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NEW AND IMPROVED COAXIAL CONNECTORS

LOWER VSWR—NEW LOCKING TYPES —LOWER LEAKAGE

The Tyre 874 Coaxial Connector®
has found mereasingly wide aceeptance
amich  year sinee its introduetion in
IO48. It is a unique device, designed
primarily for use in medsurement sys-
tems and compatible, throngh a com-
prehensive line of low-refleetion adap-
tors, with all other commonly used
coaxinl connectors,

Its hermaphroditie feature — all con-
nectors are identical and any one plugs
directly into any other — and its ox-
cellent VSWR have made it the basis of
an extensive line of measuring instru-
ments and aceessories for use at fre-
quencies up to about 5000 Me. Because
the original design of the connector
contemplated its manifold applications,
these instruments have provided out-
standing  performance and versatility
both in the eleetronies indusiry and in
edueational institutions.

To the instrument manufacturer, the
problem of what type of coaxial con-
nector to supply on his product has been
a difficult one, for different customers
want different types of connectors, The
Tyre 874, with its associated line of
adaptors, has provided the solution for
a growing list of instrument manufac-
turers. New connector and adaptor
designs, described in this article, make
this solution much more attractive and
more satisfactory than ever before,

The use of several millions of these
connectors in a wide variety of applica-
tions ut frequencies ranging from de to
several thousand megacyeles per second

*0. S, Patent No. 2,548,457,
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Figure 1. (Left) Type 874 Coaxial Connector. (Right)
Cross section ef t'wo connectors plugged together.

has clearly demonstrated the versatility
and =oundness of the basie concept and
design. Noi surprisingly, however, such
widespread usage has also indicated
where improved performance  would
further enhance the utility of the con-
nector and has generated requests for
additional features. The improvements
most frequently requested have eentered
in four areas.

1. The desive for a permanent con-
nection is obviously in confliet with the
desire for quick-conneet disconnect fea-
ture of the Tyre 874 Nevertheless,
many users have expressed a desire for
a permanent locking feature=while still
retaining all the other desirable charae-
teristies of the connector.

2. Although rf leakage is of the sane
order as that found in other widely used
connectors, the usefulness of the con-
nectors in certain critical applications
would be inereased if ‘the leakage were
reduced.

3. Although VSWR for these connee-
tors has been lower than that of most
other basie connectors up to frequencies
of the order of 4000 or 5000 Me, a redue-
tion in the VAWR and an even wider
frequency range would naturally he
weleomed. The VSWR should also he
closely reproducible, regardless of how

www.ietlabs.com
TEL: (516) 334-5959 + (800) 899-8438 + FAX: (516) 334-5988



GENERAL RADIO EXPERIMENTER 4

many fimes a pair of connectors is
plugged together and unplugged.

L. In the original design, some loosen-
ing of the conuector assembly could aceur
with prolonged use as a result of cold
How of the insulating support bhead. A
lesign in which the secureness of the
conmeetor assembly  does not depend
upon the bead compression would pro-
vide maore rigid and permanent me-
chanienl assemblies,

An active and continuous develop-
ment program in design, manufacturing
technigue, and quality control has been
carried on for several years, with par-
ticilar emphasis on the areas mentioned
The results of this program to
wherein the

ahove,
date are detailed below,
new locking version of the eonnector is
deseribed, as well as the improved per-
formance and reliability of both the
locking and the non-locking versions.
Ineluded in the expanded line are
locking adupiors to other types of con-

also

newtors,
GENERAL IMPROVEMENTS
Minor revisions in dimensions, ¢loser

improved and o
rigorous program of statis-

toleranees, tooling,
particularly
tical quality eontrol have extended the
[SERING CONTACTS OF CONNECTOR
|INNER AND OUTER CONDUCTORS

CONNECTOR QUTER CONDUCTOR KEYED
TO INSULATOR BEAD AND LINE 1

range of satisfactory operation to about
7000 Me, improved reliability, reduecd
VEWR variation from unit to unit, and
improved the mechanical feel and ease
of use of the connector. The most sig-
nificant design ehange, however, pro-
vides a secure metal-to-metal joint in
the outer conduetor assembly, eliminat-
ing dependence on ecompression of the
polyvstyrene bead which now serves only
to support the inner conduetor. Although
the bead is =till put under eompression
when the connector is assembled, this is
merely to ensure that the bead stays in
place. Figure 2 shows this construction.

Needless to say, one of the important
eriteria for any design change was that
the improved connector be compatible
electrically and mechanically with con-
nectors already in use. Any Tyre 874
connector, regardless of vintage, will
connect  satisfactorily  to  any  other
Tyee 874 connector, *

THE NEW LOCKING CONNECTOR
The new loeking version of the Type
874 complements the non-locking, (uick-

#Fhe only exceprion is that g new loeking conueetor will
te with & Tyver ST Panel Connector hecause of
shrand, This type of vonnector i now replaeed
virE STLPR amd <PL Panel Comnootars.

Figure 2. Sectional view of im-

[CONNECTOR [NNER CONDUCTOR
IKEYED TO INSULATOR BEAD |

COUPLING NUT]

FOUR TABS AETAINING

JOIN
CONNECTOR TO LINE
THROUGH ONE RETAINING RING
PLACED IN FRONT GROOVE |

proved non-lecking connector.
The back edge of the connector
outer eonductor is drewn up
against the refaining ring when
the coupling nul is fully tight-
ened. The beveled inside sur-
face of the coupling nut forces
the split retaining ring solidly
ogainst the bottom of the
groave in the outer conductor
of the line, and thus a solid
metal-to-metal joint is ob-
toined between the outer con-
ductors of the connector and
line. The insulating bead is
held securely in place by four
small tabs which sink into the

| THE INSULATOR BEAD

@
IET IET LABS, INC inthe GenRad tradition
534 Main Street, Westbury, NY 11590 :

insulator as the coupling nut is
tightened.
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[BUTT CONTACT OF COUPLING NUTS

