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A SLOTTED LINE RECORDER SYSTEM 

With the introduction of the G H900 
Precision Cooxiai Connector' fwd asso­
ciated equ ipment:, the t.rend to greater 
accuracy a nd precision in microwa ve 
impc<iall(!c measurements has been 
greatly nccelerated. i\Tot. only docs the 
connector itself boast. 0. vswn un order 
of mngl)itudc better than that of any 
previous connector, but the avuilnbility 
of such n true precision connector hils 
led to lhe development. of :l C n900 
line of com ponents and devices, all of 
which sha re the COlll1cctor's elcctrical 
lmd mechanical excellence. 

An expandi ng, self-refining tech­
nology demands improvemenl.s not. only 
ilL devices but. in t.ccllllillues. Given 
the new tools of the G H900 line, we 
were able to reappr:l.isc the trnditionul 
methods of measllrement., to sec whether 
rl.' nmining limitations were impOS<.><i by 
the pnx:roures thcmsclves, by the 
available cquipment., hy flw Illethod of 
data prescnta tion, or by some other 
fnctor cn pable of impl·on~mc llt. 

As the basic tool in conxial irnlX-'(luncc 
mcasurcmcnt..'i, the slotted line remains 
ullsurpns.<;cd; its aecurflcy is absolute, 
si nce its Nlflndard impedance is the 
churactcri;;tit, impedance of :1 coaxial 
line. The inherent. I1ccumcy uf fhe 
:;lo!ted linc, liS well AS it!-; Id.llbility find 
IlI'Imd bandwidth, led 10 Ihc in\'cstiJ!;fI­
lion of IIU' limitations of this illslnl­
nwnt for low VSWIt mca:;-urClIlI'nts. As 
might I .. · expectcd, we found the limil­
illg fal'tor!-; to be not ill the ~l(lttcd 

line it.<;eif but in the noisc level and 
'A. t;. Saml~rO(lO" .... Had]ea!!,. iX~ .. C .. ~ial Con~_ 'u. 1I,lth_l't~,.ion "'I""",,~,n~"u,,' (;.~"al R~tI,. EI,I<"­
.. t~l~r. "~b,"",,.-MMteh 100.', 
• Joh" z..n,., "I'I'I!e'Aion Coo.,id t':'l"ipm~nl - Th~ 900 
,;.ori .. ," G<N"al IIfJdi. EI.,.. ..... ',,'''. iXoYcu,t..:. 1003. 

limited sca le expansion of commercial 
!>tanding-wave indicators. This eOIl­
clusiau [00 to the development of the 
T n ): 1640-A Slotted Unc Hecorder 
System. 

The combinution of a slotted line 
and a graphic recorder produces Il re­
cording of t.he slotted-li ne probe out.put. 
tiS Il function of probe position that far 
cxeeeds, in resolutioll Blld uscfu lness, 
the eOIl\'entional meter readout. The 
noi!'!e figure of tho transistorized Tn'!;: 
1 &to-A System is held to Jess th~Ul 5 
dB, and the high signlll-to-noise ratio 
at the crystal detector (normally o\'er 
80 dB) is pI"Cscrvoo through the am­
plifier chain and the rccording process. 
The recording of \,!Own's as low as 1.001 
with excellent. signal-to-noise ratio is 
cllt.irc iy pl'Ilclif'ai. 

The usc of a slotted line rccorder 
SYlStcm not. only overcomcs the Iradi­
tiunu[ scale-factor and noise problems 
but also otTcrs the many ndvantll.gcs 
of n permanent recording. T he chu rt. 
record, for eXlllllple, ca n be Ilnalyzed 
gnlphiclllly for the most lleeurate mcas­
urement. of vawn, positiol\ of mi nimum, 
and othcl' waveform cItllmcteris tics. 
The minima of low-\'$Wlt pat.terns ure 
particularly difficult to locute by tradi­
tional techniqucs, bec/Hlsc of their sha l­
lowness allel because of the nppnrcnt. 
:,hift. of position if tilt exists in the 
fI:\tnC'ss curve . On a chart rccord , the 
positions of mini ma nre strikingly Cllsicr 
to \oente, noL oilly because the pattern 
is grcati)' expllndcd, but. also because 
the vswu pattern lind the flntness 
eurve a re casily disentangled when 
both arc visible toget.hcr. 
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Reversl plol..!; can be mudc on lht} 
sumt dmrt ~o tiIlH, for ('xample, the 
J>o~ilioll~ of minimll with :-;horl..('ircuiL 
terlllilll~tiOIl alld with unknown al the 
rcfcr('ntll pliille CI\Il be intcl1!ompun.:u 
diredly. Wh<.'r{'\'l'r thc dlJfm!llcl' be· 
1\\'('('11 two mea.<;lIrcmcnl cOllditiow:\ is 
importnllt, lilly irregularilil's in the 
"laltNi iin(' (in I'OlllOt.IIIlCY of probe 
pcnelmtiolJ, fOT in~tancc) cfT .... t·tivcly 
t'aIH'(·1 Ollt ill Ii multiple plot, /lilt! the 
difTcrCII<"C shows up dearly a.-; n :-;inlls· 
oidlil wobble of OIlC tm('c IlbOllt the 
other (!-iCC Figure I). BeCIHlt«' of the 
ctT('ctivl' eliminatiOIl of slotlt'<l line irn· 
perfections from the IllrUSIITc·mcnt, the 
sublititU lion Jnrthod hy graphic r('corti· 
iug yields the mosL Itc;t'umte, repratable 
measurt'ments of low vswu with t he 
TYI'Jo~ 1 (;·10·:\, dowJl to 1.001, 

BCJ>('atabilily and comparison lJl('ns­
Ul'('lllcnts are also facilit.atro by the 
multiplc·rrcording techniquc. A st'ricl'l 
of measurements, for inslilll('C, can be 
plotted on the same section of dltut 
paper as a rapid method of com pari.'iOn. 
chCf' ki ng f'ompo ucnts against. a I'Itand· 
ard. The gmphic record also quickJy 
reveals whether the measurement. is a 
true one OT whet.her it. is being dis-­
tortM by n noisy signal gcncrntor, t\ 

connector t.hat. doesn't rcpent, or some 
other unforeseen factor. Finally, :1.8 a 
continuous monitor on equipment op-

oration, the recording flU su rpasses the 
usual vswn meter in convrui('llcc. 

