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A MODERN, WIDE-RANGE, RC OSCILLATOR 

The Tl"l'~ I:HO-A Oscillator brin gs 
the "mall sizc, met'hunicn l ruggedness, 
and reliability of trall~istorizcd cir­
cuitry to n wide-rungt'. gcneral-purpose 
instru ment. It oITers substnntilll im­
provemt'nt in mnny oscillator charne­
tNlst."". incilldc!'; lUI entirel.r ncw 
fre<luency-synchroniznt ion featufc , and 
yct mainta ins th(' high accu racy, in­
fin itc resolution of vn riablc-('npueiUl ncc 
tuning, high-output \'olwgc , ulld other 
desirablc fcnturr:;. of oldN vncuum­
tube dcsign!l ull at a f'('aSOllnblc cost. 

FREQUENCY 

Till' tl II USUilll)' wid(' freljuency runge 
alone mukcs th(' Tn'.: 1:1 10-. \ ()!icillu­
tor U !lignal SQu r('(' of ('x('cptiollul util­
ity . Thc lower limit of 2 r/ s ('0\'('1":'1 the 
roll-olT f'('gion of most u('-('oupled cir­
cuits, Ulld the upper limit of 2 )Olc/ s 
includes th(· iml>ortallt area nround 
1 )Ol c/ 8 wh('rc ma ny high-frequency 
measurcmcntll an' made on compo-
11('lIt.. . . \ fillC'ly graduutro. \'('rtlier-

The introduction of the new Type 
I 31 O-A Oscillator continues the 
development of the modern two· 
feedback-path RC oscillator, in­
vented by General Radio bock in 
1937. Another mqdern instrument 
that uses this circuit is the solid·state 
Type 13 11 -A Audio Oscillator!. 

driven dinl with ±2o/c tH'('lI rncy mnkrs 
fOf rapid yet prctisc M'ttiug of fre­
quelle)' . lI igh-slllbi lilY frequellcy-uc­
termilling components in the oseillator 
lind the low internnl l>ower dissipation 
result in n vcr)' stn bh' output frcqul'lle), . 
D rift during warm-III' iii typically be­
low 0.1 % at frequcneies above 20 ci s. 

OUTPUT 

The output wl1\·e(orm has a high 
degree of purity . Ifarmonic distortion 
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". 
Fi' ..... 1 . Typical I .. q .... ncy . Iab ilily alII ..... a.m ... p 01 
I h/. r Co) Sha.1 l e,m, Cb) lan, ' • • m . $amplln, 11m. I. 

0.1 .. cond (100 p • • lado ) • 
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a 

b , , 

is low, less thun 0.2:)0/0 over most of 
the uuuio range. Th is low distortion is 
always obl1linuble, evell at full output. 
hecau&' it remains constant rega rd less 
of the ::" ize of thc linear lond applied. 
int'luding short (·ireuit. Thi,; fe/l lure is 
particulurly useful at higher frequl'll­
des wil{'rt' low impedant'es are re­
quired. as, for example, in :.o-ohm 
syste ms. lIum is below 0.02% of the 
output regard less of the attcnuutor 
setting and is typically O.OO.)o/c. Xoise 
Ilt frequencies distllllt from n l-kc 
fundnmentnl. measlired III a Im.nd· 
width of .) c/s to :tOO kc/s, is ty pically 

, . . 

, 

~ , 

1 I I , 
~. _. 

i I • ~ -• . . ~ 

" M. •• 
" 4~-~ " .. " 

, , 
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" " " 
Ie&; than 0.02%. Xoise d ose to the 
fundamental is low, as the spectrum 
llnulysi1! of It l-kt ou tput in Figure ..j 

:<hows. This low noise Icn'l pe rmits 
amplitude modulation in mrlgnctir rc­
eording;; li nd inler-modulation prod­
ueu:; in ll ny devil'e to Ix> mcnsllred to 
-00 dB with case. 

