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ABOUT THIS ISSUE 
General Radio owes its nome 10 the glory 11'101 wa s "rodio" bock in 1915. 

when the Company wos founded. Now, with "(odic" a household syoonym 
for "rodio receiver," we sometimes find ourselves explaining to the public 
that despite our name we do not make radio receivers. Except for the one 
pictured on the opposite page, tha t is. Designed for use with the GR Syn. 
cronometer" digital lime compara tor, it covers WWV, ( HU, and loron-( 
frequencies and includes an oscilloscope fo r visual comparison of off· the-oi r 
lime signals with the master lick of the Syncronometer. (I t is, in othe r words, 
a special-purpose, and not a gene ra l, radio.) 

Two other important com panions to the Syncronometer_a parallel ·storoge 
unil and on improved frequern:y standard-ore also int roduced in this issue. 
The minion of the former is to store time information coming rapidly from the 
Syrn:ronometer until slower data-handling equipment can accept il. The 
frequency standard is, of course, the key to the a ccuracy of a local lime 
standard, and the improved crystot·oscillator performance anncxJnced in this 
issue is of obvious importarn:e. 

c." .. , Th. 1'1 .... , c .... ,. ... ,'. " CA lE" (c."'p .. , ....... t •• II.d ... d A .. ' ..... "d T' I! Eq .. lp-
... ... t) 5,.'0 ... f., '."'1' ... 0 .. ' , .. 11"11 1" .I .. d ... ".w-I .... UI •• •• ",bln.If . .. , GR' .... ,.-
... atlc up •• It."U b.ldll ' all d • d llll t.1 '."'p""" (5 .. P"II' 9 ,) (,h oto u .. ,'. " Th. 
1'111", C .... p."" Ltd ,) 

The Gt1Ierai RodiQ E.cpf'rirntMf'r iJI mail~1 I"arh m('olh without darge to I"o, i. 
nee"", ~"iell' i.<IJ<, teehniriJI.n", oourathl"l'l, and utbl"r-. inll"l"e"\ted ill the it~~truml"nt.. and 
tt'thni(llIe~ of ele('lrirai and eleclroniC$ meUUI1'ffil'nl:! . .\ddl"t'lll' all oorl1't<pondence to 
&Iitor, Gefltral RUlliQ E.cptrimvlltr, General Radio Co. , Weat Conrord, MUll. OI7~1 . 
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A RECEIVER FOR PRECISE TIME CALIBRATIONS 
A common met.hod of establishing 

accurate local time is to drive n 10c."J 
clock with a frequency stllndl\rt! , check­
ing the nbsolutc !lCcuracy regularly 
Bg:linst st:.lndaro lime sigMls broodcnsL 
by various agcm'ies throughout. the 

"...... world, All t'legnliL mrilltiOIl of this tcch­
liquc invokes the lli;C of prillmry lime 
tllfilld:m..is flown to the local site for 
periodic calibrations. The "flying­
clock" method, though obviously cx­
pen!<ivc, offers the greater accuracy, 
l:I.iuce it. e liminate; thc uncertnintiCl! of 
rndio transmissions. Howe"er, once the 
clock flit's away. there exists the proll­
lem of nmint:lining time ulltil it. flit'!I 
in agllin. For this purpose, 1\8 well as 
for the Illany appl ications that. I'C(luirc 
lIccur:t!.<' timekeeping but that. do not 
justify flying clocks, the usc of broad­
C:l.'it til11(' signlllJol is the ll.nswer . 

\ tim<.'-eomparison system u~ing 

brondca..';l signnls typically takes the 

, " 

form shown in Figure I. GCllemi H..'\dio 
hns for yean; m."fie Lwo of the com­
poncnLS lL'I('(1 in such (\ system: sL3.n­
darti-fret:luCIlCY oscillators luui Syn­
cronomdcr" digll!!.1 time cOnlJX1mtors 
(clocks). We now ofTer the rest of the 
system, a N'{.'('ivcr designed s l)Ccifically 
for timc !-It:uuhrdization with t.he GH. 
Syneronmneter, with a builL-in oscil­
loscope for uutom:ltic visual comparison 
of t.he n'CCived signals against. t.hose 
from the local cioek. 

