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TA-1144 Ampllfler

i Thls mtegrated Stereo Amplmer assures supenor sound even at 4ow frequenmes

“--Output of 30 watts RMS per channel for wide dynamic range with very low dis-

~Hortion.-Can be used-separately -as-a -pre-amplifier or ‘power amplifier for-usewith

“.other ‘external stereo equnpment or m a mulhchannel system Very advanced
‘controls, -too

SPECIFICATIONS: PDWER AMPLIFIER SECTlDN-——Power output ax, power 150w both
thannels. Rated 30w ‘per -channel -RMS, Harmonic distortion: less -than 0.2% -at rated -
output (20 Hz-20kHz). Intermodulation distortion: (60 Hz:7 kHz = 4:1): Jess-than
. 70.2% -at rated output. Power bhand width: 10 Hz-50 kHz (1HF). 20 Hz-20 kHz at rated
[ output. Freq response: ‘15 Hz-300 'kHz® =2 dB. Signal-to-noise ratio: better than
90 dB. . Damping  factor: better . than ™ 70 (8 ohms). “PRE-AMPLIFIER - SECTION-—
2T Inputs:s - PHONO-1, .PHONO-2. TUNER,“REC/PB, TAPE, . AUX-1, AUX-2, AUX-3. REC .OUT,
- PRE-OUT, REC/PB. Harmonic distortion: (at-1 -kHz) TUNER, -AUX-1,- AUX-2, TAPE-—less
‘.~ han. 0.05% -atrated -output.: Freq. response: TUNER, TAPE, -REC/PB,. AUX-1, AUX-2,
. AUX-3--10 HZ-100 kHz =2 -dB. PHONO-1, -PHONQ-2, R1AA equalization curve ==0.5 dB.
- “Signal-to-noise - ratio: - PHONO-1,'PHONO-2 better ‘than 70 dB (1.2 mV). TUNER, TAPE,
2 *REC/PB, AUX-1,~ AUX-2, AUX-3 .—90 dB (150 mV) Dimensinns:~16% (W) x 5'%s-(H)

X 12% (D) Welght 17 Ib: l 0Z. : : R :

¥ To Jacoby Kempthorne Pty Ltd 469- 475 Kent Street Sydney l

N.S.W.2000.

" 'Please ‘send  meé - information on: the Sony TA-1144 Amplmer and the = l
':‘4TC-366 Tape Deck. : , T

:ADDRESS ............ I e

JMS/25-71 EA471 ‘ ¥ ) Sydney "6 2651 & Melboure: 329 686
Brisbane: 21 0586 @ Perth:.28 5;2 ay

—---------——-————]Ca"be"a479°1 o Newcastle:
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NDW ELECTRDNICS L
 ONE STOP

HOBBY SHDP
718 Parramatta Road CROYDON

- SPECIALS

- $2750 i

s

: A FEW .OF OUR REGULAR
S S BARGAINS . ; ‘
4 BC107  Transistors - $2.00 '
‘6 .- BC108 - - Transistors $2.00 CASSETTE TAPE RECORDER KIT® [
5 BC109  Transistors $2.00 - Complete kit pre-assembled amp- 230 20W amp . . $14.90
'3 2N3538 Transistors $2.00 ) lifier board and mechanics — full 230 -40W amp . $18.75
.2 " D13T1 . .Transistors =~ $2.00 - instructions supplied .$2995 - AF.U. filter - w o 826.50 -
2 . 40408 Transistors - $2.00 . Batteries not included Post 1,00  PZ5 power supply o 81760 -
2 40409  Transistors $2.00 7 TRANSISTOR RADIO KITS PZ8 power supply - $2650
2. 40410 Transistors  $2.00 ‘Complete kit with instructions and PZ6 power supply - . $23. 75 .
10 - EM401 - 100PIVIA - - carrying case. Battery notincluded. " Stereo sixty pre-arnp and con-
[ ‘rect. .. $2.00 Easy to assemble, ‘attractive case.” trol unit
8 EMA04 - 400PIVIA AT sy L ¢798 Chassis suit 230 system,
S et . $2.00 PRE-FAB HI-FI SPEAKER ‘teak front panel .. ,
5 EN408  EMA408PIV ENCLOSURES i Complete amplifier kits, in-
i “1arect .o o $2.00 All timber pre-cut to exacting'spec- - cluding associated parts... .~ $80.00
4 ’IN3491 /R 50 PIV 18 A ifications, - featuring a special “‘iron- Demonstration facilities now avallable' ,
S reet. o7 $2.00 on”’ veneer. Sarlon grille Innerbond = - Sinclair Project 60 =~ : o
B \A15A 100 P|V 3A"" o included. See August issue Electron- - Now available, only ‘from Pre- Pak. Spectal' .
: Crect.. .. $2.00 - ics Today for details. Special offer — model PS-8 power supply. Same as PZ-8 but '
10 . ‘OA91 Germanium Diodes $2.00 =~ Magnavox 8-30 kit -  $2250 ~ also hasoverload protection ..
©1°-:2NA43 400 P1V 5A SCR 82,00 - ! ' — ,
2 -.C106Y1 SCR. .. =~ $2.00 HEAD OFFICE and Mall Order Division ,‘
1 '«t::g: 100 PIV 2A Brldge $'1 2‘0 )78 Parramatta Road Croydon 2132 S
2 aNzess  wIT $250 | Teleshore . HE-PH“ b
2 2N3054 Transistors $3.00 | Redfern Sales Centre :
2 "2N3055  Transistors $3 00 ;103 Reg:nt DStreet Redfern Phone 69 5922 : ¢
« S : , isposals Division -
' 9597 Regent Street Redfern Phone 69- 5922 e I e c tr 0 n l CS
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‘a tlme to
jom forces

enthusiasts. Thisis no longer so. :
In ever:increasing numbers, the general pubhc are. realising
that hlgh quality sound reproduction s not just a luxury for the

For years, . hi-fi had been the provmce ~of " out-and- out

-connoisseur. For thns reason alone the hi-fi industry cannot help

but grow.: .

But the mdustry must realise that a large proportlon of their
future customers will be relatively unsophisticated people to
whom technical specifications and even subjective evaluations have
little meaning. And because of this lack of knowledge Mr. Average
Buyer is likely to get talked into purchasing an overpriced cocktail
cabinet” with little “else ‘than ‘a gilded hi-fi Iabe| mstead of a
properly des:gned and engineered system. :

Even the semi-knowledgable buyer finds it d|ff|cu!t to evaiuate
competitive equipment because of a lack of generally recognised
standards.

From many of our readers’ Ietters and telephone calls we khow
this is a rapidly growing problem which the Australian hi-fi
industry must face and resolve.

_Electronics - Today ‘suggests that the mdustry should serlously

‘conS|der forming-an -association to establish recognised standards

and work together to promote their common interest.

To this end, we at Electronics Today offer whatever a55|stance
may be required. Such an association must surely benefit us all —
rmanufacturers, distributors, ‘consumers, and everyone else who is

involved in the rapidly growing, exciting world of hi-fi.
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Manufacture—Sales—Servme
392 Centre Road, Bentleigh, Vic.,

3204. Tel.: 97 4832. AH. 97 5539

'REED
L SWlTCHES
- MAGNETS

COILS

L\'arge‘ assortment of reed
switches for every purpose
in stock from 49c. Single
-and double contact biased

‘and unbiased Super magnets

from - 29c¢c each. “Also c0|l
'energ|sers

‘Write for your requnrements -

““Miniature ~reed swutches on1y

"11/16 long.

JUST ARRIVED —
" RANGE OF GOODMANS OF
_ ENGLAND SPEAKERS -

- All ‘parts used in Electronics Today
Projects are available. :

FULL
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Newcastle residents will soon have
new information added to their

weather reports - the ieVeI of air

pollution.
Newcastle Umversuty has taken ‘

dellvery of pollution monitoring equip-

ment which can-detect the level of

“sulphur dioxide in the air. The Uni-

versity, in-conjunction with Newcastle
television station'NBN 3, has equipped
a Volkswagen Kombi van with instru-

-ments to'measure the levels of sulphur

dioxide, carbon monoxide, dust and
haze. . .~
Phl|IpS Industries lelted supplued
the sulphur dioxide detection equip-
ment, which is being widely used over-
seas in large industrial areas. 1t works’
by sampling sutrounding air and :
automatucaHy analysmg it for chemlcal
content. : "
The monltor is attached to chart e
recording equipment which gives a
continuous visible indication of

“pollution levels.

The instrument uses a principle, in -
which sulphur dioxide is measured by

-continuous titration with ‘bromine

gas, the latter being generated electro-

“lytically ina solution in which the

sulphur dioxide is absorbed. A feed:

‘back amplifying system coritrols the

bromineé — generating current, so
that the net rate of bromine genera-

tion equals therate of sulphur dioxide

absorption. This createésa net electrical
current proportional to the sulphur
dioxide concentratlon in the mcommg
gas stream.- .

The airistream is kept constant with
the aid of a critical orifice;and a -
vacuum pump..The air.intake is

8 separate to the actuai monltor lt can’

s

14104

~

be futted to the top of a streetlamp
for convenuence :

ORBITING SATELLITES :

AID MODERN MARINERS

A small, ocean-going computer is the '

heart of a satellite navigation ship- ~

board system which can now p_inp'oint
~the position.of a ship anywhere in the
world, regardless of the weather, time: "

of day or distance from land.

-Navigation by radio signals is almost
~asold as wireless communication itself

but modern shipboard systems now in

wide use would surprise any old-time .

mariner, for he can now watch a.
teletype automatically print out the
latitude and longitude ‘to W|th|n 150
feet of hisactual position.’

These shipboard systems’ usea
mlmcomputer only afew cubic feet

in size. Yet coupled with a specialized N

communication receiver it is :
- powerful enough to automattcaHy :
digest information transmitted from

orbiting satellites and print out a ship’ s‘ o

- longitude and latitude ona teletype.::
More than 60 shipboard navigation’
systems built and prograrnmed by

“-".~Magnavox (USA) are riow in use. Most

of themare controlled by Hewlett -

- Packard mini-computers.- About half g
‘the systems are aboard oceanographic.,
research or support ships. The other o

‘half are used by navigators'of oil -

exploration ships, commercial trans '

“ports; passenger ships; cable-laying.:

~ships and Navy and Coast Guard ships.” -
ELECTRONICS TODAY OCTOBER 1971}:':




Selling sound to Australia
— and selling for less!

Here’s positive proof that
Douglas Trading gives you
extra purchase power...

AKAL X-160 D
FINAL RELEASE!

Following sensational
sell-out, further 80
released from bond!
World patented cross
field heads, etc.

FULL PRICE

GLORIOUSLY STYLED SANYO 3 speed, 4 track, stereo tape $229
deck. Pianu key operation, timber case, HI-FI performance.
Fantastic value! ONLY %139 Rush your order today!

e

AUSTRALIA-WIDE EXCLUSIVE! A scoop purchase of 500 of Amazing deal on this NATIONAL AUTO-REVERSE 4 head, 4 track,
these stupendous SONY 3 head, 4 track, stereo decks brings 3 speed, twin capstan Professional Tape Deck!
the price plummeting down to only $199. Don’'t wait for a leatlet Hurry — limited stocks!

post your cheque  NLY *199 FULL PRICE *199

S

PIONEER Douglas Trading does 1t again — 2 colossal bargains!
HI1-FI Don't sy thes one! PE 4 speed HEBL Gramo Umit, anti

STEREO reverh suspension, turnover ceramic cartrnidge/pick up lift,
TUNER teak and plext-cover. ldedl for connection to tape recorders.

AMPLIFIER full price a4 sensational $29 COMPLETE.

0 139 Here's, more colussal value i g good quality pick up arm
NLY *1 standard plug i head shell, twin gimbal bearings, anti-

skate. ONLY $14 FULL PRICE.

~

Model AX330 - Bass/treble/foudness  control, tape monitor, AM
tuner with tuned RE - stage, black light dial, 12 watts RMS.
Brand new in sealed cartons. Full wartanty. Rush these!

Don't hesitate to write for further information.
Post your order and cheque direct . ..

CITY HI-FI C

“'191 80U
| MELBOU




. says .
. the Sansui AU-101 belies its low price” .

enthus have set

. fwo recenf

iscerning

relea

~.-Both Sansur products cae the Model 210A stereo tuner/ amplmer and the
Model AU-101 stereo control amplifier...offer extraordinary value for money
‘In terms of sheer performance no other similarly priced amplmer avaulable in
- Australia today can match or surpass the 210A or the AU 1 01 ,
_including some products twice the Sansui pnce. :

SANSUI MODEL AU-101 STEREO AMPLIFIER ,
Two leading Australian €lectronics magazines have’
" reviewed the all low-noise silicon transistor Sansui
Model AU-101. “Electronics Australia” (August,
1971) says . . .-"the best comment we can make
about the AU-101 is that few amplifiers, regardless
of price, give an overall test result as good as this.
This makes it a real bargain at the very reasonable
‘price of $138” “Electronics Today” (May, 1971)
“Surprise Packet” . ... “Performance f?'
JIT e N ;
hum and noise performance are both very good and

better than most other amplifiers at twice the price”

. “The Sansui AU-101 is a very good buy,
: partlcularly at the price”.

‘There you are . . unbiased comments from two
leading publicatlons What precisely does the
-Sansui AU-101 offer? Look at these specifications!

AU-101 Specifications:— ® Muslc power: 50 watts at -

4 ohms,: 30 watts at 8 ohms. ® Total harmonic distortion:
"Less than 0.8% at rated output. ® Frequency response: -
-~ 20-60,000 Hz. + 2 dB.'® Channel separation: Better rhan
45d8. ® Input sensitivity: 3 mV. {Magnetic cartridge),

. 4mV. (Microphone), 200 mV. {Auxiliary and Tape Recorder).’
4%". ® Price: $7138" (Suggested -

= You'll be ‘agreeably surprised w:th the audible

@ Dimenslons: 16" x 11" x
list price inc. sales tax).

e A‘h ki

. Stnosm @m@qy@@qyﬁﬁ@ﬂ

SANSUI MODEL 210A STEREO TUNER/AMPLIFIER"

.. The recommended list price of the Model 210A
~stereo tuner/amplifier .is only $185*. Power output o
- is 34 watts music power into 4 ohm speaker systems " |

or 22 watts R.M.S. Frequency response‘is

+.25-30,000 Hz. +2 dB.-and extends well beyond this" e
~-figure. Sensitivity of the power amplifier suits :

magnetic cartridges at 3 mV. and 180 mV. sensitivity

—caters for- auxiliary inputs and tape recorders.

~An easily read panoramic tuning dial simplifies " B SRR
- selection of radio stations on AM/MW or AM/SW -+~ {
‘bands; a signal strength meter operates-on the

AM band. Selectivity is an-almost unbelievable - -

40 dB. making the 210A the most selective receiver

Sansui has ever made. This radically improved -

~ selectivity is directly attributable to Sansui's use of L
- two ceramic filters each with two filter .elements
- in the 210A’s LF. amplifier section. A'whistle filter - . =
- eliminates unpleasant ‘interference ‘and noise on - ..

4 ohms, 44 watts at 8 ohms. ® R.M.S. power: 36 watts at .~ Weak AM stations. Every desirable control is

provided in the Sansui 210A . . .a' DIN socket for

' tape recorders, headphone 1ack flexible bass and

treble controls, a direct tape monitor switch,

loudness control and clearly marked selector switch. o o

When you call at your franchised Simon’ Gray
dealer to hear the Sansui 210A, Jisten critically.

.difference Sansui -quality makes. Only Sansui —

Japan’s leading audio only manufacturer — could .
design and manufacturean outstanding stereo

tuner/amplifier expressly for Australian condmons
‘and keep -the price down to only $185*!:

CaII and see Vour S|mon Gray dealer' e

- *IMPORTANT Prices quoted in this advertrsement are

: suggested consumer prlces only

... Sansui Distributors: Australla, excluding W.A.: Slmon Gray Pty Ltd Head Omce 28 Ehzabeth Street, Melbourne :
3000..Tel. 638101*:-Telex: 31904. Sydney Office: 53 Victoria ‘Avenue, Chatswood. -N.S.W. 2067. Tel. ‘40 4522*.

' j " Canberra Office: 25 Molonglo Mail, Fyshwick, A.C.T. 2609. Tel. 95 6526. Adelaide Office: 301 South Terrace, Adel--

s Sugmaml ku Tokyo, Japan

aide, 8.A.°5000. Tel. 23 6219. N.T.: Pfitzner’'s-Music House,- Smith Street, Darwin.-5790. Tel.- 3801.°Qld.: Sydney‘

~G. Hughes 154-158 “Arthur Street, New Farm, Brisbane. 4005. Tel.:58 1422. Tas.;: K. W.-McCulloch -Pty. Ltd.,

<57 George Street, Launceston. 7250, Tel. 25322, W.A. Distributors: Carlyle & Co. Pty. Ltd.,
. Perth. 6000. Tel. 22 0191.- Sansui equipment |s manufactured by Sanisui Electnc Co Ltd 14 1, 2- chome, tzuml,

1-9 Milligan Streetf :
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Porin

Ask for full details.

-Send the coupon
right away and

we’ll send you all

the facts!

_ Simon Gray Pty. Lid.,

28 Elizabeth Street,

. Melbourne, 3000.

" Please send me complete technl- !

3
g
{

cal detalls on the Sansui Model :

210A/AU-101 and the name of my °
r:lea:en Simon Gray - franchised !
ealer.

NAME.
ADDRESS...

S it pwrind e

¥




a - SHARP CLOSED
~ snare CIRCUIT TELEVISION
| N Enables TOTAL COMMUNICATION

Man-made Cameras, however excel/ent can never match the human eyes in the/r exqu:s:te and accurate
functions. However, how can we watch or observe things in unapproacheable or dangerous places? How can a
" -single man observe many places at one time or give the same visual information simultaneously to
- -many people? The Sharp CCTV apparatus is capable of performing watches and observations where human
. eyes are unava/lable This makes it the mstrument of the "' Total Commun/cat/on age

IT=21Mm

1. Automatic Adjustment e Features of VldeO Monitor
‘Adjustment of sensitivity is automat:cally regulated : : .‘ Clear picture so you can see every detanl

according to the hbnghtnessEEof the ?b’em being “Clear picture is obtained by 4 transistors Used in the video
~_photographed (with built-in °"°“'t“ s amplifier. - So it -can be used “for ‘medical -or :scientific - 0
2, Built for strength and durability under all conditions experiments in which super clear picture are required. When e (

Dernonstrates rernarkable strength and ?tab"'ty used in .combination with a superb camera, it igives .you a
against “changes in. temperature, humidity and "“perfect performance. ..

‘voltage. © .- . , : - S 2. Easy setting! Multiple monitors can be connected in parallel.”
3. Clearness of picture '~ o Both input ahd output connectors are provided at the signal
*.:+ Video output (EET adapted) results in n clear, We“‘ L " input part, so multiple monitors can be operated at a time
defined picture. : ' : v by ‘bridge (:onnection No video dlstrlbutor is requnred s0
4, Easy handlmg : ‘wiring i$ easy. : B .
Small iin size, light'in welght Connected easny tQ - 3. Easy and lnexpenswe ‘Yo maintain..

the receiver by a °°ax'a" cable.. / Because of its all transistor Circuit, it consumes very htt|e e

oo power, 1t is econom:cal to use — even when kept on all day.
- 4, Solid and decorative. -
: Highty . ‘durable metal cabmet for lndustrnal use and
beautifully designed too. .

Avaitable from i e - .
OLIMS TRADING CO Pty Ltd & Dlstrlbutors : o
NEW SOUTH WALES: 550- 1011 gee S
VICTORIA: 42-4236 - ’
QUEENSLAND: 21-7388

SOUTH AUSTRALIA: 23-3488
WESTERN AUSTRALIA: 81-1172




‘Developed originally for Navy sub-
“marine use, but since -made available
“to non-military users, the Transit

navigation system is based on five
orbiting satellites. They circle the earth
in their six-hundred-mile-high orbits
every 1 hour 45 minutes transmitting
positional data to any ship in need of
the information. :
" Shipboard equipment with 600 foot
accuracy for receiving and translat-
"ing the data from the orbiting satellites
costs about $30,000 per vessel. Systems
- with 150 foot accuracy cost around

- $65,000.

Because a ship’s course can be plotted
more closely than ever before, some
commercial transports report cutting

‘as much as a day off their travel time
between the United States and the

Far East using the less expensive -
“systems. And since it costs as much as
. $20,000 per day to operate many large

- vessels, it doesn't take long for

satellite navigation to achleve consider-

able savings. i
... -Since the sh1pboard system is

computer controlled, positional data is

printed automaticatly,-approximately
every 20 minutes. The minicomputer

controls the collection of data by a

specialized radio receiver, processes
“the information and prints out the

position on a teletype machine. ..

“A typical printout from a complex

integrated system that takes motion

information.from additional dE\IICES
looks tike thIS

ﬂnﬂlllﬂulllllllllll||lllllll|||lﬁ%ﬂﬂﬂ
. LR}

SAT FIX MAPS-20127

LONGT TUDE

payY  TIME LATITUDE
290" 2918 %33 50.459 N 118 204272 W
HDG SPD ANT ITER '+ ELEV
2009 BAAG +0013 . 62 40

SAT 1D = 7464457

"The top row of Zeros and ones and
the two arrows tell the operator where
the center of the satellite pass
occurred and when data was taken.
"SAT FIX MAPS-20127" identifies
the programme, or set of instructions
which control the conputer and the
system. Then, the day of the year, the
290th, the time in Greenwich Mean
Time and the latitude and longitude in
degrees and minutes are printed.
Heading and speed information follow,
whether entered automatically by an
integrated system or entered manually.
Next, the antenna height above sea
~‘level is printed. The mnemonic-
“ITER" refers to the number of times
data is taken from the satellite pass is
near the horizon, this number may be =
,hlgh indicating a weak signal and

possibly poor positional data. “ELEV"’

refers to the satellites elevation in
degrees above sea level. The last line
identifies the satellite just tracked.
Although the navigator needs only the
positional data found in the third
line, the heading and speed data
remind him of data previously
entered. Since the system picks up
every satellite transmission within
range, the additional information
provides a means of judging the quahty

“of the data received.

TRAFFIC CONTROL SYSTEI\II
INTOKYO

The traffic control systemin Tokyo
is one of the most advanced methods

fin the world for controlling traffic in‘a
large area. In this sytem a computer

determines the most advisable intervals
for red and green traffic lights accor-
ding to the rate of traffic congestion in

“order to ensure a continuous flow of
“road vehicles.

“The Metropohtan Police Office
recently installed the system in the
centre of Tokyo to assist in relieving
traffic congestion. :

Indicators which count the number :
of passing vehicles are placed at

“strategic points along the roads ‘and

this information is fed into the o
computer at the Metropolitan Police .
Office. The computer assesses the
degree of congestion at each inter- -
section, calculates the most suitable
times for signals‘to ensure maximum
traffic flow and immediately sends
instructions to each signal unit. As a -
result, the duration of green lights is

~-prolonged on congested streets and

reduced when the contrary is the case.’
The procedure is now being applied

at 128 crossroads in an area of 5km?2

around the Tokyo railway station, busy

streets in the Ginza district and govern-
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| DESOLDERING TOOLS ...

‘JINNERBOND— FIBREGI

|20 PROJECT ELECTRONIC KIT

E1000 10 watt R.M.S.

DICK SMITH

THE
ELECTRONIC
NUT

Low overhead means low

B prices—ours is only 92”11

Fully P.M.G.
Approved.

$19 95

EACH

WALKIE TALKIE UNITS -
PONY 100 MW output range:
~City ¥ to 1 mile
Over water 2-10 miles.
“Complete with battery,

battery indicator, earpiece. :
SPECIALS .

2N 3055 TRANSISTORS
S.T.C. 20 watt RMS Modular A
TECH. 20,000 ohm/volt Multimeter
AMATEUR CALL BOO
77 x 57 8 ohm SPEAKER $ 4.50
DELUXE STEREO HEADPHONES wlth
slider volume control
F.C.L. 101 IC's ...

indoor TV Aenals (Spiral type)
12  VOLT SIREN

HI-IMPEDANCE DYNAMIC MICRO-
PHONES
EXPO Hi-FI EQUIPMENT"

KA 330 20 watt R.M.S.

TA 3100 25 watt R.M.S $7

GARRARD 418A CHANGER lncludmg
cover-and base

DICK SMlTH

{ WHOLESALE PTY. LTD

10 Atchison Street, '
St. Leonards. N.S.W. 2065
k{Phone 43 1414,4397739

NABRERY
W “"gs‘%c

- Open Saturday Morning

Angle Parking at rear.

DIK3196
n



ment offices complex in Kasumigaseki.
The system will be extended to cover
263 additionat crossroads during the
current fiscal year and 2000 cross-
“roads by the end of 1975. In this way
-all signals at the main intersections in

‘an area of 178 km2 from the centre of =

Tokyo will be controlled by computer.
The Metropolitan Police Office is -,
now conductingan énquiry into the -

reffects of the new system. It estimates =

that the traffic flow has been |mproved
by20%to 30%. o

How it's done

- In broadcast television, the video

signal is composed of the lines contain-
“ing the actual picture information, lines
containing field-synchronization signals,

and lines containing no information
used during the field-blanking interval.
The ITT system places the sound

“sighals,in a time- compressed form into '

these latter lines.
There have been severa| earher
proposals for mcludmg addmona|

sound information within the picture

signal, but these have permitted only -
four different sound signals within

the existing television standards. With
the ITT system upto 12 sound signals
‘with theoretical high-fidelity band-

width of 13 kHz each can be handled,

of up to 24 signals‘éach with a theorets-'

- “‘cal bandwidth of 6.5 kHz:

Toachieve this, amplitude-modu-- . :
lation transmission is used. Each sound

signal is’sampled at regular intervals
and analogue samples are'stored uhtil
the end of a video field, when they

- areread out at high speed during one
idle line interval, By this method,on
the European 625-line system each
sound channel, corresponding to each
20 ms of a video field, is compressed

by 1/385 and transmitted during the

" line time of 52 us as an integral part of
=the video signal.

“*At the receiver, the spec;frc souind

of one idle line signal, feeding the

sound information on it into an -
“information storage device that is .
read out into the sound amplifier .-

_mission of 24 sound signals, the time .
compression factor is 1/770th.
Each sound signal is sampled and

‘¢haninel is extracted by time selection ™

during the next field period. For trans- ont .
of Britain. The components which

“make up the oscillator — the crystal
* {the large white disc) and a complete

REPAIR SPECIALISTS
FOR ALL TAPE RECORDERS
HI-FI STEREO EQUIPMENT

% Sydney's most efficient service.

% Professional Techmclans

% Work guaranteed.
%  Full ran%e of Accessories
Large ection of pre-recorded
‘tapes and cassettes. :

AUTEL SYSTEMS PTY. LTD.

‘SHOWROOM: 20 PITTWATER ROAD
GLADESVILLE, NS.w. 89-0663 ,

- 'marketed in Australia include guidance

SIMPLA-LUX HOME ASSENBLY
IPORTED TEAK WALL UNITS

‘Des:gn ‘your ‘unit “from our“
wide selection of components
which includes = bar, - desk,
record player c¢abinet, corner’
TV cabmet etc.

.Prlce of unit shown $284.

®For brochure on dimensions
and prlces nng or wnte tor—

| GWEN TINNEY

P.0. BOX 9, ROSELANDS'
N.SW. 2195, Telephone
759- 5052

~ment, charge amplifiers and systems ¥

~ POWER CORRUPTS

- Commission has been holding public  * |
- hearings to receive and evaluate new

& Association supported by Sylvania;

12

stored during two succeeding field
periods, then transmitted in time-~ -
compressed form during 52 ms of one
idle line to the receiver storage. This
time compress signal is then read out
during two succeedmg field penods

"CANN ED OSCILLATUR

\i
5
1Y

The F3187 — believed to be the first
“complete quartz Crystal oscillator tobe ;.

packaged in a tmy can, no bigger than

a garden pea — is'announced by the -
Specialized Components Division of - .
Marconi Communication Systems Ltd.,

microelectronic integrated circuit
comprising transistors, resistors and

" capacitors —are all contained withina
- /transistor can, which isless than 9mm

diameter and 7mm high. The F3187 !
will provide accurate and stable

~ frequency control in situations where

reliability, ruggedness, compactness

and light weight are key desrgn o f N
factors. E et
 ENDEVCO G
" Simon Gray Pty. Ltd. has been - - i ¥

appointed Australian Distributors

" for Endevco of Pasadena, California; -

“Products in'the Endevco tange to be -

and control grade servo accelerometers,
piezoelectric and piezoresistive - 0 Ty
transducers, signal conditioning equip- L
mcludmg engine vibration momtor

ing systems.

In"the USA the Federal Tradé' :

proposed standards for amplifiers, -
Incredibly, the Electronic Industries

RCA, Magnavox (no relation to Aust. Q
company) GE, Motorola, Admiraletc, -

-‘propose inall seriousness to make S
‘power bandwidth disclosure optional, -t

harmonic distortion figuresto be ~

taken at 1000 Hz only, and believe it
or not — no mention to be made of -~
distortion unlessthe figire is above 5%.

- But at least all are agreed that the :
“'present system of adding the last three

"ELECTRONICS TODAY — OCTOBER 1971



digits of your phone number to the

" .average power output and quoting the
result as ‘music power’ must go.
Ironically the new measurement is

f‘likely to be that mythical animal the
‘rms Watt

TESTING TYRES WITI-[ A LASER

* “The laser has been described as a
solution looking for aproblem. To
some extent, this is also true of holo-
graphy — three-dimensional laser
-photography.

Work in the CSIRO Division of

‘Applied Physucs where lasers are
already inuse in precision length
-measurements, has stiggested a new
application for.holography.

A hologram is an unusual type of .
photographic transparency in which all

- the information on an object is
. ‘recorded as an interfere'~ce pattern
between Jight reflectec 1vom the object
and an illuminating be. n of coherent
light from a‘laser. No'lenses are
‘required to make a hologram. The
image, which is truly three-dimensional,
. is recovered from the hologram by
*_silluminating it with the laser.
.~ ““In ordinary photography, on the
other hand, a two-dimensional image

of an object is available on the néegative -

_in one step by focusing the light
scattered from the object onto the film
plane,

In the Division of Applied Physics,
Mr. J.L. Goldberg and Mr K.M. O’ Toole
began applying interferometric methods

“.to an ordinary car tyre during an
experimental programme designed to
produce holograms of objects wnth very
low reflective properties.

They have found that changes of
shape in the tyre at different inflation
pressures can be determined using
holography. 1t 'is believed that the

“'variations can be related to defects in
the structure of the tyre.

" For the examination, the tyre is fitted
to a standard rim and inflated to'a
normal working pressure, say 26
pounds per square inch. It is then set
up with the laser, mirror, and glass
photographic plate as showh in the
accompanymg diagram,

The plate is exposed t6 two llght

- beams from thelaser: one a direct or
reference beam and the other con-

—— ‘b«--/‘ N
Beam divider # Besm director
Vg

#

Miseor )
[F / Beam olpnndcri—?/ ’
S J-nd tilters I\ :

~ g 7[- Riterancs bsam
Tyre surtace being

sxamined _/‘_, /__ ”\ ’ .
AR

_Scattared beam

Silalol[s

SOLDERING
IRONS

¢lub of satisfied USERS— -
you need not keep it a
secret, others don’t. That’s
why SCOPE IS KNOWN AT
ALL THE BEST PLACES—
in the tool kit, on the bench,
in the boot, on the kitchen
table, in the garage, on the -

room, even on the roof. .
.» . Wherever SCOPE goes’
it gives you the best service
—and a host of satisfied
users will agree'it is the -
QUICKEST, the EASIEST, -
the SAFEST ... THE BEST
OF ALL SOLDERING i
IRONS.

| ECONOMY

Gonsumes current only
whilst in use. Scope per- "
forms all the functions of
other irons from 40 to 150
Watts. MINISCOPE—Up
to 75 Watts. )

LABOUR SAVING
Fast warm-up—always .
ready, cuts wiping, retin-
ning and filing of t|ps toa
MINIMUM.

Buy a SCOPE and jointhe -

service truck, in the engine -

VERSATILITY

Copes with all soldering
jobs—from miniature com-
ponents to large solder .
lugs. Can even be operated
from a 6 volt car battery.

‘ CONTROL

Temperature control at
your finger tips. Heat only
when, where and as much
as needed.

CONVENIENCE
Ideal for those almost inac-

“cessible spots. No burning

of adjacent insulation.

SAFETY
Low voltage operation.

LESS MAINTENANCE

" { Longer tip life. NO expen-

sive heating elements to

replace. Maintenance with- .

out special tools. Spare
tips and elements readily

available from your Scope

Distributor.

SPEED

ONLY 5 to 6 seconds’ initial

heating up time from cold,
then practically instant-
aneous.

MINI WEIGHT

Scope De Luxe'weighs only
| 3%2 ozs. compilete. Mlm-

R scope 1%. :

| as a gift.

All irons are supplied com-
plete with a spare tip and
two elements and suitably
packed for presentation

POWER SOURCE

Scope Irons will operate
from 2.5V to 6V. For con-
venience, Safety and com-
plete satisfaction use only
‘the *Approved Scope
Transformer—Iook for the
name Scope.’

*Approved by electricity
authorities APP. No.
N/360/6894—5 ’

Fully guaranteed when used
with the approved ‘‘Scope”
Transformer—Scope
Products are available from
all major Eiectrical Whole-
salers and Hardware Stores.

SCOPE MEANS A
LIFETIME OF SATISFACTION

IRH Compnents
Pty. Limited

The Crescent. Kingsgrove
N.S:W. 2208..Phone: 50-0111 °

74 Raglan St.; Preston
Vic-3072. Phone:44.5021

INTFRSTATY
HOBTAS

TELEPHON
St BAZR

) THE COMPONENT DIVISION
OF 1RH INDUSTRIES LIMITED
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I_Please post free SCOPE literature.
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_The removal “of solder from printed circuit”
terminations needs to be fast, .complete and e

without damage to -the circuit -board.
The best tool for this work, and one which
you can use with -absolute confidence, .is
the Adcola M207. -

Six ‘de-soldering - tips :of “different face |
-sizes are available; all with'a stainless
steel lining to extend tip life*and all

sealed -to prevent seizure in the -

“rbarrel,

There are ‘three d|fferent re-flow
solder heads for removing ‘multti-
pin packages ‘and six different
non - seizing -.soldering . tips
which slip easily in the M207
unit.-All are illustrated in our

“'brochure.. Please ask .usto
send -it .toyou.

sisting of light scattered from the tyre °
surface toward the plate. Interference -
- occurs between these light beams at
‘the photographic emulsion plane and .
asmall-scale pattern of interference ot
fringes is recorded on'it.
Thetyre is then deflated by about

0.5 pound per square inchanda . -
second exposure is made on the same -
" plate, After developing and fixing, the .
plate is put back into its original holder
and illuminated with the reference .
beam of light. When a viewer looks
through the plate (the hologram), a”

- three-dimensional image of the tyre
can be seen, with the'difference-
between the original and altered -
_inflation shapes shown as a series of !
contour tines superimposed on the
reconstructed image of the tyre. These
contour lines or ‘frozen fringes’, as""
they are called, indicate variations of

| theorder of a wavelength of lightin:

" the shape of the tyre. A highly .. =

- irregular patterncould indicate a fault

in the structure. ;
At this stage of development |t is”

; thought that the holographic investi- -
gation technique is too expensive to be
-applied to'the ordinary run of

““production tyres but it could probably :
be used without much further -
development for testing anrcraft or

*'motor racing tyres

ELECTRONIC EﬂUlPMENT
RELIABILITY :

The Standards Association of
Australia is seeking commentona- v
draft Australian standard for a reliability
reliability programme for electronic -
equipment. This draft which is issued as
as Doc. 1790, will formPart 3 of &
comprehensive standard on reliability, =

_covering Terminology (to'be Part 1), :
Reliability concepts (to be Part 2), and
this present part which provides guide-
lines for preparing uniform-reliability

~programmes for use by manufacturers
and sub-contractors of electronic -
equipment and sub-assemblies. :

‘Copies of Doc. 1790 may be obtamed
‘without charge, from the various
offices of the Standards Association’in’
all capital cities and Newcastle. - ,

‘Comment on the provisions of the =
draft is‘invited from persons or g
organizations experienced in the field

e ADCO[A “Selection is simple: from our brochure. Yours for the asking.
| ADCOLA PRODUCTS PTY LIMITED
S <+ VI1C.: 22 Firth §t., Doncaster, 3108
T NSW: 17 Burwood Rd., Burwood, 2134
“S.A.: - F. R. Maytield Ply Ltd., Adelaide (‘rel 84131) .

= 'QLD.: 'T. H. Martin-Pty. Ltd., Brisbane
< W.A,: Everett Agency Pty. le Perth

Tel. 848 3777)

of reliability and its assessment, or

from interests outside the field of :
electronics, and should reach the head .
office of the Association; 80 Arthur +
Street, North Sydney, NSW 2060, or
any branch office, not Iater than 31 :

;’nAe October 1971
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INVEST IN THE BEST 7. ADD AN ORTOFON
TURNTABLE M15 STEREO
AVAILABLE. THORENS CARTRIDGE.

Choose from the Model TD-125 or the After many years research, Ortofon
TD-150 MK. 11, Then you can share the have designed a new stereo c'a_rt.rldge
opinions of leading overseas reviewers: - - which maintains the proud traditions

“the best three-speed manual we've of the Ortofon name. Featuring new
“‘gver tested" — (“High Fidelity”), “wow ' principles, the high performance )
and flutter were as fow as we’'ve ever standards which have made Ortofon_
measured” — (“Stereo Review”), “a warld famous have been preserved in
favourite contender in the best - the new Series M15 and MF15. Over
turntable category” — (“Audio”), “'it 80% of professional users such as the
would be hard to' imagine a unit that radio and television stations (and
performs better’” — (‘‘Electronics recording studios) specify Ortofon .
_World”). equupment

Examine Thorens specifications closely - .
and critically. The new Model TD-125 BASIC SPECIFICATIONS:
features: ® Transistor governed 16-

ole synchronous motor ® =2% . Weight of cartndge 5 grams.
gpeedycontroi on all speeds ® Belt . Frequency response 20 Hz. to 10 kHz.
drive ® 7%z 1b. 12" turntable ® =1 dB.
‘and flutter =0.08% @ Rumble —68dB. s o 20 Hz. to 20 kHz,
® Fine Swiss craftsmanship. - , ; zkdi
The lower priced Thorens TD-150 Recommended load: 47 k ohms.

Mk. 11 offers: ® 16-pole synchronous

motor ® Belt drive ® 7 |b.-12” diameter than 30 dB. : :

° — 331 , G .
o ame teker S0 Having equipped yoursel wih a fine
® Rumbie =65 dB. - - . player and cartridge .

When you've purchased your Thorens
turntable . . .

- THE WATTS “MANUAL PARASTAT"

Channel separation at1 kHz Greater =

..Simon Gray dealer’'s showroom. -He’ll :

<. KEEP YOUR RECORDS
CLEAN WITH
WATTS EQUIPMENT.

Airborne dust and dirt are the greatest
enemies of your records and cause
untold amounts of noisy interference.

We recommend:

THE WATTS “DUST BUG" . which
cleans the record, removing dust and
static charges as the record plays.:
Surface noise is reduced considerably.
THE WATTS “DISC PREENER” .-, .
designed expressly for records Which
have not had previous anti-static
treatment. The ““Disc Preener” keeps'
new records like new. :

Model Mk. lA.. .. is a dual purpose
record cleaner demgned to maintain -,
new records as ‘new and to restore
fidelity to older discs.

Ask for a copy of the Watts Guide to
Record Cleanliness when you VISIt your
record store.

*It's easy to follow the Three Steps 10
Success. Call at your nearest franchised

be delighted to tell you all about
Thorens turntables, Ortofon stereo
cartridges and Watts record cleanmg
equipment' n :

€

Australian National Distributors:

O Shwen Gray P bed,

" ‘Head Office: ‘28 Elizabeth St.. Melbourne, :Vic. Tel. 763 8101*, - Telex 31904:‘Sydney
Office: 53 Victoria Ave., Chatswood. N.S.W. Tel. 40 4522'; Canberra Office: 25

House Smith St, Darwin. Tel. 3801, Q’land: Sydney G. Hughes, 154-158 Arthur St.,
New Farm Brisbane. Tel. 58 1422; Tas.: K. ‘W. McCulloch Pty. Ltd.,, 57 .George 'St.,
Launceston, Tel. 2 5322: W.A.: Athol M Hill Pty .Ltd., 613-615 Wellmqton St., Perth’
Tel. 21 7861, R
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Molonglo Mall,-Fyshwick, A.C.T. Tel 95 6526; Adefaide Office: 301 South Terrace, Adel- :
" ‘ajde, S.A. 5000. Tel. 23 6219. INTERSTATE REPRESENTATIVES: N.T.: Pfitzner's Music -

SG TOW 3/7i

Simon Gray Pty. Ltd,,

28 Elizabeth Street,
Melbourne 3000. .

Please send me all the facts about: (a) Thorens
turntables; (b) Ortofon cartridges; . (c) Watts
record cleaning equipment . and the name of
my nearest franchised Simon Gray dealer.

.. POSTCODE
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o With no prior experience
. Jan Vernon put Heath's

top-line amplifier and

- speaker kits together in -
" 47 hours — and they
- worked first go. Here is
our report "

N Amencan company once
faunched a new labour saving
“add only water”’ cake mix.
The product went over like a concrete
zeppelin until market research revealed

that housewives preferred the sense of

creativity they got from cracking and
adding an egg to the mixture. The
company left out the egg powder and
sales soared.

This type of research has convinced
manufacturers  that . people  buy
“experiences’ | as ‘much as material

-goods, and there is now a trend for
~goods to be mcreasmgly designed to

yield _this type of “psychologlcal

‘extra” for the consumer

Al the components were delivered
in rugged cardboard cartons.

‘This' trend ‘towards ‘experiences’
instead of material goods will ‘increase
in the future.

~The - four day week

going to have more leisure time, and
more time for famlly actwntles and
hobbies.

They will be ‘buying thmgs to do
instead of just ‘buying things’.

With all this in mind, we took a fresh
look at the recent Heathkit catalogue.

Heathkit = market = a variety . of

" products in kit form. Some of them -

are simple like the Heathkit Junior kits

but their catalogue also lists some very

sophisticated - gear ~ like - stereo
amplifiers and colour televisions. And
their catalogue says '‘we 'know that
you, regardless of your experience, can
successfully build a kit at home with
minimum effort and maxnmum savings
and enjoyment”’.

As  Heathkit products
available in Australia we thought we'd
test this claim. So we found a
volunteer, to whom even a soldering

is - already
" becoming a fact in America. People are

are now

LYOUR
NHI-FI

iron was a new experience, and gave
her $1116 worth -of stereo -amplifier

‘and speakers to assemble {kits AS48 e
and AA15). .

The results were mlldly surprising.
The speaker kit was not very difficult
and Jan ~(our volunteer) had it
assembled ‘and operating within a few
hours. But the amplifier was a most
complicated piece of equipment. This
took some weeks 1o build, but worked
perfectly immediately it was switched
on. Jan needed power assistance when
a few metal screws proved too tight,

‘but otherwise - the step by’ step

instructions and the fold out pictorials
in the manual were all that was
needed ' P

CONCISE INSTRUCTIONS

. ‘We were impressed by ‘the thought

that has gone into the writing of the

‘construction manual.