TONNEC TOR INNER
Figure 3. Sectionol view of the
new locking connector. The
solid metal-to-metal joint be-
tween the connecter and the
line on which it is mounted is
obtained by clamping a pair of
retaining rings against a ridge
between 'we grooves in the
outer conductor of the line. As
the coupling nu! is tightened,
thetwo rings are forced against
the ridge by the back edge of
the ¢ ouler duct
and a shoulder inside

coupling nut,

the

FOLR TABS RETAINING
THE INSULATOR BEAD

comnect disconnect type hy providing ¢
rigid conuection for semi-perimanent in-
stallations. These are now in produetion,
and they offer the following features:

1. Provision for rigid mechanieal
coupling (at the user’s option, conneetors
will mate without locking).

2. Ease of use.

3. Retention of the hermaphroditic
feature so that any two connectors will
mite and lock together,

L Clompatibility with existing non-
locking Typre 874 connectors.

5. Retention of the guick-conneet
feature the locking
feature is not wanted.

The last two items arve particularly
significant. The ability to conneet to-
gether a non-loeking and o locking type
(aind to use the loek or not to nse it as one
chooses) results in a coaxial connector
svatem of extraordingry Aexibility and
versatility.

Figure 3 shows in detail the
above results have been achieved, The
coupling nut, which fastens the outer
connector to the coaxial line, has been
maodified and a locking nut added. When
two locking Tvee 874's are plugged to-
gether, the locking nut of either ean be

dizconneet when

o

CONDUCTOR
KEYED TO (NSULATOR BEAD |

Co= g

OCTOBER, 1961 @

Isrnm& CONTACTS OF CONNECTOR

/ INNER AND OUTER CONDUCTORS

' [CONNECTOR DUTER CONDUCTOR KEYED)
170 INSULATOR BEAD AND LINE

METAL-TO- METAL JOINT OF |
CONNECTOR TO LINE
THROUGH TWOQ RETAINING
RINGS IN A DOUBLE GROOVE

A A
2

oty

the coupling nut of the
other to lock the connection. The locking
nut on the second connector is backed
ofl 1o a storage position. When the 1wo
connectors are mated and locked, the
coupling uuts are butied together and
provide o stop, eliminating the possi-
hility of damage to the inner or outer
conductor throngh overtightening.

The solid metal-to-metal joint men-
tioned previously is an integral and, in
fuet, essential part of the design of {he
locking conmeetor.

The new locking connectors are avail-

serewed onto

able for use on air lines, eables, and
panels. Locking eable ure
available in five sizes (o accommodate
various popular eoaxial eables, Locking
panel connectors are avalable in both

connectors

recessed and nonrecessed versions, each
having four eable sizeg and one wire-lead
type.

ELECTRICAL PERFORMANCE

Standing-Wave Ratio
VISWR characteristies of typical Type
S7-BL Locking Connectors and Type
[74-B Connectors taken from o earrent
production v are shown in Figure 4.
The slight difference between  the

IE€T
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Figure 4. Typical VSWR of Type 874-B and -BL
Conneclors. Each curve shows the VSWR that a
pair of connectors introduces into o line.

VIWR of the locking and non-loeking
versions is the result of a design feature
whereby the connectors are normally
disengnged very slightly when the lock-
ing nut is fully tightened, thereby pre-
venting forced bottoming, which might
canse distortion of the conneetor c¢on-
tacts. The VEWR characteristie plotted
corresponds to the statistically maximum
disengagement of the connectors.

[n addition to the improved mechan-
ical features of the locking connector, the
rf leakage has been greatly reduced,
owing to the additional shielding pro-
vided by the coupling and locking nuts.
The leakage from typical sets of the
Tyre 874-BL  Locking Connectors is
shown as a funetion of frequency in
Figure 5. The leakage characteristies
of the non-locking Tvee 874 Connector

¥
H

and Types BNC and N connectors are
shown for comparison. An improvement
of approximately 50 db over the non-
locking version is shown.

For these measurements, the con-
nectors tested were inserted in a coaxial
line, which was terminated in 50 ohms.
This line was in turn made the center
conductor of a larger, terminated, 50-
ohm eoaxial line, and the power leaking
into the larger line was measured. The
db values indicated in Figure 5 are the
ratios of the power input to the internal
coaxial line to the leakage power ab-
sorbed in the termination of the larger
line.

NEW AND IMPROVED ADAPTORS

Obviously, the Tyer 874 Adaptors
were designed to adapt Tyrr 874 Con-
nectors to other coaxial connectors, but
equally important is their ability to
interconnect different types of military
connectors without introdueing major
reflections (see Figure ). The more
types of connectors involved, the more
attractive are the Tyre 874 Adaptors.
As an illustration, suppose that the

veoewo | |
. G—0—0 GRBT4-BLILOCKING! — 4 —
+=+=+ BNCINEW TYPE)
30— e g—X N — —
@—w--® GRBTA-B{NONLOCKING)

Y 40 APP MEASUREMENT —=
3 SENSITIVITY (1304k) o Bt T
Z asol— |[ e ~a _+
[ GREM-B~y " T
% ol : ——1 /} ! BNC ,/
2 e f——t——1
X apf——]d 1L - /_./ | b Figure 5. Leakoge
s l characteristics of
§ s0}—— 418 - several types of
= —_— LEAKAGE CHARACTERISTICS coaxial connectors.
R =5 — . sal e oF -
3 | COAXIAL CONNECTORS
il
i
B |

1o 4+ - -

N -
120 RATS-B, ==t
130
[ l [
30 |
o5 0 2.0 3.0 40 50 €0 7.0
FREQUENCY-GC =~
0
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Figure 6, Type B74-QCP and -QNJA Adumu

plugged together. This bly will
Type C iuck to o Type N plug.

equipment in a laboratory contained the
Types BNC, C, HN, LT, N, and UHF
plugs and jacks, The number of direct
adaptors needed to interconnect any
connector with any other type is 60,
while only 12 Tyre 874 Adaptors will
do the same job (and permit connection
to Type 871 Connectors as well). Not
only is there an cconomy in adaptors,
but, since many of the needed 60 direet
adaptors do not exist, a pair of inter-
mediate Tyee 874 Adaptors often com-
prises the most direet means available,

The performance of standard non-
locking adaptors has been improved by
redesign that  incorporates the
connector improvements already dis-
cussed. In addition, most adaptors have
been shortened, and at the same time
the performance of the “military” end
of the connector has been improved. In

basie

Figure 7. Typical VSWR
introduced in line by paoirs of
Type B74 Adoptors plugged together.

