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ELECTRICAL COMMUNICATIONS TECHNIQUE 
AND ITS APPLICATIONS IN ALLIED FIELDS 
= : , , '" : ,= : = ;; :: : = ,'O" 

A PIEZO-ELECTRIC OSCILLATOR OF 
IMPROVED STABILITY 

1Fr""''''''''ffi INCE the s tudies of per­
formance of tbe TYPE 
57S-A Piezo-Electric Os­
cillator described in the 

s 
£Tperimcllier for October and for No ­
vemher, 1930, increased demauds ha'-c 
heen Ill IHl e for even higher accuracies 
and higher elabilities, notab ly as a re· 
sullo of the Federal Hadia Cnllllllission 
Ge nera l Order No. 1 16 requirin g 
hroadcasting sta tions to main tain their 
frC(I"CllCies within plus or minus fi fty 
cycles of Ihe assigned value. The new 
TYPE 575-0 lliezo-Eleclric Oscilla tor 
described below was de,'c lopcd pri­
mari ly La serve as a (requency s tandard 
in conjunc tion with tbe Tn'E 58 1-A 
Frequency Deviation Meter as a ,·isua l 
monitor complying " illl the rellu ire­
mcnt8 of tJlC General Order. 

The rigid re(luiremellts wh ich llIust 
he mct by stich frc(lucncy s tandards 
Icd to invcst igations of "nrious circuits 
to improvc die fre11llclwy 8ta llility and 
the opera ting cilura eterisl ics. One of 
the more serious defects of the older os­
cillators was the llet.'Cssit )' of calihra t -

illg the quart z plate III tbe oscillator 
" 'ith which it was to be used, Jf 
changes OCCUlTed in the circuit con · 
stants due to shipmcnt or to ageing. 
the user was nol aware of these changes 
or the resulting shift in fre{luellcy. 
"'urthcr, in cases where readjustmen ts 
or reca lihrations were 1.0 he lIlade it 
was ne(:essury to return not only the 
quartz plat e Ollt til e cntire oscillator to 
our laboratory. 

T hc circuit finatJ y chosen over('olnes 
most of the object ions. A definit e iu­
dication of proper adjllstment is pro­
vided hy the pla le currcll t mctcr 
which ind ica tes a minimulll currcnt 
whcn the circuit is properly adjus le(1. 
Regardless of chunges in the circui t 
cons tnlllS, supply ,'oitugcs, and tubcs. 
adjustment of the circui t to the mill­
imum plill e.currellt point will give the 
sa me frc<jllC llcy 1.0 wi thin exceedingly 
sma ll limits. 

The schcmatic circllit is show n ill 
Figure 1. A screen-griJ lube is em­
ployed to reduce the capacitance be­
tween control grid and plate. Thc 
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FIGU K8 I. Function.! diagr. ru for T,"I'I~ 
575-D Pielo-Electdc Otcillator 

{llUlrtz pla tc is cOIlJlected in Ihe plate 
circuit in series \\ ilh the feed ·Lack coil 
t 1• The rC8.is t ancc R serves to supply 
pla te voltage to the lulJe frout the pla te 
ba llery and also serves as II radio·fre­
'Iu c lley couplin g m echanism . The 
slIl ull capacitance belv,ecll grid aod 
pla te aod the resistor n sen 'c to pre­
'en t the circuit Crom functioning as 3n 
inverled crystal oseilla tor of the usual 
ty pe· where fc:ctl· hack is obtained ill 
the inter -eleclrOfle capacilance and the 
Cf}Sla l presents a n iuJucti,'c reaction 
of appreciable magnitude. J t will he 
no ticed tha t the current through the 
crystal is the ('urrcnt through the feed· 
Lack coil 1~, - consequently tbe crys­
ta l nUl)' be thought of as controlling the 
oscilla tor by control of the fct.-d ·back_ 
Current ill R produces no feed·back. 

