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CAPAC TANCE 

STANDARDS 

WITH PRECISION 

CONNECTORS 

ne of he hi f probl m in h ali­

bration f wo-terminal capaci n 

tandard ha b n th aria i n in 

fr m binding-

"> conne ion o ignifi an 

1mprovem nt in thi ar a h  t w it 

he dev lopmen f a coaxial conn ctor 

wi h high rep a ility ]m indu ta 1 
and p:re i ely kn ' n ref r n e pl e. 

"'or unat ly, u ·h onn tor re no 

availabl a d they put to g o 
u on th ne\Y TYPE 

tandard 

pa i nee 

The pr oaxial onnector ha 

made it r p ation on i 1 ' WR 
in he gigah rtz region, and few if any 

microwa e s an rd laborat ri 

now wi ho nefit of he e onnec 

The well justifi d at ention 

charac eri tic ha tended o obscur 

the fact hat h prec1 i n axi 1 
connector is al pm erful tool a 

radio frequencie a1 d all he way do n 

dc.1 

The introduc ion of h T PE 
140 axial apa i an e tandard , 

quipped wi h 

axial onn e tor 

R 00 pr i im o-
, tenti n on 

onnector at low h u 
freq uenci a vailab e in fi e 

alue from -o t p � , w uld be a 

od tandar capa ·itor e n with 
r inary ·onn r. . \Vith he highly 

rep at ble l ,..,·-induc n · 00, it 

off r p rfor1nance n r befor com-

m r ially av· ilablc a r n i 
Th i nific n of th ,pr 

n tor on h tandard capa r-

re ching. he ational f 

andard will no l nger 

capacitor with binding post or other 

un hi lded ermin l 2; he Bur au ur­

her ta e 3 tha ma imum alibra ion 

n ar .4 

e off r only w h n he 

equipp d i h preci ion 

c ors m ing the IEE � 

• R. N. Jon s and L. E. Hunt! y, "Pr ci ion oaxial 
Connrct.or in Lumped Parame r lmmittance l\'l a.sure­
ment," Proceedin{Ja of llie IEEE, Vol 55 No. 6, June 
19 7. 
t F d ral Regi wr, ol 32, No. 1.5, 24 January, l 67. 
1 R. . Jon nd R. L. J h, H1.gh Frequency l1nmit­
tant Calibration t:rTJicea of thtJ ational Bureau of Stand­
ard.,, U. . epartmen of Commerce, �ational Bureau of 

tandar s. tober l, 1965. 
• . "'· Fa um "Pr gress R port of the. IEEE In tru­
ment&tion nd fea urement roup 'r chnic I ub­
commit e on P"" ision Coaxial onn to , " IEEE 
Tranaaction& on fnstru-memation and ;)fea.aurement, ol. 
IM-13 No. 4, December 1964. 
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4 

the!;] Experimenter 

l'ISTRUl--'ENT 
figure 1. O pen GR900 precision coaxial 
connector showi n g  f1rin,9ing capac i tanc (Cf) . 

,. h 
n 
and. Two­

dard ar 
b 

on' m an 
qu t v ria i n in th 
add o cliff r nt in 

am 
R90 

tor for the termin· 1 

n f he 

e ·tan­
f 

The t r h pr 
apa 1 an an 

th in ern 1 

Wh n a cap citor with a 0 con· 
ne or i add d to nnect r, 

he frir 1n liminated, 
nd h n in -rea e in apacitance 

h value of th capaci or as 
me 
he 

Th 

an 
mad 

e 
wi h a 

r f ren e pl n n1inu 
frin in capac1 ance. 

i ance of a 0 

kn "''n pr c1 

1 w 

p lll 0 
1' igur 
I-kHz 

ver-all indu , anc 
ha 

n y l n 
rtz 

of he 
p l­

g1igibl 
( 

h 

r ci­
useful 

p lll 
iff r 

x­
ard 

lan . i 

c 

r on an m­
e 

ray 
plane. 

t John . Her"!'<h, "A Close Look e. Connection Error in 
Capacitanc � !easurernent.s," Genin-al Radio Exp riment.eT, 
July 195 . 

ne tor 1 d 
wh re in 

thing is a preci ion adaptor and two 
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"::jgure 2 .  Ty pical perce nt i n c rease 10 

m capacitance of Type 1406 .,-
Coaxial Capacitance Standards 5 
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Figure 3. Type 16 1 S-P2 Coaxial A daptor. 

of he e have b en d i(J'n d pecifically 
f r u with bri s. One he TY PE 
1615- 2 (Figure 3), is u d wi1 h the 

.013 , 1-kliz TYPE 1615- apac1-
tan ·e Bri g . , trimm r a.pa ·i or is 

included o that the termina capac1-
tan n effecLively elimina ed 
from he mea urem n . 

