
9V mln. 
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List 2. Qbasic listing for verifying the linearity of the corrected phase-shifting arrangement. 

REM QBAS I C  
CLS : N = 0 
REM PHASE 
PRINT "X IS THE RATIO , COMPENSATING RE S I STOR/POT . " 
PRINT " REQU IRED TO LINEARISE THE POT . FOR PHASE S H IFT" 
PRINT " C  I S  THE DIAL SETTING OF THE POT . "  

I F  FLAG 1 THEN PRINT " STORE ? Y / N " : INPUT FL 1 $  
I F  FL 1 $  = " Y "  OR FL 1 $  = " y " THEN GOSUB F ILE2 

I F  FL 1 $  = "N" OR FL 1 $  
I F  FLAG = 2 THEN END 

PAGE 1 0 . 
" n "  THEN FLAG = 2 

PRINT " R l  IS THE FRACTION OF THE POT . FROM TOP TO THE WIPER" 
PRINT " R2 I S  THE FRACTION OF THE POT . FROM WIPER TO BOTTOM" 
PRINT " IF THE 0 DEG . AND 90 DEG . VECTORS ARE !VOLT " 

STORE : 
PRINT " STORE ? Y / N " : INPUT FL$ 
I F  FL$ "Y" OR FL$ = " y " THEN GOSUB FILEl 
I F  Flt$ = " N "  OR FL$ = " n "  THEN GOTO MORE PRINT " THEN THE VOLTAGE VT ACROSS THE POT . IS 1 . 4 1 4 2VOLTS "  

PRINT " THE O \ P  VECTOR V O  I S  A FUNCTION O F  THE O \ P  ANGLE " 
FL = 0 :  FLAG = 0 :  FLAG! = 0 :  FLAG2 = 0 

MORE : 
PRINT "MORE ? Y /N " : INPUT MORE$ 

DIM A# ( 2 0 ) , B# ( 2 0 ) , C# ( 2 0 ) ,  D# ( 2 0 )  
AGAIN : 
PRINT " DO YOU W I S H  A HARD COPY Y/N" : INPUT FL$ 
I F  FL$ = "Y" OR FL$ " y " THEN FL = 1 :  GOTO F IRST . IN 

IF MORE$ = " N "  OR MORE$ " n "  THEN END 
I F  MORE$ = " Y "  OR MORE$ = " y " THEN GOSUB UNCORRECTED ELSE 
GOTO MORE 

IF FL$ = " N "  OR FL$ = " n "  THEN GOTO F IRST . IN ELSE GOTO AGAIN 
F IRST . IN :  

GOTO INPUT . NEW 
END 
CORRECTED : 

CLS : GOSUB CORRECTED 
INPUT . NEW : 
PRINT " DIAL " , " DEG" , " MINS " ,  "OUTPUT VOLTS "  

I F  F L  = 1 THEN LPRINT " CORRECTED "  
X = 1 . 8 0 2 5 : PRINT " CORRECTE D " : RETURN 
UNCORRECTED : 

IF FL = l THEN LPRINT " D IAL " , " DEG " , " MINS " ,  " OUTPUT VOL T S "  
c = 0 

IF FL = 1 THEN LPRINT " UNCORRECTED " 
FLAG = 1 :  X = 9 9 9 9 9 9 9 9 9 : CLS : PRINT " UNCORRECTE D " : RETURN 
F I LE l : FOR Count 1 TO 0 STEP - . 0 5 5 5 5 5 5  

R l  = Count 
R2 = 1 - Rl 
REM PYTHAGORUS 
Vl = 1 :  V2 = 1 :  VT = SQR ( ( Vl A 2 )  + ( V2 A 2 ) )  
REM CAN ' T  DIVIDE BY ZERO 
IF R l  0 THEN Z l  0 
IF Rl > 0 THEN Z l  ( R l  * X )  ( Rl + X ) 
IF R2 0 THEN Z 2  0 
IF R2 > 0 THEN Z 2  ( R2 * X )  ( R2 + X )  
Z T  = Z l  + Z 2 : I = VT / Z T : VZ 2 = I * Z 2  
REM PYTHAGORUS AGAIN 
V3 = SQR ( VZ 2  A 2 I 2 ) 
V4 = Vl - V3 
VO = SQR ( ( V3 A 2 ) + ( V4 A 2 ) ) 
REM TANGENT AND CAN ' T DIVIDE BY ZERO 
IF V4 = 0 THEN T 1 . 5 7 
IF V4 > 0 THEN T = V3 I V4 
REM RADIANS 
R = ATN ( T ) 
ANGLE = R * 1 8 0  / 3 . 1 4 1 5 9 : DEG = INT ( ANGLE ) : MINS 
C INT ( ( ANGLE - DEG )  * 6 0 ) 
IF MINS = 6 0  THEN MINS = 0 :  DEG = DEG + 1 
PRINT C ,  DEG ,  MINS , VO 
IF FL = 1 THEN LPRINT C ,  DEG , MINS , VO 
A# ( N )  = C :  B# ( N )  = DEG :  C# ( N )  = MINS : D# ( N )  = VO 
C = C + · 5 :  N = N- + 1 
NEXT 
N = 0 

must be carried out for each test fre
quency used. 

The balance potentiometer is labelled 
frequency balance and is adjusted in 
conjunction with the frequency range 
switch for the frequency in use. 

Operating the circuit 
Measurement of an unknown wave-

Measuring an unknown waveform 

To measu re an u n known waveform, appl y  approxi mately 
1 V RMS to the sh ifter reference i nput at  the desi red test 
frequency. Connect a DVM to the DVM socket and adj ust 
the frequency ba lance potentiometer to equa l i se the DVM 
read i ngs to ±1 m i l l ivolt for both positions of the balance 
switch .  The sh ifter i s  now operat ional at th is  test frequency. 
Set the q uadrant switch to the expected q uadrant. Connect 
one osci l l oscope probe to the sh ifter output and the other 
probe to the u n known waveform and adj ust the sh ifter d i al 
and quadrant switch for a d iagonal scope d i splay. 
The sh ifter quadrant switch plus the phase d ia l  g ive the 
u nknown phase with respect to the reference. 
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OPEN " A :  \ RE SULT ! . BAS " FOR OUTPUT AS # 1  
C L S  
PRINT " STORED VALUE S "  
PRINT # 1 , "CORRECTED:' 
PRINT " D IAL " I JI DEG " ' JI MINS " I JI VO " 
PRINT # 1 , " DIAL " ' " DEG " ' " MINS " I "VO " 
FOR Q = 0 TO 1 8  
PRINT #1 , CSNG ( A# ( Q ) ) ,  CSNG ( B# ( Q ) ) , C SNG ( C# ( Q ) ) , CSNG ( D# ( Q ) ) 
PRINT CSNG ( A# ( Q ) ) , CSNG ( B# ( Q ) ) , CSNG ( C# ( Q ) ) ,  C SNG ( D# ( Q ) ) 
NEXT Q 
CLOSE # 1  
RETURN 
F I LE 2 : 
OPEN " A : \ RE SULT2 . BAS " FOR OUTPUT AS #2 
CLS 
PRINT " S TORED VALUE S "  
PRINT #2 , " UNCORRECTE D "  
PRINT " DIAL " I " DEG " ' " MINS " I "VO " 
PRINT #2 , " DIAL " , " DEG " , "MINS " ,  "VO " 
FOR Q = 0 TO 1 8  
PRINT #2 , C SNG ( A# ( Q ) ) , CSNG ( B# ( Q ) ) , CSNG ( C# ( Q ) ) ,  CSNG ( D# ( Q ) ) 
PRINT CSNG ( A# ( Q ) ) ,  CSNG ( B# ( Q ) ) ,  CSNG ( C# ( Q ) ) , C SNG ( D# ( Q ) ) 
NEXT Q 
FLAG = 2 
CLOSE #2 
RETURN 
END 

form can be achieved by comparing 
the shifter output to the unknown wave 
using an oscilloscope set for X/Y dis
play pattern and DC coupled. 

If the test frequency is greater than 
lkHz then the oscilloscope X and Y 
channels require phase balancing. This 
can be accommodated by using x 10 
probes and connecting both probes to 
the same waveform, then adjusting the 
frequency compensation capacitors of 
the probes for a diagonal display. 

Sensitivity of the X and Y channels 
should be adjusted to allow 0. 1 °  reso
lution. 

Circuit description 
Reference input amplifier /C1a is a xl 
buffer. Its output is the zero degrees 
vector and is fed to /C1b - a xl revers
ing amplifier producing the 1 80° vector. 

In addition, the zero degrees vector is 
fed to the frequency range switch, 
which selects the range capacitor. The 
1 80° vector connects to the frequency-

balance potentiometer. 
Both the junction of the range capac

itor and the balance potentiometer are 
fed to /C2a which produces the 90° vec
tor and is input to /C2b. A xl reversing 
amplifier produces the 270° vector. 

All four vectors connect to the quad
rant switch, allowing the output poten
tiometer to be switched around the cir
cle, one quadrant at a time. 

Phase accuracy of the 90° vector 
depends on the loss or power factor of 
the capacitors C1_3; polystyrene or 
polycarbonate types are suitable. 

The output potentiometer is phase 
corrected by the resistors marked Rx; 
each has a value 1 .8025 times the total 
value of the potentiometer. Output 
from the potentiometer feeds /C3a, 
which is a xl buffer amplifier. Output 
from /C3a is the phase-shifted output. 

Phase accuracy of /C2a and /C2b out
puts, i .e.  the 90° vector and the 270° 
vector, depends on the input frequency. 
This can be adjusted by setting the fre-
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Figure 3. Arrangement for 
determining the voltage across C. 

Figure 4. Determining the voltage 
across C. 

quency range switch, connecting a 
DVM reading volts to the DVM 
socket and adjusting the frequency 
balance potentiometer to balance 
±0. 1  % the DVM reading. Do this 
for both positions of the balance 
switch. 

Power consumption of the circuit 
is quite low, at less than 20mA, so 
battery operation and portability 
are both options. The function of 
/C3b is to divide the power source 
into two lines about the ground 
plain, removing the need for two 
batteries. 

The minimum usable battery 
required is 9V, giving a ±4.5V 
supply to the ICs. 

Adjusting the amplifiers 
Low frequency adjustment. 
Input approximately 1 V RMS at 
400Hz to the REF ,socket. Using 
the DVM, measure the output of 
/C1a at TPo then move the DVM to 
TP1 and adjust RV1 for the reading 
at TP0 ±0.5mV. 

Next, move the DVM to TP2 and 
measure the output of /C2a· Move 
the DVM to TP3 and adjust RV2 for 
the DVM reading obtained at TP2 
±0.5mV. 
High frequency adjustment. 
To perform HF balancing of the 
oscilloscope, input 1 OkHz at 1 V 
RMS to the REF socket. Connect 
both scope X and Y channels via 
x l O  probes to the REF socket, set 
both channels to 5mV\cm and X 
/Y display. 

If the display is an ellipse then 
adjust one or both probe compen
sation capacitors until a diagonal is 
achieved, this compensates the HF 
unbalance in the scope amplifiers. 

Now move one of the probes to 

the TPO and adjust CV3 for a diago
nal line. Next move the probe at the 
REF input to TP1 and adjust CV1 
for a diagonal line. 

Move the probes, TP0 to TP2 
and TP1 to TP3, adjust CV2 for a 
diagonal line. The circuit is now 
operational. 

Calibration 
Checking the accuracy of the shifter 
is difficult without sophisticated 
equipment. However, a method of 
checking at various points on the 
dial can be achieved. Select a resis
tor and quality capacitor, measure 
the component values and calculate 
the phase angle of their series con
nection for the selected frequency. 

Use an oscilloscope as described 
under the heading 'Measuring an 
unknown waveform' to make the 
following tests. 
Set your test generator accurately 
to the test frequency and apply to 
both the shifter input and to the 
capacitor of the series connected 
components. 

Compare the angle across the 
resistor to the shifter output as in 
Figure 3. Any number of angles 
may be checked by altering the test 
component values. 

The quality of the test capacitor 
becomes more important as the 
test frequency is increased. Values 
of the resistor and capacitor should 
be such that they will not be com
promised by the connection of a 
x l O  scope probe. Note that if the 
voltage across the resistor is com
pared to the shifter output, then the 
output will be .in the first quadrant 
and gives one point on the shifter 
dial. 

Turn the test components upside 
down, so that the voltage across 
the capacitor is compared. Connect 
the output of the shifter to the 
input of the resistor as in Figure 4. 
In this connection, the output of 
the shifter is added to the capacitor 
angle to finally give a zero angle 
on the display and the shifter dial 
again is in the first quadrant. 

Adding the angles across the 
resistor and across the capacitor 
will give 90° and the addition of 
the shifter dial readings should 
agree to this ±0. 1 °  if the system is 
perfect. As the readings are in the 
same quadrant, then the errors will 
add together. As a result, the errors 
should be halved for the correct 
answer. 

The test resistor and capacitor 
are best selected to give angles of 
approximately 65° and 25° .  These 
angles check the system at about 
its worst points. • 
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TV 'pong' game 
Many years ago before home computers or mobile phones there 
appeared an arcade tennis game called 1Pong' everyone thought at the 
time this was the last word in interactive gaming. Put on your flares and 
afro wigs as John Morrison revives a golden oldie 

:2pF 

BC3 3 7 

I OR 
3K9 

4 

ATl\lEL AT90S l 200 1 
K 

+4. 5Volt 

l OON 

CVB S� 
2:!0uF 68R 

l OpF 

AUDI0 ®---1 
l OON 

I K  

Figure 1 :  Circuit diagram 
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Being a keen electronics buff, I 
thought of making one of these 
games for myself, so I set about 

building it using TTL logic gates. It 
took about three months and 40 or so 
!Cs and had to be powered from a 5 
amp supply. 

Once built, my son and I spent 
many happy hours playing with it. 
My son, now thirty, had been talking 
about the gadgets I keep making and 
mentioned the pong game, old hat 
now but still fun to play. This set me 
thinking about whether it would be 
possible to make one using modern 
components, perhaps a micro 
controller. This is the result. 

The unit can be built using an 
Atmel 90S 1 200/ 1 300 micro 
controller and little else. I have added 

I DEMO 1 1  LFT/RGT I I RESET I 
more features than the original unit 
and it can be built on a 5cm x 2.7cm 
PCB using standard components. The 
controller is programmed to supply 
CVBS video out with sound and will 
connect directly to a TV scart socket. 

The game has on screen scoring, a 
ball, centre net and two bats - both of 
which can be computer controlled for 
a demo mode where it plays itself. 
The source listing is easy to 
customise. You could add balls, 
change the bat sizes, alter the speed 
and more. 

Micro-controller 
The Atmel 1 200/1 300 controller is 
fast, one instruction takes only 
62.5ns. It is also very cheap and easy 
to obtain. It has flash re-

programmable code memory of 1024 
bytes and 64 bytes flash data 
memory. 

The code and data memory can be 
'locked' to prevent unauthorised 
access. 

There is an on chip analog 
comparator and an internal oscillator 
(4MHz) so an external xtal may not 
be required in some projects. The 
reset pin can be tied to V cc for 'reset 
on power up' .  

How i t  works 
A video picture is made up from 25 
frames a second each frame 
consisting of 2 fields of 3 1 2.5 lines 
per field making 625 lines in total. 
Each line is 64µs long consisting of a 
4. 7 µs horizontal line sync pulse 
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Figure 2: A T90S 1200 pin out 

AT90S I 200 
RESET vcc 

PDO PB7 
PDl PB6 

XTAL2 PB5 
XTALl PB4 

PD2 PB3 
PD3 PB2 
PD4 PB l 
PD5 PBO 

GND PD6 

Figure 4: Scarf socket 

2 4 6 8 1 0  1 2  14 1 6  1 8  20 
• • • • • • • • • •  

• • • • • • • • • • 
1 3 5 7 9 1 1  13 15 1 7  1 9  

Components 

R1 1 0R C 1  2 2 0 µ F  6volt  

R2 68R C2 2 pF 

R3 47k C3 1 0p F  

R 4  68k C4 1 OOnF 

R5 3 k9 CS 1 00nF  

R6 1 k XT1 1 6MHz Xtal 

R7 1 k TR1 B C3 3 7  or s im i lar 

IC 1 AT905 1 2 00 or 1 300 

You can obtain a free assembler and 
lots of information on A tmel 
products from www.atmel.com 

Readers who are build/fig the project and 
need the listing, please email Caroline 
Fisher (details on page }J with A 7 33 as the 
subject 

within a 1 2ms blanking period and 
52ms of visible picture per line. The 
Atmel 90S 1 200 can easily generate 
the video sync signals required. 

The controller operates in Timer 
Interrupt mode to generate these 
signals which is still too fast and 
must be divided down to obtain the 
required line frequency. The code 
within the interrupt is therefore time 
dependant and should not be altered. 
A 16 bit counter is incremented every 
time an interrupt is taken and is used 
to determine which displayed line we 
are on. There is also an Hsync flag 
which is cleared at the end of each 
interrupt. We use this to determine 
when a new line is about to start. 

The screen objects, bats and ball, 
are moved during each field blanking 

+0.7V Peak wh ite 

.
4 . 7µs. 

Figure 3: 
Standard 625150 

TV waveform 

OV B l ack l evel � Vis i b l e  p ictu re area 

- - -0.3V Sync 

64µs I <  One l ine of 625 l i n e  v ideo s igna l > I  

period. This makes for a smooth 
movement at a set speed. To place an 
object on the screen we need to 
compare the X, Y position of the 
object with the line counter and the 
Hsync flag. The Y position is simply 
the current display interrupt line 
counter. The X position is a delay 
value from the start of line (Hsync 
flag). The main code loop simply 
checks the value of the line counter 
to see if a ball, bat, net or score 
character are required. 

The characters for the score display 
are stored in the internal data 
memory. These bytes are retrieved on 
one line at a time basis and displayed 
on screen. Only characters zero to 
seven can be stored in the 90S l 200 
because of the 64 bytes data limit, 

V I DEO 

however the 90S 1 300 has twice the 
memory capacity so zero to nine 
could be stored. 

The completed unit is connected to 
a scart socket: CVBS to pin 20, audio 
to Pins 2 and 6 and ground to pin 1 7. 
A push switch is connected to Reset 
and this will reset the score counters 
when pressed. The demo switch 
should be a latching ON/OFF type, 
the LFf/RGT is connected to a 
joystick or you can use two push 
buttons. If you wish to use the 
program ' as is ' an assembler is not 
required. Just put the code bytes 
starting from ' MAIN CODE' into a 
text file in a format suitable for your 
programmer. The unit can be 
powered from 3 x AAA batteries and 
draws around 1 5rnA. 

Figure 5: 
PCB component side 

Figure 6: 
PCB print side 

PCB not to scale. 
Scale to size 

5cm x 2.7cm 
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A 5MHz 500MHz 
RF RSSI power meter 
with 100 dB ranue 
It is tempting to build a device that can give you information about the 
power l�vel of a signal source, or a received signal terminated in a 
known re�istance. Unfortunately it is not so easy if you try to build it 
from discrete parts. Emil Vladkov elucidates 

I discovered that Analog Devices is 
producing a whole range of 
devices with logarithmic transfer 

ftinction. Knowing that dB are the 
log-expression of a value, the idea 
was not too far fetched that such a 
device can be used to express an 
electrical value in dB . I took a look at 
the range of offered devices and 
came across the AD8309 - a device 
which not only has a voltage output 
proportional to the dB-value of an 
input, but also demodulates the signal 
- it is some sort of detector1 . 

That ' s  exactly what is needed for a 
power meter, which should be 
capable of measuring the equivalent 
power of a CW RF-source6. The task 

Figure 1: Block was to measure this voltage and to 
diagram of the compute from it (through the slope 
RSSM8309 RSSI power factor) the dB-value. Also this dB-
meter value needs to be displayed in some 

RF 
Input INHI fF 

...._---1i..1 Input Matching VLOG 
Network 

INLO 

Demodulating 
Logarithmic 

Amplifier 

convenient way to the user of the 
device. So I built up the system 
diagram shown in Figure 1 
representing the proposed device 
structure. To absorb the input power 
on a known resistance an input 
matching network is needed8. it 
serves also the conversion from 
unbalanced to fully balanced signal at 
the input, as the AD8309 operates in 
differential mode from input to 
output. The differential signal is 
supplied to the demodulating log 
amplifier for converting power-to
volts. The analogue output of the log 
amplifier is converted to a digital 
value by a 1 2-bit A-to-D converter. 
The results of the conversion are 
presented to the device 
microcontroller through a serial SPI
interface. The use of a serial interface 
is a right choice in the case of 

1 2-bit A-to-D 
converter 

SPI 
Interface 

+2.5V 

RS-232 
Interface 

Microcontroller 
with on-board 

flash 

Power Supply 

+5V Regulator 

+2.5V Regulator 

Control 
Signals 

DODO ODDO 
ODOODDDD 

2x8 Display 

I 
implementing microcontrollers with 
low pin counts, which have not 
enough I/0-lines to handle parallel 
interfaces to converters. The parallel 
interface is used to connect the micro 
to the data bus of an alphanumerical 
2 rows x 8 digits display for 
presentation of the results. An 
additional three lines are needed to 
control the transfer of information 
from and to the display device. The 
use of a microcontroller has the 
additional benefit of providing a 
serial RS-232 interface making easy 
interfacing and transfer of data to a 
PC possible. The power supply needs 
are rather complicated, as all digital 
logic and the log amp use a 5V 
regulated supply, but the A-to-D 
converter I implemented needs 2.5V 
to provide a dynamic range from OV 
to 2.5V which is exactly the output 
range of the log amplifier. 

Lets dive in with some details 
regarding the internals and working 
of the different subcircuits building 
the whole device. 

Basic J>rinciple of operation of a 
logarithmic amplifier 
The main purpose of the basic 
logarithmic amplifier is to produce mi 
output signal, which is proportional 
to the logarithm (usually at base 1 0) 
of the input signal. So the circuit can 
reduce a very wide dynamic range of 
a signal (as in the described 
implementation - 1 OOdB) to a much 
convenient one to handle and 
interpret decibel value. The transfer 
function of the logarithmic amplifier 
can be described by the equation ( 1 ) 1 . 
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Special Offers of 
Quality Second 
User Test Equipment 

Ag i lent (Hewlett Packard) 87530 Network Analyser 
Option 1 1  (Th is deletes the 'S' Parameter) 

85046A 'S' Parameter Test Set can be purchased 

separately if req u i red . 

Frequency Range 300kHz - 3GHz 

U p  to 1 1  O d B  of  Dynamic Range 

Price of 87530 = £7995 
Price of 87530 + 85046A = £9995 

Agilent (Hewlett Packard) 3588A Spectrum Analyser 

Option 00 1 ( H ig h  Stabi l ity Frequency Ref . )  

Frequency Range 1 O Hz - 1 50 M Hz 

Price of 3588A = £3995 

Flu ke I Phi l ips PM97 Scopemeter 

Stanford Research DG535 

All equipment is used - with 90 days guarantee. 
Packing/Delivery and VAT to be added to all goods. 
TELNET, 1 Stoney Court, Hotchkiss Way, 
Binley Industrial Estate 
Coventry CV3 2RL ENGLAN D 

50 M Hz (25 Megasamples I Second) Dual  Trace 
DSO I nteg rated Dual Channel  5000 cou nt 
True R . M . S . M u lt imeter. 
Complete with a l l  accessories and Carry Case . 

Price of PM 97 = £400 

Fou r  Chan nel Dig ital Delay Generator 
Various options avai lable 
Two Fu l ly Defi ned Pu lse Outputs 
5 picosecond Edge Resol ut ion 
50 picosecond RMS J itter 
Fu l ly Adjustable Ampl itude & Offset 
Delays up to 1 OOO seconds 
1 M Hz Maxi m u m  Trigger Rate 
I nternal , Burst, Li ne or External Trigger ing 
G P I B  I nterface - Standard 
Optional Outputs + or - 35V, 1 00 ps Rise I Fall  
Price of OG535 = £2750 

Tel :  02476 6SO 702 
Fax:  02476 6SO 773 
Web: www.telnet.uk.com 
Emai l :  sa les@telnet.uk.com 
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is nearly 52,SOOGHz, which is 
enormous. The bad news is that even 
a small amount of noise will lead to 
output voltage, so signals below 
certain levels of the noise floor 
cannot be measured. The 
responsibility of the designer is to 
ensure that the noise baseline is 
below and not above the intercept 
point. The described logarithmic 
amplifier will use a cascade of non
linear gain stages. Each non-linear 
amplifier unit has a piece-wise-linear 
transfer function as is depicted in 
Figure 3. Often it is called All cell. 
For small signals the gain is A, but 
after a certain point (Ek) it drops to 
unity gain. For the classic (non
demodulating) log amplifier the same 
function is symmetrical and valid for 
both positive and negative input 
voltages. Usually the intercept 
voltage and the slope voltage can 

3Vslope 

2Vslope 

Vslope 

0 

-Vslope 

-2Vstope 

Figure 2: 
Logarithmic 
amplifier transfer 
function 
without/with 
lowered intercept 
voltage 

Figure 3: 
Constructing the log 
transfer functions 
from A/1 cells 
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( 1 ) Vour = V.1ope ·· loglO �N /�ntercept ) 
V1N and VouT are the input and 
output voltages, V slope is the so
called ' slope voltage' and Vintercept is 
the ' intercept voltage' .  It is obvious 
that the slope voltage represents the 
slope of the transfer function as 
depicted in Figure 2 1 • From the 
same diagram the meaning of the 
intercept voltage can be derived - it 
is the input voltage at which the 
output of the logarithmic amplifier 
passes through zero. In real world 
implementations of a logarithmic 
amplifier a shift voltage is added to 
the output, which results in the dotted 
line transfer fonction in Figure 2 . In 
this way the intercept voltage is 

Vour 

Vour 

' 
1 Slope = 1 + Slope = A  

A/1 cell transfer function 

, 

; 
, 

! ,� 

Add voltage 1 
offset to the i 
output I 

t 

lowered, so positive output voltages 
(convenient in single supply 
implementations) are obtained for 
smaller input signals. This is 
equivalent to a gain ahead of the 
input - so the input signal is 
amplified and smaller RF signals can 
be measured. This is a very simple 
way of amplifying a signal - simple 
addition of a voltage shift to the 
output. 

