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Fi g ure 1. P a n e l  view of t h e  12-Mc Syn t h esizer. N ote t h e  simil arity to the 0.1-Mc a n d  1-Mc m odel s  
sh ow n  above. 

12-MC 
COHERENT DECADE FREQUENCY SYNTHESIZER 

The GR family of frequency yn
thesiz r now welcome a new memb r, 
the 12-1\Ic TYPE 11G:3-A. Like its older 
brothers1 it u e modular construction 
which allows o ne to order at minimum 
cost the degree of resolution needed for 
one' application and al o to aJd in

creased re olution later, if need d. Other 
fca tures, common to the I 1 00 famiJ.y, 

i nclude 2-volt output, in-line readout, 
provi ion for w ping, programmable 

option ,2 and a or battery operation. 

The TYPE 11 ):3-A oher nt D E'cade 
Frequen y ynthe izer, first di played 
at the IEEE how in l\Iarch, is now in 
production. Psing th0 ·amc principles 
proved in the arlier in 'trument of the 

ries,1 it produce coherently syn

the iz d ine-wave frE'quen(' ie up to 

1- l\Ic/s, selectable in 1- ·ycle ·teps. 
A continuous interpolation dial cali-

brated in 0.01- ·ydc division. improve· 

th re. olution by at k'a t two -ignifi.eant 
figure.'. 

In app arance th 'rype , 1 1 ():3-A 
clo ly re embles th TYPES l lG 1-A 
(I 00 kc/' , top frcqueney ) and 1 l G2-A 
(l :\Ic/.·), a illu trate<l in F igure 1. 

Like th m, it i frf'quency-C'oherC'nt, 
beat-fr qu nc·y oscillator, in which the 
two frC'quenC'ie · hetcrodynC'd to produtc 
any cho en final output freq U<'n(' arc 
d rived from a in gle, elf-con ained, 
!}- I ', master ·rystal o ·cillator. Figure 

2 ·ho\ in implified form th ba8ic 
principles of op ration of all three 
type. 

The final output of the TYPE l 1G:1-A 
is at th differen fr qucncy b tween 

'Atlierton oye . .Jr., "Coherent De ·adP Prt•quPncy 
. ynthe izers," General Radio Expe1·irne11/er, • 'epten1ber 
] !)54. 

2 G. H. Lohrer, "Re> mote I rogramming for ( ;  11 , yn
thesizer , " G neral Rad1·0 E.cp rimenll r, lay 196.5. 
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G E N E R A L R A D I O E X P E R I M E N T E R 

OUTPUT MIXER OM -I 

� 
INTERNAL 

MASTER 5.0 Mc/s FREQUENCY 
FREQUENCY SYNTHESIZING 

5.0- 5.1 Me/s OUTPUT 0-100 kc/s OUTPUT 
AMPLIFIER 

OUTPUT 

SOURCE CIRCUITS MIXER 0-100 kc/s 
5.0 Mc/s 

TYPE 1161-A 

OUTPUT MULTIPUER-MIXER,OMM-1 

INTERNAL 

F�tJJf(:cy 5
·
0 Mc/s s�����'°s�iTNG �o -5.I Mc/s x 10 50-5 I Mc/s OUTPUT 0-IMc/s OUTPUT 

AMPLIFI ER 
OUTPUT 
0-1 Meis S OURCE CIRCUITS MULTIPLIER MIXER 

5.0 Mc/s 

5.0 Mc/s x 10 
MULTIPLIER 

5 0 MC/$ TYPE 1162-A 

OUTPUT MULTIPLIER-MIXER,OMM-2 

INTERNAL 
MASTER 

FREQUENCY 
SOURCE 

5.0 Mc/s 
WITH 
5 TO I 

DIVIDER 

5.0 Meis ��i����i�G 5.0-5.1,,.c/s x 10 
CIR CUITS MULTIPLIER 

LO Mc/s 
x 50 TO 

K 39 50-39 Meis 

OUTPUT 
AMPLIFIER 

OUTPUT 
30c/s-
12 Meis 

Dl-4 UNIT 
SELECTED BY Meis STEP DIAL TYPE 1163-A 

Fig u r e  2. B l o c k  d i ag ram s o f  t h e  t h r e e  G R  s y n th esi:z:ers. A l l  o p erate o n  t h e  sa m e  
pri n ci p l e s  a n d  u se i n terc h a n g e a b l e  m o d u l es. 

a signal synthesized anywhere in a con
tinuous band from 50 to 51 Mc/s and a 
second signal generated, at 1.0-Mc in
crements, between 50 and 39 l\llc/s, in
clu ive. The synthesized frequency be
tween 50 and 51 Mc/s is produced in 
exactly the same way as in the 1-Mc 

Synthe izer1, and all plug-in modules 
used in the direct syn thesi of the 
5- to 5.1-l\1c band are id ntical and 
are readily interchangeable in syn
thesizers of all three types. 

