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t iT on€ t ime or another '  every
Ji \  rnusical ly incl ined communi-
cations engineer has connected a
laboratory oscillator to a speaker
and t$riddled the frequencv dial to
play himself a tune But did any_
one ever plovide four People with
four oscilletors, so that thev might
plsy like r bsrber-shop quartet?

Here is a facet ol electronics
which up to now, so far as the
author has been able to discover,
has be€n left unexPlor€d. The
questioD occurred to him {'hile
rearchinE for & novelty to entertarn
m€mbers of a gl€e club at their en-
nuel party. The r€sults of Pr€lim-
inary research (conduct€d in the
author's cellar, siDc€ it wls not en
ofrcial compsny Project) 'were r€_
c€ived so enthusiasticauy that im_
proved models were d€signed (in
the same cellar), PlaYing t€ch'
Diqu€s wele improved, and conceft
exp€ri€nce was obtained before sev-
eral surp sed &nd delighted audj'

The p*sent state of th€ 8rt is
r€present€d by the "wobble orgsn"
delcribed in this article. It useg
inexpensive radio Parts, end of€Is
int€reEting possibilities for home
rccr€ation of the particip&tion kind'

as well as for various entertain-
ment ffelds involvins lrrse gtouls.

The four players sit 
'round 

thr.e
sides of r card table, as shown in
Fis. 1. The fourth side is tLrrn€d
toward the eudience, and m4Y con-
veniently be fac€d bY a music )'ack
if desired. ln front of each PlaYer
is a emall "PtaYins console". On
the floor near the tabte is a cabinet
containing a Pow€r suPPlY, an
ampliffer, and a sp€aker' Pairs of
consoles nhich are adjacent to one
another are plugged toeiether me-

chanically (see Fig. 2), and elec-
trically, the whol€ set of four beins
connected to the speak€r cabinet bv
a sinsle 6-conductor cable.

Each console contrins l| thyra-
tron strvtooth oscillator, with suit-
abte conirol circuits and a simple

'vsvefom-shapins 
nehvork which

emphasizes or suppresses various
h.rmonics in the complex sa\a'toolh
wav€ and thus alTords a distinctive
and difrerent tone qualitY for each
player. The physical :rlrangement
of a console is shown in Firi S The
main control device is the "wobble
arm", carried on A Potentiometer
shaft which ext€nds through the
slopine front. This eontrol is de-

sj$ed to vary the Pitch over a

range of about 2tr octaves (about

6-to-1 in frequency). The nnse 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 antl a com_
mon power pack, amplifier and loudspeaker. The instrument plays anything from barber.

shop hallads ro Bach with a pleasing vibrato quality f"o- *iri"t it gets its aamc

and in the present model is located
differentlr on the frequercy spec_
trum for each consol€, so that the
four of them covar the vocal ranses
of sopr&no, alto, t€nor. and bass
r€spectively. (A nale quartor
model corld bo obrained merely bx
ehsngua c&pacitanco values.) The
pitch control, of wobbte arm, is
op€rated by the rish! hsnd of th€
player in reletion to the musical
sc&le denignations on the slopirF
scale quedrant. These desisnations
need be lsed only a$ & roush guido,
but they Are of Erelt valuc even to
An 

.e*perien(ed 
pt&yer in making

Iaprd &nd accurete changes over
large rnusjcai interv&ls, and they
are indispensable to 

^ 
beginncr.