The (lrneml Ibdio time s41lldard 
irH'ludeti in Figure 1 operates as fol­
lOllS: Th(' lOO-k ll z output from the 
Ill:r-C Ht:llldanl·FrequclI('y Osci llator 
is fN! to the :-\yncronometer. which 
t ramdat('s 1hr wro t'wssings into a 
pul"-C tr:lin and thf'llcC into a one­
pulse-pcr-,;ccond master tkk. These 
lieks arC' :\eculllubtCti in 8i'( digital 
coullling eirt'uits, and the totals nrc 
presented as digital time-of-day inror-

I HI'[ ',,~·c yr 
S'A"OAIIO'~"{OUENCY 

OSCillAT",. fl ..... 1. Th ••• m. , 8 1 
{~M'} f.3 r ~ -

" T~IGG[~ 
'SYNC HP( "2'-A ~ r-r-1 OOG,nl 

$>NtllOlOO"( '(~ 

00 ·... p .... .. II.f. tim • • 
•• librollo" Iylllm. 
F .. ndl .... I .. Ihod.d 
Or.a _. porl.,m. d 
loy Ih . ...w 1124 

1 I,an t'OfIIPA SOlO P(OES' .... 
, ••• i ... , . ' Anl . nno 
II In .... d . d , . , 

l., ... ·C.) 
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the [;lExpe rime nter 

mation (hours, minutes, nnd seconds) 
on the yncronometer front panel. 

To calibrate the systcm in terms of 
ofT-the-air time signals, one need only 
compare the one-second master tick 
with a one-second time signal brondcnst 
by one of severnl agencies offering such 
services. Then, with both local and 
broadcast time signals on the oscillo­
scope, synchronizing the local m1l.5ter 
tick with the received signal is a. simple 
matter of adjusting a few thumbwheels 
and pushing a button on the Syn­
cronometer. 

This procedure, which sounds simple 
in the telling, is com plicated by the 
vagaries of radio propagation, by t be 
high degree of precision usually re-

quired, and at t imes by the practica! ........... 
difficulties of intcgrating and inter­
connecting sevcrnl instruments into an 
efficient system. A stablc, scnsitive 
receiver is obviously required. It is 
unreasonable to c:'l:pect a genernl-cover-
age receiver to have optimum per­
fo rmance at a few selected frequencies, 
and n special-purpose receiver is usually 
preferred. If the receiver bas its own 
built-in osci lloscope, the system is 
greatly simplified. 

T he new G rt receiver (T YPE 11 24) is 
specially designed for dependable, con­
sistent reception and faithful display of 
ti me signals on six fixed frequencies. 
These arc the 2.5-, 5.0-, and 10.0-:\ IHz 
frequencies of WWV, two cnu fre-

--11-'-'-'--- ,--

UHC~O_ETU ~-j.~::~::~-~, I----..:f--+------
UNG 'ULU 

swu, _ 

211!l!~~ H I 
TII. [ t u 

'1"[ on.y K1flfOG 
"" . U .. It. UT 

'I,u •• 2. 5y"c.o"0 ... . trlu , Abo ... 11 ... 1"11 dlo,roml IU u,"ol. ,h. prl .. cl pl. 
0' 'I ... . "'o"dordIIO'lo" ull .. , ' h . Sy .. uo .. o"'., .... o .. d olf_lh._ol. Ii",. 
trO"I", llI lo"" . F.o", 'op '0 bo"o"" Th. I _u.o .. d "'01'''' , I.k "0'" 'h. 
Sy"uo"O"' . ' ' ' , 'h . I _ ... o .. d ""","1,"0' tro""", llIlo,," "0'" WWV , 'h . 
1_"," odlullobl. p.dll'ol "0'" Ih. SY"Uo"o ... . ' e" !he IY'" pul .. "0 ... 'h. 
Sy .... o .. o ... " .. , o .. d ,h . oullIolCope.we.p. Th. 'hu ... bwh .... 0 .. ,h. 5y .... o_ 
"0 ... . ' ... d •• odiu., . d 10 .... 1", 'h. I.odl .. , .d,e of ,h. p. del'ol 1" '0 coi .. _ 
cld . " u w ll h ,h. b. , I .... I .. ' of th. WWV tick . Wh." Ihls od iuSl ... . ", II ... od • • 
th . Ihu ... bwh • • 1 •• adou' I"dlcol .. Ih. 11m. 1 .. , ..... 01 b , tw .. " !h. "'OU" II.k 
'.om th. 5y .... o .. om.t .. o .. d 'he b. 'I .... I"' of Ih. WWV lI.k. Wl lh hl,h .. _ 
p'l<lI lo .. lo.o .. . C 11,"011, 0 1_" . pu l .. II uud I .. plo •• of !he 8_mo p.deSiol . 
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,.............uencics (3.33 fl nd 7.335 :\1 li z), nnd 
.. tlO k Hz for Loran-C tran"lIlissions. ,\ n 
"exterllal" mode permits use of signals 
from other soun:cs (such !lS, for in­
stnncc, flying clocks). 

T he five high-frequency ci rcuits nrc 
all fixed-tuned with crystnl-coutrollcd 
locnl oscillntors, and nil nrc mountcd on 
plug-in ctched bonrds, The two used 
most frequently are left in the rC{'ei"er 
and selected by a front-panel switch. 
Usa hie input scnsitivity for the high 
frequencies is grenter than 3 p.V, nnd 
agc ci rcuits hold the receivcr oui put 
within ;l d B O\'er an input-flignnl range 
of IOp.V to 100 m\' . A 3-.\!J[zerystnl i-f 
filter and three luned rf stages provide 
image and i-f rejection of more than 80 
d Il , with all other spurious responses at 
least 70 d B down. Low distortion of 
the modulating wa\'eform, e\'en with 

rQO~ modulation, ensures faithfu l pulse 
:eproduction. There is an audio output. 
monitor, i;;olntcd from the display to 
prevent loading. 

