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Elect ro nics a nd lt{usir.
Purt XIII Stroboconn, preeise fre-
qrrency meter, nreilsures sound aecu.
rately to hundretltlrs of a sotnitone
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tronic music and so useful wll.h elec.
tronlc orgsns as well aB more conven.
tlonel acouatic inrtrumentt that it
should he of great lnterest to ell rvho
work with both electronier and music.

The Stroboconn i* in egsenee atr er.
tremely Bccurate frequency meter. It
was specificslly desi,rned as an aid in
tuning musieal instrumonts, by the
manufncturer of the Connsonatn-en
olcctronic inetrument wo shall deocrlbo

ly
RICHARD H. DORF*

later in the seriee. It is also highly etfr.c"
tive in the laborstory and in industr,l,
for nressuriug vibrations, oseillation:r,
ond other periodie phenomena rvithin its
frequency lrnge.

The inrtrulrrent ir in effect o sulrcr-
stroborcope, Twelve discs, each a re;rlica
of the ono nhorvn in I'hoto A, rovolvc tt
ditferent spoedc, }}ach dise corresJxrnrls
to a note of the tenrpered musical scalt,
end revolves faater than the preeerlin,t
lowcr one by a rotio of nlnrost cxactly
the l2th root of ?, A *pecial large nton
lamp l* excitcrl by a microgrhore.fr.d
anrpliffer, When the mierophono is
placed nenr . sourco of sound-a lriano
tone, for exemple, or an organ note-
the neon lemp flarhes at the frequency
of the lotrnd, illuminrting the discr
strobo*eopically, If the speod of one of
the discs is sueh that the nurubor of
blaek seg[rents paerinf a givelr poirrt
per recond in tho same a* tho audio fre.
quency bolng mearured, tho pattcrn ap.
pears to *tand rtill. Calibratlons on the
Stroboeonn then indlcste the frequeney.
All 12 dlscs ern be teen through small
windorvr. sr Photo B showr.

Photo C l* a photogrrlrh of one of thc
windorvr. cxpooing s Eegment of the dixc
behind it ln motion. As Photo A inrli-
cates, a[ch dirc has sevcn eoncentric
ringa of potterns, each ring having
twieo the numhr.r of black portions rs
the rdjaeent lnner one. Thus each rlise
takes care ol the mrre note in seven
ruceeerling oetaver. In Photo C the nar-
row pert of the window exposes the
it,n€rmolt ring on the disc. The ffrst
three rinBt are lnvislble because tho
frequency being mearured corresponds
to thot of the fourth rlng, in which thr,
rtopped pettern can be soen. Thi* tone
spprrently hag gome harmonie struc-
turo, lor the ffth and cixth rinpc are
oleo rtopped, thou8h they are illnnri-
natetl lesr rvell.

Elcclronlc clrcullry
The most es*antlal roquiromont for

sccur&e!" in an inrtrument of this kirrrl
ls that tho motor driting the dircs rrrn
at eonrtant speed. In the Stroboconn
this regtrlatlon in provirled by driving
the motor wlth a tuning-fork-esciterl
rmpllfier, dinrrammed ln ['ig, l. The
tuning fork is m*de of a speeial ello.v,
eallod Connivar, which has an extrenlo-
ly lorv temperoture coefficient. The
metal ir ro stable thet the accuracy of
the fork varieg only e meximum of .001
percent pet' degree Contigrade. For
mueical purpos€s a piteh aceuracy of
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0,1 percent is considered vcry high anrl
ferv ;rcople (if any) can pcrceive pitclr
variations so smsll. In crtntinuous oper'-
stion thc entir0 insttunrcnt, includins
gsals, fork, anrl all olher variarrts, is
sccrlratc to within ,06 pereent.

The fork is drivon by o rogoncrntive
cireuit, in rvhich reapeet it resanrbles
electlonic oscilletors. The rrickup coil
( Fig. I ) drives the ffret erid of a tiSC?.
Thc lrlato output is fcrl to the grid of
thc secorrd section, part sf whose platc
lo&d is t,hc fork drlvc coils. Thus the
output of tlrc fork is fcd back in thc
covrect ;lhasc to furnish driving signol,
thc driving lros'ot' being supplit'd by
the R-volt*gc sotrrce, a etandard
rectifi er-llltar eontbi nltion.

