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A NEW SOO-MHz 
STANDARD-SIGNAL GENERATOR 

A greot many interacting problems surround 
the development of a standard-signol '01en­
erolor, and Ihe finol instrument usually 
combines a few successes with more thon a 
few compromises. If the signal generotar 
is to hoye on output-revel range of 160 
dB, accurate frequency control without 
trimmers, and leveling in all modulation 
modes, the challenges o re compounded. 
Yel these were among the design objec­
tives of GR's lolesl signol-generator d evel­
opment. A mojor engineering effort turned 
the problems i"IO suceenes and produced 
the high-performance standard-signol gen­
erator in troduced in this month's feoture . 

The basic tool for the alignment Ilnd 
.r-tcsting of receivers, filters, amplifiers, 

and atlenuntors is the a-m standard­
signal generator. The term "standard­
signal" meulls that all primnry charac­
teristics arc calibrated, and it implies 
signal quali t.y beyond that expected 
of tbe ordina ry signal 5Ource. Thm!, it is 
generally accepted that an a-m stand­
ard-signal generator sho.!l have cali­
brated output frequency , cali brated 
output level adjust1tble over a wide 
range, und ca librated depth of modula­
tion. As technology has evoh-cd, users 
have demanded increasingly wide rang­
es of these characteristics, along with 
major reductions of incidental and 
spurious effects; nt the Slime time. speed 
and conven ience of use bave become 
prime concerns. 

A NEW STANDARD OF PERFORMANCE 

,- General Hadio's new TYPE 1026 
.;tandard-Signal Generator mee.ls this 

growing demand for higher performnnce 
and simple operation. Over II frequency 
mnge from U .. j to :;00 .\1 li z. the 1026 
clelin'rs olle-half wntt of leveled ew 
I>ower to a ,-'()-ohm lond. approx imately 
100 times the power prc\' iously avail­
ahle from:t well shielded signal g('ller.'L­
tor. i\lodultltioli charartt'ristics arc 
equally impressi\'e. At nil cnrri('r fre­
quencies, U.j% modulation is available 
for outputs up to .j volls behind .JO 
ohms (compared with up to 10 volts 
lX'hind SO ohms fo r cw oPNa.lion). At 
.50% I-kHz amplitude modulation, 
incident.'ll fm is less than I part per 
million. an order of mngnitud c im­
provement over previous designs, and 
envelope distortion for the I-kHz in · 
ternal modulation is less thlln 1%. 
Other unique a-m features include 
provision for wid(.. .... bnnd modulation up 
to U; ;\Iirz and for pulse modulatioll 
with leveled and metered peak output. 

Electrical fine frequenry control per­
mils frequency modulation and, with 
auxiliary synchron izing equipment, 
phase-locked operation. 

The three front-panel clements used 
for this month 's cover illustration 
symbolize the extreme ease with which 
the signal generator can be controlled 
over its wide operating ranges. The 
uscr sel('cls frequency by setting the 
band switch to the proper range and 
tuning the frequency control. The large, 
back-lit drum dial provides an unam­
biguous readout accurate to 0.5%. 
Thcre ure no secondary frequency 
controls, no trimmers to peak. Output 
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h~\'el is set by n precision step iltlellufl­
tor 5u pplement('{i by tl t.'ntltiullous 
ca rrie r level control ; the meter a nd 
large aUenualOr dial provide a highly 
legible readout. A flick of the wrist 
takes the US4:."r from 0.1 microvolt to 10 
volt!! hehiud :10 ohms, without. externnl 
o.mplifi£'rs a nd their att('ndant tUlling, 
shielding, and le\'el-mollitoring proIJ­
lems. 

RELATION TO OTHER SIGNAL SOURCES 

The cb:1r:\ct('rist ic5 of the stnnd:lrd­
signal gcnc rut or. us embodied in the 
1026, set it distinctly apart from such 
relatively simple !lignal sources as Gil's 
general-purpose oscillators Oil the one 
hand li nd from our highly sophisticated 
dccud£,-frcquellcy-synthesizer line 011 

the other, The oscillators nrc idenl for 
an tcn nll and bridge meusurements :md 
os lceal o8('illfltors for hl'terodyne 
det£'c\.ors, hilt, tlwy h ck th£' output.­
level ca libration, ultra-high shil' ldillg, 
isolnlioll of frequency from 10tld pull­
ing eiTects, and culilmltl'd modulation 
l· hnractcri,;;t irs required for rct.'ci,'('r 
tests and for precision insertion-los,.; 
measurements. 

FrNluenCy sy nthesize rs ure quitc 
complex in st rum('llls in whit'h the pri­
mllry COllcern is to gel\(' rate precisely 
known output fn.'quc nr ies, usually wilh 
relati v\·Jy less :HlCnlion dcvo ted to 
:whicy ing a wid(> mngt' of flc('urakly 
calibrated Outpul Il"vcls a nd to moduhl­
tion ca pabilit ies. Furthermore, Ihespel'­
t rol impurilies found in the output. of 
frl'que ll cy "y ntiwi'i1.crs li re gCll emlly 
of u diITerellt t'll:vucter from Iho!<(> in 
lhe output of IllI' frct'-runniug. C(lll­
tinuoufily 1llilable I.e osl'iJiator 1lS4:!d 
in thl' t02G. The unwanted outputs uf 
the la t t(' r a n' al most e l) I in'ly harmoui('S 
or hum :oidf'hfluds (, IuS(' to the l'u rriN ; 

othcr discretc !!puriolls output!! nre not 
present, :md hroadband noise side­
bands ure of extremely low amplitude, 

TllII;; n gOOd convcntional a-m stand­
ard-signal generator is prererable to /I 

!<,vn th(·"iz.cr for certa in important class­
es or menSll~ment~, in cluding receiver 
spurio1l8-respollsc t('sts, receiver SCll­

!<itidty checks, which require acct!­
rntely knowH low-Icvel ~ignal ampli· 
tudes and known modulation 
cilUt!\ctel' istics, :tnd meusuremrn {s of 
recch'('r sclc('tivity, filter clitotT, and 
nttCll untor insert ion loss, all of which 
require a wide runge of aeruratel.v 
r:.dibrated output leve ls, 

APPUCA n ONS 

The [I.f)-to-,j{)(}-;\I1 h freqllclH'y range 
of the 102(; illrludei<l the imporlnnt vhf 
:llld uhf uirrrnft. eommulli('{lt ions bunchi, 
wllieh use douhle-sidelmnd :I-m, and 
mOiSt of t he cO lllmon high i-£ blWds, 
Ol;\'iolls applicat ions thlls lie in the 
:dignmeul nue! tcsti ng of rec('i"ers, iil­
trrs. umpliliers, nttelluators, and other 
dc\' iecs used in slirh scn ' i('e. 

The l:u'gest single application urea 
fo r sta. udnrd-signa l generators is rc­
('ci,'cr testing, T ho 102(; is ideal for 
rccci,'cr testing bccnusc of its high , 
leveled output, single-dial tllniug, and 
low modulation distortion. 

AGC Clnd Squelch Testing 

The rCI'eiver manufacturer is usually 
culled upon to specify the mugu of rf 
input voltage 0\'('1' which the .\0(' will 
mnil!t:l in a rcluti"I'ly I'onstallt [Iudio 
OUtput l{'n'\' For s uc.h tes ts, the 1020 
otTer:; n wide mngc of output levels, 
t'xtr(, Ill(: ly 101\' irlddcntnl I'm, and n 
highly lIct' ur:1.tc Olltput :"tllenll:ltor. 

TIlt' widt'- rnilld- lind Jlulse-modula­
tion modes nrc also useful for p rccise 
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checks of squelch and AGe recovery 
time. 

Distortion T esh 

The maximum nonlil1cu r distortion in 
a receiver U:! generally specified at about 
5 to 10%. Any envelope distortion in 
the signal generator will , of course, 
introduce error in the measurement. 
i\egative envelope feed buck and ado­
quute butTering (which virtually eli mi­
nates incidental fm) reduce distortion 
in the 1026 to ) % at 50% a-m and to 
less than 3% at the critical 80% a- m 
level. Not only is the 1026 output 
leveled, but thcre is no peak ing by the 
operator to obtain specified modulation 
performance. 