Opelation of the tone source or
o8ci l lotor is not cont inuous; each
conio/e can bo turned on rnd ofl at
will by the irdividuat pelformer.
The four consotes ar.e norrnaly
sjlent. Oscill&tion ia started by a
slishi downward presaure of thd
player's left nand on the knob at
ih€ left front of tbe consotc. This
pr4sufe closer a contact apptying
plete voltrge to the otscitlator. Thns
the player nay use a ,,portrmenb,'
between notes (leavjns the tone on)
or "detach€', (nonentarily inter-
rLrptinq it) as desired. The volumc
ot sound delilered bv the indivi.tual
console to the cornmon spaakef is
also und€r the control of this sane
knob, rvhich may be turned as wetl
as pressed by the player,s left hand.
The mtation can be calibrated in
rnusical symbols, pp, p, ry), nJ, f,
and fi indicatins difierent desrees
of loudness from pianissimo to foF
tissimo, but in the present model
thie is left to the musical taste of
the player and onty p and I are
ma*ed as roush srides n€ar the
opposite ends of the range. The
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switch action meDtioned rbove is
obtain€d very simply bY mountins
the potertiometer near the free end
of a flat cantilev€r sprins, the fixed
end of which is screved to the un-
derside of the console top. A down-
wald motion of about .l-inch
brinss the free end into el€ctrical
contact rYith a ffxed metal contact
that also limits travel.

One other control, a tuning rd- .
justment to compensate for such
variables as temperature and asing,
is rcquired, as in almost anY other
musical instrument. This tunjns
kDob is initisUy adjusted bY the
plsyer's left hand rvhile the cores-
ponding wrist Presses down tho
"on" knob and his risht hand alilins
the wobbl€ arm with a scale mark
(such as middl€ C) cortesPondins
to the pitch of the reter
to which he rishes to tun€.

The pr€sent consoles are made ol
l-inch plywood, with scale lluad-
rrnts of *-inch presB€d hardboatd
ijach scala quadfmt is mlde r€"
movable to facilitate stotage, being
mounted in slides at its €dges. A
simplc catch is provid€d to support
the frse end of the wobble Arm
ivhen not in us€. The bottom of
ihe console is made removrble fot
rccess to component psrts Princj-
pal dimensions are shown in Fitr' 3

Thc layout of the speaker enbinei

is conventional, the only lovel
ferture behs the Provision oJ stor-
age space for the four consoles, t\{o
at each side of the loudspeaker as
shown in Fiei. 4.

Cir.uits
Compl€te sclematics are siven of

the consoles in Fig. 5 and the Pow€r
supply and amplilier in Fig. 6. The
thyutron relaxation oscillator in
each console i3 of the tYPe com-
monly used in oscilloscope sxeep
circuits, with the variable timins
resistance used for the main Pitch
control and the srid bias for tun-
iner. Different timing capacitors
and waveform-shaping networks
are shown (terminals A, B, C) for

the respective consoles. When the
consolos are Plussed tog€ther a

common shielded Path i3 Jormcd
ffon thc networks to the anPlifief
1nput.

The use of  a l -mesohm losar i th-
mic potentiometer in sefies \tith a
lixed 10,000-ohm resistor tol each
fre{ruenct conirol prolides a relA-
tionshiD between shaft angl€ and
nusic pitch which is substtlnli-
rlly lin€u over a resist&ncc fans{i
of 16,000 to 450,000 ohms, \'ith r!
slope of about 30 desrees Pet oc-
iave. AccDrdinsly, each h^lf_ioire
o.,cupies 2.5 desrees &nd each \thol.
t,)ne 5 desrces. Tho \';obblc rrm

swicgs over more than 75 degrees,
siving the desired 2' octaves, and
is set on its shaft so that the miDi_
mum total resistanee actually used
is 76,000 ohrns. The potentiometer
should have a molded carbon el€-
ment or e{ruivalent so as to mini
mize efects of mechanical wear on

A voltage divider &ross the 150_
volt supply (resistors E' and R, in
Fis. 5) is arransed to hold the plate
of the thyratron at about 40 volts
above cathode potential while the
"on" contac! is oPen. The tube does
not conduct in this €ondition, be-
cause its firinsi Point for rormal
tuninri is designed to be near 80
volts. The €frect oI the bias i3 to
make the d-c potential at Point A.
while ure oscillation is ofi, substan-
tially equal to the d-c component of
th€ sawtooth vave at the same
point vhen it is on. Fisure ? ihows
how the bias eliminat€s a stariins
tronsient in the sawtooth wave as
it is delivered to the input of ine
shapina network. If present, the
transient vould sive a noticeable
thump at the beginning of eech
note, particularly if the volume
lvere turned up until excessive in!
tial voltase fise overloaded the
finrl stss€ of the omplifier.