Two new modules are used in the 12-

Mc Synthe izer - the TYPE 1163-DI-4 
Digit-Insertion Unit, which d velops 
steps of 1 M / , and a new mixer, the 
TYPE 1163-0MM-2 Output lVIultiplier
Mixer. 

The digit module generate the 1-lVIc 

series from 50 to 39 Mc/s and has 12 
positions, 0 through 11. Although it is 

1 Ibid. 
2 Ibid. 

.. 

is similar in size to the basic DI-1, 
the two are not interchangeable. 

The mixer accepts at one end the 
5/5.1-lVIc ynthesized ignal from the 
DI-1 and CAD train ; its second input, 
at 50 to 39 M / as selected by the DI-4 
dial, is mixed with a signal between 50 

and 51 Mc/s produced in the unit by 
multiplication of the 5/5.1-Mc input by 
ten. It is noteworthy that the slight 
departure from the strict decimal sys
tem in the DI-4 unit - 12 numbered 
settings in tead of 10 - give a very 
u �ef ul ex ten ion beyond the normal 
10-Mc decade limit, without the neces
sity for an additional digit unit. 

Since the DI-4 performs an entir ly 
differ n t electrical function from any 
of the DI-I units, the CAD cannot "re
pla e" it in frequency, and, hence, no 
CAD pu h button i provided for this 
po ition. 

At the upper end of the output-fre
quency range the ratio of frequenci s 
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applied to the output mixer is not so 
favorable to the suppression of spurious
frequency mixing products a it i in 
the lower-frequency synth izer , and a 
low-level, more nearly square-law 

mixer is required. This mixer is followed 
by a broadband preamplifier (30 c/ to 

1 2  Mc/s) and the final output amplifi r. 

The chassi of the TYPE 1163-A Syn
thesizer is superficially the same as that 

used in both the TYPE 1 1 61-A and 
the TYPE 1162-A Synthe izer but dif
fers in minor particulars. The two 
cha sis are not interchangeable. 

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

Continuously Adjusta b l e  Decade (CAD) 

The Continuou ly Adju table Decade 

(CAD) can replace any chosen group of 
DI- 1 units in exactly the same way1 as 

in the other instrument for search, 
sweep-frequency, or phase-tracking ap
plications, and provisions for monitor

ing the CAD deviation from r placed 
dialed digits are identical. By mean 
of the monitoring circuit , one can set 
the CAD pr cisely 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 can be in talled at 
any time. The rapid and ea y inter
change of module between synthesizers 
also makes possible the transfer of 

digit units between instrument to uit 

t Ibid. 
'Ibid. 

N O V E M B E R -D E C E M B E R  1965 

the needs of the moment. All modules 
except the DI-4 Digit-Insertion Unit 

and the Ol\/Il\II-2 Mixer are identical 
with corresponding plug-in units in the 
other GR synthesizers and interchange
able with them. 

Remo te Pro g ra mming 

The RDI- 1 Unit2 can be plugged into 

any or all DI- 1 digit station 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 Contro l 

Th scr wdriver-op rat d witch 
near the output con nection, which in 
the TYPE 1 1 6 1 -A/ 1 1 62-A chassis selects 
between ac and de output coupling, is 
used in the T YPE 1163-A to s t 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 adju table up 
to at least 2 volts, rms, will be delivered 
to a load of 50 ohms or higher when the 
switch i in the zero-ohm po ition. 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 lea t 30 dB without insta
bility of setting. 

Recepta cles a t  the Re a r *  

I n  this synthesizer, thr e B c con
nectors are mounted at the rear of the 

in trument to give ac e to the syn
thesizer 0 TP 'I'' the EX'I' CAD co TROL 
input circuits, and the CAD deviation-

* The rear receptacl s noted her are also incorporat d 
in all current-production TYPE 1161-A and 1162-A 
Synthesizers. 
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G E N E R A L R A DI O  E XP E R IM E N T E R 

monitoring BEA'I' terminals on the front 

panel. One additional ·ubminiature 

reccptacl , identified a ;J/i5. l �Ic/s 
RIS.:FERE c1s.:, also is installed. 'I'hi · con

nect to the output of the ptrnhlrntton

rcplaced group of DI-1 unit· (group 

with dial illumination extinguished) 

for use in certain sp ·ializ d appli

cations. 
At subminiaturc 

appear at the rear 

useful frcquencie 

Specification ) . 

rec ptade , which 

of the <lrck, othrr 

arc available ( ·ee 

- A'I'IIER'I'ON x OYER, JR. 

