By L. A, MEACHAM

Bell Telephone Laboratories, Ine,
Murray Hill, N. J.

T one time or another, every

musically inclined communi-
cations engineer has connected a
laboratory oscillator to a speaker
and twiddled the frequency dial to
play himself a tune. But did any-
one ever provide four people with
four oscillators, so that they might
play like a barber-ghop quartet?

Here is a facet of electronics
which up to now, so far as the
author has been able to discover,
has been left unexplored. The
question occurred to him while
searching for a novelty to entertain
members of a glee club at their an-
nual party. The results of prelim-
inary research (conducted in the
author’s cellar, since it was not an
official company project) were re-
ceived so enthusiastically that im-
proved models were designed (in
the same cellar), playing tech-
niques were improved, and concert
experience was obtained before sev-
eral surprised and delighted audi-
ences.

The present state of the art is
represented by the “wobble organ”
described in this article. It uses
inexpensive radio parts, and offers
interesting possibilities for home
recreation of the participation kind,

TIME OUT TO PLAY —

AUTHOR TO EDITORS: “Once in
awhile we engineers need a light touch
in the midst of our serious striving for
progress and profit. With this in
mind, it seems to me that the at-
tached paper would not be out of
place in ELECTRONICS.”

EDITORS TO AUTHOR: When we
first read your paper it immediately

created a desire to build a wobble
organ in our own basement. So here
it is in print. We think it will create
the same desire among many of our
readers
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FIG. 1—The wobble organ and its first four players: Ann Codington, Phyllis Taylor.
the author and B. McMillan, all of Bell Labs

as well as for various entertain-
ment fields involving large groups.

The four players sit around three
gides of a card table, as shown in
Fig. 1. The fourth side is turned
toward the audience, and may con-
veniently be faced by a music rack
if degsired. In front of each player
iz a small “playing console”. On
the floor near the table is a cabinet
containing a power supply, an
amplifier, and a speaker. Pairs of
consoles which are adjacent to one
another are plugged together me-
chanically (see Fig. 2), and elec-
trically, the whole set of four being
connected to the speaker cabinet by
a single 6-conductor cable.

Iach console contains a thyra-
tron sawtooth oscillator, with suit-
able control circuits and a simple
waveform-shaping network which
emphagizes or suppresses various
harmonies in the complex sawtooth
wave and thus affords a distinctive
and different tone quality for each
player. The physical arrangement
of a congole is shown in Fig. 3. The
main control device is the “wobble
arm’”, carried on a potentiometer
shaft which extends through the
sloping front. This control is de-
signed to vary the pitch over a
range of about 2% octaves (about
6-to-1 in frequency). The range is
at least that of the human voice,
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for FOUR

Novel “wobble organ” has separate soprano, alto, tenor and bass oscillators and a com-
mon power pack, amplifier and loudspeaker. The instrument plays anything from barber-
shop ballads to Bach with a pleasing vibrato quality from which it gets its name

and in the present model ig located
differently on the frequency spec-
frum for each console, so that the
four of them cover the vocal ranges
of soprano, alto, tenor and bass
respectively,. (A male quartet
model could be obtained merely by
changing capacitance values.) The
pitch control, or wobble arm, is
operated by the right hand of the
player in relation to the musical
Scale designations on the sloping
scale quadrant. These designations
need be used only as a rough guide,
but they are of preat value even to
an experienced player in making
rapid and accurate changes over
large musical intervals, and they
are indispensable to a beginner,
Operation of the tone source or
oscillator is not continuous: each
console can be turned on and off at
will by the individual performer,
The four consoles are normally
silent. Oscillation is started by a
slight downward pressure of the
player’s left hand on the knob at
the left front of the console. This
pressure closes a contact applying
plate voltage to the oscillator. Thus
the player may use a “portamento’”
between notes (leaving t‘ne. ton.e on) SN
or “detache” (momentarily inter- VOLUME (TURN)
rupting it) as desired. The volume N
of sound delivered by the individual
console to the common speaker is
also under the control of this same |
knob, which may be turned as well 3'
as pressed by the player’s left hand. 5
The rotation can be calibrated in i
musieal symbols, pp, p, mp, mf, f,
and ff, indicating different degrees
of loudness from pianissimo to for-