T he 2O-volt. open·circuit output be­
hind GOO ohms is ad justable ovcr ap­
proximately a 5O-dB rn nge by means 
of a consUlnfr-perecntage·rcwlution nt­
telluntor. T he output is esscntially 
constant with frequency (Figure ;')), 
a convenience for frequcncy·response 

• ! I 
• I 

I \,<:. 
V 

V I " 
l.-' -t -•• 

• -- . 

'M 0 0 • • • , . - - ,- 0 • " .. • - o • - ,- • , .. ~ 
FI, ... ,. 3. M oa .... ,od ha,monl. dillo.llon of a Iyplcol Typ. 13 10." O.dllolo, '0. 50_ohm and 600· ohm 
load. and op ... circu it . When Ihe o". nuoto, II ..... d '0. opon_d,<I,11 o"lpul "'Olla,1I 0111 ... . ... 0111 0' III' , 

Ih . load lo.n by Ih. olcUialo. II 600 ohm, . 
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FIIIU" 4 . Sp. etrum onolYll1 of 
l _ke oulpul . Typ. 1910- 06. Ano _ 
Iy ur bondwldlh I, 3 e/I. No" 
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measuremcnt-s. Cha ng(!s in the output 
within the audio range are imperC'Cpti­
ble Oil the usual analog type of volt­
meter. 

SYNCHRONIZATION_INPUT 

Provision is made for cxterna l syn­
chronization , which is believed to be 
unique with General Rad io oscillators. 
At II single-conductor. shic.lded tele­
phone jack on the sidc of the in-

,.. strumcnt, nn external signal can be 
introdu('cd . Whcnevcr the osciJluwr fre­
quency is Ilcur to the introduced fre­
quenc.\,. thc oSC'illator larks in with thl' 
signal, and their frequencics will be 
idcntical. .\n input of anI' volt will 
kcep tlU' oscillator 10j'kcd for ehnnges 
of approximately ::3% in frcquency 
of cither thc ;;ignal or thc oscillawr 
dial setting. The lock runge and cap­
tu re range aN' identical and are ap­
proximatcly proportional to thc am­
plitudc of the ('ompon!'nt. of the signal 
to whieh the oscillator is locked . Sintl­
soida l inputs of up to ten volts may be 
used for locking ranges of up to :lO or 
-to percent. 
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For small synchronizing signals, the 
output chamcteristiCI:I of thc oscillator 
arc cssentially the SIlmc as whcn thc 
oscill!ltor is operating normally, and 
the output waveform is independcllt 
of thc waveform fed in. Larger signals 
may inCTeuSI! the hum, noiS(', jitter, or 
distortion of the output above thc 
specifications, if thcS(> componcnts arc 
presen t in thc signal, but. in g!'nernl , 
there will be a considcrable improve­
ment ovcr the synchronizing signal. 

By means of the frequcncy dial thc 
o8CiIlntor output can be adjusted to 
differ in phuS<' from the synchroniz ing 
!ligna! by approximately ±7:,)o. 

Onc obvious appliclt1iQIl for thc syn­
chronizing cnpnbiliLy iR for locking onl' 
or more oscillators to 11 frcque llc.y 
stand ard. Becausc the oscillator is in 
I'ssencl' phusc locked to the sw.ndard. 
thc long-term stability and accu racy 
will be identical with the standard. 
The short-tcrm l}labili ty or jittcr will 
be limited to that of the oscillator, 
which. as shown in Figure 2(a), is typi­
cally below 10 parts per million at 
1 kc/ s for a 0 .1 second (100 period) 

n T 
~B 

IOI'EN C!IiICUIl 

I I 
~ ,.~ 

Flg u<. 5. Typ ical oulpu, 
v oIlOIl ._ vI_h. " u . n~ y 
cho<ocl.r;llIu for vo. l­

OUI load Imp. donc.,. 
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GENEII"L II"DIO EXPEIIIMENTEII 

