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flgu" 1. Typ' 1003 S.,,"da,d. Slg",,1 G,n""' ,,, . 

THE 1003 STANDARD-SIGNAL GENERATOR 

It is infrequent that one sees maior innova
tion in an art as mature as signal· genera tor 
design. Thus the $ubje<t of this month's 
feature is particularly noteworthy, for the 
1003 is base d on 0 truly innovative ideo 
for o:hieving dromotic improvements in 
frequency stability, resolution, and oe
euroey. Freshnen of opprooeh marked the 
entire development, ond the result is on 
interesting new chapter in the history of 
one of the most important of all electronic 
instruments. 

A Ilew gene ration of G It standard
signal generators began with the in
troduction, last l'. l arch, of the 1026,1 
which upgraded mUIlY performullce 
characteristics by an order of magni
ude or more. ~oll' the 1026 is joined 
,y thc lower-frequency (67 kHz 80 

;" IHz) lOO:~ , an ft ll-solid-sf1lte signal 
generator that will probably be the 
ultimlltr ill this class of instrument 
for somc ti me to come. 

The IOO:~ is distin('tiy different from 
the convt'ntiolml sig na l generator. It. is 
d ifferent in the way it generates frc
quellcies (by a single-range oscillator, 
with dividers to prod uce the lower 
fr<'qllcncies) and in the degree to which 
it maintains frequency, typically with in 
u part per mill ion per 10 minutes. 
Like tllP 1026, the 1003 was designed 
to lw til{' highest-performance signal 
generator avni lable ill it:; frequency 
runge, ami tt':;t r('sults indicate that it 
do{'s in fact enjoy 11 wide ma rgin over 
other signa l gellerators now on the 
market. 

'G. 1'. ''' ..-(""'>\I~h ••• ~ "'''''' .'iO(}.'\lfh !>lAn(I ... r"~<;i~n.oJ 
(;enenll..".:· G~~~",' Rad,o Etrptn ... nkr. Ma..,h 1007. 

3 

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



thel;]Experirnenter 

-
• " t 

U"'''''' "' ... .... ~ .. '.' .~, -' ... 
("CO""" •• ...... __ .. 

...... 0.0 ...... 

'00 ~ 

"""T .. , •• _ ... ,f'[~,,,, 

---
/_ ... .,.... 
I=---' ,-

_,,"If' 

-.. • 
0' I 0. 

-~. 

I •• 

.... '''''. 000' 
0CI,0l"" 0 -,-7

- :.~::: . 
"0 v;..~., __ 

"', 
a;....., .. --.&. 0 00 to 10 
.,t~" .. "'''U ,""- ...... _ I ...... ~ T.,,", ..... <e .... D TO"" '_.au ..... ,. """ •• -".f. ,"",rc_ 

FI,u,. 1. Th. ' I"b Ul,y "I Ih . 1003 '''",po,.d wllh Ih,,1 Df Iypl. ,,1 Dlh., .1,"01 g.n., .. 1",", 

For ('xnmplC', Figurr 2 illustrnt('!'; th(' 
~tllhilit~, of tllC' IOI."J:i compal"('d with 
thuL of lypi('al !5ignul g"u"n\tor~ of ('on
\·('lItiOlilii d('",igll. Om' of till' ('hi('f 
l"('~lSOIlS for Ill(' lOO;i's gl'('nt. advllntage 
in t't.'lhility i ... its nl'W appronl'h to fl"('
quellcy gI'IINutiolL: Its o.~1'illutor iJi 
optimally dl'sigtll'd for tlJ(' highest 
rang", nntl f«'qul'lU'Y di\'idl'~ 111"(' 
~witdll'd in to prodw'l' till' lowN flIng('::l, 
impnrtilil/: thl' !ltahilil ,v uf th(' top mng(' 
to nil oth('r rangl's without <){> I4'riorn
tion. An()tlwr ["(',.;ull of thi" appro:tl"h 
is Ii calihmtion n('{'ur:U'y of ' .. (';, whi('h 
is \\·('11 h('youd tliI' N':l{'h (If olbl.'f signnl 
gelwra.torll, 

The IOO;~ USN> n moloriz('d dial dn\'(' 
for ltlllillg, Rw('('ping,lIlid progrnmming. 
For f:u.;t , {'(Jn~ tUlliug, pusltiuJI; a 
m('ker swil('h in lh(' ('('I!t('r of th(' fronl 
p:1nri :;('nds thl' indi('ator glidiuK :llong 
lite slidl'-rule mail! fJ'('lju(,IlI'Y dial at 
about 7('ln frequ(,l1(,y I'hlillgr p('r ~('('OIl( I. 

Aftrr lIl<il1g this motor driv(' to r(,:I('h 
th(' right Il('ighborhood , thl' uS('r finl'
IUIIN; hy m(':tlls of Il iarg(' rotary rQn~ 
Irol, with ('nl'h dial did:"ion ('orrf'spond-

iug to 0.01(1 of lh(' main-dial .s('tling. 
I f this isn 't pr{'{' iti<' enough, thr .:n'i~' 

frout~ pan('1 ('onlroi proviilrs r i{'drollic, 
h!l('kiash-fr{'(' S<'tL.lbilily to a f{'1\' parIS 
I)('r million O\'('r n IOOO·ppm t1lng('. 

Both of til{' fill('-tuning controlll I\r, 

fully ('alihralf.'d in rdutivc lerms, 80 that 
til(' ui'tC'r (':III /I('lulI(' from 11 giv(,l1 point 
hy a p["('ci ~,('\y knowlI nmount nuywhere 
011 th(' dial. 

It is {'v id('nL from the for('going that 
til{' fN'qU(,II<'Y l<1:lbility, calibmtiOIl ae
CUrlI(,Y, nnd I'('ooilltion of tilC' IOQ;i 
lX'rmit mnlly mor(' Ill<':ln ingful m<,usur('
mf'nts in vNy narrow· band R,\'stf' ms 
1111£1 d('vit'l's ('.g., s. .. b r(,t't' ivcrs, (' rYRtu l 
filtrrs), \\'Iwl'l' oldl'r l<ignn l g<'IIC'rn1orl< 
an' {'itlJ('r mnrginnl or uS('l{'gs 1}('t'!\wIC 
of ["('solution and drift problems. In 
Rudl iustnu("('s Ih(' USN has had 1.0 IISC 
RY llrhronizing !;{'hem(';o( or syn tl}(,l'iz('rs 
to pro\'idr :1 8tabl(' enough t' ignal , and 
ill the pro('('s,'l he hus ('U('Ollntl'frd II('W 
problems, ~tI (' h as spur ioll~ Rigl\ldJi, r('
liut'l ioll in IIhi(>lding ('ffici(,llcy, loss of 
('lllihrnti(lli lU'('tlr.U')', ttJ Slly nothing 0 
lh(> udd t'd tuu illg in cotlv('nil'lll'e. 
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The ava ilabil ity of fl molor-driven 
...--....[requeucy ('ontrol presents obvious op

~or tllilities for both locul and remote 
automatir tun iug, and {ht,&, arc ex
ploited by It programmable automalir
frequency-control drvit·c. With th is 
unit, one can J;\wcep hetween adjustable 
freqllell('y limits !llld ('llll automatically 
tunc to pre1'!('t frcquellei(' s. The looa 
('an he purch!lSl'd with or without the 
auto-('ontrol unit ill!stailC'd. 

