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Fillu re I. Typ. 1123·A Oilliial Sync,ana,"ol •• ® tim. co,"pa,ol"" fronl (10 .. bo .. l) and ,Oa, " iows. 

A NEW APPROACH TO 
PRECISION TIME MEASUREMENTS 

The accurate, precis(' measurement 
and keeping of time are more than exer· 
cises for astronomers and guardians of 
the national standa rd. They are also 
matters of great concern to navigators. 
telemetry and communications special
ists, data-system technologists, and 
many others who must establish time 
inten'als and record local time with 
microsecond precision. 

The modern method of precise local 
timekeeping im'olves (1) the use of 
standard t ime signals (such as those 
broadcast on WWV). (2) a standard
frequency oscillator, (3) some means of 
converting the oscillator's frequency 
into a time indication, and (4) a means 
for precisely compa ring it against the 

'. 
broadcast time signals. The last two 
functions have traditionally been per
formed by such time comparators as 
General Radio's T YPE 1103/ a syn
chronous-motor clock driven by the 
output of a frequency standard , with 
the time of day displayed on a standard 
clock face. Incvitably limiting the reso
lution of such comparators have been 
the uncertainties inherent in any mc
chanical device, which have become 
progressive ly morc troublesomc with 
the increasing need for accurate resolu
tion of short time intervals. :\ot eveu 
the most advanced mechnnicai com-

I R. W. F .... nk. F. D. ). .... i •. H. p. Stratenu:y~r, "Th~ 
N~w OR Frt<!uency Standard,'" (h" .. al Radio Er/l"'. 
.... nl ... Vol 3S Na 4. April 1001. 
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parator gives results repeatable to bet
ter than a microsecond, and to this dis
advantage must be addcd the problems 
of wear and maintenance intrinsic in 
mechanical devices. 

General Radio's new TYPE 11 23-A 
Digital Syncronometer (Figure I), a 
digital time comparator, avoids the 
problems of moving parts simply by 
avoiding the moving parts. There is no 
mechanical resolver, with its inherent 
inaccuracies in translating electrical an
gles to mechanical, no synchronous mo
tor with its inherent starting delays. 
Instead, solid-state logic circuits, used 
in a new type of time comparator, are 
designed specifically to meet the strin
~Dt demands of modern time-stand
ardizing and data-handling applica
tions. Accuracy is limited only by the 
accuracy of the driving frequency 
standard and Dot by resolution. Time 
information is, in fact, given with a 
precision that challenges one's ability 
to extract it. 

The Tn>E J 123-A Digital Syncro
Dometer ® time comparator is designed 
to be driven by the loo-kc output of 
the TYPE 11 I5-B Standard-Frequency 
Oscillator.2 The time comparator's in
put circuits transla,te the oscillator's 
100-kc sine-wave zero crossings into a 
lOO-kc pulse t rain, which is applied to 
a series of five decade dividers to pro
duce a one-pulse-per-second master 
tick. These pulses are accumulated in 
six digital counting circuits, and the to-

. ., 
RECEIVER 

tals are displayed by in-line incandes
cent-lamp indicators as hours, minutes, 
and seconds. In addition, all 11 decades 
(five dividing and six counting and dis
playing) supply BCD electrical outputs 
at a rear-panel connector. 

The one-second master tick can be 
easily compared with auy other ooc
second signal on an oscilloscope. A set 
of seven thumb wheels on the front 
panel controls a precisely known delay 
between the master tick and a delayed 
pulse. To measure the time interval be
tween master tick and a broadcast time 
signal, one simply brings the delayed 
pulse into coincidence with the broad
cast signal and teads the time in terval 
on the calibrated thumb wheels. Syn
chronizing tbe master tick with the 
time signals is then simply a matter of 
pushing a. button on the comparator. 
Standard time can just as easily be 
transferred from one digita l SYNCRG
NOME'fER time comparator to anotber 
or to several others. 

The new comparator ca n reproduce 
its time measurements with a precision 
approaching a nanosecond , and its mas
ter tick can be compared with suitable 
time signals with an accuracy of better 
than 100 nanosecouds. With appropri
ate terminal equipment for interroga
tion, it can provide time data in 
increments as small as iO microseconds. 

'II. P. Stnt.m>~yer. "TIle Sto.bilily (If Standard_fu. 
qu""ftl' o.oill.&t<>n." G.t"tI"dl Rddio E .. pcri"'nr~r. Yol 38 
N(I 6. J \lne 19M. 

TlPE 1115-B 
sr. N().t,1I0 -fIlEOOE HC;Y 

100 ... ,., 
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The low power cOllsu mption of the 
all-solid-state circuits makes it practical 
to operate the compara tor from a 
small , self-containcd, nickel-cadmium 
battery, which takes over automatically 
if the ac line fails and supplies power 
for Ilt least 24 hours. Although the pri
mary purpose of the built-in power pack 
is emergency operation, the fact that 
this instrument and the TYPE 1115-B 
Standard-Frequency Oscillator have 
built-in power supplies ill effpct makes 
both instruments and local time porta.
ble. 

PHYSICAL CHARACTERISTICS 

The digital Sn .. ·CRoNOME'rER time 
comparator is housed in a standard re
lay-rack-width cabinet,!j~ inches high. 
Prominent on the front panel is the 
hours-millutes-seconds register, un in· 
line se ries of six digit.al indicators. A t 
the right~band side of the panel a re the 
seven deJay thumlrwhecl cont.rols used 
in tirnt.'-comparison measurements and 
in the synchronization procedure_ The 
only other normally exposed COlltrol is 
the dimmer adjustment for the time 
register. Controls that Cll n affect clock 
time are normally kept out of harm's 
wily by a protective bezel plate. These 
are the VlSUAL REGISTt;n and PROORAM 

controls and tbe l.srrIATE button. Thc 
latter ultimately controls all compara
t.or operations (us weU as the operations 
of ally slave un its). and. as n fu rther 
precaution against accidental loss of 
accumulated time, both the VISUAL 

REGISTER and PROORM.I s ..... itches have 
OPt:RATt: positions that lock out the 
INrrlATE button; it takes very delilr 
crate action by the opl'rator to upsct 
the time. kept by the clock. 

Standard frequency outputs in the 
form of pulse trains nt 100 kc/s, 10 

0=---' ---"' 1 

~:;:f I r ~ 
........ - I ; f 

_6 __ .... ' ... 

FI" .... 3. nmi"" oIl.""m Ih.wl", •• 1.11,,". ~ •• 
Iw •• " ,,,".1 Ih .. ,"~_wh •• 1 '''"1.,,11 ... d !h. 

.... ' .... 11'"1,,' p .. I •••• 

kc/ s, 1 kc/s .... 0. 1 ci s are available. 
at rear-panel liNt" connectors, as are 
various other pulse outputs to be de
scribed . 

TIME COMPARISON 

Once the comparator has been started 
and set in rough synchronism with a 
standard time signa l, it is possible to 
determine the time interval between 
tbe comparator's master tid: and the 
stAndard time signal. This interval is 
measured in terms of the tim~ difference 
between the master tick and a pulse of 
8-rnillisecond du ration, whose occu r
rence the operator adj liSts to coincide 
with the extemal reference. T he com
parator also supplies an oscilloscope
synchronizing pulse, slightly in ad
vallee of the 8-rnilliseoond pulse, so thllt 
the latter can be moved away from the 
start of the oscilloscope sweep. Lag
ging the 8-millisecond pulse is another, 
very brief (0.2 microsecond), time-com
parison marker pulse fo r super-precise 
measurements. 