Th TYPE 900-Q9 tl ptor (Figure 
4) ma e wj b bin ing p , on �-inch 
spacing, such a ar u d on he GR 716 

apac 1 anc Bridges, with other po t 

wi h a %'-- thread or with tappe 
hole , on �-to-1-in h pacinO'. Among 
th many in truments accommodated 
are the Boonton Radio TY·PE 2 OA 
Q ).11 r and he Boonton Ele tronic 
l\1odel 75 · ap ... itan Bri g . 

Description 

The air •apacitor in the YPE 1406 

Standard i a ri id as embly of parallel 
plate mounted in a hi ld d cylin rical 
enclosur 1 "·ith a 0 pre is1on con­
nector providing he terminal . {etal 
part ar aluminum to minimize tre ·e 

au ed by iff erenc in thermal ex­
pan ion. Th capacitor pla e a em ly 
i in ulntetl from th m unting plate 
by cro s-hnk d thermo t polystyrene 
insulatorst tr atcd to reduce the eff cts 
of humidity. The hea y cover lat is 
thre ded to s re · into he cylin<l rical 
hou ing; the resulting rigid a embly 

5 
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the [;]Experimenter 

e iminate mechani al in ·tabilitie tha 

, ould cn.u c mall variati n · in ca­
pacitan · . 

Calibration 
cali ration c r ifi a e uppli d 

with en h cupa ·itor giv s th mea, ur d 
v lu of cap citance < 1 kHz, th t rn­
peratur and r 1 ,tiv humidi at the 

ti1ne of me sur m t and he calcu-
1 t d ff ·tiv apa ·itan of th uru 

z. The 1 - k z capa i ance ap­
plies at the w 11 defined r f e:renc plan 

of the R9 onn tor and it i ob-

ai ned y ompar1 n with rking 

tand rd wh ab lu a.lu , re 
known to wi hin ±0.01 perc n . Th 
working tandard · are in turn cali­

bra 'd p riodicnJly again t -cali­
brated reference tan dards. 

The 1- '1 z alu of apacitance is 
calcula d from he men ur d low-

frequen y capaci he kno n 
in an f h a� a ·i or. f on-

id ra le importan e is the fact that ,. 

due o h low indu lane and the 
rugg d on ruction of h tandar , 

any change m 1 1- f z capacit nc 

v lu will ' mpani d y a pro­
por ionul chan ge in 1-kHz capa i­
tan e alu . Thu a tandard can, for 
example be B -calibra ed a 1 i\11-Iz, 

and hi high-fr quen y alu can 
thereaf er b mon1tored y m an f 

periodi 1-kHz mea urem.en 

-R. w. ORR 
ri f i graphy of :V!r. Orr app ar d in th 

� ugust 1966 Exp r·imenter. 

SPECIFICA I 0 NS 

Stability: Th c pacitaoc change is 
0. 5%/y ar. 
Accuracy: Capacitance is adjusted to within 0.1 0 of nominal value .. 
Residual Paramet.ers: • tabl b low. Di ipa.­
ti n fac r i gi v n for 40 0 RH and v ri as 

atalog Noniinal Pak 
Number Typ Capadtan Volts 
1406-970 1406-A 1000 pF 700 
T 406-9702 14106-B 500 pF 900 
1406-9703 1406-C 200 pF 1200 
1406-9704 140·6-D 100 pF 1500 
1406-9705 1406- E 50 pf 1500 

the 3/2 p w r of fr quency abov about 100 
kHz. 
ln$U(atiion1 Resistanc;e: reater tha.n lQll? n at 
23°C and l s.s than 50 0 RH. 
Temperature Coefficien1 of Capac.Hance: T pically 
10 to 20 pipm/0 bctw 20 and 70° . 
Ac·cessorles Available: TY 1 15-P2 f r con-
y i n in c Libre.ting wi h 1615- · apaci­
tance Brid · TY e" OO-Q9 daptor fo:r con­
n ction t ;R 716 Capacitanc Bridg , Boon­
ton 0.1 ter,. and oth r binding-post-equipped 
instrum nt.s. 
Terminali GR900 preci ion coa.xial connector. 
Moun ing: umi um pane] and cylindrical 
ca e. 
Dimensions: 3 by 5� in. (77 by 135 mm). 
Weigh1: Net, 1 � lb (0. kg); shipping (. t) 
5 lb (2.3 kg). 

