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A 
PROGRAMMABLE 

20-MHz 
COUNTER-TIMER 

USING 
INTEGRATED 

CIRCUITS 

The instrument shown on our cover is 
a n eight-digit, programmab le, 20-MH:t 
counter capa b le of measuring fre q uency, 
p eriod , frequency ratio, and time inte rval. 
It is availab le with a cooice of time bases 
and optiona l electrical da ta output. One 
of its most outstanding specifications is 
its price, which serves as evidence tha t, 
in at least lOme a rea s, technologica l prog­
ress can oulrun inflation. 

Electronic instruments, as everyone 
knows, have been getting smaller and 
smallcr - in tcrms of signal-processing 
capability per unit "olume - since the 
dcvclopment of the transistor. Perhaps 
less widely appreciated is the fact t hat 
prices have also been sh rinking. Now, 
with the arrival of integrated circuits, 
we are witnessing some truly remark­
able reductions in instrument costs. 
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Nowhere is this happy trend more 
visible than in the area of frequency 
counters. Only seven years ago, for 
example, a vacuum-tube 10-1\1 li z 
counter with period and time-interval 
capability W!l.8 priced in t he 2.~­
$3000 fUnge. The transistor brought 
counter size down to the point where it 
was hardly a factor, but prices de­
crcased only slightly. Integrated cir­
cuits, however, have mnde possible 
substantial ~vings, and Genernl Radio 
has been able to take advantage of 
rc's to ofTer both advanced perform­
ance and rock-bottom price, specifically 
in a programmable 20-;\ l l fz, eight-digit. 
counter-timer at. less than 1500.· 

It is easy enough to credit the avail­
ability of JC's for the new counter's 
wide price and performance margins 
over vacuum-tube and tran~if:itor 

• p.,;.,. appIiee III USA Oilb'. 

The 1191 CIDIIIItet on IhII month', 
CIIINf' ...... tht debut of GR'. MW "light.... ............ 1M attractfn 
new .,... UIICIencoI.. WMfOI ...... 
portanI .... iMpro ••• , ... that __ 
ackMd CDIIM".IIIC8 and ....... inItnI-
_life. 

, ..... ore IIDW coated wfIh a baUd 
epoxy ...... for long wear and re .. 
a.tcmc. to ecralchM. 

All _ ................ handln !of 
easy h.taIIatioI'I and .....oval from 
racb. the handles are CIt .... end., out 
of tM way of cantroh and awlleMs. 

The .... panel color .. ,,~ with 
fed .... 1 _rd 595 C...... 26-C'121. --. ..... -_ ... _ ... -Remo'IIW. ... ....... on many 

• 

counters, but we must. look further to 
find out why this counter alone among 
1C counters offcrs SO much I>crformance 
at such low CO!;t. T he answer lies in the 
way IC's havc bccn applied. J ust as 
some counters on the market in the 
early '60's were "trunsislorizations" 
of existing vacuum-tube designs, some 
of today's counters arc "integrations" 
of "transistorizntiOIlS." ~ot so eR's 
new IC Counter (T n.: 1191), which, 
in a first step toward l:lrge-scale integra­
tion, combines as many lUI four flip-flops 
and t heir various butTering and gating 
stages in n single package. 

The integrated circuit shaped the 
design philosophy behind the 1191. In 
pre-IC design, fo r example, onc could 
savc money by using slow circuits in 
noncritical areas. With IC's, cxtra. 
speed is often availublc at no cost 
premium; there mny even be savings 

radt-mountoble instrvmenh facilitat. in­
tIOlIation of special-color pan", for --.... gloa-fiber-reinforced knob, give 
dkl protKHon against cracking and 
chipping. They 0110 snap on and off 
without sehctew manipulation and give 
camp .... protection against hot shofh. 

New bindinu posh ar. 12.pointed 
(double hit.' for b.H.r fing.r grip. 
Standard ~ sock.t wrenches con 
b. uaecI to make p.rman.nt, tight con­
nectionL 

PanellllClrIdng, arB silk-screened with 
epaxy for .xed_ laolbll"lfy and boked 
far utra abrosian resiJtonc. and p.r­
--.c .. 

w. hopa you like tM new " Iight ........ 
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resulting from the use of many identical 
fast circuits, and fast. circuits cnn mcan 
morc eflldent. programs for the \·llrious 
measurement. function;;. In the 1191, 
for example, the minimum display lime 
is not. in the JO's or \O(rs of milli­
second s, as with most. other counte~, 
hut 100 rnierO>'ccondl:'. T he propag:ttion 
time through the eight iden!i!.::"!l decade 
count.ing ullits of the 1191 is only about. 
0.2 ~s, and it take::: only about 0.3 ~:; to 
t.ransfer data into sioragc. T hus the 
11 0 1 r!"tn mnke n timc-iuten'al nH~:lsure­
mcnl nnd in ollly 0.5 ~S be ready for the 
next mensurement. Other counter~ ­

even 1 C de!':igns - typically require at. 
least 50 milliseconds. 

Today's rOil liters nrc increasingly 
called upon 10 operflte as components in 
nutomatic systems, responding to "Ice­
trical control nnd presenting cle('(ri(':d 
out.puts for IISC with computcrs, print­
crs, recordcrs, etc. In the 1191, proper 
application of integratK\ rireuits :-im­
plifies remote programming to ihc 
point where it doc" not add !<ignifiml\tly 
to (·ost. AI the rt'llltin:!ly !'mall eo~t of a 
control input socket lH1d its wiring, one 
can completely :lvoid the nced to l'hield 
find "hol-8\1"il ch " f:l~t, pull'( ... t .... p(' "IN'­
triCIll Rip;nnl<:. I n the 1191, the ollly 
hot s\\'itthillg is ihe ('hoice of :H" or dc 
cou pling, the (·hoil·e of whether the t\\"o 
input ('h:lnneis nrc ('onnected in com­
mon or separatcly. and the ::<igzuil 
attenu:ltion. All other funetiolls :Hld 
range'S ar!' 8wit(' hcd by ('ont:l('( do:.ure>'. 
de voltage>" or He circuit". 

