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RC - OSCILLATOR 

Four General R:ld io osc illators the 
Types I:109,( 131O,~ 1:3Il ,'and 1:31:3 (sec 
page 12) arc equipped with an aux
iliary con ne('tor that serves sc\'Nal very 
uS('ful purposes. Used as an input con
nector, it a.llows the oscilla tor f requcncy 
to be locked to an external signal whil!' 
simultaneously filtering that gignal. 
Used as an output. connector, it pro
vides a. constant-amplitude synchroniz
ing signal for an oscilloscope or eoulltcr. 
I nasmtlch as this" synch ronizing jack" 
is a fairly r('('en t. development. in oscillo.
tor design (originated by Gil in 19(2), 
a summary of synchron ization char
acteristics and of t.ypical applications 
mo.y help users of th!'sc instrumen ts get. 
C'ven morc out. of them. 
L R. ~:. o.fo, .. AII-SoJjd.st..t~. Lo"'_DiltortioD o...i]_ 
lato.:· a •• ".,.,.llltld,o E~pc!"i ..... "'". M.",h 1006. 
, R. E. 0,",,, ... A Modern. Wjde_R.n~e KC o.,ill.\(I.:· 
G"'~N111 R..d,. 1!1~_"ur. Au.c",t 11)65. 
• II. G. ~'U]kl, 'lIiJ1h_Perfo""aooe, Lo .. -Co.t Audio 
o.,iUato ... ith Sotid-Stale ("i",uit!}':' Gnnal Rtulio 
Hz""" ... "' ... Au' .... t-Sep1.emb.,. 11Ir.2. 

CHARACTERISTICS 

Freq u ency-Synchroniza lion Cha racl erisliu 

Wilell a !<ignal is injected through 
the lltlxiliary l"OllnC'ctor int.o the active 
ltc-oscillator circuit. and the osc illator 
is tunN\ within Il rert:lin range oT this 
f<ignal, normal ose illutions cense, and 
the oscillator appears to oscillate stably 
at. the injected-signul frequency. The 
range of fr!'quC'neief< over which this 
lo('king takes place is a !ineflr function 
of the amplitude of the component.. of 
the input, signal to whic h th(' os('illlltor 
is locked. 

G(,lleral Radio Ht' os('illators arC' 
designed so that ('Ilch has a h;.equency 
lock range of ±:~% for ellch volt. input 
(&'c Figurc I). I nput..s of up to 10 volts 
can be used without altering the opera
tion .. \ 8 Tahle I !';hOW8, the 1:3\:1·/\ 
oscillator is all C'xception. I t. is not of 

TABLE 1. SYNCHRONIZATION CHARACTERISTICS 
INI'UT ("HA HACTllRlsncs Ol 'rl'l T CIIARACTFHIS1', CS 

Oprlt - O,,'P'" I'Io .. s~ u j,6 
Osci/LI/Of L<.>d H""rr 1'6"s~ 6nu .... Ci.~,,;, l .. p.tI,lI.cr - ,rsprcl /<.> G"j., Foclor 

Typ< .... ~oI' ;"p,,' ""tI <,>"'p,,, O",P"I - '" .. ai" OfIlP'" 
•. -oll s 

"'" " 180 i 90° 0.47 L4 12 o· 
a. ,-v oU'PU' 

1110 " o iOO ° 0.28 0.8 " 180· 
a. lD-V ou.pu. 

] }Il ., 180 iOO· 0.94 LO '.7 O· 
•• ]{1D-Vou'pu' 

1313 fI .0 HO ]80 ±9(l 0 - 0.7 llO O· 
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I~T .r SV"-C"II\lI<IllING fflEOUENCV IffiEi:l'l 

fI IlW '" l . loc. 11I1l ' 0111" ,,' Ill pul ,,011°11 1°' r,pn 
1309, 1310, "lid 1311 0 .. 11101" .. . 

thl' l'om'l'lltional "'iell-bridge type. 
nnd its locking-range scllsitivit.y varies 
npprcrinbly over it.s frequency rt\ lIgC, 

T he oscillator mui li lain!l synchroniza
tion if cithl'r tbe Q!lciIJnlor dial fre
quem'Y or the synchronizing frC<lucllcy 
iii chang('d, withi ll the lock runge, 
However. a lime ronstnnt. of about. one 
second is associated with the synehroni
z:llion mechanism. Thus, if the ampli
tude or frequency of the synchron iza
tion 8ignll1 or thl' dial sctling of the 
oscillator is quickly changed, tmm,iellt 
changes in amplitude and phase will 
occur for n few sccllIlds bt>fore the 
oscillator retUnlS to 8tcady-stnlC syn
f'hrollitatiou. 

This lime constant is caused by the 
thermistor umplitude regulator read
jus ting to thc diffeTCnt operating condi
tions. The th<!rmistor is sensitive to 
changes ill average values of frequency 
or a mplitude only when t he !lvernging 
time is in thc order of seconds. lI enee, 
frcqucncy-modulttted and a mplitude
modulated synchroniziug signa ls, whose 
average values of freq uency and ampli
Lude arc constant over a period of II 
second or less, arc not affected by this 
time consbwt. T hey arc affected by 
the cquh'lIlcnt time constant of the 

filte r characterist ic discussed in the 
next section . 

For slow clllUlges in frequcncy or 
amplitude, the lock range and the 
cnpture rnnge a rc the slime; i.e., the 
frequency or amplitude at whjch the 
oscillator goes from the synchronized 
stat.c to the unsynchron izcd state is the 
sa me as that a L which it goes from tbe 
unsynchronizcd state to the synchron
ized state. 