Typical Dissipation 
Factor 1 kHz . Typical Price (40% RH) 1 lifHz Indu tance in SA 

3 x 10-6 50 x lo-6 8.6 nH $120.00 

5 x 10-9 30 x 10-G 8.4 nH 115.'00 

20X10-6 25 x l Q-6 8.1 nH 110.00 

30 x 10-6 20 x 10-<i 7.6 nH 105.00 

50 x lo-6 15 x 10-6 .6.7 nH 100.QQ. 

1615-9602 16 15-P2 Coax'al Adapt.or, GR900 to binding post 60.00 

0900-9•874 900-Q•9 Co axial A daptor, GR900 to binding post 50.00 
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COAXIAL-
C01 NECTION 
CAPABILITY ADDED 
TO RF BRIDGE 

Th n w 'IYPE 1 -B RF Bri 

I) cliff i· from i pre e or 

imple but important fa t tha 
i unkl own ' t rminal ·an be 
quickly and ea. ily conv rt d o a p 

a GR9 oID preci ion coaxial connector. 
Thi m an ha the bridge can be pre­
ci ion-c'" librated a(Tain R 0 m-

p nen r ., ain he TYPE 140 
o xial Ca.pacitan e tandard de-

crib d el wh r in thi i u . I al o 
mean tha ompo nt and network 

ipp d wi h 
a ura ely m a m·ed on h bridge. 

l\iore , er almo any p of oaxial 
onne tor ca.n b onne d t he 

erminal throu h one of the 

m ny R 00 daptor av ilable. 
To revi w th principal charac r­

i ic · of the 1 0 R BridCT : R si anc 

and r ctanc ar 

made by ri - i u ion me h 
in whi h h bridge i fir t balanc d 

wi h i un known t rminal hort­

circuited, then balanced with the un­
kno\vn impedance connec d. inc i s 

figure 1. Type 1606-B RF !Bridge. lniet lihows 
GR900� a.daptor In place. 

m r due i n th bridg ha b n v ry 

w1 ly u in rf m a uremen on 
an en a tra1 "'mi 

and component . 

Conversion for Coaxio I Connection 

The TYPE 16 6-P2 Preci ion Coaxial 
Adaptor IG (Fi(Tur 2) con rt· the 

TYPE l 0 -B RI< Bridg ei her o the 
tandard R 0 configuraiti n or o a 

14- m fiang onn cti n. In a dition 

o h n e ary 900 and flange 
connector hardware, the ki include 

oth GR and GR 74 50-ohm com-
p n tino- line for mat ·hino- out th 

brid e erminal capuci unce. 

Wi h the GR 00 adap or in place, the 
bridg can b qui kly COff\ er d for u 

wi h ny of he popular coaxial con­

nector , via R prec· ion adaptors. 

\ i h h 74 - -ohm omp n a.ting 

lin in place he exten i e line of 

GR - a 'ap or i' add d o the com­
pa i ili li. . Th many •onn c ion 

po sibilities ar given in T ble 1. 
Th mot preci e mea uremen can 

be perform d with h dir c R900 

conn tion. In his ca e the unknown i 

7 
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the [;]Experimenter 

figure 2. Type 1 606-P2 Precbion Coaxia,f. 
A,daptor Kit. 

a mbl d ri h a GR900 onne tor 

for the direct mea urement on he 

bridge. 

Precise Bridge Calibration 

Perhap the mo t important ad­

antage of he pr ision coaxial con­

n tor i tha it er e a the e ential 

link between the bridge and the mo t 

ccurate availa 1 ali ration tand-

ard , including new coaxi I capacitance 
standards (see page 3) acceptable for 

alibration by the T ational Bureau of 

tandard . 