TUNING

’

tissimo, but in the present model Pl S i &l

this is left to the musical taste of T

the player and only » and f are e
mark‘?d as raug‘h guldea hear the FIG. 3—The bass console. Others are similar mechanically except for calibration
opposite ends of the range. The of the scale quadrant and placement of interconnecting plugs
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switch action mentioned above is
obtained very simply by mounting
the potentiometer near the free end
of a flat cantilever spring, the fixed
end of which is serewed to the un-
derside of the console top. A down-
ward motion of about d=-inch
brings the free end into electrical
contact with a fixed metal contact
that also limits travel.

One other control, a tuning ad-
justment to compensate for such
variables as temperature and aging,
is required, as in almost any other
musical instrument. This tuning
knob is initially adjusted by the
player’s left hand while the corres-
ponding wrist presses down the
“on” knob and his right hand aligns
the wobble arm with a scale mark
(such as middle C) corresponding
to the pitch of the reference source
to which he wishes to tune.

The present consoles are made of
i-inch plywood, with scale quad-
rants of #-inch pressed hardboard.
Each scale quadrant is made re-
movable to facilitate storage, being
mounted in slides at its edges. A
simple catch is provided to support
the free end of the wobble arm
when not in use. The bottom of
the console is made removable for
access to component parts. Princi-
pal dimensions are shown in Fig. 3.

The layout of the speaker cabinet

the only novel

is conventional,
feature being the provision of stor-
age space for the four consoles, two
at each side of the loudspeaker as
shown in Fig. 4.

Circuits

Complete schematics are given of
the consoles in Fig, 5 and the power
supply and amplifier in Fig. 6. The
thyratron relaxation oscillator in
each console is of the type com-
monly used in oscilloscope sweep
cireuits, with the variable timing
resistance used for the main pitch
control and the grid bias for tun-
ing. Different timing -capacitors
and waveform-shaping networks
are shown (terminals 4, B, C) for
the respective consoles. When the
consoles are plugged together a
common shielded path is formed
from the networks to the amplifier
input.

The use of a 1-megohm logarith-
mic potentiometer in series with a
fixed 10,000-0hm resistor for each
frequeney control provides a rela-
tionship between shaft angle and
musical pitch which is substanti-
ally linear over a resistance range
of 16,000 to 450,000 ohms, with a
slope of about 30 degrees per oc-
tave. Accordingly, each half-tone
occupies 2.5 degrees and each whole
tone 5 degrees. The wobble arm

FI1G. 4—Rear view of portable case containing the wobble ergan’s common power
supply, speaker and amplifier, with the four individual consoles knocked down
and stowed away
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swings over more than 75 degrees,
giving the desired 2% octaves, and
is set on its shaft so that the mini-
mum total resistance actually used
is 75,000 chms. The potentiometer
should have a molded carbon ele-
ment or equivalent so as to mini-
mize effects of mechanical wear on
gcale calibration.

A voltage divider across the 150-
volt supply (resistors R, and R. in
Fig. 5) is arranged to hold the plate
of the thyratron at about 40 volts
above cathode potential while the
“on” contact is open. The tube does
not conduct in this condition, be-
cause its firing point for normal
tuning is designed to be near 80
volts. The effect of the bias is to
make the d-¢ potential at point A,
while the oscillation is off, substan-
tially equal to the d-c component of
the sawtooth wave at the same
point when it is on. Figure 7 shows
how the bias eliminates a starting
transient in the sawtooth wave as
it is delivered to the input of the
shaping network, If present, the
transient would give a noticeable
thump at the beginning of each
note, particularly if the wvolume
were turned up until excesgive ini-

tial voltage rise overloaded the
final stage of the amplifier.
A voltage-doubling  selenium-

rectifier type of power supply (Fig.
6) delivers 100 milliamperes at 250
volts, and two voltage regulators
are arranged in series to provide
stable plate and bias potentials.
This regulation is quite important,
not only to avoid fluctuations of
pitch with line voltage, but to keep
the four consolées independent of one
another in spite of the fact that
their mean plate currents change
as they are started and stopped or
ag their pitches are varied.