One circuit board is built at a time
(starting ‘with the most simple one)
and parts are unpacked as required, so

The components were checked against the

“-inventory in the constructional manual.




" ROLLYOUR
~ OWN HI-FI

A couple of pages -
- from the truly- .
.-comprehensive -
' .amplifier construc:
tion manual.

18 -

Jan commences assembly -
. of the first of the two :
~{oudspeakers — note the '~

cwoofer. 1 i

~lining in one of the loud-
“speaker enclosures — even
' “the gloves were supplied.

massive 14°’ diameter JBL* :

: Insta)/ing the glass fibre .+ -

that _the -beginner isn’t faced with -a
confusing jumble. Jan réad the hints:in

...the kit builders ‘guide and -used egg - '

boxes - to store the bits, with each

: compartment labelled as the bits were
-unpacked . and ‘- identified. - The
instructions are -understandable - but .
-~not - -oversimplified.:-- The =" Heath
. ~company seem to ‘realise that-the kit -
builder may not know anything about .
electronics - but is -otherwise- -an .
intelligent being. The writing is simple

“but'not condescending. - = o
- Construction is divided into logical
sections. |f you complete one section. .
at ‘a time then it’s quite feasible to -

. build the ‘ampiifier as a spare time =
project over several ‘weeks. No worries- . -
“about forgetting where you were when = -
‘you : stopped.. Of course,: you .must -
have somewhere you can leave the & .
project undisturbed between assembly

sessions.. T
The two speakers ‘and the amplifier

-took about 40 hours to build. Jan'was -

working ‘slowly; ‘checking -each step

ccarefully. If you invest this much time ;-
in .a.job ‘you naturally ‘want to-be . -
pleased with the finished product. We -~ =
‘liked . the . results.” The speaker's - .

cabinets are dark teak and sound good.
The amplifier has an unusual double
front - panel. - It is" impressive - in
appearance,’ : : )

A FEW MINOR PROBLEMS

-~ We have a few minor complaints,
-+ _The kit was not specifically adapted
~for . the  Australian . -market, for

example, ‘a two wire power cord-and

“plug were supplied and this would not -
~be legally acceptable. Substituting a~

three ‘wire system was complicated by
there ‘being no - immediately fogical
place  to , connect - the 'earth  lead.

However,-we understand that the local

agents will -arrangeto modify ‘future

kits in'this respect = corrections will ...
also have to be made to the-relevant .~

]

S




Most of the amplifier components are assembled on five main
" printed circuit boards. The position of each component is clearly
... marked on'the reverse side of the boards. SO

“The printed circuit boards have now been
.. ‘assembled and are ready to Iocate on
the main amplifier chass/s

o

Ao,

o

AII the prin ted circuit boards &re now installed — note the largest
board which stretches r/yht across the front of the unit. A wrr/ng
loom is supplied to ease m ter-board connect/one

part of the handbook. - ,
Other problems included a wrongly

“coloured wire, one which was actually
brown whilst the manual insisted that .

it 'should ‘be violet.-One connecting
tug was dirty and would not at flrst

take solder. -
To an -electronics enthusiast or .

engineer these things are quite trivial,
but they :are confusing ‘to a person
with .no . electronic knowledge  who
must -rely --upon  the . parts and
instructions being correct.

Jan had a couple of minor breakages,
she broke a lead on one capacitor and
tore one of the tracks on a printed
circuit board. These -again ‘are minor

-problems if you have some electronics
. knowledge ‘and "access to spare parts,

but disastrous for the complete novice.
The American company-cope with

 these problems by offering a complete

technical -correspondence department
- only ‘a phone call or a letter away
should a gquestion ‘arise — but how
does - the = Australian - kit builder

manage?

We discussed this with the Australian
Heathkit suppliers. They' will replace
any bits missing from the pack or
broken 6n arnval They are at: present

ALY, HREARER.

The completed ampl/ fier.

' arrangmg agents who WI" do repalrs to :

your ‘finished -product. 1f :you buy an

- expensive Kit, it seems wise to check

that “spare - parts and assistance - are
available.

 CAN ANYONE BUILD ONE?

In general we think that the Heathkit
claim is true. Anyone can build even
the most complex of these projects
providing they follow the instructions

ELECTRONICSTODAY ~ OCTOBER, 1971

" The four massive heat sinks are screwed into place.

KT g
i

completély to the letter, and adopt a
‘tidy ~and meticulous approach. But
care, concentration and attentlon to

. detail is essential.

The amplifier that Jan' assembled is-
one iof Heath’'s: more " ambitious

. prolects and if this can be built by 'a

‘novice (as we proved it ¢an) then itis
clearly “ possible  to :build ‘the many

smaller items that come in kit form.

Some of the smaller kits which go.

together in -a few hours might be more

197
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“~amplifier - together ‘withdut electronic

~own speakers ‘and amplifiers. . But we

~building the gear yourself is suffnclent
- justification,

~as well finished-as many professionally :- .
k completed ddes the builder relax and

~enjoy the results, or start looking for

" Our volunteer kit 1;,builder,‘,Wh'o
,p‘reviously --had “.no

-catalogue and spends hours 'gazing
*wustfully at a magnmcent colour TV.

" ROLLYOUR
OWN HI-FI

A completely ‘independent - test
report on the performance of both this

r— ; s ~ . speaker and amplifier appears on page ~
Lo The amphflerconstructlon manua/ contams 734 pages 22 Of th's issue. : ) l—— :
) Here is one of them, showing inter-board connections. 45
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fun vor ‘the learner. Putting the

knowledge . .seemed - to : us like.
assembimg anadultj jlgsaw puzzle '

OUR EONCLUSIONS

You save money by building your

aren’t . sure - that - this -is “the ~“most
important -reason for buying a kit.-
After . all-you can get a very good
amplifier for that much money. .
‘We = think. - the ‘sense = of
accomplishment * that you get from

And if you've done’ y0ur assembly
‘properly the final result will be at {east

built units.
But -what happens after the k|t is.
the next challenge7

“interest - in
electronics, . -has - stolen = the Heath,

" 20

The partially completed heat sink assemb/y is shown here
alongslde the relevant mstruct/ons in the Heathkit manual.

SIrTIENta .

SanvaE
FEREW

i LosrnASHIR

_ PICTORIAL 6-2
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1 APPLICATIONS

APPLICATION: CAR RADIO RECEIVER

Diagram shows the ‘circuit detalls for a high quahty AIVI car-

radlo I’ECEIVEI’

TBA 651

A linear integrated circuit that processes the whole high
- frequency signal in AM receivers, 1t is particularly inten-
ded for car radios and high quality radio receivers. The
“TBA 651 consists of five stages: RF amplifier, mixer, '
-oscillator, |F amplifier and AGC control. It features high
“gain:wide voltage ‘supply range (4.8 to 18V}, low noise

and high sensitivity.

A monolithic mtegrated cn‘cult prtmarlly desngned for

‘use as-a low' frequency amphﬁer The TBA 641 is

particularly suitable for use in radio recelvers record

“players, tape -recorders, intercom systems, sound film

projectors and industrial applications..Variable or pre-set ..
components external to thechip are not required.

OTHER AOWCO.S"' DEVICES AVAILABLE FOR mm— ~ , |
WRADIOS IRECORD PLAYERS ICAR RADIOS WHI- FI PRE- AMPLIFIERS .POWER SUPPLiES

Full range avallable from:

" ELECTRONICS TODAY — OCTOBER 1971

@ ADELAIDE 56-7333
'@ LAUNCESTON 313300 ® MELBOURNE 69.0151 @ NEWCASTLE 61-4077

) BRISBANE 5155121 @ HOBART 23-1841

@ MOUNT GAMBIER 23841’ @® SYDNEY 648-1711
® WHYALLA 450216 . '® WOLLONGONG 25444

- WF3071

Ca1
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Electromcs Today s acoustlcal consu/tants test our
' home-assemb/ed Heathkit AA15 amplifier

and AS 48 speakers

™= he concept of buying a kit of

parts and putting together your

“own electronic equipment goes

back ' to the days when just ‘about

everything was made that way because

amateurs were almost the only people

interested - in -making radios “and

amplifiers. My father -built ‘his first

tadio that way nearly fifty years ago,
and maybe your's did too.

Realising that here was a commercial .

‘market, .quite a number of American

firms started manufacturing precision

components .. -for - those - -early
enterprising - amateurs. -Today, fifty

years later, the trend has changed and -

those ‘manufacturers still left in this
field  market ‘complete kits' which
make the old parts manufacturers look
archaic. -The kit.set of today, totally
unlike that -of - old, .comes complete
with every nut, bolt and part, together
with - a'-handbook - that -by  ‘any

standards ‘can only be descnbed as

superb.

~The Heathklt company of Amenca ‘

is " one ‘of the largest firms producing

this™ type ~of equipment and ‘'their -

products - cover -the ' range - from

experimental kits to semi-professional

test equipment and radio
communications gear.

But because of hlgh duty and’

22

" 'marketing problems, most Australians

have never seen these kits. And whilst
the distribution has chariged as a result

.“of "Heathkit "being * acquired by the

great Schlumberger . - group . _of
companies; there are 'still - economic

-factors = which - will. preclude - most
Australians - - from -

‘buying this
equipmerit, i
The -~ Heathkit system whuch we

“sreceived for testing is rather unusual
by any standatds. R
Firstly, because it consnsts of a true
twin 50 watt (average power) amplifier,”

together - with - a pair of speakers
enclosures " to" match, ~and secondly,
because ' the' :entire . system - was
assembled - and  soldered = together

‘by -a woman who had. no ‘experience

whatever ‘in” this field, ‘and had only

“-the instructions supplied to guide her.
The - system - worked “when it -was
switched on, {(which makes me a little -
‘envious) and was then séent dlrect to us
- for testing. : ;
Once unpacked and placed on “the

test bench, we were confronted with a
front vpanel which had a row of five
unmarked knobs, five unmarked white
on/off - rocker .

ELECTRONICS TODAY — OCTOBER 1971

osen

switches ~and one’
- -uhmarked black on/off switch. A'sixth-
.-white rocker switch was marked mono
or stereo.. The question now Wwas which

~switch should be operated first. Our
. choice “of _the black- rocker  switch
~_proved to be fortuitous as-it was the

main"power . switch, - 'which - then

“.~illuminated the black panel behind the
‘five “unmarked .
~indicating the functlon of each knob ;
‘and switch. g

" The functions of the five black knobs L

knobs, - thereby

(W|th silver centres) were from left to L

right:

1, Function” selector wuth phono ;
tuner, ‘tape and auxiliary posmons

Treble control .
Bass control

Balance control
Volume control .

were-located in the bottom left hand

- 'segment of the front panel provided
.from leftto

the following controls .
right: FEI )
1.- Mono or stereo mode o

.2. Tape monitor on/off

3. Flat tone on/off

4, Loudness on/off -

5.- Main speaker on/off
6. Remote speaker on/off

A black power on/off switch and'ak

headphone socket were located in"the
bottom right hand corner. '

The bottom- left - hand
contained . a large “Heathkit ‘emblem

The six ‘white rocker swntches whlch :

corner
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Potentiometer Range: - -50_dB Rectifier: R.M.8. Lower Lim, Freq.: .20 Hz Wr. Speed: 315 mm/sec. Paper Speed:_3 ““mm/sec:

2-

10 20 Hz 60

that hinged down to expose a number
of ‘trimmer pots, used for balancing
‘the various inputs. A label on the back
of the -emblem detailed the respective
inputs associated with each pot.
Overall the appearance of the front
panel ' with- the .dark -green perspex

screen (behind the black knobs) and a -

recessed aluminium -panel across the
bottom {(containing the emblem .and

rocker - switches) was - consetvative’

when -~ compared - with - the more
common brushed . aluminium

escutcheons seen on many modern day )

amphflers

The aluminium chassns and prmted"

circuit - board ‘were ‘extremely well
produced dnd appeared to have fitted
together without any modification at
all, a rare case with many construction

kits. The chassis was designed for flush v

mounting in a panel. ’

All input ‘and output sockets were
located on an aluminium panel across
the rear of the chassis. A set of six
pairs of R.C.A. sockets located at the
right hand end of this panel provided

from -right “to left, phono, tuner..

auxiliary, tape input, tape monitor and

tape output - facilities respectively -

{when viewed from the rear). The
centre -of the back panel had two
terminal - strips, ‘one  for the right
channel speakers (main and remote)
and one for the left channel speakers.
Particular care "and attention has
been ‘given by the designer to provide

circuitry : using . premium quality -

100
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HOME BUILT
HI-FI

components -and "tree from obvious
vices.: . : -
: The output transistors
particularly - well =~ ‘mounted

individual heat sinks and the mdlusuon
of high temperature alarm with visual

indication -on ‘the front panel is an

unusual and practical feature.

_The fact that the amplifier worked

first go,- was no doubt attribuitable to
the .ability of -the woman  who
constructed ' the - unit . and . the
comprehensive - construction manual
supplied with the kit.

Considerable - attention - had been
given to "the presentation’ of  the
manual. - This - included
diagrams and photos to illustrate step
by step the construction and assembly

and devoted ‘many pages to operat|on :

and adjustment of the unit.

Indicative of the thought put into

the ‘manual was :thevhlgh gloss paper

are ~

extensive -

used to provide exceptional definition

of all cii-cuitry and plates. In fact the

- "manual had in the region of 125 pages
~ plus circuit dlagrams

“MEASUHEDPERFORMANCE

. Before' taking test measurements we
adjusted - the input - trimmer

potentiometers ‘to provide balanced

outputs as it had not been possible to
do this breviously when the unit was
constructed.” While ~ making - .these
. adjustments ‘a “few ‘minor faults were
_found, the worst of these being the

“.-right auxilliary trimmer pot which was

internally shorted and thus provided
no adjustmerit whatsoever. 1t was also
‘noted -that the right panel ‘top input

The foudness control, when switched -
on, became effective below 8 ‘watts =
output ‘and provided a 7 dB boostat -

/20 kHz -and 6.5 'dB boost at 70 Hz
~+with aquarter watt output. ldeally the

boost at 70 Hz, with the loudness -’ ..
control -on, should be approximately : =
13 dB to provide reasonable balance @~ -
. between ‘high . frequencies  and

frequencies at low fistening levels.

~ The balance cohtrol provided in

--excess of 20 dB attenuation in either
.- channel. This is more -than adequate

- for |

“balance
-distortion,

most’
Harmonic

-‘requirements.

*.driven, “was “higher . than the .levels

~quoted " in”

had a very low sensitivity. The initial .

sensitivities -with all trimmer pots set
to maximum gain ‘were as detalled in
""Measured Performance”’. :

~-The *-frequency - response of the
amplifier was flat from 25 Hz to 6 kHz

the manufacturer’'s

“specifications, particularly at ‘the high'

frequency end of the spectrum. -

THESPEAKERS =,

and dropped approximately ‘1.4 dB at -

20 ‘kHz when delivering 50 watts into
a 8 ohm re5|st|ve load.

Potentlometer Range _S.D_dB Rectlfner'_R‘M..S.._Lower le Freq _20 . Hr Wr. Speed: _315_mm/sec Paper Speed 3

The 'speaker kKits also came ‘with a
complete - instructional manual -.of

, which @ “was 28
“measured with both channels equally -2

comparable quahty to the ampllflerf

:manual

mm/sec.
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“The comypone'nts consisted of a 14"
diameter * JBL -“woofer and ‘a 2%"
diameter JBL -tweeter, together -with

full LC crossover networks. All were -

“housed in a vented enclosure finished
in dark polished walnut veneer.

The - frequency response of . the
speakers was reasonable with a slight

drop - in -the mid-range around the
cross-over - frequency. ~Generally ' .a
mid-range speaker + is - -used  ‘to

counteract this drop-out, ‘and whilst
,‘inc‘reasing the cost,. had ‘one been
included it would have made the kit as
good as most JBL professuonal speaker

systems. ; '
+The -+ Heathkit - speakers - were
‘compared, - subjectively, -against -our

own - JBL: control ‘room -monitors
(which have a known .response). The
loss -of presence could be heard, and
whilst it was - not -disastrous, -when
“"considering the high cost of Heathkit
speakers  ($391 ‘each), it ‘would be
enough to discourage us. -
We have always made it clear that we
‘believe that the speaker is the most
critical element in a hi-fi system. When
it is considered that a pair of JBL
Control Room Monitors and a twin 80
Watt Pioneer SA 1000 amplifier can be
bought for $1185 against the $1116 of
the unassembled Heathkit, we feel you
have to be awfully keen on assemblmg
a kit. t
The performance of the Heathkit
products that we tested is good by kit
standards, but " (at least in -Australia)
we doubt if they ¢can be compared in
“either price or performance with other
fully assembled systems.
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‘Auxiliary

‘Price

6000 10000 ~40000 D A -

- HEATHKIT AMPLIFIER MDDEL AA 15 SERIES ND 046-4358X

MEASURED PERFORMANCE

Frequency response at 50 watts average, both channe|s druven
20 to 20 kHz — 1.5 dB reference 1 kHz : :
Total harmonic distortion {with-both channels) dnven
Power output “A00Hz i 1 kHz
50 W per channe| 1.56% 8%
oW +.531% :35%
BW 25% ..25%
Typical hum and noise level -
Better than -70 dB (reference 50 Watts)
Bass contro| T+12 e
<15 at 70 Hz
47
-9 at 20kHz
7 dB boost at 20 kHz
"'6.6 dB at 70.Hz

Treble control:

‘Loudnéss control:
(at Y watt output)

Tape Output Ievels for recommended Input levels

" Output level
prlor to balancing
{mV)
158
. 176
120
162 ..o
185 |
165
87 .
162

Input
Level
“used {(mMV)
2.2 .
2.2
200
200
200
200
200
200

Output level
after balance
{mV)
158
158
120
120
“No Adjustment

" “Right Chan..
.~ LeftChann. . -
" Right Chan.
Left Chann.
~ Right Chan. =
_LeftChann.
" _Right Chan.
' _Left Chann. .

Phono

Tuner

87
87 .
Speakers : ~ -
Frequency Respohse: Refer to Ievel recordmg

Power handling capacity greater than 50 watts between 100 Hz and 3 kHz

- $1116

‘25



HE ‘first ‘part of this  series

published 1ast month described
-4 the way in‘which ac power can -
" betransformed ‘to-a higher or lower -

voltage, “and, by 'various forms of
“rectification, converted into dc.
But, -as - was shown;

may vary considerably with changes in

‘input < voltage,  ‘load - current . and
ambient temperature.

/This can be overcome by comparmg

" the output voltage against a ‘reference

voltage’

despite external

V correcting accordingly.

The zener diode may be used as .

~ voltage reference source for just this
. -purpose. . 1t s simply  ‘a- . diode
 manufactured in such a way that it has

the unique “ability of maintaining a -
-very high reverse resistance, until, at a

.. certain “critical voltage, the dynamic
‘resistance falls to a very small vafue. In -
“this  region "an essentially constant
voltage will be maintained over a wide

““range ‘of ‘currents. Th|s is - shown
: graphucally in Flg 27. : -
’ 4
v
=1 SR i
: GRS
o A R, R
* Ir jevmﬂaé T

i

ot

. g.__‘_..__'s__-*_._

FIG 28

26

e , the output :
" “voltage from an unregulated supply

{that will  remain constant -
vanatnons) and -

wvarying
“voltage. As these vary, the zener shunt

. element ‘draws more “or-less -current.
- :The nett - result
*“-'constant output voltage across Ry,

2. Specufy 'the maximum

Flg 28 shows a zener drode used to

produce a ‘constant ‘voltage despite
load . current - and :supply

is - a - substantially

The series resistor R ‘is selected s0

*that the minimum current passing

through - the - zener, lies -beyond 'the

“"knee of the curve shown in Fig. 27,
-~‘but at the same time ensuring that the
- rzener . diode: :does . not ‘exceed : its

maximum - specified --power  rating

Awhichis at a maximum at zeroload).

The design proceedure for the simple

- shunt regulator shown in Fig. 28 is:~
1. Specify -maximum _and ‘minimum

load eurrent (1), say 10 mA and
OmA .

voltage V; that is likely ‘to occur

- (say, .12 volts) but ensure that the
minimum . supply * voltage . will
always be approximately 1.6 volts
higher than the breakdown voltage
of the zener to be used.’

3. Thus at any time V=
< -where V, is the breakdown voltage

“of the zener, V(g qj is the voltage - ' v : . O
 And this is the maximum current
. that will flow through the zener atany
time, i.e., maximum input voltage ‘and ;

across Ry.‘And 1, = 1, (min) +1,
where |,
: current requrred

supply -

V,+V m);

is the maxnmum load :

~ This series of articles by B.
Doherty outlines the operation,
- performance, limitations and

“design aspects of the
modern dc power supply.

Thrs unit fmm Tektramx contains three 40 volt supp/:as, one 100 volt supply,
and one current supply. The power unit can be externally programmed . :

As'sume that the requnred output

 voltage, and hence the zener voltage is

gr

 PARAT 2

" 6.5 volts, and the specified minimum

zener curient -
micro-amps.. e
Then the maxnmum 1,is~ 100
micro-amps + 10 mA whnch is 101
mA., .

is (l mm) is 100

“Thus the  series reSIStor R1 must;‘

conduct 10.1 mA at the lowest input

supply voltage' and 50 allowing 1.6 -
volts -minimum “drop across R1 (m

other words V; V ) then

.18 0
A 1o1x1os“_,-3

148 5 ohms

The vaiue of R1 is thus 148 5 ohms :
~dnd the nearest preferred value to this

|s 1860 ohms.

At the maximum supply voltage (12‘
,volts) the voltage drop across R1 |s
I, R1

(12 65) :
60 A
= 367 m‘A.\“
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C o

~ % always  a small

zero external load

The power dlssmated by the zener -

under these conditions is

Pd= IZ VZ :
6.5 x 36mA
234 mw,

This oower dissipation is within the

. capabilities of most small zener diodes
. —which are rated at 400 mW min. .

It should be noted that whilst the
zener voltage should be equal to the
desired ' dc - output : voltage, . there is
tolerance ~on the
nominal value of the voltage (typically

+ 6%), and selection may be necessary .

in crltlcal appllcatlons

~ SHUNT REGULATORS

The regulatlon and power handling
capability of a zener diode may be

. increased by ‘using it as -a voltage .
_reference element in an amplifier
" circuit. ! :

. The snmplest of these, the shunt’

regulator, is shown in Fig. 29

. Fig. 29 llustrates the way in which

oL
l LOAD
Vo RL

S FIG29

B Wit M i

“amount,

an ampllfler is combmed wrth a zener
‘diode. ‘

~In this circuit arrangement'the zener

voltage is ‘made nearly equal to the

“‘desired output voltage, and holds the
.‘base of the transistor fixed at voltage
“Vg. if Vg,  decreases,
‘between the ‘emitter and base of the

the voltage

transistor will decrease: by :the same
-0 -reducing - the ~emitter
current I+, and with it i (I =1+ +
1), so tending -to restore V,' by
decreasing the voltage drop across R.

~All - other -variations: are srmllarly'
- accommodated.
- “The two main advantages of this type

of circuit are that the power rating of

“a transistor is usually greater than that
~of -a:zenet diode, and this allows a
lower value ‘of R to be used, thus
~improving the regulation of the circuit
-and " secondly, - the

amplification

introduced by the ‘transistor increases

“the sensitivity ‘of the circuit to much
'smaller changes in-output voltage.

The - shunt regulator is “inherently

< short circuit proof, and because of this
it ~is often “used for simple power
“supplies “intended for ‘schools, -and
~‘experimental . use.

The * circuit - is
however, basically inefficient, ~and
because ‘of ‘this, the series type of
regulator is more commonly used.

“gircuit, -and this
g problem of providing a fixed reference

circuitry,

~respect,
-reference,” and in critical applications -
‘this disadvantage may be tolerable.

FIG30 B T " Vo =lt RL -

SERIES REGULATORS

The basic series regulator circuit is
shown in Fig. 30.

The voItage at the base of the

‘transistor is held at a constant voltage, -

VR, by the Zener diode. If the output
voltage rises, .a greatér current may

~ pass through the transistor {since V4 =

ILRL). But this' increase -.in -V,

decreases the voltage between emitter

and base of the transistor, so reducing
the current which the transistor may
pass. And since Vy = V; — I R,
increasing the collector to emitter
voltage (V¢) reduces V, back towards
its prevrous value.

The main disadvantage of this circuit
is that the regulating' transistor is in

“series with the output; and because of

this it must be capable of carrying the
full toad current; if a short circuit load

“is applied, the full dc’ voltage appears
_across the transistor.

REGULATORS — a more general view

Both the series and shunt transistor
regulators described above measure the
difference between .a fixed reference

‘voltage ‘and the output voltage, and
: use this voltage difference to control
~the regulator.
“regulator compares output voltage to

In ~other words 'the

reference voltage and - makes . an
adjustment .in accordance with thls
difference.

Al regulators use-'a comparator
introduces ~ the

suitable for both a non-variable voltage

source and ‘a variable voltage source,

Awhich - must - of - course have an

- adjustable reference).

A fixed standard volt’age‘ can be

. ‘provided by using either a standard
‘cell ‘as a well defined known voltage;

or a-zener diode which, with’ proper
gives a fixed {but ' not
necessarily accurately known) voltage.

The standard cell voltage reference

“will only remain accurate if negligible

curfent, or at least a constant current
is drawn Prom “it, so that the internal
voltage drop is constant. The main
drawback of the standard cell is that it
"goes: flat”’, but if treated with due
it offers “a" very - accurate

Loading on the cell can be prevented

‘by usmg a buffer ampllfuer The type
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flow at = the
_ without loading the standard cell.

of amplifier used “will -
difference .between two inputs and

~-give an output proportlonal to “this

difference.-

A simple buffer ampllfler is shownin
Fig. 31.

Terminal 1 is at zero potential and
terminal 2 is at a potential V, — E,.

~The load current’is supplied by ’the
_ amplifier, not by ‘the standard cell,
which now serves only to maintain-a

fixed voltage difference - across the

~ amplifier. 1f the input resistance of the

amplifier ‘is high, the current drawn
through the cell will be small. ideally,
the input resistance of the-amplifier

will be infinite, so-that no current is :

drawn -from the standard cell. This
circuit allows a substantial current
reference . terminals

The inconvenience of periodic cell
replacement may be avoided by ‘using
a zener diode, although this results in a
smal! sacrifice in accuracy.

A zener diode circuit can however be
‘made extremely stable by maintaining -

a constant current in the zener (there
being only - one voltage . on - the
characteristic curve corresponding’ to
any one particular current).: In order
to .maintain ‘a constant current, the

.zener diode is connected across the
" terminals -of

a  constant
generator as shownin Fig. 32.
In this circuit, (Fig. 32), terminal 1 is

current

-at zero potential and terminal 2 isat a

potential Vr — Ez. The load current is

"supplied by the amplifier not by the

zener diode, which now serves only to
maintain ‘a-fixed voltage difference

“across the amplifier. 1f the ‘input
g ElSTAN BARDCELL) -
I | o

SN JAMPLIFIER - - °

i

VR

take . the

OUTPUT y
REFERENCE VOLTAGE

-0
- FIG31 g
H ‘ LT e
, .
CURRENT SOURCE
+'ZENER DIODE
| ,
2
N ] ame : '
/ OUTPUT REFERENCE
1 VOLTAGE -

VR

=  FIG.32
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resistance of the amplifier is high, or at
“]east constant, the current through the
. .zener diode will be aconstant value at
- all output load conditions. -
~An -adjustable -reference “is provnded

. by circuits of the basic type shown in :

Fig. 33. :
Either a potentlometer ora stepped

g sw:tch may ' be - 'used 1o -‘vary - the

“:.potential ‘input -to -the amplifier, and

- hence “its -output. There are many

s . refinements to this circuit which can
- be -readily seen in specific regulator
--cireuits. :

.. Since the regulator tends to counter
any : fluctuation in" output voltage it
will tend toreduce the effect of theac

_..component ‘of the de, thus assnstlng
- the filter c|ch|t

“Eo'(REFERENCE)

“FIG33
"CONTROL OF POWER
DISSIPATION  AND  VOLTAGE

7i ‘RANGING

. The regulator circuit must be capable
- :of -dissipating a-good ‘deal of power.
For a-shunt regulator with no load the
full voltage is across the regulator, and

" for-a fully loaded series regulator, the
full -current must flow " through the

‘series transistor. The power dissipated -

- by the regulator 'is the product of
-voltage -across it and current through
At o

The series type regulator is genera||y

_preferred “for high" power -application

because the ‘power . dissipated ‘is less -
‘than for-the shunt type, and it is more

“suitable for ‘use with pre regulator
circuits.

The pre-regulator C|ch|t adjusts the -
output voltage of the transformer to a

" few volts above the desired dc output

‘voltage, so that there need only bea-

-~ low ‘voltage ‘across the series transistor,
“‘hence reducing its power dissipation.
" There are two"basic approaches to
“-this. The first is ‘to provide a variable
transformer output voltage by having
“‘taps at .various voftages on the

secondary ~with -a rotary .switch to

© ‘select the desired tap {a refinement of

- this being the " continuously “variable
-variac type transformer). The second is
to .use - Silicon - Controlled -Rectifiers
(SCRs) in the type of bridge rectifier

circuit shown in Fig. 34, the output of

28

‘uses the ‘
overload curtent to melt a fine piece

overcurrent. - to
~ electromagnet :
contacts to break the ¢ircuit. There is

- FIG34

" de OUTPUT OF NORMAL BRIDGE ** .

,whlch is shown graphlcally in F|g 35,

jpnorscnom

_The protection of a power supp|y
~involves . protection “of ~each of the

main ‘elements, (the transformer, the
rectifier,
overpower; . .overcurrent, . and
overvoltage  in  both

. transient form.

The simplest form of protectlon is

~-the - fuse,.  or -in . its “more - elaborate

variant, the circuit breaker. The fuse
heat produced by the

of wire, which, on melting, produces a

~gap in the wire over which an arc will
" be struck . until
‘increases the gap beyond the Iength

“further - melting

that the arc can sustain. The break in

~the-circuit is then complete.

The - circuit breaker - uses’ the
operate ~ ‘an

which’

an arc drawn at the initial opening of

the contacts, but ‘this breaks before

the opening is complete.

" Both “fuse ‘and circuit breaker are
. quite adequate for protection . of the
~-transformer, -but unless -they “are of
- special
limitations if used for seml-conductor

vconstruction, . have ' severe

protection.

The semr-conductor materlal as only ‘

a - fine ‘chip, “which - will ‘heat very

cquickly ‘to-its maximum- allowable
‘temperature {which is quite low). The
‘transformer -on the other hand heats
:»quite - slowly ~because: of the large

masses of matenal Useﬂ ‘in its

" ‘construction.

“oA conventional fuse wull not break-
~the flow of “current immediately. It
“must “first' be ‘heated “to its -melting

point. Typically, this will ‘take about

one'second at twice:normal current,.
- 100 milliseconds at four times normal

SCR . :
- ,GATE CONTROL" .

)
+

.and .the regulator) - from
, steady', and

“moderate cost.

-suitable  for -

separates

“current and 10 milliseconds at 10
- times normal current.: A silicon diode

will be destroyed, typically, after half
a second at twice normal current, after
30 milliseconds ‘at four times hormal
current, and after five milliseconds at

10 ‘times normal current. Thus if the
~diode ‘and fuse are rated for the same
“.current the diode will protect the fuse.

A similar - problem - arises with a
‘circuit breaker, which, because of its

“dnductance, delays the current build

up and requires a finite operatmg time
for contact movement,

The conventional protectlve devuces
e, ‘therefore, - limited  iri * their

- application, unless they are rated well
“below the diode current maximum.
This, in. fact,
.--applied to ."'built-in” -power suipplies

is ‘the usual solution

which have only to carry the load they

““are intended for.

A safe formula that will ensure that
the diode is adequately protected by
the fuse’is :

Diode ‘max. current = 4/5 X short
_-circuit current. £
With - ‘present-day dlodes thls

-substantial over-rating can be achieved

quite -easily “in most cases and at-

Another method is to use special

- 'types of fuse and circuit breaker that
“act “much ~more  rapidly than ‘the

conventional type,‘and are therefore,
: , protection - of
semi-conductors. . But care should be

‘taken ~when ‘considering the use -of
- fast-action ‘fuses,
< possibility of ‘'someone inadvertently

because - of = the

replacing - them w:th conventlonal

“fuses.

“In°" mose " cases - usmg 0ver-rated

‘ semi-conductors is better.

“Clearly “it ‘will ‘be desirable to limit

‘the short circuit current to as low a
“value - as 'possible.: ‘With - a” normal

transformer ‘the ‘internal resistance of
the transformer and ‘diodes is the only
limit .on the short circuit ‘current. But

“"as we have already seen the higher the
internal ‘resistance the more ‘difficult

the problem of regulation, so there is
an obvious need to compromise and it

Ais usually towards a lower resistance to
~improve ,
 transformer heating in regular service.

regulation”: ~and . reduce

It -is ‘here that the “seif-regulating

‘(saturatmg core) ‘transformer possesses

a‘marked advantage.

The currents in . primary and

'~=;Secondary ~of the transformer  are
‘related so-that if the secondary current

increases, so does the primary current

- ‘required - to “maintain’ the “secondary

current, -and ‘as the currént increase so

does ‘the flux, which is ‘the only link

between prlmary and secondary Ina
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conventional transformer this is so up
to the full short circuit current, so the
primary continues to supply the flux
to support a -high secondary current.
But the self-regulating transformer
saturates, .1.e.,  the  flux does not
increase after a certain level, so there is
no -increased -flux. to ‘support an

increase in secondary current, thus the -

maximum  current “which- can be
supplied by the secondary is limited

by -the saturation of the transformer

core,

The circuit is, therefore self-limiting
and theoretically has no need of any
other protection provided that the
rectifier -and regulator can carry the

maximum current . _which the
secondary will deliver. ‘
‘“The simpler - type protect|on

descnbed above is not always adequate
and there are 'a range of electronic

- protective - circuits WhICh give better

protectlor{

_OVERCURRENT CONTROL

The basic 'method of current control

45 1o insert a low value resistor in series

‘with - the -output current and -then

~utilize ‘the voltage :drop -across this

resistor in the same way that is done

“with a voltage control circuit. Thus a

FROM CONTROL
AMPLIFIER

FIG 36

FUSE

FROMRECTIFIER

SFIG 37

basic current limiting circuit is as s

shown ‘in ‘Fig. 36. Diodes D1 and D2

are non-conducting when the forward

voltage drop across them is less than
0.25V for germanium diodes and 0.7V
for silicon diodes. But if the volt drop
across R, exceeds this level, the diodes
will- conduct ~and - provide - negative
feedback " - 'which - reduces - current
through ‘the transistor. If R, is made

variable, the short circuit current may
be a|tered as deswed =

‘This radio isotope
powered generator
.- -provides electrical
. energy for a major
marine navigational
light. o
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TOREGULATOR .

the . semi-conductor-

“follows:
i) “Hole-storage’

Aiv) 1f -an

Another type of  overcurrent
protection that is quite commonly

*_used is “crowbar’’ protection. {Fig. 37)

In broad principle this consists of
switching a -short -circuit -across the
output of supply and before the input
of the circuit to be protected and
then relying on the supply protection to
operate. This “is 'useful because the
short’ circuit can be switched in very
quickly, - thus protecting following

- semi-conductors; and the fusescan the.
- -operate with their usual time lag

without ‘any danger to ‘the remamder
of the circuit.

The value of Rs is ‘chosenso that
normally the transistor is cut off and
so, therefore, is the SCR, but if the
-current rises to an unsafe value' the
voltage across Rs will increase and turn
the transistor on, ptoducing a voltage

- across ‘Rg-and so triggering the SCR

which :will -conduct heavily - within
about 20 microseconds, ‘well before
the one millisecond or so danger time
for -semi-conductors. - The fuse will
then blow -after say 10 milliseconds.
The main limitation of this type of

. circuit ‘is that there may be some sharp
_transient effects produced by the rapid

switching of the SCR. These may be
sufficiently -Jarge  to .endanger the

circuit whnch it is mtended to protect

OVERVOLTAGE PBDTECTION

Wherever semi-conductors are used it
is ~ essential .to .safeguard against
overvoltages  which may breakdown
structure - and
allow excessive currents to flow.

‘There are = various causes of
overvoltages. The mam ones ‘are " as

effect.” When a
' semi-conductor |s swttched on tor
off) there is a time’lag before the
minority carriers move into {or
from) the base region. This tends
‘toact .as “a capacitor, giving ‘a
voltage spike oii'switch on {or off)

This is  normally - reduced - by
connecting ‘small capacitors across
the line.:

(n) ‘When a short circuit is lnterrupted

by -a  fuse 'an overvoltage s
developed the magnitude of which
“depends ‘on ' ‘the arc voltage and
the circuit of the power supply.
Aiii) Transient voltages are’ similarly
produced when a mrcurt breaker
“1opens.: :
unloaded 'rect\fler is
disconnected on ‘the ac side, some
-~ of the ‘magnetic ‘energy stored ‘in-
“the ‘“core is . converted - to
“ electrostatic energy in the wmdmg
‘and lead capacitance.’ ,

{v} Ac supply transients ~will ‘be

29
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053mp

‘transmitted
“transformer.. The usual protection
for all ‘these overvoltages is to use
diodes ‘with a voltage rating of at

o |east oneand ahalf times the peak
. inverse voltage

AII transient voltages may be reduced

By connecting _capacitors _into the -

circtit which absorb the energy of the

“transient pulse (by charging up to the

pulse voltage).

inomany cases ‘a more sophlsticated
-form of -overvoltage = protection -is
.desired, -and . this ‘may be obtained

either “with a simple -zener:diode .as -

~shown in Fig. 38, or a crowbar circuit
-as shown in Fig..39.

-~ Af the output voltage rises above the .
:Zeher" voltage ;the “zener will conduct -

heavily, so shunting the output.. -

. {f the output voltage rises the zener

-diode will ‘conduct and pass-a current

to the gate of the SCR thus triggering

‘it This places ashort circuit across the
supply arid blows the fuse. -

“The - “circuit  -of = Fig. 38 is
selfrestoring, while that of ‘Fig. 39 is
.not.; That =is ‘to isay :-once -the
-overvoltage has ceased to-exist ‘the
circuit of Fig...38 returns to normal

‘operation, ‘whereas the fuse ‘must be"

replaced in the circuit of Fig. 39.
. These - circuits -
“required for ‘special applications, and
for:in-built < supplies -for :various
equipment it is usually sufficient to

use conservatively rated diodes, and a .’

capacltor or two.

{30

“aeross. . the

~ widely
“-accompanied - by

are -usually .only -

_ OVERPOWER PROTECTION <

“Ovérpower protection is not used
since it -~ will ““usually be

overvoltage.
However, in some apphcatlons there
may be a'particularly expensive device,

or some critical apparatus which must
. be - protected - from excessive . power

dissipation  {with .its
excessive heat build up).

- One of the simpler techmques is to
fix a thermistor to the heatsink of the
: component to be protected as shown

: consequent

_in Fig. 40.

The potentlometer is ad)usted s0°that

‘at normal operating power the SCRis
non-conducting; but if the power rises -

'so does the temperature, thus lowering
-the - ~-thermistor = . resistance ' and
increasing the SCR gate 'voltage. This

type of circuit .is -not very .accurate *

(£100C approx.) but may be refined if
need be, to give better sensitivity. .~

The methods of protection descnbed'
above ‘are by ho means the only ones’
“available, - butare certa|n|y the ‘most

W|dely used
USE OF INTEGBATED CIRCUITS

_IN POWER SUPPLIES

Bridge rectifiers in untegrated circuit
form have been available for several

“years now. They consist -of the four

diodes of the bridge rectifier combined

inside a single package with two ‘ac . k

terminals and a+ and - terminal.
“"More “recently

o

~.market.
~integrated circuits ‘for power supply
applications is their power  ratings.
" Existing 1Cs - ‘cannot" cope ‘with the'.

~far - require
‘‘components
overcurrent or

A PRACTICAL

mtegrated crrcurt‘

‘FIG38

REGULATOR

FIG 39

regulators have become ava||ab|e {see :
ELECTRONICS TODAY June 1971
for -an ‘example), and there are also

integrated crowbar circuits on ‘the
The: main - limitation. ‘of

power - which - discrete  devices - can

~handle, at Jeast at their present stage

of development. Otherwise, integrated
circuits -give  the 'same -advantage in

" power supplies as in any other circuit. '

The theoretical circuits considered so
“some
before -

useful practlca| crrcurts

EXPLAINED

"."The series regulated supply shown in"
“Fig.. 41 combines ‘controlled voltage *: -
and - current limiting "and  uses zener .
‘diode ZD1 as a refererce source. . .

“Reference diode . 'ZD1,  which s

supplied by ‘resistors -R1 and “R2,-
'clamps -the base of transistor Q4 at a

“fixed : ‘potentional.
smooths out any 100 Hz rlpple fr0m -

Lapacitor C1

the input.

- The output voltage of the power unlt'

is sampled by R6, RV1 and R7 and

“this is -compared - .against ‘the - zener

reference voltage by transistors Q4 and

Q5. The voltage at the base of Q5 is
. the zener voltage minus the two
base-emitter voltages, eV, =12V, .
- “The output voltage is then this voltage
: multlphed by the ratio of the resrstors :
- -in the divider chain. ‘ e

The output of the comparator is
-taken via R5 to the “output stage: -

consisting of transistors Q2 and Q3. !
- The action of this part of the circuit =

is ‘a5 ‘follows, “if the output voltage

.drops {because the {oad has increased)" -
then the difference between the zener
“reference  voltage -and ‘the divided
output voltage will increase. And since i

this voltage appears across the base —
emitters - of Q4 and -Qb, these

ELECTRONICS TODAY OCTOBER 1971
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transistors will pass more current: This
‘causes Q3 and Q2 to ‘conduct ‘more
“heavily, thus reducing the voltage drop

across them ~and so : -allowing : the

output voltage to rise and compensate
~for the increased load; for every load

there will -be a stable output voltage
the regulation of which is dependant
on the gain. of the comparator

~ amplifier.

The second mode of operatuon is

“current limiting, and this is used to

protect both the power unit and the
load ‘in the event of a short circuit or

* load -that ~exceeds - a predetermmed
level.