To obtain the exact logarithmic 
transfer function an amplifier with an 
infinite gain under small-signal 
conditions would be required. For a 
wideband log amplifier this means 
many cascaded gain cells of normal 
gain and high bandwidth. This is 
equivalent to a large gain-bandwidth 
product (GBW) - for the AD8309 it 

The log function is 
constructed by 
cascading several 
A/1 cell transfer 
functions 

. .....
.
. 
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be expressed in terms of the 
parameter Ek· 

As it is obvious from the second 
diagram in Figure 3, as the input of 
the first cell reaches the value of 
EK/AN-l the input to the Nth cell 
reaches the knee voltage EK and the 
last (Nth) stage transforms its gain 
from A to 1 (it does not contribute to 
the gain for further increase in input). 
As the input rises sequentially the 
stages in the log amplifier go from 
gain A to gain 1 .  For large input 
voltages the cascaded stages have no 
gain at all. So the log function is 
approximated in a piece-wise linear 
matter and the second diagram in 
Figure 3 illustrates this 
approximation. It should be 
mentioned that the X-axis has a log
scale, so the approximation is to a 
straight line. From the diagram we 
can derive the slope voltage 
parameter and the intercept voltage 
stated in (2) 1 • 

(A - l) · EK EK (2) vslope = I A ' v;ntercept = A (N+l/(A-1)) og,o 
Of course the intercept voltage in this 
case of cascaded amplifiers is an 
approximation only, as the output can 
be zero only for zero input in the case 
of normal amplifiers. 

Principle of operation of a 
demodulating logarithmic 
amplifier 
The AD8309 used in the proposed 
design is a demodulating amplifier, 
which means that it responds not to 
the actual input RF signal but to the 
envelope7. And the envelope is what 
is obtained after a demodulation. 
Such a log amplifier can give you 
information about the dB-voltage or 
power of the signal. The 
demodulating amplifiers use different 

ELECTRON ICS WORLD September 2 004 

Table 1 :  Correction factors for the intercept voltage for different 
kind of signals 

Signal Type 

Sine 

Correction factor (add to output reading) 

Od B 

Square wave or DC-voltage 

Triangu lar wave 

GSM channel (a l l  t imes lots on) 

CDMA chan nel 

PDC channel (al l t imes lots on) 

Gaussian noise 

kinds of cells - the so-called A/O 
cells. In the case of the A/O stage the 
gain falls to zero above the knee 
voltage EK, so every stage acts as a 
limiter. The logarithmic output is 
generated not by cascading the cells, 
but by summing their outputs. In the 
most cases summing is done on the 
currents IouT of every stage in a 
summing amp and I/V converter. 

The intercept voltage is identical to 
that given by (2). The slope voltage is 
somewhat different and is expressed 
by (3) 1 . 

(3) V = A · EK 
slope Jogro A 

Usually the A/O cell is constructed as 
a very simple bipolar-transistor 
differential pair with a large signal 
transfer function as shown in Figure 
4 with the dotted line. The solid line is 
the ideal transfer function of an A/O 
cell. The tanh function of the practical 
implementation of the A/O cell has the 
advantage, in comparison to the ideal 
one, of lowering the ripple as the 
individual A/O segments are seamed 
together. The internal structure of the 
described kind of log amp 
(demodulating) is shown in the lower 
diagram in Figure 4 and is 
implemented in the AD8309 used in 
the project. The whoJe amplifier 
chain is differential from input to 
output. The output of the stages (not 
the current for the RSSI, which is the 
logarithmic output) is hard limited, so 
such a log amp can be used to 
recover FM and PM signals. The 
differential path of the signal makes 
it less susceptible to supply line 
disturbances, supply voltage and 
temperature variations.The major 
difference between the logarithmic 
and the demodulating logarithmic 
amplifier is that in the last one the 
alternating input is converted to a 
DC-voltage through rectification. The 
AD8309 uses a full-wave rectifier for 
this purpose. 

-3 .0 1  d B  

+0.9dB 

+0.55dB 

+3 .55dB 

+0.58dB 

+2 .5 1 d B 

SOQ, which means that OdBm applied 
power (relative to lm W, what the 
'm'  in dBm means) corresponds to a 
sine wave with a 3 1 6.2mV 
amplitude. If a RF-signal with known 
waveform (and crest factor to 
compute the RMS-voltage) is 
concerned the expression from ( 4) 
can be used to compute the dBm
value of input power in 50Q load. 

u,"',� / 
(4) Jnput _ Power[dBm] = lO · log SO /imw 

I t  should b e  noted that every 
logarithmic amplifier responds to 
voltage, not power. So sometimes the 
input is specified in dBV, which 
means a sine wave with a rms-value 
of 1 V for OdBV. Also it is worth 
mentioning that the intercept voltage 
is a function of the waveform, so if 
you are measuring power you need to 
know the form of the signal and add 
respective correction factors to the 

Vour 

output reading. Usually it is not a 
problem, as actual measurements are 
performed on signals of known shape 
(like GSM time-slot channels) and 
the device will be rarely used to 
measure integrated sources power. If 
the user knows that the signal is 
white noise (Gaussian distribution), 
then he/she can add corresponding 
correction values. The correction 
values which should be added to the 
output reading on the display for 
known RF-signals waveforms are 
given in Table 1 1 ,7. 

The log amp used (the AD8309) 
has an extremely wide dynamic range 
(nearly l OOdB).  The noise floor 
which determines the lower end of 
the dynamic range is -78dBm, so the 
device I 'm discussing can measure 
all signals above this level. The 
experiment shows that a realistic 
-74dBm can be obtained, but not the 
proposed -78dBm, as the input can 
not be so well isolated from the 
printed circuit board noise sources. 
The upper end of the dynamic range 
is nearly +22dBm (which is an 
amplitude of 4V sine into 50Q) and 
is covered by the addition of four 
other detectors (transconductance 
stages gm like these in Figure 4) 
connected after attenuator chains. 
The exact structure of the AD8309 is 
shown in Figure 5. The backbone of 
the device is the chain of six A/O 
cells, everyone with the gain of 
1 2.4dB and 850MHz bandwidth. The 
input (INHI and INLO) is differential 
exactly as the output of the limiter 

' 
Slope = 0 

The widespread way of describing 
a RF-input is as equivalent power in 
dBm, but in this case it is important 
to state the impedance at witch this 
power is applied. Usually as in the 
case of this project the impedance is 

Current summing from all AJO stages 
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Figure 5: 
Internal structure 
of the AD8309 
demodulating 
amplifier 

3 0  

(LMHI and LMLO). The limiter 
stage, which is the last one in the 
chain of amplifier/limiter subcells, 
has a gain of 1 8dB . The limiter drive 
programming pin LMDR and the 
limiter outputs are not used in the 
proposed design, but are very useful 
for demodulation purposes in 
receiver applications. The six gain 
cells and the corresponding detectors 
handle the lower part of the dynamic 
range. For the upper part of the 
dynamic range they are responsible 
with the four additional full-wave 
detectors tapped at l 2dB spacing to 
the passive attenuator at the input of 
the chain. There are two references 
on chip - one for the gain of the cells 
and one for the slope. A temperature 
compensation is placed at the 
current-to-voltage converter. The 
VLOG-output, which is the 
logarithmic output, has as slope of 
20m V /dB with this arrangement. The 
conformance to the log-law is within 
the margins ±0.4dB worst case, 
which is sufficient for a measurement 
device such as described here1 . The 
RSSI-output swings between 0.34V 
and 2.34V with a 5V supply voltage. 

The analogue-to-digital 
Converter AD7476 
I decided to use a 1 2-bit A-to-D 
converter with serial high-speed 
interface (SPI) because of the limited 
number of I/O lines of the 
microcontroller used - the 89C205 l 4. 
The choice has fallen on the Analog 
Devices AD7476, which has the 
advantage of being a very small 

INHI  

INLO 

Attenuator 

4 x Det 

package (SOT-23) and low in 
power2. The converter has a fast 
throughput rate - l MSPS. This high 
rate is not needed in a conversion of 
slow varying voltages to be displayed 
for viewing on a LCD, but I accepted 
it because of the other useful features 
of the device. The 12-bit resolution 
needs to be apgued. Let ' s  make some 
simple calculations. The dB-value of 
input power will be presented on the 
display in O.O l dB resolution. With a 
slope voltage of 20m V /dB to obtain 
this resolution a 0.2mV resolution of 
the analogue-to-digital converter is 
needed. The 1 2-bit converter is 
hardly suitable to fulfil this 
requirement, but a 14-bit converter 
will be unnecessary if the noise 
sources on the PCB and the slope 
error of the logarithmic amplifier are 
taken into account. So we can assume 
the 1 2-bits of the AD7476 are just 
right to fulfil the task. 

The AD7476 has three digital lines 
to interface to the microcontroller -
these are the Serial Clock SCLK, the 
Serial Data SDATA and the Chip 
Select CS\. The SCLK provides the 
serial clock for the successive 
approximation conversion process of 
the ADC and for accessing data from 
the part. The SDATA is the serial 
data stream output. The data is 
clocked out from the AD7476 on the 
falling edge of SCLK. 16 bits are 
clocked for every conversion result -
4 leading zeros and 1 2  bits of 
conversion data with the MSB 
provided first. The CS\ signal has the 
dual function of initiating a 

6 A/O stages 

conversion and framing the serial 
data transfer. The timing diagrams 
for the conversion or serial data 
access of the AD7476 are shown in 
Figure 6. The interrelations of the 
three signals have to be followed 
exactly by the microcontroller (which 
is governed by the microcontroller 
firmware code) to provide the right 
interface to the converter. The 
conversion commences on the falling 
edge of the CS\-signal. As the ADC 
can go into power-down mode 
(which is not implemented in the 
design as the power consumption is 
low enough even for battery powered 
operation), there should be provided 
at least ten consecutive SCLK cycles 
before the CS\ goes high again - this 
ensures the device remains fully 
powered up. The conversion is 
completed within 16 clock cycles. At 
the same time data is clocked out on 
subsequent SCLK falling edges. The 
first leading zero of the result is 
provided on the falling edge of CS\. 
So the first falling edge of SCLK 
clocks out the second leading zero. 
The last bit of the conversion has 
been clocked out on the 1 5th falling 
edge and is valid on the 1 6th falling 
edge. All these specific timing 
relations in reading the result of the 
conversion are strictly followed by 
the device code of the 
microcontroller, so they are given 
only for completeness of the design 
presentation. The reader does not 
have to worry about it - the source 
and the object code are available 
from the EW office by emailing 
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Figure 6: 
Normal mode of 
operation of the 
A-to-D converter 
timing diagrams 

Caroline Fisher (details page 3) with 
'A 1 22'  as the subject. 

For the analogue part of this 
integrated circuit. it should be 
mentioned that no external voltage 
reference is required because the 
AD7476 derives its reference 
voltage from its power supply 
making the widest dynamic range 
possible. The input voltages allowed 
for the ADC range from OV to VDD. 
So to make full advantage of the 
dynamic range of the device the 
VDD for the ADC is lowered to 
stabilised (through a special low
power regulator) +2.5V. The RSSI
output between 0.34V and 2.34V fits 
perfectly in this dynamic range. 

Detailed circuit diagram of the 
RSSM 8309 device 
The complete circuit schematic 
diagram is provided in Figure 7 on 
page 36. The RF input is applied on 
connector J1 with the input-matching 
network, consisting of C4, C5, R3 and 
L 1 .  It should be mentioned that the 
resistor R3 is not exactly the 50Q 
needed for matching to the input line, 
because it is connected in parallel 
with the input resistance of the U 1 
logarithmic amplifier AD8309. This 
input resistance is approximately 
lkQ, so that the parallel combination 
gives exactly 50Q. The L1 4.7nH 
inductor provides for flat impedance 
response to about l GHz. If you do 
not intend to use the circuit with such 
wideband signals the L1 can be 
omitted and replaced by a short 
circuit jumper on the PCB . As the 
limiter output is not needed in the 
proposed application the associated 
pins are not used or tied to the supply 
line - LMDR is left unconnected and 
the outputs LMHI and LMLO are 
tied to the VPS2 supply line. A good 
ground plane should be used with this 
design and decoupling capacitors are 
provided on the two supply pins 
VPS 1 and VPS2 - these are 
capacitors C 1  and C2. The power 
supply resistors R1 and R2 provide 
additional decoupling of the power 
supply to the log amp. The four pins 
PADL are connected directly to the 
metallic lead frame connected to the 

back of the chip, which is fabricated 
as silicon on insulator. To provide 
proper shielding of the internals of 
the circuit, the paddle pins must be 
connected with the shortest possible 
path to the ground plane of the 
circuit. The capacitor C3 is provided 
for filtering the logarithmic output 
voltage and reduces the RSSI output 
bandwidth from the nominal 3 .5MHz 
to a lower value (below lOHz with 
the l OmF capacitor value) so that 
measuring and displaying the input 
power without continuous changing 
lower digits is possible. An 
unpolarised type capacitor should be 
used, or in the case of an electrolytic 
capacitor, the positive terminal 
should be connected to the FL TR
pin. The AD8309 is continuously 
enabled by tying the Enable Signal 
(ENBL) to the positive filtered (C7) 
supply line. 

The Received Signal Strength 
Indicator (RSSI) output at the 
VLOG-pin of U 1 IC is tied directly 
to the analogue-to-digital converter 
U2 (the AD7476 discussed earlier in 
the article). As the ADC derives its 
reference from the supply line proper 
filtering is necessary and is 
accomplished with the addition of 
the C16  and C 17 components directly 
at the IC ' s  case. The supply voltage 
of the converter is set to 2.5V to 
provide full dynamic range of 
capturing the RSSI output. This 
supply is ensured by the U4 precision 
voltage reference - the AD 15823. 
The primary supply for this voltage 
regulator is the on-board +5V supply 
filtered by capacitors C15 ,  C1 8 and 
Cz4. The digital interface of the ADC 
to the microcontroller U3 (an 
AT89C205 14) is covered with three 
of the micros I/O pins ...:... P3 .3 ,  P3 .4 
and P3 .5 .  P3 .4 and P3 . 5  are driving 
only this integrated circuit (the 
ADC) but the use of the P3 . 3  line 
connected to the SDATA output of 
the converter demands some 
explanation. The same line P3 . 3  is 
used as output from the 
microcontroller to drive the Register 
Select (RS) signal of the LC display. 
At the same time the P3 . 3  line acts as 
input for the ADC data. How is it 

possible? The trick is that the 
SDAT A output is active only when 
accessing the converter, otherwise it 
is tristated. The microcontroller 
combines the tasks of external 
devices accesses with time division, 
so when it accesses the ADC it does 
not access the display, so it reads the 
P3 .3 line as input (at this time the 
SDA TA output of the converter is 
activated). When the display is 
accessed the CS\-input of the ADC is 
high, so SDA TA is tristated; at the 
same time the micro drives the P3 .3 
line in accordance with the display 
configuration protocol. 

The microcontroller is reset by the 
RC circuit R4-C10 and the clock 
frequency is set by the components 
Xi,  C8 and C9. The dB-information 
regarding the RF-signal input power 
is output on the J2 device. Although 
it is stated that the device is a PC802-
A type, every type of 2x8 LC display 
will do the job, as their interface is 
standards. This standard interface 
includes the Register Select (RS), the 
Read/Write\ (R/W\), the Enable (E) 
signals and the 8-bit data bus DB7-
DBO, connected to the Pl port of the 
microcontroller. If the display device 
has the option of a backlight, the R6 
current limiting resistor should be 
installed, otherwise it can be omitted. 
As the display is an STN-type (and 
not TFT) the contrast is determined 
by the components R5 and P 1 .  

The 89C205 1 microcontroller has a 
built-in serial interface. To complete 
the RS-232 interface the Us serial 
line driver is needed with the 
associated components C u ,  C1z, C1 3  
and C14. The RS-232 interface is 
presented on the J3 DB9 female 
connector. The main regulated power 
supply ( + 5V) for most of the circuits 
is provided by U6 the 7805 3-
terminal regulator with the associated 
components C 1 9, C20 and C21 · The 
whole device' s  power consumption is 
so low that a micropower +5V 
regulator can be used. For my own I 
used the normaf T0-220 device 
without any heatsink, ensuring the 
optimal thermal conditions. The input 
DC voltage between 9V and 12V is 
fed to the J4 power supply connector 
and the diode D1 protects the circuit 
from applying the wrong reverse 
voltage. Normal operation of the 
device is indicated by the power 
supply LED D2 and the current 
limiting resistor R7. 

Making some practical 
measurements 
It was interesting and challenging not 
only to build the RSSM 8309 RSS 
power meter but also to check out its 
correct operation. I used all available 
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devices and instruments at hand, 
which could provide accurate (and 
known shape) output levels or could 
influence some known RF power 
source in a predictive manner. So the 
accuracy of the device build could be 
checked without the expense of 
calibrating it with £100K+ 
instruments. The experimental set-up 
I used is shown in Figure 8. The 
MAX038-based function generator 
can provide three waveform shapes 
up to more than 1 6MHz - sine, 
triangle and square. It is very stable 
as the amplitude and the power 
developed on the 50Q load can be 
easily calculated and represents the 
theoretical value to compare with the 
RSSM 8309 readings. I programmed 
the generator to produce exactly 
fgen=lO,OOOMHz, which is within the 
measurement range of the proposed 
device. 

For the sine wave output (crest 
factor = 1) I received the following 
results: 
Uampl = 0.460V, Urms=0.325V that 
gives according to (4) :  Ptheory = 
3 .26dBm 
Power, measured with the RSSM 
8309: Pexperimentat = 3.2ldBm . 

For the triangle wave output (crest 
factor = 1 .732) the following results 
were obtained: 
Uampl=0.460V. Urms=0.266Vthat gives 
according to (4) : Piheory= l .49dBm 
Power, measured with the RSSM 
8309: Pexperimentat =0.89dBM, when 
applying the correction factor for the 
triangle waveform from Table 1 :  
Pexperimentat =0.89dBM + 
0.9dBm=. l .79dBm 

We observe a good coincidence of 
the theory and the experimental 
results especially for the sine wave 
input. The small deviation from the 
predicted value for tl)e triangular 
waveform can be explained by the 
non-ideal parameters of the triangle 
voltage. Even small changes in the 
shape have great impact on the power 
measured, so I assume the RSSM 
8309 is measuring the real situation 
which differs from the ideal one used 
in computing the theoretical power. 

With this part of the experiment the 
absolute accuracy of the device has 
been evaluated. The next part of the 
work is to measure the relative 
accuracy. It' s  much harder to find 
many accurate RF-power sources 
with amplitudes covering the 
enormous range of l OOdB, but it is 
easy to use one accurate source at 
fixed power level and then 
implement a variable 
attenuator/amplifier to produce 
relative (in dB) readings on the 
device under test (DUT). The 
experimental set-up uses the 

w =  
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configuration shown also in Figure 
8. The source of the RF-signal at a 
frequency of 1 5MHz is the AM/FM 
signal generator PG-20. Its output is 
connected to the input of the AD8320 
Evaluation B oard (Variable Gain 
Amplifier/ Attenuator with a range 
from -lOdB to +25.99dB).  The 
modified amplitude output from the 
evaluation board supplies the input of 
the RSSM 8309 with signal. The 
variable attenuator around the 
AD8320 is very simply configured 
with a user interface provided by 
Analog Devices through a PC 
connected via a parallel port . to the 
board. The gain/attenuation settings 
for the VGA are given in the first 
column of Table 2. The RF-signal 
generator used has different output 
power ranges and I have used five of 
them, differing in attenuation with 
l OdB one from each other. The 
results are given in the five columns 
of Table 2, expressing the exact 
readings of the device under test (the 
RSSM 8309). The five relatively 
shifted measurements across the 
whole range of the attenuator make 
possible the evaluation of the 
behaviour of the RSS power meter 

- Waftcube mains 
adapter 

-

RSSM 8309 

111111111 
-

across its approximately full usable 
range. 

It is evident that for the first two 
columns with experimental results 
the last values (above l OdBm) are not 
available (NA). This is not due to 
limitations of the power meter RSSM 
8309, which can measure till 
+22dBm, but because the variable 
attenuator/amplifier limits its output 
for such large values - it is not 
intended to be fed with large RF 
power levels and to work as an 
amplifier with great gain at the same 
time. Therefore the results above the 
mentioned + lOdBm are not accurate 
with this experimental set-up 
(including the AD8320 VGA 
evaluation board). 

The graphical representation of the 
relative experimental results is 
presented in Figure 9. The perfect 
parallelism of all lines (Series 1 :  
Range 0-10 till Series 5 :  Range 40-
50) validates the good accuracy of 
the RSSM 8309 across the central 
60dB range. When we look in detail 
at the results in Table 2 we can see 
that for 36dB full range of the 
programmable amplifier/attenuator 
the measured full scale (attenuator) 

Figure 8: Experimental 
setup for calibrating 

the accuracy of the 
RSS power meter 
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Figure 9: 
Relative accuracy 
measurements 
results for the 
RSSM 8309 using 
a calibrated 
amplifier/attenuator 

3 4  

R.elat.ive Measurements ofthe R SSM 8309 

3 -.- sene s 1  
-- series2  

Serie s3 
--- seri e s4 
-- series5  

VGA. programm ed vaJ lJei dB 

range for the five experimental 
columns is respectively: 36.83 dB 
(extrapolated), 36.38 dB 
(extrapolated), 36.46 dB , 36.74 dB 
and 36.70 dB . The difference with the 
theoretical 36 dB range is well within 
the manufacturer' s  specifications for 
the logarithmic law conformance of 
the IC used in the design, which is 
±0.4dB. 

The experimental set-up presented 
in Figure 8 includes an RS-232 
serial connection from the device 

under test (DUT) to the management 
PC. Using a simple terminal program 
running on the PC the results of the 
measurements of the received RF 
power changing twice per sec 
approximately can be viewed as 
history and saved and exported to a 
spreadsheet program for further 
evaluation of the RF power trends 
over time. The format of the simple 
ASCII-characters messages is : 

PWR -74.04 + Carriage Return + 
Line Feed (example value). 

Table 2:  Relative Measurements of the RSSM 8309 with a calibrated 
attenuator/amplifier (VGA) 

VGA value, Power measured for different RF signal generator 
d B  ranges (relative), dBm 

0-1 0 1 0-20 20-30 30-40 40-50 
- 1 0.00 -8.70 - 1 7.83 -2 7 .8 1  -3 7 .95 -47.96 

-8 . 1 1 -6.65 - 1 5 .8 1  -2 5 .83 -3 5 .96 -46 . 1 0 

-6 .56 -5 .00 - 1 4. 1 9  -24.2 1 -34.34 -44.45 

-5 .24 -3 .63 - 1 2 . 9 1  -22 .83 -32 .94 -43 .08 

-4 . 1 0  -2 .44 - 1 1 . 72 -2 1 .6 1  -3 1 . 69 -41 .89 

-3 .09 - 1 .43 - 1 0 . 7 1  -2 0 .57  -30.62 -40.82 

-2 . 1 9  -0.54 -9.80 - 1 9 .60 -2 9 . 70 -39.90 

- 1 . 3 7  0.25 -8.94 - 1 8 .77  -2 8 .85 -3 9 .08 

-0.62 0.95 -8. 1 5  - 1 7 .95 -2 8.05 -3 8 .3 1 

0 .07 1 .66 -7.44 - 1 7 .25 -2 7 .35 -3 7 .6 1  

0 .7 1  2 .30  -6 .77 - 1 6 .60 -26.68 -3 6 .97 

1 .30 2 . 88 -6 . 1 6 - 1 5 .99 -2 6 . 1 0  -3 6 .36  

1 .86 3 .46 -5 .58  - 1 5 .4 1  -2 5 .52 -3 5 . 75 

2 . 88 4.50 -4.54  - 1 4 .41  -24.5 1 -34 . 7 1  

6 .05 7 .9 1  1 .3 1  - 1 1 . 1 7  -2 1 . 1 5  -3 1 .3 5  

9 . 1 1 1 0 .85 1 .5 6  -8 . 1 2  - 1 8 .0 1  - 2 8 .2 1  

1 2 .06 NA 4 .56  -5 .06 - 1 5 .02 -2 5 .2 1  

1 5 .00 NA 7 .55 -2 . 1 9  - 1 2 . 1 5 -22 .2 8  

1 8 .07 NA 1 0.54 0 .74 -9 . 1 2  - 1 9 . 1 1 

2 1 .01  NA 1 2 .34 3 .6 1  -6 . 1 3  - 1 6 . 1 2 

24.00 NA NA 6.66 -3 . 1 1 - 1 3 . 1 8 

2 5 .99 NA NA 8 .65  - 1 .2 1 - 1 1 .2 6  

I f  the input power i s  below the 
lower margin of the RSSM 8309 
range the Low message is printed on 
the computer. 

Software considerations and 
availability 
The firmware running on the 
AT89C205 1 microcontroller is 
responsible for reading the conversion 
results of the analogue to digital 
converter of the board through an SPI 
interface, scaling the results according 
to the 20mV/dB law and converting 
them from a binary form to a human 
readable decimal notation, which can 
be presented on the LC display. The 
control of the LCD and the transfer of 
the measurement results to a personal 
computer are also important tasks for 
the microcontroller. This explanation 
of the tasks the firmware is 
responsible for may sound very clear 
and simple but the efforts hidden 
behind building a reliable and 
accurate software for a measurement 
device like the RSSM 8309 are 
enormous. The assembler listing of 
the firmware source will take several 
valuable pages of the magazine, so it 
is not given here. It can be ordered 
(together with the object code) from 
the EW office (see above). The source 
code is well documented with 
comments, so I assume it will be easy 
readable by interested readers, which 
can also modify it to achieve certain 
design goals. 