La = T T
R
e 10 ¥ o I N FiEENE
§ *jﬁvﬂf)" \5//‘ TN
LA et N 874-0UIA__|
W smadi NN ENEENNE
FREQUENCY=GC

OCTOBER, 1961 @

most cases, the VSWR of an adaptor
with its two connectors is as low as, or
lower than, that of the corresponding
standard military connector (see Fig. 7).

A new, shortened adaptor is identified
by a final A in the type number. Eight
such adaptors are presently available to
connect Tyre 874 Connectors to Types
BXNC, HN, and LC plugs and jacks, and
Types C and N plugs.

Longer life and more reliable per-
formance will be obtained from all new
Tyer 874 Adaptors than from the
standard military connectors to which
they mate, becanse hardened beryllium
copper (or, in some types, phosphor
bronze) is used in the plug contacts
instead of brass,

NEW LOCKING ADAPTORS

To the long list of available Typre 874
Adaptors have been added several popu-
lar types incorporating the new locking
comnector. The locking feature is now

available in six of the more popular
adaptors. Each of these adaptors con-
tainz locking Tyre 874 Connector and a
Type BNC, €, N,. 8C, TNG, or UHF

VIR
§REc

z

£
““3

-" [
it == = \m 7
7-ONaR -G vy 874-QTHP
“wu ' 2 3 L] ] L T
~GC
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GENERAL RADIO EXPERIMENTER 8

Type 874-PRL

Type 874-QNJL

Type B74-QTNJL

Figure 8. A recessed panel connector, Type 874-PRL (shown at left), is converted to other connector types
by the addition of adapters, as shown in the photographs above and in those at the foot of the page.

jack. Thus an instrament equipped with
Tyre 871 Locking Panel Connectors ean
he quickly converted to any of these
military connector systems by means of
rigid, semi-permanent adaptors as shown
in Figure 8.

The quick-conversion capability offers
1o the instrument manufaeturer o basie
panel connector that ean be quickly
:Hl.til\l'*l to meet individual customer
specifications for various coaxial con-
I'urthermore, the
cquipped with the locking

nectors. user of an
m=trument
panel conneetor can readily change from
one lype of connector to another, If the
instrument is equipped with the new
recessed locking panel connectors, the
conversion i3 especially neat, for the
loeking adaptors extend only about an
inch in front of the panel.

Locking connectorsare presently being
used on the panels of several new GR
instruments so that conversion to Type
‘\" ('_ |{X(', =( ', |\(' oar l“]‘ (818 ) § B
pectors ean be made merely by locking
ihe desired adaptor firmly in place. The
connectors  will

use of locking panel

gradually be extended to most instru-

Type B74-QUIL

IET
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Type B74-QBJL

ments in the GR line. Most
ponents (tees, lines, attenuators, pads,

ete.) have been, or will be, modified to

¢Om-

permit the use of either locking or non-
locking connectors.

The older Typr 874 Connectors on
latter components
directly replaced with the locking tyvpe,

these cannot  be
since an additional groove is required
and the groove position is different.
with

non-locking  con-

nectors having the new construction

Components

can be identified by an unused groove
in the outer conductor which appears
directly behind the eoupling nut.

Inereased acceptance of the Tyre 874
Connector has already resulted from the
increased versatility and the improve-
ment in performance. This connector is
well on the way to the same universal
aceeptance that has been accorded the
banana plug, first introduced in the
United States by General Radio in 1924,
The development program which pro-
dieed these design ehanges is continuing
with emphasis on improvement of the
cable conmectors and on further redue-
tions of VSWR,

Type B74-QCIL

IET LABS, INC in the GenRad tradition
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CONNECTORS
Tupe Fiis Code Word  Wrice®
Basic 874-B S0-ohm Rigid Air Line COAXBRIDGE | $1.60 Ser Rin 1
Connectors | 874-8L 50-ohm Rigid Air Line (locking)|  coaxyerprr | 2,50 20001
B74.C 874-A2 Cable COAXCABLER 2.30
B74.C8 RG-8, U Cable COAXCORDER 2.30
Cable B74.C9 RG-9/U, RG-116, U Cables COAXCAMMER | 2.30
Cone | 878-C38 | 874-A3, RG-20.U, RG-55. U,
RG-58/U7, RG-58A /U Cables| coaxeanien 2.30
874-C62 RG-50 U, RG-62, U Cables
(nonconstant impedanee COAXCANDOR | 2,30
B74-CL B74-A2 Cable COAXYROBIN 3.50
874.CLB RG-S U Cubile COAXPARROT | 3.50
Cable 874-CL9 RGO U, RG-116U Cables coAXYIUNCO | 3.50 s
Connectors | 874-CL58 874-A3; RG-249/U, RG-55,U,
~Locking RG-58 U7, RG-58A U Cables | coaxyssive 3.50
B74.CL62 RG-59, U, RG-62/U Cubles
(noneconstant impedance ) coaxyswirr | 3.50
874-PB 874-A2 Cahle COAXAPPLER 3.20
874-PR8 RG-S,/ U, RG-0/U7,
Panel RG-116/U Cables COAXBATHER 3,20
Clonneetors | 874-PB58 | 874-A3, RG-29. U, RG-35 U,
—Flanged RG-58'U, RG-38A U Cables | coaxamater | 3.20
B74-PR62 RG-50/U, RG-62,/U Cubles J
(nonvonstant impedanes) COAXBARKER 3.20
B74-PL 874-A2 Cable COAXYPINCH 375
B74-PLB RG-8/U, RG-9/ U,
Panel RG-116, U Cables COAXYVIREO 75
Conmectors | 74-PL58 | 874-A3, RG-29, U, RG-H5 U,
—TLockin RG-58/1 , RG=58A 17 Cables | coaxTurvsi 3.75
ACKINE | grq.pre2 | RG-59/U, RG-62/U Cables
[nonconstant impedanes) COAXTOUCAN .75
B74-PLT Wire Lead COAXWILLET 3.75
B74.PRL 874-A2 Cable COAXYGUOSE 4,00
B74-PRLB RG-8/U, RG-H/U,
Panel RG-116,/ U7 Cables COAXCONDOR 4,00
Connectors | 874-PRLSS | 8T4-A3, RG-20/U, RG-55 7,
—Locking, RG-58, U, RG-58A /U Cables | coaxevruew | 4.00
Ruvesse B74-PRLEZ | UG39 U, RG-62 'L Cabile
(noneonstant impedanee) COAXAVOCET 4.00
874-PRLT | Wire Lead COAXMERLIN 4.00

