
SOFTTOUCH 83
We were surprised and delighted to read

your review on our SoftTouch 83 in the Sep
tember 1983 Radio-Electronic "Communi
cations Corner." Your presentation of the
problems we all face of spewing out digits to
get some machine to do our bidding hit the
nail on the head.

If I may answer some of our customer's
questions before they ask: There is a high
grade microphone built in; just talk when a
call is answered . The rotary dial or Touch-

THANKS, FELLOW READERS
You published my "Help Needed " letter in

the September 1983 issue of Radio-Elec
t ron ics. As of this date (August 17, 1983), I
have had 80 replies relating to my need for a
schematic on a GE preamp from a GE tran
sistor manual circa 1969. The response to
that request has overwhelmed me. I have re
ceived copies and originals from all over the
US, from big companies, universities , and
private individuals.

To all of those generous people, I wish to
extend wholehearted thanks . It is people like
that who keep the hobby of electronics going
on and on. If the people of the world as a
whole would give others a helping hand, such
as this, then the world would be in much
better shape .
B.E. BROSKI
Cleveland, OH

correction for many years.
Here's someth ing your readers may be in

terested to know. It concerns the U.S. twenty
cent commemorative stamp that appeared
last September, honoring Tesla and three of
his contemporaries. (See "What's News" in
the October 1983 issue of Rad io -Elec
tronics.) Perhaps history is repeating itself
yet again. Just as Tesla himself has been
largely forgotten today, so it seems that the
person probably most responsible for initiat
ing the arduous process through which a
commemorative stamp like that one comes
into existence has been overlooked. The per
son is Nick Basura.

Also not to be overlooked is your editorial
staff, for providing space for the article on
Tesla in the pages of Radio-Electronics.
WILLIAM C. WYSOCK
President Professional Sound Systems,
Ultra High Voltage Division,
Monrovia, CA

MINI PLAYER PIANO
A liked the "Mini Player Piano" article in the

September 1983 issue of Radio-E lec
t ronics. I would like to point out that some
electroly1iccapacitors were mislabeled in Fig.
4. (The Parts List is correct.)

I suggest some changes: Combine R30
and R40 for 1.2K ohms; eliminate R26, 27, 28
and the jumper there; eliminate ground con
nection to CC of center 7 segment display.

I have three of the 50240's and might try to
use more than one octave. The clock oscilla
tor for the 50240 will probably be variable in
case of tun ing with other instruments . Iwill do
a lot of experimenting with that-maybe time
it with clock of rhythm beat generators
MM5871 or the 76477-if Spike Jones
doesn't object.
DAVID H. DUNCAN
Huntington, TN
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point-to-point discharge-length yield of ap
proximately seventy-f ive feet under certa in
cond itions : Coupled to the output of the extra
coil was a vertical monopole radiator consist
ing of concentric steel telescoping pipes,
which formed a structure approximately 124
feet high. That was surmounted by a wooden
hollow sphere 30 inches in diameter and
coated with metal foil on its outs ide surface.

Tesla specu lated in his diary notes that with
what he felt to be reasonable modif ications to
that scheme, it would be practicable to
achieve discharge lengths greater"than four
hundred feet! However, that was never ac
comp lished. The descriptions given in Quin
by's article appear in severa l other examples
of the available literature and have needed
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turns of 1.250-inch diameter copper wire.
Most ly, Tesla used that coil as two one-turn
primaries hooked in parallel (bifilar), which
doubled the coil's capacity and reduced its
self-inductance to one fourth. Loosely cou
pled to that coil was the main secondary coil
or helix, which contained in its final configura 
tion twenty-five turns of number-8 wire on a
wooden coil form that was fifty-o ne feet in
diameter and approximately eight feet high.
In the large center of that secondary, Tesla
constructed a first-order harmonically reso
nant helix, which was mostly reliant on its own
self-inductance to give an addit ional boost
from the secondary's output of approximately
1.8 million to 12.5 million volts. That third coil
or "extra coil," as Tesla referred to it, gives a
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ROBERT GROSSBLATI

Build the Pianomatic and make beautiful music-electronically.

Part 3ThiS month we'll con
clude our look at the

pianomatic. Figure 17, the interconnec
tion diagram that was discussed last time,
appears on the following page .