Figure 2 shows a typical time--com
parison setu p ; the relations between the 
seven front-panel thurnlrwheel controls 
and the various timing pulses are 
shown in Figure 3. When tbe leading 
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('dge of till' 8~miJ!iECeond pedestal is 
ulignC'd with till' standard time signul, 
the exal·t interval lx-tw('('n thl' ('om~ 

parator's master tiek 11lld the stulldard 
time signal is displayed Oll thl' live 
thumb-wheel controls designutrd A and 
n in Figure 3. Th(' two controls desig~ 
nnwd (' ar<' ealibrated to ndju<:t and 
indicate the int('rval between the leutI~ 
iJlg edgt' of the S-milJi"{,(,()lld pedestal 
and the O.2-microsecond puli:IC. Onc of 
these controls is a step switch with 
l~mi{'rosecolJd incrementa; tht' otht'r is 
a continuous control ('ov(>rillg the 
range from 0 to I micI'Q8Ccond aud 
marked in 20~llanosecond increments. 

Use of tht' O.2~micr08Ccond marker 
for a precise- measurement of local time 
against a toran C transmission is 
shown in Figure 4. :\otf' the precision 
with which thl' O.2~microsecond marker 
pulse of the comparator call be cen
tered 011 the I'('('eived Loran signal as 
displayed with 11 I~~s/cm sweep rate. 
Time comparison to 0.1 microsecond is 
(,Iltireiy practi('al, and a local precision 
oscillator can thus be rated within I 
part in IO JG in It measuring inten'al of 
only 17 minutes (1000 seconds) ! 

An important feature of this com~ 
para tor is that, since all timc eompari~ 

sons Uf(> made by adjustment. or delay ~ 
pul.&'s and ind(>pendently of the clock's 
own IlUlstcr til'k , severnl standard time 
sources cun be intercomparcd without 
interfercnC{' with the comparator 's local 
time. For example, the theoretical in
terval between a WWV time tick and n 
Loran C burst Clin be calculated from 
thl' relati ve locations of the two trans
mitters and the receh·cr. This calculated 
interval can thell be added to the WWV 
tick by meuns of the delay controls, 
and a specific Loran C burst can thus 
1)(, identified and subsC<luently used to 
I'sta blish local time much more accu
rately than the \\'WV signal alonc 
would permit. 

SYNCHRONIZATION 

Once a time eomparison hus been 
made, the instrument CUll casily be syll~ 
chronized SO that its mastcr tick is 
time-coincident, withill 10 microsee~ 

onds, with the standard time siglin!. 
The operator simply backs off the delay 
dials .)() microseconds to eompcnSzltc 
for the program time, seta the I'li00RAM 

switch to SEL.- s n,c, and pushes the 
L"'ITU.T~ button. Within the next sec-
ond, the instrument fnlls into SyD
chronism. 

Flgw ..... TI .... eo ... p"";I .... 01 .... r ... p .. lf • • "d lor.n-C lOO-h 
p .. I .... (lo.on.C 11,"01. or. , ...... fr ..... N .. " lw .... ' II .. " ..... 11 .... . 

• 1 .... I".d In Coneo.d. M .. n .. eh .... "f.) 

... Sw •• p .011 1 ml/e ... . 
b. Sw •• p ... ,. 100 1'./ .... . 
•• Swup .0'' 20 1'1/ ..... (Not. mork .. pwl ...... thl.d .y .... ) 
d. SW"p .011 1 I' I/Crn, pwl .. c.", .. eeI. 

, , , , 
.! 
I , 

Wy · r- I 'If ' , 
• . "', .' . 

h' 
, , , , 
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Figur. 5. Tim. comporl,o" of I_ml p.dulol o"d WWV 11m. lick 
(5 <),eI .. 01 I h/l). 

0. SW.'P rol' 10 ml/cm. 
10. 5w •• p rol. 2 ml/ cm. 
e. SW.'P rol. 0.2 ml/ cm. 
d. Sw .... rot. 100 Ili/em. 

Similarly, one or more slave compara
tors can be synchron ized with a master 
unit, through wire lines. The I'ROGRAM 
switch on the slaves is set to STOP, the 
master comparator is set to START 
SLA VE, and the 1",,' ITun; button on the 
master is pushed. The slaves then start 
at the precise fraction of a second set 
on thc master's delay controls (subjcct 
to the propagation delay of the starting 
signal and the relative phase of the 100-
kc standard-frequency inputs). If the 
master's delay controls are set w 
00000, the slave's master ticks will 
coincide with those of the master; if the 
master's delay setting is 50000, the 
"lIaves will lag the mm~ter by 0.5 second. 

CIRCUIT DESCRIPTION 

It is most convenie.nt w examine the 
circuits of the comparator in terms of 
its various programs, or modes of op-

SChlollTT 
CIllCUIT 

eration, as indicated by the positiolls of 
the front-paneil'Ro(;RAM switch: ~'I'ART , 

STOP, SET, SELF HYNC, and START !iLAV~;. 

Start Program 

The purpose. of the start program is 
w initiate the series of master ticks de-
rived from the 100 .. kc standard .. fre .. 
quency input and to ensure that the 
instrument stops if the standard-fre
quency input changes frequency or 
misses even one cycle. Such fail .. aa.fe 
operation is, of course, neccs&i.ry to 
prevent the comparator from making 
an error by ignoring even a momentary 
interruption or aberration of input. 

In Figure 6, the 100 .. kc input is seen 
driving a Schmitt trigger circuit, which 
applies a series of pulses, 10 microsec
onds apart, to coincidence gate G I. By 
pushing the lNlTLHE button, the user 
applies an II-microsecond start pulse 

O! 0 I 

,-'" 
IoIONoSTA8lE 

ClliCUrT 

'Igur. 6. Stort pro.rom. 
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through on gate 02 to coincidencc 
gate C 1. G 1, tbus enabled for 11 micro
seconds, passes at least one output. 
pulse from the Schmitt circuit, 1\lId 
the comparator has been placed in Ol}
eration. Each pulse i!; fed back through 
two 4.5·microsecond delay circuits Lo 
a. 2-micrOSC<.'OlId monost.'lhlr> multi
vibrator, whith I'na.b\{'s G I for the 
passing of the next input. pulse If 110 

pulse reaches G I during till' 2-micro
sccond period when it is l'nabled (9 to 
II microseconds aftrr the pUSSllgr of 
the last pulse), the enabling loop re
mains inactive, G I is d iSfihlf'U, und the 
instrument is stopped to indicate fn il
ure of the 100-kc input. The lWquencl' of 
operations for the cn:l.bling loop is 
showJI in the timing diugmm, Figure 7. 

SlOp Program 

When the I'ROGHAM switch is 8('t 
to STOI', Rnd the INlT lAn; button is 
pushed , a 4r)-micro~colld monostable 
multi vibrator di!labl~s coin cidellce gate. 

CI, stopping the inst.rument, and sets 
the first five (dividing) decades to zero. 
The time displayed on t.he visua l regis
ter is not affccted. (Sec Figure 8.) 