There is a phase differe.nce hctween 
the input sy nchroni zing signal and t he 
oscilla tor outpu t, which depends upon 
the. f req uelJ('Y's rein t ion to the osrilla tor 
d ia l freq uellcy, as FiguTC 2 shows. Note 
that the phase shif t. i:; u. funct ion of 
llmplit.udc, sincc the loc k ra nge is a 
function of !l mplitudc. Hence, thc oon
fihtncy of tbe phase shift at otber than 
00 depends on the a mpli tude s tabilit y 
of the input signal as \\IC U as Oil t.he 
frequency stabilit.y of the oscilla tor. 
;\ s a pract ica l mnt.ter, the useful range 
of pbase sh ifts is limited to so mewhat 
less than ± 90° ~cause of the steepness 
of the curve lIear the limits of the lock 
m nge. The d:l.ta i n Figure 2 arc dis
I)laccd by 1800 fo r the 1300, 13 11, und 
131ii Oscillators beca use t.hey do not 
have a phase-in verting ou tpu t stage. 

. 

LO .. CIt ~, .. " 

" ..0<: 0 ~."G[ 

/ 
./ 

1 ~I'Ul FIIEOUE"C~ 

1."'1'[11 L'. ,T 

" coc_ II ..... COl 

fIIU." 2. Pho l • • h lt! •• I"Hv" 10 In pill " " ,, """C, """ 
(Olld ompl il .. d ,,) . 
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Fig" •• 3 . R •• p" .... ",,, 1309 0,,111.110. fo r I'"" diU ..... ' I"p .. ,."olto •• le ... els_ 

Frequency-Seledive Amplification 
Characteristics 

When the output of the oscillator 
is loc ked to the input synchronizing 
signa l, tho osc.illator is not oscill ating 
in the con veil tional sense bu t is, in 
fact, producing an ampli tude-stabilized , 
frequency-selective regcnc rntioll of tho 
input signal. The result is that Ill! the 
frequency spectrum of the sy nchroniz
ing signnl a ppears in the output. al
though most of i t is greatly attenuated. 
Figure 3 shows the response of u 13OD-A 
for three d ifferent input-voltage levels 
nod for frequencies up to ten times und 
down to one tenth of the oscillator diul 
frequency. The oscillator output at both 
the inpu t frequency and dial frequency 
is given, except within the lock rllnge 
IVhere the dial frequency oscillatiolls 
top, 8S seen in the magnified portion 

.)f Figure :3. The apparent increase in 

the Q of the response as the input level 
decreases is due to the fact that the 
output is constant, within the lock 
runge (the normlll output lev(' \ of the 
oscillator) regardless of input, while at 
nil oth('r frequencies it 15 u direct 
function of the input (doubling the 
input voltage increases the output by 
6 dB)_ 

Figure a is a family of curves for 
different input voltages, with the out
pu t plotted in dB relative to the 
normal oscillator output, for one par
ticular oscillator. The single curve of 
Ii' igure 4, together with Table I, can be 
used to ca lculate the response for any 
input level with any GR oscillator. 
Figure -1 is 1\ plot of the voltage gain 
versus frequency for Il ll equal-clement 
Wien-bridge oscillator between its syn
chronization input Rnd the output.. 
Note that. for rrequcuc.ics distant. from 
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the dial frequency the gain asymptoti
('ally approaches 2.0. In ('ach oscillator 
this ga in is modified by the resist.ive 
input di\"idN and output amplifier. 
Tahle I gin!s the tlpproprintc multiply
ing gain factor for the fom GR oscilla
tors set for mnximum output voltage. 

For example, tbe voltage amplifica
tion betweeo the input syJlchroniza
lion jnck Oil the 130D nnd the full out
put, at t,wi('c the dial frequency, is 
(0..1 7) (4Jj) "" :t.!. ThUl:l. if t here were 
a O.I-volt input at twicc 1h(' d inl 
frequcllcy, there would be (0.1 ) 
(2.1) - 0.21 volt in the unattcnuntcd 

(0.21) volt (100) 
output, or - r: O-l.~ = -1.2% of .,. vo \03 

the output at the dial frequency, 
regardless of the amount of output 
uUcllliaLioil. 

The inpu t impedance of the sy n
chronization connection is the sa mc as 

"'" 

\ 
II \ 

the output. impedance listed in Table I , 
for frequencies outside the loek range. 
At. the synchronizing frequency the 
input. impedancc, in gcneral, is complex 
find can vary ovcr a wide rangc, in
cluding negative values because the 
counCf'tion is also a source a t. the syn
chronizing frequency. 
Output Choroclerist ic5 

Rince the injection-synchron izalion 
input connects to a resistivc divider 
Il(' ross the output of the oscillator, it 
is also an output. Thili Olltput can be 
valuable because it. is of constant. 
amplitude rcgard lessof the mnin-output 
amplitude, which may be reduced by 
the nttenulllor. T he open·cireuit. output 
voltage alld output impedance are 
given for each of the oscillators in 
T able I. I n each casc, the ampl itude is 
suff1cicnt to t rigger an oscilloscope 
or a COlillter. Howcver, note that the 

./ ~ FI,", o 4. Volto , o ,al" .. ~WOO" 

,,"att' ""olod ',!,"e 1"1'111 olld 
IIIIatto nllc"od 0 1111',,1 for 0 

,. - -- - --

Cl5 Q1 1.0 

RELATIVE FREQlI[H(;Y 

( 
IIII'\IT fI!£OUENCY) • 
OOA~ f.[(U:NCV 

-- • ,-

Wlo".lorid • • o , dU",o •• 

'" m '" 

• 

• 
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output impedances nrc higher than arc 
,.... u~unlly expected from a source. At 

high frequencies tl1l' output may be 
reduced by the rapac' itive loading of 
connecting cablc~. 

Table I also gives the phase relation 
betwccn the synchronization jack and 
the main output. Bceuusc the 1310 
Oscillator output is 1800 out of phn.sc., 
an output balanced with respect to 
ground can be obtained. 

