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Put a 1.0·to-I.05 SWR scale on a six·inch meter and you hove Ihe kind of 
resolution that an occurote slotted line deserves. Add three slep a ttenuators 
and on attenuatar "memory" dial and you have Ihe means for fOSI, accurate 
oHenuolion measurements. Another feature of Ihe Type 1234 Standing-Wove 
Meier is in the "why-doesn 't-everyone-do-that~" ca tegory: a set of mete r 
lights (see frant caverlto teU you which scale to read. 

We have gone on record as saying tha t the pulse-output possibilities o f 
our Type 1395 Modular Pulse Genera tor are vi rtually limi tless. To cement the 
case we introduce in this issue still onother module: on NRZ (Non- Return-to
Zero) Converter/ Sompler. In oddition to its primo ry function of p reventing 
voltoge in a binary word from falling to <tero un til a <tero is called fo r, the new 
unit can be coupled with a random-noise genera tor ta yield random binary 
sequences. 

Users of GR frequency synthesi<ters will want to note two important new 
accessories described in this issue: a standard-frequency oscilla tor and a pro
grammable digi t.insertion uni t. The line is now fully prog ramma b le, right up to 
70 MH<t. 

The Gnleral Uod w {<,'.tptn·mrntu i" mllilcd each month withoul charge to engi
Oef'MI, .sden li8til!, te<: hnician~. edU{'I1t.J~, and •• thel"!! iJltere~led in the instrUment;:! and 
lechni{l\Le~ or electricllJ Alld eiectroniCfl mea:'uremenlil!. Addres.'\ all corre~ponden("e to 
Editor, G€~r(1.l Radio E.t ptrlmroler, General Hadio Co. , We8t Conoord, Ma.ss. 01 is !. 
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Since the advent. of precisioll coo.xial 
ron nectors and precision slotted lines, 
!)WR values lul\'c been lJleaningfully ex
pressed in terms of hundredths nnd 
thouS!1ndth<; .. \ n ob\'iolls nCft'l in lJleas
urements wit h a precision slotled line is 

"'-"all swn meter with enough resolution 
to tmllslate the precision of the slotted 
line into preeil:lC measurement resu lts. 
T his need is now filled by GR's l1ew 
TYPE l ?J·1 ttl nding-W~we ~ I ctcr, whieh 
num bers amOHg its featu res a large 
scale that is expandable to a full-sctl le 
~WR value of on ly l.{),:;. 

T he new swJt meter i!l no less useful 
fo r larger !lwn values, and it!l three SH'p 

at.tenuators lind nn lIitelluator •• mem
ory" control permit. fa:st, IIt('urntC' at
tenuation m(':lguremellts. 

One of the chief objectives in the de
sign of the 12:i·l was case of operation 
and of rending, llnd the in.:;trumC'llt. 
fe:ltures scvern! interc:stiug ill novations 
III the 5()ocullcd .r human-{'ngineerillg" 

AN SWR METER 
FOR 
PRECISION 
MEASUREMENTS 

FIg"" . 1. Ty p. 1214 5Ionel lng_ W o ' ... M .-t ... 

area. For example, the usual aI1I1OY
ance and frequi'nt con fusion associated 
with n multi~eul(' meter are ncntiy dis
pntehed: The :;cale ill use is always 
unmistakubly idcntified by a light ad
jnccnt to it (::.ce front I:over photo). 
Once one is on the right. scalc, read ing 
it is no problem; the meter is of the 
familiar and highly popular G R design, 
with n Itlrg£' n-inch f:\cc, a mirror scule, 
(Illd a tracking accuracy or linea rity of 
.J.1 percent. 
Description 

The 1231 i!l bnsieully :l low-noise 
tuned uc 11111plifier, calibrated for usc 
wit h square-law dctettors. T he circuit 
(Figure 2) l'ornpriscs fi,'c stagi's of audio 
alllplification and four Mages of con
trolled attenuation, stu~'<'rcd LO pro
"ide optimum signal-to-noil>C ratio. 
The total :Ittelluation nl.llge is 70 d H, 
4)f which 20 d B is cont rolled by thc 
meter range >iwitch. This (e(nure, which 
tiimplifies high (> -I ) swn measure-

f ig "' •• 2 . Block dlo,rom of II •• 121 ~ . 

_. 
3 
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ments by eliminaling the need for ad· 
justmt'lit of the at.telllHllor control , also 
limits use of the exp:lnded sca les to 
measurements with ill. least ~O dB in 
the ci rcuit in other words, to meas· 
urements where the 8ignal·to-.lloise ratio 
penuits accurate measurements. 