The gre:lle"t :-:1\·ings llri"e from the 
sim pli city of the measurement pro­
grams, uehic\'C'd without l'twrifil"C of 
user COIH'cniCIICC or n'r~ttilit.Y of oper­
ation. Switrhing from onl' measurement 
fUllction to :1llotlwr, for eX:1lllple, in­
\'olvcs ollly the re:.lrllctuJ"ing of a 

Novemb.,._D. o;. mb.,. 1967 

system comprismg t\\"o flip-flops and 
two g:llcs. 

THE COU NTER 
The WII is a genernl-purpose 20-

~lliz ('Olwter-timcr fOl' mensuring fre­
quem')', period (single or multiple), 
frequ('Il('Y ratio, und lime illternd. 
All mC:1!'nn'lIlcnt fundiolls, nHlgcs, nnd 
mo.:.t uf the second ary controls are 
programmable. Thc I'QUllter functions 
nrc dc-controlled, most by simple eon­
t:ICt do:-ures to ground. 

It is important to note that the 119 1 
i:; cnpable of true lime-internil meas­
Urt'IllCIIt!<, with full input circuit s for 
hoth its stnrt nnd slop s ignals. 1 t 
is not a counter that ('an be converted 
inlo n hrute-for('e timer by injection of 
slnrt nnd "top pulse:; into the main gate. 

H('adout is eight digits of high­
inlen"ity lIeon indi('!ltors, \\'it h auto­
matic di"play of d('l'imal point and of 
l11e:l:O:Uf('mellt units. In ternal storage 
give,.; {"ontillU01l'i di"pJay of mpidly 
("hanging datIl without flicker. Th e 
operator has front-panel cont rol of all 
input trig)!;f'r-rireuit ehar:wtcri:;tics. 

The counter is lH'ailnblc wit h cither 
of t\\O time bn1<('s. T he lcss-expensivc 
I"oom-temp('rnlure-cl"ystnl oscillator has 
:1 b:l"i(' "t:ilJility SI}l"Cification of less 
than 0.:1 ppm"'(' from 0 10.50°(, and 
,\ d rift of Ic,,-..; th:1I1 2 ppm per month. 
Thu~e II ho requirc gre:ltcr stability may 
l'i1l1('r pha"c·lol"k this oscillator to an 
ext!'rn:ll ,.tnlldnrd or purchai'c the 
coullter equipped \Iith t1 high-prc('isioll 
oH·illatol" olX'rnting in a proportional­
contrul on'lI. The l't:llIility s l>ccifieation 
for thi:- ",..dllator is le"s thnn ::! parts in 
ID' ~,' o(' from 0 to :lOoe in continu()us 
OI)('r:ltiol1, nud drift is less th:ln I part 
p{'r 10' per day. 

.\notlH'r important oplion is the dee­
trieal d:lta output, n. fully butTered 
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Figure 2. Top In ,e.lo. view. 

)·2-4-8 BCD output nnl.ilable at (he 
rear panel of the ('ounter. In nddition 
to the me3.!';ure<i data, the OlltP~lt ('on· 
nector curries monitoring cl:\ta on the 
mllin gate and n print·('OIlUlHlnd put~e. 

One of the major feature!'; of thf' 
counter is its I'jam trnn"fcr" "ystf'm 
for hotdin!!; the displayed or elcetrical 
datn until the mensured data {'hunge.· 
In storngc--type connter:; wilhout j:Hn 
transfer, att registers momentnrily 
switch off and all betwcen measure· 
ments, e,'cn where t he count in only one 
of the regi.~tl'rs lletuHtlr changes. Ad· 
\'untnges of jam trulI~fer arc lc~s rf Iloi"t, 
from the counter due 10 rcadout tube 
switching nnd Ic!';s noi"c in the eleetrical 
out pm dnta. 

The simpti{'ity of the {'ounter'", dCf<ign 
is immediately apparcnt in an inl{'rior 
\'iel\' (Figure 2) .. \tJ cirl'uits cxccpt the 

indi{'ntor drivers nnd the indicators arc 
on ptug·in hexlr(ls, ea~ily removabte for 
rcpllir or replu{'emcnt. .\ socket for nn 
extrn card is ineludcd for specialized 
systems requirement::. AI"o u!<eful ill 
sY>i\ellls upptieation:-; nre the rear-mlnet 
connC<'tors for .\ nnd B {'hallnet input!';, 
pro!!:,ramming inputs. d!lta·oulput plug, 
ext('rnal·timc-hl\se input, nnd the 10· 
;\I ll z lim(>-ha!';e output. 

HOW IT WORKS 

The simplidty of the counter's de~ign 
i~ apparent in the following brief 
dcscriptioll~ of the circuit program!!. 

Count Progrom 

The :;implest of the programs is the 
("00;'1'1'.;"(; moc:l(> (FigllIT' a). ;\Ianllally 

oper:lted or electrie:llly progrnmmed 
:-;witche;; ~et a ('ontrol flip·flop (FFl ). 
\\,hcli FFl is in thc Q :-;talc, the 
input gate pa$e!! pulses generated from 
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the A input signal to the counting 
register. When a. II stop" command rc-­
sets the control RiJ>-flop to the Q !llatc, 
the total number of pubes accumulated 
in the counting register is displayed . 
In the count ing mode, the storage units 
nre used as nmplificrs. 