“When the current increases beyond a
predetermined level, the voltage drop
across “R3 s+ sufficient to : “bias
transistor :Q1 into conduction. When
this occurs the output from  the
voltage .~ comparator - Q4, © Qb “is

; kprogressfvely removed from the output
transistors Q3 and -Q2; these ih turn
“reduce the excess current flowing into

the load and “an :almost constant

~eurrent - is  now supplied to the load
,regardless of any further |oad mcrease

(3

POWER SUPPLY PERFORMANCE

CRITERIA

(i) LOADREGULATION

‘Load regulation is a measure of
" ‘the-ability of a powér supply to
maintain aconstant voltage at its
‘terminals - -regardless - ‘of .- load
.variation.. The regulation - is
‘normally ' specified = as:  a
percentage of the. nominal
output --voltage for .a fixed
voltage supply ‘or ~of the
maximum voltage of a variable
voltage supply. So’ if regulation
of a B0V supply .is given as say
0.01%, the terminal voltage will

‘not fall “below (5 — .005)V or -

.rise above (50 + 0.005)\/_. -

TR THERMISTOR
f MOUNTED ON
, TRANSISTOR | e
—> HEATSINK b oo
FROM REGULATOR
AMPLIFIER
FIG40" ~

(i) LINEREGULATION =
! Line regulation is a measure of

the ability of the power supply
to absorb changes in the ac
mains voltage while holding the
output voltage steady. The ratio

of the change in output voltage -

for a change in mains voltage

multiplied by 100 gives the line

.~ regulation,;
(i) RIPPLE
“This - 'may  be ‘measured wnth
either a true rms reading meter
or ~~with a
.oscilloscope, Then'rippleis

rms of ac component

r = dc component

‘100

i

~ ¢athode ~ ray . -taken -of

+ facilities, ~and of

should be constant, regardless of
tempera'ture <A performance
flgure is sometimes quoted in |
' mV/ ’C. :

{v) CURRENT STABILITY
The -above four quantities may
be evaluated for current stability
by inserting a series resistor in
the circuit so that the voltage
produced across - it s
proportional to the current.

(vi)  TRANSIENT RECOVERY TIME

In" some applications it may be
important  that should - the -
loading be sufficient to force the
output outside the - tolerance
band set by the regulator, the
“supply  ~will - re-adjust - itself
~swiftly. The transient recovery
time gives a measure of the
speed of re-adjustment.

(vii) - LONG TERM STABILITY 3

- There is some drift in the

- 'performance of a power supply

. if it is used continuously for say

8 hours. The % change in output

voltage may be quoted per 8

hours, 12 hours, 24 hours or
whatever the maker specifies. -

ln assessing the - performance of a
power supply  note‘ should also be -
~its ~overload protection
any transients
observable on switch on/off, or with
‘operation of the protective circuits.

“ The next part of this article which

- will “be -published ‘next month, will

: ‘ELECTRONICS TObAY - O’CTOBER;' 1971

iv) .TEMPERATURE STABILITY  describe the construction of a
The output of ‘a ‘power supply general purpose power supply. ®
o— —0
R6. - é.,%t:z
V/
RV1 -
R7 + ""
o— -0
FIG. 41
31



Electronics Today presents

the first independent
evaluation of the -
professional Dolby .
“system to be published
anywhere in the world —
. tested by Murray Wood,
B.E., BSc., M.E. of Louis
‘Challis & Associates

STE

, NE ‘major weakness in' tape’
recording, . ‘radio - transmission,

and to a lesser extent: disc
- recordings «is the high level- of "hiss
which is present on the medium..:

‘Typically the - maximum

signal-to-noise ratio lies between 40 :
and 165 'dB. At the maximum signal

‘level this is adequate.” At fower signal
“levels, the signal-to-noise “ratio .may
drop to 10 dB (or less) at breaks
between passages.-

-~ The equalisation -
recorders,
~broadcasting - ‘are ‘- all . designed to
_provide an ‘increase ‘in signal-to-noise

‘ratio by emphasising the treble before
recording,  “and -

‘transmission - or
. de- emphaslsmg the treble on playback
or- .~ reception. . This = gives = an
improvement of "about 10 dB in the
-signal-to-noise ratio.
There are good technical reasons why
“this equalisation technique cannot be
taken- further to give an additional 10

C32

REDUCTIO

~ The current €
: recorders - and

used .on tape‘
records < .and - F.M. -

dB signal-to-noise ratio. The first-and
. tnost important —of . these -is “hum:
De-emphasising the treble resultsinan -
-effective increase iin the bass signals.

This makes the hum,rumble and other
low fréquency defects more ‘obvious.-
generation
-other - electronic
equipment © has- about :'60-70 ' dB
signal-to-noise ratio, Using the present

"equalisation techniques, there .is "a
' degradation of about 10 dB' resuiting
in- a signal-to-noise ratio of 50 to 60

dB. A further degradatlon of 10 dB,:
Fig. 7 B/ock d/agram of Dolby Processor

of tape .

'would be unacceptable to “most

listeners..

Another prebiem that occurs is the‘ ,
~limitation that ‘is always rmposed on
high frequency coritent.’

On a*‘record, this limitation is the

- maximum’ - velocity - 'at which “the
- pickup stylus will track. The higher o
the frequency and the higher the signal = -+
level, ‘the higher the stylus velocity and -
any treble ' pre-emphasis - makes it
_harder for the pickup ‘to do its jobr '

adequately.

When we look at a tape recorder we -
find that we have similar problems due
to . the - demagnetisation of the ‘tape

(that has just been recorded) by the

signal ‘that ‘is being -laid down at that
instant. :This effect .is worsened "by
high-level high-frequency signals. Print
through™ of the recorded 'signal ‘onto

the preceding and succeeding layers of -
tape on the “take-up reel 'is:-also

increased ‘by high- frequency hrgh Ievel
signals. - :

is dependent both on the frequency of
the - signal -and the -amplitude {see

article on Bruel and Kjaer 7001 F.M. -
‘tape recorder ‘in Septembet issuée of
~ELECTRONICS TODAY for ‘theory).

Since  the available bandwidth to be

used is- limited both by international
““agreement

and by the receiving
eguipment - used, - there ‘are ‘very
definite limitations rmposed on thls

‘medium also.

The “problem which -Dr. Dolby and
~many others have investigatedis how
to increase the signal-to-noise ratio at

e g ';n/;"

4’ '
x ‘ Ly y
. 4 - ¢ -
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low signal levels where the limitations
imposed on the relative levels of high
,fr’equency comp’onents are’ . not
‘important.

COMPRESSION AND EXPANSION

One of the solutions used in the past
has' been to use compressors during
recording - or - transmitting,  -and
expanders when replaying or receiving.

" The -compressor effectively reduces
the dynamic range of the signal being

“fed into ‘the medium by having a low

gain at high levels and a high gain at
low signal levels. But a major problem
with a compressor is the choice of
time constants. - 1f it works too
quickly, it will distort low frequency
signals by following the instantaneous
signal levels. If it works too slowly the
resulting signal “will sound unnatural,
becausé when the 5|gna| level drops,
the level will slowly -increase as the
compressor starts to work. When the
signal level increases, the compressor

once again will take some time toact, .

resulting ~in | the “production  of
excessive instantaneous levels that may
cause  distortion, followed by an
unnatural decrease in Ievel :

The choice of  time constant -is.

therefore very difficult. Given that an
adequate time constant can be chosen,
the problem is by no means solved.
Having designed -a compressor, it is
then necessary to design an expander
‘which ~ exactly -+ complements - the
characteristics of the compressor: This
is usually ;a very difficult task to
achieve, particularly -when there is
every possibility of an error in system
level alignment.-

“The Dolby system"overcomes '_mériy
of the limitations of conventional
compressors and expanders.

The first and most significant feature

of the Dolby system is the use of the

same  -nonlinear - network - in the
‘compression mode as that used in the
expansion mode. This guarantees that
“the two sets of characteristics are the
same.

The direct sngnal and the srgnal from

the “non-linear element ~are  added .

together in the 'compression circuit.In
the expansion circuit this signal from
the ‘non-linear  element is subtracted
.via-a feedback 100op. The result is that
the compressnon and expansion modes
are exact inverses of each other. :

: ‘The second tnajor difference is 'that
unlike earlier = systems, the ‘Dolby
‘system does not perform . any
processing ‘of ‘high level signals. This
‘means - that at normal signal levéls,
“there is no possibility of mistracking
between the compressor and expander
-.and at lower signal levels, the degree of
mistracking is not so serious.

“'of " nonlinear

~Inspection of the block duagram in
Fig. 1 shows that.

(1+g)x

}a‘nd 1

1 + g ) !
where g-is the nonlinear network The
final output from the -processor ‘s
therefore exactly equal to the original
input to the processor. (The frequency
response and -dynamic characteristics
networks are . largely

unimportant ~ so ‘long  as : similar

nonlinear networks are used in- the

record and playback modes.)

THE DOLBY SYSTEMS

The Dolby technique is available in
“two basic systems; the Dolby A and
the Dolby B.

<

- The Dolby A system is desugned for

use in professional applications and .

the Dolby B for domestic applications.

Lower Lim, Freq: _.20 .Mz Wr. Speed:_315_mm/aec. Paper Speed: _3 _mm/sac.
L s . o i m

The Dolby A system has a nonlinear
“network . which .consists - of . four
separate channels, covering the entire

frequency spéctrum. The first channel *
contains the information up to a-
frequency of 80Hz, and the second the

information between 80Hz and 3kHz.
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“The' third channel operates between

- 3kHz -and .9kHz, and -an additional

" “:channel .operates on the information
" above

9kHz. - The . three ' lower
‘frequency ~channels - provide 10dB
~-compression or expansion at low signal
"levels while ' the high
- channel provides an additional 5dB at
“frequencies ‘above ‘9kHz. ‘Because of
-.the -use of compression .only at low
‘signal “levels,

. compressor and expander become less " :
~critical. The Dolby A unit, therefore,
has an attack time constant of 0.1

“seconds. This would be considered too
‘long for . normal .compressors " but,

. because ' of the system used, the
.-‘overshoot ‘of the output is normally

frequency -

‘the ~dynamics of the:

.system Model 361.

less than 2dB although it is about

L-";15dB on ‘the output ‘of the actual

nonlinear element. The figure of 16dB
is. a fairly typical ~overshoot of a

“.’normal - type -of compressor with an
“attack time constant of 0.1 seconds. "

Because of the separation of the

..signal ‘into four bands, the compressor
~is almost always in-use in one or other
* of the ‘bands. With ‘the normal fevel

and frequency distribution of classical

music, Channel 1-is compressing fairly -

often, Chahnel 2 is compressing almost

all the time, Channel 3 fairly often and

Channel 4 is rarely compressed.”
The Dolby B system-uses the same

“basic pririciple except that only one

channel ‘is* used in -the interests - of

DOLBY 361 SYSTEM. SERIA[ NUMBERS 1050 AND 1nsz

: -"MEASURED PEHFOHMANCE

RECORD TO REPLAY FREQUENCY RESPONSE WITH TWO SEPARATE SYSTEMS
20 to 20 KHz within + 1dB over §0dB signal range. : 3

TOTAL HARMON'C DISTORTION
*.. -Reference Level 20H2 )
T0dB A7%
-20dB" 3%
40d8 . . .~ 1%

1kH2 LU B3KHE
0.05% L 0.05%
005% - - 0.05%
0.08% T i 0.06%

. INHERENT SIGNAL-TO.NOISE HATIO 7648 TYPICAL NOISE REDUCTION .~ * -

' . 'CONSTANT % BANDWIDTH RANDOM NDISE

""" Relative Noise Level {dB)
-10

Resultant Dolby Noise Reduction (dB) -
0 ) -

Tl
gL
22
112

n

’ fCONSTANT POWER PER UNIT BANDWIDTH RANDOM NOISE y i

“Relative Noise Level (dB)
<10 - .

" PURE TDNE NOISE REDUCTION’
" Relative 50 Hz . 'Resuitant Delay
Noise Level

38,

Relative 150Hz

‘Noise Reduction (dB) r‘:’loise Level
o

Resultant Dolby Noise Reductnon (dB)

) Resultant De(ey i
Noise Reduction (dB}

_simplicity and cost-effectiveness. The'

single filter is designed to operate in

approximately . the - same frequéncy'

range as Channel 2 in the Dolby ‘A

‘system. |t copes extremely well with' -
the typical hiss problems in domestic .-

reproduction.

The .actual performance of the

domestic Dolby system  is separately

reviewed on page ‘35 of this issue.

~Inour testing of ‘the professional
Dolby 'system, we were particularly
impressed by the precision with which

individual ‘Dolby processors are made;
.'We ‘used -one processor in'the record
“mode .and 'a  separaté’ .unit in the

playback ‘mode ‘to - allow - real time

~-testing. This enabled us to use a three '.

head - -tape  recorder  and even .an

“electronic ‘simulation of a noisy tape Lo
recorder ‘for ‘the :testing. Even using

_ this testing procedure, the quality “of
the - performance -~ was exceptionally <
good proving ‘the compatibility of -

different Dolby units. - This ‘is “an
essential feature for professional use
where one ‘unit:may be ‘used for the

- -original recording and another for the

final processmg

It is interesting to note that if the
original ‘signals are “'Dolbyised”, then .

mixing, editing and dubbing can all be

performed on these tapes, and only

the - final = product . needs ' to «be
“re-Dolbyised”. This can ~be very
‘eonvenient;.and is made possible by

the relatively high tolerance of the

- Dol by system to level changes.

‘The compression provided by the

‘Dolby - A - systém is not applied

: umformly over -the “‘entire -dynamic - *
range, but only over the range 20 dB -

to 40 dB "below the reference level.

* The compression is relatively flat over
the range 20 Hz to 5 kHz and has a

maximum’ of 10 dB. Above 10 kHz

‘another 5 dB ‘of compression is used.
It is- this relatively flat performance

which -means that, although the Jevel

from“record to replay ‘may not be
‘exactly correct, the only audible error
that will be introduced is a slight érror -
~at -the high frequency .end of the"
““spectrum.’ The dynamic range will be
slightly altered, but ‘this will not bej

audlble

It was suggested in an \ article {from

Dolby Laboratories) - 'on ‘the Dolby

~-system, that 'it -could .be used for
ELECTRONICS TODAY - OCTOBER 1971
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reprocessing old records and other low
grade = material - for re-release.
; therefore decided to try this out. The
~only processing which could be used,
“of course, was the expansion following

playback. The results of this test were -

We .

quite dramatic. The record we used for

“the test was a 78 ‘rpm disc in fairly
good condition but with a high leve! of
background hiss. By passing it through
the Dolby expansion circuit, the only

~audible effect ‘was a drop in" the

. ‘background - noise* of about 10 dB.

Although we knew that there had been

expansion of the signal and that those
signals- which - were quiet were now
even ‘quieter, this effect was not

-readily " noticeable’ and ' the overal|'

‘effect was worthwhlle

- Based ‘upon this test “one of the k

useful applications ~of - this
‘Dolbyisation’ would be in ‘the area of
satellite  broadcasts® where there ‘may
be * . a significant’" - decrease - " in

‘partial -

signei-to-noise ratio. Even if the signal -
is'not ‘pre-Dolbyised’, post—processnng"
.would st||l |mprove the quahty of the

sngnal
HOW ITPERFORMED e
The - professional Dolby " system”

proved to be particularly well behaved

for a compresso’r-expander with no
apparent vices.

Alignment’ took only a couple of )
‘minutes and once aligned the Dolby

unit performed predictably and well,
with all the tests we applied.

The harmonic distortion was less
“than 0.2% over the entire range of
levels - under - steady “state .conditions
"and did not exceed 1% under transient
“conditions.: ,
primarily second harmonic distortion.:

The - distortion & . was
The ‘frequency response  was ‘within

+0.56dB with respect to‘the correct

meter setting of the reference tone at .
“the reference level. !

Functlonally, the: professuonal Dolby :

‘system 'is very easy to use. The type
we tested was the Model 361. Thishas -

only six push buttons on the front
panel.. The ‘labeling on each push
button indicates its function and we
found no trouble in operating the unit.

The unit has provision for remote

. control -operation -from an external

switch. This may be the record switch
on -a tape recorder or some remote
panel switch. This provision will prove

" to be particularly useful in the normal
-application of the professlonal Dolby
_system.

The unit |s allgned by tnmmlng

_professional

potentiometers normally hidden under
a hinged panel. .

A reference tone is provnded wuthm
the unit, and the use of this; together

with the trimming potentiometer-
‘enables rapid alignment of the Dolby
“-unit --in - conjunction - with _ the

equipment with which it is'to'be used.
However, the quality-of construction

. is such that it is probable, that once

installed, the only problems will come
from ‘moving parts such ‘as the relays

. and.the trimming potentiometers, and

these .:should © be - good . for many
thousands of operations.

' The unit is constructed in a 19” rack
mounting module only 1%” high. The
power - consumption -is - particularly
low, being about 156 watts. These two

“factors should allow -easy installation
.- in existing equipment wuthout causing

problems due to space requurements or
overheating.

In- all - its charactenstucs,' the
Dolby - system - should

meet the requirements of almost any

- user who has signal-to-noise problems.

The users may range from recording .

studios to television and broadcasting

stations, ~or ‘even ‘to ‘the dedicated

- -amateur tape recorder -user who has

about $1,400.00 to spend (per stereo)
and for whom nothmg but the bes‘

L will do

Brlel & Kjcer,
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¥ previous  article . with ' _the .

~domestic Dolby. system reviewed here

is like comparing a Rolls-Royce and a

- '$2000 car. The domestic unit which
" we tested was .manufactured urnder

licence from Dolby Laboratories Inc.
by ‘Keller Electronics ‘Ltd. in Great
Britain. It stood up to the companson i
remarkably well,

The unit consnsted of two processors

' designed for -stereo use. Connections

are -made by ‘standard DIN .patch
cords.. These plug directly -into most

--amplifiers and tape recorders, making

for - the - greatest simplicity: .in
The ..major - simplification .:of _ the -
domestic {or ‘B’ type) Dolby system is -
that .instead - of four . processing °
channels, only one is provided. This :
provides compression or expansion at °

-above - approx.. 3kHz. :

meeting .most of the requirements of ©
the amatéur or audiophile. o
We unpacked the system and plugged :

.it into a tape recorder and amplifier,
" but then found it difficult to interpret .

the very brief instructions -provided

“ with the ‘init since the manufacturer -

35



DOMESTIC
DOI.BY

“Broel& chbr

- —y . g | e e v — P gt gt g

T 3 3 ) —f—

' Pohnliemm' Rnnuo:_.ﬂ_da Rectifier:_R.M:S. {owsr Lim. Froq. 20" Hz ‘wr, éeced: 315 mmsese. Papsr Spccd:_me)-ec. .

I

P~ —
T T

per divisi:

Rec.No:___._
o Dater
i Bign.s,

H 44
— 1 A P e v, B
B 18, 20 Hz 50 100 200 500 1888 2000 5000 . 10000 20000 - 40000 D

wnu Mulliply Frequancy Scaleby .=~ £ 7 Zoro Level: o B i {181372112) A B -CYLlin

TG Kee ,,@\, S g T nsaime A Sl e
Comtgen .,;’ N - ’

8 C L.

=

=

[T AT WA '

g poakut5oHnnd750Hzonm;sramrdmganrha e =
_mmmmP and third h i ofthasonmlmlnpurmrhememrocordar‘ A ~44—:ry

B i 4 RN e RS E AR B EB EE LS ol i S e

- L.REDUCTION OB .{ | used for this tast. e T
L > -] 1

Py 4
7 —= -

— T

—TAPE -RRCORDER — g

F%

14

£

>
il
L-\-

[

aEREN
|
}

Br . Potantismeter Rangs: _Eg. B Rectifier: _B.;M-.thm. Freq: 20 Hz Wi Spesd:- 3 qnisesc, ‘Paper Speed: 33 mim/sec.
v T r — YT

Multiply Frequency Scais by ; <7 Zevo Level: (1612/2112) A-B € Un

MEASURED PERFORMANCE OF KELLAR DOLBY B NOISE REDUCTION
UNIT KDB-1 SERIAL NO. 600261.

FREQUENCY RESPONSE 20Hz to 20kHz £ 1dB
{At Dotby reference level)

-Total harmonic distortion (see'level recordmg)
Signal-to-noise ratio {re Dolby reference level) 70dB
‘Channel separation 50dB at 1kHz
Tape reoorder noise reduction 2dB at 400Hz

o 9dB at 20kHz

3%

r
e
- U A V4
—~ Z i = A
B ] M
P~ I T
2. N 1
R0 N Rl T [ B R e
S — R oo
p o SN s v B
f - —d
— "t - -] — - — 4
—-20 -
AN - e B b e
Lo - \\ . -
AN e SEa SN —i]
HZ a8t i\ o i Y
- Cag. ? e g
T
— i P - 1 ¥ —
i 4 i R
fo . %0 Hz. 60 100 200 500 1000 2000 5000 10000 < 20000 - 400000 A B C Lin.

has deliberately set out to give the user
the minimum amount of information’
about how the unit works, even to the
omission-of .a circuit diagram. While
we “understand the manufacturer of
such equipment wishing to withhold
circuit information, . we feel that it

‘must -be compensated for by the
- provision .of very simple instructions,

{We .understand that the Australian

- distributors -are currently ‘preparing &
“more comprehensive handbook.) -’

~The procedure ' required for “setting
up is -to" play .a - prerecorded - tape
containing a -known ‘reference 'level -
signal. This establishes the gain of the .

~output amplifier or the tape recorder. -

The system is adjusted by the use of a'

*preset gain control in each channel. It
s intended - that ‘the tape - recorder

output - gain “controls and the preset
gain ‘controls on the Dolby unit should
be moved together so that the gain of ‘
all sections is about mid range. o
Having - ~established - ‘the - output"
conditions, a signal ‘is recorded on the
tape  from . the built-in’: reference .
oscillator which ‘must ‘be “adjusted ‘to '
give “the - required level on playback.

" This - in “itself is “a fairly complex‘

procedure - since it “-requires  the
recording of a signal for a few seconds
then playing back, then rerecording to '

_obtain - the -required ~level. . Having .

performed this operation ‘the system -
should be ready to use. - '
‘Problems began to arise when trymg |

-to set up the system. Instead of just

having one record level meter and level

- control per channel, there are now two

meters and two controls per channel -
and one common control -for both

- channels. The problem is to establish

which control to use and which meter :

-to believe. This was-a problem which
- wecould not resolve quickly so-we -
- finished - - ‘up Ieaving *it largely

unanswered

When ‘one comes to record or play
back, it is-essential that the correct
function buttons be pressed -{on the
Dolby unit) otherwise the system may -

‘go into oscillation. We found that even
“though - we" kriew _this, .on several

“recordings that we ‘made we ended up
with a garbled mess on the beginning

of the tape because of wrong control :

settings.

One further problem that we had

_with controls, was that the monitor

position can either be ‘Normal’, in
which - case, ‘it  monitors - playback
‘Dolbyised’ ‘or aiternatively ‘it can be

. 'Replay .Input’ . in which -case it

monitors on the playback head of a 3

“:hiead machine, in the record mode,or
playback - mode “without  the Dolby
~processor in the circuit. -

. The “result is that - ohe becomesv
~thoroughly ‘confused by - the vast

‘number ~of ' controls and rhadequate ,
“instructions. :
Having spent several hours getting to '
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this point, we were now in a posmon
to commence testing. :

s HOW IT,PERFORMED

“We found that in all departmeﬁts the
Kellar Dolby B system performed well.

. The level of distortion is a bit high at’

some levels and frequencies, but being
2nd harmonic distortion, it is not all
that serious. THe maximum distortion
is .about "2% at.the ‘lower levels -of
signal ‘input. 1t would appear that the
levels ‘of distortion  quoted by the

manufacturer - . are .-.for - -the . non-
“performance. -* The -

'‘Dolbyised’
distortion figures in' the Dolby mode
are difficuit to .analyse because they

can only be measured for pure tones, -
- Since the distortion is both level .and
“frequency dependant, it is difficult to
estimate the likely effect on alistener.’

We tried several subjective tests -and
could not hear -any effects or severe
~intermodulation - distortion ¢ or
harmonic distortion.

‘Many “of the .complaints whlch we
‘have about the ease of use may not be

““quite so valid after a longer penod of -
- familiarisation.

As measured by the end results the

Dolby B system is very worthwhile for:

the domestic user. We do feel however,

~that it will probably take some -time

for him to be able to .use the system
properly. There is plenty of room for

/the application of human engineering
on this .unit so -that it can be used -
- more readily by the average user, - - .-
- “We would like to see virtually all the

knobs with . the -exception of the -
record level control provided as trim -
pots hidden under a panel. While they -

are . all - necessary -~ on -the . initial -
adjustment, - after - this - they . .will
probably - not : be - needed. - Their

inclusion . tends to clutter the front-
panel .and make it more confusing for :

~the user,
Another

inclusion of a change-over relay which

- could be operated from the record

switches .in the tape recorder. While
this would add shghtly to -the cost of
‘the ‘unit .and would require a :small

" ELECTRONICS TODAY — OCTOBER, 1971

~ modification to the tape recorder, ‘it
" would allow easier operation without

the - problem . of ‘oscillation = which
occurs -if the record replay switch on
the Dolby ‘unit is not correctly set.
These: modifications ‘would -eliminate
the need to worry about any controls
on the Dolby unit other than the
record - level ‘control and ‘so decrease

In spite " of . the vast intrease ‘in
complexity caused by the introduction
of a Dolby B unit such as.the Kellar
KDB-1; the advantages of using it are

-unquestionable, in terms of the end
result. We consider that the Dolby B
system . will
““integral component in all ‘the better

eventually bedome an

quality - domestic recorders - (both

the user confusion.

» refinement - which would :
add to the ease of ‘operation is the

HOW THE DOLBY SYSTEM WORKS

] .

QUTPUT

INPUT RECORD
. LBY SIGNAL

VaVaValo¥
RINVAV/\VAV/Y
o VYV

TAPE -
RECORDER BY |
CIRCUIT

MODERATE
SIGNAL
 1=20 VU

%

_ 1. The'signal being recorded passes through the record Dolby circuit first. The Dolby -
circuit operatés on- the higher (‘‘hiss”) frequencies in a predetermined ‘manner,
depending on their loudness level. The loudest signals (Ovu) pass unaffectéd through

“the circuit. Signals of moderate intensity (—20vu) are boosted moderately, while the =
very soft signals (—~40vu) receive maxirmum boost.

 2 After being thus “Dolbyized,” the signal is recorded onto the tape It is at thlS
point that tape -hiss makes its appearance. You can see on the diagram how the
“record Dolby circuit’s action has made the low-level signal louder than usual, relative

“ to the tape hiss.

3. On playback the s1gnal from the tape is passed through the playback Dolby
circuit, which is an exact “‘mirror-image” of the record Dolby circuit. The playback -

Dolby lowers the previously boosted parts of the signal, by precisely the same

-amount ‘they hdd been boosted. The tape hiss — which made its appearance between
- the record and playback halves of the Dolby System —
--the same time by a very substantial amount, effectively '10 db or 90%. At the same -

time, because ‘of the precise ‘‘mirror-image™ playback “action, the Dolby  System

- causes no other change in the signal relative to the original source that was recordéd.

is automatically lowered at

cassette and reel toreet). . @
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8 artlfacnal system of sight.

Mini implant for implantation into a baboon. This wired-up bit as yet unsealed device was
built to establish absence of toxicity and resistance to body fluid. One lag/c package, one
raw recelver coil and three out of faur column receivers can be seen.

! HE researt:h “team- - is at" the
.4 ‘Medical ‘Research ~Council's
Neurological Prosthese Unit at

the Institute of Psychiatry in London.

“A prosthesis is any device designed to
replace a-part of the human body that -

has ceased to function (an artificial leg
is -perhaps .a -good example), and the
unit = is ‘concerned - with ways of
investigating how ‘it might bé possible
to develop artificial nervous systems.
* The director

and together . with an - electrical
engineer, Mr. P. E. K. Donaldson, he
heads a -team of ‘research workers

which'is trying to develop a system by

which people who are blind will ‘be

able, with the aid of a certain amount "

of electronic equipment, to distinguish
and . recognise
particular letters and words.

~The normal organ of sight, developed
over . millions
evolutionary ;process, is the eye. This

was originally a simple cell which was

38

~of ~the" unit is a"
phiysiologist, Professor G. S. Brindley, -

simple objects in

of - years. of - the

k 'Sensitive "ohly to changes in light -

intensity, informing an organism, for

example, ‘of the difference between -
“night ‘and day, but during the process
: beécome _the'
_complicatéd organ we have today.
inthe eye, incoming light is focused
- by a transparent lens at the front on to
" the retina, where there is-a layer of
.. light-sensitive . receptor . cells.
“light falls on one of these cells, it is
stimulated to produce-a minute pulse -
of electricity ‘which, ‘after a complex
system of coding, passes to the brain "
along orie of millions of small optical ~

of - evolution it has-

nerves.. The . brain . arranges all the =
-incoming -electric - impulses .into - a.
cohérent  pattern . -which . it . then

“rhatches against its memory store and
a .particular : set of -
~objects, or whatever the eye'is lookmg

recognises - as -
at.

would "~ be enormous  -task,
particularly :
understood “-quite “how

-oceur

‘development = in
When "

‘and © . circuits,

To attempt to lmltate such a‘system -

‘since it~ is' still not-
it works.

As electronic devices grow smaller and more sophisticated, so their range of
‘possible applications grows correspondingly wider, One field in which these
... developments are having an increasing impact is that of medicine. Already
rasearch scientists have produced, for example, a number of devices
“designed to assist those who have lost the use of a particular part of the
" body, and now a group of British scientists is working on a project which,
“if suecessful, will be of enormous applloatlon = the development of an -

Professor ~ Brindley’s  team  has

~-therefore by-passed the normal route,

and ‘has gone directly to that area of
the brain'where the signals are received
and analysed. The ‘method makes use
of -a ‘phenomenon that ‘was  first
observed . “by brain " surgeons in
Germany in-1925, namely that whena

.. certain point on the occupital cortex

— that area ‘of the surface of the brain
which deals with the sensation of sight
— is stimulated by the application of a
small electric current, a blind patient is
able to 'see’’ a small spot of light at'a
particular fixed position. These spots
-in- “different ‘places as the
stimulus is applied to different parts of
the " cortex,. although each position

“-cofresponds-to-a fixed point on the

cortex,; and the white spots created in
this way appear like ‘bright stars ina
dark sky.’

It has been realised for a number of
years that if some way could be found
of -applying simultaneous stimuli ‘to
various parts ‘'of the cortex, a pattern
would " be built up which would be
recognised again by the-patient if the

“stimuli were applied in ‘exactly “the

same places at a later time.

The - ‘practical - problems - to - be

“overcome; however, were enormous,
“both from the surgical point of view,
‘since “the  brain: -is
“sensitive -and delicate ‘organ; and that

“an’ “extremely

of ‘producing - the -necessary “electrical
apparatus. It is only with " the
‘recent - years. of
miniaturised - electronic -~ components
" by’ which - bulky
equipment ‘has been reduced to size
often little larger than that of a small
coin, and . “with - increasingly
sophtstvcated surgical techniques, that
Jit has been possible to devise a system
by which these ideas could be put into
practice,

~-The basic way in which the system

which has been developed by Professor
Brindiey, -Mr.” Donaldson; ‘and :their
colleagues, works ' is quite simple.” A
visual image of the object being looked
at is recorded by a television camera or
some -other means, -and this image is
then converted into a number of dark
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9 row-transmitters and receivers

20 column-transmitteérs and receivers

I

T

a5

At all 180 intersections:
© -video signal feeds transmitter pair;
receiver pair feeds AND gate

“Electrical grouping of transmitters and

‘receivers into 8 20 x 9 matrix. By this
1means 180 points on the visual cortex can .
‘be stimulated from only 29 receivers.

or ‘light 'spots, corresponding to its.

intensity at a particular point,.in much
the same -way ' as photographs are
‘teproduced in  newspapers. - Signals

“from each spot, indicating whether it

‘is dark or light, are fed to-one of a

“number of small transmitters .fitted
~into a cap which the:subject wears on

‘his head.: A number of receivers setin
‘a silicone rubber cap are implanted by

“surgery into the area between the scalp
“and the top of the skull, each receiver
corresponding to one = transmitter
“immediately above it on the outside of

the head. o
When -a transmitter receives a signal

“from the recorder, it sends out its own
~small radio signal which is picked up _
-by the corresponding r2ceiver inside
‘the scalp. The receiver then sends a
~small electric impulse along a wire to a
- platinum
. surgery .at -a particular place on the

electrode - implanted by

visual cortex at the back of the brain,

~causing the subject to see a white spot.-

~.Thus to each point o the visual

.cortex there corresponds - a certain
-intensity, an electric impulse is sent via
- the transmitter and the receiver to the

corresponding “electrode, causing the

- subject to see a flash of white light at a

particular -point - in “his visual field.

- Furthermore, ' if the  electrodes are

arranged on the cortex in such a way
that the flashes seen by the patient

.correspond to the bright areas of the
~image being looked at, a pattern will
-be  built .up which .can then be -

‘recognised by :the patient -as “that

_-belonging to a particular object.

...The system is similar to that of a

-television set, in which the intensity of

:a particular spot on the screen. as

illuminated by the scanning electron
beam corresponds - to -that at a
particular point of the field of vision
of . the- television camera, - the
information - being - transmitted from
‘the camera to the receiver by means of
radio waves. The image produced by
the system ‘described - above on the
visual field of-a blind subject, however,
is -at present much less sophisticated

“ than that seen on a television screen.

Not only is the image broken up into
far fewer dots, but also the dots
themselves are ‘either light or dark,
depending on whether the light falling
on the corresponding receptor exceeds
‘a certain -level, and any sense of
variation -in . intensity has to be
conveyed ‘by the number of spots
which have been lit up, rather than by
their individual brightness.

The large. amount of - information
that can be conveyed by even the

simplest system of dots can be seen-

from the fact that in the traditional
system of Braille used by blind people
to read, a combination of only six dots
in three rows of two is sufficient to

. provide a code for all the letters of the

alphabet.. A ‘coding systern, however,

o :

‘this

has many drawbacks, especially if the
blind person has at one stage been able
to see and therefore already knows the
shapes of letters and words. Professor

. Brindley's team is therefore aiming to

devise a system by which ordinary
letters used in normal communication

“"can be recognised by a blind person. it

has been found by experiment that if
the relationship between the individual
shapes of the letters to be projected,
and the positioning of the electrodes
in the visual cortex — and hence the
white spots of light in the subject's
visual field — was random, about sixty
spots of light would be required to
reconstruct. the individual ‘letters. At
rate, Professor = Brindley - has
therefore calculated that it will require
about six hundred electrodes to be

_implanted for the subject to be able to

read ten-letter words at one time. -
The first attempt at inserting a visual

prosthesis into a patient was made in
-.1967. Eighty radio receivers, each one
~connected to an electrode implanted
" in the visual cortex, were placed under

the scalp of a woman patient, great
care being taken during surgery to
ensure that any ‘chance .of gas

Picture i
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.
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Principlé of the visual prosthesis. The visual cortex of the brain is stimilated by electrodes
- fed from microelectronic receivers in an implant between the skull and the scalp.
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formation or electrolytic damage to
~the
Unfortunately, when the system came °

-brain- . was eliminated.

"_to be tried out, it was found that only

.in - working  :condition, - -and

‘that there were not enough to build up

“all the letters of the alphabet and so

"~ enable her to read -individual letters

without introducing an artificial code.
'The fact that half of the electrodes

~ did work, however, and that twenty of

" ‘them were still working - after three

—years, showed that such' an .operation
‘was

theoretically _.possible. - And

* Professor Brindley and ‘Mr. Donaldson
*have now developed a system with 180

‘rather
_~although it has hot yet been used on a
‘patient,
_efficient . in
““information to the subject.

‘than 80 - electrodes  which,

promises -to be - far: more
“conveying

To do this, it was impossible to

~increase the number of transmitters
- .and ‘receivers used, one of the reasons '
“being ‘the -sheer weight of the cap
“required  to -hold ‘them which the -
An -

subject would ‘have to’ wear,
alternative .- system ~ was:  therefore

~visual

-about forty out of the eighty receivers -
. were
although the patient was able to see
. spots of light  at this number of
* positions in the visual field, the way in
“which : they -were - distributed - meant

devised making use of a grid of rows .

‘and columns. The grid consists of nine
-rows -and twenty “colurns, each row
~and :each column corresponding to a
‘single transmitter outside the head and
-a ‘corresponding -receiver . under ‘the

> scalp.: The grid is made of intersecting

- 'wires, ‘and at each point of intersection -

“corresponding  to - the

‘there -is .-a _small - transistor - which

performs asa logic - dev:ce called an’

AND gate.:
This ‘means that |f the transistor

‘receives -two -pulses, one from' the

receiver ‘corresponding to -the column
and ~ one- “from . the
row : which
intersects it, it will send out its own

- electric pulse which c¢an be “used to
" activate an electrode. However,if only

one pulse is received, or if the two
pulses-do- hot ‘arrive simultanéously,

~the transistor remains inactive. By this

method ‘an-electrode can be activated

" at each ‘of the 180 (=20 x 9) points of

intersection - of ‘the ‘grid by sending

- “simultaneous impulses from one of the
< twenty column’ receivers and one of

~

the nine row receivers, in asimilar way

- receiver -

to that in which any of the sixty-four

-squares " on :the chess board .can ‘be
~referred to by indicating which of the

eight columns and of the eight rows it .

“lies at the intersection of. .
“ The great advantage-of this system'is’
“that only twenty-nine transmitters are

a0 s

The four types of package used in the implant: (top left) row receiver coll and capacitor;

hermet/cally sealed on/c package. :

"requnred rather than thé elghty used
“previously, and although the electronic =
- circuitry ~used is -more complicated,
'since two pulses rather than one are--
-needed to activate a single electrode,

the transistors are very-much smaller

“than the receivers, and the amount of
“room taken" up by the :apparatus

implanted under the subject’s scalp is
considerably reduced. - .-
:All the components to be |mplanted

“.are set in a silicone rubber shell which

fits -neatly between the scalp and the
skull of the patient. Together with the
transistors which make the AND gates,

‘there are 44 packages that have to be
inserted under the scalpiin’ this way,
-and -these . are divided
~different . groups. . The first are the
“twenty column receivers, which each

into four

contain both passive components and

“diodes,-and are_encapsulated in epoxy .

resin to protect them from ‘the body

‘fluids in which they will be immersed
for ~-a considerable period of time.

Similarly there is ‘the group ‘of nine
row receivers, each of which consists
of ~a . pick- -up coil “and -a - tuning

capacitor, and is agam encapsulated in

resin.
‘The thlrd group consnsts of the 180
transistor AND . gates. : These are

divided into nine packages — one for .
“each

row - — ‘each ' containing 20
transistors,-and each of these packages

‘has to: be' hermetically - sealed to
protect ‘the circuit against penetration -
Donaldson ‘has ,
- developed a special glass-to-metal seal

by tissue  fluid. Mr.

to do this, based on a method devised

by ‘the Royal Aircraft Establishment.
Finally - there .are six packages  each
“containing -a block of fifteen tantalum ,
. capacitors,

these ~ “again - bemg

““{top right) block of tantalum capacitors; (bottom Ieft) column rece/ver {bottom right)

« ~encapsul ated in resin.

The 'sealing is an esseritial part’ of the .

process,  since .. if & .. particular

‘component fails once it is ln place, it .
would be a long-and :difficult - task
- taking it out.and replacing it with a
are:
_ therefore carefully tested by operating’
. them continuously while immersed in

new ©.one. -All - the . packages

a-.warm .saline :bath untit . their

performance begins . to " deteriorate.
_-Already . the column  receivers have
"been ‘tested .in this ‘way, and -have -
shown .no'-measurable reduction .in "
~-performance after a period of six i

months,

Once the’ lmplant has been placed in e

position and the eléctrodes attached to
the cortex,  all that remains is ‘to

_control the .pattern  of the spots of

“light seen by the patient. This is done
by activating each of the electrodes in :

“turn, and asking the patient to point

Once the position ‘of the spots

“stimulated by all 180 electrodes have

“been _plotted

looked at, so that it codes the image in

‘a form that will be reconstructed and'
~’recognised by'the patient. : S
“This systern is yet to be tried outon
a patient, and until then ‘one can only
~-speculate - 6n
~ Brindley " and his colleagues - seem
confident, however,
"eventually ‘be "able to develop and
‘produce a method of restoring partial

its - success. - Professor

that they will

sight to blind patients that will enable

“them both to read and to gain some

|mpressuon of the ob;ects around
O

“them.
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 to that part of his visual field in which =~
-the spot appears.

: “in ‘this “manner, the
- information 'is incorporated ‘into the
apparatus scanning the object beingA
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~ EXPECT THE UNEXPECTED
THE NEW MIRACORD 770H

“The MIRACORD 770 H is the finest record playmg instrument ELAC ever deveioped. 1t shares all the‘
L exc|usnve features of the top-rated MIRACORD 50 H, however offers the following luxuries.

: . Vanable speed control with digitat stroboscomc speed indicator.

An illuminated indicator always visible on the rim of the turntable, gives you a digital readout of the exact
k speed and you can adjust turntable speed over a 6% range with the vaneble speed control.

e Ad]ustab|e head for setting optimum stylus tracking angle
"You set a small fever at the top front edgeof the cartridge insert for the number of records bemg piayed and
“"are sure of a correct tracking angle, whether you use the 770 H for single play or as a changer.

There are still more luxury features on thvs state—of the-art automatlc turntable — the ones, already familiar
to proud owners of the 5O H: - :

“The Papst hysteresis synchronous miotor, the exclusnve feather touch button control the 'stylus overhang
adjustment -for optimum tracking, the calibrated anti-skating control, the silicone-damped piston for gentle
cueing, the dynamically batanced tone arm, trackmg as low as ¥ gram the full-size 12-inch heavy non-ferrous
castmg turntable platter,

Now ELAC has4 MIRACORD Automatlc Turntables Avallable Model 770 H=80H ~630 - 610

: ELAC Tumtables can be fi tted w1th a choice of ELAC hlgh f/dellty stereo cartndges g
: STS 244 'STS344 . . STS444

! ! Freq.Range . 20-20,000 20-22,000 10-24,000
f | Static compluance (cm/dyn) “o...18.10€ 25106 . 33106 .

3 ® Stylus Force . 2 71,6=3 1-2 ©"0.75-1.5 ‘
f Sensitivity (1000Hz—10504) 18mV  1mV - 11mV :

) : Cross talk Damping {dB)- G220 24 28
A//// ////l{///y Trackability * .. ... - 159 . 1g . . 075g
o - A >601M and 100Hz " . . E

*(Treckab:llty means that at the specified stylus force and frequency, dmplltudes of over 6‘0}1M will be
faithfully tracked. This is well beyond the range of amplitudes occurrmg on stereo records) :

These cartndges are also smtable for use with any h|qh ‘quality turmable

o STATE DISTRIBUTORS

CNSW . QD WA, VIC - SA.
“Magna Tech- Brisbane Agencies Diana Investments Musicmaker P/L Newton McLaren Ltd -
tronics Aust. P/L° .78 Wickham St., - - P/L. 47 Angelo St., 395 Victoria St., - 82 Gilbert St.,
49 Whiting St., - Valley, Brisbane. ~ “South Perth. . - . North Richmond. = Adelaide, S.A.
* Artarmon, NSW. ! e B By e i
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ARREERY

A’ RONIGS... "18 | lmmer people
Don t get us wrong . As y0u can see, we're talkmg about hght dimmers. And some of our ideas are really
quite bright. The world s first totaIIy solld state d|mm|ng system for mstance - 100 watts or 100 kllowatts
;atatOuch ofabutton , o L T : - o
Or Australia’s biggest sellmg domestlc d|mmer the Trend 500 — over 10 000 in use already Or the
‘ND1200 Or the WSD Series. Or the MSD Series. ' : : : r : S

‘ln fact a complete range for every apphcatlon Iarge or smaII W|th iron core chokes by pass fllters HRC‘
fuses, RFI1 suppression to draft ASA Spec 1696 -and baHasts and transformers that add up to total light

_d|mm|ng capablllty

NATRONICS —-AUSTRALIA’S BRIGHTEST DIMMERS

NA’I‘RONICS PTY I.IMI‘I"ED

THE CRESCENT, KINGSGROVE, N.S.W. Ph. 50 0111
74 RAGLAN STREET, PRESTON, VIC. « Ph. 44 5021

’RH THE EQUIPMENT DIVISION OF IRH INDUSTRIES LIMITED
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imagination of two men,. one an
industrialist - and the

BECAUSE of the enterprise ‘and

Australian

‘other an official of the United States
:Department -of Commerce, ‘Australia
recently - played a major part .in .a
‘medical event that was conducted for
‘the first time. .~ -
20n.  Monday
-electrocardiographic data taken from-a
patient . at the US Trade Centre in
:Sydney was flashed directly to-the
“Mayo  Clinic - in- Minnesota,

August ~30,

US.A,
where it was analysed by a computer

“there.