Sensitivity Tests 

In measurements of receiver sensitiv­
ity, a signal generator must produce 
an rf signal at a low, accurately knowll 
level , with known modula tion per­
centage. It is importa nt. to keep these 
cha racteristics, as well as carrier fre­
quency, constant during the test pro­
cedure. In the 1026, the output 
attcnuator is accurate to ±O. l dB 
per soop, with a maximum accu mulated 
error of ±0.5 dB. Rf leakage is negli­
gible even when the output i8 in tenths 
of a microvolt. After warmup, the 
output level will rcmaiu constant to 
± O.OI dB over any 15-min ute period, 
even with ± 10% line-vo lt.'l.ge fluctua­
tions. 

Signal·to-Noise Ratio 

In measurements of signal-to-noise 
ratio, the usual procedure is to compare 
the receiver aud io output when a 
modulated ca rrier is applied with the 

""""'utput without mod ulation. Any spu· 
rious modulation due to hum or noise 

M arch 1967 

will appear as add itiomll receiver noise. 
The very low residual Il-m hum and 
noise of the 1026 (at least 70 dB below 
carrier) permit mC.'l.surcments of signnl­
J.o.1I0i.sc r!l.tio!<. up to no dB with con­
fidence. 

Other Receiver T esls 

l\'Ieusurcments of ndjlH'ent-chnllllci 
rcjecHoll, image-frequency rejection, 
and responses due to locul-oscill:\tor 
ha rmonics ca n all be made with greater 
confidence and convenience, becnuse of 
the purity and stability of the 102G 
output. 

Noise-limiter elTectiveness is com­
monly measured by tests on the re­
ceiver's abili ty to limit the noise spikes 
to some specified modulation percent-­
age, such as 80%. 'Thus the abili t.y of 
the 1020 1.0 provide accurate high­
percentage modu lation ma.kes it par­
ticularly attractive for noise-limiter 
testing. 

Amplifier, Atlenuotor, Filter Tests 

In tests of ampl ifier g(l.in, frequcucy 
respousc, and distortion, the leveled 
output of the 1020 eliminates rcpeuking 
of controls as frequency is changed. 
Also, the high output levels avnilable 
from the 1026 will drive i·f amplifiers 
and low-impedancc stages di rcetly, 
without the add ition of power nm pli­
fiers. Pulse responsc of i-f a mplifiers in 
the 3O-to-200-i\lHz range is of great 
interest because of the widespread use 
of such amplifiers in radar systems. 
The clean leveled pulse performallce of 
the 1020 speeds up measurements on 
this class of equ ipment considerably, 

In f, lter-response t.ests, the high 
output capability of the 1020 is espe­
cia lly useful when the rejection outside 
the pass band is 70 dB or more, since 
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Fig .... 1. Tha 1026 
$lanola.oI.Slg"aIOa" •• ala •• 

the filt.er output signal will still be 
easily detectable by nn untuned high­
frequency voltmeter. The high-level 
output, automatic levcling, and low 
leakage are valuable in att.cnuator 
testing. Phase-lock stabilization of car­
rier frequency (with auxiliary synchron­
izing equipment) also permits the usc 
of highly selective dctectors to improvc 
signal-to-Iloiso mtios in measurements 
of inscrtion loss in excess of 100 dB. 

fig .... 2.ltaa. In l •• la. "Iew. 

GENERAL DESCRIPTION 

The 1026 Standard-Signal Generator 
(Figure I) is basicllliy a continuously 
tunable master oscillator-power ampli­
fier chain, with lll)propriatc power 
supply and modulator circuits to permit 
automatic lcvel control under a wide 
range of modulation conditions. 

The instrument is built in three main 
subassemblies: rf nsscmbly , modulator 
assembly, and power-supply assembly 
(see Figure 2). Each subassembly is 
extensively pretested before being 
secured to the panel assembly, which 
support!! all controls and which pro­
vides interunit cabling. 

Vacuum tubes are used in the rf 
stages because of thei r superior per­
formance and reproducibility in the 
upper part of the frequency range, but 
all components in the modulator and 
power supply are solid-state. 

The 9.5-t0-5OO-1\1 Hz frequency range 
is covered in six bands, five of which 
cover approximately an octave cacho 
The bands were selected so that impor­
tant allocations, such as the 88-to- \08-
~II-Iz fm balld l the J08-to- I 56-~IHz vhf 
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aircraft band, and the 22:j-to-40G-i\ llI z 
uhf aircraft communicat ions band , each 
lie entirely withi n a s ingle range. 

Oncc thc nppropriute band has been 
selected , fre(juency is controlled by 
a single dial, the ampli fier t rimmer 
control thus pas."illg into history . The 
output is acijustnble from 0.1 microvolt 
to 10 volts be hind !)Q ohms, nnd lhc 
shielding cha llenge implied by !'mch a 
runge of levels hus been met.. 

Highly effective leveling keeps the 
output const.tl. nt. in the face of chnnges 
in frequcncy or load impedance (FigufC 
:t). T he leveling loop is lIscd for envelope 
feedbflck for interna l or external Utl(Jio 
modu lation, giv ing very low modulation 
distortion. Leveling is also ill effect with 
wide-band extcrJl!llly applied modul:'l.­
l ion frc(IUen cics li p to ns high us 1.5 
M Hz, depending 011 ca rrier frequcncy , 
and with pulse modu lat ion. The usc 
of two buffer stages between oscillator 
ami modulated powcr a mplifier resu lts 
in unusually low incidental fm in the 
prescnce of high-level a mplitude modu­
lation. The resulting exeellcnt sideband 
sy mmetry is shown in Figure '!. 

For added flex ibili ty, the signnl 
.enerator includes nn internal crY!:ita l 
cn Bbrntor, a bigh-Ie\!el auxiliary output, 

and provision for eleetricn l rille fre­
quen cy control for fm or phasc-Iock 
operation. The nuxilia ry output is 
unusuu lly vNsutile: It can be uscd to 
drive a n cxwrnnl cou nter fo r moni toring 
the signal-gellerato r frequellry at the 
8f1 me time that n low-lcvel output from 
the main rf output connec tion is deliv­
ered to n receiver undcr test ; it can be 
disabled with better than 100-dB isola­
tion by means of an internal C03...'(inl 
switch, thcreby eliminati,rtg possilJle 
lcaknge from connected appara tus or 
cables; it can servc as nn input, per­
mitting the signa l genera tor to be uscd 

-

-
I I- i-=' 

FII .... 4 . h ," . ... . . .,mmel,., of l _ kH~ .Id ._ 
bO fl d. 01 50% mod .. lollo .. I ..... Id . .. n of ..... ., low 
Indd.nt .. 1 I ... . Ca"l .. atnplll .. d . (unl ... plke) 
I. ol".al. b • • o.... of '.po".lo.. 10 .how 

. Id.bofld •• 
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as a. heterodyne frequency meter; and 
it can drive an ed-emnl phase detector 
for phase-locked operation. 

PRINCIPLES OF OPERATION 

The elcmentary block diagra m (Fig­
ure 5) shows the rf power-generating 
stages and those parts of the modulator 
tha.t serve to level the carrier amplitude 
nnd to insert audio modulat ion. The 
ancillary circu its employed in wide band 
alld pulse modes of modulation hnvc 
been omitted from this simplified 
dingmm. 

The output stage of the rf power 
generator and the modulntor stages 
form a nega tive-feedback loop. Sin!'c 
the loop encloses a. signal detector, it is 
the carrier ampl itude or envelope that 
is fed back rather thnn the radio­
frequency wave itself. The reference 
ngainst which this loop stabilizes it·sclf 
is II. de \'oltnge supplied by the CABBU:U 

Lt;V~;L control potentiometer. 1\ lodula­
tion voltages can be superposed on 
tbi::J reference, thus forcing the loop 
to fo llow an aud io-frequency inpu t.. 
Special provisions ure made to accom­
modate wide-band- and pulsc-modu lat-
'See "Tb. GuUlo1.lne Cap&dlOt." p 17, tht. i .. u,," 

ing signals that are too fnst for the loop 
to follow. 

