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I Radio 

THE UNIT CRYSTAL O SCILLATOR - A 
SI MPLIFIED FRE QU ENCY STANDARD FOR 

THE SMALL LA BO RATORY 

IN T HIS I SS U E 

P"" 
,\ 1-~h:(lACYCI.& SUEK-

ISO UnII><IE.... 4 

lL\mo ESHlNE1:lUN(l 
8uow ..... . 8 

• LATEST ADDITION to the rapidly 
growing liue of Ceneral H.lldio Unit. In8tru· 
menta is Lhe Tl'I'l:: 1:213·A Unit Crystal 
Oscillator. Like ot her unit. instruments,' 
this new osci llator is a milliatllriz(.'d and 
j(l'cntly simplified version of a highly u.ccu­
mtc laboratory in,-jl rUIllCllt. The Unit. Cry&­
ull Osci llator makes Ilmii:lblc, at low cost., 
harmonics of one megacycle, 100 kilocycles, 

and 10 kilocycles, with OlltpUt. frequencies liS high us 1,000 megacycles, 
and with a short. period stability of approximately one part per million 
(0.0001%). 

Every elcttrollics laboratory, particularly olle cOllcCl'Ilcd with elec­
trical ("omlllulli('atiun 1;.\'81<'I11S, needs a means of standanlizing and 
measuring frequency. III the large, wcll-cndowl!<l laboratory, where 
standard frequellt:i('8 nrc in conti nuous usc, tl.nd where accuracies up­
prouchillg one Jl:lrt in lOS nrc rt'quiroo, the Tn}; 1100 Primar)' Ilnd 
~(>('ondltry Frequency St:l.ndunl'l arc used. Thi;; equipment , with 
facilities for distribming stundard fl-cqucncies throughout the labora.­
tory buildi ng, is too expPIIsiv(' for the luborntol'Y with a limited budg­
et, lllHl for the individuul cx-
lX'rimentN. 
"~III~n1 K.">l ...... \'.Il.FBI><! l'-Il-.·J·nlt to.­
~tll.'''''''''' GnomJ Hodio I?rP#f"i_rotw. 'I ., 
10'-.0 . 
• -" .... I-n" ''' .. '''' ..... nl.O. I ...... ' ~ultt>ll .... -
;\Iood"'o,,, •. " (;n.""'1 Nodi" £Zl_'''''''''~' Jul)'. 
liI.}1. 

800ths 92-93 
Ge n eral Radio Co. 

(See page 8) 

Radio Engineering Show - Mmh 3-6 • 
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It was particularly to meet the needs 
of the small organization that the devel­
opmento(thel'YI'E 1213-A Unit Crystal 
Oscillator was undeltaken. The oscilla­
tor has been proved very useful rOi' 
receiver and transmitter calibration. The 
I'alibration of a good communications 
recei vcr eRn be accurately chC(:ked 
ag3.inst. the harmonic series and the re­
ceiver then used as an int.erpolat.ing 
device for accurate frequency measure­
ments. 

Usable I-Mc harmonics extend to 
1000 Mc, thus covering the new U-H-F 
TV channels, 100-kc and 100kc harmon­
ics to at least 250 and 25 Mc, reepec­
tively. With good receiving equipment, 
the IO-kc harmonics can be used up to 
30 M c and higher, thus covering the 28-
Mc amateur band. The oscillator, when 
used in conjunction with tbe TYPE 874-
MR Mixer Rectifier, can be used as a 
I-Mc marker generator up to approx­
imately 250 l\'1c. A stability of the order 
of olle part per million can be expected 
for periods of several hours, if the room 
temperature is constant, and the crystal 
r.·equency can bc readjusted at any time 
to IIgree with standard-frequcncy trans­
missions from radio station WWV, op­
erated by the National Bureau of Stand~ 
a.rds. Daily checking against WWV is 
sufficient for nearly all ordinary meas-

, 
urement~, but still higher accuracy can 
be maintained by comparison aL more 
frequent intervals, or by continuous 
monitoring against \VWV tr3.nsmissions. 