With the oaxial connection, a pre-

1 10 Jibration i a quick and ea y 

ma ter. The bridg i balan d vi th he 

GR900 adaptor (fr m the 1 06-P2 ki ) 
in place and with the tandard con­

nec ed to i . Then if the bridge is to be 

used without th GR90 daptor, he 

knm n capaci ance of he adap or js 

ub r t d out. In addi ion, the 1606-P2 

ki contain a pa r leeve tha can b 
added t dupli ate the GR900 adaptqr 

capn.ci ance in open-t rminal measure­

men s (e.g., me urem.ents where non-

TABLE I 
Adaptors from 1606-B Bridge (with 

1606-P2 K"t) to Various Coaxial Systems 

Connector Through Through 
on nknown GR900* GR874** 

APC-7 (7mm ) 
BNC JACK 
BNC PLUG 
BRM JACK 
BRM PLUG 
C JACK 
C PLUG 
Dezifix 
GR874 
HN JACK 
HN PlUG 
LC JACK 
LC PLUG 
LT JACK 
LT PLUG 
Microdot JACK 
Microdot PLUG 

900 QAP7 
900-QBP 
900-QBJ 
900-QMMP 
900-QMMJ 
900-QCP 
900-QCJ 
900-QPF7 
874-Q900L 

OSMt JACK 900-QMMP 
OSMt PLUG 900-QMMJ 
Precifix A 900-QPF7 
SC JACK 900-QSCP 
SC PLUG 900-QSCJ 
TNC JACK 900-QTN P 
TNC PLUG 900,-QTN J 
UHF JACK 
UHF PLUG 

874-QAP7l 
874-QBPA 
874-QBJL 
8.74-QMMPL 
874-QMMJL 
874-QCP 
874-QCJL 

874-QHPA 
874-QHJA 
874-QlPA 
874-QlJA 
874-QLTP 
874-QLT J 
874-QMDP 
874-QMDJL 
874-QMMPL 
874-QMMJ 

874-QSCP 
874-QSCJL 
874-QTNP 
874-QTNJl 
874-QUP 
874-QUJL 

* For 50-ohm compensation, add 1606-3060 un.it. up-plied 
with 1606-P2 kit. 
**For 50-obm compen tion, a.dd 1605--3070 unit, sup­
plied with 1606-P2 kit. Otbern.fiee, add 874-Q900L 
a.de.pt.or. t Registered tradema.rk or Omni Spectra, Inc. 

coaxial componen s Gr connected di­
rec ly o he bridge). 

An al rnative practice is to leave 

th G R900 adaptor in place and t add 

to i a 900-Q adap or, whj h converts 

from G R900 to binding posts. The 

para i ic jnductance and capa itance 

values are furni h d with this adap or. 

ome of he many tandar that 

can used to calibrat the bridge are 

li ted in Ta le 2.  

-J. ZoRzY 
A brief biography of r. Zorzy appear din the 
Augu t 1966 Erperimenter. 
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TABLE 2 
GR900-Equipped Standards 

Capadtance 
1406-A Coaxial 

Capacitance Standard 
406-B Coaxial 

Capacitance Standard 
1406-C Coaxial 

Capacitance Standard 
l 406-D Coaxial 

Capacitance Standard 
1406-E Coaxial 

Capacitance Standard 
900-L l 0 Precision Ai'r Line 
900-L 15 Precision Air Line 
900-L30 Precision Air Line 
900-LZS Reference Air Line 

1000 pf 

500 pf 

200 pf 

100 pF 

50 pf 

6.6 pf 
10 pF 

20 pf 
3.3333 pf 

4.0000 pF 
5.0000 pf 
6.6667 pf 

900-LZ6 Reference Air Line 
900-LZ7H ,Reference Air line 
900- LZ l 0 Reference Air Line 
900-LZl 5 Reference Air Line 
900-LZ30 Reference Air line 
900-W04 Open-Circuit 

10.000 pf 
20.000 pf 

2.67 pf 
Termination 

Resistance 
900-W 50 Standard Termination 
900-WlOO Standard Termination 
900-W200 Standard Termination 
900-WRl 10 Standard Mismatch 
900-WRl 20 Standard Mismatch 
900-WR150 Standard Mismatch 

50 n 
100 n 

200 Q 
45.45 n 
41.67 n 
33.33 n 

SPECIFICATIONS 
RANGES OF MEA S U REMENT 

Frequency: 400 kHz to 60 ati fa tory 
but mew ha le s accur op rat ion can e 
o tained at fl' qu nci a low s 100 kHz and som what abov 60 nrz. 
Reactan ce: ±500 n at 1 �1Jlz. Thi re nge 
varies inver lv th frequ ncy; at th r fre­
qu n i s th dial r adlng must be divid d by 
the frequ<'n 'in 1Hz. 
Resistance : 0 to 1000 n. 
ACCURACY 

Reactonce: At fr qu n i up to 50 IHz, 
± 2% ±( l + 0.0 0 Rf). v.rb re R is the mea-
ured re istance in ohms and f ia the fr uency 

in MHz. 
Resistance: t fr qu nci s up to 50 i\1 z 

± [ i o + .002 r ( 1 + 1�0) 3 
10-� x J ± j +O.Hl 

(where X i th m asur d rea tance in ohms). 
ubjec o corr ction for r sidual p rame r . 