The voltage regulator
Although voltage regulator ICI3 is de

signed to output five volts, we can change
that and make it provide 7.3 volts , a good
operating voltage for the Pianomatic. By
raising the ground terminal, pin 2 (C in
Fig . 4, September issue) above system
ground, we trick the regulator into putting
out a higher voltage. Whenever you need a
voltage slightly different than you can get
from a standard series-regulator, that little
trick can save you all sorts of design prob
lems . Nothing is without a price,
however. Certain circuit conditions, such
as operating the regulator near the limit of
its current capability, can cause the resis
tor at the ground terminal, R34 here, to
overheat, change value, and change the
regulated voltage. So make sure you heat
sink the regulator and use a resistor of the
proper wattage.

The maximum current-draw of the
Pianomatic is about 100 rnA at 7.3 volts,
so it's not unreasonab le to use batteries as
a power supply . Remember though, that
the voltage regulator, ICl3, is a series
regulator, and is not anywhere near 100%
efficient. Although it will provide a
steady output voltage, it requires an input
voltage at least 2 .5 volts higher than the
desired regulated output . In the case of
the Pianomatic, some elementary
arithmetic tells us that we need at least 7 .3
+ 2.5 = 9.8 volts for BI - B8. Eight
alkaline cells provide us with 1.5 x 8 =
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FIG. 17-HOWTHE FIVE boards are interconnected.The connections between Boards 2 and 3 are also
listed In Table 2.

FIG. 19-FOIL PATIERN FOR HEADER STRIPS.
The length of the board can be made as long or
short as needed .
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external source such as a wall-plug trans
former with a DC output.

If you decide to make a little nickel
cadmium pack for B9-B 11, it' s a great
help to get button cells, or whatever, with
solder lugs on them. Solder the cells
together in series and then cover the pack
age with a piece of heat-shrink tubing of
the proper size as shown in Fig. 18. The
PC pattern has space for three button cells
with small pigtails of wire at the end to
connect them to the board. If you use
different cell s , oth er provisions for
mounting them will have to be made.

Troubleshooting
In a system as complex as the Pianoma

tic, there are no simple ways to troub
leshoot the circuit. If you make PC boards
using the foil patterns provided, you
won 't have any electronic problems.
Check for all the usual things-look for
broken traces , unetched copper between
the traces , bad solder joints or solder
bridges, etc. If you suspect an electronic
problem , do all the standard tests-are
the clocks clocking, have I overlooked
something incredibly basic, have I for
gotten to apply power to the circuit , and
so on. Check the polarities of the diodes
and IC's against the placement diagrams.
The last thing to check, the very last
thing, are the IC's. Chances are that if an
IC hasn't committed suicide and fried,
there 's nothing wrong with it. Wayward
operation of an electronic circuit is usual
ly due to a normal IC being fed schizo
phrenic data and doing its best to cope.

The connectors from board to board are
male and female header strips made by
AP, Sprague, and others. They come with
standard O.I-inch spacing, can be cut to
any length you want, and are nice and
cheap. One other nice thing about them is
that they don't have to be mounted right
on the edge of the board. That is a real
advantage because digital boards are
often topological nightmares. The male
headers come either straight or right
angled, and both types are used in the
construction of the Pianomatic. If you're
really into saving money or don't ever
expect to take the boards apart, you could
hard-wire the boards together, but that is
really a false saving. If you do use the
connectors, be aware that they can be put

are the smallest you should use. The in
clusion of 11 in the circuit also makes it
possible to power the Pianomatic from an

BOARO 1 BOARO 2 BOARO 3
1 1 17 1
2 2 4 2
3 3 5 3
4 4 15 4
5 5 2 fi

6 6 1 6
7 7 14 7
8 8 6 8

9 9 16 9 >PL3
10 10 cJQi-o
11 11 7 11
12 12 13 12
13 13 12 13

PL6 < 14 14 >S02 10 14
15 15 9 15
16 16 11 16
17 17 8 17
18 18 3 18
19 19

20 20 UNREGULATEO UNREGULATEO

21 21 VOLTAG E OUT VOLTAGE IN

22 22
23 23
24 24 UNR EG ULATEO+
25 25 VOLTAGE IN
26 26

PL1{

1 1

}PL527 27 2 2
SO l 3 3 GNDo-SPKR

1 2 3 4 5 6 7 8 9 1011 SPKR
80ARD 5

1 2 3 456 7 8 9 1011
Bl -89,

v I ~----It-
BOARD 4 PL4 rJ;£

12 volts nominally, and are a good
choice. Since the current required is a
maximum of 100 rnA, "AA"-size cells
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o . •-c FIG.18-BATIERIES B9-B11should be button-cell types with solder lugs. Those batteries can then be
a: soldered together, covered with heat-shrink tubing, and mounted directly on board 1 as shown.
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FIG. 2o-A SHORT HEADER STRIP is shown here. This is one of the power intercon necti ons.

