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CAPACITANCE 
STANDARDS 
WITH PRECISION 
CONNECTORS 

One of the chief problems in tbe cali· 
brnlion of t,w~terminlll capacitance 
standards has been the variation in 
stray capacitance from one binding-

"-'-'lOSL cOllnection to another. Significllllt 
IInprovcmCllt in this aroa had to awnit 
the dc\'clopmcnt of a coaxial connector 
with high repeatability, low inductance, 
and a precisely known reference plnno. 
Fortunately, such connectors nre now 
available, and they nfC put to good 
use on tho lIew Tn>.; 1406 Capacitance 

tandnrds. 

The precision co.'l.xilll connect.or has 
mnde its reputation Oil its low SWR 

ill the gigahertz region, Ilnd few if any 
microwave standards laboratories uro 
IIOW without benefit of these connectors. 
The well justified attention to uhf 
characteristics hns tended to obscure 
the fact. that the precision cooxitll 
connector is nlso a powerful tool at. 
rndio frequencies and all the way down 

r-- J dc.' 
The introduction of the Tn'}: 

1406 Conxinl Capacitance Standards, 

equipped with GROOO· precision co
axial connectors, focuses attention all 
the useruln~~ of such connectors at low 
frequencies. The 1406, available in five 
values from ,;0 to 1000 pF, would be a 
good standard capacitor even with 
ordinary connoctors. With the highly 
repeatable, low-inductance G R900, it 
otTers performance never before com
mercially available nt radio frequencies. 

The significance of tho. precis.ion con
nector on the standard capacitor is far
reaching. The Nntional Bureau of 
Standards will no longer calibmte 
capacitors with binding posts or other 
unshielded terminals' ; the Bureau fur
ther states* that maximum calibration 
accuracy can be offered only when the 
capacitor is equipped with precision 
coaxial eonnoctors meeting the IEEE 
Stalldnrd.4 
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The emphtl.~i!l of XBS and of others 
on eo..'l.;tial ('onnection is en~y to under
stand. Two-terminal ('I\patitance stnn
dnrds nrc usually cnlibmtcd in terms of 
the capncitance added to the bridge tel'
minnls. When these terminals arc bind
ing posts, this ndded capacitance is not 
dearly defined, since the addition of the 
standard changes tbe stray l'apacitance 
between the binding posts and also 
adds capflcitan('o from the capacitor 
rtl.8e to the high binding posts.' Differ
ent. bridge and binding-post configurfl-
tions mean different strays and conse
quent. variations in the net capncit.ance 
added to different instruments by t ho 
same standard. 

The use of a GR900 precision connec
tor for tho terminrus changes all this. 
The connector has a precisely known 
reference plane, and capacitance can 
be defined and measured as the internal 
capacitance up to this reference plane. 

A n open G R900 connector on an in
strument has a fringing capacit.ance 
(Figure I) consisting of the total stray 
capacitanee beyond tbe reference plane. 
.Jo"," f.II~...n, "A a.- Loot.t Con.....,,,,,,, E ....... ill 
C-_PKitance ~ .... re ... eolA," 0. ...... 1 Rod .. Bz,..,.--.tn, 
JulT IQ-W. 

Whcn a ca pacit.or with a C RooO con.~ 
nectar is nddod to the open conneclor, 
the fringing capacitance is eliminated, 
and the net increase in capacitance 
equals the value of the capacitor as 
measu red nt. its reference plane minus 
the value of its fringing capacitance. 
The fringing capacitance of a CR900 
connector is 0.155 ± 0.008 pI" in t.he 
usual environment all a bridge, with no 
conductors within severnl inches of t.he 
open connector. Even better accuracy 
can be obtained if an initial balance is 
made with a small capacitor whose 
value is known precisely at its reference 
plane. 

The low over-all inductance of t.he 
lIew standard means that lhe capaci
tance change with r requency is negligible 
up into the megahertz range (sec 
Figure 2). The difference between the 
I-k Hz and the I-!-. llf z values of ca~ 
pacitance is, for the lower capacitance 
values, smaller than the uncertaint.y 
of the I-kHz measurement on a preci-
sion bridge. Assuming that. the useful 
upper-frequency li mit. is the point. 
where t ho effective capacitance differs 
from its I-kHz value by 10 percent., 
the JOOO-pl' capacitor is useful to 
16 i\I Hz, thc 5O-pF unit. to 83 :\ IH z. 

Because of its wide frequency range 
and its acceptability by the Xational 
BurC/lu of Standards for calibration 
above 30 kHz, t he l406 capacitor is ex
pected to be used chiefly as a standard 
for t he calibration of two-terminal 
bridges and other impedallcc-me!lSuring 
instruments. Of course, t he most. con
venient. arrangement. and the most 
accurate measuremcnts resul t. when t he 
bridge is equipped with a G ROOO con
nector, as is the rf bridge describe---' 
elsewhere in this issue. T he next best. 
thing is a precision adaptor, and two 
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of these have been designed specificaJiy 
for use with bridges. One, the T\"pt~ 
161 5-P2 (Figure 3), is used with the 
0.01%. 1-kHz TYPE 1615-A Capaci
tance Bridge. A trimmer capacitor is 
included so that the terminal capaci
tance Cfill be effectively eliminated 
from the measurement. 