The RSSM 8309 prototype 
Photos of the author' s  prototype of 
the RSS power meter are presented in 
Figure 1 0. Although housed in a 
plastic case, the RF-input of the 
device is carefully shielded to obtain 
the maximum possible sensitivity of 
the RSSM 8309. The display is 
mounted in a piggy-back style over 
the PC board (double-sided PCB) 
which is evident from the two 
photographs showing the device 
internals - one of the photos is with 
the LCD, the other is with the LCD 
detached. In the last photo the heart 
of the whole system is visible - the 
AD8309 integrated circuit, which is 
normally hidden below the LC 
display. The printed circuit board can 
be ordered from the editorial offices 
for readers interested in building the 
proposed device. 

In conclusion the RSSM 8309 
project presents not only a useful 
instrument for the workbench of 
every electronics professional but 
also allows deep insight into the 
theory and practical implementations 
of an interesting class of up-to-date 
integrated circuits - the demodulating 
logarithmic amplifiers. 
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Call now for our FREE CATALOGUE with details of over 300 kits, 

E-mail: sales@quasarelectronics.com 
projects, modules and publications. 
MAIL ORDER ONLY. 
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Motor Drivers/Control lers 
Here are just a few of our controller and 
driver modules for AC, DC, unipolar/bipolar 
stepper motors and servo motors. See 
website for full details. 

DC Motor Speed Controller (5A/1 00V) 
Control the speed of almost any common DC 
motor rated up to 1 00V/5A. Pulse width 
modulation output for maximum motor torque 
at all speeds. Supply: 5-1 5VDC. Box sup
plied. Dimensions (mm): 60Wx1 00Lx60H. 
Kit Order Code: 3067KT - £12.95 
Assembled Order Code: AS3067 - £1 9.95 

NEW! PC I Standalone Unipolar 
Stepper Motor Driver 
Drives any 5, 6 or 8-lead 
unipolar stepper motor 
rated up to 6 Amps max. 
Provides speed and direc
tion control. Operates in stand-alone or PC
controlled mode. Up to six 31 79 driver boards 
can be connected to a single parallel port. 
Supply: 9V DC. PCB: 80x50mm. 
Kit  Order Code: 31 79KT - £9.95 
Assembled Order Code: AS31 79 - £1 6.95 

PC Controlled Dual Stepper Motor Driver 
. Independently control 

two unipolar stepper 
motors (each rated up to 
3 Amps max. ) using PC 

..:.�*!!!!mE parallel port and soft
ware interface provided. Four digital inputs 
available for monitoring external switches and 
other inputs. Software provides three run 
modes and will half-step, single-step or man
ual-step motors. Complete unit neatly housed 
in an extended D-shell case. All components, 
case, documentation and software are sup
plied (stepper motors are NOT provided). 
Dimensions (mm): 55Wx70Lx1 5H. 
Kit Order Code: 31 1 3KT - £15.95 
Assembled Order Code: AS31 1 3  - £24.95 

NEW! Bi-Polar Stepper Motor Driver 
Drive any bi-polar stepper 
motor using externally sup
plied 5V levels for stepping 
and direction control. These 
usually come from software 
running on a computer. 
Supply: 8-30V DC. PCB: 75x85mm. 
Kit Order Code: 3 1 58KT - £1 2.95 
Assembled Order Code: AS31 58 - £26.95 

Most items are available in kit form (KT suffix) 
or assembled and ready for use (AS prefix). 

Controllers & Loggers 
Here are just a few of the controller and 
data acquisition and control units we have. 
See website for full details. Suitable PSU 
for all units: Order Code PSU445 £8.95 

Roll ing Code 4-Channel UHF Remote 
State-of-the-Art. High security. 
4 channels. Momentary or 
latching relay output. Range 
up to 40m. Up to 1 5  Tx's can 
be learnt by one Rx (kit in
cludes one Tx but more avail
able separately). 4 indicator LED 's. Rx: PCB 
77x85mm, 1 2VDC/6mA (standby). Two and 
Ten channel versions also available. 
Kit Order Code: 31 80KT - £41.95 
Assembled Order Code: AS31 80 - £49.95 

Computer Temperature Data Logger 
4-channel temperature log
ger for serial port. °C or °F. 
Continuously logs up to 4 
separate sensors located 
200m+ from board. Wide 9! range of free software appli

cations for storing/using data. PCB just 
38x38mm. Powered by PC. Includes one 
DS 1 820 sensor and four header cables. 
Kit Order Code: 31 45KT - £1 9.95 
Assembled Order Code: AS31 45 - £26.95 
Additional DS1 820 Sensors - £3.95 each 

NEW! DTMF Telephone Relay Switcher 
Call your phone number 
using a DTMF phone from 
anywhere in the world and • 

remotely turn on/off any of 
the 4 relays as desired. 
User settable Security Password, Anti
Tamper, Rings to Answer, Auto Hang-up and 
Lockout. Includes plastic case. 
1 30x1 1 Ox30mm. Power: 1 2VDC. 
Kit Order Code: 31 40KT - £39.95 
Assembled Order Code: AS31 40 - £49.95 

Serial Isolated I/O Module 
PC controlled 8-Relay 
Board. 1 1 5/250V relay 
outputs and 4 isolated 
digital inputs. Useful in  
a variety of control and 
sensing applications. 

Uses PC serial port for programming (using 
our new Windows interface or batch files). 
Once programmed unit can operate without 
PC. Includes plastic case 1 30x100x30mm. 
Power Supply: 1 2VDC/500mA. 
Kit Order Code: 31 0BKT - £54.95 
Assembled Order Code: AS31 08 - £64.95 

lnfrared RC Relay Board 
Individually control 1 2  on
board relays with included 
infrared remote control unit. 
Toggle or momentary. 1 5m+ 
range. 1 1 2x1 22mm .  Supply: 1 2VDC/0.5A 
Kit Order Code: 3 142KT - £41.95 
Assembled Order Code: AS31 42 - £51 .95 

PIC & ATMEL Pr rammers 
We have a wide range of low cost PIC and 
ATMEL Programmers. Complete range and 
documentation available from our web site. 

Programmer Accessories: 
40-pin Wide ZIF socket (ZIF40W} £15.00 
1 8V DC Power supply (PSU01 0) £1 9.95 
Leads: Parallel (LEAD136} £4.95 I Serial 
(LEAD441 ) £4.95 I use (LEADUAB) 

N EW! USB 'All-Flash' PIC Programmer 
USB PIC programmer for all 
'Flash' devices. No external 
power supply making it truly 
portable. Supplied with box and 
Windows Software. ZIF Socket 
and USB Plug A-B lead not incl. 
Kit Order Code: 3 128KT - £29.95 
Assembled Order Code: AS31 28 - £39.95 

Enhanced "PICALL" ISP PIC Programmer 
Will program virtually ALL 8 
to 40 pin PICs plus a range 
of ATMEL AVR, SCENIX 
SX and EEPROM 24C de

......Ciii;;:�rv vices. Also supports In Sys
tem Programming (ISP) for PIC and ATMEL 
AVRs. Free software. Blank chip auto detect 
for super fast bulk programming. Requires a 
40-pin wide ZIF socket (not included). 
Available in assembled format only. 
Assembled Order Code: AS31 44 - £49.95 

ATMEL 89xxxx Programmer 
Uses serial port and any 
standard terminal comms 
program. 4 LED's display 

:: : mt . ... , =.� -:o.•.-= . i 
• r- ; ·!! Ii 

;- '">·: . ' : . -:.. ., · · 1�1 � ni' ' the status. ZI F sockets # .. ..  , f ... .. . .:.... · . 

not included. Supply: 1 6-1 8VDC. 
Kit Order Code: 3 1 23KT - £29.95 
Assembled Order Code: AS3 1 23 - £34.95 

N EW! USB & Serial Port PIC Programmer 
USS/Serial connection. Header 
cable for ICSP. Free Windows 
software. See website for PICs 
supported. ZIF Socket/USS Plug 

� --- A-B lead extra. Supply: 1 8VDC. 
Kit Order Code: 3 149KT - £29.95 
Assembled Order Code: AS3 1 49 - £44.95 
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Figure 7: RSSM 8309 detailed circuit diagram 
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Figure 1 0: RSSM 8309 photos of the author's prototype 

References and datasheets 

1 . AD8309 - 5 MHz - 500 MHz 1 OOdB Demodulating 

Logarithmic Amplifier with Limiter Output, datasheet, 
Analog Devices, Inc. Rev. 0, 1998. 

2. AD7476 I AD7477 I AD7478 - 1 MSPS, 1 2-/1 0-/8-Bit 
ADCs in 6-Lead SOT-23, datasheet, Analog Devices, 
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5 .  PC 0802-A Series LC displays, datasheet, PowerTip. 
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WE WILL BE MOVING SHORTLY - CHECK WEBS.ITE 
www.stewart-of-reading.co.uk FOR GENERAL STOCK 

M ISCELLAN EOUS CLEARANCE STOCK 
OSCILLOSCOPES 
Tektronix 465B Dual Trace 100MHZOelay fitted into 19' rackframe ... £125 MARCONI EQUIPMENT 
TF2300 FM/AM Modulation Meter ................................... .................. £30 
TF1073A/2S Variable Attenuator 750 ohm DC· 150MHZ . . .................. £15 
TF2600B AC Milli Volt Meter 1mV·100V FSD 10HZ·10MHZ ........... .. £20 
TF2162 MF Attenuator DC·1MHZ 600 ohm 0-111d8..... .. .......... £20 
TF2163 UHF Attenuator DC·1GHZ 50 ohm...... .. .............. £50 
6460/1 Power Meter with Head........ .. ..... . £95 
TF2331 Distortion Meter .................. ........... .......................... . ...... . £50 
TF2173 Synchroniser for TF2016 Sig Gen • No linking cables . .......... £50 
TF2005R Two Tone Source ... . ... ... £30 MISCELLANEOUS CLEARANCE 
Comark 6600 Microprocessor Thermometer ... . ... .. .. .. ......... £30 
Keithley 26100 Logarithmis Picoammeter.... .. ..... £60 
Sullivan AC1012 4 Decade Resistance Box 0.05% .......................... .. £10 
Brandenburgh 020 Static Freq Convertor 1 10/240V input 50/60HZ 
Output 1 1 5V 400HZ 2DVA ... . . ..£75 
Narda 706 Attenuator ................ ......................................................... . £10 
Analogue Associates X800 Audio Amplifier 800watt (400w per Channel 
no DC Protection) .............................................................................. £100 
Receiver SX400 in Ally Carrying Case ... .. ............. £75 
W&G PCG2 PCM Channel Generator................... . . .  .. .......... £50 
Solartron 7050 Digital Voltmeter 5 112 Digit... .. ....... £20 
Jetmatic RS619· 171 Oesolder Station ...................... ....... ................. £40 
Racal 9841 Frequency Meter 3GHZ Nixie Tubes... .. . . .. £50 
Racal/Dana 9921 UHF Freq. Counter 3GHZ .................................... .. £100 
Systron Donner 6053 Freq Counter 20HZ·3GHZ Nixie Tubes... . .... £50 
Sivers Lab 12400 · 1 8000MHZ ............... . . .... £10 
Sivers Lab 5212 2500 · 4000MHZ+C264 ............................. .............. £10 
Time 2003N DC Voltage Potentiometer 0.02% Grade ... . ... £30 
Time 2003S DC Voltage Calibrator 0.02% Grade . .. ... .. ............. £30 
Cropico VS10 DC Standard 10V ... .. .. £50 
Dawe 14610 A.F. Analyser ....... .. ...... ... £15 
Dawe 1405DSound Level Meter . ................................... .. .. £25 
Cambridge 44228 Po1entiometer in Wooden Case..... .. ............... £50 
Weircliffe Model 6 Bulk Eraser.. .  .. ... £20 
Casella T8620 Heat Stress Monitor... . .. .. . ... ........ .  £30 
Novatron MIK3000 Hygrometer ..... .. .. £20 
JJ lnstrumentsPL4 Recorder.... . . ............ £20 
Casella Drum Recorder ... . .. .. ..... £30 
Negretti 0·55C Drum Recorder....................... .. .................. £30 
Negretti -15to 40C Drum Recorder.. . ...... .. ....... £30 
Negretti 125 Series Drum Rewrder .................................................... £30 

6�t���i���; ����ri�!o�r������;�i�s������:f���::otG;i��d £50 

Meter · No Probe..................................... . ............. £10 
Meggar 500V Wind Up Small....... .. .............. £25 
Meggar BR4 Bridge Meggar 250V ... ..... . .... £20 
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Linstead G100D Generator 10MHZ Sine/Sg/CMOS/TTL.... .. .. £30 
Circuitmate FG2 Function Generator 1 HZ-2MHZ ... . ............... £60 
Feedback DPM609 Digital Phase Meter. . .  .. . . . . .  £40 

Klippon UT2 Combi Check... .. ................ £10 
Steinel CombiCheck.................................. .. .................. . £10 
AVO 1200R Clamp meter 0·600V 0· 1200A Analogue.... . . .... ...... £20 
AVO TI169 lnsitu Transistor Tester ... .. .. £10 
Huntron HTR 1005B Tracker .. .. .................................................... £25 
Stag PP28Eprom Programmer... .. ...... ......................... £20 
Stolz ERU Eprom Eraser .......................................... ....................... .. £15 
Philips PM5175 Pulse Generator 1HZ·50MHZ .... ... .. .............. .. £50 
Fluke 7260A Universal/Counter Timer 125MHZ.... .. .. . . . . £60 
Fluke 1910A Multicounter 125MHZ.......................................... .. .. .. £30 
Thurlby Thandar 1504 True RMS Multimeter (needs Adaptor) .. ........ £25 
Thurlby Thandar TG102 Fune. Generator 2MHZ ... .. ......... £40 
Farnell TM2 AC/DC Millivoltmeter.................................. .. .... £20 
Farnell PA122 Programmable Attenuator 500MHZ.... .. ...... £30 
Farnell ESG1 Oscillator 1 MHZ... . .. .. £30 
Telequipment CT71 Curve Tracer (Broken Knob) ............................... £30 
Tektronix CT5 High Current Transformer... . .. . ................ .. £40 
HP 537A Frequency Meter 'N' Connectors ... .. .............. £20 
HP 5004ASignature Analyser ... . . .. ....... ...... £35 
H P 97 CalculatorwithManuals... . .. . ......... £20 
HP 817B Swep1FrequencySlotted Line . . .... . .. . ........ £30 
HP J532A Frequency Meter 'N' Connectors .. . ... .. ...... £25 
HP 8654A Signal Generator 10·520MHZ....... ............. . ..... £75 
HP 5256A Frequency Converter Plug In 8·18GHZ... .. .... £30 
HP 5261A Video Amplifier Plug In 10·50MHZ .... . .............. .............. £10 
HP 1804A 4 Ch. Vertical Amplifier Plug In ........................... .............. £20 
Fluke 2190A Digital Thermometer (115V · can be changed) .............. £25 
SOAR TX561 Thermometer · Unused · No probe .. ... . . . . . . ..................... £20 
Keithley 616 Digital Electrometer with 6162 Isolated OutpuUControl .. £50 
EIP 350C Counler 20HZ·12.4GHZ Nixie Tubes... . .. . ....... £100 
Halfield 2125 Attenuator600ohm 102dB........ .. ........... £30 
Hattield 2138 Attenuator600ohm 10d8.. .  . .  ...... £30 
Hattield 2002 Attenuator 0· 121d8 ...... .£30 
EMI WM3 Waveform Monitor C1 950 .................................................. £25 
EMS 19' Rack Transit Case. Plastic with front covers · Unused ......... £30 
Wiltron 640 RF Anal. with 2x640E log amp plug·ins & 640G50 Sweep 
Gen H500MHZ No Heads................ .......................... .. . ..... £50 
Philips PM2454B AC Millivoltmeter 10HZ·12MHZ ... .. .... £20 
Farnell LFM2 Sine/Square 0scillator............ ...£25 
Fluke 8800A Digital Multimeter · Bench ..... .. ............... . ................. £30 
Fluke 8600A Digital Multimete r - Bench ............ ... £20 
Vinculum M613 Ultrasonic Switching Unit..... .. ... £20 
HP 495tB Protocol Analyser ............................................... . ... £60 
HP 4951 C Protocol Analyser with HP 18179A lntertace ... . ... £75 
HP 8709A Synchronizer ........ ...................... ...................................... £40 
HP 8742A Reflection Test Unit 2·12.4GHZ ................... ............ ..... ... £30 
HP 8741A Reflection Test Unit 0.1·2GHZ .... ................................... ... £30 
HP 841 3A Phase·Gain lndicator .......................................................... £40 
HP 85041A Transistor Test Fixture (goes with 8510 Network 
Analyser). . ................ ...... ............... ........... . £1 00 
HP 8410A Network Analyser Accessories Kit ..................... .......... .. £100 
HP 1335A Display in 19' rack. .. .............. ...................... ........ ...... £25 
HP 1 1604A Universal Extension.. .. .. £20 
HP 4437A Attenuator.... . .................................................... . . .... £20 
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HP 400EAC Voltmeter ... . . ............. £20 
HP 5383A Freq. Counter 520MHZ. .. .......................... £40 
HP 62368 Triple Output PSU 0·6V 2.5A; +/· O-O.SA ............................ £40 
Wiltron 610D Sweep Gen with 6219 2·8GHZ & 6128D 7.9·12.4GHZ 
Plug·ins............................................................. . . ....................... £100 
Micro·Tel MSR903 Microwave Receiver ..... . .. .......... £150 
Micro· Tel 1200 Wide Range Receiver ............................................... £150 
PAE 25DOSD/2600SD/2650SD VHF Receiver/Drive Unit .................... £50 
Marconi TF2357 with TF2356 Selective Level Meter/Level Oscillator 
20MHZ· Priced per pair ....... .............................................................. £50 
Ling Dynamic PO 300 Vibrator Drive and Power Oscillator ............... £100 
Philips PM2519 Automatic Multimeter.... . . . .... £35 
Leader LOC 7005 0scilloscope Calibrator ... . .................................. £30 
HP 16300/G Logic Analyers wtth Pods · No Grabbers ... . ... .... £75 
HP 8616A Signal Generator 1 .8·4.5GHZ ........ ...£50 
Marconi 6700A/8 Sweep Oscillator Main Frame only ......................... £40 
Weinschel/Marconi 430C Sweep Oscillator 12.4· 18GHZ Plugin .......... £95 
Wavetek 172B Programmable Signal Source, No Front Panel 
Controls ............... ................................................... . . . . . . . .. . . . . ............ £50 
Texcan VS60 Signal Generator H OOOMHZ ......... .. ....... .......... £150 
Texcan SA50 Attenuator 50ohm 1-122dB . ............ £15 
EIP 350C Autohet Counter 20HZ· 12.4GHZ .......... . .................... ...... . 
EM A7 DC Nanovolt Amplifier.... . ........... . £50 
AWA F242A Distortion & Noise Meter.... . .. .. .. . £40 
Exact 121 Sweep Function Generator ................................ . . .......... . £50 
Tele Caption 4000 Closed Caption Decoder 120V.. ...... . . .  £25 
Wizard Power Supply 13.8V 31AMP Unused .. . .. .......... . . . £40 
Sorenson OCR40·20A 0·40V 0·20A. . .. ...... . . £50 
HP 3495A Scanner ..................................................... .. ........ ......... . £40 
HP 141S with 8553L & 8552A Spectrum Analyser 1 1 0MHZ .. ......... £150 
Tek/Sony 390AD Programmab� Digitizer. . . . . .  . .£30 
Tektronix 851 Digital Tester ............................................. . ............... £35 
Tektronix DAS9100 Series Digital Analysis System... .. .. ...... . £40 
Wayne Kerr ST10 Standard Capacitor 10uuf.. ... .. .£30 
Time 505 DC Current Source 0.190.... .. ........ £40 
Fluke 8025A Multimeter ....................................................... .. .... £20 
HP 371 OA IF/BB Transmitter with 3716A B·B Transmitter ... ...... ...... £50 
HP 3712A IF/BB Receiver with 3293D Diff Phase Detector ... ............ £50 
HP 3711A IF/BB Transmitter .. .. ..... £50 
Singer Stoddart NM37/57 EMl/Field Intensity Meter.. .  £75 
Exact 170 Ampmier .......................................................................... . £30 
H.H. Speakers Disco Type MID/BASS 2x12' (500 Watts) · sold as a 
pair .................................................................................................... £150 
HP 8755C Swept Amplitude Analyser Plug·in • No Probes ... .. .... £20 
Gallen Kamp Thermostat Ho1plate 0·300 C .................................. . ....... £20 
Ealing PhotomultiplierSupply with EM1 9798B/04 Photomultip11er .... £30 
Oatapulse 101 Pulse Generator .......... ................... .. ..................... £20 
Global 4001A Pulse Generator 0.5HZ·5MHZ ..... .. . .............. £20 
HP 8411A Harmonic Freq. Convertor 12.4 GHZ ............................ . .. £50 
Tes MC661/F Field Strength Meter UHFNHF · needs charger ... ...... £40 
HP 415E SWR Meter... .. .. ........... .£15 
Time 202 DC Microvolt Null . . .  .. . . .. ........... £30 
RS 635·381 Break·outBox..... . . .. . ..... £20 
Marconi 893B AF Power Meter with Sinad Filter ... . .................... £30 
HP 5316A Universal Counter 100MHZ HPIB ..................... .. .......... .. £40 
Racal 9911 VHF Frequency Meter 10HZ·120MHZ......... .. .. £25 

Racal Dana 4008 Bench Digital Multimeter with Adaptor...  . . . ..... £30 
ThandarTD201 Digital Storage Unit- Battery ... .. . .  £30 
Thurlby 1503HA Digital Multimeter Bench (needs adaptor) ... .. .. ..... £20 
Racal Dana F47 Interstate High Voltage Log-Lin Sweep Gen. 0.0004HZ-
4MHZ 40V Peak ................................... ............................................... £75 
Racal Dana F41 High Voltage Function Generator 0.0004HZ-4MHZ .... £75 
Dolch DG100 Delay Generator... .... . .. .... £10 
TelequipmentC3 Calibrator. . .  . .......... £30 
HP 50058 Signature Mullimeter . .... £50 
Hameg HM8001 Main Frame... .. .... £60 
Hameg HM8011.3 Digital Multimeter Plug In. . .  .. . . .  £60 
Hameg HM8030.3 Function Generator Plug In... . . .  . .  ....... ... .. £60 

SPECIAL OFFERS 
Oscilloscopes 

LECROY 9400A Dual Trace 175MHZ 5G/S ... ... . ..£500 
LECROY 9400 Dual Trace 125MHZ ... ... ...................... .. ... £400 
TEKTRONIX 468 Dual Trace 100MHZ Digital Storage . . . .... . .. . .... .. ... £300 
TEKTRONIX 475 Dual Trace 200MHZ Delay Sweep.... .. .............. . .. £150 
TEKTRONIX 465B Dual Trace 1 OOMHZ Delay Sweep .. .. . ...... £250 
TEKTRONIX 465 Oual Trace 1DOMHZ Delay Sweep .. . . ... .... .... ... . .... £175 
PHILLIPS PM3217 Dual Trace 50MHZ Delay Sweep... .. ... £150 
THURLBY PL320QMD 0·30V 0·2A Twice Digital PSU .. ................... £160 
H.P. 66312A 0·20V 0·2A Communications PSU .... .. ..................... .£200 
H.P. 6623A 3 Outputs PSU 0·7V 0·5A or 0·20V 0·2A . .................... £425 

0·20V0·2A or 0·50V0·0.8A 
0·7V 0·10Aor 0·20V0·4A 

H.P. 6626A Precision High Resolution PSU 4 Outputs .. . .. . . .  £500 
0·7V 0·15MA or 0·5DV 0·0.5A Twice 
0·16V 0·0.2A or 0·5DV 0·2A Twice 

CIRRUS CRL254 Sound Level Meter with Calibrator 80· 120db LED ... £95 
WAYNE KERR B424 Component Bridge ............. ... ........ ....... . .............. £50 
RACAL 9300 True RMS Voltmeter 5HZ-20MHZ usable to 60MHZ 10V· 
316V ......................................................... . .... . ................................. £50 
RACAL 93008 True RMS Voltmeter 5HZ·20MHZ usable to 60MHZ 
101/·316V....... ...... .... ...... .. . ............................................ .. . . . . . . .  £75 
AVD DA116 Digital Avometer with Battery and Leads ... . . .. . . . . . . ........... £20 
FARNELL LFM4 Sine/Sq Oscillator 1OHZ·1 MHZ low distortion TIL Output 
Amplitude Meter .................................................................................. £75 
FARNELL J3B Sine/sq Oscillator 10HZ·100KHZ Low Distortion . .. .  £60 
HEME 1000 LCD Clamp Meter 0-1000A in Carrying Case ....... ........... £35 
FLUKE 77 Mulitmeter 3 1/2 Digit handheld with Battery & Leads ..... . .. £45 
KENWOOD VT1762 Channel Mullivoltmeter ... .. ........ .£50 
KENWOOD FL140 WOW & Flutter Meter... .. ...................... .£50 
KENWOOD FL 180A WOW & Flutter Meter ... .. .......... £75 
KENWOOD FL 180A WOW & Flutter Meter Unused .. ... . .... . ....... .... ... .. £125 
MARCONI 6960B Power Meter with 6920 Head 10MHZ • 20GHZ .... .£450 
SOLARTRON 7150 DMM 6 1/2 digit True RMS.IEEE.... . .......... .£75 
SOLARTRON 7150 Plus As 7150 + Temperature Measurement.. ...... £100 
IEEE Cables ........................................................................................... £5 
HP 3312A Function Gen 0.1HZ·13MHZ AM/FM Sweep/Sq/Tri/Burst etc 

iiii 33io"AF���ii�n·ri·;·� o oosfiz:sMZsi�eis·q;r;iifi��pii';·1;e ..... ���� 
RACAL 9008 Automatic Modulation Meter 1 .5MHZ·2GHZ .. . ............ £60 
ISOLATING Transformer Input 250V Output 500VA Unused ............. £30 
RACAL 1792 Reciever ... .. ....... . £525 

USED EQUIPMENT - GUARANTEED. Manuals supplied. 
This is a VERY SMALL SAMPLE OF STOCK. SAE or telephone for lists. Please check availability before 

ordering. CARRIAGE all units £16. VAT to be added to total of goods and carriage. 
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Fact: most circuit ideas sent to Electronics World get published 
The best circuit ideas are ones that save time or money, or stimulate the thought process. 
This includes the odd solution looking for a problem - provided it ha� a degree of ingenuity. 
Your submissions are judged mainly on their origina l ity a nd usefu lness. I nteresting modifications to existing circuits are 
strong contenders too - provided that you clea rly acknowledge the circuit you have modified . Never send us anything 
that you believe has been publ ished before though .  