“For quantities of 1 to 99; prices {or larger quantities on request

A WTG HOLEY
214 BA |

CONNEC TUR
NTO MOLE &,

4 TG HOLES
@ 134 DA

bl
| || %
3l

" i
TYPE

Figure 9. Mounting dimensions for Type 874 Panel Connectors.

COMMECTOR & MTG HOLES » COMECTOR
MTGHOLE ™ 01 DA ‘w] . MIGHOLE
L - (R o i
i~ '3 A a N ” :;fl
Iadi b | Zadt
ot ¥ _'{ it
Al .
s "
874-PL TYPE B874-PRL
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TO TYPE

BNC

TO TYFS

o

TO TYPE

HN
10 TYPE
LC
TO TYPE
% 7
TO TYPE

TO TYPE

sC

TO TYPE

TNC

TO TYPE

UHF

TO TYPE

274

10
UHF

RIGID
LINE

ADAPTORS
Type® Connects Type 874 1o, . . Code Word Price
874-QBJA | BNC Plug COAXBOGGER | $4.75
874-QBJL | BNC Plug (locking 874) COAXCASHEW 5.75
874-QBPA | BNC Juck COAXBUNNER | 5,25
874 QC.IA C Plug COAXCOGGER 5.50
874-QCJL | (' Plug (locking 874) COAXYPECAN 6.50
874.QCP C Jack COAXCUFFER 6.25
874-QHJA | HN Plug COAXHAWSER | 6,00
874-QHPA | HN Juck COAXHANGER | 7.50
874.-QLJA | LC Plug COAXLITTER | 12,00
s74-QLpa | LC Jack COAXLUGGER | 20,00
g7a.QLTs | LT Plug COAXLAGGER | 20.00
874-aL7P | LT Jack COAXLOBBER | 25.00
874-QNJA | N Plug COAXNAGOER 5.00
874-QNJL | N Plug (locking 874) COAXWALNET | 6.00
874-QNP N Jarck COAXNUTTER 5.00
874-@sC) | SC Plug (Sandia) COAXCOSTER 9.00
874-QscJL | SC Plug (Sandia)
(locking 874) COAXALMOND | 10.00
874-@sCP | SC Jack (Sandia) ('ll\xl'\-'-llh'ﬁ 9.00
874-QTNJ | TNC Plug (Sandia) COAXTUNNER 6.50
874-QTNJL | TNC Plug (Sandin)
(loeking 874) COAXYHAZEL 7.50
874-QTNP | TNC Jack (Sandin) COAXTUSKER 6.50
874-Qud | ULE Plug p COAXYUNDER | 5.00
874-QUJL l‘| IF Plug (locking 874) COAXYBEECH 6,00
874-QuUP UHEF Jack COAXPUPPER 5.00
874-Q2 274 Plug or Jack COAXTIPPER 5.50
874-Q9 038 Binding Posts COAXPOSTER 6.00
874-QNé6 | 274-NO Pateh Cord COAXCHOSER 3.75
874-QUIA | “g-in. H0L UHF Rigid Line,
RG-155/ U (EIA TR-134) | coaxyusmBeRr | 35.00
874.QU2 154-in. 500 UHF Rigid Line,
3 U7 (ETA TR-134) | coaxyusuer | 80.00
874-QU3A | 31-in. 500 UHF Rigid Line,
RG-154 /T (ETA-TR134) | coaxvrnrea | 135.00

cutes that the sduptor containag n

*In adaplor type numbers, o J indieates that the nnluplur containg o jack and o Tyre 874 Connector; 8 P indi-
re 874 Connector. For example, a Tyre 87401 Add
contains o UHF pliug and & Tyree 874 Connector, nnd will therefore adapt a Tyee 874 to a UHF jack.

Three tools have been added to the
Tyee 87T4-TOK Tool Kit to help in the
mstallation of locking connectors on air
lines and other components.
installations, it may not be possible to

G

NEW TOOLS FOR
TYPE 874 LOCKING CONNECTORS

In such

534 Main Street, Westbury, NY 11590
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slide back the coupling nut (sce Figure
3 in preceding article) enough to expose
the retaining-ring grooves because of
changes in diameter of the outer condue-
tor or various other obstructions; setting
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Figure 1. Type B874-TOK Tool Kit consisting of
(lef) an outer-conducter wrench and an inner-
conductor wrench, (right, top) a coupling-nut
wrench, and (right, bottom) ring installation toels.

the rings into the grooves can then be

difficult, especially inasmuch as the rear

ring must pass over the front groove on

the way to its position. The three new

tools make installation of the retaining

rings a simple matter whether grooves
T upe

874-TOK Tool Kit.