Radio-Frequency Generation 

The output frequen cy is generated by 
plannr ceramic triodes driven by 11 

Colpi tts oscillator and two butTer ampli­
fiers. The Colpi tts circuit is conven­
tional except for (,he guillotine tun ing 
capacitor.' The six coils required to 
covcr the 9I)-to-500-i\1 Hz frequency 
range arc mounted 0 11 a turrct lhnt 
rotates with band changes. 

The three lowest frequency ranges 
cover tuning ratios of 2}i to 1, with 
somc overlap between ranges. The 
plates of the guillotine tuni ng Cup!lcitor 
ure shaped so that frequency varies 
linea rly with dial rotation 0 11 these 
ranges, simpli fying in terpola tion in 
ba nd width measurements on high-frc­
Iluency i-f ampli fiers and fi lters. The 
upper three ranges become progres­
sively narrower in coverage in order 
to maintain satisfncto ry interstage 
tmcking and adequate drive levels. 

A fi mall amount of electron ic tuning 
is possible through control of the bias 
011 a varactor diode. Owing to the 

r---------------------l 
j /~-______ ~ .. P&i'---- ------- --7 ! 

~/ / " I '

f~~r_--t1~· ... ~ ... ~~a---~ I ...... .' --
L -- - - - - - - =_ -=-::::::=:::==c_ ... "' .... 

........ .............. _ _ ... ,Nt 

_ ... ..... ..... , ..... , .-.... .... 
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large signal level a t which th is diode 
operates, currcnt is being drawn , and 
the eonscquent self-biasing action pro­
duces a nea rly linear frequency-vs-ap­
plied-f'ontrol-voltage characteristic for 
small f requellcy dcv ia tions. 

Both plate and heater \'oltages of 
the oscillator nrc electronically regu­
lated for minimum residua l fm und for 
max imum stability against line-voltage 
changes. 

The output of the oscilln tor drives 
a pnir of Iluvist.or power triodes in a 
push-pull grounded-grid broadband am­
plifier stage, which operates at approxi­
mately unity ga in . T his stage effectively 
isolates the oscillator from rCllcoon due 
to modulntion of the output stage. The 
untuned buffer in tunl drives II push­
pull tuned buffer consisting of n pair of 
high-performan ce ('I'ramie planar tri­
odes. The tuning capacito r, a second 
guillotine, and the coil turret are almost 
identical to those used in the oscillator. 
Th is tUlled butTer gives the power gain 
needed to drive the modulntlld output 
amplifier. 

The modu lated output ampl ifie r is 
al most identicul to the tuned buffer. 
The sa me tube types are employed, the 
guillotine tun ing capacitor is identica l, 
and the r:oil turret is similar. The most 
signifi cant difference is that bias is 
controlled by the modulator, which is 
in series with the cathode ground 
return . 

Careful control of the tuned-ci rcuit 
clemen ts cnsures good tracking between 
stages without {ront-panel trimmers. 
l\l inor det.ullings, resulting from the 
illevit,lblc differences in configuration 
bctwC('1l oscillator and amplifier stages, 
are controlled to produce similar effects. 
Yor example, coi l trimming eapaeitors 
used on the top two frequen cy ranges 

nre nominally identical, but they arc 
ncvertheless reset auto matically by the 
band-change mechanism to values 
I'stablishcd during factory a lignmcnt of 
the instrument. lligh-quali ty prec ision 
gears and tight control of runout in tbc 
co mmon drive shaft lire also importan t 
factors ill achiC\' in g a tracking ac­
curacy that IS typic!~lJy 0.1 % in 
frequency. 

Instrumcnt structure has a first­
order effect on the stahility, repro­
ducibiiit.y, and shielding in U!grity of a 
signal generator. The radio-freq uency 
portion of the 1026 i8 built in a single 
large casting, with sepa rate pockets for 
the individ ual stages (Figu re G). Power 
and modul!llion leads nrc brought in 
through llJlPropriutc low-pllSs fi lters, 
shafts are brought out in sulated through 
wuve-guide-below-cutofT pipes, and 

'18"'0 6 , Sido IlIl o, i. , ... 10"", Tho V."V.d " .... ts 
I. , ,h . Ih ... , .. , .. d . 'alu .... ill th • • llhl-ha .. d 
" .mp.' t ... . I1 .. ; Ih, , .. I> ••• ck , .. fo, t ho ampUfi" 
alld , .... ,d b .. " o. slalU 0'" vlslblo I .. th .. upper 

I ..... ' efl_halld "emp .. "," , .. t" 
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",hie-Id ('Ovcrs hav(' muitipir fingcrs 
for good contact, with double rows fJf 
lingcfg ill $CIrcled ,. bot" io('aliolli3. 
T ht.' m!lting ~upporti! lhe indi vid ual 
guillotil1(, tuni ng ea paeitol'l! and t he 
precision geftr driv(' IhaL eouple.'\ th{, lll 

to th(' frollt-pallcl ~'ln:Qn;"("" control. 
.\lltttljU1ilmCllls alld tubes art' lU'f"(';;JSiblc 
without lllujor dihlll!.<;('mbly in nl~(' of 
u('{'d for 1"{'rvieillg. 

Output System 

Thc output of Ilw modu ln.led power 
amplifier i,; drt('('t{'d by lL er.\,illlil diode, 
who~ <i(' output i:l amplified (llld u&'{i 
to dri\'(' the \'Alllllt: 11 U; \' I~ 1. metrr. 
The df'tct"icd outpul also ~n'cs iI" the 
input :ligilitl to thl' fl'l'<iback- It'\'C'ling 
lImplilirr, The diodt· i:< fl'd from a 
COmpf'II:,o:ltl'd voltl\gf' di" idcr. whi('h 
rcdu(:(':i ttl!' rf Ir\'('1 to m:l.tu h thl' d ioc\r 
rating,; yl't :;t ill k(~('p;-; it high ellough 
for thi' diodr to operat(' a~ a linear 
I)ctlk drlC'<:tor, TIi(' divicif'r als;o i.o,;(lbte:< 
the dil)d(' l"iome\\"h:lt from t il!' I'f nillput, 

lind Ihll" rcliuee" the distortioll of tht, 
rarriN hy the (/io<l('. Th(' uutvmati(' 
l('vding m(lk('~ a zf'ro-imp<,d;lIH'1' 
T hevl'niu gf'llcratm at tht' drivi ng 
IJoint for thf' dh,idN .. \ 5O+(jilm r<'t"i~t..or 

hctWt'<'1I thi.~ 1)!lillt and thl' output. 
flttt'llllUtnr cstahli"h('s till' "'HIr('(' im­
pNiant'l' ill the m:lximlllll-olilpIlL p,)"i­
lion of till' O\"rl'l'"!" u \ wa; "cl"dor. 

,\dju,;tlnl'lIt of til(' leveled OtltlHlt 
owr 11 range of up to:?O dl! is lu.'ilic\'cd 
1.y til(' 1 '''lI H I ~;lt 1. ~:V~: 1. I'olltrol, wilit' h 
\'ari(''; t i ll' rd('rcn('(' ,'oltag(' fl-J to the 
f('cdhlH'k loop. Thl' IIppermo~t 1; dB of 
th is rflngc is uS<.'d only in thl' IQ-\'olt. 
('W mode of operaTion, and t ill: lo\\'cr­
most I d B provide;-; o\'Niap 1)('t.\\"('ell 
the iO-dB ;.;teps of the lIttclHllltor ali(I 
perm its r('ach ing I he lo\\"-Ievel limit 
of 0.1 mil'l'Ovolt., 

T he resistive iO-d B-pcr-stcp attellua­
tor inciudeM the input switching re­
qui red to p ro ddc p rope r impcd:uH'e 
l' ha rnct.eristics a nd s traight-th rough 
opc ra t io n wit h zero i n S(' r Li Oll i os~, After 
all impcdancc-mntr hing lO-d ll input 
scdion, t he llttenuator is a cont inuous 
l00-vhm luckIe r. Th is prov ides a :IO-obm 
output impcdan('e s.inee the uut put 
Il. lwtl.rl'l sees th(' source Ml(1 load seg­
ments of the ladder connected in 
pa rallel. T he extreme ly low V:;\\' II of 
the o m pul im pedan ee (less t.ha n 1.02 
on-r the whole frequency ru nge ) is 
d ue to c\0"l' con trol of resislor va lues 
and o f physical d imc.nsions, us well as 
of the Ilizf' a nd shape of t he shie ld 
I>ocket.s in which t he resistors ure 
IOI·ated . .A t t he outlHlt Inp, ~pecial 

rottlting :;hield mC' m bcrs a re IlRed to 
prevcnl pkk up of 81my leab ge fro m 
t he input, which l'ould rc<lucc t he 
;IC(,Uf!ll',Y (If the attc.nua.tor nt t he 
('xtre llwly lligh maxi mum inscrt ion loss 
of 1·10 d B. Besistor,; a rc agcd a nd 
('hecked for stabil ity to ensure long­
term accuracy. 