Circuit 

The instrument uses a cathode­
coupled 1-Mc crystal oscillator. While 
the circuit is not new, it is somewhat 
unconventional. The first half of lhe 
twin triode oPCl"lltcs as a cathode follow­
er, while the second half is a grounded­
grid amplifier. The plate circuit of the 
amplifier is tuned to 1 :Mc, and the volt.­
age appearing across the tUlled circuit 
is fed back to the grid of the cathode 
follower, thus completing the oscillating 
circuit. The germanium diode in the 
plate circuit of the cathode follower is 
used as a harmonic generator. The I-Me 
crystal and its series capacitor fonn u. 
series-resonant circuit connected be­
tween the two low-impedance cathode 
circuits; tbus the crystal operates at tl. 

low impedance and any capacitallce 
across it has only a small effect in deter­
mining the frequency. The result is a 
very stable crystal oscillator with a 
minimum number of components. The 
small variable capacitor, accessible from 
the panel, is connected in series with the 
crystal to permit setting the oscillator to 
zoro beat with WWV transmissions at 5 

Figu.e 1. Panel view of the Type 1213-" Unit Cryolol Oocillolor with the Type 1203-" Power 
Supply. The two unih boll logether 10 form a compact, rigid o ... mbly. 
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or 10 i.\ l c. Following the oscillator arc 
two 10:1 multi vibrators, which provide 
the IOO-kc a.nd IO-kc output frequencies. 

Crystal 

The crystal is a plated, wire-mounted, 
hermeticaUy sealed unit with a low 
temperature coeffi cient of frequency. 

Consideration W88 given to the use of 
II. sll)aU plug-in-ty pe crystal oven, but 
the cycling of Lhe si mple oven tested 
Cl1uscd morc frequency shift than occurs 
under nonnal operating conditions with­
out temperature control. Furthermore, 
the thennal inertia of the oven was 80 

low that it was very difficult to adjust. 
the crystal to zero beat wbila the oven 
Wll.8 operating. Although satisfactory 
ovens are available, their cost aod phys­
ical size are tOO great for an instrument 
of this type, and it waa therefore decided 
to omit temperature conlrol. 

r Figu •• 2. £1.mlHtt"r)' cIr­
culI dl"gr"m "I Itt. Unit 

Cry.I,,1 O.cil1"l"r. ~ 

I G 
\ ~ 

1-

u: 
o ~ 

CIII'"STA\. OSC'~~ AIO'I 

Fl8ItUAIt'l' , 1952 

Power Supply 
This oscillator is designed to be oper­

ated from n TY I' l!: 1203-A Unit Power 
Supply, which is plugged into II conven­
ieut connector on the side of the case. 
Provision is made for clampi ng oscillator 
and power supply together in II single 
unit. The TYPE 1204-B Unit Variable 
Power Supply is also satisfactory, and in 
general any power source co.pabte of 
supplying the currents and voltages 
listed under " Power Supply" in the spec­
ifications below. 

The necessary arrangement for using 
the osci llator as either a signtl.l source or 
frequency calibrator is shown in Figure 
3. When the I-Me output is used to 
check the oscillator against WWV, it is 
only necessary to bang an 8- to 12-illch 
length of wire on the output tennillsl

J 

and the radiated signal will be sufficient 
to be heard in n receiver 10 to 12 fee t 
away . H owever, when the 100- and 10-
ke output a re usod , considerably closer 
coupling is needed . The ouLput im­
pedance of tbe oscillator is sufficiently 
high that it can be conncclc<l clirE!('lly 
to the antenna terminal of n, receiver 
using an unbalanced transmission lille 
(50-72 ohm cOl\xill.i cable) . TesLs have 
indicated that, when the oscil hltor is 
directly connected to the receiver. there 
is no appreciable attenuation of the UII­

known signft l at freq uencies up th rough -w, ~ 

0 

'" 
OUTPUT 

~ 

,f t: Jt 
- - -

000" ." .. MU\.1 1~'9ft>.l()II .... .u""9RA"ItIIf 

• 
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55 Mc provided the lead length is kept 
to a reasonable value. Measurements 
above this frequency indicate tbat very 
dose coupling can be used, provided the 
leuds do not become resonant. 

The combination of the crystal oscil­
la.tor and a good communications m­
ceiver will permit frequency measure-

• 
ments to an accuracy of 0.002% or better 
at frequencies up to 15 Mc. Herc the 
limiting factor is not the osci llator stabi l­
ity, but the precision with which the 
receiver dial can be read . T he best 
accuracy will be attainable with re­
ceivers having band-spread dials. 

