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Figure 1. Panel view of the 12-Mc Synthesizer. Note the similarity to the 0.1-Mc and 1-Mc models
shown above,

12-MC
COHERENT DECADE FREQUENCY SYNTHESIZER

The GR family of frequency syn-
thesizers now welecomes a new member,
the 12-Me Typre 1163-A. Like its older
brothers' it uses modular construection,
which allows one to order at minimum
cost the degree of resolution needed for
one’s application and also to add in-
ereased resolution later, if needed. Other
features, common to the 1160 family,
include 2-volt output, in-line readout,
provision for sweeping, programmable
options,” and ac or battery operation.

The Typre 1163-A Coherent Decade
Frequency Synthesizer, first displayed
at the IEEE Show in March, is now in
production. Using the same principles
proved in the earlier instruments of the
series,! 1t produces coherently syn-
thesized sine-wave frequencies up to
12 Me/s, selectable in l-cycle steps.
A continuous interpolation dial cali-
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brated in 0.01-eyele divisions improves
the resolution by at least two significant
fignres,

In appearance, the Type s11063-A
closely resembles the Tyres 1161-A
(100 ke/s , top frequency) and 1162-A
(1 Mec/s), as illustrated in Figure 1.
Like them, it is a frequency-coherent,
beat-frequency osecillator, in which the
two frequencies heterodyned to produee
any chosen final output frequeney are
derived from a single, self-contained,
A-Me, master erystal oscillator. Figure
2 shows in simplified form the basic
principles of operation of all three
types.

The final output of the Tyre 1163-A
is at the difference frequency between

P Athertom Noyes, Jr., “Colierent eeade Freguency
Syothesizers,” General Radio Erperimenter, September
1634

(i, H. Lobrer, " Remote Programming for GR Syn-
thesizers,” General Radio Erperimenter, May 1965,
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Figure 2. Block diagrams of the three GR

synthesizers. All

b Bl d

operafe on the same

principles and use inter

a signal synthesized anywhere in a con-
tinuous band from 50 to 51 Me/s and a
second signal generated, at 1.0-Me in-
crements, between 50 and 39 Me/s, in-
clusive. The synthesized frequency be-
tween 50 and 51 Me/s is produced in
exactly the same way as in the 1-Me
Synthesizer!, and all plug-in modules
used in the direct synthesis of the
5= to 5.1-Mc band are identical and
are readily interchangeable in syn-
thesizers of all three types.

Two new modules are used in the 12-
Me Synthesizer — the TyprE 1163-DI-4
Digit-Ingertion Unit, which develops
steps of 1 Me/s, and a new mixer, the
Tyre 1163-OMM-2 Output Multiplier-
Mixer.

The digit module generates the 1-Me
series from 50 to 39 Me/s and has 12
positions, 0 through 11. Although it is

! [hid,
 [bid.

iz similar in size to the basie
the two are not interchangeable,

The mixer accepts at one end the
5/5.1-Me synthesized signal from the
DI-1 and CAD train; its second input,
at 50 to 39 Me/s as selected by the DI-4
dial, is mixed with a signal between 50
and 51 Me/s produced in the unit by
multiplication of the 5/5.1-Me¢ input by
ten. It is noteworthy that the slight
departure from the strict decimal sys-
tem in the DI-4 unit — 12 numbered
settings instead of 10 — gives a very
useful extension beyond the normal
10-Me decade limit, without the neces-
sity for an additional digit unit.

Sinee the DI-4 performs an entirely
different electrical function from any
of the DI-1 units, the CAD cannot “ re-
place” it in frequency, and, hence, no
CAD pushbutton is provided for this
position.

At the upper end of the output-fre-
quency range the ratio of frequencies

DI-1,

@&
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applied to the output mixer is not so
favorable to the suppression of spurious-
frequency mixing products as it is in
the lower-frequency synthesizers, and a
low-level, more nearly square-law
mixer is required, This mixer is followed
by a broadband preamplifier (30 ¢/s to
12 Me/s) and the final output amplifier.
The chassis of the Tvee 1163-A Syn-
thesizer is superficially the same as that
used in hoth the Tyre 1161-A and
the Tyer 1162-A Synthesizers but dil-
fers in minor particulars. The two
chassis are not interchangeable.

Except that there is no direet-
coupled output provided, the operating
controls and techniques are identical
with those of the other members of the
(iR synthesizer family.