T he high-le\'el auxil iary output is 
laken from t he monito ring poin t. by 
wuy of a 10: 1 d ivider a nd through a 
i'o!lxial switch. whi(,h isolates the 
~'H ~:tll' .:X("Y '\1J::1'EIt output conncr\or 
from the inpu t by over 100 d B when 
the :lllx il i:lry output. is not required. 

frequency Monitoring 

T he O,r.-perccnt di rect-cnli bration 
frequency :Ieeuracy of the J02G is adc­
quate fu r most. lI pplications; yet some 
measurements (e.g., those of stccp­
sided filter cha racteristics) do require 
even grrater accuracy. The built-in 
crystal (·alihrat.or improves ca Libration 
by at least a n order o f magnit.ude. At 
exact multiples o f I .:\ 1 H z, t he frequency 
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cnn readily be determined to within 
0.01 % (the actua l cf)'stai frequency is 
accurate to 0.001 %). but pmrtical 
measu remen t must include allownnces 
[or failure to M!L to zeru beat and for 
short-term drift. In in tcq>oiation be­
tween beal points, accu racy is l,ypically 
better than O.O.!)%. 

Selectivity mcusurcmcnls of Ilarrow­
band receivers mUfit >;o mcti mcs be 
made directly at lhe signa l frequeu cy 
rather than at tbe intermediate fre­
quenc:r. Since in this ('ase the per­
centage bandwidth is sma ll , it may be 
necessa ry to determine individual fre­
quencies to the '"cry high precision 
possible with n ('Qunter. T he ilpcc·ial 
switching a nd t< hiclcling provisions ns.."'O­
dated with the high-level auxiliary 
Fn.:Qti .:sn" ;\1£n:n output ha \'e already 
heelL describt'(l. As un additional fea­
tur<~, for the UM;r who i,. annoyed by the 
noise rad iated hy so me counters, 3u:.:il­
inry contacts 0 11 the Fllt;Qn:;\"(T l'.\L I­

aU ... Ton switr h permit automat ic qu iet­
ing of the cou nter when it is not 
actua lly required to count. 

The combill:lI ion of lhl' crystnl ('all­
bralor and the high-level Fllt:Qn:x{'y 

~u:n;TI Otltput. mnkes it possible to usc 

I , I I : i i " " II II I 
H JJ ! ;.: " ! .' I' i ! 1 
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the signal generator as a heterodyne 
frcqul'llcy meter. ,\n e:.:lernul signnl 
npplied to the ~'ln;Q L·J.o::q.' y ME'rEH con­
nector is mi:.:ed with the sign:ll-gellern­
tor output in the sa me detector used 
for the crysta l ('ul ibrator fun ction , and 
resu lting hents nrc um pli fi('d and dclh-­
cred to t he BE.\T Ot"I'1'!''' jack. T he 
er:ys tal cal ibrat.or prm'ides the acc uracy 
required for mnlly measurements, Ilnd 
the aud ible mon itoring of signal quulity 
often yields information that is com­
pletely ahlicnt in a COlintN mea~­

ILremell t. 

Leveling and ModulatiOn 

Le veling of the output.. rf amplilier 
is now generally accepted Ill'i an essentilll 
convt'nicncc featu re ill a ny modern 
signal gcncrator. I t speeds up thC' 
mcasurCrn{'nt process by eliminating 3 11 

opera tor adjustmcnt, and it fuc ilitatcs 
... en nn ing of n ba nd to obse rvc frequclU'Y 
rcspOIl&: t haru(·lcristics. Slibstnntini 
improvement ill len:,1 s tabili ty at :lIIy 

givcn frequency CUll be achicvcd as a 
IlReful byproduct of leveling. Th is 
amplitude stability. c:.:lrcmely impor­
tnnt in pr<.'cision measuremen tS of 
insertion loss. is shown in Figu re i . The 

! 
" II I ! I I " . 

! " I ; . , , : : 1 

JIJ~I 
-*-.0.01 d8 .. i .1 i 1 J i U 

, I I I I m I r _ 1 ' MIN ~Jl j :, , '--4-f1 I 
, 

I 
I I I II. '30~ LINE I; i I .1.1 

IIO-V LINE I 120-V LINE 
I 

: J I 
, t II : i i : I ' . 

• I I I 

. Ii; ; I 
, 

: i i . !; iii I J • . I . ~1 -" Fig ur, 7 . Shorl _It, ... Q ... pl ilud . nobill l , . TI •• p .o~ amplil ude of 'h . , n ".lop ' 0' a 400_MHE Cd", .. 
modulalt d 95% a ' 1 kHE, ,teo,ded ogaln" lim. wllh IIne_vaUog, o' ap o. 
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Flgu •• I . Modulollo .. li" • • • II"I" Th •• "v.lop. 
of 0 400· MH1 co"I , .... odulol. d 95% 01 1 .H1 
I •• ho ...... wllh , up , rpo n d ... odulollo" .lg .. ol . 
Th . oHllloHope I, ••• 0' 'he l_kH1 ... odulotlo .. 
.lg .. ol hot It .... '''''''lll"l'- ... odulol.d 01 • '"1'"-
cluo"'nd 30 .... H1 rol e 10 ovoid ",o,.I"g of Ih . 

modulo"o" . .. vel.p •• 

record of the detected modulation 
envelope ,·s time und line-voltage steps 
illustrates the stability of ooth mrrier 
le,-eland modulation depth . 

The accuracy of leveling depends on 
the frequency ('hnrncteristics of the 
detector used to &'Il5C the I('n~l dl:lnge!l, 
on tbe harmonic l'onten!. of tbe sigua l 
to be leveled and its effect on the 
detector responsc, on the magnitude of 
level challges thut re<luire compensa­
tion, Oil the gain of the compensuting 
loop, and Oil the stability of the de 
reference voltage. 

Signal harmonics a re often ignored in 
leveling speeifications. ~ I orcover, in a ny 
circuit. with adequate loop gain, their 
presence is not be trayed by the currier 
level meter. In the 102G, appropriate 
filters reduce harmonics to at \rnst 30 
dB below the ca rrier level. Leveling 
l>erformnnce of the 1026 is shown in 
Figure 3. 

Loop gain cannot be increascd in­
definitely without loss of I\ tnble opcra­
tion. The relation of gain and phase to 

frequency must. be carefully controlled 
when mnny stages are enclosed in the 
feedback loop. For cw and audio­
modulat ion operating modes, {'Jl\-elope 
feedback is used to reduce residual hum 
modulntion a nd to provide low envelope 
distortion at. high percentages of modu~ 
lation. The corner frequency of the 
loop-gain roll-ofT is ()()() Hz, permitting 
maximum gain for cnrrier-I('vel st.'l.hil­
ization, while still proviu ing substantial 
Ilegative feedback to reduce modulation 
envelope distortion in the normal audio 
range. In Figure 8, the input Iludio 
waveform is superposed on the rf 
envelope of a 400-;\lilz carrier modu­
laled g,"j% nt I k ll z. 