- ROBERT B. R ICIBIOND 

SPECIF ICATIONS 
f.-qu.nty, 1 Me, 100 kc, zmd 10 ke. The crystal 
bIll! ll. temperature coefficient of olle part per 
million per degree centigrade. Under normal 
('perllting conditions with tl. oonst.ll.llt room 
lemper'IIUrc, a stability of flPPl'Qximlltely olle 
part per milliOIl mll! he obtained for n day's 
openHion. 
OuIPUI, Grell~.r !.han!lix volll! for Illi three fro­
quenC'ies. 
Hatmanln A"alla"I., 1000, 250, and 2li Mc, ro­
~peclively. 
Can"'als: A cersllnic wafer switch to selC(,:t. de­
liired output frequendes. 
r .. mlnals: Jack-top binding l)Ol!lI! provided witb 
slanda.rd M inch spacing. 

Type 

Vacuum Tub. s: Three 12AT7+type. 
Paw .. Supply: 300 volU! dc, 12() mil.; 6.3 volts, 
ampere, ac. 
Paw,. InpUI: With 1203-A or 1204-A Power 
Supply, 15 ro 31 wnttil, depending upon switch 
!!CLting. 
Atunatln SuppU. c:I , One mating muitillOint eon~ 
!lector. 
Moun ting Ull1(lk·crackle-fiui~h panel nnd sidell. 
Aluminum cover finished in clear lacquer. 
Olm, ns'ans, (Width) 9;.s l' (height) liM x (depth ) 
6X" inches. 
N.I W.lghh 3 lbs. 12 oz. 

COfk Word Priu 

1213-A 
1203-A 

I UnIt Cry"at 0"111010" ..................... . 
Unll 'ow .. Supply .••....•....•.........•... 

$130.00 
47.50 

Genaral Radio Unil tn.ltumanh of. bo.i" gene' al,pUfpOUI labOta lory inolru menl1, de. i9ned lot hig h. 
quality performance 01 minimum ptica. low CO" i, achieved Ihtouah slondotd;ted cabinel and cha .. il 
conolruCIk>ri and by sim plified citcuit deoign 10 !He a minimum number of componenll. 

5 ..... 01 other unit in.rrum.nl1 .. iii b. described in fotlhcoming iswel of Ihe hpenmenl." omOtlg rhem 
a null del.cror, an I.F amplifier, a pul.e generalor, and alh ... olcillalo ... 

In laepina .. jlh tho Itand Iowatd minialvr;ad electronic .quipm.n!, Ihese in. ltumenl1 ha .. e ba.n d •• 
• ign.d 10 occupy a. small a valume 01 i. con.I"en! with Ihe ability 10 di .. ipale the haol de .. elopad. 

A 1-ME GACYCLE SCHERING BRIDGE 
B:>th commerciall.lud military specifi­

cations on capacitors of 1000 IJlJf and 
less cali for measurements of capaci­
tance and dissipation factor at a fre­
quency of one megacycle. Similarly, the 
grading of insulating materials is often 
based on lhemeasured dielectric constant 
and loss factor at one megacycle. While 
the TYPE 916-A Radio-Frequency Bridge 
nnd the TypE 821-A Twin-T are capablc 
of making such measurements) neither 

instrument is ideal for the purpose. The 
TYPE 916 does not offer the desired 
accuracy for capacitance measurements 
while the T win-T, although entirely 8atis­
factory for capacitance mcasuremen18, in 
many instances does not have adequate 
resolution for the evaluation of the losses 
of low-loss materials or capacitors, par­
ticularly if the capacitance is small. 

The Schering bridge circuit, exempli­
fied by the General Radio TYPE 71 6, h:\S 
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been widely accepted at lower frequen­
cies for capacitance and dissipation­
factor measurements. By appropriate 
modification it is possible to obtain at 
one megacycle essentially the S:l.mo 
performance as is obtained at lower fre­
Quencies with the standard model. Such 
a modification haa been made at the 
request of leading capacitor manu­
facturers and is now offered on a 
scmi-stock basis, designated as the 
TYI'E 71G-CSl. 