Set Program 

Tbe set progr:lm allow'S the visual 
register to be set to ally time of day 
without. affect.ing the normal operation 
of the fivc dividing detudes. Wben one 
of the counting units (S ~;t:OIll O, 10 S EC, 

MIIIl , 10 MIS, II QllR, 10 HO UR) is selected 
by the VISUAl. Itt;O I ":;"~:1I switch, each 
push of th(' INIT IAn: lmtton advances 
till" correspond ing register Olle digit. The 
li rs t command puiS<' from the L"'IT I A·r.~ 

Rwitch also trigg<>rs u cu rry-inhibit eir
w it., which opens diode gutl'S between 
the six counting units. Thus one regis
ter can be 8('t. illdept'lldentiy of the next. 

Addition or omission of l-cycle counts 
is a lso possible while the inst.rument is 
running. With the v I:-;UA I .. Tt):;G I:;TER 
switch at O I·.~ ItA ,·t: and the PRO<atAM 

switch at. i-\ ~;1', the IN ITIAT):; button can 
be used to add coun ts to the seconds 
register. Qm'-se<'Qnd counts are pre
vented from accu mulating when the 
VC;IIA L nt:G I!';TEIt switch is set to its 
fully clockwise position. 

Self·Sync Program 

T his program (see Figure 9) a llows 
auto matic synchronism of the co mpara
tor's muster tick within 10 microsec
onds of an external reference (e.g., a 

... 

• 
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DECADE I 

INPUT TO'\=li:['~'~' 

DIGIT RECOGNITION 
FIl<* DECADES I, Z, 3, 4, 5 

fl , ur. 9 , hU_. ync pro gra m, 

WWV time tick or a local, independent 
clock), T he first step, as mentioned 
carlier, is to set the front-panel delay 
controls so that the internally gener
ated 8-milliiWcond pedestal is brought 
into coincidence with the received time 
signals, as seen 011 all oscilloscope. Since 
the sYIll'h ronizing operation will con
sump 50 microseconds, t.he delay-con
trol setting is decrcased by that a mount. 
When the INrl'l. .. "g button is pushed, 
the synchronizing fl ip-flop is set to the 
" 1" stllte. T he instrument keeps cou nt
ing until the programmed delay setting 
is recognized by gate Gi). G!"l then sets 
the synchronizing fli p-flop to "0" and 
triggers the 45-microsccond zcro-set 
pulse generator. GI is disabled, stop
ping tbe iJlstrument, and the first five 
decades are set to zero. A t the end of 
the 45 microseconds, a start pulse is 
automatically generated to restart the 
instrument on the next input pulse from 
the Schmitt circuit. As shown in tbe 
timing diu'gram (Figure 10), a total of 
.... 10 microseconds is lost during the entire 
synchronizing operation. Since the de-

lay-control settings were originally re
duced by 50 micr.oseconds, this time is 
accounted for. The internal master tick 
is now synchronir.cd within 10 micro
seconds of the external standard. The 
t,ime coillcidence betwef'n the compari
son pedestal a nd the external standard 
can theD be observed ~ith the delay 
controls set at zero. 

Start-Slave Program 

The start-slave program allows a sec~ 
ond comparator to be started with a 
given time relationship to the master 
comparator. The start pulse is pro
grammed by tbe t ime-delay setting of 
the master comparator. T he slave can 
be set to lug the master by any amount 

1 CI<n,.... L 
500 .. " • • ,un I , , . :=:;±:t ... MC R'''''-... ~ .. 0I11 ~ 

' ..... I£' ~ , 
~.,... " . ri:1J.-".~T"""" I , 4'~ 

FI,II'" 10. Tlmin, d l"g'''''' fa. th" ul l_l yno 
p'" "am . 
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'1-»1 ' nAIIT 1oIQOIOST.o.IIU (1IICUIt 

,u"'1----~ TO SlAV[ 

~ SYNC fliP· f LOP rr INIUAU 

from 0 to UW.9!1 milli!OCcollds. Once the 
desired delay is set on the mnstt'r'g de
lay (:ontrols, the master's IN I 'rlA'n; but,.. 
ton is pushed once, setting the synchrcr 
nizillg !tip-flop to " 1" (sec Figure 11 ). 
When the progrnmmed delay sett ing is 
rccoguizcd by g111(' or), the synchroniz
ing ftip--Hop is reset to "0," generating 
II. start pulse to the slave. The exact 
time relationship of the slave to the 
master is determined by the phase of 
the 1000kc input signllis to the two in
stru men ts a nd by the length of the 
intercollllecting cable. 

Power Supply 

T he main pow('f supply is a con vell
tional t rnnsistor series-regulator cir{'llit 
(see F'iguN' 12). A buil~ill , explosion
proof, H;"'\,olt Ilickel-cadmium bat.tery 
of .J.:"rurnpcrt>-hour capacity L'I con
nected through reetifier CRI to the 
counting circ uits at all times. A tern
peratufC-l'ompensated charging circuit 
su pplics!\. trickle current to the battery 

FII .. n 12. , .. w ....... ppl., clfe .. lt , 

10 

so that it stays fully charged. Supply 
voltages are so set that the battery nor
mally supplies no current to the count
ing circuits (CRI is back-biased). If the 
ao line -voltage fails or drops SO that the 
regulator voltage gocs below 17 volts, 
CRI becomes forward-biased, and tbe 
buttery supplies current to tbe counting 
circuits. The indicator lamps are dis
connected from the battery supply by 
C R2 to eliminate their beavy current 
drain, but Il front-panel spring-return 
ilwitch allows momenta ry operation of 
tbc lamps. 

An external 24- to !l2-volt battery, 
c'onnected to the comparator through 
a rear-panel cOllnector, can be used to 
su pply the regulator directly ill the 
event of a prolonged line-voltRge fail
ure. 

Hours Reset Circuit 

The comparator's time indicators can 
be set to recycle to 0 at any integral 
number of hours from I to 99 .. The de
sired full-scule hours indicatioll is set 
by means of two front-panel thumb
wheel controls, which select n particlI
la r matrix line from the hours and 
1O'!!\-of-hollrs decudes (see Figure 13). 
When the preset !lumber is recognized 
by gate GS, the two cou nting units are 
!!et to O. The setting 24, for exa mple, 
recycles the clock from 23:59:59 to 
00:00:00 on the next I-second count. 
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0-10 Microsecond Oeloy Circuit 

T he lO-~s marker pulse is gellerated 
by an ann lug delay circuit. A. ncgative
going ramp is initiawd by the leading 
cdge of the 8-millisc(.'ond comparison 
pedcfltnl (see Figure 14). A Schmitt 
circuit, which gcnerates the marker. 
t riggers when the ramp decays to 
a preset voltage. The ti me delay be
tween the start of the 8-miHisecond 
pedestal and t he transition of the 
Schmitt trigger depends 0 11 the slope 
of t he ramp, which is in tu rn set 
by the front.-panel l-mit'rOSCCOlld 
thumb whee!. This delay is quantized 
a nd set to the nearest exact multiple 
of I microsecond by eombinatiOl) with 
the l-~ I c input signal in gate G:t 1'111' 
output from G:l sets the flip-flop to 1 
a nd init intes a second ramp, whose 
slope is con t in uously adjustablc to pro
duce an additional 0 to I-microsecond 
delay. The 0.2-microsecond Schmitt 
trigger output is shaped .... rith a mono
stablp multivibrato r and amplifier to 
prodm.'c u IO-voit, O.2-microsecond 

INPUT o 
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pulse with r ise and fnJI times of about 
20 nanoseconds. 

