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The Type 1130-A Digital
Time and Frequency Meter
shown in the General
Radio Standardizing Lab-
oralory during the calibra-
tion of Type 1392-A Time-
Delay Generators.
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A FREQUENCY COUNTER WITH A MEMORY
AND WITH BUILT-IN RELIABILITY

What, another counter? Yes, the
Typr 1130-A Digital Time and Fre-
quency Meter shown in Figure 1 is a
brand-new entry in the field of high-
speed counters — new on the scene and
new in many important details. Like
several others, it is an automatie instru-
ment for the preecise measurement of
frequeney, period, and time intervals. Tt
differs from them, however, in using new
cirenits and new design ideas to provide
unusual features and a very high degree
of reliability.

The instrument measures frequencies

from de to 10 Me with a maximum
precision of 40.1 eps, periods from 10
psee to 107 see with a precision of 0.1
psee, and time mtervals from 1 psee to
107 sec with a precision of £0.1 wsec. It
can also be used to count random events,
measure frequency ratios, compute phase
shift,
pulse waveforms.

Digital counters have found inereasing
application during the past ten vears,
and several commercial have
come into wide nse. The design of still
another, having similar basic charac-

and measure characteristies of

Versions

Figure 1. Panel view of Type 1130-A Digital Time and Frequency Meter.
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@ GENERAL RADIO EXPERIMENTER 4

temstics, was undertaken only after
thorough study indicated that both per-
formuanee and convenience of use conld
be subatantially improved.

The Typee 11830-A is nof “just another
connter.” From the start of our develop-
ment work, we decided that we should
design and market such an instrument
only il we could make some important
pew engineering contributions that
wollld have substantiol value to most
Studies of severul commereial
connters have unecovered inherent short-
comings in existing designs, and field ex-
perience has shown that malfunetions
urising from these oceur often enough to
b objectionable and to necessitate ox-
[ensive nmintenanee programnis.

Further inherent  disadvantages in
previous instruments have resulted from
the nature of the measurement sequence,
or program used, The provess of alter-
mutely counting and displaying has led
to the fumiliar “intermittent” type of
presentation, whiceh is not only inefficient
but tends to eause operator eonfusion,
futigue, and aunoyance.

To overcome the difficulties stemming
Trom these inherent characteristies and,
in weneral, to build o better counter,
wir had to design eireuits that were nol
hased on traditional ideas. So we made
a fresh start. Viewing the instrument
as the specialized digital computer it is,
we designed the operating system, the
new  basie cirenits, the display and
controls, and the meehanieal assembly

Sers,

from the ground up. The result is an
instrument that we believe represents
an ontstanding combination of perform-
anee and reliability.

SPECIFIC GOALS AND ACHIEVEMENTS
Reliability and Ease of Maintenance

It has always heen the objeetive of
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General Radio to produce reliable equip-
ment, and the standards of quality de-
veloped in seeking this objective have
formed the basis of the company’s repu-
tation. This buckground has furnished
a =olid foundation from which to work,
but it has been buttressed at all possible
points by innovation, as well as by the
experience of others,

The computer field, in particular, is
o rich souree of reliability information
and ideas, and the design of the Tyer
1130-A Digital Time and Frequeney
Meter has drawn extensively upon com-
puter techniques and components, A
major decision, obviously, has heen the
selection of vaeunm tubes instead of
fransistors as active components, Prog-
gress in the performance of solid-state
deviees has been continnous, and often
spectacular, in recent years. Reliability,
on the other hand, takes time both to
be achieved and to be assessed. The
wealth of proven components and reli-
ability experience for vacuum tubes has
therefore, on balanee, heen given con-
trolling weight in the decision.

To be most nseful, an  eleetronie
device should operate for a long time
without fuilure and should be easily
put baek in serviee in o short time, The
first of these characteristics measures
reliahility and the second ease of main-
tenance. The GR Counter has been de-
signed to meet bhoth these requirements.
Reliability is assured fiest of all by
thorough system design. The counfing
units deseribed below, for example, use
a feedback system not found elsewhere,
and the efficiency of the operating pro-
2 1S unique.

Reliability is further assured by pains-
taking cirenit design. Computer-grade
tubes (feame-grid types whore snitable)
are nsed thronghout the instrument. All
components are severely derated and
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premium-quality  connectors arve used.
Cirenits have been designed te operate
properly under extensive variations and
degradation of tube parameters, and do
not require fussy regulated plate and
heater power supplies. Only one regula-
tar eirenit is used fo assure maximum
stability of the crystal-controlled time-
hase oseillator.

Maodular construction has been used
to =implify  maintenance. Every tube
cirenit is on an etehed-civenit hoard,
which ean he quickly removed for repair
or replacement, and  fest points are
available at marked panels on both sides
of the instrument. The etched-civenit
hoards embody construction technigues
that have resulted in a remarkable sery-
e record. Sinee GR O began  using
et¢hed-civenit boards several years ago,
we have shipped 1EH100 instruments con-
taining 21,300 boards. Among  these
21,300 boards onuly 12 failures have been
reported, and the causes for these fail-
ures have sinee been found and corvected.

Display

The problem of data display was the
first to be attacked. The operating
program used in most counters produces
an inefficient and fatiguing intermittent.
display. While counts are being aceumu-
lated by the instrument, no information
i presented to the operator. Conversely,
while the result is displayed, no new
information is entering the connter. We
have developed a storage system that
holds @ count and displays it contin-
nonsly while a new eount is being ae-
cumulated. At the end of each counting
interval, the new count is transferred to
the display it a brief, 100-gsee interval,

Careful attention was also given to
the display itself. In-line readouts have
been widely adopted for counters but
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add considerably fo expense, complexity,
and  maintenance.  Thermometer-type
displays, on the other hand, have a run-
ning-up-und-down appearance that has
generally been found objectionable, This
objection is completely overcome hy the
use of storage, and it was therefore
decided that the simple, reliable neon-
lamp columns offered the best solution
for both economy and convenience.

Four decades of the GR counter can
be nsed either as storage or as counting
units. Depending upon which funetion
is selected, the operator has the choice
of either an 8-digit “intermittent”™ dis-
play of conventional type or a 4-digit
continuons display. By proper selection
of the counting interval the 4 con-
tinuously displayed digits can be any
4 consecutive digits in the S-digit
number. When calibrating  variable-
frequency oscillators, for example, one
15 usually interested in only the frst
few digits. These would therefore he
chosen for continuous display. Clon-
versely, in the measurement of fre-
guency drift in very stable oscillators,
only the last few digits would probably
be significant  and for
tinuous display.

A further unigque advantage of internal
storage is the inherent availability of
valtages suitable for analog graphic re-
cording. The simple Tyee 11534-A Dig-
ital-to-Analog  Converter wecessory,
which operates from the stornge dee-
ades, provides o de output of 0,19,
aecuraey and lnearity, corresponding to
any 3 consecufive digits of the counter
display. This output will drive graphic
recorders direetly without the need of
an intermediate, expensive electromech-
anieal storage system. A graphic record
is much easier to analyze than a list of
numbers, and the resulfs ean be just as
aeeutate il the proper digits are selected.

rhosen col-

www.ietlabs.com
TEL: (516) 334-5959 « (800) 899-8438 * FAX: (516) 334-5988
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Decimal-Counting Units

The design of the decimal-counting
units, or decades, of the GR Counter has
incorporated both optimization tech-
niques and novel ideas. A first step was
a detailed study of bistable flip-Aop
circuits and the interrelations of com-
ponent values and tube characteristies.
Design  curves' were developed from
which optimum values could be deter-
mined, depending upon desired repeti-
tion rates and available tubes, This was
followed by an  intensive study  of
decimal-connting systems.