'l'ha fork-eontrolled siRnol is then fed
through s 6SN7-(IT plrase invertcr to
a push.pull.parollcl tiv6-(;T output
stago, Thc $r,con.hry of the outl)ut
tranrfolrrrtr tlr'ivcs thc *ynchronoue disc
nrotor.

The nornral frcquency of the tuning-
fork oscillator is 6l'r cycleg, but the
frequoncy ssn he varicd at rrill. Photo
D shows the forii and the slidine
weiBhts rvhose poeition ean bc ehanged
lo vary roronorrt frrqucncy, The vary-
lng nreehani*nr is oper&ted by a knob
rvhieh appcars nt the bottonl of the
lorver unit in Photo B.

Thc upper of thc trvo units in rvhieh
tho Stroboconn is tnounterl contains the
motor, dise*, snd flashing ampliffcr,
diagrammed in !'ig. 2. The ampliflcr ir
e ntirely conventional : e voltsge ampli-
fter, phare invertcr, end push-pull out-
liut stoge. A speclal, large, U-shapcd
neon lomp is fed by the rocondary of
thc outpul, transformor, The lomp is
lerrgc enough to provide light behind :U
the dlnc*, which are trrnslucent.

Thc trower connoctions in Figs. t and
2 are rather confusing. The sehcnre is
shorvn better in !'ig. S, an extrtct from
thr othor two diagramg, Two porver
srvitchcn nre supplicd, Ono, callod the
Powr:[ $wtTc]t, ls in series with one side
ol the I t?-volt a.c. line end a protectivo
fuec. The othor', the MoToB-RuN wARM-
ur awitch, is a double.pole, double-throrv
unit. In the wnrnr-up position in rvhich
it aDpeare in Pis, B (snd rvith the
power rrvitch clogr.d) ll?-volf, 60-cyclo
powor la fcd to tlre motor snd tho out-
ptrt of the tuning"fork ampliffor ls
dumnry-loodcd by o 600-ohm, 5O-watt
re*istor. Aftoy the mntor end fork hnve
rv&rmod, thr switch la thrown to the
rtin position in rvhieh the motor is
conn6r.1"6 to the forli arnpliffer and the
llashing arnpliflcr porver tran*former is
cnt,t'gized. Aftr:r tlrc fltrshing enrplilicr
has rvarrnc<l up, lfup instrunrent is roady
for uge.

The discs are nln by the motor
through a syitenl of genrs. Since the
Itth root of 2 is not, tr rationel number:it can bo carriorl to en inflnite num-
ber of decinral placc:*--thc gear lntio
frqnr one disc to tlre ncrl, is not quite
corrscti ,t6 olre hns yet bcen ahle to
denign gcnr,n with a nonintegrsl nunlber
of teeth! It is so close to.corr(.ct,
howevor., thet the difrerence ie not
perceptihl*,
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Reodlng frequeney
Tho norutal position for thr. tuning

unit control i.s ot zero. The tunins fork
waights are then set so that the oscil-
lation frequency for thc syttchronous
nlotor [s 5l-r cycle* per sccond. The nrotor
is so gearcd to the discs that the A
disc rotatec sl 27,5 t'cvolutions l,cr soc.
ond. Thc tirst (inner) ring hls trvo
black portions so that a block portion
appesrs ip 6 given position 2 tintes
27.6, or 55 tinres, per second. The fourth
ring has 16 blach portions; thus onc,
&ppeBre 16 times 27.6, ov 440 times,
1rcr second. If the signal fed into the
nicrophone is at 4,10 cycles, tho lomt,
rvill flash once cach tinrc that. o black
nel'k ellpc&rs in tha fourth ring and thc
marks will oppc&r to stan(l still. At
d40 flasher per second. horvover, each
black mark of the ffrst rinc is illu-
minated 8 tinres each time it appesrs,
so it do€s not stand still. As s result
the fundamental frequency of whatever
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torre is being m*asut'cd is indicated by
the irrnerruost stopped pattetn. Octave
harnronlcs of the tone are indicated by
the stolrlrirrg of sdditional rings toward
tht outel edge of thc disc (or the rvida
lxrrtion of tho rvinrlov),