Frequency Program 

For the frequellcy program, an nddi­
tionnl ('ight-<lccllde cQullting rcgi:;lcr, 
called the timing register, and a cry:;t:ll­
oscillntor time base are added to the 
com l)Onent8 used for the count ing 
mode (Figure -I ). The function of the 
additional circuit is to open t he count­
ing gate for n precise lengt h of time. 
H, for eXUlnplc, the counting gate is 
opened for exactly one sc<:oud , the 
number of pulses accumulated in the 

A IIWUT a, 

'" 
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I 
'--

Figur . l. Count p.og.om . ,,,., 

cOllnting register will be the average 
number of eyries in onc l'ccond of the 
., signal, or the A signal frC<luency in 
hertz. T he time intervul is e~tll.blished 
by the timing register, which counts 
up to 101 zero crossings of the crys tal 
osci llator (which may, in Lurn, be 
phase-locked to a ll external stnndllrd). 

The closure of the main gate (G I) 
generates commands that. move the 
contcnts of the COUll ling register into 
storage. clearing FF2 und closing G" 
llI1d, nft er a displuy hold-oil interval 
that ca n be n.s short. IlS 100 micro­
seconds, FF2 is reset. Ilnd the liming 
sequence is repea ted. 

Frequency- Ratio Progrom 

The frequency-ratio program is si mi­
lar \'0 the frequency program, the only 

I 
'-- --oa> 

Flgu •• 4. F,. q" . nc'l' p.og.om • 

. "" 
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,t, INPII1' 

" 
COUNTING 
REGI!TVI , 

.. ~ 
difference being that. the B channel 
input is substituted for the crystal 
oscillator (Figure 5). The accumu lated 
count. is t.hus the number of cycles of 
the A signal during 8. time interval 
established by the 8 signal period. 

Olle very useful application for this 
program is the use of longer gate inter­
vals than can be obtained with the 
internal crystal oscillator. If, for ex­
ample, a 1-::\1 Hz stnndard frequency is 
available, a I()().sccond gate will be 
est[1blished with the IO' range-switch 
setting in the ratio program. Similarly, 
a IOOO-sccond gate call be established 
with Ii l ()().kHz standnrd frequency. 

,,~ 

OSCIlLATOR 

,t, IN"Ut 

'" 

' 10M 

Multiple. Period Progra m 

As seen in Figure G, the multiple­
I>criod program uses the same circuits 
as the frequency ratio program, re­
structured so that t.he t.ime-base signal 
is fed th rough the input gate to the 
counting register and the A in put is 
applied to the timing register. The , 
clock interval fed to the timing register 
is one period of the signa l to be meas­
ured, and the counted signal is the 
I()().nanose<:ond period of t he 10-::\ 1Hz 
time base. Depending on the position 
of the range switch, from one to 10' 
periods of the unknown arc measured 
in terms of the time base. 

o 

FII .... 6 . M .. ltl pl • • perlod p<'oI10m . 

." .. 

1 
I 
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Hichard W. Fmnk, 
Leader of OR's Fre­
quency Rnd Time Group, 
~eivtd his SB and S~t 
degreee ill elcctriclll en­
gineering from the MlL!I­
saehUllctl.!! Institute of 
Technololq in 1950 and 
11l51. He Joined OR in 
1951 !l.II a development 
en~eer and wU III}­
POinted Group Leader In 
1957. 

With the eight.-digit counting register 
and the JO-:\J II z time buse, single 
periods of signals us low in frequency 
as 0.1 Hz can be measured in the multi­
ple-period mode. For periods of lower 
frequency signals, a lower-frequency 
time base must be counted. Usc of the 
time-interval mode is then indicated. 

,... Time-Interval and Single-Period Program 

r 

Figure 7 shows the restructuring of 
the circuits fo r the time-interval mens­
mcment. The A-channel input circuits 
UfC used to generate n pulse that opens 
GI to sta rt the counting of the time-base 
signal. The D channel is used to produce 
a stop pulse. Clock frequcncies as low 

IHI'UT • 
B INP\IT 

REGISTER 

''''''' GENERATOR 

TRIGGER 
GENERlHDR 

'" 

Nove mbe r-Dec::ember 1967 

as 0.1 Hz can be produced by t he timing 
register, for a maximum measurable 
time interval of 1011 seconds (a little 
over three years), When both A and l:I 

inputs ure present, the register indicates 
the time between A and £I. If t here is no 
input to channel il, a single-period 
measurement of the A-channel input is 
made, 

The time-interval mode call be used 
for pulsc-duration measurements. For 
example, in the measurement of the 
duration of a positi\'l~ pulsc, the A-input 
control:; arc set to start the counter on 
lhe p~ili\'e-goillg slope and the Il­

input cir('uits to produce the stop pulse 
on the negati\'('--going slope. )' laximum 
resolution for such measurements is 100 
n:l.n~COllds. 

PROGRAMMABIlITY 

.-\lmofOt all the counter's functions 
tire programmable simply by switch 
closures to ground. The user ChOORCS 
those funetiolls ht' wishes to progr:lm 
by lielling the correfOponding front panel 
~wit('hes to the BXT PItOG position. The 
extent to \\'hich the vdrious ('ontrols 
are programmable is indicated by the 

COUNTING 
REGISTER 

o 
DISPlAY 
~,~ 

'001', , '0 . 

, 
L _ _ BCD 

FlO .... 7. Slngle-p.,lod and 
lim l. lnl ltfvol p.oo ... m . 

