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A turntable with
features you'd expect only on
a more expensive unit

" One feature you'll notice is the price; in fact O completely automatic tone arm return
we believe it to be ‘the best buy’ turntable O viscous-damped cueing lever
available today. O anti-skating dial scale control
: a
O

With features only expected on more CD4 ready
expensive units, such as wow and flutter of 0.05 audio insulated legs
WRMS thanks to the DC motor with FG and the list just goes on.
(frequency generator) servo-controlled circuits. Any way you want to look at it, you’ll agree
How’s this for a list of features. Practical, the Technics SL23 is a sound buy, with
purposeful features like appearance and performance to match.

O illuminated stroboscope
O elliptical stylus

Technics

For a National Technics Catalogue please wrile to: b NatiOnal
National Technics Advisory Service, P.O. Box 49, Kensington. N.S.W. 2033, y
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TODAY

!. A MODERN MAGAZINES PUBLICATION

Editorial Director .  Collyn Rivers
Assistant Editor  Steve Braidwood

Electronics Today Inter-
national is Australian
owned and produced.

It is published both in
Australia and Britain

and is the fastest growing
electronics magazine in
each country.

Special offer

A Scientific Calculator
for $14.99!

COVER: Distortion can be interesting.
The ETI Audio Phaser can be used to
get ‘atmospheric’, outer-space, or
surf-like sounds when used with
guitar, piano, drums, or any instru-
ment. Photo by George Hofsteters.

*Recommended retail price only
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For optimum pg_rformnnce we recommend BASF 1apes.

Its rewards might be in another place and time,but yours are here and now.
The 630D tape deck is one of our top ] means 12 months full parts and labour warranty on all Tape
models. It retails around $656t. That’s a lot. But the 630D isa Equipment, 2 years full parts and labour warranty on all

lot of tape deck. I’s totally professional in every function. Amplifiers, Turntables and Speakers and a lifetime warranty on all
Recording, dubbing, mixing, playback. GXEI'ape Heads.
Yet the controls are beautifully simple. After all, we want to If you’re still thinking about the price, think about this: sure,

give you good times. Not hard times. we could have compromised and saved a hundred. But we can’t see
It comes, like all' AKAI hi-fi equipment distributed by AKAI any future in that.
Australia, with our Complete Protection Plan*. Which simply

The AKAL Hi-Fi Professionals are: NEW SOUTH WALES — SYDNEY CITY AND METROPOLITAN. Sydney: Douglas Hi-Fi, 338 George Street; Duty Free Travellers Supplies, 400 Kent Street;
European Electronics, 187 Clarence Street; Instrol Hi Fi, Cor. Pitt & King Streets; Magnetic Sound Industries, 32 York Street; Jack Stein Audio, 275 Clarence Street. Bankstown: Selsound Hi Fi, Cnr.
North Terrace & Apian Way. Burwood: Electronic Enterprises. 11 Burwood Road; Edge Electrix, 31 Burwood Road. Concord: Sonarta Music Services, 24 Cabarita Road. Cremorne: Photo Art & Sound.,
287 Militarv Road. Crows Nest: Allied Hi Fi, 330 Pacific Highway. Hurstville: Hi Fi House, 127 Forest Road. Liverpool: Miranda Stereo & Hi Fi Centre, 166 Macquarie Street. Miranda Fair: Miranda Hi
Fi & Stereo Centre. Shop 67, Top Level. Mona Vale: Warringah Hi Fi, Shop 5, Mona Vale Court. Parramatta: Gramophone Shop., Shop 151, Westfield Shoppingiown; Selsound Hi Fi, 27 Darcey Street.
Roselands: Roselands Hi Fi, Gallery Level. South Hurstville: Selsound Hi Fi, 803 King George's Road. Summer Hill: Fidela Sound Centre, 93B Liverpool Street. Sutherland: Sutherland Hi Fi, S Boyle
Street. Waitara: Hornsby Hi Fi, 71 Pacific Highway. Westleigh: Sound Incorporated, 16 Westleigh Shopping Centre. NEW SOUTH WALES COUNTRY. Albury: Haberecht's Radio & TV, 610 Dean
Street. Bega: Easdowns, 187-191 Carp Street. Bowral: Fred Hayes, 293 Bong Bong Street. Broken Hill: Pee Jay Sound Centre, 364 Argent Street. Gosford: Gosford Hi Fi, 163 Mann Street; Miranda Stereo
& Hi FiCentre.Cnr. Donnison & Baker Streets. Moss Vale: Bourne's Merchandising, 1 White Street. Newcastle: Ron Chapman Hi Fi, 880 Hunter Street; Eastern Hi Fi, 519 Hunter Street. Nowra: Nowra
Hi Fi. Shoalhaven Arcade. Taree: Taree Photographics, Graphic House, 105 Victoria Street. Wagga Wagga: Haberecht's Radio & TV, 128 Baélis Street. Wollongong: Hi Fi House, 268 Keira Street;
Selsound Hi Fi, 246 Crown Lane. A.C.T. Civic: Allied Hi Fi, 122 Bunda Street. Fyshwick: Allied Hi Fi, 3 Paragon Mall, Gladstone Street. QUEENSLAND. Brisbane: Chandler’s, 120 Edward Street;
Chandler’s. 399 Montague Road, West End; Stereo Supplies, 95 Turbot Street; Tel Air Electronics, 187 George Street. Nambour: Custom Sound, Currie Street, M. Isa: The Sound Centre, West Street.
Rockhampton: Chandlers, 144 Alma Streer. Southport: Stokes Electronics, Scarborough Street. SOUTH AUSTRALIA. Adelaide: Ernsmiths, 48-50 King

William Street: Flinders Trading Co., 55 Flinders Street; ] B Electronics , 115 Gouger Street. Blackwood: Blackwood Sound Centre, 4 Coromandel Parade.

Glenside: Steiner Electronics, Conygham Street. Moana: Bob Carmen, 185 Commercial Road. VICTORIA. Melbourne: Douglas Hi Fi, 191 Bourke Street;

Warrnambool: A. G. Smith, 159 Liebig Street. WESTERN AUSTRALIA, Perth: The Audio Centre, 883 .

Wellingion Street. Calista: Hub Hi Fi, Kwinana Hub, Gilmore Avenue. East Victoria Park: Japan Hi Fi, 889 Albany Highway. Nedlands: Audio Distributors,

Broadway Shopping Centre, Broadway. Midland: Midland Audio, 16B Great Northern Highway. Mosman Park: Audio Distributors, 14 Glyde Street. W.A.

COUNTRY. Bunbury: Aabel Music, 130 Victoria Street. Kalgoortie: Hambley's Hi Fi, Shop 13, Central Arcade, Hannan Street. TASMANIA. Burnic: James The name you don’t have to
Loughran & Sons, 29-31 Wilmot Street. Hobart: Quantum Electronics, 181 Collins Street. Launceston: Wills & Co., 7 Quadrant. NORTRERN TERRITORY. justify to your friends.
Darwin: Pitzners Music House, Smith Street. 70621R
*The Compiete Protection Plan does not cover equi d outside A lia. 1R ded retail price oaly. :




NEWS DIGEST

DIGITAL

VOLTMETER
CHECKS AND
CALIBRATES
ITSELF

Several new test instruments incorporate microprocessors — this new digital
voltmeter from Hewlett-Packard has two of them — one for measurement

control, and the other for computation and remote programming. The new
fully-guarded, integrating Hewlett-Packard Model 3455A digital voltmeter is a
high-performance unit designed for bench or systems use. It measures dc

from 1 microvolt to 1000 volts, true rms from 10 micro-volts to 1000 volts, or
with an optional average ac converter, from 10 microvolts to 1000 volts aver-
age. Resistance measurements cover 1 milliohm to 15 megohms in six ranges,
either two or four wire. A high-resolution mode uses 62 digits, but for faster

This month’s
ETI

Thisissue is special because
we have more than 30 pages
devoted to microprocessors
(that's editorial plus adver-
tising). We have good
reasons for doing this but it
does mean the normal ba-
lance of the magazine is
upset slightly. Apologies to
those awaiting part three of
our CMOS article, we will
bring this to you as soon as
possible. Another repercus-
sion of our ‘microproces-
sors special’ is ETI Data
Sheet being down to one
device this month. Again we
will return to normal as soon
as possible.

Another interesting field
of electronics covered in
this issue is biofeedback.
Read about it on page 68
and have a go withour Heart-
rate Monitor project. We
hope to publish more pro-
jects in this field in future
ETls.

reading, 5%2 digits are used.

A plug-in precision reference enables the
instrument to check itself against the re-
ference and under control of the Micro-
processor, to make its own corrections. A
self-test feature verifies operation of the
dc circuits. If a problem is found, it is eas-
ily analysed using the front panel display.
Mathematical functions built into the
3455A let the user off-set, take ratios, or
scale readings so that readouts are in
physical units. A'% ERROR’'mode converts
readings into percent change compared
to a predetermined reference.

DC measurements are made at 22 read-
ings per second with 1 microvolt sensitiv-
ity. Greater than 60dB normal mode noise
rejection is obtained on all dc ranges. DC
accuracy is ¥s 0.0023% at full scale.

True rms measurements are made to 13
readings per second atfrequencies above
300 Hz. True rms is measured with best
accuracy of 0.1% over a 30 Hz to 1 MHz
bandwidth.

Average ac measurements (optional) are

alsomade up to 13 readings per second at
frequencies above 300 Hz. Average ac is
measured with best accuracy of 0.1%overa
30 Hz to 250 kHz bandwidth from 1 to

1000 volts in four ranges with 50% over-
ranging. The Model 3455A can be ordered
with Option 001, which provides average
ac instead of true rms, at a reduced price.

Resistance is measured in six ranges from
100 ohms to 10 megohms fuli scale with
best accuracy of 0.0025% at full scale.
Maximum current through the unknown
islessthan 1 milliampere. Internal circuits
are protected against overvoltage.

Standard on the 3455A is an HP-IB
(Hewlett-Packard's implementation of
IEEE-488) |/ 0 for systems operation.The
front panel indicators on the 3455A dis-
play range, function and HP-1B status dur-
ing remote operation.

Fur further information contact Hewlett-
Packard Australia Pty Ltd, 31-41 Joseph
St, Blackburn, Vic, 3130.

ELECTRONICS TODAY INTERNATIONAL, SEPTEMBER 1976

CB expansion ap-
proved

The FCC has expanded the
number of CB channels to
40 by allocating 17 new
channels in the 27.230 to
27.410 MHz range. The
channels will be shared be-
tween AM and SSB users.
Marketing of new equip-
ment will not begin until
January 1 next year.

Easy pcbs

Cirtek are offering the home con-
structor an easy way to make his
own pcbs. The Ristonkit contains
five 10 x 8 boards coated with
dry-film photoresist and all the
chemicals needed for processing
them. Because the boards are
ready-coated it is quite easy for an
unskilled person to make a pcb.

Cirtek also offer a kit for pro-
fessional laboratories. Send SAE
for free flyer to P.O. Box 57,
Rozelle, NSW.
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SIMULATORS

A wide range of heart mal-
functions can be simulated
by the Brandenburg elec-
tronic arrhythmia simulator
developed by the Medical
Physics Department of
Southend Hospital, (UK).
The device is designed to be
used in conjunction with an
electrocardiograph display.
The simulator, which incor-
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VENTRICULAR FIBRILLATION

porates a series of oscil-
lators and filter networks
that can be controlled to
produce a variety of
waveforms including ran-
dom patterns, is self-
contained, battery powered
and portable.

The simulator is intended as
a teaching device for use in
medical education centres,
or as a ‘refresher’ in treat-
ment units where the quick,
positive recognition of ar-
rythmias is vital.

The waveforms that can be
selected by a series of
pushbutton switches in-

clude normal sinus rhythm,’

first-degree heart block,
second-degree heart block,
atrial flutter, atrial fibrilla-
tion, ventricular fibrillation
(fine or coarse), ventricular
tachycardia and ventricular
extrasystole. For further in-
formation, please conduct
Peter Bush, Bush Steadman
& Partners Limited, 4 Gold
Street, Saffron Walden, Es-
sex, UK.

National Seminars on
Practical Measurement
Techniques

Improved productivity through better mea-
surement —this is the theme of national semi-
nars being planned for the near future.

“Increase productivity” is the demand made
on all of the industries. Few people, however,
spell out practical ways of meeting this de-
mand. Many existing processes can be made
more efficient through adoption of different
techniques, techniques that have been well
proven yet have not yet found their way into
common practice. ‘

A series of one-day seminars dealing with
these techniques is currently being organised
for the Institute of Instrumentation and Control
Australia, by the Department of Continuing
Education, University of New England. The
Department of Industry and Commerce in
Canberra is assisting this venture because the
adoption of various techniques will lead to
large increases in individual and National pro-
ductivity.

The first of these one-day duration seminar -

clinics will concentrate on the practice and
implementation of reliable and efficient laser
gauging in the manufacturing and building in-
dustries.

Other subjects planned include linear gaug-

ing in parts inspection, digital readout on
machinery, surface finish inspection, moisture
measurement,large-scale industrial metrology
industrial temperature measurement and
numerical control of machine tools. Co-
ordinator of the lecuturing team is ETI’s spe-
cial correspondent Dr Peter Sydenham.

Further details and enrolment forms are av-
ailable from “Productivity Seminars’’, De-
partment of Continuing Education, University
of New England, Armidale. 2351 (Phone 067)
72.2911, Ext. 2442,

Thirty telephone numbers —of up to 20 digits each— can
be dialled automatically by this new unit from Siemens.

A dynamic read /write memory (RAM) stores the call
numbers. Provision is made to store the numbers for at
least two days in the event of a power shotage.

i
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= (- 80 dB rumble
= [10.04% wow and flutter =
* 0O continuously variable =
speed range through |
a servo controlled
d.c. motor...

does this make |
the ultimate
tumtable?

(o

gives you that and
more.

At $289 R.R.P. with base and

cover, or only $479

complete with base, cover,

S.M.E. 3009 arm and

Stanton 681eee, how can

you resist.

P.S. If this isn't the ultimate

turntable, we'd like % . st
to know why. g o ::,"‘,, srruusZE :~§" S

«:fz, 5 “3308 s ll.' -\\l*
— LS80 S B

o

* Measurements
taken from
authoritative U.S.
“F.M. Guide”
May 1976.

Sole Australian Distributors:
LEROYA
INDUSTRIES

156 Railway Pde., Leederville,

Woestern Australia 6007.

Phone 81 2930.

N.S.W. Office:
100 Walker St., North Sydney.
2060. Phone 922 4037.

VICTORIA Office:
103 Pelham St., Carlton 3053.
Phone 347 7620.




WESTERN SUBURBS NEWEST DEALER...

WESTERN SUBURB

DISCOUNTS —
This page only over

$15 7%l $70  17%1

10 $100 207
$40  12%1 $200 22%!
$60 151 $300 25],

Official orders accepted
for trade sales.

74 SERIES T.T.L

7400 .39 7476 75
7401 39 748 1.30
7402 .39 7482 1.90
7403 39 7483 1.80
7404 .39 7485 2.50
7405 .39 7486 70
7406 .89 7490 65
7407 .89 7491 1.56
7408 .89 7492 95
7409 .39 7493 95
7410 .39 7494 1.80
7411 .45 7485 1.30
7413 .95 7496 1.70
7414 2.25 74100 2.90
7416 .85 74107 69
a7 .95 745112 2.50
7420 .39 74121 75
7425 .80 74122 85
7426 59 74123 95
7427 55 74132 1.50
7427 39 74141 2.20
7432 55 74145 1.95
7437 75 74150 2.60
7438 75 74151 1.70
e
7441 1. X
7442 128 74157 1.70
7445 2.10 74160 2.20
7446 2.10 74164 2.3
7447 1.80 74165 2.30
7448 1.80 474 2.30
7450 .39 74180 2.30
7451 .39 74185 3.90
7453 .39 74190 2.50
7454 .39 74192 2.20
7480 .39 74133 2.20
7470 .70 74195 1.50
7472 .60 745196 5.70
7473 .68 74196 2.20
7474 .69 93%68 3.20
7475 110 + others
DIODES ETC
AA119 25  IN751A .35
BA102 60  IN752A .35
BB105 60  IN753A .35
€1038 1,70 IN754A .35
C10601 1.50 IN755A .35
EM402 .20 IN7T59A .35
EM404 .20 INS! .65
EM408 .35 MB4 1.80
0A91 .25 PA 40 4.90
IN914 10 SCi51D 2.50
IN748A .35 v413 .95
IN743A 35 + others

Most data sheets, techni-

cal info 30c photocopy or
do it yourself on aur
coin-op machine 10c¢.

| METAL BOXES |

108 x 108 x 50 $2.50
216 x 108 x 50 $3.75
PLUS OTHERS IN STOCK
CMOS
74C00 .45 (04006 45
74C02 65  CDA007 45
74C08 1.10  CD4008 .50
74C10 50  CD4009 1.25
74C14 225 CD4010 1.20
74C20 50  CDA4011 45
74032 65  CD4013 1.25
74042 2.95  CD4014 1.90

c48 495  CD4016 75
74C73 1.90  C04017 1.90
74086 1.60  C04019 1.10
74C89 C04020 2.10
74C90 195 (D402  P.O.A
74C154 475  CD4027 1.60
74C160 2.95  (D4040 2.10
740162 350  CD4051 1.90
74C174 CD40%6  P.0.A.
74C901 1.80 04502 2.40
8095 1.75  (CD4053 - P.0.A.
80co7 1.75  Cp4511 2.75
€D4001 39 (CD4520 2.10
€D4002 39 4+ others

SIGNETICS

LOCMOS — 4000-P

HEF4001 .45 HEF4066 1.20
HEF4002 45 HEF4067 7.50
HEF4006 45 HEF4068 45
HEF4007 45 HEF4069 .50
HEF4008 .50  HEF4070 45
HEF4011 45  HEF4071 .45
HEF4012 45  HEF4072 .45
HEF4013 .75  HEF4073 45
HEF4014 1.90  HEF4075 .45
HEF4015 1.90  HEF4078 45
HEF4016 .75 HEF4081 45
HEF4017 1.90  HEF4082 45
HEF4018 1.90  HEF4085 1.35
HEF4019 1.10  HEF4086 1.35
HEF4020 210 HEF4033 1.50
HEF4021 1.90  HEF4104 2.90
HEF4022 1.80  HEF4510 2.65
HEF4023 .45  HEF4511 2.75
HEF4024 1.45  HEF4514 5.40
HEF4025 45 HEF4515 5.40
HEF4027 88 HEF4516 2.60
HEF4028 1.50  HEF4518 2.35
HEF4029 2.20  HEF4519 1.10
HEF4030 .80 HEF4520 2.10
HEF4031 3.90  HEF4528 1.50
HEF4035 1.95  HEF4539 1.85
HEF4040 2.10  HEF4555 1.50
HEF4041 2.0  HEF4556 1.50
HEF4042 1.60 HEF4724 3.20
HEF4043 1.90  HEF40097  1.50
HEF4044 1.98 HEF40098  1.50
HEF4046 2.6l HEF40174  2.40
HEF4047 1.60  HEF40175  2.40
HEF4049 75 HEF40192  2.40
HEF4050 75 HEF40193  2.40
HEF4051 1.90  HEF40194 240
HEF4052 1.90  HEF40195  2.40
HEF4053 1.90

Terms: Non-account cus-
tomers cash, cheque,
postal order or Bankcard.

| RESISTORS, POTS |

¥2W E12 Series 3c.
5W  E12 Series 45¢c.
S/G LIN, Log 59c.
D/G LIN, Log 1.25¢.
Trimpots Cermet .40
LINEARS
CA3012 260  LM565 2.90
CA3018 2.95  LM567 3.50
CA3028 1.80  LM709 4
CA307 1.90  LM723 h
CA3076 290 LM725 3.95
CA3089 290 LM739 2.50
CA3090 590  LM741 49
CA3130 1.95  LM748 .85
CA3140 165  LM1303 2.50
LM301 69 LM1310 3.50
LM304 3.80  LM1458 2.50
LM305 3.80  LM1488 5.90
LM308 1.90  LM1489 475
LM309K 1.95  LM1496 1.80
LM311 325  LM3046 3.50
LM317 6.90  LM3900 1.75
LM319 590  LM3909 1.50
LM320/12  4.50 MC1454 G 5.40
LM320/15  4.50  NE5S55 .95
LM339 325  NE556 1.80
LM340/12 290  NE562B 9.50
LM340/15  2.90  NES67 3.50
LM370 2.35  TA300 2.90
LM373 4.70 706 1.75
LM380 275  UAT20 3.80
LM381 2.90  UA757 3.80
LM382 2,60  UA7S8 80
LM555 95 MC7805 2.50
LM556 2.75 MC7812 2.50
LM561 9.50 + others
TRANSISTORS
BC107 19 2N2905 .95
BC108 19 2N3053 .80
BC109 19 2N3054 1.70
BC157 25  2N3055 95
BC158 25  2N3564 55
BC159 25 2N3565 45
BC212 50  2N3566 65
BD139 95 2N3568 75
BD140 95  2N3%38 45
BF180 1.20  2N3638A 50
BF194 85 2N3641 55
BFY50 75  2N3642 45
BSX19 75 2N3694 55
MPF102 55 2N4249 55
MPF103 85  2N4250 55
MPF104 110 2N43s5 55
MPF105 65  2N4356 55
MPF106 60 09 3.84
MPF131 95 40410 3.35
MJ2955 240 40637A 2.85
TIP31B .95 40673 1.65
TIP328 1.00 40841 1.50
800 .95 wT

TT801 95 2N60Z7 1.25
2NT06A 95 4 others

| bankcard

welcome here

OUR RANGE of IC’s
is always expanding

CERAMICS

UPto82pfi11c. 100 pfto0.47
uf 12c. .1 uf 12¢. .22 uf 20c.
47 uf 35¢.

DIL SOCKETS

8 PIN .38
14 PIN .39
16 PIN .45
24 PIN .78
40 PIN 1.25

LEDS AND DISPLAYS

SL5023 RED 28
SL5253 GREEN .80
SL5353 AMBER 1.30
NSN71RL C/Anode 2.50
NSN74 RL  c/Cathode 2.50
ELECTROS — AXIAL |

A47/83V 22 220/35V 75
1/63V 22 20/63V gg
2.2/63V 22 330718V

3.3/63v 26 330/25V 80
4.7/63 26 330/63Y 85
10/25V 26  470/16V 65
10/63V 28 470725V 85
25/25V 28 470/35V 90
22/63V 35  470/63V 95
33/16V 26 100016V 75
33/25V 28 1000/25Y 95
47/16V 26 100035V 1.20
47/25V 30 1000/63v  1.80
47/63V 45 2500116V 98
47/350 110 2500/25V  1.40
100/16V 28 250035V 1.65
100/25V 33 2500/50v 1.98
100/63V 55 4700/35V 50
100/350 1.50 1000/63UR  2.35
220/16V 45  2500/63UR  2.80
22025V .70

MAIL ORDER
SPECIALS

Write and ask for your
;;ame to be on our flyer
st.

CHEAP BARGAIN COMPONENTS CAN FINISH UP VERY EXPENSIVE

First quality components and equipment from: AWA, Amidon, Elcoma, I.T.T., Motorola, National, RCA, Solid State,

Signetics, Texas and others. Prices subject to change without notice. All offers genuine. Stocks subject to continued
availability. Allgoods new to manufacturers specs. and guarantee. No rubbish, untested or unmarked devices.E.&1.0.E.




EWEST DEALER...
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components.

We only sell genuine

$2.40 to P/P remittance.

C.0.D. Welcome. Add

| TEST GEAR |

Leader quality test
gear.

Dip meter...........c.cccceeue...
Ant. Z meter...
Slg..gen. .........
Audio gen..................
VALVES
152 1.40  6GKS 1.40
6AKS 3.25  BVGGT 3.25
6AL3 145  6X4 1.35
6AL5 1.40  12AT7 1.65
6AN7A 230  12AUTA 1.10
6AQ5 180 12AX7A 1.40
6AU4GT/A 185 AMATEUR
6AUG 140 6CL6* 374
6AVE 1.40  6DQ5 7.25
68A6 1.70  6GK6 P.O.A.
6807 1.95  12BY7A 1.95
BBE6 1.95 003 P.O.A.
6BLi 1.35 0 P.0O.A.
6BM8 1.55 09453(;40: 33'38
%22 } 22 6146B%  9.70
6BY7 195 6939 &  16.95
6CA7 330  4-125A¥ 63.90
6CB6A 165  4-250A% 71.90
6CM5 225 6JS6 P.O.A.
6EBS 2.35 Indent Only*
SPECIAL CHIPS
S§50242..........cocuveee. $12.50
MA1002.......cccceveenn. $11.95

WE STOCK TRIO
SCOPES & TEST GEAR

BREADBOARDS
MinlC  $575
SK50  §17.25
K10  $28.90

Ministrip $1.50

SPEAKERS, KITS

DON'T FORGET - SUFFI-
CIENT P/P AT LEAST 50c
BALANCE REFUNDED

ADO160/T8........cccc.n... $10.90
AD5060/SQ8 .. ...$13.90
ADBO66/WS........ ....$16.90
AD12100/W8.. ...$44.90
ADF3000/8........c..cccenend $8.90
ADF500/4500/8...... ...$13.90
ADF600/4000/8 ..... ....$23.90
ADB8K40 Pair.............. $125.00
AD12K12 Pair............ $229.00
HI-FI
HITACHI QUALITY

SDT-2690R

Music Centre ................. $480
PS8 T/Table................. $99.00
PS15 T/Table............. $169.00
FT920 Tuner.............. $247.00
HA610 AMP............... $369.00
HA300 AMP ... ....$159.00
D2360 Deck............... $219.00
D2500 Deck.... ....$295.00
D600 Deck......... ....$319.00
SR802 AM/FM............ $399.00

COLOUR TV
HITACHI 48 CM

Fantastic.............ccccen... $539

TRANSFORMERS

We stock Ferguson Trans-
formers made to Aust. stan-
dards. Trade prices.

IF IT’'S NOT LISTED IT
DOES NOT NECESSARILY
MEAN WE DO NOTSTOCK
THE ITEM.

| rRaDlOS |

WE STOCK FAMOUS
MIDLAND BCB
RECEIVERS, PORTABLE
CASSETTE PLAYERS &
DIGITAL CLOCK RADIOS

PUBLICATIONS

Philips 1976
Catalogue......................
Simple Projects...
Top Projects ........
Audio Projects..............
Electrolnics It's Easy

VO, datomrsssmmivn s $3.
Vol Il $3.00
MISCELLANEOUS

Too many to list. Drop in and
check it out or write S.A.E.

SEPTEMBER

SPECIALS
UNTIL

SOLD

14 Pin Dip Skts.........10/3.90
MPF102 ............. ....5/2.40
7490 .....ccooonecenenn
CA3089(Signetic)......... 2/4.95
Texas SR 50A Calc.$55.90+
s/t

Texas SR 51A Calc.$72.00+

s/t
Texas SR 52 Calc. $259.00+

s/t
Texas SR 56 Calc.$99.60+

CRYSTALS, FILTERS

We stock AWA, KVG, Filters
Carrier Xtals, 27 mHz XTALS.
Crystals Avail to order.

ANTENNAS
BEL T.V. i $22.90
3111 Colouray.............$39.90
4ELFM........... ....$16.35
Mast ASSY.........ceeeueunn $13.75

We stock all types Coax-T.V.,/
Amateur Use.

TOROIDS

We stock Amidon Toroids.

MARINE
TRANSCEIVER

Weston OF-912/T 27.88 5
Watt
11 ch capability $138.00

Antenna $31.00

sit
LM309K (SG309K) ..... 4/6.95
/i O 7
EMaos. T 20/2.90
FREE

Over 20,000 cheapie
transistors and diodes to
be given away this
month. Just call or write,

pack of 20 allow 30c P/P.
MAIL ORDER
ONLY SPECIAL

Regular

Price

5-7490.........ccee..d 3.25
5-BC109..... .95
5-BC159..... 1.25
20-IN914 2.00

20-IKResistors......03 .60
20-10KResistors...03 .60
20-.01 Ceramic ....12 240
20-.1 Ceramics.....12 2.40
5-220uf/25V .......... 70 3.50
2-1000 uf/63V....1.80 3.60

5-Red Leds &
Bezels .................. 28 1.40
5-EM408 ............... 35 1.75
Regular Price.......$23.70
SAVE OVER
172 %
$19.50

Shops 2 & 3, Post Office Arcade, 7-10 Joyce St, Pendle Hill. Mail: P.O. Box 33, Pendle Hill, 2145 (don’t forget P/P)
636-6222. Mon, Tues, Weds 8.30-5.30, Thurs 8.30-7.30, Fri 8.30-6.00, Sat 8.00-12.30. Plenty of parking at rear.
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range
enhancer

The dbx 117 is an incredible piece of equipment that will give
you greater listening pleasure than you ever thought possible
to achieve.

It does this in two extremely efficient ways: by literally expand-
ing the material deliberately compressed in the recording
studio, so that full dynamic range is restored, and by effectively
limiting the background noise inherent in most recorded pro-
duct to the extent that it becomes, in most cases, totally
inaudible.

This is what Electronics Today said. “We first used the dbx
unit by playing ordinary records with average background
noise . . . and the background noise all but vanished. The
music sounded far cleaner with a presence that was unques-
tionably Letter than the original unexpanded record.”

“Our next evaluation involved a piece of newly recorded
orchestral music . . . when played in the normal manner, tape
hiss was quite prominent . . . when played through the dbx 117
... the problem all but completely disappeared . . . the music
had a quality which could genuinely be described as sounding
comparable with the original.”

Australian Hi-Fi discusses the remarkable dbx 117 in detail.
Here are a few direct quotes. “And it does work well, giving
back a ‘sparkle’ to some recordings which have always sounded

11106
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over-compressed. lts action is particularly impressive during
pauses—the disc’s surface noise and any tape hiss disappear
completely.”

“The dbx 117 uses true RMS level sensors which respond to
the overall level in both stereo channels even though the signal
paths themselves are separate. This technique is necessary for
dynamic range enhancement or there would be a wandering of
the.stereo image.”

Hi-Fi Review expressed their findings of the dbx 117 this way:
“Yet another way of ‘quieting’ noisy records is to use a clever
little device called the dbx 117, dynamic range enhancer.

This device ‘expands’ the program material so it sounds more
like the real thing, and reduces background noise so effec-
tively, that it all but disappears. It's particularly effective with
old or antique records.”

dbx 117 restores up to 20 dB of the dynémic range missing
from records, tapes and FM broadcasts.

Rediscover the beauty and excitément of an actual perform-
ance. Write for full details and list of stockists to

Auriema (A'asia) Pty Ltd, 15 Orchard Rd Brookvale, NSW 2100.
Telephone: 939 1900



NEWS DIGEST

National second-
source the 8080

National Semiconductor
announce that they have
stocks of the famous 8080
microprocessor. This is the
device developed by Intel
which currently leads the
8-bit microprocessor charts
in the United States. The Na-
tional device, the INS8080A,
is pin-for-pin and function-
for-function compatible
with the Intel microproces-
sor. Samples are now avail-
able in Australia and orders
are being accepted. For
100-off the price is $16.25
each.

National are planning to
come out with support chips
too: the 8224 clock and 8228
;:ontroller and data bus buf-

er.

GAMES FOR HIRE

Later this year Fairchild
Semiconductors, who have re-
cently taken a hand in digital
watches, will be introducing
their long awaited TV games
chips into Europe. These are
based on the F8 microproces-

M.S. COMPONENTS (Electronics) Pty Ltd
have moved into new modern premises, oc-
cupying the entire corner block at 164-166
Redfern Street, Redfern, (telephone 69-5922
— 69 6912).The premises cover two floors.

The shop gives increased display area for
the Company’s Hi-Fi products such as KEF,
Denon, Sherwood, Ultralinear, Apan,
Expo, Tannoy & Pioneer.

As previously, the large range of compo-

nents, which this company has always car-
ried features IC’s to transistors — motor
driven oil-less compressors to cassette tapes
— data & handbooks, test equipment and
speaker kits. The vast range of components
will be increased dramatically within a short
time.

Mike and Barry Sheridan and staff are
naturally enthusiastic- about their new shop
— and with good reason.

sor, and according to Fair-
child’s UK division, can handle
teletext as well. In order to as-
sure themselves of a market,
the company plans to do adeal
with a TV rental company so
that games could be hired with
the set. The cost to the user
would be about one pound
sterling extra on top of a colour

rental.

Fibre TV

TelePrompTer Manhattan
Cable Television Inc. is using a
250 metre fibre-optic link to
carry TV signals from the mic-
rowave equipment on the roof
of their building to their cable
equipment 34 floors below.

Bright TV

Hitachri will be marketing sets
later this year which incorporate
colour picture tubes twice as
bright as current types. A high po-
tential is set up between mask and
screen and the guns fire almost
twice as many electrons as be-
fore.

Fluorescent globes shaped like ordinary

incandescent lamps

A fluorescent lamp that will replace
ordinary electric lights but will use
only a third of the power and will last

forup to ten_¥ears is being developed
in America. The common construc-

tion of a fluorescent lamp is a long
tube with a phosphor coating on the
inside surface and filled with mercury
vapour. The phosphor emits visible
light when hit by UV photons, which
are emitted by the electrically-excited
mercury atoms.

The electrical discharge is initiated

ELECTRONICS TODAY INTERNATIONAL, SEPTEMBER 1976

and controlled by starters and bal-
lasts.

To fit the starting and controlling
electrics forthedischarge into asmall
package would not be possible, so
the inventor of the new globe has
taken another approach. He uses
radio-frequency excitation, produced
by atransistoried circuitin the base of
the globe and radiated by a coil in the
centre. The lamp uses mercury vap-
our and phosphor in the same way as
previous designs.

"
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Thirty secret registers on
the Texas SR52!

The SRS52 programmable calculator has
thirty extra data registers, over and
above the facilities publicised by the
manufacturer, Texas Instruments. An
American engineer, Philip R. Geffe,
made the discovery that locations 70 to
99 can be used to store information
when the machine is in the calculator
mode.

man’s basic right, his basic need to make
life better, to improve the quality of life on
earth for everyone. But more, to lose the
lead may be to lose the thing we most
cherish — freedom.”

Throws a whole new light on why
America exports programmes like
“l Love Lucy” doesn’t it?

The politics of DBS

John Eger, before resigning as acting di-
rector of the White House Office of Tele-
communications Policy, put to the Supra-
national Association for Communications
research a proposal favouring the use of
direct broadcast satellites (DBS). Eger
sees DBS as attractive because they can
spread information and knowledge easily
into other nations, crossing cultural and
political boundaries.

Noting that DBS are under study in coun-
tries outside the US, (countries like
Canada, Japan and the USSR) and noting
thatthe USSR has plans for an 11-satellite
system capable of linking up the entire
communist world, Eger has called for a
meeting of the free peoples of the world to
establish a consensus as to the form and
role this “inevitable” revolution will take:
“I believe that the democracies, in making
our telecommunications technology fully
serve mankind, must take the lead. For not
to take the lead may be to lose it — and to
lose the lead is to lose man’s oldest hope,

WIN A UNITREX CALCULATOR!

Unitrex are offering a scientific calcul-
ator as a prize in this month’s contest.
The 90SC is a reverse Polish machine
with a red display.To enter the contest
just answer the puzzle below and send
your entry to ETI/Unitrex Calculator
contest, 15 Boundary Street, Rush-
cutters Bay, NSW 2011. The closing
date is October 8th, 1976. The winner will
be the sender of the first correct entry
picked from a barrel after that date.

Result of July's contest
The contest in ETI July was based on
a microcomputer-generated maze drawn
from a program written at the Royal
Melbourne Institute of Technology. Most
entrants solved the maze but less than
half answered the question correctly.
The nearest answer was 10500, and
the first-drawn correct entry belongs to
Peter James of ACT.
The puzzle
Find the number which gives a remainder
of 8 when divided by 9, a remainder of 7
when divided by 8, and so on down to
giving a remainder of zero when divided
by one,

Permit number TC7578

SOFTLY SOFTLY
741

Motorola has introduced new
ultra-low noise versions of the
MC1741 and MC1458 (dual)
op-amp. Many users of op-
amps have trouble with ‘burst’
noise, and these new devices
are guaranteed to have less
than 20uV peak noise referred
to the input.

Special tests are run to iden-
tify burst noise. The devices
are distinguished by the N suf-
fix.

New Function
Oscillator

The NF Ltd model E-1011 is a
new function oscillator which has
the low distortion characteristic
of RC oscillators but maintains
the wide frequency range, high
stability and multi-waveform
capability of function generators.

Distortion in the range 2 Hz to
20 kHz is claimed to be typically
0.5% which equals some high
quality RC oscillators, and stabil-
ity is maintained down to ultra
low frequencies providing excel-
lent settling time. Synchronising
output is also provided.

Enquiries to Electro Technics
Pty Ltd, 36 Park Street, South
Melbourne, 3205.

(—MEMOREX Cassettes

Al prices are PER CASSETTE, when buying in these guantities. (

Mail to BEII-.I““E ., P.O. Box 142, Neutral Bay Junction, 2089.

If you buy . .. 1-11 12-23
FC 30 $2.10 $2.00
FC 45 $2.15 | $2.05
FC 60 $2.30 $2.15
FC 90 $3.00 $2.95
FC 120 $4.29 $3.99
CC 90 $4.29 $3.99

TEST REPORT — MEMOREX RECORDING TAPE \
Response curve as tested October 1974 — Louis A. Challis &
PAor Thore Associates P/L, 1568 Queen Street, Woollahra, 2025.
MEMOREX 60 MRX2 OXIDE TAPE
$1.75
1 FREQUENCY RESPONSE: gs=sssssans T ==
$1.90 OVU 42Hzto 9kHzt3dB sn=S==om:
—10 VU 40 Hzto16 kHz X3 dB = = =
$1.99 —20 VU 40 Hzto 20 kHz X3 dB | ===: :
RELATIVE SENSITIVITY: == === =
$2.85 2 -0.7 dB = : ==
$3.25 ZLINEARITY DEVIATION: S==:
100 Hz 0.2dB S===a8i *;;‘L}*:
$3.25 1 kHz 0.2dB .
10 kHz 0.7 dB

MEMOREX Recording Tape

Is it live, or is it Memorex

Postage Rates: Up to 6, 60c

or N.S.W. $1.20 plus 10c per doz. Vic.,
S.A., $1.75 plus 25c per doz. W.A,, Tas.,
N.T., $1.90 plus 40c per doz. J
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Multi-Million dollar
tape recorders

Three multi-million dollar tape recorders have
played a vital part in the recent Viking Space
probes to Mars.

Many times during the mission, the lander acquired
data faster than the data could be transmitted to

earth. For example, television photos and readings
from the instruments of the spacecraft were con-

verted to electrical pulses and stored on the recor-
der until the data could be transmitted (at times via
the Orbiter) to earth, at a slower rate, where it was
electronically reconstructed. The slower transmis-

sion rate also required less electrical energy.
The Lander recorder weighed less than 9 kg, re-

corded at either 16 000 or 4000 bits per second.

Upon command, the recorder reproduced data at
any of its five selectable speeds inciuding 16 000,
4000, 1000, 500, or 250 bits per second.

The 300 mm long, 228 mm wide, and 152 mm high
reel-to-reel recorder used dry lubricants, a special
magnetic head, and a metal recording tape.

A nickel cobalt coated phosphor bronze tape was
used as the recording medium rather than the stan-
dard iron-oxide coated mylar tape used in prior
spacecraft recorders. Because sterilization, by sub-
jecting the recorder to dry heat temperatures more
than 20 degrees above the boiling point of water for
aminimum of 30 hours, was required to prevent the
contamination of the Martian surface, metal tape
had to be used. Similarly, a powdered graphite-like
lubricant was employed for the bearings because
liquid type lubricants would boil off during steriliza-
tion.

To keep power consumption to a minimum, the re-
corder had only one motor to turn both reels and
move the 215 metres of 12 mm wide tape back and
forth from reel-to-reel. Four passes of the tape, one
for each of four channels, were needed to fill the
recorder’s 400 million bit capacity.

A pair of nine-track Lockheed reel-to-reel recorders
aboard the Orbiter recorded and played back more
than 640 million bits (one electrical pulse equals one
bit) of photographic and other scientificinformation
each.

Weighing about 8 kg each Orbiter recorder con-
tained a specially designed seamiess peripheral belt
used to move the 420 metres of recording tape back
and forth from reei-to-reel. The belt also maintained
tape tension and tape tracking integrity required to
withstand shock and attitude manoeuvres encoun-

tered during launch and throughout the long flight

profile.

Information was received from a number of scien-
tificinvestigationsincluding stereoscopic black and
white, colour, and infrared photos; facsimite
cameras with an inorganic mineral analysis, using
an x-ray fluorescence spectrometer; pressure, wind
velocity, wind direction, and temperature sensors;
three-axis seismometer; and molecular analysis,
using a gas chromatograph mass spectrometer.
\
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Electronics hobbyist
develops biofeedback

pacemaker

Dr Hermann Funke, a German surgeon and life-long electronics
hobbyist, has developed a novel cardiac pacemaker incorporat-
ing a respiration rate monitor. The device is the first to satisfy
the need for a faster heartbeat when the patient is undergoing

physical exertion.