The TYPE 900-QD Adaptor (Figure 
4) mntcs with binding posts on %'-inch 
spacing, such as arc used on the Gn. 7 16 
Capacitance Bridges, wi th other posts 

Flgu •• 4. Typ. 900.Q9 Adopto •• 

wit h [l. 7:(-28 thrend, or with tapped 
holes, on 3.j-to-l-inch ~paci ng. Among 
the mally instrument s nccommod nted 
are the Boonton nadio TYPE 260A 
Q :\Ieter and the Boonton Electronics 
Moclel 75 Capacitance Bridge. 

Description 

The air capaeitor in the 'hpE 1-106 
Standard is a rigid tl~~cmbly of parallel 
plates mounted in n ~hic lded cylind ri cal 
enclosure, with a C I WOO precision con
nector providing the terminals. l\ lct.al 
parts nrc nluminum to minimize stresses 
caused by differences in thermal ex
pansion. The cap:lcitor plate assembly 
is insulated from the mounting plute 
by cross-linked thermoset polystyrene 
illsulalors, treated to reduce tbe effects 
of hu midity. The hcavy cover plate is 
threaded to screw into the cyli ndrical 
housing; t he resulting rigid assembly 
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eliminates mechanical instabilities that 
could cause smull variations in cu
pacitnncc. 
Calibration 

A calibration certificate supplied 
with each capacitor gives the measured 
value of capa{'itance at I kHz, thc tem
perature and rclath·c humidity at tbe 
time of measurement, and the calcu
lated efTertivc capacitance of the unit 
at I ;\IHz. Tbe I-kHz capacitance a p
plies at the wcll defined reference planc 
of thc C H!JOO ('onnector, and it is ob
tained by comparison with working 
standards whose absolute values are 
known to within ± O.OI perccnt. Thc 
working standards arc in turn cali
brnted periodically against KBS-caJi
brated reference standard s. 

The l-i\IHz valuc of capacitance is~ 
c3lculated from the measured low
frequency capacitance and the known 
indu('ulilce of t hc capacitor. Of cou
siderable im portance is the fac t that, 
due to the low inductance a nd the 
rugged construction of the standard, 
any change in its I-;\ II-I z capacitnnce 
value will be accompanied by a pro
portional change in its I-kHz capaci
tance value. Thus a standard can, for 
cxample, be K13S-cat ibratoo at I !\1Hz, 
and this high-frc<!uency valuc can 
thereafter be monitored by meuns of 
periodic I-kHz measurements. 

- R. W. ORR 

r\ brief biography of Mr. Orr appeared in the 
A\lgus ~ 1966 E.cfM"rruml.tlr. 

SPECIFICATIONS 
Collbra'!"": A certificate of calibration i~ ~up
plit'd with eath unit, giving the Il\Cl1llured 
capatitance at I kllz lind at a ~pcdfie-d tern· 
pernture and relative humidity. The mel1llured 
capllCitance ill the capacitance at the reference 
plane of the GROOO conneclor .. Thill vlllue i~ 
obtained by compari!lOn, to a preci~ion beller 
thAn ± 0.01 %, with workillg lltandardll whOl!e 
abl!olute values lin' kllo"m to an Ilc('url!.CY 
typiclilly ±0.01%, detennined lind lllainlninl.Q. 
in t.erm~ of rt'ferenee ~Iandard!! periodically 
calibrnled by the National Burt'llu of Standllrd~. 

Slabflhy: The cnpacitance 
0.05% /year. 

Au .. ro~y : Capacitance is 
0.1 % of nominal value. 

change i! 1C89 than 

adjusted to within 

Relld .. o l 'a''''''.'. '1: See table below. Di8llipa
tion factor is given for 40% RH lind varies lUI 

Catalog Nomirw.l P<Ok 
NIHnbtr TUp< Copacitonce Vo1l3 

1406·9701 1406·A 1000 pF 700 
1406.9702 1406_8 

500 " 
900 

141)6.9703 1406_C 200 pF 1200 
1406·970' 1406_D 100 pF 1500 
1406·9705 1406_E " " 1500 

the 3/2 power of frequency 
klh. 