The l.H! rConnnoce of this oscillator is 
ciJarac terizcll by (I ) oscillation over a 
ver} lIacro"o' range of adjustment of C. 
(2) vcrr rclia l.lc oscillation whcn tbe 
condenser is adjusted to the middle of 
IIl ia range, and (3) a minimum plate 

"That iA, one ill which Ihe crys tll l i$ placed 
in Ihe pla t .. circui t and Ihe l uned clement in 
ti le grid citeuit_ 

, , " 

currcnt ind icated by the meter I when 
alljus tlllcn ts are properly made_ 

l'crforlllaoce dala for a rel'rescnt a. 
I ive broadcast . frequency qU ilrtz pia te 
a re I)rescllted be low in the stune form 
as Ibe data of the article in the No­
,'ember, 1930, E:rperimellter. The dev i· 
/tlioo resulting from changes in any 
,' ariable, the other factors remaining 
constant is SUlluJlarized helow: 

Tempcmturc C/UlIIgcS (Fil!l're 2). The 
quartz plate employed W8 11 o( thc " 1''' 
or "30·degrt:e" cut hav ing a positi,'e 
temperature coeffi cient. It \\ill be no· 
liCCII that for a change of ±O. loC (rolll 
the normal temperntureof 50°C (1/ 5 of 
l%) the resulting frequency change is 
within ±2.5 pariS pcr million, ,,'bicl! 
is definitely Jo \\-er than for the liame 
typc of crysts l in the older circui t . 
DO lLet! lines indicating Illc range of 
± O.025° (wh ich IlI ll)' Le mainla iucd 
ulldcr Il\'cra ge roolll tempera tllrc con­
ditions by the tCIII I.H!ra ture ('onlrol syli­
I C.III furni shed in the unit ) s.how ths t 
ordinari ly Ihe rre{pu!IIcy changes reo 
suiting fro lll tcmperaturc varia tions 
wi ll be less than ± 0.75 part per million. 
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VIGt/ItR 3. Variat iOI1 in fr l:<lUenCV IIll II f"" e­
lion of g rid _tuning CII1'8Ciillnee 

1)mill!!, Changes (Figllre 3). The {reo 
'Iuclley of osci llation is nltered, when 
the grid tuning coudenser is varietl. 10 
tJle region of the plate current mini­
mUIII, where definil.e changes in the 
reading of the plate current meier are 
observable (as shown in the upper 
curve) the change in frequency is 
"" ithi n ± 1.5 pari S per willion. 

Plate Voltage Changes (Figure 4). It is 
at once evident Ihal modera te changes 
in plate volt age have no effect on the 
frequency of osciJlation. Tbis is in 
definit e contrast to the changes ob· 
ta ined with tJI C older circuit. 

Filamelll Voltage ChuII!/!$ (Figure 5). 
For changes in fil ament vohage of rev-

.FIGUM"; 4. Vuialioll in frC(IUc,I1CY lUI. f"'IC' 
lio n of plue vollage c.x 1)rC~'IlSed .1Ii Il f>Cr lX.1l1 

or nOfmal 

cral per cent ., wh ich arc casily observed 
011 the fi lament. volt.mcter of the nCI\ 
oscillator no appreciable change iu fre­
quency results. U the filamen t vohage 
is decreased far enough, tJle fre(lueney 
rises, as shown by tbe upper curve. Bu l 
if. for eaeh va lue of filamen t volLage. 
t.he tU lling condenser is readjus ted to 

give minimum plat.ecurrent, the change 
ill freque ncy is ent.irely negligible. as 
shown by the lower cur ve. 

Tube Chullf!,€S (Figure 6). Changing 
tuhcs, the circuit being readjusted to 
minimum plate currellt for each tube, 
resulted in the freq uency ebanges 
shown. Twelve tubes. some of which 
were new and sOllie old, all gave oper­
ating fre(luellcies within ± l part per 
million. I f tubes No. 2 and No.5 were 
rejected, the remaining 10 LUbes give 
freque ncies practically within the limi ts 
of the ± O.5 part per million. 