Pa rticular nttention has been paid 
to stability of the reference voltage 
and of the frequency und a mplitude of 
the internal I-kll z oscillator, in order 
to maximize the usefulness of the 
gencrator in precision loss measu re­
ments. A portion of th(> l·k ll z signal 
is ava ilable for synchronizat ion of 
oscilloscopes or sy nchronous detectors. 

figur e 9. Wld. _bond ... odul.II ... : Th •• " v.lope 
of .. 400_MHr •• ,,1 ..... oduloled b"l' 0 ~o ... pl •• 
.... ov.form 01 0 lO.kH% " p. I'"o" .010 I. ,ho ...... 
wllh luperposed 'npul .... duloli." "gnol. The 
2_~I_dur.llon m.d ulallo .. p . ok It pr.du .ed b"l' Ih. 
.. eg.,lve-g.I "1I porli... 0' Ih . '"pul Ilg"'" 
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The over-all system amplitude stabi l­
ity shown in Figure 7 includes the 
effects of the l+kHz internal O!'l{'illator. 

The modulator consists of a signal­
level comparator followed by tl. multi­
stage error amplifier to provide the 
neccssury gain and power to control 
the cathode curI'f'nt of the modulated 
power-amplifier tubes. One input to the 
comparator is provided by the signal 
detector after prcamplification. The 
c ... nnn:H LEVEL meter is connected to 
this input. The other input. from the 
CARRI!;R I.E\' EL control consists of de 
only for cw operation or dc with audio 
supcrposed for internal I-kHz or ex­
ternal audio modulation. The modula­
tion level is monitored in terms of the 
audio voltage superposed on the carrier 
control voltage. 

In the WIDE-BAND mode of operationJ 

long-lime-constant networks nrc added 
to the fcedback loop so that. it cannot 
follow modulation-frequency voltages 
but can still stabilize the currier oper­
ating poin t on a dc basis. The modu­
lation voltages arc thcn inserted at a 

flIU' . 10. , .. I .. _modulollo .. ~ho,od'tlltl .. : In CO), 
Ih ....... Iop. of .. 10_MH~ (0"1,, modulol , d by 
an 8-}io p .. l .. Is .how .. lOI,Ihe. with th , In put 
pul ... IU .. ond loll 11m .. 01 3 1'" o .. d d . loy. 01 
O.S }il a tO ... Id.nl '.om th. 2 I'I/C '" l.oflcII'., 
In Cbl, t h ....... Iop. 01 0 SOO_MHo cattl ... modll_ 
lot ,d by 0 2_1'1 p .. l .. II .how .. tOI .. h .. with the 
In pII' p .. I ... 'U .. and foU tim .. 01 0.2 }il and 
d.loYI 01 0.4 iii .. to ... Id.nl '.0 ... Ih . 1 I'I/cm 
l.ollc .. I •• In C~), .. (ompoIU, plclu •• I howl .... 
on_off .0110 In .xc ... of SO d8 10' .. SOO_MHo 
corTI .. mod .. lol.d by a 2-}i1 pul ... Th . .. pp .. 
...... Ihow. Ih • • uld .. ol li inol 01 a Ihl~k.nlnll 01 
Ih . bo .. U .. . ; Ih. 10'1' off_.~ol. d.fleetio .. 
du d "l Ihl 2 -}i1 pul .. p • • lod e .... ..... ppar, .. 1 
blonklnlln Ih. ~.nl't 01 'h. It ..... Th. low .. '.o~ • 
• how. th. l am. pili .. with Ih ' o .. lplil o", .. uolo. 
"" fot a 50_ d8 .. ducllo .. I .. ' .... 1. Th. p . ok ompll_ 
I .. d , 01 Ih . low ... tr .. c. II 1I .... ' .. lho .. Ih.l .. t .. pul • • 
omplltlld. of Ih . upp .. ""eI, d .... o .. . " .. II"1I 

.. n on _off rolla I .. . ,, ~ ... of 50 d8. 

M ... c:h 1967 

subsequent stage in the loop. A complex 
wide-band modulation signal and the 
associatf'd modulation ('m'clopc [Ire seen 
in Figurc n. 

In the I'l· I.f.;E modc , the pulses 
detected ill the signal detector arc 
stretched and f'Ollvertcd to a dc va lue 
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the [;jExperirnentel' 

~/ 

Gordon ~ l cCouch 
.,:radulltC\l from Ha rvard 
rnj",'rsity ill 1941 lind 
obtRillOO his :'o IA in H).IS. 
After 1\ year with t he 

~ Rildio IlCileRrch 1 ~lborn­
wry he wenL to Eug!:wd 
for the ufliL'e of Scicutific 
RI.'ltCnTCh find Oevelop­
mel't, inU'r serving 11.5 
:1. Technicnl Observer 
in oontinenlil.i Europe. 
From 1945 to 1957 he 
\\'Ull wilh Aircraft Radio 

Corpor:l tinn . :;ince thell he has been 1\ 

lIu:rnber of tOil (i R EII/!;inl\erillg Depllr~ 
ment; he i.~ 11011' ~'lil)n Lender rt':;p(lllsibJe 
for the d0<ig!l of !l.i/r:nnl gcn!'rnu)1'l\. 

lie i~ n Seuior l\Iember of IEEE find ill 
('urreutiy fI member nf til(' Sc(·tions Cum­
millet' of lEEK 

correspond ing to their peak a mplitude 
before thcy arc delivprl'U to thc signal­
level comparator. Long-ti me-constant 
nctworks a rc added to the fccdhack 
loop in thh. mode. Thus. operating as a 
de ampli fie r, the loop estnblishes a 
elamping level to which input pulses 
can drive the output. a mplifier. These 
input pulses ure inserted into t.he loop 

just before the final power stage of th(: 
modulator . A typicn.l pulse-modulation 
envelope is shown in Figure 10. 

Power Supp ly 

In the 102(j, power-supply dissipation 
present in conventional regulated sup­
plies is minimized by a new preregulator 
that controls the input to the primary 
of thc power trallsformer (sec Figun' 
11 ) . Tlus preregulation s tabilizes the 
hcater vo ltages of all tubes, thereby 
contributing to long-life performance, 
nnd reduces the swings that the elec­
tronic postregulat.ors ha-ve to accom­
modate. The power dissipated in the 
instrument. is only about 00 wntts and 
is al most independen t. of inpu t. line 
volt..nge. The power supply operates 
satisfactorily o\'cr the 50-to-60-Hz line­
frequency range and can he connected 
for eit.her 11.)- or 230-volt. operation. 

The preregulator, like :l conventional 
electronic regulator, compures all out.­
put dc voltage with a reference and 
a mplifies the resultant error voltnge. 

, r--- + 2~ v TO POWER IlMPll , 
MAGNHIe", r----: FI[RS 

I R£GUU.T~ I'tIGM VOI.HGE 

f-I RECTIFIER 

1 
,L- a FILTER 

I 
I 

:1 ~'~,I AMPLIFIER 

Ir- +30-YO\..T r-RECTIFIER 
,~ II FILTER ! lR~~C[1 

i l RECTIFIER tJ r- -12-~OU II FILlER ,--R£cnffER 
~ 8 nLT[R 

C 6.3YAC 

ELECTRONIC 
POS T-RE GULATOR 

ELECTRONIC 
I'OST-~GlJl.UOR 

ELECT_,e 
POST -REGULATOR 

f-

f-

-

+ZOOV TO 
OSCILLATOR 

+30V TO 
MOOU..ATOA 

~12 .4 V TO 
MOOOLA~ 8 
Rf ASSE~BL~ -
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LI NE 
VOLTAGE 

_--JilL 
L 
C __________________ -'lIl •• ' 

flgur. 12. EI . "'lnl",)' uhe ... "II. showIng pre· 
"Iulol .. lap.,wlichl"g uh . ..... 