AUXILIARY TlME·STORAGE EQUIPMENT 

No co mmercial equipmcnt presently 
available can accept tIme rendin us 
fas us e comparator can supply 
thmn:-ReqUlred is a parnllel-entry S or
a.gcregistcr with a capacity of II four
bit. bioary words. The register must ac
cept and store t be data from the clock 
1i1 a time well under .'i microseconds. 
(The comparator con tains fliTrriiliThlt 
ci rcuitry to prevent errors t hat could 
be caused by interrogation during t ime 
transfer.) ~Ve have developed such a 
storage register, capable of storing data 
in less than I mi crosecond, a nd can su )
p y sue eqUlpmcn on specUl,1 order. 

APPLICATIONS 

The Tn,.; 1123-A Digital Syncro
nometer time comparator is a geneml
purpose prcc~ion laborato ry instru
ment for registering, me~llring , and 
gelJcrating t ime. Driven by the TYPE 
111 5-8 Standal'd- Frcquency Oscillator, 
or other freq uency sta ndard with 100-
kc output, it cnn be used : 

( I ) as II prccise time-of-event source 
or accumulator of t ime in IO-microsce
ond increments up to H9 hours. (A 
modified compa rator, supplied on spe
cial order, can accu mulate decimal sec
onds up to a total of 999,999.) Thus 
decimal seconds from the start of a n 

-.2 0-1),' OEL~Y 

fig" •• 14.0- 10 11-' cI . lo )' olre"rl. 
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event, in increm('nts as small as 10 mi
crO&'couds, cnn be logged in data
processing systems. 

(2) as a source of precisely limed 
pulscs to initiate experiments, 

(3) as a precise, low-j itter source of 
timing pu lscs in decade SC(lucnoo from 
100 kc/ s to 0.1 cIs, 

(4) to transport precise time, 

(I» to rate stundard-frcqucllcy oscil
lators against tran!tmit.tcd time signals. 

SUMMARY 

Tbe development of n solid-stat.e 
time comparator is a significant step 
forward in the field of t ime-atanda rd 

instrumentation. The TYI'E 1123-A 
Digita l Syncronometer time CQmpal'll
tor is t he most versatile instrument of 
ita type, yet is the easiest to operate. 
11$ low-power transistor circui1$ a Dd 
built-in battery mean that one can lit
erally carry reference t ime from onc lo
cation to another. Its fail-safe regcnera
tive circuits and a bsence of moving 
parta make it the most reliable com
parator available. And its Bco-cleclri
cal, as well 8.ij visua l, output ensures its 
usefulness with data-acq uisition sys
tems of today a lld tomorrow. 

D. O. Frslll::11 
R. W. Jo'ltAN K 

SPECIFICATI ONS 

' .. pull FINe eonnectort. 
0.5 V lit 100 ke /e (sinusoid or aqUilre wave). 
0.5 V at I Mc/ a (einusoid or aquare wave). 
Norm&lly provided rrom 1'Tn 1111)..0 Stand-

ard-Frequency Oacillawr ( I V into 50 II ). 
Oulpull ' 

Tim. 01 Dol" From 1111 declUiea, IUlrDllel 
1.2-4_2 Fle u. 1-24-8 0(' 1) Available 0 11 
apeei!!.lorder. 

LogiCllI 0 : Approx 0.5 V. 
l.ogica.1 1: Approx + 15 V (olK.'n circuit). 
LogiCllll.ine Source Impedance: 100 kn. 

Tlmln. Pull'" 10 ko/l, 100 10, I , and 0.1 
ell are available at output fitting.a on rear. 
The156 nre + 15-V jJlIl_ with "l'l>ro)( 100-11 
Mlllfce impedance Knd a duty rutlO or 0.2. In 
addition, a 100-ke plliae aignnl ia available. 

Otdllo,~olM S., "~ ,"ul •• , seuable in l ·ml atel'll 
0.000 to O.9'J'J a. 

Positive pukM:, 1:1 V, Z. _ 2.2 kil. 
Duration, - 7.5 ~. 

Tlm • ..compa."o.. "-dellol , ~'ulluwa OIICilIo
SOOptl ayne hy 000 to U·JO 14 ( 100- and 10-14 
atepa). 

Poeitive puLae, 10 V rrOnl ~mitter follower. 
Duration, .. 8 Ina. 
T • .. 0.5 J'8, 7', .. 0.5 ~. 

0.2 '1'1 Mo,," , 100V p.:.itive pulse, 0.2-/4 
doration, with approximately 2O-nl rille and 
rail timell, Ilfld 100-0 8Qllrce impl..'(\lInee. This 
marker ill varill.blc in 1-/4 etcPII And,.. contin
oooa 0- to l-jtII rllnge frum 0 to 10 "" after the 
8-meped~tal. 

I., MooI .... _Tlck Oulpuh Poeitiv{' pulee from 
emitter follower. 

12 

Amplitude. 10 V. DUr.ltillll, .. j Ji illS. 7', 
.. 2 ~, T/ .. 2 J'8. 

l .. puISlo.1 "'h., Logical 0 (0 V) to I (+15 VJ 
holding for > 10 ,... May come rrom eecon 
clock or external aystcm. 
O .. lpul Sta.1 Pu h" II ~, 0 to + 15 V, from 
emitter rollower. 
I .. h lilit P .. I .. O",lpul , LogiCllI I (+15 V) to 0 
(0 V); bUlling "PllroX U to 11 time onite nt 
lower frequeoci{'tl, {'tIw,blillhcd by IICWng in
ternlll linke for deaired inhibit raw (no print 
on carry). 
VI,,,,.I I .. dicollo .. , 0 dimmable digita l indieatort 
for h, m, a. 
O. loy Sailing ,., TIm. M.a."' ........ " 0 digital 
thornhwhcel 8wiu:.heallnd I contillUOue (0-1 I'll ) 
control calibrnu.'t! in 2O-n6 inercrnent.8. 
VI.",ol "gilier Salll .. g , Direet aco..-ees to all aix 
viau"l dcc/l.{les, CIl rriea inhibi ted. 
Clock f", .. ~I1,,," AU control and Iletting fun o.." 
tiona are "llCnlwd hy " aiolde puahbotton and 
Ill'\' uum\ally locked oot Ilna covered. 

1. Opa.ol" All ]ITOt! rftm controla locked out. 
2. SI •• I, Clock will be ~tarted by 11 .1'lI ~tarl 

[
mille from pushhutton or from externl11 source 
liNe OODnector 011 rear). Start llul&e pnxluced 

and fed from ill,trornent. 
3. Stop , Clock will be ,topped and all count.

ing decadea rrom 100 kcll to I cia will be aet 
to ~e'" by plllhbutton . Zero will hold ontil 
,tart CtJrnmaod ill received. 

4. Sal , Permite !letting vi~u n.1 r('gi~tc r . AlI
visliru regialcr ctLrri{'tl internlpted ; 100-ke to 
l-cycle d ividel'fl DOt affected. Selected decade 
it advano.:ed by 1 count ror each push or the 
initiate puahbulton. 