Superficially, all that is required to 
obta.in direct-reading operation at one 
megacycle is the installation of ratio 
arms of appropriate value to make the 
dissipation factor road correctly, but 
actually a number of other changes arc 
necessary. The input. transformer must 
be redesigned in order to obtain satis­
factory transfer of energy at the higher 
frequency. It is also fouod that multiple 
seta of ratio arms, as provided in the 
standard model, produce serious errors 
caused presumably by the multiple cur­
reot paths provided th rough capacitive 
coupling to the unused clements for any 
given setting. Accordingly, one set of 
equal ratio arms on ly is provided . 

FEBRUARY, 19'2 

The construction of the precision ca­
pacitor used in the standard TvrE 716-0 
is not entirely satisfactory for use nt one 
megacycle and higher, and a capncitor 
of the 7Z2-N type is used. This capacitor, 
designed for R-F use, has lower induct­
ance and lower and more nearly coo­
stant metallic resistance. 

Finally, considerable attention must 
be given to the location of connecting 
leads and equalization of lead lengths in 
order to realize the desired accurncy. 

Figure 2 shows the basic circuit bridge 
circuit, including the residual induct­
ances that are significant in detennining 
performance. Severnl adjustments are 
provided to equalize circuit impedances 
and to provide direct-reading operntion. 

10 order that tbe static calibrn.tion of 
the capacitor CN give directly the value 
of the capacitance Cx connected in the 
adjacent ann, it is necessary that DN 
equal J.JP. However, even if this coo­
dition is not met, eN can alternatively 
be made diroot reading for any given 
frequency by taking tbe difference of i..v 
and Lp into accounl. For a substitution 
measurement across the Ul\"KNOWN, 
SL"llST terminui!l:, the induct~'l.nce L'N 

FlII""'1. s..tllp for one-mellaeycle d,eleelm mea,,,re,,,enl .. Sho .... n are ft.e Type 716-CSI Capadlance arldlle, 
Type 1690-A Ojeletltle Sample Holder, and Type 1330-A a.idlle O<cmolor. 
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GENER.L It.O IO EX I'ERIMENTER • 
introduces lUI error but. in this case there C,&, 
is no opportunity for compensation in 
the adjacent. ann. Actually eN is ca.li­
brated to be direct. reading for substi­
lution mcwmrcments at I Me, taki ng 
into account the inductance £' N. The 
valucs of LNI l./N, nnd Lr are such thaI 
this calibration is rusa con eel. for direct 
mClUlurcmen18 within the normal cali­
hratian accuracy . 

The capacitnnce CB is adjui:lted to 
compensate for the zero capacitance of 
the dissipation factor capacitor CA. It 
also serves to equalize any differencl!l'; 
in LA and LI/, which behave npproxi-
mately as a negative capacitance iii 
shunt, independcnt of frequcncy. The 
mt.io anll rEffiistors t.hemselves are ad­
justed to equruity within ±.05%. 

A third adjustment. is provided by a 
differential capacitor connected bet.ween 
the primary shield of the transformcr 
and the junction of tbe ratio arms. This 
compensates for any residual leakage 
capacitance between primary and second­
ary windillbrs of the transformer' and 
nlso, i ll part , for induced voltages in the 
lmnsformcr shieJds. 

With thcse adjustmcnts properly 
!nude, thc direi:t.-reading accuracy for 
Cfll)acitnnce and diS!ipatinn factor at. one 
megacycle is the same a.s at. low fre­
quencies, except. lor a slight additional 
error at high values of dissipation factor, 
MUsed by the inductance L' A in series 
wilh the dissipation factor capacitor CA' 
Although the bridge is primarily in­
l('nded fo.· one-megacyrlc usc, it is useful 
to :\bOIlI, 5 1\Tc. 

RANGE 

The introductory paragmpb men­
tionoo briefly the T\"PE 821-.'\ Twin-T 
and the TY1'E 916-A R-F Bridge. A 

UNit 
DR 

R, 

Flg"r.2. Srmplrfled sc,,"emollc di"g,"m of Typ. 716-
CSI, .how;ng locotion IIf !h. mo'. Imporlont ,.,ld" .. 1 

inductllnc ••. 

morc detailed compari!!On betwccn these 
!.wo and the TypE 71 ~CS I Capacitance 
Bridge is in order t.o poi nt out the a rea 
of measurement in which the lat.ter is 
particularly useful. In Figure 3 is repro­
duced a plot. showing the smallest.' 
measurable dissipation ractor at one 
megacycle, as u. function of capacitance 
over the rallge 1 to 1000 ~~f. 