Continuously Adjustable Decade (CAD)

The Continuounsly Adjustable Decade
(CAD) can replace any chosen group of
DI-1 units in exactly the same way! as
in the other instruments for search,
sweep-frequency, or phase-tracking ap-
plications, and provisions for monitor-
ing the CAD deviation from replaced
dialed digits are identical. By means
of the monitoring circuits, one can set
the CAD precisely to three, or even
more, significant figures, in terms of the
digit dials.

Up to four DI-1 Digit-Insertion Units
and the CAD can be omitted from any
instrument, if not needed for the in-
tended application, at a saving in
initial cost, yet ean be installed at
any time. The rapid and easy inter-
change of modules between synthesizers
also makes possible the transfer of
digit units between instruments to suit

L Thedd,
= it
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the needs of the moment. All modules
except the DI-4 Digit-Insertion Unit
and the OMM-2 Mixer are identieal
with corresponding plug-in units in the
other GR synthesizers and interchange-
able with them.

Remote Programming

The RDI-1 Unit? can be plugged into
any or all DI-1 digit stations in the
Type 1163-A, just as in the other mem-
bers of the family, wherever remote
programming is required. At the present
time a remotely programmable version
of the DI-4 is not available.

Output Impedance Control

The screwdriver-operated  switch
near the output conneetion, which in
the Tver 1161-A/1162-A chassis selects
between ac and de output coupling, is
used in the Typre 1163-A to set the
value of output impedance, after the
point monitored by the panel voltmeter,
at either 50 ohms or zero. When an
impedance match to a 50-ohm load is
not required, a voltage adjustable up
to at least 2 volts, rms, will be delivered
to a load of 50 ohms or higher when the
switch is in the zero-ohm position. At
the 50-ohm setting, 2 volts, rms, are
available behind a 50-ohm matching
resistor. The range of the output level
control is at least 30 dB without insta-
hility of setting.

Receptacles ot the Rear™®

In this synthesizer, three BxC con-
nectors are mounted at the rear of the
instrument to give access to the syn-
thesizer ovTpuT, the EXT CAD CONTROL
input circuits, and the CAD deviation-
*The rear receptacles uoted here are slso incorporated

in all eurrent-production Tyees 1161-A ond 1162-A
Synthesizers,
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monitoring BEAT terminals on the front
panel.  One  additional subminiature
receptacle, identified as 5/5.1 Me/s
REFERENCE, also s installed. This con-
neets to the ontput of the pushbutton-
replaced group of DI-1 units (group
with dial illumination extinguished)
for use in certain specialized appli-
catlons.

At subminiature receptacles, which
appear at the rear of the deck, other
useful frequencies are available (see
Specifications).

— Arnerron Noves,

I,
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Frequency Range: 30 ¢ s 1o 12 Me s

Smallest Digital Step: | ¢ s,

Smallest Direct-Calibrated CAD Increment: .01
/8.

Max Bandwidth Controllable by CAD: 1 Me s
Spurious Frequency Owtputs: Harmonic, < =34
dB3; non-harmonie, < =60 15

Synthasizer Quiput: () Lo 2V, metered, hehind
50 40 0 to 2 V, metered ot output receptacle
after low impedance,

Output-Frequency Characteristic: = 1.5 dly, mux,
50 ¢/s ta 12 Me_ s; 5042 lond.

Output Terminals (at front-panel binding posts
and ot rear BNC conneciors): Synthesizer o00i-
PUT, EXTERNAL CAD contiol, and BEAT, ;
Other Outp (at rear tors): 100 ke s
and 5 Me s (0.5 V, rs, min, geross 50 82); 349 1o
50 Me ‘s in 1-Me steps, 50 to 51 Me g 5 to 5.1
M /s, 42 Me s (0.1 'V miin aeross | k),
Operating Temperature Range: () to 507 (1,
Internal Fregency Stondard: [loom-tempernture,
quartz-crystal  oscillutor.  Temperature  co-
efficient of frequency is typically less than
2 % 1077°C fromm 20°C to 50°C. A front-panel
frequency adjustment is provided. Crystal ean

eusily be phuse locked to an external standard,
Lock Signal Input from external standard (if used):
025V, rms, ta 5V, rims, 5 Mc s, or any sub-
lIllIItI'JIL down to 100 ke 's. Input imipedance is
approximately 1 ki fur low-level siguals; drops
to npproximately 50 2 uﬂ'vt-l:vv at high level.
Power Required; 105 to 125, 195 to 235, or 210
to 25\[] V, 60 ta 400 ¢ 8, 55 “F; or 20 to 28 V, de,
Accessories Supplied: T'vire 87T1-R2Z2ZLA Coaxial
Piateh Cord, Bridging Unit (mainfenanes sib-
stitute for D), Panel Insert for use with
Bridging Unit, Tyre CAP-22- 3-wire Power
Cord, spare diad lamps and fuses.