A voltase-doublins selenium-
rectitier type of powef supplv (Fic.

6) delivers 100 inilliamperei &t 250
volts, and two voltase rcsulatorg
nre arrangcd in series to Provid€
stable plate and bias Potentiels.
This resulation is quite impoltant,
not only to avoid fluctustions of
pitch with line voltage, but to keep
the fouf consoles independentof one
another in spite of the fact that
their meln plate currents change
as they are stalted and stopped or
as their pitches are varied.

The audio ampliner is conven-
tional; ii includ€s a volune cortrol,
allowins the ov€Fall instrument to
te adjusted to a room of rny size.

Plorins fechniques

Several interestins facts hav. de-
lcloped from llayins and expcri-
mentins on this instrument. First,
nlthoush steady tones, without vi-
brato, afe desirable in some kinds
ot music, r rnuch nore live efiecl
can be obtained by vobbling the
pitch control smoollly through a
smrll faDse abole and below the
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FIG. {-nea! vi.w ol po.ldble c46 contdininq the wobbl€ orqc''s

supFly, spedkor dnd dnFlilier, wirh th€ lour individudl consd€8
dnd srowed lwdv
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position of true intonation. This
couesponds to the vibmto used in
playing a violin or trombone, or oc-
curring natulally in the hunan
voice. AI who have learned to play
thus far agree that a vibrato of
small extent (lese than a quarter
tone peak-to-peak) and at a rate
of about 4 or 5 per second is de-
sirable. This motion, as nay be

guessed, accounts for choice of the
name wobble organ.

To allow the player's right hand
to produce vibrato with a comfort-
sble wrist rnotion the notes should
be spaced well apart on the dia.l. A
spacins of about one inch per whole
tone appears to be a reasonabie
minimum. This figure, taken with
the potertioneter calibration of 5

FlC. 5-Clrcuit ol .& oI r!.16u!.o ol.., tn rf,t. cc.. rh.l.tur con.ol.. Ih. .lh.r
fir.. dr. ld.ndcdl ol.cklcdlly .rc6!r Io! rtrdlg cnd wav.lorD.rhlpbg n.tr.rL..
CoDpon.nt.D.rt ecl{.. dnd .lralt! dr. rL.er lor tllo .oprcno, dlro qrd l.r. unlt.

FIC. 6 Grcuir ol th€ conmon power supply, dnplttt r dnd toudrpect er unir
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degrees per whole tone noted
earlier, leads to a fisure of about
one foot for the lensth of the wobble

It may be noticed in Fig. 3 that
the scalo quadrant (in this b;rss
console) is calibrated with high
notes toward the teft and low not€s
toward the right. This comes about
because loaarithmic potentiomet€rs
havins a left-hrnded taper are
not commonly stock€d in suitable
sizes. Althoush plAyers quickly be-
eome accustom€d to this arranse-
ment, it hlrs been found thst most of
lhem would prcfer to have tle scale
revafsed to match thc convention of
the pieno keyboard.

Experience has been obtained boih
with lamily aroups Dhying for th€ir
oND eniertainment, and with quar-
tets well rchoarsed for ptrblic pe1-
fol.rnance. Some lolo work h,ls also
been done usins a sinsle console
with piano scconpanim€nt. In every
case enjoynent and recreation value
have been strikingly evident. Ev€n
tq'o professional symphony playen
who took p,rrt jn on€ of the quar-
tets wcfe hishly enteftained 

^nd,incidentally, behaved like the ana-
teurs in that thay played awk$aldly
at first but inprovod very rapidly.