Previous pacemakers have
been of fixed frequency, about
70 beats per minute, and they
give pulses on demand, when
the heart is too weak to beat.
Dr Funke’s pacemaker gives a
heart-rate that’s related to re-
spiratory rate in the ratio four
to one. The range is limited to
60 — 146 pulses per minute.

The respiratory information
is obtained by a piezo-electric

sensor in the pleura of the
lung. There is then a response
lag of about a minute before
the device acts to change fre-
quency. The German doctor
makes the prototype entirely
on his own — from design
through soldering. Now an
electronic firm is working on
miniaturisation of the device
before implanted trials (ini-
tially on dogs).

NEW SPACE PROBE

A radiotelescope which will search the depths of space for
complex organic molecules was officially inaugurated last
month by the Minister-for Science, Senator J.J. Webster.
The radiotelescope, with a dish diameter of four metres,
will be operated by CSIRO’s Division of Radiophysics atits.
headquarters in the Sydney suburb of Epping.

Senator Webster said the in-
strument would be primarily in-
volved in the study of how new
stars form from the dense, coid
clouds of molecules at dis-
tances of about 30 000 light
years from earth.

‘Scientists speculate that the
evolution of organic matter is
intimately associated with the
formation of new stars and
planets. The new radioteles-
cope will be an important re-
serach tool in CSIRO’s efforts to
understand cosmic evolutio-
nary processes and continue
their search for molecules

which could form living or-
ganisms,” Senator Webster
said.

The radiotelescope, which is
designed to monitor the radio
signals transmitted to earth by
molecules which radiate on mil-
limetre wavelengths, will open
up a new field for Australian
radioastronomers.

Until now, Australian
radiotelescopes have only been
able to monitor the fonger
wavelength signais — thereby
severely limiting the range of
molecules which could be de-
tected.

Big demand for electronic engineers and

microprogrammers

Where there is a high con-
centration of electronic
companies, like Silicon Val-
ley and Orange County in
California, and in cities like
Boston, there is now a shor-
tage of skilled staff to design
microprogrammed logic
systems. Several companies

are offering bounties to the
present employers so they
will recruit new people. -
Fairchild is issuing “Fair-
child needs you” T-shirts
and badges and is offering
rewards like clocks,
watches, games and $50 for
every engineer hired.
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CCD spotremover | The microprocessor boom hits Australia

You don't have to be clairvoyant to see the number of companies getting into
microprocessors — look at the advertisers in this issue — and to predict their
domination of the Australian electronics industry in the next couple of years.
Companies we have approached report they are currently inundated with
enquiries and custom from individuals and companies wanting microproces-
sors. Sadly these sources also report that most of the people they are dealing
with don’tknow whatis involved in getting a system going; many believe that
they can spend a hundred or so dollars on an evaluatién kit and get it running

CCD imaging arrays produce
TV pictures well below the

standard of present cameras;
one trouble being white spots
caused by dark currents in in-
dividual cells. The BBC re-

search department hasfound a
way of overcoming this prob-

lem using electrically-erasable
ROMs and circuitry to inter-
polate the value at the faulty
location. There is still quite a
way to go before CCD arrays
are good enough to be used in
studio colour cameras.

= FERGUSON =

Manufacturers of: Electrical/
electronic equipment, wound
components and  lighting
control equipment.

BRANCHES
IN ALL STATES

FERGUSON TRANSFORMERS
PTY.LTD

HEAD OFFICE

331 High St., Chatswood. 2067
P.O. Box 301,
Chatswood, NSW, Australia 2067

Phone: 02-407-0261

ORDER
FORM

GALGULATOR DFFER

CALCULATOR OFFER
Electronics Today

15 Boundary St,
Rushcutters Bay, NSW 2011
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when they take it home!

The articles in this issue of ETl are
designed to put the hobbyist in the
picture so he doesn’t get lumbered
with a pcb he can’t use. Dr. Tim
Hendtlass of the Royal Melbourne In-
stitute of Technology concludes his
introductory article on page 43 of this
issue and all the other articles on mic-
roprocessors form part of a carefully
planned ETI guide for the amateur.
The laboratory work for this guide
was done by Kevin Barnes and the
planning, writing, and presentation
was done by Kevin and ETI's Assistant
Editor, Steve Braidwood.

Although the initial users of these
devices are likely to be companies we
decided to present the material at
amateur level for two reasons. First to
make it clear to amateurs that this is
not an easy field to get into, and sec-
ond because few professionals un-
derstand microcomputers anyway.

This issue is very much oriented to
evaluation kit systems; in future ETI
will be dealing with more advanced
microcomputing equipment — com-
plete computers (with everything
from power supply to terminal), de-
velopment systems, applications, etc.
The photo on page 32 of last month's

packing.
Name

ETlwas taken at the Royal Melbourne
Institute of Technology and although
it didn’t appear in his article it was
sent in by Dr. Hendtlass.

The ultimate microprocessor
application

For Motorola it was traffic control and en-
gine diagnosis, the Fairchild F8 is going into
atravelling chess game, and there have been
supermarket checkouts, electronic¢
forecourts, and a host of creative applica-
tions for microprocessors. But RCA have
the application to put an end to all the others
— the thermonuclear bomb.

The first nuclear bomb for missile
warheads to be developed in 15 years will be
controlled by RCA’s Cosmac 8-bit microp-
rocessor. The makers of the megaton-range
bomb. Sandia Laboratories, chose the mic-
roprocessor because it offers compact,
cost-effective decision-making.

ERRATA

There is an error in Fig.12 on page 88
of the July issue.The captions RIGHT
and WRONG should be transposed. See
Please Explain (p115) for errata on that
column.

Please forward one O two O or three O Unitrex 95 SC
scientific calculators at $14.95 each plus $1.50 each post &

Post-Code. ...

Please allow at least three weeks for delivery. We regret we
cannot accept company purchase orders.

'BUY ONE FOR HOME — ONE FOR THE OFFICE!
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ADVANCED
SCIENTIFIC

CALCULATOR

i — :
B CE~ - F of EBEEXconw == arc

Full |~ ""=2
ocientific
Notation

This must surely be the greatest calculator offer yet made. Uni-
trex’s advanced scientific calculator has full scientific notation
enabling problems solving with numbers from 1099 to 1099 —
yet the special offer price is so low that everyone who possibly

needs one can afford one.

The offer is open until October 25. .
We regret that we must limit the offer to not more than three

units per person (schools etc excepted).

SPECIFICATION

a 8 digit digitron display and 9 character LED display — 5 ( PI u s $ 1 - 50 p& p)

digit mantissa, 2 digit exponent, 2 signs when answer is
in scientific notation
Scientific notation permits solving problems from 1099 to
10.99
Algebraic logic with two-levels of parenthesis
Click keyboard on chrome finish for positive entry
Full accumulating and separate storage memory WARRANTY
{m +, memory recall, and memory store) _
Automatically calculates sine, cosine, tangent, arc sine, arc Ninety days — parts and labour.
B T e e Piggse.retuinn (EUILy/ IS

y , reciprocals, squares, roots an r ]
pil; : Unitrex Pty Ltd 414 Collins St.,
Automatic change sign and pi keys Melbourne 4000.
Full floating decimal
Complete with carrying case. Operates on a 9 volt battery.
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SUPER
SYSTEM

TOWIN!

FIRST PRIZE

Complete Marantz Hi-Fi System
/5 watts per channel

SECOND PRIZE
AM/FM Tuner

THIRD PRIZE
dbx 117 Compressor/Expander

Full Details and Entry Form- ETI October Issue

Auriema (A’asia) Pty Ltd
is the Australian Distributor of

Marantz Stereo Hi-Fi components

Superscope Audio home entertainment products
AGS (Audio-refiex) Audio products
dbx Dynamic range enhancers and semi-professional
’ noise reduction units
Epicure High fidelity loudspeakers
* Klipsch Horn-loaded speakers forthe audiophile

AURIEMA (A’ASIA) PTY LTD, 32 Cross Street, BROOKVALE, NSW 2100. Phone 939 1900

duriema#
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The articles in this issue are all concerned with special

microprocessor packages:

Microprocessors

EVALUATION KITS

Basic Microcomputer Boards

All the manufacturers offer these introductory packages to familiarise

customers with their microprocessors and the way they operate. These kits
are available for prices as low as $80, but they need other equipment before

they can be used.

IT HAS BEEN SAID THAT A
journey of 1000 miles begins with the
first step, but sometimes that first step
can be so difficult that the journey
never starts. This has turned out to be
very true for some people who would
like to own their own computer. In the
past, the cost and complexity of the
computer have limited the personal
computer to science fiction.

Now, . thanks to LS| and micro-
processor evaluation kits the situation
is changed, and presented here is the
information you need to enable you to
buy your own evaluation kit and join
that growing band of people who
operate their own computer.

To start, let’s see where these kits
come from and what they allow you to
do.

Where evaluation kits started
Evaluation kits were originally intro-
duced by IC manufacturers as a means
of getting logic design engineers in the
industry started on the new micro-
processor chips. The idea was that the
designer could use the kit to learn about
the microprocessor and even build a
small system prototype. Then, having
had his appetite whetted, he would
move on to a more sophisticated
development system,

The evaluation kits are a great
success because they overcome one
great difficulty — getting the micro-
processor to run. MPU chips are
complicated devices and their operation
can not be described adequately by
simple data sheets or truth tables, the
traditional way of supplying inform-
ation to the user.

For a working system (a micro-
computer) you must add memory and
interface circuits to the microprocessor
and you must be able to load programs.
That is what the evaluation board does.
It provides the buyer with the MPU
and the required minimum of support
ICs to turn it into a workable micro-
computer, and furthermore it provides a

pc board with all the interconnections
worked out. To further reduce costs,
most are available in unassembled kit
form. To turn an evaluation module
into a working microcomputer, then,
all you have to do is provide a power
supply and a terminal to load and run
your programs.

The other half — the terminal

t's here that you the home user will
find the big difficulty, because you
don’t have a suitable terminal and for
all but the most enthusiastic or wealthy
they are too expensive to buy.

You must make the decision whether
to buy an evaluation board and find
some way of overcoming the problem of
driving the microcomputer or you must
use some other method of getting your
own computer. To help you with this
decision, a summary of what can be
done with evaluation boards has been
included in this issue of ETI.

As you will see, the summary
mentions alternative methods of inter-
facing with the microcomputer:
terminal substitution or non-terminal
interfacing.

Although the second method is
cheaper and generally quicker to get
going, it loses the use and convenience
of the monitor program. This program,
which counts as part of the cost of the
kit, is included in all kits. It gives the
operator effective control of the
computer.

Many people believe that such a
program is essential to getting the best
out of the computer. But its very
difficult for those who are unfamiliar
with monitors to appreciate the value.
Consequently, we have also included
an explanation of monitor programs.
So before you commit yourself to not
using a terminal, and losing the mon-
itor, read this section to find out just
what you are giving away.

Value

In terms of components supplied for
cash outlaid, evaluation kits are ex-
cellent value. Most IC manufacturers
are taking the view that each evaluation
kit sold could result in large sales later
on, so they have kept their profit
margin to a minimum, Of course each
manufacturer’'s kit offered for sale is

%

This is typical of what you get in an evalualtion kit — enough hardware and enough
literature to enable you to build a system and make it go.
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EVALUATION KITS

different from his competitors — each
manufacturer has his own ideas about
what people will want.

This means you are offered a number
of MPU systems with a wide diversity of
architecture and support chips and each
one claiming to be the system that will
do the best job.

So where does this leave the average
guy?

At home, with piles of data and
looking very crosseyed. Well, to un-
crosseye you and help you choose a
microcomputer for your application, we
got hold of as many kits as were locally
available and got them going. Also we
have pruned through the mountains of
data and sales talk available and tab-
ulated the main points for easy
appraisal.

This month we look at evaluation
modules from Intel, Motoro!a, National
Semiconductor and Fairchild. Next
month we will look at other evaluation
modules, such as those from Signetics
and RCA.

USING OUR DATA

Be careful when you make direct

comparisons between boards. Try to get
an overall impression of the kit and
what it can do. No two MPUs work in
exactly the same way.

An example of the difficulty comes
to light if we compare the number of
instructions available for each chip. To
say chip A is better than chip B because
A has 48 instructions and B only 47 is
ridiculous, B might have relative addres-
sing capability and A not, giving A a
possible edge.

Not all kits are supplied with all the
parts required to get them going, so
check out what extra is required and
how much it will cost. It is also worth
your while to fit IC sockets to the board
supplied to allow you to plug in the ICs.

The tracks on the PC boards are quite
fine and are easily damaged. At some
later date you might decide to expand
your system and this is easier to do via
sockets and interchanging ICs rather
than working on the pcb tracks. Believe
me, you'll feel very sorry for yourself if
you damage a $30 IC while desoldering
it. ®

You can’t beat
our System.

Or our price.

A MICRO-68 System will meet your

needs, and for a lot less than you would
expect to pay. Our System features:

Line
A-D/D-A Converters,
T.V. Adapters,

Printers, Dot Matrix Printers,

CRT Terminals,

Dual Floppy Disks,

Teletype and Cassette Interfaces, and

keyboards.
Monitor/Editor,

Our includes:

Basic, and

Software
Tiny

Assembler.

f

Let a MICRO-68 System go to work
or you. You can’'t beat our System.

__For more information call or write:
Ampec Engineering Co.
42 The Strand, Croydon. NSW. 2132
P.0O. Box 18, Strathfield. 2135
Cables: AMPEC SYDNEY
Phone (02) 747-2731, 74-8063

k SINGLE COPY ISSUES

// GET YOURSELF A

BUTE

COMPUTER POWER FOR THE HOBBYIST.

WRITE TO —

TO OBTAIN BYTE,COMMENCING OCTOBER ISSVE,

HUGHES ELECTRONICS

PO. BOX 181 BAULKHAM HILLS N.SW. 2153

MONTHLY SUBSCRIPTION — $30-00 PER ANNUM,

— § 2-50 PER COPY.

ARTICLES ON COMPUTER HARDWARE,SOFTWARE ,VISUAL DISPLAY UNITS,
GRAPHICS DISPLAYS , CASSETTE RECORDER INTERFACE,FLOPPY DISC
‘CONTROLLERS , MICROPROCESSORS,SEMICONDUCTOR MEMORIES,ETC.

RS~PLEASE SEND

\

POSTAL NOTE, )

CHEOUE,ETC. V4




How to Talk to Your Computer . ..

Microprocessors

TERMINALS

The way to get data into & out of your computer

In this article we look at the minimum requirements for getting a simple micro-
processor board (such as an evaluation module) to perform. Apart from power
supplies all that's needed is a way to put programs and data into the memory, a
way to initiate the commands built into the monitor program, and some way of
getting information back after execution of the program.

W

crezeane

The terminal. This is the first big obstacle for
the amateur computer-owner. The terminal
here is an ASR38, which costs well over
$1000. To the left of the keyboard you can
see the paper-tape reader for loading
programs into the computer.

The Teletypewriter

Manufacturers of evaluation kits have
universally designed their kits to
interface with a teletypewriter terminal.
Together the monitor program and
terminal provide an easy and conven-
ient way of developing, loading and
running programs. But if you don‘t have
a terminal and can’t afford to buy a new
one, (they cost over $1000), what
options if any are available to you?
Well, there are a number of options
we can suggest and this article {ooks at
four methods of tackling the problem.

1. Teletype

Try for a second-hand teletype, ideally
an ASR33, as this can be connected to
any of the evaluation boards with the
least amount of effort. The ASR33
comes in various configurations, so try
for one that includes a keyboard and a
paper punch and reader.

Some ASR33 s were sold as printers

only, but these are still very useful (a
printer can give you permanent copy,
the most difficult feature to duplicate
in your own workshop). A reader-only
ASR33 can be configured as a line
printer.

2.Teleprinters and Typewriters

The second method is to modify one of
the older-style teleprinters. These are
used by hams to send and receive RTTY
and this has created an active second-
hand market in teleprinters, so check
out the electronic disposal stores.

Although they are serial devices,
these older teleprinters do not use the
ASCII code expected by all the monitor
programs, so you will have to construct
a suitable code converter. Most IC
manufacturers offer pre-programmed
ROMs to convert the Baudot code to
ASCH, but converting ASCII to Baudot
is difficult and not to be tackled by the
uninitiated.

[t -
' i
i [}
| DISPLAY 1
[ |
! 1
J |
I

; |
: I DECODER |
i 1
] 1
boodboood|locaad
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RECEIVER
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I ENCODER J
[
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If you do manage to pick up an old
teleprinter, try for a set of engineering
manuals as well. These will give you the
required information on the code it
uses.

Typewriters If you don’t mind extra
work there are always second-hand
electric typewriters. There are many
different models and the conversion
technique for each will depend on how
that model works, but the overall
principle is to parallel the switches on
the keyboard with your own switches.

However, not all electric typewriters
have such switches, some have the keys
operating mechanical interlocks and
use the electrical part of the typewriter
to provide only the muscle. So examine
the machine offered carefully before
you buy it.

Others, like |BM’s Selectric models,
offer an electrical interface to drive
other devices. A code converter as well

Figure 1: Functional block diagram of a
Terminal.
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TERMINALS

as a parallel-to-serial data converter are
needed, but these are available in ROM
for this model.

3. Homebrew

The third alternative is to build your
own terminal from scratch. Ideally this
would imitate a teletypewriter so the
computer won't know the difference.
Such a terminal would consist of three
parts (1) the keyboard to input data,
(2) the display to output data and
(3) the serial/parallel converter to
produce the teletype interface signals.
See Figure 1.

Recently a number of ICs have
hecome available to dramatically reduce
the parts-count in such a terminal. For
the keyboard there’s special encoder
ICs that scan a keyboard to detect a
depressed key and then give out the
appropriate 8-bit ASCII code. Chips are
available for use with full alphanumeric
or 16-key hex keyboards.

For displays there are chips that
display hex and character generator
chips to display a full set of alpha-

Hex terminal

Since most of the monitor programs use
less than 20 out of the possible 128
ASCII characters, the cheapest way to
make a keyboard is to use 20 push
buttons and enough diodes to make a
6 x 20 matrix, see Figure 2.

The display section will need to consist
of a memory, of minimum size 12
characters, and a readout capable of
displaying the characters 0-9, A-F, and
4 or 5 unique shapes to represent the
other characters the monitor will
output. To make sense out of this
output, all 12 characters need to be
displayed at once.

Now available are some interesting
16-character plasma displays. These
can be purchased ready made-up, just
apply dc power and the least significant
six bits of the ASCI| code of the char-
acter you want to display. The module
will store the character in its own
memory, decode it, and display it in a
5 x 7 dot matrix. But these modules are
expensive, costing around $200 each.

own out of seven segment LED displays.
Selective lighting of the seven segments
(plus decimal point) gives each display
128 unique states, more than enough
for the 20 characters used by most
monitor programs. Just pick twenty
distinct shapes that are easily re-
mnembered. Since all the monitors use
hex, 16 of the shapes will represent
0-9 and A-F, something a seven segment
display does quite well. The remaining
symbols are used by the monitor to
prompt the operator and so do not need
to be identical to the shapes used in the
ASCII set, just distinct enough to be
remembered.

A decoder to drive such a display can
be built using a seven-segment decoder
IC and a few gates. For added clarity,
light the decimal point for character
other than hex.

The TTY interface and serial-to-parallel
converter form the remaining section.
The TTY interface does a conversion
between the 0/1 current levels normally
expected by a teletypewriter (TTY) to
the 0/1 level required by the logic

numeric characters over several rows. A cheaper alternative is to build your ~ family in your serial-to-parallel con-
SIMPLE KEYBOARO
o cLx 108ITS.R
SERIAL IN (2x7496) s%ﬂ?"
ON/OFF [
= RT
o) __PARALLEL OATA IN . e - STB/?T TTY INTERFACE

MONO
STABLE

-

MONO
STABLE

EBOUNCE

XX

L

Vee

J— A ]
REST OF OI00E MATRIX

XX

T T [ [ T T

L

l} SWITCH ON

i KEYBOARD

Figure 2: A simple keyboard. The circuit shows how pressing one key sets up a parallel code and instigates operation of the serial code

generator. This circuit outputs an eleven-bit serial code: first a start bit
two stop bits {logical one). To do this the shift register needs

fust gives out more ones. See figure 3.

20

{logical zero), then eight bits taken from the ASCI! code, then
11 clock cycles but if it gets more it doesn’t matter with this circuit, it
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verter. See Figure 3.

The converter is a shift register of 11
bits. Added to the eight ASCI! bits of
data is one bit at the beginning called
the start bit. It's always a logic zero
and it tells the receiving unit it’s about
to receive another 10 bits (8 bits of data
followed by two bits called stop bits).
The stop bits are logical ones.

The process is asynchronous so once
started the receiver expects a new bit
every 9.09 milliseconds. To make life
simpler, several manufacturers now
offer an IC called a UART (Universal
Asynchronous Receiver/Transmitter)
that has all the logic included in the IC
to handle this serial-to-parallel con-
version for receiving, as well as the
parallel to serial conversion for trans-
mitting. Internal logic will also check
the parity and generate flag signals to
say data available and data sent.

There is insufficient space available
to describe the complete operation of
the UART, but should you decide to
use one it is definitely worthwhile
getting an applications note about it.

Bulk Storage: A magnetic tape cassette
recorder can be used with your home-
made terminal in place of a paper-type
punch and reader. The string of serial
1s and Os can be stored on magnetic
tape by tone and no tone or by two
tones of different frequencies. A tone
of around 2 kHz will do, since the
data bit-rate is a low 110 bits/second
(see Figure 3).

For better noise rejection use a ’

stereo recorder and record the 1s on one
channel and the 0s on the other. A 30
minute cassette will. hold some 18 000

‘'words of data. This is equivalent to a .

length of paper tape 50 metres long
and unlike paper tape you don’t have to
roll it up by hand if you drop it.

4. The Front Panel

The last method of driving your micro-
computer is not to use a terminal, but
instead to use what is generally called
an ‘operating panel’ or ‘front panel’.
With such a panel you lose the use of
the monitor program. The operator has
to use more tedious operating
procedures.

But you do gain a fairly inexpensive
way of driving your microcomputer.
Such a panel is generally quicker to get
working then building your own
terminal and about half as expensive. A
very simple one can be built for around
$60 (excluding power supply and case).
Adding refinements like incrementng
address counters will take the cost to

around $80 to $100.

in this method then, program

execution
halted and data is loaded into read-write
memory one word at a time. The word
comes from a row of toggle switches
mounted on the front panel. The
location in memory is selected by the
value set up on another row of switches
also mounted on the front panel.

To examine the contents of a
memory location, the word comes back
from memory to a row of LEDs on the
front panel. In effect the front panel
takes control of the microcomputer’s
buses and the microprocessor chip
disconnects itself from the circuit by
disenabling its output from driving the
buses. This mode of operation is some-
times referred to as DMA mode (Direct
Memory Access).

Likewise the switches on the front
panel must be disconnected from the
buses when the microcomputer is
running. The logic to do this has to be
built by you and included on the front
panel. To this you should also add logic
to allow the microcomputer to be
single-stepped by the operator. Single-
stepping is executing one instruction or
cycle at a time and then going back to
the halt mode. This allows the operator
to step through his program an instruc-
tion at a time, and check as he goes that
what ought to happen, does actually
happen.

|||| lI” KEY SWITCH OUT

OEBOUNCE OUT

in the microcomputer is-

This mode of operation is essential to
debugging a program without too much
difficulty. Application information .in-
cluded with most, but not all evaluation
boards, shows how this is done.

One disadvantage of the simple front
panel is it cannot directly load the dis-
play with the contents of the micro-
processor internal working registers, it
can only work on memory locations and
consequently 1/0 devices seen as
memory locations. The feasibility of
adding hardware to overcome this
depends on each microprocessor chip
and is complicated. Fortunately it can
be done with a simple software routine
loaded by the operator when the micro-
computer is first switched on.

A suitable front panel then consists
of the following functional sections:

1. A row of toggle switches to set up

: addresses and input data.

2. A display to output data (say a row
of LEDs driven by CMOS buffers,
(e.g. 4009 s).

3. Buffers between the microcomputers
buses and the front panel switches.
Buffers must have three state out-
puts, such as 74LS365 or CMOS
transmission gates like the 4016,
where suitable.

4. Control logic to halt the micro-
computer, enabling the buffers to
single-step the microcomputer.

{Continued on page 24)

MONO STABLE 1

MONO STABLE 2

LOAODS ASCH WORO INTO
SHIFT REGISTER

-

TURNS ON OSC. FOR 10
CYCLES ANO
INHIBITS MONO STABLE

FOR 1/10 SECONO

OCKS OATA OUT OF

cL
SHIFT REGISTER ANO.
REPLACES IT WITH ZEROS

osc

+ + LOGIC 1 OR 20mA (MARK)

BIT1 | BIT2 TeIT3 BT4iBITS 18IT6 | BIT7 | BITS
! ! 1
: 0 ! | ' 1 :
A
Lse | | ms8
t t ! L . - | LOGIC 0 OR OmA (SPACE)
START e
— 3l OATA BITS Y
EARLIEST BEGINNING
l#¢—————— ——-——ONE COMPLETE WORO/SENT IN /10 SEC. o NEXTSTART BIT

Figure 3: These waveforms show how the circuit in figure 2 works. The final waveform
is that expected by the interface and monitor programs of the evaluation kits — it is
the format used by a teleprinter to send and receive in ASCI|,
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MICROPROCESSORS:

The Ultimate Toys?

With the hobby computer market booming overseas it now
seems obvious that the same situation is about to occur in
Australia. We have stocks available of the lowest cost micro-
processor kit ever: the SC/MP INTROKIT by National Semi-
conductor. This kit is complete in every detail including all

2EREED2DDII2

APPLICATIONS NOTE:
He ST B

TeleType INTerface
for SC/MP

Many thanks to Alan Mason of Asquith for this suggested
circuit for a general purpose teletype interface for SC/MP
microprocessors. This circuit utilises the * 48V available
from the teletype and is fully isolated from the microprocessor
voltage rails using opto couplers.

1.C. SOCKETS

Al

A s

22

components, assembly manual and full technical documentat-
ion. After assembly and power is applied you are ready to
explore the capabilities of the SC/MP microprocessors. A
pre-programmed ROM is supplied so that you can enter your
own program using a teletype or similar ASC1 | machine.

SC/MP offers many advantages to the home hobbyist
particularly because of its low price, simple interfacing and
static clock and a major magazine project using SC/MP is
scheduled shortly.

We have a wide range of components associated with
microprocessors now in stock.

ASR 33

TAG STRIP
LED NCT200 s

LED | i)

ouTePuT | 1202

TTY SERIAL INTERFACE
0 gV

We now stock a comprehensive range of low profile I.C.
sockets to suit most applications. At these economical prices
they are ideal for any hobby project involving 1.C.’s.

8 PIN .30 22 PIN 90
14 PIN .35 24 PIN .90
16 PIN .40 28 PIN 1.20
18 PIN .50 40 PIN 1.60

Prices include sales tax and postage.
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% SC/MP KE Introkit with sales tax $7950 F
R E U I_ & exemption certificate.
% SC/MP K Introkit including sales tax. $89.50 F
A comprehensive range of voltage regulators is now avail- ;'3.‘ ] .

able to the electronic hobbyist. New releases include the 317
(1.2 — 30V variable output at 1.5A) and the 78L, 79L low # RAMS
[P Gl e LT . B 2101 256 x 4 STATIC $ 6.95M
309 (+56V, 1A) Regulator (TO3) $1.75 2102 1024 x 1 STATIC $ 325M
317 (2-30V 1A) Adjustable Regulator (TO3) 3.15 2112 256 x 4 STATIC $ 695M
323 (+5V 3A) Regulator (TO3) 7.95
325 (+ 15V 100mA) Regulator (DIP) 325 #
320—-12  (-12V 1A) Negative Regulator 275 ] E PROMS
340-5 (+5V 1A) Regulator (TO220) 2.00 ¥ 1702A 256 x 8 UV ERASIBLE $19.75 M
3406 (+6V 1A) Regulator (TO220) 2.00 5203 2512 x 4 (256 x 8) UV $20.50 M
340-8 (+8V 1A) Regulator (TO220) 2.00 ERASIBLE
340—12 . (+12V 1A) Regulator (T0O220) 2.00 :F. 5204 512 x 8 UV ERASIBLE $40.00 M
340-15  (+15V 1A) Regulator (T0220) 2.00 ¥
340—18  (+18V 1A) Regulator (T0220) 2.00 &
340-24  (+24V 1A) Regulator (TO220) 200 ROMS :
78L05 (+5V 100mA) Economy Regulator (TO92) .85 B 2513‘ CHARACTER GENERATOR  $15.75M
78L12 (+12V 100mA) Economy Regulator (TO92) .85 ?:é 5240 CHARACTER GENERATOR $17.50 M
78L15 (+15V 100mA) Economy Regulator (TO92) .85 &
79L05 (-5V 100mA) Economy Negative 'g"‘ U ARTS

Regulator (TO92) .95 ._
79L12 (-12V 100mA) Economy Negative 3 51883 10 K BAUD UART $ 9.50 M

Regulator (T092) 95 # 5303 30 K BAUD UART $ 9.50M
79L15 (-15V 100mA) Economy Negative B

Regulator (TO92) 95
723 (2-37V) General Purpose Regulator (DIP) 90 =

% Note: SC/MP kits will be sent freight forward. All other items

* All prices include postage. are mailable and prices include postage.

One of the most effective monophonic organ projects to

e%" a®a" . *a® o %Y Te ete e e e 0 e e e e 0 0 0 0 e T 0 e 0 0 0 0 e e e 0 0 0 e 0 0 0 e 0w 0 Tu 00 T 0 0 000! p
E Tl 6 o 2 date. Using a unique “touch control” keyboard this organ has

switchable voicing and tremelo.

M I NlORGAN ETI 602K organ kit all components excluding case $25.00
(post free).

ETI602

}

VOLUME DEPTH

.L‘]-

E “11

POWER IR[MO{()

POSTAL ADDRESS: THE ELECTRONIC MAILBOX,

P.0. BOX 355, HORNSBY 2077.

A p p L' E D WAREHOUSE & SHOWROOM: 109':'101:‘ I\:.SUB%TIE\JRSS\XI. R2E°E7T,

T E c H N o Lo GY Teleph:)ne.: 476 37579
476 4758

p TY- LTD- TRADING HOURS: 9 — 5§ WEEKDAYS

9 — 12.30 SATURDAY

SRR KRR KRR AR AR RIS
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{Continued from page 21)

Care must be exercised not to exceed
the loading rules on the microprocessors
and memory outputs. These outputs can
only sink a small current and drive a
small amount of capacitance.

Those who decide to use the front
panel method will also have to address
the read/write memory to be able to run
programs. All evaluation boards come
configured so that pressing the reset
button starts the microprocessor execut-
ing the program in ROM. If you do not o
use the ROM then the address of ROM Photo 2
and RAM must be changed so that
pressing the reset forces the micro-
processor to take its first instruction
from RAM. This is where you put the
beginning of any program you write, or
at least the beginning of any software
routine that allows you to jump to some
part of RAM. ®

€ 0 0 0 065 265 O OB OSSO O i

A..B BEEEEEEE

Lo ii BF EH b 8 58 Hio

EE,::W@D

oo el

How we used the front panel idea to drive
the Intel 8080. These photos show what is
involved in making your own front panel.
Photo 3 shows the switches and photo 4
{opposite page) shows the ICs we added

to the board. These are the ICs fitted to the
breadboard area at the top left corner of
the picture.

Photo 3

SUGGESTED CHIPS PETIR  cic
For those who decide to build their own interface, here Bletiis e
are a few I1Cs worth checking out: 3 State Bus Drivers
Displays , o 7418365 Fairchild,
DL57 Alphanumeric Litronix George Brown
MAN 2 " Monsanto 74LS366 " "
MAN1002 " “ 7418367 " "
TIL305 " Texas 7415368 " "
TIL311 Hexadecimal "
5082-7340 g HP 2726
Plasma Displays Alphanumeric WHK, CEMA 095
9368 Hexadecimal Decoder Fairchild 8096
(7 segments) CMOS

0
$1883 Distributed by CEMA 4016
AY-5-1012 & GES 4066
2536 et . Texas MM80C95

nstruments MMBUCYG
Keyboard encoder MMS80C97
MM5740 AAE  Distributed by Nat- MM80C98
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A simpler approach to getting an evaluation board going, but
this way you will need a terminal. Picture 5 shows the Scamp
computer fitted in a box with a breadboard on top. The circuit
under development is to enable single-stepping of the
computer. Photo 6 shows what is inside the box: the pch, the
power supply and the TTY connector.

emanREE

This is what we did with the Motorola board. Photo 7 shows the
power supply, mounting the board and the connectors, the

connector at the top of the picture is for the teletype, the Photo 6
connectors at the bottom bring out the address, data and control

busses. For these we have used mini breadboards. Photo 8 shows

how we used these to prototype a front panel, The eight switches

on the left set up the address and allow data to be inputted. The

other three switches are run/halt, single-step, and load/examine.

Photo 8
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2650 BM1000
DESIGNER’S MANUAL

HARDWARE ASSEMBLER AND
SIMULATOR DESCRIPTION PLUS
APPLICATION NOTES AND
REGULAR UPDATE SERVICE.

2650 SUPPORT

HARDWARE: LOGIC (TTL, HNIL, CMOS)— MEMORIES — FPLA —
INTERFACE—ANALOG

PERIPHERALS: PHILIPS THUMBWHEEL SWITCHES —CONNECTORS —
MOSAIC PRINTERS — MOTORS

SOFTWARE: FORTRAN [V ASSEMBLER AND SIMULATOR 16-bit

& 32-bit TAPES.

ENGINEERING AND APPLICATION SERVICE

pHiILIps| Electronic

Components
% and Materials




SIGNETICS 2650 MICROPROCESSOR KiT

CPY

Whbabp -

MBMRREE e S
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ITERERYIL Y
00008888 |

INTERFACE

RAAESRE . mumubaneshARARAR A ARcaan

2650 KT 9000

DESIGNER'’S KIT
INCLUDES ONE 2650 MICROPROCESSOR

By i 13 44 % 4 4 |
CHIP; FOUR 26068 256 x 4 bit RAMS; ONE
2650 PC1001 PROTOTYPING CARD N8251151 4 K (512 x 8) bit PROM
COMPLETE MICROCOMPUTER ON A SINGLE PRINTED CIRCUIT BOARD: (UNLOADED); TWO BIDIRECTIONAL I/O
INCLUDES 1K BYTES OF PROM (PiIPBUG EDITOR & LOADER); PORTS—8 bit N8T3iN; FOUR QUAD TRI
1K BYTES OF RAM; CRYSTAL OSCILLATOR; TWO, 8-bit STATE BUS TRANSCEIVERS N8T268; ONE
PARALLEL 170 PORTS; ONE RS-232/TTY SERIAL I/0 PORT. DESIGNER'S MANUAL 2650 BM 1000.

(NOT SHOWN)
2650PC2000—4 K BYTE RAM CARD

2650DS2000—DEMONSTRATOR BASE
AVAILABLE SOON: FLOPPY DISK TWIN

2650

INTELLIGENT PHILIPS ELECTRONIC COMPONENTS AND MATERIALS
TYPEWRITER P.O. Box 50, Lane Cove, N.S.W. 2066

CARD [J1 am interested in knowing more about the
Signetics 2650 Processor.

[1Please have a field applications engineer
contact me..

NAME |

COMMUNICATION LINK TO USER'S TERMINAL
INCLUDES 512 BYTES OF PROM (LOADED); 256 BYTES
(8 Bits/word) OF RAM, TTL CLOCK; HIGH VOLTAGE-
NANDGATE FOR DRIVING VOLTAGE- CURRENT

LOOP INTERFACES.

Philips Electronic Components and Materials
SYANEY .o 42 1261

Melbourne
233 4022 R O e

Adelaide
Brisbane ... ¢
Perth .o 654199L-———--—----—--—--——-——

PHILIPS



An “evaluation kit” is not just a convenient package of
computer chips and a pcb — there is also a special

ingredient:

THE

MONITOR
PROGRAM

Viicroprocessors

[t's unlikely you'll be able to get your microprocessor to do anything useful until
you've put in quite a few hours of frustration and despair. Bu_t if it wasn’t for the
monitor program chances are you’'d never get your system going at all.

FROM THE INSTANT YQU SET QUT
in the computer game you are buying
software (In this context ‘software”
should really be called “firmware’’. As
long as the ROM containing the monitor
program is plugged in, its facilities are
permanently available.) and you‘re not
ready to start until you appreciate the
value of this intangible commodity.

Because you can’t see it, you have to
know quite a bit about microcomputing
before you can evaluate this software,
and this article will introduce you to
the basic concepts.

The ROM

When you buy your evaluation module
one of the ICs will be a ‘read only
memory’ or ROM. This ROM will have
been factory encoded with a set of
software routines for the particular
microprocessor in the system. Each
manufacturer gives his program a unique
name (Kitbug, Mikbug, etc.), but we
will use the general name of monitor
program or “monitor”.

Like the supervising monitors in
large-scale computers, these monitors
are there to make operating the micro-
computer as simple and convenient as
possible.

What the Monitor does

A monitor should allow vyou, the
operator, to do three things:

1. To load and run your programs.

2. To find faults in your program and
determine the nature of these faults
(whether they are coding errors or
logical errors). It will also enable you to
correct these faults.

3. Handle the interface between codes
familiar to the operator and the binary
"machine code” which the micro-
computer needs.
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Commands

To achieve these three aims the monitor
comes with a set of commands, all of
which are available to the operator via
the keyboard of ther terminal. To see
what a monitor can do, let’s look at a
cross section of what the various
commands actually do.

The Load Command loads a string of
words into sequential memory
locations. The words may be data or
instructions. The starting location {in
memory) is usually keyed in by the
operator. The list of words can come
from holes punched in paper tape, from
a cassette player, or the operator can
input these words through the keyboard
as he reads off a listing of the program.

The Go Command allows the operator
to start his program running. Having
used the load command to place the
program in memory, the go command is
used to shift control of the micro-
computer from the monitor program to
the program you have just loaded. The
execution begins at the starting location
specified by the operator as part of the
go command.

Set Break Point Command allows the
operator to specify certain locations in
the program as break points. When the
microcomputer reaches one of these
points its control is moved from the
currently running program back to the
monitor program. This is a very power-
ful tool for fault finding. When you run
a program for the first time it is easy to
locate errors if you break the program
into small segments of say five to ten
instructions each, and execute each
segment as a separate program,

The Go command is used to enter at
the beginning of a program segment and

the Break Point command is used to
exit at the end. The contents of the
microprocessor working registers are
then examined to see if the program
segment is producing expected or un-
expected results.

A good monitor also saves the con-
tents of the working registers when it
exits a segment and restores them when
it enters the next segment, thereby
allowing execution of the program to
continue without disruption by
corrupted data.

The Print on Display Command displays
the contents of consecutive memory
locations. The list so produced can be
checked for error or filed as a record for
later use. By engaging the paper punch
(available on most terminals) a per-
manent copy is produced. This can be
reloaded using the Load command. On
some monitors the format of the
punched tape will be unsuitable for use
with the simple Load command, but it
is quite simple to write a small program
of your own to do this.

The Examine Command displays the
contents of individual operator selected
memory locations, and then gives the
operator the option of changing the
contents. Useful when you want to
correct an instruction or change a data
constant.

Examine Registers Command allows the
operator to display the values stored in
the internal working registers of the
microprocessor and change them if
necessary. Because of the nature of the
microprocessor design and the limited
number of pins on the LSI chip, this
feature is difficult to do with hardware.

Interfacing
Included in the monitor are software
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THE
MONITOR
PROGRAM

If your monitor program comes in a package like this you are
lucky. It means you don’t have to throw away the chip if you

“don’t want the monitor. These ROMs with windows in the top
are eraseable by UV light — so you can have them erased and

re-programmed with your own program.

routines that translate between the
characters used by the operator at the
terminal and the binary codes used
inside the microprocessor and the
memory. Since the monitor can do the
work involved in the translation, the
operator can immediately talk to the
microcomputer in hex characters and
a few selected alphabetic characters.
Hex is convenient to use since two
selected hex characters can specify any
8-bit binary word. Contrast trying to
remember AG rather than 1010 0110.
The alphabetical characters (other
than A to F, which are hex) are used in
the various commands available with the
monitor. For example, G 02A6 means
(to one monitor program) execute the
program in memory starting at location
0000 0010 1010 0110 (the G is the Go
command, 02A6 is the location).

First the good news . ..

One great convenience of having the
monitor program stored in ROM is its
ability to be used immediately the
power is turned on; it is not lost when
the computer is turned off.

It can not be destroyed by a faulty
program over-writing it, and should the
operator lose control of the “micro-
computer he can recover by just
pressing the reset button.

And now the problems . ..