The 100:~ has a full ('ompl('ment of 
aux iliary outputs, including a ullique 
~'N monitor thaI.. i;s a byproduct. of the 
frequency-d ivider method of rf genera
lioll . The ~"/,N output. frequency is an 
('xart intr-gra! fradion l I N of the a('t.ulIl 
output, always falliug het.weell G7 and 
I!iG k II z. The va lue of :\ aplX'ars 011 the 
dill! of the selected frclLlIell{,y range. 
The cOllstant-!evel, ull1llodulaled ~'Ix 
output. can be lIsNI in many ways, Olle 
of wh ich almost. suggests itself: metll~u r

IIlg or mOllitoring output. frequency 
iudirectly by 1llenns of lUI iuc:q>ClIslve 
low-frequency eouuter, even with fuil 
llloduJution. 

T hc Illain rf output frcquclU'y i.~ 

u\'ailablr at. the rear-panel V-1Uouitor 
cOllncctor, which is fully isolated when 
not. in usc. 

O PERATING CHARACTERISTICS 

The 1003 covers its 07 kHz-to-80 
1\ 111 1. range in 10 bunds, eaeh somewhnt. 
o\'er lUI o('tave wide. Over thc entire 
runge the irHitrumcnt. can deliver IBO 
milliwat.ts of lev('led I'W power into a 
f,o-ohm load . This is equivalent to G 
voll~ behind 50 ohms. When the carrier 
is 95%-modulatcd. t h(' maximum ava il
able carrier level is 3 volts. Envelope 
distortion llnd incidenlnl fm arc mini
mized. 

J u ly-Au gual 1967 

The ('Iltite warmup fre(jue ney drift. is 
t.ypically about 0.01 % , and frf'quenty 
changes due to band switching aud to 
varilltions in linc voltage, load, and 
level ure generally less than I part per 
million (Sf'e Figure '2). 

The prcf'i:;ion 10-dB-pcr-step aUen
uator maintains both nceuracy and im
pooanee match over the entire 110-dB 
str-ppillg range. At.t('lluutor error is less 
than 0.1 dB per step. with n maximum 
uccumulutioll of 0 .. -) dB. The atlcnuator 
and th(' eonti1Jll0u~ly adjustable earrier
kvel rOlltrol provide all over-all mnge 
of \.).i d 13. 

The ail-solid-sLate 100:1 dnlwS only 
20 watts from the power line. As a 
rrslllt, tcmlX'ratures nrc low and com
ponrntl! nr(' lIot I!mkr s tress. All :tetive 
dcviees a rc operat('d very conscrVll
ti\'cly, nud the power supplies arc 
t;hort.-circui t.-proof. 

HOW IT WORKS 
(See Elementory Diogrom, Figure 3) 

Oscillator cnd Power Amplifier 

A single- r:1nge (:3-1 toBO :\ I lfz) master 
oscillator is the source of nil output 
frequencies. The key to the iustrumcnt.'s 
excellent frequ(,lI("Y !it:~bi1it.y is tim>; the 
success with which this oscillator was 
made insensiti ve to temperat.ure varia
tions 111ld to the influence of the follow
ing swgcs. 

A varactor diode permits incremclltlll 
tUlIillg (.h/ i'") over a limited rangf'. A 
comlX' lIsnl ion scheme is uscd to obt.ilin 
constant. fraetiOllU1 resolution, permit
ting clllibratioll of the j,t'h' control ill 
ppm. The eleclronic luning circuit. is 
!lIsa the mea 1ls by wh ich the sigllnl 
generator ('nn be frel)l1ell('y-modulated 
or phusc-loeked to an external signnl , 
when the ultimate in accuracy and 
stnbility is desired . 

5 

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



6 

the[;jExpc rilTlente r 

I 

.... 00 i 
t" Q L '="'''':,--.:.-._ . .::.J 
~,
\ • • ' .. 0 

Fig .... 3 . (1 . ... . .. lo.y block dlogr o ... . 

TIl{' oscillator output, after pas.sing 
through untull('d buff('r IJ I, enl('r$ the 
po\\w-amplifiN unit. On the highe8 t
frequ('IH:Y rangl.' (:1 1 to 80 ~ llI z). the 
rf signa l pa.!I.!I('S through all additional 
untun('d buffer 112 to thl' main ampli
fier A . For all lowcr-frcqucncy ranges, 
the !-l igna I is applied to a series of fre
qucnry dh·idenl and thellrc through 
ullt.uned buff('r (/ ) to the powN Ampli
fier. The nine 2: 1 di vidcffl give a mnxi
mum dh·isor of ,j12. A('cordingly, the 
lowcst freQucTlC'Y rangl', produC'('d by 
the enlire cascadl'd divider chain , is the 
highest. range di\'idC'd by 512, or 67 
kHz to \.jij kHz. This low-runge output 
is 8vn ilable as the Fi x monitor outp ut, 
mentioned earlier. 

A high degr<>e of isolation ix>tw<-en 
the o::leillutor ancl the I}{)wer amplifier 
uncfrr all conditions practically ('Iimill
ates a ll frequency-pulling effec ts from 
changes in o(X'rating and loading con
ditioll8 at the output IItage. Further
more, mnge-switching effects arc vir-

tunlly nil, as Figure 2 !lhows very 
r l('nrly, sinee the sa me oscillntor is used 
011 nil bands. Thus no time ill wasted in 
waiting for the frequency to rcstab ili7.c 
aftcr band switching, as is typical with 
other sigllal gellcrators. 

Whell a pnrticulnr range is selected , 
the appropriale IIllmber of d ividers is 
a(,tivated , and a turret ronnects the 
appropriate t.:\nk ('ireuit to the I}{)wer 
transistor. The tau k-circui t va riahle 
capacitor is gangrcl with the oscillator 
vn ri:tble capacitor by a nOli-slip sted 
cord. 

"r he power a.mpl ifier is :l 2::\;I:H.i , 
whose oo.s<' \'oltage controls modulation 
and output. level. 

Output System end leveling 

The power-amplifier control voltagc 
is supplied by co mparator circuit. (', 
which is P:lrt. of t\ r~dha(' k cont rol 
s.Y'itcm. The oth{'r elcml'nl.:i of the 
fc('d back loop nrl' the tuned amplifier .1 
and the detector r ircuit, whose de 
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output is compared against a composite 
rfcf'('IH'(> signal. Any diffNCOCC be

tWN'n thr!Se two signals gCl1emtcs all 
amplified correction voltage, which 
makes the rcd.ificd output follow the 
referellce voitagr. The rcgut:lting IIdion 
is furthrr enhanced by a secondary 
control path , which varies the drive 
lcn'l and thereby illcrcllS('S the dYllnmic 
range of modulation. 

Bc{'nu~ the stability of the rcfC'rence 
voltage is NIsClltini to the maintenallce 
of Il COIl~t(l.nt carrier level, nil circuits 
ns..-.o('illt('d wilh the gcncrntioll of this 
f'('r{'t('Il('(' voltage arc supplird with 
high ly stftbilized bias volta.gcs. The 
results of such careful design nrc ev i
dent in Figure -I, which shows the 
carrirf level varying well under 0.01 
dB ns tht' line vol tage i8 swung ± 10 
pt'f('Cnl. 