The music used has vafied from
simpl€'1 'ounds" and folk sonss to
Bach cho|nles. Altl'ough no sugges-
tion is intended that the s'obbl.
orsan may €ler join the ranks of
the serious musical instrunents,
neverthelels it crn do thin$ with
Bach that are actually rnther satis-
frins. It has a voicelikc qtratity,
and yet overcomes certain vocal fe-
strictions. Thc rloprano never
strains lor hish passases, the alto
cannot possibly run short of brealh,
th€ lenor never cracks nnd thc bass
hls power at his comnand for his

,legp ̂git*-Tpro c
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Wobble Organ

I ]EAR SIRsI
IN thc af i ic le, l l lectroni , :  M,rs ic For
Fouf (r{b.  1951),  ihe ' .wol} l lc
or{rr"  is  doscf ihcr l  rs bcin ' r  r .Dre
sentNt i !c of  thf  l ) r .srni .  s i t l t  o l  i l i l
ar t .  A. l t rauy,  i i  wo,, l . l  bo more.P
proririalc Lo sar'' t.l'at the m')no-

rhonic c l . .htr ic mrls i . r l  instr ' r -
m.ni  of  l Ic  . rankl  )  l )err l  cd,  con-
l inrously- l  L,ned osci l lat , ) r  iyDe bni l t
hr l.hc aullof fel)rcscni.s tle sl.atc
ol  l l , .  ar i  at t foximrl .c ly 20 y. [s

r j ( ) .  I . l \ . . r t  f , , r  ihe nrmo, thef f  is
l i t t l .  i f  rDJihi ts n.w in thc "wobble

fu i ] ' is  corn'a, t ion,  )onr athn-
tion nry bc dire.ted to Plchadre's
U- S. Drtent No. 1,791,374, eorre-
spondins to f rcncl  patenl  No. 672,-
968 (1929).  The di lTerences l )c
twcen Meachcm's and P6.hadrc s
stmdures 

^re 
very minor 3nd Pa

chrdrc's devicc may clen bc supe-
rior wil.h r€spatl. to t,racLi.al oper^-

Another sood examr,le df elec-
h.onic musical instrume ts of tbe
crank-controlled typ€ is described
in Maser's Geman patent No. 536,-
855 (1928).  Bertrand's "Dynr-
phon", described in French patenl.
No. 664,305 (1929) lik.wise en-
ploys a crank-type op€rating mech-
anism for a coDtinuousty-tuned
audio oscillator.

NoI is Mr. Meachem the nrst one
who hae assisned an individual os-
cillator to each of four or mole per-
fomers to produce polyphonic mu-
!ic. As far back es in 1932, the
writel organized and directed the
five-piece EmicoD Electronic Or-

llor, tt5, - IIECTRONICS
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A rew con.epl  in nul l ip le ho<o
osci l loscopy mdde possible by
Wolerndn developed RAYONIC
rectqngu16r (othode rdy lube, pro-
viding for lhe { l rst  t ime, opt ionol
screen chd.o<ler ist i .s in eoch
chdnnel .  S-15-A i5 o portdble twin
tube, high sensi l iv i ty o:c i l los.ope,
with lwo independenl ver l i .o l  o6
wol l  os hor izontol  .hon.el5.  A
"nust"  for  inv€sl isol ion of  e le.-
l ronic. i rcui t !  in industry,  school ,
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chestra, which

delphia Radio

save tlvo chambe!
deily at the Phila-
Show of the same

year. The perJorm€rs rPere mem_
bers oJ the Philadelphia O*hestra.
Even this earty attempt could
hardly claim to b€ the first one
as it was ant€dat€d bY Theremin'5
concert at the Camesie Hall, New
York City, during th€ earlY Part of
1931. The sarDe period witne$ed
numerous simils! concert8 in Eu_
rope, featuring ensemble8 of elec_
tronic solo musical imtruments de_
velop€d by Martenot and Bertrand
in Franc€ and by Maser, L€rtes and
Helberg€r, and TButwein in Ger-
rnany. Incidentelly, Trautrvein'3
electmnic solo instruEent, the
"Trautonium", had the distinction
of having sp€cial music writt€n for
it by Paul Htnd€mith, the well-
known modem composer.

