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I:LI:CTRICAL COMMUNICATIONS TECHNIQUE: 
AND ITS APPLICATIONS IN ALLlE:D FIE:LDS 

AN IMPROVED AUDIO OSCILLATOR 

F General R ad io T YP E 213 I[ ~ : f R a numb" of YOB" lhe 

Audio Oscilla tor has served 
"""'''''''''' in m a ny la bora tories as a 
tonc source for hrid ge measurement s 
and other purposes. This osci lla tor, 
\\hicl . consists of a single-bullon 
microphone.dri ven tuning fork, has 
been II iJcly used because of its sim 
plici ty, compactness, low cost , and 
case of operation. 

A redesign of this instru rnCILI , re
sul ting in t.he TYPE 813 AU/lio Osci l
la tor, has prod uced very dcfin iw 
improvements a long the fo llow ing 
lincs: (1) morc accurate ca libration to 
any specified frequency va lue, (2) 
lower da mpi ng and grea ter freq uency 
s tuhil ity, (3) complete independence 
of output and fork dri\'ing ci rcuits, 
(1) more reliable opera tion and self
s tarti ng charac ter ist ics, (5) mu ch 
lower harmonic con teu t in output, 
(6) fork enclosed and free fro m dam
age alHl dir t, (7) provision made for a 
sma ll self-contained 472-vol t dry hat
tery fo r in term ittent operation ; or, 
alternately, ou tside ba tteries (or con
tinuous service or greater power out-

put, (8) a reduction of the sound in 
ai r produced by the oscilla tor. 

These improvement s ha \-e been nc
complished by the use of a much more 
massive fork of unique design, by 
employ illg two microphones of an im 
proved type symmetrica lly loa.l ing 
each tine, and by the use of au output 
filt cr which reduccs the harmonics 
in the output. 

Thc fork is cut from a rectangular 
bar of ulliform cold rolled steel which 
is then cadmium pl a ted to resist COf

msion. T wo ri gid back mi erophoncs 
are mount ed from the heel of the fork 

FIGlIRI'I 1. E"lerDal view of lOOO-cycle TyP£ 
813.A Osci lla tor 
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Fua KI': 2. 1 n l o"rnal ,iew of l {)(l-e~'cle (>i!Ci liator. @hov. ing fork Hll ll method of 1110u" l in:; 

and are loca ted 8) IIIl11c trica ll} on the 
linel; a l. or bac!.. o f. the pOlnl ",here 
maximum Ilc .. ure occurs. In th is man
IIcr, t he free l,illr811011 o f the fork is 
in AlIcllced onl} 10 a l'cry slight degree 
h} the load of Ihe microphones. 

T he fo rk is mounted rigid I} a l the 
heel abole a sllla llmclallic base panel 
\\ hiell ca rries Ihe dri ving elec troma g
net 10('3 Ied bC l\\ ee n the lincs. The 
base panel is suspended int erna lly 

\li th fOllr resilien t mounti ngs he nca lh 
a lJa l..clil c panel. II h ich carrics the ter
minal pOSlS :wd contro l swi ldl lind 
\\ hich scr\'cs as II c OI' c r for the ..... al nut 
cabi ncl. 

Since the Oll t put of the microphone 
btl' ton conta ins ha rmonics of consider
able ampl itude, a fi ller is provided to 
ohtui n good \\,uve(orm. T his fi lt,er.
attenua tes the second harmonic IJ) 
more than lO decibels. 
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-. The Il lfl ll g diagram (Figure 3) 
s.ho" ~ hOI" onc lIlierophonc, in series 
"ith the electromagnet and "halcl'er 
haHery is connected Ilc r OM tbe ter
minals A lind IJ , (Irive~ the fork. The 
ot her lIIi.-ropIIOI\C, il) series "ill! the 
fill er 3IUI "hatever hallcry is COII
OI~cted across the terminals A and C. 
independently supplies the ck'Ctrica l 
output of the osci llator. The g Il itch 
controls hOlh circuits 8irnuhaneous ly. 