GENERAL 

Generator: Ex rnal nl (not suppli d) to 
cover desir d fr qu ncy rang . e ommend d, 
TYPE 1211-C and TYPE 1215- �nit Oscilla-

Catalog 

t r , TYP 13 -A Bridge 
1310-A cillator, 1 YPE 1003 
Gen ra r. 
Detector: E. ternal onl ( 
heterodyne det c or, TYPE I 
mended for u abov 3 l\IHz. 
radio r ceivcr i al�o at.isfa 
Accessories Supp l ied : 2 I ad of diff r n length 
to connf'c unknown impcdanc to brid�e 
terminals· 1 2-in. spacer and %'-in. crew to 
m unt om ponent t b m ur d dir ctly on 
bridge t rminal ; 87 4-R22LA Patch ord. 
Accessories Available: Lu go. -ty e carr ing 
cas , l 606-P2 Pr cisi n onxial Adaptor Kit. 

Mou n ting: W Id d aluminum cabin t. 
Dimensions (width X h igh X d pth); 12,!,1 X 9.Y2 x 10u in. (320 x 2"15 x 260 mm). 

Weight: Net, 23 lb ( 10.5 k � ), with nae, 29 lb 
(13.5 kg); shipping, 30 'lb (14 kg), with case, 
31 lb (14.5 kg). 

Specifications for 1606-P2 

Capacita nce Added : B adap Ol" to . 0 0.3 
p a r fer nc plan (l fringing capacitance); 
b Rang adaptor,' .1 pF. 
Weight : Net, 1 oz (2-0 g); sh l1pping, 12 oz. 
(340 g). 

Number D scription 
Pr-ice 

in USA 
�������1--��������-

l 606 -9702 1 606- B R- F Bridge 
1606-9601 1 606 -P 1 Lugga ge-Type Carrying ·Ca se 
1606-9602 1606-P2 Precision Coaxial Ada ptor Kil 

$1 050.00 
25.00 
95.00 

f 
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the [;]Experimenter 

PRECISIO CAPACITANCE MEASUREMENTS 

WITH A SLOTTED LINE 

The prec1 -10 lo e line n rmu lly 
wav m rum n 

m he c· paci 

m ur men t:5 are 

Re. dio in connection with 
tion of n w a, ial p .. it.. n 

ar ( ee pag :3). Ii rom the b 1c 
capacitan ·e me uremen , h li­
re onant frequency i d rmined by 
ex rapolation and h para i i m­
duct n e of th apa itor i ea ily al­
culated. ince h d partur from he 

pa ·i an e rea he l-.; p r n 
a. n -third h r ·onan frequency th 

l ot -Jin m < ur men eov .rs a v ry 
imp or an fr q n y range. 

Principle of Measurement 

Thi unu ual application of the 
lot d line re ult from the fact th 

for mall capacitive r anc , the 
minimum p ition of he lo t d-line 
pr b i re la ti vely clo e to he unknown 

erminal , in erm. of wa eleng h. In 
l umped-param r t rm he in uc-
tan · of th oaxi l l 10n i 
generally gr a en ough to r nat he 

apacitor being m a ured . The sl ted-

E 

1.68:50 

1.6820 

1.6810 

� 1.6600 
x 

\. 
I\. 

'\. 
' 

' 

line probe , in h a ive n hav 
lik an udju able hort- ·ircuiting \Vi r 

who e po i i n along th line orre-

pond to e min im um of th voltao-
, andinu-wa v pa tern . Th lo ed line 
.hu � act a precision variable in-

uc or. 
higher fr qu nci 

,-o ,:\lllz thi l ump d r 

u ually a ov 
pre en ati on i 

di ·tri u ed n o  I ng r r._ 
ran 'mi ion-l ine ula mu t 

i n. u ·ed for capa itance de ermin 

Procedure 

he u o a 9 ® pre is1on 
· axi, 1 onn or i hi hly recom-

n n for maximum accura n.nd 
n i 1 if th m a ur men t i 

T "PE 00- B Preci ion 
Th T ·rE 140 oaxial 
tan rd are e uipped 

and c n h u  

o n n  · th pre i ion 

for hi h-frequen y calibr -
tion. For apaci or not o equipped, 

he TYPE 9 O-Q9 daptor (see page ) 
offer a converueni binding-post con­
n ection. 