Thst the crank-opelated solo in-
ltruments of the t,?e dosclibed bY
Meachem werc not commercially
successful $as probablY due to the
tact thst they are not suitable for
the €xecution o! lspid muslcal pa8.
sage!. They were quicHY Euper-
seded by rolo inltrumontr in which
the setection of Pltch ii lccom-
plirhed by keybo.rd control, as in
the wlitels Emicon, manufactured
by Prstt, Read & Co. in DeeP Rlv€r,
Conn, in 1932-93, or bY dkplac6-
ment of a nnger on a string, es in
the Trautonium, marufactured bY
the Telefunken Company of B€rlin,
Germany in about the same Peliod.
Both of these early attemPts wem
commercial failures, due to a vari-
ety of r€asoDs. In the frrst Place,
the resistance of musiciam, both
proJessional and amateur, agaimt
an instrument !€quiring a com-
pletely non-conventional, although
relatively simple, playing technique,
was considelable, In the second
plac€, the s€llinci pric€ of the in-
strument€ twenty yeals ago, whetr
the quantity production ot elec-
honic devices wes ltill in its in-
fancy, rpas too hierh to permit reach-
ing a suifici€ntly broail segment ot
the public. Finsly, the d€veloP-
m€nt, manuJacture and distdbution
of a practical lDd commercial elec-
honic ilstrument ol thfu t}?e re_
quircs an unusual combination ol
€lectronic ald musical telent which
was impossible to 6nd vithin the

Have you your copy?
If not. we'll send You
this 1250 Pase book
for only $r.60. Write:
RWT, 100 Sixth Ave ,
New York 13, DePt. E.
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TERTAIINE
DIRECT READING

R. T. WATIMETIRS
IDUAT IANGI)

MODIL 6rr-0-?o oDd o-B0 worr

r^\ProaNct-5r% ohor

Models 611 and 612 a.c popular
iNtrume.$ io.esearch and desisn
laboratol ies,  vacu!n tube PIans,
transmif ter  manufactu. ina plans,
and i .  f ixed and dobi lc comDuni-

Thcy are rug!.dly buih fo. poriabl.
Dsc. and de as simole ro use as d DC
votrme.d, The powe. rbsorbits load
rcsisto. is.or'radi.tinr. thus prdent-
irs ransmission of unwantcd sisnals
whi.h iorerlere qith me$asc raft.
in codmu.icalon s.rvt.es

F'ee!.^.r rcrse l0 lo 5OO MC (30 lo
Looo MC bv tpe(idl .o 'brdlion)

,rp€ddrce:51.5 OHM5 -VSwR lerr

,4c.uiocri Wirhin 9% o{ {u I tc.re

/ 'put .oia..to,i Fehole N rh]ch mols3

* i rh UG.2l  o.  UG'218, Ad.Pts.
UG.l ,16/U i r  3uppl ied lo Foro * i lh

Spc.idl S.al.. Modtl a)ls art .!a;l'

ahle ac low al l") w,( lull s.alt, and

oth(rnod. ls as hi lh i \  t  (Wn' l lscalc

Cctctos tutnnh..t 6^ P.qu.r

sane orsanization htenty xears
aso. However, it may well be that,
apart Jfom the present emergencv,
a similar ventu& may have bett€r
prospects for success at the present

Author Replieri

DEAR SIIiS:

'|H,{NK Yov roR your invitation to
reply io the comlnenls of Nicholas
LanF{ir  on my. i r t ic le "Electroni(
Musit tot l'oLrr" puttished in th.
l'cbrurry issne of ltt,Fi(imoNlcs

I aln sfth'ftrl io Inins€r for lis
(1)ntribuiion oi histori.ral back

sround. No| lo.s rJJo I  vas hunt
ins for  such htormri ion,  rnd r l_
I  hor ! :h 

^cqtraintdl  
Ni th Tlerenir ' \

:m( l  l 'a, ihad./s t ra l . .nt ,  I  touDd l i t -
l . l f  f lsc ter | r i r ins to instruments
i  s i r r  c.nl inuously l . r rned os(] i l lx l

l l  $c rssumc i t  lo be trut ,  as

Lang.f Doilrts out, that whrt I hrLve
l isht ly r . f1t f f . l  to as " thc Drcs(,r t
s1.aic ol  ih.  r ! f l "  is  