The ddect{'d rf is measured and dis· 
play<,d by the earrier·It'\'<,1 meter, which 
is ("uJibrntcd in opelHircuit. voltil (i.e., 
the voltagt' behind the ,)()-ohm source 
impedlllll'e) and in dBm of avu ilnble 
power.l::\ince the rf level at the sn mpJillg 
point is kept constant by the control 
circuit, this point. can lx' ('on!!idered 
to Ix> n zero impedunce iSQurcc; a :to
ohm l"!('ri('s rc:;.islor provide:; the true 
,j(k)hm sou rce impedance. 

Tht' ctl.rricr-Ie\·ei control varies the 
refcrCllt'C voltnge of the fce<lbllCk loop 
and thll~ provides continuous adjust-

Jul\l_August 1967 
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Il)('nt of til(' 1('\'('led output, o\'('r n range 
of (.) dB. The precision step attenuator 
('ovcrs a range of 0 to 110 dB in lO-dB 
steps. 

Modulation 

The basi(' modulating function is 
pcrformed ill til{' ,>ower-amplifier stage 
by the baS(' voltage on the 2X33i,j 
transistor. This fUn('tioll ii linearized 
through th(' feedbll('k action, which 
makes thc d('tcctcd envelope essentially 
identical to th{' ('omposite reference 
siglla!. In Figure ;) .which is an X-Y 
di.~play of a 00% modulated rf signal 
\'s the modulating signal, 'One can judge 
the lincarity by obscn'ing the straight
II('!'!) of th(' l<loprd ~ides of the trape:.:.oid. 
.\ l1other, 1l0\'l:~1 type of presentation 
(Figu re 6) shows the sum of the modu
lat.cd and modulnting sigllnls. Ideally 
this shou ld produce n horizontal base
lille. Depart.ures from the ideal serve 

1(0),' 

FI"u •• 6. Ouille".e'" ,h.wl .. " addllie .. 0.1 Medu_ 
lel . d (6 .5,Mlh) a .. d ... edule!!n" (4oo_H~ ) I'"nel. 

FI"u •• 5. X. Y dl.play al a 90% ",ed .. lal.d .1.I"nel 0.1 9O';lb ... edulalie ... He,IIO .. Iel be •• Un. I .. dicel •• 
(6 .5 MH~l nil.. ",edulall"" .1" .. 01 (400 H. ). lack ef d ille.llen. 
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as II basis for evaluatiug distortion. 
The \'llriOIiS modc>! of olX'ration are 

{'"tablislwel by th(> nntllrt' of til(' applicd 
refercllc{' ::oignul, whose illl.tantaTleous 
value dct('rmin~ thc instnntulleous 
Ic\'el of the rf carriN (within, of course, 
the rNiponsc limit~ of the f('('dback 
loop). 

Ther{' nrc two int('rnal mod ulating 
frequenrie.s, ,100 Hz and I kHz. At 
eithN fr(,tIUcllry, the modulating !'ligna I 
is highly !;tnble lind hus "('ry low dis
tortion. The lImplitude of these modu
lating !'!igllll is can be adjust('d by the 
'100 u;n:L control for lip 10 9.)% 
l1lOOulatiOIl. TIll' modulation 1('\,('1 is 
mon itorro ill tNrnt'l of the :ludio modu
IMing \'Oltug(' but is "ulibrat(>d dircctly 
ill l)('rC('nt. .\ ('oml)('n~'ltioll circuit en
aur'('S thnt Il given modulation setting 
is kept C()Il!ltnnt O\,1'r thc range of the 
carrier-lcv('1 ('outrol. 

External moduilltioll can he applieiJ 
with eitiwr ac or dt ('oupling. III the 
eX'l' AL' mode, any lludio-fr<'!luclley 
~ignul call he l\('e('pt<.'<I, cont rolled. 
LInd monitored in the Mme way u.., for 
internal modulation. With sin usoidal 
waveforms, the modulation passba nd 
is flat within I dB from 20 liz to 10 
kllz. The ultimnte upper limit is the 
2O-kllz nominal cutoff frequcncy of 
the low-pass filter used Lo feed external 
s ignals into the power-amplifier Cll
rlosure. On the lower-frequency ranges, 
however, the rf-amplifier bandwidth 
nlsa lllTecls thc highest usable modu
lation frequcncy and pcrcentnge modu
lation. 

III the ~:XT DC modr, the input jack 
is cou pled directly to the :unplifier. 
With no input, the power amplifier is 
turned oiT, II.lId a positive-goillg voltage 
is requirctl to turn it on. In the ofT 
condition, the cnrriC'r is down by 50 

to GO d 13 . I lltf'rr1al limi ters prol('ct. 
against eX('essive modulation input ~ 
voltuges. This modI' of operation is 
parti('ul:lrly lIl1t'ful for remote-control 
appl ications and for low-frequcncy 
square-wave modulation. 

CrystClI CCl librolor 
(See Figure 7) 

A l-:\I Hz crystal osciUaLor is the 
hll>li(' referell(,'i' source for the optiollnl 
crystal calibrator. Two more frcquf'n
rics, 200 k lfz and 50 kHz, arc derh'cd 
hy division and a re thus rollerent 
with the I-:\Ilfzsignal. Evcn the 10ll"est 
marker fN'qu(,lIcy can 1)(' used up to 
the highest carrier frequellc ics. 

Sin{'(l til(> rf sumplf' for thl' rryslttl 
clllibmtor is taken from the F-mouitor 
channel (S('(' Figurc 3), a high dcgrt'C of 
isolation is rcalized, provid ing tl reverse 
IlttellU:1tion well over 100 d B Ix>twcen 
cryatal calibmtor and main output. As 
n result, th(' erystnl calihrator ('an be 
u!;('d without ft'ar of cOlluuniuZltillg the 
main output with spurious sidebands. 

\\'hen the F-mouitor output is 
switched 011, it is possible to feed au 
externa l reference sigrml through the 
F-mOllitor juc.k and to usc portions of 
the eryst!ll calibraLor circuitry 118 a 

.... . 
T < • 

"""""" 

/. ~d L L!!U r r.o_!:;;---,.·. __ 
...u"{Jl ..... 

•• , 0lIl"'" 
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heterodyne frequency meter. In this 
case, only the mixeNlmplificr purt of 
the crystal calibrator is activated. 

Auto-Control Unit 

The auto-control unit permits a 
number of automalic tuning opcrtltions 
by either loenl or remote control. For 
automatic tun ing, the standard fre
quency-control motor becomes part. of 
8. servo positionillg system (see Figure 
8). An analog de voltage, prol>orlionui 
to tuning-shaft I>osition, is compared 
against tl reference "oltage ilia difTcrcn
tilll amplifier. The ampli fied error 
volwgc actuates one of two rclllYs, 
depending on the polarity of the error 
signal. The appropriate reillY energizes 
tbe motor to bring the error to zero, 
and the relay then drops out and turns 
the motor off. Simultaneously, It de 
pulse from a charged cnpntitor is ap
plied across the motor windings to 
bring the motor to all abrupt. stop. 
Resolution and accuracy arc ndequate 
to permit rcsettu bility to within 0. 1 %. 