At the input, nn rf 101\ ·pass filter 
prevents rf signals that leak past the 
detector bypaSl! capacitor from causing 
measurement errors. The input stage is 
a high·input·impedance, low·noisc am
plifIer, whose optimum source resistance 
is adjustable between 200 ohms and 35 
kilohms in four steps. Figure <I is a plot 
of noise figure Vi) source resisl:U1ce. 

T he amplifier circuit is designed so 
that gain is essentially independent of 
frequency and bandwidth adjustments. 
T he frequency-selective ('ircuit ( Figure 
3) is a feedback a mplifier in which 
positive and negative feedback nrc 
equa l at resonance, and the feedback 
circuit docs 1101. :\ffect circuit gain. 
At, other frC<luencies, however, the posi
tive feedback is less than the negative 
feedback, reducing gain. 

The main :\ttclluator covers a range 
of -15 dB in nine steps. A "memory" dial 
permil..') atlenuatiOIl merumremcnts by 
substitution leclmiques to be made 
without subtraction of readings and 
possible resul ting errors. A third at· 
tcnuator covers 5 dB in I-dB steps. 
This Il.ttelluator, ill conjunction with 
the I.G-d B expanded scale, yields 'a 
resolution of 0.025 dB. With the second 

Flgu" 3. Typ ical 
nal.. ligu" al a 
functian af l au ,ee 

, .. i, lanc e . 

d B (i.e., 0.02 d B per small, '!'-s-inch-lI'ide 
division). 

Two outputs nre available for use 
with recorders or other auxiliary equip- ~ 
ment: a de output of 1.5 volts behind 1.5 
kilohms ilL meter ful l scale and a I-kHz 
output of 0 .1 to I volt rms maximum 
(depending on range switch position) 
behind 500 ohms. 

A 6O-obm impt."{lunce between ci rcuit 
ground and line ground reduces poten
tially troublesome ground loops. Errors 
tire climinnted when recorders with 
balanced inputs nre used :lnd arc 
usually small e\'en with unbalanced.","" 
input recorders. 

A highly regulated powersupply makes 
:\mplificr gain vi rtually independent of 
line-voltage changes. Figure 5 shOll'S a 
ba rely noticeable gain change on the 
highest expa nsion range as ~he line 
vol tage is changed ±10%. The 1234 
can be operated from battery as well as 
ac \·olltlge. Any battery capable of 
supplying 00 mA at from 22 to 35 volts 
C:ln be used. Gain will not be Idfected 
noticeably as long as the battery volt
age slays ahOI'e ~2 volts. The TYPE 

IJ38-1'3 Battery and Charger unit is 
:wailable as an accessory. The 123·1 
will operate for clO hours on one charge 
of this nickel-cadmium baUery. 

expanded senle the resolution is 0.005 Figun 4 . f"q .. , ncy-.. IICI;YI ampl ifier circul i . 
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Use with Bolometers 
The bolometer is often preferred over 

the crystal detector for accurate meas
urements. The signal level must. be at. 
lenst five times the resid ual noise level 
for an error of 0.1 d B or less. The power 
level required to produce suc h !\ meter 
deHection has been measured on n 
typical instrument to hc -:j2 dBm 
peak, with a 100%- modulated signal. 
The high limit for ~\ O.I-dl3 error is 
generally about 0 <I Bm. I,'or errors of r less than 0.05 d B the peak power must 
be limited to the range of - 'I,j i.o 
- 15d Dm. 

Accurate me:lsurements at. high sig
nal ilwds require a high input im
pedance. In t he 12:J4, the in put circuit 
is designed to pro\·jde an optimum 
signal-to-noise ratio over a wide range 
of source resist.ances, while presenting 
a high input impedance to the sou rce. 
j n the two bolometer-input posit.ions of 
the sounCE swi tch, this optimum source 
resista nce is 200 oh ms, while t he input 
impedance is 3.5 kilohms in Jlllrallel 
with ;) kilohms illductive reactnnce. At 
high input-signal levels, a low im
pedance will increase the bolometer's 
deviation from squa re law. Thi~ error is 
sometimes called the volLagc-trullsfcr 
error.! A high 10.'1(1 imped ance (i.e., n 
high input. impedance of the amplifier) 
'G. J. So.",. ami u.o. \\·e." .. heL. "Comr-.i""o of 
[loo,·i.tion. froHl lVlu .... l ... w fw II . F. CryoU.' D.",I,.., .nd ,1.1.."' ..... '. J RK Trn..-:I;o~ •• ~ 1~..r.~ .... "lalio". Vol. 1-8. 
Na. J. o-.ml>er 10[,9. J>r> \03- 111. 

will reduce this effect to the point. where 
it may become negligible. 