S. Sal' Sync, Permilll flync:hroniaing mllllWf 
tiek to within 10 III or a mCll.lured time iu 
lIuulher time ayatem, IlII WWV 011 UT-2 . 
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6. 510,1.510".' Permil.8 !letting !l second clock 
from the tint. After the actunte uutton is 
IlUShed, n start Jlulse will be produced when 
the count reaches the setting of the t ime-dell!.Y 
switches of the fitllt d ock. 
M ............ ", 101.: Swi t.eh permita OIICiJlO&COpe 
sync at lO-cycie rate rather than the standard 
one-eycle t ll.te. 
h.ar 111" .. , .... , 90 to 130 or 180 to 260 V, 
bO to 60 cis, 32 W KPproX. Self-contained, 
pre8l!ure-rcJief, nickill-cadrnium battery for 

fEBRUAR Y. MARCH 1965 

upprox 2·I-hour off-line operation is supplied. 
Aceo .. orlo. S"'pptlN' Digltal-output ]Jlug Il8-
!lembly, Tyl'~ CA P·22 Power Cord, 9p3te fUlJCl!. 
M ...... U". : Ro.ck-bench cabinet. 
Di ....... lo""' Bench model- width I!J, height OJ 
depth I,PAl inchl'll (485 by 155 by :HO mm); 
ra.ck model-panel 10 by 57.( inchC8 (485 by 
1:l5 mm), depth behind panel 12 inches (305 
mm). 
No' Wel,hl. 30 lb ( 14 kg ), 
Shipping Wol,ht: 40' lb ( 18.5 kg ). 

Pria 

1123-"'M 
1123· ... k 

Digital Sy .. cr ........ t.r, hnel. Mod,1 $29.50.00 
2950.00 DI,!!al 5y .... a ....... t.r, Rack Mod._ 

ANEW 

FREQUENCY STANDARD 

The new standard-frequency oscilla
tor introduced several months ago I and 
the new digital SYNCRONOMLTER® 
time comparator announced in this issue 
lead logically to a new General Radio 
frequency standard . It is called the 
TYPE 1121 Frequency and Time Stand
ard, and it is available in any of four 
versions, depending on tile output fre
quencies desired. 

T he TYPE 1121-A Frequency and 
Time Standard includes II. TYPE 1115-8 
Standard-Frequency Oscillator and II. 

1"1·PE 1123-A Digital Syncronometer 
time comparator, assembled in a relay 
rack and complete with all necessary 
interconnecting cables. The TYPE 
1115-B Standard-Frequency Oscillator 
uses a .S-Me fifth-overtone quartz crys
tal and supplies standard-frequency 
outputs at 5 1\'lc/s, I Mc/s, a nd 100 
kc/s. The digital SYNCRONOMETER t ime 
comparator integrates the oscillator 
frequency to produce precise time-of-
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day dnt-'l, permits accurate comparison 
of the frequency slAlldard with !ltu lld ~ 
ard·time radio transmissions, and gen~ 
erotes timing PIIISl'S at frequencies from 
0.1 cis to 100 kc/s in d('c:lCl{' muJtiples. 

I n the Type 1121 -A II model, Types 
11 12-A and 1112-13 Stl1ndllrd~Frequen

oy Multipliers ure ndded to supply out,. 
put frequencies of 10, 100, and 1000 
I\le/s. The vhr fiud uM signilis are vir
tually free from submultiple output fre
quencies. The spectru m of the 5-:" le 
output. of the crystal oscillator IS un~ 

affected by the prescnce of the multi· 
pliers. 

In the T Yl'E 1121~AL model, a TYI'.; 
1114-A frequency Divider is added to 
the 1'\'1'1:: 1121-1\ assembly to produce 
low-frequency sine waves of 10 and I 
kc/ s, 400, 100, and 00 cis, and IO-kc 
square- waves. 

The T\'1'E 1121-AIIL lOOO~i\l e Fre
quency and Time Standard includes a ll 
the componcnt.s of both the ~A H and 
the ~I\ L models, and its output fre
quencies extend from 60 cis to I Go/s. 

SPEC I FICATI ONS 

TnE 1121 .... 
c;o ... ,.. ... "I. : TI"Pt; ] I 1&-13 Standt1td~}o'requeIlCY 
OtciJJator, TI"Pl-: 1123-A Digital Syneronome
t.er time toml)lU1ltor. 
0 .. ,,,,,, ft ........ d .. : Sille wave.! at 5 Illld I Me/ t 
lUlU 100 ke / e. tirning puiael at. 100, 10, I ke /t, 
100, 10, I , and 0.1 e/e. 
h ..... _ ..... 1 .... : -10 W lit. ~IO to 1:'10 or ISO i.o 
200 V, -1(1 to 2000 e/s, or 2-11(,:12 V d\". Inl.e.r
nal niekel-ea.drnium I.)lIt~rit'~ pruvide at It~/l8t. 
2~·ht>ur enltll"J!eney OIICrntioll . 
Nt! Wel,ht , ]iO Ib (i8 kg). 
Shipp] ... W.I.hl , 350 II.) (WI leg). 

TYPE 1121-"'M 
c;o"'po ... "I. : 1'1"n: 111b-lJ SWldard-Frequency 
(McilllllOr, 1'1"1'1; 112:~A Digil.ftl Syocrollome
l.e.r time comparai.or, Tn~ 1112-A Standard
Frec:lucncy Multiplier, TI"I'}; 11 12- 1\ St.'llJdt1n.i
Frequl'ncv Multiplier. 
0 .. 1, .. 1 F;e .. w . .. de" Sine WIIVe8 at 1000, 100, 
10, 5, I Me/ I, 100 IeC/I: t iming pul&ell III. 100, 
10, I ke /e, 100, 10, I, alld 0.1 C/I. 
hw •• 1 ..... lt"': Frequency multipliers, 2:i5 \\. 
nunc lit lOS to 125 or 2 10 to 250 V, 50 to 00 
e/I. O'lcilllllOt and OOl1lpaTatvr, 10 W at \)() 
to l:iO or ISO to 200 V, 40 to 2000 e/I, or 
24 to:l2 V de. Jnl.e.ma] niekel-cadmium batlerit'll 

IJTQvide at lelUlt 24~hour emergency operntion 
IIr BUllldard-rrequency OIIcillllt{)r and limp. 

COIll I)ll,rator. 
Nil W.lg"l : 220 Ib (102 kg). 
Shlp"lng WIlghl : 400 Ib ( l S I kll:). 

TYPE 1121 . ... t 
c. ... pon . .... ' 1'1"".; 1115-13 Rtandard.Frequenry 
O&cillator, 1'1"1"'1-: 112:.l-A DiKital Syneronome
leT time oomllaratoT, TI""}; 111 .... A Frequency 

"lIP< 

IJivider ( hl8!! T yPl'8 II ]-1.1'1 and ~P2 JJlug-
ius), Types 111 ·1-1'6 anu ·P7 Plug_In niur. 
0 ... , .. , f, ...... "d •• , ~ine wavCII at 5, I MC/I, 
100, 10, 1 kc/s, 100, 100, 00 C/I. Timing IJUIaetr 
lit 100, 10, 1 kc/s, 100, 10, I, a nd 0.1 C/I. 
'owo, I ... wl .... : Oacillator Ilfld OOmll!l r~rJ. 
·10 W Ilt 00 to 1:30 or ISO to 2(j() V, 40 to ;:uvu 
ell, ur 2~ to :!2 V de; frequcney divider, 7 \\' 
rnwe at 105 to 125 or 210 to 2.'iO V, 50 to 400 
e/B. intcrntl] nickcl -<'H.o;Irnium balleri!:s pr~ 
vide at leM~ 24-hour emergtmey operation for 
oeeillator IWd oompatlltor. 
N.I W.lghl : 100 Ib (87 leg). 
Shlppl ... Wele "" 300 Ib ( HiD leg). 