The big disadvantage of the monitor is
needing a terminal to drive it. These are
usually expensive — costing over $1000

* facturer has his own

when new. Even if you get hold of a
terminal, you will have to spend a lot of
effort learning the correct operating
procedure, but | have yet to find any-
one who has found this impossible.

The ROMs included in evaluation
modules are limited in size, the largest
containing some 1024 locations. They
can do only so much and each manu-
ideas on what
features he thinks are important.

So if you decide to use the monitor
check out what features each monitor
has, and don’t be swayed because one
type has more commands than another @

ANY MINUTE NOW LADY — THESE NEW
AUTOMATIC MONITOR SYSTEMS

ARE PRETTY CUTE AT PREDICTING
MAJOR FIRES '

ELECTRONICS TODAY INTERNATIONAL, SEPTEMBER 1976

MICROOS

Microprocessor

Maximum

Performance,

Minimum
Price:$430

The Micro-68 is built around the

6800 microprocessor and features 128
words of RAM (expandable to 768
words),
memory can be expanded to 64K and
full 16 bit 1/0 with edge connectors.

For more information, or to place your
order call or write:

Ampec Engineering Co.
42 The Strand, Croydon. NSW. 2132
P.O. Box 18, Strathfield. 2135
Cables: AMPEC SYDNEY
Phone (02) 747-2731, 74-8063

512 word PROM, and the

GOLDEN
DPPORTUNITY

Large stock holdings in wide range
of electronic component parts.
Retail value $100,000.00 plus. Al
brand new and current stock.
Chance to set up disposal shop or
add to existing stock. Complete
sefl-out. Items include transistors,
diodes, resistors, capacitors, trans-
formers, balance meters, co-axial
cable, wire, speakers, knobs,
boards, tuners, pots (sliding and
push-pull). Plus many more.

Your opportunity, my loss.
All stock must he cleared.
Price negotiable.

No reasonable offer refused.

Contact S. Harris,
49 Menzies Ave.,
Dandenong, Vic. 3175
Phone (03) 792-3962
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Wi it st e,

Introducing Lux’s new L.30 amp.

and its stablemate the T33 tuner.

Now you don’t have to be rich

30

400 Kent St., sga‘ncz 2000. T
1823, B.A: C

to use Lux workmanship to make

‘the heart of your system beat.

The reputation of Stradivarius as a maker of
fine violins remains unequalled. Although other
violin-makers tried to imitate him, an expert can
always tell the imitations from the Master’s own
violins. Somehow, no-one succeeded in matching
the Stradivarius workmanship, which gave his
violins a special timbre and clarity of their own.

In these days of mass-production #nd corner-
cutting techniques, workmanship is a rare
commodity.

Yet the Lux reputation, like that of
Stradivarius, is based on those exceptional tonal

characteristics which nothing but great attention to

detail can bring about.
A word about Lux:

For more than fifty years, Lux has concentrated
on making superlative amplifiers, and is probably
the oldest established amplifier manufacturer in
the world.

Very early, the company concerned itself with
the problems of tube output transformers and the
degradation they tended to impose on otherwise
excellent designs. Lux transformers are highly-
regarded. Recently, the company developed two
new vacuum tubes, the G 6240G and 8045G, which
are now being used in an advanced breed of Lux
vacuum state amplifiers.

The company’s equipment is aimed at the
audiophile who wants perfection and is prepared to
pay for it.

Luxman’s L30 integrated (32w RMS per
channel) amplifier brings the benefit of the

LUX L30

. Telephone: 3
plies, 95 Turbot St., Briabane 4000,
2. : Chall HI-Fi Stereo, 96 Pirle

8t., Adefaide 5000, .T.bphomz 223 3599. TAS.: Audio
Wholssalers.

X . Telephone;
314111, VIC.: Encel Electronics Pty. Ltd. 431 Bridge Rd.,
Richmond 3121. Telephone: 42 3762. W.A.: Arena
Distributors, 262 Hay St., Perth 6000. Telephone: 25 2699,
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company’s experience to serious audiophiles who
do not require unusually high power output or
special facilities.

The L30’s specifications demonstrate this was
done without compromising performance: The
output stage consists of pure complementary
circuitty with a combination of PNP and NPN
transistors. Crossover distortion is kept extremely
low while high reliability is realized by the use of
TO-3 transistors with good heat-dissipation
... Transistors of high cut-off frequency at the
driver stages suppress distortion in the treble
range.

A tuner developed to match: the T33,

A superior tuner can significantly enrich audio
life and provide an endless supply of material to
add to your personal tape library. It should come
as close as possible to connecting the studio to the
amplifier. Thus it should eliminate noise,
interference and distortion inherent in
transmission.

The (PPL) Phase Locked Loop MPX 1C
automatically locks the phase of the subcarrier
generator with that of the incoming pilot signal.
Similarly, each of the tuner sections (front-end,
detector, I.F. circuit, AM section) have been given
the usual Lux attention to detail.

We would like you to know more about the Lux
L30 and T33.

Feel free to write to us. We’ll give you all the
help we can.

LUX T33

Distributed in Australia by:

IAGGER DV

International Dynamics (Agencies) P/L

P.O. Box 205, Cheltenham, 3192, Vic.

23 Elma Rd., Cheltenham, 3192 {Melbourne).
Phone: 95 0366
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Putting your computer to work . . .

THE 1O

INTERFACE

Microprocessors

How the computer can drive external circuits

A computer doesn’t just handle information, it doesn’t simply communicate with
the operator. In most applications it is required to control devices directly, to
automatically act in real time on input signals to produce programmed effects in

some external system.

And this machine-to-machine communication is done via the 1/0 interface.

THE 1/0 INTERFACE IS THE
circuitry that connects the micro -
computer to the equipment you want it
to control or monitor. Each connection
is usually referred to an input port or an
output port depending on which way
the data is flowing.

Since all practical uses of the
computer will need /O ports, the
number available and their ease of use

are important considerations for the
user. Without specific knowledge of the
devices you intend to connect to the
evaluation board it is impossible to
know how many 1/O ports you will
need, so try for as many as possible.
Also check out the nature of the port.
Is it buffered, what can it drive, what
can | connect directly to it?

Data passing through 1/0 ports will

The 1/0 capabilities vary from kit to kit, some have it, some don’t. In this exarhple we look at
the Scamp board, which comes without 1/0. However if you look at the left of the board you
will see the chips we have added to take care of this.
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(at one stage of their journey) travel via
the evaluation board’s data bus. To do
this it will have to be time-multiplexed.
In" some systems this multiplexing has
to be done by the circuit you have to
build and add to the board. If you are
unfamiliar with the techniques involved,
it is definately worth your while to go
for boards that include special 1/0 ICs
called Interface Adapters.

One such IC is called the PIA
(Peripheral Interface Adapter). This will
interface two 8-bit bi-directional data
buses and four control lines onto the
evaluation board data buses. These PIAs
can be programmed by the micro-
processor to act as inputs or outputs
depending on the requirements at that
time. The outputs are also latched so
that once a level has been established on
a port it remains that way until new .
data is outputed.

The PlAs are also family-compatible
with the MPU and observe the required
loading rules.

Another type of interface adapter
(ACIA, for Asynchronous Communic-
ations Interface Adapter) will perform
the function of serial data transmission.
In this device the 8-bits sent out as a
parallel word by the MPU are serialised
and transferred one bit at a time. Such
interfaces are handy when it comes to
interfacing to tape recorders transmitting
data over a single wire pair.

Generally such interface chips
expand the 1/O capability of the eval-
uation boards and make interfacing
easier for you. Not all boards have them
and those that do are more expensive,
so think carefully about your needs
before you decide. ®
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ROM RAM CPU o
oo 18310 coP 182150 CDP 1802D m CDP 1852D

CDP 1824D 4

M Now, a CMOS system that really delivers
e "'c lp the promise of the microprocessor. It's the

expanded RCA 1800 family with CDP1802, our

new one-chip COSMAC CPU. And it gives you
COSMAC an unsurpassed combination of flexibility, per-
formance and cost effectiveness.
Simple COSMAC architecture lowers
P memory costs because of 1-byte instructions
and internal address pointers. It also reduces
I/O costs. Plus design and learning costs.

Then you have the familiar CMOS savings.
Single power supply. Single-phase clock. Less
cooling and other equipment, thanks to low
power and high tolerances.

For all these reasons, we believe no other
microprocessor matches the RCA 1800 for
system cost effectiveness. What's more, you
can get the whole system from us: CPU, ROM,
RAM,I/0. Everything you need including
complete design support.

For further information on the above and other
solid state products, please contact:

Amalgamated Wireless Valve Company Pty. Ltd.
(Technical Information)
554 Parramatta Road, Ashfield, N.S.W. 2131. Phone: (02) 797 5757. Telex: 24530
Postal Address: P.O. Box 24, Ashfield, N.S.W. 2131
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A vital part of the package. ..

WVicroprocessors

LITERATURE

on the chip, the system and programs.

Why are manufacturers putting their marketing effort into distribution of this

literature?

Because before you buy an evaluation board you’re going to need lots of

information . . .

EACH KIT COMES WITH A PILE OF
information, designed to offer assistance
in three main areas:

1. Details on how to put the kit to-
gether and how to operate it.

2. Technical details on the micro-
processor and the support chips
supplied to make the microcomputer.
Such information usually inciudes
details on the microprocessor
instruction set, timing diagrams, and
loading rules as well as application
information.

3. Programming manuals with detailed
explanations of the software support
available. These programming
manuals go beyond evaluation boards
and deal with commercial time
sharing services and developmental
systems. The cost of such systems:is
an order of magnitude greater than

the price you pay for your evaluation’

kit.

To the hobbyist the first two listed
above are the most important, especially
the technical details and application
notes. It is this information you will
have to use to interface to your
computer. It is strongly recommended
that you at least have a look through
this material before buying an evaluation
board for two reasons:

First, to give a measure of the
difficulty involved in making the system
work so you can decide whether your
knowledge and experience is up to such
a project.

And second, to learn what the
evaluation board involves; this inform-
ation can help you decide which system
to choose. ®

R ;
The documentation that came with the
evaluation boards we are looking at this
month. You can see the different amounts of
information offered by each manufacturer.
However, much of this information will be of
little practical use to the amateur.

™

M6800 Niicroprocessi ng

“DON'T BE LEFT BEHIND — — — MICROPROCESSORS = FUTURE"”

ASK YOUR MOTOROLA DISTRIBUTOR ABOUT THE MOTOROLA — M6800 — MICROCOMPUTER SYSTEMS
DESIGN EVALUATION KIT “MEK6800D1”

Q MOTOROLA SALES OFFICES

Sydney: 43 4409
Melbourne: 561 3555

CEMA DISTRIBUTORS

SYDNEY: 439-4655 e MELBOURNE: 377-5311
AGENTS: BRISBANE (Electronic Components)
371-6677 ADELAIDE (Woollard and Crabbe)

514713 ¢ CANBERRA {Custom Scientific) 47-6179
¢ WOLLONGONG (Macelec) 29-1455 e PERTH
(Reserve Etlect.) 87-1026

TOTAL ELECTRONICS

SYDNEY: 4396722 e MELBOURNE: 96-289]
o BRISBANE: 229-1633 e ADELAIDE: 268-2922
AGENTS: PERTH (Athol Hill) 25—7811 @ NEW-
CASTLE (Digitronics) 69-2040 e CANBERRA
{Electronics Components) 95-6811.

Motorola makes 16-pin 4K RAMs

ELECTRONICS TODAY INTERNATIONAL, SEPTEMBER 1976




Our newest micro
device is connected

Lectures.

Introducing National’s new micro-
processor schools.

These aren’t your sales-oriented
“seminars” that various manufacturers
hold on occasion at hotels. These are
permanent, fully-equipped training

centers dedicated to the thorough,
systematic education of the engineer-
ing community to the ins and outs of
microprocessing.

Located in Sydney, and
Melbourne, our %‘raimng Centres
will offer extensive hands-on training
to reinforce class lectures. There'll be
at least one lab station for every 2/3
students (consisting of a microcom-
puter, Disc Operating System, term-
inal, and experimental peripheral
devices for solving class problems).

34

In each course we'll work your
tail off for four days, with a fifth,

- optional day available for extra

lab experience and consultation.
Course prerequisites guaran-
tee that you'll be working
with others at your level.
The courses cost $395 each.
Microprocessor
Fundamentals.
Stored program concepts,
logical functions, basic
stuff like that.
You can be dumb as a
-/ turnip about microprocessing,
wy but it'd help if you know some-
hing about digital design
techniques, binary numbers, hexadeci-
mal numbers, and Boolean algebra.

Programmable Systems Design.
An in-depth course on IMP-16, SC/MP
and PACE applications and interfaces.
For this one you should either have
taken our basic course or otherwise
have a basic grounding in micropro-
cessor concepts, software, program-
ming and interfacing.
Advanced Programming. This

one’s for the guy who'll write complex
applications software.

It'll cover hairy stuff like fixed fre-
quency events, real time software design,
and system timing considerations.

Prerequisites are considerable
...check with our Training Centre.

ELECTRONICS TODAY INTERNATIONAL, SEPTEMBER 1976



processor input
to your brain.

CLASS SCHEDULE
MICRO- PROGRAM-
PROCESSOR | MABLE ADVANCED

SCHOOL FUNDA- SYSTEMS | PROGRAM-
LOCATION | MENTALS | DESIGN MING

For Further Information: Call
or write the Training Centre nearest you: Oct. 4-8

Melbourne Microprocessor Training
Centre, N. S. Electronics Pty. Ltd.

Cnr., StUd Rd R & Mountain wy., Sydney ﬁprﬂ 11-2_22
Bayswater, Victoria, 3153 ov.
(03) 729 6333

Melbourne | March 7-11 | Dec. 6-10 | May 30-
June 3

N. S. Electronics Pty. Ltd.
2-4 William Street, Brookvale,

Sydney Micro%:)gesso r Training
t,
2100. (02) 93 0431

@
~ National
"There’s more to microprocessing
than microprocessors.

ELECTRONICS TODAY INTERNATIONAL, SEPTEMBER 1976



SUMMARY

Microprocessors

This month we look at evaluation kits from Motorola, Intel, National
Semiconductor and Fairchild. Next month we will look at other kits,

like those from Signetics & RCA.

MOTOROLA

MOTOROLA EVALUATION KIT MEK 6800 D1

Microprocessor

chip — MC 6800
Word size — 8-bits
Technology — NMOS
Chip memory

addressing

capacity — 65K
No. of

instructions — 72
No. of addressing

modes — 7
CLOCK — adjustable over a ten-to-one range

RAM — supplied 256 words with room on board for

with kit — expansion to 768 words.

ROM — 1024 word, mask-programmed. Con-
taining two monitor programs of
similar functions called MIK BUG
and MINI BUG.

1/0 — 2PIAs type MC 6820

1 ACIA " MC 6850

Using MIKBUG one PIA has its connections taken to a
connector at the edge of the pc board. The other PIA is
used by the monitor program to interface with the
terminal.

36

Using MINIBUG the terminal interface is the ACIA.

Maximum number of buffered 1/0 ports that can be
utilized = 36, plus 4 interrupt lines plus 1 serial interface
with 4 control lines.

The data, address and control lines connected to the
MPU appear on a 86-pin edge connector. This board also
has a R$232 interface along with the TTY 20MA interface.
Both of these interfaces are DC-isolated from the rest of
the board.

DOCUMENTATION

Assembly .
Instructions — easy to understand and foliow

Technical Details — Vast. Plenty of details and circuits.
Single step circuit included.

Plenty of detail with most aimed at
the industrial designer.

MONITOR PROGRAM:

Command Types — (1) Memory Loader
{2) Print and Punch Memory
{3) Memory change
(4) Display working registers

Programming
Manuals —

ELECTRONICS TODAY INTERNATIONAL, SEPTEMBER 1976



(5) Go command
(6) Set Break Point with memory

change
POWER SUPPLY
Required — +5V@ 1amp
+12V @ 100 mA
-12v@ 50 mA
Note — 12V required for TTY interface

only

Size of pc board — 248 mm x 153 mm
Price — $149.00 plus tax (Note the 6800
[MPU] and 6810 [RAM] chips are
difficult to obtain at the moment).
Kit available
unassembled — yes
Extra Components
Required — YES. Only MOS chips and pc board
included (under part number MEK
6800 D1).
DOCUMENTATION

Assembly Instruction: 16 pages on putting the kit together
(see comments).

Systems Reference and Data Sheets: A 63-page run-down
on each IC in the 6800 family. Rather technical in nature
but essential to know. Would appear brief to a non-
technical person.

Microprocessor Programming Manual: Ten chapters, 120
pages. The first five chapters are worth reading for the
information about programming. The remaining five

are concerned with more serious work with the ex-
pensive development systems. Appendix A (76 pages) is a
formal description of the 6800 instruction set.

Microprocessor Applications Manual: Seven chapters,
640 pages. First three chapters deal with making the 6800
family of chips go. The emphasis then moves to hardware
industrial applications with plenty of examples. Chapter
six deals with software systems once again with practical
examples. Chapter seven deals with the use of develop-
mental systems and is aimed at the industrial user.
Certainly worth reading. Unfortunately most of the
examples will not be of that much direct use to the guy at
home, but it does demonstrate the principle of how to do
things.

COMMENTS: The assembly of the 6800 fit was com-
plicated by having to chase up the extra parts not
supplied. In the end a number of substitutions were used
in an effort to get things moving (in particular, reducing
the value of the pull-up resistors on the outputs of the
clock driver). This happened when the kits were first
released and Motorola have since said that supply of the
extra parts is no longer a problem.

Some people have also had difficulty obtaining sockets
for P1, P2, P3. Ours were obtained from PYE Technico at
Marrickville and CES, Crows Nest.

If you assemble a 6800 board pay particular attention
to parts positioning. While it's obvious where the ICs go,
many of the small components can quite easily be mis-
placed. The large number of plated-through holes makes it
confusing. If in doubt, check on the circuit diagram.

Note also the circuit supplied with our evaluation kit
shows two R2s, where only one is required. And it shows
R30 and R31 going to ground when the photo shows them
going to +5V. Having not used the ACIA yet, we'll leave
that problem for you to sort out.

Note also that the Motorola set-up procedure calls for a
CRO when first switching on to set up clock frequency.
The alternative is to set the clock half-way and use trial
and error.

The Intel 8080 evaluation board: note the extra components in the
top right corner, these we added to make a front-panel interface
{see the front-panel itself in the article on terminals).

INTEL EVALUATION KIT SDK-80

Chip memory

address

capacity — 65K
No. of

Instructions — 72
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Microprocessor

chip — 8080A
Word size — 8-bits
Technology — NMOS
No. of addressing
modes — 4
CLOCK — crystal controlled
RAM — supplied 256 words with provision on board
with kit — for expansion to IK words
ROM - - 2048 words in two reusable PROMs
one ROM is blank and the other
contains the monitor program.
Provision on pc board for a total of
four PROMs.
1/0 1 PIA type 8255 with 24 program-

mable input/output ports and pro-
vision on the pc for another 8255.

1 Serial interface type 8251 suitable
for synchronous or asynchronous
data transfer. The 8251 is used as
the interface with the terminal over
a 20 mA TTY interface, an RS 232
interface or TTL interface.

Any interface can be selected by
jumper wire.
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KIT SUMMARY

DMA - MPU chip has DMA, capability allow-
ing the use of your own front panel
interface.

DOCUMENTATION

Assembly

Instruction — easy to understand and follow

Technical

Details — compact and technical
Programming of most interest to the industrial user
Manuals — with plenty of money.

MONITOR PROGRAM

Command types — (1) Memory loader

(2) Print and Punch memory

(3) Memory change

(4) Display working Registers

(5) Go command

(6) Set Break Point with memory
change

{7) More memory {from one location
to another location)

POWER SUPPLY
Minimum Maximum
System System
Required — + 5V 1.3A 2.1A
+12Vv 35A A45A
-10V joomA  300mA
-12v
Price — $320 plus tax

Kit available
unassembled — Yes
Extra components
required — Complete for most applications, you
might have to buy an edge connector
depending on how you mount the pc

COMMENT: The 8080 chip is probably the most common
of the 8-bit microprocessors in use at this time. The way
the instructions can work on the many internal registers
gives the 8080 considerable flexibility when writing a
program.

The pc board also has provision to take around fifteen
or more DIL ICs. Sufficient room in fact for enough ICs
for a front panel interface. See photo.

COMMENT: The things | like about the {ntel module are
the-well presented assembly instructions and drawings, the
fact that the overlay is stencilled on the pc board, that all
components (including two 1/0 sockets) are supplied, and
this module worked first go when power was switched on.

DOCUMENTATION

SDK-80 User’s Guide gives 21 pages of assembly instruc-
tions, the monitor program operating procedure (five
pages), and monitor program listing.

User’s Manual: These 200 pages are used as follows:
13 pages explaining the operation of the 8080 micro-
processor chip, 6 pages on interfacing, 15 pages explaining
the instruction set, and 173 pages on data sheets and ex-
planation of the various support {Cs.

Plenty of fact, without too much explanation, and no
practical application material; the guy at home will find it
very dry going.

Assembly Language Manual: The first 41 pages explain
what each instruction does and how to code it — valuable
stuff. The next twenty pages deal with macros — valuable
to the industrial engineer and those who have ‘assembler’
programs.

PL/M Programming Manual is a tutorial introduction
to the PL/M language and so is of little use to the home
construction.

board. PC board size — 169 x 308 mm
NAT'ONAL Word size — 8-bits
s Technology — PMOS
Moo Temm—. v— Chip Memory 65K (top 4 bits of address multi-
; > Address plexed via data bus).
¢ capacity —
No. of
Instructions — 46
No. of addressing
modes — 4
CLOCK — Fixed with 1 MHz crystal (supplied)
(can be made variable with a
capacitor).
RAM — 256 words supplied with kit.
, RAM — 256 words supplied with kit.
—— ROM — 512 words. Some kits come with UV
“’“i”i reusable ROM* and some don‘t.
EERE AR m . ‘ “ 1/0 — No general purpose points. Only a
. e | nd the ICs in them) at.the driver and receiver for interface to
;gftgrcna,:;’ tzgggarzh;afl’:te cg’rs,gcv/:,,?t: t{larezvalflatisan madu;e. the terminal (20 mA TTY).

DMA — MPU has DMA capability suitable

NATIONAL SC/MP MICROPROCESSOR KIT

Microprocessor

chip — ISP-8A/500 or ‘SCAMP’ for short
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for use with a front panel interface
(but you have to build it).

*identifiable by the clear window above the chip.
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DOCUMENTATION

Assembly Instructions very easy to understand and
follow. Not only do the instructions tell you what to do,
but also what you can not do. Assembly instructions
found under the heading STUFFING PROCEDURES!

Technical Details comprehensive and simple presentation
make these details easy to understand. Single step circuit
included.

Programming Manual aimed at the industrial designer,
however, the section on programming techniques and
information in the Appendix is worth reading.

MONITOR PROGRAM

Commands — (1) Print memory

{2) Memory change

(3) Display working registers

(4) Go command

(5) Set Break Point with memory
change

POWER SUPPLY

Required — + 5V @ 350 mA
—-12V @ 200 mA
Price — $79.50 plus tax

COMMENT: Kit comes complete with all parts including
edge connector. As the name says, the Simple Cost-effec-
tive Micro Processor, or SC/MP, evaluation kit is easy to
learn, making it ideal for those who feel fearful of the
more complicated microprocessors.

FAIRCHILD

FAIRCHILD F8 EVALUATION KIT

Microprocessor — 3850 CPU and 3851 PSU

Word Size — 8-bits

Technology — NMOS

CLOCK — adjustable

RAM — chip can address 65K. Kit supplied

with 1024 words together with 64
words as part of CPU chip. No pro-
vision for on-board expansion, how-
ever the signals needed to expand
memory are taken to a row of holes
making interfacing to your own
memory board relatively easy.

1024 words and contains the monitor
program FAIRBUG. The ROM is
part of the 3851 chip and is factory-
programmable only.

1/0 — Board contains four 8-bit 1/Q ports

giving 32 individual 1/Q ports, each

capable of driving at least one TTL
load. Two of the 8-bit ports are
assigned to handling the monitor
program’s interface and are not al-
ways available for general use when
the monitor program is running.

ROM —
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The normal monitor interface is the TTY 20 mA current
loop, but provision is made on the board for a wiring

. change to give a RS232 interface.

No. of
Instructions — over 70
Addressing Mode — 8 modes. This number is high because
of the different architecture of the
F8 {compared to other MPU s).
PC Board Size — 133 x 233 mm

MONITOR PROGRAM

Fairbug

commands — allow the following:

(1) to display or alter memory
locations as well as the micro-
processors working registers

{2) Punch paper tape

(3) Load paper tape

(4) Go command

(5) To set program break points

POWER SUPPLY

Required — + 5.0V at 500 mA

+12.0V at 100 mA

DOCUMENTATION

Assembly Instructions — the kit was supplied assembled,
so these instructions dealt with connecting up the TTY
terminal or modifying the board for an RS232 interface,
and with the operating procedure for FAIRBUG.

The Preliminary F8 Microprocessor Data Book — gives
over 130 pages of data on the F8 chip set. As well as
electrical specifications, there is a functional description
of each chip. In all 5 ICs are discussed in detail and 4 in
short form.

A Guide to Programming the Fairchild F8 Microcomputer
— contains 250 pages of detail on how to program the F8
system. 57 pages are spent explaining the microprocessor
instruction set and 57 pages on programming techniques.
The book starts off with basic concepts and ends up dis-
cussing program optimization.

A Timeshare User's Guide — mainly for the commercial
users who can afford expensive on-line terminals, this
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ey Ty —

If we knew about your control problem
we might be able to solve it

with the Fairchild F8 design kit. . ..

Priced at $166.50 this new low cost microprocessor
design kit comes as a fully assembled circuit board with
interface and connecting cable for power supply and tele-
type terminal hookup.

It is a complete microprocessor system with CPU,
Debug Program, Memory, 32 I/O BITS, two levels of inter-
rupts and all the necessary control circuits. No assembly or
soldering is required.

The fully tested and assembled circuit board includes
the Fairchild 3850 F8 CPU circuit, the 3851 Fairbug
Program Storage unit circuit, the 3853 Static Memory
Interface circuit and eight 2102 static RAMS (1 kilobyte
of memory). )

Software with the kit includes the F8 Programming
Manual, F8 Data Book and the Fairchild Fairbug Program.

F8 goes much further than the design kit. The range of
support products enables you to construct versatile, cost
effective systems from the most simple to the highly com-
plex. There are the F8 and F8S Program Development
Modules, F8 Memory Expander, the F8 Formulator and
formulator cable and module options, and a comprehensive
range of carefully thought out software.

Contact the Fairchild distributor in your state or Fair-
child in Sydney 929 6711, or Melbourne 81 0592.

SRR SRS AR
FEAIRCHILD
[ e et SRRt S e

AUSTRALIA PTY. LTD.
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KIT SUMMARY

manual uses 100 pages to explain how to use the GE time-
sharing system on the National CSS time-sharing system.
Too heavy for the guy at home.

COMMENTS: Although it was the last evaluation board
to arrive in the workshop, the F8 was the one we got
going in the least time, thanks to the board arriving
assembled.

The first thing that became evident was the difference
between the architecture of the F8 system and the arch-
itecture of the other systems tested. The F8 distributes
several functions over a group of chips rather than making
each chip perform one function. The 3850 CPU chip, for
example, contains the arithmetic logic unit as well as two
8-bit 1/0 parts and a 64-word memory.

The evaluation board manages to become a versatiie
microcomputer with a small number of 1Cs. Couple this
with the 1024 words of RAM that comes with the board
and you get good value for an outlay of under $200.
Unfortunately, it seems that only those with terminals
will be able to make full use of it, because as yet we have
found no simple way of interfacing an operator’s ‘front
panel’ and no single-step circuitry could be found in the
application notes. The word simple’ is stressed because
in electronics there are always ways to do things, the
trick is to find a simple way.

It should also be noted that a CRO is called for by the
assembly instructions to set the clock frequency for
maximum operation rate and set up the correct bit-rate
for the terminal. .

1

CARDIAC

The Cardiac Incorporates a manually operated card-
board computer, a 53 page illustrated instruction
manual.

Cardiac is a complete ‘Hands On’ self study system
in computer, data processing and programming basics
making learning and comprehension of the subject
easy and enjoyable. It will teach you to solve simple
and difficult problems and how to write your own
programs.

Cardiac is designed by Bell Telephone Laboratories, U.S.A.

r——————————-—ﬁ———t——-—————

I ELECTRO TECHNICS PTY. LTD. 36 Park Street,

South Melbourne. 3205. Phone 699 2716. ©1i9.76 |
| Please forward immediately . ............ Cardiacs at $6.95 |
| eachsplus 40 cents postage. | enclose cheque/money order |

{0} i S B R P
| NBIYRE: 255 oiev6a 50e sioraie somvo o o055 o aiataie ath sxetuisdace. ¢ i o7 sémtirersin ]

WE HAVE NEW
PREMISES

NEW MELBOURNE PREMISES

CEMA DISTRIBUTORS PTY LTD
208 Whitehorse Road Blackburn P.0.Box118 BLACKBURN VIC. 3130 phone 8775311

Now Stocking:
CMOS

4000 and 74C series

LINEARI.Cs. by
Motorola
Signetics
Philips
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L.E.Ds. and Displa){s
Small Signal and Silicon
Power Transistors

Zener and Power Diodes
Bridge Rectifiers.
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SC/MP... A MICROPROCESSOR
SO SIMPLE AND INEXPENSIVE, IT’S ENOUGH
TO MAKE ANY MACHINE THINK.

The*“Simple Cheap Microprocessor.” It requires a minimum number of
At less than ten bucks apiece in components and support chips.
volume, it makes microprocessor tech- Yet it gives you advantages that can't
nology practical where it’s never made be found in many expensive micropro-
sense before. In products like meters;, cessors. Like an on-chip clock. Serial I/0
; ports that are TTL-

compatible. Static
operation. Bus allo-
cation for multi-
processor system
design. Plus built-in,
programmable
DELAY instruction.
It’s on your
distributor’s shelf
right now. For tech-
' A nical description
Y i B o S of the chip and a com-
07 e oy e plete data sheet, send
us the coupon below.
gas pumps, traffic-light controls, pinball If this thing catches on (and at less
machines, medical electronics, TV games, than $10 a copy;, it’s got to), who knows
scales, motor controls, telephones, home  where it could lead?

appliances. To stuffed dogs that tell shaggy
A whole world of machinesand men  people-stories? -

has been waiting for such a thing. CNS ElctoniesPy. Led T -
Well thanks to Natlonal SC/ MPi lS P.O. Box 89, Bayswz.lter, Vic.

Phone: 729 6333

Gentlemen:

SC/MP, eh? I'd like to see that Technical Description, data
sheet and a sales brochure:

|
here now. l
And it’s not just the cheapest, least- |
complicated microprocessor on the :
I

|

|

market. It's also one of the most capable. | Name Tide

It shortens design time because of i‘;’:r":s';y
its architecture, and its ability to | ci State e
interface with standard memoriesand L————-—————————————
standard peripheral components. Nﬂ'l'lOllGl' Semiconductor /
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Ask your distributor for our SC/MP Evaluation Kit.
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AT WORK

Microprocessors

MICROPROCESSOR

This article, by Tim Hendtlass of the Royal Melbourne Institute of Technology,

follows on from our Introduction to Microprocessors published last month.

BY NOW ITWILL BE CLEAR THAT A
microprocessor can do many things
other than just the logical and arith-
metic operations of the hardwired logic
it may replace. To be able to do all
these things it has to be quite complex
internally. It will consist of thousands
of semiconductors which can be divided
into a number of sections and Table
_ One lists the names and features of
some of the more common sections.

A specific operation
To follow this example you will need to

refer to Table One for explanations of
new terms like accumulator, register,
program counter, etc. When first used
these terms will be in bold type. The
example will show the step-by-step
approach of the MPU and show how
useful mnemonics are in programming.

Three instructions in the program

Let us assume that the MPU is executing
(running) a program and has reached a
point at which it is to add a binary
number stored at memory location
1000 Hex (or base 16) (this is a short

way of writing the binary number
0001 0000 0000 0000) to the number
in the accumulator and save the result in
the temporary register C on the chip.
This needs three instructions (for an
Intel 8080 MPU) which are written:

First instruction: LXI H, 1000H;
(load the 16 bit index register con-
sisting of register H and L together
with 1000 Hex)

Second instruction: ADD A, M;
(add the byte found at the memory.
location specified by H and L to the
accumulator)

The electronic reality of
a micro computer. The
four boards are input
(top left), CPU (bottom
left), 32,768 bits of
volatile RAM memory
{top right) and some
non-volatile memory
{bottom right).

The eleven 1702A
EPROM:s on this last
board can hold 22,528
bits of information
indefinitely without
needing power. They
may be erased (cleared)
at any time by shining
ultra-violet light through
the quartz window on
each package onto the
actual semi-conductor
chip (the dark squares
in the centre of each
package). The EPROMs
can be removed and re-
programmed with a
special programmer
{hence the socket
mounting).

A complete micro com-
puter will also need a
power supply {not shown).

i
'l
.
. : g e
H
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TABLE ONE MICROPROCESSOR MICRO-DICTIONARY

Central Processing Unit (CPU): A
group of registers and other logic
that form the arithmetic/logic unit
plus another group of registers with
associated decoding logic that form
the control unit.

Accumulator: A register that adds an
incoming number to its own contents
and then substitutes that result for
the original contents. This register is
accessible to the programmer.

Register: Logic elements {gates, flip-
flops, shift registers) that taken to-
gether, store 4, 8, 12 or 16 bit
numbers. They are essentially for
temporary storage in that the con-
tents often change from one instruc-
tion cycle to the next.

Temporary Register: A register used
for very short term storage by the
CPU and over which the programmer
has no direct control.

Program Counter: A register whose
contents normally correspond to the
memory address of the next instruc-
ton to be carried out. The count

usually increases by one as each in-
struction is carried out, since pro-
gram instructions are usually drawn
from sequential locations. This
register is accessible to the program-
mer.

Instruction Register: A register used
to store the binary code for the
operation to be performed. This
register is not normally accessible to
the programmer.

Storage Register: A register used for
storage which is totally under the
control of the programmer.

Status Register — Flag: The status
register consists of a series of flags
each of which is a flip-flop that
indicates some aspect of the status of
the central processor. Individual flags
often occur which are not grouped
together into a register.

Stack Pointer: A register whose
contents correspond to the memory
address of the top of the stack. It is
under the control of the program-
mer.

Index Register: A register used to
hold an address. An instruction may
either use the contents of this
{specified) register directly or add an
offset {part of the instruction) onto
the contents of the specified register
to produce an effective address and
then use this effective address. Use-
ful, for example, for addressing |
tables.

Address Bus: The collective name
given to a group of signal paths along
which the voltage levels of the
desired address are distributed
throughout the system.

Data Bus: The collective name given
to a group of signal paths along
which the voltage levels that make up
data words are distributed from the
CPU to all points in the system or
from any point in the system to the
CPU (but not both ways at once).

Direct Memory Access (DMA): A
technique by which a peripheral
device enters or extracts blocks of
data from the microcomputer
memory without involvina the CPL)

Third instruction: MOV C, A;

(move what is the accumulator (A) to
storage register C)

(the instruction mnemonics are in
capital letters, the brackets contain
explanatory comments)

You should now see why mnemonics
are useful — imagine writing a program
if you had to write the full description
in the brackets every time. The
mnemonics vary from one MPU to

NS
a,, O=—1 0 p—=0 Ay,
ND O— 2 39 p—=0 Ay,
0, O=—=13 18 p—-=C Ay,
0, O=—efa 37 =0 Ay,
v, Oe—e{ 1, B =0 A,
0, Oe—els 35 —=0 A
0, Ol 7 34 ——=0 Ag
v, o=—sls INTEL =p—o~
9

[¢N (el o o 32 b—0 Ag

o, o=—{10 8080 al—o0a,

sv o— 11 30 b—wo0 A,
RESET O—e] 12 29 =0 A,
HOLD O—=] 13 28 p——0 -12v

INT O] 14 21 p—0 A,

7 0—={ 15 26 |——=O0 A,
INTE O=—{ 16 25 ——=0 Ag
DBIN Ow—oA 17 24 -0 WAIT

wir o=— 18 23 f=——o0 READY
SYNC O=+— 19 2 p—=0

v 00— 20 2t —=0 HLDA

Figure 1. This is the pin diagram of the
intel 8080 microprocessor chip. Dg to D7
are the eight parallel lines of the data bus.
AQ to A1 are the sixteen parallel lines of
the address bus. The other pins are used for
timing, control and power supply.
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another, the manufacturer can provide
you with a [list for any particular
machine.

How the MPU handiles these
instructions

Assuming that the MPU has finished
processing the previous instruction and
as a result the program counter is point-
ing to the start of our first instruction
{in other words the program counter
register contains a number which is the
address of the memory in which will be
found the first byte of our first instruc-
tion) the MPU does a fetch cycle. First
this puts the contents of the program
counter out on the address bus. Then
the unique memory cell which has that
address responds by putting its contents
onto the data bus along which they
return to the MPU. When the MPU gets
the data it puts it in the instruction
register. While the MPU was waiting for
the memory to respond it incremented
(added one to) the program counter so
as to be ready for the next fetch cycle.
Internally the instruction register is
inspected to see what kind of instruc-
tion is to be done this time and if it is
complete (a one-byte instruction) or if
there is more to come. In our example
the first byte is the LX| H part so the
MPU knows there are two more bytes to
get and that when they arrive they are
to go into the H and L registers. So two
more fetch cycles are done similar to

the instruction fetch except that when
the data is received it is put into a
temporary register (instead of the
instruction register) and then into the
final destination register. The program c
counter has been incremented after each
fetch so that now the first instruction
has been completed the program
counter is pointing to the start of the
second instruction.

Again an instruction fetch is done
(and the program counter then incre-
mented) but, of course, the instruction
which arrives into the instruction
register is not the same. In this case
when it is internally inspected it is seen
that it is a complete instruction in one
byte, as there is no further byte to get
the MPU can start implementing the
instruction. The instruction requires
that the data stored in the memory
location whose address is in the H and L
register combined should be added to
the contents of the accumulator, so first
this data must be brought to the MPU.

The contents of H and L registers are
put out on the address bus and the data
returns as usual on the data bus and is
put into the temporary register. This
then is added to the accumulator. You
might think that this would be the end
of it, but no — one further operation
takes place. Depending on the result of
the addition, various flags are set or reset
in the status register. If the result of the
addition had been zero the zero flag
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would be set — if not it would be reset.
If the result was too big to fit into the
accumulator so that a carry out
occurred then the carry flag would be
set and so on.

{The main use of these flags is for those
‘jump on condition’ types of instruc-
tions we invented back crossing the road
in the Introduction to Microprocessors
article. Had the next instruction been
jump if zero to 2000 H for example, as
soon as the instruction had been re-
ceived the zero flag would be checked.
If zero the MPU would do a jump —
replace the contents of the program
counter with 2000 H and carry on. If
the zero flag was not set, the rest of the
jump instruction would be ignored and
the next instruction fetched. The carry
flag is also used in multibyte arithmetic
— if there was a carry out then this
carry is added onto the result obtained
from the two next most significant
bytes.)

The MPU has set the flags and
finished the second instruction of our
little program. The program counter is
already pointing to the start of instruc-
tion three so a normal instruction fetch
is done. Again, when inspected, this is
recognized as a single byte instruction,
and, even easier, in this case no further
reference has to be made off chip at all.
So the contents of the accumulator are
copied into storage register C replacing
whatever was there. The contents of the
accumulator remain unchanged by the
way.

...... END OF PROGRAM. . . .. ..

Our three-instruction program is
finished — it took quite a few words to
describe what happened (about 5501)
but the 8080 would do this in twenty
two machine cycles (little bursts of
activity on the chip) and take about

eleven millionths of a second over it.
You don’t have to understand what is
going on blow by blow on the chip to
use an MPU as long as you know the
overall effect each instruction has (the
sort of thing | wrote in brackets in the
example program). The reason | took
you through this example, though, is

that it helps understanding to have at
least a general idea of what is on the
chip. The example was constructed to
introduce you to almost all the “‘private
parts” of an MPU. The only common
one missed was the stack pointer and
now that we have met flags and how
they are set | would like to add one

BI-DIRECTIONAL
DATA BUS

DATA
BUS
BUFFER

ARITHMETIC
AND
LOGIC UNIT
(ALU)

INSTRUCTION REGISTER
& CONTROL SECTION

REGISTER
ARRAY
&
ADDRESS
LOGIC

RERERERERE

Address Bus

Timing & control signals

Figure 2(a). The main functional units of the Intel 8080.