Fig .... 6. Th. Typ. 1310_" 0 .. 111010. wllh a Typ. 1161_"1C Sy"th .. lu ..... d a s an "dj .. slabl. high-
acc ... a.y , hlgh- ... oltogl, low-d lslortio" So .... u for a prl cisian 'm _d .... lollo n m. al .... m. nl. Th . o .. Ip'" 
' •• q .. . ncy, 3 1.063 .'/1, wh, ...... d 10 mod .. lal. a" fm 11, ..... 010. p.ad .... s a " .. II I" Ih . <""I" for a 
±15.00_kc ' .. q .. . "cy d .... latlon. 

sampling time . TIll' oscillator has all the 
characteristics of a narrow-band dis­
tribution amplifier : incrcasmg volt­
age and power output, reducing hum 
and distortion. and isolating the stand­
ard from load changes with the addi­
tional advantage of automatic level 
control. 

The oscillator can also be lockt'd to 
the harmonics of n signal. This a llows 

precise frt'qucncy multiplication of 
most sou rces since harmonics nrc usu­
a lly present or clln be easily generated. 
The accuracy and long-term stabil ity 
of the su bmultiplc source arc main­
ta ined ill the output. and the wave­
form is. of CalifS!', sinusoidal. 

Even if the oscillntor is not locked 
to a high precision standa rd , the abil­
ity to lock onto allY signal can be very 

Fig .... 1. (0) Th, Ipu" .. m of ,h . a .. ,p'" of a Iypical 11 .. " ,oldal I_ke lIandard " eq" , "'y, d ... I"' l d by 
dl ... lslon from a cryslal ' .. q .. . ncy s,a .. dard. (b ) Th . CI"'P'" Ip ....... m of a TYP I 1310." 0 .. 111.,10' Ihal 
has b .... Iy"ch.a"hld 10 Ih. t -ke Ila"do.d of (a ). Nol . Ih l .. d .. dlo" In h .. m, "aill, a"d dlllorlICl". 
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Fig"" . t. fo .. ,lo, _ynlhuh .f '" .qllo,. wav • . 
l a) FI ... aulltotor. IYllchronluol '0 th. II", 
II" • • dd_.,d., h",rmolll ... f '" I q .. o •• w ...... Th. 
II." .. oldal •• IIpvtl ., Ih • •• dLl ......... ar • • dj .... ted 
for ph • •• coh", lI u o.,d u ......... 01 III Iho .0110 .f 
'hal, ••• podl"o Fo ... ,I .. c • • fflclonll '0 m... . .. 
f .... ,I .. opp,ox lmolio .. 10 Ih . orlgl"" l lqUO . ...... v •. 
(D) Tho .'1" .... 1 IYllch,.",111"1I _quet,. w""o. (e) 
Th. coh ... ", llfih ho, .... "lc. (d ) Th . 1,."th •• lu4 

"'I .. a •• wovo. 

useful. Whcll mClIsurcments ure to 
be made lit the fUlllll.I.mental or ha r­
moni(';; of the power-line frequency. it 
is often desirable to IO/'k the source to 
the Ii lie frequency Ul order to D.\'oid 
beaLs. With the osl'i llutor locked to the 
line or ita ha rmonics, there will be no 
bent, and the phaSf' CU ll be adjusted to 
minimize other effects of pickUp. 

Although the short· term frequency 
stability, or jitter, of the sYllchronizcd 
oscillator output. will not. be less than 
that of thc frce--running oseillator, it 
(,'un be bettcr thun that of the 8ynchrcr 
nizing sourcc. III this respect, a lso, it 
behaves likc fI phuS('·locked oscillator! 