Within three mlnutes the exammmg

TRANSMISSION:SHTE-
© U S TRADE CENTER
. SYDNEY+ AUSTRALIA
AUG 24 1971 . 1151 HOURS

CALT3RATION AND RHS NO1SE ANALYSIS -

inspects an electrocardiogram
during the recent demonstration
at the Sydney US Trade Centre.

doctor in Sydney had the analysis and
could . then - direct appropriate
treatment. L :

‘The doctor examining the patient at

--the Sydney Trade Center was Dr.

Ralph E. Smith who is Director of the
Cardiology Training Program at the
Mayo Clinic.

- Smith “has carried “out valuable
research work on computer analysis of
electro-cardiograms " and is .a world
authorlty in this field.

- The tw6 men responsible for this
event were Mr. Bill Tyree and Mr
Chester E. Norris Jnr. o

Mr. Bill Tyree donated the funds to

“PROCESSING SITE- |

. MAYO CLINIC )
"ROCHESTER - MINNESOTA USA
AUG 239 1971 . 2851 HOURS (CDT)

XCAL . YCAL-. ZCAL-  XNOS - 'YNOS . ZNOS = CLDV . NSDv
D33 1e80 099 04014 . 0-308 @007 [ 8.
392083 u'41 YEAR'S
: . LM RICRO-V F o7
. DUR AL Lo Mcmruue VECTOR POSITION . LDOP Rmmon :
PoWAVE - T 96 : .
MAX | MAL SEGMENT : . 114 ; L1a
PR - : R 72 e :
R-WAVE =" : - 88 che
INITIAL. “SEGMENT S . v SRSA ; [oF B A ]
MAX1HMAL  SEGMENT 856 P CW . cew
TERMINAL - SEGMENT RIP LI CW L cew
St - : Y] Lia
T-WAVE o= T ‘
MAXlMl\L SEGMENT
I R 392

NORMAL SINUS RHYIMH' RATE = 76

WITH & SUPRAVENTRICULAR PREMATURF CoMPLEX

¥1TH SINUS ‘ARRHYTHMIA

NORMAL . QRS~T MEASUREMENTS (41 YEAR QLD MALE ") -

PP T T POy N T Y

ANALYSTS COMPLETED

ansnsrensnpatonncanne
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"Miss Therese Healy {of Medicheck)

Latest electronic equipment can . ‘
monitor a patient’s heart in Sydney —

" analyse the data in the USA — and

transmit the resultant diagnosis back to
Sydney — all within seconds.

LLITE

‘_establis‘h the Bill Tyjree Foundation

which - created -and _ directs " The
Medicheck Referral Centre in Sydney.
He made the facilities and services of
the Medicheck Centre available for the
entetprise.

Mr. Norris is Director of the Umted

States Trade Center in Sydney.

Thanks to the high level of technical
competence - of -the 'staff of the
Medicheck - Centre -and the typical
enthusiasm  and energy displayed by
Americans = when ' they believe ‘in
something,  Australia“ not -only “has
available these modern ‘technigues and
servicés, in the August 30 operation it
became-out in front leading the way.

WHAT IS AN
ELECTROCARDIOGRAM"

The heart muscle (myocardium) is
an electrically triggered pump forcing
blood through the body’s circulatory
system, and an electrocardiogram is a
record “of ~the .electrical activity
accompanying this action.

The electrical ‘pulses triggering the
heart muscle are generated within the
heart -itself and cause the tissue to
contract and relax at rates commonly
between 60 and 80 beats a minute.

The electrical -activity “associated
with the heartbeat can be detected
on' the -surface of the body. Metal
electrodes are placed on various areas
of the body and pick up the electrical
signals ‘generated by the heart. This
voltage is amplified and used to drive

¥ an oscilloscope, pen recorder or other
output devices. :

This historic electrocardiographic

data is signed “‘a first!”’ by Dr. Ralph
Smith, Director of the Cardiology .
Tralnmg Programme at the USA’s °
Mayo Clinic.
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‘When electricity supplanted oil and gas lighting,

- it brought with it hitherto unavailable levels
of illumination. But something was lost, and
that was control of brightness. The development:

- ‘of solid-state power controls has once again made
! brightness control possible, and many people

. use dimmers to control incandescent globes.
. Contrary to general belief, fluorescent tubescan
- also be dimmed = this article tells how. "

IV

Jof ‘solid state devices such as the

lN RECENT years the development

¥ silicon - controlled rectifier (SCR),

and more recently the Triac, has made -

practicable " - the - development - of
compact, light ‘- ~and . inexpensive -
equipment  for .- dimming - - both -

,mcandescent and fluorescent lamps..
Incandescent lamps are fairly easy to
dim and a few simple circuits were
shown in the  article -entitled ‘A
Practical Guide to Triacs’ in the duly
1971 . issue . of
TODAY. .0
“This “ present article explains how

fluorescent lamps can be dimmed —"

and our constructional project on page

- ELECTRONICS

X

construction of a dimmer that is
" suitable for: both " incandescent . and
fluorescent . ‘lighting,  ~ {some

far better results will be obtained by
using a circuit specnflcally desugned for
this purpose).
Apart from the correct choice of
~dimmer, it is essential that the correct
type of fluorescent lamp and auxiliary
control equipment is used. "

Two types- of lamp ‘are- generally' o
~These - are

available . nowadays.
commonly known as “quick-start"” and
“rapid _start”.. The main difference
‘between - 'the  two . is- the - filament

B0 - of _this - issue  describes :the "voltage. Thisis 8.0 voltsand 3.5 volts
J—=rs LAMP FILAMENTS ~——q
(o
_NEUTRAL LANP
u
STARTER
“SWITCH
CACTIVE g
O “Ho0000

FIG 1a SWITCH START CIRCUIT BALLAST
s CHOKE
e GATHODES ———y
SACTIVE BALLAST LAMP ~
CHOKE o
FILAMENT TRANSFORMER

NEUTRAL

. O=

"FIG. 1b STARTERLESS CIRCUIT

44

“commercially made light dimmers can
be used to dim fluorescent lights but

several

respectlvely

The ‘quick-start lamp is -now gomg
out -of fashion, and atmost all lamps
-sold today are ‘rapid-start’. Any new

“dimming installation” - should = be
planned around | the rapld start type
STARTING CIRCUITS

Figs. 1a and 1b show the two most
commonly - used fluorescent  lamp .
circuits. - . Figure  1a - shows the
‘Switch-start’ circuit. This is the type
most .commonly found in existing
domestic installations.. 1t is " used
because it is sumple and cheap.

The second circuit (Fig. 1b)} shows
the “‘Starterless’ system. This is used in
“commercial installations because it has
‘operating - advantages that
offset the higher initial cost. :

“The fluorescent lamp i$ ‘basically a
<Mmercury discharge lamp in'which short

wavelength' - ultra-violet - -radiation -

produced - by . ‘the = discharge, - is’
‘converted to " visible light by a
phosphor ‘coating on the inner walls of

- the tube,

most “other gas discharge
fluorescent . tubes  have “a

Like
devices,

. negative resistance characteristic; that
: ‘is, unless the current is limited by

‘some means, the lamp will draw all the

~current available until either the Iamp

-or the supply source fails.
A resistor could, of course, be used

“.to limit this current, but this would
* result in excessive power losses. Hence
~an inductance is used, because at least

in theory, this will limit ‘the current
without in'itself dissipating any power:
‘In practice some power is wasted due
. to'copper and iron losses. ,
- In" - the - “Switch-start’ circuit, a
“thermal starter switch closes for a
short time when power is first applied.
This - allows ac power to - heat - the
- filaments. When the switch opens, the
ballast choke gives an inductive ‘kick’
‘and the lamp starts. This is a brute’
force method. 'Each start strips
“emissive materlal from the cathodes,
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"'FIG. 2. FLUORESCENT DIMMING CIRCUIT -V

open the ballast and separate these

O~— ‘LOAD
ACTIVE | o
L
U em—
04ut}
= moaé w
— ; :
0.1uf 0.1uf ; : .
NEUTRAL
o

FIG.3. TYPICAL DIMMER FOR DOM EST‘IC INSTALLATIONS .-

until finally the lamp fails to start. The

starter switch, . nevertheless keeps on
trying . to start the - lamp .and the
- familiar clacking sound is the result. .

""The "'Starterless’ circuit {Fig. 1b) is
a better system. Instead of the starter
switch, a filament transformer is used
- to supply continuous heater power,
thus the lamp starts.
without such a drastic stripping of the
cathodes. . Thus lamps in . starterless
circuits have a longer life than those in
switch-start circuits.

“‘Neither - of “these ‘circuits ‘can “be
~dimmed = ‘satisfactorily without
modification. In fact, it would not be
possible to dim the lamps by more
than  50%  without the lamps
extinguishing and falling to restart.

THE MODIFICATIONS REQUIRED
“ Fortunately - quite - a
‘modification to the starterless circuit
considerably improves operation. All
“that. is necessary -is to  supply the
filament transformer directly from the
‘mains, whilst the dimmer controls the
current through the ballast choke and
tamp. (Fig. 2). :

Thus to dim . existing fluorescent

lights the following changes ‘must be
made -

SWITCH START CIRCUITS

{1) Remove and discard the starter
. switch. T .
{2) install afilament - transformer.
. 'Make sure that the transformer
~has the correct filament voltage
for the type of tubes being used.

noiselessly, -

‘simple .

Filament . transformers for this
“purpose can-be ordered through
‘most electrical wholesalers.
Install an additional active fead
from the fitting back to the active
.side of the dimmer.. . ;.
Make sure that the flttmg ‘is
properly earthed. A good earth is
. ... essential for reliable starting.
‘At first it seems-a simple matter to
" “convert a starterless circuit to dimming
, ~~operat|on : .
However, ithere is a snag and that is
that the majority of starterless fittings
use a ''Rapid-Start” or ’Quick-Start”
ballast.- This consists of the limiting -
-choke : and -filament . transformer
contained in the one can, and only one
active lead is brought out for both. .
At is practically impossible to cut

{3)

)

“This industrial dimmer from Natronics is
rated at 2.75 kVA. ‘The unit is specifically -
«designed to minimise fhckermg at /ow light
fevels. : .
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-point .this - cireuit
~dimming . ‘both ..

leads. The complete assembly must be

discarded and a separate -switch-start
pallast -and . filament . transformer’
installed. Similar additional wiring is as
for the switch-start conversion,

. -The circuit of a typical commercial

dimmer is shown in Fig. 3. Up to a
s suitable for
incandescent - and
but  at  Jow

fluorescent - tamps,

illumination levels the inductive nature

of -a fluorescent load will -cause this
circuit to hunt and the lamp to flicker..
This flickering may be reduced by
installing ‘a resistance in parailel with
the fluorescent load. This can-be either
a 1500-2500 ohms, 50 Watt resistor,
or an - incandescent globe. - If .an

-incandescent globe .is “used,  the size

should be related to the VA rating of
the fluorescent foading on the d immer,
as shown below: ~

d|mmer Ioadmg , incandescent Ioad
SM00VA 15 Watts

300 VA . 25 Watts

700 VA 40 Watts

1000 VA 60 Watts

Only one resistor .or lamp will be
required -across each dimmer. This will
reduce the flickering to some exterit,
but as'most of the low level flickering
is caused by assymetrical triggering of
the Triac (caused by lack of symmetry
in the triggering diode) it is better to
usea dimmer that has been specifically

~designed  for ‘use with “fluorescent

a5



 FLUORESCENT
LAMP
 DIMIVING

“the constructlonal pro;ect elsewhere in
- this issue. : ,

DIMMER LOADINGS e
.- Solid-state ‘dimmers ._are .rugged
~devices. > They . can ‘@ be .. used
“continuously .at - their . maximum -

designed . rating . but  ‘they -cannot

withstarid any appreciable -overload.
This may be taken into-account when
‘calculating dimmer loading

With incandescent lamps, calculatrng
‘the load “is ‘a simple operation, A 100 -
Watt famp consumes 100 Watts. ‘Six-
"100 Watt Jamps consume 600 Watts.:

“But with fluorescent ‘lamps it is not
“that simiple; for the ‘ballast' choke
fcauses the fluorescent circuit to have a
‘lagging - power - factor. Loading must,

therefore, ‘be based on the volt/amps -

VA) ‘rating of the Iamp, not the
wattage. ‘

“ The VA’ ratmgs of ﬂuorescent tubesl

“are given'in Table 1.’

“Thus, as can be seen, a dimmer rated

for a 500 watt load, will in fact be
'suitable “for only  five 40 ‘watt

‘fluorescent tubes and not 12 as mrght :

be expected :

A Tseparate ballast and fllament
transformer ‘must, of ‘course, be used
for each lamp.

Preferably all’ lamps on one drmmer
circuit should be of similar. wattage.
This ‘is because the “light output of
“different lamps does not decrease at
‘the ‘same rate for srmrlar drmmer
“settings.

“The varlatlonn N

“ratio 'of - lamp™ ‘volt/amps :to - lamp
wattage.|f, -for example, a-20 watt

“lamp must be paralleled with-a 40 watt .. -

~lamp,then a ‘special ‘auto-transformer

type of ‘ballast must be used to make
“the volt/amps:wattage ratio of the 20
‘watt lamp equaI the 40 ‘watt lamp
'(Flg 4).

< The use of these specral ballasts will

“improve tracking, but there will be less
_starting voltage available and flickering
at - low - illumination-
“increase,  Multiple - dimming - of
dissimilar lamps should, therefore; be
dvoided wherever possible, .~

POWER FACTOR
An tindimmed 40 watt. Iamp has an
uncorrected pqwer ‘factor of 0.4

, , . ACTIVE
: Ilghting = as has the one described in -~

- SWITCH :.
. 5
‘BLOCKING
‘INDUCTOR
" DIMMER
B POWER FACTOR
g : l CAPACITOR
O

: ‘dlmmmg
;‘characteristics\ is -proportional “to ‘the

- inductor, | if "
- filament -
neutral —'as shown in Fig. 5, . :
A “dimming’ circuit ‘that has “been’

: r o neen
levels  may . power - factor :corrected to a factor of,

FIG. 4 AUTO TRANSFORMER DIMMING ClRCUIT

" FILAMENT
PRRKISCH P E CH ~ } TRANSFORMER
‘ — AUTOTRANSFORMER! o IO ACTIVE
DIMMED 1 | BALLAST ' : g = a
i » ' - [~
= 1 , o
o 1 i
. o 1 =)
[ { o
250v a ; ' , g
BOHz . | , LAMP' S
e | a , o
oo \ . ) o
i : :
i I T S
; S I ) L o
NEUTRAL | 0T S
o L O s NEUTRAL
e a il mwwd : 0

USED TO MATCH TRACKING OF DIFFERING LAMPS“ '

. ON/QFF

- FILAMENTTRANSF‘ORM'ER :

lagging. This may be brought back to

“ about 0.85 1agging by adding a 3.5 uF
¢apacitor - in parallel with the ‘lamp

circuit. : r
In areas where frequency :n;ectron is
used to control off-peak water heaters,

~‘a blocking inductor must also be fitted
-’ to prevent the capacitor bypassing the = -
injected tone {which is usually within 7
~the frequency range 750 =~ 1050 Hz)..
Power factor capacitors must never

‘be” fitted across the output of the
dimmer because the surge current
drawn by the capacitor will exceed the

‘rating of the Triac or SCR and destroy
it. The capacitor must, therefore be -

“‘located on ‘the mains “side of the ¥ 2 'Warmwhite

dimmer. “This “can ‘be achieved by
‘wiring ‘the capacitor {and ‘blocking
used)

transformer - active ~ and

say, 0.8, will only remain at 0.8 at full

‘output.. As ‘the dimmer reduces the

lamp = current, . the inductive
component  of the dine current is
reduced, but the capacitive component

- remains the same. Thé nett result is’
that the power factor, as ‘the dimmer

Tube Indicated Wattage

' Tab/e 1. fhi.é‘tab/e'

15,20 0r 30
4 .
65 .

‘80" -

. VA Rating shows the VA
90 o ) rating of various .
R size fluorescent tubes.
100 . : -
-180
210

46

between the

o

- “FIG.B. FITTING OF P.F. CAPACITORS TO DIMMING FITTING

“level is reduced, moves towards unity

and eventually becomes'leading. Some

.. councils get very . uptight about this,
.- but the power factor becomes leading "
“only at very low power levels, and
~dimming - circuits
- operated “at .these Ievels for extended .
perlods . o

~ VERY LOW LIGHT LEVELS

. Where very low" light levels are >
. srequired, the followrng pornts should

are . very - rarely

be noted:—

1. Lamps should be ‘pre- aged for at

jeast 100 hours and then selected
~for minimum flickering.
“{low
temperature) - lamps- behave -very .
much - better ‘at low -levels ‘than -
‘Daylight’ or ‘other high colour ;
temperature types.: . ‘

colour -

3. Heaters may need to be used at

very Jow ‘light "levels as low -wail
. temperatures will cause unstable arc .
operation.

- 4. High loaded larnps stich 8 the two%"

foot 20 ‘Watt, or “five foot 65/80 .
Watt, operate better at {ow levels
“than low loaded lamps suich as the
four _ foot 40 Watt types. in -
~.extremes - the - tube*
protected from’ air currents -and, if

E . possible, a heater should be used.

'operated e

5. Tubes ~ should =~ be .
horizontally. . .

8. Low loss choke type ballasts should
be used, - :rather . than.
“auto- transformer - types, - for -
;mmlmum flicker. - : L
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" “better

" driver's

Brake fluid

!

reservoir for 3 12V
Pum . Torear
tr;e;l'lle?nl’ ) ~re|avp + .7 tontrol vaive .
Y! ’ ; 1 .
u = | Electric =% =) Non- | lprassure i
= * pump a valve switch I To offside-front
Cenll ] ) " . ) ey control valve

Return from ~= L — ‘Low pressure brake fluid - S Lo
offside-front } - Pressurised brake fluid
and rear - : -—
~control vaive - g f )

V ' 5 + 5 i a . -

- ! = —~] Nearside-
12v % front

- Electronic n;\odule

~jcontrol vaive

Latest electronic wheel anti- - )
locking system should reduce
road accidents.

. LTHOUGH * “braking sv'stem' -
: performance and tyre adhesion" -

characteristics ~have - improved
substantially over the tast 10 vears,

- skidding due to wheel-locking (arising

~from too" fierce “application of ‘the
“brakes) continue to be a factor in a

. large percentage of road accidents.

. And - whilst.. advances .- in  the
‘understanding “of the stability and
controllability of vehicles has led to
“handling -characteristics and
“improved ' steéring geometries, - the
frictional characteristics of the road
.-surface ~ especially under wet or icy
conditions — - remain ' probably the
“greatest potential “hazard to  most
drivers. '
= Inan “emergency
natural - inclination is ‘to
apply maximum foot pressure onto
the - brake  “pedal. Normally, = and
especially --under adverse ‘ weather ‘or
road surface conditions, this leads to

wheel-locking “and either skidding of

the “back of the-vehicle, or loss of
steering control,‘or both.

“Anumber of compames are actively
developing system’s that

the  unskilled

detect

the

! | Nearside-front
i actuator

-incipient ‘wheel Jocking -and release

brake pressure accordingly.
An - electrochydraulic -method - of

_ ssensing wheel tocking was foreseen by

A. F. Poynton of Britain's ‘Genéral
Electric- Comipany -in ~1960, and :the
Duniop “Maxaret ‘system, which ‘uses
flywheels ‘and valves to operate a full
power - system, “has ‘been . used to
prevent wheel locking on aircraft for a
number of .years. Whilst the Maxaret
system ~has been ‘installed -in aircraft

for some years ‘it has always .been .
considered too complex and expenswe
for cars. ‘ ’

But now -an elegant “and _cheap
electronic ~— hydrauhc system has been
developed by ‘the Girling division -of
Joseph ‘Lucas. The system .— named
Girling-Lucas - - Wheel - Slide
Protection System (WSP) is adaptable
to all ordinary hydrostatic-hydraulic
brake. systems. It provides individuat
sensing control at each wheel. -

The wheel

attached) a - train. of ' pulses
produced. These pulses, which have a
freguency - proportionate = to “wheel
speed, are then amplified and then fed
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deceleration signal s

‘derived from a magnetic pick-up and
toothed disc mounted -behind each:
brake drum or disc.

" As the toothed disc revolves {at the -

speed of the road wheel to which itis .
are

Yo oftside-
frontactuator

Torear -
actuator

Brake pedal

N

into a differentiating circuit that closes

" a switch if a pulse rate change at a rate

that indicates a wheel deceleration

. greater than 1.3G. {This is the level at
- which .incipient wheel Iockmg ‘takes
: place) ;

A very sm’lple and ‘ingenious method

 has been developed to enable the WSP
- system to be used in conjunction with -
. standard hydraulic brake systems. ‘

:This has beenachieved by using a

" “hydraulic ring circuit pressurized to

300 ‘psi. The purpose of this high

. pressure circuit is to close a control

valve inserted between  the master
cylinder ‘and each - individiial whee!
cylinder. This valve which' is solenoid
actuated, is controlled by signalsfrom

: - the electronic speed sensing-circuit.-

exceeds “the 1.3G
the solenoid is -

“When a ‘wheel
deceleration  level,

. energised and the control .valve cuts
-off the brake line pressure to that
.- particular wheel. ‘At the same time a

port is opened on the wheel-cylinder -

. side of the controt valve and admits a
- small guantity of -brake ‘fluid into a
- cavity formed in the control valve ~- -

reducing ‘the  ‘pressure - at = the

‘- wheel-cylinder - -and “thus reducing
’ deceleration of that wheel.

:As soon as the wheel deceleration is

~reduced (due to this reduction of

hydraulic pressure)  the " actuating
solenoid is .de-energised and hydraulic

- pressures restored.

. The complete cycle is repeated tén
“times- a second ‘until the vehicle stops
or -the driver reduces  brake -pedal
pressure - below the wheel-lockin'g
point.

~The system is extrémely effective

. and braking " distances on wet ‘and

greasy roads are dramatically reduced.
This system . is 'still experimentat but

;. it'is ‘believed that it may be put into
. -production in the near future, ®
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 MINIATURE
 REGULATOR

Corfitinuousty variable
from 2.5V
Current limited from 0

10'b amps.

STATRONICS PTY LTD

Model No STA 2503206

<TATRONICS

>

PTY LTD

52 Excelsior Street,
Granville South, 2142.
Phone: 637 1840

agt

5, To -give

to 32V, .

Youth Radlo Clubs

Young peop/e throughout Austral/a gain the/r know/edge of
rad/o and e/ectron/cs through the Youth Rad/o Clubs Scheme.

AII young peop|e interested in radio

and electronics should be aware of the

Youth “Radio Clubs  Scheme, that
originated in NSW in 1962 and now

operates in all States of Australia. The

scheme has grown steadily due to the

dedication ‘of “the ‘voluntary workers

who administer the scheme and in no
srnall measure to the enthusiasm of the
members themselves.

Objectives of the scheme are:

1. To develop in ‘young people, an
interest in radio and electronics as a
.vocation, or as a hobby throughout

Clife.

2. To provide school students with a

hobby " ‘that --will - reinforce - their

\ school -activities - in *science and

" mathematics, {the = YRCS ' Senior

- Certificate is accepted as a Leaving

Certificate subject in Victoria). - -

3. To assist youth clubs by providing
programmes of.

ready-made
_activities,

i 4, To co- operate wuth schools ‘youth

‘organisations “and *.other clubs to

- foster “an “interest in . radio and

electronics." Lo S
‘encouragement ~and

recognition to members who show
~:theoretical and practical ability, the

YRCS ‘awards” a series of -Radio’
" ‘Proficiency Certificates graded "at
o gix levels; these are: 1. Elementary,
2. Junier, - 3. intermediate, 4.

~“Senior, 5. - Advanced, 6. Instructor.
Comprehensuve notes” for - each  of

these ‘examination courses ‘cost about

Presentation of Certificates
Léft to right: K.J. McLachlan
Victorian Supervisor. A
Cr. F. Kennedy Mayor of Croydon
J. Leddin St. Johns Radio Club."
Honours Jnr. Cert. . . ..
Brother F. Whittan, Leader St.
Johns Radio Club. :
K. Baker, St. Johns Radio Club,
Honours Jnr. Cert.

M. Surace, St. ./ohns Radio Ciub

" Cred. Elementary Cert,

1. Whitehead, Croydon High
School Radio Club, Honours
Intermediate Cert. .
J. Spapens, Croydon High School
Radio Club, Club Leader and
Instructor T

YRC-Vlctona ’

The Youth Radio Clubs Scheme in-
Victoria is - developing .rapidly, and :
| ‘'many new Clubs have been formed in.’

the last three months.

Recently ‘St. John's College - Radio
Club, - _BRAYBROOK,&_ VK3BSJ

- importance of the

received  their

Cr. " Frank . Kennedy,

75 cents per Certlflcate Courses are
open to all boys and girls over 10 years
old, and the organisation 1is strictly
non-political,. - sectarian, and

-hon-commercial. =
- The YRCS scheme has value when
_young people eventually seek jobs, for -

many . employers understand - the
scheme - and

recognise the:

~Examinations. :
. Many of the clubs have Amateur Call
S:gns and this ‘not only  provides

amateur radio
experience :‘but allows them to discuss

students - with

" “'many technical and other matters with
“peoplein countries all over the world.

Full details of the Youth Radio Club

-Scheme ‘can be’ obtained from the’

YRCS Supervisor in each State.
N.SW.. J. Flynn, 30 Sharp St
Belmore, NSW. 2192. ,

~:Vie: K. J,-McLachlan, P.O. Box 39‘
“Mooroolbark, Vic. 3138,

"S.A.- A. Dunn, 18 Maekmlay St
Edizabeth Down, S.A. 5113,

Qid. ‘R. A. Everingham, 30 Hunter :
8 St Everton Park, Brisbane. 4053,

W.A. L. Jessop, P.O.- Box 1002
GPQ Perth, WA. 6001,

Tas. R. Emmett, C/- ngs Meadow .k
High School, Gay St., KlngS Meadow, -

Tas. 7250.

The YRCS also has a correspOndence '

section -for  young - people living=in
outlying areas. - The. address of -this

- section -is == YRCS, 34 Flower St.,
“Ferntree Gully, Vic. 3156.

» Club - Registration
Certificate - from~ ' 'the - Victorian
Division. - This . - Certificate - . was
presented by the Mayor of Croydon,

Honours - Certificates  to rnumerous'
successful students : [
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lntroducmg the

" most effective compact
speaker system ever...

' Wharfedale...

_There’s no doubt — with three scientifically

matched speakers the new Whagfedale Triton
outclasses most other speakers twice the size

and many twice the price. In the Triton an-
8” bass unit is complemented by a 5” mid--
range speaker and a 1” tweeter; these specially

designed and matched speakers offer restraint-
free bass response, smooth middle frequencies
with ‘outstanding “presence” and high fre-
quency performance which adds the final touch
to a very satisfying compact speaker system.

Examine the specifications of the Wharfedale
Triton -closely. See how much more the

Triton offers in terms of musical promise.
Then pay a visit to your nearest Simon Gray
dealer and listen. You’ll be agreeably sur-

——————————q

Simon Gray Pty Ltd., |
28 Elizabeth Street, Melbourne, 3000
‘ Please send me all the facts about the
- '* Wharfedale Triton. .. and thename
] of my nearest Simon ‘Gray dealer. i

NAME...... . ]
\ ADDRESS...._. =
17 . 1
| ... . . POSTCODE.. ... |

T v ooy Wnt e oo Sttt i Wty i

prised; furthermore, as you listen, you will
become more and more aware of Triton’s
fatigue free sound. This is quality you can
listen to hour after hour — quality that’s

“almost impossible to find in compact speaker

systems. Wharfedale . . . truly sound for all
seasons! ;

SPECIFICATIONS: Size: 213" x9}" x 9.
Frequency response: 55-20,000 Hz.

Speaker complement: 8" bass unit; 5" |

mid-range reproducer,1” tweeter. Cross-
over: 7 elements, 3 way. Impedance: 4-8
‘ohms, Power handling capacity — 18
watts R.M.S. Finishes: Oiled teak or
polished walnut. Recommended list
price: $159,

o

‘*‘W~W“7‘?:”ﬂ;-%uﬂ5~mﬁ:ﬂw:,%@,h_ R

s T

TS

o : , Australlan Natlonal Dlstnbutors. .
¢ Sam@m Eray PG %E@cﬂ.

; . ‘ 7Head Office: 28 Elizabeth St., Melhourne. Vic. Tel
e ! Sydney Office: 83 Victoria Ave Chatswood, N.S.W. Tel.

-Canberra Office: 25 Molonglo Mall Fyshwu:k A.C.T. Tel. 95 6526
- -Adelaide Office: 301 South Terrace, Adelaide S.A. Tel. 236219

8101 "‘Telex 31904

L

INTERSTATE REPRESENTATIVES: .

N.T.: Plitzner’s Music House, Smith Street, Darwin. Tel, 3801 :

Q'land: Sydney G. Hughes, 154-158 Arthur St., New Farm, Brisbane.-58 1422
Tas.: K. W.-McCulloch Pty. Ltd.; 57 George Street, Launteston: Tel. 25322

7 WA Athol M. Hill Pty. Ltd., 613-615 Wellington Street, Peith. Tel. 21 7861




it Js possible to 'dim fluorescent

s our artic‘ie‘bn'p‘age’44 explains,
j \lights' over a limited range using'a

‘dimmer -that “has “been “designed for'

‘incandestent lighting control.:

“But it is very probable that there will-

be severe flickering at low light fevels.
. Although . this  flickering = can be
reduced - by ‘various techniques, it “is
primarily .. caused by . asymmetrical
current flow-in the tube, i.e. current in
‘one"half cycle s greater than current

in the other half ¢ycle, and unlike the =
100" Hz flicker that is present at all:
times, asymmetry introduces a 50 Hz .~

component that the eye can follow.
The most commonly used method of
light ‘dimming today is phase control,

{described - in detail in our article ‘A '

Practical - Guide - to ‘Triacs ~July

1971).

“In this method the effect:ve powerl :

|nput to the lamp is. adjusted by
varying ~ the proportion: of ‘each
half-cycle of the mains wave-form that
is'supplied to the load.

‘Most domestic 'dimmers sold today '

use this operating principle and havea
circuit basically similar to that shown
dnFigi i

“This - cnrcwt WI” control ﬂuorescent i

loads fairly well ..providing . ‘the
triggering " ~'diode - is - selected - for
A

‘Fig 1. Many commercially available light
‘dimmers use ¢ircuits similar to this.

50

‘This causes flicker.

" placed .on ' the - dimmer ;
Table "1 shows how the VA rating is .

DIMMER

i —

~ symmetrical operation, but triggering

-diodes-are not generally sold this way
and - 10%" rasymmetry s

the ‘diode Wwill trigger on one half-cycle
at 'say,: .32 Volts and ‘on the next
Triac only ‘on  alternate -half-cycles.

. The same asymmetrical - operation
will - also occur with -incandescent

Joads, but due to the thermal inertia of -
“the filament, the visual effect is much

less noticeable.

" The dimmer shown in thls proyect

overcomes-the problem of asymmetry.

It provides “as ‘nearly as possiblé .an -

ideal -and “symmetrical ‘waveform for
fluorescent tubes.

_Some flickering may still occur at

very low light -levels ‘because -the
fluorescent ‘tubes themselves may not
beperfectly symmetrical. {The only
way  to achieve  ‘totally flicker-free
operation ~is* 10 “use .:a . variable
frequency “supply.-The cost of “this
method ‘would be enormous even -if
the PMG ‘were to agree to its use). -

‘The .maximum loading that ‘can:be

calculated. It is also possible to-use a

" combination of both fluorescent tubes
and - incandescent {amps -and .in “this

case the VA rating of the incandescent
~lamp s simply-its normal wattage |e
100 Watts equals 100VA :

i

\ ;

“onot:
- 'uncommon. - What - this means"is that

~ half-cycle at 29.5 Volts. And so at low
light levels the diode may ‘trigger the -

is- 700VA.°

B>— PHOJE(‘.T"

508

- This 700 VA dimmer ensures smooth and almost
"flicker-free con trol of fluofescent lighting

 CONSTRUCTING THE DIMMER

", Construction

_ is - fairly Simpie, but
remember ‘that this unit is connected
1o ' the ~main 240" Volt supply and

follow our :instructions carefully =

especially those - sectlons concernmg

: msulatton

The circtit d\agram of the comp\ete
unit “is shown in Fig. 2, and the foil

pattern of ‘the printed -circuit board in:

Fig‘ 3.:Metalwork drawings are shown
in° Fig. 4 "and ‘the complete assembly
drawing in Fig. 5. :

1. Mount the potentlometers on the ‘

chassis and cut the shafts to’ the

required .= length.” “ The -~ minimum
adjustment " potentiometer should “be -

“eut short and slotted 5o that |t may be
-adjusted with a screwdriver. - '

" Insulated - wires should < niow’ b
soldered .onto the respective terminals

- of the potentiometérs ready for .later

attachment -~ to the prmted circuit
board. 5 : :

'Glue a piece of"inSulatihg material -

0.035"’
the:

thick™ -and %"
back ‘rof 'the ‘

0.025" :
diameter ~ to

.- potentiometers.’

" 2. Before mountmg the Triac a iead

must -be “soldered -onto ‘the ‘top edge
“{i.e. . nearest  the :terminals).

When
doing this, place the Triac on-a piece’’

.of copper or aluminium 0 act as a -
~ heat sink,; and use the minimum heat
krequured to make agood Jomt B :

- Tube Indicated Wattage

- ——— " Table 1, This table
_VA Rating -shows the VA

15,20 or 30
65
80

90 } ‘rating of various
{00 - ¢ size f/uorescent tubes

i:180
21Q
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3. Cut a circle of mica %" diameter

.and 0.002” to 0.005" ‘thick. This may

be cut out of a TO3 washer if required.
Glue this mica washer to the side of
the chassis, 0sing ‘epoxy glue. Then

“glue “the" Triac to the .centre of ‘the

mica. The epoxy glue should extend
complétely over the top surface of the

"!mica to prevent the mica splitting. The -
‘new ‘five minute’ epoxy glue is ideal

for this purpose.

= 4, The rf choke {L1) should now be .
- .wound following the details shown in

Fig. 6. Then ~wind :“the = pulse

“transformer as shownin Fig.-7. Care’
Lo must be taken with the insulation —

there is 240 Volts ac between the
‘primary and secondary Wmdmg on this
‘transformer.

~ 5. The .components can .now :be
soldered ‘onto .the  printed -circuit
board. Locate transistor 02 so that it
is about-3/16" off ‘the' board and

transformer T1 sothat it is about 1/8""

off ‘the board.: Capacitor C1 s
mounted :flat on:top of the diodes.

. Fig. - 8 .-shows . the location of all
_components. .
6. Glue the choke L1 on top of the :

50k potentiometer, and connect one

lead to- the “‘cathode’ of the Triac

(larger of the two terminals}. -~

7. Connect the lead, which is soldered
to the case of the triac, and the second
lead from the choke to the appropriate
places -on ‘the  printed circuit board.

8. The printed circuit ‘board shéuld

.-now be mounted on the chassis using

6BA . nuts --and - bolts - and 3/16”

insulating spacers. Make sure that the-

board - is reasonably ‘level and is not
touching the Triac or the chassis.”

9. The leads from ‘the secondary of
the pulse transformer should now be
twisted together. One lead should be
connected -to the Triac gate and the
'second lead connected to the Triac

‘cathode’,

10." Connect - the Ieads"from the
‘potentiometers . to their . respective
locations on the printed circuit board.
- 11, Insert - two' short “lengths - of
23/0076 240 Volt insulated wire
through ‘the :slot inthe chassis and
solder “one end 'of each to the

- -appropriate solder lands on the prmted

-cifcuit board. :
12. Place & piece of -|nsu|atmg

material over the back of the printed
" circuit -~ board © and - fit [ the' cover

temporarily “in position. When doing
this ‘make sure that no bare wires can

touch-any metal. The dummer is now

ready for testmg

\

Ci -_Jg 1
033 F Terminal 1.
g:?g\?# . {Cathode)
O

EM404
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Terminal 1
i{Cathode) P
Lo s e ar TUURT
? - - 120k
o ermiinal 2

{Anode)

ZD1\K;

BZY88
C30 -

" Fig, 2, .Cbmple‘te cireuit diégrafn of the ET 508 light dimmer. -

PARTS LIST .
FLUORESCENT DIMMER ET 508

capdcitor 0.033 uF, 630 Volt,
Philips type 2222 342 60 333.
tapacitor 0.047 uF, 100 Volt,|
“"Elna, greencap.

diodes EM 404,

diode TN 914

zener diode BZY 88 C30

Triac type AC 10 DR ;
‘programmable unijunction
transistor type D13T1 -
miniature potentiometer 50k
linear type CTS 200 or
similar. S R
miniature - potentiometer .2

Megohm, . type CTS 200 -or

- Similar.”
choke (see ~text) wound ‘on

ferrite _plate" 7/8”
19mm x 3.8mm.. ;
pulse transformer (see text)
wound on Neosid core type
-159x.375/2xB6/F 14,
~(Neosid Pty.-Ltd., 23 Percival

" St., Lilyfield, NSW.} - =

R1 < “resistor:120k, %2 Watt, 5%.:"
R2 =7 “pesistor 22k, Y2 Watt, 5%,
One 3 way switch plate HPM 553, 0ne
switch mechanism - "HPM - 550,
insulation’ material 0.025" - 0035”
thick, mica’sheet, 6BA x %'’ bolts and
nuts, 3/16" 'spacers, insulated control
knob, wire, .epoxy _glue etc. Metal

work, printed circuit board ET 011.

Iong X

51



o 10130

2 HOLES 5 DIA.

© CHASSIS AND COVER *

i MATERIAL‘ 22 G. ALUMINIUM

TESTING

If. a Megger is® avallable check the
insulation by twisting together the two -

- leads - from  the dimmer and ‘testing
- -between ‘these two ieads and the metal
chassis. . {Fig. 9)." A reading of several

Megohms should be obtained.

If "a“Megger is not available then
- “check ‘by .using the circuit shown in
. Fig..10. The lights should not glow at

“call = if they do then there is an
‘insulation” breakdown “within - the

52

(EE N
. 2HOLES "

Fig."3. Foil pattern of .
the printéd circuit
board. Note that this
. is shown here exactly
twice full size,

Fig. 4. Détails of = "
metalwork. . . E

i)

is assembled.

P'C. BGARD
. s -

k F“;g5 How the unit

" ANSULATION

ADIMMER
FOR
FLUORESCENT
LIGHTS

3" LONG SPACERS

MICA -
. INSULATION

INSULATION +

‘dimmer. ‘If an isolating transfortmer is
not 'available the same “test can be
made by connecting the mains directly
to the dimmer via a 16 Watt g!obe as
shown'in Fig. 11

1f the test must be done W|thout '

using an isolating transformer, place
the dimmer on a thick :dry newspaper

and ‘take extreme care ‘not to touch =
“either the dimmer or the leads whilst

power s conne‘cted to the circuit
Having completed the insulation’ test

.. ~~connect the , ,
" incandescent globe as shown in ‘Fig.-...

Jight just’

cuTt SHAFTS TO
+ 'DESIRED LENGTH

dimmer - t6 . an

12. Turn-both potentiometers fully
anticlockwise and switch on the power .
to the dimmer. The light should not be
on, ' now  turn -up - the minimum:
adjustment :potentiometer -until the
~glows. - The - ..main
potentiometer ‘should ~now  control
brilliance up to the maximum level.
If flickering is'evident, switch off and '
reverse the connections from the pulse

“transformer to the Triac.
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Single 1ayer close wound

PR
“Insulation’= Plastlc Tape

/ . -
i’lilils&l?'cﬁl? 90 00000 0000000000 . ‘
,»"
CHOKE - -
. A ——— . a i .
CORE %" LONGPIECE - FIG.9 =
"OF 19 x 3.8mm V A SRR : : : ,
- FERRITE , A oA B ‘ L DIMMER
 Fig. 6. How to wind the choke L mn | [1Tous Q-
: S ‘ R 15w GLOBE g
. : , N 2400 240v , PR
f R = )‘—SecondarySmgle o FIGO10 :
Primary 3 layers . .
‘clt‘)sea\:youngv; BS wire worrereee 'ay;céosszvﬁgund A i DIMMER g
! ’ ’ ’ &
Primary Start Primary Finish : - 15w GLOBE
Lty Single layer - ' ’
e e %" wide tape *" . g
K 2|ayers I r X rIixxl o '
an widetape # m ) %’i ::/\ll:erstape - FIG. 11
. PULSE TRANSFORMER ; R ‘. : o i Fe i
CORE-NEOSID TYPE The “unit ‘may riow be glued t6 the notes are intended for guidance only:-

SECONDARY LEADS

r—p———
———

22 Bsw|re ——’000000000000009

_DIMMER -

159 x .375/2 x B6/F 14 .
X / S .~ front plate and the cover glued onto

" 35" wide cellulose tape -
recommended :

3
epoxy glue). Connect the two ‘wires

- from the dimmer to the switch.

INSTALLATION

‘Fig. 7. Details of the puilse tranisformer — o
follow the construction exactly as shown.

Any “modifications " to the  house

" wiring must: be- .carried out by a
licenced electrician and the following

MIN. ADJ

-

w

=

m B

O .

el RV2 2 MEG POT.

E - MAIN CONTROL
w ' - OUTPUT

-d i . :

2 Fig. 8 This drawing shows the location
w of all components.

o

5 | cHokeE

l.‘l

‘FTlRlA'vC' | o1
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~ with
‘. necessary is to connect the dimmer in

‘the chassis {use Araldite or other

50k POT

- 'Fig. 12, Having checked out the
insulation test the dimmer this way. -

1f the dimmeris to be used solely
incandescent “loads, all that' is

place of the existing wall switch. _
if fluorescent lamps are to be used,

first read the article on fluorescent

lamp dimming {beginning on page 44

of ‘this issue),  and then refer to Fig.
: i a ‘composite drawing

13. ‘This

showing - “the wiring required - for

“~Narious - combinat |ons of fluorescentf
“lamps.

A single fluorescent lamp’ w0uld be,
connected as shown in Fig. 13a. if twin
tubes are used then Fig. 13bwould be
applicable.