Outplll illlpe(lances of 50, 500, and 
5000 ohms ure provided. Four ou tput 
tcrminals are &0 arran ged lhal tllc 
Tn'E 27 1. \ '1 Double Plug may be 
(Iuickl) Buached to gi l'c auy one of 
these three interna l inll.ICdauee vu lues. 
The ou tput circuit is comple tel y iso 
lated (rolll the driving circuit . and 
there is 110 direct-current componcnt 
in thc ou tput . 

r- for intermittent ollCration "ith a 
moderate po"cr outpul, an internal 
,l72-VOh bUll ery is conncl:ted across 
the terminals A and 8 and the t,er· 
minal C is cOllnectell, c.'i:lernally, 10 
the terminal U. The single ballery thus 
energizes oolb tbe driving- and the 
ou tput.rn lcrophonccircuits. For grea ler 
output, or for continuous operation 
over cxtcmled periOtls, the intcrnal 
buttery ilia ) he re placed by Ull ex· 
lernal bHu ery of greuter capacity or 

A B c 
I ~I~ ___ ~ 

C 
j Y 

LJ" 

by SOIllC other low illlpedlllwe direc t· 
current source or 4Y2 volts to 8 voit.s, 
cOlln(."(:ted ex te rnally across the t.er· 
Ininuls A and 8 , wi th C joined to B. 

The best. frc(jucucy s tabilit ) and the 
IOIH!s l harmonic cont ent arc obtained 
I\hell t he amplitude of fork ,·ibration 
is small, corresponding 10 a driving 
Lallery ITolta gc not grcater than 4>-2 
volt~. J\la.\iIllUIII power output con · 
;; islent wi th these cOlldition", is 0 1,· 
tained "jth II 10lal output baller) 
I·olta gc of 6 to !j ,"oils. 

The operatin g ebarac leristies of t.be 
'1'1.'1' 1; 813 Oscillator are gi, eu helow. 

Fn.'(/IU'fICY: The TYPB 813 Audio Oscil. 
lator is al' uilaLlc in lwO IJlOtlels., 1100 
cycles and JOOO cycles, O ther fre
quencies Oet\\ CCII 300 cycles aud 1500 
cyclcs can he oLta ined on specia I ordcr, 

The frequcllcy is adjusted 10 within 
0.5% of the sl'(.'Cified va lue. The (em
pcrnlure cocOieiclll is - 0.001% per 
Ilegrec Fahren heit llll(l the change in 
rre{lueucy I",ilh (Iri lring ITolt nge is less 
than O.OL% per volt . The frequency 
is entire ly illllc l.lClIllcnt of IQa{1 imllCd. 
IInce. 

IV/lnform: Thc lotal hUfillonic con· 
lent of the Oll ipu t into a matched 
rC ili~tive load is Icss th an 0.5% wi th 

c:: 5000 

W '00 0-
~ 50 

u.. 

flGUNK 3. Cin:uil tlillgrarn or'l'I' I'K 813·A Oacillator 
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FlCollll 4 (left ). Varia. ion in harmonic con· 
. cnt of ontpu' voltage u~ a function of .he 
ratio of .he load imjoednnl)e. Z, to .he mu.ched 
lond impedance Z .. No.e .ho •• he harmonic 
content ia extremely @mall for high i1llilwauce 
1011<1$. This mllk CII il pooible to work lIe osci l· 
la tor ioto tbe grid eircuit of a \'HellUm· l ube 
ampli fier to obtain higher IlOWer OUlput ""ith 

goot! ... "veforon 

• 

.. 
/ • 

FIGORS 5 (right ), Rutio or power ouq,ut. p. -)01-
to the muimum power output. P o. as a f,U1c, 
tiOD of out(>ut unpedunce. The horizontal 

/ 

!!Cule may be read ae :0 Of ~t, dep,~nding upon 

whether the load iwpaiance ialarget or smaller 
than tbe matched value. Zo 

'~Y2.vo l t drive and less than O.S% 
with 6·volt drive. Figure 4 shows how 
the ratio of tolal harmonic content, 
lI, to the harmonic content, IIG, with 
a matched load, varies with the ral io 
of load impedance, Z, to matched load 
impedance, Zoo 

Outpllt: The ou tpu t to a matd.cd load 
impedance is 20 to 30 milliwatts with 
6·volt drive and 10 to 15 milliwatts 
with 4J1!.volt dri ve. Figure 5 shows 
how the ratio of output power, P, to 
the maximuOl output power, Po. de· 
creases as tbe load impeda nce. Z. is 
made larger or smaller than the opt i. 
mum value, Zo. 

