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The [ Ching came out of the far
East even before transistor
radios. If you're planning to
build our | Ching computer,
you may want to know why.
Danny Bakan offers enlighten-
ment.

IN SOME CIRCLES the ! Ching
{translated it means Book of
Changes) 18 a common reference text
for all life sltuations, At least a third
of the world [s aware of its valldity as
a valuable and useful work. But most
electronlcs and computer en-
thuslasts in the western world, lost in
their “Dragons and BDungeons”
rulebook and up to thelr ears in
diodes, have nevar heard of this vital
wark of Chinese wlsdom Not that
there aren't connections between
electronics, binary codes, modern
physles and ancient Oriental
mysticism,

In this Issue of ETI you'll find an
artlcle on how to make and use the |
Ching computer, basleally an In-
ovative method for randomly selec-
ting one of the 64 hexagrams (six lin-
ed figures) of the Book Of Changes
The haxagram is selected in response
to a question asked of the ! Ching
Traditionally, !} Ching has been used
as an oracle and as a means of
dlvination (foretelling the future and
recelving advice). One asks a ques-
tion of the { Ching as If the | Ching
were a wise and Informed person.
Then, in a contemplative and
meditative state of mind, one uses
one of several methods to randormly
select ona or morge of the 64 hex.
agrams. The hexagram is then ex-
amined, and the accompanying text
Is read and Interprated to form the
answer of the question asked. The [
Ching In this way Is sean as a “living
text”. The book Is consldered as one
would a person who is an avid conver-
sationallst. The conversation can he
on a cosmic scale or about trivia,
about the colour of one's shoes or

‘?: naws of state. On all of these things

he { Ching I8 considered a glver of In-
ormation. The information is essen-
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tlally contalned within the lines of the
hexagrams themselvss, The commen.
tary upon the hexagram in the form of
written words is the Interpretation of
generatlons of Orlental contempla.
tion upon the hexagrams and the
lines of which they are made.

History

The { Ching lIs one of the prime ex-
amples of the genius of Orlental
thought. Its antiguity dates back at
least three thousand years. Con-
fucious, who lived two thousand five
hundred years ago, consldered the /
Ching even then to be an anclent text.
It is told that he once sald, “If addi-
fional years were added to my lifa |
would give fifty to the study of the /
Ching, and might then escape falling
into great errors.”. At a time when the
Greeks, to whom Western clvilization
owes so much, were stlll living a
sami-clvilized nomadtc lifestyle in the
foothllls of the Mediteranean, the
Book of Changes was already
established In Its authority and an-
tiguity. The text is probably the oldest
we have In extant. Whan Emporer
Chin Shih Huang Ti ordered all the an-
cient books destroyed In 213 B.C. he
spared the I Ching. Since then, the
Book of Changes has been used as
one of the prime books of wisdom for
both Confuclan and Toalst thought
for centurles.

The basic binary concept of tha /
Ching s sald to date back to before
tha dawn of pre-history. It Is said that

the phllosophies of the Book of
Changes and the images of the hex-
agrams did not arlse out of civiliza.
tion, but civillzatlon arose out of the
sage's contemplation of the hex-
agramns. The hexagrams ara made out
of six linas which represent eithar
“¥Yin" or “Yang", YIn Is characterized
as a broken llne ( <. Yang s
represented as & solid line {—). These
two concepts and the dialectic they
form Is at the very foundations of
QOriental thought.

Yin and Yang can be decribed in
various word pairs: malelfemale,
heavenfearth, creatlvefraceptive,
firmfyielding, etc,.. All existance
consists of a flne balanca between
these two baslc energies. The 64 hex-
egrams arise out of all the possible
variatlons of combinations of Yin and
Yang within a slx lined flgurs. In his
book, Tal Cai Ch'uan and { Ching, Da
Liu writes:

Each of the hexagrams consisls of
two 3-lined figures called trigrams
Thara are elght baslc trigrams con-
structed from & combination of un-
broken and broken lines. The
trigrams, llke the mathematical
symbols x and y, can stand for
many thlngs. For Instance, the
trigram Ch'ien can mean heaven
ilha natural world), leader or king
the soclal realm), father (family

relationship), head (part of the

body), strength {quaiity}, and other
things as well. Combined In a hex. !! ¥

aFram. the symbols acquirezafie
distinet composiidymeaning.[Each
lins shows g dl[fe{en “aspact/of the
situation plcturad'by thb hexagram. .
The creation of theXelght
trigrams (s atifjbuted 1§ Fu;Shi,"the
legendary Ghlnesg‘t’gage\?,who
reputedly lived during Itlg’jage of
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CMOS RF/Yideo switch

A new CMOS high-speed dual
monolithic switch designed lfor RF
and video system high-frequency
applications is now available from
Intersil Ine.