The T\\';n-1' is calibrated in terms of 
conductance, hence lhe minimum de­
tectable dissipation factor is all inverse 
function of capacitance. I t wi ll be noted 
that only al 1000 j.Cj.Cf can the loases of a 
capacitor in the 0.0002 range be de­
tected. 

The TYPE 9 16-A R-F Bridge, au the 
other hand, measures the series resist.­
ance of the unknown, and the minimum 
detectable D ;s directly proportional to 
capacitance. It will be observed from 
the plot that. below about. 500 ~j.Cf the 
TYPE 9 16-A R-F 13ridb"8 will theoreti­
cally measllre lower losses, and this is 
possible, if corrections for residual pa-
t In ~."'" IIf Lb. "",.U ... I ... hbru",I_r.. d,,' ... ion. "~IU' 
ally .boul ''0 (01 ."",11 ... 1 di .. i ...... ""b ~ ..,ti ..... loo '" 
n .... t ;M,.n"'t-" 
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, 
mmctel'tS are established by measure­
menl. for the individual bridge used. 
The accuracy nod precision of capaci­
lance measurements, however, a re 1I0t 

adequate fo r capacitor checking to close 
tolerances. 

In theSchering bridge cireuit, used in 
the TYl'E 716-CS1 , the dissipation factol' 
reading is independent of capacitance. 
Over the direct-reading range of 100 to 
1000 ~!Jf, a value of D of .0001 can be 
observed,' When 0. substitution measure­
ment i8 made, the dissipation factor, D, 
of the unknown capacitor is equal to the 
observed change in D multiplied by the 
ratio of circuit to unknown capacitance. 
This nCCQunta for the increase in mini­
mum dissipation factor shown by 1 ht' 
curve labeled (S OOST). 

The curves plotted in Figure 2 are 
lJased entirely Oil minimum calibration 
points with no consideration for such 
factors as balance sensitivity, ease of 
balancc, and signal-to-.noise ratio. When 
such factors are considered, t.he ad­
vantage of t.he TYPE 7J6-CS I for t.be 
measurements in question becomes even 
more pronounced. 

It should be pointed out here that. t.he 
comparisons just madc are for a par­
t icular measurement at a particular fre­
Quenoy. The 1'win-T and the R-F Bridge 
are general purpose instruments of wide 
frequency range; the 716-CSJ is a spe­
cialized instrument of relatively limi ted 
freq uency rangc. 

DIELEC TRIC MEASUREMENTS 

In addition to its use for measuring 
capacitors, the TYPE 716-CS I Capaci­
tance Bridge will lind application in 
measuring dielectrics at the ASTM test 
rrequency of onc megacycle, with tbe 
TYPE 1690-A Dielect.ric Sample Holder.' 

'Ivan G . I,;.,ol.Oa. " A &n>ple 1I ,,1d~. fur Solid DifJt«ri<: 
M .. t"" .... ·· a ... ....,z Rod;' Ez"..._' •. AUCUfI. IDM. 

FEBItUARY , 1952 

In Figure:3 is shown a sample holder 
mounted on the TUE 71 6-CS I. A TUE 
133O-A Bridge Oscillator provides the 
test voltage Md a commercial radio 
rt."'Ccivcr is used as Ibe null detector. 

When the dielectric sample holder is 
used, the cali bration of t.he precision 
capacitor in the bridge is not used. 
Consequently the balance may be made 
at its minimum set.ting of about 40 1oI.IAf. 

Under this condition the minimum 
mcssurable D is lower than lhat indi­
cated by the curve of Figure 2. Also, 
about onc fift.h division on the D dial 
can be estimated, :Hld, taking aU these 
factors into account, the ultimate resolu­
lion is about 5 x 10-6, with a 50 10'10'£ low 
loss spcri men. 