OCTOBER, 1961

are exposed or not. The ring is first
placed on one of two eyvlindrical loaders,
depending on which groove it is destined
for. The loader is then placed over the
outer conductor and the third tool, o
evlindrical pusher, is placed over the
loader and used to push the ring off the
loader and into place in the groove.

The other tools m the T'yree 87110 X
Tool Kit, deseribed in the May, 1960
Experimenter, are an  inner-conduetor
wrench to hold and mstall the insulating
bead and the inner connectors, and an
onter-conduetor wrench and a coupling-
nut wrench to install the outer connector
and to tighten the coupling nut.

Code Waord

Price

COAXKITIEN $20.00

ANALOG OUTPUT
FROM THE DIGITAL COUNTER

Igital counters offer high precision
and aceuraey combined with a degree of
operating convenience for visual readout
that

means, In many applieations, however,

is not easily obtaimed by other
it is desirable to have permanent records.

Digital printers are useful for this

purpese when individual point-by-point
measurements are |'H:I.lll'. l!llt, \\]1!'11 Ih('
data vary continuously, the printed in-
formation must be evaluated line by

line. Unless automatic cquipment e
be used, this process i< tedions and slow.

For instance, if the frequency of a
cpuert 7,-(‘1‘_\‘-!:.] oseillator as o funetion of
temperature is to be determined, o
direct analog plot of frequeney versis
temperature 1= usually wanted. Figure
2 shows thiz information in both forms;
the analog curve and the printed data.
The eurve takes only seconds to eval-

uate, while little can be deduced from

Figure 1. Panel view of the Type 1134.A Digital-to-Analog Converter.

IET
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the printed figures without manual plot-
ting. In addition, the temperature values
corresponding to individual printed lines
are easily available in analog form
(from a thermocouple) while conversion
into digital form (to print along with the
other data) is both eumbersome and
costly.

Although no analog output can he
acetirate to 6 or more places, the analog
acecuracy 1s quife adequate for inere-
mental measurements. Operating from a
digital counter, the analog system can
always be used to interpolate. If the
counter displays 8 figures, the analog
output can be made to represent any
two or three ol the 8,

The erystal oscillator frequency in
Figure 2 varies only by a few parts per
million over the temperature range. The
[nll=seale sensitivity is 20 ppo and with
0.17, incremental aceuracy, 2 x 10-9%
can be observed. Note that the digital
record does not provide higher accuracy
or resolution; the first five figures re-

main eonstant and can be taken as “a
priori” knowledge. There really
need to record them more than onee,
which ean be done manually. Usually,
the inerements are the only information
of interest.

Where the information varies rapidly,
mechanical printers are not able to fol-
low the changes. Most are limited to less
than 10 lines per second. The cost of
higher speed printers is prohibitive for
most applications, The analog recorder,
on the other hand, ean plot eurves with
much higher speed. Digital-to-analog
conversion ean be very fast and re-
corders with better than 1-ke bandwidth
are avatlable. Thus, information can he
recorded much faster than with a me-
chanieal printer. A typieal example is
the measurement of short-term stability
of oseillators. Samples as short as .01
and 001 second are of interest and the
information is colleeted at a rate ap-
proaching 100 or 1000 samples per second.
Figure 3 shows the short-term stability

15 no

I"‘l‘ivi‘ﬁﬁf‘
49984297
499842965
49984293
433aazes
Figure 2. Frequency-vs-temperature characteristic of 5-Mc crystal, d;:ldall
Full scale For analog curve was 100 cps, each minor division 1 cps. ::;23:;
Only the significan! port of the analog record (from 4998420.0 to :'H‘g:g‘lg
4998460.0) is reproduced here. Gate time was 10 seconds. The .:8..,35
digital record shown corresponds fo the marked section of the curve :::::g;g
between 43.3°C and 56.5°C. 49084270
49954247
4998424548
. 4263
o azs2
49984R40
0| AgGaMZEE
apgBaasT
493842854
A9984204
499842563
20984252
49584250
49984249
4ggaazan
49984247
d09a4zab
g | avosazaa
EAALEELES
- 49984243
G T / 499B4zdz
1 || $33REEiT
! 7 358050
499p8z240
/ ] 19954239
3 - 49984235
~~—11 49984355
T 496p4az3e |
S9aHaz0 ! L | 49984238 |
] ia 20 30 a0 50 80 70 | Asaesszl |
TEMPERATURE IN DEGREES GENTIGRADE
@
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Figure 3. High-speed record of the short-term stability of iwo GR Type 1113-A Stondard-Frequency
Oscillators. The 5-Mc oulputs are multiplied te 1 Ge each, and the frequency is adjusted for @ 105-cycle

dad © (T

beat, wh

period is

g rafe is about 100 samples per second with an averaging time

of about 0.01 second. Over-all bandwidth of the measuring system was over 120 cps.

for .01-second samples of a pair of GR
Tyee 1113-A Oseillators. The informa-
tion is collected at the rate of 100
samples per second, fur heyvond the speed
of mechanical printers.

Until recently a digital printer was
necessary for mechanical eonversion of
digital input to analog output, but the
introduction of digital counters with
storage facilities' has made possible the
use of electronie conversion. This has
reduced the cost of analog recording
well below that of digital printing.