Flgur.9. ( .. ) fr. qu.ncy .. f oul . 
pul of a drifl lng IO.(y cl'lltI ... y 
.0Ufe •• (I>, Oilipul fr.qu.ncy of 
ouliloto. lynchronb.eI 10 
louru of (a). Nol . r. elllci ion 
In 1111 .. and ,.l lrock lng of drll! . 

b • ----
c • 0 , 

v v v oj V -d ~ 

.-...-J 

Or, to express it differently, the syn­
chronized oscillator acts us a trucking 
II:lITOw-bund filter to reduce shorl­
term instability. }'or example, Figure 
9(3) is a plot of the cycle-to-cycle fre.­
qucncy of Il j ittery IO--cyrle source 
versus time. Figure 9(b) shows thl' same 
measurement mude on the output of a 
TYi'~ l:3\O-A Oscillator Ehat has bcell 
sY llrhronized to tht' source. :'-:otice that 
the cycle-to-cycle ('hung£' in frequency 
has been gn>utly reduced, yet the rela­
tively long-term change of about 1 % 
hus been fa ithfully trucked. The ef-

' lIuoId T. )kAI~" - A New Look It Ibtt f>hto_Loeked 
OKiILr.,or:" P .... Hdi,.,. -" .. IRE. \'ol47. pp 1137- IIU, 
June. IlioW. (Oil Ileprint No. A.711). 
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fl,u •• 10. (a ) 10_k< aulput of alcillata •• amplltud. madulat, d at 51)0 c/_ by 9.5-kc .11I"al f. d In 'a th ' 
Iynch.a"hh., lack. (b ) Th. " ducHa" of ,h. amplitude madulallon In th , aUlput of an auillalar thai hal 

b .. n lack, dla Ih. a_m .i,,,, .. of (a) . 

fcctiv!:! bandwidth of the oscillator to reducing meter friction errors in ac 
frequency perturbation or frequency 
modulatioll is relutetl to the locking 
range as it if' ill (lOnvcntional. automn­
t ic-phase-eontrol1cd oscillators. Since 
tbe locking range is proportional to 
the syneh rollizing-signal ampli tude, the 
cff('ctivt> bundwidth is also propor­
tional to th£' amplitude. For cxample. 
if it one-volt signal is wwd to synchro­
nize th(' oscillator at 100 ke/s giving n 
±3% locking mug!!, thcn the oscillator 
will have n :~-dB bandwidth of 3 kc/ s 
to perturbations in frequency. Thus, 
frequem'Y deviations in the 100-
kc source at a 3-kc rate will be ro­
duced by 3 dB in the output of the os­
cillator. 

H the O!willator is operatl'd outsidl' 
the locking range. the signal fed into 
the synchronizing jack will beat witb 
the osrilla.tor frequenry and produc(' 
an amplitude-modulated output as 
shown in Figure 1O(1l). The modulation 
will be approximately sinusoidal for 
modulation levels tip to about 10%. 
Although using the Tn'" 1310-A in 
this manner dO<!s not make it a versa­
tile sourc£' of amplitude-modulated 
signals, it do('s providr a-m in the 
audio range whor!' it is not normally 
obtainubl£', but nevertheless useful. For 
cxample, the modulated output can be 
used to measur(' the effects of inciden­
tal a-m on other measurements, and it 
provides Ii. ';wobbulated" source for 

meiumrcments. 
The sy nchronized oscillator can also 

be used to reduce amplitude modula­
t ion (Figure IO (b)). This again is :l 
natural f'onscquence of the oscillator's 
similarity to a high-Q fi lter. Any ampli­
tude modulation on the synchronizing 
signal is reduced to the- extent that the 
modulation sidebands fall outside the 
pass bund of the oscillator. 