V ibratioll. rllltl ak iu g tests for vibra­
lion, the entire unit was subjected to 
heavy shocks. Tbese resulted in two 
types of freqnency change: that due to 
mMion of the quartz plate in the 
mounting, and that due to shifts in the 
luning of the grid circuit. The latter 
could be compensated for Ly readjust ­
meut of the tuning condeuser for min­
imum plate curreut. With readjust. 
menl _ the shifts remaining after the 
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FICURK 5. The fre<l ncncy sho,,', no I,creel',i · 
bte chan~e with filamen! voltage if fh e con 

den.e.er 18 rellet for minimum l'lilte cllrren t 
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FIGUMR 6. Frequency , hift. n t'y slighl ly 
"'hen tuha are f:hangNl 

\ibnl tion stopped were \\ itll in ± 1.5 
parts pcr lI1 illion. 

As an es tim ate of the a hsolute CO II ­

sta ncy of frequcm') or Ihe system, it 
ilia ) he ahsumed tha t all o f the varia­
.iolls o bser ved take pilice ill the !:'ame 
direction: 

T ellJ)'t'U llIre 
Tu ning (by 1,la l e 

,neler) 
l' I. ,c volt.,;e 
FiI. mel'll vol tage 
Tube. 
Vihr. , ioll 

Ib .. ",", "r 
V. do . h .... 

F • .,.. " .. " c)" 
\"n in . ;"" 
("" ... ,"". 
",UII" ,, ) 

Q.02S"C 0.75 

1.5 
!!.O volU! 0. 1 
0. 1 '" 0 11.11 0.05 
(av~r8 l:e) 1.00 
(heavy ahoch) 1.5' 

T OID.1 '1.9 

oRelUailli lig arur shock . 

This represent s the range of frc­
quency within which this Iype of OR­
cilia tor would be ex pected 10 opera te 
III1Jl:r service cond it ions. There is 
c \'cry reason to expect that , if the vari· 
ablt:s are held wilbiu the rauges given, 
sollle varia tions "ould offset others 
ami the actual change ill freq uency 
,",'Quid be less th an the tOI,a l given 
a hove. T hese conclusions of course reo 
fer only to the SllIbifity of the freq ucllcy 
of the oscilla tor, tha t ill, to the t'Ur;a t ioll 

f rom the udjus/('(i Ly,Jue and bave n o di· 
rect !.Iearing 0 11 the accurac)' of adjust ­
ment of the oscill ator to a specifi ed 
frequency. 

Quartz plates suita ble l or use ill tbe 
T YPE 575-0 Pic1.o-E lcctric Oscililitor 
and guara nteed to within ± O.OO2% for 
a l>eriod of oue yea r a re available. T hey 
lire kilO" II as 'r n'E 3i6.J Quartz 
Pla tes. In adj us ting these pla tes. t he 
frequency is brought widlin one cycle 
of the specifi ed fre1lueuey ae deler· 
lu ined by our primary frequency stand · 
ard which is ope ra ted. ('"Olltilluously aDd 
checked in terms of Arlington t ime. 

The price of the T ,·P£ 5i5-D Piezo· 
Electr ic Oscilla tor is S2 l5.00; of Tvl'~ 
376·J Qua rt z Plules 85.00. 

- J A~II;: S K. C t,API' 

ELIMINATING HARMONICS IN BRIDGE MEASUREMENTS 

M£ .l. SL II E.)I EJ'> TS o f i 11\ p eda n ee 11 5 
mude 011 ule \ urio tlS bridges a re, 

iu gCllera l, affec ted by the presence of 
ha rlUonics. For those in \\ hich the hul­
auce condi tjolls are indcpendeut of fre· 
q uency (most o f the cOllunoll l,. usctl 
br idgeg a re in this ,'Iuss) . the bala ncc 
wou ld be uoaffected IJ} the harmonic. 
cout ent of !.he source. ir it "ere not for 
the fact t hat lile resistam:e of a coil or a 
cOllllenser varics oonsiu era lJly wil h fre · 

quellcy . The balance for the funda­
menta l rreq ueucy is mas.ked by the har· 
monics iu the outl)UL 

I·' or those hridges in whose balance 
eq uations frequcuey appears explic­
il ly. the presence of harmonics is seri· 
ous and causes a di rect error. The res­
onance brid ge and tile Wien brid ge are 
exa mples. 