B UI , instead of controlling fl series 
losser element, t.he control \'oltage 
operates n magnetic amplifie r that 
switches the inpul, line bet.ween high­
Ilnd low-voltage laps on the power­
transformer primary, in such n way 
thnt the average output voltage is 
mailltained at the desired val ue (sec 
Figure 12). Act.ually , the high-voltage 
tllP is always connected t.hrough a 
series indul.: tor, which s.aturatcs li nd 
thu~ has a low drop during the part of 
t.he cycle when it cnrries t.he line current 

Mal"ch 1967 

to the high-voltage tap. During the re­
mnind er of the cycle, it flouts across 
the portion of Ihe transformer betwccn 
prima.fY taps a nd cnrries only magnetiv­
iug curre nt. At this t ime, the line cur­
rent is transferred to the low-voltage 
tap through the magnetic·nmplificr in­
ductor. 

Since only n pori ion of the trans­
former primnry is switched by this regu­
[ulor, waveform distortion is not severt', 
and the peak-to-rm:; ratio is not grOSllly 
nltcred. Thus good regula tio n of bolla 
!Ie heat!'r power nnd de output i.s 
rea lized . 

C. P. J\IcCO UCII 
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TENTATIVE SPECIFICA TI ONS 

FREQUENCY 
Ra~g" tUi t.u 500 "'1Hz in Ii rllnJ;('8: !.I.S til 22. 
22 w >IS, ·IS to IDS, lOS 1<) 220, 220 to 420, 
lind 100 W 500 :'olliz. 

Manual Contro\' .\ Iaill frequency control, 811in­
ncr knob \\'ith 100-diviaio n vern ier dill! (25 
turnll per n\lll(c ) drivCll mnin tl rulrl.t~' 11C dill!. 
Illuminated Ik:!!.!c indi(':ltes selected rnuxt'. 
i'llt l!. lI 3..'(·free fiducial mnrk is adjus t(l.blc for 
fi ne calibralion. ScIlICll Ul 108 :'o llh arc linear. 
An ullcnlibrnted III oonlrol spuns typicnlly 
::1::0.003% a t, low end nf range tt) ± 0.OI 5 'io 
lit high end (actual spanll rmwvlu .\' 2 :1 depend­
ing on frequency runge). 

Scale Cha,acll,I.Un, 

f/rtqUlmq .lInin k Il: pu Stolt 
U(lIIf1e Scale I'ernit l" I~fltlr. 
( M 11;) Illlen'(l / DirJi~ ioll (ill ) 

--~ --
9.$-22 100 .Hz , u~ 

21.2-49.6 200 kHz " ' 4% 
47.4.111 500 kHz " 14% ,.. 100·220 1.0 MHz 4$·60 IJ 
216·430 2.0 MHz 80·150 lOY, 

too·500 2.0 MHz '''' , 

bl_,nal Elulri~al 'J.n- F'''I",. nc, COIII,o l: Ap­
plied volt:lge of ±20 V dl\. vnries frequency 
ty pically ± O.O-l l'";' ul loll' end "f rung(~ to 
::I::O.2 <'i: a t high end (actual vurialil1ll may differ 
by 2:1 depot' nd ing nn frequency r(1oge). 

Callb,at!.n Accuracy : :::1:: 0.5 '" direc t rcudillJ,: , 
afh' t inililll a.djuslclicnt of fiducial. With 
internal t:ry, t.a.1 culihraUlr, :::1::0 .01 ' j at 1.0-
Mllz illtcl"V;lls, ty pir.ully ± fl .OS( l by illler­
JM1lution. 
Callbrall.n P,,,,,lstolls , Inte rll a l erya tal fro­
{,lIeney, accurate to ± O.O\}lc " \)rovidell 
calibraTion li t interva l!! of I lind 5 ,\ 1 b uver 
entire fn..'<!Il(·ney runge. ClIlibrl\lion hy e :o.: t.c rnnl 
counter provided fur by output of nbout fl.1 
to I V hehind 60 (I. When not needed, this ou t.­
put can be di8abled with > IOO-dH illOta tion ; 
cdctnal coun\(!r ('Im be airnultaneuusly di~lIblcd 
hy n contuct c!OlIUrc provide!1 tu climinatti 
interlerclu'e fr!'lm the counte r'l! internal aignall. 

Ha,,"on l. Ourpul , At least 30 d B below carrier. 

RF OUTPUT 
Ranl _: CW, 0 . 1 ... V to 10 V behind 50 {I, 

~ W into 50 fI ( -133 t{) + 2; (11301 ); rnodu­
lated, 0.1 ... V to 5 V behiDd 501l( - [33 to + 21 

IS 
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dBm)' I.ollu 1',;Wlt > 2.0 1Il:.Y rCIStrirt llil' 1111'); 
,)'UI'II' av"ilahh· fit S<.l!m: rreq\l~nci(l8. 

Con',ol , :-t~,p uL\')IIUllt,)r, t-ll) d l\ in 10 .. dli 
~Wp\l, ... "Ita!l;l· 111)(1 Llilm I~ulib raliull .. Co"tinu· 
'IUB uH~rlll1lJll!l>u "ill1 lIletered level eontrl,!. 

Mo .. , S,,,IO$' 0.:11.<1 1.5 V, 1.0 to 5.0 \' . und - 1:1 
t" +1 dl~II'. til'aJ" extensi"ns (in red ), for ( .. w 
IOSI· H"IYI 1".10 V "nd I~, +7 dUll!. 

Auu."c-y, ~1t!I.,('riug, ±5''t t,) lOS MHz; !,huve 
lUI) 1\11 J t, h:lfmhni('S ~an Add ±A1,i: 1IIId rcctiher 
('harlU'tl' risti4' ,~un ",It! ±2' ~. AtlCl1!l:"HT

J ±I ~" (±O .. I iIll) p" r 81"1) ; rn:L,( :l,t'Cumulult' 
crmr ±O.,; dH. 

ItF 'nt.,fo.on~o, l.c':.k(lg(' lu\s !I(~gligihh~ elT('{'t 
1m IlIcIlSUrt:lncnla I)f receIver sensiti vi ty down 
tv 0 .. 1 Ii\' .. 

1."ellnll: (;\\' output is h('ld uL prC'SCl levt:l to 
"jtt.ill ±2% (0.2 dll ) uJl 10 108 1\ H1I: And to 
... ithill ±S% (0.5 dU) to 500 !\lIh tIS fn'quent.y 
is varied, including e.f(ecl~ due to runge swiwh· 
ing. EIT4J.t'tlvenl"'!l!l (,If Itveliug under Itwdul:l.ted 
flpt:n.llion is:1 funetiml ilf m,)rluln lion m0CIe ilnd 
frel!uency. 

Sl.,blt ity' At :tn)' given frcII1U"'ury, in ell' 
operulinn or internal I·kllz m0CIulatiun mudl), 
anJ after 2-hHur w:trnlup, IlUll'ut will Lypilliilly 
~muill curlllLant wilhw ±0.0025 dH per 
minuw, or ±0,01 dH over tiny 15 .. min pe­
riod.. AIS(. IIndor these conditions, \'nriatiull (lue 
III ±1O' ~ linc-vultnge fluctuation is < ±O.OO5 
"B. 
Effecli". Gene.el." ',"pod.,"ce (lit plIud jack) : 
5\1 II n:~i8Ir\"<:: VSW"H. is < 1.02 with outllut 
:lltenlllllM IWt for 0 dUm Dr le!I8. At higher 
OUII'I.II$, ~ouroo impe.,hnce viewed as Th6Vl:llin 
genenl.tor hUB II vswn < 1.2. 

MODULATION 
Mod .. , 

Amplitude Modllllllioll iii IlrovidcJ in four 
."odell: 

I. Internal I klh .. :\fooulaiion level adjust.­
Able 0 to > !l51;~ nnd Inctered to \\'ithin ±:j% 
uf Nading ±2"r, \If full sC4le. Envelope feed· 
hark_provides leveling and h.)lds distortion to 
< 1% at 5O'/~ IIHllIuhllioll and < :j% at. 80% 
1I\udul!11hm. ~ l lIdlrl!lting fNqlU.'nCy, I kllz 
±O .. 5% ; af«,r 2-hlJur warmup stable to beller 
than O. I '70 lIver 8-hOllr period or for linc-voltllge 
lIilrtlllions of ±1O% . ! kHz signllllw)l.iJllble Il~ 
1\IOD bindiul; ])(11118, Ilbou~2 .. 5 V behind 100 kn. 