The audio amplifier is conven-
tional; it includes a volume control,
allowing the over-all instrument to
be adjusted to a room of any size.

Playing Techniques

Several interesting facts have de-
veloped from playing and experi-
menting on this instrument. First,
although steady tones, without vi-
brato, are desirable in some kinds
of musie, a much more live effect
can be obtained by wobbling the
pitch control smoothly through a
small range above and below the
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position of true intonation. This
corresponds to the vibrato used in
playing a violin or trombone, or oc-
curring naturally in the human
voice. All who have learned to play
thus far agree that a vibrato of
small extent (less than a quarter
tone peak-to-peak) and at a rate
of about 4 or 5 per second is de-

guessed, accounts for choice of the
name wobble organ.

To allow the player’s right hand
to produce vibrato with a comfort-
able wrist motion the notes should
be spaced well apart on the dial. A
spacing of about one inch per whole
tone appears to be a reasonable
minimum. This figure, taken with

girable. This motion, as may be the potentiometer calibration of 5
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FIG. 5—Circuit of one of the four consoles, in this case the tenor console, The other
three are identical electrically except for timing and waveform-shaping networks.
Component-part values and circuits are shown for the soprano, alto and bass units
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FIG. 6—Circuit of the common power supply, amplifier and loudspeaker unit
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FIG. 7—Waveform at point X of Fig. §

at start of oscillation (A) without bias

derived from the bleeder R, R, and (B)
with the bias

degrees per whole tone noted
earlier, leads to a figure of about
one foot for the length of the wobble
arm,

It may be noticed in Fig, 3 that
the scale quadrant (in this bass
console) is calibrated with high
notes toward the left and low notes
toward the right. This comes about
because logarithmic potentiometers
having a left-handed taper are
not commonly stocked in suitable
sizes. Although players quickly be-
come accustomed to this arrange-
ment, it has been found that most of
them would prefer to have the scale
reversed to match the convention of
the piano keyboard.

Experience has been obtained both
with family groups playing for their
own entertainment, and with quar-
tets well rehearsed for public per-
formance. Some solo work has also
been done using a single console
with piano accompaniment. In every
case enjoyment and recreation value
have been strikingly evident. Even
two professional symphony players
who took part in one of the quar-
tets were highly entertained and,
incidentally, behaved like the ama-
teurs in that they played awkwardly
at first but improved very rapidly.

The music used has varied from
simple “rounds” and folk songs to
Bach chorales. Although no sugges-
tion iz intended that the wobble
organ may ever join the ranks of
the serious musical instruments,
nevertheless it can do things with
Bach that are actually rather satis-
fying. It has a voice-like quality,
and yet overcomes certain vocal re-
strictions. The soprano never
strains for high passages, the alto
cannot possibly run short of breath,
the tenor never cracks and the bags
has power at his command for his
very lowest note.
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TYPE SR5A
FREQ 2.0-15.0 MC

TYPE MC?
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Backtalk

This department is oper-
ated as an open forum
where our readers may
discuss problems of the
electronics industry or
comment upon articles

which ELECTRONICS
has published.

Wobble Organ

DEAR SIRS:
IN the article, Electronic Music For
Four (Feb, 1951), the “wobble

organ’ is described as being repre-
gentative of the pregent state of the
art. Actually, it would be more ap-
propriate to say that the mono-
phonic electronic musical instru-
ment of the erank-operated, con-
tinuously-tuned oscillator type built
by the author represents the state
of the art approximately 20 years
ago. Except for the name, there is
little if anything new in the “wobble
organ”.