. ~ .. 
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following table, Xote thaI. only a few 
secondary controls a re not. program· 
mable, und c\'cn this limitation can be 
rcmo\'e<1 In certain cnses 011 special 
ordcr, 
PUlIction M tlhod of Proorommillg 

;\IE,\Rl1HE;\IEXT Switch clo:;ure to ground 
mod, 
RA:\'GE !\....-itch 
Trigger.polflrity 
conlrols 
TIIHESIIQI.D 
conlrols 
D ISPL,\ r TI:\IE 
control 
STAHT-$TQP 
controlll 

II ESET uutton 
,\ U('nuator conlrob 

ACDC' coupling 
s ..... iteh 
SEPAIl,\TE_ 
CO~DIO.\ "witch 

S ..... iteh closure to ground 
S"'itch clO!!ure to ground 

Dc voltage fit deo<iroo level 

He ~ rcuit to ground 

Switch clO!!u!'C to ground 

not progntmmahle 
not prognunrnnhle 

not programmable 

Programming connectiOIl'l nre madc 
through :1 multiterminn l connector 011 

the rear pancl of the coun ter, Also 
aVlli lable at this connector are se"cral 

outputs for use with auxi lia ry equip­
ment. These include n eMry pulse from 
the highest. deeude, :1II cnd·of-display 
pulse, :lnd a p .. int.·eollunand pulse, 

ABOVE 20 MHr 

The 1191 is easily adapted for usc at 
frequencies to 100 .\ 1 Hz by the add ition 
of the T ,YI>C 11 56 Decade Scaler.' The 
resulting combination is a \'ersntile, 
progmmmable, IOO·.\l lI z ffC(IUency. 
mctlSuring system prieed in the 2000 · 
area. 

- R. W. FRAXK 

ACKNO W LEDGMENT 

T his design project, extending over the IIlSL 
10 months, WI'-'! directcd by the Huthor. Such an 
acc:elcnned develoVIIICnllln)lCraln required the 
~r.rati?n of t.oo many people, bot h within 
all( out,,;lde the EngllleerlUg Oepsrtment, to 
IllfIke all individual Ii.o!ting of conlributof'l!l 
pnlellcai; ho .... ever, particular mention of the 
contributioll of Bntlll Sargent ~ in order. 
Urian coutributed to the electncal d{"!'ign and 
energetically follo"'ed the many details ~ 
I.'II.ry for the smooth entry of tIllS in. .. trument 
illtoproduction. 

• prj .... epplift In t:S.\ ""I)" 
'Il. S. S,xon. J, .. '·100-;\1" o...,ede Seeler," G.~traJ. 
Rod,o l!z,.,,,,,.urn-. ~p~"be. tDGl. 

SPECIFICATI ON S 

MEASUREMENT RANGES A ND ACCURACY 

"eq".,,~,., Dc to 20 .:>olllz; I·JoI!I to 10 .. counting 
",te tirnl'l!. \ ('Curot"y, ± I count ± tim .... bM(> 
llCCUtaC.\·. 
Si"lIl. h'lod , I to lO"l me!IIIUred h\' countinjl:O. I­
",to 10 .. intervMiederived from intenlllll()"~I I h. 
clock. Acrlltllcy (lICe 1l0te} is dependent on the 
siglllll·u~n"I!I(' rIlti<) of the in])Ut lignn!. the 
counter inJlut noille, Ilnd the ± I-eollnt crror. 
Mult l!,l. , .,iod , I to 10' periods lIIeal!urOO by 

counlmg rnlernul 1O-~IIh. clock. :\('CllrIlCY, 
see note. 

Non - Trigs:cr error in lim\' mea.~u ...... 
ll1enl~: ±O,a(, of one period + IllIrn· 
ber of l"II.'rM)(l~ avel'llgoo, for fI I(kiU 
input ~iltnlll-t'''''If)i"e ratio. Th~ 11);­
~Il~ no JlO1.-e internal to the COlmter. 
For input ~ignflb of ext!'Cmely hl~h 
"Ignll/-h~nf)be ratio, the trigger error 
in "II .... 111 be <O.oou.-) + the "Ignsl 
11"1)(' in \' I,,~. 

Tlon. '"le." .. I, 0 .1 /105 to 10' 8 me!llured hy count­
ing O.I-~ to IO~ illten'al! dcrivoo Irom internal 
10-\lIb clock. Accuf1!.cy (act' note), ± I clock 

1)U1SC ± trigger error ± tirn~bU3C liability. 
nk'rvfll is lIIel1!JUr«! bet"'een "start" snd 

"stop" jlUl!IC!I driving the inllllt channels 
independently, or (mill a ainK/e siKIl:li with 
common OOIllle('tiulI between channel!, M fur 
]Jullle-durntion mellllu!'CnlellU!. 
' •• "". ,,<y ROlio l I to 10 1• Ff('(IUCnQ' " A," de 
to 20 .:>0 1 liz, il me!llu red over I to JO. per iodJl of 
fl'{"<.]uClicy " 11," de to 10 ,\lIh . Accumey, ± I 
count of " A" ± triggcr error divided by numlX'r 
of "8" period!. 
Cou"" Hl'giuf'r cll l)acity, JOI. Evcnte 8re ac­
cumulated het"'f'en "elart" and "stop" COlli­
mand! from rnltnlllli IIUnd hUII(JIIs or , e.~tl'r­
lIall.\·, from ('01lt. ... ct rlOl8l1rcs 1>( IIOlid-state 
s .. itchcs. In "coun t," storage i8 automatically 
dia. ... bled. 