TYPE 1121.AHL 
C. ... po ..... h , Type 111&-B Standard-Frequency 
Oscillator, TYIJe I I2!\-A Digital Synerollorneler 
time compnnttor, T YI)e 1112-A Standard
Frequeney Multiplier , Tn'}; 1112·6 Standnrd· 
Frequency l'Ilul tiplicr, Tn.: 1114.A Frequency 
DiVider (letItI Ty pe. IIII~PI Bud ~P2 p]ug-in. ), 
TypCI 111-I~I'l\ and ·1>7 I'lu,l(-11I Uni ur. 
0..1,"1 f<*q ..... do" Siue WIlVet at 1000, 100, 
10, I ~ l c/s, 100, 10, I lee/e, 100, 100, (j() e /I, 
lind IO-ke !Mllllln' waves. Timing puh1e8 at 
100, 10, Ike/ I, 100, 10

1 
I lind 0.1 C/I. 

hw. t .. '1 .. 1 .... : O&eillltor and eoIll IJl1r~!J. 
10 \\' ut 00 lA, J:iO <lr ]80 tA, 200 V, 40 to ;:uuu 
e/I, liT 2--1 " , :12 V dc; frequcllcy Inultiplicl'll, 
2:~ W max at 105 to 125 ur 210 to 2W V, 
50 to no e/I ; fn!quelle)' divider, 7 W IIlIiX lit 
105 ro 125 or 2 10 tu 250 V, 50 to 100 c/s. 
(nlemal niekcl-l"!ldmium butteries provide Ilt 
IC8It 24-huur cmcrgf'lIey opcr.Hion for oaeilla
tor and comp,uator. 
Nel W.lghi: 2.10 II.) (I00 k~ ). 
Shlppl .. g W.lghl , 41G Ib ( 18!! kg). 

Prict! 

111.1 .... f ......... ~Y ..... TI:". 51 ... 010, .. 5'295.00 
1110.00 
6300.00 
911S.00 

1121 .... H 1000_Mc f.eq .. . "c:y .n" fi ... . St ... d •• d 
1121_ ... t F,eq"."cy .nd lim. 5t ...... ,d 
1121 .... Ht l 000_Mc F ... q" . "cy ..... n .... 5tanda." 

\ . 
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PRECISION COAXIAL CONNECTOR STANDARDIZATION AND 

THE GR900 CONNECTOR 

The GR900 Precision Cooxial Con
nector is the only commerciol connector 
fhot meets the IEEE Recommended Proc
tice for 14-mm General Precision Co
axial Connectors. 

At its meeting on November 12, 1964 , 
the IEEE Standards Committee up
proveq sections of n standards docu
ment on Recommended Practices for 
Precision Coaxial Connectors, which 
is of special importance to aU those. COll

cerned with co.axial systems and meas
urements. The document was prepared 
by the Subcommittee Oil Precision Co
axial Con nectors,! after this subcom
mittee had studied the problems of de
signing, fab ricating, and measuring the 
performance of precision connectors and 
had e\'aluated a number of designs. Ko 
particu lar connector is selected as a 
standard, but the document does set 
forth certain design and performance 
specifications for a standard connector. 
The mechanical requirements ensure 
that any connector meeting the speci
fications will mate with allY other of 
the same line size but do not specify 
the actual coupling mechanism. 

Two line diameters are specified by 
the document: II. 14-mm diameter for 
precision applications up to 9 Gcls and 
a 7-mm diameter for use up to 18 Gel s. 
The larger-diameter line has about 

' Of the IEEE Committee on Blectronie .nd lfI.h_Fre_ 
qU8ncy MN.luremeuUl, G-I~1. 

twice the accuracy of the smaller linc. 
For each diameter, two types of con
nector are described: ( \ ) a General Pre
cision Connector (GPC), which includes 
8 dielectric support for the center con
ductor, and (2) a Laboratory Precision 
Connector (LPC), which does not. 

The IEEE Standards Committee's 
approval was given only to those parts 
of the Subcommittee docu ment ha ving 
to do with general requirements and 
definitions, parameters to be specified, 
and detailed specifi cations for 7- and 
14-mm general precision connectors. 
The 7-mm section was approved for 
trial use and is not in final form, since 
the Subcommittee has yet to deter
mine through evaluatio~ of samples 
whether the specifications can be met 
in a practical connector and has still 
to specify the design of the critical 
mating surfaces or coupling arrange
ments. The 14-mm section, however, 
is complete, since these dccisions and 
evaluat.ions have already been made. 
The specifications, as proposed by the 
Subcommittee, appear in the Decem
ber, 1964 IEEE Transactions on In
slrUIlle-lltatio'~ an.d Afeasllrements. 

In 19·')9, General Radio began inves
tigating possible designs for a precision 
coaxial connector. Our own develop
ment program led to the GR900 Preci
sion Coaxial Connector, several thou
sand of which have been produced 
over the past two years. This connector 

15 

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



GENEIIAl IIADIO IXI'ElIlMUltllI 

has been thoroughly evaluated by sev
eml independent laboratories cooperat
ing with the Subcommittee on Preci
sion Coaxial Connectors and has been 
found to meet the specifications for the 
14-mm general precision connector. 
Rver since the formation of the original 
committee in 1960, our engineers ha\'e 
cooperated with that group and have 

freely exchanged technical information 
on conneetor design problems and on 
improved measu rement mcthods. Gen
eral Radio's cooperation with the Sub
committ.ee has extended to the waiving 
of patent and other proprietary rights 
to the basic dimensioning and design 
of the GR900 Conncctor. 

HIGH·FREQUENCY TRANSISTOR MEASUREMENT STANDARD 

16 

Another standards committee, that 
of the EIA, recently agreed on a pro
posed .J£DI';C standard on high-fre
quency trCLnsistor Y and II parameters 
and sent th(' standard out to industry 

for review. All transistor measurements 
specified can be performed by OR's 
Tn!': 1607-A Transfer-Function and 
Irnmittance Bridge and the new tran
sistor mounts described below. 

MOUNTS FOR TRANSISTOR MEASUREMENTS 
WITH THE TRANSFER-FUNCTION BRIDGE 

Accurate measurements of high-fr'C
quency transistors rapidly became com
monplace alter th(' introduction , in 
1959,1 of commerdally available tran
sistor mounts for usc with the T\'P£ 
1607-A Transfer-Function and Immit
tance Bridge. These mounts. designed 
primarily for development applications, 
I w. R. Thuntoa. R. A. I\od« ......... .".., T .... t le07·A 
,...".., ... ·Fu __ .....a Immillll_ Sri""," 0." ..... 1 R4· 
,,;~ Ib-.,.ri_, ••• Vol 33 No $, Mil)" 19.511. 

fl.".. I . On. .f It.. ".... "o".lllor 
mo",,", wltll tro",I._ 
10' lull., • • 01." In 

•• ck.l . 

left some problems for the production 
tester, who had either to clip the leads 
of his transistors or to leave most of 
the leads exposed and in circuit. 