The TH534] is umgque because’
it precisely matches the 75-ohmim-
pedance of video communications
systems and handles signal [re-
quencies up to 100 MHz with a loss
of less than 3dB,

Features of the Intersd dual,
silnﬁle-polc. single-throw switch in-
clude: b

set Is resident in PROM, while an
alternate mode atlows for an addi-
tional 117 characters. Even highly
pictorial character sets such as
Katn-Kana Japanese, are relatively
simple to incorporate with the In-
fotouch Display. Any combination
of character highhighting including
blinking, reverse video, and._
underlimung is available by solt-
ware contral,
Please lforward reader In-
quiries 1o Miss Sindy Von Wieren,
Allan Crawflord Assoclates Ltd ,

6503 Northam Drive, Mississavuga, +

Ontaric LAV 1J2 {(416) 678-1500.

| Home TVRO Package °

Winegard Company has announc-
ed the:introduction of a new
. TYRO, earth station system ‘{or

. consumer installations.. = ..z °*

- square, fiberglass dish,. & home

120 _LNA,. single-base polar-
.. mount, ratating feed horn, cable®,
and hardware. R
. Winegard’s one-piece 9.foot
C square fiberglass dish has the <ffi-*
»dency of a §3-fool parabolic. By

Jcliminating the edges of & round

e “Off" isolation rejection
ratio of 60dB minimum at 10MHz
e Cross-coupling isolation

rejection of 60dB mintmum at 10 |

MHz,

@ Switching speeds (iypical)
of 150 ns “on' and §0 ns “‘off*,

® Guaranteed break-before-
make switching

# Power supply current of
less than 1mA.

e Power *supply range of
£5V to £15V.

For furiber information, call~
Roger Hatficld (408) 996-5249.

ey T, S ey
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. 8085 Micro Trainer . s

»

- Etronix has announced the.
*8085AMT Micra Traincr! The -
- B08SAMT includes a [ully tested:

F puler with 1K RAM, 1K PROM,
- 2K EPROM
., power supply, and case,
1 The
Lz cludes step-by-step instruction

manual, 2 complete user’s manual 1
| with programs included,-and z .

~.sub-routines monual deseribing

Connectors

The Belden Corp. Electronic Divie
sion has introduced o ine of Mog-

Master™! connectors ‘as'an infer- ™
face lor ffat’cable and diserete - =40th, Redmond, Wa, 98052,

Wi

-

‘t many of the sub-routInes used with . -
-alising. , - | .
: The single unit introductory.
_ price for.the S0BSAMT is 5199.95, 4
- For additianal information contact

*C. Larsen, Etronix, 14803 N.E. -

3

and assembled 8085 Microcom- - TYRO rearth statlon. lis
¢ programmable /Oy .~
S0BSAMT software in- Ry

-_cent antenna. The unique design ol
_the feed provides a sturdy mount,
* for the LNA and behind-the-dish=

mounting of the rotor. . *
The SC-5014 complete home
s for

-

* 53995 00. -
Far more information contact-
Gil. §. Cunningham; (319)

+753-0121.

"~ The SC-5014 Includes 2 9-foot- .

*satellite 24-channel video receliver; - mation,s ' contact: * Vari

-'13-foot parabolic, engineering has* |
« ¢reated a low-cost yet highly effi-

, starlight conditlons, The inilial
sarhing® sepsitivity * of the new

+ device combined with-an improvi

“ ed, hermetically sealed'microchany +
nel plate result in a longer lifespan
for third generation tubes. -

« 3 -Allthree generation products
are currently available,. with 90
days lead time, For lurther:inford
an
"Associntes, LSE Division, 611
Hansen. Way, Palo Alfo, C.
243q3, .tclcphonc {415) 1193-4000.