The Lorun-C recei\'er is n fixf'd-tuned 
amplifier with 100-k lI z cente r fre­
quency and a bandwidt h of about 20 
k I [ 1. (needed to presen'e the LonUl 
pulse wa\'clIhape). It ,; ,}Q-ohm input 
impedance matches the impedance of 
the loop antenna supplied. Input :-ell­
siti\'ity i:-; 3 p.\ ' for a signal-to-noi'5C 
ratio of 2 or greater .. \ n import:U1t 
feature is 11 pair of notch filter" for re­
je('tioll of unwanted signnls ncar 100 
k lf ;o;. Thc~(' filt('rs tunc from 80 tn g'-I 
k Jl 1. nlHl from 103 to 12.) kHz Jilld ha\'e 
great('r than IO-d B rcjc('tioll. A gain 
control with a GO-dB rallge supplcmcllt~ 

M a r c n . 1968 

Dille O. Fight'r joined 
Gl'lIl'ml Radio ill 1964, 
after rect'i\'ing hi~ fk;EE 
degree from Xortheal!t­
ern rniver~ity. A devel_ 
0llmentI'llgineerin Gil's 
Fre<lucncy !llld Time 
:'Ill'uurement Group , 
.' Ir. Fi~her 1\lUI ~I>ecial­
ized ill the de~ign of 
digital time compOTlltOfll 
and relatt'd equipment. 

He is now cUfflllleting "ork toward his ~IS 
degree from ;\111:Wl('hu...etl.8 I nstitute of 
Technology. 

the oscilloscope gnin control for 
Loran-C prcsentfllions. 

Visual display i9 by metlns of a built­
in Tcktronix 11:\1.')0 I Stornge Oscil­
loscope. The .'Storage mode is especially 
useful in thiil. npplit'ation, since it will 
avcrage out time \'nrintions due 
to unstable prop~lglltioll chamctcristics 
and will inl'rca"e the signal-te-noise 
mtio, since the random noise is stored 
less frequelltly than is the desired 
signal. The Tektronix T YI'E 2B67 
Time Base prm'idcs up to l-~/cm 

display for aecumte I.omn-C com pari­
son.~ and allows single-pulse tcigge ring 
for photographic records. 

It it' expel'INI thut the new rcceh'er 
will be widl'ly u .. ed for its Lorall-C 
capability. Tho.-.(> intere"ted in learning 
more about the u"e of Lorall-C in 
preci"ion frcqucnc.y nnd time measure­
ments are invited to ask for our rcccntly 
publi"hcd monogrnph on the subject. 
The 12-page hookll't, Xo. 2 in G H's 
Fr('fJlu' liry Till/p ,voir/lOok senes, IS 

aVllibbl(' frcC' on requcst. 
- D. O. FISIIER 

SPECIFICATIONS 
HIGH · fREOUENCY RECEIVEIIS 

r" ltf F .. qu , nd,., 2.5, 3.:13, 5.0, i.:ti5, Rod 10 
,I liz. An\' two a.re 8eleetoo by a front..l)anc1 

..... "ilA.·h. 
5.1I111I" lIy . Uelt.er than 3 /IoV. 

Inpwl Imp, done" ,\IlPr<J'I[ 50 n. 
Mo. Inpwl SI,nol, > 100 m\' . 
8ondwidlh : I-f :hllJ h"no!",idth Rppro'l[ :~ k~h.; 
3,0 ;\IJlz center (1'("1'11'1\('.\' (If i-r :l11l1)iifier :and 
crystal tilwr. 
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tbel.rEx"Perime nter 

A,' ••• IK G.. C:-_I: Rec:eiver outpul ill 
within 3 dll fot r'i .J dlft~ of 10 ,.V to 
lOOmV. 
..... __ t-$' I.efed;'. , >80 dB; all olher 
aputlOUl I"CIIfJOl*II Il leNt ro dlJ do1l'l1. 
loa ..... .c HaIVEI. 
c:.. .... F"4: . _" 100 kll.; :kiD i:aDdwidth 
loprox 20 kl La. 
*,I11Ylty:.:I,.V for 8/'1>2. 
a.,..t ... ~: Approx 50 11. 