Figs. 13a and 13b..,
There may be occasmns when 1t is

1

o
A
s
|oimmer
 INCANDESCENT,
N

If both single and twin
- fittings ‘aré 'to ‘be paralleled then use



' ADIMMER i s
FL“ORESCENT S r o aeTive 9 NeuTRAL
UGHTS o T

ACTIIVE I , j LRI onidER B
) . . — i RYD1 ;
LOOPING T Ll ) L - - OR . |
, - TERMINAL ' e S I AL
ACTIVE ~ . L AR R X
Looout A OUTPUT ; L RGAA e d ) 21 mallastio :
FLUORESCENT | \ FROM ~° : ] — St Lamp ; . ’ :
ONLY v DIMMER RSO N ML RN ISt I SRR AN R pmmmpmpmpn R A ORER TR o :
HPM. ' : ~ Lo o Sl ' f
SWITCH sHown
|
, B . o i )f ¥ . . : RTuz
e ‘ o RDTZTP . -
z . ! E ALL AM
/ i e 1 : : : ARE RAPID START
; . il . ] Sulthmp
I : . : : R a3s - 4 > [ otmte |-
Fig. 14. This shows how the dimmer is B ; ‘ . SeitLamp : L
connected to the HPM 550 switch. R L S A B e s e Lo
N . : X s ¢ ) ; 20w LAMP
‘necessary toparaliel -a twin 20 Watt e S = : B ) . . o
fitting and a single 40 Watt fitting —in =~ o e D LANP eAek
. . e PN . ¢ . . : 40w LAMPS
this case use Figs..13a and 13c. e R ST R I B S I S MM
‘No -matter “what combination of . o ‘ — T E o ,
fluorescent -tubes are used it will : o e —
always - be necessary to install ‘the ' RN - ) : Tun 20w
resistor - {or _incandescent - globe) as S R |
-shown'in Fig.:13 and explained in the ... ~~7 77777 TR T I RN S LTI T i
fluorescent dimming article.
-Again, as explained in the fluorescent e
dimming article, filament transformers Cusomy
must.be used. The correct type of : B LAMS
transformer. for each appllcatlon is < 1 :
shown in Table 2. RIS S . B L o :
Filament transformers ‘may - ‘be et b b SEETT SN o
ordered through your parts supplier or : : i
through -an - electrical” wholesaler.- Our B L AAA

“experience “is that ‘most companies do ‘ o ; : g P
not -hold - them in stock  but will = - S e R PRt 1

willingly “obtain ‘them agamst a firm I e . e : : 5 ;
order. L4

FILAMENT TRANSFORMERS

NAT- FER:-
; . RONICS  GUSON
Single ‘rapid start

tube \ RTDI1 ROTITP

| Twin rapid start :
tubes . " RTD2  RDT2TP

Twin rapid start ) .
tubes 20 Watt . .
(to track 40 Watt) -~ +~—— RDT3TP

‘Single 20 Watt to

track 40 Watt. )
(use NAT 120D . Ll : :
ballast) RTD1 .. RDTITP

" RMRMRMRMRMRMRMRM RMRMRMRMRMR =
BUILD A 2-TRANSISTOR ELAPSED 'rmtg
o METER counting up to 999.9 hours (1 hour g
2 equals .6 , minutes), using our PMG  4-digit =
g ¢ounter. " Circuit diagram .and Instructions in- &
3 cluded with this month's order. - Have fun next o
T weekend.. Send off ‘now-~2 for $1.50, 1 'ors
2 $1.00, Post paid anywhere. -R.M. Enterprises, &
Dept: T, P.O. Box 144, Marrickville, 2204. =

LRMRMRMRMRMRMRMRM RMRMRMRMRMR!
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Make it a big sound—a good
sound-the sound of fomorrow.
For that you need a big
loudspeaker with big

" performance. That's the
-Plessey 12U50 with 50 watts

RMS power handling. it will

" handle any sound you can

make—truthfully. The sound you
make is the sound the people

hear—only bigger. With the
- Plegsey 12U50 you can let it
‘all come out-and be sufe that
- all the people hear it all.
- The 50 watt Plessey 12U50 is .
well known on the sound scene.

Distributors: -
N.S.W

It is undoubtedly the best selling

. -speaker of its type in Australia.

It is an excellent performer with
high reliability. Most leading groups
.. use Plessey 12U50 speakers in
their systems—-why don’t you?

Want the technical details?
Write NOW to:

L T e

Plessey Rola Pty Limited . . e
The Boulevard Richmond Victoria 3121 .
Telephone 42 3921 Telex 30383 - -

~— General Accessories, Lawrence & Hanson P/L. Martin ‘De Launay Pty. Ltd. Vic. <~ Lawrence & ‘Hanson Pty. itd., General Accessories; Radio

“Parts i’ty; Ltd. Qld. — General Accessories, The Lawrence & Hanson Electrical Co. (Qld.) Ltd. S.A. — General Accessories, Gerard & Goodman Pty. Ltd.

W.A. — Atkins Cariyle Ltd., General Accessories. Tas. — W & G Genders Pty. Ltd. Homecrafts, Tasmania. ) . ARa3

4
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I fRAN's first venture lbeyond" the 3
= orbit “of Mars - into 'the outer . :

solar system ‘will begin with the -
" faunch of two spacecraft, Pioneer-F and
- Pioneer- G,
- 'missions - which will -last about two
years each.

“These" spacecraft will be the fll‘St to -

penetrate the - asteroid belt "and to

“ reconnoitre the giant planet Jupiter.’

After atrip of more than 800 million
kilometres to Jupiter, each craft will

<, spend about a week orbiting the planet
‘27 with -the ‘period of closest approach -
~.and - maximum .
- covering about 100 "hours.

~interest
“Closest
approaCh is planned to be about
160 000 km .:

. One goal of the mission is to assess
hazards in deep ‘space and to develop

‘scientific

.. technology -and operations experience
j for "'Grand - Tour’

.missions to-the
Couter . planets -~ Jupiter, - Saturn,
_ Uranus, Neptune and Pluto ~ planned
for the'late 1970s.

';,:fTHE SPACECRAFT

Pioneers-F and G will ‘be identical

"7 spacecraft weighing about 250 kg each

“and carrying 27 kg of scientific
i instruments. Each will be capable of
performing 13 scientific experiments"
: » including - photographing -
Jupiter with ‘better detail than can be
‘- obtained with earth-based telescopes:
- ;. The Pioneers will be powered by four -
- radioisotope thermoelectric generators
producing ‘a total of 120 W of electric -
‘- power. -

in - space

‘The -spacecraft =~ will - be

* stabilized "in space by $pinning at five

" revolutions-per-minute in the plane of

"the earth’s orbit so that a three-smetre

" diameter directional radio antenna will
:~be pointed constantly at earth.
The spacecraft will be launched from
Cape Kennedy on “a: direct ascent

trajectory. At third stage cut-off, the

‘Pioneers will have a velocity of about:
151,840 km/h 414.4km/s) -believed the

‘~fastest a ‘man:made object will have

“ever travelled in space.
CsAdnlike:
" missions, specmc dates for planetary

recent . ‘Mariner . “pl anetary

- encounters by the Pioneers will not be

" “established prior to launch. This will
-give greater - flexibility -to ‘trajectory

.+ plannihg for such long missions.

o s

in-1972 and 1973 on

‘penetration . of

“and

S “radioisGtope”
thermoelectric .+
generator (RTG)’

{atinch o
separation’ ”
Cring AU

science .
.ainstruments

. raduorsotope ;
e thermoelectric
Liv-generator (HTG)

LAUNCH DATES

. Pioneer-F ; will " be launched in late

February or ;early March 1972 with

“the trip to Jupiter taking from 600 to :*

'900'days Pioneer-G will belaunched -

“in April- 1973 wuth a comparable trlp ,
“time.

EXPERIMENTS

" The 13 scientific experlments wrll

.make a broad ‘study of a number of

interplanétary - phenomena, . possible

‘hazards of flying through the asteroid
< +belt,

influence = on
and the

sun’s

-, .space’
.galactic
radiation into the solar system. They
will .. measure - hydrogen . atoms,
" electrons, nucler of hydrpgen helium
other ' elements,. " and
interplanetary magnetic field.” . -

. the =~
interplanetary

- .cosmic

~the

They  will
“heliosphere, - the: region of - the sun's
. influence -on"the ‘space -envitonment; " =~

_-and they will look for the boundary =" - |
and

& magnetometer \K '

gather

where ~ the heliosphere . ends
galactic space “begins. These studies
should “provide new understanding of

the -nature ‘of the sun’and of the .

effects of the hellosphere on earth.

‘THE ASTEROID BELT e
“spend SiX
. “months ‘to a year passing throtgh the -

—asteroid “belt which circles .the sun"

Both' - spacecraft " will

from 288 to 528 million kilometres.

There may be as many as 50,000
:-asteroids ranging from the 768 km

diameter Ceres down to bodies about

1.6 km in diameter. There are differing
- estimates on ‘the number of asteroids =
smaller than one mile in diameter. lt is

ELECTRONICS TODAY — OCTOBER 1971
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-« precursors to the outer planets

estimated that thére is enough material
in the asteroid belt to form a small
‘planet. :

he “experiments wrll measure the
‘intensity and polarization of sunlight
reflected from -asteroids and cosmic

dust - (zodiacal - light) ~to ~ allow’

calculations - of - overall quantmes of
cosmic debris.

The instruments -will |dent|fy the'
elements making up cosmic radiation:

and measure speed and direction of
these particles within the heliosphere.
They - will ~also “measure cosmic ray
‘particles outside the heliosphere if its
boundary is reached ‘before the limits
of spacecraft communications.

“Near - Jupiter, . the Pioneers are
instrumented - to " gather - information
which is still lacking about the planet.

In ‘addition, scientists will perform a:

celestial mechanics experiment and a
radio-occultation “experiment - by
analyzing - the radio 'signals from the
Pioneers just before and just after they

pass behind the planet for about one

hour as viewed from earth.
Earth-based studies of Jupiter have
‘not yet revealed whether the surface

gas,

JUPITER

Jupiter ‘has a fnass some 318 times -

that of earth and its period of rotation

is-about 10 hours, Scientists hope to’

gather clues as to why a planet with a
diameter -eleven times that of earth
rotates more" than twice as fast as
earth. :

Jupiter has 12 moons, including,

three, - lo, Ganymede and Callisto,
which are larger than earth’s moon.

The = atmosphere is made up of
hydrogen  with - minor amounts of
methane, -ammonia and = probably
helium.  The surface is hidden by a
dense -{ayer ‘of -clouds ‘which “forms
slate blue ‘and :salmon prnk bands
around the planet.. : :

THE RED SPOT , .
Within these bands a huge red spot

was detected some 300 years ago. ‘It

drifts very slowly about the same

latitude but it floats relatively rapidiy -

in fongitude. in the last 200 years the

ELECTRONICS TODAY — OCTOBER, 1871

of the giant planet is solid, liquid or

. lmagmg photo polanmetry

Instrument :
imaging photo-polarlme'ter

_Principal Investigator -

Dr. Thomas Gehrels _
University of Arizona

‘Magnetic fields

Instrument

helium vapour magnetometer
Principal Investigator

Dr. Edward J. Smith
Jet - Propulsion
(JPLY, :
Pasadena

Plasma -

{nstrument

electrostatic . analyzer plasma
detector - .

Principal Investigator

‘Dr. John H. Wolfe

NASA-Ames Research Center

Charged partlcle composrtlon
Instrument

solid state detector

Principal 1nvestigator

Dr. John A. Simpson
University of Chicago

. Jupiter charged particles

Instrument

Geiger tube teléscope
Principal Investigator

Dr. James A. Van Allen
University of lowa, Ames .

Cosmic ray energy spectra
{nstrument

cosmic ray particle’ detector
Principal Investigator

Dr. Frank B. McDonald

. NASA-Goddard Space Flight
- Center,
- Greenbelt, Maryland

. Jupiter trapped radiation

Instrument }
trapped radiation detector
Principal Investigator

‘L.aboratory - ;

"PIONEER F” AND "PIONEER G" EXPERIMENT

: Dr. R. Walker Fillius ‘
- University of Cahforma at San

‘Diego ,
Ultraviolet photometrv :

Instrument

Jdupiter

Technology

ultraviolet photometer

Principal fnvestigator

Dr. Darrell L. Judge
University = .of

! Southern
California :

infrared

thermal

structure

Instrument

infrared radiometer
Principal {nvestigator .
Dr. Guido Munch
California Institute of |

. Asteroid-meteoroid astronomy

Instrument

4 optical telescopes
Principal Investigator

Dr. Robert K. Soberman
General Efectric Company

. Meteoroid detection

Instrument
penetration’ cells
Principal Investigator

" Mr. WilliamH. Kinard

13.

NASA-Langley Research

“Center,

Hampton, Virginia

. $-band occultration

Instrument -

the spacecraft radio transmltter ;
Principal Investigator

Dr. ArvydasJ Kliore

JPL

Celestial mechanics
Instrument

‘the spacecraft “and the Deep

Space Network Doppler radar
Principal Investigator ]
Dr. John D. Anderson

JPL
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\ustralia’s larg
semlconduc

/

- Austraha s most expemenced &
manufacturer in Semlconductor techmques,
provide for the Industry

[0 Devices suitable for all apphcatlons

- [0 Comprehensive appllcatlons laboratory services
O Ready avallablllty v1a branches in all States

e

Ooooooo L 0o o

THE ELCOMA DIVISION

Electronic Components &Materials
'Philips Industries Limited.

S Sydney « Melbourne « Brisbane
Y AdelavdeoPerth Canberra » Hobart

‘as. :sea ’
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“Pioneer=-F and
‘Pioneer-G’

red spot has circled the planet three
" times relative to other features on the
-rapidly rotating planet. Thus the red
spot, a'major feature of Jupiter which
is not tied tightly to the rest of the
planet, is of major scientific interest.

RADIO NOISE

- Jupiter periodically emits huge surges
of radio .noise. It appears to have a
magnetic field of .its own, similar in
shape to earth -but far stronger, and
radiation belts an ‘estimated one million
. times' more intense than earth’s. : -

UNUSUAL ENERGY BALANCE

/The planet s believed to be the only -

planet in. our solar - system -which
radiates’ more -energy ‘than it - absorbs
from the ‘sun, current measurements
indicating about - twice a5 much;

these observations: are correct, they '
show that Jupiter has a very dynamic .

interior ‘and ‘may “have processes ‘at

work which are 51m|Iar to a star’s such

as our sun.

Because of “its great distance from
earth, - Jupiter “is always seen ~from
earth almost completely illuminated
by sunlight so that little of a dark
Jupiter can be observed.

- The infrared -radiometer
provide data to analyze the thermal
“balance - of * Jupiter from several

different angles and establish whether'
the planet does have an  unusual .

internal source of energy. :

Data returned by the Pioneers durmg
the period of closest approach to the
planet will be used in studies of the
‘composition and dynamics of the
.. Jovian atmosphere, its ¢loud structuré
and its - interaction  with . the
3 lnterplanetary medium.

Instruments aboard the Pioneers will
measure Jupiter’s radiation belts and
determine the strength of its'magnetic
field. They will try to determine the

mechanism producing the planet's -

massive radio ‘emissions and measure
the planet’s internal source of energy.
Scientists also will -study” Jupiter’s

bow shock wave created by thesolar

wind striking the planet’s magnetic
field and they will gather data onthe
temperature and - composition - of
“Jupiter’s upper atmosphere ‘and look
for hot spots in the atmosphere. Also
to be  studied -are ‘possible auroral
regions near both poles and levels of
heat radiation from the dark sude of
the planet..

COMPOSITE PHOTOGRAPHY

A versatile instrument, .an imaging
.. photo-polarimeter, will take images of
Jupiter ~which can - be built into
“photographs of . the - planet. The
instrument will have ‘been used earlier

in-interplanetary space '‘to measure -

‘ s‘hould ‘

Engin’éering model of the Pioneer-Jupiter spacecraft readied for thermal testing.

zodiacal light “and changes in light
reflected - by the planet indicating
characteristics of Jupiter’s surface.

The camera-like device will use the
spin of a Pionéer to scan the planet in
narrow strips in both red and blue
light. - “Investigators will * put the
elements -together to make composite
pictures of the planet, about one each
hour.. 1t “may - be - possible to
superimpose . élements taken with the
red and ‘blue filters to -make colour

- pictures of the planet.

It has not- been determlned when
picture-taking will begin: it may be
some days prior to closest approach 50
that - operational techniques can be
perfected © for _ closest” approach
photography. 1t is expected that the

. resolution of the earliest pictures will

be about that of earth-based telescopes
and that the planet's image will span

only about 70 of the field of view of

the telescope. .
‘At closest approach (about 160,000
km) the planet’s image will span about

400 of the frame. Taking pictures in .

strips - three-tenths-of-a-degree © wide
the camera will complete a pucture
every 25 to 50 minutes.

DEEP SPACE

After - flying  past- Jupiter, the

“Pioneers will continue into deep space.
. “Their trajectories will be dependent on

From the sun.

‘back in  toward ‘the - sun,

the final ~aim point near - Jupiter
selected for each spacecraft. Pioneer-F
could fly a spiral course away from the
sun until it escapes the solar system
beyond - the -orbit of Pluto  which
averages-about 5.76 billion Kilometres
{t will be the first
man-made object to do so."

Pioneer-G's -trajectory -couid make it
the first spacecraft to fly out of the
ecliptic plane:{the plane of the earth's
orbit around ‘the sun). It would fly
passing
millions of kilometres above the North

oles of the inner planets.

It is not expected that the Ploneers
could continue transmitting data to
earth through all extended mission
conditions. Pioneer-F's 8 W radio, for
instance, will be too weak to be heard
1.6 billion kilometres beyond the orbit
of Jup\ter

Ploneers F and G are managed by’ the
United :States National Aeronautics
and Space Administration -{NASA)
Office’ of Space - Science - -and

~"Applications with project management

by the Ames Research  Center,
Mountain View, California. This team
managed Pioneers 6 to 9, all of which
are " still - operating “in mterpianetary
space.

Prime contractor for the spacecraft is

.~ TRW Systems Group. — NASA. @
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HE ° Acoustic . Research - Inc.
+-Model :AR-3a speakers ‘are the
most sophisticated = units ‘that
"this “company “have ever  produiced.
They incorporate a numiber of untsuat
design features, such as a %’ diameter
high frequency ~hemispherical dome
tweeter, - cand -a - -1%" - mid-range
hemispherical -“‘dome ~speaker. - These
have a dramatic effect on the radiation
pattern at the higher frequiéncies. - -
- +The AR-3a speakers are delivered in
heavy cardboard boxes with adequate
protection for all faces and edges.
Each enclosure is 14" wide by 25"
high by ©11-3/8"". deep -and is solidly
-constructed - from *heavy " pineboard,
- Finished in oiled walnut veneer. The
grill cloth is a buff-coloured hessian —
like material. . -
The overall appearance is unobtrusuve
and ~conservative and would readily
blend in with most decors.
The speaker complement consists of
a 12" acoustic" suspension woofer, a
1%" - midrange ‘hemispherical . dome
speaker and a %'’ hemispherical dome
tweeter, the total’combination having
a ‘nominal impedance of 4 ohms. The
‘crossover frequencies are 575Hz and
B5000Hz. * Independant - level “controls
are fitted to ‘the mid and hlgh range
drivers. -
The low frequency crossover mrcwt
is an LC network utilizing a massive
. 206 microfarad block-capacitor, one
of the largest ‘used by any -speaker
system manufacturer. An LC network
- is also used for the high frequency
.. .crossover, The 12" woofer has a rather
~small magnet, . -measuring
approximately . 3" . diameter by 2%"
deep.. The small size of this magnet is
* . particularly noticeable when compared
.with  the midrange speaker which has a
4" diameter by 1%’ deep magnet
- -assembly.:
The speaker box 'is mternatly filled
:with: {oose fibreglass: wool.: A -paper
“membrane is “fixed - with - adhesive
around -the - back of ~each of “the
speakers < to  protect them against
damage from the sharp and abrasive
wool. . -
AN mstructlon leaflet prov:ded with
each enclosure provudes w:rmg and
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We test Acoustical Research AR-3a loudspeakers
“operating instructions. A 'guaranteé
‘card is also “included.  The wiring
‘details -are very ‘brief and :make no

comment on the importance of correct L S = MEASURED'PERFURMANVCE OF AR-3a

“phasing of the speakers for optimum ~ & : ' SPEAKER SYSTEMS S
“stereo reproduction. The leaflet does, E e S/N 003770
however, give igood advice on speaker = ‘
_focations f?:)r oStimum‘responser i Frequency Response: ... . 25Hz to 16kHz * 6dB
. All Acoustic Research speakers are ~ Electro-acoustic .
guaranteed for a period of five years efficiency: .. ‘ 1.0%
* against - -faulty ~ workmanship  and | L R Sy AR
performance - in normal use..-The E|stort|on T A Input Power
. - requency ; 10 watts 20 watts
guarantee . is- comprehensive, and 50H 2 : , : 5% 2%
" includes not only all parts and labour 1004 . S oy ? 1,/292
costs, but also freight costs 1o and = - Z R : 47 : Do 2 o
from the factory or nearest authorised _ Power Input 50Hz - : 1 25 watts
service station. This guarantee now for 3% total - - wn 4o T 100Hz . 32 watts
-applies in Australia‘although this is not “~harmonic S AkHz ; 36 watts
- stated specifically -on the guarantee.” distortion ' - bkHz ~ 15 watts
The guarantee card {(which should be = ' : .
returned within 10 days of purchase)
‘requires not -only the name and- Measured range of Ievel controls o —— ;
address of the dealer from whom the Frequency . Mid-Range = . High-Range .
~“speaker ‘was purchased, but also details : Lo Control i . Control
of the tuner, amplifier, turntable, - 600Hz » L. a7 26dB - ~
cartridge ‘and tape recorder used with , 1kHz AT ' 29dB -
the speakers. i © . AkHz , e R 22d8
One speaker had an apparent fault, ; 10kHz _— o

this would of course be covered by the 15kHz |
five year guarantee.

As is our ‘normal practice, ‘we flrst
subjected the speaker to -a listening -

Manufacturer’s speclflcatlon for directional charactenstucs
.. {450 of centre of the speaker)

. ; - Frequency S R
test and then to full laboratory 400Hz %dB below Ievel measured on axis
measurements. ‘For the subject_lve tests 1kHz 1dB below level measured on axis
we played some of our classical and - 3kHz " 1dB below level measured on axis

= %dB below level measured on axis
15kHz - e ' %dB below level measured on axis
" 20kHz - : - 3dB below level measured on axis
“Dimensions: Lo 14" x 25" x 11 3/8"
Weight: . R ¢ - B3 1Ibs o
Price: R = $998 per pair.

light orchestral ‘tapes and records 10kHz

electronics
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CLASSICAL
- SIMPLICITY

‘Mid arid high-range level
‘controls are accessible
from the rear of the unit

thro‘ugh ‘the speaker .- and were

~impressed with the exceptional clarity

and absence of colouration. .
- ‘The speakers are capable of faithfully
. reproducing every instrument. -

1t was immediately apparent that the™
‘efficiency was slightly lower than most

other :speakers -that we have tested,

'The “manufacturers - acknowledge this

point - and * recommend - ‘that  the

amplifier used to drive ‘them should

~have at least 30 watts average output.

At s mterestmg to “note that the ;

‘manufacturers do not specify an upper

power input level, particularly in view

of  the “guarantee = given,. They -do

however recommend the - fitting . of
“fuses between speaker and amplifier to

protect “the speakers from excessive
drive.

: The * méastired frequency response‘

with ‘both  level controls at maximum
~setting, . confirmed ~our

in-'the frequéency
and ‘-above

“a ;slight ~ fall-off
_response- -below 35Hz

:16kHz; a-point of no consequence for

“good hi-fidelity reproduction.
‘“The  radiation
conventional type-speakers is directly

dependant on the input frequency and

-as the frequency increases, .the main
beam radiating -from the cone usually
‘decreases, resulting in a considerable
-Joss ~-of diffusion " of . the " higher

frequency components; these may not -

‘be heard unless the listener is directly

in front .of the speaker. The diffusion’

produced by the AR-3a is two to three
times - -greater, . (depending ' on
“frequency) than- that obtained from

:most other conventional speakers. This .-

ensures - a - considerably “-enhanced

‘en

~ non-directional sound reproduction in

any room, We were in fact surprised to
find that the radiation pattern was
within 6dB across a 1200 arc. (As a

 matter of ‘interest we have-included

. “frequency - components

~the finest

. and - faithful

subjective
observation ' that “these  speakers -are °
exceptionally .good.:In fact they are.
equal to-the best we have seen to'date
“(refet to ‘the level recording). There is

pattern o

- .audiodontics.

i the'-manufacturer’s -specifications for

*

" JA CTORS and " actresses need
' never ‘worry ‘about forgetting

their lines with ‘a new medical
device - being . developed . for :deaf
people. It will enable them to hear the

‘stage .prompter’s stage whtsper —

through their teeth! ,

And that is not the only apphcatlon
of the ‘results of a new branch of
medical : science -khown : as
Dental researchers say
that . hearing through "the “‘teeth . is
almost a ‘practical reality which may
prove - handy ‘for airline pilots; car -
drivers, intercom and paging ‘operators.

- As a hearmg aid it will be virtually -
- undetectable.

radio
handles

A -pocket -or wristwatch
receiver © and = transmitter

dispersion, in the tabulated results).
Themid and high range level controls =
had a ‘minimum -effective -range . of

- 20dB over their respective ‘frequency

-bands, this is adequate ‘adjustment for

..the “average lounge room. Using the

normal ' settings ‘recommended by the

‘manufacturer, the frequency response

“falls off at the higher frequencies. The
manufacturers - claim that -thisis to
'simulate - concert -hall - reproduction. -
But ‘in ‘a  normal -living . -room” with:~
heavy drapes which absorb the higher :
it may be!
desirable to set the controls to provude :
- a flatter response, n
The" distortion figures are |nd|cat|ve‘
of the research and development work -

.- that has gone into these speakers.

. 1t°i§ only 3% at power levels much”
higher thanthose ‘normally required.
The AR-3a speakers are tiindoubtedly
speakers ‘that . Acoustic
Research Incorporated have : ~yet *
‘produced. - ;
These speakers may not suit people o
who like an unnatural ‘colouration of
sound, but for those who prefer clarity
: reproduction -of - every
‘musical - instrument,” and ~who “put
‘perfection -‘above price — they are
h|ghly recommended : B

ARG AD

radio-frequentcy or -audio signals and

retransmits “them .to the audiodontic”
device -in- the wearer's mouth. The

device may be in a dental bndge or:
even false teeth: L e

This converts the sound sngnal into"

vibrations, . which “are " transmitted
through - the -teeth, ‘jaw -and "cranial
bones - to - theinner ear.. You can
demonstrate the principle yourself by
banging a table fork so that it vibrates'
and holding it between your teeth

" The work is being carried out by Dr.
‘Earl - Collard, of the School of"
Dentistry, in*'collaboration’ with Dr.:.
Fred - Allen, * of . 'the - School . of
Engineering at the USA's Univérsity of
California in Los Angeles.
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¥ WESTS (BURWOOD) 9200 | -
‘ PTY.LTD., e T '3""{'
170 Burwood Road, 7. .
' BURWOOD,
CNSW. 2134
- Phone: 747-4444

~AMPLIFIERS e

5. C - 100 tuner 550 - 1600 KC

6. KA-205 6 watts RMS each channel
7. KA-330 10 watts RMS each channel
8. TA-3100 12 watts RMS each channel
9, KA -410 25 watts RMS each channel
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'DYNAMIC SOUND, \
507 Hunter Street,
NEWCASTLE,

o N.S.W. 2300

Phone :Newcastle 21 188 /-

SPEAKER SYSTEMS |
1.8S-3X — 1x8" . 1x3", 8 watlts 8 ohm
2.85-80 — 1x8" 1x3” 10 watts 8 ohm
3.85-83 — 1x8" 1x8",1x3" 12 watts 8 ohm
4, SS-88F — 2x8”  1x4" 25 watls 8 ohm

| e RECORO PLAYER UNITS HEAOPHONES
ro - 10. RP- 418 (Garrard 2025TC) 12 SH - 650

11." RP - 419 (Garrard 40B) 13. SH - 850GX
o , o : " 14, SH - 1500
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. Wellington, Gilgandra, - 31-5430. Cables -
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hone: 29 Grenfell. Phorie:-98-8169 #Deitronics” Sydney Phone: 29-4563




HOW THEY WORK AND HOW TO CHOOSE THEM

s a'stereo enthusiast you have a

very’ important job to assign.

Its duties go like this:.
+“Under -direction of the amplifier,
beat the air fapidly to produce sound
" tin ‘the vicinity. Must be able to follow

. complex instructions in electrical form
exactly. During the forward-and-back -

“motion in air beating, must remain as
‘Straight ‘as possible, excessive bending
- -or twisting will degrade results. Should
Suppress any preference for particular

- tones, accepting all tones in the widest ...

“possible range from 20 Hz to 20 kHz
“with ‘the greatest possible impartiality.

Ability to spread treble tones wrde/y is

highly desirable.”” - ,
That's a - job - description” for a

high:grade ‘loudspeaker, ‘and ‘it covers:

~all the essential -qualities. - Recently,

many candidates ~.for “the job ‘have

-appeared, -some - of “them boasting

‘technical ‘ingenuities or ‘special design- -
features - ‘aimed --at ~solving “one - or .

:another of -.the :main - problems -of

speaker “performance. Some of these
~ican ~confuse -the buyer who finds it -

~hard. to -judge how  important -a
particular loudspeaker gimmick - is ‘to
~the overall -quality of .the sound he is
‘gomg to hear.

< No speaker design’ theory can in
- itself,. guarantee great sound. A ‘high
., fidelity - speaker - . syste is " a
- .complicated device and every part of

Soiind dispersion relates to smooth
response from one speaker and’

- materials.
- attached to ‘the speaker frarme through

¥

its design — whatever theory is behind
it~ must ‘be handled carefully -and

skillfuily if the sound it produces is to

be ‘high fidelity Let's’eéxamine, then,"
each of the reguirements of the job

description - for - this . all-important

“member of the audio team. In-the light
.of - an.

understanding - - of . these
requirements,  some - of the -'general
design ‘methods used, not to mention

specific tips on how to évaluate them,
sense for the

begin . to- . make

‘prospectlve buyer

For ‘purposes of this discussion, we

“may take the ‘loudspeaker to be -a

dynamic ‘model — as opposed to the
relatively esoteric electrostatic, ionic,
and other types that, whatever their

~-instrinsic "advantages, represent only a "
-small fraction ‘of : the .‘I0udspea'kers

“sold.s s

- Al dynamic speakers have a voice

coil through ‘which ‘the audio ‘signal

: passes. - The magnetic field induced in

the’ voice coil by the signal interacts

‘with ‘that of a permaneént magnet in
.’ the speaker to produce motion of the .-
“speaker’s diaphragm-— usually a cone

of paper, though it also may be made
of .plastic . foam, ‘metal,
The apex: of ‘the cone is

a flexible suspension, soméetimes made
of cloth, that keeps the cone centered
within - the - frame,  but permits ‘the

B

“essential - for- . hifi L
loudspeaker. The tiniest ripple in ‘the " ":
- €electrical sighal must be mirrored in a
- precisely “analogous movement of the !
.-speaker. 1f the voice coil or diaphragm

©getting
~wouldn’t be ‘too ‘hard.: The voice coil =
- +has two ‘main difficulties: iits elastic
“suspension may stiffen too much when .
the ‘coil ‘moves too far {on a strong"
~signal);

or -other. S
“against- the coil ‘motion and cutting =~ .

piston . action
diaphragm is ‘to ‘move air and produce:
sound.

‘Producing the So‘unﬂ o

“Follow complex "~ instructions in

“electrical form exactly” means that = g

the speaker diaphragm moves forward -
and ‘back in ‘precise “step ‘with the
pulses of the electrical signal. Accurate =
frequency - response, ‘then, is the first :
~sound :in -.a

does not “follow the -amplifier signal
precisely, the result is distortion; or '
the addition of spurious tones not
present in the original signal. !

- Concentrating as we are on the :
.ordinary "
“speaker, ‘we can say that if only the

electro-magnetic ~ .- cone

voice coil ‘itself ‘had to beé considered,
low-distortion .- response .

thus ‘pulling back too -hard

that ‘motion ‘down; and its magnetic

“ field may vary at the extremes of the
- coil motion from ‘what it is in the
~centre. And since coil motion depends -

satisfying stereo froma pair of
speakers. At left, a narrow disper- " -
sion pattern (beaming of the L
middle and high frequencies) fends
the sound a hard or shrill gquality,
and fails to present a stereo pan-
orama. Centre, wide-angle disper-
sionimproves the response of

each speaker system and enhances
the stereo image in the listening
room. Right, multi-directional -
‘dispersion begms to involve the”
room walls in a deliberate effort .
10 increase the ratio of reflected-
to-direct sound. Most of today’s
better speaker systems offer the ]
characteristics diagrammed in the
centre sketch, a few are claimed

to offer improved stereo by

utilizing “‘omnidirectional spread
tec\hn/ques symbol/zed at the r/ght

necessary  if the:




on the signal’s interaction with the

field, .a change in this field destroys
linearity or flat response,

- ‘Speaker - designers
these problems have -come up with
effective’ solutions . - (generally
speaking).  Suspensions . -have been
developed that let the-voice coil move
without -~ being  ‘too . stiff.  The
“long-throw’’voice coil used in many
woofers makes the total magnetic field
irhpinging on the voice coil always the
same — -as turns of the coil move out

of the field at one end, turns not

previously  engaged’ fully by the -field
move in at the other end. Another way

to .get the same result is to make the

coil “much shorter than the field.
Either method can be used so that the
basic ' drive - :mechanism - in a cone
loudspeaker has very |ow distortion.

Keeping it Clean

“Now, let's go on to another of those‘

job quahfucatnons — the ability to treat
all tones in the musical spectrum the
same, or very nearly the same. A voice

coil by itself would have one strong

resonance, ' or _highly . preferred
frequency. -As a rule, this resonance,
determined by the coil’s mass and the
compliance of its suspension; occurs in
the mid-bass.

However,. . this “notion i$ pure\y
academic, ‘because the speaker voice

grappling “with -

its own basuc resonance C
Unfortunately, strong peaks in a
loudspeaker’s response tend to colour

the sound = to produce a tonal quality
“that ‘belongs to -the loudspeaker and
not to the music it is reproducing. This:

when you speak through a large tube
or a barrel. Peaks in the highs may
make . the ' top treble tones sound
oversharp,  ringing,.-too bright, - or
harsh. A very large peak here can
produce a nasty, scratchy quality that

coil always ha.s acone conn_ected toit; spurious tonal colouration will depend sounds .~ very -much like  high
the' cone furmshes__the physical surface on the particular series of peaks the intermodulation distortion.
which moves the air to produce sound. loudspeaker has; the speaker tends to When we talk  of loudspeaker

‘And, with the cone:and-coil assembly,
new problems arise.

" We're now dealing with a comp\ex '
system ‘that ‘has not only a bass {or
fundamental) resonance, but also the
likelihood -of producing many other:
resonances (peaks in . response) up.
through the “spectrum.  These peaks -
occur because of minute twisting and

bending of the ‘cone {cone breakup)
which . .creates, in - .effect, many
different vibrating systems, each with

emphasize tones in . the music that
occur near its own inherent peaks.
Transients get fouled up too. These
sharp impact sounds in the music tend
to lose their normal ""bite’’ and sound
blurred. For .instance, if the strong
low-frequency ~ resonance . is _not

- controlled in some way, the bass may
sound big but also indistinct in terms .
-of individual tones — that is, muddy.
Big peaks in the midrange make for

"honk”, the kind of sound ‘you get

\

- efficiency we mean simply the’ratio of
acoustic . power -delivered - by .the
speaker to electrical power delivered
to it by the amplifier. 1f, for example,
ten . watts .of - amplifier . power  will
produce one -watt -of acoustic power
{sound) output from the speaker, we
may say _that .the speaker ' has an
efficiency of 10 per cent — a pretty

. high efficiency as speakers go, by the
“way. If it produces only one-tenth of a
watt of acoustic power, the speaker

in thébméghetic spéaker, amp-

ELECTROMAGNETIC

lifier signals energize a voice

coil; the changes in its mag- (OYNAMIC) o ELECTROS“"(:

netic field cause the diaphragm B ) :

to v:’l(zratehln ;he elect;os,batlc g : : S|NGLE ENDED PUSH-PULL

speaker, the changing fiel . e

Between 2 movable plate and  CoNE LN B e g

one or two fixed pieces pro- o : R

duces the motion needed for SIGN AL FROM - ’

sound. - - AMPLIFIER _ B - IFJL)(AETDE S
E FIXED MOVING L

MAGNET — PL& }ATE : i
b o H—Moving
VOICE COIL. Al ~ PLATE

" SIGNAL AND POLARIZING VOLTAGE -—j e

SUSPENSION ——»ﬁ



lUUDSPEAI(EHS

‘would have an eff|c1ency of only one

~per cent, making it a low to-medium

. efficiency design.
- The ‘complex -of -operative principles
that .go into loudspeaker design all

~ interact, so that no_one principle can
be considered in vacuo. -And ‘since -
~-gspeakers -are resonant ‘devices, their

action “:is~ frequency selective - by
definition. At the resonance frequency
“of a-system, for example, speaker

“action ‘can ‘be very efficient = the

. “more pronounced the resonance, ‘the
. greater the efficiency, but the
narrower ‘the band of frequencies over

. which- that efficiency will hold up.
Since . a = good ~speaker - system" ‘is

“expected to cover some nine octaves,
however, a narrow band of optimum

i~ -operation is not sufficient even when

-the total range is divided into three or
“four . ‘bands,
individual driver.:

Damping is a common method of
““smoothing out respohse peaks. There

" -are many sorts of damping but all
work™ to the same end: controlling
disproportionate . - effects ~ in" the
speaker’s action. Resonant peaks must
.. -becontrolled, for example, but as they

-are reduced to usable limits efficiency
<. will be reduced along with them. And

Jinasmuch as damping tends to reduce

efficiency, smooth-response may be
achieved in ‘'some designs only at the
‘. axpense of efficiency. (See Figure 1.)

enclosure -~ itself

The .- speaker - -
“introduces one of the several possible
forms of damping. When the speaker is
“-put into-a sealed ‘box, as it is inan
acoustic-suspension - system, - the
‘primary resonance of ‘the system -will
be determined by the damping effect
of . the " air trapped . ‘within " the

68

each - handled . by an'

enclosure. It is this fact that has led to

use - of -the "term air-suspension to
describe- -~ the . smaller  systems
(typically: - the -two-cubic-foot . size)

that rely on the damping effect of the .
enclosed air to control cone action and

therefore the resonant peak. In such a
system - the  volume,  -and hence
stiffness,
proper action and is carefully matched
to the other parameters “that affect
performance.

If you look at Flgure 2 you will see
how response . is affected by various
amounts of damping — expressed as a
value of Q, though high'Q means little
damping and low Q heavy damping.

‘Note the linear portion at the right

end of the curve. This is the lower end
of the so-called piston ‘band, where

“diaphragm ‘action ‘is relatively linear.
U AS dampmg is increased toward a

Q-value of 1 ‘{and effucnency at the
resonant - frequency ~ is consequently
decreased), the flat portion” of the

curve is extended progressively toward

the - left.. But no ‘matter what the

- Q-value, the ‘bass falls off relatively
‘steeply  below -the ‘effective resonant .=~

frequency. These curves, therefore,

demonstrate why efficiency, response,-

and damping are

alone.

The factors in the initial wmnowmg :

of speakers 1've been discussing have

now piled -up 50 high that, for the
uninitiated, they are liable to topple of -

their -own - ‘weight. So -a' couple of

“examples ought to be helpful. First
you must classify your room to decide -
-“whether you need a very loud sound, a
“moderate sound, or a $mall sound. A

very big room, say, more than about
4,000 cubic feet takes loud sound; but
50 ‘does a room of smaller dimensions
but with a lot of sound absorption in

“’the form of thICk rugs upholstered

of the air is critical for

intimately "
‘interrelated ‘and cannot be considered

furniture, heavy hangings. Obviously,

then, the combination of big room and
lots -of -absorption -rieeds . the most

sound.-A moderate-sized room ‘— say .
about 3,000 cubic feet —-with lots of -

absorption " takes a loud sound; the

'same room with little absorption takes -
" small sound. 1n a really small room

with 2,000 cubic feet or less  and
mostly hard surfaces, a very small
sound will be asloud as you ¢an stand.
- Let's 'say you-have a room near the

3,000 cubic feet median, with average
- absorption. . Then,
rroughly, the combination of a 10-watt

speaking very

amplifier - ‘with - a high-efficiency

speaker “would probably give  you

maximum . loudness : far . above “ your
desires;
satisfactorily without turning up the
volume very far. However, the joker in

that formula is the relative scarcity of -

truly high-grade aimplifiers rated as low
as 10 watts:

power reserve — not a bad idea at that

_if you can afford it. = " e
" With a low-efficiency speaker in the . -
- “same room), you would probably want |
25 watts or more of amplifier power
per channel. This discussion, of course, .

is not about the choice of amplifiers

“but about the choice of speakers: what
I've ‘said here will allow you to adjust = -}
speaker-and-amplifier .

your

you - €an run . your .system -

you - probably would - -
choose one of the good 15-t0-20 watt -
- amplifiers, . and ‘have some amplifier

i
:

combination, after you've zeroed inon =

-ia speaker or two) to full loudness in
your room. :

The Importance of‘List‘enin‘g :

How do you tell whether or nota

speaker - is high or low in efficiency?
Your audio desler can be very helpful

on that point. He can be even more - -
“helpful — and this is the real crux .of
speaker- selection —if he will .allow’
_you a few days in WhICh to test’ at
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"Rear sound waves from unmounted
speaker cancel front waves, weaken-
ing bass output, Simple baffle helps bass

. 'some ..recordings - :-with ,
‘fortissimos. .Y ou must be sure that the

- response but must be enormous {in theory,
infinite) for optimum job. Enclosed box
can approach “‘infinite baffle’’ perfor- -
mance, but for good results box must be
fairly large and speaker must have low
resonance and good cone-restoring force
built into it. Air suspension system swaps

- large enclosure volume for trapped air in- -
smaller enclosure which aids response of .
low-resonance, loosely suspended
{“long-throw”) woofer. In bass-reflex
enclosure (sized somewhere between
infinite baffle and air suspension) rear
wave is inverted in phase, emerges from
auxiliary opening known as a port to
reinforce front wave. Horn-loading, on
front or rear of speaker, is another way of
efficiently coupling bass from speaker

d/aphragm to listening area.

home the two or, at most, three

speakers that seem to fit your needs

~ best. Discussions of design theory and

published speaker tests
notwithstanding, . the .only way to
know ‘how a speaker will sound in
your room is to listen to it in your

‘room.: The difference between what it

does there and what it does in another
room, . including - .the audio -shop's
listening room or a testing lab, can be
drastic.

At home, you can qmckly get a Ime

'ﬁrst ‘on _how :the -power-efficiency

combination works .for you. Put on
massive

recordings .themselves . provide . those
fortissimos ~without . distortion, ~and
that 'your pickup {or tape machine)
can -handle them  effortlessly -and
cleanly. .If there seems to be some

_evidence of overload trouble on the
- .very loud bursts when they are turned

up--much Jouder than you  would
normally want to hear — a blurring or
“falling ._apart” of the orchestral
texture, or a loss of definition — then

" your amplifier is probably running out

of power at those crucial points. You
can move in either of two directions: a
bigger amplifier, or a more efficient
speaker. (1t's' much less likely — but
possible” — - that = the - speaker _is
overloading on the foud bursts.)