Clear hand-written notes on paper are a min imum requirement: but you wi l l  stand a much better chance of  early 
publ ication if you supply your idea electronica l ly, preferably by emai l .  Any diagrams need to be in  a graphic format, not 
a CAD/CAM or a ny other obscure fi le .  

Most circuit ideas contributors ore !]aid £35 a nd good ones attract £50 or even £ 1 00 !  If winners would prefer archive 
CDs or subscri ptions i nstead of payment please let us know when you send the idea in .  

Where software or fi les are avai lable from us ,  please emai l  Carol ine Fisher with the  circuit idea name as the  subject. 

Send your ideas to: Caroline Fisher, Highbury Business, Media House, 
Azalea Drive, Swanley, Kent, BRB SHU or email to: ewcircuit@highburybiz.com 

Telephone line monitor with extremely 
high impedance 

The Figure 1 circuitry monitors the 
usage of a telephone line. When no 
one is using the line, a red LED (05) 
flashes every 0.8 seconds. If the line is 
occupied, the LED is off. One feature 
of the design is that the impedance of 
the circuitry to the phone line is over 
SM ohms in all circumstances. 

D 1 to D4 eliminate the polarity of 
_ the phone line. Rl provides very high 

impedance to the phone line. C 1 
accumulates the current provided by 
the phone line through R l .  IC l is a 
nanopower comparator with a built-in 
l .  l 8V reference. R3 sets a positive 
feedback to the comparator. When the 

Figure 1 

T e l ephone l i ne 

circuitry connects to the phone line, 
the voltage on Cl (VC l )  goes up. 
Before VC l reaches 10.2V, the 
voltage on the positive input (V IN+) 
of the IC l is below the reference 
voltage. The output of the comparator 
is low and the LED is off. When VC l 
exceeds 10.2V, the comparator output 
becomes high and LED is on. Since 
R4 has a feedback to VrN+, YIN+ 
jumps from 1 . 1 8V to 2.35V which 
forces the output of the comparator to 
stay high. The LED presents a heavy 
load to C l  so VC l drops quickly 
when the LED is on. When VC l 
drops to 5 . 1  V, V rN+ drops to below 

R 1  

S . 6 M 

C l  

luF 

R 2  
2 0 M  

0 1-04 

1N400 1 X 4 

R 3  

3 M  I C- 1  
L T C 1 S 4 0  

the reference voltage and the LED 
turns off. Without the LED load, C 1 
starts to charge up again. 

When the phone line is not used, 
VC l swings between 5 . lV and 
1 0.2V. The LED off time is 
determined by R l , Cl and on time 
depends on C 1 and R5. When the 
phone line is in use, the voltage on 
the phone line is too low to turn the 
comparator' s  output to high, so the 
LED stays off. 
Yongping Xia 
Torrance 
California 
U. S.A 

R4 

20M 

RS 
4 . 7K 

D S  
L E D  

This circuitry indicates 
the phone line useage 
through an LED 

� 

3 8  ELECTRO N ICS WORLD September 2 004 

All-pass filter based on current-feedback 
amplification 
A new and economical voltage-mode 
circuit implementing first order all
pass filtering signal is presented here. 
The circuit is based on a single cur
rent-feedback amplifier, or CFA, and 
three passive elements. 

The circuit facilitates adjustment of 
phase angle via the frequency of the 
applied signal and/or a capacitor. 

Introduction 
Current-feedback amplifiers have a 
high slew rate and offer constant 
bandwidth that' s  independent of 
closed-loop gain. 1 -3 Consequently, 
CFAs are increasingly used as a basic 
building block to realise various 
analogue signal processing circuits. 

The functions performed by this 
first-order all-pass filter are: 

1) to shift the phase of a signal from 
0 to Jt while keeping amplitude 
constant over the frequency range. 

2) to enable implementation of 
various types of filter 
characteristics, and 

Four-component 
all-pass filter 
based on a current
feedback amplifier. 

3) to allow high-Q frequency-
selective circuits. 

A number of all-pass realisations 
have been reported in the literature 
using OTAs, FTFN, and CCII. 
However, it seems that a CFA based 
all-pass filter has not yet been 
reported4-8. Towards this end, we 
propose a simple first-order all-pass 
filter based on a single CF A, a single 
grounded capacitor, and two 
resistors. 

Phase can be controlled by 
adjusting frequency of the input 
signal and/or grounded capacitor, 
which can be tuned by voltage, 
lending an electronic tuning feature 
to the circuit. 

Circuit analysis 
Using the port relationships of the 
CFA, Vx= Vy, Ix= Vz, ly=O and V0= Vz, a 
straightforward analysis of the 
proposed circuit diagram shown 
yields the following voltage transfer 
function: 

O r-====:::::===-----------------------, 2 
-20 
-40 

Yi' -60 
(]) 

� -80 ._,, Gain (]) ............................................................................................................. ....................................... . 

�-1 00 
(]) 
fJ) � -1 20 

D... 
-1 40 
-1 60 

1 .5 

0 .5 

-1 80'-----------------------'----------___._ o 1 E+01 1 E+02 1 E+03 1 E+04 
Frequency 

Simulation of the all-pass filter's response based on a circuit using an AD844 as 
the current-feedback amplifier. 

September 2 004 ELECTRO N ICS WORLD 

T( s) = V,, = 
1 - sCR 

V;n 1 + sCR 

The condition for realisation of the 
circuit is R1/R2= 1 ,  which is simple 
and temperature invariant. Also, 
being resistor ratio, the design is 
compatible with contemporary IC 
fabrication techniques. 

Phase shift is expressed as: 
cp(w , C) = -2 arctan(wRC) 

Examination of this equation reveals 
that the phase can be controlled by 
adjusting the frequency of the input 
signal, and/or by changing C, without 
disturbing the condition for 
realisation of the filter. 

Experimental verification 
We have used PSPICE simulation to 
verify the all-pass circuit shown with 
an AD844 amplifier, R 1=R2= 1 0.5kQ 
and a l OnF capacitor. The phase was 
designed to be shifted by 90° at 
frequency 4 1 .5kHz. Gain and phase 
plots are shown. These are in close 
agreement with theoretical 
calculations. 

The circuit is unaffected by 
temperature variations as it relies on 
the ratio of two resistors. 
N. A Shah, M. F. Rather and 
S. Z. Iqbal 
The University of Kashmir 
Srinagar 
India 
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Traffic light controller 
The traffic light controller of Figure 1 comprises an astable 
of 555 timer of period 30 seconds (adjustable). Its output 
drives a decade counter whose outputs drive a decoder and 
its outputs go to inverters and their outputs to transistor 
relay drivers driving relays. R and R ' ,  are astable and 
counter resets respectively. Figure 2 shows the traffic light 
arrangements. Referring to Figure 3 relay R 1 with its NC 
contact glow red light r1 of corner 1 and pedestrian red light 
fP 1 ,  fPl ·  NO contact of relay R1 glow gp1 ,  gp1 green 
pedestrian lights. NOR gate with astable clock and decoder 
' a' point drive relay R5 through a transistor driver whose 
NO co-ntact glow amber light al which is between red and 
green light glows for the duration of astable Toff =3 sees. 
Also AND gate with clock Ac and point a. , with relay driver 
drive relay R6 with NO contact glowing corner green in 
Figures 4,5,6 which are similar to Figure 3. e,3,4 are 
corners. At the count of 4 the counter gets reset through 
decoder and inverter. Again the sequence starts. The 
prototype circuit uses 6V regulated supply and LE.D's .  The 
main circuit is with relay contact, 230V mains and bulb as 
in Figure 7. 

The advantage of the circuit is that it uses few I.Cs and 
discrete components and it does not utilise microprocessor 
hence it is cheap and simple. 
V. Gopalakrishnan 
Bangalore 
India 

Figure 1 
5V 

1 k  
R_o_ + Ac 

4 8 

3 MS CP0 
7 

555 CP1 
03 

+ 
5 2 J 2200µ 

A3 

.,... 
+ . 0 1µ  

a b c d 

R1 n R1 Relays 6V, 1 OOQO 
R,  R' in itial resets 

7404 

4 0  

7490 

02 01 

A2 A1 

7442 

e 

I I I 

1 

I I 1 - - - - -

t 
J I\ 

rp3 
9P3 
@ 
@ 
(0@ 

Figure 2 

2 

� _. 1  .. ._ - -tG - -

1 .- :;;- - - - - - 1 
I I I 

MR 

Oo 

Ao 

g h 

\r 

4 

1 N4001 

I I 
I 

N o  

230VAC 

L 

3 

Figure 7 

NO 

ELECTRO N ICS WORLD September 2 004 

R1 

� + NC 
6V 

fi 

Ac 

r1 

Red 
LEDs 

� rP1 � 

6V 

R1 � + NO 
6V � 9P1 9P1 

fi 

Rs � ·�::r" OW LED 6V 
a1 � 

f\ 

R 

Greer 
LEDs 

-� 

Ac 
a' 

�? + NO 
6V 

f\ 0 t� F�: 
91 'it 9'1 'it 

Figure 3 

R3 
� + NC 

6V 
fi 

Ac 

-

r3 � rp3 

6V 

6V 

Corner 1 

� rp3 � 

" � + NO 
6V 

fi 

OW NO 

9p3 �9P3 

·�1 6V 
a3 � 

fi 

R10 

� 

Ac 
c' 

�1 + NO 
6V 

fi 0 
J� ,J� 

-
Corner 3 

Figure 5 

Back issues of Electronics World are avai lable 
priced at £4 including p+p in the UK and 
£4 plus p+p elsewhere. 
Please send correct payment to: 

Electronics World, H ighbury Business, 
Media House, Azalea Drive, Swanley, 
Kent B R8 8 H U  

There are also a l imited number of back 
issues from 2002 & 2003. 
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I nput 
L R 

Left only 

Fly-by-wire integrity checker 
Integrity of a remote potentiometer, 
such as in a 'fly-by-wire' control, is 
checked by this circuit. 

For instance, if the ground end of 
the potentiometer goes open-circuit, 
the engine could over-rev 
dangerously. This fault condition is 
sensed by the window comparator 
built around IC1a and /C1b· 

If the voltage at the top end of the 
pot rises by more than 0.5V, a fault 
condition is flagged. Similarly, if the 
voltage falls by more than 0.5V -
which could happen with a short to 
ground - a fault is a1so flagged. 

f:·· . .  
2k 

R1 
1 k 

C2 
1 00n 

R5 
20k 

R5 
1 0k 

A 

R2 
2k R7 Rg 

20k 
1 20k 

+5V 

+5V 

R1 0  
1 0k R12  

Cs 39k 
1 0n 

OV Output from the wiper is clamped low 
by D3 in the excess voltage condition; 
clamping is not necessary in the under
voltage condition, since the signal is 
already being dragged down low. 

Monitoring the voltage over a remote potentiometer, this circuit provides an 
error signal in the event of a potentially dangerous failure. 

Under normal operation, point A is 
at +2.5V and output at C can swing 
from OV to +3V. Capacitors C3_5 are 
added in order to suppress noise pick
up, with c6 as a final filter. 

Parallel resistor R2 is there to ensure 
that the voltage levels presented to the 
op-amps do not exceed their common
mode range. In addition, the high-value 

pull-down resistor R9 offers protection 
to the engine in case the wiper - or the 
wire running to it - goes open-circuit. 

Bias-resistor R 1 1  offers a half-volt 
uplift to the inverting input of the op
amp IC2; this allows the clamp D3 to 
operate satisfactorily, as well as 
ensuring that there is a small dead 

zone at the bottom end of P 1 .  
The idle speed can then b e  set 

independently at the engine, rather 
than relying on the 'zero' of the 
throttle pedal or stick. 
C. J.D. Catto 
Cambridge 
UK 

Oscilloscope stereo monitoring accessory 
This circuit was developed for a 
presentation I gave on oscilloscope 
applications. The idea came from the 
illustration of the Tektronix 760 
Stereo Audio Monitor in a book about 

stereo sound. Although the circuit is 
straightforward enough, the 
application might be of interest to 
readers with a scope having X and Y 
inputs. 

Diff ( to X plates) 

Sum (to Y plates) 

Right only I n  phase Out of phase 

/ 
Oscil loscope d isplay (pure tone input) . 

IC 1 and 2 provide the necessary 
low impedance drive (to prevent 
crosstalk) to the summing amp IC l -3 
and the difference amp IC 1 -4. Each 
has a gain of about 20. The level 
control is a linear two-gang pot. I 
thought that the tracking should be 
better than with a log pot. It is, in 
fact, very good, but the 4k7 provides 
a trim at the lower end of the range if 
needed. All resistors are 1 % and thus 
no balance adjustment is needed in 
the difference amp. The resistors R5 
and RIO protect the outputs from 
accidental grounding. 

Balance is tested either by applying 
the same signal to both inputs or with 
the 'Check balance' switch (optional). 

The circuit was intended for 
occasional use so it is supplied from 
a 9V PP3 battery. A ICL7660SCPA 
switched capacitor voltage 
converter chip generates the 
negative rail for the op-amps. This 
chip is cheaper than a second 
battery, but as it works at 1 OkHz 
care is needed with decoupling. 

In use the accessory displays 
stereo balance errors clearly and the 
'width' of the stereo image is also 
very apparent. 
Tony Meacock. 
Norwich 
UK 
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Easy- PC 

from 

-

High performance Windows based PCB Design Capture, 
Simulation and Layout software at prices you'd expect 
from your local computer store! Ml� 

Wlnclowa9XP 
2000, ME, INI 
WlndOWI N'J9 NEW! in Easy-PC 7 Stop press ... by customer demand, now 

• Library Datobook with Tsien Boardmaker 2 design import ... 
• Step and repeat plotting 
• Swap Connection Mode 
• Dimensioning 
• Copy to Metafi le 

plus much more .. . . . . 

Prototypes at a fraction of the cost 

Tooling and setup included 

Any contour 

Fr4 1.6mm, 35µm Cu 

"";��OC�RD DSJPTH I+ Tooling 

Simply send your files and order ONLINE: 

0 Industry standard quality 

WWW.1'Cl-1'00L.COM 
� • I II or.��- ID\1N � 
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Number One Systems del ivers true 32 bit Windows software 
appl ications including features that a few short years ago wou ld 
only have been avai lable in software tools p riced in the thousands! 

Test d rive Easy-PC and Easy-Spice for you rself and be prepared to be 
amazed at the super va lue .. . 

Cal l for a brochure, price list and demo CD 
on + 44 (0) 1 684 773662 or email sales@numberone.com 

WATCH SLIDES ON TV 
MAKE VIDEOS OF 
YOUR SLIDES 
DIGITISE YOUR 
SLIDES 
(using a video capture card) 
"Liesgang diatv" automatic slide viewer with built in high quality colour TV camera. It  has 
a composite video output to a phono plug (SCART & BNC adaptors are available). They 
are in very good condition with few signs of use. For further details see www.diatv.co.uk 
... . . . . . . . . . . . . . . . . . . . . . . .. . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . .......... . . . . . . . . . . . . . . . . . ...... £91 .91 + vat = £108.00 

Board cameras all with 51 2x582 pixels 8.5mm 1/3 inch sensor and composite video out. 
All need to be housed in your own enclosure and have fragile exposed surface mount 
parts. They all require a power supply of between 10 and 1 2v DC 150mA. 

47MIR size 60x36x27mm with 6 infra red LEDs (gives the same illumination as a small 
torch but .is not visible to the human eye) .... .. . .... . . ...... . . . . . . . . . . .... . .. .. . . .  £37.00 + vat = £43.48 

30MP size 32x32x1 4mm spy camera with a fixed focus pin hole lens for hiding behind a 
very small hole . . . . . . . . .. . . . . . . . ...... .... ..... . . ... ......... . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . .  £35.00 + vat = £41 . 1 3  

40MC size 39x38x27mm camera for 'C' mount lens these give a much sharper image 
than with the smaller lenses .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  £32.00 + vat = £37.60 

Economy C mount lenses all fixed focus & fixed iris 

VSL1220F 1 2mrn F 1 .6 1 2x15 degrees viewing angle . . . . . . . . . . . . . . . .. . ... .  £15.97 + vat = £18.76 

VSL4022F 4rnrn F1 .22 63x47 degrees viewing angle .. . . . . . . . . . . . . . . . . . . .  £1 7.65 + vat = £20. 74 

VSL6022F 6rnm F1 .22 42x32 degrees viewing angle ...... . . . . . . . .... . . . .  £1 9.05 + vat = £22.38 

VSL8020F 8rnm F1 .22 32x24 degrees viewing angle ............... . . . . . .  £1 9.90 + vat = £23.38 

Better quality C Mount lenses 

VSL1 614F 1 6mm F1.6 30x24 degrees viewing angle ............ . .. . .. . .  £26.43 + vat = £31.06 

VWL813M Bmm F1 .3 with iris 56x42 degrees viewing angle ........ £77.45 + vat = £91.00 

1 206 surface mount resistors E1 2 values 10 ohm to 1 M ohm 1 00 of 1 value £1 .00 + vat 
1 OOO of 1 value £5;00 + vat 

866 battery pack originally intended to be used with an orbitel 
mobile telephone it contains 10 1 .6Ah sub C batteries 
(42x22dia the size usually used in cordless screwdrivers etc.) 
the pack is new and unused and can be broken open quite 
easily . . . . . . . .. . . . . ...... . . . . . . . . . . . . . . . . . . . .. . . .. . . . . . . . . . . . . . . . .  £7.46+vat = £8.77 

Please add 1.66 + vat = £1.95 postage & packing per order 

JPG E LECTRONICS 
Shaws Row, Old Road, Chesterfield, 540 2RB 

Tel 01 246 21 1 202 Fax 01 246 550959 MastercardNisa/Switch 
Callers welcome 9:30 a.m .to 5:30 p.in. Monday to Saturday 
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Easy & inexpensive temperature controller 

Current 
from 

Transducer 

I have recently designed and built an 
inexpensive Temperature Controller 
which is very easy to build with 
readily available components. I am a 
final year Electronics engineering 
student and last semester' s  I was 
asked to build a temperature 
controller for a server room which 
needed to be maintained within the 
temperature range of l 6°C & 25°C 
by using two air conditioners. The 
existing temperature controller was 
based on a rnicrocontroller (80c196) 
and was very expensive to replace in 
case of any fault. Therefore I was 
asked to build a cheaper and easier 
model. 

The main objective of the system is 
to maintain the temperature of the 
room in between 1 6°C & 25°C. If the 
temperature is less than l 6°C both 
the ACs are switched off. In between 
the normal range of l 6°C to 25°C the 
ACs are alternately switched on and 
off every 4 hours so as to not put too 
much load on any one machine for a 
long period of time. If the 
temperature of the room rises above 
25°C then both the AC M/Cs should 
be switched on. And if this condition 
stays for more than 5 minutes this is 
reason for concern and thus an alarm 
is triggered off. 

Figure 1 shows the block diagram 
of the circuit. 

The transducer employed to sense 
the temperature was a wall
mountable temperature sensor. It 
provided a linear current O/P of the 
-range 4-20mA, ·corresponding to the 
temperature O-to-50°C. After passing 
this O/P current through a I-to-V 
converter the corresponding voltages 
were obtained. These were then 
compared with two reference 
voltages on two comparators to check 
for the range of l 6°C to 25°C as 
shown in Figure 2.  

These two O/Ps from the 

Current to 
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Converter 

Opto
Isolator 

'----..i Comparator 
Opt<>
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555 Timer 
(T= 4 1us) 

4 4  
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Input pin MUX 1 M UX 2 
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Q (From JK F/F) Q' (From JK F/F) 

2 Q (From JK F/F) Q' (From JK F/F) 

3 HIGH (5 V) HIGH (5 V) 

comparators are fed into the selection 
lines of a dual 4-to-1 multiplexer as 
in Figure 3 .  

Outputs are LOW and the first I/P 
lines from each MUX gets selected 
thereby making both Outputs LOW. 
As the temperature increases and 
reaches the range in between l 6°C 

So when the temperature is less 
than l 6°C, both the comparator 
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and 25°C, the Output from the first 
comparator is LOW and from the 
second is HIGH. This selects the 
second and third input lines from 
each MUX and the Output is the 
same as that of the JK F/F Output. 

Now the JK Flip Flop Output is 
such that it toggles every 4 hours 
thereby switching one AC ON and 
the other AC OFF alternately. The J
K F/F has both its J and K I/Ps tied to 
the 5V supply so as to make it toggle 
at every Clock Pulse. It is fed by a 4 
hour clock, which is generated by a 
555 timer in astable mode, to make 
its OUTPUT toggle every four hours. 
This is shown in Figure 4.  

If the temperature increases to over 
25°C then both the comparator O/Ps 
become HIGH and the fourth I/P line 
of each MUX gets selected. This 
gives rise to a HIGH voltage at both 
outputs thereby switching ON both 
the ACs. These two O/Ps from the 
MUXs are also fed to the NAND gate 
and the output becomes LOW. This 
O/P is fed to the (active low) Reset 
pins of the counter. This starts the 
counter which is fed by a 555 timer 
generating a calculated clock pulse. 
The output from the counter after 
passing through a differentiator 
circuit and a half-wave rectifier 
generates a pulse to trigger a SCR, 
which then latches itself to start the 
alarm Figure 5 .  

Now even if  the counter signal goes 
low, the SCR will remain latched 
thereby making the alarm ring 
continuously. This alarm can only be 
switched off by manually 
disconnecting it from the power 
supply. On the other hand, if the 
temperature becomes below 25°C 
before 5 minutes, the OUTPUT of 
the NAND gate goes HIGH thereby 
resetting the counter. 

Finally the OUTPUT logic signals 
from the MUX optically coupled to 
the power line signals in order to 
ensure proper isolation. This then 
goes to the latch and switches ON or 
OFF the A/C M/Cs depending on 
their present state. 

A look at the timing diagram 
Figure 6 will give a better picture 
into the working of the circuit. 

Here initially the temperature is 
normal (i.e. l 6°C <T <25°C) and so the 
two ACs alternately get switched ON 
and OFF every 4 hours. Then the 
temperature rises to above 25°C at 
around 1000 hours and both ACs get 
switched on. This makes the Enable 
(EN) for the alarm circuit go on as 
well. But since the time for which 
temperature remains above 25°C is less 
than 5 minutes. Hence the alarm does 
not go off. Now the temperature returns 
to normal and the ACs get back to their 
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hours the next day the temperature rises 
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intervention to switch it off. 
The final and total circuit is shown 

in Figure 7.  
Soumyadip Rakshit 
Kolkata 
India. 
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FRUSTRATED! 
Looking for ICs TRANSISTORS? 
A phone call to us could get a 
result. We offer an extensive 
range and with a World-wide 
database at our fingertips, we are able 
to source even more. We specialise in 
devices with the following prefix 
(to name but a few). 

2N 2SA 2SB 2SC 2SD 2P 2SJ 2SK 3N 3SK 4N 6N 17 40 AD 
ADC AN AM AY BA BC BD BDT BDV BDW BDX BF 
BFR BFS BFT BFW BFX BFY BLY BLX BS BR BRX BRY BS 
BSS BSV BSW BSX BT BTA BTB BRW BU BUK BUT BUV 
BUW BUX BUY BUZ CA CD DX CXA OAC DG DM DS 
b>TA DTC GL GM HA HCF HD HEF ICL ICM IRF J KA 
KIA L LA LB LC LD LF LM M M5M MA MAB MAX MB 
MC MDA J MJE MJF MM MN MPS MPSA MPSH MPSU 
MRF NJM NE OM OP Pl\ PAL .PIC PN RC S SAA SAB 
SAD SAJ SAS SDA SG SI SL SN SO STA STK STR STRD 
STRM STRS SVl T TA TAA TAG TBA TC TCA TDA TDB 
TEA TIC TIP TIPL TEA TL TLC TMP TMS TPU U UA 
UAA UC UDN ULN UM UPA UPC UPD VN X XR Z ZN 
ZTX + many others 

Please visit our website at 
www.cricklewoodelectronics.com 
17 thousand components in stock 

Mail, phone, Fax, Credit Card orders & callers welcome . 

E! .. J VISA I [connect) 
Cricklewood Electronics Ltd 

40-42 Cricklewood Broadway, London NW2 3ET Tel: 020 8452 0161  Fax: 020 8208 1441 
Visit our new www.cricklewoodelelectronics.com Email: sales@'1cricklewoodelectronics.com 
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Back Issues 
Back issues of Electronics World are available 
priced at £4 including p+p in the UK and 
£4 plus p+p elsewhere. 

Please send correct payment to: 
Electronics World, H ighbury Business, 
Media House, Azalea Drive, Swanley, 
Kent BR8 8HU 

ELECTRONICS 
WORLD JO J6 

Capacitance meter 
I tlmiit� 
, . __ _ ! ·• _..,..._..,,,.__. 1 · ����---� 

There are a also a limited number of back issues from 2002 & 2003. 
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" 

e-ma i l  EWletters@h igh burybiz .com us ing subject head i ng ' Letters' . 