In this connection, your atten-
tion may be directed to Péchadre’s
U. 8. patent No. 1,791,874, corre-
sponding to French patent No. 672,-
968 (1929). The differences be-
tween Meachem’s and Péchadre’s
structures are very minor and Pé-
chadre’s device may even be supe-
rior with respect to practical opera-
tion.

Another good example of elec-
tronic musical instruments of the
erank-controlled type is desecribed
in Mager’s German patent No. 536,-
865 (1928). Bertrand’s “Dyna-
phon”, described in French patent
No. 664,306 (1929) likewise em-
ploys a crank-type operating mech-
anism for a continuously-tuned
audio oscillator.

Nor is Mr. Meachem the first one
who has assigned an individual os-
cillator to each of four or more per-
formers to produce polyphonic mu-
sie. As far back as in 1932, the
writer organized and directed the
five-piece Emicon Electronic Or-

(continued on page 292)
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A new concept in multiple trace
oscilloscopy made possible by
Waterman developed RAYONIC
rectangular cathode ray tube, pro-
viding for the first time, optional
screen characteristics in each
channel. 5-15-A is a portable twin
tube, high sensitivity oscilloscope,
with two independent vertical as
well as horizontal channels. A
“must” for investigation of elec-
tronic circuits in industry, school,
or laboratory.

Vertical channels: 10mv rms/inch, with response
within —2DB from DC to 200ke, with pulse rise
of 1.8us, Horizontal channels: 1v rms/inch
within —2DB from DC to 150ke, with pulse rise
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THESE ARE

STOCK

e« NO TOOLING
e NO DIE COSTS

e FAST DELIVERY
on

IMI(. -T-27 CANS'!

We can supply all standard sizes
of MIL-T-27 cans with or without
brackets, weld studs, centrifugal
hot tinned, blind inserts, com-
pression-type hermetic seal bush-
ings on 33", 15", 58" ¥;" centers,
and stamped ratings. Custom sizes
can also be supplied.

Other HELDOR services include:
special tube bending, specialized
screw machine products, and com-
plete hermetic seal assemblies,

Get complete specifications
and price lists.

o o = Maiil Coupon Today = mm ==

HELDOR METAL PRODUCTS CORP.
225 Belleville Ave., Bloomfield, N. J.

Please send me prices and
specifications on MIL-T-27 cans.

Nan

Company

Address
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LIIHSED UNMDER RAYTHLOW MFG. CORP, L. 5. PATINT Ne. TA474089 —

CAMADIAN PATENT Mo. 435,516

HELDOR METAL PRODUCTS CORP.
NOTE NEW ADDRESS:

225 Belleville Ave.,
Bloomfield, N. J.

BACKTALK

(continued from poge 152)

chestra, which gave two chamber
music concerts daily at the Phila-
delphia Radio Show of the same
year. The performers were mem-
bers of the Philadelphia Orchestra.
Even this early attempt could
hardly claim to be the first one
as it was antedated by Theremin’s
concert at the Carnegie Hall, New
York City, during the early part of
1931. The same period witnessed
numerous similar concerts in Eu-
rope, featuring ensembles of elec-
tronic solo musical instruments de-
veloped by Martenot and Bertrand
in France and by Mager, Lertes and
Helberger, and Trautwein in Ger-
many. Incidentally,
electronic solo instrument, the
“Trautonium”, had the distinction
of having special music written for
it by Paul Hindemith, the well-
known modern composer.