In conventional counters the result
of the measurement is displayed inter-
mittently. While the counter is aceu-
mulating information, the decade states
vary continnously, and information to
be printed or plotted is available only
during each display time. (Some scheme
might be used to disconnect the recorder
during counting time, but then the re-
corder would return to zero each time.)
Figure 4 shows the analog output ob-
fained from conventional decades. A
frequency of about 345 e¢ps is counted for
10 seconds and displayed for 5 seconds.
The analog ontput is derived from the

'R. W. Frank and H. T. MeAleer, A Frequency Counter
with a Memory and mlh Tuilt-Tn Reliahility.” Genéral
Kadia Experimenter, 35, 3. May, 1941,

last three digits of the counter. The zero
on the recorder corresponds fo 300 cps,
the full scale to 400 cps. Note that the
analog output during the counting time
varies from zero to [ull seale several
times. Usable information is plotted
during display time only.

Storage counters, on the other hand,
have completely separaied storage dec-
ades. At the end of each counting
interval the data are transferred from

Figure 4. Analog oulput from 3 conventional
decades. Usable information is available during
display time only. Gate time was 10 seconds.

- 400 cps.
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=T &
e N L o i

CouNT

Figure 5. Analog outpul from 3 storage decades.
The oulput is the result of the previous count,

fhe connting decades info storage. The
counting decades immediately resume
counting, and at the end of the next
imterval the new  data are
fransferred again, The information in
the storage decades changes only at the
transfer time (ad the end of each counting
interval ) and only if the result of the last
count is different from the preceding one.
Analog output obtaimed from the storage
decades will always represent the result
of the previous count and vary only
when the input to the connter ehanges.
This vesults in o faithful reproduction
of the input data, IF the same measure-
ment as in Figure 4 is made using a
storage cotnter, the analog output is a
straight line as long as the wmput stays
constant. In Figure 5 the input fre-
quency is varied. The analog output
follows the variations of input data. In
Iigures 1 and 5 the sampling rate is
about 1 sample every 10 seconds, This
low sample rate results in (he steps
shown in the graphs. A smooth curve
would result if either the sampling rate

counting

IET

534 Main Street, Westbury, NY 11590

were made higher or the paper slowed
down,

These advantages have been realized
in the GR Tyre 1130-A Digital Time
and Frequency Meter, and the Tyre
1134-A Digital-to-Analog Converter has
been designed as o companion instru-
ment. This converter can be used with
other digital equipment if proper input
logie voltage levels and weighting are
available (see specifieations). The im-
portant features of this instrument are
its aecuracy and stability of 0.19 and
its high conversion speed of over 1 ke.
It can be used to full advantage either
with precision recorders or XY plotters
of 0.197 aceuracy or with high-speed
recorders 1o beyond 1 ke,

CIRCUIT DESCRIPTION

The mput signals are obtained from
the four storage decades of the counter.
A digit-selector switeh permits selection
of the first three, or the last three, or the
last two digits to be recorded. IT three
digits are recorded, the output incre-
ments are 0.19 each. For two digits, the
increments are 19 each. The output is
either 1 ma for galvanometer recorders,
or 100 mv for potentiometer recorders.

Principles of Operation

Figure 6 is a simplified schematic
diagram of the converter. Twelve input
lines (4 for each deeade) connect the
electronic switches 8-Sy to the flip-flops
in the counter's storage decades. The
nominal input voltages are 465 v for a
binary 1 and 4185 v for a hinary 0.
For a decade in state 9 (deeimal) all
fouwr flip-flops are in binary state |1
(+065) and for decimal 0 all flip-Aops are
in binary state 0 (+185). Each of the
electronic switches, S;-8, connects the
associated ontput resistor (weighting re-

IET LABS, INC inthe GenRad tradition

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



15

sistor) to 0 for a 4 185-v input (binary 0)
and to a very stable voltage, E, for
4 6i5-v input (binary 1).

Assume that the recorder has zero
impedunce and a 1-ma full-scale sensi-
tivity and that the voltage 15 is —30 v.
When Si-8p are in the “on’’ position, the
output is made up of the following
currents:

8, 100 pa

Sa 200 pa 100's deeade
=, 100 ua "otal — 000 pa
S 200 wa

Sa 10 wa

= 20 ua 10's decade

=y 40 ua Total — 90 wa
Ss 20 ua

S I ua

S 2 pa 1's decade

Sy 4 pa Total — 9 ua
Sy 2 pa

The sum of all branch currents is 999 ua.

If the impedance of the recorder is not
small compared with the impedunce of
this resistive network, then the voltage
IZ can be inereased bevond —30 v to

=29 TO -35v E

OCTOBER, 1961

allow for the voltage drop across the
recorder. For a 1000-0hm recorder, 19
would be =31 v to produce the proper
full-scale reading. Sinee the counter can
be set to 999, ealibration is simple, and
the recorder impedance need not be
known.

To operate a 100-millivolt potention-
eter recorder, an internal 100-ohm re-
sistor is switched across the output ter-
minal.

Standardizers (Electronic Switches)

Figure 7 is a detailed schematice of one
of the electronie switches, For +185-v
input (binary 0) Qq is turned off, Qu i= on,
The current through Qu would canse
point A to be positive, but the elamping
diode CR2 conduets and holds point A
at a few tenths of u volt positive with
respect to 0, say 0.5 v. For +65-v in-
put (binary 1) ; is on, () is off, and
point A is elamped to voltage 15 hy CR1.
Again, the forwurd drop across CRI
canses about 0.5-v offset from [, Assume
that E is —29 v. Then A will be either
+0.5 v or —20.5 v. This 30-v swing is
required for full output into zero load

Figure 7. Detoiled schematic diagram of one of

the electronic switches.

i—!! E
TO I00'S DECADE
DIBITAL STATE I1-1-1+9 b
RZ - R "4 7
. FTare e A bl
as our
T e 53k 3 X cR2
4 L1 i
+|\50 m Iu ]
TG IG'S DECADE 4881 - .1' iy ] 300% ? N & ik
=== fs7}
DIGITAL STATE 1-04-0-8 ! bt e 2Ns20A 2N373
'-gf 1 150K :
L] 12
+65 |
9 o
TO I'S DECADE . x Whe— ©®
DIGITAL STATE j=i=i-0sT — . o ouTRUT
] = 80 4
0 (NOT GROUNDED)
ELECTRONIC
SWITCHES ZERO
Figure 6. Simplified schematic diogram of the Figure B. Offse! voltage is connecled in series
Converter. with the sulput terminals.
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Figure 9. Capacitance-vs-temperature of a capacitor with high dielectric constant. The data
were obtoined by measuring the peried of an RC oscillator.