Circuit idea does work 

I would like to reply to Mr. J. Marsh (Letters page July 2004) saying that 
my 555 Long Delay Timer Circuit Idea does work: 

It is has been attached to my own personal radio, which I use a lot, for 
about a year. I am satisfied that my explanation of the circuit is correct. 

The more conventional 555 astable and counter sleep timer circuit I men
tioned in the text, was built as a present (and combined with a spare radio). 

I had built, tested and used the circuit before submitting it. 
Alan Bradley 
Belfast 
NI 

Powers that be 
As an adjunct to the subject of 
challenging accepted theories (editorial 
comment to letter, June issue), I have 
always admired those willing to stick 
their necks above the parapet and 
challenge accepted doctrine. As 
someone who has often struggled with 
their higher education, with 
overheating of the CPU (Cerebral 
Processing Unit) - symptomatic of a 
processor fault technically known as 
"being thick" - I have come to realise 
that it is not entirely my problem. 

I wish that General Semantics had 
been taught at school (Collins' English 
dictionary: general semantics n. 
(functioning as singular) a school of 
thought, founded by Alfred Korzybski, 
that stresses the arbitrary nature of 
language and other symbols and the 
problems that result from 
misunderstanding their nature.) 

When looking around to see who else 
is having difficulty understanding, or 
challenging what has been stated, and 
finds everyone else with their head 
down, it is easy to reinforce the idea 
that everyone else understands and, 
ergo, you must be "thick". It is not just 
complicated words, symbols and 
theories that have to be fully explained. 
It took me years to understand what 
"To be, or not to be" actually meant, as 
it was far too simple to warrant any 
words of explanation from the English 
Lit. teacher. (Out of interest, I have 
asked around about this and still find 
people who haven't a clue what it 
means). I learnt of one young kid who 
hated maths and couldn't get the hang 
of multiplication. When the exact 
meaning of that strange symbol "?" 

was demonstrated to him, his face lit up 
and he began to excel at maths. 

Let me give another example of 
something that I couldn't  understand, 
but was far too timid to be the only one 
to challenge. We all learnt that two
squared equals 4 and two-cubed equals 
8, didn't we? (before it became trendy 
to be numerically illiterate) .  

At junior school, the teacher told us 
that the power of a number is the 
number of times that that number had 
to be multiplied by itself. She then 
looked kind of embarrassed (as though 
she didn't understand this herself) 
before adding that "2 to the power of 1 
is two, and 2 to the power of O is one". 
I was deeply puzzled and looked 
around, but everyone else seemed to 
understand, so I bit my lip. Now, 45 
years later, I am vociferously 
challenging that statement. Two, 
multiplied by itself no times (not at 
all), is blatantly not one, whilst two, 
multiplied by itself once is just about 
the first thing you learn in maths. 

Just to convince myself that I hadn't 
mis-heard, years later I referred to its 
dictionary. Again, quoting Collins' :  

Exponent n . . . .  (4) Also called: power, 
index. Maths. a number or variable 
placed as a superscript to the right of 
another number or quantity, indicating 
the number of times the number or 
quantity is to be multiplied by itself. 

(If you number the number of times 
that "number" is mentioned, your brain 
is probably much "numb-er" by now!) 

The contamination of brain-washing 
and disinformation has spread. Here is 
an extract from Electronics Monthly, 
Oct. 1985 (I still have the yellowing 
original sheet, such is my disquiet about 

false data being pumped into us !)  . . .  
"Thus 10"9 stands for 

1 ,000,000,000, which is 10 multiplied 
by itself 9 times. Note also that 10" 1 = 

10 and 10"0 = 1 ."  
That last little throwaway line i s  said 

with the same sincerity and 
explanation that leads me to believe 
the author had the same brainwashed 
teacher. It is implying that if you 
multiply 10 by itself just once, the 
answer is 10. This can be scientifically 
disproved by taking the log. of 10, 
multiplying by 10, then taking the anti
log of the result. This is no trivial 
matter: even in the vastness of space, 
an overshoot of 100,000,000 
kilometres could have implications for 
a planetary landing. 

I would suggest a Revisionist 's 
dictionary entry something along the 
lines of: 

Exponent n. (4) Also called: power, 
or index. Maths. an integer (written as 
a superscript to the right of another 
number or expression that represents a 
number), indicating how many times 
that unity is to be compound
multiplied by the first number. Thus 
10"3 stands for 1 ? 10 ? 10 ? 10. Note 
that 10" 1 = 10 and that an exponent of 
zero indicates that no multiplication 
takes place, i.e. 10"0 = 1 .  

However, even this i s  not enough to 
prevent confusion to someone who 
accepts the above, but then sees that a 
scientific calculator can handle an 
exponent such as 1 .5.  Great confusion 
sets in again as you figure out how to 
multiply by 3 one-and-a-half times. 
The answer isn't what you might 
eventually hazard a guess at. 

If you think that you are too dumb 
(i.e. brain-numb) to understand 
electronics, is it perhaps that various 
terms have never been satisfactorily 
explained? Take, for example, the 
Exclusive-OR - either A OR B, but 
excluding the case of A AND B. No 
great problem with semantics there. 
But can someone please tell me what 
an Exclusive-NOR is? To my mind, 
NOR is already an exclusive term -
neither A NOR B excludes three out of 
four terms. What is there further to 
exclude? And did I say there was no 
great problem with the Exclusive-OR 
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definition? By extrapolation, a 3-input 
Exclusive-OR gate is, obviously, a gate 
that detects A OR B OR C, but 
excludes the case of A AND B AND 
C. Why not? All of a sudden, the actual 
logic requirement is tacitly taken as an 
odd parity detector but excluded from 
its name (e.g 74S 135). Who has 
decided what is to be excluded? 
Trevor Skeggs 
Beccles 
Suffolk 
UK 

Alkaline battery failures 
2004 
I wonder if any other reader has 
experienced the sort of problems I 
have had with alkaline batteries, 
mainly this year. I would recommend 
checking the're rarely used or backup 
battery equipment soonest! 

In the last few months I have found 
several cases of cells either leaking, 
splitting their case, or bulging at the 
ends. In several instances this has 
required dismantling and cleaning of 
the unit. These have not been either 
excessively old or over discharged at 
heavy load. 

For example TV and VCR remote 
controls lying unused for six months, 
quartz clock, cells just loose ' on the 
shelf' , cells in a flashgun which was 
working before and was definitely 
not left on. 

I know they can burst if shorted, 
but in each burst case where they 
were in equipment the unit worked 
OK afterwards and there was no 
evidence of shorting. 

Cells were mostly AA, AAA, 
C size, though 1 PP3 also failed. 
The manufacturers involved were 
all reputable brands, such as. 
Duracell, Ever Ready, Panasonic, 
Ray-0-Vac etc. and all within the 
marked use by date. 
Peter Hague AMIEE 
By email 

Cyril 's conundrum 
I trust that I am not too late to add 
something to the discussion started by 
Cyril Bateman. My own introduction to 
the conundrum happened while doing 
National Service some time in 1953. 
Our Officer i/c decreed that one 
Saturday morning per month would be 
given over to lectures on basics in 
electrical and electronic theory. Suffice 
it to say that he would neither be giving 
any talks, nor would he be attending ! 

At the conclusion of the first lecture 
(and I think the last) following a 
reference to Kirchoff's Laws, someone 
raised the example of the Cube. Our 
guru, an Air Radar Corporal fitter, 
groaned, drew the diagram on the 

board and prompt! y declared that it 
was not amenable to analysis, i.e. he 
couldn't solve it. Why no one 
suggested actually making it when it 
was physically practicable, I don't 
know. Possibly we were too close to 
lunchtime. Obviously though the Cube 
was not a new problem even then; 
perhaps Wheatstone originated it. 

With time comes wisdom and 
experience. Some years later I came 
across it again and, realising that it 
was amenable to analysis, succeeded 
in solving it for myself as many 
others have done. 

My motive in writing now arises 
from something I found recently 
while browsing in an old text book, 
Electricity by C.A.Coulson DSc. 
FRS* .  First published in 1 948, my 
edition is the fifth from 1 958 but I 
assume from the preface to the 
second and later editions, that the 
relevant passage was in the original. 
Chapter V, Art. 43 consists of a 
number of examples .  Example 1 is 
our old friend with the result stated 
(5R/6) but the proof left as an 
exercise for the student. 

Here is the kicker. Coulson' s  
example i s  in two parts - the first 
quoted above but the second is this: if 
an e.m.f. is applied to the ends of one 
edge, show that the perceived 
resistance is 7R/12. Any takers? 

* Electricity C.A.Coulson, DSc., 
FRS. Published by Oliver and Boyd 
Ltd. in the series University 
Mathematical Texts. 
Ian Cuthbert 
Gillingham 
Kent 
UK 

H istory re-written? 
Mr Catt tells us  that Alan Turing ' s  
"history has t o  b e  rewritten now for 
PC reasons". A brief appraisal of 
Turing' s  contribution to computing 
written before the term PC seems to 
have been invented can be found in 
Simon Lavington' s book Early 
British Computers published in 1 980. 

Whilst at the National Physical 
Laboratory, Turing presented a 
complete and costed design for an 
electronic stored-program computer 
in February 1 946. Construction of a 
pilot model of the ACE did not start 
until after August 1 947 and the 
computer ran its first program in May 
1 950. An NPL proposal and a draft 
contract were sent to Manchester in 
December 1 946 but were declined by 
F. C. Williams. That was two years 
before the order being placed with 
Ferranti to construct a machine to 
Williams ' design in October 1 948. 

Turing left NPL in the summer of 
1947 and, after a sabbatical year at 
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Cambridge, moved to the 
Mathematics Department at 
Manchester University in Autumn 
1 948. Lavington' s  assessment is that 
he did not materially contribute to the 
machines at either University. At 
Manchester he devoted most of his 
energy to developing early 
programming techniques. Perhaps 
that is why his name never appeared 
on any documents read by Mr Catt 
whilst he was working at Ferranti. 

ACE had a 32 bit instruction which 
required the programmer to specify 
seven quantities. Lavington suggests 
that to modern eyes this seems like 
microprogramming and comments 
that the programmer "had to be aware 
of the detailed interconnections of the 
machine". As he also points out, "this 
highly original programming strategy 
for ACE was born in 1945 , before 
most other early computers were 
even a twinkle in their designer' s  
eye". 
Dr. Les May 
Rochdale 
Lancashire 
UK 

Hot air 
I've been a regular reader of EWW 
for many years. Since moving to 
Cumbria three years ago, it ' s  been 
hard to find EWW on the shelves. I 
was disappointed after finding the 
July issue to discover that appeared 
to be devoted to the ' Old Farts Club' , 
who were rambling on about 
memories and various philosophical 
points which I doubt were of interest 
to the majority of readers. In any 
case, the points could have been 
made more concisely, leaving room 
for articles of real substance. I refer 
specifically to Class A Imagineering 
Part II, Boolean Castles In The Sky 
and Catt Flap I & II. 

I look back to articles of real value 
such as those by Doug Self which 
even if one did not agree with all that 
was proposed, the articles provoked 
logical thought and in my case, my 
own designs, construction and 
testing. 

Historical reviews can be 
interesting. John Linsley Hood did it 
well, but then he based them on solid 
experience, not hot air. 

Please return EWW to articles and 
discussion of real substance. 

BTW. I am a fully fledged member 
of the above mentioned club who 
started off using thermionic valves (I 
still have a Williamson in the loft ! ) ,  
was later fascinated by 'red spot' 
transistors and has since moved on to 
explore the digital world. 
Ken Hough 
By email 
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Re: Catt flaps and other 
electron mysteries 
Readers interested in electrical 
conduction disputes might find Bruce 
Scechter' s article 1 valuable, it 
suggests, "A growing number of 
physicists are realising that their 
understanding of conductivity is on 
shaky ground to say the least." 

Recent data has led to suggestions 
that some Cooper pairs (of electrons) 
condense into localised regions of 
vortices that have three options, one 
of which is thixotropic flow ! More 
work is required before we can be 
more certain about electrical 
conduction; which tends to support 
Ivor's contentions 

One of the consequences of these 
recent interpretations is that they 
appear, to me, at least, to be moving 
closer to descriptions2 of current flow 
in vacuo (cathode ray tube), a copper 
wire (50µA DC) and a graphite rod 
given by Geoffrey Hodson in 1959. I 
can't see any of the details that Hodson 
and others have described although I 
can see very fine, iridescent rays of 
sunlight reflected off the convex 
surface of a chromed top, which exhibit 
movement, unless I keep very still, 
when the rays appear to be rigid and 
straight - quite immobile ! And 
significant ! !  When I look at the sky, 
however, I can see a host of vortices 
not like those in Vincent's paintings of 
the sky above saint Remy, but much 
smaller; about a thousand per 
Steradian. They don't rotate like 
wheels with angular frequency ( w) but 
Qscillate like the balance wheel of a 
wristwatch does; which is consistent 
with Dirac-ScrOdinger (1930) analyses 
for Zitterbewegung, which is helical 
about the direction of current flow. 
These oscillations rise-up, counter 
clockwise, out of the background and 
reverse, clockwise fading to invisibility 
at a rate of 1 .87Hz, except for the 
bright light at the centre of the complex 
whose luminosity is invariant. This 
bright light enables me to follow the 
translational motion of the complexes, 
which appears to be curvilinear (in 
mean-free-paths about five times the 
diameter of the complex, fifty times the 
diameter of the bright light) before 
sensing another complex in a gentle 
deflection, not at-all like the staccato 
deflections in Brownian motion. This 
tends to support Nigel's  contention 
about momentum exchange (Electron 
Mysteries, EW, letters, July 2004), and 
it is consistent with the bifurcate 
solution of the fundamental quadratic 
in GR theory: wave-like and point-like. 

If David had have used a 3D 
phosphor, he might have seen 
Zitterbewegung super imposed on the 

5 0 

helices tracks, parallel to the principle 
axis and not unlike the compression-
rarefaction in longitudinal waves. In 
his last letter to 'Nature' ,  Paul Dirac 
advised physicists not to continue 
ignoring negative root of the total 
energy equation E2 = C2 P2 + (mc2)2. 
This is what gives the helices a sort of 
'back-stitch' moti'bn at a rate of 
1 .87Hz parallel to the current 
(nominal) direction in Maxwell ' s  left-
hand rule (IML), which Nigel Cook 
emphasised in his EW articles 
Electronic Universe 112, Hodson also 
described the ' skin-effect' electricians 
one familiar with, analogous to the 
Meissner effect which occurs in 
conductors close to absolute-zero 
when experiencing magnetic fields. 

Zimanyi' s work has shown that 
extremely high magnetic flux densities 
reverse the Meissner effect by cutting 
a swathe through the conductor lattice; 
even insulators ! A similar process 
occurs with high currents, which bore 
annular paths through conductors, 
permitting the 'vortex molasses ' ;  to 
flow thixotropically, in limit-cycles, 
probably, of radius r; which is the A in 
Braggs equation. Not the first time an 
equation has given the right answer 
for the wrong reasons. I 'm grateful to 
Nigel for mentioning the Earth-Mars 
spacing because me-thought I could 
almost discern evidence of this in the 
slightly-varying shapes of the 
envelopes of tiller's  periods; the radius 
R in c=2nRF is for Mars' distance 
from the sun, however; or rather, the 
radius of an orbit (Kirkwood gap) 
between the orbits of Earth and Mars, 
which move in Hilda Clumps -
honestly (see Does God play dice? 
page 256, under Resonances) 

Another effect which was described 
is 'pulsation' somewhat akin to a boa 
swallowing some unsuspecting 
geezer who was a bit too slow off the 
mark. This frequency of pulsation, 
which might be l .87Hz, appears to 
resonate with the ' skin of the 
vacuum' formed when the energy 
decoheres into particles, using 
modern parlance. 

Stephen Phillips, who has worked 
with Abdus Salem on Quark Theory 
and Superstrings, has gone to 
considerable lengths to analyse the 
observations of Hodson and earlier 
workers in the field, some of which 
were made in pre-Christian eras, and 
are depicted in Vedic texts, on stellae 
at Newgrange, the earliest settlements 
on Crete and elsewhere. And not only 
pictorially; Mayan inscriptions in stone 
from Chicken Itza to the Guatemalan 
west coast indicate that earlier 
civilizations had knowledge of 
bifurcation constants, or the quotient 
Fl/F2 = 1 .87; as did Job, or his 

ancestors? And early Tibetan 
metaphysicians (vide The secret 
doctrine, Vol. 1 ,  Sloka VI) David 
Reigle has translated verse 1 13 of 
Mfila Kfilachakra tantra (Kins-te) 
which describes a world-modelled 
which, although incomprehensible -
incoherent nonsense in pigeon's  terms-
is not so very different from Ian 
McCrimmon's analysis4, suggesting 
four layers of gravity in terms of 
electronegativity and entropy (Mfila 
equals root, in Sanskrit) and more 
recently Watson and Keating at 
Reading university, with Paul 
Devereaux have measured resonances 
at '2Hz' ( l .87?) and 4Hz (3.74), 
although, surprisingly, not Schumann 
Resonance (7.46Hz, mean), in many 
dolmens in the UK, suggesting that 
these were retreats not unlike les 
cloitres de Saint Remy - mental 
hospitals, if you like? 

Recent work by Jean Gabraith in the 
UK, and several in America suggest 
that Vincent didn't  suffer from 
epilepsy or bipolar dissociation but 
was given bouts of spontaneous rising 
of Kundalini up the spine - an effect 
described as not unlike an electric 
shock, althpugh in my case it had 
added feeling of reacting against the 
inertia of the universe as well as all the 
electricity being generated in the world 
at that instant. Quite ineffable - you 
have to experience it to know it, it's a 
bit like a near-death experience, which 
I had in 1987, just before closing time. 
Nope, wrong don't drink, don't do 
drugs, Jean now calls this SEUS - as 
in Oduseus ! - Spontaneous emergence 
up the spine, which can leave victims 
traumatised, unlike artificial means, 
which have proved fatal. The most 
common sequelae to SEUS is 
isolation, or not wanting to socialise 
although trying; so it's  understandable 
that people may be easily offended by 
letters in electronics journals; and your 
current policy on courtesy is in 
keeping with a trend which Graham 
Maynard, Robert Matthews, Marcello 
Truzzi5 and others have appealed for, 
which, in simple terms, means, having 
a little respect for the other guy, or gal, 
whatever their viewpoint. Not beating 
the living daylights out of them just 
because they express some ideas that 
appear like ' incoherent nonsense. '  As 
Dylan observed: 'time will tell, who's  
to blame, and whose been left behind, 
when you go your way and I go mine. '  
(Leopard-skin, pillbox hats). Some of 
the Ss in Jeans's  audits became neutral 
readers, although not all: one became a 
leading authority on early dinosaurs 
virtually overnight! Whilst others 
became fluent in a hitherto unknown, 
or lost language, and a third - nothing, 
not a dickie bird, guess who? 
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Tony Callergari full significance. A preferred frame physics, some years ago admittedly, 

Much Hadham 
for rotations (essential when dealing but I've never heard of a negatron. 

Herts with inertial reactions5) has nothing As for figure 3 ( !) I could not 

UK 
to do in electrodynamics. fathom it at all. Is it me? Has Clive 

After 170 years of controversy, we Stephens lost the plot? Can anyone 
can ensure4, (www.redshift.vif.com) else understand what the article is 

Discrimination? 
that a wire clockwise rotating upon a about? 
stationary magnet is equivalent to a David }. Sweeney BSc. FIAP Miff 

I have just looked through the latest magnet counterclockwise rotating By email 
EW to hand (June) to fully check on beneath the wire at rest in the lab 

Gobbledegook? an old suspicion of mine, and it (Figure 1 ) .  
seems I was right ! In Rohrlich' s  recent words: "Your Regarding the article An Electric 

The articles, letters, and circuit experiments should remove the last Universe by Clive Stevens in the 
ideas have 40 attributions. Of those, 8 shadow of doubt even of the most August issue; do you think it might 
names have only initials for the first skeptical minds, that the be possible to have it translated into 
names. Of the remaining 32, the first electromagnetic phenomena are of a English so that more people might 
names seem to me to be exclusively relativistic nature "6. enjoy it? 
male. References: Robert Baines 

I wonder why this is? Some W. K. H. Panofsky and M. Phillips, 
By email 

possible explanations: 
1. EW has no female readers. Classical Electricity and Magnetism, Magnetoflux aether tunnel 2 
2. Electronics as a Add. Wesley (1955). May I suggest some guidelines that 

profession/interest has no female R. Feynman, The Feynman Lectures of may help you avoid printing such 
participants. Physics, Add. Wesley ( 1964). b* * * *cks as the above article? 

3. All female contributors hide A. Einstein, Annalen der Physik, 1 7  a) reject all articles referring to 
behind initials. (1905). "God"; 

4. The Editor is a misogynist ! J. Guala-Valverde, Apeiron 11 ,  327 b) reject all articles referring to "the 
From yet another male (2004) aether" (unless in quotation marks) ; 

Tony Batchelor c) reject all articles by Clive 
Denmark A. K. T. Assis, Relational Mechanics, Stephens; 

Apeiron, Montreal, ( 1999). d) reject all articles by authors who 
I am certainly not a misogynist - so F. Rohrlich, priv. corn. (Letter to J. sign themselves "M.I.E.E" (while 
the other explanations must be right! - Guala-V. Oct. 2002). such authors are allowed to remain 
Ed members of the I.E.E) 

Jorge Cua/a-Valverde The risk that you may bin some 
ED - I would like to refer readers to: By email worthwhile articles is worth taking ! 
www.setwomenresource.org.uk. See (There were other hints that you 
page 8 of this issue. J Massey, 

10) �I 
could have used: e.g. the use of 

Production Editor. formulae to obscure rather than 
clarify, for example the use of "wr" 

Feynman's lectures instead of the text "orbital velocity". 
Had this article been published for 

amended April l st it might have been OK!) .  
"The important conclusion is retained Figure 1. Motion of the magnet M 2. Re. (letters)"The mystery of 
that motion (rotation in this case) of relative to the disk D governs magnetic lines of force" (EW 8 '04 
the source of mag-netic field does electrodynamic induction. p.56). 
not affect any physical process, so The magnetic lines of force are an 
long as such motion does not produce 

Magnetoflux aether tunnel 1 illusion brought about by the fact that 
a time-varying field". W.K.H. the iron filings being used to "probe" 
Panofsky1 . I was disappointed by Clive the magnetic field are themselves 

In full agreement with the Panofsky Stephens '  article. I thought there was responsible for changing that field in 
statements, R. Feynman also going to be some new thinking which • a way which causes the filings to 
disproves rotational relativity as shed light on the 'mystery' of time. tend to align in separated filaments : 
applied to motional electromagnetic Instead the article seemed like the - Each filing in the filament 
induction2. rambling of someone who has only a becomes polarised with its own S 

"It is known that Maxwell's tenuous grasp of physics at best. The pole towards the N pole of the 
electrodynamics . . .  when applied to term 'magnoflux magnetic aether magnet & its own N pole towards the 
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S pole of the next filing in the filament failures or heater/cathode up due to it being for a couple of local make each half cycle of the signal 200Hz. But there is still good output louder than similarly rated tranny 
filament shorts. The remainder could well be companies, and commercial security clip at a different level. The signal at other frequencies too. amps, then we all must accept that a 

- A filing falling near the end of an cathode poisoning; very low emission prevented publication. distortion could be swung from With a valve amp, the output watt is a watt, whether a light bulb, a 
existing filament will tend to align with is the symptom. The heaters are I still read Electronics World every symmetrical to asymmetrical with transformer must match the speaker. kettle or any other appliance. A watt 
the magnetic field gradient, which will brought up (and down) very slowly month, a habit which goes back to the great ease. Whilst testing the circuit Because it is inductive, it cannot is technology insensitive. Therefore, 
tend to be away from any existing with two large variacs, courtesy of the early 1940s when as a young teenager one day, a couple of (well known) match the speaker at all frequencies, there must be other reasons, which 
filament (the iron provides an "easy Claude Lyons Company to minimise I often had to wait for long hours for guitarists came to visit me and asked so it must be designed with a possibly lie in the measurement 
path" for the magnetic flux, so the heater thermal failure. the bus home from High Wycombe what I was up to. So I showed them. compromise. So which frequency methods. In fact reasons related to 
filament causes an artificially high field Many thanks to•'Mr Jones for his after school, and I would go into the Well, both guitarists could hear a should you choose for the the possible 'tonal' response 
& field gradient at its end) and towards letter. Library Reading Room where they pronounced difference in the 'tone' transformer to be optimal at? variances and causes discussed 
the other pole of the magnet along the (Any donation of GTl C thyratrons had the Wireless World and Electronic as they described it, between the Whatever frequency you choose it above. 
curving path that we all recognise. would be welcome.) Engineering, and also if memory (unknown to them) two extremes of will not perfectly match the speaker Because valve amps have their 

3. Re. "electric fence" - I found the Charles Coultas serves me right the Wireless Engineer distortion made by a lkHz tone at all frequencies, because the power quoted as a result of 
fact that you published this amusing, By email (now long gone). It was there that I through the circuit. It transpired that speaker is also a compromised measurements made across a resistive 
(it could have worked, BUT . . .  ! ! ! )  and 

Colossus I I  began to learn my electronics. both much preferred the asymmetric component. So, here we have double load, the results do not take into 
it gave an interesting slant to my Laurence Nelson-Jones distortion by a long way. trouble, which we in the music account the compromised 
perception of its author' s homeland ! Colossus was not a "computer" Bornemouth OK, so when I listen to the same industry call a 'beneficial defect' .  matching/mis-matching o f  the 
Paul Smith according to the definition. Dorset test, as a technician, I could hear a This happy accident means, to my transformer and speaker relationship. 
Ipswich Computer = a computing device UK definite rise in the second harmonic ears, that the valve output stage has a Therefore, although I have not 
UK governed by a stored program (a very 