M_ ...... Sill_ I, > 100 mY. 
0.1. c:. . ... ., 4 fiflld ~lq .. 6(kt1J total rlUlp;e. 
....... FUturo: T .... o, fron~ IIIennniriver· 
oon\rol,80 to 95 klla and lOS La 125 kU. (olher 
ran~ WIth intemal-capec:it.or ehanI;B). ilcioo­
lion >~O dB; 6-d8 bAndriltb <3 kill. 
IXTlI.NAl ""UY lnt.eodcd for comp&nnr; other 
1.inuR« ai.pWJ with the OR 1123 c:omparst.or. 
Sue.1II .. fty: Apprwr: 0.5 V for full-ecmen def\co.. 
t.ion. 
OENU Al 

f,.III-I .... ' c:. . ... k: Amplitude (20-<111 ~). 
vertical posit.ion, input.-chaonc:ll!lclcrwr, p.in; 
lICte'll'dri"e!" eont.role: notch-flltcr tuninr; (2), 
liZ) pedcst.a1 amplitude, and 1123 markcr 
amplitude. 

Gl.llU 

c: :~ .. : "'ront~: audio output, appn:r .......... 
1 V, for rnonitonlll; hf receiver. Rear pane. 
(8'\0 eonnecklnl): 1.onuI antcrma, hf antenna. 
ex~ input., and pcdostal, Iync, and marker 
llOU from I IZI-
'"-w ........... : lOS to 125 Of" 210 to 2.50 V, 50 
\0 60 Us., 240 W. 
""" __ ~ ..... S~I1<*'1Ope __ 
--. ~aet., llU·PI Antenna.. 
M--.: ID-iDcit rw:k-mounL 
00.-..... (.ndth. bci«hL. dept.b): ,9.7. 
18 1i in. ( 185. ISO. tiO mm). 
W .... , : Net, 121b (19.5 q); ahippin& c iO lb 
(32 k~). 

1124-Pl Antenna 
c:...... ~: 100 klla. 
............. , Approx 20 k ll. al:klU polnt.e, with 
50-0 load. 
O--'''on (width x bci«hL x depth); SSx 86. 
J~ in. (148O. 2200.00 mm). 

I +Priu 
De.criJ14itm i ... USA. 

1124 I.Kei...... s:nso.oo 112'-9701 

PARALLEL-STORAGE UNIT FOR THE 
SYNCRONOMETER 

In the f.'xperilllf'rlll'T article illtro­
duc-itlg the Tnt; 112:1 SyncronomcterJli} 
digital time comparaLor,l we said, "Xu 
('ommen'ial equipml'nt presently avail· 
ablc ("an accept. lilU(' rwilling!; tl.'i fa..-;t. ILl! 

the comparator (·an supply thl'm. H('­
quirt'd is a pamllelo.('lItry storage I1'gls­

ler with :~ (·:lpm·ity of 11 four-bit 
biliary words. The register must a('("('pL 

, I). o .• "."~<. It. II" •• .. "k.··.\ N .... \PI'",.d, w )'p''''''''''' Ti_ ;\1_ .......... 100.·· 0.--...1 HAd .. f:z,..... 
__ •• ·~,tu&r7.\I~b IIHj~. 

and store the data from the dock in 
a lime wcll undcr oj microseconds." We 
{'an now drop the oLhcr shoe, by an­
nouncing the IIvail:l.bility of the TyJ'}: 
112;} Paralle\-,.I)tomge l lnit. 

Thl' Syncronolllclcr, it. may be re­
ealled, is c,,~nti:llly a prceisc ficcumub· 
tor of time in I()...microsceond incre­
ments. Fe<'(\ing SlIeil faslr-cllanging data 1""'\ 

to auxiliary data·h:mdling equipment 
prc~ntS:l1l ol)vioU/I prohlem: .' Iost such 
(·qui pmcnt (printers, tape punchcs, eLc) 
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can't keep up with t.he SyncronomcLcr, 
and the SyncrooomeLer can't be inter­
rupted (or inLerrogn.t.ion_ E.nLer the 
paralJcl-sLoragc unit.. which accepts t.he 
Lime--oC-day informaLion to IO-~ 
resolution - from t.he Syncrollomctcr 
in 2 miCf'08CCOI'ldrs_ 0 11 command from 
an cxi.cmru sou.rec, the ulli t. displays 
tbe d1\t.a on &ll in-line digit:lI readout 
and simultaneougly presents it in 1-24--8 
BCD form (tbus only the 1-2-<t-8 versioll 
oC the SyncronomeLer can be used here)_ 
Inhibit circuits, controlled either inter-

,..... nally or by an external devi(:c, arc in­
corpomted to prevent. sLomgc while 
clock dat...'l arc changi ng or while the 
storage-unit's output is being used. 