0;-Dg

DATA BUS
BUFFER/LATCH

BH-OIRECTIONAL
DA

TA BUS

{8BIT) (8 8IT)
INTERNAL DATA BUS INTERNAL DATA BUS
— i}
< r » £ r 4 r 4>

)

4
lmcumuuroil TEMP. REG.
(8) 18}

INSTRUCTION
, REGISTER ()

:

wm 2 () ]
FLAG 85I L ol
TEMP REG. TEMP REG.
ACCUMULATOR LLIEFLOPS z N ra— 0
LATCH (®) S REG) REQ)
N ariTHMETIC] INSTRUCTION o P E @
" wosic DECOOER 2 REG. REG.
UNIT [ —
— MACHINE =3 H 1L L L] __REGISTER
aLu f— CYCLE z REG. REG. ARRAY
q . ® ENCODING ] e
Figure 2(b). More detail on | z STACK POINTER
the internal organisation of e
3 [ AM COU
the microprocessor, All the o EOCRAMICOUNTER
elements described in the A lNCREM‘E:J::gi?;g:ENTER
Microprocessor Micro- 5 1 — —
dictionary can be located on
i TIMING
this diagram. AND
CONTROL | 3
e
OATA BUS INTERRUPT  HOLO WAIT - L ADDRESS BUFFER I

—— -V

POWER [ — +12v
SUPPLIES | — o o5y
~~e GND

WRITE CONTROL CONTROL CONTROL CONTROL SVNC CLOCKS

R

WR DBIN  INTE INT HOLD HOLDWAIT I SYNC 01 02

READY
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AUDRESS BUS ]
—
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|

CcPU
MODULE

CONTROL 8US

Figure 3. How the buses connect the main
parts of the computer.

fourth instruction so you see what use a
stack pointer has.

And now a subroutine

Our fourth instruction is going to
involve a subroutine, so perhaps | had
better explain what a subroutine is. A
subroutine is a small program that is so
useful it is going to be used very
frequently. An example might be a
routine to multiply two numbers. In a
tonger main program there might be two
or three hundred times when it is
required to multiply two numbers
together. Obviously it would be very
wasteful to repeat the same block of
instructions so many times so we find a
way to use the one block of code in
different places in the program.

This is done by jumping to the block
in such a way as to enable us to come
back to the next instruction in our main
program when the subroutine has been
finished. Instead of an ordinary jump,
we first save the address of the next
instruction in the main program on the
top of the stack and then jump to the
subroutine. At the end of the sub-
routine is a return instruction which

Figure 4. The lines from the 8084 instruction
set used to write the program described in
the text.

INSTRUCTION SET

Summary of Processor Instructions

causes a jump to the address on the top
of the stack. The stack is like a pile of
cards, you can vary the number in the
pile but only have ready access to the
card on the top.

Our fourth instruction might be:

Fourth instruction: CNZ 3000 H;
(Call if not zero the subroutine start-
ing at location 3000 Hex)

meaning if the zero flag is not set,
go and do the subroutine which starts at
location 3000 Hex, and then come back
and do the next instruction. If the zero
flag is set do not bother with the sub-
routine but go immediately to the next
instruction (after all, there is no point
in multiplying by zero — we know the
answer will be zero).

The fourth instruction would be
processed internally as follows: An
instruction fetch would get the first
byte (CNZ) and put it in the instruction
register. The zero flag would be
checked; if it were set there is no point
in fetching the next two bytes (which
contain the starting address of the sub-
routine) and so the program counter
would be incremented twice to point to
the start of the next instruction and
operation would continue with that
instruction.

Had the zero flag not been set the
sequence after testing the zero flag
would be different. The next two bytes
(the starting address of the subroutine)
would be fetched and temporarily
stored. The stack pointer (which
contains the address of the top of the
stack) would be consulted and the
contents of the program counter (which
has already been incremented by the
last fetch to point to the start of the
next instruction) would be put onto the
top of the stack. It takes two bytes to
hold an address so the stack pointer
would be changed by two to point to
the new “top of stack’. Having saved
the address to return to, the address of
the start of the subroutine would be

moved from temporary storage into the
program counter so that program
execution would continue from there.

It should be obvious that it will take
longer to process this instruction if a
branch to the subroutine occurs than if
it does not {the actual times are about
8% and 5% millionths of a second
respectively). At the end of the sub-
routine would be a return instruction
which would cause the address stored
on the stack to be fetched, the stack
pointer returned to its original value and
the saved address put in the program
counter so that execution continued
from instruction five (exccution time of
a return instruction is five millionths of
a second).

Where to from here?

Provided you have understood this
article, you are now in a position to
read the literature provided by the
manufacturer of the microprocessor you
are interested in. You have met the
parts of an MPU, seen what extra is
needed as well as the MPU to make a
working system, and, most important,
the types of instructions a micro-
processor can do. Study the manu-
facturer’s set of instruction types and
you will have a fairly clear idea of what
that MPU can do. You will find timing
diagrams which tell you the exact order
of occurence of the various small oper-
ations which together make up the
execution of an instruction. They
become important when you connect
your MPU up to all those other com-
ponents which are needed to produce a
microcomputer.

If you have not quite followed this
article, try re-reading it. Microprocessors
are extremely logical in their organiz-
ation (pun intended) and, with a little
thought, all fits into place. Learning
about MPUs is like learning about any-
thing else — once you master it, it is
hard to remember what it was that
seemed so hard! ®

XRA ¢ Exclusive Or registes with A 1o 1 0 1§ s s 4
ORA " Or register with A t 0 v 1 0§ S S a
CMP ¢ Compare register with A 0 1 1 1 S § S 4
Instruction Code Clock ’ Agg : QLT (0 e o 00y 1o J
Mnemomic  Oascripty A Add memory 10 A with carty 10 0 0 1 VvV o1 0 ?
pron & 0 05 04 03 0z 0y Do BTiD SuB M Subtract memory from A 0 0 » 0 ¢t 1 ¢ 7
SBB M Subtract memory from A 0 0 ot 3y 10
’ MOV, .2  Move register to register 0 0 0 0D S § S 5
MOV Mt Move register to memory 0 1 1 0 S S S ’
::EYV L ::: R DOELD g : ? “J 00 : : g ; [+ Call on carry 1y 0 1 v 1 0D 0D M7
CNC Call on no carry t1 0 v o0 1 00 1nar
our Output Y1 o0 1 0 0 1 0 [ Call on zero 11 0 0 t v 0 O naz
LXI 8 Load immediate reguster 00 0 0D 0 0 0 1 10 P cnz Call on no zero Ty 0 0 0 3 0 0 MM
ParB&C cr Calt on positive 1Tt t t 0 1 0 0 nag
Lx10 Load immed ate regisier 00 0 v o o0 0t 10 M (TemGnrs OO U
ParD&E CPE Call on panty even t 1 v 0 1 v 00 1
’ LXIH Load immidiate regsster 00 1 0 0 0 0 1 10 R0 Cellonoaritylodd LI i
Par HE L The complete 8080 instruction set is more than
LX! SP Load immedatestackpomer 0 0 1 1 0 0 0 1 10 four times as big as this.
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ol ILL AVAILABLE!

THIRTY FIVE SIMPLE PROJECTS IN ONE GREAT VOLUME!
PLUS A COMPLETE BEGINNER'S

GUIDE TO PROJECT
CONSTRUCTION.

Newsagents have virtually sold out — but some copies are still available directly from Electronics Today
International, 15 Boundary St., Rushcutters Bay. NSW. 2011.

Price $200 (Plus 40c postage)




No.1 rated!

InUS by “Consumer
Report”
Thoroughly recommended

in Australia by a major
electronics publication.
Electronic Concepts Pty. Ltd.
is proud to introduce

the exclusive Corvus 500.

Witih MOSTEK' single chip technology, the
new Corvus 500 is the first non-Hewlett-
Packard calculator with Reverse Polish
Notation. 10 addressable memories, 4 level
roll down stack to beintroduced. If you
compare the Corvus 500 feature by feature
with the HP45, you will find striking
similarities. There are also some important
differences.

*MOSTEK isone of America’s advanced LS/
(Large Scale Integration) chip manufacturers.

Corvus HP:

500 45
RPN (Reverse Polish Notation) Yes Yes
Memory Store and Recall 10 Registers ~ Yes  Yes
4 Level Stack, Rotate Stack Yes VYes
10 MEMORY EXCHANGE WITH X Yes No
Log LN Yes Yes
Trig (Sine. Cosine. Tangent. INV} Yes Yes
HYPERBOLIC (SINH. COSINH.

TANH. NV Yes No
HYPERBOLIC RECTANGULAR <> Yes No
vi et 10 AT 1/ %, X!, ey

. CHS Yes VYes
A 7y through INVERSE Yes No
GRADIANS No Yes
DEGREE-RADIAN CONVERSION Yes No
Degree Radian Mode Selection Yes Yes
DEC.DEG-MIN-SEC No VYes
Polar to Rectangular Conversion Yes Yes
Recall Last X Yes VYes
Scientific Notation. Fixed and Floating ~ Yes Yes
Fixed Decitmal Point Option (0-9) Yes VYes
DIGIT ACCURACY 12 10
DISPLAY OF DIGITS 12 10
F R Yes Yes
GROSS PROFTT MARGIN 7. Yes No
Mean and Standard Deviation Yes Yes
T+ 5- Yes Yes
Product - Memories Yes VYes
C.F. DIRECT CONVERSION Yes No
F.C. DIRECT CONVERSION Yes No
UT.GAL. DIRECT CONVERSION Yes No
KG.LB. DIRECT CONVERSION Yes No
GALLIT. DIRECT CONVERSION Yes No
LB-KG. DIRECT CONVERSION Yes No
CMINCH DIRECT CONVERSION Yes No
INCH.CM DIRECT CONVERSION Yes No

Asyou can see, the Corvus 500 is alot more
calculator for $95.

Price $95.00
Mail charge $2.50
Sales Tax exempt $85.00

For sales tax exempt purchases, please supply
number or certificate.

We have listed some of the many features, but
let's amplify on some highlights:

1. RPN (Reverse Polish Notation)
“COMPUTERLOGIC" and 4 LEVEL STACK.

Jus

Your problem is solved the wayitis
written, left to right sequence, eliminating
restructuring, unnecessary keystrokes, and
the handicap of having to write down
intermediate solutions. And all information is
at your disposal — just roll the stack (R) to any
intermediate information desired. You arrive
at your solution faster, more simply and.
therefore, more accurately.
Perhaps at this point we should address
ourselves to the controversy between
algebraic entry and RPN. One question we
must ask is why proponents of algebraic entry
always use an example of sum of products
and never an example of product of sums:
(2+3) x (4+5) =
Algebraic2+3=MS5+4=XMR =
Tg% AL 12 keystrokes (SR51, add 2 more
keystrokes)
RPN: 2 Enter 3+ 4 Enter5+x

TOTALO9 keystrokes

2. THE CORVUS 500 and HP-45 HAVE 10
ADDRESSABLE MEMORY REGISTERS, 4
LEVEL OPERATIONAL STACK, and a
“LAST X" REGISTER (10th Mem. Reg.}.
With 10 addressable memories, you have
access to more entries, or intermediate
solutions; less remembering, or writingdown.
YOU have to do. And less chance for errér.
The stack design also permits X and Y register
exchange, and roll-down to any entry tothe
display for review or other operation.

The “last x" register permits error correction
or multiple operations when a function is
performed, the lastinput argument of the
calculation is automatically stored in the ““last

X" register, which can be quickly recalled to
correct an error, or to perform another
operation using the same number.

3. DIRECT HYPERBOLIC and
HYPERBOLIC RECTANGULAR to POLAR,
and INVERSE. For those of you electronic
and computer science engineers who require
access to this specialised application, the
Corvus 500 solves “your” problems.

4. AWORD ABOUT CORVUS 500 12-
DIGIT DISPLAY AND ACCURACY. Finally
gou have displayed 12 digitaccuracy in

usiness format and 10 + 21n scientific
notation. LED is manufactured by Hewlett
Packard.
FOR THE FIRST TIME you can raise the
number 10 to 199th power or calculate
Factorial (x!) of up to 120. Unbelievable!
5. DIRECT FROM AND TO METRIC
CONVERSION SAVES VALUABLE
KEYSTROKES.
WHAT ABOUT CONSTRUCTION? With so
many features, the next most obvious
question must be in regard to the quality of
the unit itself. We are proud to report the
Corvus 500 to be double injected moulded,
with “tactile” feedback keyboard. The
compact, contoured caseis5%" longby 3”
wide by 1% high and weighs just 8 oz.
The COMPLETE CORVUS 500 for $95.00
includes:
© Rechargeable and replaceable Nickel
Cadmium batteries. Optional 3AA batteries.
o Adaptor/Charger.
¢ Owner's Handbook.
o Soft carrying case.
The Corvus 500 is warranted by the
manufacturer against defects in materials and
workmanship for one year from date of
delivery.
For those of you who have the HP-21 or 45 or
any other advanced calculator on order,
aren’t you glad you still have the opportunity
to take advantage for the release of the
Corvus 500 for $95.00? Hurry! Order yours
today.
AN INVITATION:
Electronic Concepts is proud to offer this
exciting Corvus 500 as well as other Mostek
based calculators and digital watches as
exclusive importer of Corvus Brand products
for Australia.
You, our discerningreader will no doubt
recognise the tremendous price/ performance
value on offer. By mailing the order coupon
today we can assure you of early delivery —
and should you not be satisfied, you may
return the unit to us with full money back

uarantee within seven (7) days.

better, convince yourself of the real quality

and value of our Corvus range, just visit our
conveniently located showroom in
Cambridge House, Clarence Street, just
behind Wynyard exit (York Street), or phone
02-29-3755 for more information,
Other Corvus models on offer:
Corvus 600 Financial Genius $80.00
Corvus 615 Business
Statistician $25.00
Corvus Digital Watches — but more
about these in our next advertisement.

lllllllll-lllllll--l--IIInI-----------.--.------l--llIIllIIIlIIlllllllIllIIlllllIl|.l"llllllllIlllIIllllllllll:
5 Yes! 1'd like to try the Corvus 500 for 7 days 15t time O"Orae:r:?(r Your &
H : convenience

- ELECTIONIC CONCEPTY PTv LT CASH payment: Cheque or money order " o »
- LSS CEPLY PLY LTD enclosed. $95 plus $2.50 postage. mail order facility. Please complete .
. NAME O Phlle'zsceAc;gg’:g\y bankcard, .

ey ... NAME ... .. .. ... .. o BANKCARD NO + v v vvveesenen

spoustifiog s dssliouse; ADDRESS. . ... .o oo, EXPIRY DATE .o voveeeeiaannnns H
= 52.58 Clarence St., Sydney NSW 2000.  7PMTESS. .o =
= (02)29375345 .. POSTCODE . . . .. SIGNATURE ..........00vvennnnn O
SR ABEORRANGRR RN SFANN NN N00 R R0 NNNENEEEERENANOEN NN ANNRRNRUNBEONNONNNCRNRRANORERNNEOSEDRANEAN)
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DIGGERMAN ELECTRONICS

P.O. Box 33, Coramba, N.S.W. 2466
Modestly we introduce a new realm in prices for
hobbyists. Compare our prices and buy from us. Return
mail service.

ELEGTROLUBE

ANTI-STATIC
%

QUALITY ELECTROLYTIC CAPACITORS: | POLYESTER
FILM CAPS.
UPRIGHT AXIAL LEAD 100V 10% tol:
25V 001
9¢ .0015
9¢ .0022
10c .0033
11c .0047
33uF 13c .0056
47UuF 14c 0068
100uF 11c 17¢ .01
220UF 20c .015
470uF 18c 32¢ .022
1000uF 24c 37c 40c .033
.047
.056
RESISTORS: %W carb. film 5% E12 values .068
2.2 to 1 M ohm. Record price 2¢ each on A
single quantities. .15
22

33
ZENER DIODES: 400 mW 5% tolerance 47

BZY88 values: 3V to 33V — 17c each. or 20

... STATIC ELIMINATOR . ..
CLEANS and TREATS
STATIC-PRONE SURFACES

SAFE ON DELICATE

SURFACES ¢ NON-
FLAMMABLE e CON-
TAINS DEMISTING
ADDITIVES « ODOR-

ISED TO IDENTIFY
TREATED
SURFACES.

Available from
leading elec-
tricai whole-

salers.

for $3.00 may be mixed.

R.F 2263
All goods top quality and new — satisfaction guaranteed or

Full details about ANTI-STATIC and ALL e
rom Austral money back. No minimum order. One P&P charge of 40c
@' %E%FOLUBE PRODUCTS avarlable lrom Austrabian regardless of quantity. Advert current for 3 months for benefit
of late readers. N.2. orders welcome by money order or draft —
RICHARD FOOT (AUSTRALIA) PTY. LTD N.Z. surface mail 70c one charge.

63 HUME STREET. CROWS NEST. N.S.W. 2065, Telephone: 43-0326 SAE for full price list.

NEW 12" ECONOMY
SINGLE CONE
etone

HIGH PERFORMANCE
SPEAKER

MODEL 611-15 WATTS RMS
SPECIFICATION
Nominal Diameter ......................... 30 cm (127)

Cone Type............... .Straight ribbed integrated surround
Voice Coil Diameter. .33 cem (1.3

Magnet Weight ... ..1.25 kg (2.75 ths)

Flux Density ..13,000 gauss

Total Flux......... .90,000 maxwells

Frequency Range............. ..50-10,000 Hz

Continuous Power Handling.......... 30 watts RMS
Recommended Amplifier Power ....15 watts RMS

Main Applications.......................... Guitar Bass Vocals, General Purpose Loudspeaker
Depth Baffle Hole Diameter .10 cm (4.0")

Front Mounting ............... 28 cm {11.0")

Rear Mounting ... .28 ¢cm (11.0)
Net Weight...............ccoocoovrvvrinnnn, 2.25 kg (5 ibs.)

Stocks and complete details available from:

AMALGAMATED WIRELESS (AUSTRALASIA) LIMITED
/ NEW SOUTH WALES: MSP DIVISION, 554 Parramatia Road. Ashfield 2131. Phone: 7975757, Telex: 24530. — Cnr King & Darby Streets, Newcastle 2300. Phone: 25166. Telegrams: Expanse. — Suite
| 3. TNT Building, 23 Barrier Street, Fyshwick 2609. Phone: 953431. Telegrams: Expanse. VICTORIA: Miles Street, Muigrave 3170. Phone: 5604533, Telex: 32095. QUEENSLAND: 73-75 Jane Street,
West End 4101. Phone. 44 1631. Telex: 40607. — 2B The Market, Keane Street. Currajong 4812, Phone: 796155. Telex: 77008. SOUTH AUSTRALIA: 48 King William Road, Goodwood 5034. Phone:

%ZIZ 232.%;3!3)(: 82817. WESTERN AUSTRALIA: 33 Railway Parade, Mt. Lawley 6050. Phone: 710888. Telex: 92121. TASMANIA: 44-46 Garfield Street. Launceston 7250, Phone: 44 5155
ex:

AD82
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SHEER SIMPLICITY!

Tuner R 0%
Gram —_0
Tape ___

Half HY5

Tape 0.p BASS

et

Half HYS

TREBLE

VOLUME

Mono electrical circuit diagram with
interconnections for stereo shown.

Stereo.Mono switch

!

BALANCE

-y +V
—L
PSUS50 LN
Ov -

The HY5 is a complete mono hybrid
preamplifier, ideally suited for both
mono and stereo applications. internally
the device consists of two high quality
amplifiers—the first contains frequency
equalisation and gain correction, whiie
the second caters for tone control and
balance.

TECHNICAL SPECIFICATION

Inputs

Magnetic Pick-up 3mV.RIAA
Ceramic Pick-up 30mv
Microphone 10mv
Tuner 100mv
Auxillary 3-100mvVv
Input impedance 47kQ at 1kHz.
Outputs
Tape

P 100mVv
Main output Odb (0.775 voits RMS)
Active Tone Controis

Treble *12db at 10kHz
Bass +12db at 100H2z
Distortion 0.05% at 1kHz

Signal/Noise Ratio 68db .
Overload Capabitity 40db on most

sensitive input
Supply Voltage +16— 25 volts.
PRICE $16.06 P&P.$0.30

TWO YEARS

K. D. FISHER & CO.
P. 0. Box 34, Nailsworth, S.A. 5083.
Telephone 269-2544,

The HY50 is a complete solid state hybrid
Hi-Fiamptifier incorporating its own high
conductivity heatsink hermetically sealed
in black epoxy resin. Only five connec
tions are provided: Iinput, output, power
lines and earth.

TECHNICAL SPECIFICATION

Output Power 25 watts RMS into 82

Load impedance 4—1652

Input Sensitivity Odb {0.775 volts RMS)

Input Impedance 47kQ

Distortion Less than 0.1% at 25 watts
typically 0.05%

Signal/Noise Ratio Better than 75db

Frequency Response 10Hz— 50kHz ¢t 3db

Supply Voltage ¢ 25 volts

Size 105 x 50 x 25 mm.

PRICE $20.27 P&P $0.40

The PSUS0 incorporated a specially designed
transformer and can be used for either mono of
stereo systems.

TECHNICAL SPECIFICATIONS

50 volts {25-0-25)
210-240 volts

Size L.70. D.90. H.60 mm.
PRICE $20.41 P&P $2.00

Output voitage
input voltage

P&P $2.00 FOR 1 COMPLETE SET OF HY5 + HY50 + PSU50

GUARANTEE ON ALL OUR PRODUCTS

Please Supply

Total Purchase Price

| Enclose Cheque O Postal Orders O Money Order O

Name & Address.

Signature




Project 447

AUDIO PHASER

This six-stage phaser can make your electric guitar sound really spacey. And it
costs less than thirty bucks to build.

THERE AREN'T MANY ELECTRONIC
music accessories that we haven’t pub-
lished as projects in ETI and this
project will make the list even shorter.
Most musicians will know what a
phaser sounds like and it is going to
be very difficult for us to describe
the effect to readers who don’t
know the sound. It really has to
be heard to be appreciated.
The most dramatic effect, and
the easiest to describe, is that caused
by feeding white noise through
a phaser. The sound is similar to
the sound of surf, an ‘atmospheric’
whooshing sound. On recordings
phaser effects can be heard on
electric guitars, drums, electric
piano, and other instruments.
Technically the phaser acts as
a filter — it phases out certain
frequencies in the audio spectrum
and over a period of a second or two
these minima in the response curve
sweep up and down the audio band.
The response of the ETI phaser can
be seen in Figure 3. Frequencies
between 10 Hz and 4 kHz are pres-
ent in varying proportions between
0 and 100% of the input signal fevel.
As the values of the components in
the phase-shift network change, the
the proportions of these frequencies
will change as the response curve moves
up and down the audio spectrum.
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Project 447

1 +ov
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1000 ¢ d
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15k Twou
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-_—I' ’ R19
i ki 330k

# PINS 3,579,111 AND 14 ARE POWER RAILS OF IC'S NOT SHOWN
CONNECTED TOGETHER IC1 — IC8 ARE 741

PIN 4 IS OV co

PIN 7 IS +9V T"’O"
1C9 1S 4049

Fig 1 Circuit diagram for the Audio Phaser

Specification ETI 447 Phaser

Phase-shift stages Six stages providing a maximum
1080 degrees phase-shift, and
consequently three minima
(see graph).

Frequency range With 10n and 100k networks,
minima at 40 Hz, 160 Hz, and
600 Hz.

With 10n and 56k networks,
minima at 70 Hz, 270 Hz and
1 kHz (as shown in Figure 3).
With 10n and 10k networks,
minima at 400 Hz, 1600 Hz
and 60 kHz.

In operation the resistive
element of the phase-shift
networks varies continuously
and these minima sweep across
the spectrum.

] Input impedance 500k.
47

ETI4 Input sensitivity 3mVto1lV.

Overall gain unity.

Fig 2 Printed-Circuit Layout, Full Size 81 x 76 mm,
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Ci4 R26
LT 56k
i

R21 R23 * R2s

100k 100k 100k

R20 R24
100k 100k

Fig 3 Frequency response of the unit when the phase shift networks have 56k effective
resistance. As this value varies the response curbe is moved up and down the fre-

quency axis.

Decibels

-

1
—5F — = : —180°
719 ——360°
-15 ——540°
| g
H
— —1720°
-25 — 19000
frequency response of the unit
—30] N ] B 7 1080°
| Phase response of the phase-shift path
10 T 100 ' 1000 10k

Frequency in Hertz
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Phase change in degrees

The unit we have designed is
a six-stage phaser (there are six phase-
shift networks in the phase-change
path) which gives three minima in
its response curve, It is built into
a die-cast box so it can be used on
stage by a guitarist. The only external
control adjusts the speed, except
for the foot-operated switch which
puts the phaser in or out of circuit.
The power is switched on by plugging
the jack plugs into their sockets.

Construction

Apart from the pcb the box contains
one pot, two jack sockets and a foot-
operated switch, so construction is
unlikely to be any problem. Use our
design for the pcb pattern and insert
the components according to the
overlay drawing. IC sockets do not
have to be used but a socket would
spare the CMOS IC from the dangers
of direct soldering.

First solder the low-profile com-
ponents to the board, then the other
components. When the case-mounted
parts have been installed, wire up the
board to these using sufficiently
long leads to enable easy fault-finding,
should this be necessary.

For stage use, the phaser needs
properly protecting against
physical shocks so we strongly re-
commend you use a die-cast box
and wrap the pcb in foam sheeting
rather than screwing it to the case.
If the phaser is to be built into a
mixer or an effects unit then housing
is obviously less important.

Setting up

The best way to set up the phaser is

to use a white noise source and then
adjust the bias preset to give a contin-
uous whooshing sound. If the bias is
incorrectly set the sound will be inter-
upted, it will not whoosh continuously.

If you do not have a white noise
source use a signal high in harmonic
content: electric guitar, crowd noise,
FM hiss, etc.

We cannot teach you how to use
the phaser, it is a special effect offered
as an aid to creative musicians. It can
produce weird effects with almost
any audio source {it can, for example,
simulate long-distance phonecalls or
radio stations) and it is necessary to
play certain styles of electric guitar
and electric piano.

The phaser can be plugged into the
echo send and echo return sockets of
the ETI Master Mixer for use on any
channel as desired. Kits will be
commercially available for this
project (see the Jaycar advt. else-
where in this issue).



Project 447

Fig 4 Component overlay and wiring diagram
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Parts List ETI 447

Resistors all » W 5%

R1 470 k
R2 10 k
R3 1k
R4 100 k
R5 10 k
R6 15 k
R7-R18 100 k
R19 330 k
R20,21 100 k
R22 LY
R23-R25 100 k
R26 56 k
R27 5 k6
R28 100 k
R29 10 k
R30 22 k
R31 2 M2
R32 4 k7
R33 220
Potentiometers

RV1 100 k trim type
RV2 2 M iog rotary

Capacitors

C1,2 100 n polyester

Cc3 i0n "

(o7 100 UF 6 V electro
C5-C8 10 n polyester

c9 100n "

Ci0 10 4F 25 V electro
C11 10 n polyester
C12,13 10 4F 25 V electro
Ci4 1 MF 25 V electro
Ci15,16 212 25 V electro
Semiconductors

Q1 2N5485 or similar
Q2 BC549 or similar
1C1-1C8 HAT741 op-amp

1C9 4049 CMOS

Miscellaneous

PC Board ETI 447

Two stereo phone sockets

Switch — push on push off foot operated
push button

Case to suit

9 V battery

Knob

54
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ETI 447 — How it works

The input impedance of the phaser
has to be high to prevent damping
of the strings when used with an
electric guitar. Loading caused by
a low input impedance would stop
the notes from sustaining properly.
In the ETI phaser this is acheived
by the high impedance buffer,Q1.

After the input buffer the sig-
nal is split along two paths, and
the two parts do not meet again
untit they are mixed back together
again at the junction of R26 and
R27. One part of the signal under-
goes phase-shift, via ICs 1 to 6,
and the other part follows a direct
path, Q2 amplifies the output to
give an overall gain of unity.

The phase-shift is achieved in
six identical RC networks; the
overall shift being the sum of
the shifts at each stage. |C9 varies
the value of resistance in each
stage, but we will first look at the
operation with a fixed value, say
56 k.

I n this case each stage puts a
10n capacitor and 56k resistor ac-
ross the signal. The waveform at
the junction of these two compon-
ents has to be of such phasing as
to reconcile the perpendicular
phasing of the waveforms across
each component.

The signal fed into the op-amp
undergoes a phase-shift, but the
phase-shift is not the same for all
frequencies. In the one stage the
signal undergoes a change of 180
degrees at high frequencies and
a negligible change at tow fre-
quencies, The curve of Figure 3
shows that there is fittle shift
at 10 Hz and 1080° at 4 kHz
(that is 180° at each stage: a total)®
of 1080° from all six stages).

When all six stages are taken into
account, frequencies from 10 Hz to
4 kHz have a continuous range of
phase-shifts from 0 to 10800,

Figure 3 also shows what happens
when equal amplitudes of the two
signals (from the direct and phase-
shift paths) are mixed.

Because frequencies outside the
range 10 Hz to 4 kHz are in phase
the response is flat. in-phase mixing

also occurs within this range at two
places. These are at phase differences
of 360° and 7209, in this case at
160 Hz and at 460 Hz.

The holes in the response are
caused by out-of-phase mixing, as
occurs when the phase differences
are 18009, 5400, and 900°. With
10n and 56k in the phase-shift net-
works these minima occur at 70 Hz,
270 Hz, and 1 kHz.

The number of minima in the
response is directly related to the
number of phase-shift stages. Four
stages would give a maximum phase
shift of 720° and minima would
then only occur at 180° and 540°.
If you use eight stages another
minimum will occur at 126009, giving
four in all.

The rest of the circuitry in the
phaser is used to vary the the resist
ance in the phase-shift networks to
move the response curve of the
phaser up and down the frequency
axis. 1C9 is effectively six sets of
complementary FETs and the
resistance of each can be controlled
by applying a voltage onto its gate.
Varying the gate voltage of 1C9
causes the effective resistance of
R7 to be shunted from 100k down
to a few kilohms.

{C7 is an integrator and IC8 is
a Schmitt trigger; together they
make a triangle-wave oscillator.
This triangle waveform gives a
rising and falling voltage to the
gates in 1C9.The waveform has to
be correctly biased to give the
desired resistance change in
each phase-shift stage. The bias
voltage is set by RV1,

RV2 controls the speed of the
triangle-wave oscillator to give
periods ranging from a few seconds
down to a tenth of a second or so.

The zero reference voltage for
the op-amps is taken from the junc-
tion of RH and RG, which is at
half the supply voltage. This does
away with the need for a split
supply — asingle 9 V battery is
sufficient. The power is switched
on and off by the jack socket. The
foot-switch switches the phaser
in and out of circuit.
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Which CHALLENGE will
you choose ?

NEW IMPROVED
CHALLENGE SPEAKER SYSTEMS

Carefully assembled in Australia to keep prices down, these
new Challenge speaker systems feature high-quality driver units imported
from England and Germany. Particular attention has been given to the development

of effective crossover networks to achieve even response with a minimum of coloration.
Constant impedance volume controls are mounted in the back panel to adjust the output of
mid-range and tweeters separately to ensure that a suitable tonal balance is possible under
most listening conditions.

TO HELP YOU CHOOSE

FLH-1 Mk 11 FLH-2 Mk 11 FLH-3 Mk 11

3 way system with 10’" acoustic 3 way system with 12" acoustic 3 way speaker system with 15
suspension woofer, 5" mid-range suspension woofer, 5" mid-range acoustic suspension woofer, 5"
and %' dome tweeter * crossover and %" dome tweeter * crossover mid-range and 1" dome tweeter
points: 500Hz & 5KHz * frequency points: 500Hz & 5KHz * frequency * crossover points: 500Hz &
response: 30Hz-20KHz * power response: 25Hz-20KHz * power 5KHz * frequency response: 20Hz-
handling: amplifiers up to 30 watts handling: amplifiers with output 20KHz * power handling: amplifier
r.m.s. per channel * impedance: up to 40 watts r.m.s. per channel up to 50 watts r.m.s. per channel
8ohms * size 635mm (H) x 369mm * impedance: 8ohms * size 740mm * impedance: 8ohms * size 800mm
(W) x 318mm (D). (H) x 440mm (W) x 300mm(D). (H) x 480mm (W) x 350mm (D).

9 PIRIE ST.
ADELAIDE

STH. AUST. 5000

pHone: 223 3599
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FP376

These are the latest portable
oscilloscopes to carry the BWD emblem.
Bred from over 20 years experience,
they sell throughout the world,

against the best the world

can produce.

This ad. cannot do them justice.

Get the data sheets.

_ OSCILLOSCOPE MODEL ww

s i

Warburton Franki (Brisbane) Pty. Ltd.,
13 Chester St., Fortitude Valley, 4006.
Telephone 52 72565,
S.A.: A.J. Ferguson (Adelaide) Pty. Ltd.,
44 Prospect Road, Prospect, 5082.
Telephone 263 1244.
W.A.:  Cairns Instrument Services,
32 Wickham Street, East Perth, 6000.
Telephone 25 3144,
TAS.: Associated Agencies Pty. Ltd.,
25 Barrack Street, Hobart, 7000.
Telephone 23 1843.
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I- d t%‘k.now about buying.
4. DOUGLAS HI-Fl

' : 9321
URKE ST. MELB. 63
g. 13,%1838501265 ST. SYDNEY 25 3701

4. HARD TO BEAT PRICES. ;o

selector gape monitor bass

}

Selling below normal wholesale

Marantz amp.

Marantz — for the man who wants the finest in s
performance. Recognised around the world as

one of the great names in HI-FI. With an unbeliev-

able 3 year warranty on parts and labour &

against deterioration of performance. Service

available in all states! A staggering 40 WATIS

R.M.S. output (typically tested to 60 watts R.M.S.)

across the entire band 20 Hz-20 kHz. See all

Marantz models on continuous Demo now.

S SEND YOUR CHEQUE TODAY!
MIaShlfl Melbourne 191 Bourke St. 63 9321

THE BIG NOISE IN SOUND Sydney 338 George $t. 25 3701
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REMOTE CONTROL

RECEIVER

A full description is given of construction of the receiver and decoder
sections of the remote switch system. Next month—relay circuitry

and power supply.

IN THE JULY 1976 {SSUE OF ETI WE
gave details of the transmitter for ourite-
remote-control switch system. The
system is capable of controlling up to

8 remote devices, such as garage doors,
curtains or tv poser. Last month we gave
brief details of the operating principles
of the receiver and decoder and we now
describe construction of these sections
of the system. This only leaves the
receiver power supply and relay-circuitry
sections to be described next month.

Construction

The receiver and the decoder are built
on separate printed-circuit boards. As
layout can be critical with the RF
circuitry of the receiver and as the de-
coder section is fairly complex, we
strongly recommend that the published
pcb designs be used. Whilst we make
no claim that these layouts are the only
ones that may be used, or indeed that
they are the best that can be devised, at
least you can be sure that if you use
them correctly the system will work.

The Receiver. Commence assembly of
the receiver by glueing the coil formers
onto the ETI 711R board {on the under-
side) using quick-drying epoxy cement.
To wind the coils solder one end of the
wire into one of the holes provided and
then wind ten and a half turns (close
wound) onto the coil. Now return the
other end of the wire through the
second hole and solder into position.
Wind all coils in an identical fashion
and fit all of them except L4 with
slugs.

Now fit the remaining components
to the board taking care to correctly

Fig. 1. The receiver board completed.

Fig. 2. The completed decoder board.

orient diodes, transistors and electro-
lytic capacitors. The capacitors used
should be of the disc-ceramic variety as
these perform better than other varieties
at the high frequencies used. Note par-
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ticularly that BC548 and 559 transistors
from different manufacturers have
different pin connections; connections
for the Philips variety are shown on the
overlay.
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—4 . __YFL455A
cé I FL1 3
“r=82p : L é l |
w1 LT Sy
100k | Y !
ANTENNA L3 t j [
c2 a cs (N I '
3p3 MPF121 5p =T ——=- ﬂ —-—-1---
L. Gl /o N\d 1 N & NJd
I —r 03
ol OID] Y = ,
S G T o
c3 ] BC548
C1 82p b 18
82p R4 c? 1
L1 Lcs §330 10n RS c1a Lci5 € ey
£2 =T 10n 100k < R7 100 2 gy1 == 10n
100k 330
1OV =t
=tC4
=T 10n
I
2 - =
BC548 PHILIPS
BC559 ONLY
Sa— =13 eo
———=h b
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Fig. 3. Circuit diagram of the receiver.

The remote switch receiver is a
fairly conventional superhet design,
which operates as follows:

The signals picked up by the
antenna are put across the filter
formed by L1, C1and L2, C3 which
rejects all signals outside the 27 MHz
band. Signals within the band are
now amplified by the dual-gate FET
Q1 which has automatic gain control
applied to the second gate. The drain
load of Q1 is the tuned circuit L3, C6
which is also tuned to the 27 MHz
signal. The output from the RF amp-
lifier stage, Q1, is now coupled into
gate 1 of transistor Q3 which to-
gether with associated components
forms the mixer stage. The second
gate of this transistor is biased to
half-supply voltage and does not have
gain control applied to it.

A crystal-controlled oscillator is
formed by the transistor Q2, the
crystal and other associated com-
ponents. The frequency of oscillation
is determined by the crystal and

How it works — ETI 711R

should be 455 kHz above the trans-
mitted frequency. The output signal
from the oscillator is applied to the
mixer stage, Q3. Here it is mixed
with the input signal. The output
from Q3 is a mixture of signals; the
main ones are the oscillator fre-
quency, the signal from the trans-
mitter, the sum of these two
frequencies (54 MHz) and the
difference of these two frequencies
(455 kHz).

The drain load for Q3 isa455kHz
filter which will pass only that fre-
quency to the IF amplifiers Q4 and
Q5. The |F stage has deliberately
been kept simple as very long-range
operation is not required and the
consequent alignment problems are
greatly reduced. The output from
Q5 is rectified by D1 and D2 in order
to produce a dc voltage which is
proportional to signal strength. This
voltage forms the AGC voltage which
is applied to the second gate of Q2.
With no signal the voltage at the gate

of Q1 is about two volts and as the
input signal rises (and consequently
the ouptut from Qb rises) the voltage
on Q1’s gate reduces and may event-
ually go negative. Thus the gain of
Q1 is reduced with increasing input
signal level, thereby stabilising the
output level for changes in input
signal level.

One further stage of amplification
is provided by Q6 before the IF is
detected by D3 and D4. The tran-
sistor Q6 normally operates in the
limiting mode, that is, it is hard on
or hard off except when the signal is
very low. The signal is full-wave
detected by D3 and D4 and the time
constant of R21 and C25 is long
enough to reject the 455 kHz but
short enough to develop a voltage
across C25 proportional to the
modulation on the signal. Further
filtering to remove 455 kHz is
performed on the decoder board.
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+9V

R14
1k
c22 C24 D4
2*,18 22n 22n  OA95
H 0
QUTPUT
| ?&a
D3
.l_ 1ot 0A95
€20 334 c23 =4 C25
220p 120p ~T~680p
) T OV
], ’ . —0
OUTPUT
COM . c25
- —— oG
AERIAL
-~ INPUT
T ———
Fig. 4. Component overlay for the receiver.
TABLE 1
Coil winding details
Coil Former Neosid 722/18B
Slug Neosid 4 x .05 x 6/f29 plus PTFE locking strips
Winding 10% turns close-wound of 24 B&S enamelled copper wire

o
-
L
™~
=
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Parts List — ETI 711R

Resistors all % W 5%

R1
R2
R3,4
R5-R7
RS

R9

R10
R11
R12
R13

R14
R15
R16
R17
R18

R19
R20
R21

Capacitors
C1

Cc2

c3

Ca4,5

Ccé

Semiconductors
o)}

Q2

Q3

Q4,5

Q6

D1-D4

Inductors
L1-L4

Miscellaneous

10k

4 k7
330
100 k
330 k

100 k
™M

330
1k
10 k

1k
220
470
4 k7
39k

100
1k
10k

82 p ceramic
3p3 "
82p -
0n "
82p "

10n "
15p "
10n "
15p "
100p

100n
47n "
10n "
22n "
10n 7

120p "
10n "

220p "
33 uF 16 V electro
22 n ceramic

120p
2n "
680p

MPF121
BC548
MPF121
BC548
BC559

OA9S5 or similar

see table 1

FL1 Fiiter YFL-455A

pc board ETI 711R

Xtal 27 MHz band 455 kHz above
transmitter frequency

Fig. 5. Printed-circuit layout for the receiver.
Full size 100 x 51 mm.
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The Decoder. The decoder is built on
the ETI 711D board. This board is
double-sided (that is there is a copper
‘pattern on both sides) but the holes are
not plated-through. It is therefore im-
portant to solder the component to both
sides of the board wherever necessary.
Note that all the ICs, with the exception
of the LM301, are CMOS devices and
therefore should be handled as little as
possible. The devices will be supplied
mounted in conductive foam and
should not be removed from this until
you are ready to insert them into the
board. Use a small soldering iron and
solder quickly and cleanly. Check to
make sure that the pins have been
soldered to the tracks on both sides of
the board and that there are no solder
bridges between tracks.

The links to ICs 4, 5 and 6 must now
be connected so that the decoder has
the same key code as the transmitter.
Link to the track closer to the IC for a
‘1" and to the track further from the
IC for a ‘0’.