A new series of transistor mounts 
now permits the insertion and accurate 
measurement of transistors with leads 
up to two inches long. The leads are 
hidden from the field, the connection 
point is just below the transistor head· 
er, and parasitic lead inductance and 
capacitance are just about eliminated. 
In the new mounts, the t.ransistor leads 
are inserted into hollow inner conduc
tors of tiny coaxial lines. A short sec
tion of each inner conductor, nenr the 
top, is compressed to a Darrow diameter 
to make a stable electrical contact with 
the transistor lead. An incidental rea· 
ture, useful to the circuit designer, is 
that the transistor can be connected. to 
the mount with just the right amount 
of lead left in circuit to simulate its 
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eventual con nection. The transistor 
('an thus be measured to include the 
parasitic lead effects that will be pres
ent in the circuit. Four such mou nt.'! 
are now availablc: two fo r transistors 
with a 0.2-inch-d iameter pin circle 
(1'0-5 packages) and two for the 
O.I-inch pin circle ('1'0.18 packages). A 
grounded-base and n grou nded-cmitter 
mount are available for each size. (The 
grounded-emitter mounts can also be 
used for the grounded-collector configu
ration; the transistor is simply orien ted 
differently upon insertion.) Four-hole 
sockets in a.1I mounts include a connec
tion for dc or metallic ground. 

INTERNAL CONFIGURATION 

The internal configuration of the new 
mounts is showll in Figure 2. Two jogs 

0 ... - SOO<O ~OVlR 
-...oCONT.oo;T 

·,~(SS 

- COH f.oo;T TUII£ 

0 
~TftfAO 

0 0 
• " • 0 0 

fig''' . 2. Cton-.. etlo" d.owl"gl Ihowing in_ 
IOfnol conflgu.otlo" of n'w mountl. 

in the internal coaxial line are used to 
make the substantia l transition from 
GR874 Connector to the small transis
tor lead spacing. A more obvious design 
would have employcd tilted conical ta
pers converging to the sma ll socket size. 
The step transition was chosen because 
it a llows the transistor leads to go 
straight iuto the sockct, it is easier to 
control in manufacture, and it is not at 
all difficult to compensate locally for 
the discontinuities ex isting at the 90° 

FEBRUARY.MARCH 19 65 

,. 

" 
" · , ~ • • ,,~ 
r-

1/ , 00 , 

t-

.... 
" 

- - t / 
1/ 

/ 

l O ~o 
f~[OIl [~ CV - Go'" 

-

--

" 
flou .. 3. Typlcol VSWR cho,oc, .. lflln 01 n'w 

'.onlll'O' mou ntl. 

jogs. How well this has been done is 
shown by the mounts' VSWR charac
teristics (Figure 3). 

The small coaxial lines inside the 
mounts consist of square outer conduc
tors and round inner conductors (see 
Figure 4) . This configuration was neces
sary to achieve the close spacing of the 
coaxial line pair, corresponding to the 
transistor lead spacing. In the O.2-incb 
pin-circle mouots, the coaxial-line di
mensions are 0.132 inch (square) and 
0.062 inch (diameter of the round inner 
conductor). In the OJ-inch pin-circle 
mounts, these dimensions are 0.068 and 
0.032 inch, respectively. 

T he use of such small coaxial lines in 
the mounts offers several advantages. 
Discontinuities between coaxial lines 
and transistor leads are minimized; a 
colinear relation exists between lines 
and leads; and the damper (a 5O-ohm 
dc-block resistor assembly used to sup
press transistor oscillation) can be lo
cated closer to the reference plane (ac-
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tual distance is 3/32 inch) to reduce its 
effect on the mcasurement. AU these 
factors add up to greatly increased ac
curacy of transistor measurements. 

The reference plane of the new 
mounts (the point on the transistor lead 
to which the measured values apply) is 
0.025 inch below the top of the mount 
socket, or 0.02:i inch below the header 
when the transistor is firmly seated in 
the mount. The electrical length from 
the reference plane to the sho~ircuit 
plane of a TYPE 874-WX Short-Ci rcu it. 
Termination is 9.b cm. 

The elements used to .'let lip thc ref
erence plane on the older mounts can
not be used for thi.'l purpose with the 
new mounts. A new ~t based 011 the 
9.3-cm length is available a8 the Typ}; 
lOO7-P40 Termination Kit. 

The new mounts will be useful to lhe 
circuit designer, thl.' tra.nsistor devel
oper, and the production-line tester. A 
procedure has bet>n de\'ised for the rapid 
production-line measurement of (3, and 
some companies guarantee Y parame
ters measured with this equipment. 

Olll.' especially important transistor
design application im'olve15 the use of 
Linvill charts.! Transistor parameters 
art' measured , and the charts are then 
used to dctermine circuit parameters. 
Examples of this and other procedures 
are given in several papers.a, 4. I 

LEAD ACCOMMODA liON 

The mounts accept transistor leads 
as long as two inches. The TYPE:, 1007-

• UnO'll! ond Cit-o.a. r,. .. uUr ......... Au ... C''ftIt •• 
MoCra ... liill,I96I. 
I \'. C~RO .... t<h fLDd G. E. IIf1.D1.ble\OJl, "I Gc Tnneilllor 
Aml>liller St.q. lilinc LibViU l'eobnill""'" f'Toc .. d • ..,. '" 
I~. fEKE, Vol 62 NO) 10, 11262. 
'P. E. Kolk, "Osi&n of T ..,,, UHF Tr .... tor Cl«!ultl." 
.1""'0 11' ...... NOVft!Ioo 19!H. p 82·31. 'e::. ~;. U&mbLttoo and V. o.l"" ... t.oh. "L.&nd..,d 0«
_"ium \1_ ~." MU._M J--.ol. Yol.8 
No I. }"""&r:Y' 1965. P 42~, 87-M. 

IS 

P41 and -P42 (0.2-inch pin circle) 
mounts can accommodate leads with 
diameters from 0.014 to 0.032 inch. The 
TYPES 1607-P43 and -P44 (O.l-inch pin 
circle) mounts accept leads with diame
ter'S from 0.014 to 0.021 inch. 

The mounts will not accept very 
crooked lends, and leads should be 
15traightcllcd aud made perpend iculH r to 
the header to ensure accurate measure
ment. 

SOCKET ACCESSIBILITY AND 

FEATURES 

On each mount, t he socket is out in 
the open and readily acccflsible. A 
markcr indicates the proper orientation 

,.. 

of the transistor tab. Four tapped holes 
surround the sockct to permit at.tach
ment. of a beat sink. Socket contacts are 
heat-treated beryllium copper und ate ""'" 
'luire ruggcd . 

The socket itself is made of polyca r
bonate, an extremely tough plastic "'ith 
a dielectric constant of 2.73. 

APPLICATIONS 

The mounts cun be used with the 
TYPE 1607-A Tra nsfer-Funct.ion and 
Immittallce Bridge to mea15ure all im
mitwnce and hybrid transistor parame
ters directly, in the frequency raDge 
from 2b :\ Jc/s to 1.5 Gc/s. They cun 
also be used with Il. slotted line to 
measure driving-point pa rameters up to 
about ,I) GC/ 15. 