THE TYPE 16'0-A SLOTTED LINE 
RECORDER SYSTEM 

The new Slotted Line Recorder Sys­
tum, shown iu Figure 2. comprises 
n. standard T YI'I': tIOO-LB Precision 
Slot.led Lin(' a nu !l modilird version of 
thl' T\'P~; 1,;21 Graphic Lc\'el He-­
corder ('1'\ ..... : IJ21-SL), a long with the 
nCl'ess.'l ry intercoullecting linkage and 
mounting hardware, The slotted Iinc 
is mounted in its usual IJcnch·top posi­
tion, and the recorder is beneath the 
hench, cithe r on IL shelf or suspcnd(·d 
from the hench top with the bolts 
provided. The meLal mount.ing plate 011 

which t he slotted line rests has four 
studs, which engage the rubber feet of 
thc slotted linc, and a projecting shaft. 
.\ gear on onc end of this shaft. is .f'"\ 
coupled to the probe-carriage drive, 
nnd a sprocket 011 the front. cnd engages 
t hc external chain·link drivc of the re­
corder. The motor that. powers tbe 
chart drive thus a lso drivcs the probe 
carriage of the 810tted line, and the 
churt papcr is Ilutonmtieally given the 
correct hori7..(mt.u1 axis for the desired 
\'!:\WR plot. The vertical axis of the 
plot is su pplied by the audio output of 
t be crystat detector, which is connected 
by a coaxial cable from the probe 

fl,lIt. I . Mllltlpl , plol 
lI .. d to m.,slI .. dl'· 
I .... n.. Io II ••• n t., 
m'OSlIt. m, n' .,ndl· 
,Ionl . Not . th,tth , dl'· 
f .... nce In tho rocord. 
Inl (0 + 10 ) II 0 lin • 
• ,,,, .orr.'pond'nl 10 

a VSWR " 1.0021 
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carriage to the recorder input connector. 
The recorder suppresses the zero level 
and applies the resulting greatly ex­
panded V8\\,1I pattern to the verticn l 
ll..'I(is of the s t rip chart. T he degree of 
scale expansion is romnrkabll'; On a 
typical vswn meter 11 VSWIt of 1. 10 
takes up two inches of scale, whcro!l.s Ii 

vswu of 1.008 cun be expanded to the 
full <I-inch width of the churl paper! 

THE StOnED LINE 

The TYPE DOO-LB P recision Slotted 
Linc1 is the most precise coaxia l impc­
dunCC-IllCM!Hring instrument. avui lnblc 
commercinlly, with Ii residuul VS\\,II of 
1.001 + 0.00 1 jG< from JOO :" Ic/ s to 
9 Gc/ s; it. is, moreover, un extrcml'ly 
rugged, reliable ins tru ment whose t:nli­
brntion eu n be expected to st.n.y with in 
specification indefinitely. Tile forged 
outer <,onductor joins its COllllcctors 
smoothly, without. the reflection-caus-

'Zorlf,Op. cit. 

ing steps and dis('Ontinuitics fo und III 

noncylil.ldricnl conxial ,,;Jottcd lill c~. 

T hc chromc-plntcd outer conductor 
of the linc is u 2U-ilH'h , prccision-forged, 
brass t.ube, lined with n O.OOO5-inch 
luyer of pure sil ve r for low loss. T he 
finished inner d iameter is O .. iG2,j inch 
± 100 mi{' roinche~. The inner con­
ductor is RtC'C1 with a 0.000.5-incll layer 
of sih-cr and is (,.'C lile rlcs..o;.ground to 11 

tolerance of ± flO microinchcs. Both 
inner und outer conductors nrc stress­
rel ieved to re~i.4 diumdtcr changes due 
to ma chin ing. 

T wo intcrch:.lngf'nblc clect rostatic 
probc Ilssc mbl ieg :u'c supplied : a t.una­
ble probe for lISC with the built- in de­
tector for modulated signals and an rf 
probe to couple an unmodulatcd Siglllli 
to an cxternal detector. Either mount.j,! 
in thc ca rriage that. tra nsports thp. 
probe through the enlire :)()..cm length 
o[ the slot. This cast. brass carriage, 
with its honed sleeve bearing, rides 
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smoothly on the finely grou nd surface 
of the outer conductor. 

Probe position Hlong the flO-c m slot, 
relative to the rcfcr~nce plane of the 
C H!)()() con nec:tor, is indi!'ated to within 
0.1 millimeter hy a calibrated milli­
meter scale with attached vernier. 

Depth of penetration of the tuna hie 
prol.c i" conta-ol1cd and indicated by 
a micrometer adjustment. The scale 
is preset 1.0 indiClitc direc tly the dis­
Ul.llce bet.ween the probe t ip and the 
center conductor (smalles t ma rked in ­
terval: 0.001 in ch) . A posit ive stop 
prevents the probe from strik ing the 
center conductor. 

The probe is tuned to resona nce (at 
any fre(pJcllcy fro m :~OO i\ lc/ s t.o 9 Ce/s) 
with n buil L-ill shorL-cireu ited stub, 
whose length is lldjusted by means of a 

figure 4. Typlcol diroc' 
"cordi"g of VSWR. 

rota ting burrel drive. One tu rn of the 
harrel moves tbe short ci rcuit I em. 
A logging scale indicates posilioll of 
the short circuit within the banel. 

Sl o nED LINE RECORDER 

The Tn.: 152 1-S L SloLled Lin e Re­
corder is IL transistorized , singlc-frc­
quellry, oorvo-ty pe ins l rument. (soo 
block diagram, Figure 3), wh ich pro-­
U1H!f'l), 011 white chart paper, an ink 
record of the standing-wa ve pattern 
of the slotted line. Scale expansion is 
cont inuously adjustable, with the con­
t rol calibrated in VJoiWIt, % .'U LI. S<;A I. E 

(a vswn of 1.01 is deti lled as equivalen t 
to 1%) . Standing-wl\\'e patterns of 1.2 
to 1.008 in VSWIl can be expanded to 
occupy full scale. 

The VSWlt accuracy of the s trip-cha rt 
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VSWII Clnd phon. 

ill- _ I 

recording depends only 011 three stahle, 
wire-wound pof.(>ntiomctcrs ill the servo 
loop. These arc custom-calihmted ill 
clleh instrumcnt. The accuracy is WiUlill 
one minor division of the chart paper 
(1/ 40th of full sc111c) for all positions of 
the "swn, % FUI.l. SCAU; control. 

Sensitivity (the minimum signlll1e\'el 
for an on-scale indication) is con­
tinuously adjustable from 50 micro­
volts to 2 millivolts. The 2-millivolt 
upper limit is set by the square-taw 
characteristic of tho crystJIi detector, 
the 5O-microvoit lower limit by the 
degradation in signul-to-noiso-ratio 
(wbich also determines the minimum 
detectable VSWR) . 

The amplifier is fixed-tuned to 000 
cis (i\voiding harmonics of 60 cis nnd 
50 e/ s) aod bas a 35-cycle bandwidth. 
Thc 5-dB noise /igure nt Ihis bandwidth 
resul ts in a vswlt-cquiva len t noise le\'el 
of 1.0001 (O.OJ %) nt. an audio input 
signal level of 1.0 mill ivolt. 
Chart Dri"e 

The chart drive hns four !>1)Ccds; 
since two sprockets of 2:l different 
sizes are suppl icd, there are eight 
possible slotted-line carriage drive 
speeds, from [) to 0.08 ceotimeters per 
second. Olle horizontil.1 division 011 the 
chart paper corresponds to either I or 
0.5 centimeter on the slotted-line sen lc, 
depending 011 which sprocket is used. 

JANUAIIY 1965 

- , 

,':i tl ! I ! I I III H If I HI 

(i'ast chart spc<'ds a nd the l-em/ division 
sprocket are IIscd at lower frequencies, 
while the slower speeds llnd the O.5-cm/ 
division sprof'kN expand tbe borizontal 
sca le for better precision at the high 
cnd of the hand. Al any frcauCflcy from 
0.6 10 9 (;e/s, tu'O fu.ll cycles of the 
s/muIi11(J-watV' 1xUtcrn ca l~ be 8C(Hlllcd';n 

fi~ seconds, u'ithoul perceptible distortiOll 
of the stfllldhl(J-U.'(U'c pattern. 