Th m UT d v lu ar lotte -

line minimum. iti on and exa t fre-
u ncy. Th cap i, ance is calculated 

"' L6790 c: 
= 1.6780 

ll 
.........._ 

10 

Figure 1. Typical inductance 
per unit l ength for Ty pe 
900-1.B Preci1ion Slotted 

Lina. 

:; 1.6770 

1.6760 

f.6700 

1.67..0 " 
10 

............. .....__ 

zo 30 
fRf"QUENCY-MHi 
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from: 

wh r 

L(w 

1 
z -

u;2L(w)F 
w = angular fr q uen y (2-rrf) 

- 1 -Iin ind u an p [' 

fr m un-
pl D I 0 

r ul ing err r 

r ' lOll , rould 
in hi 

Th 

k own 

in th or-
b a 5% 

from un-
0 h d-

r. 

apac1-

m1 n 

dim ions and kno� n 

du ivity. Th 

0 \ rithin ab u 

kn v n 

high d gr 

i n t r q 
kin-eff t o -re tion L 

Less th n 1% ove l 

i n; 
ex mpl , 

. Hz, an th 

n 
induc an 

h 

1 
w2 o 

ha actu Uy r 

high fre-
ub ra from 

f h 

- J. ZoRZY 
. Mc EE 

"We do not wish to belabor the point, but do want to make a convincing case for 
using precision connectors wherever accurate and precise immittance measure­
ments ore required. . • •  The spectacular increase in accuracy of lumped 
immittonce measurements in the post few years has resulted almost entirely 
from improved standards, instruments, and techniques mode possible by precision 
connectors. This accuracy cannot be realized by the ultimate user of the measure­
ment unless he is willing to accept the small added cost of using precision con­
nectors." 

-L. E. Huntley and R. N. Jones, "Lumped Parameter Impedance Measurements,'' 
Proceedings of the IEEE, Vol 55 No. 6, June 1967. 
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the i;]Experimen ter 

Figure 1 .  l'ype 1 1 63 y11thesiz:er under control of 40-channel program 
unit. Additional fre quenc'es are available n second 40-clhannel unit. 

A MECHA ICAL MEMORY FOR FREQU·ENCY 

SYNTHESIZERS 

The modern de e-frequ n y syn-
th izer can g ne at prec1 ion fre­
quen i defin d y many ignificant 

figures. This in valu ble apability is, 

unf rtunately, ace mpanied y a mmor 

drawback - he figur mus b cho en 

and , di it by digi each ime a n w 
freq uen y i ne 

V\The her t,he fre u n y i c ntrolled 

by a erie of in-lin di, 1 , for g d 

r adou r by a le . readabl matrix of 
pushbut ons, m nipula ion of a r1e 

of ix or even or mor control f r 

each desir d frequency is a h re, and 

a m i  tak in settino- i an ever-pr 

dang r. 

If h � yn he izer can be programm d 
remot ly, mu h f hi. burden an e 
tran ferred to a computer, imple o 

c mplex ac ording o the needs of th 

int d d mea. urem nt . e elabor­
at ly, wh n a n mber of preci ion fr -

quencie are nee d repeti ively, ioring 

each of th m in a nk of mechanic 1 
swit he , for in tan recall on demand, 

eem u. imple solu ion to a complex 
problem. F r programmable Gen ral 

Radio yn hesiz r , thi operat..ion is 

conveni n 1 handled by the new 

Pres t 1 requen y Pr gra.m n1 . 
Th Program �nit h two major 

part. : an a t i  hou ing, 11 a bled o 
the ynth iz r to e controlled and a 
"proO"ram tray ' in which d ired fre­

quenc1 n be se i a conv ni nt 

array of in ar digit swi h s. A program 
ay plugged in o the housing auto­

ma ically ta ke control of the synthe-

... 
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izer. The pera r n qui ·kly r o er 

m nu 1 · ntrol f any or all diO"its a 

any ime m rely by m vm e rela ed 

ynt e ize.r di(Ti dial ou of he R 
(r m t ) po ition. 

Trays are availabl vn 20 and 0 
chann l . f course, any numb r of 
trays can be pr ()"rammed and ready 

for u e \Yh n n eded. ny tray plug 
into the hou ing in ond and goes o 
work in tantly. 