Terminals: Locking GRSTE couxanl, Tyer 0938
Binding Posts, BNC, and miniature conxial
Cabinet: ltuck-hench; end frames for bench
mount and fittings for rack mount are eluded,

Dimensions: Dench model — width 19, height
Aly, depth 1515 inches (185 by 185 hy 3U5
mim; rack maodel — width 19, height 514,

depth behind panel 13 inches (185 by 135 by
330 o).

Net Weight: 38 1L (17.5 ki)

Shipping Weight: 15 Ib (2005 kg).

MANUAL OPERATION

f"'ﬂfm‘w; No. Type
1163- 9597 1163-A7C 7
1163-9594 1163-A6C [}
1163-959° 1163-A5C 5
1163-9594 1163-A4C 4
1163.9593 1163-A3C 3
1163-9417 1163-A7 7
1163-9416 1163-A6 (]
1163-9415 1163-A5 5
1163-9414 1163-A4 4
1163-9413 1163-A3 3

.

@'
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Uit Ireluded Pricedn US4
Units+CAD ”&00 00
Unirs+CAD 5160.00
Units+CAD 4720.00
Units+CAD 4280.00
Units + CAD 3840.00
Units 5100.00
Units 4660.00
Units 4220.00

DI Units 3780.00
DI Unirs 3340.00
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REMOTE /MANUAL OPERATION

Catalog No. Type Units Included Pricein USA
1163-9527 1163-AR7C 1 DI+6 RDI Units-+ CAD $6110.00
1163-9526 1163-AR6C 1 D15 RDI Units+ CAD 5585.00
1163-9525 1163-ARS5C 1 DI--4 RDI Units--CAD 5060.00
1163-9524 1163-AR4C 1 DI--3 RDI UnitsCAD 4535.00
1163-9523 1163- AR3C 1 DI--2 RDI Units-+CAD 4010.00
1163-9507 1163-AR7 1 DI-{-6 RDI Units 5610.00
1163.9506 1163-AR6 1 DI45 RDI Units 5085.00
1163-9505 1163-AR5 1 DI+4 RDI Units 4560.00
1163-9504 1163-AR4 1 DI+4-3 RDI Units 4035.00
1163.9503 1163-AR3 1 DI+~2 RDI Units 3510.00

THE GR SERIES OF SYNTHESIZERS

The presently available GR syn-
thesizers, Tyres 1161-A, 1162-A and
1163-A, have digital frequency selection
up to top frequencies of 100 ke/s, 1
Me/s and 12 Me/s, respectively. Each
instrument, when fully equipped, has
seven dials adjustable in digit steps and
an eighth dial adjustable continuously,
Sinee the maximum number of digit
dials is fixed, it follows that the smallest
available digit step increases in size
as the available top frequency in-
creases. Thus, the Tyem 1161-A has
digit steps as small as 0.01 ¢/s, and the
corresponding values for the Tyres
1162-A and 1163-A are 0.1 ¢/s and
1 ¢/s, respectively. For any application,
therefore, the finest resolution can be
obtained with the lowest-frequency
model capable of covering the required
range.

Also, the Typrr 116G1-A has, in prin-

ciple, ten times better phase stability
and ten times smaller nonharmonie
spurions outputs than the other two,
as will be seen in the accompanying
table of specifications. The Tvyvrus
1162-A and 1163- A are nominally equal
in these respeets, so a choice between
them can, in most cases, be made on
the basis of range and resolution only.

The modular eonstruetion with inter-
changeable plug-in units yields a further
advantage, which may influence the
choice of synthesizers.

The Tyre 1161-A and the Type
1162-A can be transformed, each into
the other, inexpensively, by the use of
conversion kits comprising, principally,
the output mixer modiles. The 1160-
3040 conversion kit ($205.00) will
change a Tyer 1161-A into an 1162-A;
for the reverse transformation, kit
1160-3030 is used ($155.00).