APPLICATIONS 

Direct VSWR Measurement 

The primary application of the 
Slotted Lille Heeorder System is, of 
course, the measurement of the VSWII 

• of an unknown ono-port component by 
the direct method. If VSW It nlone is 
desired, the recorder mot.or dri ve is 
engaged for nt ICl\st one cycle of the 
standing-wave pattern, to produce a 
record similar to that shown in Figure 4. 
If the phase of lhe V8WR pattern is also 
important, then a Tn>~ 900-WN Short.­
Circuit TerminllliOIl (supplied with the 
system) is connected in place of the 
unknown, and a second curve is supcr­
impooed on the first (see Figure 5) . The 
distancc between positions of minima is 
then measured directly 011 the chart. 
paper, IlS is wavelength, and the voille 
of d/ >", t hus determined l is lrnllsfcrrcd 
to the Smilh chart as wn.vclcngths­
toward-load. The case with whi ch the 
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positions of 
graph icaUy 

minima 
ensures 

can be located 
excellent 

measurements, even for v8wn's 
as 1.01. 

phase 
as low 

Direct VSWR measurementi; elm be 
made on connector systems other than 
GR900 by means of GR900 pn'CI!'lon, 
low-vswn adaptors. These are now 
available to types UNC, C, x, T~·C . and 
GR874 connectors (see page 17). 

SubstiMion VSWR M easurement 

For evcn gl"{'nter accuracy , ~ substi­
t.ution technique cun be usc<i,J with 
a T,rPE 900-LZ Reference Air Line act­
ing as an impedance standard. Accu­
racy of measurement is increased by a 
ractor of from 2 t.0 5, depending 011 

rrequency, and the position of minimum 

II.. E. Sander..,n. "A New I[j,h.r're"'"ion M"t~od for 
th~ Meuurement of th~ VS\\,R <>f Coo.~i.[ Conn ... tlIn," 
ISH 11-.:m ..... ti .... 0" Mo'n-""", ... TltoM'\! <lnd Tu~~i'l"<., 
Vol MTT-9. No 6. Noy.embeT 1961. pp 5z..~28 • 
• A. E. &nde .... n. "(Ahb""tion '["""",n;que. 10' 0 " ... And 
·r ... .,..Por~ D~v;"". U";01l Coui .. l Here ... """" Ai, Li""" h 
Ah..,[ute lmpflll .. """ Su",!!."!.," ["otn"n""t So<i~1.y 01 
A_ri ... Prepri"t 2LO-3-tl~. 

Flgu,. 7. Multlpl. ,&Cord lnlJ 
' ... . d I.. sub.lilutlon-mathod 
\/,SWR .. nd ptu"a maasl,l'.-

manl. 

: 

Flgu'a 6. Mu1t1pl . 
recordlnll u.ad In 
subliltutlon _ method 
\/'SWR ma .. lu,ama n,. 

can be located accurately for a. vs wu 
as low as 1.00l. 

In the substitution method , a multi­
ple plot Iii recorded , showing ( I ) the 
VSWR of the unknown connected di­
rectly to the slotted line a nd (2) the 
VSWR with the reference air line inserted 
betWl,'e1l t he unknown and the slotted 
line. (See Figure G.) With the imped­
ance transformation of a quarter-wave 
air-line seetion, the difference between 
the two curves represents twice the 
VSWR of the unknown impedance with 
respect to the reference air li ne. The 
residual VSWR of the slotted lioe ef­
fectively cancels out. 

To det.crmi ne phase, a curve is run 
with a short circuit at the rererence 
plane, as before (see Figure 7). The posi­
t ion of minimum of the unknown is 
halfway between two adjacent intersec­
tions on the multiple vswu plot and can 
thus be located with pinpoint accuracy, 

.' 

L1A~~!.3i:I Te 

lID ~ UIII~_I11+-~ 
~, 7.1'> CIII AlRUIIIE 

CL 
~ . 

I ~ t 
. 

. . , -
• • 
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no maller how low the VSWR may be. As 
before, d and)., are both on the chart 
paper, and their quotient becomes the 
"wavelength.s--loward·load" reading on 
the Smith chart. 

Insertion VSW R 

Many of the most common design 
problems can be cast. in the fo rm of t.w().­
port unknowns, and the insertion vaWR 
of a two--port unknown can be measured 
very accurately on the slottcd·line 
recorder system by a subs! itution 
method. I. , Exa mples of design prob­
lems centering on the insertion vswn 
are the design of coaxial connectors, of 
isolated bead supports, or of t ra nsitions 
between coaxial lines of different diam­
eters. Separating the reflections of the 
two--port. unknown from those of the 
slotted line and termi nation has always 
been difficult. in such design problems. 
In the substitution method with the 
recorder system, separation is easi ly 
achieved, since t he undesired reflections 
cancel out, wh.ile the desired rerIections 
do not. The insertion VSWR of the two-­
port is the difference between two 
CUf\'es recorded 011 t he same section of 
chart paper, just as in the one-port 
substitution method described above. 
The short-circuit referenctl plane marks 
can also be recorded on the cha rt paper 
for Smith--c.hart piots of the measure­
ment (see Figure 8). 

JANUAIl Y 1965 

f •• ur ••• Il ... ,en .... h ...... l .. , In. ........ VSWIl .f • 
"'., ... pa ir . f O1l900 .... p, ••• (Typ •• toO. QNJ 

a ... . QN"j a' 7.S Oc/ •• 

Repeatability 

In the process of any VSWR measure­
ment it is important to check pcriodi. 
cally that the measurement is repeat­
able, that is, that it Clln be duplicated 
several times ill succession with a 
variation no greater than the rated 
repeatability of the connector (fo r the 
GH900, 0.050/0). The TYPE 164O-A 
system is well suited for such checks, 
because several successive curvcs can 
be ploUed on the chart fo r direct inter­
comparison, as shown in Figure 9. For 
th.is check, it is desirable to match the 
slotted line to its load by means of the 
TYPE 9OO·TUA Tuner (see page 15) 
for maximum recorder scale expansion 
(1.008 full·scale). The successive curves 
nrc spaced with the recorder CU;'T!;IIINC 

control and should agree within 0.050/0, 
or 1.0005. 

fl ,u.. 9. Mult l,.l. , . c • • ell .. , 
. ho ..... '" • •• •• 11 . .. ' •• ,. . .. ,aIoU. 
lIy a f OlltoO /a ' .. ' ..... Ith ...... n · 
lo r •• , . , . ..Iff ..... ' • • 1. ",._ 
!lo ... , '" • "1tY ....... VS WIl 

", . alu, . ", . .. I. 
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~I.u •• 10. T ... ple .. 1 .u ... dln, .. f ' ... " .... n.l .... , 
2 Ge/ I, wI'''' T ... ,. 1360.1 Mle •• w .... Osclllat .. , 
II.'" .... lan .. 1 ....... e ... Ch...., Ip .. d w ... 30 011 .. 1 
... In. N .. , .. th .. t , .. , .. I •• e ..... I.n ....... n' ''" 2$. 
.. cond .oco.dln, I ....... I .... I.n, I. VSWIt .f .nl ... 