The maximum open circu it ou tput 

". . . • .. .. • 

volta ge is 20 to 24 volts with 6·volt 
Ilri ve and 1410 17 volts with '~Y2.volt 

drive. 

lnpltt Power: Tbe dri ving microphone 
draws about 25 miUiamllCrcs al 472 
volts and 30 milliamperes a t 6 volts. 
The output microphone draws about 
60 milliampcres at 4.J.4 volts and SO 
mj[Jiumperes at 6 volts. These va lues 
are subject to considerable variation. 

Dimellsions: Both models, (length) 9 
x (width) 5 x (height ) 6 inches, over· 
a ll. 

Price: 
l OOO·cyclc modcl - $3'tOO 
400·cycle model - 36.00 

- H . W . LA~ISON 
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THE ANALYSIS OF 

COMPLEX SOUNDS OF CONSTANT PITCH 

ONE of the many uscs of the TYI' s 

636./\ Wave Analyzer is in the 
fI"C(ltlCIlCY analysis of sounds which 
have 11 consllln l. pi tch. The selec li\' it y 
ami ease of operation of the analyzer 
make it particula rly useful (or applica 
tions of this sort. 

An excellent exa mple of this t ype of 
problem is lhe analysis of the laue pro
duced Ly au automobi le horn . Neces
sary C(luipment consis ts of a suitable 
microphone, an audio-frequency ampli
fi er. and the wave analyzer, aud should 
be a rranged as shown in Figure 1. 
The microphone should IUI\'c a rea· 
sonably good response over the range 
III' to 10.000 cycles. In the ana lysis de-

,-.. suibed here, a low.priced piezo -electric 
microphone was used. The amplifier is 
used to obtain a voltage of sufficient 
magnitude to operate the wave ana
lyzer a nd s.hould, of course, have a nat 
response over the frequency range ill 
which measurements are to he matle. 

Three different automobi le horn s 

were Ilna lyzed with this c(luipmeut aud 
the results arc shown in Figures 2, 3. 
aod I~. The scale of orJi nales, Sound 
Pressure ;11 Perccntuf!,C oj Fundamental, 
is proportional to Ihe wa ,'e analyzer 
readings, since a ll element s ill tbe sys
tem ha\'e essentia lly nat rreq uenC)· reo 
sponse curves. 

The horn in f igure 2 is a type used 
on low.priced au tomobiles and bas a 
loud. piercing tone. All examination of 
its spect rulJl shows a resonance in the 
region of the tenth harmonic. which is 
nearly thirty li mes as s trong as the 
rundamenta l. This accounts ror the pe
culiar tone quality ur Ihis type of horn. 
The horns shown in Figures 3 and 4 arc 
a pair " 'ruch are in tended 10 be &Ou mlcd 
at tbe same Lime. Each has a rather 
pleasan t tone, lIo t grea tl y different 
£roul that of some IIIllsica l instruments. 
The output or each born contains har
monics or approx illlately equal ampl i. 
I udes over a \\ ide rrequency ra IIge wi th 
nO pronounced resonances. 

PIf.ZO 
El~CTRIC. 

MICROPHONE TVPE SI4-AM 
AMPlifiER 

r 
r 

"TVPE 63e> A 
WAVE ANALYZ.ER 

F,GUKK I. A rnlilgemf' lI l or /l'llI il' ," en ' for 9I1aly7.ill); 1101111.10 .1f .. 'On~ I D IlI l'i, .. 1r 
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FIGU Mt: 2 (a l)()\' f:) . FrC<luc ticy s l~lrum of lI orn No. I 
F":;"llt: 3 (below). FrC<llIcllcy spc<: lrU1Il of Hortl No.2 
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'\ vii<ual imlil'tllion of Ihe w8,c(orm. 
made b) 111 (,:1115 of a cH thOfI;:-ruy osci l
lograph and 6\\Cep ci rcu il . is of tel! lISC 
ful in intcqwc ting the frc~ p ,cncy Hual },
~is. 1\ perIllO!!l'nl n'conl can 1.Ie madc 
L) pl,olQgraphing the oscillograph pal
lern "jlh n still-picture call1era. The 
neccs;;ar~ equipme nt is silo .... 11 in Fig_ 
lire 5 and consists of ll ie l'iI' lr.o-c1cclric 
rninopllOllc, 'In amplifier, .. ca thorle
ra y oscillograph \Iith linear sweep ci r
cu;t , and 8 hU1li1 ca ll1era. 