Receiver alignment

Once the receiver has been completed it
should be aligned using the following
procedure:

1. Disconnect capacitor C16.

2. Connect a short aerial to the
receiver (300 mm of hook-up wire.

3. Connect an audio ampilifier to the
output terminals of the receiver via a
series 10k resistor.

4. Also connect a dc voltmeter to
the output terminals, again via a series
10 k resistor.

5. Connect the power supply and
switch on.

6. On the transn.itter connect pins
1 and 16 of IC4 to obtain continuous
transmission of the code sequence (use
a larger battery or separate power supply
as detailed in the article on the trans-
mitter).

7. The antenna on the transmitter
should be kept short, not fully extended.
8. If all is as it should be the pulse
train output from the receiver should be
heard on the amplifier and a deflection
should be obtained on the dc voitmeter.

9. Adjust L3 for peak output. How-
ever it will be necessary to move the
transmitter further and further away so
that the output does not exceed one
volt dc (to avoid saturation). Continue
this process until no further improve-
ment is obtainable with tuning L3.

10. Again peak the output by adjust-
ment of L1 and L2 and when no further
improvement is obtainable make a final
adjustment to the |F filter. Now readjust
L3 for a final peak.

11. Switch off the receiver and the
transmitter, reconnect capacitor C16
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+9V +9V

and then disconnect the amplifier and
the meter.

Decoder adjustment

Before making any adjustments to the
decoder make absolutely sure that the
codes wired into the transmitter and

the decoder are identical. Set the potent-
iometers to their mid positions (Nor-
mally no readjustments wiil be
necessary).

Correct operation of the decoder
may be observed by connecting a LED
to each output transistor as follows: For
each transistor connect one end of a
100 ohm resistor to plus nine volts and
the other end to the anode of an LED.
Connect the cathode of the LED to the
transistor output. When a button on the
transmitter is pressed one of the LEDs
will flash. If the transmitter is running
continuously then one of the LEDs will
glow continuously. If this doesn’t
happen then check out the operation of
the decoder with an oscilloscope as
follows:

Checking with an oscilloscope

1. Check the output from the receiver
to ensure that a pulse train is present of
at least 100 mV amplitude peak-to-peak.

2. Check the output from IC1 (pin
6). It should be a squared-up version of
the output from the receiver (see wave-
forms 1a and 1b).

3. With a sharp knife or razor blade
cut the track between R14 and the
cathodes of the diodes. A narrow cut
is required because it must be rejoined
later by soldering.

ELECTRONICS TODAY INTERNATIONAL, SEPTEMBER 1976

| R9
47k
RV2
203 Ic2/2
4016
R8 5
47k 3
+9V
c7
I1n5
+9V =
RV1
50k 2
" 1c2/1 | 15
4016
R7
47k
2
1C3/1 )
I 47n 1
Parts List — ETI 711D
Resistors all % W 5%
R 47 k
R2 10k
R3 220
R4 10 k
R5,6 100 k
R7-R9 47 k
R10 10 k
R11 100 k
R12 4 M7
R13 2 k2
R14 10k
Variable Potentiometer
RV1,2 50 k trim

Capacitors
C1

1 n5 polyester

C2 333 u

C3 47 n polyester
C4,5 10 p ceramic
C6 47 n polyester
C7 1n5 *

Cc8 10n "

(o°] in5 "

Cc10 47 n e
C11,12 10 L 16 V electro
Semiconductors

IC1 LM301

1C2 4016 (CMOS)
IC3 4001 (CMOS)*
1C4,5,6 4030 (CMOS)
1C7,8 4015 (CMOS)
IC9 4051 (CMOS)
Q1-Q8 BC548 or similar

D1-D12
pc board ETI 711D

1N914 or similar

*This IC must be one made by Solid
State Scientific SCL 4001A or Signetics

HEF4001P
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I +9V
’ I
o1, 6 . T
) 5
5
i DI s
_L L q 8
cs ¢ Gorffo,
T ion D3 2 ® s
4= 1c7
= . il @ 13 3 401 + +gy  OUTPUTY
POINTS MARKED 1-12 ON IC4 | = (o]
5 AND 6 MUST BE CONNECTED o A (D) BC548
‘I(’O EITHER +9V (1)’ OR OV 4St1o
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PIN 7 1S OV 10k
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Fig. 6. Circuit diagram of the decoder.

INPUT

FROM —o
RECEIVER &
OUTPUT

Fig. 7. Component overlay for the
decoder.
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0000/

71 Df

Fig. 8a. Non-component side of the decoder board.

Full size 127 x 69 mm.

4. Look at pin 3 of IC3/1 with the
oscilloscope. A positive-going pulse
should be observed which is about 1 ms
wide and re-occurring about every 30 ms
or so (depending on word length). This
is the synchronising pulse. RV1 should
be adjusted for correct detection of
this pulse. At one extreme of RV1 all
the pulses will be detected together
with the sync pulse. And at the other
extreme no pulses will be detected at
all. Adjust RV1 so that only the sync
pulse is correctly detected.

5. Use this pulse to sync the oscillo-
scope and adjust the timebase of the
oscilloscope so that one complete frame
of the code word can be seen in a single
sweep.

6. Look at the output of IC1 (pin 6)
and the complete pulse train should be
visible. This can easily be checked
against that expected. The sequence of
the pulses within the train is detailed in
the errata printed on this page.
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7. Look at the output of 1C3/2
(pin 4). This should be low when the
input pulse is short and high when the
input pulse is long. RV2 can be used to
adjust this stage for correct operation.

8. If the system is still not working
trigger the oscilloscope from the positive
edge of the sync pulse and expand the
trace to about half a millisecond per
division.

9. Look at the output from each
stage of the shift register. During the
sync pulse these outputs should be
steady — ‘high’ or ‘low’ as set by the
wired link code.

10. Rejoin the track which was pre-
viously cut and if the unit is still not
working check the voltage at pin 10 of
IC3/4. This should be mostly at +9
volts. There should be a series of 100 ms
pulses but the IC is retriggered rapidly
on each sync pulse. If it is not check
for faults around 1C3/3 and 1C3/4.

Fig. 8b. Component side.

ERRATA

Sveral errors have occured in the Remote
Transmitter project described in the July
1976 issue of Electronics Today. These
are listed below.

a) The copper track between C3 and C12,
nearest the edge of the board, should be
broken to remove the short which
otherwise exists across C3.

b) The resistor R11 is connected to 0V
rather than to point ‘A’ as it should be.
This causes the off-state current to be
higher than it should be (60 microamps).
To correct this disconnect R11 from

the zero volt line and connect it by a

link to Pin 3 of 1C4 (point ‘A’). This
reduces the off-state supply current to

less than one microamp.

c) On the circuit diagram pins 9 and 11 on
IC3 are shown reversed to that used on the
printed-circuit board. The only difference
that this makes is to the order of trans-
mission of the code. Using the numbers
on the circuit diagram and the overlay the
code sequence is— Sync, 4,2,6,1,5,3,7,B8,A
C,8,9,10,11,12. The letters A,Band C
represent the information code.

d) On the circuit diagram the line joining
R21,22 and 23 should be shown
connected to +9V.
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The function of the decoder board is
to take the detected signat from the
receiver, check the pulse train for
correct key code and, if a match is
found, turn on one of eight tran-
sistors as determined by the command
word. The respective transistor is
then used to control an external relay
or other device as required.

The input signal from the receiver
is filtered by R1 and C1 to remove
any remaining 455 kHz and is then
applied to 1C1 which is connected as
a Schmitt trigger. The output of I1C1
is therefore a squared-up version of
the pulse train from the transmitter.
The output of IC1 is normally low
and goes high for the 200 micro-
second off-time of the transmitter.

As there are three different widths
of pulse in the transmission these
must be separated at this stage. This
is performed by IC3/1 and 1C3/2.
When the output of IC1 is high 1C2/1
and 1C2/2 are turned on thus charg-
ing C6 and C8 to plus nine volts.
When IC1 goes low, 1C2/1,2 turn off
and C6 and C8 discharge via R7,
RV1 and R9, RV2. After about one
millisecond the output of 1C3/2 goes
high {as the input voltage is below
the threshold) and after three milli-
seconds |C3/1 goes high. Both of

How it works — ETI 711D

these pulse lengths are conditional
on the output of IC1 not going high
during the period.

When the output of |C1 goes high
it clocks the 16 bit shift register
formed by IC7 and 1C8 and what-
ever is at the output of IC3/2 is
clocked into the shift register. If the
pulse is less than one millisecond a
'0" will be clocked in, if the pulse is
greater than one millisecond a "1’
will be clocked in. With a shift register
the data is moved through each stage
in turn and is eventually lost out the
end. Therefore the series of ones and
zeros set up by the input code are
clocked continuously into the shift
register.

The outputs of the shift register
are connected to the exclusive-OR
gates of 1C4, 5 and 6. The outputs of
the exclusive-OR gates are connected,
as per the associated transmitter key
code, to either +9 or 0 V. The output
of an exclusive-OR gate will be low
when both inputs are the same, (ie,
1, 1 or 0, 0) and high if the inputs
are different (ie 1,00r 0, 1). The
outputs of the exclusive-OR gates
are ORed by diodes D1 to D12 such
that the voltage on R14 will be high
unless all twelve of the outputs from
the shift register agree with the wired-

in code. If the code is symmetrical in
any way this may occur at numerous
points throughout the transmission.
This output is therefore passed back
to IC3/1 enabling jt only if the code
and sync pulse sequence is correct,
This means that although a sync
puise may be present, the output of
IC3/1 will not register it unless a
correct code has also been detected.

When a correct code has been
detected and a sync pulse is received,
the output of 1C3/1 will go high for
about one millisecond during which
time 1C2/3 will be turned on. After
1C2/3 turns off capacitor C9 couples
the edge to R11 and the monostable
formed by 1C3/3, 4 is triggered. The
output on pin 10 therefore goes high
for about 150 milliseconds. The first
pulse out of 1C3/1 is coupled through
IC2/4 and R13 to pin 3 of IC9 which
is a one-of-eight analogue switch,
thus turning on one output of this IC
and its associated output transistor
for about one millisecond. The three
information outputs from the shift
register (pins 2, 11 and 12) determine
which of the eight transistors are
turned on. These three outputs are
driven by the code set up when
pressing a particular button in the
transmitter.

-

1a input to decoder.
b output of IC1

3a voltage across C6
b output of IC3/1

2a voltage across C8
b output of 1C3/2
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IDLAND

INTERNAT ONAL

23CHANNELAM

TRANSCEIVER “1
$149.50 “0

23 CHANNEL SSB TRANSCEIVER
“g $239.50

1
E
L

THIS UNIT IS OESIGNED FOR THE AMATEUR DR
NOVICE WHO WANTS THE ULTIMATE IN PERFOR—
MANCE AND RANGE. A REAL BEAUTY !
Specifications

Circuitry: 2B transistors, 2 FETs 21C’s 56 diodes

SANYO TRANSCEIVERS

{ 1W 2-Channel
Easy t 5 t . A handy, all weath
Transceiver S oo sriay, i vester

other gutdoor activities. Power is from 8 tiny
penlight hatteries or through a plug—in power
source socket, Comes in an attractive,
lightweight cabinet with cantrols on tap and
a telescopic whip antenna. Complete with
battery indicator, self—contained mike,

TAX INCLUDED squelch control and earphone jack.

Cat. D1138 SPECIFICATIONS

Dimensions 50 x 250 x 76 mm

Weight 680y

Semiconductors 11 transistors, 1 IC, 8 diodes
Frequency control Crystal

Channels 2 channels { 1 chanoel fitred
Receiving system Crystal-controlled superheterodyne

f
1Channel Transceiver |
with 300mW Power |

Channels: 23 chanugls— Al crysials supplied

Modes of operation: AM, Lawer and upper Sideband.
Controls: On/oft/ volume variable squelch, mode selector,
SSB claritier/AM delta tune, PA/CB channel selector and
naise blanker switch

Jacks & Connections: Mic., anterna, external speaker
P.A. speaker and DC power

Power source: 9 voit ta 15 valt DC, 13.8 volt DC(E.(.A}
Receiver—Receiving System: Dual conversion super—
heteradyne with tuned RF ANL and AGC circuits.

Sensitivity: AM W04
MIDLAND 13-882B 23 CHANNEL DELUXE TRANSCEIVER lur“i’ﬂwdlsv(smj, oD BlISSNVN 5553026 indicator, squeich control, earphane jack and

This incredibly high performance transceiver is one af Midland’s most poputar models - we believe it Seleetivity: AM- is quuﬂ from 8 W""s"‘ batteries.
is the best 27MHz AM Traasceiver available in the world today. Yes — if you want performance and SE B. i 50 EH @6l BISSMEI2AIkHZE) Ei with sensitive
are prepared 10 pay just a little more for it - this is the model tor you Clarifier: SSB clarifier #6500 Hz. receiver and Pl network for optimum
*Switchable automatic noise limiter ~Delta Tune — switches 1kHz to help clarify “off centre” signals Audio Output: 5 watts maximum. RF output. SPECIFICATIONS
" Antenna warning light flashes 1o show antenna mismatch ar laiture, to help protect transmitier SSB Transmitter— RF Input Power: 15 watts P.£.P —_— =~
50 x 250 x 76 mm
640g

s3/-00

Cat.D1139 TAX INCLUDED

(ified

A model with per proven
circuitry and a rugged, all weather cabinet.
Comes fully equipped with battery condition

“Separate PA switch *All metal cabinet and omni power opeiation ‘ Large, lighted S/RF Meter SSB Generation: Balanced madulat tal latt Dimensions
Circuitry; 19 transistors, 14 diodes, 1 zener diode, 1 varistor. Channet Contrals: 23 — ali crystals supp filter . Bal2n ST E—— Weight

hed, Dn/DH /Volume, variable sque\ch PAJCB switch. Delta tune, ANL channel selectar. Fi R @ 1 |
Jacks & Connections: External antenna, microphone, externat speaker. OC power 13.8Volts (EiA} c;::l:l'?f;‘vwe::?:nnsb.s%ﬂﬂ mﬂZngJL;ié & gddgh, if:;ﬁ::::f::)ﬁlsro‘ tl)sgg;szlstors. 11C. 7 diodes

RECEIVER: Receiving system: Dual canversion superheterodyne with mechanical filter, AM Transmitter— Magulation: High level Channels 1 channel — 27.24 MHz
Sensitivity; 0.50V at 10 dB(S+NIN/N Selectivity; +— 10kHz 60dB Spurious Rejection; 50d8 RF Input Pawer; 5 watts. Receiving system Crystal-controlled superheterodyne

PA/Audio uuuuu Power; dWalts TRANSMITTER Modulation M:gh tevel RF Input power SWatts.  Harmonic Suppressian: 50 dB down
— INSTANT REPAIRS | GENERAL
D

Cat. D 1436 .. . Wi e . ..S$149.50 Cn. D1700, Q
BUY THIS MONTH & RECEIVE PURPOSE (¢ ‘5,5
ANTI— REPEATER CRYSTALS 1, 2, 3 and 4 $3.9° PREAMP 3

varueo a1 $32.00 12 Volt Sotdering fron ] 00 & 1" 425 JULY 197

0 S ONLY AVAILABLE ON ORDERS MoteFSI0s Tt | Wonyy $7- 50
THIS FREE OFFER IS ONLY AV, 0 5 T p " ‘
DATED PRIOR TO THE 30th SEPTEMBER, 1976. This fantastic little iron Opecates from W Single PCB — Only ONE IC.  Supplied

any 12 volt AC or DC sgurce [ car or with PCB pins. Runs on 10V to 40V OC
MULTI-7 VHF 2 METER 23 CHANNEL TRANSCEIVER. This unit is & must for all boat battery or 12 volt Transformer ). M complete with all parts for

mobiles. No ather unit has the features of the Multi-7 a1 this price. Frequency Range gompTI?(ge‘awrh plated tip &S ’;g lead. 1 - Magnetic Preamp { RIAA }

146.0 to 148.0 MHz. RF power output 10W or 1W with switch. Solid state construct- C‘“ i tidMer-piug ) o 2 - Tape Preamp ( NAB }

ion. Receiver Sensitivity 1.0uV © 30 dB S/N. Cat. D-3007.. .. .. .. .. $189.00 igarette lighter plug 10 suit 50c 3 - Microphone -40-65 or 80dB gam
S7.

Spa/e t1p 10 suit only 50c ot K3037

HIGH QUALITY RADAR INTRUDER ALARM
NOW ONLY 3550 NORMALY $585.
« E113$35.

$57.50
MULTI -EOOO -A AVAILABLE ON ORDERS
SSB/FIVI/CW TRANSCEVER S L.

This sophisticated unit uses
FN IRV
mﬂ{’ﬂi?ﬁ"fi’

microwaves to detect any
movement withina 10
. metre range by the Doppler
principle. Uses Philips “Solid
State” Gunn diode radar
module, 3 1C’s and 2 trans
istors. Kit is supplied with
full instructions, PC Board and diecast case.Operates from

PROFORDS MIVMIIMSIIC Car, k3390, 2 DG Beam even passes throush tmger,
ALARM CLOCK KIT :
SEE et e
AN INCREDIBLE CLOCK, THE DC8 HAS EVERYTHING er r~.
3K HUGE 10mm FLURO READOUT l E D v u

K BRIGHT DISPLAY HOURS, MINUTES, AM PM

3K ELECTRONIC ALARM TD THE MINUTE
3K 7 MINUTE SNOOZE CYCLE 3K 240 volt OPERATION

Latest solid state
way 10 check levels,

Uses 12 LED's. Much
; faster than moving coil
meters for checking

MULTI 2000A TRANSCEIVER
The uitimate in 2M equiptnent, aperates ori FM, SS8, CW. Tranceives between 144.0 and 148.0 i MODERN CASE ANO FILTER PANEL
MHz in 10kHz steps. Fully synthesised repeater offset. 4 fixed channels ( crystals nat included )
high and low power, noise blanker, wide and narrow band switch etc. SIMPLE ENGUGH TO BE MADE BY A BEGINNER
Sensitivity FM : 1.0uV, SSB/CW : 0.3uV. RF output : IWand ow IPEPI Buitr in powei Cat, K-3340.. .. KIT VERSION ... ..834.50
supply for 240 vott AC or ext. 12 voit DC. Cat. D-301 - . $585.00 Cat. X-1050..FULLY BUILT & TESTED.. .. $37.50

peaks overioads etc.

VIDEOI.YMPIC TV GAME Hunoreps SIMILAR | OPENING
G o Indicates ALL transients. Green
549,50 UNITS SOLD ats99s0 Q s s
PLAY YOUR OWN TV GAMES TONIGHT AT Cat. K-3370.. . §11.95
LESS THAN HALF THE COST AS PREVIOUSLY $

SIMILAR UNITS  o£EERED. NOW ONLY $49.50. Just plug into

WERE s the aerial terminal of your TV set. Play such games
es Tennis Calch Ball Trans Shounng - Solo

DICK SMITH ELECTRNICS GROUP MELBOURNE

BRISBAN
Head Office : Phone 439 531. Telex AA20036. Cable Diksmit Sydney.  SIHOP HOURS
Mail Orders: r.o. Box 747, Ciows Nest. N.S.W., 2065. RIER = D § ) o e lE ORDER VALUE CHARGE
N.S.W. Branches: GORE HILL-162 Pacific Highway, 439 5311, : Siinasis SSOCLIESDE

SAT: 9to12 $24.99  S1'50  PACKING AND HANDLING CHARGE
$49.99  $250 S $1.00. WE DESPATCH "FREIGHT
SYDNEY-125 York St., 29 1126. BANKSTOWN ~361 Hume Hwy., 709 6600, 998 Sho0 REchwe TeE cosoe YO
QLD.~ 166 Logan Rd., Buranda,39¥6233.
VIC. - 656 Bridge Rd., Richmond, 42 1614,

$100 or more $5.00 RECEIVE THE GOODS
FOR C.0.D. SEND 52.40 EXTRA FLUS S3.00 DEPOSIT
MINIMUM MAIL ORDER AMOUNT IS $5.
(PARK IN THE BOULEVARO

OOK FOR THE OPENING OF MY TWO NEW STORES
IN MELBOURNE AND BRISBANE. NOW OUR INTER—
STATE CUSTOMERS CAN HAVE THE SAME INSTANT
SERVICE AS THE N.S.W. ENTHUSIASTS !

THE ADDRESSES ARE SHOWN BELOW.
T—

POSTAL CHARGES
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CUBE SPEAK "52Programmable | s et connar s upseiie
/ s ER Se 27 $270|ux free 205 FREOUENC}FLAMIN' MODULATION BIT FOR ONLY

" P
Inc. Tax
i — z - a lousy $72.50
al extention speaker N :V W 224 Program Incations, twice the user M

Handsome complete unit . H i . .
/4 5" with 4“ spesker. Buy now >N % defined key . twice the memory reg- She’s got the lot; easy to read tuning dial, large dynamic
s L

g isters, BUT HALF THE COST of the speaker, built in ferrite aerial for AM [AM too?
zna? 22/5!:'7wel| ' 2ol e only other programmable in its class. lgl.;scopic aerial for the you beaut FM, battery. ear phone

Cat. -3724 and wrist strap to impress ya sheila!
Novus Cot A 4384 - T ‘m DICK st yal . . $1250

R ADIO NATIONAL SEMICONOUCTOR 4640 SCIENTIFIC
An advanced highly accurate ealculator with 54
' functions for professionals and students in
H engineering, math, physics and the sciences.

Cat 0Q-3257 - $84.95 Tax Inc. $77.19 Tax Free

r—d : ’ 650 MATHBOX
IDEAL LONG RANGE RADIO AT AN ECONOMICAL PRICE This inexpensive calculator features 4 function

This unit works on 12 volt negative earth and has 8 transistors for powerful reception. operation. fixed 2 place decimal point, 6 digit 8.9

Five push butions lets you preset 5 of your favourite stations and aiso you have manual LED readout. Cat. 03200 $8.95 Tax Inc. $8.16 Tax Free. $
tuning for all other stations, Five watts of solid power goes well with 5" round 4 yhm

gt e vasse 1984.95  OUT THEY GO !
| »CAR CASSETTE STEREO = 0"32 461 q_thEELEX

Inc. Tax
Uses famous Belgian Stare tape mechanism. $27 Whatiyou[see hslwhatiyoulgetietns @embiy Bequired
Slider controls for volume, tone & balance. Fokbs .50 Y, !

") Specially produced for Australian conditions.
Has buttan for instant eject as well as fast for- snl[ml"n nnln“u‘[n" Has built in antenna for AM and beautiful airspaced

::v"t‘:;:ndn::ﬁ:‘:’46t::|er:|sh;a|::\h: ldr:;::;c‘;“:::l b LAST YEAR WE WERE SELLING AM/FM tuning gang covering full Australian AM/FM
At ot kA e R [ T
t. A-5485 Unit Only - Speakers Extra $79. : 00.UNBEATABL -Bul; :
By e te | VAT AT IR UNBEATABLE ¥ IMAGE REJECTION 5248; STEREQ SEPN 2608

Cat. Q-3010 Tax Free $24.61 Cat. F-4615 $34.50

Q) i€24009 4008IW0S
NOW WE'RE OVERSOCKED

POWER BOOSTER WITHFAMOUS Ciarirand ©
BOOST YOUR CAR STEREQ POWER TO CC10A AUT R d Ch -
10 WATTS PER CHANNEL. 0
FEATURES: *Fits any 12Volt Negative Earth Car MOdel ecor anger %
*Universal Impedance These high quality British made turntables have AUTO record play from a stack or
995 *Full Stereo Amplifier MANUAL or AUTO single play or REPEAT. Each changer comes complete with
id utput 10 Watts Per Channel full installation and operating instructions.
*Suits any Car Stereo Set HONESTLY — we are overstocked and they must be sold — so0 YOU BENEFIT AT
) THIS REALLY AMAZING LOW PRICE.
REMEMBER! THESE ARE TOP QUALITY PLAYERS.
STEREO AND SPEAllj(‘\égSBAEr:lrngﬁgEcﬁrR “Play up to 8 records, 78, 45, 33, 7”, 10", 12" *Play single records. *Reject or

UNDER THE DASH single repeat. *Switch oft and reset automatically. *Compact to suit portabie. ' 1
S only $19.

LooK! ’4”’4:”0 * SEE E.T.I. AUG. 76.
3AMP DIODE OFFER | STRIKE MELUCKY! Just
FULLY BRANDED-STC MADE | YOUSTRIKE ITRICH ELEASED
DS, ZOJO T AT SANFS ACAIN! . e .5 wecenveo ETI 602 MINI ORGAN KIT
1DEAL FOR AL GENERAL PuRPOSE. | NEW SHIPMENT o rose o | VIS etimarinin ity e
Po”'fk syp,:::,c TREASURE F'NDERS : 9 o Cat. K-3430 ( Case NOT included ) ONLY $24.75
B % W

(METAL DETECTORS
%\ bead b \ locating all types %l metals — coins, jewellery, NOVICE RADIO GUIDE ot
electric wires etc. Completely self contained — )
ili i PERFECT FOR ANY BEGINNER! €
Ca'. 23222 1-9 30c 10 UP 25‘ no trailing wires aux. packs and so on. ’ Shows you how to build your station, operate it and how

SCOOP D_S.E. DRILL SPEED CONTROL| raguLOUSLY | ‘commcrronicoas 345

RECOMMENDED BY EDUCATION AUTHORITIES!

This kit inctudes all the parts of the basic speed controller PLUS a small box with Ideal for teachers and students. Contains a special parts

pre-punched and Marvi-plate front panel and compiete instructions Easy to build POPULAR list and order form for all the components you need

$ Makes your drill turn slow enough to be used as a screwdriver. E.A. Design. from DICK! This book could lead you to a great hobby
u Cat K-30B0.. .. .. . . . . . . . . . . . . . . $9.75 / G

b, 8 .

SPECIAL_KIT PART! / e e iS g

Latest editl f this standard reference book. Over 600
RE-4 Reverb Spring Used in Reverberation Kit Cat. X-1035 STILL ‘ atestieditlonlofithislstendardlreter

or rewarding career.
Cat. B8-3604.. .. .. ..

. A pages! Textbook, Data baok, Construction manuat!
UB-5 Zippy Box Used in TV Game Kit Cat. H-2755 Good stocks now but they sell quickly so HURRY!

$8.90

Cat. B2218.. .. .. .. .. .

76/M5 Printed Circuit Board Used in TV Game Kit Cat. H-8310 d
74C00 CMOS Integrated Circuit Used in TV Game Kit Cat. 2:5410 I 4 THE PACE MICROPROCESSOR
74002 CMOS Integrated Circuit Used in TV Game Kit Cat. 2-5412 i PRICE Printed March ‘76 this is the most up to-date
76/R4 Printed Circuit Board Used in Reverberation Unit Cat. H-8314 K | guide to Programmed Equivalents to TTL Fun.,

76/VG5 Printed Circuit Board Used in TV Game Kit Cat. H-8308 $5. ; OLD

76/5A4 Printed Circuit Board Used in Twin 25 Amplifier Kit Cat. H-8302
75/L 11 Printed Circuit Board Used in Twin 25 Amplitier Kit Cat. H-8275
Special LED Displays. 10 Green, 1 Yellow, 1 Red. Used in LED VU Meter Cat. SEM5

76/LMS Printed Circuit Board Used in LED VU Meter Cat. H-8315
76/S7 Printed Circuit Board Used in 650 MHe Prescaler Cat. H-8316 d
76/E04 Printed Circuit Board Used in 760 Organ Keyer Module Cat. H-8305 $3. HUNDREDS MORE! SEE OUR 1976/77 CATALOGUE
4016 CMOS Integrated Circuit Used in 760 Organ Keyer Modute Cat. 2-5616

11C90 Integrated Circuit Used in 650 MHz Prescaler Cat. 25364 g b
MTI Box Used in 650 MHz Prescaler Cat. H-2495 $4.25

DICK SMITH DEALERS :-~ ouk smin sy HeQd OfFfice : Phone 439 531, Telex AA20036. Cable ‘Diksmit’ Sydney.

many of oub products

HOBART ~ Aero Electronics — 34 8232 "=  Mail Orders: p.O. Box 747, Crows Nest. N.S. W., 2065.

hugher to caves freight cost:
. 123 A BATHURST STREET, HOBART, TASMANIA, 7000. N.S.W. Bronches: GORE HILL-162 Pacific Highway, 439 531.
DARWIN - Veneman & Wyatt Electronics — 81 3491  SYDNEY-125 York St., 29 1126, BANKSTOWN - 361 Hume Hwy.. 709 6600.
24 STUART HIGHWAY. STUART PARK, N T., 5794. QLD.- 166 Logan RJd., Buranda,39) 6233,
VIC. - 656 Bridge Rd., Richmond, 42 1614,
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Biofeedback-instant yoga?

Using electronic biofeedback techniques you can monitor the internal oper-

ation of your body. But that’s not all, knowing what’s going on enables
you to usefully control some of the processes, helping you to relieve

tension and the disorders resulting from it. Collyn Rivers explains.
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AN ESSENTIAL PART OF MOST
control processes is some form of
feedback information which enables the
system to maintain a controlled
equilibrium.

A room thermostat, for example,
senses room temperature and regulates
heat output accordingly — an indication
of the heater’s operation is ‘fed back’ to
enable temperature to be automatically
controlled.

When you learn the piano you see or

68

Biofeedback acts as a physiological mirror—
staff artist Barry Brady illustrates the concept.
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sense where the keys are, and how hard
you are striking them. The piano makes
corresponding sounds which are fed
back to your ear. Your brain now com-
pares what you’ve got with what you
hoped you had. This process of feeding
back information about what you are
achieving so you can compare it with
what you are trying to achieve enables
you to make appropriate corrections.
In this example the acoustic feedback is
vital.

1

A similar process is involved when
you learn to ride a bicycle — the feed-
back process is so effective that
balancing eventually becomes
automatic.

Feedback is used when you first
drive a strange car. The first time you
brake you know only within wide
limits the relationship between pedal
pressure and deceleration. It may be as
low as 5 kg or as high as 25 kg for (say)
0.4 G. But the very first time you press
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that pedal several feedback loops come
into operation. Your stomach s
sensitive to rate of change of velocity
and it sends signals to your brain —
your eyes sense the rate of change also
— this data too is sent to your brain. If
the tyres are squealing then there’s an
acoustic loop as well.

These and innumerable other physio-
logical mechanisms collectively tell you
whether you're pressing that pedal too
hard or not hard enough, and you make
a series of appropriate corrections —
virtually instantaneously. Once you’'ve
done this a few times the response
becomes automatic. You‘ve used feed-
back to learn, and subsequently
reinforce, a new skill.

The autonomic nervous system

So far we’'ve described what are
primarily external feedback loops. But
the body has a vast number of internal
automatic mechanisms — what medics
call the autonomic nervous system.
These are internal feedback loops and
whilst they're working correctly all one
normally perceives is the end result. If
the body is too hot it perspires — if you
run for a bus your respiratory rate
increases, if you walk from a light area
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Galvanic skin response meter from Biofeedback Systems. A large external
meter may be added to this unit.

to a dark area your pupils expand
accordingly. And all these mechanisms
work in very much the same way as
their technological equivalents.

Until recently it has been taken
totally for granted that man had no
control over the autonomic nervous
system. We could learn to control at
least some of our external bits — but
not our internal systems. We knew we
could learn to use our hands — or even
wiggle our ears — but to control body
temperature or heart rate was something
else again.

And until very recently Western
science believed this implicitly — despite
ever-increasing evidence to the contrary.
Yogis have long maintained that they
have some measure of control over their
autonomic systems, but the evidence
was always anecdotal rather than
scientific. (It is only in the last decade
that their performances have been
monitored and scientifically
authenticated.)

Then ten or so years ago the scene
suddenly changed. It was caused by a
now classical experiment involving the
study of part of the brain’s electrical
activity. Researchers were studying

—»

CONTROL UNIT

»-

FEEDBACK LOOP

The basic feedback loop.

L
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a subject’s alpha rhythms (a low amp-
litude 10 Hz generated when the subject
is relaxed). It was found that if the
subject could perceive a signal cor-
responding to his alpha activity he
could learn to generate more or less of
it at will. Even more excitingly, it was
found that almost all subjects could do
the same.

Controlling your insides

For the first time it was proved scien-
tifically that humans could control
some internal processes once a visual or
aural feedback loop was established.
Yet the tremendous significance of this
discovery was not at first appreciated by
the medical profession, but rather by
engineers and physicists who were of
course more familiar with the use of
feedback in control systems.

Subsequent experiments have shown
that a very large number of internal
functions can be controlled in the same
fashion — and even more importantly
that many partially mal-functioning
mechanisms can be ‘re-programmed’ so
that newly-learnt patterns can become
automatic. ,

One of the most important of these
is conscious control of tension and
anxiety, for this implies that it is
possible to control tension-related con-
ditions such as migraine, colitis, asthma
etc.

Other work has shown that it is
possible to control hypertension (high
blood pressure), heart rate, muscular
tension, body temperature — and of
course to generate, or at least partially
control, alpha, beta and theta
brainwaves. it is in fact now commonly
believed that it may eventually be
possible to bring under some degree of
voluntary control any physiological
process that can be continuously
monitored, amplified and displayed
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Biofeedback- instant yoga?
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Temperature trainer from Huma-Tech Industries has three ranges each switchable to

provide 0-100 or 0-10 fsd.

Galvanic skin response

The skin is an extraordinarily sensitive
and rapid indicator of stress. Some
people know this only too well — they
literally develop nervous rashes.

When you become tense a number of
readily measurable changes take place.
A major change is the massive shift in
electrical resistance of the dermis (the
layer beneath the skin’s outside
surface). This shift is not only large but
also very swift and the reaction happens
regardless of where the centre of stress
happens to be. A minor change in
tension of a stomach muscle will cause
just as large a change as clenching your
fingers.

Galvanic skin response monitors {or
GSR machines as they're generally
called) monitor the resistance between
two adjacent fingers of one hand. They
translate and present this data as a
meter indication or as a tone of related
pitch (i.e. as tension decreases, pitch
falls, and vice versa).

GSR machines are quite easy to
build: they can be simply expanded-

scale ohmeters covering the range
5000—-100 000 ohms. A sensitivity
control is essential, as is a readily

adjustable method of switching resist-
ance ranges.

Readout may be a simple analogue
meter (digital tends to be harder to read

in this application) or preferably a
corresponding audio tone in which the
pitch decreases as tension falls. Surpris-
ingly perhaps GSR resistance increases
as tension falls.

Electrodes may be made from any
flexible conductive material — like steel
wool, soft metal mesh etc — held firmly
against the fleshy part of your finger
tips by a velcro strap or something
similar.

GSR machines are very easy to use.
In fact one of the best ways is simply to
switch on and try to cause the meter
reading to fall — or the tone to drop in
pitch. Usually you will find out how to
do this within a few minutes.

GSR machines make you aware of
tension — and then enable you to
control/ that tension. Eventually — after
ten or so half-hour sessions the
conscious control that you have learned
becomes an automatic response. From
then on the GSR machine is no longer
required. In fact it becomes a handicap
to further progress just like retaining
‘training wheels’ on a kid’s bicycle.

Biofeedback thus operates in the
opposite way to drugs. You can use
sedatives to control tension if you
wish. But if you do you've then got
two problems. You still have the under-
lying tension — which will become only
too apparent when you run out of
sedatives. And you've become a drug
addict as well.

To fully appreciate the efficacy of
GSR machines in tension reduction it

as outlined below:

Theta

Delta

7 W

The brain is constantly producing alternating electrical currents termed brain waves. Four
major brain wave rhythms each falling within a typical frequency, have been identified,
and each of these is generally associated with a particular set of mental and physical states

13+ cycles per second
Focussed attention,
anxiety, concentration

8 - 12 cycles per second
Rest, relaxation, freedom

from anxiety and attention

4 - 8 cycles per second
Deep relaxation, visual

imagery, creativity

0.5 - 4 cycles per second
Deep dreamless sleep
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should be understood that there is an
almost one-for-one relationship between
mind and body. If you reduce muscular
tension you will automatically reduce
mental tension which in turn will
reduce muscular tension yet further —
and so on.

Temperature monitoring

Tension is also reflected in skin temper-
ature — particularly in the hands. A

10
[]

L]

considerable amount of work in this
field has been performed by Green and
Green of the USA’s Menninger Found-
ation research dept, who use this
technique extensively in the control of
migraine.

As with GSR, the technique and
equipment is remarkably simple. Sub-
jects are simply taught to raise their
hand temperature — meanwhile
monitoring the effect on an expanded-

HIGH F.EOU!NC' CuYorr
1t

Advanced alpha/theta
instrument from Bioscan
uses digital filtering

and threshold adjust-
ment to eliminate inter-
ference from spurious
phenomena.

scale temperature meter. A small
thermistor is taped to a finger tip to
monitor changes and the output from
this is backed off against a second
thermistor within the instrument to
compensate for ambient temperature
changes.

At a recent demonstration (attended
by the writer) some fifty subjects with
no previous experience of temperature
training all succeeded in varying their
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Biofeedback-instant yoga?

hand temperature (in some cases by as
much as 5°C within a single twenty
minute session).

If you're contemplating building
your own temperature monitor choose
thermistors with a two to three second
response time. Build the thermometer so
that ambient temperature can be backed
off, thus enabling the meter to give a
centre zero indication at the beginning
of the experiment. The instrument
should have two switchable ranges —
+2.5%F and +7.5°F.

As with GSR machines the readout
may be either a tone of varying pitch
and/or a meter reading.

People teach themselves to use these
devices very quickly — usually within
ten to fifteen minutes. However, whilst
almost everyone can effect a change of
temperature, about 50% will find the
change to be in the opposite direction
to that intended! Nevertheless the
correct technique is quickly acquired
after a few more minutes.

Electromyographs

Feedback electromyographs (EMGs)
provide information about muscular
tension by visually and aurally dis-
playing neuron firings caused by
muscular activity. They are commonly
used in both clinical and research
applications for the observation and
reduction of stress and anxiety, tension
and migraine headaches, tension back-
aches, muscle spasms and tics, essential
hypertension etc.

Unlike the far simpler GSR and tem-
perature indicators, myographs neces-
sarily need sophisticated electronic
circuitry in order to monitor the very
low level activity of neuron firings.

The actual signals are picked off by
silver, silver-chloride or gold electrodes
placed on the surface of the skin
directly across the muscle concerned. In
some cases the signal may be obtained
via implanted electrodes.

Signal level is very low — often as
small as 0.1 microvolts, so noise re-
jection must be high. A typical unit will
have common mode rejection of better
than 100 dB. A bandpass filter is usually
incorporated. This typically rolls off at
18 dB/octave beyond 100—500 Hz. The
output signal is generally averaged over
an adjustable 0.5 to 5 second period.

This type of instrument is not
really suitable for home designing or
building.

72

Heart rate

The heart is simply a four-chambered
pump. |t receives circulating blooa,
causes the blood to be pushed into the
lungs where it picks up oxygen, then
causes this blood to be returned to the
heart and finally and very powerfully
this re-oxygenated blood is forced
through the body.

The rate at which the heart beats
appears to be directly related to the
metabolic requirements of the body,
but the way in which this is done is not
currently understood. However virtually
every part of the brain yet examined
appears to play some part in the
determining and controlling heart rate.

Short of simply feeling one’s pulse
and timing it with a stopwatch, the next
simplest method is to monitor fluctu-
ations in blood density as the puise
occurs. This may be done opto-
electronically using a simple light source
and photccell attached across an ear-
lobe or finger tip.

There is growing evidence that the
ability to control heart rate via a bio-
feedback process would be of value in
protecting it from undue stress. As with
most biofeedback activities it is very
easy to do this given the correct appa-
ratus. Yogis have, of course, gained such
control without apparatus. Nevertheless
it should be emphasised that less
appears to be known about heartrate
control than galvanic skin response or
myography.

Brainwave monitors

The brain produces four major electrical
rhythms, classified by frequency. These
rhythms may be monitored by an
electroencephalograph  (EEG) which

detects, amplifies and displays them
electrically.

The major rhythms are —

Beta: 13-30 Hz — associated with

attention, anxiety.
Alpha: 8-12 Hz — associated with re-
laxation, well being.

Theta: 4-8Hz — associated with
imagery, meditation.
Delta: 0.5-4 Hz — associated with

dreamless sleep.

Generally the rhythms are produced
in short bursts — often of 10—-25 cycles
— and generally non-overiapping.

The signals may all be monitored via
one set of electrodes placed at the front
and rear of the skull — a third electrode
is also used to provide a ‘reference’.

All four rhythms have very low amp-
litude — about a microvolt or two — so
that good noise performance is essential

if the equipment is to function
correctly.

Very good filtering is also required to
eliminate interference from stray 50 Hs
signals and also to prevent interference
from artifacts (spuria generated by
muscular  activity). Analogue filters
having the required characteristics can
be produced but digital filters should
preferably be used. If an analogue filter
is used, a good one is a three-pole
Butterworth with 18 dB/octave rolioff.