1.0002. 

System Noise Check 

The equivalent noise level of the 
system, all-important in precision VSWR 

measurements, can be checked easily 
with the TYPE 164O-A Slotted Line 
Recorder System. Contributing about 
equally to the system noise are three 
sources: the signal sources, the crystal 
deteetor, and the recorder itseU. To 
measUtC the VSWR equivalent of syslcm 
noise, the probe carriage drive is de­
clutched, the recorder set for maximum 
resolution, and the ('hart drive acti­
vated. Since the probe is not moving, 
the sole cause of any wiggles 011 the 
chart is system noise. The peak-to­
valley noise excursions can then be 
translated into an approximately equiv­
alent VSWR. In the example of Figure 
10, the peak-to-valley ratio is 0.02%, 

(or a vawn equivalent of 1.0002. This 
amounts to a basic figure o( merit for 
the system, since the VSWR of t.he un­
known must be comfortably above that 
of tbe noise level in order to give 
accurate results. 

SUMMARY 

The use of a graphic level recorder 
greatly enhances the usefulness of the 
precision slotted line. Among the bene­
fits derived from this synergistic al­
liance are : 

- a scale expansion that makes the 
recorder the equivalent. of a vawn meter 
with a 10-foot-long scale, 

- a signal-to-noise ratio of over 
80 dB, 

- the pinpoint locat.ion of positions 
of minima, 

- the many advantages of multiple 
recording (in substitution measure­
ments, for example), 

- the possibilities of graphical analy­
sis of recordings, 

- tbe availability of permanent re­
cording for reference and later study. 

For engineers working on coaxial 
design problems, for instructors wishing 
to demonstrate standing-wave pbe­
nomena most effectively, for anyone 
concerned with slotted-line measure­
ments, the TYPE 1640-A Slotted Line 
Recorder System merits very serious 
appraisal. 

- A. E. SANDEItSON 

SPECIFICATI ONS 

SLOTTED UNE (TYPE 9OO. Le, 

C ........ ct.'I.lIe ImpOd .. ne.: 50.0 ohms ::1:0.1 %. 
'.obo f' ..... I, 50 em. Scale calibrated in eenti­
metera from re:fereo(ltl plane. Attached vernier 
CM be read to 0.1 mm. 

Seol. Accu,ot ... , ±(O.I mm + 0.05%). 

F' ....... nc ... Iton,., 0.3 W 0 Cels. At 300 Me/e, 

covel'll a half wavelength. O~ratee below 
300 Me/a with Tn!:: 000 Precision Air Line. 
e.nll .. n .... of P ... IM Plel . ... p , ± 0.5%. 
h'ld ..... 1 VSWIt , Lee! thlUl 1.001 + 0.00 11a. 
(C.I., 1.002 st I Cell). 
Ace ... o.l .. It.,.ul .... , Generator and detector. 

DI .... nllon" I Width 27M, height 10, deptb. 
4U' inebee (700, 255, 125 mm). 
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Sen.m ... lly. Continuously adjustable from 0.05 
to 2.0 mV (on-8tllle). 

Fr.quency , 990 C/8 ± 2%. 

8,"~""'ldlh : 35 e/a ± 7 e/I (at. 3 dB), 
VSWR R.ngl: Coutinuoualy adjustable from 
1.00~ (~.8%) to ,1.20 (~.~) full-ecale ; ILCCU rIlt.e 
to Wltiun one ffilDor diVISIon. 

Nol .. La"'ll ( .. fltn'H 'I ,,,...,1): Short-circuit., leas 
than 0.1 IOV ; opeu-circuit( 1_ than 3.0 IIA. 
Noi8e figure 1C811 tbllll 5 (18 at the oJltimum 
8OU1'Ce ~t.a.nce (about 30 IdJohms). 
"owet' I. ..... , .... , 105 to 125 or 210 to 250 V, 
60 e/., 35 W. TnE 1521~LQl Recorder, 
used WIth TYPE 1640-AQI System, 5(} e/a. 

0. .... " ... au 4-inch recordio$" 0 11 5-inch llaper j 
40 minor and 8 major divisiollll vertically. 
RoriJonta! BCale "lling, U inch. 

, ...... $"""' , Adjustable, 2.5 to 75 inches per 
minute; plots correspond to 5- to 3O<km/min 
carri~e travel on s1ot.ted line. Two inter-

JANUARY 1965 

changeable Bprocketa advance PRpef 1 or 2 
hori~outal divUiion8 per em probe travcl. 
~v. 80ndwldlh 0' 1' ... o.r .... : More than 4 0/1. 

In",,1 Co"",",,o .. GR874 Coaxial Connector, 
locking, recl!l8l!ed. 

sysnM 

Au ••• o.l .. SlIppll.d , 1'yI'E 874·R22A Patch 
Cord ; TyPE OOQ..WN Precision Short Circui t; 
Tn'!; 900--\\"O Predaion Open Circuit; tuning 
ltub-probe aaaembly (including IN21C iUld 
I N23C crystals); rf.probe IL8IIemhly (with 
TYI'E 8701·81. Conne<:tur); micrOnloter carriage 
drive (aceurll.te to 0.01 mm); spare drive cabloi 
!!.orage box; Smith chart.!l; two pent; 2 01 rea 
ink ; 2 o~ groon ink; pot.cntiometer cle&ller; 
10 100-£(. rolla of chart paper; oyedrollpen for 
filling pen; IXlwer cord; Bpare fueeo . 
ktoch Spo~. Roqlli •• ch Width 48, depth 14 in 
(1220 bv 35Ii mm); heiSbt above bench, 12 
in, depth below beneh, 9 III (315 and 230 mm). 
N., W.lgh" 07 lb (37 kg). 
Shipp ing W. lght: 120 Ib (55 kg). 

Priu 
Slott.d Un. RICOI'd .. S'f., . ... (101- 60-c'fct • ..,pply) $191$.00 

1915.00 Slott.d Un • •• cord .. $,.t .... (for 5O-c'fd. tII pp',) 

U.8. Pa ..... ~ No 2,581,133; 2,548,4.n. 

REFERENCE AIR LINES 
FOR THE 

@ 900 SERIES 

New GR900 Reference Air Lines de-­
rive exceptionally low VSWIt chiefly by 
the elimination Qr bead supports. The 
inner conductor is suspended illsteaJ 
by the center contacUi of the GR900 
connectors wilh wh ich the ail" line is 
mated (see Figure 1 above alld Figure I , 
page 19). Use or the headless GR900 
connection helps make the accura.cy of 
these air lines several times that of the 
Type 9()O..BT Connector. Thus GR9O(). 

equipped instruments and componenta 
call now be quickly liud convenient.ly 
calibrated with respect to the new 
standards. For example, the TYPE 

9OO·LB Precision Slotted Line, whose 
VBWIt accuracy specification is 1.001 
+ 0.001100, can typically be calibrated 
to an accuracy of 1.0008 or better 
with the TYPE 900-LZ Reference Air 
Lines and the new T VI'E 9O/J.TUA 
Tuner. With this new calibration sys-. 
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tern, the customer can now verify the 
performance of any GR900 device and, 
if he desires, correct measured data for 
the effect of the smnll residual \'S\\'R'S 

that are present. Furthermore, the ref­
erence air lines are themselves "cheek­
able" by means of electrical half-wave­
substitulion measurements and me­
chanical measurements of diameter and 
length (in turn traceable to the Na­
tional Bureau of Standards). 