SYNCHRONIZATION_OUTPUT 

The synchron ization jack serves us 
an output as well as a n input. Approli':i~ 
mutely 0.8 volt behind 25 ki lohms is 
avai lable regard l es.~ of the setting of 
the output uttcnuator or the size of 
the output load. T bis Olltput can be 
u~d to trigger an o!'.cilloscope when 
tht· oscillator umplitude is often vnrif'd; 
frequent readjustment of the trigger­
ing level is thus eliminated. Also. n 
counter eun be driven from the jack 
WbCIl a more precise measure of the 
frequcncy is desired. One sidt' of this 
output is grounded, and the sigrml is 
180" out-of-phasc with the front-panel 
output, which makes possible a high­
impedance output balanced to ground 
for driving push-pull circuits. The syn­
('hronizatiOIl output will dr ive any 
size load without increasing the oscil­
lator distortion. However, only high­
impedance londs nrc recommended 
where the full frequency accuracy is 
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_ requiJ'{·d. A short (' ircuil will d~rc3.S(' 

'he freque ncy by I to 2 percent. 
Bccnll~ t he sy nchl'Oni zillg jurk is 

!limult.nllcolisly an inpu t lind un out­
put. t wo or more oscilhltOrs cu n 1)(> 
!lynchrolljz~d by intc rCOIlIl(lction. Os­
("illawr,;! l"onnedcd in this way will 
opemtt' at the s:.mc frequency or mul­
tiples of it and {'an be aJjustcd to 
differ in phase by ISO ± i 5". 

TECHNICAL DESCRIPTION 

Th!"! circuit is It eapacitancc-tulled 
\Vien-bridge oS('i llntor followed by a 
low·distortion , short~'lhle a mplifier null 
t\ constnntri mpNlancc, bridged-,!, at­
t.euuntor. Figurl' J I is II !li mplificd dia­
gmm of tht' S('vcll-ttausistor, one-:\u­
\'istor circuit. A high-guin, widc-bulI(1 
amplifier is uscd for low distortion and 
noiH! and to achieve high input and 

,... low output iltll)('dunreJ; for use with 
the Wi~n bridg<,. This u~u rcs t ha t the 
frequency of ~rillatioll is depcndcllt 
only upon thc passive values of Rand 
(' of th(" bridge. St...'lble, low-tempera­
ture-clX'fficicnt, metal-film resistors nrc 
used' on (Ill but the lowest-freq uency 
range, whkh uses gJaS3-S<'aled. ('arbon 
resistors. 

A ncgativc-tempernture-coefficient 
thermistor is used ill the upper half 
of the negs.tiv("·fccdbul'k dj vidcr of 
the bridge to keep the oscillator a mpli-

A.UOUST '9 • .$ ~ 

tude consta nt. mUler than the more 
convelltiona l positivc-T C incandescent. 
lamp ill the lower half. This is in large 
part responsible fnr the tlttt frequency 
characteristic. 

Changes in oscillfltor a mplitude with 
frcqucllcy ill ally Wien-hl"id~'"C u .. ~eillatQr 

may be caused hy three major fa('tors : 
( I) un ba lance in the \·.'lit,e'S of Ii for 
t he diif('tent frcqllell cy rang{'s; (2) un­
bnlnllcc in r values as the oscillato r 
frC<lueocy is varied across on(> rangc ; 
and (3) change in t he gnin. phase and 
t~rmjnal impedanccs of th(> nmplifiC'r 
with frequency. TheSe' changes all af­
fect the loop gain of t.he bridgc-il mpli­
fiN ('ombination, and, to maintain 
stable oscillation, thE' DmpJi tud~regll­
Inting mechtmism must ('haDge t he 
ncgative-feedback divider gnin so that 
the over-nil loop ga in remtlins at un ity. 
It is inherent in inl'nndescent bmp­
rf'gulating circu its tha L the' output 
level must change if t hl' div ider gain 
chnnges. This can be seell by refl'renc(' 
to the r::-l chn rncteri'St ics of Figure 
12{n) where the subscripted ('o mpo­
nents, voltages. a.nd current corrt'­
spond to those of Figure II. The out­
put voltage is P.. or 1:"1 + I~·t . nou tJle 
gnin of the negative feedback divid('r 

(HI and Nt) is Et. I t ill: apparent from 
E, 

Figure 12(.11.) that. regardlcss of t he 

~IC"+U'''. _-UNO 
OIfl'Vl[""Al 

A ... flU . , ....... ,,'[/1 
~ .. AT" ...... 'QII 

:'c ~ • " , 

fil"" 11 . Simplill.d drull dio_ 
loom of Typ. 1310_A O .. lI1olor . 