Anot her factor affecting bolometer ac
curncy is the bias-current supply. If,...., 
this current is not. supplied from a high
impedancc source, the source impedance 
may be considered to appear in parallel 
with the input impedance of the am
plifier, thus aggravating the voltage
transfer error. The 12;j·1 supplies a 
bolometer d c bin~ current from a true 
currenl. source (source resistance about 
10.1 ohms) . T he curren ~ is ndjustnble 
± 10% of the nominal vnlue by means 
of fL pOlentiomeler accessi ble through IL 

hole in the rear I'over of the instrument. 
T he cu rren t. source is volLage-lim iLed to 
protect the bolometer e lcm~nt. 

Use with Crystol De tectors 
T he crystal diode, although its dy

namic range is less than that of a 
bolomcter, is widely used as a detect.or 
bec:luse of its higher sensit.ivit.y. The 
power level required to prod uce IL meter 
deflection five times the noise level is 
:tbout - 60 dU m. T he upper limit., 
where the deviation from square law 
becomes significant., is about. -30 
d 13 m. T his level can be raised by t he 
selection of a proper load impedullee fo r 
the crystal. At impedances very low 
com pared with the dynamic resistance 
of the diode, the deyilltion from sq uare 
law is positive - that is, the output 
voltage or current increases more t han 
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the input rf power does. With \'cry 
high load impcdancc~ the devbtion 
from !\Cluum IlIw i!< negative, $.i llec the 
detector nppro:lchcs the line!lr oper· 
uting region. 

We found that t he best re,.ults :lrC 

obtained when the load rc~istancc is 
ubout equal to the dynami c resistance 
of the diode. ;\le:iSuring the dynamic 
rc~ist:Ulce is a si mple matter of connect· 
ing n. resistor across the top of the 
detcctor and calculati ng flu from the 
resuhing \'oltnge drop. Dynamic resist· 
:lIlCCS of poillt·('ontuct diod es vnry from 
5 to well over 100 kilohms .. \ shunt 
resistor to reduce thc "'rror fit high levels 
will of course dec ren.se the detector 
sensitivity, but the abil ity to ehangc 
the optimum source rcsistance helps 
to reduce this loss in bCnsiti vity, so thnt 
this method enn be used to increase 
dynn mic range sign ifi cantly, 

An example appears in Figure G. 
The diode dynamic resisl:U1ce i~ i 
ki!ohms. The G.S-kilohm shunt resistor 
reduces sensitivity by 2 dB . For n 
mtl.."I:imum e rro r of 0 .1 dB on the high. 
level li nd 0.1 dB at the low·le\'cl end, 
• w. R. lI"nh~\I' .. ~ 01 a 1";_. Kftu""'. 1fI 
Sit; ... l and No"",:' Bdl S..... T«h...u J...,.owoJ. 
\'01. 2:1. J.." ... y UIU. PC> ~7-113 

• 

i 

__ ~>< ...... T'.« V I • 1'\,1' "'' .. ..,-, ..... ~ 
/ .-6 ... _ ....... / ....... ,,-,_.'" .'- '-r V 1/ I I _ • 

/ " • 1/ L I • 

• I 1'. / 

: 1 V 
. • - • • • .- -FI,u •• 6 . h .t . .. ,ro .. of ,10 . Iquort.l.w ,on,a of ° 

dlod . d . lI. lo. by 0 . Iounl .uhlo, 0<10$1 110 . 
d .llclO.OUlp"I . 

the dynamic ranb"C is increased from 
3,) to 4.5 dB. 

When the meter deflection is at least 
fi\'e times thc residual noise deflection, 
the error due to the noise ('Olltribution 

I 

is less limn 0.1 dB.~ 1I0we\'cr, the 
flhilily to read the meter correctly is r" 
limited hy the fluctuations of the meter 
1I~lc. The "slow," or dnml>Cd , metcr 
response reduccs these fluct.uation s to 
the point where accurate readings fire 
possible. 

- ~ I. K II AZA~I 

A brier biogillphy or Mr. Khalam appeared in 
the J uly·August 19Gi i55ue or ~he Ezperinltlliu. 