Voltages other th an harmonic volt · 
ages a lso frequently a ppea r in mellsur-
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ing cirelli IS. They arc induced in Ihe 
circuit clecirolllu glicticall.r ami clee­
trustatieally hy Ihe fields, usually of 
ClJlllillcrcial (requeue)', which esist in 
1Il0st t..horalories. They become illl ­
porLant when the volt age to be meas­
ured is redU(:cd to a sufficieutly slUall 
value. ror that reason tbey hecome 
the limiting factor in briJge balullccs by 
preven ting tbe attainment of 1'0mplCIc 
sileuce ill the head tclepllOlles. 

Spurious voltages. harmonic or 11011-

harmonic, rnay he decreased in magui ­
hllie by the use of sui taLle filters which 
lII ay he connected direcd) to the power 
source ill order LO ' decrease the har­
mon ic conl ent of the voltage appl ied 
to the measuring circuit. T hey would 
be so placed for the lOeasurement of 
any element which Inight be affected 
by suell spurious ,' oltages. 

Filters ma y also he cOIHlcetcd he· 
tween the bridge and the lIull detector. 
This is usually tbe preferalJle position, 
because in generll l the illl pedance of tire 
null rletcctor is greatcr than that of the 
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bridge. Filt ers ha,·c in gcneral silufj)Cr 
cut-offs the higher the impc(lancc to 
which tl rey are counec led. 

1\ bUlld.pass fi lte r made up of low. 
pa ss and high.pu ss 1iCctions is sa t isfue· 
tory for rneasurcmellt s made at. a single 
frequency. The draractcris tic imped. 
ances of these sectious should be 
chosen to be e(lual to or less than the 
10lld int o which they work . Low·fre· 
(Iuency /Jon·harmonic volt ages are sup · 
pressed br the hi gh.pass secLioll ; 
Iligh ·frequeney nou·harmonic ,'ollagc~. 

a lHl all harmonic volt,ages by the low· 
pass sectiou. Tbe cut -oif frC(luencies of 
these seclion s mar he so choseu Ihat 
tire appl ied freque ncr may VHfy con· 
sidcralJI y "i thout affee l ing I heir IICI iOIl. 

The TYP E 330 Filt er Secl ions* are 
IHl iit {or three differen t. cut·ofT fre· 
queneies, 500, 1000, and 2000 c ps. und 
11>'0 differelll dlaraCleristic irnr~d. 

unces, 600 and 6000 ohms. The at len­
llution o lnni uuble with these sections 
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FIGUIlf: I (I ~ ~rl ) 11,,,1 FIGUIIR 2 (right ). A Ilenuu lion elum,clerisli cB of 'J'\'!'R 330 Filler Sccrjon~ 
for Ih o: va l"", of I",rminatin" impedance 5hown. Ie is rhe cur·off fre<locncy a",l liu is lI,c chllr· 

acterin ic imped: nce (either 600 or 6000 ohms) specified in CU I"log F 
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when terminated ill their characteristic 
impedances are shown in Figure 1. The 
three curves (Or each type of section 
are alike, being merely displaced alollg 
the freq ueuey 8"is. 

The 500-cJls high-pass filler section 
is suitable for suppressing tbe usual 
low-frequency ooo-harmonic voltages. 
The three low-pass filler sections are 
suilable for suppressing the high-fre_ 
quency harmonic voltages. The at· 
tenuation to the second harmonic, 
which is u8ually the strongest , e:u.'eeds 
that 10 the fuudamental by at least l5 
db (a voh age ralia of 5.5 to I). The 
frequency of the fu ndamen tal Illay iu ­
crease by 50% before the attenua tion 
to it hecomes 10 db. 

Wlle ll a filler section is OOllnCClc(1 to 
a load resis tance much larger than its 
characteris tic impedance. lhe ratio of 
input to outpu t voh age is decreased in 
the tra nsmission band, if, in add ition. 
the input resistance is made much 
slllaller than the characteris tic illlpcd. 
ullce of tllc filter . This rat io becomes 

less than unity at a (retluency near the 
cut-orr £requeucy. thus givi ug a voltage 
characteris tic similar in sollie respects 
to that of a resonant circuit . 