,--. 
above llbout 100 

1 ..... I" lio .. R •• I.I" .. ~.: Greater thnn lO" 0 at 
23 C and lCi!ll than 50% RH . 
h",p.,ol .. r. C".fflei . .. , ,,' C"pa~lta .. e" Typically 
10 to 20 ppmrc bet"·ccn 20 and 70·C. 
Ae~.lIo"., Availabl" TY I'E IGI5- P2 for con
venience in calibrating with IGI5-A Capaci
tance Bridge; TYI'~ OOO-Q9 Adaptor for con
nection 10 Gil 7IG Callucitance Bridge, Boon
lon Q MeWr, and other binding-p08t-equipped 
in~trumenlII. 

r.,ml .. ol : GR900 precision coaxial connector. 
M " ........ g : Aluminum panel and cylind rical -. 
OI"' . ... lanl: 3 by 5~ in. (77 by 135 mill). 
W.lghl : Net, l ~t Ib (0.8 kg ); ,hipping (ea t ) 
5 lb (2.3 kg ). 

Tllpiool Diuipation. 

P .. "" I kH z 
I Milz 

7'lIpiool Priu 
(~O% R Il ) I nduc/once in USA 

3 X 10 .... 50X 1~ B.6 .. H $120.00 
5 X 10-- 30 X 10 .... 8.4 .. H l1S.00 

20 X 10-- 25 X 10-- 8.1 .. H 11 0.00 
30 X 10-- 20 X 1()-f 7.6 .. H 10S.00 
SO X 10-- 15 X 10-- 6:7 nH 100.00 

1615·9602 1615_1'2 Coaxial Ad"p'''' , G R900 10 bl .. di .. g poll 60.00 
0900·987' 900-09 Caoxl,,1 Adopl"" GR900 10 bi .. di .. g po.1 50.00 
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-' COAXIAL-
CONNECTION 
CAPABILITY ADDED 
TO RF BRIDGE 

The new T YI'E 1606-B R F Bridge 
(Figure I) differs from its predecessor 
by the simple but important fact that 

,.-..-.. its "unknown" terminals can be 
quickly and easily converted to accept 
a GR900~ precision coaxial connector. 
This means thaL the bridge can be pre
cision-calibrated against. GR900 com
poncnts or against the TYI'E ' -106 
Coaxial Cnpacitance Standards de
scribed elsewhere in this issue. It also 
means that components and networks 
equipped with GR900 connectors can 
be accurately measured all the bridge. 
;\ )oreo\'cr, almost any type of coaxial 
COllnector can be connccted to the 
bridge t.ermin:lIs through one of t he 
many G R900 adaptors available. 

To fe"icw the principal character
istics of the 1606 RF Bridge: Resistance 
and reactnnce are indicated di rectly 
in ohms, over a frequency range from 
400 kHz to 60 :\li[z. i\Ieasurements are 
made by a series-substitution methoci, 

r- in which the bridge is first. balanced 
with its unknown terminals short
circuited, then balanced with the un
known imped/lllce connected . Since its 

Flgy. , 1. Typ. 1606_8 RF 1I<Idg, . 1"., 1 showl 
GR9GOlD od"plo, I" pl"c,. 

introciuction, the bridge has b<.'C1l very 
widely used in rf measurements 011 

lmtennas, transmission lines, networks, 
and componcnts. 

Conversion for Coaxial Connection 

The TYPE 1606-P'2 Precision Coaxial 
Adapt.or Kit (Figure 2) converts tbe 
THE 1606-B RF Bridge either to t he 
standa rd GH900 cOllfigur3.tion or to a 
14-mm flange conllection. In addition 
to the necessary GR900 and flange 
connector hnrdware. the kit includes 
both G R900 and GR874. ;j()-ohm com
pensating lines, for matching out the 
bridge terminal capacitance. 

With the G R900 adaptor in place, the 
bridge can be quickly converted for usc 
with any of the popular coaxial COIl 

nectors, via G R900 precision adaptors. 
With the GR874. 50-ohm compensating 
line in place, the extensive line of 
G R87 J adapt.ors is added t.o the com
patibility list. The many connect.ion 
possibi lities are given in Table I. 

T he most precise measurements can 
be performed with the direct. GROOO 
cOllllection. In this case the unknown is 
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FilII.. 2. Ty,.. 16G6.'2 '.ul,I." Co .... 1. 1 
Adoplo. KII . 

assembled with a GROOO connector 
ror the direct measurement on the 
bridge. 

Precise Bridge Calibra tion 

Perhaps the most important ad
vantage or the precision coaxial COIl

nector is that it serves il8 the essential 
link bctween the bridge and the most 
accurnte available calibration stand
ards, including new coaxial capacitance 
standards (see page 3) acceptable for 
calibration by the Xational Bureau of 
Standards. 