That the erank-operated solo in-
gtruments of the type described by
Meachem were not commercially
successful was probably due to the
fact that they are not suitable for
the execution of rapid musical pas-
sages. They were quickly super-

seded by solo instruments in which |

the selection of pitch is accom-
plished by keyboard control, as in
the writer’s Emicon, manufactured
by Pratt, Read & Co. in Deep River,
Conn. in 1932-33, or by displace-
ment of a finger on a string, as in
the Trautonium, manufactured by
the Telefunken Company of Berlin,
Germany in about the same period.
Both of these early attempts were
commercial failures, due to a vari-
ety of reasons, In the first place,
the resistance of musiciang, both
professional and amateur, against
an instrument requiring a com-
pletely non-conventional, although
relatively simple, playing technique,
was considerable. In the second
place, the selling price of the in-
struments twenty years ago, when
the quantity production of elee-
tronic devices was still in its in-
fancy, was too high to permit reach-
ing a sufficiently broad segment of
the public, Finally, the develop-
ment, manufacture and distribution
of a practical and commercial elec-
tronic instrument of this type re-
quires an unusual combination of
electronic and musical talent which
was impossible to find within the

Trautwein's

distributors

for 30 years

of radio and
electronic
components for

all your needs

IRE

LELEVISION

INCORPORATED

NEW YORK 13, N.Y.

100 Sixth Avenue
WAIker 5-8883

NEWARK 2, N. J.

24 Central Avenue
MArket 2-1661

BOSTON 10, MASS.

110 Federal Street
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. Have you your copy?
| If not, we'll send you
this 1250 page book
for only $1.50. Write:
RWT, 100 Sixth Ave,,
New York 13, Dept. E.
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Models 611 and 612 are popular
instruments in research and design
laboratories, vacuum tube plants,
transmitter manufacturing plants,
and in fixed and mobile communi-
cation services.

They are ruggedly built for portable
use, and are as simple to use as a D.C.
voltmeter. The power absorbing load
resistor is non-radiating, thus prevent-
ing transmission of unwanted signals
which interfere with message traffic
in communication services.

Frequency range: 30 to 500 MC (30 to
1,000 MC by special calibration]

Impedance: 51.5 OHMS ~VSWR less
than .1

Accuracy: Within 5% of full scale

Input connector: Female "N" which mates
with UG-21 er UG-21B. Adapter
UG-146/U is supplied to mate with
VHF plug, PL259.

Special Scale Model “61s” are avail-
able as low as V4 watt full scale, and

other models as high as 5 KW full scale.

TERMALINE
DIRECT READING
R. F. WATTMETERS

(DUAL RANGE)
MODEL 611 —0-15 ond 0-60 Watty
MODEL 612—0-20 and 0-80 Watts

IMPEDANCE~51% Ohms

¢ BIRD ELECTRONIC CORP.
Denmaline Coarial Line Tnstnauments
Cleveland 14, Ohio

Catalog Furnished on Request

¥\ 1800 East 38* Street
West Coast Representative * NEELY ENTERPRISES ¢ Hollywood 46, Calif.
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BACKTALK (continued)

same organization twenty years
ago. However, it may well be that,
apart from the present emergency,
a similar venture may have better
prospects for success at the present
time.
NICHOLAS LANGER
New York, N. Y.

Author Replies
DEAR SIRS:

THANK YOU FOR your invitation to
reply to the comments of Nicholas
Langer on my article “Electronic
Music for Four” published in the
February issue of ELECTRONICS.

I am grateful to Langer for his
contribution of historical back-
ground. Not long ago I was hunt-
ing for such information, and al-
though acquainted with Theremin’s

| and Péchadre’s patent, I found lit-

tle else pertaining to instruments
using continuously tuned oscillat-
ors,

If we assume it to be true, as
Langer points out, that what I have
lightly referred to as “the present
state of the art” is actually similar
to efforts of twenty years ago, then
we must ask why there has been so
little advance in these twenty years.
The answer appears to be that ef-
forts toestablish “crank-controlled”
devices as serious musical instru-
ments met early discouragement,
which caused interest to shift over

| to the keyboard type of control. The

resulting electronic organ was quite
successful and captured almost all
the subsequent development effort.