This output, is nlwnys a sine wave, 
so that on the I:109 and 1 ~ 13 Oscillators 
simult.unCQus sine- and square-wflve 
outputs fire available. 

APPLICATIONS 

The va rious functions of the sy n
chronizing jack fl.re d istinct but. do exist 
simultaneously and can be. used in com
plemcntary ways. The following appli-
1'8tions aN' nmong the morc obvious 
and iShow, with cin:u its and sample 
ca lcul:tlions, how the above data can 
be used . 

locking to 0 Stobie Source 

An oscillator with injection-synchron
ization capability ('a ll ohviously be 
locked to a morc accllrntc frequency 
reference to iucrell!!e its long-term 
frequency stability . T he advan tage!! of 
this lire many. The frequcncy selectivity 
of the oscillator ran appreciably reduce 
the hum, noise, and di!!tortion in the 
sour(.'C. I t will provide amplifi cation, 
s ince les!! than one volt into a high 
impednnce is neccSilury for lock ing, and 
yet up to [00 volts at low impedances is 
available in the output. The long-term 
amplitude stabilit.y will be the same liS 
that. of the normul oscillator, regardless 
of the long-term fluctuat ions in the 
input" Input-amplitude changes of 20 
dB are easi ly suppressed in the output. 

Tbe Q5CilIator isolates the reference 
source from cbungf'.'S in lond find from 
the addition of spurious signals. Also, 
with t.he 1310 lind lal1 Oscililltors, it. is 
possible to short-circuit the out.put 
without increasing distortion. 

If the oscillator is locked to one 
of the harmonics of the source, it 
functions as n precision frequency 
multiplier. The accuracy a nd the long
term stability of t.he submultiple source 
tHe trulintnincd , and the output is 
sinusoidaJ . 

. \s an cxample. rigure ;1 (8) is thc 
frequency spectrum of the output of a 
sill usoidnl ]·kllz standard frequency 
derived by division from II crystal 
frequency sltlllcl:lrd. Note the 120-Hz 
hum, the noise close to the fundamental, 
a nd the large amount of harmonic dis
tortion. Figure 5(b) is t.he output of 
:1 1310 Oscillator locked to the SJlme 
source. The distortion is reduced to 
a lmost. the Ilormll.llevel of thcoscil lntor, 
the hum is more than 80 dB below the 
signa.l, the noise is noticeflbly reduced, 
and yet the 10llg·term frequency stnbil
ity is the S.'lme us that of the reference 
source. The short-term st.ahilit.y, like 
the distortion, r(lnnot be. ma.de betier 
than thaL normally ex isting in the 
oscillutor. 

Whenc\'er the synr.hronized oseilla tor 
is used for filtcr iJlg, us above, the 
inpu t voltage can be adjusted to an 
optimum level. The voltuge should be 
high to provide a locked frequency 
range wide cl10ugh 80 that the oscillator 
will not drift out of lock, aud yet low 
enough to reject. the unwanted 8ignnls. 
Suppose that in the example it is 
desired to minimize the seeond har
monic in the oscillator output. T he 
typical long-term stability of the 1310 
at I kH z is 0.03% after warm-up; 
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therefore, a lock rIll1ge of ±0.12% 
should provide a sufficient ma rgin to 
ensure that the oscillator will always 
remain locked. This would require 

. 0.12% 
an mput at I kHz of 3.0%/volt = 0.04 

volt. The second harmonic in this signal 
is 26 dB below the desired l~kHz funda~ 
mental (5.0%). From Table 1 find 
Figu re 4, it is found that the 1310 has 
a voltage gain at the second harmonic 
of (4.5) (0.28) = 1.25. Therefore, with 
fl. 0 .04~volt input there would be (1.25) 
(0.04) (0.05) = 0.0025 volt of the sec
ond harmonic in the 2O-volt oscillator 

0.0025 volt 
output, or 20 volts = 0.0125%. fe-

· .. · 
,._--
-:: :: --

B: .: -~ 

gardless of the output attenuator set.
ting. Th is is below the amount of 
sccond-llfirmon ic distortion normally 
present in the oscillator, as Figu re 5(b) 
shows, so it is ce rtnill that the largest 
possible reduction of the second har~ 
monic has beeD made. 
Frequency.Jitter Reductio" 

Although the short.-tcrm frequency 
stability, or jitter, of the synchronized 
oscillator Cl1nllot be better thl1n when 
it is unsynchron ized, it can be better 
than the source to which it is locked. 
This is, again, because it behaves as 
a tracking llnrrow~band filter. 

In Figure 6, the output frequcncy of 
Ii drifting, jittery IO-Hz source is 

Flgu •• 5(a ). 5p. d."m at .. lypl ... 1 I ln" l aldo l 1 • • H ~ 1I01ldo. d f . . .. " . n . y, d .. I ... . d b y dl" lIlan f,om a 
c.yll .. 1 f . . .. " . nc y sia ndard . 

· •• 
._. • ... " I -- . 

•• -
NIUIU(/'C"' ~ 'H, 

FI, ,, •• 5(b). 5p. <I. "m of II ... o"'p,,' . ' a 1310 Osci liolo, .y nch.onJud wll h 'h. 1 ·.H~ Ito ndo,d of FI,,,,. 
5(0). N.,. 'h • •• d"dlonlln h"m, no l .. , .. nd d lltortlon. 
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fi gu.e 6. (0 ) OUlpul f.eque, .. y of .. d.iftlng , Iltt ... y I O_ Hz ... uree. 
(b ) OufpUI f.equ e ncy .. f .... ill ...... 'y"ch.o"hed wll h . ...... e ( .. ). 