impedance. To be able to ground one
side of the recorder and to prevent cur-
rent from flowing throngh it with the
+0.5v at A, an offset voltage is con-
neeted in series with the output terminals
(see Figure 8). The common or low-po-
tential side of the eircuit (0) is not
grounded to the chassis, but is at about
—0.5 v. Beeause the forward drop of the
diodes varies about 2 mv per °C, tem-
perature control was necessary.  All
eritical elements are housed in a con-
stant temperature oven.

Power Supply

There are four regulated voltages of
— 556 v, +18 v, +12vand an adjustable
supply of —29 to —35 v. The latter (for
the standardizer clamp voltage E) di-
rectly affects the stability and aceuracy
of the instrument, and, henee, critical
components are temperature controlled.

.

The stability of this supply is better
than 0.05%, for line, load, and tempera-
ture changes. Temperature compensia-
tion reduces the warm-up drift to less
than 0.539 so that in many applications
no warm-up interval is required. The full
0.197 stability is obtained after about 30
minutes.

Applications

Figures 2, 3, and 9 illustrate a few
of the many uses of the digital-to-analog
convertor. In all of these, it is an im-
portant advantage to have the data in
the form of a continuous curve, rather
than a printed digital record that must
be analyzed in detail before it can be
interpreted. The additional advantage
of high-speed plotting is an important
one for many applications.

— H. P. STRATEMEYER

SPECIFICATIONS

Data Input: BCD, weighted 1-2-4-2 or 1-2-2-4,
Binary “1" 490 v max. Binary “0" +150 v
min. Source impedance 500 kilohms, max.
Tnput impedance 1 Mo Can be driven from
Genersl Radio Type 1130-A Digital Time and
Frequeney Meter or Tyee 1131-P4 Storage
Units. Digit selector switeh selects any ad-
jacent 3, or the lnst 2, of 4-decade input.

OQutput: 1 ma with 30-kilohm source impedance
or 100 myv across 100 ohms. Positive side
grounded.

Load: 2000 olims maximum for 1 ma. 2000
ohms minimam, for 100 mv.

Linearity: .05, of full seale.

www.ietlabs.com
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Stability: +.02%, for +15% line. 4.03% for

ambient from 0-50C",

Warm-Up Drift: Less thun 5, of full
Thermal equilibrium after 30 minntes

Power: 100 1o 130 (or 200 to 260
100 eps 830 watts maximum.

\l‘:lli'_
volts, 30 1o

Accessories Supplied: ower vord, spare [nses,

OCTOBER, 1961

eable to conneet to Tyre 1130-A Digital Time
und Frequeney Meter,

Transistor Complement: One 2N1374, two each
2N1184, 2N1377, fourteen 2N520\, nml
twelve 2N 137
Dimensions: Width 19, height 315, depth 131,
inches (485 by 85 by 345 mm), over-all,

Net Weight:

1615 pounds (7.4 kg).

T e | Caode Word Priei
- —— = | = s
1134-AM Digital-To-Analog Converter (Bench Model | MOTTO $595.00
1134-AR Digital-To-Analog Converter (Rack Mount) | MINOR | 595.00

A NEW, NARROW-RANGE DELAY LINE

2 HOLES #25
} GF- fiastoaiLy

Figure 1. View of the
Delay Line.

Figure 2. Mounting
Dimensions.

There has arisen recently an important
aronip of applications for variable delay
lines with short delay ranges. These are
used as radio-frequency phase shifters,
ustally as trimmers for phase adjust-
ment. They have applications in radar,
in computers, and in other pulse-operated
:'1[\Ii|1|||='lll.

Fhe Tyre 301-8104 Variable Delay
Line, shown in Figure 1. has been de-
signed Tor these applications, It is u small
distribited-winding unit with a sliding
tap for the adjustment of the delay. The
winding is on a standard potentiometer
huse, whose dimensions are given in
Figure 2. Precious metal wirve is used in
the winding to ensure relinble contact.
Capacitive coupling between the termi-
nals is minimized by shielding.

The pulse response of this delay line
i« <hown in the oscillogram (Figure 3)
taken the [
Lamatron 112 Oseilloseope. The sweep

which is from sereen of a

IET
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-'iwwl 1570 l|;1!1|!‘-‘='l‘nlh|.\' per centimeter
The photograph shows two sweeps, the
first with the delay line get for mummum
delay, and the second with the line set
for maximum delay. Delay, rise time,
baseline 1'i|1]l|l'. :l]lll |n||-l' 1li~1-rl'li~!ll CiLn
aph. At-
the short

be measured from the photog
15 low beenuse of
and
between units.

APPLICATIONS

Delay lines of this type are very useful

teruation

delay  range may differ slightly

in the various correlation techniques for
improving signal-to-noise ratios in radar
and space-probe communication links.
Other applications include phase trim-
ming for multiple-unit steerable-array
(MUSA) antennas in the i-f channels and
similar antenna phase trimming in the
i-f amplifier

svstems  of  monopulse

radars.

Figure 3. Pulse response of Delay Line.

IET LABS, INC in the GenRad tradition
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There are many pulse applications for
these narrow-range delay lines. A enm-
mon one is the use as a pateh-cable delay
coualizer in o digital computer using
short, [ast-rise pulses. Others inelude
the adjustment of delay in coincidence
cireuits of ecounters and the
frinming of pulse eoincidence in com-
puter cireuitz. There are applieations in

nuelear

pulse-forming networks, and as sub-
stitutes for coaxial eables in various
short-rise-time  delay networks.  One
advantage of the wire-wound type of
delay network as compared fo conxial
cables is that one can adjust the delay
both ways from a median setting, a
process that is obviously quite difficult
with cables.
— I, "B LEwas

SPECIFICATIONS

Delay Range: () (upprox) to 25 nanoseconds

(10%,).
Resolution: (106 ji=ee.