It operation the fAip-Aops of o deeimal-
eotnting unit arve complemented.” That
i=, they reverse state at ench imput pulse
and issue an output or earry pulse for
every other input pulse. A single flip-
flop. therefore, forms o seale-of-two
cirenit, producing earry pulses at half
the repetition raie of the input. Four
cascaded flip-fops form a basie seale-of-
sixteen assembly as shown in Figure 2.

Early counters displayed their count
directly in binary units and it was
cnstomary to refer to them as scale-of-

(i1, seale-of-128 counters, ete., depending
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upan the number of flip-flops used. The
modern decimal systems stem from the
work of I. E. Grosdoff,* who showed how
to change the seale-of-sixteen system to
a scale-of-ten by means of feedback
pulses, and how to light ten neon lamps
in the now familiar columnar display.
Figure 3 shows the two feedback systems
deseribed by Grosdoff.

The double-feedback system is best
adapted to lighting ten neon lamps in a
decimal display because the plate volt-
ages of the four fip-flops ean he properly
combined in a simple matrix of resistors.
The single-feedback  system is hest
adapted to relinble counting,

Beeause of the case of obtaining the
display, all previous counters have used
the double-feedback system in low-speed
decades. Such deeades, however, are
subject to errors in connting cansed hy
the multiple feedback, and failures from
this cause have been a frequent source of
trouble.

The first feedback signal in the
double-feedback syvstem oeeurs at the
count of four. The 0-1 transition of the
third flip-flop resets the second fip-flop
to 1. This operation eanses no diffienlty
HE. W Stunet,
Commercisl  Instromentation,”
E!!’-'\r.ul::inln ‘:l‘::e:'nlr:f pI(U'-;:"::;uupln srentary ny

hinury system two numbers, O and 1, {ur;
therelore the eomplenent of O and vi

“Varaum-Tube Flip-Flopi  Design  for
seEreM Teehpical Pro-

bhors, In the
e whole, 1is
ran, nd o Aip-

f|411- in taking on both =tates, hoas runmh todd thie count of
nl wssible nnmhu 5
{' f-rﬂulu{'f.

Eleet ronie
I‘l i pp
ilulﬂ e Chain with D

A0,00658; Nurch 2, 1048,

unters," ROA Review, val.

Figure 2. Block diagram of four cascaded flip-flops
in o scale-of-16 assembly. Each flip-flop is sel
alternately to states 0 and 1 by its input pulses. On
transition from state 1 to state 0, each flip-flop
transmits a carry pulse to the following flip-flop,
which in turn takes on states 0 and 1 at half the
rate of the preceding flip-flop. The flip-flop stotes
corresponding to the number of inpul pulses are
tabuloted below the diagram. Note that the listing
of the flip-flop states shows the least significant
digit ot the left — the reverse of the corresponding
binary number.
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since the 0-1 transition of the second
flip-flop generates no carry pulse. Con-
sider, however, the transition from 5 to 6.
The input pulse first sets the flip-flops to
states 0001: the 0-1 transition of the
fourth flip-Aop feeds a pulse back to the
thivd fip-flop to reset it from 0 to 1; this
0-1 transition of the third fip-flop,
however, is the same transition previ-
ously used to reset the second fAip-flop to
1 in the first feedback operation. With
new tubes the unwanted feedback does
not oceur becanse the transitions from
I 1o 0 and 0 to 1 in the third flip-flop
follow each other so elosely in time that
a full=sized feedback pulse to the second
flip-flop is not generated. As the tubes
age, however, changes in voltage level
and delay time can, and do, prevent this
sequence from occurring properly, and
the count jumps from 5 to 8 instead of
from 5 to 6.

The new GR Counter does not use
this system anywhere, but uses instead
the foolproof single-feedbuck system. At
the same time, hy the use of an addi-

FEEDBACK AT
5-6 TRANSITION

PULSES TO Y
BE COUNTED-#] Istf2ndf3rdfiath)
)

MAY, 1961 @

tional neon lamp!, the adding matrix for
the ten neon lamps is made as simple
and economiecal as the matrix used with
the double-feedback system.

Neon lamps are also used in the
feedback networks to assure reliable
operiation’, and neon lamps and resistors
are used to convert a low-speed counting
decade into a combination counting and
storage decade!.

The problem of tube aging has been
greatly reduced in the GR decades.
All eircunits will operate with half-dead
tubes, that is, tubes with half the g, or
twice the v, of a design-center tube, or
with any combination of new and
aged tubes.

The 10-Mc Decade

The caseaded time delays involved in
the transition from 7 to 8 in the feed-
back system described above limit its
use to inpui-pulse repetition rates up to
about 1 Me. For operation at faster
5 bt i ]‘rlll.\'"l

iter amid
ing and

ri¢ Switching Cire
Patent Pending

mi Pending, *“Ci

Putent Pernding.

R, W, Stusrt
Patent No.
Display Sy
Storsee Systen
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« 7-B TRANSITION

RN

FEEDBACK AT
3-4 TRANSITION
DECIMAL DECIMAL
NUMBER NUMBER
Figure 3. Feedback systems for g R 2.0 3 P LV 0rD
converting from scale-of-six- ! I 000 ! Lgl oD
teen to scale-of-ten operation. 2 o 1 00 e L+ RO Rl - R |
The carry pulses ore generated 3 ' 0KE 0) o 3 (1.0 a8
during transitions from state 1 o—a—~5
to state 0, the feedback pulses o 28 1w
during transitions from state 0 ¢ ‘9’- = 5 Il 0 1 G
to state 1. The weightings 4 o ri o [ o1 10
necessary to conver! the binary 5 S R 7 1 s
states te a decimal number are o o ,) / 8—6—0 P,
listed below the tabulated flip- /
flop states. The crossed-oul [ = ?i'
binary states do not occur but J
are bypossed by the feedbock
resel operations. L] 8 0T
T LA« A P |
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GENERAL RADIO EXPERIMENTER 8

rates, high-speed Aip-fops and multiple
outing systems® have been devised to
minimize the time delay. In the GR
high-speed decade, two novel features
have bheen used that contribute to a
degree of velinbility comparable to that
of the lower speed deeades. A block
disngram of the gating system used
shown in Figure 6.5 In this system the
Ath flip=Hop is o simple set-reset eirenit
which controls a gate directing the carey
pulses from the 1st fip-flop to the 2nd.
The count proceeds from 0 to 9 in normal
sealo-of-sixteen fashion. The transition
fromi 1 to 0 i the 3rd Hip-fop at the 8th
count sets the 4th flip-flop to the 1 state,
closing the gate. The output pulse of
the 1st flip-fop at the count of 10 is
therefore prevented [rom triggering the
2nd flip-flop and instead resets the 4th
flip-flop to 0, leaving all fip-flops in the
0 state and reopening the gate.