2 .. Externul AudiQ .. Rcsponse till!. W dc, down 
< :j d H ut 20 k th . Squacc.wave reIIpnnse 0 til 
10 kHz ; rise I.nd f:l\! tunes < 10 Iill: overllhQ(lt 
< 10% : rarnpoff negligible. l\1odu1:J.tion level 
i~ IIdjuatllhle 0 to> H5% for de to 5-kHz inJ)ut, 
I.<..> > 50';;. at 20 klh, a nd is metered to within 

±5"; of rrading ±b'A; of full aCll le for sine· 
II,.VC inpul~ fmen 20 li z t(,l 20 k Hz. For !.I5',(; 
rnvdulati'\Il < a V, peuk wquil"t!d into a kIlo 
Euv,'I"JIe fl'Cdulu·k iJT"vidl'6 leveling and bolds 
dist. .. rti(,ln lit 50' 0 luvdulalion to < 1'4. up to 
1 kHz, < fi ~'( U\l to 10 kll z. 

:1. Externul \ rid\!. U:urd. l\ l l.Idululion level 
:.djlls,~, hl\' 0 lil > SO$[ .. Hespnnsc fltlt to ±:j dU 
for bO-llz 1(. 1.5·:\ f1t z inpu t!! at Cll rrlcr fro­
Clueucil'l! ulHJvC lOS 1\ll h . Avcmge cMrier is 
ieveil't\lHIU metered, huL modulllli(,ln dellth Rnd 
liu l'u ti L.v shoukl he rnonitort't\ cxternu Iy. por 
full modul:lliHn, ahuut O.ti til 3.5 V (dl'IXmding 
(,In "arrier frc<tlrcncy) is rClluired inlA,:j kll .. 

<I . Exte rrml Pulse. i{elluircU input pulscs, at 
le:ls!, 10 V peak, l>osilive going (lOa.\: 30 V)j 
repetition rule 500 Hz to 150 kl-ilI : duration 
1 tn:IDO Iill ( min a J'lI on !.I .5- tl> 22-1\1 Hz range); 
rnax OO <;~ du ty nl\io .. Input impedance a kn. 
Out.JlU~ pulse, durlltion within ± 0 .51'1i of i npu~; 
rise and falllimc8 < I I'll each on nil mngu buL 
!".l .a to 22 ~ I I \z (Ull to:\ 1'Ii): rumpotT < 5v". On· 
off ratio> :10 tlB and At mllX oulput setting of 
ntt.cuuntor ill. t,YpieJ.J,lly > .10 dB .. P('llk ~mr.1i. 
tuJe of pul!lC!! 18 levek-d and Ulctt'ccd 1.0 wit lill 
±I dU lidded to !lCllUrauy sllCcilied for ell' 
leveling .. 

Inddonl.,1 fM (ac()oln panying a-m ): < I jljlm, 
l".lCtlk, at I kHt, 50% a. .. m .. 

hlld".,1 FM : < 0.05 ppm, peak. 

Res'dual "'. N\ : At. leaat 70 dB t,eloll' Carrier 
level in ew, internal I kHz and external audio 
modes, 

GENUAl 
!'owe, lteq"i,od: 105 to 125 or 200 to 250 V, 50 
to 60 liz, {l0 W. 

To,,"ln"'1: R.F and eounter Ollt-puts !lrc OHS74 
Coaxial Conueclol"8, recessed find locking ; for 
rupid conversion to other common tYJl(!S, use 
locking O H.874 adll l)l.ol"8. Modulation conne(}o 
tion ie to front-panel binding IIOIIts and rear· 
I'uncl lllultitlJrmlllal connector. Audio ( oj,;A'r) 
output from front-panel telephone jack. Elec· 
t rieal frequency C(lIll.rol is th rough rear· 
mounted 12-pin oonnel;Wr. 

A.~onorl .. Supplied: Type 87-1-H22LA Pateh 
Cord (G ltSH to 0 1l874), phone plug, 12-llin 
connector plug, CAP.2211Owcr cord, 8pare fuses, 
hardware fo r beneh a nd raek mountmg. 

N\o"n"nll ' R:l.ck .. hcnch cabinet. 

Di,"enllo ns: (width x height x dellth): l3cuch, 
HI x 17%' x 15 U in ( -185 x <ISO x 300 mrn)j 
raek, l!) x liM! x l:j in (485 x 445 x 330 rum). 

Wolllhl : Net,!:It) lb (-14 kg); shipping (est), 180 
lb(SOkg ), 

lAIalog 
Number Dfacriplwn 

Price 
in USA 

1026 .. 970 ' Type 1026 Slondo.d.Slg".,l Ge"e.alo. $6500.00 
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March 1967 

THE GUILLOTINE CAPACITOR 

The frequency range bet.ween 200 
and 1000 :\1 Hz presents spceinl cha l­
lcuges in the design of wide-range tuned 
circuits. Cavities become extremely 
bulky, and their ranges arc difficult 
to extend by bandswitching tCI'hniques; 
operation in both >.. / -t and 3>../ 1 modes 
CUll extend the tuning range, especia lly 
to higher f reqllencies, as in the G H 1 ana 
signa l sou rce, which tunes from 1700 
to -1200 '\l l lz. Lumped Lt: circuits 
lIsually end up wilh larger inductunce 
than is desired in the face of the 
inevitably significant. minimum capa­
citances cstahlished by the active ele­
ments required for power generation or 
am l>lification. For many years Gn has 
sllccessfully employed the butterRy 
circuit,ln ll integra l LC tUller, to provide 
tuning rIl lIges up to ;):1 in t he frequency 

'E. I\8.pLuo. "The B"I~rfl)' C,",,,,I," a.""",,1 Hui .. 
£~"..,.._~I"', OelObe. L9H. 

) • 

) 

) 

.)08 

) 

range up to about 1000 l\IHz, but 
this cirCllit does not. lend itself readily 
to major extension of frequency range 
by bands witching. 
The~e ('on!>idcra liolls led to a re­

examination of tuning-capacitor design 
during the development of the 1026 
Standard-Signal Generator (sec pnge 
:{). The resu lt was n new design, a 
translatory-motion tuning capncitor 
consisting of a pair of stators and a 
sliding plunger in place of a rotor 
(Figurc I). GiV(,1l this configuration and 
its sliding nction , it could not escape 
being nicknamed "guillotine." As far 
as we kno\\', previous elTorts to build 
this type of capacitor have never been 
carried to successful commercial real­
ization , presu mably becnuse of the 
mechanicnl problems inherent in build­
ing a suitable carriage to support thc 
plunger nnd in driving it. 

J ill : 

Fl." .. 1. Th. II"UI . U ... . cap"cU .... o. " •• d I ... th . 1026 St ..... d ... d.sl ...... r 0 . ... . ... ' ... , 
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the[;jExperimenter 

:-:c\'ertll\'lps..~, our preliminary work 
:shnwNI th:l.l W(' ('ould build [l nnc·h!lIl{1 
O!,:rillnlor to t.Ulif' 10 at. I("ast 700 :\1111. 
with !lIp guillotine, comprt l'cd with a 
top frcqut'lH'r of abQut:1OO :\ [11 1. with 
a rolar,r ('lIp:ltitor, This W~lS thc mlHgin 
we M\lght ill ordrr II') dcsign for Il 
,lOO·:\[ [iz lop frequency in our new 
sigllnl genl'rator. The margin wu~ 

o(.'(!d("o to [X'rmit the added indllrt..'uH'r 
rr(llIired for hlllldswilt'hing ('oi [ ('01 1-

t:H't~ Rlld to allow for thc trimm<:>1'I" 
nccr~'lry to pro\'ide tracking or osdlla· 
tor tlnd ll mpl irier !'irc·uil.J! \dtho\Lt the 
JII'ed for operat.or t rimmer adjustment . 
F\Lrtlwrmorr. the platps could be shaped 
l() provide' a linear relation of frt'­
qu('nr.\' to d ial inilieation without inter­
mr<iiRte ('urns for law ('oO\'eN;ion, und 
the plates ('ould be 8u pport{'d at lheir 
l'xtrcmilics to minimize microphonirs. 
ThC1)(' :ldV:lllt;lg('~ of the gllillotin(' 
design (X'rsllndf'd us to tackle the assn· 
dated mrchulli('al probk·m". 