With the coaxial connection, a pre
cision calibration is a quick and easy 
matter. The bridge is balanced with the 
Gn900 adaptor (from the IGQ{j-P2 kit,) 
in place and with the standard con
nected to it. Then, if the bridge is to be 
used without the GR900 adaptor, the 
kJlown capacitance of the adaptor is 
subtracted out. In addition , the 1006-P2 
kit contaUls a spacer sleeve that, can be 
added to duplicate the GR900 adaptQr 
capacitance in open-terminal measure
ments (e.g .• measurements wbere non-

- - ----:-- ---:-----""'" 
TAaLE I 

Adaptors from 1606·B Bridge (with 
1606·P2 Kit) 10 Various Cooxial Systems 

Conn«lor Through Tlwouflh 
on UnknOICIi GIWQ()° GRSi4 00 

APC-7 (7mm) 900-QAP7 874·QAP71 
BNC JACK 900-QBP 874·QBPA 
BNC PLUG 900·QBJ 874·QBJL 
BRM JACK 900·QMMP 874·QMMPL 
aRM PLUG 900·QMMJ 874·QMMJL 
C JACK 900·QCP 874·QCP 
C PLUG 900·QCJ 874·QCJL 
Dezifix 900·QPF7 
GR87 4 874·Q900L 
HN JACK 8l4·QHPA 
HN PLUG 874·QHJA 
LC JACK 874·QLPA 
l C PLUG 874·Q LJA 
IT JACK 874-Q LTP 
IT PLUG 874-QlT J 
Microdot JACK 874-QMDP 
Microdot PLU G 874-QMDJL 
OSMt JACK 9OO-QMMP 874-QMMPL 
OSMt PLUG 900·QMMJ 874-QMMJl ,--.. 
Precifi " A 900·QPF7 
SC JACK 900-QSCP 874·QSCP 
SC PLUG 900·QSC J 874·QSCJL 
TNC JACK 900·QTNP 874-QTNP 
TNC PLUG 900·QTNJ 874·QTNJL 
UHF JACK 874-QUP 
UHF PLUG 874·QU JL 

coaxial components are connected di
rectly to the bridge). 

An alternative practice is to leave 
the GROOO adaptor in place and to add 
to it a 900-Q9 adaptor, wh ich converts 
from GROOO to binding posts. The 
parasitic inductance and capacitance 
values are furnished with this adaptor. 

Some of the many standards that 
can be used to calibrate the bridge are 
listed in Table 2. ,.-

- J . ZORZY 

A brief biography of M T. ZoT~Y appeared in the 
Allgllst. l 966 E.q>erimenkr. 
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TABL E 2 

GR900.Equipped Standards 

Capodtance 

1406·A Cooxial 
Capacitance Standard 

1406·8 Caaxial 
Copacitonce Stondord 

1406·C Cooxiol 
Capacitonce Standord 

1406·0 Cooxiol 
Copacitance Standord 

1406·E Cooll.iol 
Capacitance Standard 

9OO·110 Precision Air Line 
9OQ· 1l5 Precision Air line 
900·l30 Precision Air line 
9oo·LZ5 Reference Air Line 

1000 pF 

500 pF 

200 pF 

100 pF 

so pF 

6.6 pF 
10 pF 
20 pF 

3.3333 pF 

9OO- LZ6 Reference Air Line 
9OO-lU H Reference Air Line 
9OO- lZIO Reference Air Line 
900-LZI5 Reference Air line 
9oo·lZ30 Re fe rence Air Line 
9OO.W040pen.Circuit 

Termination 

Residance 

4.0000 pF 
5.0000 pF 
6.6667 pF 

10.000 pf 
20.000 pF 

2.67 pF 

9OO·W50 Standard Termination 
900-WI OO Standord Terminotion 
900-W200 Stondord Termination 
9OO-WR110 Standard Mismatch 
900-WRI20 Standord Mismatch 
9OO-WR150 Standard Mismatch 

so n 
100 n 
200 p. 

45.45 fI 
41.67 fI 
33.33 f! 

SPECIFICATIONS 
lANOES Of MEA5UltEMENT 
f'IHI"."~y : -100 k ilt to 60 :'.1111. Satisfactory 

,.......-., but IIOmewhllt less aeeurllote OI)('",lio" ("UI be 
oblnined a.t frequenciel lUI low lUI 100 k Hz and 
IIOmc ... ·hlltabovl'60 ;\111 •• 
.... CI .... ~. : %5000 II al I .\1\ It. Thi, range 
vat il'tl inv(,l'IM'ly lUI til(' fl'l.'quency; Ilt other freo 
quenciCII the dinl Tending mUlt be di vided by 
the frequ('!Icy in :'< 1111. 
l.tlU"n<. : 0 to 1000 11. 

ACCURACY 

R .. Cleo .... : At frt'quenciH III) to 50 i\l1h:, 
% ZI1 %( I + 0.0008 Hf) n where R is the mea
sured l'CIIistallce in ohms and I il the frequency 
in M Hz. 
R .. I.I ...... : At frequcnciCII up to 50 MU z. 

% [1 "0 + 0.00211' (1 + ]~) % 

% IO;Xn+ o.mJ 
(""here X illl !.he melllllured reaCt.flnce in ohmlll). 
Subject to correction for residunl parluncters. 

OENfRAL 

0 .... , .. 1 .. " External only (not IIIUIl Jl lil'<i) to 
cover dCllired frequency rangc. Bceommellded, 
TypE 1211 -C and T YPE ]215-C Cnit 08ci]la-

tors, TYPE I330-A Rridge Oecillator Type 
1310-A 08cillMor, Tnt; 1003 Standan!.Signal 
Gl'llerA.tor. 