Type 1161-A | Type 1162-A Type 1163-A
Frequency Range: 0-100 ke/s 0-1 Me/fs EII:TZ Me/s -y
Smallest D!glfél_;!ap.' Sl Em/_s___ __0 |_c_/s_— 5 ) '| ?f_s_
_;mnilesl Direct-Calibrated CAD Tt 1| i A | =
Increments (A7C-models only): 0.0001 ¢fs 0.001 ¢fs 0.01 ¢fs
Mu;-ﬂnndwidi-h C_o;ﬂrnllubla by cAD: iz iOB kefs i _1 Mefs 1 Mcfs
_ETI-I WMM_CI!I'_I;E_;BJ in: ._—;Il_lii-gil'[;a_siliu-ns 1 Allexcept 1-Mc step position
. Spur?ous Frequency o:u}.I E— i =
Harmonic (al max output): < —40 dB < —40 dB < —34 dB
T Nonkennenicis — | <—wam | <60 | <-swan =

IET

534 Main Street, Westbury, NY 11590

IET LABS, INC inthe GenRad tradition

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



» POWER DIVIDERS
» TIME-DOMAIN APPLICATIONS

The improved locking version of the
(GR874  basic  connector, Tyrm
874-BBL', now used on GR Coaxial
Elements, has opened the way to
broader frequency coverage and im-
proved performance. Elements equipped
with the new locking connector have a
lower vswr than formerly, over the
extended frequency range of 0 to 9
(GHz, with greater reliability and re-
peatability of connection. These ele-
ments are well suited for use in both
frequency- and time-domain applica-
tions. The new locking connector is
fully compatible mechanically with the
carlier model, the Type 874-BL, and

1*Type 874-BBL Connector,” General Radie Erperi-
menter, October 1965,

[

874-TPDL

Fach of the Tyres 874-TPDL (lock-
ing) and -TPD (nonlocking) Power
Dividers comprises a three-port coaxial
tee that, throughout the frequency
range, is nominally matched at any port
when the remaining ports are termi-

Simplified

Figure 1.
schematic of Power
Divider,

A
& (™ %, TYPES 874-TPDL and
é\j& ‘Ek -TPD POWER DIVIDERS

« TERMINATIONS {

with the nonlocking, quick-disconnect,
Tyre 874-B Connector,

The GR874 series of coaxial elements
continues to offer high performance-
per-dollar for a wide range of coaxial
measurements. Low-vswr plug and
jack adaptors from the GR874 series to
other coaxial connector types, both
plug and jack, have broadened the
scope of this series of elements to
include almost all the popular 50-ohm
connectors. )

Two new elements using the -BBL =
Connector are a power divider and an
improved 50-ohm termination. Both
are also available in non-locking ver-
sions.

. B74-TPD

nated in 50.0-ohm loads. The broad-
band match is obtained by the use of
three 16.67-ohm series resistors, one in
each leg of the tee, and by ecareful
compensation of the resistor surround-
ings. Figure 1 is a schematic diagram of
the Power Divider. The insertion loss
between any two ports, when the third
port is connected to a matched termina-
tion, is nominally 6 dB.

These dividers utilize 195, deposited-
carbon-film resistors that combine high
stability with high peak-power capac-

ww.ietlabs.com
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ity. The film temperature coefficient
is the order of —200 to —220 ppm/°C.
The vswu specifications (see Figure 2)
provide a linear rise in vswr with
frequency at both the center and side
ports of the tee.

Owing to the inherent symmetry,
when the power divider is driven from
the center port into equal loads, the
output signals at the side ports are
very nearly equal in amplitude and
phase. Figure 3 shows the typicul in-
cquality of output signals in decibels,

The insertion loss between the center
port and a sideport, with a matehed
source and matched load, deviates
somewhat from 6 dB with increasing

The Tyre 87T4-TPDL/-TPD Dividers
are used to split a signal into two ap-
proximately equal parts, with a mini-
mum of reflections introduced in the
process. When the divider is used to
split the output of a nominally 50-ohm
source between two H0-ohm loads, each
load will be driven at a level 6 dB
below the source output. Very little
of the source signal is reflected at the
power-divider input owing to the low
input vswr, Any signals reflected from
the loads are isolated, by tha 6-dB in-
sertion loss of the power divider, from
each other and from the souree. Re-
reflections at the divider outputs are
small, again owing to the low divider
standing-wave ratio.

Figure 3. Typical inequality of

06 e = T
Y I I L |
go.*‘. - = :
2 ot) ] 2 -

= ! outpul signals at side ports.

4 5 6
FREQUENCY = GHz

z - —
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These dividers are also used (usually
in conjunction with some additional
isolation devices such as GRST4 At-
tenuators) to combine two signals. In
this case, the two source signals are
isolated from each other by the divider
isertion loss and any additional pad-
ding. The sum of the two applied

GENERAL RADIO EXPERIMENTER

signals appears at the common port
of the divider.