Each ring of cach disc is numbcred
arounrl the windorvs in accordsnce rvith
thc orrlinal rrurrrbor of the note, Tho
clrlilrration elrip betrveen the [rto sets
of wirrdorvs indicates the exact fre-
quencl' of eaeh note, 'oased on an A of
{{U cyclts. That calibrttion is not nee-
o$Bst'l', of co';rge, for mutino instruutcnt
tunirrg, but ir helpful for othcr purpos(,.q.

lnlcrpololion
Prcbably tho festure nrost reoponsiblc

for the Strcboeonn's versatility in both
nrusic and nonmusic applications is the
ingenious proviaion msde for reading
with great sccuracy ony frequency
rvithin its ranEc. The basis of this is
the knob.eontrolkd, calibreted sliding

Iric. l--The motor of the !{troboconn is driten by this tuning-fork-controlled
lniplitier. The fork is nrade of Connivar. has very smsll tempersture co'ellicient.
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photo C*Photo of o sennnlng dlec in op.
*rellsn xhos's xlrtborcopc. psltcrn$"

n*if,ht on the tunitrgl fork. fleferring
ag*in to Phnto B, es the tuning unit
knob is nrtaterl tha pointer on the reale
nbova it roads tha frequoncy ehange ln
trlrrrs of hunrh'*tlths of n semitone,
Theae srngll intertal,q rrc knorryn as
l'rrrl*, $irres the nrunical rcnlc is built on
* Iogerithnrie, not an arithnelie. besi*,
n ctnt rrpt'csont$ s {oltAtefit 1*rerttnga
chanpu itr frequency lathcr than e con-
*tatt nurur,r'ical ehnnge, A *enritone or
hclf*ano {tlre intorval lmt*.eerr, s$y.
C sr:rl Cl oy E end Ir) rePt'csritts s
frequeney ratio betwean tho trvo pitehes
rrf thc ltth root of I {see Auguat, I9lio,
i*sue)" One cent therefor* repl'e,qrnt*
n lstio of

t'r BToft
ithlelr rrorhx ont to ap;rroxiluetell'
.{15$4|. "{s an oxanrph, s l-cerrt inerease
irr thc froqrroncy of A-140 is d"l0 X
1.00068. or dd0.BS cyclos.

ln pr'aetieal tanns lhe merning of the

$hr*'r' is quiln $inrllt,, Il tha nrirlrll* ,t
ix :rour:derl on n lriano or organ hcinfi
l.rulttl n'itlt tire Strtrbor.or,n, r'ing No. ;i?
shnttltl E{arrti still, Suppoee i{ rotatci{
vm'y skrwly to the right, indicating thr
toue ic shnrlr, Lhen [o tune it to oxnct
plteh thc lunor *rljrr*t* the ruurical
inrtlutrrent rrntil the lraltrrrr stantls
still, Or. tc flsrl orrl j*st how sharp it
i:, lre rotalt's the t*nlltg uniL sontrol
ultrv$nl froru zero urrtll tht: patl*rn
st*rnd* Ftill" If thc pointe!' ls then rt
I rent, hc krton'* it is 0.9Ir cycle nharp.

Tunei'e ratolp' need to knorv hnw
*hsr,1r or fl*t a teine is cxecpt for the
"stretching" teehniqucs described helo$'.
Of gre*tar tnlue ls the J*et that any
frcquency of nn oreillatar, or tibrntion,
nr onything olnc in lrborrtory or inrlrr*-
try utay be nlessarnrl in thls w*y. A
lmok of tshles ir furnished rvith thc
Stroboeonrr lf ith iLs sid the opcr&tor
csn di*{ove} the exaet frequency {to
liva tigniflcaul. fgur*a) of anything
thnt c*n ha *ither fnd to the llashing
tlltplifl*r or picked up by the tRitrr.o.
phone. He nreroly nr*nipulates the tun-
ing kncb until one nf the patterns i"*
xtaLionary, thcn ycferc to the tables for
the fr'equen(lr.