" , 

' ~ . , T -.> , , ~. 1 i' ,n I' !~ 

• 

~ v .TTU ..... TO~ - ~~ 

I 
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-,-YO!..'_ E .. E,'£" 
~."O 

" 
" " 1-/""--:'" 

,., ----- .\ 

'" 

I Ilto(II"J'I011I 

~ ~-------- .. , '""::....- , , 
Cuwlt[ll. I 

'Ig .. ,. 12. V •••• g •• e ..... " 1 ct>a,ad. ,I,II. cu, ... , la, ampl il .. d • • , . ... lalln. dl .. ld .. al WI. " bride . u,ln. 
fa l a n Incand.".", ''''''p. n.l .. Ih .. ", lal .. , . 

lIt·tual 8lope~ of the lilies invol\'M, fo r 

I . B, I 
t l{' tatlO to C lange, 

E. 
t lU' curre nt. 

through the divider mus t ciUtllgC, und , 
till'refott'. th(' output voltage, B" must 
(llso ('hauge. 

"'igur.' I :!(b) !Shows cquivlI lcnt B-/ 
f' huNletcristie!i where u. Ilt'!gativl"-tem­
lX!rHtllrt'-l'l)('rIic'ient l herml,.,IOt is uSNJ, 
as in th£' Tn't: 13 10-A. III lbi~ euse. 
thl' 510p<.' of tile thermistor curve in 
the Iln:a 1)( operation Ileur f I hits be("11 
mude l'quul in mugnitude to l hc slolX' 
of tlu' U~ linC' but opposite ill sign. 
Whell the two chll r:ll'te risticli Un' added 
to obtll in thc E, vs I chaructt'ris tic. 
till' n'sllit if! approximntcly It hori­
zontal linf'. I {encf" th{' output \'oltag(' 
in the normal rnnge of operation i!l 
indf'pcndf'1I1 I)f the current li nd, thrrl"-

fh .B"'h fore . indl'Pf' lld£'llt () t I.' ratlo ~. (' 
E. 

ratio E~ iR fret, to ('hungl.' to k('(>p tht> 
E, 

loop gn in {'Ollsta ut ilt unity. a nd yet 
thl' output vo it:1ge. HI, remains lin· 
changed. 

The grounded-base transistor stage 
following the oscillator translates the 
constant-voltage output of the oscilla­
tor into :l. cOllstnnt-current sollrce a t 
th(' nmplifier output. shunlf'd by 11 
f,()(}-ohm interna l Io.."l.d . It is the fact 

• 

that the curren t is l.'QIIStllllt und, there-­
fote, limited, which permits low-impecl­
(l1I<)e loads, even 11 shott circuit, to be 
driven without clipping. The circu it 
fUll ct ions liS fo llows: Voilage E. i ~ 
mllillkli ncd cOllst1l1lL by the thermistor 
regu lator, lind , since It, is much smaller 
thall the resist."l.llcc of the bridge cir· 
cuit, the current through /(, is a lso 
maintained constant. This same con­
stant cu rren t flo w8 through the cmjt­
ter and collector of the Olltput tran· 
sistor since the forwa rd current gaill of 
the transistor is nlmos t tlnity. The 
high degree of isolation between emit­
ter nnd collector of the grounded-base 
stage prevents cha llges of the loud 
from being reflected back ncross If •. 
The equiva lent circuit of the output 
with the internal GOO-ohm load shunt­
ing it is shown ill F'igUte I:l(a). Sill~ 
the 1,. of the t mnsislor is small com­
pared with the loud cond uctance, l he 
more familiar equivalent circu it of 
Figure 13(b) is also correct. 