PI~lO 
ELECTRIC 

MICROPflOl"E 

o 
L 00 

TYPE 714 -A 
AMPLifiER 

To oblai ll sufficient dc fl ecliu{! "olt
IIge for the os<!illograph. 811 amplifier 
\I;th 11 Iligh voltage Olilput , stich 118 Lhc 
new Gcncrll l I( allio T\I '\" 7 11.1\ {\III 
plificr. is needed. The oscillograph 
(T \'P~; 687.1\) bas a self·conl ained 
swcep circuit IIIItI 1)O'Ier sllppl~. For 
/lIllking Ihc pholOgraphs of Figure 6. a 
ca mcra hll vi ug !III r /,1..5 1"11 .01 was nocd 
"itll VeridlrOluc film. Thc exposurc 
II as 0.2 second . 

The lhree oscillogram;; of Figure 6 

------ --i.lI"Tl -'-'-. ~ 

FICUHK 5. ,\rrallgemcnl of ..... ";I'".e" l for I,h'-'I" 'l raphing Ih" ,,<1\ ,·rnrm "r """,ull! Ilf ,,'tmll l llnl 
pileh 
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FIGURI!. 6. ~illogram8 lbowing waveCorm or 
hornll (top) 1\0. 1, (centl'r ) No.2, (bottom) 

No.3 

arc, respecti,cly. the waveforms of 
the horns of Figures 2, 3, and 4. In 
eacb oscillogram the sweeping fre
fluency was eq ual to oDe-hall tile horn 
fundamental frequency. Note that 
l'igurc 6 sho \<o s that the fundamental 
of the horn of Figure 2 appears 8S a 
modulation of the lenth harmonic 

These sa me methods of ana lyzi ng 

a 1111 photographing sounds of cons tant 
pitch can, of course, be applied 10 a 
large !lumber of problems. The lIoi~s 

of int ernal l"omlJUstiOIi e ngines, mue· 
Ilers. and vurious types of e lect riClI1 
and mechanica l equiplHcUI ca n he 
treat ed in the sU llie ma nner as the horn 
lones. A harmonic 8nal) sis of a sound 
of this type \\ill reatlily show up the 
frc<llIcncies lit "hich resona nt phe. 
nomcna arc taking place. In the case of 
a horn tOile, prOIx:r treatment of the 
aeollstic systc lIIs producing: resonances 
,dll illlpro." c the «ualit) of the sound . 
In other applications "hcre it i" de
sired to rc,lul'e the int ensit } or di,.. 
II greeaLleness o( a souwl , lIFo in a lIIuf· 

fl er. (or ills tmu:e, Ihe resonances IIIn ) 

Ix: shifled. b} prol)Cr design. to points 
\1 here their eITed is less 1101 iecahle. 

- II . II . Seo'I" 

The Ceneral Hndio eq uipmeu l men
lionell in the foregoing article is a ll 
stllnt!/lrd clIlulol; appnrutu s. The pril 'cf; 
are as fol1o" ,,: 

Tn' .: 636-A Wa\ eA ualp.cr. .. 
Tl'I'E 514-Ai\1 Amplifier ..... . 
'1'''1'.: 714-A Amplifier ....... . 
Tl'l'E 687-A ElectrOIl Oscillo-

~190.00 

85.00 
190.00 

graph . . . .. . ............. 181.00 

The microphollc used for this pm·tie
ular "ork was an As tatic T ype OJOI. 
"hich lists at '22.50. This microphone 
ca n be obtained £rom Lhe General 
Uadio Com pli ny or frolll the III lI11U

faClurer. 

GENERAL RADIO COMPANY 
30 St.t. Str •• t 

-~ ... 
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