,
1.

at the end of a length of multi-conductor
cable by maki ng a small circuit board for
them . A foi l pattern for that is shown in
Fig . 19 and you can see the construction
in Fig . 20 . The PC board can be made as
long as you want depend ing on yourneed ,
and comes in handy when you have to
deal with ari oddball number of con 
nections.

Calibration
The only calibration nee ded by the

Pi anomatic is the se tting of the low 
battery-warn ing trip point. Connect the
Pian omatic to a variable power supply set
to about 12 volts , Verify that the output of
the voltage regulator, ICl3, is 7 .3 volts.
If it' s not , you ' ll have to change the value
of R34. Raising the value will raise the
voltage , and vice versa. Once you have
the correct regul ated voltage, lower the
input voltage to 9.8 volts. Adj ust R41
unt il the deci mal points light in the dis
play . If your decimal points lit when you
supplied the twelve volt s, disconnect the
power and move the wiper of R41 closer
to ground . When you tum the power back
on, the decimal points will be out and you
can then calibrate the trip point of the
circuit. .

One point about those displays. You' ll
note that they have 10 pins , but that there
are only 9 mounting pads on the PC board
fo r each . The reason for tha t is that pin 1 is
a seco nd co mmo n-cathode connection
and is not needed. Th us , that pin can be
unu sed without affecting operation . To
keep thin gs simp le, it is cut off, eliminat
ing the need for one of the mount ing pads.

Use
The Pianomatic is very easy to use .

W ith the contro l switches set to WRIT E ,

M AN UAL , and MEMORY , the display coun
ter should be all zeros . Every time you
press a key, you will hear the correspond-

ing note and the LED in the key will light.
When you release the key , the display
counter will increment by one ' to show
you which note position you are program
ming next and the LED corresponding to
the next note in memory will light up. If
you make a mistake in programm ing ,
do n't worry because the Pianomatic is
very easy to correct later on. After you've
programmed the entire tune , push the RE

SET button , S6 , to get back to the begin
ning of the page . Put the REA D/WRITE

switch, S2, in the READ position, and
single step through the tune in MANU AL

playback. If you come acro ss an error, put
52 in WR ITE and program the correct
note-that' s all there is to it.
. There are 16 switches on the keyboard .

Switches S lo-S22 are used to program
notes . To program a rest , S9 is used .
Switch 523 is used to program a half rest
(binary 14). Finally, S24 is used to enter a
binary 15 (tune end) on the bus .

It' s a good idea to program in a rest for
the first note in a tune (the note that
occupies the position show n in the note
cou nter display as 000) , s ince th e
Pianomatic will automatica lly reset to
that position when you are playing back a
tune in AUTOMAT IC. Remember that the
last thing you have to program in atune is
a binary 15 (tune end). The Pianomatic
wi ll decode that and stop playing .

The Pianomatic doesn 't understand the
difference between a 'quarter, half, or
whole note . If the tune you are program
ming requ ires a note to be held for three
beats, you' ll have to program it in three
successive addresses in the memor y .
Although you will be playing back three
notes , the transition between them is so
smooth that you won' t hear any interrup
tion . Likewise, becau se of that smooth
transition , if you want a fresh attack on a
note , you' ll have to program in a half rest
(binary 14) before it.

The blanking of the displays and the
counter resett ing is handle d automatically

by the circuitry in the Pianomatic. If you
feel that you want to change any of it ,
you' ll have to rewire some of the swi tches
(for the display blanking) , ' or remove
some components (for rese tting the
counters) . For instance, the Pianomatic
rese ts the counters to zero when you
sw itc h from WR ITE to REA D . If yo u
wanted to defeat that you would have to
remove 0 2 and C6 . If you find that you
want to eliminate any of the automatic
contro l func tions of the Pianomatic ,
study the schema tic, locate the relevant
parts , and take them off the board .

Table 1 (in the September issue) de
scribes th e co ntro l function s of th e
switches and gives you itgood idea how to
go about changing anything you want.
Remember that none of. those functions
are sacrosanct. The circuit and its opera
tion are interesting enough to teach you a
lot of thing s if you're willing to spend the
time playing " What if?"

Before you go about changing things,
however , make sure your Pianomatic is
working , and that you understand the in
forma tion in Table I. The effects of the
switches are all interre lated and put ting
the Pianomatic in any particular mode of
operation may require 'the throwing of

. several switches. As you can see from
Table 1, the keyboard is disabled in
AUT OM ATI C playback. This means that if
you want to use the keyboard , switch S3
must be in the MA NU AL position. That is
true regardless of how the other switc hes
are set. The same sort of reasoning appl
ies to the other functions of the Pianoma
tic. If you go over Tab le l-carefu lly
you' ll see what has to be done to change
any of those thing s.