ACK NOWL E DG E M E NTS 

The present three ( }R s •nthesizer are the 
result of the '•>rnbineJ efforts of U. II. Lolirer, 
C. C . .Evans, \\'. F. Byers, a.11cl tlie author. In 
the Typg 116 ;3-A the primary re ponsibihty 
for the new rnodul s, the DI-4 and the 01\11\1-2, 
was carried hy Eva.as, who worked out an 
ingenious applicatinn of sampling teelmiques 
to the generation of the DI-4 output frequen
cies. Lolu-er also contributed substantially 
to the new design, particularly in tlte output 
amplifier and mixer. �upporting effort by many 
other members of the General Ha<lio organiza
tion, while well recognized and appreciated, 
has been too widcsprend to permit individual 
mention. 

--A. N., Jr. 

SPECIFICATI ONS 

Frequency Range: :30 c/s to 12 :'.\Ic /s. 
Sma l l est D i gita l Step: 1 C, s. 
Sm al l est Direct-Ca l i brated CAD Inc rem e n t: 0.01 
c/s. 
M a x  Ba n dwidth Co ntro l la b l e  by CAD: 1 :'.\Tc 's. 
Spu r i o u s  F re q u e n cy Outpu ts: Hurrnonic, < -:3-1: 
dB; non-harmonic, < -()0 dll. 
Sy nthesizer Out p u t: 0 to 2 V, 11wtt'red, behind 
50 n. 0 to 2 V, met •red at output reeeptucle 
after low impcdnn<'e . 

Outpu t-F req u en cy Characte ristic: ± 1.5 <lb, nrn.x, 
.50 c/s to 12 i\Tc, s; 50-H loud. 
Output Term i n a l s  (at fro n t-pa n e l  b i nding posts 
and at rea r BNC co n n ecto rs): • '\'11 lhcsizer <ll 'l'
PllT, �XTBR AL CAD ('0:\''l'ROl, iu1d Rl�A'I'. 
Ot h e r  Outputs (at rea r  c o n n ectors): 100 kc,'s 
and 5 l\1c/s (0.5 V, rrns, min, aC'ross ."lO n); :·rn to 
50 Mc/s in 1-:\fr steps, 50 to 51 i\fco s, 5 to 5.1 
:\fc/s, -12 Mc/s (0.1 V min aero s 1 k�l). 
Ope rat i n g  Tem peratu re R a n ge: 0 to 50° C. 
Inte rn a l  F reqency Sta n d a rd: H.oom-tcntperatur •, 
quartz-crystal us ·ilia.tor. Tempc•raturP co
efficient of frequenc·y is typically less than 
2 X 10-1 /°C from 20° to 50° '. A front-panel 
frequency adjustment is provided. Crystal can 

MANUAL 

Catalog No. 'l'ype 

easily be phase locked to an ex tern al standard. 
Lock S i g n a l  Input from exte rnal sta n da rd ( i f  used): 
0.25 V, rrns, to 5 V, rms, 5 ::\le· s, or any sub
rnuliiple dowu to 100 k<' s. J nput impcdan<'C is 
approximately l kn for low-lcv<'I signals; drops 
to approximately 50 U dfcC'tivc at high level. 
P o w e r  Req u ired: 105 to ] 25, l!l5 to 2:�5, or 210 
to 250 V, 50 to - IOO c, s, 55 \\';or 20 tu 2 V, de, 
1.8 A. 
Accesso r ies Supplied: TYPE 7-l-H22LA Coa xial 
Patch 'ortl, Bridging CJnit (rnaintenarwe sub
sti tu tc for J) I), Panel Ins rt for use "·i th 
Bridging nit, Typ,.; CA P-22 :�-\Yire Power 
Cord, spare dial lamps and fuses. 
T e rm ina ls: Locking <>H871 coaxial, TYPE n:3s 
Binding Posts, B);C, and miniature c-oaxial. 
Cabin et: H.ac:k-hcnf'h; Pnd frames fur bench 
mount and fittings for rack mount are ineluclPc.l. 
Dim ensio ns: Bench model -- width 1 !l, hc 'ight 
5>-4'., depth 1512 indws (-185 by 1:35 IJy :rn5 
mm); rack mod•l-width l\l, height 5}.,1, 
depth behind pan ·l J:� iu ehes ( -185 by J ;35 by 
:3:30 mm). 
Net W e i g h t: ;3 lh (17.5 kg). 
S h i p p i n g  Weight: -15 lb (20.5 kg). 