The method lIscd to synchronize the 
oscilla tor is commonly called injection 

'" '" 
Fleu,. 13. ( .. l E" .. lv .. , . .. 1 cirellI! .. f .... 'pul .r" . .... 
Ctol Thh . .. I" . "ulv ,,' . .. ' .. p .... ".lm .. II ...... , Ca l I, 
.... nv . .. I1" .... , .... It .... ,,, ..... " . hlnd 600 .. hn .. . 
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'1.11', 14. 'l.t .f "eqll. ncy "'pon .. 
betw •• n .ynch.onllln.lock and 0 .. 11-
lo'or oll'plll wll h dlol .. 110 I kef. ond 
with an 'npllt 0' 0 . 1 volt. Olllpllt Ilv,' 
I. con,'an' 01 I kef_ . . ... d le .. of 

th' lnplIl "°11°98, 

locking, This same mechanism causes 
some oscillators to beat with tbe 
power-line frequency or to lock 1.0 it. 
It is an old phenomenon, perhaps firtlt 
observed between two pendulum clocks 
hanging 011 the sa me wall. and has 
been f requcntly disc ussed." ~ ···' 

The synchronizing signal is injected 
into the ncgative-feedback loop. For 
small signals, the trnnsfer function be­
twet'n this point and the osciJIator 

- output is the closed-loop response of 
the oscillator. This results in a gam 
near the frequency of oscillation and 
rejection elsewhere. This rejection re­
duces the hum, noise, d istort ion, and 
both amplitude and frequency modu­
lation in the synchronized output. 

]~igure 14 is a plot of the forwnrd 
transfe.r response bet.wccn tbe syn­
chronizing jack and the output, for a 
O.I-volt input with the oscillator set 
at I kc/ s. In the audio-frequency range 
this curve cn ll be used to e.stimate the 
reduction in the output of components 
in the synchronizing signal. For exnm­
pic, if u one-volt signal that hus 10% 

AUGUST 1965 

(0.1 volt) second-harmonic distortion 
is used to synchronize tbe oscilbtor, 
the second harmonic (2 ke) will be ap­
proximately 50 dB below the funda­
mental in the o.'!:cillator output, reduc· 
ing distortion to 0.3%. 

If the oscillator is locked to the same 
I-kc signal with an ampli tude of only 
0.5 volt (O.05·volt second harmonic), 
then the second harmonic in the out.­
put .... ill be 50 dB + G dB or 56 dB 
below the fundamcntal or only 0.15%. 
This iIIustmtes the effective decrense 
in bandwidth as the synchronizing 
signal decreases. Thus, the sma llest 
signal that will provide sl.tlble locking 
should be used to lIchiev(l t.he grentest 
rejection of unwanted frequencies. 

Flgllre IS. Ro.lr _mo,,"I.d Type 1310_A O scUlotor 
and Type 1396-A Tone_8 .... 1 O,neroto< lI.ed to t .. t 
omplifi .. o" .. load .horo .... h ll ... A be h lnd_th,_ 
panel connection 10 Ih •• yn.hfOnhollon lack 01_ 
low. ,...,1 .. n adollt of " . "1I1 . ... y On ,h. Typ. 

1150-8 01.1101 fr.qll.n.y M,t ... 
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The oscillator hus a self-contained , often perform mllny of the fUllct ions of 
tlc-opcratcd , regu lated power supply, other labomtory instruments. I t can 
which Ilssures uniform operation even serve as: 
with ± lO-volt changes ill the li S-volt A tracking, narrow-band filter to re--
line. duce hum, noise, and d istortion in 11 