The 1125 Pnr'.lUel-Stomgc Uu it is an 
aU-soIid-staLe instrument containing II 
(our-bit storage regislcrs, 11 indicat.or 
circuits, and command :1IId inhibit. pro­
gram circuits. [n normal opemtion, the 
unit receives data input ILnd l~ tOO-kllz 
inhibit signal from tbe SYllcrollometer, 
by way of cables supplied with the 
storage unit. These connections, as well 
118 the command connection, the data 
output connection, and ot her connec­
tions provided for speciali7.cd systems 
npplicutions, are made at the reM 
panel , leaving only tbc power switch, 

.. IIU 
,-~ --- -

March,1968 

--
indicator bngblness control, and indica­
tors on the front. 01 the instrument. 
Syst_ lking the 11 2S 

T he simplest system using Lhe storage 
unit. includes an 1123 Syncronomelcr 
digit.al time comparutor (drivcn by a 
rrequency sLandard such as CR's 
II L~) llnd the 112;;. This sysl.cm. 
shown in Figure I, stores Li me to a 
I"COOluLion of 10 ~ each time Ii new 
"sLom" command is roecivcd at. its 
inpuL. Sloragc or data is aut.omatically 
timed by mea.ns of the I~k ll :l inhibit. 
sigmd to avoid tr:l ll~itions or the count.­
IIlg registers in the SYllcronomelcr. 
Ston..-d dat.a are displayed 011 the storage 
unit.'s II indjcnt.ors, cbanging only when 
new dat:l are ~tored. 

Better usc of t.he system ClUJ bc made 
with the addition of a dl1~ printer such 
ns GR's Tyl'~: 1137 (Figure 2), which 
makes a permancnt. record of time in· 
formfltion immediately after it. is stored. 
The only connection required is made 
by a single cable bet.weeo the 112;; and 
the Ila7. In thjs appliclltion, the stor­
age unit.·s intcrnally gcncmted print 
command and inhibit. signals would be 
used to control the pri nter and to 
prevent st.oragc or DCW dllt.'l while the 
printer is operJ.ting. If thc thrcn--linc-

f-"'-UI "l~ GIIlur 
"'~&U.t:L-tfOll"'[ 

I .. hll-~ ' .. H, 

'TAlOn...., ~'" ilCD 1-2- . -1! IDO .... lINII I"''''' . 0.0,& .... 'NI(J! 

- flg""1 1. Ad.Ilt1ln If clolo prillt ... grloHV IncrI."1 ... ,,',,,In,U . , 'V'I,'" III ",.nv 
appllcatl.n, _ 
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the[;]Experirnente r 

~ liZ' 
... unn'STOIIoGl 

GII.,,·c 
,.(~~O 

IT.~O.IICI OOO ' ~' ~~" L-_-1---

FI.",o :I. Two Ot moto POtoUol.lloto,o unlll con ... cou oded 10 " 0<1 "me dolo 
o"I,,'ng 100 fool fOt .ho prlnl ... 

per·second print rnte of the standard 
1137 printer is not fast enough, models 
with speeds up to 20 lines per second 
llre avai lable commercia lly. 

If the events to be timed oceur too 
closely together to be recordNI by even 
a hip;h-.. pc('d printcr, another s)"!"tcrn is 
called for , in which two or more storagc 
units nre cllllcaded (Figure 3) to hold 
the time information until it can be 
transferred to the printer. The first 

time data nrc stored in unit I, thcn 
immediately tramJerrcd to unit 2. 
The first unit will then be ready to 
a('{'ept new data in only 20 ,us, rather 
than having to wait for It 5-ms or 
longer prin t cycle. 

Xumrrous ,·nriations of serial or 
pn r~\lIe l combinations of storage units 
nre possible, and inquiries for special 
sy!slcms nre invited. 

- D. O. FISHER 

SPECIFICATIONS 
TR"NSFU CH"R"CTE'UST ICS 
CopocITy : II dcdrnal dilti18 ( II hil.8) pam11l'l· 
entr~' jllrn·transfl"t; IO-"a resolution. 
T,onl'o, Tim" 2 "s aplltOx, for UI) to 8-ft data 
rabies. 
Mod .. Data are atored until next atate com· 
mand. 
IN,UT 
Doto : I·line HCD, 1·2·\· .. S; fully camllntible 
with uutput. of 1·2··1·8 versions of G n 112:1 time 
oompllrntor. 
Slo.O Command , 1'0000itivl" or nCj1!ntivt' tranaitiotl 
(B"it('h+&'h'c-tro) betll'N'n 0 and Ilt !l"lIst +5 ". 
Inllul impedallN' > 100 kll, d(' ('()upl('(1. 
Inh ibIt Signal (frnm \12:1); Inhibits tn.tll!£l"r while 
injJUt datlllll'f' l"hnngini: 
Inh ibit SIgnal (internal I)r l"xtl'rnnl): I nhihi18 
tmll~fl.r "hill' aWrt"<i dll\3 nre r(,lId b,l· oUl!>lIt 
E'quillllll"ll\. Inh:·rnlll inhi"it is E'qua! in dUrlltiun 
to print ("\,mmaml (!Il"I' 1)('I"w). F:'tl{'rnal inhibit 
1'1I!;n1l1 rlln l>t'III1'el'Il<"t' IIf dther 0 fir nt lelll!t +5 
,. (lI"i lrh .. lI{'ll'('tl'd); input itnll('(llHlce > 100 
kn, de coupl('O'1. 
OUT,Ut 
Ooto : I-line urn, 1 .. 2·1-8 "·ilh Gil 1123. 
tog lc le~ol" 

" I" - +10r 
"0" - 0" 

OulpUI Impodone" Approx u.S kll lit logic " 1," 
IIpptOX 12 kll nt logic ·'0." 