It is almost essential to use a differ-
ential input amplifier using low noise
devices. Input cables must be shielded.
Common mode rejection should be
about 120 dB at 10 Hz and if possible
at least 150dB at 50 Hz. Input im-
pedance should be no less than one
megohm. The output indication should
be aural. Most people prefer to have
their eyes closed when trying to
generate alpha rhythms.

Alpha training has become some-
what of a cult — particularly in the
USA where a large industry exists
simply to supply alpha monitors (of
varying efficacy!)

Most people can learn to generate
alpha rhythms at will and there is a
great deal of evidence that a state of
well-being and deep relaxation s
associated with alpha production.

Alpha training is also used by ciinical
psychologists and psychiatrists partic-
ularly in attitude change and
re-inforcement.

Theta waves are also controllable.
This type of waveform appears to be in
some way associated with creativity. It
may well be that creativity can be
enhanced by learning to control a theta
state: we understand that some re-
searchers are investigating this at present.

Biofeedback is still very much an
infant and largely orphan science and at
present it is difficult to forecast just
what impact it will have on mankind.

There is ample evidence that by
using biofeedback the average subject
can in minutes learn to vary his state
of tension, body temperature, heart
rate, brainwave generation etc — tech-
niques which have taken gurus a life-
time to master.

Many autonomic nervous functions
clearly can be willfully controlled and
there is growing evidence that many
tension-related illnesses (and about 90%
of illnesses are currently believed to be
so related) can be alleviated or cured by
biofeedback techniques.

Clearly the current worldwide
interest and excitement in biofeedback
is well founded. ®
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Electronics for the Hobbyist Constructor
THIS MONTH'S SPECIALS JUMBO 33
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[J 7 TRANSISTOR RADIO $2.50
Ready built, add only speaker and 6v battery
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[J NEW MONO CARTRIDGE $1.00 EQUIPMENT
General purpose crystal replacement
O NEW STEREO CARTRIDGE $2.00 J RACKS
General purpose ceramic replacement [J 400 %W Asst. Resistors
[J FOOT OPERATED SWITCH $2,50 D 500 %W " ” Stalr’{qard 19 V\'I"idtr],
ony accessory for most cassette recorders multi purpose chassis
O fno'\{-on spEEvD c0N1§ROL KIT sa.so| OJ 3001w o CAR RADIO/CASSETTE | system, complete
Suits most electric motors, 240v 750W max. O 100 Asst. Semiconductors | Expo AM Radio/Cassette uigSBraislc;Ck?: ::x
[J 2 TRANSISTOR RADIO KIT $3.00 0 A Poly C 160~ Stereo Tape Players, with gondmon "Use for
Ideal for beginners, with gang, PCB, insts etc. 100 Asst. Poly Caps F/F & eject levers. 5W per | o0 equipment, amp-
[0 TRANS RADIO REPAIR KIT $4.50 630V T ey oog oot Niifievs, etc..
R Tae e Tt i 0 150 Asst. various caps trans. c/w circuit diagram | g,
O 60 Asst. Electrolytics o $45 19”x6'x10” $4.50 [
INTEGRATED CIRCUITS
[J National 7400 1C’s 20¢ CL 50 ’
[J National 7401 IC’s 20c
[J Fairchild 7441 1C's $1.00
[J National 7473 IC's s0c
[J National 7490 1C’s 50c
[] NIXIE COUNTER KIT $3.00 each a”m
comprises 7490, 7441, GR111 nixie tube.
13mm 0—9 readout, with data, 4 for $11.00
D CASSETTE MAINS LEADS 75c each

2 pin mains plug, 6’ lead with mini 2 pin
piug moulded grey PVC, suits most cassette
tape — 10 for $6.00

Electronic
Agenciers

115-117 Parramatta Road, CONCORD, N.S.W.

Write your Name, Address,

Clock

Trading Hours — 12,00 — 6 pm Mon—Fri. 8.30—1pm Sat.
Mait Orders — P.O. Box 1005 Burwood North 2134

Post & Pack — Add 15% up to $25 order value. 10% over.
Minimum Order Value — $3.00 C.0.D.'s Send $3.00 pre-paid
Prices & Availability — O.K. as at 21.8.76.

TELEPHONE (G2) 7476472

ode here J and send your order to P.C

O AR TGTIIER) o o i $2.50 | National Semiconductor
oosts weak signals, tuned for hig
[ lectivity, BC band, 2 trans, compact case Module MA-1002 Latest innovative breakthrough, ‘Clock on a Chip’ 4 digit
0—5 HEATSINKS $1.00 — alarm clock, Read the time at a glance, Large %’ LED 7
Multi-finned high quality heat dissipators /ntroductory Offer segment display. Only 80x35x25mm. Ready to install, sim-
[J 2—20v 1 AMP SEL. BRIDGE $1.50 s (@] ply add transformer, switches and/or ear piece, Features
Full wave, compace size, Origin 25F .50 adjustable brightness snooze alarm’’. Fast & slow set
ideal for ttickle chargers facility, alarm on PM indicators. Supplied complete, ready
[] 10— 0.0022 FEEDTHROUGH CAPS $1.00 wired with data sheet & application notes. No postage
600v rating, high grade feed-through POST FREE required! Transformer $6.50. [
capacitors
O 2—100pf CERAMIC TRIMMERS $1.00
High quality, PC or chassis mtg, ai ced,
92 Y b Eir Rl SEE5C VORTEX Stereo Cassette Deck
compact, communications specs. - 1 ’ T
mechanism with tape eject facility and
O SO0LAIEANE LAMETE R $2.00 resettable counter. Easily operated b
Large 4%’ meter, m_ake your own scale SeDe:Jsh-button (piéno ke\\//) gontrols g'
to suit, 600 ohm coil, only 30 left. includes high quality "“ALPS"’ record -
[J ELAPSED TIME COUNTER $2.00 :
Records hours, minutes, 6 digit ing/play back head & erase head, Ta_pe
40v AC. ex IBf'\A o u'ters 2 $ speed 4,75cm/sec. Complete with wir-
O 2 2 ing diagram, etc. PC record/play B pole
12v MINI RELAY $1.50 A
. switch, $3.90. EA 74C9 record/play
PCB mtg. 2A ¢/p contacts, 200 ohmi coil PCB, $4. Playback only kit
] 2av seALED RELAY Z5g 0 ipre‘-ag\gs ¢ ’$7.50 };' ansfo mver to
Miniature 700 ohm coil, 1 pole on/off gty e;!” S r %
0 switching, chassis or PCB mtg. dust sealed suitabove; —
12V XTAL OVENS $9.50
Octal base, suits 2 std xtals, CALCULATOR
stabifized at 75°C, U.S.A. made STC ThA20c THROWOUTS
DOLLAR STRETCHERS $2 PACS 1
0 191 12V RELAY 200 OHMS, 5 AMP o
¢ CONTACTS. Modern miniature PCB mtg, TA20C Hybrid
sgle c.o. Power Amp
0 135 IGNITION SUPPRESSOR KIiT. .
10 pce kit for car radio plus insts. 20 Watts RMS
0194 3- PVC ELECTRICAL TAPES. Complete with Base and Cover \deal for stereo, guitar
Quality brand, each %' x 72 yds, or PA amps, aupplied
[] 195 BCD THUMBWHEEL SWITCHES. RNTABLE with 4 page data sheet
(Single pole) 0—10, iatest mini $2.00 ea,, witlh specs, cir%uétss
OR 4 for $7.00. Sell-out on these deluxe APAN incl pre amp,. Whole calculators
[J 196 30 ASST. ELECTROLYTICS. Belt Drive Semi/Automatic Turn- ‘aar‘;?e”,ts eté:‘,)‘(:?vallo‘sgf; keyboards, displays,
All top grade low voitage. tables with servo-assisted motors, 180 You Sals vat (i boards, cases for
[J 197 2 — Miniature 4 PDT Relays, 20—47v Were selling at $185, save $52,00. | price $7. Canori and Rockwell
2 coils ea. 1K ohms, mag. latch. Complete with walnut coloured — Unicom b'ai"dsv‘a‘
[J 193 10 ASST. SWITCHES Toggle, slide, wood base, plastic cover, magnet- s gpiggsp ! gx%e;yrgg;lrgg
) rotary, all new, useful, ic cartridge - ready for use. Post .OO $5, Complete PC
3 198 50 T0-18 ASST. TRANSISTORS PNP free anywhere in Australia. Boards less displays
& NPN all test OK, marked. = $5. etc, etc,

] 5” B & W SHARP TV TUBE

Brand new, sealed in manu-

facturers carton, ideal for

servicemen, amateurs, ex-

g®) perimenters etc, Were selling
at $11 95, now only $5.95;

sorry no yokes avail

8" B & WSHARP TV TUBE

As above, great vslue, $9,95.

Burwood Nth. 2134,
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HEART-RATE

MONITOR

An invaluable tool for the bio-feedback experimenter or for the

assessment of athletes.

THE GREEK PHILOSOPHER GALEN
exploded the myth and mystery sur-
rounding the functioning of the heart
by being the first to describe it as a sim-
ple pump.

In the ensuing 1800 vyears it has be-
come increasingly evident that whilst
the heart is a pump it’s by no means a
simple one. This is particularly true of
the control mechanisms which deter-
mine the rate at which the heart pumps
— the heart rate.

In recent years researchers have inves-
tigated the way emotions affect heart
rate as it is now known that stress
gives rise to hypertension (high blood
pressure) and heart disease. Heart rate is
very sensitive to emotional state and
the slightest emotional change can
cause the heart rate to vary. Heart rates
are higher in a state of anxiety or stress
and when the heart rate is higher than
normal problem-solving abilities de-
crease. Continual stress and resultant
high heart rate ultimately causes hyper-
tension which if unchecked may cause
heart disease and death.

Two other common causes of hyper-
tension are renal (kidney) disorders and
arterio schlerosis (hardening of the
arteries). Hypertension caused by stress
(or other unknown causes) is called
‘essential hypertension’ and the tradit-
ional method of treatment for this or
hypertension from any other cause is by
means of drugs which in effect reduce
the rate but increase the pumping effi-
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ciency of the heart. This lowers blood
pressure and prevents the hypertensive
condition from giving rise to heart con-
ditions.

Most recently considerable experimen-
tation has been taking place in the re-
duction of heart rate by self control and
biofeedback methods. In one experi-
ment the Yogic ‘Shavasan’ exercise
{deep breathing exercises in the prone
position) were found to be effective in
lowering heart rate and hence controll-
ing hypertension without the use of
drugs. Biofeedback type experiments
have proven that heart rate may be con-
trolled by a conscious effort of the will.
Both these avenues of research offer
hope that hypertension may eventually
be curable without the assistance of
drugs. In such research a heart-rate
monitor is an invaluable tool.

Apart from hypertension heart rate is
also affected by muscle activity and by
infection. With exertion the heart rate
goes up quite rapidly and may rise for
example from a rest rate of 50 beats per
minute to 150 or more during strenuous
and prolonged exercise. When the exer-
cise is completed the rapidity with
which the heart rate returns to normal
is a measure of fitness and hence heart
rate meters are often used in association
with exercise bicycles to assess the fit-
ness of athletes.

DESIGN FEATURES

There are many methods of measur-
ing heart rate ranging from feeling the
pulse, to chart recordings via an elec-
trocardiograph. Other methods include
monitoring the electrical potential
which triggers each heart beat; resistance
changes due to changes in biood flow;
and change in the volume of blood in
blood vessels with each beat.

The detection of electrical signals
associated with heart action is the best
and most reliable method especially if
the subject is exercising. However good
connection must be made to the body
by special electrodes and conductive
paste to ensure very low contact resis-
tance. The method is messy and requires
skill in attaching the electrodes.

Similar electrodes are required to mea-
sure changes in body impedance and in
addition the measurement is usually
made by passing an electrical current
through the body. This poses a consid-
erable safety hazard as any fault in the
insulation of mains-operated equipment
can cause lethal currents to pass through
the body. For this reason we did not
use the method and we strongly recom-
mend that experimenters do not either!
With very well attached electrodes even
small voltages can produce lethal cur-
rents.

ELECTRONICS TODAY INTERNATIONAL, SEPTEMBER 1976

This leaves us with the light-beam
method, two variations of which are in
common use. One is to pass light
through flesh to a bone where it is re-
flected to a photo sensitive device ad-
jacent to the lamp. This has the advan-
tage that the sensor may be taped to
any convenient part of the body, e.g.,
the forehead, but the signal generated
is very low. A second method still uses
a light source and photo-sensor but the
light is passed to the sensor through
some thin section of flesh — the fleshy
part of a finger or the ear lobe work
very well. As there are no electrical
contacts with the body this type of sen-
sor is very safe to use and was there-
fore chosen for use in the ETI| meter.

Specific Circuitry: While the detection
and amplification of the signal due to
heart action can be done with normal
linear amplifiers the frequencies in-
volved are very low. Measures must be
taken to reject frequencies other than
those of interest and to overcome dc
offset problems due to differences in
the path lengths depending on where
the probe is attached.

Thought must also be given to the
type of readout to be used. Were a
digital readout to be used, counting of
the rate would have to be performed
for a full minute in order to obtain a

75
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Project 544

one beat resolution and a new reading
could only be taken at one minute
intervals if normal frequency measure-
ments are used. However this problem
may be overcome by measuring the
period between the pulses and convert-
ing this to a frequency which can then
be measured using digital logic to ob-
tain a reading on every beat. This is
quite valuable in a machine used for
diagnostic work where information on
the variations in regularity of the inter-
val between adjacent beats can be quite
meaningful. However the method is
complex, and expensive and requires
some other type of sensor than the
light beam type to obtain the accuracy
required. As our meter is not intended
for diagnosis the digital technique was
rejected in favour of a simple analogue
meter display.

Even with an analogue readout we

Ry

still have a choice of operating meth-
ods. We can measure the period be-
tween beats as previously discussed or
we can use it as an integrating fre-
quency meter. The latter method req-
uires about 25 seconds for the reading
to stabilise initially but thereafter it
will follow variations in heart rate quite
faithfully. The measurement of period
between each beat is more rapid in its
response but requires more complex
circuitry and is very responsive to
noise ‘glitches’ or to phenomena other
than heart beat. Furthermore the scale
for such an instrument is non-linear
and wrong reading. That is high read-
ings are at the left of the scale and
vice versa. For these reasons the inte-
grating frequency meter was chosen
as the cheapest and most effective
method for our particular application.
Our original prototype was built

<
<
n
-
w

Fig. 3 Printed circuit layout. Full size 91 x 64mm.

with 741 type operational amplifiers
but in the final version we used the
LM3900 which contains four Norton
type operational amplifiers in the one
package. This is a very economical
solution as although the circuit is quite
complex in concept, the whole device
only uses two inexpensive |Cs (approx.
$1.25 each).

In the development of the circuit for
this instrument a laboratory power
supply was used. However when the
completed board was mounted into its
case and run from batteries it worked
alright until the batteries had been used
for a while and then problems were en-
countered. The unit would just not
count correctly. After much experimen-
tation it was discovered that when the
Schmitt trigger operated the power
rail changed by about 10 millivolts or so
and this modulated the globe thus gen-
erating a spurious pulse.

Having located the problem it was a
simple matter to cure it — just run the
globe from a separate battery and no
further problems.

CONSTRUCTION

The prototype of the heart-rate moni-
tor was built on a printed-circuit board
as we find this method of construction
neatest and simplest. However the lay-
out is not critical and any other method
may be used if desired. An overlay is
provided which shows the orientation
of components.

There is no need to use the box that.
we used either — any suitable one will
do. Just use the wiring diagram supplied
to connect up the unit.

The sensor was made from a spring
clip type of clothes peg, by mounting
the globe on one leg of the peg and the
LDR on the other. Holes must be pro-
vided in the peg so that the light can
pass through to the LDR. Fix the globe
and LDR into position with a little
epoxy cement. The area around the
rear of the LDR should be painted
black or covered with tape to prevent
all light other than that from the globe
reaching it.

USING THE MONITOR
To use the monitor simply clip the sen-
sor to the ear lobe or to the fleshy part
of the finger or thumb. Now adjust the
sensitivity upward until the LED justs
starts to flash regularly — indicating that
heart beat is being detected reliably. The
reading on the meter will start to rise
and will become stable after about 25
seconds. Hereafter the reading will
faithfully follow variations in heart rate.
Note that the finger or thumb should
not be moved whilst taking a reading as
this will cause a change in the flesh~
which can be interpreted as aspurious
heart beat thus giving an erroneous
change in the indicated rate.
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TV CHALLENGER -
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TENNIS

FIGURE 1

L Y |

FIGURE 3

FEATURES .

* 4 Selectable Games - Tennis, Hockey, Squash & Practice.
* Automatic Scoring.
* Score display on

* Selectable Bat Size.
* Selectable es.

Selectable Ball Speed. .
Automatic or Manual Ball Service.
Realism Sounds. :

Forward Man in Hockey Game.
Visually defined area for all Games.

screen, 0 - 15.

% ok k %k %

GAME DESCRIPTION

TENNIS

The game will appear on your screen as shown on figure 1.
It is played by Sle players who use the left and right padd-
le controllers to vertically raise or lower their paddles.
Play starts upon depressing the reset switch which causes
the score to reset to 0 - 0 and when the manual serve
gwitch is in the automatic poeition will serve the ball
from either the left or the right court. The pla¥ler who
is served must hit the ball back to his opponent, who must
then return it. When either plﬁyer misses his shot, a point
is scored for his opponent and the next ball is served to
him from the opponents court. Scoring is automaﬁca]lK
(}igplayed. The game ends with the first player to reac

points.

HOCKEY
This game will appear on your screen as shown on figure 2.
Hockey, while similar to tennis, is a much faster and more
exciting game. Each player controls his GOALIE who
moves in a vertical motion, and one forward MAN who
also moves vertically. These MEN move up and down as a
group. As in tennis, the opening serve comes crosscourt
to either player on a random basis. Further serves are to
layer who has just lost a point. Since each player has two
K who can retumn the puck, the play is ver¥‘ fast. Sco-
ring is the same as in tennis - first player to reach 15 points
is the winner.

FIGURE 2

TR IO RRER IO |

FIGURE 4
FOUR GAMES WITH "TRIPLE " SOUND AND SCORING RIGHT ON YOUR TV SCREEN.

SQUASH . .
Squash consists of a court as depicted in figure 3. It plays
identical to tennis except only one player operates at a
time and both are on the same side of the cou:& glayug
ainst the opposite wall. After the ball is serv ele
player must ﬁlt the ball first and then alternates between
the two players. This action continues until a lp.omt is
scored. The object of the game is to keep the ball in pl
by continuously hitting it to the back court wall. The
can be reﬂectez off 3 sides - the top, botton, and left wall.
Again the first player to score 15 points is the winner

PRACTICE .

This game is almost identical to squash exept that it is play-
ed by a single player with a single paddle as shown on figu-
re 4. And only one side will score points.

To TV Connection AC Adasptor Jack

Ball speed

Bat size

Serve

mug/

—

Controt
Knob

Battery Compartment
Game Selection

11
Angle Control LIS

ACTION SOUNDS
games three types of sound are heard
a§ Sound when the ball reflects of boundaries.

Serve Mode Dot

b) When the ball hits a paddle.
¢) When a score is made.



TV CHALLENGER
4000 units anilnble ex stock
Complete Kit Introductory Price $58.00
Assembled and Tested Introductory Price  $68.00

Prices and specifications subject to change without notice
Post, pack & insurance $3.50 per game
Retail outlets wanted in all States

8 digit 50 MHz FREQUENCY METER KIT
Consisting of the following items:
1 MK5009P Counter Time-Base IC; 1 MHz Crystal; 2 ZN1040
4 decade counter, latch, decoder, driver IC’s; 1 50MHz Prescaler
IC; 8 LED Displays; Detailed Circuit Diagrams $78.00 incl. P/P,

TEAK VENEER INSTRUMENT CASES
with aluminium chassis
8% long, 3" high & 5%" deep
Ideal for Frequency Meters, Amplifiers etc. 88 50 plus $1.50 p/p

RECHARGEABLE NICKEL CADMIUM BATTERIES

Size AA $1.53
Size C $4.20
Size D $5.34
Constant Current Battery Charger Kit $6.80
P/P ‘ $1.50

COMPUTERS, MICROPROCESSORS, MEMORIES
SIGNETICS 2650 MICROPROCESSOR KITS

2608 1024 X 8 STATIC ROM, 2650 MICROPROCESSOR 8 BIT,
2650AS1000/1100 CROSS ASSEMBLER, 2650PC1001 SC PROTO
TYPING CARD, 2650DS2000 BASE UNIT FOR PC1001, 2650BM-
1000 SM 2650 MANUAL, 2650PC2000 4K BYTE MEMORY
BOARD, 2650PC3000 DEMONSTRATION DEVICE, 2650PC1500
ABC BOARD, 2650KT9000 SK 2650 KIT, 2650KT9500 ABCKIT,
26508M1000/1100 CROSS SIMULATOR, 2650PL1000I1100
PLUS HI LEVEL LANGUAGE, 2680-2F 4K NMOS DYNAMIC
RAM, 3207A F 1103 CLOCK DRIVER, 3207A-1 F 1103 CLOCK
DRIVER, 755107 A HI SPEED DUAL LINE RECEIVER, 755108
HI SPEED DUAL LINE RECEIVER, 758207 A HI SPEED DUAL
SENSE AMP, 755208 A HI SPEED DUAL SENSE AMP.

1065 page SIGNETICS DATA MANUAL listing:

Logic, Memories, Interface, Analog and Microprocessor
81000+S350P/P&Imunncc

With this book we supply a price list for all Signetic Components

BOOKS ON COMPUTERS

WHAT TO DO AFTER YOU BIT RETURN First Book

of Computer Games $8.40
MICROCOMPUTER DESIGN $30.00
SIMPLIFIED COMPUTER PROGRAMMING $5.95
BEGINNERS GUIDE TO COMPUTER LOGIC $4.95
BEGINNERS GUIDE TO COMPUTER PROGRAMMING $6.95
COMPUTER DICTIONARY $10.30
COMPUTER DICTIONARY AND HANDBOOK $22.40
FUNDAMENTALS OF DIGITAL COMPUTERS $7.90
ABC OF COMPUTER PROGRAMMING $4.60
ABC’S OF COMPUTERS $5.20
COMPUTERS AND ARTIFICIAL INTELLIGENCE $4.60
COMPUTERS AND PROGRAMMING GUIDE FOR

ENGINEERS $14.90

2 GUM ROAD, ST. ALBANS, 3021.

PHILIPS APPLICATION BOOKS
APPLICATION OF INFRARED DETECTORS . $4.85
AUDIO AMPLIFIER SYSTEMS $3.45
BUILDING HI-FI SPEAKER SYSTEMS $2.75
DESIGNING MICROWAVE CATERING EQUIPMENT $3.10
FAST RESPONSE PHOTOMULTIPLIER $5.20
FIELD EFFECT TRANSISTORS $5.60
IGNITRONS $3.45
INDUSTRIAL TRIACS & THEIR APPLICATIONS $8.30
MINIWATT TECHNICAL DATA BOOK 7th EDIT. $7.75
MOS INTEGRATED CIRCUITS $4.20
PHOTO MULTIPLIERS $2.75
PIEZOELECTRIC CERAMICS (New Edit.) $5.70
RECTIFIER DIODES $6.35
THYRISTORS $9.25
THYRISTOR & TRIAC POWER CONTROL $8.25
TUBES FOR RF HEATING $3.75

NS DATA BOOKS
NS TTL DATA BOOK $4.55
NS LINEAR IC DATA BOOK $4.55
NS MEMORY IC DATA BOOK $3.40
NS CMOS IC BOOK $3.40
NS INTERFACE IC BOOK $4.55
NS SPECIAL FUNCTION DATA BOOK $3.40
NS TRANSISTOR DATA BOOK $3.40
NS TRANSDUCER DATA BOOK $3.40
NS VOLTAGE REGULATOR HANDBOOK $4.55
NS LINEAR APPS. HANDBOOK VOL.1 $4.55
NS LINEAR APPS. HANDBOOK VOL.2 $4.55
MOTOROLA DATA BOOKS
FUNDAMENTALS OF INTEGRATED CIRCUITS $12.65
LINEAR INTEGRATED CIRCUITS DATA BOOK $4.60
McMOS DATA BOOK $4.00
McMOS HANDBOOK $4.60
MECL INTEGRATED CIRCUITS DATA BOOK $4.60
MECL SYSTEM DESIGN HANDBOOK $4.00
MOS MEMORIES DATA BOOK $4.00
POWER CIRCUITS HANDBOOK $4.00
SILICON RECTIFIER HANDBOOK $4.00
SWITCHING TRANSISTOR HANDBOOK $4.60
ZENER DIODE HANDBOOK $4.00
TECHNICAL BOOKS
TTL COOKBOOK $10.30
RTL COOKBOOK $6.30
MODERN APPLICATIONS OF LINEAR IC’S $12.95
SOLID STATE CIRCUIT DESIGN AND OPERATION $9.95
PASSIVE EQUALIZER DESIGN DATA $19.95
ELECTRONIC DESIGNER'S HANDBOOK $9.95
ELECTRONICS REFERENCE DATABOOK $4.95
FET APPLICATIONS HANDBOOK $14.95
ELECTRONICS DATA HANDBOOK $4.95
HANDBOOK OF SEMICONDUCTOR CIRCUITS $5.95
CIRCUIT CONSULTANT’S CASEBOOK $9.95
DIGITAL ELECTRONICS: PRINCIPLES & PRACTICE $5.95
MODERN RADAR: Theory, Operation & Maintenance $7.95
WHK 112 PAGE TECHNICAL CATALOGUE $2.50

$3.50 post, pack & insurance for Books (regardless of quantity).

W.H.K. ELECTRONIC & SCIENTIFIC INSTRUMENTATION

MANUFACTURING, IMPORT, EXPORT, WHOLESALE & RETAIL
VICTORIA. AUSTRALIA,
POSTAL ADDRESS: P.O. BOX 147, ST. ALBANS, VICTORIA. AUSTRALIA. 3021,

PHONE: 396-3742 (STD ares code 03)

& yFiaos.



ETI data sheet

B A301 general purpose op-amp.

QUICK REFERENCE GUIDE

Maximum ratings

Supply voltage max. 18 V
Internal power dissipation
Metal can max. 500 mW
DI_P' max. 670 mW
Mini DIP max. 310 mW
Differential input voltage max. 30V
Input voltage max. 15V
Output short-circuit duration indefinite
Characteristics
(Vg=51t015V; C1 =3p)
Input offset volitage (Rg <10 k) typ. 2mV
tnput offset current typ. 3 nA
Input bias current typ. 70 nA
Input resistance typ. 2M
Supply current (Vg = 15 V) typ. 1.8 mA

Large signal voltage gain
(Vg =%15V; Voyr =10 V; RL =2 k) typ. 160 V/mV

Qutput voltage swing

Vg=t15V;RL=10k typ. £14 V
Vg=15V; RL =2k typ. £13 VvV
Input voltage range (Vg =t 15 V) typ. 212V
Common mode rejection ratio (Rg <10 k) typ. 90 dB
Supply voltage rejection ratio (Rg <10 k} typ. 90 dB
8-LEAD MINIDIP 8-LEAD METAL CAN 14-LEAD DIP
{TOP VIEW) {TOP VIEW)
1 \ ’ 14
NC d ]NC
2 13
c
s "
@ FREQ
- ; vo ‘c%‘:"'}’; ;com
N our . ve
L 2 OFFSET INE j
v- HuLL s 10
omE [ Jour
6 8
v-] eivel
N [
ne[ ] [ne

82

These op-amps (LM301, uA301, etc)
are intended for applications requiring
low input offset voltage or low input
offset current. The low drift and bias
currents are advantageous in such
applications as long interval integrators,
timers and sample and hold circuits. The
frequency response can be set with one
external capacitor. There is no latch-up
and protection against short circuits.
Recent projects using 301s include the
ETI 446 audio limiter and the ETI 602
mini organ. ETI ads price this device at
around 65c.

INPUT VOLTAGE RANGE
AS A FUNCTION OF
SUPPLY VOLTAGE

i

THPUT YOLTAGE RANGE - 1V
|
>
+
.
{
!
i

]
- !
i | | _
T
WCsTas 10°C
A1 [ | L Lo ]
| | !
3 1] "
SUPPLY YOLTAGE - 1v

OUTPUT SWING
AS A FUNCTION OF
SUPPLY VOLTAGE

T T
I N _,_J,-,l,.t*_
1 | i

RENENENREE
!
1) i |

OUTPUT SWING - 2V

: i FeeTys nfc

SUPPLY VOLTAGE « o

VOLTAGE GAIN
AS A FUNCTION OF
SUPPLY VOLTAGE
]

“ -—?—4—].—3——-.._

VOLIAGL GAN - ¢8

SUPPLY VOLTAGE - o¥
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ETI data sheet

FAST VOLTAGE FOLLOWER

Power Bandwidth: 15kHz
Slew Rate: 1 V/us

TYPICAL APPLICATIONS

(Al pin numbers shown refer to 8-lead TO-5 package)

INVERTING AMPLIFIER
WITH BALACING CIRCUIT

Ry Ry
INPUT

t May be zero or equal t0 paraliel combination
of R1 and R2 for minimum offset.

VOLTAGE COMPARATOR FOR
DRIVING DTL OR TTL
INTEGRATED CIRCUITS

MULTIPLE APERTURE
WINDOW DISCRIMINATOR

v|N > v4

P

—oV3 <V < Yy

r—oVo<Viy < VS

le>vI

FAST SUMMING AMPLIFIER

c2
3pf

BILATERAL CURRENT SOURCE

LOW FREQUENCY SQUARE WAVE

GENERATOR
Ry
(1)
N |
_|_ 1 LOW IMPEOANCE
* 2 OUTPUT
CLAMPED
ouTPUT
= I’:)!M 01, 6.2v
| 0 02.6.2v

¢ Adjust Ty for frequency

DOUBLE ENDED LIMIT DETECTOR

VouT = 4.6V FOR V &€ ViN & VU
SV vouT=OVFOR Vi< VL OR vy < Vy

PRACTICAL DIFFERENTIATOR

Ay cy
fe <fn <Tunity gain

84

CIRCUIT FOR OPERATING

FREE-RUNNING MULTIVIBRATOR

WITHOUT A NEGATIVE SUPPLY R
i
160k8
Ay +i5vo
—
Vin
2
910kQ
+iovd

PULSE WIDTH MODULATOR

Vout

® Chosen for oscritstion st 100 Hz
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WHERE THERE’S A NEED
THERE'S A S'I'AN'I'ON

T

Stanton have always satisfied the needs of those whose job it is to play records — of any sort. Here are
some of the specific record playing tasks Stanton have been called on to cope with:—

* Lacquer masters ® Metal Mothers ® Quality Control ® Equipment Calibration o
® Transcribing of historic 78’s with non standard grooves ® Transcribing of
cylinders ¢ Back cueing in Radio stations and Discotheques.
Stanton developed specific cartridges and styli to satisfy these needs.
Another need arose.

Hi Fi enthusiasts and music lovers wanted per-
formance as close as possible to the unequalled
681EEE but at a substantially lower price.

Accepting the challenge, Stanton produced the
680EE. It has many of the universally acclaimed
qualities of the 681EEE. It tracks at the same pressure
as the 681EEE (0.75—1.5 gms) it has the same unsur-
passed channe! separation of 35dB (at 1KHZ) and its
frequency response is almost as wide.

At $51 (R.R.P.) it’s almost too good to be true. ‘ == .‘
Audition one today and judge for yourself. STANTON

Sole Australian Distributors:

AW LERSYA INDUSTRIESER  *ai=s s cit concens

Heed Offics, WA.: N.S.W. Office: Victoria Office: .
156 Railway Parads, Leederville, 100 Walker Strest, North Sydney, 103 Pelham Street, Cartton, th rOUQhOUt Australia.
Wastern Australia, 6007. N.SW. 2060 Phone 922 4037.  3053. Phone 347 7620,

Phone 81 2930. ) LER 149



ETI KiTS

All with fibre-glass
printed circuit boards

131 Power Supply

Specify whether 20V or 40V version
required. $70.00 + $5 p&p. Built &
tested $90.00 + $5 p&p.

445 Stereo Preamp
$5.00 + 50c p&p.

446 Audio Limiter
$6.50 + 50c p&p.

514B Light/Sound
Flash Trigger

$14.99 incl. post. Built & tested $23.30
incl. post.

ELECTRONICS PTY LTD

4th Floor, Ryrie House, 15 Boundary Street,
Rushcutters Bay, 2011. Phone 33 5850.

[ LOGAN BRA]

Audio Sales

MAIL ORDER CASSETTE TAPES

1-10 12 off 36 off
HITACHI
c90 $1.85 ea. $1.75 ea. $1.65 ea.
C120 2.5 2.40 2.30
uDC90 2.45 2.30 2.20
uDC120 3.20 3.00 2.90
UDR C60 2.45 2.45 2.20
UDR C90 3.00 2.80 2.65
SONY
Cc60 1.50 1.40 1.30
c90 2.00 1.90 1.75
19 10 off 30 off
BASF
C90SM Cr02 3.20 3.00 2.85
C120sM LH 2.40 2.20 2.00
TDK SUPER AVILYN
S.A. C90 4.00 3.80 3.60
*TOP TAPE
C90 LN 1.40 1.30 1.20
* Highly recommended quality budget
tape.

Postage: Up to 6, 60c anywhere or
NSW $1.30

Vie., S.A., Qid,, $2.00 plus 2c per tape.
W.A,, Tas., N.T., $2.00 plus 4c per tape.

P.O. Box 24, CARLTON., NSW. 2218.
Please send SAE with enquiries.
Telephone (02) 587-3475.

447 PHASER

Complete Kits
Now Available

$25.00
plus $1.50 p&p

6908/P Die Cast Box $3.99
DPDT Foot Switch $4.20
447 PC Board

* MULTICORE CABLE
— 18 conductor 14/0076 shielded

$2.25 per metre
* BALANCED MIC. CABLE
— heavy duty 14/0076

$0.54 per metre
* VU METER
— professional quality, * .5dB accuracy
66mm x 34mm illuminated scale

$15.00

* BALANCED INPUT TRANSFORMER
— Sennheiser TM003
$8.25

* MICROPHONE STANDS
— diecast legs with acoustic dampening
$35.00

* BOOM

— suits all stands, features "UNILOC"
joint.

o
TELEPHONE 211-5077
P.O. Box K39 HAYMARKET.

405 Sussex Street, Sydney
Entrance off Little Hay Street

$22.00

gCal

PTY.LTD.

BURGLAR
ALARMS

WE STOCK:

Alarm Modules, Electronic Eyes, Photo
Sensitive Cells, WMicrowave, Uitra
Sonics, Gas/Heat/Smoke Sensors,
Sirens, Bells, Pressure Mats, Door
Monitors, Car/Caravan/Home/Office
Hold Up Factory Alarms, Key
Switches, Reed Switches, Relays,
hock Recorders, Aluminium Tape.
You Name |t. We Have I(t.

DO IT YOURSELF PRE-WIRED
SYSTEMS EASY INSTALLATION.

PORTABLE ALARMS
Microwave Systems concealed in Hi-Fi
Speaker Enclosures or Desk Units,
Mains Operated, Fully Automatic,
Seif-Resetting with battery standby.

Send 80c in Stamps for lllustrated
Catalogue.

N.S.W. AGENT FOR NIDAC

SOLID STATE SECURITY
SYSTEMS

WHOLESALE SECURITY FROM

PROTECTOR
RC.ALARMS

119-121 Pittwater Rd, MANLY
N.S.W. 2095 PH: 977-6433

Free
Catalogue

Ring or write for your copy.

Over 40 different test and
measuring instruments for

hire.

Delivery anywhere in
Australia

Bankcard Welcome

HOBBY
HIRE

16 Coveney Street,
BEXLEY, 2207
Phone: (02) 50-4361

86
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NEW ETI FEATURE

This is an experiment. At present it
works like this. We're offering adver-

marK-dow.

tisers free space each month to offer
goods or services substantially cheaper
than normal. ‘Substantially’ begins at
15% — there’s no lower limit!

In theory everyone wins. You buy
things cheaper — advertisers sell more at
zero expense — with luck we sell more
ETI1 s. Offers expire Sept. 30, 1976
unless otherwise specified.

If it works we'll make it regular.
(Advertisers — ring Collyn Rivers on
33-4282 for details).

FANE
MUSICAL INSTRUMENT/P.A.

LOUDSPEAKERS
20% OFF NORMAL PRICE

15" Crescendo 15/100 Bass 100 watt
Normal Price $99 less 20% = $79.20 each
18" POP 100 100 watt

Normal Price $79 less 20% = $63.20

OFFER LASTS UNTIL CURRENT STOCK SOLD OUT

CHALLENGE HI-FI STEREOPTY. LTD.
96 Pirie Street, ADELAIDE, S.A. Pn. 223 3599

Connoisseur’

We are happy to announce substantial reductions x
in the price of thes¢ world-famous turntables

BD1 KIT (formerly $39.50) NOW $29.50
BD1 CHASSIS (formerly $48.50) NOW $39.50
BD2 CHASSIS (formerly $89.50) NOW $79.50
BD2 ASSEMBLY (formerly $112) NOW $98.50

Now you too can own

a Connoisseur. Southern Sound Pty. Ltd.

337 Latrobe St., Melbourne

‘recommended retail prices [LRINIS pean Highway, Moorabin

Absolutely FREE!

SEND A 9" x 4” STAMPED ADDRESSED
ENVELOPE FOR FREE OFFER OF 10
SILICON DOUBLE DIODES TD772 FOR
MAKING UP “"AND” GATES. REMEMBER,
TO QUALIFY YOU MUST SEND A 9” x 4"
STAMPED SELF ADDRESSED ENVELOPE

TO
P.O. BOX 175
MICRONICS %%
l 2031

IC SPECIALS

MEMORIES sy ricutarn LINEAR it recuwar

1101 $ .89 $1.39 301 $ .22 $.29
1103 .89 195 723 49 .62
1072A 7.95 10.95 3407 5V 1.00 1.49
2101 1.49 195 TTL

5203Q 7.95 1095 7438 .16 .25
5260 .89 195 7446 .69 .81
5261 .89 1.95 74165 .79 .99
F93410 97 195 9602 .59 .79

10% OFF WITH $25 ORDER
15% OFF WITH $100 ORDER
INTERNATIONAL ELECTRONICS UNLIMITED

P.O. Box 3036, MONTEREY, CA. 93940 USA
Phone (408) 659-3171

ETI 444 5 Watt
Stereo Amp.

(See June '76 ETI) Some kits
still available.

to clear $38 +$3 P&P.

ELECTRONICS PTY LTD

4th Floor, Ryrie House,
15 Boundary St., Rushcutters Bay, 2011
Phone 33-5850,

DIGITAL PRINTERS
Auto paper feed

Motor 14-15V D.C.
Magnets 22V D.C.

18V min 26V max.
18 columns 2 signs 6 numbers  Weight 2Kg.

Please add $3.50 P&P.

(10 only to clear)
$75 each. Normally $150.

Parallel block print 3.5 lines/sec

Two colour print

DIGITRONICS

186 Parry Street, Newcastle West, 2302
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This is how discs are made.

A master disc is cut on a special lathe. The cutting head moves across the
master in a straight line from the edge to the center. The special stylus inscribes a
groove in the surtace of the disc.

Ideally, a turntable system should enable the stylus in your cartridge to meticu-
lously follow the “path’” inscribed during the cutting process. That is, it should play
your record precisely as the master disc was originally cut.

A “straight line tracking” turntable system, properly designed, engineered and
manufactured, could eliminate problems such as skating force, tracking error,
and the resulting excessive record wear, all of which are inherent in pivoted arm
systems in all their forms and moditications.



Il

This is how the ST-7 plays them.

The Rabco ST-7 is a straight line tracking turntable. Your stylus precisely
follows the original path cut into the master record. The result is the total elimi-
nation of both tracking error and skating force.

The ST-7 begins with straight line tracking. In every other respect—motor.
suspension, bearings, drive, controls—it is exemplary of a professional instru-
ment designed for home use.

The ST-7 offers a cascade of zeroes. Zero tracking error. Zero skating force.
Zero stylus overhang. Zero horizontal friction. Zero vertical friction.

The ST-7 plays music in the home in a way that makes conventional pivoted
arm systems obsolete.

For complete information write to Harman Kardon, P.O. Box 6, Brookvale. 2100.

harman/kardon



Resistors

Last month we looked at the most common resistors, the carbon composition

types. This article now looks at resistors in

we will be considering.

general and introduces the other types

RESISTORS MUST BE THE MOST
commonly used of electronic
components — to the point where they
tend to be taken for granted.

Resistors are, however, made in a
variety of ways either for general use or
because their particular characteristics
suit certain areas of application. Modern
resistors can be classified into four
broad groups:

(a) composition resistors

(b) film resistors

{c}  wirewound resistors

(d) semiconductor resistors

There is a variety of construction styles
in each group, each style having
particular characteristics, advantages
and disadvantages.