D. teet." , E'(tl'rTIal ollly ( not supplied). A 
heterodyne detector, TTrE 1)~"'-6, i! recom· 
mended for use aboV(' 3 :'> 11I:r.. A wel\ shielded 
rndio Il'ct'iv('r is al!o &lltillfnelOry. 

A .. HI .. ,IH s..ppll.oI , Zleads of different len$th, 
1.0 eonm.'t'l unknown imlJedIUlct' to bndge 
terminallll; 1 :rin. spllct' r and ~ rill . screw to 
mount component to be mClllllu~ed directly on 
bridge t(' rullMI!; 87 1·11.22LA Patch Cord . 

A ....... rI •• A ..... II .... I. , I.uggage-type cll rrying 
CIUK', 1606-1'2 Precillion Co:u:ial Adaptor Kit. 

M .. unll .. " Welded Aiuminlllil CAbinet . 

DI .... nll .... ("'idth X height X deptb ): ]Z I1 X 
9 12 X 1014 in. (320 X 2-15 X 200 mm). 

W.I,hl : N. I . 23 Ib ( 10.5 kg), witb calle, 29 II> 
(13.5 kg); Ihlppln • • 30 Ib ( II kg ), with CIlIIIe, 
31 lb ( 11 .5 kg). 

sp •• mccH ..... I .. , 1600·P] 

C .. p .. clt .... c. Addeel , Uv adaptor to O11.!lOO, 0.38 
pF &trefelt'nCt' piline (less fringing capaciLance); 
by nange adnptor, 0.18 p"~. 

Wel,ht , N", 10 o~ (ZiO g ); shlppl .. ,. 12 01 
(3~0 g ). 

D~!(;riptioll in USA r-
1',;" 

1606-9701 
1606·9601 
1606.9602 

1606. 11 R·f Srld,. 
1606_PI lu ..... . _Typ. C .. "yl ... -< .. I. 
1606· P2 P, . d.I .. .. C .... d .. 1 Adapl .. r 1(11 

$1050.00 
]$.00 
".00 

f 
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PRECISION CAPACITANCE MEASUREMENTS 
WITH A SLOTTED LINE 

The prcci~ioll slotted line, normally 
considered a mierowtl\'e instrument, 
can be used to measure the capacitance 
of any high·Q capll('itor from about 
onc.third its self·resonant frequency to 
nearly the &'If-reSollllllt fre<luellcy. Such 
mCllsurements nre made at Gelle>mi 
Hadio in connection with the calibra
tion of ncw (,OIlxial capacitance stund· 
urns (see page :J). From the bU!:'ic 
capacitance measurements, the self
resonant fre<lucllcy is determined by 
extrapolation, and the parasitic in
ductance of the capacitor is easily cal
culated. Since the departure from the 
"dc" capacitance reaches 12.5 percent 
nt onc.third the resonant frequency, the 
slotted-line mcasurement covers U very 
im l>ort:mt frequency range. 

Princip le of Measurement 

This unusual application of the 
810ttcd line results from the fact that, 
for a small capacitive reactance, the 
minimum position of the s!1otted·line 
probe is relatively close to t he unknown 
terminals, in terms of wavelength. III 
lumped-parameter terms, the induc
tance of the coaxial 810ttOO section is 
generally great enough to resonate the 
capacitor being meusured. The slotted-

10 
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line probe. in the active seuse, behaves 
like an adjustable short-circuiting wiper 
who:;e pooitioll along the line corre
sponds to the minimum of the voltage 
standi ng-wave pattern. The slotted line 
thus acts as tl precision variable in· 
duetor. 

At. higher frequencies, usually ubo\'e 
,j() ;'\ 1I 1z, this lumped representation is 
no longer aCt'umte, and distributed 
transmission-line formulas must be 
used for capacitnncc determi nation. 

Procedure 

The usc of n G R900~ preCisIOn 
co..'Lxinl connector is highly recom
mended for maximum accuracy and 
is essential if the measurement is to~ 
be mnde on a Tn'}; 9OO· LB Precision 
Slotted Line. T he T nE H OO Coaxial 
Capacitance Standards a re equipped 
with GR900 connectors and cnn t hus 
be directly connected to the precision 
slotted line fo r high-frequency calibra.-
t ion. For capacitors not so equipped, 
the T nE 900-Q9 Adaptor (see page 5) 
offers a convenient binding-post con
nection. 

The mensure<1 values are slotted· 
line minimum position nnd exact fre
quency. The capacitance is calculated 
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, 

from: C~ --
I 

w'I.(w)1 

wh~re (oJ = angular frequency (2rf) 
/,(w) = slottl.-d-line inductance per 

unit. length 
f = physicul length from UIl

known reference plane to 
slotted-line minimum. 