[ this systen, only the first flip-flop
operates dat the high-input rate. Current-
souree coupling’® is used in this cireuit
fo achieve maximum speed.

The decade system deseribed results
-2-4-8 code. This coding is con-
verted to the 1-2-4-2 sequence of the
lower speed  deeades in a four-tube
readont unit separate from the 10-Me
counting decade.

in a

Operating Program

The operating sequence, or progrant,
used in previous counters has limited the
efficiency of information processing to
50%; at best. A 10-second measurement
of frequency, for exnmple, requires an
annoying dead time ol af least an ad-

COUNTING DECADES  Figure 4. Block diagram of the counter; frequency

Hekpech

and peried measurement.

ditional 10 seconds for display before ¢
new counting interval begins, In con-
trast, the program of the GR Counter is
830 efficient. It is therefore necessary
to wait only 2 seconds before a new
measurement is begun, irrespective of
whether 8 digits intermittent or 4 digits
continuous are displayed. For o one-
second mensurement, the waiting inter-
vitl is only 0.2 second, for a 0.1-second
measirement only 0,02 seconds, ete. The
efficiency of the continuous display, on
the other hand, is essentially 10097 since
new are transferred in only
100 microseconds.

AlSWers

Human Engineering

The positioning and labeling of con-
trols and connectors in previous designs
have left mueh to be desired from the
standpoint of the operator. As shown in
Figure 1, these components are logically
arranged and clearly labeled in the GR
counter. The terms used are simple and
deseriptive. Two-color engraving further
simplifies the operation of the instru-
ment. The white engraving indieates in-
formation of primary interest to the
operator, sieh as the measurement being
made and the units of measurement; the
prange engraving indieates secondary or
supporting information, such as the
counting inferval. For example, when
the large, centrally located, measurement
control is in the Time-Interval position,
an orange dot at the rear of the double-
bar knob points to an orange line leading
to the Start and Stop input conneetors.

5AL 8, Bagley, A 10 Me Sealer for Nuelear Counting snd
irqumrlu' \!1‘:"-!]:‘1‘:(!0"!, HP Journal, vol. 2, no, 2,
chlmr.
‘E. L, ]\'t 1,
Fendbuck." Electranies. vol. 24, .
1954,
‘I'mr\!tl T‘ltndm;.
iR. Fromk,
ns l?m T,
Febrinry, 1930,

) . X 3
"E-ul&'li Decade Counter Tequires No
145-147, Febhmary.

s Tmproved Prilse Gl
Y Genern! Radio  Eepeetmenter, 53 2,
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TECHNICAL DESCRIPTION

Simplified Block Diagrom

The simplified block disgram of Figure 4
shows that the Tyee 1130-A Digital Time aod
Fregqueney  Meter contains hive busie cireuit
hlnr*L‘H: the Tnput Cirenits, the Time Base, the
Muain Gate, the Program Control, and the
Decimal-Connting Units, The Input Cirenits
are used o generate trigger pulses from the
input signal, For frequeney measirement the
trgger pulses nre counted for a time interval
derived from the time base: for fime measure-
ment (period, 10 period, or time interval), the
trigger pulses  determine the time interval,
during which elock pulses from the time hase
are connted,

The Program Coutrol opens and eloses the
Muin Gate, controls the ll]iupl v, and handles
the various resetting operations,

Input Circuits

A prime reguirement for digital measuring
equipment is that it be as nearly sutomatic ns
possible, This requirement 1= put (o its most
severe test in the input eirevits, where {he
coutler system meets the nser’s systen, Highest
relinbility ean be obtained when the signuls
counted are pulses of constant amplitude and
duration: the more nearly constant, the more
relinble the counting. Yet this signal must be
derivedd from the nser’s sig in which fri-
queney, waveform, modulation, and nose are
all variables, To make the conunter useful with
the widest variety of input signals we have
therefore provided:

Lo A means for adjusting the input eireuit to
produce the friggering pulse at some specified
mpit=valtuge level, This permits the rejection of
some forms of noise in the input signal and
adapts the counter fo measure the fregqueney or
period of low-dity=ratio pulsed signals.

2. A moeans for removing de so that the
frequency of an inpmt signal pedestalod on de
cun b mewsured

3, An attenuator to help reduee the effects of
noise and inerease the range of the triggering
level control,

1. A means for selecting the slope of the
input signal which produces the hest frigger
pulse. This wdjustment is particulurly  1m-

portant in period and time-interval measore-
menis where, for maximum aceuraey, the most
rapidly ehanging portion of the input signul
should he seleeted,

A simplified sehemutic dingram of the inpul
cirenits of the counter is shown in Figure 5.
The twa triode sections of the first tube are
conneeted ns o push-pull difference-amplifier or
“long-tailed pair™. The input signal is applied
to one grid of the pair wind 0 variable referenee
voltage, determined by the  Trigger-Level
control, is applied ta the other grid. This
reference voliage determines the point on the
input-signul waveform at which a trigger pilse
is generated by the Input Cirenits. For fre-
quency  messurement of  clean,  sinnsoidal
signals, it is desirnble to generate trigger pulses
at the zero-crossings of the input signals to
obtain muximum sensitivity, However, for fre-
quency megsurerent of pilse waveforms in the
presence of noise which causes multiple zero-
erossings, and for period and  time-interval
meastrements and the counting of random
events, it s desirabile to adjust the triggering
level to the elennest or most significant portion
of the input wavelorm. The Trigger-Level
control is o potentiometer with a grounded
center-tap covering o broad region of rotation
which allows s quick, noneritical return 1o
groumd potential, The runge of the reference
voltage is £ 10 volts which, in conjunction with
the 10:1 input atteniator, provides an effective
input-triggering range of =100 volt

By interchanging the grid connections of the
input signal and reference voltage, the Slope
Control (not shown in Figure 5) determines
whether o trigger pulse is generated at o
POsIive-going or o negalive-going erossing of
the triggering level, The Blope Control can
also conmeet o eapueitor in series with the inpmid
signal to block any de that may be present.

The first amplifier cireuit also serves as o
stable limitor, sinee the plate-voltage limits
are determined by the plate-siipply voltage and
the plate and cathode resistors, and are essen-
tially independent  of tube  characteristics,
Because of the symmetrical, balaneed nature of

~amd H. Wallman, -Tube Any
fier,”" Radiation Taboratory Series 15, MeGraw-T1ill
Nonk Company, New \'url\-‘. New York, VHME, p. 411,

AMPLIFIER MPLIFIER SCHMITT CIRCUIT
output L
<
Figure 5. Simplified
schematic  diagram npUT £ 5
of the input circuits. —
+10
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Figure 6. Scale-of-sixteen binary counter and display. The binary numbers represent the states of the
flip-flops corresponding to o 1248 weighted code.

the cireuit, operntion is also sssentially inde-
pendent of plate-supply  or filament-voltage
varistions. Another attribute of this cirenit is
its very high dynamic range which permits
mensurement of signals with large amounts of
amplitude-modulation or lower frequency noise
— sinee the creuit will not be elamped hy the
noise or modulation peaks, but will continue to
aperate st true referenee-level vrossings,

The output of the first amplifier stage is
direet coupled 1o the second, Both shunt and
series-peaking induetors are used to obtain
maximum  bandwidth. The second stage of
amplification is similar to the first exeept that
the push-pull input is converted to a single-
ended output. In this connection the cirewit is
usually referred 1o a8 o eathode-coupled
l‘]ii) et 19

lllw output of the second amplifier stage is
direetly conpled to the following cirenit without
attenuation by means of a triode connected as a
current source.’* Because of the large enthode
resistor, the triode draws o constant current
through the resistor conneeted to its plate.
With a constant enrrent in the resistor, and
therefore u constant voltage ncross it, any
varation in voltage at one termingl of the
resistor 15 transmitted aodiminished to the
ather terminal, but at a different de level.