The ultimate standard of 50-ohm 
impedance upon which the entire OR-
900 line is based. is the characteristic 
impedance of the Tl'PE 900- LZ Ref­
erence Air Lines shown in Figure I. 
These arc coaxial transmission lines of 
very accumtcly controlled medulllical 
dimensions, and thus of known charac­
teristic impedance and electrical length. 
The characteristic impedance. depends 
primarily on the ratio of diameters of 
the inner and outer conductors and is 
controlled to 50 ohms ±O.05% with 
tolerances of loo and 50 microinches on 
outer and inner conductors, respec­
tively. Both inner and outer conduc­
tors are overlaid with pure silver fo r 
minimum loss. The electrical lengths 
are controlled to ±O.OO2 em and arc 
slightly shorter than the Ilominallength 
to allow for the dielectric constant of 
air (1.0007) a nd for the fact that the 
velocity of light is not exactly a x !Ole 

em/ second bllt 2.9(71)25 X 1010 cm/ 
scoond. This adjustment makes the 
line lengths exactly integral numbers 
of wavelengths at integral frequencies 
(1 Gc/ s, 2 Gc/ s, etc) for convenience 
in calibratiolls. Sinc..-e the time delay 
and capacitance of encll line also come 
out in round numbers, the rur lines 
are convenient standards of these para­
meters as well as of impedance. The 
specifications table lists quarter-wave-

., 
, ., ..... 2. Smllh .~h"rt d .... ml""Il." ,,' 1"It.llml.,I 
.. flocll,," co.Hldl "1 <r .. l .. .,d ' ood .. flu.lo" c .. • 
.Uld • .,1 (ri llrom mul ..... d VO'" .. 0' r' o"d r", 

wllh " ... "". r.w .... '.'.rl.,c. 01. 11"1. 

length frequencies, capacitances, nnd 
time delays for the six reference air 
lines presently availablc (5, 6, 7.5, lO, 
15, and 30 em). 

The inner conductor of the reference 
air line derives its support from the 
connect.ors in the system under test, 
obviating the need for dielectric bead 
suppor~ within the air line. The inlier 
a nd outer conductors are of equal 
length and without stepe, joints, or 
slots, which would destroy t heir useful­
ness as calcu lable standards of micro­
wave impedance. When connected to a. 
system under test, the reference a ir line 
is an ideal section of transmission line 
from the reference plune on the input 
connector to the reference plane on the 
output connector. 

Applications 

The use of ideal sections of t r:ms­
mission line to calibrate measuring 
instru ments and components is illus­
trated in Figure 2. When a termination 
with a finite reflection coefficient is 
measured on nn instrument having a 
fi nite error, lhe meusured reRection 
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oocfllcient equnls the L'ecior sum of the 
r<'flection coefficients of the two de­
vices. The equMion for small reflection 
coeflicicllts (r< O.l ) is: 

i"-r.+r, (1) 
wherc 

r' = initial indicated reflection 
coefficicnt, 

r .. '" residuul reflection coefficient 
of the instrument, 

r, = lond reflect ion coefficient. 

The insertion of tl reference air line 
of electrical length L between the 
measuring instrumen t and the load 
has no effect upon the r .. \'eetor, but 
rotates the phase of the r, vector by 
47ft/}.. radians about a point on the 
Smith chart equal to the characteristic 
impcd!lllce of the air line. This fact. is 
the key to the separation of instru ment 
error from load error lind to their mC:!8-

lIremenl with respect to a known a nd 
calculau\e rf im,>e<ianoo, the chamcler­
istic impedanoo of the refcrence a ir line. 

\"or calibration purposes, the most 
convenient. lengths of refcrencc air line 
nrc the odd quarter wavelengths, fo r 
the rotation of the r, vector is then 'lr 

f igure 3. Dlel e<lr l~ _,"mple fabrl_ 
cal la n 'or me",ur. m. nl In Type 

900_lZ Referenco AI. line. 
!<On: 

JANUAR Y 19 65 

radians, or 180 dcgrocs, correspondi ng 
to a change of sign of the r, vector. 
T he measured vulue of reflection co­
efllcient after insertion of the refcrence 
air line, r", is therefore: 

[V' = r .. -rio (2) 

Vector addition of equations ( I) and 
(2) and rearrnllgement yield the rCSI­
dua l reflection coefficient of the meas­
uring instrument: 

(3) 

Vector subtraction of equation (2) from 
equation (3) yields the rellcction co­
efficient of the load: 

r' - r" r, = 2 (4) 

The correspond ing " flWII'S nre ob­
tained from the formula: 

1 + WI \':;wo = --
I -WI 

The above results can be gcneralized 
to apply to Icngths other than odd 
quarter w!l.velenglh!) nnd to two-port 
as well as one-port unknowns, to 
achieve the sa me high accuracy at any 
frequency in the mellsurement of any 

DlIUNSiONS ,N '"'>\£S. o IMn·· .... 
n~ . roTiO.l U'OIt.rro ILINCiOJT 

"- S." PU: D'MENSIONS 
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microwllve component. The general 
formulas and required techniques are 
described fully in RcJerences land 2. 

The TYPE !JOO..LZ Air Lines can also 
be used in the metlSuremcnt of dielec-­
tries. The air lines, being open at both 
ends, serve as convenient holders for 
dielectric 8.'lmplcs fllbricnt.ed i.n the 
coaxial cross-section shown in Figure 3. 
The electrical length and the attenua· 
t ion of the dieleetrie·filled line can be 
measured wit.h high accuracy on the 
Tn.: OOQ·LIl Slotted Line Il.S described 
in tbe opomting instructions for the 
Slotted Line, and these quantities are 
related to the dielectric constant and 
the loss tangent. of the material with 
the formulas: 

(L.), 
f,. = -

L. 
O.036G A}.. 

tan 3 = 
1 •• 

wbere f,. == relative dielectric constant, 
tan 3 = loss tangent, 

L. = electrical Icngth of diclec· 
tric specimen, in em, 

L" = physical length, in em, 
A = attenuation ill specimen 

owing to dielectric losses, 
in dB, 

}.. = wavelength at test fre-
quency, in em. 

All quantities ill the formulas Cfin be 
accurately measured with the T\'PE 
9OO·LB Precision Slotted Line and the 
l\Iicromeler Carriage Drive. The nccll· 
racy of this technique is about ± O.2% 
i.n dielectric consw,nt nnd ±O.OOOI/ 
..Ik"c in loss t:mgcllt from 300 Mcls to 
9 Ge/s. 

- A. E. SANDERSON" 

REFERENCES 

1. A. E. SandeM!lOll, "Calibration T echniqucs 
for One. and Two--Port. Device! Using CoAxial 
Refcrence Air Linea as Absolute l rnped!l.nce 
St.o.ndards," lnatrument Society of America 
Preprint 21.6-3-&1. 
2. A. E. S:t.ndcnKln, "A New High.Prcciaion 
Method for the MeMurernent of the VSWH of 
Coaxial Connectors," IRE 1'm/Wll:tioru on 
Micro~ Theory OM 7'tchniquu, Vol MTr·9, 
No 6, November 1001, pp524-528. 
3. O. W()Q(l, "A CO/I.xial Conncctor Sy:!t.('m for 
Prcc'ision n. I-'. :o. l elUluriug u151rumenlll H.ud 
t;l4nd:orll8/, /'rocetdirlll' ollhe IEIJ, Vul lOS, 
I)art B, ~o 38, March HKiI, p 205-213. 