Nole Ih .. 1 jltt'. I. reduced w hil e drift i. trocked _ 

recorded nlong with the frequency of 
the output of an oscillator synch ronized 
to that source_ The filter selectivity has 
considernbly reduced the short-term 
jittcr, while the oscillator has remailled 
locked onto the long-term drifting 
average. The low frequency of this 
example was used for convenience in 
making the graphic recordings. A reduc
tion in jitter can be made at any 
frequency where the filter characteristic 
is sufficiently selective. The abil ity 
to truck longer-term drift, however, 
is always limited by the approximately 

0.' 

ollc-second time constant of the locking 
mechanism. 
Harmonic Waveform Synthesis 

One of the most popular uses of tbe 
synchronized oscillator is as n sinusoid al 
frcqurmey multiplier for Fourier syn
thesis of various waveforms. The oscil
lators arc simply locked onto a har
monically rich waveform with the input 
level adjusted for sufficient suppression 
of the other harmonics. 

Tone bursts ean supply a harmoni
cally rich signal for synchronizing. For 
example, if it is desired to ~sy n thesize 

{,I 
CL'PPED 

(0) (b) S.NE 
IDEAL BURST WAVE 

~ I ~ 

o , 3 4 !!i 6 , 
I1ARMON'C NU~8ER 

FiIlU" 1. Spectrum .. f 'o •• i"l1 , Ig",,' fo, lIo"e.oll"g w o vef .. rm. wilh fl" . 
hormonin. (0) Ideol, (b ) l .. nt-burS' opp, ... lmali .. " , (d dipp,d .I" e

w .. v e .. ppr ... lm .. li .. n. 
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Flg ... r ••. Ideol 11 .... 1 for . . .... oll .. g wov.'ormi 
wllh 'iva hormo .. in . II i. compoud of . q .. ol 

ompH,,,,d .. 0' Ih . fl .... .... -pho •• ha ... ollics . 

pure waveforms from the fi rst five 
harmonics, a waveform with the spec
trum of (a) in Figure 7 would be best. 
This has the wnveshnpc of Figure 8, 
which cnn be Ilpproximated by a single 
('ycle of t he third harmonic with n 
repetition rate of the fundamental 
frequency, as in Figure 9. Its spectrum, 
(b) in Figure 7, is quite close to ideal. 
This waveform is easily generated 
with the OR 1390 Tone-Burst Ocuera-

Fig'''. 9. TO .. '_ .... rll opproxlmollo .. 10 Fig ...... 

tor (see Figure 10) . The spectrum of a 
tone burst is very good for synchroniz
ing because it can produce a relatively 
Hat spectrum for large harmonic num
bers and becuuse it is not frequency
sensitive. 

Conventional noolincar waveshaJ?ing 
methods call be used to generate a 
signal with a desired harmonic spec
trum. If shaping techniques are used, 
it is helpful to recnll that, for repetitive 

TYP£ 1396-A 
TONE -BURST 

GENERATOR 

SYNCHRONIZING 
_INPUTS 

,---L-, -" OSCILLATORS 

Fil .... 10. 0 ... methocl of 0.101"'''1 .ynchro .. lz.d ooc llla'o .. 'A. lin' .ix ho.m" .. lu. Wav.farm 
a' fig ..... 9 ......... la lock osclllolor • • 

./ 

) 
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equa l-amplitude ha rmonic signals, the 
waveform goes progressively from Ii 

smooth sine wave with one harmonic 
to nn impulse with all hnrmonics. 
Hence, the ideal synchronizing signal 
is an appropriately bandwidth-limited 
impulse. For low harmonics this can be 
approximated with a clipped sine wave 
by men.ns of a circuit such as that of 
Figure 11. For this five-harmonic ex
ample, values for III and R, of 10 kfl 
and 200 fI, respectively, produced the 
waveform of FigutC 12 and the spec
trum of (c) in Figure 7. 

As in the first application, there is 
an optimum input-synchronizing volt
age, which provides the best combina
ti()n of purity of output and lock range. 
In this case it usually is desirable to 
make the lock range large so that the 
phase of each harmonic can be aclj usted. 
The phase-coherent signal of Figure 8 
was generated with the equipmen t 
shown in Figure 10, and all undesired 
higher harmonics were more than 60 
dB below the five equal-amplitude ones. 

monl n p"llu. 

FIII".e 12. CUpped .I n. Wav. with th e Iputr llm 
0' FIIIII" 7(c). 

Phose Shifting 

The synchronized oscillator can be 
uscd as a convenient, single-frequency 
phase shifter or time delay. Table I, 
in conjunction with Figure 2, shows tbe 
range of phase shift available for each 
oscillator. This is particularly useful 
with the 1309, where the Schmitt 
trigger in the square-wavc circuit per
mits generation of variable-delay pulses. 

~ R. E. OWEN 

GENERAL RADIO RC OSCILLATORS WITH SYNCHRONIZATION 
COltd6'f/nd Sp~d/ictlliQlt$ 

O$co'llafor 
FrfNI""'CY Rtl"g~ 0111/"" Wa"~/(H" O"IP"I Vollage O"'P"I Pou .. n Di$/orlicm 

Type 

'309 10Hz - 100kHz '" 'l.. 500pY - 5V 10 mlV 0.05% 

1310 2Hz · 2 MH z '" 0.1 - 20Y 160 m'l' 0.25% 

1311 ,0 Hz.I OkHz '" 0-1.3.10, , . 0.5% 
in II Step9 30. iOOV 

Transformer 
output 

1313 10Hz · 50kHz '" 'l.. 500p-V • 5V 10m'" 0.5% 
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" 
lhe~Experirnenter 

10 Hz TO 50 kHz 

WITHOUT RANGE CHANGING 

For gCIlNal laboratory use, the con
ventional decade frC'<luency nlng(' on an 
He oscillator is a good compromise 
betwC('n 1l('('Ur:lCY, rc:solution, :uuJ ease
of-setting. On the production line, 
however. where me~Ur1.'mcnts are made 
in rapid ;;U('('CS!i.ion over a wide fre
quency mnge, the necessary runge 
switching and larg£' return sweeps of the 
dial bccomr nil imporwnt disadvantage. 
To eliminute this problem, General 
Radio has dcvclol>cd u low-cost He 
oscillator with th(' cntire a udio-fre
quency range covered in a single range. 