SPECIFICATIONS 

Inp .. t : e,yslol lIolo""'er 

35 kn Wkn an :!OOn 200n --- ~.5kn# I Mn 3fiO kn# 3Skfl.,,?' 3.5 kn# 
BO il 8 H 0.8 II 0.8 II 

Opll ........ $ou,c •• 

Sen.ItI"lty (f.l 1.2 $IV I,V 0.32 $IV 0.1 $IV O.I,.V 

N., .. - 0.2,.V 0.2,.V O.06,.V 0.02 ,.V 0.02,.V 

o t;q .. lvalelllillput noioe level ",Ith IIOU .... ""'1&1108 equo.! to Optimum..,<1 .. ilb millimllm bouul .. idth. 

Mete, $col, .. swn, I to I, :1.2 to 10, 1 to 1.2, 
and 1 to 1.05; dB, 0 til 10, 0 to 1.6, and 0 10 
0.'15; bolometer ('urrent , 0 to \0 mAo 
Mela, Au .. ,.cy, 0 to 1O-d1l acal€', ± (0.01 
dB + 1.5("~ or readiug); 0 to I.IJ..dB aeale, 
± 0.02 dB ; 0 to 0.45-d1] 8(:/I.[e, ±0.007 dl]. 

AII . n"oto" Three IICllarate atl.enuatonl: 20 dB 
in 10-dB llePI, accuracy ±O.I dB / IO dB ; 
45 dB in ~m IWp!I, accuracy ± 0.05 dU/ 5 dB; 
5 dli in l-dB steps, accumcy ±0.01 dn/ I dB. 
Bandwldlh , 10 to 100 Ih, adjustable \lith 
constant gain. 

( 
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_ Fr.-qu. ncy : I kllz, adjust.nhle ±:!O li z. 

:ioln Cont,ol : Coarse Ilnd fine, {kill range. 
IIoI0m" •• 8101 Cu"ont , I.a Rnd 8.i iliA, adjulIt.
able ± 10' (. \'oilllgr limittld ror bolometer 
prOtef'lion. 
M. ,., Sp .. oI : Slow !lUU ru.!!t, !!witdl 1IC1l'Ctc<1. 

oulp,," , 11(', I.S \ ' 111M' lX'hind 1500 II. Ac, 0.1 
\ . rms ( I til I swn rllngl.'), 0.:1 \' rills (I to 1.2 
mnge), lind 1 V rms ( I to 1.05 !'!togc); 500·1I 
flOtuce impl'(lance. l ..o::uJ r('fIi8t.alll'C > tiOOO II. 

GENE RAL 

1'0 ...... 10"", •• 01 : 100 to 12.1 or 2(}O to 250 V, 
50 to 00 liz . Or 21 to:J.5 \' dr, !)Om.\ horn e'(l 
battery, I~ig...I":i Hattery Bnd Chargrr suitable. 

NRZ AND 

A ..... o,'.. S"ppll.d, Spare ruse, battery 
Connector. 
Ace ... o,'" A vollobl.: 15l8-1'3 Battery and 
Charger. 
Mo .... ' !n. ' Fli]}-Tilt CIUlC. 

Dlm.n.lon. (with .'C height .'C depth): 8~.~ '( 83.( 
)( Iii .. ill. (215){ 225 '( 2IJO nun). 
W.,.hl : N.I. !) lb (1.1 kid; shipp!n • • 1212 Ib 
(0.0 kg). 

Catalog 
NrHrwer 

12)4.'1701 ~ ",." LHuriplion in USi] 

1234 Slo,.,di,., • • W..... $495.00 M., .. 

RANDOM PULSES FROM THE 1395 
MODULAR 
PULSE 
GENERATOR 

NRI Convltf ' ltf/Sompl itf. 

It often happens in the cou rse of 
work on digital equipment that. binary 
words of non-rcturn·tt>7.cro (~ RZ) 
pulses nrc requircd. The 130.j-A ).Iodu
lar Pulse GellcrntorL is /lOW I\v:lihblc 
with a /lCW plug-in module, the 130.>-P.=) 
~RZ Converter/Samplc r, dcsigned to 
provide ~ IlZ pul s whcn used in 
conjunction wit.h the THt; 1305-1'6 
Binary- \Vord Gencrator. 

",....... The:\ HZ Convcrter/Sampler is easy 
to usc. A timing signal, normally de
rivcd from t.hc same master clock (a 

'j'rPE 130'}·PI PH F Unit.) that drives 
;he Tnt; 1395-P6 Word Generator, 
commands thc KHZ Converter/Sam
pler to examille the signal at its 
SAMPLED input.. The signal at. this input 
is t he output of the Word Gcncrat.or, 
stretched with the usc of a 139.')...P2 
Pulse/Delay Unit. The NHZ Con
verter determines whethGr t.he SA M

I'Lt:D input is in t.he onc or zcro state 
iLt the momcnt the SAMPLING pulse 
arrives. The appropriate output. tcrmi
nal then assumes a high or low voltage 
and holds that stute until t.he sampling 
process finds the opposite stnte at. thc 
input. 