The inductantc per unit length of the 
slotted line is not eMi ly calculable be
cause the conductors nrc usu:dly made 
of one material and plated with another. 
Skin-efTect calculations afC not reliable 
because the plating thickness is not 
known accurately enough. This induc
tance has been measured for II number 
of Tnt; OOO-LB Precision Slotted Lines; 
the results IIrc shown in f;'igUfC 1, which 
may be used to determine L(w) . These 
mCt\8urelllcnts were Ill:ldc by means of a 

~olid-silvcr 1'Y1'~: OOO- LZ Reference Air 
Line, whose characteristics UfC deter
mined on an absolute basis from its 
dimensiOIls and known val ues of con
ductivity . The dimensions nrc known 
to within nbout ±O.OI%; conductivity 
is knowll to within about 10%. A 
high degree of accuracy for conductivity 
is not requiroo in this calibration; the 
skin-cffeet correction is, for example, 
less than I % above I M Hz, and the 

resulting error in the skin-effect cor
rection would be only about 0.05% 
in this case. 

The physical lenglh from the un
known reference plane to lhe 810ttoo
line minimum pOI:Iition can, with care, 
be measured to an accuracy of about 
0.003 pC-l'<'ent. A final measurement ac
curacy of about o.a per('ent is possible, 
taking into aceOllllt the variation of 
I. (w) from one slotted line to another. 

The residual inductance of thecapaci
tor can be determined from the meas
ured data, if n low-frcclucncy ea paci. 
tance mcrumrcmcnt is performed. The 
TYI'E lOIS-A Capacitance Bridge clln 
be used to measure c..'\p..'\cilance (C.) at. 
I k Hz to ±O.OI percent. Then the 
inductance (I .. ) required to resollate 
C. at the high measurement frequency 
is determined from 

I 

w'C; 

The inductance that actually rcs~ 
tlated the capacitor nt ,the high fre
quency (Lf ) is then subtracted from 
I ... to give the residual inductance of the 
capacitor. 

- J. ZORZY 

1\1. J. ro,'lcKEE 

"We do not willi to belabor the point, but da want 10 malee a convincing caM for 
lning preoWon connecton whereve r accurate and preciM immIHance measure· 
ments are required. • • • The spectaoAar inueo_ in accuracy of lumped 
tmmittance meawremenn In the past few years ha, !'ftUIted almost entirely 
fram improved standards, imtrumenfl, and technique, made pouible by precilion 
cannectars. Thi, accwacy connot be realized by the ultimate user of the meawre· 
ment !INtiS he i, wiUing to accept the small added cost of using precilion con-
nectors." 

-l. E. Huntley and R. N. Janes. "Lumped Parameter Impedance MealUfementt." 
ProceeJtng. of fhe IEEE. Vol 55 No. 6, June 1967. 

II 
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fl ..... 1. Ty". 1163 Iy .. lh .. h., .... 01., u .. k ol of 40 · cllo .... . 1 ...... ' 0 ... 
.... II. Addlll ... ol fr." ..... d .. {I,. o y o llobl. I .. I.~ ... d 40·(), ....... 1 .... II. 

A MECHANICAL MEMORY FOR FREQUENCY 
SYNTHESIZERS 

The modern decado-frequcncy syn
thesizer can gcnemte prccision f rc
quencies dcfined by many significant. 
figures. This invaluable capability is, 
unfortunately, accompanied by a minor 
drawback - the figures must be chosen 
and set, digit by digit, ench time n new 
frequency is needed. 

Whether the fre<luency is controlled 
by a series of in·line dials, for good 
rea.dout, or by a less rcadable mntrix of 
pushbuttons, manipulation of n series 
of six or sevcn or more cont rols for 
each desired frequclH'Y is a chore, and 
a mistakc in setting is an ever-present. 
dangcr. 

If the ~ynthcsi7.cr can be programmed 
remotely, mucb of this burdcn can be 
transferred to a computer, simple or 

com plex accordiug to the needs of the 
intendod measurcmen ts. Less elabor· 
ately, whcn a number of precision fre
quencies are needed repetitively, storing 
each of them ill a ban k of mechanical 
switches, for instant recall Oil demand, 
seems a simple solution to a complex 
problem. For programmable General 
Radio synthesizers, this operation is 
convenien tly handled by the new 
Preset Frequency Program Uni t. 

The Program Unit has t.wo major 
parts: an "I~ctive housing," cabled to 
the synthesizer to be controlled , nnd n 
"program tray," in which desired fre
qu('ncies can be set in a cOllvenient.~ 
array of linenr digit switches. A program 
tray plugged iuto the housing auto
matically takes control of the synthe-
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- sizer. T he operator cnn quickly recover 
manual control of filly or all digits at 
any time merely by moving the related 
synthesizer digit dints out of the H. 
(remote) f.108ition. 