Applications are found in antenna-
feed systems, in dual-channel insertion-
loss or phase-measitring systoms, and in
pulse systems. The applieations to the
last, area are discussed in greater detail
on page 12,

TYPE 874-TPDL

Frequency Range: di to ) (iHz.

Characteristic Impedance: 50 2, nominal.

VSWR (at any port when remaining ports are
terminated in malched 50-U! loads): Less than
1.00 + 0.05 X fou, to ) GHz.

Inequality of Power Division (symmetrically fed):
Less than 0.3 dB,

Phase Difference between Quiputs (symmetrically
Fed): 07, nominal.

Insertion Loss (between ony two porls when re-
muaining port is terminated in @ matched 50-i
lead): G dB, nominal.

Insertion Loss (input te each outpul, symmeirically

o 20
fod): 0.0 5 AR,

TYPE 874-TPD POWER DIVIDER

Same as Type 874-1'"PDL, except:

Frequency Range: 0 to 7 (illz,

VSWR (at any port when remaining porls are
terminated in matched 50-(! loads): 1.00 + 0.05 >
Jou=to T GHa,

Dimensions: Width 4, height 2%, depth 135
inches (105 by 60 by 20 mm).

Net Weight: 5 ounces (145 grams),

et~ by

ol

New 50-ohm terminations, the Tyres
874-W30BL and —W30B, now replace
the Types 874-Wi0L and —W3a0. In
these new terminations the design of the
resistor surroundings has been  im-
proved,? and the Tyee 874-WH0BL is

TYPES 874-W50BL and -WS50B
50-OHM TERMINATIONS

POWER DIVIDER

De Resistance (at any port, when remaining ports
are terminated in 50.00-{! resistors): H0.00 -+
0,25 2 (0.5%).

Maximum Input Power: 2 W, continnous.
Dimensions: Width 4, height 23, depth 14
inches (105 by 60 by 27 mm ).

Net Weight: (i ouneces (170 griams).

Catalog Prive
Number Deseription in {784
0874-9913 | Type B74-TPDL Power | $73.00
Divider
1.8, Patent No, 2,548,437
Catalog Price
N wmber Deseriplion in [T8A
0874-9912 | Type B74-TPD Power $70.00
Divider
.8, Patent No. 2548457

equipped with the new Tyre S7T4-BRL
Clonnector,

Figure 5 shows the vswr specifiea-
tion, as well as the performance of a

* Maa Kenzie, T B " Recent Advonces in the Design of
Precision Consial Standards and Components,” 1985
4 Coneention Revard, Part 5, Session 67, p 100,

114
I I

112 - }
1.10 SPECIFICATION LIMIT: e
g'-?g‘i — g Figure 5. Type 874-WS50BL Ter-
g:‘,C‘ 1 TYPICAL —_ mination VSWR,
& ———r1

0 [ 2 q 5 3 7 [

FREQUENCY ~GHz =)
.
0
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typieal unit, for the Tyrr 874-W50B1;
Figure 6 shows similar curves for the
Tyee 874-W50B, which is equipped
with the non-locking connector, Tyre
874-B.

The terminating element used in both
units iz a highly stable, deposited-
metal-film resistor with a de resistance
of 50.0 ochms +0.39; and a temperature
coefficient of less than 150 ppm/°C.
The change in resistance and vswr
versus heating due to incident power
iz megligible up to 1 watt. The resistors
ean dissipate up to 5 watts incident
power without permanent change of
characteristics,

General Applications

The Tyre 874-W50BL/-W30B Ter-
minations are used as standards in the

NOVEMBER-DECEMBER 1965

14 - — 7
i1 i I

112 IS NN —
.;:.lo-s-tmf;um\,m —F
1 OB | T TYPICAL—t
>).04 = i

1,02 —t— =

"mu | - 6 7

3
FREQUENCY - GHz

Figure 6. Type 874-WS50B Termination VSWR.

calibration of bridges, slotted lines, and
reflectometers and as reference terming-
tions in  measurements of multiport
networks, They are well suited for use
with the Tyre 874-LBA Slotted Line as
a termination for impedance measure-
ments of multiport networks equipped
with GR874 Connectors. Through the
use of GR874 Adaptors, these termina-
tions can be used as dummy loads in
other line sizes. Their use in time-
domain applications is discussed below.

TYPE 874-W50BL 50-OHM TERMINATION

Frequency Range: de 1o 9 Gz,

VSWR: Less than 1.005 -+ 0.013 X fone.

De Resistance: 50.0 ohms 0.5 .