Designing For Hi-Fi Response
Among the main varieties of available

speakers . some . standard and some
fairly far-out methods are employed to

solve the problems of good response;
Hairly - popular _is the two-way . or

three-way speaker system in a sealed
box, using cone speakers for all ranges.

‘The woofer is usually a long-throw

speaker whose ability to move very faf
makes it ‘capable of putting out a lot

of bass. The suspension of the cone is

very compliant to permit large cone
excursion without tightening down. A

‘good part of the “restoring force,” the

springiness that keeps the cone coming
back to its -centre - position, comes
from < the air ‘trapped in the tightly
sealed box. Since the air pushes back
much more evenly than a mechanical

‘spring suspension would, - distortion

that “might : otherwise be caused by
stiffening - "is™ significantly -
That, in a nutshell, describes the
widely used “"air-suspension’’ system
that = has = brought =~ good - bass
performance to many comparatwely
small speakers.

“There are other ways of handling the
enclosure-and-bass problem. One of
the oldest is the "bass reflex,” an
enclosure = with ~"a ' carefully
proportioned .hole,- or port, out of
which the rear wave of the woofer can

emerge in phase with the front wave'to -

reinforce  the bass and smooth its
peaking tendency.

Many speaker systems show S|gns of
using variations of these basic design
approaches, or of borrowing c’ertain
aspects of more than one ."pure”
design approach. One general class —
using a ported enclosure — also makes
use of physical damping material, such
as - glass fibre, .which -serves as an
acoustic resistance to help smooth the

response ~ of . cone ~speakers. This
‘acoustic  resistance can ' ‘‘tame’
midrange ' peaks ‘that  result from

reflections inside the enclosure.-1talso -

canv reduce a speaker’'s- tendency to
“ring,” or keep on sounding at the
bass resonarice, a main cause of muddy

bass.

Very heavy damping has a very

* strong $moothing effect (a box packed

tight with glass fibre would constitute
heavy damping).  But this .in turn
introduces  some problems; ‘mainly a
fall-off in general fesponse in the bass.
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reduced. -

“within * the - ‘power-handling

_ About the only thing we don’t have to

worry -about :in bass reproduction is
the sound dispersion pattern; "bass
notes just naturally spread out evenly
in-all directions.

What are the devices used for good ‘
treble sound? The small, light-coned:

" tweeter has a predisposition for ‘the

treble. 1f made in a dome shape
{convex side toward the flistener), it
can be resistant to breakup in the high
frequencies. The dome  has another
advantage in that it spreads the treble
out more than would a simple cone
shape.

There are other ways -to-get good
treble . dispersion.  An- acoustical lens
fitted over a tweeter helps spread the

sound. Some systems employ several
“tweeters, mounited in anarc so that

they will radiate over a wide angle.
Another technique is to use:.a small
horn with a wide horizontal projection
pattern; the sectoral horn does weéll in-
this respect. Still another technique is
to mount the tweeter so that it
prolects its sound upward; if the sound
then is' bounced off a vertically
mounted, plug-shaped refléctors it can
radiate over a full 360 degrees. Or the
tweeters can be pointed toward the
wall . at sides and ‘back so that the
treble is bounced out over a" wide :
angle. Mounting several tweeters in a

- vertical column has the -effect of

spreading the highs in the plane at
right anglesto the long axis. .

A speaker-system de5|gner faces a .
mind-boggling : basketful  of difficult,
and sometimes mutually incompatible,
decisions — the ‘nature of which- has
been suggested by the design theory
rundown just concluded. )

Choosing a Speaker System

That realisation should bé in the
back of your mind when you go out to
audition - candidates = for - your
loudspeaker - job. ‘First, ‘decide -how
much “money you ‘can spend, -how

~ much power-handling = capacity - you

need {(see article How Many Watts —
‘choosing -amplifiers. and speakers to

“match your room size’ — Electronics

Today, May 1971),  what will fit into
the space and the decoration scheme
you - have. = Without  some such

-categorization, you'll ‘lose your way .

among the hundreds of speakers in the
audio shops. &
As to money, -it's a good idea to
maintain a rough balance with the cost
of the other components in your audio
system. ‘A ‘reasonable rule of thumb,
bendable this way or that as need be,

‘is to spend about as much in total for

the two stereo speaker systems as for
the electronics (amplifier or recelver)
that will drive’them.

‘In most cases, this will also get you
limits.
These are not too restrictive, in any:
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LOUDSPEAKERS .
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. Fig. 1.-Two response curves for =

_same speaker show . : =
undamped (top curve) and 2.1
damped response (lower). é
“Fig."2, Response curves show =15
how /ow—frequency response .
is affected by vanous amounts ... =2
of damping. R

: F/y. ‘3. Estimated speaker e 500

output power required for
different desired sound levels
in-average room.

2K . 5K
/- FREQUENCY IN HERTZ .-~

'RELATIVE OUTPUT IN DECIBELS

0.5 f ‘ 2 4 10f
- FREQUENCY RELATIVE TO RESONANCE FREQUENCY (f)

.case. The main error to avoid is the use
~of a very small, low-powered speaker
with -:an . extremely . “high-powered
.amplifier. There- are _a : number  of
amplifiers on the market today with
massive power, enough to damage a
lightly:built speaker, if the volume is
turned very high. A fortissimo burst of -
sound . ‘may . rupture .the ‘speaker; a -
steady -high ‘volume -~ -as from loud,
sustained -organ music — might burn
out a . voice coil. But:an amplifier
capable = .of. damaging a
medium-capacity speaker in this way is
likely to be expensive as compared to
the speaker, 'so the balanced-budget
-approach = gives - considerable
protectlon Beyond that, you  ¢an
compare the maximum -power rating
of -the speaker, in watts, with the
maximum _output . power _of the
amplifier.” A speaker rated to-handle
no more than 20 watts, say, should:
not be connected to an amplifier rated
at 40 watts or more.

The reverse mismatch; witha speaker
of high maximum-power capacity and
alow-powered amplifier, carries no"
hazard to damage, except, possibly, to
your bank balance,; since the speaker is
likely :to bein a considerably higher
cost bracket than the amplifier. .. :

At's very important to note that the
maximum power capacity of a speaker
does not translate directly into how
much soundpower the speaker will put
out; .maximum -power ‘capacity .is

simply the upper {imit of the electrical ‘

power the speaker can handle without
danger of damage. _

.The amount .of sound or Ioudness a
speaker -puts .out depends on-another
essential - factor,: - namely :speaker
efficiency, as applied to the amplifier's
maximum -‘output..As an example, b -
watts fed to a highly efficient speaker
might sound louder than 50 watts fed
to a very low-efficiency speaker.

A further - essential - qualification:
efficiency is not ‘directly .related -to
quality, to -good handling of the

-various parts “of ‘the Ioudspeaker job
we've discussed. Some of the very best
speakers now on the market have low )

efficiency.: In' practical terms,. all this
means is that the user must have more

-amplifier power than he would need
~ with a high-efficiency speaker, .

speakers ‘made by
Hi-fi .- component

Happily, . the
reputable

“manufacturers, those you are likely to
« - audition for the job in “your living

room,  will have, as .aclass, at least

“‘moderately -good control of peaks.

You will never encounter among them
the ‘kind - - of “scratchy - blur-out
mentioned in the last paragraph. {Try
a pocket-size transistor ‘radio for that
effect.) - You . are .concerned . with
distinguishing  between the good and

: the excellent in'selecting the candidate
“best suited to- your room and the

amplifier used in your system. « -
. In -addition to peaks and valleys that
occupy narrow ranges of the musical

’spectrum, a cone loudspeaker tends to

fall off steadily in the bass, below its
fundamental resonance, and also in the

_.extreme highs. Extending the bass has
traditionally - meant -using .a: fairly -

heavy ‘cone, which must be either very

.large .in ‘area, or at least moderate in

area and capable- of very long motion,
or back-and-forth : ‘excursion.

“Extending . the treble, .conversely, has
~meant using a very small, light cone. -

The _incompatibility "-of :these " two

requirements .- has .. led = to . the

near-universal practice in high-quality
speaker systems of usingat least two
speakers (or 'drivers’’) to cover the

~‘range: ‘the large woofer for bass and
“the small .tweeter for treble.. Many

speaker .systems go a step further: a
three-way -division, . with a m|drange

" -speaker. ,
Dividing the range ‘gives the speaker'

designer the opportunity to make each
individual ‘driver do':a  much -better,

‘smoother -job: that opportunity may

‘be used ~with varying - degrees . of
sLccess, emphasmng agam my point

-the top-grade

“ the ‘bass s

that no one design approach or scheme
‘guarantees great performance. Dividing-

the range, .in fact, adds a number of
complications . -to ‘:an_

spectrum or at least employ more than
one driver,”

“In a divided- spectrum system of§
ranges ;-

course, _the two™ “or : thrée
covered ‘must ‘be well balanced with
respect to ‘each other. For instance, if

will sound somehow unreal or remote
-« perhaps veiled.. Weak - highs, :

“course; make for dull sound, 1ack|ng in f

defmltlon and normal bite.

Conversely, - t0o ‘much bass means '
overheavy or tubby sound: too much
“thrusting .~

midrange,-~a ~ kind - of

“'presence’’, ‘as if everything were out = .
©-in front, pushing at the listener: too
- “much treble results in oversharpness,
an aural effect somewhat akin to the
~visual effect you get from a television
image when the contrast is turned too

high.- This “over-etched”  quality is
preferred by many disteners, -but it is

x really a subtle form of dlstortuon

: Spreadmg the Sound : 4
" The speaker's ablllty to spread the
another
A large i
shallow cone or diaphragm will beam
the highs, concentrating ‘them-into a .

treble’ "in . the = room: is
important "'job requirement.”

more or less narrow area on the axis of
the speaker. -

. This ‘means, “for one thing, that the
speaker will sound too ‘sharp . and "+
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-already |
~complicated device. The crossover or ' .
~.dividing network ‘that feeds the correct
tones to each speaker in-a multidriver
system can itself .introduce dlstortlon
~if it is not well made. L
But properly done, the two-way or |
three-way speaker system — all other-
things being ‘equal  — can produce - -
~ smoother bass and treble than can a .
__sirigle speaker. For this reason, mostof .=
systems divide  the | =~

1 relatively  weak . (with
respect to bass and highs), the system |




- while  because

. performarnice,

" ‘'underscore  your -

—

—

ACOUSTIC POWER IN WATFS

[
=

VOLUME IN CUBIC FEET

" “"hard”" when you listen from directly -

in front of it, too dull if you sit more
to the side. The stereo image will be
degraded because stereo depends to a

~large extent on a speaker’s ability to
handle the mid-range ‘and highs evenly

and smoothly. You may get good

-'stereo if you're listening from a spot

that-is intersected by the beams of the
left and right - channel speakers, but
things change for the worse in all other
positions in the room. Moreover, even

“at that one critical spot, the sound

produced by beaming - speakers will
ptobably - ‘become fatiguing after a
it will - be distorted
sound.

These general considerations, . then,
requirements . for
linearity,  low distortion, smoothness

- of response, extended range, tonal -

balance, and wide dispersion of treble.

-in addition, we've been hearing lately

of yét another “aspect of ~speaker

perhaps beyond the area of generally

accepted criteria into an area in which |
. personal

taste’ - becomes ~ more
important:  the - ‘balance -between
reflected and direct sound.

Every sound ‘heard in an enclosed

space — such as a normal room = is a.

combination of direct sound, travelling
straight from:it$ source to the ear, and
reflected sound that has bounced one
or more times from the inner surfaces
(walls - and physical ~objects) of -the
room. in a concert hall the ratio of
reflected to direct sound establishes
the acoustic character or ambience .of

the listening experience: this can vary

from big, full, spacious, and warm to
tight, ¢lose-up, thin, dry, or cool.
Every . recording - contains
measure of reflected sound, depending
on the recording director’s choice of a
hall -or -studio -and -his . use. of
microphones, -their -placement, and
several other factors. Presumably, the

-acoustic character of a recording is

mtended to suit the ‘music and its

one that carries us .

some_

performers so that the end result will
prove attractive to the listener.

The room in-which you listen to the ,

recording, - however, also influences
this “acoustic character, because in it
you .get an additional “mix — duting
playback of the recording-— between
direct and reflected sound. To be sure,
a normal home listening room is much
smaller than a concert hall, and thus —
for . symphonic: or other large:scale
orchestral works = it has less influence

{less time lapse between direct and
reflected ' ‘sound) ~on ‘‘the over-all
character of the sound. -

But it has some influence, which
seems to rise in inverse proportion to
the -size .of the ensemble on the
recording.

aim ‘the speaker toward ‘a wall rather
than  directly at the listener.: The
resultant reflectionadded by the room
may round out the sound ]ust enough
to add a sense of spaciousness .or

_ broader ambience to many recordings.

If you like the speaker very much on

other = counts, obviously " it's - the
amplifier that has @ to ~rmake _the
adjustment.

Those "‘other counts are the ones

{'ve been discussing through most of .

this article. And so, here are some
suggestions on how to -judge - the
speaker’s handling of each of the job
requirements as set down earlier. Using
several recordings you know aimost by
heart ‘is -essential. They should contain
pIenty of full-orchestra fortissimos.

For linearity: once you " are.sure
fieither your pickup nor your amplifier
is overloading in heavy passages, listen
very carefully to what ‘happens to

“tonal definition in such _passages. As.

indicated, "almost -any: speaker in the
audio shops today, except,‘perhaps
those with -extremely low price tags,
will not overload in agrossly distorted
manner; -you "are -listening for subtle
rather than gross differences.

For smoothness: today’s speakers

‘vary more in this characteristic than in

any = other. . And . here, direct
comparisons ~between two speakers

- would be most valuable because.the

differences, 'again, are ‘likely to -be
fairly _subtle. ... Once - you - hear
uncoloured reproduction of a certain
passage, peaky - colouration  becomes
much more ‘evident. This is a'kind of
distortion you can easily overlook at
first if it's not too strong; but.long
hearing can make .it more and more
obtrusive,: giving ‘rise -to that often
unconscious disinclination to listen to
your system, the result of “listener
fatigue.’”” Take note of any thuddiness

-or boominess or blobbiness in the bass,

honkiness in the middles, harshness or

scratchiness in the highs. For the last

quallty, massed treble voices are an
o~
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; In ‘any event, the simplest
way to alter the ratio of reflected to-
‘direct sound on playback would be to"

" the  sides:

.expected ..in

excellent test. Loud choral music, in
fact, - is  especially - difficult to
reproduce well and will often help you

“distinguish between two speakers that

otherwise seem about on a par. k

For: lower bass: —the  organ pedal
notes,- as might -be expected, are the
best test for :fowest bass.-An organ
pedal passage that moves up and down
the scale will tell you whether or not

your speaker is able to -handle the

whole bass range, -or ‘just a (’:ouple of
notes — or one {(which can give a false
impression of great bass response)

the low bass.

For highest  treble: listen most )
carefully to strong cymbal passages.
Are they ultraclear, airy, with an open,
natural - “'ringing’’ quality  (not - the
overemphasized “ring’’ of bad peaks,
but the clean, metallic “sound that
cymbals actually make)? The cymbals
will 'sound somewhat enclosed if treble

- is cut off too short, ‘or if it is weak.

They will 'sound scratchy or papery if
there ‘are strong peaks .in ‘the treble.
This is such a revealing test that it is
worth listening in advance to some
“live” cymbals, if you can arrange
that, to try to fix in your mind what

’ - 'these instruments really sound like.

For ‘wide dispersion of treble: walk
across the room, passing the front axis’
of the speaker.: Notice if the sound is
markedly brighter on “axis, duller at
that means - excessive
beaming..  Some  beaming is to 'be
most - conventional
-systems, . though :it “should ‘be fairly

- ‘minor. By *‘conventional’ -1 mean all
“loudspeakers

, except: the
omnidirectional models, of which so
many designs have been put on the
market recently An omnidirectional

-Speaker ‘is one that uses some method
* of spreading out all the sound — even'

in"-the high treble range =~ in a
360-degree - ''spray” -around  the
enclosure. - Some models have -built-in

* reflectors to accomplish the purpose:
‘others--have several drivers -angled in’

different directions. Many “of . these
models may not be intended for use
against - a wall  like conventional

speakers, - though - some in-between
designs aim to spread the sound over
only 180 degrees or so through the use
of special reflector techniques.

Finally, - listen attentively to your
trial speakers for a few days. In the
present state of the art, there are
differences between . speakers that
can't be put down to good and bad —
they are too subtle for that.: But it's
practically -certain ‘you will -have .a.
personal reaction to these differences
if 'you listen carefully for some time.

‘Don"t ' make a quick judgment on such

imponderables, but once you are sure

of it, go with it. ®
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_Faulty brake warning lights

are dangerous — to others as

well as to yourself. This simple
~ fail-safe unit tells whether ,
_they are working, at all times.

N

72

: *vehicle ‘with- inoberativé'ﬁréke
lights.-is a menace on todays

roads. ¢~
But what is :far" worse |s a vehlcle

with only one brake light workmg, for
this. may be ‘mistaken for a turmng' ‘

indicator.

Electronics Today s brake alarm unit
.. detects both conditions. 1t indicates, -
"~ wvia a dashboard mounted lamp, that =
‘both  brake lights ~are working each -
time ‘the brake pedal is depressed. If

either or both brake lights fail, then

- the indicator lamp fails to light."
As ‘the: great majority-of cars use 12

volt electrical systems the unit has
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~in _its simpler - form " {Fig.

7

been designed specifically for ~this
~ system. It will not work satlsfactorlly
*‘with six volt systems:

The unit shown'in this article is for

" vehicles with negative earth systems.
“The 'unit. can be -constructed. for
‘positive earth”
, substltutlng transistors shown under

systems - .merely by .

‘positive earth’ in the parts list. Make
sure that you specify the correct type
for ~your  vehicle when ordering the:
components ' {or kit set) from your
parts suppher )
The unit is shown here in two forms,
1) -the
lndicator light -operates’ ‘at the same




intensity - day - or“ night. ‘A simple
‘modification to the basic unit, {Fig. 2)
automatically - reduces the intensity of
the indicator hght when the headhghts
are switched on:

Many - vehicles are- f:tted wnth a
handbrake warning light, and this can
be adapted as a-dual purpose indicator.
Alternatively a separate indicator light
may be used. .

CONSTRUCTION

' Our - original

*

~prototype - was

constructed on a printed circuit board

‘the foil pattern of which is reproduced
{full size)
components -may be assembled on
veroboard, matrix board, or tag strips.
The layout is not atall critical.

= The component “layout -for -printed
circuit board construction is shown in
Fig.."4. ~The same board and basic
component layout isused for both
versions of ‘the unit. In the simpler

version the ‘extra. components are

omitted and resistor R8 replaced by a

shorting link. ‘At this' stage do not '

install R3 (220 ohms).
The -completed  “board
:mounted in a small ¢ase — we used an
aluminium case3"” x2"" x 1%". Ensure
‘that no internal wiring touches either
R1 or R2, as these ‘become hot when
“the brakes are used for a long period.

INSTALLATION ,

Locate ‘the box in‘a convenient place
-under the dashboard or in the engme
compartment. -

Now refer to th 5.

Fig. 3. Foil pattern for the printed circuit board (full size).

in Fig. 3. Alternatively, the ' -

Fig. 1. Clrcwt d/agram of the basic unit. .

should “be -
. lights

R6 4700

S Q2 TT3643

The ex‘isting wire from ‘the ‘brake
‘is removed from the brake
switch ‘and “wired - to" Pin"2 of the
“warning unit. A new wire is then taken
from the brake switch to Pin 1 of the
warning unit. Pin 4 is connected to
any - convenient

unit, Pin 5 is wired to the switched
'side of the side or tail-light ¢ircuit.

The brake warning indicator light

should be -rated - at =~ 12 . volt,

‘ earth. ~ In.  the
automatically dimimed version of the

! iutdbetinddiaddidt et r‘“ ___________________ |
] . ) 510 5w |
TpIN R1081Q 5w .. - PN 2 'oIN 1 R1 -0 PINZ
e ——— MWW , o , —+—
i R20510 5w R R2 051a6w | |
1 / - b []
1 (R < 3
! “R3'2200 -+ R4 1008 : R3 2200 R4 1000 i
1 : . :
5 1. :
b . |
i B 1
1 t 1
1IN 3 : ! 1
o Qi BC178

TT3643

Q4
BC108

RO 4700

Flg. 2 ln this form the intensity ot the
indicator light is automatically reduced
when the headlights are switched on.

¢

/_approx1mate|y 150 mA. One side of

the light should be connected 1o the
vehicle’s 12 vplt supply, preferably via

" the iignition switch, and the other side

of the light is wtred to Pm 3 of ‘the

~‘warning unit.

If a handbrake warning light is fitted
to the vehicle (and if the actuating
switch is of the type that earths one
side of the light when operated) then
this handbrake light may also be used

“for the brake warning function: All

Fig 4.-How the components are assembied on the printed "
«circuit board — in the basic version some components are

onfitted, and a shorting I/nk wired across the position shown

for R8.
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Your speakers reflect the quality of your

‘. ~turntable and Garrard quality has been

proven for over 50 years, :

< 'The AP76 is just one of the wide range of
turntables Indicative of Garrard’s

.unsparing attitude to fine engineering

' and advanced design. It Is atrans-

‘cription-quality deck of exceptional
- elegance with the facliiity for automatic
. play of single records. Complying with
- -DIN45-500 standards, the AP76- -
' incorporates many features obtainable
. in players of far greater cost.

~You will find Garrard decks in television, :

radio and recording studios where -
precislon and reliability are vital.
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"/ Tab controls provnde light, easy operatlon of
auto, manual and cue and pause.:

Combmed record size and speed control.

Dynamrcally balanced Garrard 4 pole induc-

tion motor,
Rotating record spindle ehminates wear

£2 111 Inch non-magnetic turntable. -

*£% Integral stylus force adjustment, calibrated

from 0 to 5 grams ‘at 1 gram intervdls.

£ Gimballed, needle-pivoted pickup arm mount.

I"""'" . - i e i

cuEme
Fiay

it

TRARBERBTICN MEGEL 26 T8
A

=€ Precision, resiliently mounted counter’

balance weight with fine adjustment. -

P
& Sliding weight pickup bias compe@satbr.‘
calibrated for spherical and elliptical styli.

*. ‘Hexagonal, low-resonance pickup arm.

(¢ Slide-in cartridge carrier—fast, easy stylus -
inspection and interchange. :

‘€% Precise; gentle cue and pause system

: operated by V|scous damped cam. Automatic
return

H To Plessey Ducon Pty. Limited P.O. Box 2 Villawood NSW 2163

Please send me withotit obligation free copies "
“-of the Garrard range brochure and other literature

l’-——-—‘--

- i i
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BRAKE LIGHT
WARNING

The completed unit — we used an octal plug and socket to connect the unit to our testing
vehicle, but for general use it is better to connect the unit d;rectly to the vehicle’s wiring

-system.

that is required is to connect Pin 3 to
the junction of the handbrake warning
light and the actuatmg switch. (F|g 5
refers). :

TESTING
‘Having installed ‘the brake warning
unit, .chock the wheels of the vehicle,

release the handbrake, switch on the

ignition “and depress the brake pedal.
The -brake indicator light should be

illuminated each time the brake pedal
-is depressed.

- Now remove one of the rear hght

bulbs and depress the brake pedal
.again. This time the light should not -
“:come on. Check that it does not come
on’ when ‘the ‘engine ‘is running (i.e. -

when the -battery voltage is h|gher)

* Replace the rear light bulb.

Finally — if the modified circuit ‘is

used — switch on the sidelights, and -

again press the brake pedal. This time

the light should be illuminated, but -

with decreased -brilliance. The degree
of light reduction is determined by the

value of ' R8 - this ‘is normally 33.

ohms but may be varied as required.

FAULT FINDING

Indicator does not come on at all,

~1f the indicator does not light up -

'ELECTRONICS TODAY — OCTOBER, 1971

 PARTS LIST

Negative earth vehicles.

Q1 transistor BC 178
Q2 " TT 3643 -
03 N X ’ ” " ”
Q- s - "BC 108

Positive earth vehicles

(0)] = . transistor :BC 108
Q2 ‘ " TT 3638
Q3 PR TT 3638
Q4 "~ BC178 .

All vehicles

re5|stor 0 51 ohms 5 watt.

o 220 ohms ‘/z watt 5% (see text)
" 100
” 470 " ” ‘ ”
= ” 1.5k ‘ 0 ’ o
- " 33 " q1Watt “
— ” 470 1/ l' ”

- PC board ET 007, 1 metal case, wire, screws, grommetts etc.

These components will be generally available from the parts
suppliers hsted on page 118 of this issue.
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BRAKE LIGHT
'WARNING

Here the assembled printed circuit board
is ready to be located within the case.

when the brake pedal is depressed,

“make sure-that the ignition switch is
“'on and that both brake lights really are

'workmg Then make-a thorough check
“of wiring both inside and outside the -
“‘brake warning unit. :

Andicator not extinguished when one

rear light removed.
~“Firstly disconnect the Iead to the

,rear brake lights from Pin 2 ‘of the

warning unit. If the indicator still does

‘ot extinguish; then the fault is within'
the -unit; check internal wiring and

_transistor Q1.

goes

- 4f, one the other hand, the ‘indicator
out “with .the - brake

Normally there is only one each side,
each rated at approximately 2 Amps.

" The unit is normally set up for this-

{oad.
“If there are more than -two brake

’hght globes, then for each ‘additional

-globe a further 0.51 ohm fesistor must
be paralleled across R1 or R2. In other

~words ‘the total number of 0.51 ohm

resistors, must equal the total number :
‘of brake light globes .
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“4HAND BRAKE LIGHT |

lights
‘disconnected, - check ‘the .number of .
Jights connected in the brake circuit.”

TO FUSE PANEL
{EXISTING WIRE)

FOOT BRAKE Sw

" TOIGNSw.
WARNING LIGHT
iF FITTED)

HAND BRAKE LIGHT
'SWITCH IF FITTED

T---g--—-m_-__-s_--.1

HOW IT WORKS

Resistors R1 and R2 ‘aré in series
with the brake lights. The voltage '
dropacross them is proportional to
the current through them, and if this
voltage is high enough Q1 -will be |
turned on via R4. When both brake |
lights are  working ‘the current is
approximately - 3%2 to ‘4 Amps thus
producing about one voit drop across
the resistors. |

This exceeds  the base emltter i
voltage ‘of .Q1 and 'so Q1 and Q2
-conduct, extending an earth to the
indicator  :lamp - which .is = thus
energized. . -
+:In " the modified “tircuit ‘shown' in

.“Fig. 2 the earth to the indicator lamp
is extended via 33 ohm resistor RS,
thus giving ‘a lower -intensity - than
otherwise. -However transistor Q3 is"
“in“-paralle] with this resistor, “and,
unless the sidélights are switched on,
Q3 is biased “on by Ré. Thus in..
-effect,” Q3 shorts out R8 ensunng
,normal lamp brightness.

But -if ‘the sidelights are sw1tched
‘on, Q4 will be biased .on via-R7, and
will ‘clamp 'the "base -of Q3 'to zero
potential. - Q3 ‘will be switched off.’
Hence the full 33 ohms will appear in
series” with ‘the indicator light, thus-
atuomatically reducing its brightness
_whenever the sidelights are on.

F}.q. 5. This shows how the brake warning
o ‘unit is connected to the vehicle.

REAR BRAKE
LIGHTS

LR OB bW

TO TAIL LIGHT
CIRCUIT

RO 4700

A
WW

Some vehicles use brak‘e:li‘ght globes

of a rating other than the usual 18 or
24 Watts.  If this ‘is ‘the ¢ase, solder
resistor - R3:(220 ohm) into place as
~shown in the circuit diagram.

Af a trauler is'to be used a separate

ELECTRONICSTODAY OCTOBER 197

“’brake Iighf circuit should be wired to

" the - -trailer - socket - bypassing
- warning unit. {f trailer brake light -
. warning s specifically = required, a

“ ¢ installed in the towing vehicle, - @~

fthe?“

second brake warning unit should be




Revolutionary antenna
design guides energy
along air-earth or '
air-water interface

\

AT115MH1 R

0 1)\/\ W
SURFACE WAVE LAUNCHER /

FIG 1A} TUBULAR TYPE VHF
4
e

v

|G ‘l(B) FLAT PLATE TYPE VHF
SURFACE WAVE LAUNCHER

///‘// >

" present

GROUND OR WATER

new type of antenna, developed

by A. F. Wickersham, of Menlo

Park, California, could revolu-
tionise point to point communications,
particularly in the HF range.

These antennae launch

_electromagnetic waves such that they

are "'quided’’ by the surface of the
earth, ‘improving . .over-the-horizon
performance of HF circuits that at
remploy unreliable

ionospherically reflected waves.

ELECTRONICS TODAY OCTOBER 1971

The designer predicts that using a
power of 100 Watts and a surface wave
launcher, received power, at a distance
of 3,700 miles over seawater, would be

‘. ata level cf 105 dBm a level easily

handled by modern commumcatnons
receivers,

The new antennae are of partncu!ar
interest to short range VHF services as .
the launchers are mounted very close

" tothe ground and the resultant surface
- wave propagation can . be ‘used to

delimit .. the service -area . of a

_transmitter and reduce interference

between neighbouring -stations. They
are also of interest to point to point

. services -operating in the HF bands

because = this .mode gives a. rapid
decrease in - signal . stfength ‘with -
increasing range from the transmitter
{useful for short range working), and
no fading is experienced onlong range
communications networks . such as:
occurs when using ionospherically
reflected sky waves. ‘

VHF EXPERIMENTS

Most present antenna designs radiate -
electromagnetic energy in ‘what .is
termed the :Transverse
Electro-Magnetic (TEM) mode. These
new launchers are ‘designed to radiate
purely in the Transverse Magnetic {or
TM) mode such that the enrergy is
guided along the air-earth or air-water
interface.:

The attenuatlon ‘of received power
with range follows a predictable low
for = TM - surface ~ waves, - being

- exponential over clay soil for ranges
‘less - than' thirty wavelengths - ‘and

inverse- cubic for ranges greater. than
thirty wavelengths.

Over- salt water “the attenuatlop is
exponentla| for ranges less than 250

wavelengths and the inverse cubic low

starts beyond - (approximately) 500
wavelengths. -The . signal = actually

" increases between these two limits."
~ These “results apply to launchers

developed for uses at VHF, Two types

are illustrated in Fig. 1. (a) and (b).
The feed point impedance varies with

height - above ground, being constant

for heights over 5 (approximately)

~decreasing “below this height, eing -

near B0 ohms for heights around 36.

- The flat plate type launcher has a
greater - ‘bandwidth - and - improved -
effeciency {as much as 20 dBin

-received signal “strength) .over ' the

tubular type of launcher.

77



tRECEIVEDPOWER S

NEWANTENNA i

HF EXPERIMENTS

-* Experiments carried = out . with - a"
vertical launcher near 7 ‘MHz have .
shown surprising results. -

" The signal attenuation followed an
inverse quadratic law in this case, from
¢lose range to'long range (beyOnd 100
miles).

[

The constancy (lack - of fadlng) of
received  signal strength at long ranges
was - very good. Compared - with
ionospherically ‘reflected signals, the -

- FIG.2 VARIATION OF RECEIVED POWER
% VERSUS RANGE (VHF/EXPERIMENTS)

reliability ‘of the surface wave (TM) . ER SR L ol
mode of propagation is excellent. Al Sl g
“By using this type of propagation it
will be ‘possible to predict ‘what the - !
réceived signal ‘strength will be at a
given ‘range for a- given “transmitter . T
output power. The result will be a vast” T i AR ‘
improvement . in- _c0mmunications : v :
circuit reliability
The . tranSmlttmg antenna used for . . : e
the HF tests was a vertical dipole with I SV
the lower limb buried in wet sand. The o TOTRATSMITTER OR RECEIVER
upper limb was a quarter whvelength 3
(in ~air) long, the lower limb in a i e twhehate )
quarter wavelength (in - wet .sand). ST ‘;‘\‘;":' PRSI 2 o :u:’ i‘\ N ST R TR
Receiving antennas were identical. @ = . (7 ":\/41”{‘Q',ETSAN,,3 ‘_;’: K i .‘.J' N ,,_( : ;h'{f"_/ &%
. . S T TR TR SOOI 38 | SENIEE S T :
{F1G 3 ANTENNA USED FOR HF EXPERIMENTS.

SUB
~ AGENCY
IIPPIIRTIINITY
H-H

Specnahst Sub Agents reqmred .
- for ~ all -Major centres for
“Heathkit  Hi-Fi Equipment. -
Must have showroom facilities
“and be prepared to carry some
stock.
. Reply in confidence W|th Bank o
Refererices TO

A

'SCHLUMBERGER INSTRUMENTATION |
"AUSTRALA PTY.TD.

. P.O. Box 138 Kew. 3101 Vic.
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PRIVATE EYE

Rustrak Miniature Recorders

: fchart voltage, current,” power, .
temperature, p‘ressure, strain,
- gvents; -or virtually any para-

“meter that can be converted

7 into'an electrical signal.
“Inkless, drywriting, rectilinear

.+ recording -with wide range “of
.« sensitivities, wrmng and chart

speeds. .

" Quick, easy chart review and

re-wind. Sliding access window.

~:Rugged die-cast aluminium case
in -epoxy suede:like charcoal'
aray fmlsh :

«~63' chart roll — one month s
‘supply at 1°* per hour. - -
Portable ‘or for panel mounting ;

as a system component. . .
Accuracy 4-2% -of full -scale.

Only 58" high, 3§"* wide, 44" |

deep. Weighs 34 lbs.

“Combine any two functions on

one ‘chart in our new Dual 300
Series.

‘Mode! 268
TECNICO ELECTRONICS

53 Carrmgton Road Marrlckwlle. N.S.W. 2204, Tel. 55 0411
2 High Street, Northcote, Vic. 3070, Tel. 488 9322
211 Flinders Street, S.A. 5000. Tel. 233878 . -

97 Merlvale Street South Brisbane, Qld. 4101. Tel. 41571

TES92 1
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THiS SCHLUMBERGER ADVERTISEMENTD
 CONTAINS USEFUL
 INFORMATION

~ 'New Schlumberger/Heath model EUZOSB chart
L recorder featuring:—
‘e°23 chart speeds- 30 mches/mlnute to 02 mches/hour.
s ‘Completely -programmable. e
iy #40.19%, tracking accuracy and ||neanty
e ) b18 -caliabrated - .and contmuously ad;ustable
§ S S ImV - 800V,
. # 15 full scales of offset on all ranges
910" chart width :convertible to 25 cms.”
Floating input. - ‘
20" per second wrltlng speed

‘ }'»New Schlumberger/Weston 660 VOM ‘sefies.
- Modei 666 features:— ,

"' “Drop-proofed” agamst bemg accldently dropped “from’

oo five feet. )

& FET |nput——10MQ mput lmpedence :
s ‘Diode protected taut band mechanism." .’

. # Temperature compensated.
. Overload’ protected.

 New ;Schlumberger/“Heath Todel !R 18M chart’
“irecorder features:—

. '8 12 chart speeds 5 seconds/mc t0 200 minu sll‘nches
*-Two ranges 1mV-and 10mV full scale.
High -input impedence.”. -

Floating -input.

New Schlumberger/Heath ‘model 10- I02 oscﬂloscope : “
featurmg ~—

DC - SMHz, 30mV/cm sensmvuty
FET input. -
®: 5" CRT."

“free copy of the ‘Heath Scien-
.tific  Instrumentation - Cata-
" logue.

 SCHLUMBERGER
~ INSTRUMENTATION
AUSTRALIA PTY. LTD.

‘ :(Inc in NNS.W.)'

~Head Office: 112 HIGH STREET, KEW, VIC., 3101, Te
",\;NSW Branch: 168 KENT STREET SYDNEY, 2000. Tel,

“‘SC”hlumbrgr =

86.9535. Grams. SINSTRAL MELBOURNE.
27. 7428/9 Grams. SINSTRAL SYDNEY.
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Just when you thought you were stlll S0 Watts pef channel of elean, undistorted

‘saving up for it, you find cut that Monarch - .- power, enough power for any speaker
Amplification can be yours from as little as & gystem. All silicon transistor circuitry

- $107 (or up to $100 less than other amphfuers ~- means low noise. Harmonic distortion of
with the same performapce). - - 0.8% fortransparent sound. Four slide

o Even so, the saving is just begmmng—- .. controls for_bass, treble, balance and

_because when you get a really great amplifier ~ volume. Main and remote speaker

- at this price, you can spend more on those =~ -~ connections. High and low filter.
‘better speakers you've had your earon. = - For your dollar the most flexible

©..- . ‘Compare one of these second
generation Monarchs with'another, ..
“-more expensive amplifier, Check
~the power, the frequency .
response and the distortion.
. Have alook at the features - Sy
v listed below, from slide controls -«
‘and filters, to the satin walnut
‘veneer cabinet.

How much? You've: probably
__saved enough already

comprehensive amplifier on the market.

e

; The professnonal amphfler for
‘ perfectlonlsts with a limited budget 22

A feature-packed amplifier of

:~very low cost to introduce the -
beginnerto hi-fi performance.:

.. - Magnetic and crystal (for -

-your old turntable) inputs. Tape

monitor. Loudness and high filter

- control. Electronic fusing :

protects transistors. 8 watts per -

channel RMS. 3 slide controis.

A“‘bestbuy” for the beginner. .

f

Showroom 193 Clarence Street Sydney 206 6681

Lwow]er

smecratts. . VIC..Douglas Tradmg, .2QLD. TeI-Anr Electromcs. WA Lsslie Leonard TAS. PAM Distributers, . S.A. Sound Spectrum, -
At;’gt.‘;teHSt)tTeeet.r “ :191 Bourke Street, 187 George Street, .~ “‘London Court, -87 Brisbane Street, - 33 Regents Arcade, -
"Canberra. 2600 Melbourne. 3000 i % Brisbane. 4000. .. - " Perth, 6000 : Launceston. 7250 . -'Adelaide. 5000

go - ..o ... .. . gLECTRONICS TODAY — OCTOBER 1971



“ampere-turns. - This - figure 'may range

B PART 2

in the second article
in this series, Collyn

Rivers explains how
reed switches may
~be electrically
actuated.
B3
EED ‘switches :are actuated by a
magnetic field. - S - : )
This field can be generated by a Tams | 7520 ] ‘9600 | 11,900 | 15,000 | 19,500 | 25,000 | 36,000 | 43,100 { 53,000 | 66,500 | 86,800
‘permanent - magnet, . or .- by an : 5 ' : e : 2
electrically energised coil. When' coils i : :
are -used, the reed switch is simply - ‘onms | 219 | 356 | 550 | . .885 i 1,390 | 2,380 | 4,320 | 6,380 | 9,900 | 16,000 | 25,000
inserted within the coil former and it . : 0L I :
is then  closed {or opened) when = & 80AT {1.516.5] 18] 523jaz]28]33]35]|25]a8) 2 {6.1]1.4[73]1.2{0.a[0.8] 12 {0.75]15:7] 0.6
current is passed through the coil. 2 T1o0aT|3.0] 13 |36]10 |asea]s7{e.7|71]5.1{o5] a4 [13|28la7]23] 10 ] 10]2a]1.5) 31 ] 12
It operates, in fact, as arelay, and in g - '
thiS fOI’m reed switch‘es are used by the 3 160AT ]45] 20153115169 [126|85{10 {11 {76114 | 6 [1814.2)22)35128)2.7|36]23]47|1.8
gl . 5 . = -
million, in telephone systems around § 200AT |60 26 {70] 20 92]17 {11 {13 {14 }10.2)19] 6 | 24]56] 29|46 38]28]la8]30]04{24
thv?nmﬁr'dé : feed' 'sv'vitc'h ‘is “to be ’ w 260AT { 7.5 33 {8.8] 25 [11.5] 21 115 [ 16 | 18 |12.7} 24 | 10 | 30| 7.0] 27 [5.8{ 47 { 46| 60|38 {110]30
electrically actuated, an indication of = cop VM T S M Ve v ey Mo Y M v M vome v

the magnetic field strength . that is
required is generally quoted by the

manufacturer in terms of so: many " Table 2. Data for 5tah’dard size reed sv’v'itchpoper‘ating
S A . . G o . coils — bobbins to be 2" long x 0.220" inside
from 50 AT -to 250 ‘AT (but as - R e e T diameter, winding build up will be approx. 0.2”,
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Fig: 11. Bobbin for standerd sized reed switch.

explaihed” later, * this - ‘may ‘= be
substantially. reduced by the judicious

positioning of a bias magnet).

“Various combinations of turns, wwe'

sizes and dimensions may be used to

¢lose ‘any specific type of switch, and -

these  parameters will in:turn - be
determined not only by the required
number  of ampere-turns, but also by
the ‘circuit voltage and current that is
available, For example a switch that
requires . 700 ampere-turns _may be
actuated by ,a 220 ohm winding
drawing” 13 mA at 3.0 V., or by a

25,000 ohm wmdmg drawmg 1 2 mA

at31v.

. Table 2 prewdes all the data requured ,

to design’ operating coils for a wide
variety of standard sized reed switches,
(i.e., 2.75" overall 2.0" Iong, 0. 217"
dnameter)

The  operating “coil - may either ‘be"
“wound on a bobbin “‘manufactured -

“specifically for the purpose {(Fig. 11)

“or made ‘up from a length of paper,: .

aluminium or ‘plastic tubing that is a
‘neat fit over the outsnde dlameter of
“the glass reed. :

Another method of maknng operatmg

coils is ‘to wind them, using a cement _
coated wire, onto an arbour that is
shaped ‘10 create ' the :desired final -

’

- 4

\

e "
voltage -

voltage . ] ;
Len f,[_oud,f

Eprive "

+

DRIVE
S +{o ]| 8

Epaten Rgg’!-':_r

Fié. i.?. in this birci)it,‘ reed switch is latched
by aiding permanent magnet, and reset by

magnetic opposition from reset coil field.

..~ Polarity -

e

—e———]

Line - - et
voltage Polarity ; Load
] Cait R
Lo O Uvoltage O
. 0o ]

F/g 14. Narmally closed aperat/an using .
maynet/c bias. .

BIAS
MAGNET

. open,

o—

Fig '12. Magnet assists reed switch toclose,
and thus reduces coil energy requirement. -
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: hystensvs of the ‘reed swntch The

N~ ‘\J

A ‘ . : N .
Fig. 15. This type of reed switch may be
used for either change—over or normally

--closed operation.

- form. After removal from the arbour ;
the winding should be protected by a.

Iayer of |n$ulatmg tape,

EXTERNAL MAGNETIC FIELDS

A reed switch is .influenced by a
magnetic field -regardless of whether

- that field is produced by the operating’

coil or by some other magneto-motive
force. The magnetic force generated
by the field winding can be modified

or even completely cancelled by the
nearby permanent .
-magnet, -or - by - the -alternating flux
~from a nearby choke, transformer or

field © from - a

other  inductive device. :Even - the

proximity of a sheet steel chassis may -
-affect -the “energy -at which a reed
" switch will just actuate. -

But “the effect of exterhal magnetlc
influences may be usefully exploited

to ‘modify “the characteristics of ‘the -
- basic reed switch assembly. . L “
: ~ampere-turns -
required to close any given switch, can -

"For - example - the

be halved by placing a magnet a short
distance ‘away “from the -coil - the
magnet’s polarity must be the same as

that of - the operating . coil.  The
--positioning - of the ‘magnet . is fairly

critical ‘and is best determnned by trial

- and error, (Fig.12).