General Characteristics — Resistors are
not quite the passive ‘‘she’ll be right”

components they are usually taken to
be. All resistors vary in value with
variations in temperature. They also
change value with applied voltage and
with frequency. All resistors generate
noise, and thus certain types are better
suited to applications requiring low
noise components, such as audio
amplifier input circuits. Knowing what
the various characteristics of a resistor
mean in different situations enables you
to make a proper selection for a
particular application — or to make
substitutes without introducing
problems. There is a generally agreed
convention on how the various resistor
characteristics are expressed and these
are explained below.

Temperature coefficient — With many

SERIES
INDUCTANCE

RESISTANCE OF
COMPONENT ELEMENT

O—iWﬂ

SHUNT
CAPACITANCE

Fig.1. Equivalent circuit of practical
resistor,

resistance is fairly linear across a large
range of temperature. With such
resistors the temperature coefficient is
usually expressed in ‘parts per million
per degrees centrigrade’ or ppm/OC. It is
also sometimes expressed in percent of

| Carbon Film |
F Composition 1 2.0
F Carbon Film |

resistors, the change in value of value per degrees centigrade, or %/OC.
WATTAGE RATING
SIZE | TYPE @ 40°C @ 700C | LENGTH | DIA

A Carbon Film 05| 4mm | 1.5mm
B Composition .25 6.5mm | 2.3 mm
Carbon Film .25 7 mm 2.3 mm
Metal Film 25 | 7mm 2.5 mm
Metal Oxide .125/.26 ‘ 7.2mm | 2.6 mm
( (& Composition 0.5 | 10 mm 3.5 mm

Carbon Film 0.5 0.33 9 mm 3 mm
Composition 0.35 0.2 10.3 mm | 4.3 mm
D Composition 0.5 0.25 | 11.5mm |[4.1 mm
Composition 0.35 02 | 127 mm |53 mm

Carbon Film 0.5 0.25 | 11 mm 4 mm
Metal Film 1.0 12 mm 5.5 mm
Metal Oxide 0.25/0.5 11.2mm (4.2 mm
E Composition 0.75 0.35 | 17.8 mm | 4.1 mm
10 |[14mm |48mm
1.0 30 mm 7.8 mm

40 24 mm 8 mm

Fig.2. Representative sizes and ratings of modern composition and film resistors.
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Some resistors have a nonlinear
temperature coefficient and this
characteristic is usually referred to as
the ‘resistance-temperature’
characteristic. Some types of resistor,
particularly those in the semiconductor
group, are manufactured to have alarge,
controlled resistance-temperature
characteristic. They are usually used for
temperature sensing, compensation, or
in measurement applications.

Voltage Coefficient — The nominal
value of a resistance is not independent
of the applied voltage, usually
decreasing with increase in applied
voltage. The voltage -coefficient is
usually expressed as a percentage of the
change in resistance against variation in
applied voltage from 10% of maximum
working voltage to maximum working
voltage. This is a characteristic that is
only of importance with carbon
composition resistors and some types of
semiconductor resistors (i.e. voltage
dependant resistors).

Frequency Effects — All resistors have
an inherent small amount of inductance
and capacitance and this affects the way
they behave at high frequencies and

above. The length of the actual
resistance path in the resistor and the
length of the leads contributes

inductance in series with the apparent
dc resistance. Capacitance, which may
be distributed along the resistor body or
through the resistance path, contributes
capacitance which is effectively in
parallel with the apparent dc resistance.
This changes what should look like an
ordinary resistor into a circuit like that
in Fig. 1. The actual amount of series
inductance and shunt capacitance
depends largely on the type of resistor
and its construction. Some styles of
resistor are constructed to minimise
these effects.

Carbon ‘composition and wirewound
resistors are the most affected of any

group. Generally, for values above 100

ohms or so, the apparent resistance will
decrease as the frequency is increased.
Thus low value resistors exhibit the least
variation with increasing frequency
while the apparent resistance of high
value resistors (i.e. about 100k and
‘above), rapidly decreases as the
frequency increases.

Noise — All resistors generate ‘noise’ in
the form of tiny voltage fluctuations
which originate in the resistive element.
Further noise is generated in the lead
connections. The total noise voltage is
contributed from a number of different
sources. One form of noise that is
present in all resistors is called ‘Johnson
Noise’ and the magnitude of this
depends on the temperature and the
value of the resistor. Some resistors
{particularly carbon composition types)

100
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Fig.3. Typical power derating curve for com-
position and film resistors.

produce extra noise caused by the
current flowing through the component.
Faults in the component also cause
noise, i.e. for solid body types, minute
cracks may add to the noise. Some
styles of construction can contribute to
noise, for example, those constructed
with end caps connecting to the resistive
element may become noisy (more
noisy) when the end caps are subjected
to tension and become slightly loose.
For adjustable resistors, added noise
may be caused by imperfect contact
between the moving contact and the
resistive element. The noise is worsened
during the time the contact is moving.
To obtain the lowest noise from a
resistor it should be operated well below
its wattage rating.

The noise figure for resistors is usually
guoted in microvolts per volt (uV/V) or
in dB related to a reference figure
{usually 1(uV/V).

RESISTOR RATINGS

Resistors are rated to remain within

specified resistance limits under
specified conditions of power
dissipation, temperature and applied

voltage. These ratings depend on the
style and construction of the resistor as
well as the way in which it may be used
in practice, i.e. if it is subjected to high
temperatures or operated at a high
voltage.

The primary rating of a resistor is its
wattage or power rating, that is, how
much power it will dissipate. This is
more or less analogues to the voltage
rating of a capacitor — how high a
voltage it will withstand.

Power or Wattage Rating — The
maximum power rating of a resistor, as
quoted by the manufacturer, is
determined by the power it can
dissipate continuously for an unlimited
time without exceeding a specified
maximum temperature and without
drifting from its nominal value more
than a specified amount.

The power rating of a resistor depends
largely on its construction. Low power
resistors are quite small in size — the
size increasing with power rating as
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illustrated in Fig. 2. These are
representative of most composition and
film types. Wirewound resistors are
inevitably larger as they are generally
manufactured to dissipate considerable
amounts of power.
Film resistors are made in a range of
power ratings from 1/20th (0.05) watt
up to five watts, composition types
range from 1/10th (0.01) watt to two
watts. Some special film types, made for
RF power applications and high voltage,
high power applications, are
manufactured in wattage ratings from
one watt to 100 watts or more.
Wirewound resistors are manufactured
in wattage ratings that range from half
watt right up to 200 watts. Very low
value resistors (i.e. less than a few ohms)
are usually wirewound. They may only
need to dissipate small amounts of
power and are consequently generally
quite small.
When a resistor is dissipating power, its
temperature will rise above that of its
surroundings (or the ‘ambient’
temperature as it is called). The
maximum temperature of the resistor
due to both the internal heating and the
ambient temperature is called the ‘hot
spot’ temperature. The maximum
allowable hot spot temperature for a
resistor depends on its construction and
the material of the resistance element.
The maximum hot spot temperature of
a resistor may not be exceeded under
normal operating conditions. Thus,
resistors are rated to dissipate a given
amount of power up to a specified
ambient temperature, usually 400C or
700C, so that the combination of
internal heating and the ambient
temperature do not exceed the
maximum allowable hot spot
temperature. This is usually between
1000C and 1700C depending on the
component style and construction, for
composition and film types. Wirewound
types may have a maximum hot spot
temperature in excess of 2500C, which
is sufficient to melt solder and fry
fingers to a crisp golden brown.
Excessive power dissipation with a
resistor causes large, often sudden,
changes in resistance, in some types the
resistance may decrease — definitely the
wrong direction as it will then try to
dissipate yet more power — until it
reaches its thermal limit and breaks
down.
The first signs of overload in carbon
composition and carbon film resistors
are a pungent burning odour
accompanied by a steady stream of
smoke. Finally, it breaks down
altogether in one of several possible
ways: —
(a} The resistor gives a final puff of
smoke, becomes open circuit and
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Resistors

joins its ancestors in that great big
pc board beyond the sky.
{b) The resistor becomes short circuit,
everything else begins to smoke and
they join their ancestors
you-know-where.
The resistor turns into a miniature
Vesuvius, splutters hot carbon
particles all over the place and
eventually bursts into flames, not
unlike a Roman candle.

To summarise with the obvious, it is
good practice to select resistors which
go open circuit under extreme overload
and which are non-flammable. Many
modern resistors, particularly power
resistors, are manufactured this way.

High value resistors are more likely to

break down under the stress of high
applied voltage rather than excessive
dissipation.
Power Derating — A resistor may be
operated above the maximum specified
ambient temperature provided it
dissipates less power than its nominal
rating. In other words it has to be
‘derated’, With few exceptions, the
derating is usually linear from the
maximum ambient temperature to the
maximum hot spot temperature, where
it can dissipate no power at ali. This is
illustrated in Fig. 3. Here the graph
shows that the resistor can dissipate full
power according to its rating up to
700C but this is decreased linearly until
it can dissipate no power at 1250C,
which is the hot spot temperature. If
the resistor was a 1 watt type, then,
from the graph, it could only dissipate
less than 2 W at 1000C.

The ambient temperature of a resistor
is obviously affected by nearby devices
that produce heat. One should ensure
that resistors mounted near power
transistors, wirewound resistors, or
other heat producing sources are
adequately rated. The same goes for
equipment that may be mounted in a
high temperature environment, such as
in a car engine compartment or under
the dash — temperatures here can reach
80-1000C under a hot summer sun.
Resistors stacked together must be
operated below maximum rating as they
do not experience the same cooling as
resistors mounted with free space
around them. For other than
wirewound resistors it is good practice
to allow at least the same distance as the
component width or diameter around it
in order to obtain adequate cooling.
Resistors may be mounted right down
on a printed circuit board however,
without appreciably degrading the
cooling. But, if the component is a two
watt type or more, and dissipating some
power, it is best to mount it above the
board by at least its own diameter or
thickness to avoid scorching the board.

—

(c

Although a resistor rated to dissipate
2 W at 400C will obviously dissipate
considerably more at more normal room
temperatures of 20-250C it is not good
practice to use it in such a manner. It
will, most likely change value
permanently, most probably by an
amount exceeding the specified
tolerance. That is why power derating
graphs only indicate a permissable 100%
dissipation below the maximum
allowable ambient temperature.

Chemical changes within the resistive
element destroys a resistor that is
operated at excessively high
temperatures.

Voltage Rating — The value of a resistor
is not independent of the applied
voltage. 1t changes with increasing
voltage, wusually decreasing. This
characteristic is worst for composition
resistors. A voltage coefficient may be
specified for a resistor. This is expressed
as a percentage of the change in
resistance versus the nominal (low
voltage) value of the component
multiplied by the inverse of 0.9 times
the rated maximum working voltage.

The maximum working voltage and
the voltage coefficient of a resistor
depend on the materials and
composition of the resistance element,
the allowable deviation from the
nominal (low voltage) value and the
physical configuration of the
component. For a given type of
construction and resistive element, the
voltage coefficient decreases with
decreasing resistance value and thus the
maximum working voltage may be
increased.

High value resistors used in high
voltage applications, e.g. in EHT voltage
dividers for CRO tubes, may suffer from
voltage breakdown across the
spiral-grooved turns of the resistance
element. 'Voids’ also occur in the
resistance element, causing an increase
in value, and sparking occurs across
these with consequent detrimental
effects. Catastrophic failure of a resistor
usually occurs by these voids spreading
through the element. )

Pulse Rating — The reaction of resistors
to voltage stresses is almost
instantaneous. Where a resistor is
subject to voltage pulses it will still be
subjected to the sort of limitations
placed on it for the voltage rating.
Power dissipation is not a limiting
factor, it is rather the voltage stress that
the component is able to withstand. The
spreading of voids through the
resistance element increases with
increasing puise frequency. Carbon film
resistors are able to withstand about
twice their rated dc working voltage
under pulse conditions. Usually the
pulse voltage rating of the component
will be exceeded before the power
dissipation becomes significant.

(series continuing)
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ELECTRONICS

—it’s easy!

Oscilloscopes — the refinements

MANY MEASUREMENTS IN
electronics can be handled by the
relatively unsophisticated oscilloscopes
described in the last part of this series.
More capability can be provided at
greater cost and this can be valuable if
the user understands how to make the
most of it. This part describes refine-
ments that will be encountered in
more advanced oscilloscopes.

IMAGE STORAGE

Screen persistence: Repetitive signals,
such as a sinewave signal, can be made
to repeat on the screen overiapping the
previous trace produced. If the time-
base frequency is sufficiently high —
from thirty or forty hertz upward —
the screen provides an apparently
stationary signal of constant and
adequate intensity. This is primarily
because the eye cannot detect individ-
ual scans (as in motion pictures and
television) and secondly because the
phosphor, at frequencies above a few
hundred hertz, re-energized before-its
light emission due to the previous
scan, has decayed away.

Phosphors with large time-constants
are available (such as P2, which takes
one second to reduce to 10% of
original brightness and P7 which takes
three seconds) and oscilloscopes have
been manufactured which use these to
enable signals of less than one hertz to
be studied. This feature, however,
largely restricts the use of the instru-
ment to low frequency work because
medium and high-frequency signals
that are not well synchronised will
produce separate traces which remain
and add up with time to produce an
unclear picture. This method of study-
ing slow-transient phenomena has not
been developed to any great degree
because of this and other factors {(such
as poor resistance to burning). In
addition the retained-image times are
still inadequate for many applications.

CAMERAS

Storage requirements fall into two
classes — those where the transient is
unique and therefore needs to be
recorded only long enough to allow
the trace to be studied and those
where a permanent record is needed.

The oscilloscope fulfils both these

needs. Until the advent of the
Polaroid-Land process this involved a
time-consuming development process
before the operator was certain of
having even recorded the trace. Most
oscilloscope  makers now  offer
specially built trace-recording cameras
that fasten onto the large bezel
surrounding the screen.

Such cameras use a Polaroid-Land
film pack of some kind and often
incorporate a 35 mm roll film facility
also. A Dumont unit is shown in Fig.1.
The user sets the CRO controls until
satisfied that the trace will be as
needed. This is done using the viewing
aperture which reflects the screen
image to the observer via a mirror. It is
essential that the camera has the
correct focal distance set for the CRO
concerned, so in general cameras relate
to specific units, Some models incor-
porate adjustable object-image ratios;
a few are fixed ratio. With experience
it is even possible to capture multiple
trace events {(by multiple exposure) for
comparison purposes.

A considerable amount of film and
patience can be consumed trying to
record once-only events. Cameras can
be quite expensive — several hundred
dollars — but they do provide a

PART 34

permanent record for reports which no
other storage system can provide, and
the price of a camera is not as great as
the extra cost of the variable —
persistence storage units to be
discussed later.

STORAGE OSCILLOSCOPE

Most of the objections of the above
storage methods, with the exception
of permanent photographic repro-
duction, are overcome by using an
advanced form of the basic CRO tube.
It is called a variable persistence
storage tube and is a development of
early 1950’s more basic storage tubes
in which the waveform could only be
held at a constant intensity (without
the feature of gradual fade out). In
fact variable persistence is a feature of
tube operating circuitry not the tube
itself.

The construction of a typical
storage tube is given in Fig.2. The
phosphor viewing screen {having 0.1 s
persistence time from P31 material)
and the writing electron gun shown are
similar to those used in the simple
cathode ray tube. Additional com-
ponents are the flooding electron gun
system, a storage mesh which is coated

Fig. 1. Recording camera using Polaroid film pack.
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STORAGE
MESH

\ PHOSPHOR
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Fig. 2. Schematic
construction of
storage cathode

Noacaocaoao o

WRITING GUN

FLOOD AND

ray tube.

STORAGE SYSTEM

with a non-conducting, highly-resistive
material such as magnesium fluoride,
and a collector mesh which is held at a
positive potential.

To store a trace the writing gun is
scanned over the storage surface.
Where the beam strikes the storage
mesh electrons are knocked loose
leaving a positive-charge pattern. The
high-resistivity of the surface prevents
the charges moving toward a neutral
state: the scan is thus stored — and can

be held for at least an hour {one maker
offers four hours) in a reduced
intensity mode.

To make the trace visible, low
velocity electrons are sprayed by the
flood guns onto the entire mesh
surface. These electrons are allowed to
pass through to the phosphor in
proportion to the amount of positive
charge at each aperture of the storage
mesh. The positive field pulls many
electrons through causing them to pass
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Fig. 3. Hewlett
Packard Mode!
184A variable per-
sistence and storage
oscilloscope. Con-
trols for storage are

on the left-hand
side of the screen.

on to hit the phosphor.

The collector mesh is provided to
help accelerate the flood electrons; to
repel the positive ions generated by
the flood guns; (which would other-
wise write the whole screen bright)
and to absorb the emitted secondary-
emission electrons produced whilst
writing is in operation. It is not
possible to store the trace in the view
mode for as long as in the store mode:
one to ten minutes of viewing time are
typical for various makers’ designs.

Erasure is done by applying a large
positive voltage to the storage mesh
which charges capacitively to the same
value. The mesh voltage is then
brought back to a small positive value
whereupon the flood guns reduce the
voltage to zero. A small sudden
negative excursion is finally applied to
the mesh making it ready to write.
(This procedure is automatically
initiated at the single action of a
switch.)

Variable persistence is incorporated
by changing the time taken to erase
the picture. In the Hewlett-Packard
unit, shown in Fig.3, this is achieved
by using a variable-width pulse
generator that applies erase voltage
pulses to the storage mesh. The
positive-ions created by the flood-guns
limit this mode to a maximum of 10
minutes persistence.

Storage oscilloscopes can be used as
conventional units by applying about
30 volts to the storage and collector
meshes. Long persistence has many
virtues — it enables successive traces
resulting from adjustments to a system
response to be overlaid together for
comparison purposes. It also allows us
to see very low-frequency scans, and
to plot scans of spectrum analysers.
Long persistence also finds use in time-
domain reflectometry where the time
between send and receive pulse needs
measuring.

By stacking sweeps on top of each
other a long persistence time can be
used to integrate or average a set of
traces. Variable-persistence storage
oscilloscopes are extremely versatile
but the high price restricts their use to
large laboratory groups.

STORAGE USING DIGITAL
MEMORY

Figure 4 shows a unit marketed
around 1972. The transient recorder
unit accepts the analogue signal, con-
verts it to a digital equivalent with res-
pect to time and stores the values in
digital registers. Readout can be ob-
tained by using digital-to-analogue con
version of the stored increments which
are scanned sequentially, the resultant
analogue voitage being fed to an
oscilloscope or chart recorder. Digital
print-out is taken direct from the
scanned store locations.



Fig. 4. Storage can also be obtained using a
digital memory to capture the event which
can be displayed at will on an oscilloscope

or recorder {Datalab DL 905).

This method is less common than
the storage oscilloscope alternative but
the ever-reducing cost of digital
methods may put this technique into a
competitive price region.

Another method of capturing
difficult to see, once-only transient
signals, and very slowly changing wave-
forms is to record the level of the
signal, increment by increment, as the
signal occurs, using a digital memory.
The concept is simple and the method
offers certain advantages. These
include ability to speed up or slow
down the timescale of the original
event, ease of providing a permanent
numberical printout and the facility
to process the signal before display.

SAMPLING OSCILLOSCOPES

How to capture a very fast repet-
itive event, say near to the GHz region
where scan times of 0.1 ns/division are
needed, is a problem because the
electron beam cannot transfer enough
energy into the phosphor to obtain a
useable trace brilliance. Further it
becomes increasingly difficult to

g
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Fig. 5. The sampling oscilloscope builds up the waveform on the screen from sampled

values taken from the original.
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Packard Model
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view nanosecond
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repetitive nature.

deflect the beam at such speeds. The
sampling oscilloscope offers a solution
to these probiems.

The sampling oscilloscope makes
use of the stroboscope concept to look
at a waveform, which must therefore
be repetitive (as shown in Fig.5). The
beam is set to illuminate the screen at
point 1 in the diagram, waiting there
until the next cycle where it moves to
point 2 — and so on. The trace there-
fore gradually works its way through
the complete cyclic waveform and
because the scan speed is slower than
with a conventional sweep system the
cathode-ray tube system can operate
with a lower bandwidth than the
signal. The waveform produced is an
average of many so the display is not
only sharper but more uniform. (This

SMYTT A TAAD

applications for the sampling unit is
effectively smoothing the unknown
true original signal). Sample and hold
methods were discussed in the
previous part discussing D-A and A-D
conversion.

In practice a sampling oscilloscope
is a normal high quality scope which
can accept a sampling plug-in. Figure 7
is the panel of a dual sampling unit.

DELAY FACILITIES

Often one needs to study a certain
part of a repetitive -waveform — the
very beginning, for instance. An
example is the ringing of a non-ideal
square wave shown in Fig.7a. The
trace is triggered, to begin the sweep,
by a fast-going edge. Due to circuit

Fig. 7. Inherent
trigger delay, if not
compensated for,
will lose the leading

edge of a waveform.

may be a disadvantage in some response-times, the trace does not
TRACE BEGINS HERE
o A -
[ Y

]
1
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]
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LOST TRACE DUE
TO OELAY

OSCILLOSCOPE SCREEN
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SPIKE OF trigggring 9irquits and this is often i

INTEREST provided within the circuits. A slightly
better method is to provide an ad- |
justable delay control on the trigger
panel.

(a) A more difficult problem is cap- \
turing a point on the signal train that
is remote from the triggering transient.
Consider the s'gna|_5h°VYn i Flg.8(a), Fig. 9. Trace brightening is used to show
where the problem is to investigate the which part of the waveform is to be
spike transient on the pedestals of the expanded. In this display the expanded

{
e _ 0

7 1 H portion is also displayed on the second
square wave. Triggering is best erace of she ORO.
achieved by using the edge (a). But
this means that scale expansion puts
TUM . a
BRS RACES the spike off scale when the horizontal
expansion scale is great enough to
provide information about the spike

structure.
Variable delayed sweep is the
;._+_ r_‘_ answer. The trigger circuit is set by the
(a) edge but trace scan does not begin
until after a period, as in 8(b). Thus
(b} the trace captures the spike at the left-
hand side of the screen and scale
expansion will now be possible as in

! To make this workable in practice

the operator must know just where , -

OSCILLOSCOPE triggering occurs for' there may be / \
several somewhat similar events along
the trace. It is vital to know which one
is being viewed. A refinement pro- |
vided in variable delay circuits is to

|
|
|
1
|
|
: | 8(c). (a)
]
|
|
|
|
|
|
|

brighten the original display from the

IKE SHOWN TO BE point where triggering will begin.
e NS ENT] Taking the idea one step further leads

to a second delay that effectively \
decides where the trace stops
Figure 9 shows the waveform bright-
ened to show the portion that will be (b)

expanded and the second trace of the

dual-beam unit is used to show the Fig. 10. Use of dual delayed triggering point.
expanded part. Another useful feature fa) original (b) expanded.

T

0 - - — - — (c)

A SWEEP _Variobie B SWEEP VYoriahle
Time/cm Time/cm

Fig. 8. Use of introduced delay in triggering

s Length Out
to enable an event away from trigger 3
transient to be investigated. \ Q
{a) Original spike on pedestal of square wave. v somp
{b) Delay introduced to bring spike back to
time origin. : @ o
{c) Scale expanded to reveal true nature of B
spike. '—"' I Ampt er — )
P asitiol i jﬁspul
r
begin to sweep at exactly that time
but begins a little later. The result is u.’x"
loss of the leading edge region of the

T
wave as shown in Fig.7b. The follow- e

ing waveform may provide the infor-

mation sought but attempts to widen ""”
the waveform in the horizontal i
Source

direction lead to the second front * )
. . . . F A
d';s:appeartn)rcg. Tbe s:mp_lest solution to Fig. 11. Marconi Line Ext G Lm
this problem is to incorporate an TM 9220, TM 9221 (-] kb a0 S
appropriate fixed delay into the sweep units. - ™ 21
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Fig. 12. Most oscilloscopes have this input
equivalent circuit. Although the values
seem insignificant, at high frequencies they
become dominant requiring the use of
special probes.

is to be able to use a trigger point not
on the origin of the first trace set up —
as in Fig.10. Here a marker dot is
provided to help the operator. Figure
11 shows the panels of Marconi plug-
ins which provide these and other
variable delay features.

PROBES

Passive probes for voltage measure-
ment: In part 32 the importance of
providing the right matching con-
ditions between two electronic
systems was stressed. This is also
important when connecting an oscil-
loscope to a circuit, for each output
and input has certain resistive and
reactive conditions which must be
properly combined to get realistic
signal transfer.

The oscilloscope can be represented
as an ideal termination shunted by a
large R and an adequately small C
value — or at least they appear this
way at first sight. Figure 12 is the
most common approximate equivalent
circuit. (Others used include 50 ohms
with negligible reactance in certain
applications). Referring to the chart
in Fig. 13, it can be seen that with
20 pF at 10 mHz the circuit being
measured must have an equivalent
output resistance of no more than
8 ohms!

For high frequencies, those above
100 kHz say, we therefore need a
better connection method. To further
compound the problem the oscillo-
scope input leads can easily increase
the equivalent C value to 100 pF —
leads for 1:1 connection must there-
fore be carefully designed to ensure
known loading conditions which can
be allowed for in signal measurement
corrections. It is very bad practice to
use any piece of coaxial cable and
connector for frequencies beyond
100 kHz.

The first improvement is to use a
probe which has 10:1 attenuation
built in, for these are designed to have
a lower effective cable capacitance —
see Fig.14(a). Still better is a special
correction arrangement that balances
the shunt against series capacitance to
provide a wider bandwidth — see
Fig.14(b). By the use of inductive
tuning a further improvement in band-
width can be obtained — Fig.14{(c).

Fig. 13. Chart for obtaining reactance of
capacitors at various frequencies of
operation.

There is no easy answer to the
selection of which attenuator probe to
use. These guides are the start. For
Probes with division ratio of 100:1
also are manufactured — these can
provide equivalent termination con-
ditions of 5k/0.7 pF, 10 M/1.8 pF,
1 M/1 pF. The reason for different
pair combinations arises from the
need to alter the trade-offs between
rise time and signal loss in high-
frequency and very fast transient
measurements.

u”
—t

AV

PROBE
CONNECTIONS
{a)

PROBE

an; e
LOSSY COAXIAL
CABLE

coocomoodbes oo

L
T

B.N.C.
CONNECTOR

CABLE

— e

OSCILLOSCOPE

(b)

— A

{c)

Fig. 14. Schematic of atten-
uator probes (a) simplest
concept (b} capacitive load-
ing to extend bandwidth
{c) inductive.
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ELECTRONICS —it’s easy!

amplitude measurements select a
minimum-impedance source point to
measure from. The best probe to use
here is one with the highest impedance
at the frequency of interest. Capac-
itance is less important here than
resistance for it alters edge shapes, not
amplitude.

For fast risetime measurements
again select a low impedance source
point and use a probe with lowest
effective capacitance — signal atten-
uation is less important than transient
edge shape changes.

ACTIVE PROBES FOR VOLTAGE
MEASUREMENT

The above probes make use of
passive matching arrangements. But
for the extremes of frequency and/or
risetime measurements the values of
components required in passive probes
become impractical. However active
amplifiers interposed between the
circuit and the oscilloscope can be
used to improve performance by
increasing input resistance and lower-
ing capacitance (short loads). FET
probes are marketed to meet this.
Figure 15 is a Phillips PM 9354 FET
probe which can be used for dc to
1 GHz measurements. These need an
additional power supply to operate,
and problems of dc drift (0.5mV/°C)
and added amplifier noise
(60uV — 1.5mV) may be disad-

vantaged in certain applications. As
well as being the choice for very high-
frequency work, FET probes also find
application

useful in low-frequency

wmoaanan & B
1

-_

Fig. 15. This FET probe uses active coupling to overcome oscilloscope connection problems.

situations where measurements across
high source impedances are needed.

OTHER PROBES

Voltage measurements are by far
the most frequent measurements made
but in some instances it may not be
possible to determine voltages, and
current measurement is used instead.
An example is the current flowing in a
direct-coupled Darlington pair con-
figuration where no significant resist-
ance exists over which a voltage can be
developed. DC current probes (see
Fig.16) clip over the wire in question
coupling the dc magnetic field created

Fig. 17. Digital

circuit logic probe.

by the current flowing in the wire into
a Hall effect transducer which
generates a voltage equivalent to the
current flowing. These will also
measure ac currents. The maker
specifies the conversion constant —
typically 1 mV/mA. AC only, current
probes are also made using a current-
transformer principle.

Probes for use in digital circuits are
also available. These may incorporate
a logic gate that combines the outputs
from up to 6 circuit points as shown
in Fig.17. Power for the gate is
obtained from the circuit under test.

SPECIAL PLUG-INS

The oscilloscope, due to its
extensive flexibility, can form a major
part of many test systems, thereby
reducing the overall price of advanced
measurement systems where a suitable
CRO already is available. Special plug-
ins are offered (to suit certain main-
frames) that will convert an oscillo-
scope into a spectrum analyser or into
a semiconductor characteristic-curve
tracer. Another plug-in is offered that
converts the CRO into a four-trace
unit.

A basic need in manual measure-
ment is the provision of output form
that best suits the operator. In many
tasks a visual output in the form of a
picture or graph is better than having

Fig. 18. Display monitors can now provide
an exhaustive arrangement of visual output
forms. The next step is to provide this
capability for routine use in oscilloscopes
by making plug-ins available to go into
suitable main frames.
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ELECTRONICS —it’s easy!

to view many traces of a time
sequence taken over the whole system.
Already we have logic analysers which
display space-plane information on the
CRO screen, multi-meter CRO units
that write digital values on the screen
and units that provide axes inform-
ation on screen graphs. With the
reducing cost of advanced processing
it will not be long before the micro-
processor and memory (already in use
in very sophisticated units) are intro-
duced into quite moderately priced
oscilloscopes for converting the
information taken from the circuit
into better forms of display. Display
monitors are already available with
many display forms — see Fig.18.
The next stage must be the marrying
of the basic CRO unit to such capa-
bility via a wider range of sophisti-
cated plug-ins. The colour oscillo-
scope will also soon be with us
extending the information rate at
which the operator can be informed
about a system via a CRO.

The only weak link in present
systems (as far as robustness, life and
cost is concerned) is the CRT itself for

it is just about the last remnant of
thermionic device technologv remain-
ing in general use. This too will soon
be replaced by a solid-state equiva-
lent. Perhaps this will take the form of
a matrix of three-colour, LEDs in a
flat display — making maximum use of
the low-cost production advantages of
LS| techniques.

FURTHER READING

Due to the versatility of the oscillo-
scope most books on electronic
instrumentation include basic descrip-
tions of how oscilloscopes work and
how to perform basic measurements
with them. Many books are devoted
entirely to the oscilloscope.

General considerations are discus-
sed in “Test and measuring instru-
ments — 1974 Catalogue”, (Philips).
Tektronix, Hewlett-Packard, Dumont
and Marconi outlets also provide basic
articles on the selection and use of
oscilloscopes.

The principles of storage tubes are
explained in the Philips catalogue
and in “Variable persistence increases

oscilloscope’s versatility”, R.H. Kolar,
Electronics, November 29, 1965,
66-70.

The subject of correct probe choice
is quite extensive. The Philips Oscillo-
scope series referred to above has two
articles by PFW Zwart on probes
(Nos. 3 and 4 of series). \l Bunze in
"Matching oscilloscope and probe for

better measurements’” Electronics,
March 1, 1973, p 88-93 discussed
voltage measurements. ®

Electronics It's Easy is published

in book form. Volumes 1 and 2
may be obtained directly from ETI
at the address below for $3 per
volume (incl. post and packing).
Volume 3 will be published in Nov/
Dec this year.

Electronics Today, 15 Boundary St.,
Rushcutters Bay NSW. 2011.
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4000 SERIES,
Type Description Price Ea.

4001CN Quad 2-Input NOR Gate
4002CN Dual 4-tnput NOR Gate 38
4006CN 18 Stage Static Shift Register 1.78
4007CN Duat Complementary Pair Plus

Inverter 38
4009CN Inverting Hex Butter .86
4010CN Non-Inverting Hex Buffer 86
4011CN Qued 2-input NAND Gate 38
4012CN Dual 4-Input NAND Gate .38
4013CN Dual O Flip-Flop 89
4014CN 8 Stage Static Shift Register 1.53
4015CN Dual 4-Bit Static Register 1.53
4016CN Quad Bilateral Switch 89
4017CN Divide by 10 Counter Divider

with 10 outputs. 2.70

4018CN Presettable Divide by "'N" Counter 1.53
4019CN Quad AND-OR Select Gate 86.
4020CN 14 Stage Ripple-Carry Binary

Counter 3.10
4021CN 8 Stage Static Shift Register 153
4022CN Divide-by-8 Counter/Divider 3.10
4023CN Triple 3-Input NAND GATE 38
4024CN 7 Stage Ripple Carry Binary

Counter/Divider 1.20
4025CN Triple 3-Input NOR Gate 38
4027CN Dual JK Master Stave FF with

Set and Reset 86
4028CN BCOD 1o Decimal Decoder 1.36
4029CN Presettable Binary/Decade,

Up/Down/Counter 1.75
4030CN Quad E xclusive OR Gate (74C86N)  1.00
4031CN 64 Bit Static Shift Register 3.37
4035CN 4-Bit Parallel in/Parallel/Out/

Shift Register 178
4040CN 12 Stage Ripple Carry Binary/

Counter Divider 161

4042CN Quad Clocked D Latch 3.10
4043CN Quad TRI.STATE NOR R/S LATCH 1.41
4044CN Quad TRI-STATE 1.41
4048CN Expandable 8-Input Gate .86
4049CN Hex Inverting Buffer 86
4050CN Hex Buffer 86
4051CN Single 8 Channel Multiplexer 1.41
4052CN Differential 4 Channel Muitiplexer 1.4
4053CN Triple 2 Channel Muitiplexer 1.41
4066CN Quad Bilateral Switch 1.07

Type Description Price Ea.
4069BCN Hex Inverter (same as 74C04) .38
4070BCN Quad Exclusive OR Gate (74CB6) 1.00
4076BCN TRI-STATE Quad Lateh (74C173) 1.4
14511CN BCD-7 Segment Decoder Driver

with Latch 3.38
14516CN Binary Up/Down Counter 2.94
14518CN Dual BCO Up/Down Counter 250
14520CN Dual 4 Stage Binary Counter 3.20
14553N 3 decade Counter/Oriver 8.90
74C SERIES.
74COON  Quad 2-input NAND Gate 38
74C02N  Quad 2-Input NOR Gate .38
74C04N  Hex Inverter (CD4069) .38
74C08N  Quad 2-input NAND Gate 38
74C10N  Triple 3-input NAND Gate .38
74C14N  Hex Schmitt Trigger 1.75
74C20N Dual 4-Input NAND Gate .38
74C30N  8-Input NAND Gate .38
74C32N Quad 2-Input OR Gate .38
74C42N BCO to Decimal Decoder 2.78
74C48N BCD to 7 Segment Decoder/Driver 2,94
74C73N  Dual JK FF with clear .86
74C74N  Dual D FF 88
74C76N Dual JK FF with Clear and present 88
74C83N 4 Bit Binary Full Adder 2.81
74C85N 4 Bit Magnitude Comparator 2.81
74C86N (Same as CD4030CN) 1.00
74C89N 64 Bit TRI-STATE RAM 10.72
74C90N 4 Bit Decade Counter 1.12
74C93N 4 Bit Binary Counter 1.35
74C95N 4 Bit Parallel Shift Register 153
74C107N Dual JK FF with clear 1.92
74C151N 8 Ch. Digital Multiplexer 3.20
74C154N 4 10 16 Line Demultiplexer 412
74C157N Quad 2 Input Multiplexer 3.46
74C160N Decade Counter Asynchronous Clear 1.75
74C161N Binary Counter Asynchronous Clear 1.75
74C162N Decade Counter Synchronous Clear 1.75
74C163N Binary Counter Synchronous Clear 1.75
74C164N 8 Bit Parallel Out Serial Shift Register 1.53
74C165N Parallel Loud 8 Bit Shift Register 1.53
74C173N TRI-STATE Quad D FF {CD4076} 1.41
74C174N Hex D FF 1.41
74C175N Quad D FF 1.41

Type
74C192N

74C193N

74C195N
74C200N
74C221N
74C901N
74C902N
74C903N
74C904N
74C306N
74C907N
74C908N
74C909N
74C910N
74C914N
74C918N
74C925N
74C926N
74C927N
74C928N

80C95N
80C97N
88C29N
88C30N

CMOS FROM TECHNIPARTS

Description Price Es.
Synchronous 4 Bit Up/Down

Decade Counter 1.75
Synchronous 4 Bit Up/Down

Binary Counter 1.75
4 Bit Register 1.53
256 Bit TRI-STATE RAM 17.75
Duat Monostable Multiplexer 1.78
Hex Inverting TTL Buffer .86
Hex Non-inverting TTL Buffer 86
Hex Inverting PMOS Buffer .86
Hex Non-Inverting PMOS Buffer .86
Hex Open drain N Channel Buffer .86
Hex Open drain P Channel Buffer .86
Dual High Voitage CMOS Driver 3.2
Quad Comparator 2.56
256 TRISTATE RAM P.O.A
Hex Schmitt Trigger 2.22
Dual High Voltage CMOS Driver 4.26

74C/925/926/927 NEW 4.digit counters having

internal multiplexing outputs — sourcing

drivers for Direct 7 Segment Drive with latch
Segment source current 80 ma, for more

information write or call in for data sheet. 10,90
TRI-STATE Hex Non-Inverting Buffer .86
TRI-STATE Hex Non-inverting Buffer .86
Quad Single Ended Line Driver 6.11
Dual Differential Line Driver 6.11

Post 50c¢ per order
Semiconductor orders $10.00 and over Post Free.

CMOS Data Book $3.70 Posted

ECHNI
ARTS

Woolworths Arcade,
95 Latrobe Terrace,
PADDINGTON. 4064
P.O.Box 118,
PADDINGTON. 4064
Ph: Brisbane (07) 36 1474
Trading Hours (8.30am — 5.00pm
Mon. - Fri., 8.00am — 11.15am Sat.)
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B KEF BI139

Superb 30 x 21 cm bass 20 to 1,000Hz. The KEF
driver, with solid flat rapge also includes mid-
diaphragm of unique range and high frequency
construction acting as a units, with dividing
perfect rigid piston, to gx. networks designed to link
clean, distortion free bass them into compatible
over the frequency range systems.

... The no-comprimise approach to uncoloured
sound,

An above average high quality
| loudspeaker, that brings out the
v best sound of ‘your stereo

equipment.

QS s

Hear the KEF Cadenza and the rest of the KEF
range at Hi-Fi Hut, 309 Victoria Road, Gladesville.

Phone 89 3571. (Next to the Pizza Hut) P

WHEN IT
COMES TO
ROTARY CONTROL
YOU CAN'T GO
PAST SOANAR
FOR LOW COST
QUALITY
POTENTIOMETERS

A high quality range of rotary controls, widely used
throughout the industry for applications in the
professional, industrial and entertainment
electronics field. Produced by advanced
manufacturing techniques using the highest quality
materials, these rotary controls conform to the
Australian standard specification AS 1347 (1972}

GANGED LOG
SINGLE A LIN
SWITCHED . 24 mm & 16 mm

Technical literature
available on request.

SOANARELECTRONICS PTY.LTD.

SALES OFFICES VICTORIA: B9 0661 ' '
NS W 780281
S AUST 516981 S
30 Lexton Road.Box Hill Vic. 3128 QUEENSLAND 525421 GROUP

Australia. Telex 32286. W AUST ' 815500




ELECTRONIC
SALS

297 Lt. Lonsdale St., Melbourne. 3000

Phone: 663-1785
TAPE RECORDER  Microphones
Dynamic 200 ohms Switched $3.50
P&P S50c.

PHILLIPS G.C.065.S Automatic
Stereo Turntable complete with
cartridge and stylus. Push button
operation, lift and 10 platter. Brand
new. ONLY $29.50 each. P/P $4.
S.C.R. BT100A — 300R. 300V. 4.5
amp. R.M.S. 2 amp average. 60c each.
P/P 25c¢.

PHILIPS Tuning Capacitors for AM.
SW and FM. $2. each. P/P 60c.

PHILIPS Beehive Trimmers. 4 to 25PF.
10 for $2. P/P 50c.

6.5mm Chassis Mount Switched
Stereo Sockets. 40¢ each. P/P 25¢.
Stereo Amplifier and R.F. Board 4
watts RMS per_  channel including
circuit diagram. Boards are compiete
with all transistors, capacitors —
resistors, etc. and are brand new —
famous make. Oniy $6 set P/P 60c.
Stereo balance meters, 1% x 7/8" x
1%’ 200ua. $2 ea P/P 40c .
50{2 3 watt wire wound pots. $1 ea.
P/P 2Sc¢.