' rlnl Commond , PullWl of + 15 V behind 5 kn, 
dllflliion ndjll8t.'1ble 20 rna to 0 .5 8; !let initinlly 
for Ulle with (m 113i Data Printer. 
Oolo .Ready Signol : Puille of +15 V behind 5 kn, 
50·,,! dumtion, OCCUnt \0 ,,8 Afte r transfe r ia 
cotnpletl'<i. 
Roadoul , I I in·line digital indicntont. Indicate! 
10', of hOl111l through 101'3. 
GENER" l 
'OW" Roqul . ed: 00 to 130 or ISO to 200 V, 
50 10 00 Ih, 25 W. 
"cuno,l .. S"ppUed, nata and inhibit 'ignAI 
('llhtMi for oonneetiall to Oil 1123, autput dsta 
('{)nnl'('tor, p'{)Wer oord, SI)II!'tl fUlles, mounling 
hardware with rsck model5. 
".u .. o. l.. ... .. olloblo: Gil II :n Data !'rinler 
IIlul other digl18t-datA Ilt::quisition irurlrumenlll. 
Mounllng: Hllck·bench cabinet. 
Dlmonllono ( .. idth x height x depth): Bench, 
19 x;j1 x 17 in. (185 x !)IJ x 13S mOl); rack, 
HI x 312 X UP. in ( ISS x 89 x 1251010). 
Weight: :'\'ct, 23 1i Ib (II kg); ahipping,15 Ib 
(20 kg). 

riUaiog Pritt 
."Iwlblr /)ucriplion ill US,I 

1115 ' o.ollol·Sto,o,o 
UnIT 

1125_9801 Bench Model $1600.00 
"25·981 I Ito,k Mod.1 2600.00 

, 

...... 

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



M are h . 1968 

r HIGHER PERFORMANCE FOR THE 1115 FREQUENCY STANDARD 
The time/frequency s,ytitems dc­

scribcc.l in the preceding articles, like 
nll other time and frequenty measuring 
sYl:ilems, are only as good flS the loc:l1 
frcquem'y standards driving them, The 
ilvailabililY of n new, fast-stabi lizing 
crystal has enabled General n adio 
again to upgrade the perfornuUlce of its 
11 15 piezoelectric frequency standard.' 
Aging specifications nrc now less than 
5 X 10-" per day after three days 

(formerly 30 days) of operation, less 
than I X 10-" per day, typically , 
ufter six montltg (formerly a yenr), 

Like it,. predecessor, the new StUIl­
dard has outputs at 5 lind I ;\1 Hz find 
100 kHz, excellent spectral purity, and 
n huill.-in nichl cadmium battery thnt 
:lutomatieally takes over for up to 35 
hours in the evcnt of power-line failu re. 

'II. ", S..,.t.-l'I\~yr •. "T .. ~ .. 111.1-11 SIAf>,!ud·Y_lutnty 
Cho:i1lalo.,'· GnwnIl H ..... E~"... __ • June 111(,4. 

C""",,, 
Number Dump/itm i'l US,t -1 

Priu 

'115.9803 
1115·9813 

l115 · C St"nd" rd _f' . qu . ... yCO~,-,C"'C.C,.-, ( .... 'hi 
1l1S_C St" .. cI",d_f .. qu. n. y Ou ill,,'''' (R"ck) 

- -7" ::-'00.00 
1' 00 ,00 

THE AUTOMATIC BRIDGE AS A CATE 
COMPONENT 

GR's T n E IG80 Automatic Capa­
citance Bridge und a digitnl computer 
nrc nntural companions, frequelltly 
used in combination to perform meas­
urement tasks that. would htlxe been 
unlhinktLble a few yenrs ago .. \ s nil 
imprcs.:.i\'c example, take the CA T E 
(Computer-controlled and Automated 
Test Equipmcnt) system u.sed by The 
Plessey Co.'s Produrt.. \ sscssment Ll.lbo­
ratories Ilt T itchfield , Engi:md. 

The complete sy~tem, shown on (he 
COW'r, i~ designed primarily to SU I>­
port reliability I rials on thill-film com­
ponent!l, resistive and cap:acith·e. T he 
1680 i8 used to measure the I'npacitors. 
These nre uluminlllll-~ilieOIl monoxide 
clements deposited on n gla~s sub"l ratl', 
two elemt'nts per su h,-tratc . Cl.lpa­
eitnlltc \,[dues range from 100 to 
10.000 pl-'. 