A similar method can" be used to

~obtain a ‘latching action. In this case

the ~ method - exploits - ‘the - magnetic

- within -the "operating  coil,
- 'possible to predict the contact action

<

“magnet is placed far enough away

from the coil so that it does not close ™
the reeds magnetically, but sufficiently
close so ‘as to hoid .the reeds c¢losed
once they have been actuated by an"
electrical signal through the coil. .
“In this example the reed relay can be

. unlatched only by physically removmg .
~the magnet, or by applying opposite °
~polarity -drive ‘through the operatmg‘ /

pfc w

coil.

A - further ~modification of the

rmagnetic latching principle is shown in =

Fig. 13. Here, whilst magnetic latching .

s still used, the operating coil has two
“ windings,

one -of which is used to"
actuate the relay, and the other, which -

_is connected in opposite polarity, is
- used to unlatch the relay.

A ‘magnet may also be used to
convert a normally open reed relay to .

~-hormally closed operation.. This is

done . by locating = the . magnet

. sufficiently close to the reed so that

the contacts ‘are held closed. (Fig. 14).
The coil is wound so as to produce a

magnetic flux of opposite pdlarity to*

the magnet. When' the operating coil is
‘energised, ‘the resultant magnetic flux
will - cancel . ‘out that- from - the =
permanent magnet and the reed wnll

Change-over action may be obtamed B

either by using a reed switch specially

made for the purpose (Fig. 15) orby
-+ - using a‘magnet and two normally open .
" reed switches -actuated by a common
;,operatlng coil (Fig. 16). '

1t is possible to actuate a-number of 1
‘separate reed ‘switches located ‘inside

~one large operating ¢oil, but due to

variations -in -the sensitivity between
one reed - -and another, .and “the"
positioning of individual reed switches
it is not

sequence. All other things being equal

‘the most sensitive reed will operate .

first. This will then act as a magnetic
shunt, retarding the operation of the

¢ _remaining: reed ‘switches. This s & .-

major : difference from conventional
electro-mechanical - relays - where .a

~single armature or card drives all of the -

movable contacts and' any “pair of

contacts can “be adjusted to ensure
-synchronous ‘operation or “a specific’. -
. contactmg sequence:

‘Nevertheléss |f a current at Ieast

- Fig. 16, Change-over action may also be -
obtained by combining & magnet and twa

. .normally open switches actuated by a

“common operat/ng ca/I ;

ELECTRONlCS TODAY OCTOBER 1971“



Opeérate time

=+ bounce 'time

Bounce time

160% of the just-operate ampere-turns
of the highest ‘rated switch of the
‘lgroup is applied suddenly, this effect is
less - noticeable, -and in
-applications - - “may - ‘be" virtually
neglected ’ T o

SWITCHING CHARACTERISTIBS

The  moving - blades inside -a reed

“switch have very low mass and move
only a few thousands of an inch. The

operatmg coil -is not iron cored and so '

has little self-inductance thus allowing
“a‘magnetic field to build up very

rapidly. . These - factors' combine to -

-ensure “.that - a -reed ~relay ~is ‘an
‘inherently ‘quick-acting device, in fact,
-operating times -of ‘less than one

“millisecond are quite typical.

The speed at which any specific reed
- relay closes is primarily a function of
the - number -of -ampere-turns in the
‘operating coil. But when the contacts

:.close they normally “bounce two or

three times and the harder the relay is
-driven (i.e., the greater the number of
ampere-turns) the greater the number
of times that the contacts bounce.-In
general reed relay coils are designed so

that nominal rated voltage produces

approxnmately 50% more ampere-turns

“than the just-operate value. This gives

optimum  total operate time including
the contact bounce time. (Fig. 17).
“After the tontacts have closed and

‘have “stopped ‘bouncing, the reeds

continue to vibrate for a short time.

This ’
ELECTRONICS TODAY

“vibration produces

most -

. .Fig.17. Variation of
operate and bounce
time with energ/zmy

“eurrent.

Fig. . 18. Reed switch
", logic module.

.. magnetostriction “ contact noise — a
- damped oscillatory voltage that decays
- to zero — and this may cause problems
" in low signal level circuits.

With no suppression devices across

“the ‘operating coil, reéd release time is

very fast — it may be as short as 25

" micro-seconds.  Adding a suppression
- diode "has little, if any effect on the .
“operate ‘or ‘bounce times, but it does

significantly lengthen the release time.

- For example, the: release time of a
. standard type of reed - without a

suppression . diode - may  be 50
micro-seconds, but with a diode the
release time may be extended to a

“milli-second or so.

‘Due to the geometry of the reed
switch construction, the capacitance

- ‘between - contacts -is low, :and with

standard sized reed relays this will be
about one pico-farad. The capacitance
between the reeds and the operating

_coil will be about 2.5 pico-farads but
this can be reduced to approximately

0.5  pico-farads -by interposing a
grounded electrostatic shield between

“the coil and the reed. :

Some thermal EMF will be generated
" at the junction of dissimilar metals in
reed switches due to the heating

produced by energizing ‘the coil. This
thermally-generated EMF .. may be
undesirable -if the reeds are used to
switch low level analogue signals — as
for example in  data-logging ot

-thermocouple measurements.

For applications” where 'the thermal

~EMF must be held to the minimum a'
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‘compared - to ‘as
“micro-volts for contmuously energnzed

*bi-stable latching reed relay should be

used. ‘A “short pulse to the set coil

. operates the relay, no heat generating
“holding - current is
* Another short pulse to the reset coil

then ‘required.

releases the relay. Using this type of

- operation, the latching relay thermal

EMF remains below five micro-volts,
much ‘as 100

relays.’

REED SWITBHES AS I.OGIC

 ELEMENTS

The reed relay is almost an adeal :
buffer between solid state devices and

"higher power output elements. The

winding impedance and current levels
is-well suited for the collector ‘or

T

Fig. 19. The reed relay as an AND gate.
Each coil can produce % a “flux unit’, and
an output is obtained only when voltages
are applied to inputs. :
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' PRACTICAL GUIDE
7O REED SWITCHES

can tlose reed switch. -

emitter circuits of Standard ti*anslsﬁrs

and it can also be driven by many ic

-elements. -
‘With the recent mtroductuon of the

‘vico-reed’ switch;.a single pole relay is’

znow available in a dual-in-line package,
making it both . physically .and
electrically compatible with integrated
-¢ircuit components. And as reed relays
become smaller their operating speeds
increase, so that a pico-reed relay can
-be made to follow 1 kHz pulses. .
‘Reed switches are finding increasing
-use as logic elements for use in adverse
environments, . They .are capable ~of
performing -a large variety ‘of logic
functions - including. -~ AND, - OR,
EXCLUSIVE - OR, . -and - NOT
operations. The relays can be used to
construct flip-flop circuits, and -these

can be used in binary, binary coded

Flg. 20. Reed rélay OR gate. Either coil »,

“-decimal .and detimal - counters, ring
‘counters, up-down counters ‘and shuft s

Cw

registers.

Whilst operating speed is very
considerably - slower than with solid
state logic elements, there is not the

‘$ame .necessity for precise voltage and

frequency - regulation, - -nor “‘the
‘susceptibility * to - voltage - transients.

And for these reasons reed relay logic

_ tircuits are becoming increasingly used

- coils,
L common
adjusting the ampere turns level to -
*both input winding and the individual
 bias
functions

in mdustnal equipment.

A ‘wide range of reed relay loglc :
- “elements are commercially available —
generally in a configuration similar to -
“~that shown inFig. 18. The individual .
‘reed switches aré surrounded by bias
in ~turn “ share a2
- By

and these . in-turr
input - -winding - coil.

windings, . a - multiplicity - of
. .can.be . obtained. A
permanent magnet can also be used in

this type of logic element to provide
- memory or latching functions.: ,

“When designing reed relays ‘as logic

-elements, the amount of magnetic flux
that is required to close the relay is =
- -regarded ‘as one flux unit. Thus a two
_input AND gate consists of one reed
switch surrounded by ‘two  windings -
each of which can generate one half a
Jflux unit’, (Fig. 19). o

1t is ‘possible to expand ‘the concept

g to_produce three, ‘four or five input .~
-AND gates ‘by ‘providing -a separate -
~winding for each input,such that each

" COINCIDENT OUTPUT. o o o
SELECTED CROSSPOINT
QUTPUT -

Fig. 21. Cross-bar matrix swltchiny, the opproprlate relay wlll close whenevar both co/ls of

: an y given relay are colncldentally energised. -

84 .

K?Ol CIDENCE\

. LATCH

~Again,

e

. F/ 22 Hawa memary may be

incorporatad jn a matrix elament.

wmdmg prowdes lth of the totall
‘required flux.:

An OR gate is produced by prowdmg
two ‘windings either of which can be
energised to the level of one flux unit,
{Fig. 20). Thus a voltage in either -
winding can cause the relay to close.
as -with the AND -gate, 'a

:number of windings :may be used

provided each one can provude one full i
flux unit. ‘

“The basic OR gate can be used asan’

excluswe OR gate simply by reversing
~the -direction of one winding. 1nthis

application if either one or the other
winding is energised then the relay wiff "~

_ close, but if both are energised then
the resultant magnetic - fields - will :

cancel out -and the relay will remain -
open. . :
Inverted operatlon is provuded by x
usmg relays -that : are- magnetically =~
biased into normally closed operation.

Cross-bar matrix switchingis readily: .

-achieved by using ‘a-double wound
“relay, in which each winding provides -

. The

half -a " flux - unit, - at - each selection
point, i.e., A1, A2, A3, etc., {Fig. 21).
-appropriate -~ relay ~will close
whenever both coils of any given relay
are coincidentally energized.

~ The cross bar switching system may

be used with a magnetic or electrical

- “memory --if required. Fig. 22 shows =
“how two reed switches can be used, = - -

;together with a latching winding, to

provide an electrical memory inareed =~ .

_relay cross :bar switching:system. In

~_removed, until the latching ‘power =

this form the matrix will . remember
the  inputs after = they have been

" supply is mterrupted

The final article in this series, Whlch 9

“will be published next month descrlbes‘

a number of ways in which reed relays = !

are-used .in sophnstlcated equipment.
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DlodeProlecled General Purpose Mulllmelers

All ‘hacked :hy "UNlVERSITY” sales, spare parts & service.

MODEL MVA-100 Multlmeter
=D.C.V.: 0.5-2.5-10-50-250-500-

MODEL MVA-4 Multlmeter
D.C.v.: 2. 5—10—50—250—1000

1000 (100KSY V). (20KSU V).

A.C.V.: 2.5-10-50-250-1000. ALCV.: 2. 5-1050250-1000
D.C.A.: 101A-250UA-2.5mA- 8RSV,
25mA-250mA-10A. : D.C.A.: 50UA-2.5mA-25mA- 250
"A.C.A.: 0-10A. 250maA.

- 'Ohms: 20K-200K-2M- 200M
db: ~20/0/+62.
‘Price each: $35. 00 +15% S T.

Ohms: 10K-100K- ‘lM 10M.
db: —20/0/+22.

+22/+36. :
Price each: $16.00 + 15% S. T

FeaturesQwOK I - 10AAC. Features: Metal Case back Low

- S S e e A M e RS R M e e e e R e M e e e o e e e A e ER e A amam A M e e e mm s e e e lE

'MODEL CT-500 Multimeter.
_ D.C.V.: 2.510-50-250-500-5K

MODEL MVA-5 Multimeter.
D.C.V,: 5-25-50-250-500-2.5K

(20KQ/V) (20KSYV).
A.C.V.: 10-50-250-500-1K A.C.V.: 10-50-100-500-1000
(10KQ/vl (10KSUV).

D.C.A.: BOUA-2.5mA- 250mA
. Ohms: 0.6K-6M. )
db: — 20/0/+22. -
Pnce each $10.00 plus 15% S.T.

D.C.A.: BOMA:5mA-50mA- 500mA ‘
Ohms: 12K-120K-1.2M-12M.

db: —20/0/+62. . - ‘
Price each: $14.00 + S.T.

‘Features: 500mA D.C. — Mrrror
Scale — Low price.

ifi”ﬂf!’i TEST EQUIPMENT Also backed by “UNIVERSITY" sales spare parts & service.

Features: Colour Scale - Srngle :
output socket f

;MODEL Ucs 5” Oscrlloscope
Vertical: 10mV P.P./cm.
Freq. Range: D.C. to 10 MHz.
Horizontal: 300mV P.P./cm.
"Wide Sweep 1Hz to 200 KHz,

| MODEL MVA-6 vacuum tube
1
1
1
1
- Continuously variable. 1.
1
1
1
[}

Voltmeter. :
AC-DC Volts, 7 ranges to 1. 5KV;
P.P. volts, 7 ranges to 4KV.

-db (1mW-600) — 10db to + 65db;
Ohms .2 to 1000M.

Price each: $250.00 + 15% S.T. Price each: $48,00 +15% S.T.

'Features: D.C. to 10 MHz —

Features: Colour Scale ~ Srngle
5" Screen.

output socket

MODEL 6803 — : Generator - . o : !

... Frequency Coverage: - 10Hz — 100kHz in 4 bands continuously variable.
 Waveform: - Sine and Square waves
‘Frequency Accuracy: % (2% +1 Hz)

. 'MODEL RA-111 Decade Attenuator

- Max. Output (60052 load):" - '+ 9dBm or more, contmuously variable with Range: ' 0.1db~111db. (DC to 150KHz)
: . . :variable resistor ".Connection Systems: - Unbalanced T & Bridge T.
: ~Output Impedance: 60002 + 10002 unbalanced impedance: .. 60012 - g
"~ Qutput Frequency Response:  + 1dB at 1 kHz Range: - {0.1db x 10) + (1db x 10) + 10+ 20 +30 +40db."
Distortion Factor: Less than 0.3% 200Hz-100kHz " Measuring Frequency D.C. — 200KHz (—3db) .
Less than 0.8% 10Hz-100kHz - Acturacy: . 0.05db + indication db x 0.01
Square Wave Risetime: 0.2uS Maximum Input: Less than 4W (around 50V)
Power Source: ° 100-1 15VAC or 220—240VAC Additional device: ' 600§ load resistance with internal, external
S o ‘'50/60Hz {approx.-3VA) . ... change over switch built-in.
Dimensions: S12" x 4% x 4

Dimensions:  190(L)x95(W)x100{H)mm
»Features Solid State —small size ’ - Features: Ease of operation

.-—- - —--- - wn e e e e e o N R AN M e e e A e - - - o e - e e e R e w8 e e e am w e e

e R WP ma N S P AL MY S WS S Gpoam WP A AR mR W W W e am o u

S.A.: Compar Distributors P/L. Qld Gee & Co., 35 Railway Ter
33 Market Street, ace; Milton, Brls Qid. 406 4
'ADELAIDE, s. A 500051 6264 Phone 36 034

Also available from all Jeading wholesalers

‘Sydney — 29 4258.

‘Victorian Office: 180, York Street, Sth Melbourne.
Phone: 699 1126.

; '
Umversuy Graham i : IR R REPRESENTATIVES
I Pt Ltd, : U1 WA Atins Canyle Lta. NEWCASTLE Dr:STS;ISTP/L' .
: a re 5 nte! ngineerin $ 3
instruments *1y. S Eathee e SRR
‘ s : o meadow,
106 Belmore Road, m"e'w°°d N.S.W., 2210 1 202 Argyic Street,  NSW, 2303 Phone: 61 4321,
Telephone: 53 0644 (5 lines). . 1 HOBART, Tas., 75300t v :oR;rlrfEM?u.A msg-r.usc;-/l_
Telegrams and Cables: Raquip, Sydney. PR N N QR%NCEE%“ Tase 3250, 1 Fltzwillam Streety
City Office: Instrol Electronics Centre, 91A  York Street, [ 22844, PORT KEMBLA, 2505 431397
. v '
A
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Th/s s/mple electron/c metronome sounds /ust like its mechan/cal
: counterpart - and has a wsual output as well I

A

' en - Maelzel invented ' the
Wlockwork “metronome about
: 170 vyears ago, his  device
indicated the temp| in ‘music both
~audibly and visually. - .y
1682 ‘'or 852 » Today's -~ electroni¢’ " counterparts
“SPEAKER _rarely - have ‘visual outputs, and even
P the audio signal is quite unlike the "tic’
sound characteristic of the mechanical
instruments, - !
¢/ But here’s one with a difference. -
The" . beat . rate. of - this simple
~electronic  metroome may be ‘varied
from adagio to allegro as required. Thie
1 L . -unit realistically simulates the ‘tic’ of
co doe e - the conventional clockwork units, and
a7uf 10V 10#f 16V " also flashes alight in ‘time with the
i ““beat. - This latter ~ feature - is  of
considerable va|ue espemally in school
kclassrooms

- CONSTRUCTING THE UNIT

The - ¢ircuit diagram - of the umt is
shown in Fig. 1.
. Component Iay0ut is .not " at a||
critical and the unit may be assembled
- -using tag strips — ‘as shown in Fig. 2 —
or .on perforated board, or, if .a
- ~completely professional appearance is
. required, a-printed ¢ircuit board may
be used.
The ‘choice of loudspeaker, agam is
; not at all critical, and any eight or 15
o B0 RTINS T ol ohm -unit ‘not exceeding four or five
~PARTS LIST .. . B - -inches in diameter may be used.
, e S ~The size of the loudspeaker and the
~choice of ‘battery " will . probably

~ resistor 100 ohm, 1/2,}"’3,“ % | determine the method of housing the
, 2.2k, o oo o - main components. One simple way is
e 1.0k, 0" . f R E - to locate ‘the electronic components

~ ; 1000hm ' ’ ; 7. and - batteries inside ' -an "extension
~_poteritiometer 5Ok, Imear Y2 watt - . ~ loudspeaker - enclosure.. The flashing
: capamtor electrolytlc 47pf 1(')'v?,|t s 4 7 light may then be mounted on the

* - front face of the completed unit. ;
‘- An alternative method of using the
“flashing light is to locate it away from
the main - unit. This -is a valuable

: T e 10uf 16 volt
'tran5|stor BC108 or equnva!ent

SRR or equ‘ivale‘r.t._ R feature if “the unit is used for
: e L . -instruction ‘in  school classrooms  {an
single pole single throw switch L : application we had in mind when
-8 ohm or 15 ohm speaker 1" — 5’ diameter A building the prototype Unit). -

5.5 volt, up to 500 mA

PROJEGT
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THE UNIT IN USE

Having completed = the :assembly,
~check over all connections for wiring
errors, and then connect the unit to a

six voit battery — an Eveready type -
713 will power .the ‘unit for several

hundred hours.

~Turn “RV1 fully antlclockWISe and

switch SW1 to ON. The loudspeaker
should now -tick ‘at a very slow rate,
and the lamp should flash in unison (if
it does not do so, switch off and check
all connections carefully).

Now turn potentiometer RV 1 until
. the -metronome produces the lowest
beat -rate required (i.e. adagio) and

mark this ‘point on a scale attached to

the face of the instrument. Further
points should be marked on the scale
by checking the metronome against a

stopwatch ~or . another . accurately
calibrated metronome.
It - is° - advisable - to - check - the

calibration occasionally — this is-done’

“-simply "by setting the ‘unit ‘to the

lowest point marked on the scale — i.e.

adagio — and checking the rate agamst, "

a stopwatch.

But as the beat rate of the CII’CUIt is
not “affected by changes in battery
voltage ‘from 6.5 :volts down to fess
than 5.5 volts, and because of this it is
not necessary to calibrate the unit
each time that it is used.

As a matter of interest the word

‘'metronome’ is derived from the Greek .

metron (measure) and the Greek

‘nomos (law). There'is no truth in our

London correspondent’s theory * that
the unit was named after a very small
man who once worked on the Paris
underground railway. °

50k POT
o
IT* : |
H ! _. ‘4 + &+ X
e_t .
A7uf ~ 10uf
g oW 1 |1evw
TT801
+ k2
& 47uf
10VW

'HOW IT WORKS

Transistors - Q1 and Q2 form a
free:running ° _ multivibrator, " “the -
frequency of which is varied by
potentiometer RV1.- The  output
waveform is amplified by Q2 and Q3
which are connected as a Darlington
pair. . 2 L :
The flashing light “is driven by Q3,
the on time of this lamp is approxi-
mately equal to R3 x %2 seconds, -

10
the  time off is approximately

(R2 + RVI) C1 seconds.
10/ :

The output square wave from the
multivibrator is differentiated by C3
and R4 and then amplified by Q4.
The loudspeaker, forms the collector
load of Q4.

TT801

10082



‘This simple versatile circuit has many uses

b

L o ey
. - EM 401 <~ CURRENT LIMITING
L " RESISTOR (AS REQUIRED) " -1
SCR1 e -
- =
i - — .
gu. oy 12V LAMP e
(111 C L S il
b= I oAS1 oy —
o e 1111 - : (‘ R1 . ',BATTERY‘—:
20v QB ey ]} VYWWA— S
©BOHz el S 7 00uf” Ko o o
g i £ B
s of, | N i
D EM 401
i TS~ 411} - : : 3
. e - 4111 S o . . L . : g
: LR R2 210002 ~ . oo T

“The 12 volt lamp shown in ‘this circuit should be rated at 72 watts or Iess - thrs may be

/ncreased to 24 watts if the SCR is mounted on an adequate heat sink.

ERE'sa pro;ect wuth any number
of different uses. . -

Basically it's ‘a 240 volt mains

operated device that provides - low
.voltage . dc:- power, " and
“instantaneouslyand ‘automatically to

battery -.operation - in “the event ‘of .

~'power failure. When power is restored

“the unit automatically reverts to mains -

operation and recharges the battery."

* The -unit ‘may -be used to provide

'emergency lighting " .in - hospitals, of

“dark corridors, as-an automatic battery .
‘change-over supply for intruder alarm ..~
‘systems,“or -as a power failure alarm -

for heaters or deep freeze systems.

“The ¢ircuit may: be ‘used in many =
circuit -
battery

“different foftms with
component - -values . -and
ampere/hour capacity ‘chosen to su|t

_‘individual applications.

Figure 1 shows a circuit deSIgned to

;supply 12.0 volts at 1.0 Amp, this may
beincreased toat least 2.0 Amps if the
- .SCR is mounted on a heat-sink. -
/ Transformer - T1 s a

switches -

‘triggering voltage

“This rarely exceeds half a volt and m: '
.-practise ‘standard electrolytics’ may.be' :

“standard

-~ fitament transformer with a secondary
‘winding - capable  of supplying -12.6
“Volts _rms. :
handling & couple of Amps may be
used - for SCR1. We -suggest a C106
primarily : because - they "-are *
-generally “available from most parts -

+‘Any - 'SCR . capable of

series,’

suppllers

In theory, capacltor C1 should be

nt)n polarised
emergency:
reverse:charged - to -

because, .. during
operation, it s

used without fear of breakdown."

‘ Resistor R3 must be chosen to I|m1t _
“the charging current of the battery to
- a safe level. This level varies from one -

type- of “battery to another — most
nickel . cadmium “batteries, may be
trickle . -¢harged

=-i.e.,” a -one A/h battery may -be
contmuously charged at 1/100th of an

‘the SCR gate -

‘continuously  “at
“1/100th of .their Ampere/hour rating

‘Amp-'10 mA

The value of R3 may be calculated

: as T

R3- L—ﬁ %1000
: Ic
Where Vs

]

Su'ppiy voltage from
.. transformer : '
. Vs'= - Battery voltage"

Ic = -.Charging current’in
= milliamps

If in doubt, the maximum safe

© “continuous 'charging - current can be

ascertained - from - the ‘supplier - or
manufacturer of the battery that you
have chosen.

"To modify the c‘ivfcmt' for other
+ ~applications it:is necessary to choose a

transformer -‘having an output about 5
or - 10% higher - ‘than . the - standby

‘battery, and rated to provide the load
““current ‘required. The SCR must also

be chosen with ~voltage and current
ratings suited to the application.
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—44  TOT/FORMER
SECONDARY -V

Fig. 2. Constructional details of the
_‘Circuit shown in Fig. 1.

_ VEROBOARD PLAIN

Part No. .

No. of
o Strips

Size

Size
Pin

Price

VEROBOARD FULLY PlERCED copper clad

402/7022
403/4001
441/4501

442/4505
522 .

16 way
21 way
16 way
24 way
34 way

17.9” x -3.4”
18.0” x 4.8”
17”7 x 2.5%
177 x -3.75”
17.9” 'x3.75”

.052”
.052”
.052”
052~
.040”

$1.23 “each :

$1.41 each
0.84 each
1.10 each
$1.23 ‘each

1 VEROBOARD PLUG-IN copper clad

+ Part Nol. .-

. .No. of

Strips .

Size

Pin

Size ..

" Price

2/7003

way
way
way
way
way
way
way

17.9” x 3.4”
18”7 x 4.8”7
17.9” x 57
177 x .2.556”
17” 'x ‘3.75”
177 'x-4.371"
179” x 3.75”

.052”

.052~
.052”
0527
.052”~
040”7

.0527

each
each
each |
each
each
each
each

Part No.

No. -of
Strips

Size

Size
Pin

Price”

202/7011
241/2502
243/2504
245/2506
281/271

way -
way
way
way
way

way

517 x 3.4”

57" x 255"

8” x 3.75”
375" x 3757
3.77 x 3.5017
3.77°x 257

.0527
{052~
-052”
.052~
.052”

.040”

14 each

45 each
23 each
$1.23 each
$1.14 each

$1.
;%.01 each
$1.

VEROBOARD ' Cop

p‘e,'r‘ clad ea

ch side

Part No.

No. of
Strips

~ Size

Size
- Pin

Price

131

39 way

8.1” 'x 8.4”

0627

$3.51 each

‘VOLTAC' (formerly SLIDUP) Varlable Autotransformers’

TYPE

inVv

Current

CAP. VA

Price
’0ut v Sales ‘Tax Extra

P1 Panel Mounting
BP3 -

BP5 o

-BP10OS ",

SB5 Bench

230
230

1230
230

230 '

0.260

0.260 -
0.260

- 0.260
-.0.260

.5 amps
“1.5 amps
2.5 amps -

amps

amps -

~100
300
500
11000
1000

$10.70
$16.50

"$18.60
$25.80

$25.80

Mounting

B15 5

230 1°0.260 15.0 amps --3000 -
B2

230 0.260 -25.0 amps .5000 . .-

15% SALES TAX WHERE APPLICABLE. FREIGHT EXTRA.
ALL THE ABOVE ARE AVAILABLE IN 3-PHASE COMBINATION. .PRICES ON APPLICATION

J. H . MAGRATH & CO. PTY. LTD.
208 l.l. l.onsdale SI., Melbourne,vlc. 3000. 'l'el 663 3731

.$64.00
‘$112. OO
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EQUIPMENT NEWS

TIME DOMAIN REFLECTOMETER

“Tektronix . Australia = Pty.  Limited

announces ‘the . .7812 "Time * Domain

Reflectometer, an ‘oscilloscope plug-in unit
- -that fills three measurement needs.

1. Hz-Resplutlon TDR-45 picosecond TR -

2. Long-Line TDR ~up to 9800 feet
3. - General Purpose Samplmg - 35
picosecond TR

“The 7812 -is-a double-w1dth plug-m 7

" désigned for -the ‘7000-Series Oscilloscopes.

"“The -Tektronix -interchangeable sampling . -

héad .concept is used to achieve application

flexibility. One of the -two ‘heads in the ‘k :

7812 serves to accept and process incoming

signals for ‘display in -the vertical axis. The

second head generates the incident pulse for
TDR or serves as a triggér récognition device
in general purpose applications. The 7812 is

-uniquely - designed = to - work . with other
sampling plug-ins to prov1de dual samplmg :

dlsplays

" The 7812 TDR features 4 vertical system

calibrated in - volts” -or - rho. ' Reflection
coefficients as’low as'0.001 can be observed.

- Signal averaging reduces test-line noise. ‘A

unique -tape dial pérmits direct reading of

- “time ‘or “distance. A locate button provides
. .instant return-to a complete display of the
_entire full-scale range. A brightened trace

portion ~identifies - the .position” and ' the
<duration ‘of magnified dlsplays while in the

“locate mode.

Six - signal < heads, three' pulse generator
heads, and two trigger -heads are available
‘providing _ feedthrough 5082, and - high
impedance inputs with a ‘wide variety ‘of

: bandwxdths (up to 14 GHz)

.Full ‘details from" Tektromx (Aust) Pty.
~-Ltd., 80 Waterloo Road; Nth Ryde NSW.-

MEASURING GRANULAR FLOW

A few electronic instrument, clalmed to

*be ‘the ‘only one capable of continuously -

measuring ‘the flow of granular materials in
pheumatic - conveying - systems, - without
- interfering with the flow, indicates when a
“'mass flow rate exceeds or falls below a

.- predetermined figure.

The' instrument,” developed by a’ Brltlsh
electronics firm and the National Research
and Development Council, overcomes the
problems ™ associated with -measuring the
flow of solids in pneumatic conveyors.
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" -expensive - than

Apart from “its technical “advantages, ‘the
instrument is claimed to be considerably less
~existing - methods . - of
measuring < mass flow. - These . generally
require the diversion of the solids flow from
the - pneumatic ‘conveyor by a-deflecting
plate  or . similar . device -into -an

-electro-mechanical welghlng system to give a" -

Ibs/hr measurement.

By contrast;- the ‘new “system “called " the .
“Flowmeter P390 is attached to ‘the sidewall
-"of "the pneumatic pipe conveyor so that
: -there is ‘no “obstruction to the flow path.
- The instrument 'measures - variations @ in -

~result

‘OSCILLOSCOPES

capacitance noise to provide a direct meter

reading of the mass flow. It has no-moving :
- .parts,.- iS ~ unaffected ' by : vibrations and

requires virtually no maintenance.

; " Key to ‘the system is the use  of the
..turbulent nature” of 'the  solids flow to
- -measure the density of the cloud of solid
being blown along in a fixed length of the

- pneumatic conveyor. The turbulence causes

random fluctuations in cloud density ‘which

. .The mstrument.oonsist's of a'head unit and : ?’
- electrode, a power supply integrator unit, :

and - a2 ‘meter.” The small changes

.. capacitance due to the passage of partlcles
past the electrode are converted toa varying
- -voltage by ‘a capacitance transducer, the ac

output of which is rectified and smoothed.

“The smoothing time is adjustable betweén

10 seconds and 250 seconds to cover a wide

range of flow conditions. The d¢ output

signal -in . a range 0-10 mA can drive a"
number ‘of remote-mounted mdwators and

" recorders.

‘An advantage of ‘the new capac1tance

'_transducer is ‘that "it" is only sensitive to-

variations in capacitance due to the transit

"of particles'and not by changes in standing

capacitance ‘due to the powder sticking to

‘the . électrode “and : other slow-changing

effects —~ hence no Zero adjustment is
needed. :

“The instrument can be used with the wide

range of pipe sizes encountered in industry
and has'been field-tested “with materials
ranging from finely powdered flour and
cement to granules such as wheat and peas.
Other applications  being :studied ‘include
gaséous ' “suspensions ' and - liquid " slurries,

“industrial ~effluents = and ‘the - detection
“explosion risks in aircraft refuelling.

Full details from Fielden Electronics Ltd

i P.O. Box ‘6, Paston Road Manchester M22

4TX England

PURTABI.E STURAGE_

i S

Storage  has long been a
chatacteristic “in-, portable oscilloscopes.

- Field wses for storage continue to expand as -

electronic equipment usage and costs place
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in - corresponding - variations  in
‘capacitance, similar to electrical noise. It is
the ‘magnitude of the varlatlons which are”

_-‘measured. :

desirable




stronger demarnds upon quick isolation and
_solution of * problems. - Many waveform
measurement problems encountered in field
servicing —: or the laboratory — are easily
solved. Some signals are single event or low
repetition rate, aperiodic or random.

‘Bistable split-screen storage is a feature of
‘the “new 434 - storage oscilloscope from
" Tektronix Aust. Pty. Ltd. It offers all of the
adyantages of a ‘storage and ‘conventional
~ oscilloscope in .one lightweight,  small
package with a large 8 x 10 cm screen.

- Vertical heighit of the oscilloscope cabinet
is only 5% inches: -Depth, -including the
handle, is ‘only 21 ‘inches. “Width is 13
inches.” ‘Weight is ~only 20% pounds,
-inc¢luding  panel - cover
_Rackmount versions - are only 5% inches
high.

_Full details from ~Tektronix Aust. Pty.
Ltd., 80 Waterloo Road, North Ryde, NSW
2113

VA&RIB'LE POWER s’upguss

Scientific - Electronics . Pty. Ltd. have
introduced a ‘new  range of low :cost
high-performance -variable ‘power supplies,
.which they state are suitable for laboratory
bench work, educational instituions, and for
general purpose use.

The output voltage and current i fully-

adjustable to zero by ten turn -controls
which allow precisioni setting of voltage or
current. The “front ‘panel meter can. be
_switched ' to momtor output  voltage or
- current.

Constant voltage/current limit or constant
voltage/constant current “ensures short

circuit proof operation and permits series

and parallel connection of two or more
supplies when greater voltage or current ls
desired.

The output is fully ﬂoatmg and can be‘

operated as a positive or negative supply or
floated up to £300V from ground.

Both load and line regulation is claimed to~

*-be better than 0.01% and ripple and noise is
stated to be less than ImV p-p from dc to
20MHz. Units are available with outputs up
to 50 volts and 2 amps.

Full details from Scientific Electronics
Pty. Limited, 42 Barry Street, Bayswater,
Vic..3153.

and - -accessories.

Instrumentation Australia Pty. Ltd.,

LOW PRICE COUNTER

A new low priced frequency counter has
been announced by Schlumberger-Heath.

Direct counting to .over 80 MHz “is
provided with optional pre-scaling to 175
MHz. The self-adjusting input circuitry gives
a trigger sensitivity of better than 100 mV
at- 50 MHz. Time base stabilities of up to
one part per million per ‘year are available
with a choice of two standard crystals.

" ‘The SM-105A uses a five digit LED display

with “overranging to . give eight-digit
resolution. - This form of - semiconductor
display is claimed to have a life expectancy
in excess of 1,000,000 hours, and the total
instrument -reliability is further -confirmed

/by a 200 hour high temperature burning of

every counter before final checkout:

~Full  details . from Schlumberger
112
High Street, Kew, Vic. 3101.

PORTABLE COUNTER

A new release
Instrumentation is the Weston Model 1250

" “Frequency Counter, ‘a low :cost : portable

instrument, designed for both-general and
special applications. The Model 1250 has a

‘full range coverage of dc to 32 MHz and
offers many features that the manufacturers” =

claim are not found in larger bench units.
Special features of the Weston model 1250
frequency counter include solid-state LED
readouts, storage circuitry for non-blinking
readout, four ranges with automatic decimal
positionings, a rogged thermo-plastic, glass

filled - case,. a. convenient -carrying “handle -
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from Schlumijerger ‘

SIX reasons why “hobbyists should
visit our Sales Dept.

e Extended trading hours. 8 am —
6 pm Mon — Thur. and 8 am — 6.30
pm Friday. Saturday 8am <~ 12.30 pm
® We have at your disposal quali-
fied ' technicians to assist -with your
kit-set and component requirements.
® The atmosphere -is friendly and
informal.

® We have many kits and 'Specnals
on display. ;

e Dee Why is only -35 minutes
from Sydney G.P.O.

® . No parking probiems.

SPECIALS —
This month only

--Adel ~Nibbler, '$6.20 — Post 40c.
Feed Thru capacitors {0.001/630V),
25¢c ea.
‘Homer’

" Post 25c¢.
Silicone Grease; $1.00 per tube.

- Pocket Screwdriver with neon test,
69c.
‘Sony’
$13.05 Post 75¢.

DM402 Dynamic Microphone $5.55
Post 50c.

Plessey NE2 Neons 20c ea.

Dual .Gang pots — all values $1.25
3.5MM plug jack sets 35¢ ea.

Etching Kits $1.90 Post 50c. .

““Royston -De-Soldering ‘wick - $1.80. )
per 5ft. )
P.V.C. Sleeving au coiours 2c per-yd. {
2 Pole, 2 Pos slide switches 20c ea. {

Fairchild BC108: 10 for $3.50 p

j
¢
4
¢
¢
{
¢
¢
{
[)
‘
4
{
1
Al
1
)
1
4
¢
{
4

"2 station intercom, ss 30,

Tape Head -Demagnetiser

Fairchild BC109: 10 for $3.70
S.T.C. EM401: 10 for $2,20 .
Bridge Rect. -1 amp & 20V 88c ea.
G.E. A15A diodes (3A @ 100P1V)
73c ea,

CATALOGUE

Our new 1971 catalogue has been
released “ ‘crammed - with = many
-additions. - This edition will be
current  ~until  February - 1972.
Simply send a 9 x-4 envelope
with 9¢ stamp .

QUALITY

We only stock new and guaran-
teed parts — no rejects or ‘drop-
outs’, no disposais — only well
known ‘brands -that .you know
and trust.

POSTAGE: Add 15¢ post fee to all
orders, unless stated otherwise. :

DESPATCH: Al orders are received
at 9 a.m, at the P.O. and despatched
to. meet the 1 p.m. clearance the
-same day. This gives you a4 hour
servn:e. :

KITSETS AUST

o MAIL ORDER "DEPT.
BOX 176 P.0., DEE WHY, N. SW 2099 .
ALES DEPT.
Suite 2, No. 21 Oaks Ave., Dee Why -
. ... {50 yards from Dee Why P.0.)
Phone 9825571
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- - rDLBY SYSTEM

L PROFESSIONAL e T s e DOMESTIC
CTYPEA TYPEB(KeIIer)k .

NOISE REDUCTION UNITS

IO dB CUT IN TAPE NOISE

BO TH SYSTEMS AVAILABLE FROM ONE SOURCE o

49 WHITING STREET, ARTARMON, NSW
PHONE 439 1651/4393013

L BN

T"Ej\s"’“ i“'m"’um“s”':""f"/‘“STJ-“F“ DOLBY LABORATORIESINC.

_ MULTI-TURN DIALS

SINGLE AND MULTI-TURN TRIMPOTS
A FULL RANGE OF CERMET AND WIRE WOUND POTENTIOMETERS WITH
- ASSOCIATED DIALS AND HARDWARE ARE AVAILABLE EX STOCK FROM:

ELMEASCO INSTRUMENTS PTY.LTD.

- P. 0 Box 334, Brookvale, NSW and P. O Box 14, St. Kilda South, Vlctorla .

T TeI Sydney 93 7944 — Melbourne 26 1552
- ADELAIDE — Phone 64 3206 BRISBANE . Phone 71 3366

]
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EQUIPMENT NEWS

~which converts to-a-tilt ‘stand, an optional

leather carrying case, and panel mounting at
no extra cost. :

Spectflc design features include four gate‘
times giving full scale readings .of 32,000
kHz (32 MHz), 9999.9 Hz (10 kHz). The
Model 1250 also hdsa switch position which
allows -use of an external time standard
instead “of the “self-contained crystal, The
external time base ‘should be 1 MHz and is
~applied to ‘the 1 millisecond gate (32,000
kHz range).Another feature available is a
1 MHz output frequency to “troubleshoot
circuits” ‘on a “closed ‘loop” . basis. For
etample, if a digital circuit is being tested,
the ...clock- for = that  circuit can. ’oe
deenergized and the 1 MHz from the Model
1250 substituted to check the divide or
gating circuits.
‘input is used while the 1 MHz signal is
obtained from a separate output terminal
and ‘the 1250 can .be set to the most
convehient range for the circuit under test.

_-External techargeable battery operation is .

an additional option.

- .Further = details
Instrumentation, (Australia) Pty. Ltd., P.O.
Box 138, Kew, Vic.3101.

NEW MINICOMPUTER -

- Hewlett-Packard has introduced 4 new

low-cost computer, a high-packing density

computer . tape ‘memory, and a compact ‘

‘computer disc memory.

The - néw  “units, -the Model = 2100A
‘mini-computer, . the  Series - 7970 tape
memory - and the “Model 7900A -disc
memory, are said to provide the otiginal
equipment. manufacturer and the end-user
with' a ' wide variety of low cost solutions to
their - computational . -needs. - Modular
construction -of the units enables a user to
~tailor  his - data processmg system to his

. immediate needs, yet mcrease it at a later

-date, if required. :

The Model 2100A mlmcomputer is faster,

The Model 1250 standard

from Schlumberger :

»

“7970E. - The

computers,

i

more versatile and lower in cost ‘than its

predecessors. . It is ~.compatible with  all
existing . Hewlett-Packard = computers,
peripheral [ equipment and .-software
programmes. ‘The computer is intended for
use in a wide Tange of ‘applications .in

; business, mdustry, science, medicine -and . -

education..

: Apphcatlons of the Model 2100A include .

use as 'a small industrial controller, as a
multi-language “stand-alone computer, as a
part of a large time-sharing system or highly
automated systems : performing - complex

‘measuring, testing and computing tasks.

'The Series 7970 computer tape memory is
offered in two versions, the 7970B and the
latter - has
electronics ‘which - allow high- information

packing densities (1600 characters per inch).

Both versions are compatible - with - HP
and’. offer fast
transfer rates.-

The Series -7970 is des1gned for use by

- original “equipment manufacturers and ‘HP -

computer users in system applications that
require ‘high information packing densities
and data  transfer rates. These applications

_-include - computer output - microfilming,

. optical

“time-sharing,

character = recognition; :off-line
printing, computer batching and processing,
data acquisition and conversion, intelligent
terminals -and communicatlon and analysis
systems.

The Model 7900A is a tough and compact

computer - disc - drive - memory .with the
fastest response time of any rack-mountable
memory device now available. The random
access, moving head, dual disc ‘memory
combines speed and ‘large - data - storage
capacity. It  is = designed . for -use .in
process .~ control,
acquisition,  .automatic . measurement,
commniunications, _computer

processing.