The THE I:H:k\ Oscillator (Figure 
I) provides sine and squllrt' waves from 
10 Hz to f)() kHz. The frequency is 

quickly and casily set. and una m
biguously indirate<1 on a singlc-tu rn 
dial. Therc are no multipliers to U:)C or 
dceimal points to slip; the dial is 
marked the way you would sny the 
fn'<luency: U'n kilohertz is 10 kHz, not 
10,(0) li z, for cxampl('. Also, since 
ther(' is no range swi tch, there arc 110 

range-changing tr:lIlsi('nts, no fast, 
high-amplitude pops to rupture n voice 
('oil or meehunicnl transducer. And 
there i8 no n('cessity fo r routine re
placemen t. of the range swit('h, as t here 
often is with other oscillators used on 
productionlincs. 

The Tn.: I:lJ:i-A is in many respects 
.l!imilllr to lhe popular '('YI'E J309-A iO 
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fREOUENCY ~ 

Flg u,. 2. Ty p lc ,,1 oulput-ya-freq u.ncy cho.a c'., 'o"c. 

IIz-IOO kHz Oscillator!. It uses the 
sa me all-silicon, all-solid-state design, 
except that a modified \\'ien Bridge 
expands the frequency range. The 
technique used is simila r to that 
employed by Anderson in a seven
decade oseillator~, but it has becn 
refined with thc aid of a digital com
puter. 

The sine-wave output is continuously 
adjustable over a range of from less 
than 500 IJ. V to ;).0 volts open-circuit 
by means of a 50-dB step attcnuntor 
and n continuOllS control. The steady-

I R. E. 0".." ... AlI-SoJid.stat. Low Dioto.ti"o Owcil· 
lator." G ... ~I /la<I ... Ezrr<n",.nlOr. Ma",h 1Q66 . 
• F. B. And._ ... "1k~.n·I._ .. ue Ooocillak>l." IJN>«td."~. 
ola •• IRE, 39, AuaUOt 195!, liP 881-800. 

, , 

, 0 

\ 
\ 

1\ 
'\.. 

',... 
I 

state output voltage is held within 
±2% of its I-kHz va lue ovcr the whole 
dia l span; it is typica lly even better 
than this, as Figure 2 indicutes. Thus 
frequency-response measurements a re 
not interrupted by periodic readjust
ments of thc output levcl. Distortion 
(sec Figure 3) is held below 0.5% from 
100 Hz to 10 kHz, 

The square-wave output has a very 
fast tra nsition time, typically 40 nano
seconds into ,,)() ohms. This corresponds 
to the rise t ime of a device with a 
bandwidth of greater than 10 i\I lfz; 
hcnce it is adequate for most transient
response testing. The maximum output. 
is grcater than + 5 volts peak-lo-peak 

A 

V 

• " , o , 00 

""'''''~ 
• , , '0 '0 " """'" Fig u •• l . Ty p lcol di. lo. tio n ..... ".qu .... y cho.o cle.htlc. 
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thel. Experinloenter 

fIIU', .. . 'ft .. pt.du.II ... '''' , th. 
Ill3 dr, ...... I.ud., ........... th. 
'"" ••• ud' .... n,' 1ft . n' , ..... • , 

Ihe dl .. l. 

(Court.1)' .. , KLH .I!._rc~ .. 1td Dn.l· 
"pm ... ' Co., Cgmbrid"., M ...... ct... .. HoI 

(opell-<.'irctlit.), and it. i'l direckoupled, 
80 there is no 10w-fl'('{lur!lcy tilt, t'v('n 
at. to liz. Symmt'try is spedlied at 
±2% (48%~~i270 duty ratio) o\'('r the 
whole frequellcy rongr, but t.ypiclilly 
there is no Ilsymmt'try di.')(;crniblc on all 
oscilloscope. Thc S<lunrc-wll"e output 
cnn be continuously adjusted by the 
2O-dB nttelluator. 

There arc 110 provil'ions for mechani
cally sweeping thi!! OS('ilintor. SwCt'ping 
nn inexpcll::;ivc Ile Q!willator of this 
tYI>c is not rC('omlll('nd('d ix>ruus(' of 
trfllll'iellt. nmpliwd(' rhnllges as til(' 
frequrllcy \'ari("l and I)('('nuse tht' diul 
calibration b nOlllogarithmic. For SWN'p 

appli('ation!l in thi!l frcqu('lIey rangt', 
we recommelld the '1'\ ')~: nO.J- B Bcnt
Frequ<'Il('Y Audio Grll('rutor, which 
providrs logarithmi(· ('ul ibratiOIl S lid 

whirh mailltain~ constant ampli tude 
whell mechanirally swept. 

The TnE I:H:l-.\, ill common with 
other Genera l Radio He osc'iIlJltors, 
hns a frrqucll('y-sYIH'hronizatioll tn
pability (I'('(' png<' 3). As a r('!lult of the 
;.;ingle-mng{' ('ir(,lIit, t he freqtu.'II(·y lock
ing r:lngr vari('!1 from IC>-5 lhnn 1('0 per 
volt input nt 10 li z to grent('r thnn 
10('10 (l('r volt. Ill. .-)() k Hz. This ~yll

rhronizing f('(Hur{' p<'rmits carh station 
on a prodtlc,tion line to hu.\'c, in css('lH'e, 
a tuned isolation a mplifier with inde
(l('lldent amplitudr and wtl\·('form ('on
trol. opemting rrom one stlllldard
f 11'<1 UCIlCY !:lOll f('('. 