Therc nrc t.wo output terminals for 
lheKHZ signal: One gives high-level 
voltagc for ones; thc other gives low
le\'el \'oltage for onos. Both outputs arc 
:wailable simult:lIlcously. The exact. 
\'oltage le vels lire set at thc user's 
plcasurc hy a gain control on thc NRZ 
Con,·orlerSampler and by the DC 
Component control on the 13!).')...A 
'0. R. " •• uulc<!. "I'u~ to Ordu," a.nn<JJ R4d.o 
Hz"",_..u •. Moy IQ{lS. 
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Gordon H.. Partridge re
ceived his HE, r.IE, and 
PhD degrees in Electri
cal Engineering fit Yale 
University. II is aCR

demic background also 
iucludes 1111 Rli80cillle 
profe:!80rship in EF. at 
Purdue Univenlity. lie 
joined Gil in 1!}(j2 as II. 

Development Engineer, 
and he hM since specialized ill the design 
of pulse generRt()1'S and amplifier!!. He is 
the author of Pnncipif!1I 0/ EI~ctr(mir: In&/ru. 
mtnt.t, publilihed by Prentice-Hall in 1!J5.'l 

;\Iodular Pulse Generator (main fmme), 
which sets the baseline voitngf'. 

Since trigger pulses M well as K RZ 
pulses may be desired, the I\' RZ Con
verter/ Sampler also provides triggers 
corresponding to its one or zero deci
sions. The user may select lril;ger 
pulses for ones or trigger pulses for 
zeros; both are avui luble sim ulta
neously at fronlrpanel outpu t jacks. 

Communication links, whether in the 
sense of person-to-person, ag in pulse
code modulated telephouy, or between 
business nlflchines involving binary 
data, normally are subject to interfer
ence from random trains of pulses at 

m' 0 0 , 

c-n n n n 
r-

the same bit rate as t he message. Such~ 
trains may be gener:1ted for test pur
poses by the NRZ Converterl Sampler 
operating with a random-noise genera-
tor such as the OR 1381 or 1382.l Un-
like systems of pseudo-random noise 
gcnertltion, this method does not re
strict the maximum number of olles or 
zeros it is possible to obtain in a 
continuous sequence. The result. is a 
t ruly random set of ones and zeros. 

The noisc-sn mpling technique is also 
useful for producing low-frequency 
white noise. The power speclrum of a 
random sequence of non-rcturn-to-zcro 
olles and zeros is given by Ricc. ~ 

Specifically, this spectrum follows H 

(sin xix)' law, where.\" is the product 
1(/11. The qua ntity II is t he time betwecn 
SAME'LI NG pulses, and / is the frequency 
at which the power dcnsity in walts/ 
cycle is being evaluated. As f ap-; 
proaehes zero, the value of si n :;I,"/. ~ 
approaches unity , showing that at low 
frequell cies, the power density is essen
tinily independent of frequen cy and 
therefore " white. " T he table belol\' 

'J. J. r ...... n ... It.t.nd<>m_N<>ia O~"""IO".·· Gt>lnal H<ld", 
~·Z",," __ . J&ml.ty I1KI8. 
• s. o. H."", .• M&I.h~mJH .... 1 An.ly." of Random No'''t.'· 
&II S~.,~"'~ T""Anirol Jo","",d. Vol. 23. pp 282-332. 
July IIIH . In Il*rlieul .. r, nOI .. Ri .... equation 2.7_9. 

0 , , , 

n l n 
0 OCSIRED 

PUlERN 

RfTURN -TO 
ERO-PVlSrs , 

NOH -RUllI!"" 
TI)-Z ERO lltRZ) ....,,, 

Whollo on NRZ p .. '''? 'n Ih . obo". dlo".o"" a bln o.y wo.d (l Op Un,) I •• hown a l 
conv., I.d 10 t.l .. rn·lo_~.ro (c.nler) ond non _, . , ... n_lo_n.o (baHo", ) p .. ' " .. " .. . n .... 
In r' I ... n-to-~ •• a .. " ..... e •• " olio" . d.op . 10 ~.,o 01 . .. d 01 . och ~ 1 ·· p .. ' '', wh. lh •• 
Of nolo "0" follow •• W ith NRZ p .. t ... , "olio" . ,. ' ... nl '0 n.o only 01 blno.y "0··. 
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-~how" ,h~ r~llltionship betw~~n whit.:-
lie ... " :lnd the ~.\\II·I.I"G fr{'quclH'Y, 
which is the r('{'iprQ('al of Hi('c's lime 
inter vIII h. 