Characteristic Impedance: 200 olims 42077,

Voltage Rating: 1500 volts, peak, winding to
ground.

Dimensions: (Body diameter) 135 hy 2 hy
(thickness, exelusive of shaft) 15, 16 inches
(45 by 51 by 24 mm); <haft diameter, 14 inch

Fulsg Rise Time: 2.1 nunoseconds (approx) at (6.4 mm); shaft extension bevond hody,
miaximum deliy. 14 inch (19 mm).
DC Resistance: 5.5 ohms (201, ), Net Weight: 115 oz (45 grams).
Type | | Code Word | Price
301-5104 Variable Delay Line, . .......cuvrvvmrnnans I NEEDY $48.00

NEW DISTRICT OFFICES

[n September, the General Radio
Company opened two new sales offices

Syracuse, New York, and Orlando,
Florida, for the convenience of our many
customers in these areas.

The Syracuse Office is managed by
Leo . Chamberlain, formerly of our
New York Distriet Office. The Syracuse
address:

Gieneral Radio Company

Pickard Building

IZast Molloy Road

Syracuse 11, New York

Telephone: GlLenview 4-9323

In Florida, the manager is John C.
Held, formerly of the Washington Dis-
frict Office. The Orlando address:

Cieneral Radio Company

113 East Colonial Drive

Orlando, Florida

Telephone: CGiArden 5-4671

IET
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Both men hold engineering  degrees
and have several years' experience with
General Radio instraments, both at the
factory and in the field. They and their
staff are prepared to give prompt tech-
nical and commercial service to our
customers in the busy industrial areas
of upper New York State and Florida.
Please feel free to make use of these new
facilities if you are located in either of
these areas,

L. J. Chamberlain

J. C. Held

www.ietlabs.com
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J. E. Snook

K. Adams

Other Personnel Changes
in Our Sales Offices

Kipling Adams, formerly manager of
our Philadelphia area office in Abington,
Pa., has returned to our main office as
Assistant to Sales Manager to aid in the
administration of our growing number of
district sales offices. His many years of
sales experience in our district offices is
a valuable asset in his new activity.

John E. Snook, who for several years
has been a sales engineer in our Philadel-
phia Office, is now the manager. He is
assisted by Carl W. Alsen who was

C. W. Alsen

OCTOBER, 1961 @

J. L. Lanphear

recently transferred to this office from
our main office. Our Philadelphia office
is responsible for sales in the important
industrial states of Pennsylvania and
southern New Jersey.

J. Peter Eadie has been transferred
to our New York District Office from
our main office at Coneord, Mass, He is
responsible for sales coverage in the
Long Island area.

James L. Lanphear has recently been
transferred from our main office to our
Washington, D.C., area office located in
Silver Spring, Maryland.

ERRATA

Several errors of omission and com-
mission in past issues have recently
come to our attention.

July-August, 1960

Page 6 (Tunnel-Diode Measuremends)
Equation (1), last term in denomi-

nator of expression for G, should be

(28]
¢ L
November-December, 1960

Page 11, Figure 2. (Crystal Discriminator)
A ground was omitted from this dia-
gram. Corrected diagram is shown here.

DFFERENTIAL BALANCING CAPACITOR SLSTANCE
EF JOMNSON 190A1 BALANCE
e indan
..
5
A ) our
o o
g £ oo Voo
| s
{
. e
IN34a .‘b

April, 1961

Page 14 (Type 1120 Frequeney Standards)
Net weights given are too low. Cer-

rected values are Tyee 1120-A, 275

www.ietlabs.com
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pounds (125 kg); Tyee 1120-AH, 325
pounds (148 kg).

May, 1961
Page 14, Figure 12. (Type 1130-A Digital
Time and Frequency Meter)

The timing diagram for the counting
and storage decade is not too elear and
contained some errors. The diagram
shown herewith should be used.

SO ofe— e G4TE CLOBES - — e caTma
3 e 02 pm

: 1
Lot et e SoAAAR AR SRt
AT s, g
i i3
g |

In the first column on this page, this
time sequence is deseribed. Item 1
should read: After a 250-usec delay, the
storage units are . . .

Page 19, Sensitivity Specification

The sensitivity as given is 0.25 volts

rms. This is the worst case, and the

instrument’s sensitivity is 100 milli-
volts up to 3 Me, rising to 0.25 volts
at 10 Me.

Page 20, Price Table

The first two 1tems should read “In-
cluding Type 1130-P1 Coupling Unit
. . ." (Please note that the Tyre 1130-P1
is nof a complete time-base unit and must
be fed from an external oscillator,)

July, 1961
Page 9 (RC Null Circuils)

The tuning law of the cirenit used
in the Tyre 1232-A Tuned Amplifier
and Null Detector and its dual is in-
correct. It should read:

|

RCV (14 2K)a(l — a)
Page 10 (Transfer Voltage Ratio)
In the next to last sentence, “ . . . (or
a real Zy) . . ." should read “ . . . (or
areal zn)...”

K. L. NYMAN

Karl Lauri Nyman, of the firm K. L. Nyman, of Helsinki, died on August
27th. Mr. Nyman has represented the General Radio Company in Finland
for more than twenty years. His loss will be keenly felt by his many friends

in Europe and in the General Radio organization, both in the United States
and overseas,

The K. L.
Finland under the capable direction of Mrs. Nyman who for many years has
been closely associated with all phases of the firm's operation.

Nyman firm continues as GR’s execlusive representative in

General Radio Company

N
gt
us e
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