Such cun'es for the three low.pass 
fil ter sections are shown in Figure 2. 
They are for tbe case of input und load 
resistances 0.2 aOlI l50 timcs their 
characteris tic impcdam:e. Tbe UttCOII' 

ation 10 the second harmonic is on tl.e 
average the same as for the prelim,,, 
case. The fundalll ental freq ueucy may, 
however, vary from 0.6 to 1.5 times 
the cut-ofJ fre<Jucncy. without causing 
thc discrunination between fUIIt! amen· 
ul! and second harmonic to fall helow 
15 db. Withi n tllis runge tile a ll cnu­
ation to the fundamental va ries be· 
tween - 14 dL and +10 db , The 
range of the three filter sections over· 
lap and toge ther they cover the fre­
()uency ba nd from 300 to 3000 cps. 
Other sections may be buill on special 
order, which will ex tend titis range u ... 
to 7500 cps and down to 60 Cpl!. 

- ItOI1E:RT F. FIE:Lf) 

CONVENIENT DECADE-SWITCH UNITS 

WI'!'U the advent of the new TYPE: 

602 Decade-Resistance Box, 
which makes use of a specia l type or 
unit construction, General Radio is 
supplying the uruts separa tely . 

These new TYPE 510 Decade-Resis­
ta nce Uuits are identica l wilh those in 
the new 'l'yl'lo: 602 Decade-Resistance 
80:(, which surpasses in resu lts and 
convcnicnce its famous predecessor. 
The switching mccha nism is ent irely 
enclosed within the unit. protecting 
the contacts from dust, and thus elim­
inating a frequent source of poor con· 
tact and leakage. Each individual 
uuit is provided with a cy lindrical 

FIGURE 1. An a,tj"$!lIloIe r<:8(llllln l circuit. II 
IYl'icll1 ap(, licalion or 'l' l' rE 510 Dox:ade. 
ite&i8tllOce UniU Mod '1' 1' 1'11: 380 Decade 

S ... itcb~ aod Con,l~nl!e~ 

'"' shield and an e tched dial plate to fa-
cilitate mounting on a pauel. 

(COft,;......J .... ,...".., 
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A MANUAL RECORDER 

CUll' E-OII' WING equipmeot makes 
it possihlc (or engi neers to record 

variable phenomena and interpret or 
compare resu lts a t their COll venience. 

Earl) in 1927 the TYI'E 289 Fading 

tiomeler. A le"er makes it possible to 
fo llow the desiroo variations either by 
maintaining a cOlista nt Ileflection or Il 

lIuli point on a ga lva nometer. 
Tbc TYPE 459-A Mallual Hecorder is 

Hecorder W88 de­
veloped hy the 
Ge neral Hadi/} 
Company· in 
t.'o njWlc lion '" ith 
tile study of tll­
dio trQllsmi l58.io n 
ca rried 0 0 b) G. 
W. Pickard. The 
'j'Y I'E 4,59· ·\ 
I\ I,IOual Record· 
er ~ ll o\" 1l a ll this 
page lJall juS! 

TYI'II. 459·A M anual Roeonler. Muving 
tloe haodle .imuhaneou~l ,. movee the 
I""u aud the , li,ler on a po tentiumeter 

used ill a manner 
sim ilur to the 
earBer Tn'E 289 
Fading Recorder 
for IIle stlltl y of 
fuding of rudio 
t fa ns-missions. In 
reco rdin g th e 
varia lioll in sig. 
nal int c u s il}' , 
th e necess a ry 
cbangcs o f the 
arm to balance 

!lrcn designed. In this IIC" ins trument 
s tandard 3}-i inch ad ding machine pll ' 
per is carried past a rCl.'ording j-IOill t a l 
a unifonn rale a ud the I>ositioli of this 
point lIla y be varied manunl1 y 10 follow 
aod Imet: the curve of the vari3ble 
!le ing s tud ied. 

The ruain drum is driven by a 8111 all 
6O-cps, llO-volt synchronous motor 
and the gea ring is SO Rllj U6tcd tha t tlw 
paper travels exactly o lle inch a min­
ute. The drive is matle pos.i ti \e hy 
small points projecting through the 
Jrum, and these are so spaced that thc 
perforations caused by them in tbe pa ­
per are exal't ly one inch apart. 