I"" LInder n long-term-relinbility trittl, 
2000 of these clements nrc stored at tt ll 
umbient temperature of 70"C, with 

maximum ruted de \'oltage a pplied. 
I'eriodit:nlly during the relinbility trinls 
the components lire removed from the 
test em'ironment for measurement Ull­

der standard conditions at 2O"C. Ca­
pacitors lire connected to CATE in 
groups of 100 nt a time: \·ia multiway 
rnininl\ll'c coaxial connectors, which :~re 
ill turn linked to a lOO-channel scalilier 
at t he input to the 1680. 

The eom pulCf, a Digital Equipment 
PDP-S , performs severnl functions: It. 
eout ro):; lhe over-nil sequence of opera­
tions, it commands the s(,unner (0 select 
the next ciulIlllel, it recognizes the end 
of fi measurement and transfers o)C:1S­
ured dal:1 to ('ore ~tornge, it c!ills up 
subrou tincs to process input data , and 
it fe('ds data to a typewritcr and tape 
punch. 

The H{'D output from the 1680 is 
ndapted io tht' PDP-S by n 8pecinl 
intl'rf:1('('. T he !leD digits nrc tmn~ft'rred 
lo ('ore in IZ-hiL words, each word 
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the l. iExperirnenle r 

.", 
eont.aininr; throe di~t.a. The transfer 
of all display and range data requires 70 
control instructions from the computer. 
Stored lieu digits can be dccoded and 
converted to eqUivalent. binary words, 
t.he capacitancc and conductance vnlu~ 
being asacmbled Into double-predslOn 
binary numocrs. The time reqUired for 
uansler and con version is less than I;W 
rrucroaeconds. 

The simplC8t. program trnnsfers data 
directly from the 1680 to the telet.ype­
writer, producing a printed nutput and 
an cquivall'nt punched tape. CATE cnn 
ensily lUUldlc more complex functions. 
It can, for instance, check values 

against preset limits &nd indicate out­
of-tolernnce results by, 8:1y, a typewrit­
tcn nstens.k. Or it ClUJ accumulate 
SC<luenlinl measured values and crueu­
late mean and stnndard deviations of 
pammetcr distributions. Or it can com­
pare measured datA with earlier dals 
!ltorcd 011 paper tape, calculating per­
("Cntnge ['hange. Sim."C CATI'~ also in­
c1ud<"S a tcmpernture-measuring digitaJ 
voltmeter, tempcrnture coeJlicients can 
be calculated from ['hnngcs in CSp:L­

citance and temperature. 

... d, ...... I ...... ... , We are indebted to Mr. 
nnall 11. . ,\lair of The I'It!aey Company Ltd. 
for \hc informAlioll pre;tenlcd above. 

MAKING THE 1602 AND 1607 BRIDGES DIRECT· 
READING BElOW 40 MHz 

The susceptance Slandard supplied 
with the TYI'); 1002-B Irnmittll.nce 
Ilridge nnd with the Tn>l: 1007-A 
Tmnsfcr-Fullction and lmmitt.ancc 
Bridb'C is enlihratcd down to 10 1\1117.; 
below this frequency a correction is 
re<luirctl if the bridge is to be direct­
reading. 

10 

Either bridge can be made direct­
reading i)('Iow 10 :'\llIz by the ~implc 
addition of Il tee nlld a "nrillblc C:1II:I(,i. 

tor betWC'{'1I the suS('cptalH'l' !o;t:\Ildllrd 
and the bridge. The Si l-VCL \ 'ariabl(> 
Capat'itor (11-70 pI') lllld t he 87-1-'1' 1. 

ADDENDUM 

In "I)n'('i~ioll C'aplicilalll'C :\1 (':L-;Ure-
1ll('lIl)! with :l ~Iottcd Linc" (A'xpal­
II/udrr, N'ptl'ml)('r 1!}li7), tilt' l''Iliation 
ror ('~ ,:!;iwll 011 page 11 may nol he 
cntirely sUltahlc at the higher frt'quclI­
('Irs. The following, mor(' cx:U't cquation 
is now recommended: 

Tee arc ideal for the purpose; an 874-
:\1 L Component ,\lOlillt. fitted with lL 

low-loss variable capacitor or 11 fixed 
silver-micn capucitor, plus all 874-TL 
Tee, can also be used. The extra 
capacitance nC(!(led call also be supplied 
by all 874-L Air Line inserted between 
the susceptance standard a nd the 
bridge. 

.\£ter these cOlll l>Ollents arc con­
nected, capacitance is adjusted in ae­
cord:uwe with the instruction book for 
the 1602- B (SN,tioll 3.1) or the 1607-A 
(sections :U .3.2 or 3.\.8.3). 

C
r 

= _ 11.072 X 1()1 _ 
f'; I. (w) tan 11.G 1799-10 .... /1.; I-,(w) I 

where f is frequency in hertz 
lis sloll('(I·line I>osition in metcrs 
/.(w) is lilottoo-linc inductance 
per unit Irllp;th, in nil / cOl 
and thc argumcnt of the t..'-mgent 
is ill radians. 