Rudi Al tenbach received 
hiJi Dipl. h ilt. degree in 
Ef: (rom K&rI~ruh e 
Technical Univer~ity in 
HHB. Arter three yean 
a., development enltineer 
wiLh ~iern{'n8 and J l ai~ke 
in Gcrrnal\Y, h{' Cflm e to 
C:umdn, und illt{'r \.0 the 
U.;';. Frolll 1\)51 to 1003 
be Will! 

vllriou~ ,,'.C' .. '''. 

. I 

The zer~rror position is indicated 
by a neon h1mp on the Iluto-control 
panel. This lump is used in the setling 
of the rcferenf'e potentiometers to a 
desired tuning position or limit. and 
also serves as u frequency or posit ion 
marker. Two internal multiturn high
resolution potentiometers (F I and F2) 
permit. cont inuous adj ustment of the 
auto-tunc positions or sweeping limi ts. 
~Iany more lldditiollili tuning points 
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the [;jExperi men ter 

1I0/no .... 
'-01-0' .. 

Figur. 9. E' . m.",I •• )' dlog •• m 
01 Ih. p.w .... "'ppl)' circuits . 

can be added by mcans of sequentially 
switched referelwe signals through nn 
cxtcnl':ion soekct. An ('xlernal reference 
may bc either a volt.'\ge between 0 and 
-8 volts or a potentiometer connected 
to the extenf;ioll socket. The latter 
method is prt'fcrablc for minimum drift. 
Up to.i rnA can be drown from the 8· 
volt biM SOlll'('(', cq,uivalent to over 
thirty 50-kilohm potentiometers In 
para lle l. 

I n sweep opcrntion the motor is 
driven rt'pclitively between the two 
ndjustnhle limits, FI and 1"2. A f1ip·f1op 
receivcs a trigger pulse each time tbe 
motor reaches a limit, transferring the 
reference cOlllleetioll to tbe other limit 
to actuate the reverse swe('p. The 
analog de output voltage, proportional 
to tUlling shaft po!litioll, serveR as a 
sweep voltage for II. recording device in 
this mode. 

Power Supplies 
ISee Figure 9 J 

Since the total power requirements 
are very small , it is relatively easy to 
obtain excellent regulation aDd stability 
togeth('r with very low ripple. 

Especially crilical is the regulation 
of thc -15-volt supply that feeds the 

10 

J---1f--". 

IS-vOt.f 
"[GULlo TOIl iIoNO _ 15 V 

,,[r[ll[NC.[ 

I.AS 

'011 IIlrEllOOC[ 

'''''' 

osci1lator section ; variations in this 
supply arc kept to a few millivolts 
under all ndverse cond itions by usc of 
a tempcrntutC-Compcnsatcd refcrence 
diode in a high-gain series regu lato r 
circu it. The othcr two bias voltages 
(+9 and +35 V) a re also stabilized 
by series regulators. All aclivc clemcnts 
arc silicon, and protection against acci
dental damage or burnout is ach icved 
through current limiling. Tolal dis
sipa tion, cven under continuous short.
circuit. condilions. is within safe limi ts 
in normal usage. 

SUMMARY 

The 1003 is a signal gcnerator for 
those whose work demands frequency 
IlCClirncy, stability, and rcsolutiOIl of ZlIl 

unusua lly high order, mallual and auto
matic luning, programmabili ty, prc
cision of setti ng, and almost total 
abscnce of drift. The specifications that 
fo llow, although stated conservntively, 
illustrate the exccptional performance 
characteristics that have bee n ach ieved. 

- R. ALn~N IJACH 

I~ltor·. No'.: The brusic concept. of the 1003 
'01'118 81lggCllted by A. Noyes, Jr. Thc in8trumcnt 
\\'lU! developcd by tbe author, with J . K. Skilling 
providing the divider circuitry. 

! 
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SPECIFICATIONS 
fl.lQUENCY 
10 .... , Oi kll z to 80 Mlh in 10 rsngea: 
Oi to 156, 135 tv 312, 2iO to 025, 510 to 
1200 kll z, 1.0S to 2.5, 2.16 to 5, 1.32 W 10, 
S.OI to 20, li.28 to 10, and 3-1.56 to 80 Mill. 

Call1 .. alla.. "'cu.ac)' , ± 0 .25''{. , ty/,ically 
±O.I'\j IJt.'lllc IO)l:ftrilhmic, 1-10 in. lolnl englh. 
Lngging lICulll ";lh v~ruier, 8500 diy, O.OI';U 
div. 

C.)'. lal Callb.aIO, (Qptional ): Markers llt50-kl rl, 
200-klh, ",nd 1-:\ 111 11 interval" at'(!urnte W 
20 ppm. 
Mac kan le _1 T,,"",, , FNlt 100Wr drive, mllnually 
or t'xternlllly ooillrulledi IllllnuBt fille Wiling, 
1 t}. IJoer revolution, cnhbTlltcd, n'llcttollble to 
0.01 {t. • 
..... la . Canl' .. 1 Tun ln, (flplionltl): O.I "{ poeilion
ing secura{'y. Molor drive S\O'(1'j)lI bet"{'("u 

I,reaet timiu. or tU111'1 on command to Jlreaet 
r1'{lllenl'il'!l (t"o inlcnUllly, additionll l from 

cxternnl dc voltngca or divldeTl). t:iWIll'P rille 
" IlJlTOX i' vIa. 
Elec l . .. nlc Tunln" Intems.l, ±500 ppm, cali
brnted, lICUltble \.() IlC'tler than 2 I",rn j external, 
Ilpprox 60 ppm I volt up to ± 100011,,111 tYpiCIl.I, 
IimiW rUI c&psbilily. ;\lllx input ±IS V into 
15 kn ( + \'011.11 inerCll!!e frequeney). 

Slablllt)' , Altcr 1\'llrm-up < 5 ,!prn per 10 min, 
tYllirally I 1)1)111. Frequenc\' .nll YIlry leIII tlUIn 
I IJpm 81 a ""ultor ± 10'1- liTle-volt.age c!lallge8, 
range awitehillg (ilU!Uillt rf!8tahilintion ), rf
Icvt'l adjualmt'nts, or load vllriationa. Warmup 
drif~ typiclllly ISO pplII ill 3 h Itt 20 C. 

To",p .. alu .. Coefllclonl : < 20 ppm ;oC, typical. 

Ca"le, Dilla.llan , < 5%, typicll!. 

Nol •• : A·M, hum and noise lIidehamllJ down lit 
leNlt 80 dB rellllivc to carrier. f'M, < :1 li s pk 
at high·frt'Queney end, < 1 Ih "k Ilt 10 .... ·• 
frequeuey t'nd. 
IF OUTPUT 

lan,e, C W, 0.1 ,.V tn 6 \1 bt-hind 50 a, 180 mW 
into 50 11 (-I:C~ to + 22.6 dBm); modulllled, 
0.1 ,.V to 3 V behind 50 Il, 45 roW into 50 U 
(- 133 to + 16.0 dUrn ). 

So".e. I",p"'ane. , 50 O. swn ia < 1.02 "' jth 
attenulltor If't for 0 dBm or lesI!I, < 1.0.(i ror 
+ 10 dllm, < 1.20 ror + 20 d Bm. 

level Control : T otal rllnll:C, 155 dO. Stt'JI Mlen
uaLor, 140 dB in UklS ,tt'pi' C(lnlH1UOll~Jy 
adhL$table Icvel control, > 10 dll additiunul. 