Trays are availahle with 20 and 40 
chtumcls. Of course, any number of 
tmys can be progrcllnmed and ready 
for usc when needed. Any tmy plugs 
into the housing ill l!C('onds and goes to 
work instantly. 

Figure I sbows u Typ); 116.'3 Syn
thesizer controlled by a program IIllit. 

Figure 2 shows the interior of a 40-
channel tray, as it nppe:lrS when it is 
withdrawn from the housing. In this 
tray, n matrix of 280 JO-position slide
switches is nrmngcd in seven columns 
und 40 rows. Each row controls a fre
quency channel. To program a chnnnel 
frequency, onc 8(>tS the s('ven switches 

..,......", in the row to the desired digits by 
sliding the switch contuctors to num
bercd (0-9) positions on a fiducial strip. 

September 1967 

A scwlI-<iigit. frequency can thus be 
"read into memory " in seconds. Since 
the trays plug in and out with no 
permanent wiring connected, iL tray 
can be withdmwn, carried to ally con
venient location for setting up n pro
gram, snd rcstored to use with 0. miui
mum of bother. 

The two rc('tnngulnr handles (occupy
ing most of the front of ench tray) serve 
a double purpose: they provide cnough 
leverage to engnge or to disengage the 
multitermillal conncctors between tray 
and housing, and they also carry (under 
a protective transparcnt cover) remov
able curds on which the frequency pro
gram set in the tray can be typed or 
written for instant reference from the 
front. 

In usc, sl1y preset chsJlllcl frequency 
is selected instantly by the grounding of 
the appropriate chnnnel line, through 
n single contact or n transistor swit.ch. 
Since arrangements for making such 

13 
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contllet ('Io!lures will undoubtedly vary 
widely df'pending on user requirements, 
110 !jlandard de\'ice for IX'rforming this 
fUlictiol1 is pre:-;('nlly offered. in the 
bylltem of Figure I, n -IO-pushbutton 
Ijwitching device controls the seleetioll 
of uny of the 40 chunnels. 

Figure 3 illustmt('g other pushbuttolls 
and I'Iwitching devices that have been 
COIl~trllcted eXI>crimenlally. These are 
not offcred as slandnrd products, but. 
control unit-$ !similar to these can be 
de .... igned flnd supplied 011 special order. 

Each digit inl'lCrtion unit is connected 
to the Program L'nit by n 12-wire 
cable cnrrying control and supply Iincs. 
These cabl('!l are tl\'uilllhle separately, 
ISO one need order only as mBny of them 
as there nrc digits to be programmed. 

ApplicaTions 

The Preset Frequency Program Unit. 
will find application whenever two or 
more different precision frequencies are 
expected to be used repetitively, as in 
production alignment and testing or 
frequency-selective apparatus such as 
comb-filters, radio recci\'ers, or trnns
mitters. Physicists engaged in nuclenr 
or atomic resonance resenrch should 
also find this device very useful. 

Ephemeris-predictable Doppler shifts 
could be hundled quite simply, by the 
usc of this equipment, in telemetry or 
communications systems. 

Time-sharing of synthcsizcrs, with 
suitable prognl.lnming of output. switch
ing, will probably offer importnnt 
('(onomic advtllltuges in many systems. 

Two synthesizers can be si multnn
eou!!ly progrnmmed to different groups 
of frequencies by t.wo trays controlled 
by a single set. of contact. closures. Thus, 
for instance, simultaneous dual outputs 
with constant frcquency separation can 
readily be Ilchieved. Such setups nrc 
useful in heterodyne measuring systems. 

External selection apparatus can, of 
course, be arranged to step through a 
series of frequencies in a defini t.e se
quence at a controlled rate or, alter
ntlti\'ely (as by pushbutlons), to pro
vide ra.ndom access to any frequency 
stored . The trays can thus become pnrt. 
of highly automated systems, or they 
can be used more si mply to aid manual 
testi ng or research. 

CondusKm 

The frequency program unit is si mple 
in concept and easy to usc; uppliclltiolls 
nre cxpected to be extremely varied, 
conceived and executed by engineers 
and other scienti!j18 working in the 
many fields in which frequency syn
thesizers are so rapidly becoming ill
disl>cosable. 

- A. Non;s, JR, 

A brief biography of Dr. NOyell appearOO in lhe 
January H167 E"pnimtnlff. 
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SPECIFICATIONS 

Capa. lly: 1:itorell 20 or 10 pretet ,-digit fre· 
quencies (depending UJ)Qn model). 
Fr.q .. . n.y -Se l • • ,io l\. Inp,,' : ;\I(:('hnnitnl or IJolid-
6tat~ switch dOllure til ground required (or 
cnch channel. fo:ach clOllure must be capable of 
carrying 70 rnA "ilh < O.5-V drop. 
F •• q".n~y _ S.I.~llon O"lpul : Circuit dOllure on 
IO-line conu~tion to ellch controlled digit. 
SwU.h lng Tim.: < 2 11111, depend!l only on spet'd 
of programlllllble modules . 
........ a.y Suppll.d , ConnC<'tor lUlIlCmbly (two 
24-pin connectors) for (onneetion of externlll 
!lC1C<'tor awit.chea to lillO-Pl. 