T
F

Printer

Hi-G Incorporated has announced
new addition to its line of high-
quahity, affordable dot matrix
printers. Designated *'9/80PSF,”
the new 80-column model has been
specifically designed for the re-
quirements of forms printing.
Featuring a reversable tractor
paper feed system and demand
printing function, the HI-G
9/80PSF performs reliably and ac-
curately with no forms waste or

Robot Conference

“"Robot Research, Developments
and Applications in Canada is
the title of conference jointly spon-
sored by the Central Ontario
Chapter of Robotics Internaticnal
of Socety of Manufacturing

y #

——

Engineers and National Rescarch

res.

| . The Mag-Mastef9TM, zdn.
nector is available in 10 to 60 pins.
Jt has a temperature range of
+55°C o 4 105°C; a current rating
of 3A DC; a contact resistance ol .
20 M maximum at 6V DC, 0 3A;
and an nsulation resistance of
1000 M minimum at 500V DC, Tt
has a dielectnc withstanding
yoltage of 500V AC for one minute
and a UL voltage of 30V DC. The*
.64 mm (.025"") conlacts are selec-
tinely gold-plated. ~ =+ -7 *
{- . For_additlonal informatton, -
coatact White Radlo Limited, 940
Gateway -Drive, Burlington, On-

64K Dynamic RAM

Motorola MOS Integrated Circuils
Group announces availability of
the second generation 64K
dynamic RAM with pin one
reftesh, the MCMG654A,

As with the MCMB665A, the
MCM6665A can do either
RAS/CAS or RAS-only refresh
cycles, yet also has two additional
refresh methods available to the
user. These special functions are
incorporated on pin 1 of the
device.

They arc the auto refresh and

tario L7L 5K7. Telephonc (416)
'632-6894. el s o :i..,\ 1

Touch-sensitive Display

A simple-to-use touch-sensitive
display which Interfaces operators
to a computer is available in
Canada from Allan Crawlord
Associates Lid.

The new model 1780 Info-
touch display incorporates a
transparent switch overlay pro-
viding 60 *dlstinct sensing accas,
The opcrator simply reads the
message displayed on the In-
fatouch low profile 7.6 cm x 19 cm
CRT screen, then touches the
screen at the appropriate location.

A standard ASCII character

sell refresh modes.” The auto
refresh mode is accomplished by
simply making pin 1 active (V1)
during the ume interval when n
refresh cycleis desired, The refresh
address is generated internally and
is automatically incremented for
the next refresh cycle.
. The second refresh method is
intended primasly for battery
backup applications where pin )
will be active longer than two
microseconds, This scll refresh
mode generates internal refresh
pulses in addition to the internal
refresh addresses.

For further information con-
tact your local Motorola sales of-
fice or distributor,

-

Council of Canada,
This conflerence will be held at
Delta Inn, Mississauga (Toronto),
Ont. on Seplember 20, 21, 1982,
A variety of technical papers
and . presentations will include
topics on robot research and
developments, applications, con-
trollers, programming languages,
sensary feedback, education nnd
training.
Further details of the con-
= ference can be oblained from®
RI—SME Conference Secretariat,
6535  DMississauge Road,
l;-hss:ssauga, Ont. Canada LSN

N

special forms required, reducing:
overall costs. With Its graphics
capability, it can accomplish aver-
sized character presentations
without a second pass or added
programming.

Major performance
* “characteristics include: 150 cps,
bidirectional, loglc sceking, 2 x 9
matrix, Centronics-compatible

llel, R5232C serial or cumrent
oop interfaces and a 9-wire
ballistic-type printhead rated at
600 million characters.

For complele information
wnte HI-G Co. Inc., Printer Pro-
ducts, 580 Spring Street, Windsor
Locks, CT 06096. ‘

-
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L High: Current Power
Supply- ™
y

.
o

i’ A new, doubleslot Ipower supply is
being offered which provides a

- cholce of two switch-selectable DC,
voltages: 5 & 1% V:'and 13V +
134V, It hins o current capability up
to 7.5 amperes at each voltage. .

s

Image Intensificr Tubes
" The Light Sensing and Emlltlni;"

+ Division of Varian Associates tos
- day announced a third generation -

e

crease in white light sensitivity over .
the second gencratlon tubes,”
significantly increasing the
capabilities of -the night vision
devices in which they are used.”

E The second generation imcn-r,
sifiers required the llght- of"a’.

gencration can be used in overcast,

of, 18mm_ Image intensifier tube”,
products,” The new generahion‘ 'y
gives an"approximale threefold in- -t

quarter moon, -whereas the third'~.