Full  details from Hewlett-Packard,

- Australia Pty. Ltd., 22-26 Weir Street; Glen

Ins Vic. 3147.

| INDUSTRIAL FM B'E”co\nnsn_

" ’The system comprises four pairs of FM
. record and ‘playback modules coupled to a
Sony deck which has been converted to four
. track  operation. Although the FM record -
and playback - modules can be supplied -

- ‘separately -for  virtually any mnumber .of

tracks and for any tape speed up to 60
inches “per ,s’econd, the composite system
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| CUSTOM ELECTRONICS

phase-encoded

information

data

caided
“instruction, data collectlon and batch data

304 NEW SOUTH HEAD ROAD,
DOUBLE BAY, 2028,
PHONE 36 2560—-A H.: 378158

If you haven't ¥

||ear|| this range

| of speaker systems
Beoe| .l SOONDY
e U L VALE
PACKAGE DEAL—4

DOKORDER 100 WATT OR
AW ST45 OR

 ELAC 610 WiTH MAGNETIC
b 2 X 2001

WA 1 Sy -
PACKAGEDEAL—3

PIONEER SA500 40 WATTS
B'SﬁiiOVIVITH MAGNETIC 2 x

8” 3 WAY — $258
"III.TIMATE" 15” 6 element 5 way 50W RMS
'} Make your. choice on our comparitor of brands
] like PIONEER, - DOKORDER, AWA, - AKG, :ELAC,
DUAL, LEAK, PHILIPs "Also Package “Deal
Speclals

The Melbourne telephone number
‘appearing in the September issue
of Electronics Today for Eimeasco
Instruments P/L was incorrect.
The correct number is 26-1552,

EDGE ELECTRIX

SPECIALISTS IN ELECTRONIC
PARTS AND EQUIPMENT

OPEN 8.30 AM TO 5.30 PM

MONDAY TO FRIDAY —
8.00 AM TO 12 PM
SATURDAY & SUNDAY

25A BURWOOD ROAD
BURWOOD, 2134 N.S.W.
PHONE: 747-2931

FULL RANGE OF:

- Capacitors — Resistors — Potentiometers

. - -Semiconductors — Tuning Condensers
—Transformers — Speakers — Valves —
Switches (Rotary, Slider, Toggle, etc.) —

 Bezels — Batteries — Stylii — Tape
(B.AS.F.) —-Cassettes — Flex — Solder-
.ing frons — Relays — Piugs — Sockets |
— Terminals — Tag Strips — Tagboard — -
Matrix -Board — Copper ~Clad Board —

: Etching Material — Rectifiers — Cases —
Chassis — T.V. Aerfals — Cable — Fuses”

;= Jacks and Jack Plugs and Kitsets.

" COMPLETE MAIL ORDER SERVICE

- All goods available at competitive
prices. Please write or rlng for a
quote v e .
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~ WAYNE
- COMMUNICATION
'ELECTRONICS

..'757 GLENFERRIE ROAD
~HAWTHORN, VIC., 3122
PHONE: 81 2818

NEW PRODUCT

144 MHz to 145 MHz Dual Conver’siog :

A.M. Receiver Kit. ~Features 9 FET
Transistors; Crystal Locked - 'Second
Osc., Printed Circuit Board; Audio Am
pl;fler Noise Limiter.

~ SPECIFICATIONS

‘Frequency range 144 MHz to 145 MHz;

input . Impedance .50 ohm; Sensitivity
3yV for 10 db S/N Audio Output - 1
watt into 8 ohm; Power Supply 9-16V
~D(I: s(')ur mtroductlon pnce inc, Crys
ta 42,

- OUR MONTIII.Y SPECIAI.S'

Transistor 2N3055 — $1.50.

Resistors: ‘Carbon Mixed Values. '1/10
“'watt $3 per 200; 1/4 watt $3 per 200;
"1 watt 2 watt $1.50 per 100.

- Capacitors Mixed Value of Micas D:scs
Polyester, etc,, $2 per 1
Computer Boards: Containing 2, 4 or 6
VHF NPN - Silicon Translstors High
speed ‘silicon d:odes. ‘metal oxide " re-
sistors. :
~Capac:tors “Price—"

$0.65 with 2 transistors.:

$1.00 with 4 transistors.

$1.25 with 6 transistors. <

COME AND INSPECT cur new tine |

“of low .cost parts: Transistors; FETSs; .

integrated Circuits; Light Emitting -.Di-
~odes; Coil Formers; Switches; Lamps;

CRO’ Tubesets, -at Wayne -Communich. -
§ tion . Electronics, 757 Glenferrie Road, :
“Hawthorn, Vic., 3122, Phone: 812818

speed *; and :

~ “INNERBOND"'®
'BONDED ACETATE
~ FIBRES

FOR PACKING IN
- SPEAKER ENCLOSURES

 AVAILABLE AT ALL
LEADING ELECTRONIC
DEALERS

WONDER WOOL

PTY. LTD.

87 “James “Street,  Leichhardt
N.S.W., 2040.

Box 548 ‘G.P.0.; -Sydnsy 2001.
Phone: 56 2780.
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‘potentiometer, . i
~source and null detector.. The Model 180
can-be connécted directly t6 the unknown. =~

‘offers facﬂmes such as complete datak

protection, automatic 'selection of record
excellent ‘signal-to-noise
performance

- “The -FM modules feature the use “of

low-cost - ‘operational -amplifier ICs “and
according - to the -manufacturer, this fact

;coupled  with “the use of a commercially

available high quality tape deck, enables the

icost/performance - - ratio /:of 'the- FM300

system to-be better than any sxmxlar type of
equipmert available today.

ELECTRONICS
publlshmg 4 full product review of the FM
recorder in“the near future.

Electrodata -Associates  Pty.  Ltd. is a"

recently < formed - Australian - - company

dedicated to the design and manufacture of

analogue -and - digital “magnetic - recording

.equipment. Its founder, Dr.-Stanley Baker,
:is a graduate from the University of New . :

South Wales and was previously -employed

-as chief engineer inthe Tape Systems and
‘Recording Head Company of ‘the Gresham

Lion Group, London.
Future * developments -
Associates ‘Pty. Ltd." include ‘two' channel

multiplex - magnetic - recording -modules,"

calibration “modaules, battery operated FM
recording :modules = and digital event

“'recorders.
- Full details’ from Electrodata Assoc1ates 8
-~ Barry Ave., Mortdale NSW 2223 :

'-DIGITAL NANDVOLTMETER

A new . digital nanQvoltmeter from
Keithley - ‘features . sénsitivity - to” 10

‘nanovolts, . 4% digit -display, . automatic

ranging, - remote - programming, - isolated

‘input, isolated output and an option’al BCD

digital output (also isolated).

The instrument, designated the Model 180

sxmphfres measurements .- that - previously
required “a - complex . set-up ;of a
standard: - .cell, - working

potential and resolution of up to fivé places
can be obtained — with sensitivities claimed
to be as low as-10 nanovolts per digit. -

Futthermore, these measurements can-be" -
]automated by _using -the un1ts optlonal :

'digital output.

An input impedance of over 100 megoth'
assures ‘that the unit will not cause loading
‘errors. The -isolated input - (isolated  from
-chassis gnd the -output) can -be connected

into “a ; ¢ircuit -~ without ,,'won‘y about

‘grounding arrangements.

Display rate of the digital nanovoltmeter is

“adjustable from' 2V; readings: per second to "’
one -every five seconds: Settling time to -
rated accuracy is less than three secondson

all ranges except the most sensitive.

- Full details from Warburton Frankl Box ‘
182, ChatsWood NSW 2067..

o

"EDAS master
-exgcutive’s desk gives him fingertip access to

- system (PAX).

TODAY Wlll ‘be -

conversations when
operation s

of 'Electrodata i

EOUIPMEN'I‘ NEWS

' EXECUTIVE COMMAND PDST

The = Piessey = Communication Systems
station -on the.. busy .

any staff member through his organisation’s .
existing - internal . automatic . telephone

This instrument, which is now avaxlable

~with ‘a rosewood finish in addition to the

standard teak finish, can be used ‘on most
private automatic exchanges instead of a -
conventional handset. It has the additional

advantage = of - being “a  loudspeaking ‘-unit
“through which up to 18 extensions can be

called by touching a name key.
Other extensions can-be called rapldly by

" touch dialling on a keyboard and there are

also facilities for priority or secretarial call. |
‘Although a handset is provided for private
desired, . normal
“handsfree’ . permitting
conversations to be camed on ‘at d1stances

"of several feet,

Full details from Plessey Commumcatxon

‘Systems Pty. Limited, 87-105 Racecourse

Road, North Melbourne, Vic. 3051.7 .~

ELMEASCO IN MELBOURNE '

Elmeasco Instruments Pty. Ltd. have now

opened an office and fully equipped Service
*. Department at 33 Queens Road, Melbourne.

LOW-COST VACUUM TAPE DRIVES
A" neéw low cost vacuuni tape ‘drive and"
tape cartridge recently developed by Digital

‘Information— Devices Inc.,U.S.A., . is now

available i Australia from DC Datagraphix,
a division of DC Industries Pty.-Limited.

It combines the gentle tape handling of
vacuum © drive - with . the tape protéction
offered by a cartridge. The tape can never

unwind -accidentally because friction locks

the reelsinto position in the tape cartridge.
Once “the "cartridge is inserted - into :the
vacuum . ‘tape . drive - system, - the . vacuum

- unlocks the reels so they can rotate freely.
*.“Vacuum columns ' provide -uniform tape
tension. ‘No pinch rollers are used, and the

oxideside” of ‘the ‘tape "touches only the

¢ ‘read/write head mechanism.

Vacuum-is .also “used -to control tape

loading ‘and unloading, tape positioning on

the read/write ‘head, tape.guidance, tape
advance and braking, plus tape buffering.
The tape used is the IBM standard 8% in:

~-and 1,200 ft. long, with a data density of
800 b.p.i. for nine-track and 556 -or 800"
“b.p.i.-for seven-track:: The tape velocity is

183% i.p.s. with optional velocities of 37.5

~1p.s. and other speeds down to a -minimum

3ip
Full details from DC Datagraphlx, 32
Smith Street, Collingwood, Vic. 3066.




SUB
~ AGENCY
ﬂPPﬂHTIINITY
- MARINE

Spemahst Sub Agents requured
for all" Major -centres -for
“Heathkit Marine Equipment.
~Must have showroom facilities
- and be prepared to carry some
- stock. ,
. Reply in conﬁdence with Bank
References TO :

SCHLUMBERGER INSTRUMENTATION‘

AUSTRALIA PTY. LTD.

'P.O. Box 138 Kew. 3101 Vic.

ATTENTION
AlABM |NSTA|.|.ERS

SIMPLIFY YOUR INTRUDER ALARM PRDJECTS |

Allow us to supply professional equ:pment at
reasonable prices. ‘

Due to mass production we can offer quality :

. equipment freeing you to devote your time
to the heart of your intruder system i.e. the

'appllcatlon and mstallatlon S

. Contact us for information on Pressure Mats
Bells, Magnetic Reed Switches. Control
, Systems, ;Timers, Photo-Electric Beams, etc.

SEGURITY ENGlNEE_RlNG
~ PTY.LTD.

SUPPLIERS TO THE SECURITY /Npusmv

182 GEORGE ST., PARRAMATTA, NSW.
2150. PH: 635 6550 -- 635 6468.

"UNITED TRADE SALES PJL
ot g o

WALKIE-TALKIES, - 27.240 Mhz, Foret 102B, 240’

milliwatt, - reconditioned OK.
$35.00 per pair. .P/P $1.50.
VHF Converters, Aircraft Band 108 Mhz 136 Mhz.

This month only at

Just place anngsnde your Broadcast Radio and set.

dial in a clear spot between 600 Khz and 1000 Khz,

then do tuning on converter dial. No connecting -

wjres are needed. Converter operates from 9 volt
transistor battery. Price $14.65. P/P 45 cents.

POWER SUPPLIES, 35 volt, -5 amp, C Core Trans-
former and Filter Choke 5-10,000 uF 50 volt electro-
Iytics -Transistor Regulator voltage adjustable. Size
2111 X 7%11 X 7.%1,
$48.50. Freight forward.

POWER SUPPLIES, 12 volt, 5 amp, same specifica-
tions as 35 volt model. We|ght approx 18 lbs. Price ;

$30.00. Freight forward.

SPECIAL. ERIE 1 watt 59 High Stab, Resistors and
2 watt 1% .and 2% Mixed 1 and 2 watt $1.50 per
100, P/P 40 cents. e
TRANSFORMERS. 230 volt 50 cyc|e prlmary, 2 sec- .
ondary windings, 70 volt, 20 amp each.

Weight
approx. 45 Ibs. Price $25 00. Freight forward.

SPECIAL. HIGH IMPEDANCE HEADPHONES, 2600
ohms, Hurry, limited number only at thls price, just

- $2.50. P/P 50 cents.

'VALVES—6J6, 30 cents ea. ATS 25:807, 50 cents
ea. 6J7, 60 cents ea. 6SL7GT, 60 cents ea.

SPECIAL ELECTROLYTICS. 75 uF 10 volt working,
upright printed circuit type. 10 cents ea. P/P 6 cents.

*“CAPACITORS. .33 uF 400 volt DC working, printed .
- circuit type.. 10 cents each. P/P 6 cents. )
‘MINIATURE RELAYS. 4 sets changeovers, 115 volt

.coils. 75 cents ea. P/P 40 cents Limited number o
‘only, .so hurry. :

3,000 TYPE RELAYS. No specific coil’ reS|stance sup

plied. 50 cents ea. P/P 30 cents.

PHONE JACKS, 3.5 and 1.5 mm 10 cents each.’
P/P 6 cents.’

PIANO KEY SWITCHES." 6 keys, 4 "sections with 6 :

changeovers. $1.00 ea. P/P 40 cents.

* SILICON DIODES. 100 P.\.V.-145 amps. '$4.50 ea.

P/P 40 -cents.

. CAPACITORS. Mixed values Mica and Ceramic. Poly .

bags, . $2 per 100. P/P 30 cents

'MULTIMETERS—
. €-1000

Sensﬁnvnt);DC Sensltlvuty AC 'PRICE

IR o 1,000 o/v 1,000 o/v .$6.75
200H . 20 000 o/v 10 000 o/v " $11.95
- CT500/P * 20,000 o/v ‘10,000 ofv.. . ~$17.75

AS100D/P 100,000 o/v 10,000 o/v '
Add 60 cents for pack/post.

'"COMPUTER MODULES. Contain 2,12AU7 and 1%

Resistors. 40 cents ea. P/P 20 cents.

DENSH! - CONSTRUCTION : KITS, no so|der|ng re-
quired. There are 16 Projects, mcludmg Transistor

Radio, Morse Code Oscillator, Continuity Tester, Sig- -
‘nal Injector, Transistor Wireless Microphone, Tran--
i sistor Reflex Radio and numerous-others. These kits

are priced at only $11.50. P/P 80 cents.

ELECO ELECTRONIC KIT No. 9. 20 Projects, no’

soldering or tools required. This kit includes a Solar

" Cell. Projects include Transistor Radio, Transformer -

coupled with 2 Transistor ‘Radio, Shortwave Radio,
2 Transistor Intercom, 2 Transistor Audio AMP, Sig-

‘nal Tracer, Wireless Microphone, .Audio Oscillator,
“Microphone ‘included in kit. SPECIAL PRICE only

$16.50. P/P $1.00.

f ALL PRICES SUB]EBT 10 ALTERATI[IN WITHOUT NOTICE
-Wanted to buy — Test Equipment

Transmltters, Receivers, etc.

Weight approx. 25 ‘Ibs. Price

$34.50 .
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COMPONENT NEWS

FAST SETTLING OP AMP

L 5:.*"'“‘"\9 Time = ‘Mede\ 240z . o

Fast settling op amp performance 'is now
available - at - very - low . prices  with ‘the
“introduction of -Burr-Brown’s* new 3403
“series.

These amiplifiers settle in 3 mlcroseconds -

“to. final value, #0.01%. Two  vérsions are
.-available, differing only  in :voltage drift

- specifications. Model 3403A is £50uVv/oC, .

-‘max,-and model 3403B is ¥20uV/0C, max.

All other specxflcauons are the same for

 both units.

.. The 3403 amphﬁers have differential FET
inputs- -and - will - settle ..equally fast : in
inverting or noninverting circuits. Principle

* applications are expected to be in A/D and

D/A converters, sample/hold circuits, fast

> waveform - generators, pulse ‘amplifiers and e
Golf  Course -~ Lane,

high speed current amplifiers.
Full .detailts ‘from Kenelec Systems’ Pty

Ltd. 142 Highbury ‘Road, Burwood Vic. T o e
| ~ PLESSEY COMPONENTS GUIDE

© A7 recently : issued - product . data sheet

31250

| RASIER PRINTED cmcuns

A new etch resist marking pen -

designated “*Dalo’ 33 PC’" ='"‘has made ‘it

~possible . for professionals' ‘and amateurs -

alike; to make their own printed circuit
boards-iising standard copper clad laminate.
The required . circuit - may - be .drawn

freehand on ‘laminate. -The ink from the .-
‘Dalo 33 PC is an etch resist with complete

 immunity to attack from ferric chloride and

other . étchant solutions. -It .is claimed to

‘adhere perfectly to copper. Drying time" is

15 minutes, after which the board can be

- immersed in the etchant solution. After
etching, resist ‘can be removed by LONCO
Sonic Solve 113.

After hole drilling, the circuit is ready for
assembly of components.

The same pen will write easily and clearly
on glass; metals, cerarhics and plastics. Other
inks are - available for marking -Mylar
~Computer Tapes, glass, etals, fabrics and
leather.

" Full details from Royston Electronics Pty

Limited,- 22 Firth Street Doncaster Vic.

3108. -
bC CURRENT TRANSFORMER
L A dc current

transformer,  designed

96

extent’ by ' the
‘resistance time constant.

- permanent '

specifically :for lise in-dc’ motor ‘speed

, control circuits employing  thyristors, " is

Jbeing manufactured by a British firm.

- The transformer is available in two models
to measure ‘currents up to: 100 amps and

500 amps. It is also said to provide an

electrically - isolated . -output: voltage

-“proportional to the ampere turns hnklng the

centre of the unit. .

1

" Dué to-the fast speed of response of the .
unit, the voltage waveform is an accurate
-feproduction © of “‘the current waveform,

particularly . in the ~case :of - thyristor

- controllers for. -dc  motors ' where the
armature Current is ~smoothed . to some .
armatute - inductance- -

Because ‘waveform as well as average dc

level is reproduced, the transformer output-
may also be used ‘to measure peak or root. . :
.mean- -square values of armature current. .
Conventional ‘current limiting circuits fed -

. with signals' from resistors in the motor
armature are immediately able to utitise the
‘signal from the transformer.

Negligible loss is said to be mtroduced in

; the load circuit by the primary wmdmg of .
the transformer and -calibration is largely «*

independent of input waveform.

Leicester, England. -

(PD2068)  gives - -details .- of -Plessey

“‘Components’ Group products and services .

available from the Professional Components
Department of Plessey Ducon Pty. Limited.

A complete alphabetical list of products is

accompanied ~ by - descriptions - of . ‘the

" ‘activities of the'various divisions of Plessey
Components .Group and -the products fot

which they are respons1ble .
- Similar . information " is - glven concermng
licensee and associated companies.

Copies available from Plessey ‘Ducon Pty.
Limited, ~Professional .- Components

-~ Department, P.O. Box 2, Vlllawood N S.W. .
2163 ; .

" MINIATURE POLARISED RELAY“
A bistable 'mlnlat'ure polarised relay has -
"been added to ‘the well-known " range “of

Vatley VP plug-in relays.

The new design incorporates.a hlghgrade
magnet . that ‘- will - retain
maximum effective flux under full working

“load over the mechanical life of the relay.:
. This gives a-bi-stable switching action that -

will “be -invaluable “in .applications such as

- power fallure fail-safe protectlon devices,

Full details from’Reid and Sigrist lelted
Hinckley - Road,

and in giving séquence protection to such
.- systemsas ticket-issuing machines. ;

An interesting ‘secondary benefit, is that

- fault ‘tracing is simplified, as all bi-stable  :

relays maintain their condition; whether

operated or released, at the time the fault o

occurred.

.- Single-coil :types can.be ‘supplied, or '

dual-coil ‘(balanced resistance) ' types, “all
catering " for voltages from six ‘to 47 as
standard.

Full détails from Assoc1ated Controls Pty.

“Ltd., 14 Enterprise Ave:, Padstow, N.S.W.

ENCAPSULATED REEO RELAYS

Plessey Ducon Profess1onal Components
Department has released a new product data
sheet (PD2069) dealing with its Type CRG,
CRH and CRJ encapsulated reed relays. -

- These feature up -to three-make -action
controlled by .a  common coil, pin centres

designed - for printéed circuit . mounting, ’

DMC/Epoxy . encapsulation, coil voltages

““ranging “from 4.8 ‘t6 24V 'and standard

contacts made of hard gold or tungsten.
The ~data _sheet . gives -mechanical -and
electrical ‘specifications ~of these relays -as

well as coil data, details of contact rating =
- and life,-and mounting dimensions. o

Copies available from Plessey Ducon Pty.
Limited, Professional  Components
Department P.0.Box 2, Vxllawood N.S.w.

2163.
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' ADVANCE
scope for

mspuw & “ '
10cm'x 6cm rectangilar tube with 4Kv
‘overall EH.T.P.31 (standard) or P7 (long "> - (i) Internal Y2 + or —. (iii) External
- AC coupled rear panel socket lvpk pk for -~ EXTERNAL X: Via external X input,
- width and calibrated deflection factor. Solid state circuitry “mode (250KH2) automatically selected by~ 1V pk.pk == 2% rise time approx. 204,

l I persnstence) phosphors available. With + or —. (iv) Line + or —
visible modulation, 60V for blankmg sensitivity 1V/cm. Input resistance .
time base setting: (i) PROBE TEST: Time base gate wave-

0 SuS/ cm w:th X10 Expans:on + 5%
TRIGGER MODES: (i} Internal Y1 4 or -

dark grey filter as standard. Brilliance, - * LEVEL CONTROL: (i) Manual or i) Auto
Focus and Gratlcule rllummatlon by normal with automatic free run in absence of
1]
15MHz, 7" hlgh
C 100k, bandwidth DC to 2MHz.
Here is a small size, hghtwe|ght SmV/cm dual trace S glpsu;m egjﬁﬁgm GENERAL INFORMATION

‘signal.
EXTERNAL 7 MOD 'EXT TRIG.: InputZ 100k 15pf.
oscillostope offering wide time base ranges and . SINGLE TRACE: YL or Y2. - 'CALIBRATORS:
comprehensive trigger control combined with broad band- " DUAL TRACE: Alternate sweep or chopped (i) CAL.: Line frequency square wave

‘makes the 031000 ideal for servicing or laboratory use.

Probe Kit:

Alternate sweep—0.54$/cm to 0.5mS/cm,
-~ chopped mode—1mS/cm to 1 sec/em. -

X-Y mode==via Y1 and Y2 inputs— -

- -selected on time base range switch,
Bandwidth DC to 1MHz.
.Y DEFLECTION:

Dual channels—

- -Sensitivity-<5mV/em to 20V/cm * 3% y
" BANDWIDTH: .DC to 15MH
~INPUT Z: 1M/ 30pf,

mpur COUPLING: Ac/oo/Ground
X DEFLECTION:

“ TIME BASE: Ranges lsec/cm to

- SIZE:

form + 10V.

SUPPLIES: |
"95.111/103-121/111-130.
© £4190-222/206-242/222-260.

Selected by rear panel switch.
45.440Hz. App

 OPERATING TE rmpmnuns RANGE
.. 0to 4+ 40°C.

WEIGHT:
20 Ib.

7 177,

(H FR (Y

Further information available from:

' JACOBY

An accessory probe klt |s avallable for use W|th the entire

;.range of Advance oscilloscopes. This provides for a standard

: compensated test lead which may be terminated at one

; end with BNC or UHF type connectors and 2t the probe end

: may be fitted with probe bodies of x1 and x10 ratio.

Sprmg loaded hook, needle, 4mm plug and alligator tips may - -
9 be fitted to the probe, which also has provision fora = .-

¢ grounding lead connection adjacent to the probe tip. All the

1parts are supplied ina plastrc wallet su:tably compartmented.

MITCHELL

SYDNEY ke 26 2651 BRISBANE ’\2 6467
MELBOURNE 30 2491 PERT! ‘28 8102
ADELAIDE 53 6117 LAUNCESTON 2 5322 . JM/61-T1
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AUDIO NEWS

e ) i

]

NEW BIG SPEAKER o
A -new speaker system from TBL is the =
* Consumer
‘Professional
“introduction ' follows closely . that of the -
~ highly successful L100" Century -bookshelf

version of the
Studio

large ~JBL
-Monitor, 1Its

size system which was also derived from a

g _commercial product,the compact monitor.
:The 'L200 -Studio 2 is a floor standing
model "with "a ‘deep fluted vertical ‘grille

pattern called Crenelex.- The material is

~described < ds . ‘being -acoustically - more

transparent ‘than cloth. -The cabinet . is

~finished in oiled walnut dnd the face of the
cabinet has.a sloping frontaiding sound’
unusual :

dispersion . ‘and - creating ©. an’

‘geometric design. .
The internal components are a 15-inch 10w
frequency transducer, a horn loaded high
frequency driver with an acoustic lens and a
‘matched frequency dividing network. .

The L200 speaker has a power handling
capability of 100 Watts, yet due to its high
efficiency can reproduce clean sound w1th
as little as 10 Watts 1nput :

DOLBY APPOINTS LOCAL AGENT

Bntmns Dolby - Laboratories - Inc., has

“appointed Magna-Techtronics (Aust) Pty.

“ Ltd., as their representative in Australia.

- ‘The exclusive range of products include |
the  well-known - Dolby . noise - reduction:
systems.-These systems are used extensively

around --the world -in ‘broadcasting and
recording studios ‘t6 ‘increase the signal to
noise ratio performance of tape tecorders
-during recording and playback.

The “Dolby -system is- of particular
advantage when multiple track recorders are
used -as i -allows - considerable - ‘noise
- reduction during recording and ‘mixdown.
~~Systems .ate also : available -~ for tape
-/ duplicators. ° L L

) (In broadcasting, Doiby can ‘be used to -

improve the performance of tape systems;

particularly audio and video tdpe recorders.

Furthermore the Dolby system can beé used

- for noise reduction on land-lines. - -
.- A further ~Dolby ' system deSIgned to
‘*1mprove the' signal to-noise tatio of FM .

broadcasting' is cutrently ‘being evaluated in
the USA. The 10 dB of noise reduction that
is - ‘normally ~ “achieved, . increaases - the

" good-signal . coverage of ~a  broadcasting
“station,: by ‘an amount that, according to

Dolby, could only be otherwise achieved by

increasing transmitter -power several times. -’

- with Diamond- Stylus at no extra cost.

Compatible

G911 NOND CRYSTAL Stereo Compatie ____ $695 ‘,

“GP912 HIGH OUTPUT MONO CRYSTAL Steres

$6.95

 6P92 MONO CERAMIC Stereo Compatible

‘AMPLIFIERS

........ . $185
....... $855

-GP93 STERED CRYSTAL ..........icoiidivim
6P94-1 STEREO CERAMIC ...
- 6P84-5 STEREO . CERAMIC HIR TRAIISlSTOR

fitted with k
DIAMOND

Sole Australian Agents:

%55 Stylus at no extra cost B
TECHNICAL DATA SHEETS SENT FREE ON REQUEST iy

-+ Tension on disc groove caused
by JVC tip (at 2gm).

29 Majors Bay Rd., Cancord |

,.AMPL|0N (A'SIA) PTY. LTD.

o8

:Sydney, N.S.W. Phene: B

STYLISH STYLUS

- _p /
* Tension'on disc groove caused ..
- by elliptical stylus {at'2gm). .

i Bt
.7

A new stylus deuéloped by ‘the Japaneseﬂ :

Victor Company i§ claimed to maintain‘a

gtoove contact area that-is four times that
obtained with elliptical stylii. :
‘ The- increased ' contact ‘area -reduces stylii

_-pressure on the walls -of the grooves, thus
.- This hew type TRM-1200 stereo amplifier .. -

from ‘Peak features” mtegrated circuit
construction.. It is handled in Austraha by -
H. Rowe and Co. Ltd. :

m nemcmenr LONG urs cnnrmna:s |

“Acos 90 Series — a famuly of puckup cartndges
~covering all the main types needed today, gach ﬁtted

reducing record wear and extendlng the’ hfe'

" of the stylu

ey

/DDLBY LICENCE

““'Dolby ' Laboratories has licensed some'
“mote -companies to produce Dolby circuits,
-~ In addition to_Nakamachi ‘and Hitachi,
. three more Japanese companies will shortly i
i commence manufacturer :

'CLEANER TAPES ' e

..., Cassette tape recorders can be cleaned and
“degaussed in a matter of minutes by using
~a neat little gadget from Ampex.

“Instead ‘of magnetlc tape; " this standard

_sized ‘cassette’ contains a length of cleaning

tape wrapped around a (ceramxc) magnetlc

roller. .

The manufacturers say that the magnetlc :
field has been so calculated that the ‘device

~has -a" similar performance to professxonal

head-degaussmg dewces
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| Meet Australia’s top Hi-Fi
- ‘People at the Convoy

" TECHNOCENTRE of SOUND

where you hear and buy the
world’s top- equipment

" THE CONNOISSEURS’ ROOM, meeting
‘place of people who know Hi- Fi qualnty
-and want the latest and best.

s THE NEW TEAC RANGE of Hi‘Fi ‘as
released at the 1971 Chicago Con-
sumer Electronics :Fair is .now at Con-
voy Technocentre. You - must experi-

ence the A.2300 Deck (reviewed last -

month) - $445.00.  Also -the all new
-Cassette Decks from -:$183.00, : the
Dolby Deck -only $318.00. Also new
Amplifiers ‘and: Tu ner/Amphflers A
feast of quahty R

"% Hear the new J.B.L. AQUARIUS 4

Column Speakers -only = 9" square.
They give sound all round ($585 pair).
A full range of J.B.L. Speakers .in one
line,

* McINTOSH AMPLIFIERS are reégard-
ed as world’'s best, you must see them
as well as hear their sound. They are
unique to the Technocentre.

% B&W ELECTROSTATIC hybrid Speak- -
ers — a sensation at Dusseldorf. Also’

DM 1's & 3's. Hear them to believe
them.

% INTERNATIONAL - HI Fi by PHILIPS
. this popular European gear is fully

stocked ‘and demonstrated Meets DIN ‘

standards.

> ¢ PIONEER. An entlrely new range of
-Amplifiers- and Turntables that -turn
~quality costs -upside down. These ex-
ceptlonal ampllflers are from $120

SPECIAL TDK TAPE DEMO

Hear  the remarkable fidelity .of
TDK Cassette . recordings on top
Decks including TEAC's new Dolby-
ised unit. Compare it with top TDK
reel-to-reel recordings on TEAC and
FERROGRAPH recorders and decks.

 TECHNOCENTRE SERVICE

% FERROGRAPH'S revolutionary push
button Recorder Test Set is at Convoy.

' On the spot, we set up. your tape ‘récorder

or deck for the correct bias to give you
optimum from the tape you use. It will be
like a new machine when set up for TDK-SD
tape. All  repairs -and servnce for Hi-Fi
equipment. .

* FREE CUSTOMER PARKING

Convoy

 TECHNOCENTRE
“Now at Cnr. Plunkett & Maclean Sts.,
- WOOLLOOMOOLOO, SYDNEY.

‘ Phone: 357 2444

AN

AUDIO NEWS

FOUR-CHANNEL DISC

' fl'ett Bitk .

 Right Back .

1. Modulatlon in groove of new four—channel

dISC

A four-channel record . that s still
compatible . 'with . two-channel -systems has
been developed by Columbia Records in the
US -and - will be  marketed jointly by
Columbia and Japan’s Sony Corporation,

. The new technique uses a double helical
that ‘encodes .

principle “of ~modulation -
four-channel data in a two-channel groove
that is - basically ~-similar ~.in - shape " to
conventional two-channel systems:

A special - Sony  decoder reproduces
four-channel information, but without the
decoder the record may still be played on a
two-channel player when it will reproduce
two-channel sound.

The four-channel "tecords are made by -

passing .all  four~ channels
encoder,

channels precisely in the same way as with a

through .an

standard - two-channel .record. But' in
addition ' the - encoder . produces  two
ddditional - circalar = modulations

that
-correspond to the rear channels. :

As the record rotates and the groove- :
-‘advances; a clockwise helix is produced for

the left rear channel, and an anti-clockwise
helix for the right rear channel. These two

helices ‘carry the rear channel information. .

The modes of modulation are shown in the
photo-micrographs. :

CBS - state .that the new four-channel
records ‘will be marketed at prices only a

little above existing two—channel stereo ‘

tecords

Sony Decoder TA-2241

il

Sony Decoder 2245
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which ‘records the two - front -

~The TAPE REVOLUTION'S OVER!

TDK Super-Dynamic-‘SD’

Now recognised the world over as the
PROFESSIONAL -QUALITY RECORDING
TAPE. Tape recorders are . . . ‘drama-
tically -improved”, .says - Consumer
-Guide, U.S.A. . . . “significantly different
performance from other tapes that we
have tested". Electronics Today, Sydney

THE TDK STORY

At was in 1932 that TDK's founders -invented a new
class of -materials, ferrites, _that was to become the
basis of a new mdustry
The entire ‘magnetic recordirig “industry, “as we “know
it today, grew out .of the basic TDK innovations
nearly four decades ago.
Based in Japan, TDK is actually 2 -diversified intér-
national company - with facilities - in such . countries
as - Taiwan, West Germany and . the United States,
wuth more than 5,000 employees. :

I%net:c tape technology is ;- the area” in~ which

first -gained -pre-eminence. . it maintains world-

mde ieadership for its audio, video and computer
grade - tapes - and -tape products

SUPER DYNAMIC-SD
CASSETTES

“The Tape That Turned the Cassette
Into a High Fidelity Medium.””

Gamma -ferric oxide, an -exclusive . TDK high-resoiu-
tion, high-efficiency magnetic formulation, -has made
it possible to  achieve - fidelity in  the. cassetfe
medium that could previously be obtained only with
reel-to-reel decks. The tape - offers the followmg
features: .
* Frequency response from 30 to 20,000 Hz * {ncreas-
ed output level = Minimum distortion ® Expanded
dynamic range e ‘Lowest noise, best signal-to-noise
ratio » No shedding or head wear o ngh-rehabnhty
jamproof cassette .construction.

SD REEL TAPE

- Engineered for the next generation of tape recorders,

TDK Super Df'namuc tape on open -ree's .is capabe
of dramatica'ly improving . the ~performance even of
recorders that are. o'd or of modest quality. With
reasonab'y -good home --equipment, it can .produce
fprofesswnal studlo qual»ty results 20 30 KHz.

'.Ordlnae/ magnetic particles, ma
fied. (left) SD-tape mncrofme partnc es,
also magnified (right).

75-1200'~$8.20

77—1800'—$10.90
C0-$350
€90—$4.50

‘Write for full details, also .DtGIL-PACK éom-
puter Cassettes and TDK Endless Tape
~Cassettes available. : :
Sole Australian Agents
CONVOY IMPORTS
‘Division of

Convoy International P/L.,
Cnr. ‘Maclean and Plunkett Streets,
. Woolloomooloo. 2011. Phone 357 2444

~VIC:  AUSTRALIAN MUSICAL INDUSTRIES ~
} 155 Gladstone St., South Meibourne.. 69 7281
“S.A: TRUSCOTT ELECTRONICS

64 Hindmarsh Square, .Adelaide. 233024

QOLD: - BRISBANE AGENCIES !
72 Wickham Street, Fortitude Valiey. 21 9139

W.A: - LEROYA INDUSTRIES
266 Hay Street, Perth. 81 2930 [
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hats

i|nS|de the cassette .
~matterstoo 7

*It's one thing to havea"
lichtweight cassette and
container to save you mailing
costs.-And to give you address
labels and index cards, free.

- But'when it comes to recordmg
- or playing-back, that's when it

matters what's inside the cassette,

“The BASF tape inside this
cassette is the world’s finest
. quality tape. It has been
, acknowledged as such since

100

,; -

'tap'es‘were invented. And since

the BASF introduction of truly

“low noise” levels into the tape

field, you can now get BASF
cassettes which give you a
much wider dynamic range with

~much lower basic noise level.
'Also BASF cassette tapes will

help your tape recorder to last
longer. Because the tape surface
is smoother, you get less wear

on the head of your recorder,

!Austrahan Dls{nbutors

Maurice Chapman & cOmpany Pt Lt'd.
276 Castlereagh St., Sydney. Phone 619881 -
146 Burwood Rd., Hawthorn, Vic. Phone: 81 0574

- The playing times:

And, at aII times, a better sound.

60 mins.

C 60 = 2 x 30 mins, =
C 90 =2 x 45 mins. = 90 mins:
: C120 = 2'X 60 mins. =120 mins.

BASF Com pact Cassettes avaulable
‘ everywhere in your choice of

either “Trans” or “Plastic Pack.”

~BA1108B
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RECORDINGS..

REVIEWERS: John Clare,
Christopher Wagstaff.

CYORGY LIGET| = Requrem,
-Lontano For Full Orchestra,
Continuum For Harpsichord, Sym-
phony Orchestra of the Hessian Radio,

Liliana Poli, soprano; Barbro Ericson,

Mezzo soprano; Choruses of the
-Bavarian Radio; Michael Gielen, con-
‘ductor. Symphony Orchestra of the

Southwest German Radio; Ernest Bour

conductor; Antoinette Vischer,

harpsicherd; Heliodor ‘Wergo’ 2549 011 .

.stereo.

If 'you have not heard Ligeti’s: Requiem,
‘you . have dt the . very' least a rather
impressive physical experience awaiting you.
‘Whether or not -you find it a ‘spiritual’
experience is another matter.

At first hearing it may seem that Ligeti has -

-created something like an abstraction of all
large ' scale . religious . works, “bypassing
conventional - musical - .considerations  to
render the general idea in sheer sound. The
first part often. séems to me like a more

successful application in sonic terms of the -
‘idea behind the ‘large Piper- stained glass -

window ‘in the new Coventry Cathedral. The
eye is supposed to move up from the deep
indigo-and Prussian blue glass at the bottom
of - the window, through -purple, mauve, *
cerise, - red,  orange; yellow, amber, until
sight is lost in a great effulgence; pure light,
an apotheosis of light. : )
» In the Requiem we begin with deeply
intoning voices and move up chromatically -
‘through an amazing complex of sound. The
task of organising the proceedings must have
‘been a prodiguous one, more like a feat of
architecture or engineering. The upward
development “is performed . by -a mixed -

.chorus of five voice ranges, each subdivided -

sinto four parts. The five groups are set off -
against  each . other,: yet each . is
contrapuntally self-contained. Nothing new
4in this, of course. ‘Montiverdi will already
have  sprung to ‘the -alert reader’s mind.

However, according to the highly detailed ~

and - sometimes rather obfuscatory cover
notes: * .. .-the chromatic entanglements of
the individual part writing duly abolish the
polyphomc effect = while 1t is emerging.”

Sonorous ‘orchestral curta'ins ‘heighten the
effect of near stasis. -

By the time the Lux Perpetua is reached, it
might ‘be said that everything is happening.
The truly blinding -effect seems -to be

- ‘enhanced by the deliberate use of harmonic
beating. Many readers with a general interest

in sound will know that two notes whose
frequencies do not have common multiples
will produce a regular throbbing ot ‘beating’
where the waverengths go out of phase, as it
were. .. {

Amid the massed voices singing in the .
upper register this phenomen creates a sort

of subsidiary ringing and shrilling varying in
intensity -as the different voices and groups
of voices slowly .entwine -and move into
different relationships with each other. .
Beneath -all ‘this, .incidentally, . seemingly
miles beneath it, is an almost subliminal
muttering and moaning, which reminds me
of Tennyson’s - famous - lines . “The
murmuring © of - innumerable - bees in
immemorial -elms”

The Fury’ hkened bees in an orchard toa
rising wind.

* The second part uses: blocks of apparently ’
static sound broken by sudden dramatic .

exclamation; ~often . incredibly - high ~and

_piercing, by the soprano and mezzo soprano
who are sometimes joined in unissn by a -

. very powerful trumpet. The top notes are
~quite intentionally, scteamed rather -than

sung, albeit with phenomenal accuracy. *

The Lontano uses a modification of many -

of the principles of the Requiem. I suggest
that the interested reader will find it worth
his while to-wade -through the notes by

" Harold Kaufmann 'on the Requiem  and
:those by the composer onthe Lontano.

These :notes, - along with the - virtuoso

;performances by both orchestras and choirs |
-make this a valuable recording.

“ The actual quality of the pressing here is

“much better than I have come to expect

from this label of late."The sound is a little
shallow nevertheless. The balancing of the
sound, however, the retention and placing in

perspective of all the -bewildering detail -
seems to me quite miraculous. —J. C. . :

A SCHUBERT RECITAL — Jean-Rod-

olphe Kars, Piano DECCA SXL 6502.

' The first side of this disc is devoted to the

“‘Wanderer’ ‘Fantasia -~ a work of fantastic

proportions ending ‘with a gigantic fugue,
while side two. - is

were written in-the last year 'of Schubert’s
life. Surprisingly the best performed work i is

~ the ‘Wanderer’ Fantasia. = |

. The impromptu, though not nearly as

technically - difficult; are played rather as if -
. ‘they.were Beethoven, not Schubert. Themes -

are not always well brought out -~ a pity,
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or of my old friend -
William Faulkner who in ‘The Sound And -

devoted to two
‘impromptus (D. 946 No.- 1 and 2) which

.

because, after all, it is these melodies which
give each -work ‘Schubert’s signature. Also
we find a little too much concentration on
the inner parts, Kar's rubato is always
appropriate - and very - effective -but one
‘might ‘wish for a little more. Pauses (these

apply also to the Fantasia) are sometimes a
“little too brief while the break before the
“‘commencement of the second theme in the
" -Andaline (first Impromptu) is much too

long. (Phrase breaks, by the way, could also
be a:little more distinct). Nonetheless the *

. works do have many gloriously beautiful

moments (listen ‘to the chorale-like Andante

~. of the first imprompty) and it would be

quite wrong -to - say this is ‘a bad
performance. . P
“The -‘Wandeter’ - Fantasia~ ‘is" played

masterfully with all the drama a man versus
the elements . (Einstein).. -Mood . changes

" (especially in the Scherzo) are carefully

thought out and delivered confidently ‘(as

-are .the transitions from movement :to

movement). Again, some of the left hand

. semiquaver configurations (in the Presto)

are a little too strong against the melody.
The fugue is a supreme test for any pianist

and Kars passed with honours. There is a

tremendous verve and a very commendable

‘technical brilliance,” though ‘in places one

notices a wavering of strength (physical).
Certainly Richter’s pérformance (HM.V.) is
more spectacular but -this is not too far-
behind and at 24 Kars has a brilliant future
ahead of him. : .
-Sound is very clear. Bass is perhapsa lrttle
too strong. — C. M W. . R

BARTOK — Concerti for Piano, Nos 1,

°2,-3. Rhapsody for Piano and Orchéstra
~‘Opus One. Gabor Gabos, piano. Gyorgy

Lehel conducting the Symphony

- . Orchestra of the Hungarian Radio'and

Television. Stereo. Qualiton LPX 1250.

Part of the Qualiton series of the complete
works of Bartok, these recordings have been -

. available previously, but are being imported

once - .more - by . Vanguard .~ Electronics.
According to the attendant literature “most
of -the Hungarian performers of -the
complete Bartok edition were pupils of the
master, and ‘were thus able to acquire the
correct - style .for performing Bartok’s
works”.

Consulting - these performancbs in" that
light, we find cause ‘to dispute -the claim
made by the -accompanying booklet that
Bartok’s romantic influences ended more ‘or

" less with the Rhapsody for ‘Piano and

Orchestra. .. - -

In ‘a recent fteview in 'ELECTRONICS :-
TODAY of a performance of the Concerto
No. 2 by Stephen Bishop (Phillips), I took

~ the usual line in speaking about this as ‘pure

music’. The somewhat ‘slower reading under
review ‘emphasises .the romantic elements
present in the second and last movements.

o ‘1'01
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