OPERATION 

r·n,il8 lnclurled Price hi [r, A 

1163-9597 1 163-A7C 7 DI Units+CAD $5600. 00 
1163-9596 1 163-A6C 6 DI Units+CAD 51 60.00 
1163-959� 1 163-ASC 5 Dl Units+CAD 4720.00 
1163-9594 1 1 63-A4C 4 Dl Units+CAD 428 0.00 
1163-95 93 1 163-A3C 3 DI Units+CAD 3840.00 
1163-9417 1 1 63-A7 7 DI Units 51 00.00 
1163-94 1 6 1 1 63-A6 6 DI Units 4660.00 
1163-941 5 1 1 63-AS 5 DI Units 4220.00 
1163-9414 1 163-A4 4 DI Units 3780.00 
1163-9413 1 1 63-AJ 3 DI Units 3340.00 

.. 
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N O V E M B E R - D E C E M B E R  1 9 6 5  

REMOTE/M ANUAL O PERATI O N  

Cata.log No. Type Units lnrluded 
01+6 ROI Units+CAD 
01+5 ROI Units+CAD 
01+4 ROI Units+CAD 
01+3 ROI Units+CAD 
01+2 ROI Units+CAO 

Price in USA 
1163-9527 
1163-9526 
1163-9525 
1163-9524 
1163-9523 
1163-9507 
1163-9506 
1163-9505 
1163-9504 
1163-9503 

1 1 63-A R 7C 
1 1 63- A R 6C 
1 1 63- A R 5C 
1 1 63-AR 4 C  
1 163-A R 3C 
1 163-A R 7  
1 1 63-A R 6  
1 1 63-AR 5  
1 1 63-A R 4  
1 1 63-A R 3  

1 01+6 ROI Units 
1 01+5 ROI Units 
1 Dl+4 ROI Units 
1 01+3 ROI Units 
1 01+2 ROI Units 

$ 6 1 10.00 
5585.00 
5060.00 
4535.00 
401 0.00 
561 0.00 
5085.00 
4560.00 
4 035.00 
3510.00 

THE GR SERIES OF SYNTHESIZERS 

The presently available GR syn

thesiz rs, T YPES 1 HH-A, 1 152-A and 

1 lfi3-A, have digital frequency sele tion 

up to top frequencies of 100 kc/s, 1 

l\Ic/s and 12 �Tc/s, respectively. Each 
instrum nt, when full equipped , has 
seven dials adjustable in digit steps and 

an eighth dial adjustable continuously . 
Since the maximum number of digit 

dials is fixed, it follows that the small st 
available digit step in reases in size 
as the available top frequency in

crease . Thus, the TYPE 1161-A has 

digit steps as small a 0.01 c/s, and the 

corresponding values for the TYPES 
1162-A and 1163-A are 0. 1 c/s and 

1 c/s, respectively. For any application, 

therefore, the finest resolution can be 
obtained with the lffwest-frequency 

model capable of <.;Overing the required 

range. 
Also, the TYPE l l 51-A has in prin-

ciple , ten times bf'tter pha e stability 
and ten times muller nonharmonic 

purious outputs than the other two, 

as will be seen in the accompanying 

table of specifications. The TYPES 
1102-A and 1103-A are nomina lly qual 

in these respects, so a choice between 

them can, in most ca es, be made on 

the basis of range and r solution only. 

The modular on tru ·tion with int r

changeable plug-in units yields a further 
ad vantage , whieh may influence the 

choice of synth izer . 
The TYPE J 16 1-A an d the TYPE 

1162-A can be transformed each into � 
the other, inexpensively, by the ' use of 
conver ion kit compri ing principally , 

the output mixer modules . The 1160-
�3040 conversion kit ($295.00) will 
cha.ng a T YPE J 161-A in to an 1 1 62-A; 

for the revcr e tran�formation, kit 
1160-3030 is u ed ($1.5;). 00). 