^r , iual lv 
s imi l rLr

rr) . l l in l .s, , l  l {dr l l  Y.rrs tgr) .  lhr{ l
wc n,L,s l .8 l i  whY i l , f r i  hrs l ) ( t l  sr i

l i t i lc  x( tvrncc in lhfsc lw.r l ]  vcrrs
'Lhc rtns$'o rppctrs lo be tlat cI'
l i , rLs io estr l , l ish "crrnk cor l rc l lcd"
( lcvi(cs as scf ions music&l  instru-
rnenls mct orlv dis.ouras.ment,
Nhi(h c^ustd in icnsi  to shir t  ovct
to the kevborrd ly l )c of .ontrol . ' fhc
fesullins iilcclntric o.,aan lvos quite

su('esstnl rnd crrhfed t most all
thc subsc(luenl dcvebpmenl clToli
I l  th is shi f l . , ) f  in lerest  htrd not oc-

currcrl. lhe fteld Nould surelv hrve

been c,)!ertd mo thoroushly ?.t-

hnps iL is be({n$ i t  d id occur th^t

i.he I'ri-eDt Oititc hrs found it pos_

sible io rllov my alrllication, Patent

r_,,- 2,5.1.1,466, lvbich includes as one

ol its claimr, -{n electronic musical

iDstrument comprising a plura.litv

oj sclf-oscilhting electronic sources
ol eleciric \raves, rolarY manual
neans for independent frequency
luiation of cach of said sources
over r continuous ranse of at least
one ottave, means for irdependent
rmplitude variation of each of said

fo]' independent in-

terruption ol each of said sources,
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HIGH SENSITIVITY

A.curol€ ob.ervotion ond nlo'urcn'nt ol 
'lowry 
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means for combining the electric
saves of said sources' and e'n erec_

iromechanical transducer for con_

vertios the sum of said wav€s 
'nto

sound. wherebv s pluralitv ot plav-

ers, r€spechivelv controui!g 
- 

sard

sources, ms.Y Produce Polypnonrc
music". Incidenta'llv the patants re-

fe ed to bY Langer do not show an

ensemble tYPe of ifttrument
It se€ms to me thot the most srs-

nificant thing I have haPpened to

come across in thiB mrtter rs a sut-

Drisingly eDcouragiDg response-or

various samPles of the Publrc rne

wobble organ start€d 3s 3 Jok-a
rather horribl€ novelty-3trd Pro-
duced haPPY enthusiasm reoPre

hsve asked where they mighi oo-

tain one. Th€Y have made serlous

comments on such thinsB as th€

"svmDathetic" quality uf the vF

lrato and blending. Thev hase spec-

ulsted otr us€s in hospitals ano !e-

habilitation centeE, 8nd in musical

education. This observ€d Pneno-
menon is whst has led me to csrn

the wobble orgsn uP to ih€ sbge or

an ELEcf-RoNIcs article'
L€t's not be too 6€riou3 rbout rL

Let'B never mention it in the same

bresth with the symphony ot the

DiDe organ or the stling qu'rtol-

l,fivertheleas, her€ it 13 tor {hat

can be made of it. Mtybo tbo d€vsl-

opment of twenty Yea!8 aao shoulo

L. A, ![raca M*"IH#?k:w"

El€ctronic6 Quiz
TslA motrlh'squiz wss furnish-e-q !v
Emil M. Anderson of Detroit' lurcn_

ican. For his contribution' And,er-

son will rece;ve our check ilr nv€

dollars, as will all co.ntrrbutors

fihose lrobl€ms are PuDrrsneo

rhis Month's Problem

Assune a sup€rheterodyne re_

ceiler wiih a slgnal inpui to tne

convcrter of frequency f' and a

local o€cillator input of ftequency
(5/4)f. Thea in accordancc with

establlshed pdnciples of conYerte!
rction, lts outPut wlll contab
the two inPut frequencies f &nd
(5/4)t. and the som and dif,er€'Dce
irequenciee tgrllr and Yrf'.Te
hterdediate frcquency ampr|rer
i$ as us|ral tuned to Pr.ss only the