. .The WP-709 has two } digit
LED displays for continuous
monitoring of both voltage and
current during application,- A
single knob permits fine adjust-
ment of-the voltages over the ad-
justable & 1%V range. ]

The oulput is laboratory
quality, ripple -being less than
10mYV peak to peak. Line and load
regulation is better than 0.1%,
Each output has adjustable ¢urrent
hmiting up to 7.5A with instan
pushbutton reset. 2 ¥y

For more information, con-
tact H.W. Cowan Canada Ltd.,
Box 268, Richmond Hill, Ontorlo
L4C. 4Y2, telephone (416)
st )
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hunting and fishing around 5,000
edrs age By studylng and obsefv-
ng heaven, earth, anlmal tracks
and hs own body, he devised ths
broken and unbroken line as sym-
bols of the fundamental nalure of
the unlverse. From these, he con-
structed eight trigrams, each of
which stood for an aspect of nature,
soclety, and the Individual.
{Tal Chi Ch'uan and I Ching, Da Llu,
Perannlal Library, Harpar & Row,

Yin and Yang do not roprasent
good and bad in the way Western
morals and phllosophy tends to view
the duality. Yin and Yang are equal
energles. Tha Tal Chi‘diagram (Flg. 1)
is the symbolic representation of Yin
and Yang. As one can seg, Yin and
Yang are of each other. Tha black and
the white deflne and create the othet.

Orlginally, before the establish-
ment of the hexagrams, when one
consulted the { Ching the answer was
interms of a yes or a no as deflned by
gither a solld or broken line. This was
{ater expanded into four possible line
palrs:

PN N R N N

The lines of these pairs further dlif-
ferentiated the / Ching. The Yin or
Yang line could now be defined as
elther “young" or “old". The young
line Is in transition to an old line; the
old line s In transition fo a young lina
of the opposite polarity. All lines are
in a constant state of flux. Al Yin
lines are in transition to Yang lines,
and afl Yang lines changse back into
¥in lings. All the line palrs are con-
stantly changing yet they are con-
nected by an underlylng pattern. The
pattern represents eternal change.
Like the phases of the moon, there is
consifaney in the changes.

Out of this early development
arose the concept of change, from
which comes the title, “Book of
Changes® All things and energles
are in a constant state of eternal tran-
sitfon av rapresented by the hex-
agrams. Any or all lines in any given
hexagram may be young or old lines.
Since all lines are In transltlon to
thelr opposite, each hexagram Is In
transition to another. According to
the /:Ching, this Is one of the most

- fundamental truths in life; all things

change. Change is one of the few
things we ean rely on. The text of the
Book of Changes helps one to
perceive where one stands In the cy-
cle of change. Various hexagrams
represent times of Increase or

. decrease, preponderance of the small
gr the great, or whetherit is a time for

creative movement or receptlve
stiliness, Tha Superfor Man lIs the
term the text gives to the one who Is
able to work with the changes of ex-
istance so as to bring prosperity and
supreme success The Superior Man
is concerned for the well being of all
things and energles in credtion He
malintalng his humbleness and his In-
ner strength, The text of the / Ching
polnts one to follow in his steps.

Questions

When ong makes an enquiry of the /
Ching, using elther tradltional
methods such as the throw of three
coins or the use of fifty yarrow sticks,
or “updated” methods such as the |
Ching Computer, the Information re-
quired Is contained within the lines of
the hexagram (or hexagrams, In the
case of moving lines) itseff. The
balance of YinfYang energles in each
hexagram gives rise to a unique sym-
bolic meaning. The text of the Book of
Changes Is to clarify and bring forth

the meaning of the-hexagram itsslf, it

s then for the reader to Interprét the, .°
text for the speciilc situatioy,

although many have found the
response to the questiom asked to/be
awesome In (s clarity Although its
validity as an oracle may be doubted
by soms, the powerful Imagery and
complex symbolism of this ancient
text cannot be denlad,

The only true way to experience
the ! Ching is through direct contact.
It contains much wisdom and com-
plicated subtlety. THe most widely
recognized Engiish translation is the
Richard Wilhelm /Cary F. Baynes ver-
sion. This also contalns the famous
forward by psychologist Carl Jung.
But tha best teacher for the student
of the Book of Changes Is the f Ching
itself

The Changes s a book

F{om which one may not hold all

[+]

Alteration, movemeant without rest,

F}owing through the six empty
aces

Iislng‘and sinking without fixed

aw,

Firm and ylelding transform each

other.

Thiay cannot be confined within a

rule;

It Is only change that Is at work

hara.