Maximum Power: 2 watts, conlinuous (1 waltl
with negligible change in resistance and vswr;
5 watts without damage ).

Dimensions: Length, 215 inches (57 mun); maxi-
mum diameter, 1445 inches (27 mm).

Net Weight: 3 ounces (85 grams).

Catalog
Nuniber

Price
in 1S4

 0874-9955 | Type 874-WS0BL 50- | $24.00
ohm Termination

1.8, Patent No. 2,58,457

Deseription

TYPE 874-W50B 50-OHM TERMINATION

Same as Type 874-WEOBL, excepl:
Frequency Range: de to 7 Gz,

VSWR: leas than 1005 + 0.017 X foie.
Dimensions: Length, 214 inches (57
maximum diameter, ¥4 inch (20 mm ).
Nel Weight: 2! ounces (70 grams ).

mmj);

Catalag Price
Nuniber Deseription in US4
0874-9954 | Type B74-W50B 50- | $23.00

ohm Termination

LS. Patenl No. 2,648,457

TIME-DOMAIN APPLICATIONS OF COAXIAL ELEMENTS

The (iIR8T4 series of coaxial elements
— connectors, air lines, fees, termina-
tions, ete, are widely used in pulse-
system measurcments, In these time-
domain applications they offer high
performance at low cost, and their
hermaphroditic-mating and quick-dis-

IET
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connect features help to save both time
and money.

With the advent of fast-rise-time,
gignhertz-pulse  generators and  sam-
pling oscilloscopes, emphasis has been
put on the high-frequeney performance
of coaxial elements. Here again the

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

&

CONNECTORS PARTIALLY
DISENGAGED

TYPE 874-BBL TYPE B74-BBL
GONNECTOR PAI.H‘ CONNECTOR PAIR‘

— {1

TYPE B{I-LZOL TYPE B74-L30L
30-cm 30-em
AIR LINE

TYPE B74.W508L
500

AIRLINE TERMINATION

Figure 7. Time-demain reflectometer traces, Verti-

cal scale: Reflection coefficient=0.005/cm. (Z,,

normalized to 50 ohms, 1%/cm.) Horizontal
scale: 6 em of line/em.

broad line of GR874 coaxial elements

provides the required performance char-

acteristies.

Bandwidth and pulse rise-time are
related approximately by b = 0.33/rt.
Thus, the typical fast pulse character-
ized by a 100-ps rise-time corresponds
to a bandwidth of about 3500 NMHz.
To keep pulse distortion and reflection
low, it is necessary to keep the vewn
of the associated couxial cireuitry low
over the full bandwidth of the pulse.
The new GR874 Coaxial Elements meef
this need. l‘or example, the Tyre 874-
TPDL Power Divider introduces a
vewr of less than 1.18 up fo 3500
MHz while the Tyre S7T4-WiH0BL Ter-
mination vswr is less than 1.O5 up to
3500 MHz.

The advantages of GR8T4 elements
for handling fast-rise-time pulses are
further illustrated by time-domain re-
flectometer traces,

12
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FFigure 7 shows time-domain reflecto-
meter traces of two Tyre 874-L30L Air
Lines connected in series and termi-
nated in a Tyee 874-W50BL. All
connectors are the new Typr 874-BBL
Locking Connectors. To obtain  the
upper trace, the connector joints were
partially disengaged in order to pin
point their locations. Ior the lower
trace, the commectors were fully en-
gaged; characteristic impedance varia-
tions throughout the air line, connector,
and termination sections are less than
0.5%.

Sampling Oscilloscope
Reflectameter

Figure 8 illustrates the use of the
Tyer 87T4-TPDL/-TPD Power Divider
in time-domain reflectometry instru-
mentation built around a sampling
scope.®48 The power divider trans-
forms the pulse generator into a nearly
matched souree, thereby reducing trou-
blesome re-reflections, even in the pres-
ence of large reflections from the un-
known,

The air line provides time isolation
between the source and the unknown
impedance reference. The characteristie
impedance of the Type 874-L Air Lines

! Lone, Gordon 10, " Pulse Reflections P'in Down Dis-
continuities," Electromic Design, May 10, 1963, ppe G2-06,
t Noel, K., * Bubnanoseeomd Instromentation,” JEEE
Student Jawrnal, January 19684, pp 27-32.