FREQUENCIES AT AND BelOW W HICH 
NOISE IS " W HITE" WITHIN 

TOLERANCES LISTED 

.ry",lpllli 
Prtl{ljttU'1J 

(Jll ) 
"'r .. qlj~ltrlll" h~rf.o:~f'Il(llloor It"~ IIt(lN 
(0.1 "In (1.0,/Il ) (.'1.u ,m ) 

1 

3 

10 
30 

100 
300 

1000 

3000 

0.083 
0. 249 

.83 
2.49 

8.3 
24.9 

83. 
249. 

r 10000 830. 
30000 2490. 

HXX)()(} 8300. 

0.261 
0 .783 

2.61 
7.83 

26.1 
78.3 

261. 
783. 

26 10. 
7830. 

261 00. 

0.440 
1.32 

4.40 
13.2 

44.0 
132. 

4"". 
1320. 

4400. 
13200. 
44000. 

The rnndom hinary pulse train is 
[l\':lii:lble a l the :\IIZ output lermillllis 
of the XRZ COII\·erter/ S:unpler. Xo 
othel' plug-in s nre requi red except u 
I;m,j-Pl PH F uni!' to gcnerllic !~ 

RA ,\IPI .' .... <: frequellcy. The tot:ll cost 
of I$uc h :1 ilYStCll1 for generating r:lndom 
binary pulM''', including the requirt.'tl 
nUldom-noise generator, is then bct.l~r 
than :l Ihou:':lnd dolllirs under that of 
the mOM ncnrly );i milar com me rcially 
Il\·u.ilnble generntor of random binllrY 
~uellce:!. 

!;ince the Xnz, Converter/ Sampler 
gi\'es a trigger pube output eltch time 11 
Sl\.\II'UNG pulse is rC('cived, it follows 
that the ba~ic :h,."iemhly just desc ribed 
may be enlurged by 'he addition of 
olher 130.J-fnmily plug-ins. Thus. the 
virtually limitlel>."i mrielY of pulses that. 
C:lI n 1)(' prodll('cd wilh :\ I ;!!),; i\lodlilar 
Pubc Gellcrator arc now available in 
random S€'quencc. 

- C. n. P ARTRI1)G}; 

SPECIFICATIO N S 

5AMI'LING IN I'UT 

I'ulna: 10 t.o 15 ", lKlt!itiv(l-Kuing, 75-1.<1 150·n.8 
durtllion, de to 2.5 ~ l l1z. 

Sin . Wav.: At lesllt 17 \ ' n1l8, 1 to) 2.5 \1111. 
~III('-"'IIV(' I'AlIlpling hel" ... I '\1 11 ~ nut r«UIIl
mendl'tl. 

Illput 1",,.cI,"~,: l\ pProX 1000 \I DcrUM 40 p ... . 

SAMPLED INPUT 

S,".lllvllr : 0.2 \' pk·pk ul' to 2 .5 ~lIh , up
lillliM.,j by IIdjulItmt'nt U thre!lhuld ,·untnll. 
1 nl,ut 11'tluired iucrca!lC!l at other IICUlUgtI. 

Couplillg , Ac or dc, lI"'iu:h-sclt'ck"t!. 
Th ... hold COII ' ,o l : COmpenMtefI f"r .. k C'"1I I>O
n('n 1..ol be~"~'('n :I1'I'rox ±O.U V. 
Inpu' I",p. doll n , '\PPrflX 100 kIJ lic r OlJ!l 10 pF. 
Nltl OUTI'UTS Ho th lJOeiuve- Iliid IIl'gatlve
gOIng tr!\llllltl o nll are uvailablc lIirn\l ltJI.lI('ou~l)' 
with the d e component l'ulltmllcd h~' the la!l5. 

A",p li luda: :> 20 V, open circuit: > I VacrOM 
5011. 

T<on,It,on TlIII .. : < 15 nil wilh so·n 1011d Ilt 
mll..1( illlJUt. Typi etl ll~' 80 118 + 2 lIa / pF of l03d 
c:lpuci13nl'e for IlIgh.imp4~lunce 1000d.8. 