They also show cars and sbrrow
and their causes 7
though you have no teacher,
Approach tham as you would your
parents
From Book Two of the ! Ching
*The @reat Treatise™ pg.
348-8 Willhelm/Baynes
translation
Princeton University Press
copyright 1950 by Bolllngen
Foundation Inc., N.Y |
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The 1 Ching is older stlll than
even Plerre Trudeaw'’s last ra-

>
v

c. tional thought (and probably
E’g as hard to understand). For a
v~ Mmore complete explanation of

the background for this pro-
jeet, consult page 22.

VR

)

7 DUE TO THE mathematical and
&t essentially binary nature of the |
Kr“'g* Ching, the medlum of digital slec-
LY tronics is [deal for generating the ran-
: dom hexagram patterns with the
£  authentlc probability structure of the
3, yarrow stalks. Also, by using solid
7, state indicators, a visual display tak-

R

Ing the form of the original Chinese
hexagram can be produced.
Each line of the hexagram can be
in one of four states (as described
: above), a moving (old} yin, a moving
{old) yang, a young yang or a young
yin In terms of their probabllities, al!
sl lines can be considered as totally
. Indepandent of each other.
& A moving yin has a probabllity of
= ' ‘occurrence of 1/16, a moving yang
318, a young yang 516, and a young
yin 7116, Adding these probabilitles in
different ways we find a probability of
i Y2that a line will be yang (ie there is a
%z 50-50 chance between yin and yang),
T and a probability of a %4 that any line
wlll be moaving.
= On the | Ching generator tha hex-
»agram Is displayed on an array of red
rectangular LEDs; an additional col-
* umn of green LEDs indlcates any
: moving lines that ara present. There
is & push-button which must be press-
ed six times to create the hexagram,
“ each press rapdomly throws up one
(¢ line, with the probabilitles described
iz above belng derlved from a fast

e

M

o

-

F'.ZW

43

*

A

TR

i binary counter and logic decoding
%E gates.
= The lines remain invisible untit

| &} Ihe last one Is complete; the display
"+& then illuminates the entire hexagram
<& pattern. A ‘clear' hutton Is provided
24 ,for removing the hexagram, enabling
. Zifurther hexagrams to be created, but
' ¥4 It Is not considered advisable to cast
: q"—;dhgubl on the oracle’s answers by re-
- squestloning. A frivolous attitude to
. ihe ] Ching will result In meaningless
-answars to your questions. The hex-

agram that Is cast can ba found In the

%-?§ “of.Changes, and the test that

* oA, - 2
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accompanies it should be carefully
studied hefore Interpretation. There
are further descriptions for each line
that may be moving, thesa should be
studled also. Finally, If moving lines
are present, the ‘change’ switch
should be operated and any lines that
are moving will change Into thelr op-
posite, thus forming a new hexagram
This hexagram should also be looked
up to complete the prediction

Construction

By using two separate PCBs the
machine can be made quite compact,
most of the room belng taken up by
the battery. A smaller battery cannot
ba used as the current consumption
with all the LEDs on is about 40 mA.
As these PGCBs are not double-sided
there are quite a fow links which must
be soldered In first- 11 on the logic
board and slx on the display board.

When soldering in the LEDs on
the display board take a very careful
look at the internal photo and the
overlay dlagram. This display pro-
duces the actual form of the hex.
agram, the LEDs should all rise to ex-
actly the same height {1.5 cm from
the board surface to the top of the
LED). Cbserve also their polarity; all
the cathodes should be on the right

The rest of the display board Is
straighforward, but it is worthwhile
double-chacking the transistor
pinouts before soldering ther all in
clrcuit (perhaps you should bulld an
ETI component tester). A length of rib-
bon cable can then be wired to the
nine lead-out points as marked on the
overlay.