.\ hiol/:Tllphi('n.l "kl'l('h uf 'IT. O"l'n I\l)l)('nr('~ 
in Ihl' :'olafI'll WOO IJ.'r(W"moiUr. 
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SPECIFICATIONS 

,.., FREQUENCY 

Ron,.: 10 Ib to 50 kill. in one TllIlge. 
Acc uracy, ± 1% or ± llIz, .... hichevrr is gre.fller. 
Sy nch ,on lu lion : An extcTIlfil rt.'ferenC"C ~ I grlal 
can Jx. introdu('('(1 through phIllie JUI·k tQ phase
lock OII('illator. I-V input provide!! locking 
range of ±II:';' tn ± 10'1, depending on fre
quency. 

OUTPUT 

Sin . Wove 

Po""" 10 mW inw 600-0 lood. 
Va llo, . : 5.0 V ± 51:'; oll('n-('in;uit. 
Im p.da ne.: 600 n. One l.f"rminal groundffi. 
Conlrol: :'<linimum of 20 dll continuously nd
jUlltnhlr nnd 110 d B step ntt.cnuntor (20 ± 
0.2 d l~ per IIlep ). Also, II O-V output ]JO!lition 
with tiOO-fI outl>ut irnp('(I:Ulee rnaint.:lin('(l. 
Olo lo., lon: l...ess than 0.5~ from 100 liz to 
10 kil l.. 
60 _H~ Hum , lA'.88 than O.05~~ nt I k il l.. 
F .... u. ncy Cho,ode rioli c, ±2~; ovt'"r whole 
frequency range for lond s of 000 II or grelllcr. 

Sq ua .e Wove 

Vo lloge: Grealcr than +5 V p-p, open-circuit. 
Dc-oouplcd output. 
Im pedon." 000 lI. 
Rloe Tim.: Less than 100 Till into 50 U. Ty pi_ 
e1llh' 10 ns lit full outl,ut. 
Con'lrol : :'<Iinimum 0 20 dn, continuously 
Ildjustable fltlenuflwr only. 
Symme try , ±2('~ over whole frequency fIlnge. 

G ENER A L 

A« ... oriel Supplied, CAP-22 Power Cord, 
spare fll_. 
Au .no , in Avail a ble: 15.iO-1"l5 Adspwr Cable 
(Jlhune Illug to 27-1-'\IB Double Plug) for 
eonnection to synchronizing jll!;k; relay-rack 
ru:IIIJlwr sel. 
Po", •• RequIred: 100 t.() 125 V, 200 w 250 V, 
5010 IOQ H z,O \\". 
Mo u n ' ing , Convertible-ben!;h cabinet . 
Dim.nOiono (width-height-depth); ~, by 5yt 
by 8M in (210 by 150 by 210 mm). 
W.lght : ~('t, i Ib (3.2 kg); shipping, 91~ 
Ib (4.2 kg). 

Catalog 
Numbt-r D~criplio11 

Pri~ 
in USA 

1313·9701 
1560·9695 
0480·9638 

Typ . 131l- A OHll la, a" 10 H~-50 . H ~ 

Typ. 1560 _P95 Adop'o< Cobl . 
$325.00 

3.00 
7.00 Ty p . 480- P3 01 Ro c._ AdapIO' S. I 

HARMONIC BRIDGE 
USES 

RC -OSCILLATOR SYNCHRONIZATION 

Ingenious use is made of the sy n
chronizing capability of II OR 13 10 
Oscillutor by Dr. l lomer Fay of the 
Speedway Laboratories of Union Car
bide. Corporation , Electronics Di vision . 
Writing in 'I'he Nelliell' oj Scien.tific 
/ I)strltmellts', Dr. Fay describes a sys
tem used to measure linear und non
linear electric coeffi cient-s and quadrntic 
electrooptic coefficients in high-dielec-
I Dr. lIome. Fay. "Harmonia Brid~e for M ..... u"'menl of 
NonIioIM.' El~trie &lid E1Ktrooptie l'roper tico of Cr)"
tall:· TII4 Rm .... 01 Sci~~liJle l ~", ...... ~~t •• F~bru.ry 1967. 

lric pc.rovskitc crystals. These coeffi
cients can be derived from a ca
pacitance-bridge measurement if the 
harmonic content of the driving voltage 
is known , a nd this is where the syn
ch ron izing oscillator enters the system. 

The l~IO , along with severn! other 
O R oscillators (sec page 3, this issue), 
cn n be phase-locked to n. signa l whose 
frequency is withill a certain range of 
the oscillator dial setting ; moreover, 
once lock is established , the oscillntor 
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fhe i;jExperimeoter 

FI" ..... I . 
Typ. 13fO 0,,111010'. 

frrqu(>ncy ronlrol ran IX' used as a 
phu&' ~biftl'r. OVl'r a range of ±7;j0 or 
so. 

In Dr. Fay's S('tup (Figure 2), the 
o.c;cillator frequency dial of each of 
scvl'ral 13\0 oscillntors is &'t. in the 
vicinity of a harmoniC' of tbe driving 
!lignal, thl'reby eJ;tablishing lock. The 
oscillators then a!'~umc control of both 
the pho!'\C (by means of the frequency 
control) and the amplitude (by means 
of the output 1(>\'('\ ('ontrol ) of each 
harmonic covered. Th(' phase and 
nmpiitlldr of th('sc hnrmonic rom
ponrnts are aciju:;trd to cancel the 
harmonics created by the nonlinearity 

[(5) SIH s .. t 

[(l) SIH l .. t 

of the eryst.n.1 undN test. Finally. 
mrasurements of th(' amount of such 
('ompt'nsation at each harmonic are 
lIsed to ealculut(' th(' electric coeffici('nts 
of the r ryst.n.l. 