Ou'pul l",padaM" I kll lIlax. 
TltIGGEIt OUTI'UT5 '1'1'0 ootpUUl available lIilllul· 
Llme<:,ulIly: puliIC R('IIt'rll.ll'tl \\hen S,I.'!rl.t:tl 
ll.'rlllilialtlllll " ... t, eLllle, 11IIother II-hen terminal 
til in l.MI" state. 
Ampl itud" > + 10 V. Du.al lon , Approx 70 tis. 
Oulpu t I"'p. d"ne., '\ Pllrox 160 I!. 
D.loro: Tr;ggt'r :lnd NIIZ oll lllll18 are delayed 
npJlro.~ t~1() Ill! from the IIA 'U't.l'i'H input. 

Aeuno,'" SwppU. " , Eight Jlatch cords - t\\·o 
('a,,1t TYr~<; 'l71· L\lI1, :!7 1- L'In., 27 1-1..811, 
271-1 ..... m; tv. .. double Illuga, four iTUlulated 
plugtl. 

Cawlog hm Price 
.~,:":",,,=:,__ Ducriplion ___ +-_ in USA 

1395·9605 1395_PS NItZ Cally . ,I .. /Sampl.. $195.00 
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the . xpe ri rn e nte r 

A GR900 ' COMPONENT MOUNT 

f l,ur. 1-
Ty" . 'OO- M C.m" o ... .. t Mo .... t . 

The gnt('way to mally precibiol! meus
urcments is th(' GH900- precision conx
inl COllnCI·tor, but if what you are 
meaSUring has a simple pair of wire 
leads, the problem becomes tbut of 
finding a gatcway to the gateway. Just 
adapting from wire lead to coaxial is 
not enough; th(' tram;itioll mu~t be 
made in such:l. way that the component 
is mellsured with the same lend Icngth 
and drcs.~ing as it will have ill the 
circuit ill which it is used, flnd the lends 
must be positioued to produce mini
mum inductance or capacitu nce. 

The solution to the problem is the 

for G R900-equippcd inslruments, such 
as t he l 6OG~B n F Bridge, the OOO~LB 
Precision Slotted Line, and the lGOO 
Immittance Bridge. It is a lso a \'ery 
convenien t housing fo r capacitance 
standards, which can be accurately 
calibrated on a G HOOO~equipped IGI5-A 
Capacitance Bridge. 

The mount, shown in Figure I, con
si!\ts of a GHOOO precision coaxial COIl

nector, a leug! h of cOll:l!iallinc, a mount
ing disk, and a removable cover. T he 
inner conductor of t he coaxial line is 
kept. from rotating by a dielectric rod 
that hns been com]>cnstll('d so that it is 
essentially rcfteetionlel:iS. T he line 
length (i.e., the electrical length of the 
mount) is exactly 4 em to correspond 
to the electrical lengths of the 9OO~ 

WZ\ I and ~ \\' 0-1 short and open circuits. ,-, 
A sample mcnsurcmcnt of a lOOO-pF 

disk cemmic capacitor WIIS performed 
to dcmonstrutc the use of the mount. 
T he lead lengths were ~ inch. T he 
resulting reactnnce-vs-£requency chll r~ 

acterist ic is shown in Figu re 2. 

lIew Tnt,; !XlO-l\1 Component ~ I ount. r;:===-_ .===~ \ ,._-
which permits reproducible measure- ... ~ Itt-

ments of wire-lead components (e.g., ;-' :='~;::-_'H'-+II,:::=;::~ 
resistors, capacitors, inductors, diodes, ~~. ~ 
trnnsistors) at a well-defined reference L . .--- ~ ... ,_ ,_ 

I 

. I ' ~=~/~~~~'E~~~r~~ plane and which n so serves as a conXlfl r ~. ,.... ......... ---t-' ---packaging device for the pcrm!Ulcllt ., 
mounting of components to be used as .... .. ........ _, ... • .. 

standards or terminations. f l, ... . 2 . Meol ur. d ,eoclo .. ul of l 000_"f " hk 
It is a particularly useful tlCCCl:iSory ... om;. copocUo. wit h Ya" 1o .. , leo d • • 

SPECIFICATIO N S 
£1..,.,1 •• 1 t .nglh, ·to em ±O.O I em to ideal 
abort circuit at l.erminala. 
1I • • lef .. o l Cop.clto" •• ( at. low frequcociee): 2.93 
pF, typical, with aerew. 
A« . .. on .. .. " .. 1 •• 01 , OOO~WKI Precision Short 
Circuit, !l()().. \\'O~ Precision Open Circlut for 
eat.ablilhing reference plane. 