The pulse-generating cirenit itself is hased on
the fumiliar Sehmitt cirenit!! with another
current-source-connected triode used to couple
the left-hand plute to the right-hand  grid.
Shunt peaking alone is used in this cirenit sinee
series peaking would introduce o time delay and
decrease the maximum repetition rate of the
circuit. The output pulse is generated by a small
taroidal transformer, wound on a ferrite core,
which is connected 1o the right-hand plate of
the Sehmitt cirenit,

The sensitivity, (minimum voltage neces-
v 1o produce output pulses) of the eireuits
deseribed is about 100-my rns from de to 3 Me,
rising to 250-mv rms at 10 Ale,

a3
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Counting Circuils

The general mode of operation of the count-
ing eirenits has already been deseribed. The
clements of these cirenits are “flip-flops,” or
histable multivibrators.

Forty of the 87 circuits in the counter jre
fip-flops. OF these 40 eirenits, 36 ure used in the
Decimal Counting Units, where the binary
seale-of-sixteen is permuted to a seale-of-ten for
either standard  connting or  combination
counfing-storage.

Four cascaded flip-flops forming a senle-of-
sixteen are shown in Figure 6,

Let us assume that the eircles within (he
rectangles representing each flip-lop are the
two tubes forming the cirenit. We define the
flip-flop to be in the “0 state with the righi-
hand tube conducting. Thus, in the figure, the
shaded cireles represent on tubes, and the
sealesof-sixteen is in the state 0000, The
horizontal line connections represent inputs,
say to grids, and a negative pulse placed on
the common connection hetwoen the tubes will
turn off whichever tube is on and will thus
complement the state, changing a zero stote to
aone or a one fo a zero. A signal fed o either
grid separately will set the flip-flop to. the
specified state only. If the flip-flop is already in
that state, the pulse will have no effect,

Now having established the ground rules, we
can begin to count. The first pulse received by
flip-flop 1 in Figure 6 will cause it to roverse
state (10000, The pulse formed when the right-
hand tube goes off will be positive and will not
alfect FF2, The second m{s(.- will cause FF1 1o
return to the 0 state and the right-hand tube in
turning on will produce a negative pulse eausing
FF2 to complement (0100). Each 1-to-0 tran-
sition will produce s ecarry pulse and each

“aeob Millman wnd Herbert Taub, “Pulse and Digital
Cireui MeGraw-Hill Book Company, Ine.. New York,
New York, 1956,

0, H. Sehimitt, A Thermionic Prigerr. Louwennd of Sei-
entific Inatrumenix, vol. 15, pp. 24-26, January, 138,
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Figure 7. Grosdoff 1224 weighted code showing indicator matrix and feedback paths. The shaded areos
designale combinalions of flip-flop states that exist uniquely in conjunclion with the two states 0 and |
of FF1 for the allowed states. The neon lamps are connected 1o the matrix buses.

suecessive flip-flop will switch at half the rate
of the one before 11, The ~|||\1;Fn cirewmt ol
Figure 6 therefore produces the conventional

genle-of-sixteen sequence,

I'n make a useful counter, one must add
appropriate meuans to idieste the Hip-Hop
states. This 1= convemently done with neon
lamps the rated from combinations of
plate v in the lip-Hop tubes. In Figure 6
four neon lamps are shown, connected to light

when the 1 and tube is conducting (state
1). The neon lumps nre therefore off for a 0 and
on for a 1in the particular digit (in the binary
systom) that they represent. These digits are

Figure Ba. Plate vollage waveforms
of 50 ke of V2, V4, V6, and VB for
1224 eoding. The system operafions
occurring at pulses 4 and 6 produce
the dips in FF2 and FF3 waveforms.
These dips, in lurn, cause the diffi-
culties inherent in this system. The
first feedback is unambiguous; the
second, however, requires thal the
time constant of the feedback path
be critically adjusted to be short
compared lo the time between maxi-
mum-rale counts but long compored
to the duration of the dips.

Figure 8b. FF2 grid-voltage wave-
form. The first Ffeedback shows
clearly os an unambiguous signal;
the second shows a poesitive over-
shoo! caused by differentiation of
the positive slope of the 0-1 transi-
tion in FF3. In this example the grid
swings 4 volls above the 10 volts
required for cuttoff. When this over-
shoot becomes too large it will pro-
duce the commonly observed decade
failure of skipping from an indicated
count of 510 8.

IET
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respectively, 1, 2, 4, nnd 8, and the ip-Hlops

ul to be weighted 1-2-4-8 for counting
For example, suppose the eountor has re-
roceived 10 pulses, Flip-flops number 2w 4
will then be on, and lip-fAops 1 and 3 of
vielding n count of 0 (2 102 024 -+ |
2 = 10, The h ers were ¢ons=
stricted in this fushion, with binsrs
displays

For convemoence aml speed of

wiously
eount and Lo display the counted number in th
decimal system. 1. 15 GrosdolT of RUA showed
how to congtruet n decade counter

MeRsurmg systens it s

hiased on

V2 Plate, FF1
V4 Plate, FF2
Vé Plale, FF3
VB Plate, FF4

F.B. Grid V-3 FF-2
V4 Plate, FF-2
Vé Plate, FF-3
V8 Plate, FF-4
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Figure 9. General Radio 1242-weighted code showing feedback and indicater matrix. Shoded arcas
show neon-lamp matrix connections. For this coding a triple addition must be used. The loss involved
in this addition is minimized by the use of INHIBIT lamp instead of a resistor.

pernmiting the seale-of-sixteen to a seale-of-ten
and af the sume time connecting ten neon
lomps in a simple matrix to displuy the connt
a8 4 decimal mrmber.®

IFignre 7 shows the double-feedback system
of Grosdoff, 1t is the system most commonly
used in modern counters becawse the len-lamp
matrixe 15 the simplest, The general sequence of
this coding svstem has already been deseribed,
and the weakness unalyzed. The possibility of
failure is shown elearly in the oscillograms of
Figure S.