1082 3 watt wire wound pots. $75c¢ ea.
P/P 25¢

6.8 UF 100v polyester capacitors for
speaker networks. 75¢ ea. P/P 20c.
Dual 50k push pull switch ots.
(Astor/Philips)car radio 60c ea. P/P 25¢
M.S.P. 250v. AC 3 AMP toggle switch.
$0c ea. P/P 25¢

Paddie switch. D.P.D.T. 250v AC 5A.
40c ea P/P 25c.

Transistors — AY 9150 PNP 60v 150w
-- AY 8110 NPN 60v 115 BOc ea. AY
8139 NPN — AY 9139 PNP 40v 10w
45c ea. AY 6120 NPN — AY 6121 PNP
50v 1A 40c ea. 2N5088 NPN PN 3694
NPN 10cea BF 198 — BF 199 NPN
20¢ ea. P&P 30c.

A.3065 TV/FM Sound System. I.C.
Silicone Dual In Line suitable for a
wide variety of applications including
T.V. sound_channeis — line operated
and car F.M. radios and mobile
communication equipment — brand
nhew. Only $1 ea. P/P 40c.

Balance Meters 12" x 7/8" x 1Y
Deep 200 UA $2.25 ea. P/P 40c.

M.S.P. 250V A.C. 3 AMP D.P. Toggle
swkt[.nes 50c ea. P/P 25c.

1034 3 watt. wire wound pots 75¢ ea.
P'P 25c.

7" Dia. Alum. Fans 240V A.C. $6 ea.

’I:{P $1. :

ultiple Electrolytics. 200 UF — 50
— 25 MF at 300V Plus 100 UF at

325V.vWw . $1 ea. P/P 30c.

LEVEL METERS 200 micro amp
sensitivity size 1'* x 1" x 3/4" $1.50
P/P 40c.

SOLENOIDS, — tape recourder t pe.
12V D.C. 530 coils. 1%2" x 12" x 3’/4"
$2 ea. P/P 30c.

TRANSISTOR RADIO. 5k miniature

mlt{:r:ea gots. 30¢ eal. P/P 15c¢c.
niature 9ang variable capacitors

30c ea. P/P 15c. et

Slide Pots. Single gang. 500824, 20KA,
25KA, 100KC, 200KA, 200KB
S00KA, 500KB, 1 meg.D, 35¢ ea, P&P
35c. Dual gang — 50KA, 250KB 1
meg.C, 2 meg.C, 60¢ ea. P&P 35c.

Skelgton Preset Pots. 100§ — 22082
470ﬁ 2.2K, 10K. 22K, 47K 10c ea.
P&P 20c.

Philips 852 d

ual cone 6" x 4 speakers
$2 ea. P&P 60c.
LARGE RANGE OF COMPONENTS
- GOVERNMENT AND
MANUFACTURERS DISPOSAL
EQU IPMENT, ALSO STEREQO AND
HAM GEAR ALWAYS IN STOCK.
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Ideas for
experimenters

These pages are intended primarily as a source of ideas. As far as reason-
ably possible all material has been checked for feasibility, component
availability etc, but the circuits have not necessarily been built and tested
in our laboratory. Because of the nature of the information in this section
we cannot enter into any correspondence about any of the circuits, nor
can we produce constructional details.

Electronics Today is always seeking material for these pages. Alf published
material is paid for — generally at a rate of $5 to $7 per item.

Disco autofade

&ENERAL INPUT {200mV)

R4 R6 R
VR, 5.6k 10k {See Text}
icq 10K
MIC. INPUT (5mV) 41 LOG
VR4 é
10k
LOG

AUTOFAOE
SWITCH
TO SUIT MIC.

FET1 ° 9
2N3819
d
o—¢ » —0
] ‘L
R? RS
1002 47k R10
™
3
25uF
26v VR4
SENSITIVITY CONTROL
1k LIN
—C3
SuF
Rg F1Y
10k
+15v

This is an autofade circuit for use in {larger than the voltage on the wiper of
discotheques and the like. This unit has VR4) the output swings positive and
advantages over voltage-controlled gain charges C3 (in about 4ms). When the
ICs which introduce distortion and noise voltage across C3 is sufficient the FET
by using a FET to switch the signal is turned fully on and the fade depth
gain characteristic. The principle may be  control is grounded hence attenuating
easily adapted into existing mixers. the signal. The FET turn off time is
The microphone is amplified by IC1 determined by R11, VR5 and C3 and
and fed to the input mixer (IC2 the gain  may hence be varied between 25ms and
of which is set by R) and to the com- 2.5s.
parator IC3. If the input is large enough
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Introducing the revolutionary

UD -XL EPITAXIAL cassette

Developed by MAXELL this completely new EPITAXIAL magnetic
U D material combines the advantages of the two materials (gamma-
hematite and cobalt-ferrite): the high sensitivity and reliable output
of the gamma-hematite in the low and mid-frequency ranges and the
excellent performance of the cobalt-ferrite in the high-frequency

- range. The result is excellent high-frequency response plus wide

dynamic range over the entire audio frequency spectrum.

Compared to chrome tape, sensitivity has been improved by more than 3.5dB. Be-
cause EPITAXIAL is non-abrasive, it extends to the life of the head. Consequently,
the UD-XL delivers smooth, distortion-free performance during live recording with
high input. When using UD-XL it is recommended that tape selector be in the
NORMAL position.

\ Fidelity is also ensured by a precision-manufactured cassette shell
with a special anti-jamming rib that provides smooth tape travel and
helps eliminate wow and flutter.

IS Another good idea of the UD-XL cassette is a replaceable
< self-index label. Simply peel off the old label and put on a new
one when you change the recording contents. No more mess

L@ on the label.
maxeill.

For further information please write to Maxell Advisory Service, P.O. Box 49, Kensington, N.S.W. 2033.

Magnetic material structure
Conventions! magnetic particls

Gamma hematite

1
Dimensional ratio 3/p =6 ~ 7
EPITAXIAL magnetic particls

¥
f 4 —
LG-mm hematite Cobalt ternite

— Py— —,l

10.5um}
Dimensional ratio &/, = 10 ~ 11
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Arrow scores a hit with these

THREE “SOUND” OFFERS!

Money Saver No. 1.

$475

This is value you would find hard to
beat. Comprising the well-known:

e NIKKO STEREO AMPLIFIER
Model TRM 500 with 22 w.p.c.

e AGS MR10 TURNTABLE
Semi Automatic with magnetic
cartridge.

e MICROTOWER SPEAKERS
Popular E.P.l. American speaker
system

This is an ideal Hi-Fi system and it
won't strain your bank account. You
owe it to yourself to hear it — bring
your favourite record in with you.

Money Saver No. 2

$625

nn ¥ ‘.:# Q “ "
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You should hear the magnificent
sound from these three famous
names:—

o GARRARD TURNTABLE
ZERO 100 with a Shure M91ED
cartridge

e MONARCH AMPLIFIER
Model 88 with 24 w.p.c.

o LEAK 600 SPEAKERS
Well known 3-way speaker
system.

These are narnes you know and
trust — beautifully matched
components, and a special “Arrow”
price you may never see again.

Money Saver No. 3

$149

That's Arrow’s special low price for:

GARRARD ZERO 100
TURNTABLE

Complete with Base, Perspex cover
and Shure MO1ED cartridge. Hurry,
50 units only at this remarkable price!

Features include:

o New design pick-up arm

o Magnetic bias
compensation

Split rotor design motor
Variable speed control
Illuminated stroboscope
Wow and flutter . 1% RMS
Rumble better than 60 dB

ARROW ELECTRONICS

342 Kent Street, Sydney (between King & Market Sts.) Phone 29-6731



iIdeas for experimenters

Pink noise generator

A useful method of frequency response
testing of audio equipment is to excite
the system with a random noise elect-
rical signal and then analyse the out-
put into its various frequency com-
ponents using narrow band filters. The
ideal noise signal is one having unit
power per unit bandwidth (this is
termed ‘‘white’”’ noise). The system
will be effectively driven by all fre-
quencies at once. The frequency
spectrum of the output will then be
the required frequency response of the
system.

However, the most common form of.
frequency analyzer uses filters with a
constant percentage bandwidth (often
one-third-octave). Thus an analysis of
true white noise would give a frequency
spectrum rising at 3dB per octave,
because the power in a noise signal is
directly proportional to the measuring
bandwidth.

Pink noise was developed to give a
flat frequency spectrum into such
filters. The output of pink noise gener-
ator falls at 3dB per octave. Normally
they are made by installing a —3 dB per
octave filter after a white noise source.
By a fortunate coincidence, the electric-
al noise from a 741 operational amp-
lifier, when connected as shown, does
have a pink noise frequency spectrum.

The circuit is simply three high gain
operational amplifier stages cascaded.
The first stage generates internal elec-
trical noise which is amplified to
approximately one volt rms by the two
following stages. The circuit must be
laid out as closely as possible to the
schematic  diagram, and carefully
screened, because the input stage is

AW —o
1.2k ey
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220nF
R |
e w0

very sensitive to extraneous signals and
could pick up hum or oscillate due to
capacitive coupling with the output.
The prototype is run from a PP9
battery, mounted inside the case, to
further reduce any possibility of hum
nick-up.

The output does have a slight roll-off
from a pink noise characteristic, starting
at about 100 Hz. This is caused by the
ac coupling between stages in the circuit
which is necessary to prevent dc
fluctuations from saturating the output.
Also there is a roll-off at the high fre-
quency end caused by the internal
compensation in the operational amp-
lifiers. There is, nevertheless, useable
output up to 25 kHz.

My apologies are due to the manu-
facturers concerned for using their
devices in this unorthodox fashion. It
may be useful to point out that the
cheaper brands of 741 op-amp are likely
to have higher noise levels and thus be
more useful for this particular purpose.

Car lights reminder

This circuit ensures that car lights are
switched off when the ignition is turned
off.

Any low power silicon rectifier diode
will be satisfactory together with a
suitable 12 V buzzer or bell. Only two
connections are required. The alarm will
sound if you leave the lights on after
cutting the ignition.

-16 01
AR Pt | o I o
L BUZZER
LIGHT D1 _ IGNITION

SWITCH © BY126 SWITCH
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SlAR
DELTA GO.

PTY. LTD.

TRANSFORMER
MANUFACTURERS

We can supply transformers,
chokes, etc. for most of the
projects featured in Electronics
Today at competitive prices.

We also manufacture a range of
transformers in single and three
phase up to 20 KVA, all

manufactured to comply with
the relevant Australian Stan-

dards.

8 East St.,
Granville, N.S.W. 2142
P.O. Box 31, Phone 637-7870

"COWPER™

Cabinets and chassis for all
projects featured in this
magazine are available from

COWPER SHEETMETAL
& ENGINEERING
11 Cowper Street,
Granville, N.S.W. 2142
Phone 637-8736
(P.O. Box 31)
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SYDNEY: 718 Parramatta Road,
CROYDDN, N.S.W. 2132, P.O. Box 43,
CROYDON 2132 Phone: 797-614.

™ SYDNEY (CITY): 432 Kent Street,
Sydney. Phone 29-7426
NEWCASTLE: Shops 3-6 West End
Arcade, 810 Hunter Street, WEST

EWCASTLE 2300. Phone: 69-2103.

PRE_PAK) FoRr MICROPHONES

ELECTRET CONDENSER MICS
EM86DUNIDIRECTIONAL

DUAL IMPEDANCE $26.50
P&P $2.50

EM82 OMNIDIRECTIONAL

LOW IMPEDANCE $20.45
P&P $2.50

O 10 BUDGET OMNIDIRECTIONAL

oqu EDANCE $13.95
P&P $1.50

DYNAMIC MICROPHONES

DM1000D UNIDIRECTIONAL

DUAL IMPEDANCE $23.25
P&P $2.50

DM17 LOW IMPEDANCE

SUIT SMALL TAPE RECORDERS 22.49
P&P $1.50

PRE PAK) FOR CHEMICAL SPRAYS
1 9 10-99 P&P
ea

CRC 226 60z Can 1 75 $1.40 $1.50
CRC 226 160z Can 3.85 $3.08 $1.50

CRC Rapid Freeze
160z Can $4.14 $3.31 $1.50
CRC Go Contact
$2.99 $2.39 $1.50
25.18 24.14 21.50
CRC Zinc It 3.04 $2.43 $1.50

MAGNAVOX 830

(PRE_PAK) FoR SOLDERING IRONS

WAHL Cordles 12v with rechargeable

batteries and cradle 35.90
P&P $3.50
ADCOLA RS50 240v 5mm Tip $10.00
P&P $1.50
ADCOL A S30 240v 3mm Tip 9.45
P&P $1.50
ADCOLA S65 240v 6.5mm Tip $11.45
P&P 1.50

ADCOLA D30 240v Duo Temp
3mm Tip $13.95
P&P $1.50

ADCOLA D50 240v Duo Temp
mm Tip $;?gg
SCOPE SUPERSPEED $12.50
P&P $1.50
SCOPE MINISCOPE $13.75
P&P $1.50
SCOPE TRANSFORMER $14.45
P&P $2.50

Cleanar 602
PRE PAK) roR A FAIR OEAL

CRC Go Contact
sx

Cleaner 1602
P&P $2.50

Speakers

PHILIPS 1" $

PRE_PAK) FoR CIRCUIT BOARDS

ETI 004 65 P&P $1.00

[=1017]
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PRE_PAK)FOR SEMICONDUCTORS

1-9 10-99
each each

LM340T — 5 !7805 Reg) 1.95 $1.75
LM340T - 12 (7812 Reg) 1.95 $1.75
LM340T — 15 (7815 REg) 1.95 $1,75
74C00 .50 .45
74C02 .50 .45
AD161 21.90 21.70
62 1.90 $1.70
BC547 Philips .26 .22
BC548 .26 .22
BC549 .26 .22
BC557 .26 .22
BC558 .26 .22
BC559 .26 .22
BC639 .55 .50
BC640 .55 .50
BD139 .85 .75
BD140 .85 .75
BD266A 2.55 $2.30
BD267A 2.55 $2.30
C106Y1 SCR 30v 4A .88 .80
C106D1 SCR 400v 4A 1.55 $1.40
C122D SCR 400v 8A 2.00 $1.80
C122E SCR 500v 8A 2.25 $2.05
NSL 5023 LED RED .40 .30
BF173 .85 .78
LM3900 1.70 $1.60
LHO070 — 2 4.50 $4.00
4011 4 .40
4013 1.10 $1.00
4016 1.05 95
4017 2.95 $2.55
TT800 5 5
MPF105 61 .55
LM555 .95 .75
1.M3909 $1.50 $1.40

Dome Tweeter 1§
AD160TDS8 P&P $2.00
18.95
AD8066WS8 40WRMS BASS P&P$$2.00
$19.05
AD5060 SQ8 P&#P $2.00
PHILIPS 3 WAY X OVER $15.50
AD500-4500-8 P&P $1.50
.FOR BARGAINS
AVAILABLE ONLY AT CITY
AND NEWCASTLE STORES
APAN BRA121 TURNTABLE with
base, cover and Mag. cart. with
Servo controlled AC Motor $139.50
CR525 Car Stereo Speakaers
Door mount. $9.50 PAIR
CV679 DC. DC Converter
12vto 6 or 9 $5.50
PM145 8 InPut ‘Mixer Kit
(only few left $89.50

SORRY NO MAIL ORDERS ON ABOVE
LINES

A&R PT2155A 15v tapped to
6v@ 1A

P&P
A&R PT6474 12v CT 6v 150ma_ %4
&
FERGUSON PL6-5VA to

PRE PAK) For TRANSFORMERS

PRE PAK) roR HI FI

APAN TURNTABLE WITH BASE AND
COVER

BMU manual 115.00 P&P $10.00
BRU semi auto 130.00 P&P $10.00
BFU automatic 150. P&P $10.00
JELLCO CARTRIDGES
MC9 6.95 P&P $1.50
MC15D 11.50 P&P $1.50
MC14D 13.50 P&P $1.50
MC15E 14.95 P&P $1.50
MC14E 19.95 P&P $1.50

GARRARD TURNTABLE
WITH BASE & COVER

MODEL 62 less cartridge $6.50
P&P $10.00
MODEL 6-300 with Shure MY5 69.50
P&P $10.00
MODEL 6-200 with Ceramic
Cart. 259.50
P&P $10.00
MODEL 6-100 with Ceramic
Cart. 252.50
P&P $10.00
CORAL 82A1

speaker kit $37.50 P&P $3.50
CORAL 10SA1

speaker kit $61.50 P&P $6.00
CORAL 125A1
speaker kit $85.50 P&P $7.50
JETSOUND 8-3

speakaer kit $18.75 $3.00
JETSOUND 10-3

speaker kit $27.50 $3.00
JETSOUND 12-3

speaker kit $38.50 P&P $4.00

26.50
P&P $2.00

A&R PT5503 17v 4A Battery

harger $15.95
3.00

.95
2.00
PL.24.5 26.50
P&P $2.00

FERGUSON PL12-20VA to

PL50-20V 27.95

P&P $3.00

STEREO AMP $12
P&P $3. 00

FERGUSON PF3993 EA 25W

PRE PAK) FOR BATTERY CHARGERS
& POWER SUPPLIES

A&R PS228 2.5A 12 or 6v $26.95

&P $2.50

A&R PS269 1A 12 or 6v $;g.gg
A&R PS201 N1 Cad Battery ’

Charger $§;88
A&R PSO164 24009, 7.5, 6, ’

4.5 300MA $19.50

P&P $2.00

MAIL ORDER ADDRESS
432 Kent Street, Sydney.

PRE PAK) FOR SPECIALS

Magnavox speaker 6°° AX twin

cone 8n 4.50
P&P $1.50
Rola 2’ 25n speaker 1.00
P&P $1.00
Motor speed control kit 4.50
P&P $1.00
2 Transistor radio kit 4.50
P&P $1.00
Morse Code kit 24 .50
P&P $1.00
Push button car radio kit $20.00
P&P $2.00
Pack of 100 mixed %W
resistors g .
P&P 1.00
Pack of 100 mixed 400v
capacitors 2.95
P&P $1.50
Pack of 12 mixed electros 2.50
P&P $1.50

29-7426

BANK GARD WELGOME

CROYDON STORE Open 7 days weekly

FOR NEW PRODUCTS

MA 1002 B 12 Hour Clock Chip $15.00

P $1.50
MA 1002 D 24 Hour Clock Chip_ $15.00

P&P $1.50
Clock Chip with components
including transformer $2

P&P
Transformer
P&P

NNWN
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0
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No matter how carefully they are handled and stored, gramo-
phone records pick up a surprisingly large amount of dirt.
Some of this dirt will be removed by devices such as the Dust
Bug but none can cope with ingrained dirt. This must literally
be scrubbed out using a great deal of water and wetting
agents.

Keith Monks Audio manufacture a very ingenious machine
which washes, scrubs and then uses a vacuum pump to remove
all remaining debris and washing liquid.

W.C. Wedderspoon, Keith Monks’ Australian agents recently
lent us one of the machines for a few days. The machine really
is effective. We cleaned about fifty records — some very old
LP’s dating back to the early 1950’s — and were genuinely
surprised just how free of surface noise they became,

The record to be cleaned is placed on a rotating platter and a
brush assembly swung across. A mixture of industrial alcohol
and distilled water is then pumped over the record’s surface
and the brush lowered onto the now revolving record for a
tew seconds. This action loosens all the dirt trapped in the
grooves and this dirt together with the washing liquids is then
sucked up by an inbuilt vacuum cleaning device which travels
slowly across the disc.

The total operation takes about one and a half minutes per
record side.

Wedderspoon’s tell us that the machines are so popular —
mainly with broadcasting companies — that they are exported
to forty seven countries. Apparently quite a few are bought by
wealthy hi-fi enthusiasts. So for the man or woman who has
everything. ..

BONY  siseo soascr oson | BT Wi

Philips Electronic Systems (Vision & Sound), have
introduced a motional feedback speaker for broadcast
monitoring applications.

The new RH 532B accepts a balanced line-level input of
600 ohm impedance enabling standard distribution signals to
be used.

The speaker unit is made up of three special speakers, two
power amplifiers and a power supply. Electronic crossover net-
works are between the bass and treble drive units.

The bass amplifier delivers 40 watts to a 203mm speaker
while the treble amplifier delivers 20 watts to a 127mm mid-
range speaker and 254mm dome tweeter.

ELCASET LATEST

Last month’s Audio Facts reported the development of the
ELCASET, a new large format tape cassette intended for high
quality music reproduction etc.

But no matter how good the cassette may be in theory it's
useless without ready availability of appropriate hardware.
Sony, TEAC, and Matsushita — the new cassette’s sponsors —
have each announced that they would soon produce the
necessary hardware, and both Aiwa and JVC state that they
too will support the new venture.

Sony however appear to have stolen a march on them all for
Sony unveiled two Elcaset machines at the recent (US) CES
show. Superscope, Sony’s US distributors plan to distribute
the Sony ELCASET decks and cassettes next year.

In the meantime — guess who's got an ELCASET deck for
review!
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You only
have fo take

one a year

RECORDS
CASSETTES
CARTRIDGES

Whether it's records, cassettes or 8-track cart-
ridges, World Record Club has much to offer
you in all kinds of music-classical, light and
pop! And you only have to take one a year—
one record or cassette or cartridge. Records
from $3.65 to $4.25, cassettes $4.50, cartridges
$4.75 . . . you enjoy significant savings, what-
ever your choice. Send for details without obli-
gation via the coupon below. There’s no en-
trance fee, no catch, no hidden conditions.
You order only what you want-and are sent
only what you order.

TO: WORLD RECORD CLUB,
605 Camberwell Road, Hartwell, Vic. 3124

Please send me without obligation details of your
programme on Record, Cassette and Cartridge.

NAME M
ADDRESS

POSTCODE

9L'6'1L3

NEW CAR SPEAKERS FROM PIONEER

Pioneer Electronics have released five completely new loud
speakers for car stereo systems. They are the TS-35,
TS-164, TS-570 and the TS-571.

The TS-35 is a high powered (40 watt) box type speaker
designed to fit on the rear parcel shelf. It can also be separated
from its box and flush mounted in the door, kick panels or
other suitable surfaces. An aluminium voice coil enables the
unit to handle high power output without physically increas-
ing the size of the speaker or magnet.

The TS-164 and TS-165 are unique in that they have a

tweeter mounted on a mushroom type stalk in the centre.

This ensures that sound from the large woofer is not hampered
by a co-axial bridge.

Both speakers handte 20 watts maximum power. {The TS-165
has a 20 oz. magnet rather than the 10 oz. used in the
TS-164).

The TS-570 is a dual cone 5°° x 7" loudspeaker, with a 10 oz.
magnet and capable of handling 20 watts maximum power —
this unit has been made specifically for the Australian market.

Six mounting holes will ensure the unit will fit all Australian or
Japanese cars

The TS-571 is of the same basic design but has a separate
tweeter suspended across the woofer.

ELECTRONICS TODAY INTERNATIONAL, SEPTEMBER 1976
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WE SOUND BETTER

The finest stereo sounds in the world.
The Marantz line isn’t just a pretty
face: There’s a whole lot of highly
complicated thinking, years of exper-
tise and skilful technology going on
inside.

Marantz has a world-wide reputation
for quality, precision, reliability.

3E§e-rythlng ydu ever wanted to hear in

Hi-Fi — but thought you could never
afford!
The AGS component range is finding

 its way into more and more homes
- where once the 3-in-1, or 4-in-1 or 1-4-all
- reigned in total,
~ supremacy.

" Most record collectors today realize

uncompromising

the way to better sound is through
compo_ri&ﬂ systems — systems that are
co-ordinated to bring matched elec-

L NS
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- renowned amplifier range . .

It comes as part of the parcel in our
. with the
family of fine pre-amps and power
amplifiers and receivers

tuners . . . HD speakers . . . cassette
decks . . . iurntagles. It’s a reputation
we believe is well-earned. We intend to
keep it that way.

tronic units all working in perfect
harmony to produce an end result of
realism and clarity no totally inte-
grated single units could ever do.

An AGS music system is simplicity it-
self to operate — and matching extras
such as cassette decks and tuners are
available.

There’s an AGS music system priced
for your pocket.

Hear a practical demonstration at the
Home Shows.
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Y‘?u never heard it so good.
A full range of audio equipment that
doesn’t cost the earth to run.

Striking magenta illuminated dial of
Superscope equipment underscores
t?e brilliance of this complete new line
of stereo receivers, components and
compact music centres. There are port-
able tape recorders and speakers too
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SUPERSCOPE.

Listen to us

e

'- —
LA LT ‘ %

)

— and all priced for the sound-con-
scious shopper.

You can see a representative range of
Superscope at the Hi-Fi Shows but, for
a more comprehensive selection, catch
the Sun International Home Show in
Melbourne or the Better Living
Exhibition at the R.A.S. Spring Fair in
the Sydney Showground.

AND NOW FOR THE AUDIO FILE

magnificent range of audio goodies
signed especially for the audiophile
o’s well into sound — and knows
right where it’s at!
Ffom the luxuriant majesty of Klipsch
hérn-loaded speaker systems!

e dynamic _yéq'amite of dbx!
. . 3 'v_« ' ; 3 . )

Toar T
s AARE

The exquisitely delicate tracings of
ADC cartridges! To the uncoloured,
uncluttered sounds of Epicure loud-
speakers. ' _

These are just a few of the little
luxuries coming your way every day
from. . . Auriema




Shop Around Australia
for QUALITY HI-FI
and you’ll come to know

auriema

The Big, Supermarketplace
for SOUND
Auriema (A’asia) Pty Ltd
PO Box 604, Brookvale, NSW. 2100.
Telephone: 939 1900

AUSTRALIAN HI-FI AUDIO SHOWS
Brisbane 27-29 August Park Royal Motor Inn
Sydney 3-5 September Boulevard Hotel
Melbourne 10-12 September Hilton Hotel
Adelaide 24-26 September Hotel Australia

1ST AUSTRALIAN |
CONSUMER ELECTRONICS SHOW
Svdney 4-8 August Hilton Hotel

[

Please send me information on the following:

I O Marantz O turntables l
l [0 Superscope O amplifiers I
‘ 0O dbx O tuners
O Klipsch 0 receivers
l O Epicure O cassette decks I o O
O AGS 0 speakers
l O ADC/BSR I
Tick brands and products as required
| DEAINIES S 50 1y £ S R Sh 35 I
I ADDRESS. .15 tniaa i el thomas s s & I



Stereo and speaker phase

In Please Explain in August ETI you
outlined a procedure for checking the
phase of the loudspeakers in a stereo
system. Surely this method will set up
the speakers out of phase: the facing
speaker cones will move back and forth
a fixed volume of air, resulting in a
quieter signal at the ear.

if, however, the speakers are cor-
rectly sired the in-phase pressure waves
will oppose each other, but in doing so
they will force air out of the gap
between the cabinets and suck back air
into the gap — a loud signal will be
transmitted to the ear.

Also the reference to constructive
addition is wrong; in-phase bass signals
are normal so phasing cannot over-
emphasise the bass.

B.W., Sydney.
All we can do is apologise for letting
that one slip through; | wonder how
many of you spotted it?

Here then is the corrected method:
Place the speakers 30mm apart with the
fronts facing each other. Listen to a
mono signal with the speakers wired
first one way and then the other. When
the speakers are correctly wired the
signal will be louder.

VU meters

Please explain VU.

D.V., Canberra.
The volume unit {VU) is used to specify
a change in volume for a complex audio
waveform, as indicated on a V.U meter.
It is the same change in volume as that
of a sine-wave changing by 1 dB. Com-
plex waveform changes are difficult to
measure because there is no specific
relationship between volume and
power: for a speech waveform the VU
meter reads somewhere between the
average and peak values.

The operation of the VU meter is
controlled by the ballistic character-
istics of the movement and the rectifier
circuit and they are designed to have a
dynamic characteristic approximating
to that of the ear. Many cheap meters
marked with VU scales have normal
sensitive movements and do not read
true VU.

The reference level for calibrating
VU meters is 1 mW in a 600 ohm line
(ie, 773 mV), the same as the reference
level for dBm. However, a VU meter
connected across a 600 ohm line will
indicate zero dBm (1 mW) at minus four
on the scale, and zero VU will be in-
dicated by +4 dBm or 1.228 V. The
scale covers —20 to +3 VU, and these
numbers can be read as dBm leveis as
long as the meter attenuator is set to
+4 dBm.
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Why MPU?
In your microprocessor articles you use
MPU as an abbreviation for micro-
processor. What does MPU stand for?
K.F., Melbourne.
The central processing unit of a full-
scale computer is called (for obvious
reasons) the CPU. When Motorola
launched their microcomputing system
they called their microprocessor the
MPU, short for micro-processing unit.
Other manufacturers have used uP as an
abbreviation (u for micro and P for
processor).. These two are the only

abbreviations we are likely to use in
ETI.

Relays and diodes
Please explain why sometimes you
put diodes across relays and some-
times you do notl{for instance, in
your Automatic Car Theft. Alarm
project RLA has a parallel diode and
RLB does not).
What determines when a diode should
be used?
What is the basis used to choose bet-
ween, say, EM401, 1N914, OA47, and
0OA90?
Does it make any difference if a reed
relay is used?

R.A.V., Oakleigh.
As a simple rule you should always
put a diode across a relay when it is
in series with a transistor. More spet-
ifically, the diode should be used
when a transistor is used to turn the
relay off.

This is what happens when one
side of the relay coil is disconnected:
As the coil is an inductor, it cannot
immediately stop passing current so
a voltage builds up across it. When
a transistor is used to switch the relay

ELECTRONICS TODAY INTERNATIONAL, SEPTEMBER 1976

off this voltage appears across the
transistor. Even with a miniature
relay and a low supply voltage this
can reach 100 or 200 volts! And a
voltage like that on the collector of
the transistor is more than enough
to break it down.

Putting a diode across the coil
provides a circuit for this current
so the voltage on the collector does
not build up (it simply increases until
it has overcome the forward voltage
of the diode and stays at that level
until the current has died down).

Almost any diode will do; it has
to be able to handle the current nor-
mally taken by the coil, but this is
usually smalli so any common diode

will do. The 1N914 is faster than
the EM401.
Because the diode enables the

current to flow back through the
relay, it slows down the response of
the coil.

. If speed is important then the sooner
the energy can be got rid of the better.
This means quicker response can be
obtained by allowing the collector
voltage to rise to a contolled extent,
within the maximum safe limit for
the transistor being used. This can
be done by using a zener diode or
a resistor rather than a simple diode.

To find the required value of resist-
ance use Ohm’s law on the maximum
safe voltage and the normal coil current.

Protection, using one of the methods
outlined above, should always be
used when a transistor is used to switch
off a relay coil. In the car alarm project
RLB is switched on by a transistor
but is switched off by a mechanical
switch (the transistor remains on for
a while). In this case the high voltage
builds up across the switch and causes
no problems.
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As a Radio Technician What will you earn: In the first year
you'll be trained to repair and you'll earn in excess of $60 a week, thh

service all typesofradio =  annual increases thereafter. When you’ ve
equipment, navigation aids, successfully completed your initial
radar and advanced trammg, you re on full adult pay.
telecommunications . What todo: To
equipment. Basic  * | find out more about
computer principles _ your future as an
are also taught. | Apprentice in
It’s a fast moving, * Today’s Air Force
different kind of phone
apprenticeship with _ Adelaide 223 2891,
plenty of action. And # Brisbane 31 1031,
you really get looke Townsville 71 3191
after. Good pay. Hobart 34 7077,

New friends. New
places. Sporting
activities. Your own ¥
recreation club.
How old: You
must be no younger |
than 15 and no older

Melbourne 61 3731,
Perth 22 4355,
Sydney 212 1011
Newcastle 2 5476
Wollongong 28 6492,
Canberra 47 6530,
or mail the coupon to

than 17, this coming | the Air Force
January. Apprentlceshlp

What do you ~ Counsellor, GPO
need: You must have + Box XYZ in your
completed or be in "'+ nearest capital city.
the process of O : %, [Pleasetelimemore |
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Here's a chance to let other ET! readers know about
items you have to sell — or wish to buy.

We'll print your 24 words {maximum) totally free of
charge. Copy must be with us by the 18th of the month
preceding the month of issue. Please, please write or pre-
ferably type your adverts clearly, using BLOCK
LETTERS.

This section is available to private readers only — it is
not available to commercial organisations.

If, like many of our readers, you'd prefer not to cut up
your copy of ETI, just make a copy of the relevant part
of this page. Please make it the same size as the original
— and write your copy using BLOCK LETTERS.

PLEASE USE BLOCK LETTERS

CONDITIONS

Name and address plus phone number (if required) must be
included within the 24 words allowed.

Reasonable abbreviations, such as 25 Wrms, count as one word.

Private adverts only will be accepted. Please let us know if you
find a commercial enterprise using this service.

Every effort will be made to publish all adverts received —
however, no responsibility for so doing is accepted or imp-
lied.

THE FIRST ADS

Ads had just started coming in when this issue went to
press. Here are the first few.

SALE OR EXCHANGE W resistors, electro caps, diodes,pots,
greencaps, trimpots, transistors: BCle. BC109, 3055, 2N3702,
BC213L, new condition electronic books. B Oliver,5 Wiangarie

Street, Casino,NSW.

WANTED circuit diagam for octave divider suitable for use with
electric guitar. Write Karl May, 10d Endeavour Gardens, Launceston
Street, Lyons 2606.

PHILIPS SPEAKER ENCLOSURES 7A kit, similar 14 12100/W8
woofers, AD5060 midranges, ADO 160T tweeters,crossovers,
pineboard , h 30in w19% d12%. $200. M O’Brian, 93 O’Brian
Parade, Liverpool 602-6045.

ETI440 25Wrms amplifier. Requires 8 ohm speakers,Fully
built and tested,$80. Not a kit. Salvatore Sidoti,3 Paling Street,
Leichardt. Phone 660-5120, anytime after 6pm.
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Build this

Audio
Intermodulation
Analyser.

Ideal for critical 1M distortion checks on stereo and
4-channe! components

Three audio test instruments in one. An AC VTVM,
wattmeter and [M analyzer are combined in one
compact package. High and low signal sources are
built in for IM tests. Noninductive load impedance
of 4, 8, 16 and 600 ohms are switch-selected.
120/240 VAC, 60/50 Hz, 20 W. Measures 8%"" H x
13" W x 7" D.

Kit IM-48 Shpg. wt. 121bs. . .. ................

IM-48 SPECIFICATIONS

Frequency response: AC VTVM, 10 Hz to 100 kHz (¥1 dB).
Wattmeter, 10 Hz to 50 kHz (31 dB). IM Analyzer {(High
Pass), 2000 Hz to 12 kHz. IM Analyzer (Low-Pass) 10 Hz
to 600 Hz. Sensitivity: AC VTVM, 10 mV full scale max.
Wattmeter, .16 mV full scale max. IM Analyzer, .04 V min.
HF or .17 V LF and HF mixed 4:1. Ranges: AC VTVM,
.01, .03, .1, .3,1, 3, 10, 30, 100, 300 V rms full scale.
DBM, —40, —30, —20, —10, 0, +10, +20, +30, +40, +50,
reads —65 to +52 dbm. Wattmeter: .15, 1.5, 15, 150 mWw;
1.5, 15 W. IM Analyzer: 1%, 3%, 10%, 30%, 100% full
scale. Output Impedance: 3000 ohms (600 ohms when
shunted by 750 ohm resistor). Accuracy: AC, VTVM and
Wattmeter, 5% full scale. IM Analyzer, within 10% fuil
scale. Power Supply: Transformer, full wave rectifier.
Power Requirement: 105-125 or 210-250, 60/50 Hz.
Dimensions: 13" W x 8%" H x 7" D.

ADELAIDE 356-7333 ® BRISBANE 52-7255 @ HOBART 23-1841

MELBOURNE 699-4999 @ PERTH 65-7000 ® SYDNEY 648-1711
OWELLINGTON N.Z. 698-272
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220 Park St., Sth Melbourne, 3205 £
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S . . . . . . ..
P
3}
3
[4-]

...................... Postcode ... ..
h-------------------

117



COPYRIGHT St, West End. Brisbane. Te) 44-3485

The contents of Elect_ronics 'l:oday Interpationa! and associated publications Adelaide: Ad Media Group, 68 North Terrace,

is fully protected by international copyright under the terms of the Common Kent Town, 5067. 42-4858.

wealth. Copyright Act (1963). ) ' o Perth: Aubrey Barker,

Copyright extends to all written material, photographs, drawings, circuit 38 Mounts Bay Rd. Tel 22-3184.

diagrams and printed circuit boards reproduced in our various publications. T ) ]

Although any form of reproduction is technically a breach of copyright, in Eg[},;’;'t_%W{'Wécﬁx%"eﬁyo{[‘7‘3'0"3‘2'32?'- =

practice we are not concerned about private individuals constructing one .

or more projects for their own private use, nor by pop groups (for example) e e e e ot

constructing one or more items for use in connection with their

performances.

Commercial organisations should note however that no project or part lE;:leck/rlonics Today International is published

project described in Electronics Today International or associated publica- Bf,und%?f/'gt, MRaugsanzc'GftsergHaoalgmr\glgw lit(?l'l.llst

tions may be offered for sale, or sold, in substantially or fully assembled is printed (In 1976} by Wilke & Co Browns

form, unless a licence has been specifically obtained so to do from the N s e T B Saeutes By

publishers, Modern Magazines (Holdings) Ltd or from the copyright holders. *Recommended price only. Copyright.
v 44

118

electronics today s=R2Sescrs noex

A& R SONET.......iiinieeee
AKai.....co.o......
Ampec Engineering .
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At 160 watts per channel,
you’re in charge in the sound department.

Pioneer s new SX-1250 AM/FM Stereo
receiver. Continuous power output 1S
160 watts per channel minimum RMS
at 8 ohms from 20Hz to 20.000Hz with
no more than 0.1% total harmonic
distortion. With high performance
power like this, total sound manage-
ment is right at your fingertips.

Just as an example, today's advanced
recording techniques capture the entire
sound spectrum of a musical program
Owning.the SX-1250 assures that you
will receive the full acoustical value of
this achievement. Enormous power is
maintained by the use of a large
Toroidal-core transformer and four
22.000.:F electrolytic capacitors.

To insure that this incredible power is
delivered with the absolute minimum
distortion. RIAA equalization is precise

4D PIONEER 8TEREC RECEIVER MOOEL SX-1280

within =0.2dB and the phono overload
level is extended to 500mV {(1kHz,
THD 0.1%) with input sensitivity held
at 2.5mV. The step-type attenuator
volume control is calibrated for direct
readout of the decibel amount. And an
infinite variety of tonal adjustments can
be achieved with Pioneer's unique
Twin Tone Control System

Perfectiy complementing the ampli-
fier section is the outstanding perform-
ance of the FM tuner. A 5-gang vanable
capacitor and three dual-gate MOS
FETs are combined to provide high
performance spurious rejection. an
effective sensitivity of 1.5,V and the
S/N ratio is 74dB (stereo). Annoying
drift is avoided via the sophisticated
PLL (phase-locked loop) circuitry in the
MPX section. Thus, switching signals

Power Output qFS;n_silivily Alternate WM input Pree Output
(20-20kHz, 8 ohms, |(IHF) Channel |Phono|[Tape Mic [ Aux.|Speaker| Tape Rec./[ 4-ch,
T.H.D. 0.1%) Selectivity Monitor/ Pairs Adaptor MPX
g B - ____|Adaptor
SX-1250 | 160W x 2 1.5V | 83dB 2 3 2 1 3 3 1
$X-1050 | 120W x 2 1.8V 80dB 2 3 2 1 3 3 1
LS_X_?.':_O__i_ 85W x 2 1.8uV 80d8B 2 _L -i_ 1 1 k] - 1

Dolby is a trademark of Dolby Laboratories. Inc
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‘ SX-1250

and effective stereo separation Is
guaranteed at all times. Flexibility was
a determining factor in the final design
of the SX-1250. Low and high filters,
a Tape Duplicate switch, anti-birdie
filter. FM muting. loudness contour
switch, multipath switch. Terminals for
two turntables, two tape decks. three
sets of speakers, a Dolby* noise reduc-
tion unit and independent inputs for
left and right channel microphones.
Pioneer's new SX-1250 stereo receiver.
Power to manage your sound. Power to
control it. Power to recreate the true
excitement of the original performance
Power to capture the brilliance of every
note that's played. The SX-1250
power to play it any way you want

Pioneer Electronics Australia Pty, Ltd.
178-184 Boundary Road, Braeside,
Victoria 3195 Phone: 90-9011, Sydney

_ 93-0246, Brisbane 52-8231. Adelaide

433379 Perth 76-7776

OPIONEER

leads the world in sound.




FR-5080S

The True Hi-Fi
Full-Automatic Dlrect-Dr

Test drive it. -

combination. ;
It's the one with brushless DC servomotOt tq el
keep wow/flutter to an amazing 0.03% WRMS or Ios%
ratio better than 62dB.
d It's the one with strobo fme-adjust wrth strobo.
rotation speeds are absolutely perfect
3 “And the one with ;
-16-pole, 3-rpm year motor that
"frvm fhe tgrlxearm {mknge..

nly‘hﬁd ina manuél And that's precu;‘ld‘i
You already know thata bangmrx;t
nvolve yourself