W..rll"t: N. t, 8 02. (230 g); ."Ipplnll . 11 01 
(315 r;). 
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COMPLETE PROGRAMMABIlITY FOR 
GR SYNTHESIZER S 

With the introduction of the T n'E 
1164- 1101-:3 10-:\lllz slep Program
mable Digit-IHscrtion l'nit, GR's fre
quency-synthesizer line is completely 
progrllmmablc, from lowest frequency 
to highe::;t (70 ;\ llI z). The 1\li-l-RDl-:3 

STANDARD-fREQUENCY OSCILLATOR 
FOR USE WITH SYNTHESIZERS 

For many applications, the crystal 
oscillator built into II C R frcqucllt,y 
sy nthesizer provides adcqw\tc stabili ty. 

,-.., The wa,}' to higher :stability, for those 
who need it. is a phase lock with all 
external frequency standa rd suc h as 
GR's T l"I'E III;). i\o\\", for those ap
plicatiolls requiring Icss thelll t he ulti
mate in stahility but more than the 
synthe~izer alone can provide, an inex
pensive solution is available ~ an ac
cetiSory standard-frequcncy oscillator 
that mounts inconspicuously 011 lhe 
rear of the synthesizer wiihout adding 
lo over-all height. 

Accn.ory . Iondo,d.frequency 01' 

~Ulolo, moun" neally On , eo, of 
Iynlhuiu" n quir u nO add l. 
lional . e lay_.ock helghl. Separo" 
power connedor ollow . oscillolo, 

10 .un Indepe ndenTly of 
.ynth .. lu • • 

is a plug-in replacement for the highest
frequency (X-IO :\1 lIz) module in a 
THE 1 !64 synt hesizer. COIl\'crsion 
from llonprogrammnblc to program
maule is just a few minutes' work. Of 
cour~, uny synthesizer cun be ordered 
equipped \\'ith programmable decades. 

The oscillalor (THE I WO-P3) uses a 
;j-:'Il l lz crystal in u temperature-eoll
trolled o\-el1, a butTer amplifier, and its 
OWI1 power supply (so that it can be 
operated from the power line inde
pendently of the synthesizer)_ 

The oscillator holds frequency within 
1 part in 10' of its room-temperature 
frequeucy fo r uny lunbient temperature 
between 0 a nd 50°C. Aging is less than 
:{ parts in 10 1 pe r day. TJlis performance 
puts the 1160- 1'3 significuntly ahead 
of a "ba refoot" sy nLhcsizer but still 
behind the synt hesizer phase-loc ked 
to a frequency standard slich as the 
GRTn'EI115. 

Catalog Price 
Number Ducription in USA 

116.·9.89 116._RDI.3 Proll,ammable Dilll,_ 'n. e .. lon Unil , $'7$.00 
10 MH./.tep 

1160·96'0 Hookup cob'e, 50· It, 12·conduClor, ,hielded, fo, 15.00 
obove un!!. 

1160·9603 1160· P3 Stondo,d _ F, equen~y O .cliloto. 525.00 
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GENERAL RADIO COMPANY 
W ES T CONCORD. MA SSACHU S ETTS 0 1781 

SALES AND SERVICE 

Alt. 

Albuque rque 

' Boston 
' Chicago 
Cleveland 
Bridgeport 

' Oalln 
Daylon 
Denver 

Detroit 
Houston 
Huntsville 
Indlanapohs 

' los Angeles 
Montreal 
New Haven 

' New York 

Orlando 
Ollawa 

505255·0611 
617 646·0550 

312992·0800 
216886·0150 
203377·0165 
2 14 ME7·2240 
513 434·6979 
303 44 7·9225 

313261· 1750 
713622·7007 
205 883·2077 
317 636·3907 
213 469·6201 
51 4 737·3673 

203377·0165 
(NY) 212 964·2722 
(NJ) 201 943·31 40 

305 4 25·4671 
613233·4237 

Phlladelphll~ 215646·8030 
San Diego 71 4 232·2727 

San FranCISco 415948·8233 
Seattle 206 Gl4·7545 
Syracuse 315 454·9323 

' Toronto 416247·2171 
'Washington/Ballimore 301946·1600 

' R'PIIf servic.s 1.11 available a l lhele ollic.l. 

GENERA L RADIO COMPA N Y (Ov.~II I! ... e) 

CM 803 1 Z,, ' leh 31. 1I .... lu • • I."a 
G ENERAL RADIO G M B H 

011 MU .. Ch . .. 8 0 . w • • , O.rm."y 
GENERAL RADIO COMPANY ( u . I< . ) LIMITI!D 

S OU ,", I!"a S .. e .. l .. gh. m."I .... I!" gll"a 

~e,.~e.I!NT ... TIV E. IN " ~ I NC I ""'L 

OV I!~ III!"'1I COUNT ~' I!. . , 
." , : 

3 • , 
Ii , 
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