Acc ... ro~y . , l .vel ... Outpul I'ow .. : ± 1 dB at 
IlTly frequt'Tley IloIId. tenninalion. Attelluatof/ 
±0.1 tlB per 1()..dll lltep, mllX accumulate(! 
error ±O.S dB. 

L .... I Slalolilly : WIlI'TIIUp drift < 0 .3 tlU, tem
....-... perAture cflee ... < 0.01 dBrC, lim ..... \·oltage 

variationll < 0.02 dB. 

M.I. r , Reads OIJoCI1-circuit vulll! and d Orn. 

MODULATION 

l e"e l , 0 tn !IS'!:, continuously adjuslable. 
titable '/I;lhin ± I dB indcp('l1dent of carrier 
or modulation rrequenry (within moduhltion 
bandv';dth ) and outl)u t level. 

Mod .. lotlon80nd width , At lOO-kUz carrier 
ma.'I: modulntioll fretluene)' ill 500 liz ror 95't~ 
a-Ill and 2 k l h for ao~~ II_III. Above 1.~ IH s 
clt.trier, max is 5 k l h for 05~c lind 10 kHs ror 
30% . 
Met .. , Ream 0 to 100r-:,. Accurs.t:y ±5'1 of 
rullll<'lIle,O to IlS!} \.() 10 klls \lithin staled 
modulation bandwidth. 

In,leIenlal An,le Mod .. lallo .. , < 0.1 radian pk 
lit 30""0 II-nl. 

1"1.,nol 

F.aq .... "e)': 400 and 1000 liz, ±0.5%. Output 
of 2 \1 behind 100 kll aVllilllble lit Pllnel COIl
ncctor. 

En"elope Dillorllan , < 1% It 50% a-m, < 2% 
lit 10(1 a·m. 

Exl. ,nal 

... C. Coupl ... : 20 lill to 20 kJh, 2 V illto 2.5 ktl 
rur !lSI,( modulation. 

DI. act-Co"pl" : DC to 20 kill. Carrier of( with 
~V input; 3-V rf uutput "'ith +5 \' into 10 
kll. )lax inJlut 10 V peak. 

... UXILIARY MONITORING OUTI'UTS 

Mo l .. _Outpu t F,equenc)': .. H leut 0.5 V pk-pk 
int<I 50 n (CW) at oUlput carrier f",!Iucney. 

Subha.",onlc F •• queM)" At [ClIst 0.3 V pk-pk 
(npprox aqUUr1' wllve) bch~ld 150 u. Frequency 
(bet"-Ill'n li7 l\IId 1M; klh) i8 coherent \lith 
and integmlly related to Cllrrier frequency 
by rSelor ~ aho"'n on main disl. 

Tu ning_Shaft l'a.ll lon (with aut<reOntml op
tion): AlialOK d c voltagililroportionlil to shalt 
ptlllition lind 1"lUPng 1l11l1l\x-r. Approx -1.5 V 
max behind iSOO Il, or!)() 11\\1 for 1% frequeucy 
change. 

Ron,e Indlcalor: Contact c!OIIure through r1'ar 
connector. 

GENlR ... l 

l . ok_,., Eflecta ncgli~ihle on rnClUlUrements 
of fC(.1'iver SCllllilivity riO"'1I to 0. 1 ,.\1. 

En"I,on",en l : 10 to 5O~C IlllIbieut for I!pecified 
performllllce. 

Ac~eno. l .. S .. pp ll" , SH-H22I.A I'likh Corn, 
power eorn, 12·tcnllinal ('(Jllneetor for extemal 
<'-ontralll, !Jlare fu8C1\, harn"·Il.Te fur both bench 
and rack mounting. 

!'owe •• '"1 .. 1 .... , 105 to 125, 105 to 235, or 210 
to 250 \I, 50 tn 60 li z, 20 W (33 W '/lith rnotor 
opera ting). 
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lhe [;jExperlmentel' 

Mo .. nt lng, RAck-bench cabinet. 

Dlmen,lon. (widlh )C heij:ht )C d('pth): Hench 
model, 19 x 11 x 15 1

4 ill. (\85 x 2SO x 390 nlln); 

rnck model 19 x lOL~ x 12 l:{ in. ( 185 )C 270 )C 

;~25 rnm). ..........-. 
Weigh' (I\ppro.~): Net, III III (30 kg); .hlpplng , 
87 Jb (~O kg). 

Dt8Criplioli 
Price 

ill USA 

1003 Stondo,d-Slgn,,1 O. n. ,,,lo, $2795.00 
2995 .00 1003 Stonda,d_Slgn,,1 Oen •• "to, Compl. t. with " .. to_ 

Control Unit .. nd Cry.t,,1 Colib, .. to, 

NEW CARTRIDGE PENS 

FOR 
GRAPHIC RECORDER 

I"",aIt , .co,d.r m",k.r In 
pl .. ce on OR 1521 G'''phlc l lvI' 

Reco,d.,. 

We have developed 11 ncw, cartridge
type, disposable recorder pen for the 
popular TYPE l:i21 Graphic Level 
Recorder. Trade-Hamed the jas/rak re
corder marker, the new pen elimina.tes 
the problems of ink load ing and tip 
clean ing. 

The tip is specially designed for 
graphic recording, with only 2 grams of 
force required for proper operation. 
gach cartridge has about twice the life 
of one old-style pen refill and Cfl.n out.
last three rolls of chart paper. When the 
cartridge is empty, replacemcnt is 
clean, quick, and easy. The entire 

jastrak cartridge, including the writing ~ 
tip, is dispoStl.ble. The ink is fast dryillg, 
and the marker performs well at all 
recording speeds. g ach marker bas a 
proteclive cap tbat prevents drying 
when the pen is not in use. 

jastrak recorder markers arc boxed 
in sets of 12 pens of one color (red, 
groon, or blue) or in an assortment 
containing four each of the th ree colors. 

The graphic level recorder will hence
forth be supplied equipped with jas/rak 
markers. A conversion kit is available 
to adapt existing 'l'YI'E 152 1 recorders 
to the j(l$/rak marker. 

De'rriplion 
CalaWg 
.Vumhtr 

1521-9.39 ""',ok Reco,d. , M",klt' Con"It' .lon 1(11 (.ndud .. 

Priu 
in USA 

$25.00 
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1521·9.49 

1521_9446 
1521_9447 
1521-9448 

... ork.r-hold.r •• t. in., .. llolion in.t .... """' .... nd , .. mbinotion 
,"ark •• sll) 
lost'o~ Combination Ma.hr S.t (indude •• red, 4 gr.en. 
• blu. m .. ,k ... ) 
l"ot, .. 1r M .. rk lt' S.t. 12 .ed mo.ke .. 
Iost,alr Mod.1t' Set •• 2 g •• en ... ork ... 
fa."aIt M,nk". Set. 12 blu. morken 

15.00 

15.00 
15.00 
15.00 
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r Ft.", .. 1. Th. Typ. 
1236 '_F Amplifier , 

A NEW 30-MHz AMPLIFIER WITH TWO 

BANDWITHS 

The :30-:\1 1 {z amplifier is tl popular 
instrument that goes under a variety of 
names. J t is an import/lilt clemcnt in n 
precision heterodyne receiver, and it is 
somctim('s called, somewhat. loosely, a 
receiver. Sin("c it often serves, in com
bination with a local oscillator und 
mixer, us a detector for bridge measurc
ments, it is a lso known as a lIun dt'
tector. No matter what. its name, it. is 
practically indispells.'lbl(' for a great 
mnny measurements. 