Such mcnslIr<'menLs are im l>ortant 
bcrause many elT{'cts in crystnls nrc 
directly rela te<l to ('I('ctrie displacement. 
The electrooptic rlTrrt is an ('xampl('. 
The barmonic bridg(', says Dr. Fay. 
.. JX'rmits display of the rlretrienlly 
induced phnsr retardation int(,llsity 
pattern as 11 fUIll'tion of electric dis
plac('m('ut, from which the clectrooptic 
coefficients may be readily obtained." 

om" .. 

R. E. A 'Ot: R:-;O,\, 

, 

, 
SIGNAl 

"'" 

, 
SIGNAL 

'"' 

CIt"rNEl G. 

[(I) II" .. , CHANNEl , 
'''~ .... 

ITU"UP L_'-_--> ___ -; __ ---' 
TRAHSfORM[IIS 

'I.u •• 2. BI •• k di ••• o .... , h ........ lc brIdge. Ih.""I .. " .u ... 1 GR 1310 Oulll.'." I. p .... ld e ho,,,, ... lu 
., d.l vl .... 1" ... 1. 
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N ... n D. ' .cl ... 

February 1967 

A PREAMP FOR USE WITH BRIDGE DETECTORS 
1n thc quest. for low noise in an 

amplifie r, onc must accept. the' fact that 
no onc amplifying dpvice is opt im um 
fo r signa l sources of widely differing 

,... impedancc lcvcls. Somc comprom i:;e is 
thereforc inevita.ble in the dC!'ign of 
the input stage of a semiiti\'c Il ull 
detector that is to be used in a variety 
of applications. The low- noisc tran~istor 
uscd in the T1'I'~; 12;~2-A Tuned Am
plifier and Xli II Delector! is "uit~lblc for 
use with most. impedance-bridge' sys
I A. E. !'Ia"d.....,.. ... A Tu"fldAmP,lifif:. _I sun f)etector 
.. ill> One-~I""""""'t SM.it.l~,t)'.· G.-" .... I Hod,_ HI"",,_ 
_", ... , JuI,r 11161. 

terns. !lowever, 1I(lrne measurements 
requ iring ex tremC'!y high sensitivity 
prcsent a very high impedance to the 
detcctor, and in ~uch Czl.Sl'S the detector 
could benefit from a prcllmplifier with 
n very high optimu m-iIOu rce resistance. 
The new 12:~~-P2 FE'!' Preamplifier 
(Figure 1) I del;:igned to fill this llC'Cd , can 
increase scn8iti vity by il factor of 
10 or more ill !lOme me:\,'1urements. 

I' lot..<;; of typielll ('qui\'n lent input 
noi;:c vs re!'i;;;t .. u}(·C' for the 12:i2-A alone 
and wilh the 12:1:!-1'2 nre shown in 
Figure 2. The input noi* cn n be ehur-

"r-------,.---.,.--.., 

I +.~':...,' r:-b , rol'l~ I.~T~//V 
~ / I 

•• f-------------,.~----.. ~F__,"/C---~~'---__l 
i 

' 1" ..... 2. (qulv"I . .. , I .. ,u, 
nol .. VI I ..... U ... III"n • • 
I • • l'll2_A olon_ .... d for 
u ..... I .. o';on of l'll2_A " .. d 

12l2-'2. 
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t h e . x p e l"ilnente r 

actcriz('d by nllequivalcnt voltage noise 
generator, I!., and a current noise gen
erator, i ft • On the plot of equivnlent 
input noise l'Oilnge vs re;;istance, t. is 
a horizontal line and i .. X R. is a 
dingonalline. ),fote thnt the two cu rves 
cross at 00 kilohms and thnt below this 
value the 1232-A is bctt.cr without the 
preamplifier. 

One applicat ion where the addition 
of the p reamplifier is a distinct lldvnu
tage is the measurement of low-loss 
dielectric snmplcs on the G R l(iL;-A 
Caparitanre Bridge. Here the unknown 
capl1ritance i6 usually less than 1000 
pF, the lowest J) range is usually used 
(a nd not the r; raTlgej4), and the fre
qucncy is usually under'-MX) Hz. On the 
lowcst /) range, the output capaeitnnce 
of the 161.")-.\ is approximately 1600 
pF + (' . + cable capacitance. If C & 

and the cable rapncitnnce Ilre smnll, the 
output impedalH'e will be about 1 ~ tn 
at 100 l iz, and the preamplifier will 
improve sensit ivity by n facto r of 
about to, as shown by Figure 2 .. \ s the 
frequcncy incrl'ases, the impedullce 
dccren.ses, and eventually th{' 70-pF 
capacit:mce of the preamplifier's input 

cable negates the usc of the pre..'lm
plificr, evell with n !IOurce of infinite 
impcdullce. 

The prea ml>lifier is of no adva nt.'lge 
on the higher D range, where bridge 
capacitance is 10 t imes u.s great as 
on the lowest I) runge, or on the G 
ranges, where the output. iml>ed:lIlce is 
shunted by 100 kilohms. 

The circuit of thl' preamplifier eon
giJ,;t.s of a single sou rce-follower stage, 
using a fie ld-clTcct transistor. A switch 
a llows the user to hypass the pream
plifier ill appl ications where the 1232-A 
is better ofT alone. The preamplifier 
is housed in a thin "panca ke " box 
that. is easily added to the side of the 
IZ:J2-A or betwccn the 131 1-,,\ Oscillator 
a nd the 12:32-.\ in assemblies. T he 
f'('suiting combinations are available 
as the T YI'.;s 1232-AP ( 1232-A plus 
prea mpli fier) a nd 1210-/\ P (12:~2-A plus 
preamplificr plus 1:11 I-A). The ent ire 
Tnt: 1620 Capacitance ~ reasu ring As
srmbly, when supplied with the pre
a mpli fie r, is de!Signnted Tn'~; I 620-A P. 