Help 
(SH) content a s  I swept the bias good bass response and a reasonable conducted any tests (yet) on this 

Alternative theories 
important restriction !) .  control from symmetrical into top end . . .  but it is muted by topic, it is quite possible that the 

Colossus ( 1 943) was indeed the first Could any reader please supply me asymmetrical mode. After much comparison to the tranny amp into transformer could create 'perfect' 
I note with pleasure that EW has electronic calculator, built for one with photocopies of the following listening and practical circuit making the same speaker. This has to be an matching within a narrow band of 
become a soap box for all kinds of specific application only, but not a articles by John Linsley-Hood. my conclusion is this: regardless of effect brought about by the frequency frequencies, which could be 
wacky free thinkers. I have a few computer. After Colossus, there came Class A Power, Electronics World, the technology being used, dependent (mis-)matching of the interpreted by the human hearing as a 
ideas of my own which I could (Howard Aiken, Harvard 1944) Mark September 1 996 pages 681-687 asymmetric distortion is the reason for transformer/speaker relationship. The large increase in acoustic volume. 
expand into lengthy articles if you I, also an electronic calculator, but not A lifetime in Electronics, Electronics increased SH content in an amplified tone is always warm, but the bass is This could be coincident with the 
were interested. For example: totally electronic, as it used relays, World, May 2000, page 417 signal which translates into that rich not that deep . . .  rather like the hearing' s  natural preference and 

1 .  The universe was created by a too; then IBM ASCC (Automatic Also any article/information tone that so many seem to love. frequency response of cassette tape sensitivity to the bandwidth opted on 
massive explosion. Fortunately the Sequence Controlled Calculator, regarding his class A 10 Watt And it can be done just as well with compared to a CD. by telephone engineers way back in 
earth was prevented from moving too 1 944). The first computer (with stored amplifier and its upgrading to 15 Watts trannies as valves, because it is a Now of course, if you plot the distant time. 
far from the sun by a giant piece of program) was actually Z4 (Kondrad as I wish to build this amplifier for use naturally occurring phenomenon. frequency response of this valve amp Another observation is that, many 
knicker elastic. When the elastic was Zuse, Germany, Neukirchen 1 945), in my home cinema for reproducing What is happening in this test circuit on a dummy resistive load, then Fender valve guitar amplifiers 
subjected to a peak strain equivalent which appeared before ENIAC 16rnm optical mono soundtracks. equates very well to a Class-A single you 'll see a completely different ordinarily drive into a four ohm 
to 4.32921"1e-9mV it snapped, (Electronic Numerical Integrator And I will meet all costs. ended valve output stage, in as much story. The plot will be a lot flatter nominal speaker load and provide 
leaving the earth stuck firmly in its Calculator, 1 946), which is usually L. Davies that the single 'non-linear' conducting and wider due to the fact that the also, extension speaker sockets wired 
present position. accepted as the first real computer. By email valve in this configuration cannot resistor is a constant impedance at all in parallel. However, there is only 

B. I actually invented Boolean Zuse made his first calculators as 
Class A l magineering 1 help but generate SH rich asymmetric frequencies. So, it ' s  useless to one transformer secondary winding ! 

algebra before Ivor Catt did. Catt is early as 1 938/1939 (Zl )  with relays ! distortion when driven too hard. measure a valve amp's  frequency This seems to say that Fender don' t  
an  agent in  a conspiracy to conceal E-P Mand I am from the guitar amp world, Therefore, the measurable SH content response on a resistive load ! But mind you mis-matching the speaker 
my ideas. Helsinki where the issue over valve vs trannies is much higher than that measured in then, what else can you use to get a load to the amp (which is variable 
- 5. It is perfectly obvious that Finland. is probably stronger than the hi-fi a Class AB 1 or Class-B circuit. truer picture? You tell me ! A anyway). And I have to say that, in 
Oxford logic is true. Therefore, 

More J L H  
world. I 've been designing guitar OK, so you may well say even speaker is no good. Measuring the my experience, this sometimes two 

Penge (London, SE26) logic is false amps since I was about thirteen years Class-B amps exhibit higher levels of voltage across the varying or even one ohm loading does no 
because they cannot both be true at I read Ian Hickman' s  excellent old . . .  and I'm fifty-seven now. So SH content? Well, that can be true impedance is a nonsense, because apparent harm to the amplifier ! 
the same time. tribute to John Linsley Hood in the just a little while has passed since too, because the preceding stages in current through it is mainly out of Apart from, perhaps, running the 
C. Nobs May Edition, and like him I share the coupling EL84s & 34s with old an all valve amp are }1lostly Class-A phase with the voltage. I have found output valves down quicker. . .  which 
Penge sadness at the passing of a great Selmer transformers and copying my biased and will, when pushed and many valve amps to have increased is so slow that no one worries or 
London SE26 contributor to the magazine. first Fender amps from, amongst depending on how they're biased, output at around 1 20Hz. but you notices. 
UK I met John only once at a others, Jack Darr' s classic book generate higher levels of SH. can't  see this on a scope with a So the relation of this point to the 

Colossus I Symposium at Reading University at Electric Guitar Amplifier Handbook Now, I'm a practical guy who relies resistive load ! Maybe you just have amplifiers acoustic loudness 
which he made a presentation. I was (Howard Sams/Foulsham & Co - on his ears, so I 've not found a need to rely on your ears. discussion, is that in many valve 

In EW August D.F.W. Jones asks if able to have a short while to talk with 1 965), which I still have. to do lots of maths or harmonic However, once you know all this amplifiers and speaker combinations, 
the Colossus rebuild team at Bletchley him on that occasion. He was a very Well, to get to the point, I have measurements. I know asymmetric and think about the two technologies the load impedance and the secondary 
are aware of cathode poisoning when quiet man with a wealth of experience made some not so surprising distortion sounds better. That 's  all in a different light, then it is possible of the transformer could be 'allowing' 
the valve heaters are run for long especially in Audio matters, as is well discoveries along that long journey. that matters to me. And, as a result, I to design tranny amps that come very gross mismatching at selected 
periods without the HT being on. Yes demonstrated in his many articles. Firstly, and only in the last couple of have developed more sophisticated close to valve performance. But you frequencies, thereby, producing many 
we are, in fact the matter is made In the May Article Ian Hickman says years, I found an incredible versions of this circuitry for use in have to throw the rulebooks out the more watts into a reactive 
worse because some of the heaters are that at least one of the contributors difference in harmonic content when commercial products. window. Lateral thinking is the key. speaker/cabinet design than the rated 
run at under-volts, around 5.5V if they mentioned along with John is ' still I built an unusual guitar distortion On another point regarding valve Don't just re-cycle the old ideas that RMS quoted for a resistive load. The 
are far from a local 6.3V transformer. with us' - I believe I may be the circuit constructed from the usual output stages, I think many do not never worked the first time around power output for most 'old school' 
In my article (EW June 2004) I person referred to. Unlike John my feedback diode clipping arrangement take into account that a speakers (like politicians frequently try to do). valve amps are spot on to that quoted 
suggested that the heaters were on past articles ranged over a wide range (log amp). To keep it as short as impedance varies with frequency It is relatively easy to give tranny across a resistive load, so I recon the 
most of the time. I meant most of the of subjects. Although now retired I still possible, I 'll not go into the finer quite enough. At around 200Hz amps the ' lumps and bumps' in the mismatch theory could hold true. 
time when somebody from the team is get involved in electronics generally, circuit details, but the difference I (typical guitar speaker) the tonal output of a good and pleasing Proving or disproving this later 
there, typically HT off/heaters on for although I have not done much writing made to this circuit was thus . . .  I gave impedance is around that quoted by valve amp by careful EQing at ' idea' is bound to be difficult 
three hours of a six-hour day. We have in the past 20 years, as for quite a it a bias control. As far as I know, the maker. Either side of this, it soon strategic points in the circuit to research, requiring much more brain 
had very few failures over the ten while I ran my own small business in this has never been done before, and I raises to more than double this figure. mimic the frequency response of a power, time and equipment than I 
years that the project has been running electronic design work, and much of cannot think why I hadn't either! With a tranny amp, the power output valve amp driven into a speaker load. have available. So if anyone tackles 
and about half of these have been what I was doing could not be written This bias control meant I could will be greatest at frequencies around With regard to valve amps being it. . .  I wish them luck ! But there HAS 
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to be a solid reason for it which 
should be able to be confirmed. 

Beyond this brief insight and 
personal views I have given, I cannot 
go into more detail because of 
protecting our design methods from 
competitive eyes. But I hope this 
' outsider' view gives you cause for 
debate and alternative views on this 
fascinating and, no doubt, eternal 
subject. 

I need to go and lay down now, but 
I shall look forward to the next part 
of this article. 
Stewart Ward 
By email 

Class-A imagineering 2 
As a life-long tech, "sound-guy" and 
musician, I 'm astonished that Graham 
Maynard would draw conclusions 
from listening tests· conducted in an 
empty disco. More than a metre from 
the stacks, all you are hearing are room 
resonances. 

For much of the rest, the subjective 
jumping off point has been well 
covered by Douglas Self2 in these 
pages, particularly on the matter of 
invariant power with complex loads. I 
would hope that we are a lot further 
ahead than Graham suggests. 

It' s  true there are interactions 
between the amplifier and its load, and 
we can design amplifiers that will 
drive practically anything, but the 
problem seems more one of 
developing speaker systems that .are 
better electrical loads for their range. 

If simple reactive elements like caps 
are such a sin in the signal path, why 

- be satisfied with such complex loads 
as transducers? If stability inductors 
are a sin, what of the passive crossover 
(yuk!)  in the line? 

Sound is best in the open air, and a 
hired 1200W/side active crossover 4-
way handled the 12 channels of a 
raging bush band, penny whistle, violin, 
with magic clarity and transparency, but 
well under-run, for an audience of 
several hundred. No "tizzies'', and no 
special gear, just well engineered. 

Far from ignoring listening tests, I 
actively seek the observations of crew 
and audience members after each show 
and two regulars have become my 
canary in the mine for over-driving. It 
seems tinnitus sufferers have 
heightened sensitivity to distortion and 
clipping, experiencing it as a sharp 
pain, but are comfortable in a clean 
100- 1 1  OdB spl field (measured). 

I look at real loads as a VI vector 
display on a scope using test and 
programme signals. It's very instructive 
and I commend it to interested readers. 

In the context of "tizzy trebles" we 
should remember the 2N3055 has an 
IT of only 25kHz, has a pretty nasty 

roll-off of hFE with rising le, and 
significant hole storage time. 

Again, if I was desperate I might 
think of using a power transformer 
core for audio, like a factory PA, guitar 
maybe, but not Hi-Fi. Grain-oriented 
thin-lamination interleaved-winding 
output transformers were Hi-Fi before 
transistors. Even guitar amps used 
grain-oriented steel. 

350 quid for an original, gassy, 
KT88? When I can have a brand new 
one, hard, with fresh cathode and 
better specs for a fraction of the price? 

I 'm afraid his remarks about current 
sharing in parallel devices also escape 
me. Looking at JLH' s reprint, p4 7,  
fig.9(b) I see 0.25 ohm resistors in the 
emitters of the MJ480s, so local 
current-sharing feedback to prevent 
current hogging wasn't a mystery 
back then. 

I hope the advent of cheap storage 
oscilloscopes and PC soundcard 
CROs will finally expose the truth or 
otherwise of the ' sine' vs. 
'programme' argument. 

If it can be demonstrated that the 
complexity of music can 'trick' 
amplifier components (ignoring 
speakers) in some unknown but 
significant way, some very basic ideas 
are called into question, viz:- in the 
original performance, was the 
complex sound of the orchestra 
correctly represented as a single 
pressure level at the microphone (and 
voltage through the chain)? 

If the answer is "yes", then the 
'programme' argument has an uphill 
battle. But if it' s  "no" some very 
basic physics is questioned, and 
therefore requires extraordinary 
proof. What seems to be implied is 
multiple pressures, diaphragm 
positions and signal voltages present 
at the same instant. 

A central problem with recording for 
reproduction is dynamic range. The 
real world has too much and your gear 
not enough. So right at the front end 
the recordist has to "lose" some peaks 
somehow, kick and snare particularly, 
just to get it down with an acceptable 
SIN. And compressors do have 
signatures, some distracting, some that 
seriously alter the instrument balance 
(like MP3). DBX seems to work, 
Dolby is pretty nasty, but digital overs 
are terrible, so the oxide soft 
compression of tape is favoured. 

The totality of an amplifier can be 
seen using a subtractive method, input 
to output. The ideal response is no 
difference at all [ 1 ] ,  and we can build 
amps that are "blameless"2. Speakers 
on the other hand are a dogs' 
breakfast. Motorised cardboard in 
cubic pressure-vessels. 

The character, positioning and 

aiming of the stacks has more 
influence over the sound field than 
anything else. 

Find the right set of room resonances 
and required EQ tends to flat, 
intelligibility is improved, the field is 
maximised, sweet in most of the room, 
and tractable in the mix. Then the 
crowd arrives and it gets better. 

Modem big show line source arrays 
do the same trick using DSP's. If set 
up right they are so good it' s  scary. 
But they're not magic, they're well 
applied basic physics. 

I look forward to Graham grounding 
his observations in the next part. 
Roly Roper 
Ivanhoe 
Melbourne 
Australia 
References: 

1. Elliot Sound -
www.sound.westhost.com/ 

2. Doug Self-
www .dselfdsl.pipex.com/ampins/ 
pseudo/ subjectv.htm 

Graham Maynard replies: 

It is good to hear of Mr. Roper's 
experiences in the high power audio 
world, but he writes about subtractive 
observation via his ( 1) reference, 
which implies steady sinewave funda
mental nulling. This is not the same as 
comparing a dynamically developed 
music waveform at the loudspeaker 
terminals with that having originally 
appeared at amplifier input; funda
mental nulling compensates for a 
single frequency signal path propaga
tion delay only. Indeed there is room 
here for someone with 241192 process
ing capabilities to digitally delay an 
audio signal and subtract it from 
attenuated loudspeaker terminal 
output in order to monitor real time 
domain and amplitude distortion 
artifacts. Any takers? 

Mr. Roper also states - 'we can 
build amps that are "blameless" -
citing his (2) reference, which is very 
similar to the range of articles already 
published in these pages some years 
ago. Does this mean that there is 
something wrong with us mere humans 
for deliberately and knowingly 
choosing to not use the design he 
references? My Parts 5 and 6 cover 
similar circuitry. 

Class A l magineering 3 
Having now been 'treated' to sixteen 
pages with not one solitary supporting 
measurement, relying only on Spice 
based simulations as evidence for his 
'first cycle' distortion, I am amazed 
that Maynard did not take rather more 
care with his simulation evidence. 

In the Figure 3 schematic in the July 
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issue, he used a 5.3R resistor as his 
reference to represent the loudspeaker 
impedance at his lkHz test frequency. 
Not so, as can be seen in my Figure 1 
attached, at lkHz using MC6 and 
Ohm's law, his loudspeaker schematic 
actually measures as 7.9 1 Q  at lkHz. 
The actual value of this reference 
resistor as used in his simulations, does 
substantially affect the end result. 

My second point is his naive use of 
'perfect' inductors and capacitors, 
resulting in a series combination of 
4.7µF and 300µH to ground having an 
infinite 'Q' .  That is not possible or 
realistic even at lkHz and again does 
affect the simulation results. 

In Figure 2 I have inserted realistic 
values of series R ' loss ' resistances 
for these components, using 
component types as in high power 
loudspeakers. I assumed using 
Polypropylene capacitors only and 
air cored inductors, basing my values 
for the inductors on measurements of 
actual inductors from the high power 
range supplied by Falcon Acoustics. 
With these added loss resistances, 
my schematic now measures as 
7.57Q at lkHz. 

Maynard makes much about the 
affects a 6µH inductor can have on the 
amplifier loudspeaker combination. 
However at lkHz a 6µH inductor has a 
small reactance, typically 38 milliohms 
which combined with its internal 
resistance, typically 20 milliohms plus, 
presents a near resistive 45 milliohms 
impedance. In comparison 5 metres of 
the common 79 strand speaker cable 
interposes 3.37µH, 84.2 milliohms 
resistance and 341 .8pF to ground, 
between amplifier and speaker. EW Jan 
'97p53. From my own measurements 
and listening tests, I find it hard to 
accept that a low loss 6mH inductor 
can indeed be respons,ible for the errors 
Maynard reports. 

My final point relates to his reliance 
only on Spice based simulations. My 
MC6 hardcopy manual discusses how 
Spice transient simulations can exhibit 
anomalous start up transients 
whenever the circuit being simulated 
incorporates capacitors or inductors. In 
particular the manual warns against 
performing such a single cycle 
distortion simulation. 

While preparing my new article 
series, Simulating Power Mosfets, I 
found out the hard way that Spice 
can indeed exhibit such simulation 
start-up transients and as explained 
in this series, found it necessary to 
allow the circuit simulation to 
stabilise over ten complete cycles, to 
ensure consistent results. 

Hence I am now left uncertain 
whether Maynard has in fact found a 
significant mechanism or whether we 

are experiencing yet another Spice 
anomaly. That uncertainty can only 
be resolved by performing carefully 
considered practical measurements, 
not by listening tests. If Maynard has 
such hard evidence, I for one would 
like to be so enlightened, complete 
with full details of the measurement 
methods used. 
Cyril Bateman 
Acle 
Norfolk 
UK 

Graham Maynard replies: 

I respect.fully thank Mr Bateman for 
his letter, and his useful additional 
figures which can help to complete 
the picture, though I'm not so sure 
that there should be any resistance 
added to the L in a paralleled L-C-R 
equivalence for driver resonance. I 
used the word 'approximate ' when 
introducing the virtual Ariel loud
speaker in order to maintain an 
overview, and of course I realise that 
all components have other unavoid
able plus representable series/paral
lel impedances, but these are not 
going to significantly alter the 
fundamental nature of my findings. 

Mr Bateman 's Figure 1 
'impedance ' characteristic is devoid 
of phase angle information, though 
his graphical representation does 
appear to confirm my average 5.JQ 
value between 20Hz and 20kHz. I did 
not claim it was 5.3Q for the 1 kHz 
simulation, indeed I have been 
illustrating reactive current/voltage 
developments when compared to 
normal resistor testing methods. The 
impedance of a composite loudspeak
er changes with frequency, but when 
we bench-test an amplifier we do not 
alter its load to match the 'resistance ' 
of a particular loudspeaker at any 
instant or at any frequency. Besides, 
such varying of an amplifier 's load 
resistance would still not be equiva
lent to real loudspeaker loading and 
this further clarifies testing problems, 
because it is the resultant dynamic 
loudspeaker current flow that induces 
a phase shifted output terminal or 
interconnector voltage error w.r.t. the 
amplifier 's separately attempted and 
propagation delayed NFB output 
node voltage control.I'm also pleased 
that Mr Bateman is questioning 
computer simulation, because not all 
software has been programmed to set 
up initial conditions and thus calcu
late distortion similarly. Mr Bateman 
is correctly foreseeing problems 
before my mention of them in print, 
and so I hope there will be much less 
room for doubt by the end of my Part 
6. If any software needs to run a 

September 2 004 E LECTRO N ICS WORLD 

10.00 ��.,,..,.. �����_Te�perature = .27Case=1
�>-TT--���� 

1 00 1K 10K 100K 1 M  

D C  O AC 1 SIN 0 1 1000 .001 

R22 
.001 

Left 
5.30 

537.47 

Right 
7.91 

LOOK 

300u 

1 .2 

k,· � 300e-6 l·" 12ou 

Delta Slope 
2.61 5.645E-03 

461.53 1 .000EOO 

0.1 

aoe-61� 
· r  

4.7 

700u 0.1 

350e·6 

2.95 J 
As Maynard Flg .3 with added 1 kHz loss resistances and corrected reference R. 

simulation for say ten full cycles 
before giving 'desirable ' results, then 
I do not see how it can be suitable for 
properly studying a first or any other 
early single cycle response, for 
second loudspeaker driving cycles 
can throw up problems too depending 
on bass/treble section time constants. 
Also what about any 'undesirable ' 
simulation results; are they wrong, or 
due to flawed software, or inappro
priate simulation, or merely unex
plained? As I have clarified, it has 
always been prior listening observa
tion and test bench experience that 
has suggested a need for to me run 
these simulations, not the other way 
round, even though much of my early 
observation was based upon high 
power audio, including open air. 

If anyone doubts the possibility of 
such simulated findings they could try 
sketching out and calculating for 
themselves how a circuit (e.g. choke) 
might respond in the time honoured 
pen and paper 'C-I-V-I-L ' way. They 
could also headphone monitor for 
possible audible differences whilst 
making series inductance/lead/load 
and loudspeaker-resistor loaded 
amplifier changes. Actually, it would 
be much better if others could emu
late and hear, or fail to emulate and 
hear, my findings for their own 
interest and personal investigatory 
satisfaction, as Mr Bateman has 
already started, before accepting my 
text - or challenging it, though of 
course carefully considered questions 
and discussion can always further 
improve clarification. 

Top: Figure 1 
Below: Figure 2 
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Pay & display parking 
monitored with GPRS 
system 

Pay & Display parking terminals 
in the New Forest now use a 
GPRS wireless data network to 
monitor car parks centrally using 
Parkf olio software from Parkeon 
Ltd. The council has installed 57 
Parkeon Stelio P&D terminals. 
The GPRS solution was chosen 
by the council because it wanted 
to be sure of an effective and 
continuous signal over a large 
area, parts of which are heavily 
wooded. The council also opted 
for Parkeon' s financial and 
statistical software to analyse data 
generated by the P&D terminals. 
Information is downloaded via 
hand-held terminals through an 
infra-red connection, and can be 
downloaded to PCs for future 
reference. 
Parkeon Ltd 
www.parkeon.com 
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Pop-up powerdocks 

A new range of pop-up 
powerdocks has been 
introduced by Hafele. Three can 
be stowed virtually flush with 
the desktop when not in use and 
pulled up vertically when 
needed, another is a lower cost 

alternative which has 
permanent positioning at 
working surface level. Made of 
tough, high impact damage 
resistant plastic they are 
available in aluminium, silver 
and light grey colouring. Three 
models are power cabled for 
immediate use with a moulded 
male connector for use with 
mains leads and one has a 
standard format 3-pin wall plug. 

Hafele UK Ltd 
www. hafele. co. uk 

Troubleshooting tool 
enables designers to 
test HSDPA 

Companies throughout the mobile 
industry are reporting increases in 
infrastructure spending. As a result, 
maufacturers are working on 
designs that will enable the 
acceleration of next-generation 
devices and networks. HSDPA (high 
speed downlink packet access), one 
of the latest next-generation 
technologies has the potential to 
extend third generation (3G) 
capabilities to enable an all IP 
network that merges wireless and 
wireline infrastructure by 
significantly enhancing peak data 
rates, quality of service and spectrum 
efficiency. To meet designer's 
requirements to test HSDPA designs 
today, Tektronix added an HSDPA 
test suite to its WCA200A series of 
wireless communications analysers. 
Tektronix 
www.tektronix.com 

Power interconnects for modern VRMs 

Until recently voltage regulator 
modules were placed on the 
power board, but as voltages 
have been reduced, they are now 
designed as separate modules 
that require a special high power 
and versatile connector with low 
inductance. Elcon Products 
introduced the mini Crown Edge 
system in 2003 to address this 
market and it has now been 
expanded to include a highly 

practical mix of signal 
and power contacts. The 
mini Crown Edge is a 
true power interconnect 
which enables it to meet 
the high power 
requirements of modem 
VRM applications. With 
low profile contacts with 
a short path length 
ensuring low loop 
inductance levels, it is 
available in several form 

factors to suit different 
applications, In its standard form 
it features 12 individual and 
isolated power contacts and 1 8  
signal contacts i n  a package that 
is less than 4 inches long. Two 
latches hold the VRM to the 
connector and are robust enough 
to accommodate 1 U and 2U 
VRMs. 
Elcon Products 
www.elcon-products.com 

Free guides to EMC 
standards offered to 
visitors to the EMC UK 
2004 Exhibition 

Technical guides published to 
provide easy to understand and 
impartial advice about the new 
EMC standards and related 
issues will be available free of 
charge at the REO stand at this 
years EMC UK exhibition. 
Guides will be available to 
visitors who will have the 
opportunity to subscribe to the 
entire series of new REO mini 
guides, released monthly. There 
are 17 in all. The series has 
been well received by test, 
electronics and design 
engineers. Practical advice 
addresses standards and 
electrical power quality topics, 
which are called up the the CE 
Marking Directives and relate 
to EMC phenomena. They 
cover a range of specific areas 
including harmonics, voltage 
sags, dips and interruptions, 
magnetic field immunity, 
electrostatic discharge, RFI, 
surges and voltage variations. 
The EMC UK 2004 Exhibition, 
12 - 13 October 
REO 
www.reo.co.uk 
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Tek sampling scope 
breaks barriers 
Tektronix have announced the 
introduction of a modular 
sampling oscilloscope - the 
TDS8200 and the 82A04 phase 
reference module, which will 
enable design engineers to 
characterise and validate 
performance of leading-edge 
products. 

The new oscilloscope can be 
configured to provide bandwidth 
to 70GHz, and is the only single
ended and differential clock 
recovery system covering all 
current and emerging serial data 
standards between 50Mbit/s and 
1 2.6Gbit/s. The unit offers an 
industry-best system jitter of less 
than 200 femtoseconds (RMS) at 
these data rates. 