The new Gn 1236 is n IOW-IIOiS(', 
high-gain :W-:\ lII z tuned amplifirr with 
two switch-sclcctC'd bandwidths. giving 

,.-... the user a choice of a "nllrrow" bUILd 
of O.!i :'11 Hz or a "wide" band of I 

:'Iflb:, One would typically usc the 
narrow band for ol>crntion at lower 
frequencies, gwitehing to the wide 
baudwidlh at higlH'r loeul-oscillntor 
frequelleics wlH'rt' frequency stability 
is often a problem. The narrow- and 
wide-band respollS<' ('hartlrteristics art' 
shown in Figurc 2. 

A six-inch taut-huud meter with culi
brated linear and decibel scales gives 
excellent resolution. The top 10 percent 
of the scale can be expanded to give a 
full-seale mngr of I dB with a resolution 
of 0.02 dll per small division. When the 
meter 5('llle !;witrh is set to CO.\IPllt:s.':;t:n, 

the age loop compresses the meter scull' 
to about 50 dB. This feature is almost 

13 
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the!;jExperi menter 
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Fi"u,. 2. 1'01 .. " .. ",. ond wldl_b .. nd .. t p .. n .. <hor_ 
o<I.,bll", .. , th l 1234. 

indii:lJX'llsable \\'h['n the instrument is 
used llS n null deteetor in a bridge 
measuring :-;ystem. 

The altenuutor covers a range of 70 
dB in 100dB sleps, with llll accuracy of 
± (0.1 dB + 0.1 dB 10 dB). The ac
cumulatl'd error will generally not ex
c('cd 0.3 dB. Beeuusc of the ['xe['1I(>nt 
r['peabbility of the att[,lluutor, it is 
('lIlirely practical to ('ulibratc it agajnst 
an external standard, thus reducing the 
aUelluator ('rror to that of the standard. 

The 12:~(; combines easily wi th the 
11('\\', highly sensit ive Tn'!; 874-:\IR..-\L 
i\lixcr (sec pagr 19) and one of the Cit 
line of osdllators to form a wide-runge 
measuring reeei\'er. The 12:3(; includes a 
separate adjustable regulated power 

'''J ~ E~ ~ 
~"'" :;; . . " . 

, 
'. 

, 

supply for the local oscililitor. 
Wi th a given oscillator, the frC'-,-""'\ 

queuey range can IX' extended by usc 
of the loc·ul-oscillator harmonics, though 
sensi ti vit.y and dynam ic range lire 
somewhl\t redueed in sueh operation. 

T able I lis ts three Crt oscillators 
recommended fo r use with the I 23G, 
along with the fundamental and har
monic ranges of eaell. 

A typical sensilivity curve for the 
Sil- i\ IHAL ~Iix ('rand the 123(; (in the 
narrow-band mode) with a su itable 
loca l oscilla tor appears ill Figure a. 
Sellsith'ity is here defined as the input 
signul le vd required for a a-dB increase 
in thl' output of the i-f ampl ifier Mer 
the residual lIoise leveL 

• 

Circuit 

A low-noise preamplifier uses two 
Xudstor.'< in cascade in the inpu t stage 
alld a thi rd Xuvistor ill the output ~ 
stage. The healer supply of the l\U
Yistors is regulated to aehie"c high 
gain stability vs line-volluge changes. 

Th!' pr<'amplifil'r output is fed to u 
ladd('r-type step attenuator, wh ich 
covers 70 dB in 10-d B steps. T he output. 
mct('r is lIscd for interpolation l>etwC('n 
steps. 

The posta mplifier consists of one 
lIntulled and three tuned s tugcs. The 
gain of the untuned stage is controlled 
by a front,..panel control, with coarse 
and fin!' adjustments. 

When the M!;T!;U SCALE switch is in 
the COMPIlESSf;O position, it activates 

• , 
~ nl(QUENCV- GIl! 

Fillur. 3 . Typic .. ' .. n ~l tl",lty <u''''. , ..... c. I", ... yttl m comp.ilin" 1236, 1 .. ",,1 .. ,dU"t .. " 
.. nd Typ i 174.MItAL MI ..... 
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Fig"", .. . EI ..... nt ... ~ dl .. g ........ , th . d . l.ct ... 
IIn ... rlllng n. tw ... k. 

t h(' ng~ loop. whi('h ('ontrols the gnin or 
the two tUIlf'd ~tuges. 

The output voltage is nbout '1 
volt.'! rm:j ma ximu m. A tt'mlX'raturc
stabilized lIl'twork (Figure I ) eo m
I>t-'ns..'ltt'i'\ for til£' nonlinear rha racte r
iSlil'$ of til{' dl't(>ctor diodc . I n this 
l1~twork, I-I is ndjust('d for n liu(>nr 
r('sponse in the UpPN J)llrt of the 
mt't<'r I;cale Ilnd '-2 is adjusted to 
optimize th(' lower part . Figure ;) 
shows the reJolpoll-"C with aud without 
co mpcnsation. 

The mC1llmrcd deviation from ulinear 
response of n coml>t-'nsated detector 
ci rcuit is ploltro in Figure f,. A full
scale meter deflection corresponds to 
2 \'olts rms rf voltage. Point 11 is the 
reference point, in thi" ctL'!e 100% meter 
deflection, JJ and C arc J)oin18 of ZNO 
error; t heir positions Ilrc determined 
by ' " J and ' -2. The three points of zero 

,., 

"-O(YIarOON "toto 
lIn ... IIlSl'ONSE 

...... Iy-A.ugu.t 1967 

~t. Khll~lIm r{'('('h-~'d hiK 
dl'grcc in EI('('tronic 
Enjtin('erin(C; hom the 
Delft Univer~ily o f 
Tf'('hnolojtJ. lIollAnd, in 
IIlSi, lUlU from IUbi 10 
1\)('.0 .... 1\-.. " l'fOj('("t ~ngi_ 
l1('('r with thl' I~'lhurntory 
fllr EI('('tronir n.·vcIOI). 
tnenlil for till' Armed 
FIII'('('~, in IInlJlllld. lie 
jo;n('(1 G('n('raJ Itadio in 
Ilki2 118 " d('v~lopment t'nginet'r in lhe 
;\Ii ("MWIlVf' (;roup and hwJsince 8peciah~ed 
in lhe devl'l()lltnt'lit of vhf-uhf iustruments 
lind l'<.mpnnl'nt8. 

rrror may IX' po.!'itione<i for mUlimum 
error over ('ithN the wholC' range or 
part of the mugC'. 

ThE' pow('r lIupply eon!;is~ of a 
;\uvistor plal<" supply. a supply for 
til(' lral1~istors and for tll(' Xuvi,,;tor 
heaters. 11Ild a locnl-08<'illator plate and 
helltN supply .. \11 volw.ges except the 
IOl'll l-olle illator heutcr supply nre regu
lated. 