Fi re 1 ho' TYP.E 1163 n-

the izer c n r 11 d by a program u11i . 
• · gure 2 show h in rior f a O­

ch n I ray, a it appear when it i 
wi hdr• wn fr m the h usin . In hi 
t ·ay a matrix of 2 0 10-po i ion lidc-

\ i che is arranged in · ven columns 

and 4 r w . Ea h row controls . fre­
qu n ·y ·hannel. To progra a chann 1 
freq uenc ' on ets h v n \vi ch 

in th r v to th de ir d digit by 

li in he wit h on ta or t num-

bered (0-9) po ition · on a fidu ial strip. 

September 1967 

n-digi fr qu n ·y can thu be 

1 read in o memory ' in ' nd . me 
th tray plug in and out wi h no 
permanent vviring conne ted, a ray 

·n.n b withdra n, · rri d to ny con­

venient location for setting up a pro­

gram un<l r tor d o u e with a mini­

mum of bother. 
Th r ·tang lar handle (occupy-

ing m of the fr n of a h tr y) erve 

a double purpo e: h y provide nouo-h 

leverage o I gag or o di engage the 

multit rmi al onne or be w n tray 

and hou ing, and the r al rry (under 
a prot iv tran p rent co er) remo -

able cards on whi h the frequ n y pro­

gram t in be tray · n be typed or 

writ en for in tant ref ren e fr m the 

fron,. 
In u , · ny pre t channel freq uen y 

i e]ec ed in ta tly by the groundi g f 
the appropriu e channel line, hr u h 

a ingle con a t or a trun i tor s-witch. 

ince urrangem nt for makin uch 

f'gure 2. Interior of 40-channel program unit. 

1 3  
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the l�IExperimenter 

Figur 3. Three experimental program-unit switching assemblies. 

no 
fur 

• 11 

Applications 

will un ub T·m - h 

' it 
111 ' 

on mi a n ntag 
on Tw yn h iz r 

10 u ly programm 

n 

are 

but 
n e 

ial rd r. 

of fr 

te ing or r 

Conclusion 

n-

pro-

mor 

ex pee in ram un1 1 implc 

pr duction 

fr quency-
omb-fil er 

mit r. 

u e of his 

of in 

r t.ran -

ar 

r 

A bri f bi r phy oi Dr. Toy 
J nu ry 1967 Experiment r. 
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Sep tember 1 967 

S P EC F CA 1 0  s 

Capacity : tores 20 or -10 preset 7-di "t fre­
qu nci. s ( d p nding upon mod l ) .  
,F requ·e ncy-Seled i o n  l 1n p u1 : I chan i <'al or o1h1-
stat. wi teb ·fo u re o grou nd required for 
eac h chan nel . Each clo ur mu t b capabl of 
carrying :iO mA wi th < O . .'.>-V dr p .  
F req u e n c y -Sele c t i e> n  Outp u t :  "Circuit clo u re on 
1 0-tine onnection to each controlled digi t . 

Sw i tch i n g  Tl m e :  < 2  ms, depend only on sp d 
of pr ram mn.bl m dul . 

Accesso ry S u p p l ie d : onn ctor as 
24-pin connector for conn et ion 
sel etor switches to l 1 60-P J .  

mbly ( two 
or xt rn ll  

Accessor ies Req uired : able from 1 1 60-P 1 to 
yn he izer, one per con rolled digi t : 2-foot 

I ngth is s ta ndard ; s lee o suit R D I  modules 
to b con troUed .. 

Acc•essa r ies A ·va1i la lb le : O ue empty instrument 
cabinet, convenient in i n  erchanging trays 
in systems u i ng mor than one tray .  
M o u ,n t i ng :  R lay-rack a in . 
D imens i o ns ( v.ridth X h i ght X d pth ) :  H J  X 
l �4 X 1 5  i n .  ( J. 5 X 45 X 385 mm ). 