The improved measurement 
system fidelity can eliminate false 
test failures and enables more 
accurate characterisation of 
design tolerances, resulting in 
increased component 
performance and reduced costs. 
The unit acquires data up to 25 
times faster than competing 
solutions while measuring in low
jitter timebase phase reference 
mode. Using FrameScan(tm), an 
acquisition mode exclusive to 
Tek, the TDS8200 also provides 
the ability to measure random and 
deterministic jitter. With these 
new oscilloscope features, 
engineers are better able to 
perform accurate, repeatable 
compliance testing of high-speed, 
low-power differential signals 
with the capability to trigger on 
embedded clocks, facilitating the 
creation of new leading-edge 
products. 
Tektronix 
www.tektronix.com 

Fume & dust extraction equipment 
manufacturer promotes service team on CD 
The strength in depth 
of N ederman UK' s  
growing Service 
Department is 
clearly illustrated 
on a new CD. 
The 10-strong 
department, 
comprising 
office-based 
staff and a 
team of 
regionally based 
engineers across 
England and Scotland 
represents a substantial 
investment which is the 
country ' s  leading specialist 
fume and dust extraction 
equipment manufacturer. In 
combining a high level of 

experience with 
sophisticated CRM 
systems, the 
N ederman team can 
also provide 
preventative 
maintenance in a 
service offer that 
also covers non
Nederman 

equipment. Whilst 
presenting a clear picture of 

the support Nederman offers, 
this new CD also highlights 
LEV testing which takes the 
user through current LEV and 
COSHH legislative 
requirements . Copies of the CD 
are available from 
Nederman UK 
www.nederman.co. uk 

EM simulation cuts cost of protective MRI 
enclosures 

Electromagnetic simulation 
substantially reduced the cost 
of the protective shields 
surrounding magnetic 
resonance imaging (MRI) suites 
at one Chicago hospital. Use of 
3D EM simulation software 
from Vector Fields enabled 
engineers at Lindgren RF 
Enclosures Inc. to quickly 
evaluate different shield 
materials and thicknesses to 
achieve the desired level of 
protection at the lowest price. 
Also by using simulation as 
part of the design process they 
were able to ensure that the 
shields would provide adequate 
protection prior to installation. 

Not only did the software 
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package enable Lindgren to 
optimise several systems for the 
same hospital, but also assisted 
in the initial purchase 
evaluation by being able to 
quantify costs, build schedules 
and many other aspects of 
different types of machine. 

The software simulation 
package from Vector Fields is 
designed for analyses of any 
EMI screen currently essential 
under EEC regulations for all 
equipment generating radio 
frequency and electromagnetic 
fields. Further information on 
all software packages is 
available from 
Vector Fileds 
www. vectorfields.com 
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LED light beam could 
save third world lives 
Anaemia causes the deaths of 
around 50,000 third world 
women a year during childbirth, 
it impairs mental development 
in young children and is 
lowering national IQs with an 
estimated loss of 2 per cent of 
GDP in the worst affected 
countries, according to a 
UNICEF report earlier this year. 

A new device, Anaemascan, 
has been developed which 
simply shines an LED light 
beam through a blood sample 
and measures the amount of 
haemoglobin in the blood. 
Invented by engineers at Bath 
Institute of Medical Engineering 
(BIME) it has been patented by 
Matthew Gillard from the 
Bristol office of Withers & 
Rogers. 

The new electronic 
Anaemacan provides a simple 
system of detecting anaemia 
with ease. Its accuracy 
compares with that of a 
laboratory, but it is mobile and 
much less expensive, so will be 
invaluable to third world and 
disaster/war torn countries. 

A manufacturing company -
Norwood Instruments Limited 
in Huddersfield has been 
licensed to produce and market 
the Anaemacan. 
Withers & Rogers, 
www.withersrogers.com 
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TCP/IP 
EMBEDDED 
lftTERNET 
APPLICATIONS 
Edward lnsam 
This text highlights an 
engineer's approach to 
Internet protocols and applications, reducing R&D 
time for engineers. The book aims to be the main 
design guide for the cutting edge of Internet
enabled electronic products and systems. 

Aug 2003 .A. 384 pages .A. Index .6. Appendix 
PB .A. Published in UK 
Code 0-7506-5735-9 £32.50 

NEWNES GUIDE 
TO TELEVISION 
& VIDEO 
TECHNOLOGY 
Eugene Trundle 
An exploration of television and _ 

video technology. It covers the fundamentals of 
digital television (satellite, cable and terrestrial} 
and digital video, as well as providing a grounding 
in analogue systems. 

3rd edition .6. Feb 2001 .6. 432 pages .6. Index 
PB .6. Published in UK 
Code 0-7506-4B1 0-4 £ 1 7.99 

RSGB RADIO & 
ELECTRONICS 
COOKBOOK 
Radio Society of 
Great Britain 
Only a basic knowledge of electronics is assumed 
for this collection of electronics proiects, and it is 
ideal for all electronics and DIY enthusiasts and 
experimenters. Designed by the RSGB, the UK 
radio amateurs federation, the projects are clearly 
explained step by step. 

Nov 2000 .6. 336 pages .6. PB .&. Illustrations 
Published in UK 
Code0-7506-5214-4 £ 1 7.99 

ELECTRONIC 
CLASSICS: 
COLLECTING, 
RESTORATION 
AND REPAIR 
Andrew Emmerson 
This text encompasses all aspects of buying, 
collecting, restoring, repairing, sourcing parts, 
professional services, clubs and societies. The first 
part covers technical aspects of restoration and 
details where components can be found. The 
second part presents useful information 
for collectors. 

Aug 1 998 6. 256 pages 6. Index 
10 halftones 6. 50 line illustrations 6. PB 
Published in UK  
Code 0-7506-3788-9 £2 1 .  99 

N EWNES GUIDE 
TO DIGITAL TV 
Richard Brice 
Covering all aspects of digital 
television, this text 
encompasses the electronics 
of the equipment, data 
compression, television 
production, servicing and the different transition 
methods - terrestrial, satellite and cable. The text 
has been updated with developments since the 
2000 edition. 

2nd edition 6. Oct 2002 A 304 pages 6. Index 
45 illustrations 6. 15 photographs .A. HB 
Published in UK 
Code 0-7506-5721 -9 £24.99 

REFERENCE DATA 
FOR ENGINEERS: 
RADIO, 
ELECTRONICS, 
COMPUTERS AND 
COMMUNICATIONS 

I 
Mac E Yan Yalkenburg; Edited by 
Wendy Middleton 
Written by professionals for professionals, this is a 
complete reference for engineers, covering a 
broad range of topics. As well as addressing radio 
technology data, it covers digital electronics, 
computers and communications. 

9th edition .6. Aug 2001 
1 568 pages & CD-Rom A 1 385 line illustrations 
H B 6. Published in UK 
Code 0-7506-7291 -9 £90.00 

N EWNES GUIDE TO 
RADIO AND 
COMMUNICATIONS 
TECHNOLOGY 
Ian Poole 
This is a guide to the technology and applications 
of modern radio and communications equipment. 
The author's approach provides a useful 
foundation for college students and technicians 
seeking on update on the latest technology. 

Jui 2003 .A. 352 pages .6. Index 6. PB 
Published in UK 
Code 0-7506-561 2-3 £ 1 6. 99 

I NTRODUCTION 
TO DIGITAL 
SYSTEMS 
John Crisp 
This self-study text introduces 
digital electronics from first 
principles, before going on to 
cover all the main areas of knowledge and 
expertise. It covers the practicalities of designing 
and building circuits, including fault-finding and 
the use of test equipment. 

Feb 2000 A 302 pages A Glossary .6. Index 
PB .A. Published in UK 
Code 0-7506-4583-0 £ 1 8.99 

PRACTICAL 
ELECTRONIC FAULT 
FINDING AND 
TROUBLESHOOTING 11'-... -.JllfMl l  
Robin Pain (Design 

· • · ' ' ' ' ' 

Engineer, Cotag fnternational Ltd) 
A text using simple circuit examples to illustrate 
principles and concepts fundamental to the process 
of analog and digital fault finding. It aims to help 
the reader tackle any job, from fixing a TV lo 
improving the sound of a hi-fi. A digital 
multimeter and oscilloscope are needed for 
these jobs. 

Apr 1 996 A 284 pages .6. Index 
50 line illustrations 6. PB A Published in UK 
Code 0-7506-2461 -2 £21 .99 

FUZZY LOGIC 
FOR EMBEDDED 
SYSTEMS 
APPLICATIONS 
Dr Ahmad Ibrahim 
Written by a recognised 
expert in the field, this covers all the basic theory 
relevant lo electronics design, with particular 
emphasis on embedded systems. It shows how the 
techniques can be applied to shorten design cycles 
and handle logic problems that are tough to solve 
using conventional linear techniques. All the latest 
advances in the field are discussed, and practical 
circuit design examples presented. 

Oct 2003 A 31 2 pages .6. PB 
Code 0-7506-7605-1 £35.00 

DICTIONARY OF 
VIDEO AND 
TELEVISION 
TECHNOLOGY 
Jack Tsatsoulin 
This work provides comprehensive and 
contemporary information on the essential 
concepts and terms in video and television, 
including coverage of test and measurement 
procedures. The CD accompanying the text 
includes an electronic version of the book. 

Sept 2002 .A. 365 pages & CD-Rom 
Published in UK 
Code 1 -878707-99-X £29.99 

NEWNES 
DICTIONARY OF 
ELECTRONICS 
S W Amos; R S Amos 
Aimed at engineers, technicians 
and students working in the 
field of electronics, this 
dictionary provides clear and concise definitions, 
including T'I, radio and computing terms, with 
illustrations and circuit diagrams. 

4th edition 6. Mar 2002 A 394 pages 
1 00 illustrations 6. PB .A. Published in UK 
Code 0-7506-5642-5 £ 1 2.99 

PRACTICAL 
ELECTRONICS 
HANDBOOK 
Ian Sinclair 
A collection of all the key 
data, facts, practical 
guidance and circuit design • • 

basics needed by a spectrum of students, 
electronics enthusiasts, technicians and circuit 
designers. It provides explanations and practical 
guidance, and includes new sections on SHF 
techniques and intruder alarms. 

5th edition 6. Feb 2000 6. 571 pages 
Illustrations 6. PB 6. Published in UK 
Code 0-7 506-4585-7 £ 1 6. 99 

ANALOG 
INTERFACING TO 
EMBEDDED 
MICROPROCESSORS 
Stuart Ball 
Provides hard-to-find information on interfacing 
analog devices and technologies to the purely 
digital world of embedded microprocessors. Gives 
the reader the insight and perspective of a real 
embedded systems design engineer, including tips 
that only a hands-on professional would know. 
Covers important considerations for both 
hardware and software systems when linking 
analog and digital devices. 
March 2001 6. 288 pages .A. PB 
1 00 line illustrations 

Code 0-7506-7339-7 £ 1 9.99 

HANDBOOK OF RF 
AND WIRELESS 
TECHNOLOGIES 
farid Dowla 
(Lawrence Livermore 
National Laboratory, 
University of California-Davis, USA) 
Subjects covered include third-generation wireless, 
wireless sensor networks, RF power amplifiers, 
spread spectrum modulation, signal propagation 
and ontennaes. This is far more than just a tutorial 
or reference guide -ii is a "guided tour" through 
the world of cutting-edge RF and wireless design, 
combining theory, applications and philosophies 
behind the RF /wireless design process. 

November 2003 6. 720 pages 6. HB 
Code 0-7506-7695-7 £59.99 

VCR FAULT· 
FINDING GUIDE 
Edited by 
Peter Marlow 
A distillation of the most-used F� ult·F'"''R!:! 
fault reports from 1 1  years 
of Television magazine. '3' 
Arranged by make and 
model, it features over 2000 reports on over 
200 models of VCR, including diagnosis and 
repair advice. 

Mar 2000 A 447 pages .6. Illustrations .A. PB 
Published in UK 
Code 0-7 506-4634-9 £20. 99 

ANALOG 
ELECTRONICS: 
CIRCUITS, SYSTEMS 
AND SIGNAL 
PROCESSING 
D Crecraft (formerly Open 
University); S Gergely (formerly 
University of Coventry) 
Designed to complement the digital systems 
modules and develop the essential skills needed 
for RF circuit design, this book demystifies the art 
of analogue circu� design and analysis. The 
content meets the requirements of first and 
second year electronics engineering courses. 

May 2002 6. 435 pages .A. 1 50 line illustrations 
PB A Published in UK 
Code 0-7506-5095-8 £ 1 9.99 

AVR: AN 
INTRODUCTORY 
COURSE 
John Morton 
(University of 
Cambridge) 
AVRs have certain strengths 
compared to other microcontrollers but are less 
well-known or understood. The author wrote this 
guide to introduce AVRs lo those who have little or 
no microcontroller background and to encourage 
them to start using these useful devices with easy 
projects to try. 

Sep 2002 A 256 pages 6. 1 50 illustrations 
Glossary 6. Further reading A Index .A.PB 
Published in UK 
Code 0-7506-5635-2 £ 1 6. 99 

DIGITAL 
INTERFACE 
HANDBOOK 
John Watkinson, 
Francis Rumsey 
A detailed manual for those who need lo get to 
grips with digital audio and video systems. It sheds 
light on the differences between audio interfaces 
and shows how to make devices "talk to each 
other" in the digital domain. Also includes detailed 
coverage of all the regularly used digital video 
interfaces. New information included in this third 
edition: dedicated audio interfaces, audio over 
computer network interfaces and revised material 
on practical audio interfacing and synchronisation. 

3rd edition .6. September 2003 6. 392 pages 
231 line illustrations A PB 
Code 0-2405-1 909-4 £29.99 

DESIGNING 
AUTONOMOUS 
MOBILE ROBOTS 
John Holland • 
Covering topics such as advanced sensor fusion, 
control systems for a wide array of application 
sensors and instrumentation, and fuzzy logic 
applications, this volume is essential reading for 
engineers undertaking robotics projects as well as 
for undergraduate and graduate students 
studying robotic engineering, artificial intelligence 
and cognitive science. Its state-of-the-art 
treatment of core concepts in mobile robotics helps 
and challenges readers in exploring new avenues 
in an exciting field. 

January 2004 A PB & CD-Rom A 352 pages 
Code 0-7506-7683-3 £35.00 

AUDIO POWER 
AMPLIFIER 
DESIGN 
HANDBOOK 
Douglas Self 
This text on the design of 
audio amplifiers is based on 
Douglas Self's work in Electronics World magazine 
and a career at the cutting edge of audio design. 
This handbook aims to provide a practical guide lo 
the state of the art, and includes detailed design 
and construction information. 

3rd edition .A. May 2002 .A. 448 pages 
62 line illustrations A Index A PB 
Published in UK 
Code 0-7 506-5636-0 £24. 99 

BEBOP TO THE 
BOOLEAN 
BOOGIE: AN 
UNCONVENTIONAL 
GUIDE TO ELECTRONICS 
Clive Maxfield 
The second edition of this comprehensive 
introduction to contemporary electronics now has 
added material. It is written for the engineer, 
hobbyist or student who needs a thorough 
electronics reference, as well as for non-technical 
people, and is accompanied by a CD-ROM. 

2nd edition .A. Jan 2003 
500 pages & CD-Rom 6. 1 84 illustrations 
1 87 photographs 6. Glossary A PB 
Published in UK 
Code 0-7506-7543-8 £27.50 

TV FAULT· 
FINDING GUIDE 
Edited by 
Peter Marlow 
A distillation of the most-used Fautt FI)! 
fault reports from 1 1  years of 
Television magazine. Arranged <N 
by make and model, ii features over 200 reports 
on over 300 models of television, including 
diagnosis and repair advice. 

Mar 2000 6. 387 pages A Illustrations 
PB 6. Published in UK 
Code 0-7506-4633-0 £20. 99 

VIDEO AND 
CAMCORDER 
SERVICING AND 
TECHNOLOGY 
Steve Beeching 
A comprehensive guide to 
domestic VCR technology and repair techniques. 
This edition brings the information fully-up-Io
date, with expanded coverage of camcorders, 
sections on DVD equipment and the latest 
VCR technology. 

5th edition 6. Apr 2001 .6. 323 pages 
Illustrations 6. PB .6. Published in UK 
Code 0-7506-5039-7 £20.99 

VALVE 
AMPLIFIERS 
Morgan Jones 
The author's straightforward 
approach, using as little 
moths as possible, should be 
of use to those with only a 
limited knowledge of the 

a v� 
Amplifiers 

field as well as being the standard reference for 
experts in valve audio. Design principles and 
construction techniques are also provided. 

3rd edition .6. Aug 2003 6. 624 pages 6. Index 
PB .A. Published in UK 

Code 0-7506-5694-8 

VIDEO 
DEMYSTIFIED 
Keith Jack 

£29.99 

This edition has been 
updated lo include 
information on digital 
television, datacasting, 
interactive video, digital camcorders and VCRs, 
and video interfacing. Coverage is international, 
including European, Asian and North/South 
American video standards, methods and 
techniques. 

3rd edition .A. Jui 2001 .6. 784 pages & CD-Rom 
References .6. Glossary .6. Index 6. PB 
Published in UK 
Code 1 -878707-56·6 £50.00 

ELECTRONICS WORLD ORDER FORM 
Please order o r  search the following: 

Code Description Qty Price 

POSTAGE & PACKING FREE IN THE UK* TOTAL 

Name Daytime Tel 

Address 

Postcode 

I enclose a cheque/postal order value £ ....... .. ..... ...................... payable to 'Boffin Books Ltd' 

Please debit my Access/Visa/Switch/Delta card 
deleleas applicahle 

Issue number (Switch only) ........ 

Card Number .... . ............... ........................ Expiry Date 

! Signed ............ .. ................................ .. i *Postage charges outside the UK available upon request or email: salesteam@boffinbooks.demon.co.uk 
, i Post lo: Boffin Books Ltd, 24 Walton Street, Walton-on·the·Hill, Tadworth, Surrey KT20 7RT, UK i 

:_ __________ _ _______ ________________________ ___________________________________________________________ ___________________ __ ____ J 

'iJ' 0 1 737 8 1 2727 : , O 1 737 8 1 3526 i , " : , : : salesteam@boffinbooks.demon.co.uk ' I 'iJ' 0 1 737 8 1 2727 , 0 1 737 8 1 3526 • . , salesteam@boffinbooks.demon.co.uk 
I t -���� 
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Put your web address i n  

front o f  1 8, 000 e lectronic 

fanatics: 

Electronics World 
acknowledge your 

company's needs to promote 

your web site , which is why 

we are dedicating  2 pages 

in  every issue to WEB 

ADDRESSES . 

Linage only wi l l  cost £1 50 + 

vat for a fu l l  year. 

Linage with colour screen 

shot wi l l  cost £350 + vat for 

a fu l l  year, this wi l l  i nclude 

the above p lus 3cm shot of  

your web site which we can 

p roduce if requ ired .  

To take u p  this offer or  for 

more i nformatio n  telephone 

Steve Morley 
Te l 01 322 61 1 254 

E-mai l  
s . mo rl ey@hi g h b u rybi z . c o m  
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CHYGWYN 

www.chygwyn .com 

ChyGwyn 

ChyGwyn L im ited offers electronic 

design and embedded software 
development for remote mon itori ng ,  

embedded appl iances, set-top boxes 
and s imi lar  devices. We are experts 

i n  customisation of L inux and write 
device d rivers for custom hardware. 

COMPONENT TECKN OLOGY 

www .component tecknology .co.uk 

• PIG microcontro l ler  kits and 
modu les for students and 
hobbyist. 

• 1 8F45X, 1 6F87X Proto-Boards for 
ease and fast development of 
project ideas. 

• l nfrared l l l u m i nators for CCTVs in 
low amb ient l ight security areas. 

• Analogue 8-chan ne l  h igh voltage 
iso lator. Data logg ing .  

• 5% d iscount code ' e lwwd i r2004' 
for E lectron ics World readers .  

• Consu ltancy 

• TIG control systems -
R E I S  interface. 

• Real-time X-ray I maging .  

CONFORD ELECTRONICS 

www.confordelec.co.uk/index.shtml 

Lig htweight portable battery/mains 
audio un its offering  the h ighest 
technical performance. Microphone, 
Phantom Power and Headphone 
Ampl if iers. Balanced/un balanced 
sig nal l i nes with extensive RFI 
protection.  

CRICKLEWOOD 

ELECTRONICS 

www.cricklewoodelectronics.co.uk 

ki8_��KL��0HPs� 
11\! ... -:.c::::::' .. e:r=����� 
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C ricklewood Electronics stock one of 
the widest ranges of components, 
especial ly semiconductors inc lud ing 
I Cs ,  transistors, capacitors, al l  at 
competitive prices. 

DB TECHNOLOGY 

www.dbtechnology.co .  uk/ 
EMC Testing and Consultancy. 

.19\. dB Tech no.Zogy @) 

Anechoic chamber and open area 
test site. 
• Compl iance Tests 
• Rapid, accu rate pre-compl iance 

tests. 
• Fixes inc luded.  FCC Listed .  
• Flexib le hou rly booking avai lable .  

DESIGNER SYSTEMS CO 

www.designersystems.co. uk 

Electron ic  prod uct design company 
with over a decade of experience 
p romoting it 's  own p rod uct range 
and desig n ing  and man ufacturing 
innovative products for cl ient 
compan ies/ind ividuals.  

FUTURE TECHNOLOGY 

D EVICES INTL. LTD .  

www.ftdichip .com 

FTDI designs and sel ls USB-UART and 
USB-FI FO interface i .c.'s. Complete 
with PC drivers these devices simpl ify 
the task of design ing or  upgrading 
USB peripherals 

G REENWELD 

www . g re e nwe l d . c o . u k 

Whether  your interest is i n  
electron ics ,  mode l  engineering ,  
aud io ,  computer, robots or  home 
and le isure products ( to  name j ust a 
few) we have a wide range of new 
and surp lus stock avai lab le .  
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MCES Ltd 

Web: www. mces.co .uk 

M.C.E.S. 
l'N'cblionl':lrclronlc£ngfnrtni 

-�·"II-" 

_ .... _ .. ___ .. _:�""" ......... _ .. ___ _._ 

-
MCES are a special ist e lectron ics 
company provid ing a h igh qual ity 
repair ,  rework and re-man ufacturi ng  
service to e lectron ic modu les and  
sub  assem bl ies,  i nc l ud ing  hand l ing  
both large and sma l l  volume 
production and rework for major  
man ufactu rers .  
Establ ished in  1 972 we have 
continued to make large investments 
in  specialised test equ ipment, 
surface mount technology and 
too l ing enabl ing us to d iagnose 
repair and verify a wide range of 
e lectron ic modu les to a very h igh  
standard .  
W e  also operate a fitt ing service for 
surface mount m u lti p in  I C's and 
BGA's 

QUASAR ELECTRONICS 

www. QuasarElectronics .corn 

Over 300 electron ic  kits, projects and 
ready bu i lt u n its for hobby, education 
and ind ustrial appl ications inc lud ing 
P I G/ATM E L  p rogramming solutions.  
On l i ne order ing faci l ities. 
Tel :  +44 (0) 870 246 1 826 
Fax: +44 (0) 870 460 1 045 
Emai l :  sales@OuasarElectron ics .com 

NORCALL Ltd 

www. tetra-corn . co .  u k  

m:zm --------
S u p p l ie rs p rog ram m e rs a n d  
repai rers of new a n d  refu rb ished 
two-way rad i o  e q u i p m ent .  
Retu n i ng and recrysta l l i n g  serv ice 
avai l a b l e .  A l l  types of b atter ies  
charg e rs and aer ia ls  s u p p l i e d .  
e-mai l  Norcall@aol .com 

SOFTCOPY 
www.softcopy.co.uk 

·As a PC data base or  hard copy, 
SoftCopy can s upply a complete 
index of E lectronics World art ic les 
over the past ten years. Photo copies 
of articles from back issues are also 
avai lable. 

TEL EVES 

www.televes.com 

Tel eves 

Televes website was launched as an 
easier  way to keep in contact with 
our World-wide Network of 
Subsid iaries and C l ients. Th is site is 
constantly updated with useful 
i nformation/news plus you can 
download i nfo on our range:  TV 
Aerials & accessories, Domestic and 
Distrib ution ampl if iers, Systems 
Equ ipment for OTT and Analogue TV, 
Meters and much more. 
Te l :  44(0) 1 633 875821 
email h botas@televes.com 
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TEST EQUIPMENT 

SOLUTIONS 

www.TestEquipmentHQ.com 

1'i:(�."'c;.� T-EqulpmentRe===Salo i=::::::::::::::::::::u -�----....im 
Test Equipment Solutions Ltd 

Quality Used Test Equipment 
& 

Test Equipment Rental 

Tel: +44 (0)1753 596000 

Fax: +44 (0)1753 596001 
Email: lnfo@TestEquipmentHQ.com 

Website: www_ TestEquipmentHQ.com 

Test Equipment for rental or second 
user sale at the industry's lowest 
p rices. All types of equ ipment from 
all lead ing manufacturers inc lud ing 
general purpose, commun ications 
and industrial test. I tems fu l ly 
refurbished with 1 year warranty. 
Rental rebate g iven on purchases. 

TELONIC 

www.telonic.co .uk 

Telon ic  special ists in laboratory AC & 
DC Power Suppl ies,  E lectron ic AC & 
DC Loads, E lectrical Safety Testing 
and complete test systems. Plus RF 
Fi lters, Attenuators, D iesel Eng ine 
Smoke Measurement, Quartz Crystal 
M icro balances. 
Tel +44 (0) 1 1 8  978691 1 

TELNET 

www.telnet. uk. com 

-
- Tellllt · 
-- Suppl!e1undBuya'solQuilyStell!!d.uslfEl!ctmlicT!llaid 

tleuuremen!EqllipmelllltA!'fOROABl.EP!lc!l. 

TgVJe'N.pleasllilgfermappoinlmi!lt· 
1144(1)247fflt712-Til!pl!ooe 
114.\(1)247"!0771-fax 
t044(1)7ffl411ill·mobilt 

Top qual ity second-user Test and 
Measu rement Equ ipment 
eMai l  sales@te lnet.uk.com 

TR Control Solutions 

www .trcontrolsolutions.com 

We specia l ise in  products and 
services for serial com m u n ications, 
protocol convers ion ,  wire less 
commun ications and em bedded 
ethernet. 
Tel :  +44 (0) 208 823 9230. 