In su mmary, the T YPE 13iO-A Oscil- signal. 
latar, by using new circuit techniques A source of amplitude- modulated sig-
and modern tmnsistori7.cd design, pro- nals. 
vides a wide-range, high-output, gen- An Ctutomll t ic-phasc-coll t rolled osc il­
cral-purpose instrument useful in the la tor to red uce freq uency modulat ion or 
many applications that require oscilla- jitter. 
tors in electronics today. Its small size, A single-freq uency, leveling amplifie r. 
light weight, and rugged cons truction A phase-locked , sinusoidal-frC<luency 
make it a convenicnt source of ac sig- multiplier. 
nals, and its low distortion, noise, and A phase shifter. 
hum, its fl at-fre<lucncy cha racteristic, A na rrow-band , isolation a mplifier. 
and its good frequcncy stabil ity give - R. E. OWE~ 
ou tstanding performance. Cu d lll 

I Id " . . . The author grll.tc.fully acknowledges the con-
n fie ltlOll, owmg to l ts umque syn- tribu t.i~m or H. G. fo'ulb who initiated the de­

cbron izing feature, this oscillutor can velopment. 

~~~~I~F~I~C~A~T ~IO~N~S~ 
FREQUENCY 

Ron g" 2 c . 8 to 2 Mc 'a in G decade ranget: con­
tinuously adjUJIt:l.blc, one-turn, high-resolution 
dial with .. !{: I drive. 
Au u,ocy , ±2'1 of reuding. 
Sloblll ,y , T.vpical wamHLp drift, ullder 0.11'1: ; 
typical drift after wllrmul~ O.OOI I;'~ short tcrm 
(1 min ), 0.03o/r lonl/: !.ern! \ 12 h); all Ilt I kc 8. 
Sync h,onlzol lon , Telcphone jlOck provided for 
ex!.emal phQlle-locking signal. Locking rangl' ia 
abou t ±3% for I-V, rillS, input I"('fcrenoo sig­
nal. Frequency d ial can be wsed for phase ad­
jus tmen t. 
OUTI'UT 

I'ow, r: 160 m W into 000 {/. 
Voltog" Ovcr 20 V, open circuit; continuously 
adju~table nltcnuulor (uJ'llroxirnntdy 50 dU). 
A",pUlud. S' o blli' y , Typical d rift after warmup, 
O.02 o/c short !.erlll ( I min), I.ote long term ( 12 
h)j both ut 1 kc s. 
F'equ. ncy Choroc'"lllIc , ± 2C'"f , 20 c /a to 200 
ke .'s, open circuit or OOO-H resistive lo:l.d. (8ee 
Figure 5 ). 

CIIWIcg 
Ifumoo 

I",,,,danc,, All llro.xirnutelyOOO flo 
Dillon'on , < 0.25%, 50 e I to 50 kc I, wIth 
lincar loM8. Hu"" <0.02% indcpendcnt of 
attenulltor IICtling. 
Synch,onbollon , High-impedanoo, constant­
arnr.Jitudc, O.S-V, nilS , output for uac with 
O8ClllOllCOpe, counter, or other OIICillllhlMl. 

GENERAL 

Po w er Requi red , 105 to 125. HJ5 to 235, or 210 to 
250 V, 50 to ·100 c a, 12 W . 
t . rmlnol" T wo Type !I38 Binding Poetll, one 
grouuded to pUllet. 
Acuno, i .. Suppli. d , Type CAP-22 Powcr Cord, 
'llare fU8C8. 
Acullo,I .. Avo llable: TYIJe 1560-PU5 Aduptor 
Caule (telephone plug to Type 271_M Double 
Plujt) for connection to synchronizing jack. 
Mounting ' Convertiule-bench cabinet. 
Dlm . ... lo .. ., Width SU, height 0, depth 8-'" 
inches (2 10 hI' 153 by 210 111m ), over-all. 
N" W. lllhl : 7M. Ib (3.G kg). 
ShIpping Weillht: 10 Ib (4.6 kg). 

Pria 
ill USII 

1310.9701 
1.560.969.5 

Ty p. 131 0_ A O lCl liolo, $295.00 
3 .0 0 T~J" 1560·P95 Adoplor Cobl. 

General Radio Com pany 
.·'::"'0 
.0 0 
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