SPECIFICATI ONS 

T,,, 
900.lU 
toO.1I6 
900_117H 
90Q.1110 
900.lZU 
'OO_1I30 

AdditiOllal skin-err .. "Ct error is calculable. 
VSW R, J..etII thrill I.OGOS + 0.000210 •. 
a,p ... l .. bIUt)' , Within (0.010 + 0.00310.)%. 
L ... lu."" Hetter th."n 130 dB below signal. 
1 ..... 11 .... l .... , Less than 0.0008 vfo. d B/em. 
M.x lmum V .. llo"" aooo V peak. 
Moxlmum ,.. ...... , 20 kW /V/M •. 
Dc eo .. , .. d aulolon," ( ... d. .nd, molN .... lIh 
GR900h Inner ('()nductOf, lC811 than 0.5 mil· 
Iiohm; oul.(:r cl)I1 i1uckor, JCS8 thllll 0.07 milliohm . 

Elcdr·jc.al CapocJ. Tim~ Odd "/4 I'hll8iool N" 
Weight l,t'llI,h--em tIIllCe-f,'" f)C/Oy--p8 F~t4tJt;ffct'~IS · .I..e"Olh 

l'rice (±o.ooe til') (*0.07 %I) (±0.1 p~) -Ge/. t>l -1II1n 0::-'1 

• • 997 3.3333 166.7 !1 .. +1)1.50 2V1 - 55 • . 0-115 $60.00 
5.996 ' .0000 100.0 11 .. + 111 ." 2Y.- U 5.0-1-'0 61 .00 
7.A95 '.0000 2SO.0 12n+ 111.00 3'Ai- 80 5.$-160 62.'s0 
9.993 606667 311.3 12n+1I0.1.5 .~-IOS 7.0-100 6.5 .00 

14.990 10.000 "".0 {2n+IIO.SO • - 1,55 10.5- 295 70.00 
29.979 '0.000 1000.0 (2 .. + IIO.2S " -305 20 -55S 1.5.00 
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NEW 

COAXIAL TUNER 

WITH 

NEUTRAL SETIING 

In mnny measurements with the 
CROOO system, thero is the need to 
tune out the small rcsiduu l reflections 
of the GR900 components. For exa m­
ple, by matching the Tnt=: 9OO-\V[lO 
5O-ohm Termination to the THE 900-
LB Precision Slotted Line, onc cnn ef­
fectively upgrade the performance of 
the terminntion to the level of the 
slotted line - a fivefold improvement. 
In substitution measurements, accuracy 
and speed nrc improved considerably 
when tl. matching tuner is used to set 
the initial conditions to n perfect match 
(r' = 0 in cqunliolls (3) and (4), 
p.'1ge 13). 

The TYPE 900-TUA Tuner (sec Fig­
ure I), designed with the above re­
quirements in mind, hus the Sblbility, 

I -1 

IT ill 
I I 

A J1 

fIS"'. 2. Cr ....... lloll vlo w .f lu no •• 

JANUARY 196$ 

• --
fll"'. 1. Typo 900-TUA Tt.o" .... , ,how" 'n piau 
b . tw .. n •• f.f. nc . oJr lin . o nd Typ. 9OO-W50 

50_ohm Stonda.d TermInation. 

fineness of control, a nd resctt.'lbility 
nucessary to tu nc out vswn's as low ns 
1.001 or lower and to keep them t.uned 
out. in addition, wide bandwidth (i to 
o Gc!s), n. unique "neutral" position, 
a nd reasonably ort hogonal tuning ad­
justments (for easy, rapid bala nce) have 
been achieved with the design shown 
in Figure 2. Each of th ree tu ning 
adjustments consisls of a capacitive 
tuning screw in the wall of the outer 
conductor a nd un inductive groove in 
the inner conductor, ill bhe Stime plane 
as the tuning screw. Turning the screw 
counterclockwise places a small in­
duct.ance in series with the line, while 
turning the screw clockwise adds n 
small c..'lpaeitanee in shunt with the 
line; positive or negative incremcnts 
arc thus produced along the imaginary 
axis of a Smith-chart impedance plot. 
To produce incremental chnnges along 
the real axis, another tuning screw is 
placed olle-eighth wavelength (or an 
odd multiple of one-eighth wavelength) 
from the first, for this separation pro­
vides orthogonality of the two adjust,.. 
ments on the Smith chart. The Smith­
chart coverage of the two adjustme.nts 
nt band center is a. sq uare in the middle 
of tbe Smith chMt. Off center fre-
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or rr-t-H''" i,,-t-t-I 
\ ., t-t--tf/ 

fl. LOGe/ .......... _ ,'0 V 

k:~' 
'.' , 
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, 

" B .5 GcII 

'.' 

. , 
., 

~ .~ ...... " 

B 
.<::- 1\ r r l " 

RE"'\ 
'j 

/ 
• . . 

II 
,/ 

C.2.0Gcll~_ -10 / 

Fl ..... 3. Smllh.d,.rt ploll ,howl", 11 • .,1 .. " ,an,o .f Typ. 900· TUA Tu .. or, N ........... ,,' 
co." ... Of ... IIln, ' of " ' OWl 1 and 3, ' " pu tl". ly . T,,"II'II ... ow 1 II .0' 01 5.00. Axi. 
".01 ..... r. in ,orm. 01 p«cent d .... .. ,ro .. f, .... mat.h. A IO-p"u", m ll .... I~h couo'p.lld. 

t." VSWR.' 1.100. 

quency, the 8quarc becomes (I. diamond 
of smaller area bllt is still centered on 
the Smith cha.rt (sec J"igure 3). The 
reduct.ion of mlltching a rea limits the 
useful freflllCIlCY range of a given pair 
of screws to the octave bctwcc.n two­
thirds and four-th irds of the center 
frequellcy. 

Each tuni.ng screw cnn be set so that 
its shunt StlSCCpt.llIlCC exactly C3 l1cels 
the series inductance of the groove, 
and the net effeet of the two discont in­
uities is zero. This is culled the neu­
tral position of the tuning adjustment. 
Becnuse the cffccUi of both shunt sus­
cepUtIlee alld series indllclunce in­
crease ,dth frequency at the sn me rate, 
[Iud because the Screw Zlnd the groove 
are placed at the same point in the 

transmission line, the nt'tdral setting is 
i ndependent of frequency. The neutral­
setting feature was, in fact, fundamen­
tn l to the design of the tuner; only with 
such provision could severnl screws be 
placed in the transmission line at dif­
ferent spacings to satisfy the odd­
eighth-wavelength condition at many 
frequencies and to provide reasonably 
orthogona l tuning adjustments over a 
broad and continuous frequency range. 
In operation, two of the three screws 
in the tuner nrc adjusted for match 
(which pair depends on frequency), 
while the unused screw is simply set 
to neutral. Ench tuning screw can be 
locked in a ny position, affording maxi­
mum stability and repeatability. 