Weigh t :  20 chann l ,  n t 9 l b  ( 4 . 1  kg),  shipping 
20 lb ( 9 . 5  kg); 40 ch nnel, net 1 1  lb (5 k g ), 
ahlpping Z2 lb ( 1 0 kg). 

a ta.log 
rumber Description 

Price 
in U 'A 

1 11 60- 9620 
1 1 6G-9640J 
1 1 60-9'701 
1 1 60� 9702 
1 1 60 - 9 704 
1 1 60- 9500 

1 1 60 - P l  Preset Freq u ,e nc y  Pro g1rum U n i t  
2 0  channels .$ I 000.05 
40 channels 

C a b l e  1 2-ft) to any p rog r a m m a ble module ( 1 1 60-RDl-1 ) u p  to t 00 k H z/step 
1 8:25.00 

7 5 .00 
7 5 . 00 
7 5 . 00 
50.00 

C a b l e  ( 2 - ft� to 1 M H z/ste p  prog ra m m a b l e  module ( 1 1 64- R Dl - 2 )  in 1 1 64 mod e l s  
C a b l e  ( 2-ftl t o  1 M H z/rtep p ro g r a m m a ble m o d u l e  { 1 1 63-RDl-41  i n  11 6 3  mode ls 
Cabi net, em pty, to store 1 1,  60- P l  tray 

MORE PROGRAMMABLE PLU G - I NS FO R SYNTH ESIZERS 

Twn new rem otely on rollabl digi -

in ertion unit xtend the ad vantage 

of programmabi l i ty to all  d igit ta ion 

of aH G · '  1 1 60- eries frequency syn­

the i zers, with the single exception 

of he top d igi of h e  'I YPE 1 1  4 .  
The 1 1 63-R -4 i a p l ug-in r -

placem n t  for th DI-4 ( X 1 l\.I Hz) 
unit in a TYPE 1 1 63 ynthe i zer. Thi 

means tha he enti re 1 2- M Hz ra ge 

of the 1 163 is n ow programmable. 

The TYPE 1 1  4-R I-.. is a pro­

grammable p]ug-in fbr he X 1 1\tl l- I z  

stati on of a n  1 164 synthesizer. 

The e two new progra m mable mod­

ules l i ke the l ower-frequency RDI-1 
uni are dir t ly in erc hangeabl e  

'n th t h  i r  n on progr m m  b l  count r­

part and c o n vcrtin any ta ti on for 

pr gra u1 mabi l i  y i j ust a few econd ' 

work. 

Cn talog Price 
J\' u m ber Description in U 'A 

Pro g ra m1 1m a1 b l ·e  
D'igi t - l nserti a in  U n its 

1 1 6 3 - 9479 1 16 3 - RDl-4, 1 M H z/ $5 7 5 . 00 
ste p ,  in 1 I 63 models  

1 1 64- 947 9  1 1 64- R Dl - 2 ,  l M Hz/ 5 5 5 .00 
step, in I I 64 mod e.is 

1 1 60- 9650 H a o·k - U p  Cable for a l l  1 5 .00 
RDl's, 50 ft, 1 2 con-
ductor, shiel:d ·ed 

1 5  
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p ri 

G N A L  R A D I O  C O M  A N Y  
W E ST CONCOR D , M .O. S S .O. C H U SETIS 0 1 7 8 1  

DO WE HAVE YO U R  C O R RECT NAME AND A D D R ESS - n a m e, com p a n y  

o t  o rg aniza tion, d e p a rtment,  street o r  P.O.  box, c ity,  state, a n d  z i p  code? 

I f  not, p lea se cl i p  the a d d ress l a b e l  on this  i ssue and return i t  to 'U S  with 

cor re.ctions, o r  i f  you p re fer,  write u s ;  a postcard w i l:I  do. 
--

L-------------------------------------------------------------------------�" � 

1 6  

SEMI NAR ON LOW- FREQ U E N CY STAN DARDS 

em· nar on Low- 1 r u n, y El tri­
cal andard will  b ond u  ·t d by t h  

ational Bureau of and ard at the 

ur u n ite at 
l\ 1 d .  from em r 1 1  

The eminar will  pr 
on the ac rat 
tri 

of 
he m 11 ·ur 

ureau to 
y 

o main ain 

h ba ic electrical units and al ibrate 
u ·t rds o re i tan ce, in­

du tance capa itanc , voltag , urren 1 

and p • r fr m hrou h 30 k Iz.  

� m h . i w i l l  on m a urem n ch-
ues of in er st to ho worki ng in 
ndnrd and a.l i bra i on la orat ri 

ho e wi 

h uld wri 

l\II trol ogy 

of andard 

h i l  g fur h r inf rm a ti on 

R .  F.  z i uba., B- 1 62 ,  

uild ing, ational Bureau 

a hington , D. C .  20234 .. 

G E  E R A L R A D I O  C O M P A N Y 
W E S T  C O N C O R D , M A S S A C H U S E T T S  0 1 7 8 1  

I 
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