Chinese Chinese  Natural
name  meanlng  element
Ch'ien  heaven  heaven

K'un earth earth
chen  actwity  thunder
sun bending wing
K'an pit waler
] brightness fire
kén tostop  mountain
Tw pleasure collection
of water

s . 5 Lier Ny
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MOVING

HEXAGRAM

TABLE 1

The Eight Tngrams with their commaonly accepted equivalents
Corresponding  Moral or Mental

When assembling the logic
board don’t forget to use IC sockets;
thers is adequate room on the board
for these One problem area may be
the zener diods, ZD1. The holes for
this diode are very close to the socket
for IC7 On our board the end of the
socket was fled off. Make sure that

both the socket and the diode wilt fIf

before soldering them In,
Twisted palrs of wires for con-
necting the switches should be

¢ ,.c_-w.}

L

direction quality
Nw strength
NE weakness
E being active
SE flexibulity
N betng in danger
S elegance
Sw firmness
W 1oyfulness

*Jablo 1. the commonly accepted equivalents and cardinal points according o King
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sBlQereg as Indicated on the overlay
diagram. The switches PB1, PB2 and
SWt should be temporarily con-
nected up for testing purposes when
assembly Is complete. The leads of
the rlbbon cable from the display
board should now be wired to the cor-
responding polnts marked on the
loglc PCB,

Tost Pattarns

The circuit is now ready for testing,
and this Is easler If It is done before
mounting the boards in the case.
Connect a 9V battery to the sup-
ply leads and operate the ‘clear’
switch PB2. The display should be
completely blank. Now press the
‘lines' switch PB1 six times; on the
slxth press the display should il-
luminate In a random pattern. The
two outside columns of red LEDs
should be fully illuminated, and the
centre column will consist of any
comblinatlon of on or off LEDs. Some
of the green LEDs might be on; if so,
then operating the 'change’ switch
will change the state of the centre red
LED in the corresponding row (from
on to off or vice varsa). Pressing the
clear switch again should blank the
display ready. for another pattern.
When testing the prototype
machine it was dlscovered that the
switching threshold of the Schmitt
trigger gates (IC1) can vary con-
glderably from one pack to another
This affects the frequancy of the
malin clock built round 1C1d, and the
frequency of this clock will atfect the
brightness of the outslde columns of
red LEDs, Our clock had a frequency
of 6 kHz with the flrst chip we tried,
glving a well-lit dlsplay, but only 800
Hz with a diiferent chip, causing
rather dim LEDs. If the brightness of

~1l

i
-

3
S
%5

1.
|

N3HO

3 &
-;;.-

Fig. 1 Tho arrangemsnt of tha elght trlgrams according to the legendary amperor Fu Hsl.
The dlagram Is not upside down; south Is traditionally shown at the top.

the outside LEDs does not match the
centre column LEDs, then alter the
value of C6 until they are of uniform
brightness.

If all Is well the circult boards
can now be assembled into the case.
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w PARTS LIST;

Rasistors {all W, 5%)

B1 100k

R2,3 10k

R4,6 47k

R3 68k

R7.8,1213  4Kk7

Ao 270R

Ri10,11 220R

Rid 1M0

Capacltors

1 22n cerami¢

G238 1n0 ceramle

G4 2n2 ceramic

AR5 10n ceramlic

C7 100n caramic

ca 100u 10V tantalum

Semlconductors

11 4093B

Ic2 45208

IC3 4011B

1C4 40538

IC5 4070B

193] 4051B

IC7 5101

Q169 MPSE523 |

07,8 MPSE515

s} | 8V2 400 mW zeper

LED1-8,

13-24 rectangular red LED

LED?-12 rectangular green LED =

}_1

- &

Miscellaneous =~ ~ [ JZ&

PB1,2 push-fo-maka-swilich™

sSWH,2 m"fnfiituraq_slj‘d‘a switch

PCBs; ba;_!)gr}: anfcllpa- k3 I
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e OV AT WORKS .

‘The overall cireuit aperates in two distinet
modes. Initfally, the user presses the ‘lines*
button PBI six times and during this time
two random binary bits are wnitten into six
sequential address spaces of a memory. On
the sixth press, after recording the last two
bits, the circuit switches to its other mode
of operatlon. Here, a binary counter is
docked continuously and Its outputs are us-
ed to scan the addresses to the memory. The
previously recorded data is read out to a
muliiplexed LED display scanned by these
same address lines. Essentially the two
modes are; build up the hcxugram pattern,
then display it.

The line labelled “control Iine' on the
arcuit diagram is uwsed to switch (he
operating mode. This Line is taken from the
output of IC3a, a NAND gate whose inputs
are wired to the B and C outputs ol the slow
binary counter IC2a, Thus the kine 15 nor-
mally logie high and will go low when 1C2a
meaches a count of six. This control line is
used to switch the address lines of the
memory {IC7) and display decoder (1C6)
from the slow counter IC2a to the fast
eounter 1C2b, This is achieved with IC4 (a
triple one-of-two cMOos switch) whose
switch-select lines on pins 9, 10 and 11 are
wired to the control line.