* Applieation Note 62, *Time-Domain Reflectometry,”
Hewlett Prekard Company, 1964,

SAMPLING
SYNC | gsCILLOSCOPE
FAST RISE
TIME PLLSE REFERENCE

GENERATOR AIRLINE

TYPE B74-TPO/TPOL
POWER DIVIDER

TYFE BT4-L OR TYPES0OD-L
WITH TYPE S00-QBT& ADAFTORS
| R

Figure B. Use of the Type B74-TPDL/-TPD Power
Divider in time-domain reflectometry instrumenta-
tion built around o sampling escilloscope.

IE€T
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CONVENTIONAL SETUP  SETUP WITH POWER DIVIDER

SCOPE SCOPE
INPUT TRIGGER INPUT EXTERNAL

T E T T TRIGGER

ral
INTERNAL SAMPLING

OF SIGNAL TO TYPE 874-TPD/-TPOL
TRIGGER SCOPE

SIGNAL

SIGNAL

b. NEED R510mV OF
SIGNAL TO TRIGGER

a. NEED &z 50 mV OF
SIGNAL TO TRIGGER

Figure 9, Use of the Type 874-TPDL/-TPD Power
Divider to increase the sensitivity of sampling
oscilloscopes.
i8 50.0 ohms 4-0.4%,. The characteristic
impedance of the Tyre 900-L Air Line,
which can be used with Tyre 900-Q874
Adaptors to the GRS874 line size, is

50.0 ohms £0.065%,.

Typr 874-WH0BL/-W50B Termina-
tions keep reflections low at the output
ports of multiport unknowns.

Trigger

Sampling-oscilloseope sensitivity can
often be increased by a factor of five

TYPE 874-TPD/-TPOL

ZARN
NOVEMBER-DECEMBER 1965 <<{P-)

if a power divider is used in the signal-
input line. The performance improve-
ment is brought about by external
division of the signal to increase the
trigger input. Thus, a representative
sampling oscilloscope that requires a
50-millivolt signal to provide 5 milli-
volts of trigger internally can trigger
equally reliably on input signals of only
10 millivolts, when the power divider is
used. Figure 9 shows this prineiple.

Pulser Accessories

The repetition rate of most fractional
nanosecond-rise-time pulse generators
can be extended from several hundred
hertz to the region of several hundred
megahertz by caseaded power dividers.
As shown in Tigure 10, power dividers
can be cascaded to [ractionize the
original pulse, and additional dividers
can be used to recombine the resulting
signal, after suitable delays, into a train

TYPE 874 -TPD/-TFOL

3

TVPE]’!N'GG
X ATTEN R
2 6 dBl{rm

GEN?#;;'EOR {2 REQUIRED)
INPUT TRUT
TYPEB74-Gl4 | TYPE BT4-GI0
DELAYS 1 sx ATTENUATOR | ATTENUATOR
0. CIRCUITRY (14.48) {104R)
FEigzee)
Figure 10. Cascaded power divid- INPUT L (r
ers used to construct a pulse burst, [ TIME ——= K
which effectively raises the repefi- ~| == >1.0ns
tion rate of o subnanesecond-rise-
time pulse generater to several QUTP”T
hundred megahertz. 3 |___ RS
st 1.1
s 'r!
- '[5

|, Y
b TIMING DIAGRAM

()
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of pulses, adjustably spaced in times
T, through 7'y

This application envisions as a pulse
generator one that consists of a 50-ohm
charge line operated with a mercury-
wetted reed switch,

GR874 Air Lines can be used for
minute delays (up to 1 ns), and GR874
Attenuators are available to achieve
compensatory losses, where required,
for pulse bursts of uniform amplitude.

The Tyee 874-G6 (6 dB or 2X) At-
tenuator bears the most convenient

GENERAL RADIO EXPERIMENTER

relation to the insertion loss in the
divider.

Patch cords, ells, adaptors, and other
elements needed to complete the system
are available.

— Taomas E. MacKENzIE

Credits

The writer gratefully acknowledges the
contributions of time-domain applications of
the GRS74 elements provided by J. K. Skilling
and D. 8. Nixon, Jr. of the GR engineering
staff.

MEASUREMENT BRIEFS

A Note on the Tone-Burst Generator
Reduction of Gate Feedthrough

Some users of the Tyre 1396-A Tone-
Burst Generator may require a ratio of
open- to closed-gate signal greater than
the 40 dB we specify (43 dB typical).
It is not possible to modify the design
of the instrument in this respect with-
out sacrificing switching-noise sup-
pression and gate speed (maximum
frequency).