... . c.ua' l .. Requ lr.d , Cables from II60-PI to 
9.\'nthesi ~er, une per I'ontrolled dilCit: 2-foot 
length iB standard; !J4'lect to suit llDlmooulell 
to be controlled. 
A«e .. a.l .. "' " a llab l" One empty inlltnlment 
cabinet, convenient in interchanging tra)'11 
in lIyBtems ulling more thlln one trllY. 
Mounllng: Reby-rl!.ck cabinet. 
Dlmenolano (w idth X height X depth): I'.) X 
I l 4 X 15 in. (1&5 X 45 X 385 mOl ), 
W.lllhl : 20 rhannel, net ~ Ib (4.1 kg), shipping 
20 Ib (!.l.5 kg); 40 channel, net! I II> (5 kg ), 
ahipping 221h (10 kg). 

CaloWg 
I\"um~r Dt~riplwn 

Priu 
in ('SA 

1160.9610 
1160.9640 
1160.9701 
1160_ 9702 
1160.9704 
1160.9500 

1160. 1'1 1' . ... , f " q .. . nc y P,a ll. am Unl! 
20 ~hannel. $I OOO.0S 

182S.OO 
15 .00 
15.00 
15.00 
SO.OO 

40 chonner. 
Coble !2.ft) 10 any p,og,ommoble module f1160· ROI ·l) up 10 100 kl-h/.'ep 
Cable (2_ft) to 1 MHz/.,ep p,og,ommable module {116 • • ROI.21 In 116. modeh 
Cable (2.ft) ,a 1 MHz/.,ep p,og,om",able module {1163.ROI.41 in 1163 "'odel, 
Cablnel, e",p,y, 10 , to,. 1160-Pllray 

MORE PROGRAMMABLE PLUG-INS FOR SYNTHESIZERS 

Two new remotely controllable digit· 
insertion units extend the auv:Ultages 
of programmability to all digit l>tutions 
of all G R 1160·series frequency l>YU· 
thesizers, with the single exception 
of the top digit of the TnF. 11G·1. 

The 1163-RDl-l is n plug-in re
placement for the Dl-4 (X I )'If[z) 
unjt in a TYI'F, 1 \G3 synthesizer. This 
mealls that the cutire 12·),I Hz range 
of the 1163 is now programmable. 

The THE 116-l--RDI·2 13 a pro· 
grammable plug-in fbr the X 1 i\lIlz 
station of an 116·1 synthesizer. 

These t wo new programmable mod. 
ules, like the lower·frequency RDI-l 
units, arc dircctly interchtlngcable 
with their Ilonprogrammable counter· 
parts, and convcrting any station for 
programmability is just a few seconds' 
work. 

C"lafllg 
.\·Iwt~r 

1163_9479 

11 64_9479 

1160_9650 

Price 
Dt.!Cr1·plio" if! CStl 

P,oll,o",ma bl. 
DI II ;' ·) n ... ' ion Uni .. 

1163.11:0)·4, 1 MHz/ 5575.00 
.'e". j" 1163 model. 
116.·11:01·2, I MH,/ SS5.00 
. ' e", j" 116. model. 

Hook_ Up Cobl . fa. all 15.00 
ROr., SO ft, 12 ~on· 
ductor, .hlerded 
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O I!!: NERAL RA D IO COM"ANV 
Wr:8T CONCOftO , ... ........ C .. U. r: TT . 0 ' 7" 

DO W E HAVE YO UR CORRECT NAME AN D ADDRESS-nome, company 

or organization, de po rtment, st reet o r P.O. bolt, city, state, and zip code~ 
If oot, please dip the a ddress la be l on th is issue ond reTurn it 10 us with 

corrections, or if you prefer, wri te us; a postcard will do. 

SEMINAR ON LOW·FREQUENCY STANDARDS 

A seminar on Low-Frequency Electri
cal Standards will be conducted by the 
National Bureau of Standards at the 
Bureau's Ilew site at Gaithersburg, 
Md., from December I I to 13, 19G7. 

The seminar will present information 
on the accurate measurement of elec
trical quantities and on the calibration 
of electrical standards. It will cover 
the measurement methods used by the 
Bureau to establish and to maintain 

the basic electrical units and to calibrate 
customers' standards of resistance, in
ductance, capacitance, voltage, current, 
and power from dc through 30 kHz. 
Empll1lsis will be on measurement tech
niques of interest to those working in 
stand:lrds nnd calibration laboratories. 

T hose wishing furthe r information 
should write to H. F. Dziuba, ll-162, 
Metrology Building, i\"ational Bureau 
of Standards, Washington, D. C. 20234. 

GE NERAL RADIO COMPANY 
WEST CONCORD, M ASSAC H USETTS 01781 
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