INPUT ""'" 
F,."". ,,<y , Chlulncl " A," de to 20 ~Il II (:l llz to 
20 ~I H :.& ne,coupled); clu!.!lIIel " I~\" de to 10 
Mill (3 lIz 10 10 ;\lIh ae-eouulcd . 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988



,... S.nlilivily : 10 mV nnB BilLe wave,:JO mV pk-pk 
pulse; trigger level variable ± 100 mY. 
\". nU<lI<lr ; xl, xlO, xlOO (0, 20, ·\0 tlB); 101>,­

dlpaeitAnoo 10:1 probe available. 
Voltag . R<lting; Input vol tnge !hould not eXC«.'I.1 
150 V on xl or 31)0 V on xlO or x IOO. 

Imp.done. (nil ntienuator IIC t tings ): Approx 
1.\111 shunted by 35 pF. At resr connect(lrs 
(supplied mounWd, unwired ), shunt C incre1llJCll 
to tlpprox 70 pF. 
Signal I"alarlly: F ront-ptlllci C(JIltrol permi18 
selection of poi!itivc- ur negative-going signal 
sense for triggering. 

1 0_M H~ TlME_8ASE OPTIONS 

Room -Temp. ratur.O .. lllatar 

Stablilly : <2 X IO--'I /"C from OG to 5O'C. 
Orift Jess than ± 2 X 10..... per mon th. 
Wilh ± IO~{. line-voltage \'nrintion, < 2 X 10 ..... _ 
Monual Adiullm.nt Rang" ± I X 10 .... aL 
teflr-pnnel C(lntroL 

Hlgh _Pr. clllon Oleilla lO' (in prOllOrtioUlll-contTol 
oven) 

510billly: <2 X 10-'.rC from 0 to 50C 
when operated oontinuously. Drift ± I 
X 10 ..... pcr \\\X'k, ItppTOX 2 X 10 ..... per dny 
nfte r 1 month of continUOl\8 operati')n. \\ ith 
± lor ( Hue-vohage vt,rialion, < 2 X 10 -,G. 
Manual AdJuUm. nt Rang., ± I X JO ..... nt 

reiLT-pnn('1 t'()ntroJ. 
""' lm._So,. Oulpul , 1O-'\IIh. &qunte wn\'e, 2 V 
,)k-pk behind 50 11 at renr-panel UXC con­
nc<:tor. 
b •• ,nol Phau· t o<k, Buth time-haec O!JCiJlllt(,rs 
"11.11 1)1' locked i.o.) c\"lernal atandnrd frl'tlucncV 
aLO. I, ],2.5,5, or 10 :\llI z,ofntlelL8t] \'ru{, 
illw I kl/. A front-pllllcl phase-lock indi('ntor 
IlLllIp ill pro\' ided. 

DATA PRESENTATION 

Oi l ploy: &-digit display with l1utollllltknlly POll;' 
tioned d(:cinml p(Unt and m(>lUIut('rnent dimen­
sions. High-intCllsily Ileon relldout tubes. 
SIO'O,.: Dispilly Cllil be either swred or nolo 
Opera.Hlr ('an selet't frolll npprox 100 I't; tv 
10 s or infinity for displllY time (in nomlsl 
mode) nnd for data. holdolT lime ( in IItllrnge 
mode). 

11 91 Counl . r 

Bench Model 
Ro ck Model 

November-Oecember 1967 

Dalo OUlpllt (in SOme modela): Fully buffered 
1-2-1-8 BCD out/Jut tit stamlntd OTL level~i 
dalll zeN) is 0.5 \ 1111\.."1; a nd dtltfl ] apl)ro:< 5 v 
behind (I kIt. 

PROGRAMMING 

Inp .. , : All instrumcnt funetion~ controllable by 
CIOllllte U\ I/:TI .... md "ithin CH IlIIUilitit:!S of DT [, 
micrologic (2_ t.o Ii-iliA sillk cu rreut Tt.'quired), 
ex~pt: 

1)Ii:HIOD and T I .\IJ.~ IX T EIlVAI, I'Cilui re 
approx 5O-mA-ClLl)lIcity external t\OIIl1res fM 
addeoJ IOlld of dirncnsion-displl1Y JlUnpa. 
FIII1elion9 t'OntroJled by o ther thnn contAct 
elOllu re: 

JnllUL Threshold: Hequire:!! de voltage of 
± 100 III \ ' eurt<'9pOll{iiog \.() desired threshold 
level. 

Di9plny Time: UC<lllir<'S RC ci rcuit to 
ground. Display / hQld-otT intcrvnl i9 nJl]lrQx 
one He time constant. 
:-.'onprugr:unmable functi ons: Input sUenun­
lOT. UIPllt ne/dc COIl piing, 9CpDrale/common 
91litl'h, IIClf-ti .. ilt, ioU!rlllll'~\"le.rnaJ rolltruJ uf 
timl!-b:u!C UllCiJlator, /tod frt'qllLmcy adjust­
ment of time-iJ:l.l:!C oscilh.t(lr. 

GENERAt 

Envlr"nm. nl"l; 0 to 50' (' operating ran~C. 
Po ..... r RequIred ; 100 t~) 125 OT 200 W250 \ ', 50 
to 100 Il l, :~2 \\". 
A<~ello,;u Supp lied : Hack-moun ting Imrd"llre 
set, 1"IOI'cr "(lrd, !Imrc fuSC9. 
A«ello, l .. Avallabl.: Inpu tpr"be, 115(i Decllde 
~:IJer fUT 100'lIl1Ufcmcnt W 100 .\1I1z: IJJ7 
Data l'rintcr, JI:Jij D/ A ('""verter, /tlld olher 
l:H di!(itlll-d/ttll fH'i]LI~,ition cqlli l>lnenl. 
Dim. n,lon< ( "idth "I: heiltllt "I: dcpth ): Belich 
nl(x\('l, I~I x ;\7 ~ x 12J, in. (185 x ~":J x :12,5 10m); 
rack modcl, W x :1 1 ~ x II jn. ( 185 x 8'.1 x 
2bO mill). 
N. , Welghl (a]Jprox): 22lb ( 10 kg). 