The single-feedback system which Grosdoff
suggested does not have this built-in hazard,
I= operation has heen previously deseribed and
the system is shown in Figure 9, Ty this system
the count proceeds normally up to the eighth
pulse, The O-1 transition of the fourth fip-Aop
then resets hoth the second nnd third Hip-flops
simultuneonsly to 1, eliminating the 6 scale-of-
sisteen binary states 8 to 13 without eritionl
timing., The gquestion immediately arises, why
hasn't this more relinhle code been used rather
than the common one? The answer lies in the
indi ptrix  which we shall now
dise 10, where thi
is shown in aperation at 50 ke,

tefer again to Figure 7. Assume that a given
neon lamp in the indieator will ionize only when
it is connected from the potent of an off
flip-flop plate to that of av on plute. Now, for
exnmple, take the decimal number The 1
lamp is connected from the plate of V2, which

ling svstem

is off (state 1), via twao resistors to plates of Vi
and V8 which are on (state 0), Thos the 1 lamp
will e an, These states in FF2 and FF4 are
unigue to the digits 0 and 1 in this coding
systent, In all other allowed states either one or
« other flip-tlop is in state 1 and the voltage
at the neon lamp is s the on=plate vollage,
which is not sufficient 1o light it Likewi
shaded st combinations in Figure 7
unigue to corresponding decimal numbers, Note
that whether the 0 or the | lamp is Lghted
depends only upon the state of the hirst Hip-flop.
The first thp-flop always determines whether
the even or odd lnmp of aseleeted pair will light.
In this example, therefore, the type of simple
resistor matrix shown will unambiguonsly con-
tral the lamps. Now, look ot Fignre 9. Note
that NO such combination of two unique states
exists for cach pair of decimal numbers, In
order to get an unambigiuous combination, we
must combine it least onee the states of three
of the flip-flops. The General Radio eounting
decade uses the combinations shown shadd It
would be possible 1o continue to nse o stor
matrix with a three-resistor addition to eontrol
the lighting of the six-seven lunp pair, hul the
loss in sueh a resistive adder, when coupled with
the fixed fonization-deim ion voltage-inere—
moent requirements of neon lamps, would eall
for nneconomically large Qip-Aop plate sy s
We have developed o matrix SVELem reqiiring
the seme plate swings as o normal decade by
adding one neon lamp to the matris to prevent

FF-1

FF-2 Figure 10, Typical waveforms for the
e flip-flops in the General Radio 1242

FF-3 code of plafes.

FF-4
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Figure 11. General Radio 10-Mc Decade.

the jonization of the sixseven lamps during
the state 8-0.4 A neon lamp costs little more
than a resistor g0 we have the reliable vode —
and at almost no inerease in cost.

Ten-Megacycle Decade

Up 1o this point we have diseussed decade-
design principles with no reference to the rate
of connting,'* Beyond a certain maxinm input-
pulse rate, however, the flip-fops will fuil to
switeh beeause of insufficient time for capuei-
tanees ussocinted with the circuits to charge
or disehurge,

Practical vacium-tube counting cirenits in-
volving flip-flops whose plate eurrents operate
neon-lamp indieators directly must have plate
swings excecding 100 volts. As the counting
rate increnses, the fip-flop impedanee level
must be decreased in order to speed the charge
and discharge of eirenit capaeitanee. With
lixed voltage requirements, the power input
must rise directly with this deereasing 1m-
pedanee. A practieal power limit is reached at
connling rates of about 1 Me for the conven-
tional decades of Figures T and 9,

In the design of o decade to operate at
10 Me, u straight reduction of 10 to 1 in ciremt
impedance levels and plate-voltage swings will
not yield a practieal, stuble, and reliable eirevit,
With conventional ecircuits at this frequency,
the de eriteria for reliable flip-Hop design cannot
bie met, even with the best frame-grid tubes
uvailuble today, The reasons are simple, To
meet our requirements we must overdrive the
tubes so that the off tube will remain off under
worst  tube-aging  and  component-variation
vonditions. This overdrive voltage must be
availuble at the grid side of the cross-coupling
petwork which normally has a voltage loss of
Ly to Vo These design requiremoents eall for
lirger plate-voltuge swings than ean he pro-
dueed within the power ratings of even the
hest modern tuhes.

We hove developed a fip-flop, based on the
current=souree conpling system  deseribed in
the section on input etrenits, in which the cross-
coupling loss has been eliminated.? Only 5 to
1g of the plate swing of a normal it is
requiired, with a proportional saving in the
power required. With a conventional eireuit,
the twosto-one tube-rundown eriteria can bo
met at impedance levels approprinte to 5-Me
resolution, with the unity coupling technique
the same tube dissipation will yield a1 15-Me
cirein

It is not sufficient, however, (o design a0 flip-
flop eire meeting the fixed de reliability
eriteria and switching at s sufficiently fast rate
This cirenit must now be designed into a deeade,

Reliable fip-flop circuits in which the cutoff
tube has a large excess bins voltage require lurge
triggering voltages and, with the finite rise-
time of the triggering voltage, acenmulate more
time delay between  the application of the
trigger and the actual stage-switching action
thun the more conventional designs. Varions
special designs huve been suggested for high-
speed decades.'™ All of these forms have been
analvzed and the configuration shown in Figure
11 was adopted ns the optimum strueture from
the standpoint of time delay®

The decade nses o gate between the first and
second fip-fHops. This gate is operated at the
count of 8 to prevent count No, 10 from setting
FF2 to state 1. FF4 is reset to the 0 state by
the tenth pulse and issues the earry outpui.

The time-delay requirements e this system
are easily explained. For proper operation the
gate must be elosed at the count of 100 1t is
operated by P4 at the count of 8 and so the
total loop delay ineluding the gate rise time to
the elosed condition must be less than two
counts at the maximum input frequeney (0.2
wsee ot 10 Me), The gate must again be open
and ready to pass o curry pulse for FF2 at
count 2. Sinee the fourth flip-flop is reset
tly from FF1, it is elear that the closing
time-delay limits, Even with our reliable and
“stifi” Aip-flops, the total loop delay does not
npqmm-h the 0.2-usee failure figure.

Note that the gating svstem of this decade
leaves the second fip-flop in state 0 for the
counts 8 and 9. We, therefore, have a pure
ry progression  with weighting  1-2-1-8,
Sinee any 10-Me resolution deeade must have
small plate swings, o set of huffer amplifiers
must be used to drive the indicator. These
amplifiers are deiven by the 10-Me deeade
plates through a resistor matrix which changes
the code to 1-2-4-2 weighting so that the buffer
outpit is identieal with the output of the lower-
speed decades.

UFrench patent 1,240,900, 1
Nz, Bay and N, T. Grisani High Speed Flig=Flogs for
tie Millimicrosecond Region,”" TRE Trins whions on Elee-
tromie Computers, EC-5, 3, Seprember, 1950, p. 121,

An excellent survey of the problems ean be found in F.
M. Williamw, 10 F. Aldrieh, and J, 18, W m_ulfnr.l_"'.‘s’m-o-nl ol
Fleotronic Switcldng Cireaits,” Proe, of TRE, vol. 48
. G360, Tanuary, 1050,

=, Patent pending.
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Figure 12. Counting and storage

Combination Counting-Storage Decade
and Storage System

A decimal counting unit entirely unigque! to
the Typg 1130-A Digital Time and Fregqueney
Metor is shown in Figure 12, The unit is a com-
bination decade which can either count in the
uorne] fashion nt frequencies in excess of 20 ke:
or, alternatively, which can store binury data
ained present it as a decimad number when these
data are read i from other General Radio
standard 1-2-1-2 coded decimal eounting units.