Addition of the circuit shown below,
however, can reduce the feedthrough by
mtroducing a small amount of distor-
tion in the output. This circuit is an
attenuator for small voltages (less than
1 volt), and it passes other voltage

levels with little attenuation. Since
Ll
FROM E -+ R E?
TONE-BURST. ™ out
GENERATOR J_
GATED SIGNAL L =
TERMINALS 1

{eD
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feedthrough is in the +1-volt range, it
is attenuated, but the desired signal
(assumed at maximum level of 47 volts)
has only a small amount of distortion
near the zero crossings. This distortion
looks much like crossover distortion
and may be quite acceptable in some
applications.

With germanium diodes, 1 N455-type,
and a value of K of 1.0 kilohm, the
feedthrough varies from —55 dB at
500 ke/s to —58 at 20 ke/s and
below. With silicon diodes, 1N450A-
type, and a value of R of 10 kilohms,
the feedthrough drops to —63 dB
at 500 ke/s, =77 dB at 20 ke/s, and
less than —80 dB at 2 ke/s and below,
The silicon diodes, however, introduce
more distortion than the germanium
diodes. By the addition of bias sources
in series with the silicon diodes it should
be possible to effect a compromise
between distortion and attenuation of
feedthrough.

— J. K. SKILLING

www.ietlabs.com
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Instrument Note on Frequency Converter

The Tyre 1133-A TFrequency Con-
verter' extends the range of 10-Me
counters to 500 Me/s. Originally de-
signed for use with GR counters, it
can also be operated with counters of
other manufacture. Details of this use
are discussed in a recently published
Instrument Note, free on request.
Ask for IN-106.

1H. T. MecAleer, “A New Converter for Frequeney
Measurements to 500 Me,"” General Radia Exporimenter,
Decomber, 1962,

Capacitance Change Measures
Strain in Fibers
A recent article! in The Review of
Scientific Instruments deseribes a new

Photo courtesy Electro Dynomic Division, General Dynamics.

NOVEMBER-DECEMBER 1965

testing device for inorganic whiskers
and other fine fibers, developed by the
Laboratory for Physical Science of
P. R. Mallory and Company at Bur-
lington, Mass. The fiber-holding device
replaces one pan of an analytieal bal-
ance, Measurable stress can be applied
by weight in the other pan. Flat elec-
trodes on the holder form the plates of
a capacitor, whose capacitance changes
with changes in length of the fiber
under test.

The capacitance change is measured
with a GR Tyre 1615-A Capacitance
Bridge, which is capable of detecting
a change of 1 X 1077 I,
‘!'l.ll.]{r:l_ﬁl-j.:{mul R, H, Krock, " Microfiber Stress-St

Apparatus,' The K of Scientific fnstrumenis, 36,
July 1865, pp 1081-

In this console, used in tests on motor-generator sets, GR sound-level meters, analyzers, and recorders

measure air-borne sound and automatically record the frequency spectra of structure-borne vibrations.

Electro Dynamic at Avenel, N. J.,, manufactures heavy electrically operated equipment, including ac
and dc moltors, generators, blowers and fans, frequency converters, and HERF machines.
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OUR ABACUS
SLIPPED
A COLUMN

I I
=5 e
c
1
The less-than-perfect arithmetic on
page 12 of our July issue has Tecently
been called to our attention. We had
hoped it would be overlooked. Mr. P. K.
MecElroy, author of the article in ques-
tion, eannot be held responsible, since
he retired from the General Radio Engi-
neering Staff a full six months before the
article was published, and, further,
these figures were not in his original

GENERAL RADIO EXPERIMENTER

article. For the record, however, an

editorial apology to him and a pub-‘-w

lished correction are in order. Thus—
to Mr. McElroy, our regrets for having,
by implication, attributed to him the
faulty calculations, and, for the record,
these are the ohms:

0.0016 ohm should be 0.016 ohm

16 ohm should be 160 ohm

26 ohms should be 13 ohms.

Fortunately for the unidentified toiler
who perpetrated these errors, the cor-

rections in no way alter the conclusions
drawn in the article,

EEHAREARA LS AR L L AR AL LR LR R AL LR AR R RS AR RN R AR LA AR AR AR LA

GENERAL RADIO COMPANY EXTENDS TO ALL
EXPERIMENTER READERS ITS BEST WISHES FOR A

HAPPY AND PROSPEROUS 1966
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DO WE HAVE YOUR CORRECT NAME AND ADDRESS—name, com-
pany or organization, department, street or P.O. box, city, state, and
zip code? If not, please clip the address label on this issue and return

it to us with corrections, or, if you prefer, write us; a postcard will do.

GENERAL RADIO EXPERIMENTER
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