U LTRA-CREA OY 

www.ultra-crea .fi 

O u r  bus iness i dea is to provide our  
customers complete service , i . e .  
des ign  f rom the customer 
specif ication to the del ivery of 
f in ished and tested products. 
Our offerings are as fol lows: 
• RF transm ission l ine fi lters from 

1 OOMHz to 3GHz 
• Special antennas to frequencies as 

above 
• Transmitter and Receiver modu les 
• RF-subunits such as amplif iers ,  

oscillators, d i rectional couplers etc. 

WILMSLOW AUDIO 

www.wilmslow-audio.co . uk 

"Uk 's  largest s uppl ier  of h igh  qual ity 
loudspeaker kits and d rive u n its. 
Comprehensive range of 
components and accessories, 
inc lud ing damping p rod ucts, 
con nectors and g ri l les materials. 
Demonstrat ion fac i l it ies avai lable .  
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E LECTRON I CS 
WORLD 
Electronics World is enjoyed by some of the world's top c ircuit 

designers - but it's not just for professionals. Stim u lat ing designers 

for almost a century.  Electronics World covers analog ue,  RF and 

dig ital c i rcuit tech nology and i ncorporates design i nformation on 

everything from model tra in control to i n put/output via a 1 ObaseT 

network . .  and it's now avai lable all on CD-RO M .  

• 1 2  issues on each CD-ROM 

• Ful l  text and diagrams of  al l  articles, c i rcuit ideas, letters etc 

• Easy to browse 

• Ful ly searchable by keywords and i ndex 

• H igh-qual ity print in colour  

• Fu l l  software l istings i ncluded 

• easy to use 

CDROMS are avai lable for 1 999, 2000, 2001 , 

2002 and 2003. Each disk contains 1 2  back 

issues of E lectron ics World in a searchable,  

browsable and pri ntable format PLUS the 

l ibrary of software fi les.  The C D ROMS run on 

PCs with Windows '9x, Me,  2000 and XP. 

req u i res I E4 or above and Adobe Acrobat 

Reader (suppl ied on the CD) .  

The CDROMs are only £30 each i ncluding 

VAT and UK post, add £1  extra postage for 

E u rope, £5 extra postage for rest of the world , 

excl usively avai lable from SoftCopy Limited, 

address below. 

Limited special offer for readers of 

Electronics World - al l  five CDs for the 

price of four. 

Please send the followi ng CD-ROMS 

1999, 2000, 2001, 
2002, and 2003 

__ qty 1 999 

__ qty 2000 

__ qty 2001 

__ qty 2002 

__ qty 2003 

NAM E  ______________________________ � 

Address ______________________________ _ 

Card N u mber _________________ Expiry ________ _ 

Order now at:, 
www.ewmag.co.uk 
SoftCopy Limited, 1 Vineries Close, Cheltenham GL53 ONU, UK 
Tel:  +44 (0) 1242 241455 Fax: +44 (0) 1242 241468 sales@softcopy.co.uk 

WEB SITE WWW.JOHNSRADIO-UK.COM WWW.JOHNSRADIO.COM 
JOHNSRADIO ELECTRONICS TEST AND COMMUNICATION EQPT 

IJJlmt.WRNUMi!t• 
DC·MICROWAVE TO 300 GHZ - OPTICAL - LIGHT - EQPT - PARTS 

TEKTRONIX - HP - AGILENT - MARCONI 
PHILIPS - RACAL - B&K - R&S - W&G - ETC 

Sales Warehouse Johnsradio Smithies Mill, Birstal Smithies Lights, 883-885 Bradford Rd, ' 
B�tley, West Yorkshire, WFll BNN. 

Tel: 01 924 442905 Fax: 0 1 924 448170 E-mail: johnsradio@btconnect.com 
Directions M62 Junction 27, A62 to Huddersfield, 1 mile to Birstal Smithies Lights, (6 roads) left 

under factory chimney aerial, Smithies Moor Lane 50 YDS second left red gate. 
HOURS M-F 9AM - 1 PM AND 2PM - SPM, SAT 9AM - 1 PM Phone for appointment or to request item lists, pho�os, site n:ap . . All welcome, Private or trade, for sales, works� re a i rs or cal1brat1on. 

PLEASE CONTACT PATRICIA AT WHITEHALLl WORKS, 84 WHITEHALL ROAD, 
EAST BIRKENSHAW, BRADFORD, WEST YORKSHIRE, 801 1 2ER 

__ Tc--=el: 0 1 274 684._007 Fax: 0 1 274 65 1 1 60 

WEB SITE WWW.JOHNSRADIO·UK.COM WWW.JOHNSRADIO.COM 

TElnilill 
AN D CONSUME R E LECTRO N ICS 

Tiiiiiiiii 
ANO HOME ELECTRONICS REPAIR nDillirli 

AND CONSUMER ELEClAONICS 

Worbhop equipment guide 

Serviclrig the  
Hitachi A 7  chassis 

Television cind Consumer Electronics magazine is the only magazine for 
technicians who deal with consumer electronic products, in particular 
TY, video, satellite and audio equipment. 

• Launched in 1 935 this respected 

journal is the longest established 

consumer electronics magazine 

• Keep up to date with the latest 

infonnation and changes affecting 

the industry 

• Tips and guides on repairing television 

and electronic equipment including 

satellite receivers, PCs, monitors, VCRs, 

DVD, audio equipment and much more 

• Essentiol reference and in-depth 

features covered monthly 

Make sure of your copy now • • •  

Subscription rates for 1 year: Contad 
UK £33.80 • Eu1ope £49.00 or €92 Highbury Fulfilment Services, 
USA $104 • Rest of the World £63.SO Link House, 8 Bartholomew's Walk, Ely, Cambridge CB7 4ZD. 

Subscription rates for 2 years 
UK £S3 • Europe £78.40 or € 146 
USA $166.65 • Rest of the World £101 

Telephone 01 353 654 431 
Fax 0 1353 654 400 
Email hbc.subs@highbury-wyvern.co.uk 
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£2, 195 
The new TGR2050 is a synthesised signal generator with a 
frequency range of 1 50kHz to 2000MHz. 
Excellent frequency accuracy is matched with h igh  stabil ity, 
wide dynamic range, low phase noise and low leakage. 

FM, phase and AM modulation modes are incorporated along 
with RS232 and GPIB ( I EEE.488.2) interfaces. 
The TGR2050 provides the most cost effective solution 
available for engineers needing a wide range high performance 
RF source. 

..,,_ 1 50kHz to 2000MHz frequency range with 1 0Hz setability 

.,.. - 1 27dBm to +?dBm amplitude range with 0. 1 dBm setability 

.,.. Better than 1 ppm internal accuracy; external frequency lock 

.,.. FM, Phase and AM modulation, internal or external source 

.,.. Direct numeric entry or rotary control with user setable 
frequency and amplitude increments 

..,. Non-volatile set-up memories for repetitive testing 

.,.. Full remote control via RS-232 and GPIB interfaces 

.,.. Unrivalled performance and features at this price level ! 
For applications with a narrower frequency requirement a 
1 GHz generator, the TG R 1 040, is available for around £1 ,200 . 

For ful l  details of both generators, please contact us directly, 
visit our website, or circle the reply number below. 

OD 
Measurably better value 
Thurlby Thandar Instruments Limited 
Glebe Road, Huntingdon, Cambridgeshire PE29 ?DR 
Tel: 01 480 41 2451 , Fax: 450409, e-mai l :  sales @ tt i -test.com 
Web: www.tti -test.com 

THURLBY THANDAR INSTRUMENTS 
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ARTICLES 
WANTED 

TOP PRICES PAID 
For all you r  valves, 

tubes, semi conductors 
and ICs. 

Langrex Supplies Limited 
1 Mayo Road, Croydon, Surrey CRO 2QP 

TEL: 020 8684 1166 FAX: 020 8684 3056 

FOR SALE 

fa stco m po ne ntsT" 
the best way to buy components 

1 000 pcs resisto r kit £ 9 . 99 
240 pcs ca pacitor kit £4 . 99 

Brand new high quality component kits 
at wholesale prices! 

PRINTED CIRCUIT-BOARDS 
DESIGNED & MANUFACTURED ..... agar 
• Prototype or producrion quantities l:H:I 

C
' . 

• Fast turnround available !!!!!!!!!!! 1rcwts 
• PCBs designed from circuit diagrams 
• Almost all computer files accepted 
• PCB assembly - mechanical assembly 
• Full product design·manulacture-test-repair 

Unit 5, East Belfast Enterprise Park 
308 Albertbridge Rd, Belfast BT5 4GX 
TEL 028 9073 8897 FAX 028 9073 1802 

into@agarcircuits.com 

For a FREE 
consultation on 

how best to 
market your 

products/services 
to a professional 

audience ring 
STEVE on 

64 

01 322 
61 1 254 

B EST CAS H 
PRI C ES PAI D  

FOR VALVES KT88, 
PX4 AND MOST 
AUDIO/OTHER 

TYPES. 
Tel :  01 403 784961 

Bill ington Export Ltd 
Sussex R H 1 4  9EZ 
Fax 01 403 78351 9  

Email: sales@bel-tubes.co.uk 
Visitors by appointment 

SERVICES 

WANTED 

POWER SUPPLY DESIGN 
Switched Mode PSU 

Power Factor Correction 
designed to your specification 

Tel/Fax: 01243 842520 
e-mail: eugen_kus@dx.co.uk 

Lomond Electronic Services • TVNCR CIRCUITS (WE DO NOT STOCK AUDIO OR MONITOR INFORMATION) 
TEL A. T.V. on 

01 14 285 4254 
CTV Circuits . . . . . . . . . .  from £5.00 

VCR Circuits . . . . . . . . .  from £7.00 

CTV Manuals . . . . . . .  from £10.50 

VCR M anuals . . . . . . .  from £14.50 

User instructions also available 

(P/P add £2.50 to each order) 

419 LANGSETT ROAD 
SHEFFIELD 56 2LL 

MANUAL COLLECTIONS PURCHASED, !ii (POST 1995) �-

To market your 
products/services to a 

professional audience ring 
STEVE on 01 322 61 1 254 

WANTED surplus or Obsolete Electronic Components 

Turn your excess stock into instant cash! 
SEND OR FAX YOUR LIST IN STRICTEST CONFIDENCE 

Will collect anywhere in the UK 

Mushroom 
COMPONENTS 

28 College Street, Kempston, Bedfordshire, MK42 BLU 
Tel: 01234 36361 1 Fax: 01234 32661 1  

E-mail: sales@mushroom.co.uk 
Internet: www.mushroom.co.uk 
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TH E RE IS  I NTERESTI NG N EWS 

"' .,..,,. __ 

VOLTMETE RECORDE 

The Handyscope 3 is a powerfu l and versati le two channel measuring 
i nstrument with an integrated function generator. 

M 
V> 
I 
w 
a.. 
0 
u 

0 USB 2.0 connection (USB I .  I compatible) 
0 sample speed up to I 00 M Hz per channel 

0 8 to 1 6  bit resolution (6 µVolt resol ution) 

0 50 M Hz bandwidth 
0 i nput sensitivity from 200 mVolt up to 80 Volt 

0 large memory up to I 3 I 060 samples per chan nel 

0 four i ntegrated measuri ng devices 
0 spectrum analyser with a dynamic range of 95 d B  

0 fast transient recorder up t o  I 0 kHz 

0 several trigger features 
0 auto start/stop triggering 

0 auto d isk function up to I OOO fi les 

0 auto setup for ampl itude axis and time base 
0 auto trigger level and hysteresis setting 

0 cursor measurements with 2 1  read-outs 

0 very extensive function generator (A WG) 0-2 M Hz , 0- 1 2 Volt 

V> 

b 

-lclxl 

i 12.!iO 

-

z 
<( for more i nformation, demo software, software, source code and DLL's visit our internet page: http://www.tiepie.nl 

:r: 
llePie engineering (UK) 

28, Stephenson Road, St. Ives 
Cambridgeshire. PEl 7 3WJ, UK 

Tel: 01 480-460028 
Fax: 0 1 480-460340 

© Copyright 2002 TiePie engineering. All rights reseNed . 



TEST EQUIPMENT Quality Second User 
Test Equipment 

TIO ..... .... " 
The Industry's 

Most Competitive 
la pit ltoclt Liit • H JOU don, 1tt what JOU Wan\ pltut CAW Test Equipment Rental Rates 

•••• 
AMPLIFIERS (GBP> 
AT/HP 8349B 2-20GHz + I  5dB > 50mW Am�ifier 2700 
AT/HP 8447F l.JGHz Pre/Power Dual Amplifier 950 
Amplifier Research I OW I OOOB I GHz IOW RF Amplifier 2500 
Amplifier Research IWIOOO I GHz IW RF Amplifier 950 
Kalmus KHS737LC 25W IOkHz-IGHz Amplifier 4500 
COMPONENT ANALYSERS 
AT/HP 4 I 92A I 3HHz Impedance Analyser 4350 
AT/HP 4 1 93A I I OMHz Impedance Analyser 3550 
AT/HP 4 I 94A 40HHz Impedance Ana�ser 1 5950 
AT/HP 4262A I OkHz Impedance Ana�ser 1 550 
AT/HP 4263A I OOkHz LCR Heter 1 750 
AT/HP 48 1 5A Vector Impedance Meter 500kHz- 108HHz 1 1 50 
ELECTRICAL POWER 
BHI A· 1 1 6 1-600A Current Clamp for 8HI 4800/ I OOG 650 
Draneu PP4300 Power Quality Analyser 4650 
HT Italia SPEEDTEST RCD Test Set 400 
FREQUENCY COUNTERS 
AT/HP 53 1 3 1  A/00 I DC-225HHz I 0 Digit Universal Counter 995 
AT/HP 53 1 3 1  A/030 3GHz Universal Counter 1 350 
AT/HP 53 1 32A 225HHz 12 Digit Frequency Counter 1 300 
AT/HP 53 1 6B I OOMHz Frequency Counter 625 
AT/HP 5335A 200MHz frequency Counter 950 
AT/HP 53508 20GHz frequency Counter 1 650 
AT/HP 535 1 B 26.SGHz frequency Counter 2200 
AT/HP 5372A 500MHz Frequency/Time Interval Analyser 2650 
EIP 548A 26.5GHz Counter 1 1 50 
EIP 548A/O l/08 26.SGHz Counter 2 1 00 
Marconi CPH20 20GHz Counter/Power Meter 2450 
Racal 1 992 I JGHz frequency Counter 1000 
Racal I 992/04C I JGHz Frequency Counter 1000 
FUNCTION GENERATORS 
AT/HP 33 1 20A 1 5MHz Function/Arbitrary '&veform Gen 995 
AT/HP 3 3 1 4A/OOI 20HHz function Generator 1 335 
AT/HP 33258 2 1  MHz Function Generator 2050 
AT/HP 8 1 1 1  A 20HHz Function Generator I I SO 
AT/HP 8 I I 6A 50MHz function Generator 1 895 
AT/HP 8904A/OOl /002/003/004 600kHz function Generator 2950 
MULTIMETERS 
AT/HP 34420A 7.5 Digit Digital Nanovolt/micro·ohm Heter 1 900 
AT/HP 3478A 5.5 Digit Digital Multimeter 750 
Keithley 2400 200V Digital Sourcemeter 2995 
NETWORK ANALYSERS 
Advantest R3765CH 40MHz-3.8GHz Network Analyser 7250 
Advantest R3767CH 8GHz �ctor Network Analyser 1 3650 
AT/HP 35677A 200HHz 50 Ohm S Parameter Test Set 1 895 
AT/HP 35689A I 50HHz 50 Ohm S·parameter Test Set 1 500 
AT/HP 3577A 5Hz·200MHz Vector Network Analyser 4750 
AT/HP 3589A I SOHHz Network/Spectrum Ana�ser 5450 
AT/HP 87 1 2ES/I EC 75 Ohm I JGHz Net Ana c/w S Param 8 1 50 
AT/HP 87 14ET 3GHz Vector Network Analyser c/w TR 8950 
AT/HP 87 1 9D 1 3GHz Vector Network Analyser c/w S Param 20250 
AT/HP 8722C/0 1 0  40GHz Vector Network Ana c/w S Param 32950 
AT/HP 8753D/006 6GHz Vector Network Ana c/w S Param 14250 
AT/HP 8753D/ID5 3GHz Vector Network Ana c/w S Param 1 0250 
AT/HP 89441A-Various option sets avail · Call • prices from 1 1 950 
Anritsu 37247A/2A/ I O  40HHz-20GHz 'tctor Network Ana 26950 
Anritsu 37347C 20GHz 'tctor Network Analyser 33250 
Anritsu HS46248 9GHz 'tctor Network Analyser 18450 
Anritsu HS46308/0I O  IOHz-300HHz Network Analyser 5250 

.... 
OSCILLOSCOPES (HP) 
AT/HP 54 I I 2D 4 Channel I OOHHz I OOHS/s Digitising Scope AT/HP 8560E 50Hz-2.9GHz Synthesised Spectrum Analyser 9500 

5 1  AT/HP 54502A 2 Channel 400MHz 400HS/s Digitising Scopt AT/HP 8561  B 6.SGHz Spectrum Analyser 6450 
76 AT/HP 54540A 4 Channel 500MHz 2GS/s Digitising Scope AT/HP 8562A 22GHz Spectrum Analyser 1 0950 
48 AT/HP 54602B 4 Channel I 50MHz 20MS/s Digital Scope AT/HP 8562E/OO I /007 1 3 .lGHz Sptctrum Analyser 1 4950 

I J6 AT/HP 546 1 08 2 Channel SOOHHz 20HS/s Digitsing Scope AT/HP 8563A/ 1 03/ 104/H09 22GHz Spectrum Analyser 7950 
AT/HP 54645D 2 Channel I OOMHz 200HS/s + 16 Ch LA AT/HP 8563E 9kHz-26.5GHz Spectrum Analyser 1 7500 

1 1 8  AT/HP 548 1 0A 2 Channel 500MHz I GS/s Digitising Scope AT/HP 8565E/007 SOGHz Spectrum Analyser 2 1 500 
1 65 AT/HP 54825A 4 Channel 500MHz 2GS/s Digitising Scope AT/HP 8594E 2.9GHz Spectrum Analyser · 4750 
OS fluke 1 99/SCC l 90 2 Ch 200HHz 2.5GS/s Digitising Scope AT/HP 8594E/04 I 2.9GHz Spectrum Analyser 4750 
68 Lecroy 9374L 4 Channel I GHz 2GS/s Digitising Scope AT/HP 8594E/ 140 2.9GHz Spectrum Analyser 4950 
79 Lecroy LC584AL 4 Channel I GHz I GS/s Digitising Scope AT/HP 8594U04 I 2.9GHz Spectrum Analyser 3950 
57 AT/HP 8595E/004/04 1 / 1 05/ 1 5 1 / 1 63 6.SGHz Spectrum Ana 8950 

Anritsu HS266 I C/8 3GHz Spectrum Analyser 5250 
n Anritsu HS2667C/03/ I O  9kHz-30GHz Spectrum Analyser 1 0950 

119  Anritsu HS6  I OB I OkHz-2GHz Spectrum Analyser 2650 
24 R&S FSP7/B25 9kHz· 7GHz Spectrum Analyser 1 5450 

SIGNAL GENERATORS 
4 1  AT/HP 86428/00 I 2.1 GHz Synthesised Signal Generator mo 
n AT/HP 8648C 9kHz·3.2GHz Synthesised Signal Generator mo 
62 AT/HP 8657B/OO I 2GHz Synthesised Signal Generator 2850 
36 AT/HP 8657D/HOI IGHz DQPSK Synthesised Signal Gen 1 350 
48 AT/HP E442 I B 250kHz-3GHz Synthesised Signal Generator mo 
15 AT/HP E443 1 B/ I E5 2GHz Digital Signal Generator 6 1 50 
95 · T ek 1 1 03 Tekprobe lbwer Supply AT/HP E4432A 3GHz Synthesised Signal Generator 6600 

Ill Tek TDS320/l 4 2 Channel I OOHHz 500HS/s Digitising Scope AT/HP E4432B/1 E5/UN5/UN8/UN9/UND 3GHz Rf Sig Gen 1 1250 
58 Tek TDS350 2 Channel 200MHz I GS/s Digitising Scope AT/HP E4433A/I ES 250kHz-4GHz Synthesised Signal Gen 7950 
.. Tek TDS420A 4 Channel 200HHz I OOMS/s Digitising Scope Marconi 2022D I GHz Synthesised Signal Generator 1 250 

1 09 Tek TDS460 4 Channel 350MHz I OOHS/s Digitising Scope Marconi 2022E I OkHz-1.0 I GHz Synthesised Signal Generator 1 2 50 
l l  Tek TDS460A 4 Channel 400MHz I OOMS/s Digitising Scope Marconi 2024/001 I OkHz-2.4GHz Signal Generator 2750 
n Tek TDS640A 4 Channel 500MHz 2GS/s Digitising Scope Marconi 2030/001 l.35GHz Synthesised Signal Generator 3300 

Tek TDS644B/24/4D 4 Ch SOOMHz 2GS/s Digitising Scope Marconi 203 1 /002 2.7GHz Synthesised Signal Generator 4500 
ll Tek TDS784D/2M 4 Channel I GHz 4GS/s Digitising Scope Marconi 2032/00 1 /002/006 5.4GHz Signal Generator 1 0250 
56 POWER METERS R&S SHE03 5kHz-3GHz Signal Generator 8500 
68 AT/HP 438A Dual Channel RF Power Heter R&S SHH lGHz Synthesised Signal Generator 4250 
46 AT/HP 848 1A IOMHz-18GHz IOOmW Power Sensor TELECOMS 
11 AT/HP 848 1 8  IOMHz-18GHz 25W Power Sensor Marconi 2840A lHB Handheld Transmission Analyser 1 250 
9 1  AT/HP 8482A I OOkHz·4.2GHz I OOmW Power Sensor Trend AURORA DUET Basic & Primary Rate ISDN Tester 2250 

AT/HP 8482B I OOkHz-4.lGHz 25W Power Sensor Trend AURORA PLUS Basic Rate ISDN 'Ester 350 
t5 AT/HP E44 1 2A I OMHz·l8GHz I OOmW Power Sensor TTC 147 2HBPS Handheld Communications Analyser 3750 
Sf AT/HP E44 I 8A Single Channel RF Power Meter TTC Fireberd Interfaces • many in stock from 395 

1 21 POWER SUPPLIES TTC Fireberd 34 Breakout Box 250 
Wide Range of AT/HP Programmable DC Supplies • from TTC Fireberd 6000A Communication Analyser 3950 

J H  Farnell AP70/30 70V 30A Po11er Supply TTC Fireberd PR-45 Printer For Fireberd 6000 350 
536 Kikusui PCRSOOL 500VA 'hltage/Frequency Convertor TV & VIDEO 
56 Kikusui PLZ- 1002W I OOOW Electronic Load Calan 30 I OR Sweep I Ingress Analyser 2950 
4S Kikusui PLZ· I 003W I OOOW Electronic Load Minolta CA· I 00 CRT Colour Analyser 2000 

142 I Tek 1 I O I A  Dual Probe Power Supply Philips PH55 I 5 1+RG8 TV Pattern Generator with RGB 1 650 
1 '4 RF SWEEP GENERATORS Philips PH55 I 51T +RG8 TV Pattern Gen with Teletext+RGB 1 750 
JD AT/HP 83620A I OMHz-20GHz Synthesised Sweeper WIRELESS 
15 AT/HP 83752A/ I E l / I E5 0.0 1 ·20GHz Synthesised Sweeper AT/HP 3708A Noise & Interference Test Set 4950 
. . .  Anritsu 681 478 I OMHz·20GHz Synthesised Sweeper AT/HP 3708A/OOI Noise And Interference Test Set mo 

HIJ Anritsu 68 147C O.O l -20GHz Synthesised Signal Generator IFR 2967 Radio Comms Test Set with GSH 5950 
SU R&S SWM05/B I /87 I 8GHz Synthesised Sweep Generator IFR 5442 1-003] RF Directional Power Head 250 
J6j. SIGNAL & SPECTRUM ANAL '1SERS Marconi 2945/05 Radio Comms Test Set 5950 
486 Advantest R336 I C  9kHz-2.6GHz Spectrum Analyser Marconi 2955A/2957A I GHz Radio Comms Tester With AMPS 2500 
'1 1 Advantest R337 1A I OOHz-26.SGHz Spectrum Analyser c/w TG 1 3 600 Marconi 2955B I GHz Radio Comms Test Set 3500 

U t7 Advantest R4 I 3 I ON 3.SGHz Spectrum Analyser 3950 Marconi 2955R I GHz Radio Comms Test Set 2950 
14) AT/HP 3585A 40HHz Spectrum Analyser 3950 Racal 6 103/001/002/0 14  Di�tal Mobile Radio Test Set 3950 

AT/HP 533 IOA 200HHz Modulation Domain Analyser 2950 Wavetek 420 1 S  Triband Digital Mobile bdio lst Set 3500 

Prices shown are for guidance in £UK GBP. e<dusive of �T and Ex-Works. All 
items subject to prior sale. Rental prices are per week for a rental period of 4 
weeks. !fee carriage to UK mainland addresses on sale items. Rental or non UK 
deliveries will be cha�ed at cost This � just a selection of equipment we have 
available • if you don t see what you want, please call. All items are supplied 
ful� tested and refurbished. All manuals and accessories required for normal 
operation induded. Certificate of Conformance supplied as standard. Certificate of 
Calibration available at additional cost Test Equipment Solutions Ltd Terms and 
Conditions app�. All E&OE. 

w w w . T e s t E q u i p m e n t H Q . c o m  
email: info@TestEquipmentHQ.com 
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