- II. P. 1f,\I.L 

SPECIFICATIONS 

Inpu l Imp.don .. : (;~l\t.er UUIn 100 ;\lfl in 
parallel with iO Il ~'. 
O ulpul Im ped .... c. , 10 kll. 
V .. tl"II' 0 .. 1 .. : A,.JI)rox 0.7. 
H .. I" (" ,, " . d I .. l .. pu l ): Opel1-('in::uit HJ.uiva
lent, 0.1 11.\ : short-<'in::uil ('tIUlvlIlent, O.:~ J'V 
( .. 'h('n u8l.'(1 "'ith Type 12"12-:\ tuned W 100 11x ). 
Op timum S .. U ... lmp.d .... c., 3 ;\111. 

C ........ I .... : GH871 on ctlhll.'S, input and outpu t . 
1' .. ", .. Req ul.ed , 12 V, 200 J'A, supplied by 
12J2-"\ . 
Dlm . .. II .... , ( ... idlh-hriKht-deplh): ~; by G 
hy ;11 in (2Q by 15O hy It)O mm). 

W. ISh l : N. t, 15 ~ ( 125 grams); ,h lppl .. g , (l.'Sq 
3 1b ( 1.'1 kg). 

r,,,,",,, 
.\' umbu /)ulCriP/lorl 

/'riu 
i 'l 1'8. \ 

1132.9601 
1132-9829 

1620-9829 

Typ. U :l2- I'1I' . . .. mpl iR .. 
Ty p. 1232_ "'1' Tu ... d Aml' lm .. .... d NuU D. , . cto" 
",llh p .... .. mpl ill .. 
Typo 1240_ AI' a.ldg o O .. llIolo,- Dolu l .. , . ", ilh 
p .... mpUll .. 
Typo 1620- AI' C .. p.d t .... u_ M . ... uri .. g A .... m bly, 
", ith ,... . ..... plill • • 

S 9$.00 
415.00 

72S.00 

232$.00 

• 
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Type 1123 0111 .... Sy.,cro .. om . ' et. 

SYNCRONOMETER WITH 1-2-4-8 CODE 
A new version of the Sn;('Ho'\'o

M~;n~1I11 digital time comparator' is 
now available. TIl{' output impedance 
of the new model has been lowered by 
0. fo.ctor of 10, and the output cooing 
has been changed to 1-2 ..... -S B('D. All 
other features of the instrument 
standby battery I>ower, synchroniza
tion capability, fail-safe operation, ct(, 

remain ullchangcd. 
In the new instrument, a buffer 

tmnsistor is added to each of the I-I 
duta-output lines, reducing the output 

impedance and JX'rmitting the ('hange 
in coding. Rise times of the data output 
are thus reduced, ~implify ing the trans
fer of precise time data to a parallel
storage unit, printer, or comput('r. 
, D. O. ~"h~ • .."..1 n. \\'. F ..... k ... A N'_ Ap~h to 
J'rrriaj"" Ti",," "'fMu ..... ~n~ ... C ....... I Rod,. Br,.....· 
_In. FHlru&Q'_"'."''' I~ 

S PE CI FICATIONS 
Same!l.!l 112:i-AI, exccpt lUI rollo ... ~: 
Tlm._of_doy 00'0 O"'pu', 
From all deeadf'S, JlRrnll{'\ 1-2-.J-8 BCI) 
Logie 0: approx 0.1:1 V, impedance I kiJ. 
Logie I: apllrox 15 V, impedance II kn. 

Catalog ,,"umber DtMnption Pncein USA 
- I-----

1123.9760 

1123.9763 

1123-9762 

Typ. 11 23 0 1,1101 SY'\Cro"om. ' et (1-2-4-' 8CO Cod.), 
115 II. ao .. ,h Model 

$3450.00 

1123·9765 

Ty p. 1123 01,1101 Sy .... o .. om. ' ... (1_2_4_' 8CO Cod.), 
115 II, Rock Mod.1 
Typ. 1123 Oill'ol Sy .. cro .. om.'.r (1_2_4., BCD Cod.), 
230 II, Bench Model 
Typ. 1113 0 ;1;101 Sy .... o .. om. ' ... (1.2 •••• eCD Cod.), 
230 II,Rock Model 

3450.00 

3450.00 

3450.00 

QUANTITY PRICES FOR ENLARGED SMITH CHARTS 
Since some uscrs of the new enlarged 

Smith Charts (22 '1," X :J;jll) announced 
in September want. to order more than 
one pad at. a timC', and we are happy to 
hnndle the larger orders, the follow ing 
~unntity price schedule has been estab
hshed. 

I 

.Vu"'~r 
of PaJ& 

2- :J 
4-9 
10- \9 
20 and up 

PM'U 'PU 
Pad of 75 SMtLl 

6.00 
5.75 
5.50 
5.00 
4.75 

19 

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



20 

GENERAL RADIO COMPANY 
WI!:$T CON COIOID. "'''SSACHUSf:TT S 0' 7e, 

DO WE HAVE YOUR CORRECT NAME AND ADDRESS-name, company 
or orgoni:tation, deportment, street or P.O. bOJl, city, stole, and :tip code'f 
If not, please clip the address label on this issue and re turn it 10 us with 

corrections, or if you prefer, write us; a postcard will do. 

GENERAL 

Experimenter INDEX 

An index to the Experimenter for the 
yea r 196G is now uWl. ilable free on 
request. Binders to accommodate about 
two years' copies arc a lso available at 
no charge. Write to Editor, General 
Radio Experimenter, General Rad io 
Company , West Concord, i\ lassachu
setts 01781. 

R ACIO COMPANY 
WEST CONCO R D. M ASSAC H USETTS 0 1 781 

"':''' . .. , 
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