- I VAN G. EASTON 

For Speciflcofion l, lee poge 8 

I'lD~f. 3 . COlllporol; ... 1tI_.tlcal ",ini ... ~ ... fonD.' of 
' yp •• 716·CS1. 916 • .&.. and 821 -A. 
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GENERAl RAD I O E X PERIMENTER • 
SPECIFICATIONS FOR TYPE 716·CSI CAPACITANCE BRIDGE 

ea .... cllanc. Ra .. "., Direct II.I etbod, 100 to 1000 
...... f; Sub8titutioll Method, 0.1 to 1000/-,...r. 
Dlul .... llo.. fa cio. Rang" Direct Method, 
0.00002 to 0.56; Substitution Method, 0.00002 

x g: to 0.511 X g~. where C' is tim CII.I)u.ciLllnoo 

of the 8Lllndard capacitor and C x th9.t of the 
Ullknowu. 
F ....... "cy Ra .. "., Calibrated for one megncycle, 
the bridge operates Batisfactorily at frequen­
eies between 0.5 and 3 rueg9.cydes. 

T ype 

Acc ... acy, At one megacycle, the bridge is ad­
jUilted to have the 6rune aceunlcy M the swnd­
lied T nE 716-C !It tow frequencies (see the 
current Genernt R3dio catalog for detail!;!). 
Tb~ wme accuracy can be obtained lit other 
frequencies between 0.5 Mc and 3 Mc, if OOT­

rection is made for the effectll of residual iu­
ductance. 

Other specifications are the !lame I!.I! those 
for the standa.rd TYPE 716-C. 

COIk Worn PM 

1 16-CMSI 
7l6-CRS I I Copodlon • • Brld". (Mounted in Cllbinet) ..... I 

Ca .... dlon •• Brld". (F or Reilly-Rack MOUDting) 
DOOEY 
8ACO~ 

$6 10.00 
.565.00 

1952 RADIO ENGINEERING SHOW 

Wheu you come to the 1952 Conven­
tion of the Institute of Radio Engineers, 
be sure to look in at Booths 92 and 93 
(first floor) in the Radio Engineering 
Show. General Radio engineers will be 
glad to show you the new instruments 
that you have read about in this and 
other recent issues of tbe EzperimenJ.er 
- the TYPE 1390-A Random Noise 
Generator, the TYPEl 1652-A Resistance­
Limit Bridge, the 'TYPE ISG2-A1 Iegohm­
meter, the TYPE WOO-A Dielectric 
Sample Holder, the TYPE 942-A Out­
put Transformer, the TYPE 1213-A 
Crystal Oscillator, and other unit in­
strumcnta. 

Also on display will be the new Gen­
eral Radio sound and noise measuri ng 
instrumenU! - the T"' pE 1550-A Octave 
Band Analyzer, the TYPE 1551-A Sound­
Level Meler, and the TYPE 1555-A 

Sound-Su rvey Meter. These instru­
ments, embodying the latest circuit and 
design techniques, are rapidly increasing 
in importance to industry. An important 
new use for these basic measuring tools 
is determining the possibility of ear 
damage to factory employees from ex­
cessive noise levels. 

For impedance measurements in the 
u-b-f and v-h-f ranges, the TYPE 1602-A 
Admittance lVIeter will be set up and 
operating, so that you can see how 
quickly and easily it measures, on dircct­
reading scales, the impedance of resist­
ors, capacitors, inductors, lines, anten· 
nas, and cable. If you are working on 
u-b-f television circuits, this instrum~nt 
wi ll save you time and money. No cal­
culations, no trunsm.issioll li ne c1mrts 
are necessary , 

Don't miss it! 

GENE RAL RADIO COMPANY 
215 MAS SACHUSETT S AVE NUE 

CAMBR I DGE 35 MASSACHU SETT S 
TE.lE PHONE : TR owbridge S·4400 

BRANCH ENGINEERING Offi CES 
Mtw TORI( " MEW 10RK 

to WEST S TREET 
TU.- W (I.t~ l-UlJ 

tOS AMGELE5 31. tAlI FORIII l 
aOD MIlRT H H WAA O ST RE n 

TEl. - I1DII,wnd 1·1101 

CH IC AGIl 5, Illl II DI S 
t10 SOUTK MICKI OAN AYE NU 

TE l. - WAUI ' 2·3110 

." ;:"' . ... 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988
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