Applications 

The ,:!:{ji will be widely used with n 
local os('il1ator IUld mixer as n 8('nsitive 
lIull detector for bridg('s, such as C it 's 
1602 rllF .\t.Imittancc :'11 ('t('r and 1007 
Tmnsfer-FulletiOIl and Immitw.nce 
Bridge. Il$ ex('cllent performance char-

:IWOIIIuo'l 

c 

'" 

..... ~u.>oIoK . ,rll V, TO 

1- (:OM'(NS4"NO CU~~[Nl ., 
UlW '.lIN .... UVEU 

C-OVE"' .... l It[SI'O'ost: 

.r .... 

Fig"" J . Un' ..... p . n ... ' • • {Ie',i .. nd comp.n ... ,.d {"ghli . lIpo nl . 01 dol.ct • • cI.eIIl, . 
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acteristics suggest that it will a lso be a 
popular relative-signal-level meter in 
attenuation measurements, !iWIl meas
urements at low signal levels with 
slotted lines, reflection-coefficient meas
urements with hybrids or directional 
couplers, etc. SWR meters consisting 
of a tlln('d detector and a high-gain 
low-frequency amplifier often require n 
signal level that is ton high for meas
urementii Oil nonlinear devices. The 
heterodyne detector, with its much 
higher sensitivity, is the preferred 
fiW R meter in such inst.'lilces, and it is 
also recommended in general for pre
cision mcasuremcnts of both high and 
low 8WI(. 

Measurements of small reflection co
efficients with a directional coupler or a 
hybrid refiectometer arc rcstricted by 
the directivity of the coupler or the 
balance of the hybrid and by the dy
namic range and scnsitivity of the 
detector. By the lISC of precision tuners 
and such terminations as those available 
in the GR!)(X) line, the di rectivity or 
balance cnn be made almost pcrfrct :It 
anyone frequency. Then, with a hetero-

• 

dyne-measuring receiver, small reflec-
tion coefficients can be measured with --"'" 
accuracy comparable to that of a 
slotted line. 

Thc following example of all attenua
tion measurement lIsing the i-f series 
subst itution method indicates the ac
curacy and dynamic runge attuinable 
with this system. 

The mcasurement setup is shown ill 
Figure 7. The receiver consists of a 1236 
I-F Amplifier, a 1208 Oscillator (40- 530 
)' l lTz), and an 874-;\ IRAL :\Iixcr. The 
meusurillg frequency is r~ :\1111.. 

Thr 1236 output reading (atteuuator 
setting plus meter indication) is noted 
with and without the unknown atlen
uator in the circuit. The difference of 
1he two readings is the measured at
tenuation. TheSf' mcasurements arc re
peated at different s ignal levels to de
termine the useful dynamic range of the 
system. ~ 

The resu lts appear in 'fable 2. The 
top two rows gi\'e the 500-1\11 [z signal 
level at the detecto r. The third row 
givrs the attelluator values as meas
ured, while in the fourth row the /lum
bers are corrected fo r the 1236 atten
uator crrors. The numbers in the fifth 
row are corrected fo r the error caused 
by the residual noise, ill accordance 
with cu rves given in the operating 
instrllC'tions. 

These figures show that, for the 
range from -73 dBm to -J:! dBm 
(the five right-hand columns), the 

• 
'''''' '" 

Fig .... 7 . Se' .. p for ,,".nu .. ,lo" meo~ ... . m. nl d.n.l bed In " d . 
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spr('ad in th(' 1II1corN'et('d -mtellulltiotl 
liglln's is 0.1 n d H, with a mnximum 
t/t'dlllioll from melln of 0 .1 1 d B. For 
the {·orr('({C'd ligures, the spr!'lId is 
0 .01 dB and til(' mtlximum d(' \' ialioll 
from mC'tUl o.o:! dB. With tli(' C'o rrrc
lions for tC,;idulll noi~ appliNI, the 

s pread over t he range from -8:1 to 
- I:l dllm is ngllin 0.01 dB, with a 
maximum uC'\·iutioli from the mt'1l11 of 
0 .02 d B. II NC till' nCl'uml'y is per
dmnc(' cOllsid('mbly better thtut tha t 
givC'1l in til(' ':1)('(' ili clllions. 

- ~\1. 1\IIA1.UI 

TAlIlE 

/.Q("ai ()M"illa/nf J."rt'IUl'ljl""y lla'IUt, .If": 
Type --

J."llIufalllt rilai buf Imrlllo/l ie ~nf hannqrlie 4th IwIrlNonic 

1201_C AO·S30 100-1030 16S-IS3O 230-2030 
1209_C 220-950 A70-1I70 720-2790 970-3710 
1111_11 1170-2030 1770-A030 2670-6030 3S70-I 030 

TAlIlE :1 

Mi ... illllOl 1 ... 1 III d.leclo, 
- 95 - u - 73 -6l - 53 - <3 -33 I .. dB", 

Mil. "lInlllI.ulIII deleclOf - 73 - 6l - 53 -., -33 -2l -" in dB", r- ---
M.II..,r.d 011 ..... 111;.,., 

17.2 19.0S 19J3 19.69 \9.61 19.1.5 19.80 i .. dB 

M.II ..... d oll ..... olion 
corr.cl.d lor IIII.nuIII", 17.A 19.2S 19.78 19.76 19.76 \9.80 19.19 
.""' in dB 
M.II..,r.d 1I1I_IIIion 
corr .cted lor IIII.nuOlll' 20.1 19.8 !toOi •• not II loclorl 
.m>< lind r";dulII noi •• ;n dB 

SPECIFICATIONS 
Cenl. , F,.qu .n~y , 30 .'. ll h. 

Iond .... ldlh , WiJf' bflUd, 1I["J["Jmx ~lIh ; nnrrow 
Imud, approx 0 .5 !II 111;, IM'leclllhlc by JlIIUI' I 
swill-h. 

Nol •• Flgur., T ypically 2 dn. 

Se ... il"'; ' ''' From II 1000U lIouree, fvr II 3-d 1l 
in(,fl."lUM' in mell'r dl'ft('Ction, < 9 ,.\1 (widc 
h:md ) (Or < 3,5 ,.V (mlrrow' band ). 

M. I •• Ch","d.,I.lIu 

No,,,,"1 S~ol. , - 2 to 10 dB. Linl:llrity ± 0.2 
d 11 Hver 0 I..., IO-d H r:IIII[C. 

bp .. nd. d Sca l., l-d ll full scale. !.incarity 
± O.OS JH. 

Ca",prHud S~a l., UklU min mnge. 

AII . .... al .. ' 

Rang.,O to 70 dll in IO-dU steps. 

Accur .. cy, ± (0 .1 d ll + 0 .1 (113 / 10 dll ) lit 
ao ~ 1 11z. 

Conllnu .. us Gll in Canl. a!: 10 -d1} rnin I"lUlge. 

• 
Vld ... O .. Ipui ( Maduh. llon), 1.5 V maxi 1-.'.111z 
!Jand\\'idth. 

I_F 0 .. 11' .. 1, 0 .0 V rnllX in lo 50 1I. 

!'aw.,_S .. pply O"Iput: 150 to :\00 V dc , ad
jUIlw.hle, at ao mA, rcguillted j 6.3 V ae lit I A. 

!'aw •• R ..... I' ... ' 105 to 125, 1!l5 to z:l5, Clr 210 
I" 250 V, 50 t.o 00 liz, 22 W ( ,,'ithuut oecilllltor ). 