When the counter is used for continuous dis-
play of information, the eight den’s are broken
mto two groups of four each. This is done by
mtorrapting the t':nrr'\:ll:ub:(' between the fourth

|

and the fifth de his fifth dew is the fGirst
combination wmnit.) The timing disgram of
Figure 12 shows the sequence of events after 4
counting interval. This sequence is initiated by
the elosing of the main gate and ended 1000 gsee
Bter when the decimal counting units are resot
to Zero,

Iiring this time interval:

1. The storage units are set 1o zero, orasing
the old data from the last connting interval,

2, After o 100-psee interyval to insure that Lthe

storage units are ot equilibrium,
3. A transter command pulse i generiled on
the “fransier™ bus lasting for 500 psec. During
this tnterval, any binary 1in a connting decade
will enuse the transfer lamp (VO through V12)
to iomize. The resulting pulse will set the
cquivalent gtorage fip-flop to the 1 state,

4. 150 wsee after the termination of the
trunsfer command, the deu's are reset 1o zero
and the new counting eyele ean be started.

When they ionize, the neon lumps themselves

IE€T
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MAIN GATE e
1250 vsec DELAY
Y STORAGE RESET
|_| IE!I!IG ﬂtr"
T IS0 I TRANSFER INTERVAL

0OCU RESET 500 vaec

decades for the Type 1130-A.

provide pulses which transfer data to the stor-
sige units, s that the isolating resistors between
the counting and stornge units ean have very
high values. Since the neon lamps, when not
ionized, have very small capacitance, the eonnt-
ing and storage units operate independently
find no complex switching is required,

At the neon-lamp junctions, the Jogical 0 and
1 levels from the counting deende provide +£50
volts seross the hull which is nol to ionize and
150 volts across the lump which must ionize for
a 1 transfer. These levels insure that unselected
neon lamps can be used with no danger of fulse
trunsfer or failure to transfer. We have pro-
vided & complex, and heretofore unobtainsble,
funetion in the combination conmting storuge
deeade, by using only four inexpensive neon
lumps, eight resistors, and eight capacitors,

Program

Figure 13 is a bloek dingram of the program-
control system used in the GR Counter.

Lot us assume that the sequence begins with
a reset pulse from the Reset Generator. The
reset pulse sets all the Decimal-Counting Units
and the Program-Control Deeade to zero and
sets the Main Gate Flip-Flop and the Program
Gate Flip-Flop to zero, elosing the Main Gate,
the Program Gate, the Diode Gate, and the
Time Gate, Sinee the Time Gate is closed, clock
yilses from the Time Base eannot activate the
Main Gate Flip-Flop and the trigger pulses
from the Input Circuits cannot enter the
Decimal Counting Units,

Ulatent Pending,
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The resel pulse also (riggers the Reset Delay
Gienerator, whieh produees o pulse 400 pusec
later and sets the Program CGate Flip-Flop to
the 1" state, opening the Program Gate and
partinily completing the Diode Gate, The Time
Ciate s still closed, but pulses from the Time
base ean pass to the Program-Control Decade,
The first Time-Base pulse advanees the state of
the deesde to 1", which completes the Diode
Giate and eauses the Time Gate to open. The
next Time-Base pulse, the second, passes
through the Time Gate and complements the
Main Gate Flip-Flop to 1", which opens the
Main Gate and allows pulses from the Input
Cirenits to enter the Decimnl-Counting Units.
The second Time-Base lllllﬂl‘ also advances the
stute of the Program-Control Deeade to ©2,”
which disubles the Diode Gates and eloses the
Time Gate so that the following Time-HBase
pulses eannot elose the Main Gate, The Main
Gate remaing open while the Time-Biuse pulses
gontinue to advanee the state of the Program-
Control Decade. When the deeade reaches <17
agaiti, the Diode Gate is again enabled and the
Time Gate is opened, allowing the nest Time-
Base pulse, the eleventh, to pass through and
complement the Main Gate l"lip—l“lup 5 T
closing the Muain Gate. Pulses from the Input
Cirenit have been allowed 1o pass through the
Muin Gate into the Decimal Counting Units for
exuetly ten Time-Base pulse intervals,

The elosing of the Main Gate at the end of
the measurement intervil sets the Program
Gate Flip-Flop to “0'" and locks out the Pro-
gram Gate, Diode Gate, and Time Gate so that
the Decimal-Counting Units can display their
acenmulated count. I the Intermittent display
mode is nsed, the Main Gate closing also trig-

MAY, 1961 @

gers the Displuyv-Interval Generator. At the
end of the desired 0.1- to 10-sceond display time
the Reset Generator is triggered, producing s
reset pulse which begins the evele again.

If the Continyous display mpde 1s used, the
Display Interval is disabled and the Main Guate
closing triggers the Transfer Unit. This unit
vanses the count seenmulated in the four count-
ing decades to be teansferred 1o the four storage
deendes. After a l-msee interval, generated by
the Transfer Delay, the Reset Generntor is
triggered o the evele beging again, The
measurement eyele can be stopped and startod
again ab any point by the Manual Reset, which
is controlled by the front-panel Reset switel.

For 10-Period messurements, the roles of the
Inpt Cirenits and Time Buse are reversed so
Ehat the Main Gate remains open for (e input
intervals while Time-Base pulses are regisiered
in the Decimul-Counting Units,

The use of the Program-Control Deenide in
the system provides three advantiages:

1. To obitain o 10=second measurement inter-
virl the lowest gpocd Time-Base divider operates
at | eps rather than 0.1 eps,

2. Ten-Period measurements are easily made.

3. The demwd time between measurements is
decrensed  to two-tenths of o measirement
interval,

For single=period and time-interval measure-
ments, the Program Gate, Program-Control
Decaude, and Diode Gate are removed from the
system, and the Time Gate operates under the
direct control of the Progrum Gute Flip-Flop
or the Input Cirenits, The system efhicieney s
then reduced to 509, o messurcment heing
mude during every other interval at besi,

Figure 13. Bleck diagram of the Digital Time and Frequency Meter
for frequency and 10-period measurement. .
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TIME BASE

Drive Sources

The time base of the Tyer 1130-A
Counter is designed to operate from a
3-Me source. To suit o wide variety of
requirements, several drive sources are
available as optional units which ean be
plugged inito the rear of the counter. The
Tyrr 1130-P2 Oseillator /Multiplier al-
lows operation from external sources of
100 ke, 1 Me, or 5 Me, or from an in-
ternal 5-Me oscillator. The internal-
o=cillator circuit nses 4 room-tempera-
ture quartz erystal of exeeptional char-
acteristics’™ with o short-term stability
ol about 1 710% per minute and an aging
rate of about 2107 per week. The
multiplier cirenit uses novel techniqgues
developed especially for this applica-
tiom. "

The Tyee 1130-P3 Oscillator
tains the oscillator portion of the Tyri
1130-P2  Oscillator /Multiplier and s
recommended  for  those applications
where part-per-million aeenracy is suf-
ficient.