SPECI FICATIONS 

', ... u. ncy Rang.' 1.0 to 9.0 Ce/s. 
Characl .. lsllc Im,...tanc., 50 ohms, nominal. 
VSWR Matching Rang., 1.00 + 0.012/0<1 or 
1.2/0.%. minimum. 
VSWR AtullabUJly, Within 1.0005 + O.OOO3/a< 
Of (0.05 + 0.03/0.) %. 
Conn .. tars , GnOOO nt each end. 
Resld ual VSWR : At neut.rnl, less than 1.03 

1'"Pfl 

from 1.0 1.0 5.0 Gels; lees t.han 1.05 from 5.0 10 
7.0 Ce/s. 
....... ,abUily af Cann .. tla" , 0.05%. 
Ilect.lcal l e"lIth , 12.0 em, nominal. 
Dlm. nlla"", 4~ by 3~ by 1 in ( 1l5, 81), 25 
IIlm). 
Net W.lghl , 1 Jb (0.5 kg). 
Shlpplng Weight , 4 Ib (1.9 kg). 

9OO.TUA. Tun .. $165.00 
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NEW 61i900 TERMINATIONS 
........ ". 

A new short-circuit termination has 
been developed specifically for use with 
the reference a ir lines de!i('ribcd in this 
issue. The TYPE !)()()-\V~C ShorL­
tir(,llit Termilll\tion is essentially !l 

"ill1l'l(' short·.i'ircuiting diilk with a 
I't:lHdnrd (;RD<X) center contact to sup­
port the inner conductor of a beadleS.'! 
T n>e OOO-LZ Reference Air Line. T he 
reference plane of the termination 0c­

curs exactly at the reference plane of 
the GROOO conn('ctor. Hefteetion co­
efficient is O.!)!)!) or greatcr to D.O Gc/s. 

llec.'lusc of the effects of fring ing 
capacitancc, thc reference plnnc of the 
sl'lfldard Tn'E OOO-WO Open-Circuit 

Typ. 

Termination' occurs 0.26 em (elec­
trica l d istance) beyond the reference 
plane of the GROOO connecklr. To fa­
cililute mcasuremcnts requiring copla­
nar short- and open-circuit termina­
tions, wc havc developed the T1'P~; 900-
W~ I'.: ShorL-Circuit Termination, 
whose referencc plane is a lso displaced 
O.2G elll. This termi nation, like the 
Ty!'t; 900-W~C, conklins n standard 
center contnet to support the inner 
conductor of a Tl"I'E 900-LZ Reference 
Air Line. Reflection coefficient is grCiltcr 
than O.!)!)S to 0.0 Gels. 

'JollI' ZOI&Y, "~oa ec-n.l &Iui}'_~ - n ... 000 
8ene.," G ... .,Dl Radio E .. prn_~I .. , Novtn,ber 1003. 

Lefl{Jlh Nd Weight Pn·c, 

9OO_WNC ltef .. e .. ce_1 Ino Shor,_Circ lI lI Term lnollo .. llAo in 21h 0% $ 16.00 
(27 mm) 170 'iI) 

900_WN E Sho rt_Cirellll Termlnolio .. {0.26 em) 1~ln 21f, Ot r 17.00 
(27 mm) (70 'iI 

@900 ADAPTORS 

" .. 900-QTN~ 

With the introduction of six new 
udaptors, C ROOO-eQ4ippcd instrumen ts 
and devices can now be quickly and 
conveniently muted with the most 
popular coaxial conncctor types. T he 

NEW ADAPTORS TO 

TYPE aNC, TNC, AND 

C SERIES 

new adaptors nrc: Typ~;.<; OOO-QB.I and 
-QBP (adapt to nNC serics); 'rYp~~S 

OOO-QCJ nnd -QCf' (ndapt to C !l('ries); 
and 'i'YI'ES flOO-QT).',' and -QT~P 

(adnpt kl T~'C series). In each case, 
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the suffix .J indicates thaL the adaptor 
is female- (colLtnins n jack), WherC'llS n P 
suffix denotes a mnle adaptor (Le., onc 
contain ing a plug). 

Other GROOQ .\daptors, described in 
an earlier issue, are the Tnt: !JOO-QNJ 
and -QXP (adupL to :;-{ series) and the 
TYI'.~ OOO-QS74 (udo.pts to G R87 J Con­
ncctors). 

The llvnilllbility of adaptors from 
GIHlOO to ninr other coaxial cOlllll'dol'8 
greatly extends the usefulness of all 
GH~quipl>cd instruments und ('om­
pollents. A Tn!.: !X>O-LB Slotted Line 
with II Tl'P~ UOO-QUJ Adaptor, for in-

stance, constitutes a B~TC slotl.l>d line 
cUpIlblc of outstn nuing performance. 
Also, since the e1eclri('al performance 
of each Ildnptor approMhc.'J the theo­
retical limit impoSPd h.v the dc::. ign of 
the othcr-scrics cOlllwrtor, a GB900 
adtlptor and 11 GR900 INmination CUll 

be combilll-tl to form Illl uther-series ter­
mination of Ilellr optimum performance. 

Combined \'SWR specifications for 
the Tnt; 000- 1.13 Precision Slotted Line 
and the Tn!':; QOO- W;'j() 5O-ohm Termi-
1I:1tion, each equipped with various 
G BOOO .\ daptors, arc given in the ac­
compuuying table. 

VSWR OF DEVICES EQUIPPED FOR OTHER COAXIAL SERIES 

Sloll~d IAnt 
(Type !)OO.. f./J Pi(/Ii GWJ{)(J , l oop/or) 

fiO-oJIm Stlllltklffl TtrmilWlu»' 
(Type !JOO-1V60 J'iu~ GR!IOO Adaptor) 

1.006 + 0.016/0.10 1 G</. 1.010 + 0.020/0, '0 1 GC/I T'I'P*' aNC 
INC 

C 1.0 16 + 0.006/0. 'ron! 1 '0 9 Gc/. 1.020 + 0.010/0. from I '09 G(/I 

Type N 1.005 + 0.005/0. 1.009 + 0.009/0. 

1.001 + 0.016/0. to 1 G</I 1.005 + 0.020/0. '0 1 Gel> Type GR87'( 
1.011 + 0.006/0. "om 1 '09 Gc/l 1.015 + 0.010/~ from I '0 9 Ge/. 

SPECIFI CATIONS 

COOIftlin" Con>1tcU 1~IJa Kd Weight 
TVpe GUOOO IIrW ,. j 'I-IIl>!' o:-g Price 

9oo.Q8J INC joc. INC plUIl ",," " 3~ 100 55.00 
9OO·08P INC plWIl 8NC lock 2~-S4 • -115 5S.00 
9OO_ 01C C jock C PWII 110\-48 l Yt- IOO $$ .00 
9OO. QCP C plull C i"ck 21Ao-S2 • -115 $$.00 
9OO.0TNJ TNe jock TNC plull 21Ao-52 l Yt-IOO 5$.00 
900·0TNP TNC plwlI TNC lock 2',-ir-S2 • -11$ 5$.00 

@ 900 CONNECTOR KITS 
Tilref' new conncctor kil,s l)Crmit (·us­

tom fabril't1tion of re[e~llce air Jjn('s 
and component s rompntiblc with r;R­
!.IOO I'Olln('clOJ1l. 