Acuna,r .. suppu ... , P o ... e r cord, apa re rUf!e. 

Acc.n"ri .. Av .. ll abl . , All 101'111 O8(""illat(l r, t :lt 
1208, ]2()9.C, 12O'.I-CL, 1215, 121 8, and 1:161 ; 
87 1-~IRAI . ~ l ix(' r ; GH87-t 10 ...... ]111l1li fillI'l1!, 
atu'nuatol1!, fld llllWnr, He. 

Ma .. nllnll ' Convertible-bench Cllbinl't. 

Di", . .. sions ( widlh X hl'i~ht x dClllh ): 8 by 7'ii 
by 8 in. (205 x 100 x 205 111111 ). 

W.lghl , N.I. 121 1 11> (I> kg ); ,hlppl"g. IIU I\) 
(7 kg ). 

CUI(lIOfl~ 
N,.m~r 

1236·9701 ~
r,;" 

Dt acriplion in t lSt l 
1236 I · F A"'pllfl . r $67.5 .00 
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CARD· PUNCH COUPLER 

The new 17Dl Card-Punch Coupler 
converts the binary-<'oded cligital out
put of the G R IUSO-A Automatic 
Capacitance Bridgc into the JO-linc 
decimlll-coded contact closures re
quired by an IR:\[ 326 Printing Sum
mary Punch. L'p to 22 digits of paral-

lei data can be accepted from one or 

more sources. Since the couplcr is a 
systems component, in some insL'lllces 

requirillg custom tre:ttment of con

ncctions, pricc will be q uotcd on an 

ind ividual basis. 

GR900 ADAPTOR AND AIR·lINE SETS 

Xow available are complete sets of 
G HOOO pr('eision adaptors and refer
ence air lim's, mounted in mahogany 
cases with foamed-plastic inserti. The 
0000-91.) I G H!JOO Precision-Adaptor 
Set includes all the adaptors needed to 
mate G ROCK) conncctors with male and 
female UNC, c, N, se, O!oi",· j BIUI, T,sC, 

Amphenol AI'C-7. Precifix 7 mm, and 
ORSi·J connectors. 

The 0900-91.)2 0 R900 Rcference 
Air-Line Set contains one each of the 

• 

six lengths (.>, 6, 7 .. -), 10, 1:1, and :10 
em) of T YI'E 900-LZ Reference Air 
Lines, pillS a DO()-W~-l Short-Circuit 
Termination and n 900· WO l Open
Circuit Tcnninntion. both of which 
arc commonly lIsed with the a ir lines. 

The storage cnse alone is a lso avail
able, fo r those who would like to give 
their G ROOD components the maxi
mum protection against damage and 
dirt. 
.OS.\I ill a regiotered trademark of Omni..'ipOtu .... Inc. 

AMPLITUDE· REGULA TING 
POWER SUPPLY 

The Tnt: 126:3 Amplitude- Regulat
ing Power Supply is now the 1 26:~-C, 

the new suffix dcnoting a regulated de 
heater supply for improved oscillator 
pcrformance and a relocated output
rectifier connector fo r more conve nient 
installation ill relay racks. 
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GR874 MIXER 

July-August 1967 

(.:ollUnutd) 

The new 874-::\I RAL Mixer is an 
improved version of the 874-i'\ [R, with 
significantly better sensitivity a nd 
with GR874 locking connectors. Fre
quency range is 10 )' IHz to 9 GHz, 
with a maximum i-f of 60 :\IHz. A 
natural partner for the 1236 I-F Am
plifier described earlier in this issue. 

GR874 ATIENUATORS 

The874-GI" 14-dB fixed attenuator 
described in the October 106;j Bxperi
menter is now available in a locking 
version , the 874-G I4L. GRSN single-

scction, T-typc resistance pads a rc 
now olTered in 3-, u-, 10-, 14-, and 
20-<lB sizes, locking and non-locking. 

""_ Number Ducriplwn 
Priu 

in USA 

0900·9451 
0900·9452 
0900·9450 
1263.9703 
0874.9561 
0874.9947 

GR900 ' r.cI,lo .. _Adoplo, S. , $1210.00 
612.00 

35.00 
485 .00 
32.50 
65 .00 

GR9"OO RIf . . . ... . A ir_Un, 5" 
GR900 S,orag , Co .. 
126l-C A"'pUh,d._ R"ulolin ll '0 .... ' S""ly 
174_GUl 14_dB FllI . d AH, n"a'ar 
174_MRAl M in, 

WESCON 
All the Il('W instrumen ts de

scri bed in this issue call be seen at 
Wescon, at thr COl\' PaL-l.Ce, San 
]' ra ncisco, .\ ugust 22 through 2':;, 
1067. In add it ion, the GR booth 
{No. :~Ol ;} 3018) will feature orer
ing display" of GR frequency syn
thesizers, a utomatie component
measuri ng systems, record ing wave 
analyzers, and t he T YPE 1026 

Standard-Signal Generator de
scribed in the :\[arch, 1967 Jo:xperi
menter. 

Development enginecrs from our 
Concord and Bolton plants will join 
engineers from our San Francisco 
and Los .\ngeles offices in staffing 
thc en. Wescon booth. We look 
forward to meeting you therc. 
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the Ex" e dlll c nte r 

GEN E RAL RADIO COMP A N Y 
Wt:ST CONeQIOIO . ......... C .. U.IETl. 0'7'" 

DO WE HAVE YOUR CORRECT NAME AN D ADDRESS-nome. company 

or organizalion. deportment. street or P.O . ba .... city. stole. and zip codd 
If not. please dip the addren label on this issue and return it to us with 

corrections. or if you p refer. write us; a postcard will do. 

NBS TO CALIBRATE BOLOMETERS FI TTED WITH 

14-mm PRECISION COAXIAL CONNECTORS 

The Xntionnl Bureau of Standards 
Radio Stllndards Lahoratory, Bou lder, 
Colorado, annOUIl('C~ a calibration set· 
vit'c for the mcaSUrf'ml"nt of efTcetiv(' 
('ffi(,j('tH·y· of couxinl bolometer units 
fittE'd with 14-mm precision conncctors 
(c. g., c rU.IOO), over n continuous frt'
quc lIC'Y range from I to 8.5 Gllz . L'se 
of I I- mm prct'iKiorl tOrlllectors permits 
grl'lltcr accuracy of meas urem('Tlt at 
radio frequenciCl!l tha •• WIlS possible with 

thc older typl' X connectors, u('t'ord ing 
to the i\BS aIlIIOtlll('('m('nt. At prc8<'ut 
the cali bratioll service is Ilvailable for 
mcastlrf'mcnt at n nomimli l)Ower of 10 
milliwntts and for bolometN unit.!! fittl'd 
with thf'rmi"lor-typc ('Icmcilts having 
It nomina l opcralillg re.si5tall~e of 200 
ohms. 

• The ~I!"".j,.," ~mc"'n~y 01 • h,,'o ..... ~r Ilnl~ ;1 thf' ",;Q 
01 ..... to.".eol de 1lQ ... ~r In tJ.~ una to> tile rf 1><' ..... d_ 
pe.Led .,t.l\lD <b.IboIo_l<Ir um •• 

GE NERAL R ADrO COMPANY 
WEST CONCO R D. MASSACHUSETTS 01781 
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