,.... 
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KEEPING COAXIAL CONNECTORS CLEAN 

In an increasingly polluted em'iron­
ment, it seems that, clcanliness is next 
to imp<k'_~ible. It is nlso next to essential 
ill precision microwo.\'c measurements, 
where n little dirt and grime on n 
connector contact surface cnn introdu ce 
significant error. With a connector as 

ROTATABLE GR90o'~ CONNECTIONS 

The gear teeth on a G R900~ preci­
sion eoa:dal connector enll occasionnlly 
present n problem in alignment. If, for 
example. GR900 connectors on two 
large pieces of equipment arc to be 

r mated, the teeth 011 the LWO connectors 
may be oriented so as to pre\'cnt COIl­

nection. 

CHOKE FOR VARIAC· 

AUTOTRANSFORM ERS 

The W')()· P 1 Choke is designed 1.0 

eliminate circulating currents in paral­
lel-connectcd \ 'ariacll autotrnnsform-

carefully designed and made as t be 
GROCO, anti-dirt warfare is especially 
important. The best weapon is n T YPE 

9OO-TOC Conneetor Cleaning « it, 
which in cludes a 16-oullce spray can of 
Freon TF ~oh-ent, t.wo nylon brushes, 
a pipette, cloth patches, and an Allen 
wrench. 

Where thia problem exists, one an­
swe r is t he new 9OO-PIOfR Panel 
:\l oullting J\: it, which adapts standard 
GHOOO connectors for panel mOlln ting 
and which includes a rotatable gear 
ring. An othcr is a rotatable centering 
ring (Catalog X o. 0000-9499) that 
replaces the ring on a standard G R900 
connector. 

crs. The new choke cnn carry up to 60 
amperes of load current and thus can 
hundle a parallel pair of allY size Variac. 
Additionnl chokes can be uscd for 
parnllel connections of more than two 
autotr:Ulsformers. 

Catalog 
SllmkT Denriptwn 

0900.961 0'-+ ---C,c, c,.c,coc,c ,c,-• • -"-:,C",::::,""C:::C 

Priu 
in US.4 

0900·9500 900. PKMR P"n. 1 M" .. n' lnll KII, lI:olo,obl. 
0900·9499 C.",.,I"" RI",. Ro'globl. 
3150·5016 WSO·PI Ch,," 

Experimenter Index 

S 7.50 
20.00 
1.5.00 
16.00 

, \11 ind('x to the Experime1ltcr for the ycar 196, is now available 011 

rcquc:st. Write to Editor, General Radio E:a:perimetlter, Ceneral Radio 
Com pany, West Concord, :\ lass. 01 781. 
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GENERAL RADIO COMPANY 
W EST CON CORD, MA SSACHU S ETTS 01781 

SALES AND SERVICE 

A,., 
Albuquerque 

' Boston 

' Ch,cago 

Cleveland 

Bridgeport 

' Dallas 

Dayton 

Denver 

DetrOit 

Houston 

Huntsville 

Indianapolis 

' Los Angeles 

Montreal 

New Haven 

' New York 

,-
505255·0611 

617646-0550 

312992·0800 

2 16886·01 50 

203377·0 165 

21 4 ME7·2240 

5 13 434·6979 

303 44 7·9225 

313261· 1750 

7 13622·7007 

205883·2077 

3 17636·3907 

2 13 469·6201 

5 14 737·367 3 

203377·0165 

( NY) 2 12 964·2722 

(NJ) 201 943·3 140 

Orlando 30 5 425·467 1 

Ottawa 6 13 233·4237 

Phlladetphla 2 15 646·8030 

San DIego 71 4 232·272 7 

San FrancIsco 41 5948·8233 

Seattle 206 GL4·7545 

Syracuse 3 15 454·9323 

' Toronto 416247·2 17 1 

' Washington/ Baltimore 301 946· 1600 

GENERAL RAOIO COM PA N Y (OVIl!RS Il!"' . ) 
C H 803. Zuric" 3 • . Sw lt:< .~I.na 

GENERAL RAOIO GM BH 
011 M Unc"." 110 . w •• , G.' .... n~ 

GENERAL RAOIO COMPAN Y (U . K .) LIMITeo 
eo ...... . e n a a .. c k ' n ''' . ...... ,"'. e:n,'.na 

R EPR ESENT ... T IVe:8 'N P"UN C'P ... L 
O V e:RS e: ... S COU N TRIe:S . , 

" . , i 
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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


	March 1968 p01
	March 1968 p02
	March 1968 p03
	March 1968 p04
	March 1968 p05
	March 1968 p06
	March 1968 p07
	March 1968 p08
	March 1968 p09
	March 1968 p10
	March 1968 p11
	March 1968 p12