FOR INP UT PROBE - 11 U_9600 

Inpul Imp. doMe: 10 .\lushul1Ioo by nJlJlrox 7p].' 
when uSl,'ll Ilith ] 1\11 N'\llItcr. 
AII. nU"I;on, XIO (20 clll l. 
VO!r09.; 1000 \ . li l' "r Ill' pk-pk, mIL\" up tu 5.7 
.\111 1.; Il'SS lit higher freqlll'ncit'!!, 
hn9lh : al ! ft. 

Price in i;S. t 

1191_9700 
1191_9701 
1191_9702 
11 91 .9703 
1191·970~ 
1191·9705 
1191·9706 
1191_9707 
1158_9600 

Ben<h Model with Dala OUtpui Oplion 
Rack Model "'Ih 001" QUI put Option 

$1340.00 
1340.00 
1390.00 
1390.00 
1490.00 
1490.00 
IS~O.OO 

1540,00 

8en<h Model with High.Pree;,ion Time·80.e Option 
Ro ck Model ",ilh High.Pr."'ion Tim8·Bo.8 Option 
Bench Model with both Option, 
Rock Model wilh balh Oplion. 

P6006 P,Db., T.klrOn; ~ Catolog 1010.010-0 127-00 
(no t )Old leparotelyl 

21 .00 

11 
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th • Experi m e nter 

NEW UHF BRIDGE WITH 
PRECISION CONNECTORS 

In terms of impact an instrument design and 
performance, one af the most impertant 
new praducts to come from General Radio 
in recent yean has been ooe of the smallest, 
the GR900' precision coaJl.ial connector. 
The GR900 has been the springboard for 
substantial improvements in many instru· 
ments and standards made by GR and 
other manufacturers. The time-tested ad­
millance meier is the lolesl beneficiary of 
GR900 precision, as well as of several other 
noteworthy improvements. 

The development of precision coaxial 
connectors bas led to significant im­
provement in the performance of many 
cOllxial ill!ltrumcnts. The redu(·tion in 
error introduced at the interface be­
lWC<!1l the unknown and the ill strulIlent 
has made po:;.<: ible not ollly higher 
direct-reading aecurllCY but even greater 
gains through the usc of reference 
stand ards equipped with precision con­
nectors. Thc {'xccptional repeatability 
of the GH.900- connector hus alrcady 
been put to good usc on slotted lines 

and rf bridges; now users of admittance 
melers can share in the lTlany ad­
vantages of the precision connector. 

The Typ~, 1002 Admittance ;\leter ~ 
has over the yeurs found widesprellc" 
application for impedance and admit­
tance mensurements ill the awkward 
range between lumped-constant and 
distributed-parameter frcquencies. Its 
frequcncy range of 20 to 1500 .\1 li z in­
cludes frequencics nt which slotted lines 
become long and expensive and COIl­

ventional bridges suITer from errors due 
to stray inductances and capacitallces. 
J\"ow n ncw l\dlllittnnec meter, the 1600, 
joins the 1602 to bring a ncw order of 
1lCcuracy to measurements in this arca. 
(The admittance meter, incidentally, 
is a Ilull instrumcnt more properly 
called n. bridge, a point we are happy to 
put right in the naming of the new 
instrument.) 

The 1600 Precision lj ll F Bridge is a 
completely new instrument, different ill 
severnl importnnL respects from the 
older 1602. I n addition to G ROOO con 
nectors, the 1009 has more rugged 
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ov~r-fl,11 construction, improved , lock­
able ('onductance and susccptlilice 
standards, and scvernl feat.ures that 
facilitate bridge-arm adjustment.. Inte­
gral multiplier settings, for exam ple, 
arc detented. The real and imllginary 
arms cnll he precisely adjtl~ted hy 
means of II vernier attachment and ctln 
he locked into position. 

The direct-reading accuracy of the 
1609 l ' lI F Bridge is quite good, but 
truly !>peclncular results nrc pOStiible 
through the use of G ROOO-equiPI>ed 
ealibratioll standards. For exftmple, 
through the use of C R900 referencc nir 
lincs and stnndard termin:llions, low 
swn's can be measured to within 
±O.OO2. Hccently introduced precision 
air capacitors, standard rcsisti\'c ter­
minBliolls, and G R900 air line!'!, used 
as C, H, and D standards, I'imillirly 
improve the accuracy of mensurem('nt. 
of capacituncc and inductance of 

lumped- nnd distrihutoo-paramet.cr cir­
cuits to well ~yolld the direct-reading 
lItcuracy. 

Precision mcaliuremrnts arc not. 
limited to cin'lIits find components 
equippffi wit h G R!1OO connectors. 
Through the usc of G ROOO precii;ion 
adaptors, the \JIIF Bridge ('onllccts 
ensily to any of the poplIl:lr cOHxinl 
('OIl1lect.ors, including Typei'! ~, TXC, 
BXC, etc. The deteriortltion in ac­
curacy inlrodu('l'd hy the ndtlptor is 
usually ncgligihle eOm l)3rcd. with the 
inherent ullel'rtuinty ehnractcristics of 
the lowN-perfOflllflne(' connectors. For 
mensuremcnU on lumped-parameter 
components wit h wire leads, t he TYPE 

900-.\1 Component. :\ Iount can bc used. . 