The Tyre 1130-P4 Precision Oscillator
15 solid-state deviee containing a 5-Me
findamental-mode erystal. The crystal
and the oseillator eivenit arve enclosed in
u proportional-control oven. This oseil-
lator displays a short-term stability of
about 1/10° per minute and an aging
rate of about 5 /105 per week. The time-
hase drive sources mentioned will be
teseribed in further detail in a forth-
coming issue of the Kreperimenter,

I extreme precision is requived, the
counter ean be operated from a standard
frequency oseillator such as the Tyre
1113-A7 using a Tyee 1130-P1 Time-
Base Unit or any of the ones mentioned
above.

con-

VI, W, Frank, H. I, Strotemeye
“wlibrntor  of  Tmproves]
wenter, Detober,

A Thee/ Frequeney
Genernl  Roulin

Time-Base Dividers

The divider circuits are of the proven
multivibrator type. The low-frequency
dividers use high-valued, plate-load re-
sistors to insure “hard bottoming™ and
minimize the effect of variations in tube
characteristics.” The high-frequency, 5-
Me to [-Me multivibrator uses a frame-
grid double triode in a cireuit well sta-
bilized by current feedback.™ A 1007
inerease in the plate resistance causes
only a 539 change in the free-running
frequency of the multivibrators, Be-
suise of the exceptional stability of these
cirenits, no  periodie adjustments are
required.,

Time-Base Monitor

If the 5-Me time-base drive signal is
absent, the divider chain will operate at
a frequency ervor of about 59, Similarly,
if o failure should occur anywhere in the
time base, the l-eps multivibrator, the
last divider in the chain, will be in error.
Such an error, of course, will become
obvious if the counter is set for self-
check operation. In addition to this,
however, & monitor eirenit has been pro-
vided to indicate any irregularity in the
time base. The 0.5-second half period of
the l-eps divider is continnously com-
pared with a 0.5-second interval, which
iz independently generated by a free-
running multivibrator of design similar
to the divider circuits, If the 0.5-sccond
intervals differ by more than 197, a panel
light flashes to warn the operator. Thus
the time base is continuously mowitored
even when the counter s making measure-
mends,

H, T, MeAleer, '
plication,” Electro
' Now Frequency
merber, April, 1001,
It W. Frank, F. 1), Lewis. "The Type 14
Tine/Frequency  Calibentor,”  General R
menler, June, 1956,

A Novel Method for Frequeney Mulri-
i Fodduxteies, Auaust, 1959,
Standunl,” Geaeeal Rodio Erperis

#C Unit
Exprri-
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MECHANICAL DESCRIPTION

The Type 1130-A Digital Time and
Frequency Meter has been designed to
tucilitnte both the constroction of the
instrument and the oceasional mainte-
nanee required. As mentioned above,
every  vaeuum-tube eirenit is oon oan
ensily removable etehed-cirenit  hoard
plugged into the main strueture. The
main =trueture is a rugged framework of
east and machined aluminum, contain-
ing the power transformer, some of the
power-supply  rectifiers and  flter ea-
pucitors, interconnection cables, plugs,
and =ockets, some component ferminal
boards, and the front panel with its
and  switeh  cireuits. Front-
panel switches conple automatically to
switches on the etehed boards without

switehes

set=serews or ceritical alignment. Each
etehed board is seeurely fastened in the
instrument by means of 4 single serew.
Tine-Base dreive units plug into the rear
of the instrament and are held by two
paiel serews,

Quiet forced-air cooling i= used to hold
the miternal temperature rise to about

Figure 14. Interior view of the Type 1130-A

Digital Time and Frequency Meter. Note that the

elched-circuil boards (seme shown partially
withdrawn) are readily occessible.

15 Cabove the external ambient temper-
ature, The air flter snaps out easily for
cleaning,

A view of the instrument with eabinet
removed is shown in Figure 14,

TESTING TECHNIQUES

Because of the modular construction
of the Counter, it is possible to test each
etched board thoroughly as a unit be-
fore iustallation in the instroment; and
the strueture itself with its power supply,
switehes, and components ean he tested
alone, In addition to subassembly test-
ing, of course, the completed mstrinment
i= subjected to over-all tesiing,

A possible diffienlty eaused by the
wide tolerance of the eiveaits to tube and
component varintion is an inerease in the
probability that o wrong-valued com-
weak tibe o0 -

pouent. ar an may g
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noticed, sinee the eircuit may still fune-
tion properly. To combat this possibility,
the eivenits ares subjected to marginal
testing in which the supply and signal
voltages are varied over wide ranges,
The Deeimal-Counting  Units, for ex-
ample. must operate properly for a plite-
supply voltage variation of 4120 volts
about the nominal value of 4300 volts,
and the Time-Base unit must operate ot
half its nominal plate-supply voltage. In
addition, every instrument must operate
properly to 11.5 Me

www.ietlabs.com
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ACCESSORY EQUIPMENT

To increase the range of application
of the Tyee 1130-A Digital Time and
Frequency Meter the following instri-
ments are available:

Type 1132-A Data Printer

Manufaetored and serviced by the
Clary  Corporation  of San  Gabriel,
California, and sold by GR, the Tyrr
1132-A Duta Printer provides a per-
manent printed record of the resulis of
measurement on adding-machine tape
and allows unattended measurements,
The instrument  automatically  prints
rows of twelve-digit numbers at o rate
adjnstable from one print every twenty
seeonds to three prints per second. Eight
of the twelve digits are obtained directly
from the Connter, and the other four
digits may be obtained from external
sources. A keyboard and print-command
bar at the top of the instrument allow
nimbers to be typed mannally between
automalic prints. An output for driving
an IBM summary punch is availuble ns
i special option. The printer i mounted
in a hench=type ease with the adding-
miaching tape issuing from the top.

Type 1134-A Digital-To-Analog
Converter

Beeause of the infernal storage capa-
bility of the eontinuons display of the
Tyrr 1130-A  Digital Time and Fre-
(ueney Meter, the tusk of graphical ve-
cording is vastly simplified, The Tyre
H34-A Digital-to-Analog Converter ae-
cepts the four-ling, 1-2-4-2, hinary-coded-
decimal outputs of the four storage
decades of the Counter and produces a
de analog output of 0,177 acenraey. This
accuracy specification inelides the effect
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of nonlinearity, repeatability, =109
line-voltage variations, long=term stabil-
ity, and ambient temperatures from 0
to S0C, The Thevenin equivalent of the
output eirenit of the instroment is a
voltage souree varying from 0 to —30
volts behind o resistance of 30 kilohms.
This outpnt will drive l-ma graphical
recorders with input impedances up to
2 kilohms. An internal 100-0hm resistor
can be connected in shunt with the out-
put terminals to provide a 100-millivolt
signal to drive most voltage recorders, or
external resistors can be connected to
produee other voltages, The instrument
van be switehed to operate from any
three, or the last two, conseentive digits
of the Counter display, allowing a pre-
cision of recording as great as that of the
Counter itself. The availability of this in-
strumentation should inerease the popu-
larity of graphical recording of frequeney
stability, drift, ete., beeause of the ease
of interpretation of a graphical reeord
compured with that of a list of printed
numbers.

Type 1133-A Frequency Converter and
Video Amplifier (under development)

This instrument inereases the sensitivity
of the Tyree 1130-A, and increases the

Jrequeney range to 500 Me. The instri-

ment provides a digital display and can be
operated either as a wide=hand heterodyne
converter for elean signals or as a selective
conrerter for notsy signals, The heterodyne-
reference signals are  derived  from  the
crystad-controlled T'ime-Base drive souree
of the Counter and are just as accurale.

— R. W. Frask

—H. T. McALEER
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consulted on mechanical-engineering
problems, and testing and calibration
procedures were devised by W. P
Buuek. G. E. Pilkington was responsible
for production engineering,
—Eprron

SPECIFICATIONS

FREQUENCY MEASUREMENT

Range: D to 10 Me.