Case
A plastic piano-s haped case was built

for the Pianomatic; the control switches
(board 3) were located in the bench and
B I- B8 were located in the wood box on
which eve rything else was mounted (see
Fi g . 2 1). Obvious ly th at isn 't ne c
essary- the Pianomatic can be put in any
standard box large enough to accommo
date the boards, batteries, etc. If you de
ci de to make a fa ncy case for yo ur
Pianomatic, or even just a piano-like key
board , here is some straight-from-the
shoulder advice-try to find a toy elec 
tronic piano that has a keyboard of the
right size, cannibalize the toy, and use the
keyboa rd. The prototype was bui lt using
microswitches for switches S9-S24, and
it was an extraordinary amount of wor k.
If you use a toy piano, the only altera tion
you' ll probably have to make is to drill the
holes in the keys for the LED 's .

As you can see from the foil pattern for
Board'S (Fig . I I) , the board was designed
to fit in the rear of the piano-shaped case .
The speaker was moun ted on the rear of
the board and small lengt hs of wire were
used to connect it to the speaker term inals
on Board I . If you dec ide to go that route,
drill a hole in the rear of Board 5 and
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FIG. 21-THE COMPLETED PIANOMATIC. The " plano" case and " bench" were mounted on a wood
base In the author's prototype shown here.
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slowly enlarge it until the speaker's mag
net housing fits snugly in the hole .

The note-counter display board, Board
4, is laid out so that the display digits will
sit in the middle of the keyboard. Right
angled male headers on Board 4 are used
as the connectors and the entire board
plugs into the appropriate strip of female
headers on Board 2.

Just as an aside, some of you might
wonder why a 45 14 was used for IC I and
a 4515 for IC6. The difference between
them is only in the po larity of their
outputs-otherwise they 're pin-for -pin
identical . The answer is very simple
one of each was on hand so they were
used . The reason had more to do with
inertia than anything else .

Expansion
The Pianomatic is designed to play a

total of 256 notes, and only one note at a
time . If you want to expand on those
things, you' ll have to expand the mem
ory. If you want longertunes, you 'll have
to have a memory that can handle more
words. If you want to increase the range
of the Pianomatic you're going to have to
increase the amount of data in each
word- you 'll need a wider bus .

One extra bit on the data bus will en
able you to insert a progra mmable divide
by-two network between the note gener
ator and its clock. By doing that you can
add an entire octave to the range of the

Pianomatic-two extra bits and you' ll get
four octaves, and so on. All that' s neces
sary to shift an octave is to divide the
frequency going into the clock input of
IC7. If you want to be able to play more
than one note at a time, you're going to
need a separate bit for each note in the
octave. That means you' ll need a data bus
at least thirteen bits wide-a sixteen-bit
bus would give you all the notes playing
individually, four or more octaves, and
still leave room for programmable voic
ing, tremolo, and so on. The only change
you'll have to make in the circuitry, other
than the memory, is to have a separate
50240 for each octave and a separate an
alog switch for each note . The last word
of caution is to remember that the outputs
of the note generator, IC7 , cannot be con
nected directly together. You will have to
sum them with resistors and then feed the
common legs of the resistors to the input
of the amplifier.

Although the Pianomatic was designed
as a programmable music box, it can be
used as a doorbell, alarm , telephone rin
ger , or anything else you can think of . By
replacing the ST ART switch, 54 , with a
small relay , just about any type of signal
can make it play. A little bit of ingenuity
on your part will easily produce a sub
stitute for the tune selector so that differ
ent signals (doorbe lls on different doors,
for example) will trigger differen t tunes.
The range of applications is limitless .

A set of the five PCboards, etched and
drilled , but not plated through, is avail
able from Hal-Tronlx, PO Box 1101,
Southgate, MI 48195. The price Is
$39.95. Please add $2.00 for shipping
and handling. MI residents add 4% tax.

Any construction project should also
serve as a learning experience, and the
Pianomatic has a lot to teach you. It uses
circuit techniques that can be adopted for
your own designs. It should make you
think of variations in applying the princi
ples of operatio n so your own projects
become more and more sophisticated.
Low-power memory retention and key
board encoding are only a few of the
things you can learn by understanding the
operation of the Pianomatic. R-E

"There's something wrong with this digi
tal readout. It's nothing but a bunch of
numbers."