Plaro lunlng
The old-tinre piann X,uns1 r*'os usually

a craftsnran of great eklll arrd year* of
cxp*l,ierrce, Ilany o{ thc beut of thcm
rtarterl thcir career* in piano factories,
$orliing up by stagcs to thri pxsetinr{
job of adjurtinf nnr'lrinnls brforc they
rroro *hippad" Espert trrning ha* nhvays
rcquir'ed an intintate knorvledge of lriano
ccn*tructlon" a ffrst-class ear far fritch,
snd nruch rrr*rtieal axperionee,

Onc nf tho leasons that tunlns has
norrr been a purely u,echanic&l Job is

lli&t. nn oxprlrt tlltd't' tlol,s not $('tualll'
tune tho liiano notes to thoorttirally
{'orrert pitrh. r.:rrr,pt in tha rrrirkll* nc.
lnvr,*, Tlre orertoncs of a *trucli string
at'{i nt}|, tt'lrr lt*rtrtrtties of the ftrnrl*.
rrrent*l hut, nrc irrstuad slightly sherper
'- hi*'hr,r in yritclr*th*n the truc har.-
ru:onit's rtnulri [:e, If the entire piaro is
trrnerl fo ssact piteht the ullper o*-ry-
tarres of thc nriddlo oeLave$ er"e sharpel
than tht rorrerpondlnr fundanrcrrtals
af ihe uPp6r ociavos. Too, tho upper
h&tnr,rnirs of the lnrvcr octsr'es are
slrarpcr thsn thc eorresponrling fund*-
nrgrtah nf the nriddle octsvos. Thf;
l'esult iB, As any muEici&tt ryho h*s eter
hearrl a piano *o iuned rvill in*tantly
$al'. that it does not "iound riEhl."

'Io nrnkt it xotrnd lrore n&tural, the
tuner "Btretclrcs." IIe tuncs the upper

?uxt\& fCxn rrrpi

IC8* r9Ir
pfn t."farr

}-is. j|*Tho molor $tnrt eircuit rcdrat'n.

or.tnl'(ir r.h$rp *n(l thc bass onc's flat.
It()Ft tuilel'r, an'are of thc fallacy aI
trrning *rt t,tttit'c inrlrtrrnent to lt'ur'
pitch, harlk st the itlea of using arr
pler'lrnnr*t'hauienI rlevire,

Ilou'o.-or'" tha variable, calib:'atetl
pitr.h *rlju*tnronts of thc Strobaconn
$\'er(.orlrp tho rliffrculty. After a littltr
erilrtlinrerrt, * turlcr ifetrtt'ruines just
h*lv sharlr or flal each note eif thc,*e
"str*tr.hrd" ortsro* should be tun*d to
srit hix antl his cliente' tn*tes anrl ltr"

notes thr: piteh ehange in ccnts" In
futul: lurlinAs. ho neetle llr(ar+ly to shiit
th(, lx,rin$ knob ascording to his notes
anrl tunt' lbl a rtoliperl 1r*ttaltt. The
t,inre sar'orl aurl th* aecufflrf guined nr'e
rr'c,ll rrovth rvhile, The acruraey is espe-
ciallS" r,eluable rhevr two ltianos, to lre
rurarl in tlrro-yriano plcying" nr* tutt*rl,
lrrr thgr it. is errs*nlisl tlrat they corrr'-
xl'otrrl, l.i'rr. tuninr{ the lorver octavos it
is nrr{ evt' rr lre{'r*!{fir.v to experiurent ald
rnxlit, notcr, The tuner siurPly arljn,.ts
tlrr, ;rinrro sri lhat rvith thc pointer on
a.'r(i n,,it$. thc hi$htr overtnnes olf th(,
hfirs llot*:!, rvhirh eppeat' in rin61s out.
ri,k. that rlf tht, futldanrntnl, gitti
FtoFlle{l f}irttr,l'ns. In this \.ay, ha is
nrltrally lhnilrg ttc ovet'tolrcs of tl:e
notes lo tluc pitt'h, not the fttnrlattren-
t*lr, rvhich rtill a*tontatically be *tighth'
{arrrl rkpirsbly} lht"

Im nt'xt manth's srticlc rve *hall begirr
our rliscussion of tone colorins in elee-
tlonie instlumonia, I'otlorving that
&r'tirlr nn this intportant phas€ of elec-
lronir nrusic rve shall ptoscni a datsiled
dasq'iption of the llernmond or:88R,
!c. G" flnn. tJtl,, ElhhEft. Ind,*-sn&*
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l'hoto D*Thc tuning unil. Thc tuning r:ontrol slitlt'r; wcights on fork,
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