Sensitivity: 0,25 volt rms for sine waves, more
sensitive at low frequencies; 0.4 volt peak-to-
peik for typieal pulse waveforms.

Counting Interval: | msec to 10 see, extendi-
ble by MULTIPLE INTERVAL switeh or external
ronnections,

Accuracy: -1 count =time-base-osecillator
ACCUruey.

PERIOD MEASUREMENT

Range: |0usee 1o 107 see — (de to 100 ke) —
for single-period  measurement, 330 usee to
107 sec— (de to 30 ke) —for  ten-period
mensiurement,

Sensitivity: 0.1 volt rms for sine waves; 0.3
volt pesk-to-peak for typieal pulse waveforms.
Counting Interval: | period, 10 periods, ox-
tendible by MuLreLE INTERVAL switch or
external connections.

Counted Frequency: 10 Me, 100 ke, 1 ke,
10 cps, or esternad (6 volts rms sine waves, or
+ 10 volts peak pulses, 109 eps to 10 Me).
Aceuracy:  +£0.177 at 1 volt rms for single-
iu-riml measurement ; better for higlwr voltage
evel and good signal-to-noise ratio. 0,01
at. | wvolt rms for I('I-Pnrmtl measurement
better for higher voltage level and good signal-
to-noise rtio,

TIME-INTERVAL MEASUREMENT

Range: lusee to 107 zec

Sensitivity: 0.3 volt peak-to-peak.

Counted Frequency: 10 Me, 100 ke, 1 ke,
10 eps, or external (6 volts rms sine waves, or
+10 volts peak pulses, 100 eps to 10 Me).
Accuracy:  Dependent on slope of input signals
al instants of triggering. For steep slopes
(g, pulses): +1 period of frequency counted
+ aecuraey of frequency counted,

COUNT MEASUREMENT
De to 10 Me,

Sensitivity: (125 volt ris for sine waves, more
sensitive at low frequencies; 0.4 volt pesk-to-
penk for typical pulse waveforms.

Capacity: 10" counts,

TIME-BASE OSCILLATOR STABILITIES

Type Short-Term Long-Term
1130-P2  less than 1/10°  less than 2,107
per minute per week
1130-P3
1130-P4  less than 110" less than 5/10%
ber minute wer week
1113-A ess than 1,101 ess than 5 /10"
(with per minnte s+ per day
1130-P1)  measured with (10-day aver-
| sec sample uge after 60
days' opera-
tion)
GENERAL
Display: Neon-lamp columns —8 digits inter-

mittent, 4 digits continuous

Display Time: Variable, 0.1 to 10 see, infinite,

or continuous display.

1 megohm shunted by 40 pl.

Input Attenuator: % 1 or x 10,

Check: 10 cps, 1 ke, 100 ke, or 10 Me can he

counted for 1 msee fo 10 sec,

Monitor: Flamhinf lamp indicates lack of time-

base drive sienal or improper operation of

frequencey dividers,

Input Triggering Level: Vuriahle £10 volts,

Input  Triggering Slope:  Positive-going  or

negative-going, ue or de conpling.

External Outputs — Front Panel:

(coincides with counting 1r|tm’_mh.
syne pulses (at start of internal program

eycle),

Input Impedonce:

GATE signal
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@ GENERAL RADIO EXPERIMENTER 20

10 eps to 10 Me (exeept 1 Me) standard

frequencies from EXT connector, depending on
settings of MEASUREMENT, FREQUENCY, and
TIME controls,
External Outputls — At Rear: MULTIPLE-INTER-
vAL connections (terminals of wmuLTIPLE
INTERVAL panel switch; “carry” pulse of
program-control decade to be counted down by
external interval-multiplier eircuit for cHECK,
FREQUENCY, and 10-pERIOD measuréements),

8, four-fine, binary-coded-decimal  digits
(1,24,2) (“0" = 185 volts, “1" = 65 volts —
0.5 megohm source impedance — minimum
load impedance 1.8 megohm).

Time-Base Drive Required: 5 Me, 1 volt rms
into 50 ohms (supplied by 1130-P2, -P3, -P4,
1113-A),
Power Input:
watts.
Dimensions: Width 19, height 15%;, depth 19
inches (485 by 400 by 485 mm), over-all,

115,230 volts, 50-60 cps, 400

ACCESSORY INSTRUMENTS

Time-Base Units (see page 16 and wbove for de-
seription and stability hgures).

Type 1130-P2 Time-Base Oscillator/Multiplier
(rear plug-in) for operation from 100 ke, 1 Me,
5 Me or internal 5 Me.,

Type 1130-P3 5-Mc Time-Base Oscillator (rear
plug-in).

Type 1130-P4 5-Mc Precision Time-Base Oscillator
(rear plug-in).

Type 1130-P1 Coupling Unit for use with externul
time buase, such as Type 1113-A Standard-
Frequeney Oseillator,

Type 1132-A Data Printer

Type 1134-A Digital-to-Analog Converter for
driving graphic recorder,

Type 1130-P5 Servicing Accessory — permits
operation of any of 11 printed-cirenit bourds
clear of rest of instrument for operational

Weight: 85 1h. (39 kg). trouble shooting.

Type Code Waord Price
1130-AM1 | (Ineluding Type 1130-P1 Time-Base Unit) Bench Mount. .. LABOR $2585.00
1130-AR1 (Including Type 1130-P1 Time-Base Unit) Rack Mount . . . MINIM 2585.00
1130-AM2 | (Including Type 1130-P2 Time-Base Oscillator/Multiplier)

Bench Mount. ... ... ... e e e o AR LAPEL 2750.00
1130-AR2 (Including Type 1130-P2 Time-Bose Oscillator/Multiplier)

Rack Mount . . o V(e T o e neh i ST MOCHA 2750.00
1130-AM3 (Including Type 1130-P3 Time-Base Oscillator) Bench Mount LASS() 2670.00
1130-AR3 (Including Type 1130-P3 Time-Base Oscillator) Rack Mount MOGUL 2670.00
1130-AM4 (Including Type 1130-P4 Precision Time-Base Oscillator)

Bench Mount. ... . .covvvvrsas Ry e B et | LUNER 2950.00
1130-AR4 (Including Type 1130-P4 Precision Time-Base Oscillator) |

Rk MOU. 50w 4 ek V55 500 c0sacks e ) TR AT e METAL 2950.00
1132-A Data Printer.........c.o00s e 6 L At o B e s LILAC 1450.00
1134-AM Digital-to-Analog Converter (Bench Mount).. ... . ......... MINUR 595.00
1134-AR Digital-to-Analog Converter (Rack Mount) a caas | MOTTO 595.00
1130-P5 ServichagT RCCABEONY s (- 5.0 5 n e st s 44 g aneNesns tisibesrysd MOLAR | 30.00

U.S. Putents 2,645457; 2,977.640; and Patents Pending.

CORRECTION

The Tyrpe 1112-A Standard-Frequeney
Multiplier input specifications given in
the April, 1961 EXPERIMENTER
should be corrected to read as follows:
Input: 1 volt, 100-ke¢ sine wave from
standard-frequency oscillator. Can also

be driven at input frequencies of 1 Me
(1.5 volts), 2.5 Me (0.4 volt), or 5 Me
(0.4 volt). Will run free with no input
signal, but absolute frequency may be in
error by several parts per million.

General Radio Company
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