The drum Oil the alandard IInjt s 

Illukes five comple te revolutions an 
hour. but tile gea ring of course can IJe 
chlw ged to meet s rtecial t.1l lldi lion .. , 
gi"ing a rather'" ide ,-ariation of speeds. 
The drum may also be loosened frolll 

,-the dri"e ehaft by a thum!' IIUL A 
.pring slider ca rries oolh the recording 
pOiOI aod the contact ar lU of a poten· 

them result in a trace 011 the recording 
paper or magnitudes corresponding 10 

We changes in signal strengtb. 
The potCDtiometer in the standard 

instrument is a tapered card lun'ing a 
lllaximulIl value of approxima tcly 2000 
ohms. To meet specia l condilions this 
card mlly easily be replaced. 

'fhe slider has a long hearing and is 
kept in contact with the guicle bar by 
mea ns of a Aat spring. This a llows the 
sBder to move freely a t aU times bu t 
e liminates unnecessary sid e play a lld 
compensa tes for contact fri ction 0 11 both 
the potentiometer and the drum . 

While the original iutenl or the re­
corder was to 8lud}' fadin g, i( is fclt 
tbat it will serve to draw eut\'es so nec· 
essa ry for the intell igent interpretation 
of mallr other phenomclIa. For ex· 
am ple, thc recorder might be used in 
t.'Onjullction with a bea t.fre<plcncy 011 ' 
ci llator dri,'eu by a simila r synchro­
nous dri,-e in studies of acoustics. 

Tile price is $85.00. - 1J . S. WiLKiNS 

'See Gent'r(li I(udiu f:).:pe,-imcmer ror April , 1927. 
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(Go~""~"'/_ ,...,. 6\ 

These units cun he used in 111811) 

lI'uys. For ins tance. they are i1l\1I1· 
liable in the (..'O IiSlructiou of adjustuhlc 
irnl>cdance·mu lching networks, speciu l 
attenuators, or harmonic ana lyzcrli. 
Prol"ision has been made so tbat Ire " 

eral units can be "gauged" together. A 
Icry useful ca libra ted ,'ohage di vider 
CH n be Ill ade by mounting similar IInit s 
"hack to back" (sec Figure 3) so Lhllt 
II hen resistance is cu I into o lle unit. it 
is simultuncou!'O l) ('tit oul of tile other , 
thus keeping the lolal resista nce con· 
stan L. Any numher of these "back-to­
back" units lII ay be used to huild a 
\oltuge tli "jrler for pracl iclI lIy a ny df" 
flircrl range a nll degree of precision. 

FIGLHK 2. '1'1 1'£ 3110 D('(lI"le Swi tch ,,1101 
Comlen!l<'nI 

Another exa mp!I' uf the deeade·unit 
idca is the TYI'E 380 Decade 5" ilCh 

: : 

FIGUM": 3. Two T vI'I': 510 Decade. lte!liuanee 
Units ",o"uted in tandem to make a voltage 

di .. ider (potentiometer) 

and Condenscr, which providcs a cor· 
reslKlnd ing \lui! ror ea pac.itanee. 

These deeade-contlcnser uni ts (see 
Figure 2) are identical with those in 
the T"I' ~: 219 Del'alle Condenser. Dlle 
to their compact constrUClion, they are 
\ ery useful in th e construction of oseit · 
lators. harmonic analyzers, and other 
lahoratoryequipment. 

Figure 1 sho"s a typical piece of lah· 
oratory C(luiplIIl' lIl using hoth deeadc· 
resis tance ami dec8(lc-coudcnser IllIit !>. 
The ad\'a nl.u ge to IIny engineer in being 
ilhle to oht,ain thcse sel r·eontainetl dec· 
/Ide ullits is evident. Complclc tcch· 
niea l informat ion regarding lheir char. 
ac tcriSlics is conl aineti in Calalog F. 

- H. II . SCO'M' 

TilE GENERAL RADIO COMPANY mail.,he Expcrimellter , lvilltout clllIrge, 
each montI, to engineer,,_ &CiCllliAt&, alld ollte", illlerCJlled ;n con""uft· 

ication·freqlle'lcy mealfuremenl find cOlllrol problem". Plealfe Ife lld requCJl/1f 
for Ifllblfcription. Ufld addre .. ·change nolicell 10 tile 
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