| If this shift of interest had not oc-

curred, the field would surely have
been covered more thoroughly. Per-
haps it is because it did occur that
the Patent Office has found it pos-
gible to allow my application, Patent
No. 2,544,466, which includes as one
of its claims, “An electronic musical
instrument compriging a plurality
of self-oscillating electronic sources
of electric waves, rotary manual
means for independent frequency
variation of each of said sources
over a continuous range of at least
one octave, means for independent
amplitude variation of each of said
sources, means for independent in-
terruption of each of said sources,
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Try Remler for Service-Tested
“"Hard-to-Get”’ Components

PLUGS & CONNECTORS

BANANA PIN TYPES...JAN SPECIFICATIONS

Multi-contact connectors and mating chassis
counterparts. Melamine or alkyd insulation;
steel or brass nickel-plated a?;ells. Banana
gprings are heat treated beryllium copper.
nexcelled low resistance contact, Highest
quality . . . good for thousands of connects
and disconnects.
Special Connectors to Order— Miniatures;
water tight and pressure proof types to JAN
specifications.

2101 Bryant $t.  San Francisco 10, Calif,
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SLOW SWEEPS
HIGH SENSITIVITY

Remler Company Ltd,

¢ Band Pass—DC-2mc¢

o Sensitivity—5mv/cm
maximum

* Sweeps—.3 sec/em

to 3 usec/em
Type 512 Oscilloscope

Accurate observation and measurement of slowly recurring phenomena is
difficult, if not impossible, by conventional oscilloscopic techniques. The
Tektronix Type 512 Cathode Ray Oscilloscope, combining os it does direct-
coupled amplifiers, slow sweeps and high accuracy, is recognized by a con-
stantly increasing number of researchers as being an indispensable Jaborafory
tool. New and fruitful approaches fo the problems encountered in research
are permitted by these features. $950.00 f.o.b. Portland, Oregon.

Write today for detoiled specificalion of Type 512 and other Tekironix instruments,

712 S.E. Hawthorne Bivd. Portiand 14, Ore.

BACKTALK (continued)

means for combining the alectric
waves of said sources, and an elec-
tromechanical transducer for con-
verting the sum of gaid waves into
sound, whereby a plurality of play-
ers, respectively controlling said
sources, may produce polyphonic
music”. Incidentally the patents re-
ferred to by Langer do not ghow an
engemble type of instrument.

It seems to me that the most sig-
nificant thing I have happened to
come acrosg in this matter is a sur-
prisingly encouraging response by
various samples of the public. The
wobble organ started as a joke—a
rather horrible novelty—and pro-
duced happy enthusiasm. People
have asked where they might ob-
tain one. They have made serious
comments on such things as the
“gympathetic” quality of the vi-
brato and blending. They have spec-
ulated on uses in hospitals and re-
habilitation centers, and in musical
education. This observed pheno-
menon is what hag led me to carry
the wobble organ up to the stage of
an ELECTRONICS article.

Let's not be too serious about it.
Let's never mention it in the same
breath with the symphony or the
pipe organ or the string quartet.
Nevertheless, here it is for what
can be made of it. Maybe the devel-
opment of twenty years ago should
be resumed.

L. A. MEACHAM

Bell Telephone Laboratories
Murray Hill Laboratory
Murray Hill, New Jersey

Electronics Quiz

THIS month’s quiz was furnished by
Emil M. Anderson of Detroit, Mich-
igan. For his contribution, Ander-
son will receive our check for five
dollars, as will all contributors
whose problems are published.

This Month's Problem

Assume a superheterodyne re-
ceiver with a signal input to the
converter of frequency f, and a
local oscillator input of frequency
(5/4)f. Then, in accordance with
established principles of converter
action, its output will contain
the two input frequencies f and
(5/4)f, and the sum and difference
frequencies (9/4)f and 1%4f. The
intermediate frequency amplifier
is, as usual, tuned to pass only the
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