NOTE: The older mounts (TYPE~ 1007-
PIOI, -PI02, -PIli , -NOI) will con
tinue to be available and are recom
mcnded for those applications that do 
not require the long-lead capubili ty or 
the four-lead socket. 

-.1. ZOH1.Y 

, 
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T,anilita. 'achon A«e pted , 

TO-5,9,ll,12,16,26,31, 
33,37, 3a, 39 • .(31 MD_U, 
MM-.(, 8, MT-13, 20, 28,37; 
RO-2, 3,.(,5,10,24,30,33, 
3.(, .(6, 49, SO, 61, 62, 79, e lc. 

TO-18 28, 52, 54, 
MT·30, 38, RO_H, 
.(a, 51, 64, 65, 66, 
70,73,78, U-3, X-8, ti c. 

Cha.acle, ltli. Impedance (of cooldal IIlIn), 
'11I · Crrcle Dlomete" 
Ranoe of T,ondllo, lead Dlome' .,s, 
Mo~lmum Trall lider lead l ength, 
Freq u, lIc y ROllo" 
A«eno,y SuppUed , 
Aceenory R'qul,ed; 

Nel W.Ight , 

'l'ype 

5011 ± 0.8% 
0.2 inch 

0.014 10 0.032 Inch 
2 Inche. 

501l± 1.6% 
0.1 inch 

0.014 10 0.021 inch 

de to 5 Ge/I 
One Type 1607_1'30 Damper (10 pre~enl oleillolion1 

Type 1607-1'40 Termination KII 
MOl/nl, oppro~imDlely 12 01 (0.4 g), 

Te,m'"Dlion Kit, opprox,motely 1.(.5 oz (0.5 g) 

PM 

1607· 1'41 
1607.'42 
1607_'43 
1607_'4'( 
1607_'40 

T,oll,I'lo, Mounl (0.2_ln pin cI,cle, grounded basel $115.00 
IU.OO 
IU.OO 
IU.OO 
42.$0 

T,alllillo, MoulIl (0.2-in pin ei,clo, grounded emitter/collector) 
T,all lisla, MoulIl (0.1.1n pin ci,de. gfOlJMded bale) 
T,an illt.., Maunl !O.1_1n pill cI,cle, gfOlJnded emllle,/coUe'clor) 
Termlnatloll ICII 

SOUND-POWER MEASUREMENTS 
ABOVE A REFLECTING SURFACE 

A preferred method of rating the 
noise output of a device is to determine 
the sound power radiated from it.l 
Genera l procedures for measuring sound 
power are spccified in all AmeriClln 
standard (S I.2- 1902, American Stand
ard ~Iethod for the Physical I\leasure
ment of Sound), and some specialized 
test codes arc based on that standard. 

One basic test procedure requires sus
pending the noisy device in the middle 
of lin anechoic chamber. Twenty micro
phones are placed at points uniformly 
distributed on a hypothetical measure
ment sphere slirrollfldi ng the source. 
The sound-pressure level at pach of 
these points is then measured, and the 
radiated sound power is calculat.ed from 
the results of these measuremen ts. 
'For a Iltne .. ] di.ec .... ioll 01 """nd-IlD"'~< nleAOu<~,,'e"t. 
and • lin of ""I........,... . ..,., .... P. G. Pete....,., and E. E. 
Groa. Jr .. HGMdl:Jooj ~I Naiu .Ife" ... rt",.n'. Ch.pt~r 7. 
Q.wu a] nadia Corop .. oY. W .. I Conco,d. M_aohu",-'''. 

''''. 

]f the device being measured is large 
and heavy, suspending it in a chamber 
may be impractical. It is often easier 
nnd more sensible to place it on u large 
concrete foundation, as it might be 
mounted in actual use; any surrounding 
walls are made alleehoic. Or the device 
may be placed on n large paved area in 
the open. The flat mounting su rface 
then becomes a reflecting plant' for the 
sound, amI the measurement positions 
are distributed on a hypothetical hemis
phere above the plane and surrounding 
the device. The 12 microphone posit ions 
usually chosen for these measurements 
have not been as satisfactory as those 
for the complete sphere, becausc four 
of the points arc in the reflecting plane. 
(ll. K Baade, "Sound Radiation of 
Air-Conditioning Equipment ; ~Ieasure
ment in the Free-Field Above a Heftcct
ing Plane," 7'ccJmical papers 01. sound 
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• !o.l21, 0.,3<0, D.3l3I 

• (-0.3n, 0.$77, o.l~5! • 1(\.145, 0.'77. o.~1 

• I-o..n. 11.3". 0.3]31 

• 
1-0."2.-0.351,O.ml 

• 

+ • 
10. o.tl 100GeT. Q, 0.7,,,1 

1-0~33. -o.,n. O.T4$j 
+ 

10.r4~. -Q517, 0.3331 

• 
10.121. -o."~.o..u)1 

Flgu., 1. Plan " lew of Ie polnh dlll.loul,d on a 
h,mllph ... of .... il ,odl .... Coo.dinol • • a.' III" ... 
In ',.m. of dillo .. cn f,om c'n", olonll th,., 

m .. tuolly p .. p,ndle .. lo, a ll .. (X, Y, I). 

measurement, presented ASIIRA E 71 st 
annual meeting, Cleveland 1904.) 

Another, related set of measurement 
points can be used to avoid making 
measurements in the reflecting plane. 
This new set, shown in Figure I , is in 
effect t he earlier set rotated 20.9" about 
an axis in the reHecting plane passing 
through tbe source. T his set has 10 
points, and , although the distribution 
is not strictly uniform, the deviations 
from uniformity are so small that equal 
weight can be given to a ll the points. 

The sound power is then compu ted 
from the measured values of sound
pressure level by the equations given 

in the standard 
Thus: 

-. 
(ASA 8 1.2-1962). 

I.. w = Lp + 20 loglor - 2.5 
where /"'W = sound-power level in deci
bels referred to 1 0-12 watt, 
Lp = mean-square sound-pressure level 
over the test hemisphere ill decibels re
ferred to 0.0002 mierobar, 
r = radius of the test hemisphere In 

feet . 
(If r isJn meters, the formula is 
/'w = Lp + 20 loglor + 7.8.) 

Ip can be calculated from the 10 
sound-pressure-level measurements in 
the following way. Convert each decibel 
level to an eq uiva lent power ratio by 
means of a decibel conversion table 
(such as that given in the General Ra~ 
dio II tl1u1book of Noise M easurellltml). 
Add the 10 power ratios, divide> by 10, 
and reconvert to a decibel value. The 
result is I", 

This new set of measurement points 
avoids the error that can occur with a 
nondirectional pa t tern for the 12-point 
system, but, if t he sou rce is highly di
rectional, any such set of relatively few 
points can give serious errors. The first 
t ime any new device is measured, some 
exploration of the field is desirable in 
order to check its directivity pattern. 
If it is highly directional , morc detailed 
exploration of the field will be neces
sary. 

- A. P. G. P E1'EItSON 

Are your name a nti a JJ,eu correcl os ,bey ap
pear Oil 'ni, envelope ? PI.a •• mork any corre c
tions, including Zip Cocle, 0/1 ,be lobel CIIId r. 'urll 
i, fa us. 
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