Method of Meosuremen' 

Csc of the t ' IIF Bridge is simple and 
strnightforwnrd. With n suitable gener­
ator and detet'ior and the conductance 

, 

N.w 1Ih1 blldg. I" II •• 
," . o,", I"g SWIt 01 I. ,,"i"o· 
110". wilh 7.S_c," ,.' . .... co 
0 1. Ii ... ~o"""lod O. 1,"­
p.do"c •• Iondord. 
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the . xperimenter 

John F. Gilmore re­
ceived his DSEE in 1961 
ILnd hill ~ I Slm in 1963, 
rrom Northea3t.crn tni­
veraity. lie joined the 
Mh:rollrave Group at 
General nadio !loll a d~ 
veloJlment engineer in 
1963 and ill currently en­
~ in mkrowaYe cir­
CUIt demgn. 

and susceptance standards (supplied) 
connccted to the bridge, the unknown 
is conl1('ctcd and the bridge arms nrc 
ndjusted for a null. At this halance 
the bridge firms indicate the ronl and 
imaginary terms of the normalized 
ndmittance of the unknown a~ a. point. 
about 4.9 cm from the GR900 con­
nector face. A I'Ihort. or open circuit is 
then measured to establish a known 
reference plane, nnd n ~mith Chnrt 
or t ransmil'!;!lion-line equations are uS('(1 
to determinc the impedoncc or admit­
tance at nny reference plane, just os in 
slotted-line me!l."iurements. 

Sincc this is a null instrument, de­
tector response docs not alIcct mcasure-

ment accuracy, as it can in slotted-line ~ 
mensurements. :\Iultiplier plates are 
supplied for better resolution of very 
small or very large values. 

SWR Measurements 

When only the SWIC of a component is 
of interest, the bridge cnn be used as a 
rc.flectometer. With the com ponent 
COllnccted to the bridge, the detector 
output le\·cl relative to a ctllibratiOIl 
le,·cl can readily be converted to SWR. 

Since no balancing is involvcd, this 
method is pnrticulnrly useful for ll1enlr 
urement of huge numbers of com po­
ocnt". 

ror accurate mctl.<mrcment of low 
SWR'S, n GROOO reference ni r line ca n 
be used us an nbl'lolute impedance 
s tandard. The bridge thclL acts as n 
tunable hybrid. The unknown is con­
n('('ted and the bridge is bnlnnced. The 
air line is then inscrted between the 
brid~e :md .the unknown, and the de­
tector output is thell nn accurate indi­
cntor (±O.OO2) of the swn of the un-
known. - J. F. GIL:\IOItE 

S PECIFICATIO N S 

Auuroc)' 1 Applies w each term of nonnaliiUld oomittllnoe rendillll; eepllrat.ely. 

20-.500 Mil" 
500-1000 ~Ilfl 

1000-1000 MHz 

±(O.02j)'N! +0.01) 
±(0.03!YNI + 0.01) 
±(O.05P' ..... 1 + 0.01) 

±(0.02 VMIYNI + 0.01;\1) 
±(O.03 Vhlll',.) + 0.01:\1 ) 
±(0.05 , / MP' ... I + 0.02:\1 ) 

I)',.! - mAp;nilude of bridge readin~ormtllixed uni!.!) 
_ V(rel!.l term)! + (imag term)' 

:\1 _ !letting of multiplier arm, vaJues > 1 w 20 required 
if norllltllixed real or imaginary term is > 1. 

Jmpednnre neeurllrv aame lUI ahovt' llibatitll!.inlt 
I Z~ ! for I Y~ I. SWIl nccufacy *2'";. from 20 
to 1000 \!lIz, :::I: I'", 1000 If! 1500 :\111:1., for 
mellllUrem('nl.8 near tlnity (matching to 50-\1 
IJ)1Iu>m). 

Fr."u."c), R .. ",,, 40 to 1500 ' 111 1., direct 
re.'u.linll:; dOlln to 20 :\llIz lIith corr«:tioD 
factor applied to imaginlllY t.crlll. 

M .. lu ...... .. , Rong.: 0 to 100 tnt! or 0 to 
looO!!, dir«t rendinl' ; Clln be e.xicnded to 
1000 mn or 10,000 11 "itb muitilllicr Jllntl'fl 
(aullpliro). iU8lrumcnt meMurt'li Admittance 
UI em i~dc mating pillne of GIlOOO'" oon­
"edor; !"endings normnlitcd with respect W "" 
20 Inn (50 !I). The oodition of air line of up· , 
propriate lenBlh makes iUlItnunent direct..­
reading at lWy desired reference pilUle. 
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Ane .. o. le. Su ppUed , 5O-fl conductance Htllnd­
ani, adjual.'1ule stub !Iud vnrinble ai r cnpndtor 
for HU!K'eEltInoo stllndardll, t\\'o multiplier platcs, 
8i4-R22 A Paleh Coni, wooden slUrllge e,;.s(:. 

"cu .. ".lt. Rt q\lired : Generator with 20 ,nW 
to 2 W oull)ut, dctccwr wi lh be t ler thnn 10-"V 
I!enaitivit.\I, Reoommcndoo, (i n OIlCilhlt()1'II1 (;it 
Type UN'!' Detector or 1236 I-f.' Amp ifier, 
8N-l\IHAL l'.iixer, nnd Rppropriate osctllntor. 

N ovember-D ece m ber 1967 

" cc, .. grln A ... all"bl.: !)()()·LZ Reference Ai r 
l.io('8 lUI irnp«i:;lI('(' 8t.:lndarda, G ROOO Standard 
T,'rmin:,tiolill fllld Kt.llndnrd ;\I isnllltchcs for 
calibrntion, l: H~O :Idnptol'll to other oonnccl.or 
t.YPCII. 
Dlmenllono (width x height x depth ); [, x 7}1 
x5 1 :iill .(I:lOx 185 x IIOmm). 
Weigh! : Ne', It} Ib (7.5 kg ); .hlpp lng , 20 lb 
(0.5 kg). 