Tht' guillotine is a balalH'cd structllr(' 
Ru itllhlc for hoth singlc·endc:d*oscillalor 
and push·pll ll-aroplifipr scrvir(' with 
hut minor differenccs. Andrew]>. 
L:tgon , of our ~nginccring staff, who 
8uggcst('(1 thal wr usc the gUillot ine 
t'onfigurntioll . cn lculaloo the plate 
Rhal")('s 10 pro<iu('(' the linear tuning IIIW , 
which most ll5Crs rind altracti\'(' be· 
CI\UilC challllcl alloca tions within :lily 
OIlC sc rv ic::~ lll'(' of uniform width Ilnd 
6p:lcing. FOIL r ceramic rods of high· 
str<:>nglh nlumilla suppo rt t il(' pair of 
statOTii 0 11 t~ sturdy a luminum base 
plate, which has beeu stabilized prior 
to finn l machining of critica l sur£uccs. 
The h .. 'lsc plate a lso carries n pn ir of 
hardened, vee-grooved rails witb three 
folt:linles.'~-stc(' l halls that support the 
plunger carriage. One of the rails is 
spring·londed 10 elimilHl.tf' verticnl a nd 

horizontal piny in the ca rriage. The 
('arriagc is couplrd to a rack, also 
8upported by the basc plate, The 
plu ug<'r and statoTii a rc soldered asscm· 
hlies of prec ision-tolerance flat plates 
und grooved space r rods. 

A reasonably large air gap (0.022 
inch ) and ('n rcflll so ldering to minimi ze 
plate distortion make possible very 
IlIIiform ca pn citancc cha racteristics 
from one unit to the next. :\c\'erthelcss, 
the very t igh t lrncking requirements 
require adjustment of c.'lc h capacitor 
to n predetermincd schedule using 
.'1 segmented top pin to 011 the plunger. 
Trimming for tube-{'apacit.'l ll ce varia· 
liolls is acco mplished by nn .'Iuxiliary 
balanced ca pacitor whose stator plates 
are supported directly by the main 
guillot ine stator support rods. In order 
to minimi?.c connect ion inductance, the 
tube plate con nectors nrc int.egral with 
the guillotine, lind the spring contacts 
that ma te with the coil turret contacts 
arc supported nt the narrow end or 
the stn tors. 

The stability and reproducibility 
required of the ca pacitors for successful 
application in the 1026 Signnl Genera· 
tor were verified by extensive tests 
at severa l stages of evolution and on 
substantia l num bers of capacitors built 
fo r the first lot of signal generators. 
This low·induclance design results in 
such good tracking of the three tuned 
stages ill the new signll l generator thnt 
true singlc·dial frequcncy control is 
now available to:)()Q l\I H z. 

- G . P . ;\ ! CCOUCII 

ACICNOWUOGM(NTS 

T he ,,,cces!lfui deaigrl of the guillotine capll­
('itor W1I.S Lhe result of cooperution between 
Andrew L:lgOll, Richard Morten30n, David 
Fo!l.'l, nnd the author. 
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NEW GR874 
TERMINA liONS 

f' .... I. , .. " fo ,,""'1 T' .... 174.WO ... 11 .WOL O ... n-
Clteull T_' ............. T,~ •• 174_WN ..... _WNl 

s .. ""_CIr.,,1t T .. "'I •• M ..... 

In coaxial measu rements, it. is often 
necessa ry to set up a short or open 
circui t nt a specific point in 11 cOllxiul 
line. lIow aecuratl.'ly that point, culled 
the rdcrence plnne, is known is onc of 
the most import.'\nt chnrnctcristics of 
a short- or opclI~circHit terminntion . 
The GH.874 short- and open-circuit 
terminations (Figure I) h ~l\"c been 
redesigncd to establish the rcfrrcncc 
plane morc uccurately and with Ir:-... 

0 

, 
MINUS SIGN 

variation with frequency. Locking ver­
sions havc also been IHlded. 

The objective is to place the referen ce 
plane exactly at the front fuce of the 
support bead of the GH87-t connector 
on the unknown under test (see Figure 
2). iTow well thh; objccti\'e hus been 
mel is clea rly shown in j,' igurc 3, which 
compures the refercnee-plane deviations 
of the old und new olX' '' ~('ircuit termi­
nations. 

.. -N(W ODIGH 

FII"'. 2. C.ou_s ... 
110 .. of mol.cI GRl14 
co .. n.clo.. cI.flnlnl 

•• I Of.ru. p'o" ., 

I'IOlCAlES TOWAAD 
~ 

FIIIU'. 3. T,plcol . of.r_ 
."c._p'ono - d ... lollo .. liS - · •• ~".nc, I.. old o"d 
•• w T,p. 174· WO Op.". 

CI.cull T •• m' .. o"o .. l. 

-0 . 

GENE~ATOII , 

, , 
~ l'i'l-WV 

OLD O(SIGN 

, . 
rR( OU(NCY.OHE • • , . 

" .... ' 
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GIENERAL RADIO COM~ANV 

In the open-circuit termination, the 
key to the improved performunce is n 
built-in cylinder made of high-density 
polyethylene. This cylinder both pro­
vides electrical lengthening nnd co m­
pensates for errors in cha racte ristic im­
pedance. 

I n the redesigned short-circui t. termi­
nation, Ii solid disk replaces the wide 
strip as the shorting device. 

The short- nnd opell-circuit termina­
tions nrc designated Tn-.:::; 87·I-W ~ 

and -\\'0, respectively; the locking 
versions UfC the SN-W!\, L a nd -\VO L. 
The locking terminations nre designed 
so that the mating locking connector 
is disengaged approx imately 0 .020 inch 
to prevent jamming of the contact seg­
ments. The reference plane thus moves 
toward the load by about the same 

w 

amount. Reference-plane 
istics for the 874-WOI 
Figure .1. 

Applico tions 

character­
appear ill 

J3eyond the usual appl ications for 
theS(! terminations, the combination of 
87·I-WN' and -WO, together with the 
874-W;JOB .JO-ohm Termina tion, makes 
an excellent set for the characterizntion 
of two-- po rts by the method described 
by DesCham ps·,'. The accurately de­
fi ned terminations permit accurate 
measurement of the scattering coeffi­
cients Su, Sl ~, nnd 8ft of the two-port. 

- J, ZORH 

'De.Cham~ G. A .... A SI"'I~e G .. phital A"o.ly.;. 01 • 
Tooo-Pon W."ecuill" Jun~Uoo." I'_tld,",. oJ 1M 1I11l. 
N!;), 42, p , May Iw.~, 
'R.' .. nto D<Ju'/Pt RaJ •• I!'"~u"". Ulo Edilion, l alcr­
national Tcleplo!;)ne end 'I'de, .. ph (;o.ponl;(lU, New 
y",t, p &fll, 

Flg lI ." 4. R" I. , .n , ,, . 
p'"n. rh D, ,,ct .. ,.II .. 
I", Typ. 174 .WOl 
O p. n - Clrc lll l T .. m l· 

n"tlon . 

~. 

HJ ± I I I I I I I I 
~l!I I Z 5 4 , 6 7 I , 

0174·9970 
0174-9971 
0174.9980 
0174.9981 

li! fR£OUOICT. GH, ,-, _ .. 

Dt&':Tip/ion 

Typ. 174.WN Sh"tt_CI, .... 11 T .. ",I""I'"" 
Type 174_WNl Shorl . Clrelllt h,,,, inD"" " (Iocklngl 
Type 174_WO Op. " . CI,c lI ;1 h.",inD""n 
Ty p. 174_WOl Op.n. Ci, .... 11 , .. ",I"" lIon [locking) 

.\' tl \I' "'"hI 

1 oz [30 g) 
1111 oz [.5 1) 
I 0 % [30 g) 
1111 oz [45 III r

'd" 
in lIS,1 

$ 4 .$0 
$.7$ 

' .00 
.5 .25 

"'::"" ... 
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