When power is first applied to the cir-

cuit, the slow counter IC2a is reset to all
zeroes by the C4/R4 network. PBI Is the
‘hnes input® button, When pressed, it takes
the input of ICIa {pin 12) high; this input is
normally held low by R1, wath Ci providing
switch debouncing ‘The pin 13 input ‘of
IC1a will be held high by the control line,
thus the output on pin 11 will go low while
the input switch is pressed, This signal must
initiate the following actions: first the mn-
dom bit generator must be stopped, allow-
ing the data to become stable, then thisdata
must be written to the memory, and finally

IC2a must be clocked toits next count posi- , . _ depressed and _the _free running, clock, ..

tion.
The random bit generator 15 im-
plemented by dnwving the binary counter

1C2b from a 6 kHz clock and decoding the

four bit output with the logic gates 1C3b,
1C3c and IC5n, This provides two bits wath
the correct interdependent probabilities of
occurrence; the truth table for these gates
{Table 2) shows how these probatilities are
derived. For example, when the counter is
stopped, the D output has a 50-50 chance of
being either high or low; this is the yin-yang

indicator. The output of 1C3c on pin 117

determines whether the line is maoving or
not; alogic low signifies a moving line. The
counter is stopped by disabling the clock
osallator built around Schmitt rigeer
IC1d, C5 and RS, The pin 9 input to ICId is
wired to the push-button signal on pin 11 is
high and disabled when low (1.e., when PB1
is pressed).

The two rondom bits which are
selected when the clock is stopped are fed
direcily to two data inputs of the memory
1C7 (2 CMOS 5101), The data will be stored
when the write ling is wired to the output of
IClc where a 10 uS negative-going pulse ar-

fits In neatly If the recommended case,
battery and PCBs are used,

Inside the [ Ching computer. Everything
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rives 10 us al‘tcr the clock has bccn stopped.

This pulse is again derived from the
logic low push-bulton signal, the delay is
provided by, R2, C2, and Schmitt invertcr
IC1b, and the short negntit‘e—gomg pulse by~
C3, R3, and inverter 1C1c, After the date
has bccn stored, the positive-going edge ol
this same pulse is used to clock lhc slow
counter 1C2a which'sets the next address
for wriling to memory.

‘This circust action takes plncc on each
operation of the switch, the memory loca-
tion being incremented when the button Is

generating random bits when at is released.
On the sixth press of the button, when the
last line of the hexagram is wnuen to
Jmemory, 1C2a then clocks to count 6, thus
Switching the control Iine from high to low.

The contro! line puts z low on the pin
13 input of ICIg, so inhibiting further
operation of PBI, and allowing the fast
dock to oscillate continuously. The oontrol
hine also enables NAND gate 1C3d via in-'-
verier IC5b; and by placing a logic low ong.
the inhibit pin of 1C6, the diplay decoder 1s" =
also enabled. Thcse controls allow the
display to illuminate, ' l

The address lines for the memoty and
display are now switched to the A, Band C
outputs of the binary counter IC2d, For
each three bit binary address that is routed
through switch IC4 from the counter IC2b,
onc sequential output of the decoder 1C6 is
selected in conjunction with the correspon-
ding memory word. {The 5101.chip is a 256
word by four bit memory, but 1n our ap-
“plication only six words of two bits are us-
od; it’s siill the cheapest and snmplcst
mcthod thoughi)

The I-0f-8 line analogue dccodcr IC6
connects the base of the corresponding
PNP transistor (Q1°6) viz R8 to ground;
this switches on the transistor which in turn
tnkes the anode of the associated red and *
green LEDs to the positive supply rail.

The two bit memory word selected by
the address hnes A5, 6 and 7 of IC7{is
available on the dnta output pins 10 and 12.