1'he Type 9(j(kl/' 1.(limN/lory }"'.I';_ 
8jO'~ f'OIlI1('{'tur Kit is dc~igllf'd for usc 
with ('o:n.:iai elemeliis Idth IIIl"upportcd 
inllrr CQnductOnl .. \ reference nir line of 
custom length, fo r instulll'c, cali 1)C 

a!ISC mblcd from II pair of these kits a nd 
uppropriate lengt hs of precision rod 
1111(1 tubing (General Had iu Xo. 0900-
V.j() and OOO(H).'j()9, re~l)Cetively). 

'/'Ill' T!Jpe 900-A (' l.ubofCI/or!J PreGi-
8;UI~ ('uIIII('etor Kit l'OlIttlin!> the coupling 
h:\rdwntc and center contact of u stand­
arcl CHOOO con nector. I t. ctl n be used 
in place of u 1' ''1'-''.: OOD- BT connector 
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fll"" I . C.o u . .. dlol! "low of 
~oa.I.1 1111 0 .. ellollS liltod Wllh 
Ty pes toO.A P (lop) alld 9OO· A8 
',ul.lon Coo)f;ol COII" .. lo. Kih. 
Typo 9OO.A' ~onn .. llol1 I. samo 
ot Ihol " .od In th o Typo 'OO· lZ 

COAXIAl.. TRANSITION 

Rol .ro,..o AI, l i n ... 

SU PPORT BEAD 

whell the component's inner conductor 
is supported within the component it­
self. Since it includes oll ly the con nector 
parts tlCCI.'S.."-UY for such npplications, 
this kit offers the user superior electri­
cal performance at :\ considcrablc suv­
iog in cost. 

One OR900 center contact is all that 
is necessary for electric.'ll connection in 

T"" 

.'l. CROOO joint. Therefore, when.'1. com­
ponent is to be used exclul1ivcly with 

G ROOO connect.ors, the conncetor kit 
need !lot include .'1. ccnter contact. Tile 
7'tJpe 9~A n LlIooralory Precision Co/v­
Mclor Kil , which contnins GROOO cou­

pling hardware, is in tended for such 

applications. 

u..1h N~j lI'~i9ht Prict 

9OO. AI 
9OO. AC 
900· ... ' 

laborolo,y ,,0d,lon Conn .. 'o, KII 1'A.'n (3D mm) 101 (281) 
I 01 (18 g) 

4.'0 
1.10 
5.40 

lobo, olo,y " o~lllon COllllodo, k ll 1 !At, .11 (30 mml 
lobo, o'o,y " 001.1 011 COIIII '~'O' Kit I V. ;n {32 mml 1 V. 01 {35 gl 

-----

We'll be fifty years old this year. 
You'd nc\"cr guess it to look at liS. 

Wr PUrgUC our business with the enthu­
s ias m of youth. Our plants are nl'lI' , 
cleanly designed, sm!ltUy suburban. 
Our instru ments nrc modern in shupe 
and color. On appeara nces, you mlght 
take us for a spirited tocn.llgcr. 

But look iMide one of our bridges or 
sound-level meters or frequency stand­
ards, and you know right away that 
we've been at that sort of th ing for a 
long, long time. Tflke ou r new automa­
tic capacitance bridge: it's streamlined, 
space-agc, sophisticated, a st.'lte-of-the­
art instrument if there ever was one. 
.But somewhere in its marrow is a half 
century of bridge-designing and bridge­
making know-how. We've written off 
the cost of all this experience; it's yours 
as a bonus in every OR instrument yOli 
buy. 
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\\'c\'c come u long way since ~rcl\'illc 
Eastham finst. hung out the Gcn(>rnl 
Hadia 8hing[{' in the summer of 191':;, 
So nw of lh(' mil('l'ItOIle8 (if you'll per­
mit us a l'«'miccutCllllial reminisccnct') 
ar(' the fil"l'lt. (·ommert·inl C'1C'('lronic I;tro-
000('01>(', erystu\ frequellry stnnulml, 
hrtNodync WU\'C unal:yzrr, shuul:lrd­
!<ignnl g<'IH'mtor and continuou::.ly nd­
jUlSlllblc uutotr.'lll"formcr. Yl'S, il'~ been 
along road, hut it'l'l])('(,1l1l ~trll ight OIlC', 

WI' h3.\"(' til(' same> corpor.ltc identity 
we slnrtC'd with, nnd, from I!)\J WI\VC 

m{'trr to H)l;.) fr('(lurn('y COUllters, our 
main produd line h!\.S unwtweri llg\y 
i)('{'11 clcdricul m(,lI~uring npparnlus. 
End of f1.'minisccncr. To Ui<, the !!Cuc­
cess of .j() ,yC':lfS i:m't a cushion, it's a 
springbonrd. 

:\ow to th(' futur<'. I nstrumcntlS 1I0W 
ill de\'elopmC'lIt com'in('(" us that, :It 
Gn , " the lX'st ilj )'('l to b('." Here nrc 
som(' (':mmpi('s of whnl we m('nn : 

The G H :lulomntie cll pacitnnce 
bridge will !o\OO11 lX'gin work ing fo r ('om­
pOllent makers all over the world, 
m('tl~uring thrir products at the rate of 
t 1\'0 or mol"(' I)('r S<'eond and f('('d ing 
the an.-;wen; to the In test data-process­
ing equipment. 

Our frequeney-synthe~il,er engineers 
al'(' synthe>;izing ngain, and th<,), tnlk 
of having a large family. 

:\ew :-)" IW BOT,\C'i) s lrol)OtiOOI)('S will 
ila ... ,h into view with b3ltNy operation 
and flru<hiug r:ltcs to I.JO,OOO rpm . 

The (: BOOO line of pl"('('i!:'ion ('oaxinl 
l'omponcnts will grow tikI:' guppies, with 
the development of adaI1tOrtl, iml>orlnnt 
lIew iUlStrll meli lil, terminntions, a nd 
many oth('r clements. 

Our 3.eou>it ic program i", full (If .sound 
und fmy, :;: ignifyi ng, nmong other 
thing", n Jlrcej,.::ion sountl-Ie\'el m('ter 
find n n<,w G B-madc, m('a"lIr('mCIlt.­
grade mieropholl(,. 

For those people who like to hook up 
plll~n; in ('ombillutiolls to mak£' stair­
rn"M tl lld ot her in t('I'(''lti ng cll'signs ou 
:\ S('opc, we will make it etll\)' by offering 
a modular pulse g<'IH'mlor. 

There's much , mueh more, but by 
now you g('l the ici('n: Things ure really 
humming nt "'c~t Concord und Bolton. 

For the slIc{'e""Cs of our Pttl'\ t, our 
~in('('re thanks to the cugtomc~ who 
helped mnkc it po!Ssible. Thl' best. way 
we know to rt'puy you is to kl'Cp giving 
you the quality you hn\'e learned to 
expect. when you "buy GR." 

GENEIAl RADIO EXPERIMENTER ' 

GENERAL RADIO COMPANY 
WEst CONCORD. MASSACHUSITTS • USA 

IErVIN IEOU£STfD 

, 
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