Calalo{} Numba Dt,cripIi01~ Pria in USA 

1609·9701 1609 p,,<l olon UHF B. ldg e $795.00 

NEW RECORDING WAVE ANALYZERS 

In t he l\lay-Jllne e xperimenter. we 
desc ri bed:\ new di al drive for nll tom~\t ic 

stepped or continuous t hird-octnvc 
analysis (as well ns eontin uOliS tent h­
octnve analysis) with t he Type 15G·I-A 
• 'ou nd aHd Vibrati on An ulyzer. l •t Th is 
dial drive, the Ilnulyzer, and t he Type 
152 1-B Cmphic Leyel Becordel" MC 

now available in combination, as the 
Typ~: 1912 Third-Octave Hecording 
An alyzer. Stcpped lhird-oct:lVc iLnalysis 
is fi nding illcrcllsing appli('ntion, es­
pecially through 1 he impetus of militnry 
nnd industry testing sta nd ards (e.g., 
fo, lil S td 740-B, AS I mAE :30A-0:3), :lIld 
this Ilew system makes these m C:ISUI"C­

ments simple und COllvenient. 
In addition to the illslnmlCnts men­

tioned IIbo\"e, the system incluoes 10 
rolls of ch31"t pnl)C l". T IH' recorder is 
equipped with n 40-dll potentiometer. 
The system cabinet in cludes U slomge 
drawer and 3 system powe.· control that 
• B, A. lInnk, .. A 1li.1 Drive for SI~pl",,1 , .. S"'''llt 
,\n.~.i.," GcMml RtU/'d Y.Zpn''''''~Ii·'. ~I.y-J"M I!lnr. 
I W, II. K"nd~u ... New Pe.forman"", N~w COO\'~ni,'no~ 
With lhe N" ... SOund a .. d Vib .... ti" .. A"'!)'""," Gen,,,,1 
IUod;" I:'~". .. ' .... _. s.-I' ... "'~r-Octo[,.,. 11103, 

switches lhe unalyzcr buttery supply as 
well us t he uc line. 

Anotll('r n('w system combines the 
T YPE l;)ij8-. \ Wave Anulyzcr~ with the 
grn phic level recordc ... The 15GS is n 
l%-h:lIIdwid th ullnlyzer cup!lble of SCi>­
:)rnti ll,l!; w ry c1O!'1ely sp:lced frequency 
COl11pOlWnlS over n freq uency m nge 
frum 20 li z to 20 k ll z. Applicl1tiol1s 
illc'lude hnrmOllie-distortion me3surc­
lIlenb3, harmonic analysis (the 1')G8 will 
separate ahouL :)0 harmonics), and 
measurements 011 modula ted signals, 
The analyzel' is especially uscful in 
me:\SllremCll ts of low-fl'eqt~ellcy noise 
or vibration from machinery. 

The ncw T YI>C l!lI:3 Hccotding Wave 
.\II:\lyzel' indudes, itl addition to the 
iUllllp:cr and I he recorder, un 80-<1 B 
potentiometer ( pltl~ the 40-dB potenti­
ometer supplied with the recorder), 10 
rolls of chart pnpcr. an d t he d ri ve a nd 
lillk Ullit " th rough which the recorder 
dri\'es the an:llyzcr fre(juency dial. 

I W. II , I{un.k.t. ".\ On.,. I)~roen\.-lI.ndw;d,h Wa,-e 
\".Iy"" •• " G.".",/ fI",I •• K,,,.. ..... 'nltr. September 1900. 

DC&CripliQII Pn'ce in US" 

1912·9700 1911 Th lr d . Oc l" ". Reco rd in g Anol y o" 
for II~_V, 60-H~ lupply 

$35 10 .0 0 

1913.9700 

1913_9701 

1913 R, co, ding W " " . A n .. lyur, 1% Bond w ld lh 
for 11 ~_V. 60·H ~ lupply 

19 13 R . ... 'd ln g W .. ". An .. lyu. , 1% Bo ndwl dl h 
fo r 230 _V, SO_H • • upply 

3110 ,00 
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DO WE HAVE YOU R CORRECT NAME AND ADDRESS-nome, company 
or organization, deportment, street or P.O. bolt, dty, state, and zip code~ 
If not, please clip the address label on th is issue and return it to us with 

corrections, or if yoo prefer, write us; 0 postcard will do. 

Precision Measurements A ssocia tion Conference 

The first annual conference of the 
Precision :'I l casurcmcnts Association 
will be held at the Disneyland Il otel in 
An aheim, California 011 J anuary 22, 2:1, 
and 2 ' , 19G5. Instructional courses, 
tcchnienl scSl!ions, and exhibits will be 
presented. 

General Radio will partici pate in this 
program by demonstrating t he u<:c of 
GROOO prceision connectors and 

standllrds in the calibration of instru­
ment~. G H will :\1<:0 demonstrate a 
techniquc for eulihrating capacitooce 
standards at high frrqucnries by means 
of a microw:I\·C ~loltcd line equipped 
with a pr{'('i.~ion ('onneetor. 

For further information on the PMA 
Conference. write to the Precision 
:'I leasurcmenifl .\ ~,,()('i:llion, H2G :\. Vic­
tory Blvd. , llurb:mk, California 91502. 

General Radio wishes all Experimenter readers 

a happy and prosperous 1968 . 

................... ..,. .~ ......... ~c-o-.''''' ~N''''' 'C"' • ..,. ....... C" . ...... C'O~ .... 'ro ,~ . ,,.,. 'C" • • r.. • . . .... . r . ....... N'C">. 

GENERAL RA 010 COMPANY 
WEST CONCORD. MASSACHUSETTS 01781 

.. ;:. ... . .-
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