The movmg line information from pin
12 is fed via inverter 1C5d and R13 to the
base of NPN lransistor Q8. The collector of
Q8 is connected vin R11 to n.ll the cathodes
of the green LEDs (LEDs 72 £2). Thus when
a moving hine is present the output of 1C5d
will be high, turning on Q8 and providing o
ground return for the selected LED,

A yang line Is represented by 2 logic
low on the data output pin 10; this provides
one input to an EXOR gate IC5¢. The other
Input is normally held high via R14, which
makes the gate act as an inverter, this driv-
ing QB and the red LEDs tn the same man-
ner as the moving line indicators, Since the
address lines are driven by a contindous
binary count, each line of the hcxng,mm is
repeatedly displayed in tum, giving the ef.
fect of acomplete display. The outside col-
umns of: red LEDs must also be on con- -
tinuously to complete the hexagram pat-
tern. They are dnven by a pulsc waveform
derived from the main clock using C6,'R6» -
and 1C3d to produce a train of ncgat ve- ©
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golng pulses. These pulses turn on Q9 for a input of EXOR gate IC5¢, which then acts TABLE 2 .
short period in each clock cycle, allowing a as a logic-level-controlled inverter, to pro- COUNTIE. il .
current, burst to {lluminate the series- duce the desired effect e e e 32
parallel combination of LEDs (LEDs To create another hexpgram the 5% a g
13-24). Driving the LEDs In thls way *RESET* switch PB2 can be pressed. This 23 3 F
reduces. the current consumption required resets the counter 1C2a back to zero, which o 1.1 2 1
for the same brightness. iz turn switches the control line high agaln, 11 1 1 o
SW1 isthe ‘Change’ switch; when clos- blanking the display and returning the ¢ir- 111 0 ¢ o
ed it has the effect of turning any moving cult to its first operating mode, The ‘Lines* 89 4 4 -
. fines into their opposite state; yin for yang push-button now becomes operational T 3
, and vice versa. The *moving line' data out- again, allowing new hexagrams to be deter- ik 9@ 1 :
' put on pin 12 of IC7 will be conected to one mined. 1o 8 Ll :
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K5 |5 20708
= iCa 1§ &0700 -
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2 Q199 ARE MPSESZ3
Q7,8 ARE MPSE515 . ‘
2D% I3 6V2 400mW ZEHER
LED1.8, 13:24 ARE RECTANGULAR RED Leps 90 |
LED7-12 AHE REGTANGULAR GREEN LEDS =
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- it wlll excite that 1ayer to produce an
. elactrical current. This current is In
turn bled out of the device through a
second circult. Thus, this device can
demultiplex light of two frequencies.
When a slgnal reaches the end of
3. clrouit, it has to be detected. There
are a number of ways this can be
<done, one of the most elegant belng
& the phototransistor.
in this device, a lightwave is ab-
sorbed by a vertically layered device
consisting of Indium-Phosphlde and
ndium-Galllum-Arsenide. As the light
‘[s abscrbed In the botitom of the
+ device electrons are removed and bl-
out of the system leaving holes.
hese holes then produce current
“#préportional to the light energy initial-
;fly recelved,
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ﬁlﬁl?é the foregolng is interesting In
itseif, Jt can unfortunately be con-
sidered,as yet Just another plece of
‘gee W ]z;’hsc!ence. The difflculty fac-
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2 Flg. 5 Component overlay for the display
board.
ABL GND
Flg. 4 {Above) Componant overlay {or the
maln beard. |ETI|
X, Aa
ig LUIAQHT MEMORY.- .
@f‘, Continued from page 20 =
” t»,f" cutrent is bled out of the davice
-5 through a clreult. If the light's fre- P
,quency does not excite the first layer, % AIE s Fig. 8. Photodetoctor. This in-
o3*" It passes Into the second layer, where tograted clreult, on an Indlum
S g AT BEE L

phosphide substrate, detects
light (antering from {ha bottom)
of two differant wavelangths (X,

+ X,) simultaneously. The e¢ir
cult separates ihoe signals and
converls them Into electsical
form for further processing.

ing Integrated optics researchers is
that they are stlil In their laboratorles
and have as yet not turned over thalr
devices to the:gommerclal arms of
thelr corporations, or gavernments. It
Is alt very well fof"Japanese resear-
chers to talk of computers run on
lightwaves, but those of us
sometimes misled by sclentists’
predictions of the potentlal of various
technologies may be tempted to Joke
about the candlepower of a com-
puter's RAM!

While it would be misleading to
suggest that integrated optics will
have a comparahble effect on the
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averyday world as the IC, one would
not be wrong to suggest that the
speeds to which we have become ac-
customed In computer technology
will be substantlally shortened with
the large scale Implementation of in-
tegrated optics.

Furthermore, because integrated
opticai devices (like other {iber optic
devices) can operate at wide
temperature and hurnidity extremas,
and are impervious to environmental
background radlation, the cost of
large-scale computing devices
operating on this technology wiill
hecoma substantlally cheaper.
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