I T y p e  1 1 61 -A T y p e  1162-A T y p e  1 163-A 

F r e q u e n c y  R an g e: 0-100 kc/s 0-1 Mc/s 30 c/s-12 Mc/s 

Smal lest D ig ital Ste p :  0.01 c/s 0.1 c/s 1 c/s 

Sm a l l est D irect-Ca l ibra ted CA D 
In c re m e n ts {A7C- m o d els o n l y): 0.0001 c/s 0.001 c/s 0.01 c/s 

Max B a n d w idth Co n tro l l abl e by CA D :  100 kc/s I 1 Mc/s 1 Mc/s 
R D l-1 Un its m a y  be u se d  i n :  I All digit [positions I All except 1-Mc step position 

• 
Sp u rio u s  Fre q u e n c y  O u t p u ts: !I I Harm o n ic (gt m ax o u tp u th < -40 dB < -40 dB <-34 dB 

N o n  h arm o n ic :  <-BO dB J <-60 dB I < -60 dB 

7 
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e POWER DIVIDERS • TERMINATIO NS 

e TIME-DOMAI N  APPLICATIONS 

The improved locking version of the 
G R87 4 basic connector, TYPE 
874-BBL1, 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 fr quency 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 
earlier model, the TYPE 874-BL, and 

1 "TYPJll 874-BBL Connector," General Radio Experi
menter, October 1965. 

with the nonlocking, quick-disconnect, 
TYPE 874-B Connector. 

The GR874 series of coaxial elements 
continues to offer high performance
per-dollar for a wide range of coaxial 
mea urements. Low-vswR plug and 

jack adaptors from the GR874 series to 

other coaxial conn ctor 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 al o available in non-locking ver

sions. 

TYPES 87 4-TPDL and 

-TPD POWER DIVIDERS 
874-TPDL 

Each of the TYPES 87 4-TPD L (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-

16.67.0. 16.67.0. 

16.67.0. 

J; )874·TPD(LJ·,JI 

F i g u r e  1. Si m p l ifie d  
schem a ti c  o f  P o w e r  

Divider. 

nated in 50.0-ohm loads. The broad
band match is obtain d by the use of 
three 16.67-ohm series resistors, one in 
each leg of the t e and by careful 
comp n ation of the re i tor urround
ings. Figure 1 is a chematic 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 1 0, deposited
carbon-film resistors that combine high 
stability with high peak-power capac-
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1.5.-
----,---,---�---.---,---..,---,-----.---� TYPE 874-TPDL 

I .4t---r---t---+---4---+---+---t---=��::::::....-j 

F i g u r e  2. Typ i c a l  VSWR c h a r a c ter
isti cs. 

3 u r-----r---+----r----t---+--=""'..i-=--1--
...--r-___.�ii?.::"' � 1.2r-----t----+---+----,=-l""""""::::_-+---.,J,,.o=--1---_.,.�-=� l.l���t=:r��tj 

1.0!--i= 
0 2 3 4 5 8 9 

1.5
.----..----.--�----.---.---�-� TYPE 874-TPD 

I Ar-----;----+----�-----+---1-
� ur----+---t----t----r_.::-..........,..-1---=--�=---l 
� 1.2 f-----4 

l�r:::;;;:����;;�t;:�:J==������:::l 

FREQUENCY-GHz 1874 ·TP0L �ti 

frequency owi ng to the di 'tribut d
imp dance effect of the re�i tor· at 

higher fr quen cic Figur -± how the 

typical in crtion lo for both types. 

0 2 3 4 
FREQUENCY-GHz 

6 7 G � eneral Applica tions 

ity . The film temperature coefficient 
i the order of - 200 to - 220 ppm/0 

The vswR pecification s ( c Figure 2) 

provide a linear rise in vswR with 

frequen y at both the center and idc 

port of the tee. 

Owing to the inhcren t symme ry, 

when the power divider i driven from 

the center port into equal loads the 

output signals at the ide ports are 

very nearly equal in amplitude and 

phas . Figure . shows the typical in

eq uality of output ignal in decibels. 

The in ertion lo between the center 

port and a sideport, ·\vith a match d 
source and match d load, deviates 

sorne\vhat from 6 dB 'vith i 11crcasing 

�0.6 

�0.4 
...J 

SPECIFICATION LIMIT ....._,_ 
"' 

-TPD go.2 
fZ 0 
� 0 

�---� ---
2 

-
3 4 5 6 

FREQUENCY-GHz 

co ID 
a 
�8 
0 

F i g u r e  4, Typ i c a l  i n serti o n  l o ss 
betw e e n  c e n ter a n d  si d e  po rts. 

�6 
g4 a:: 
� 2 
z 
- 0 

0 

7 

The TYPE 74-TPDL/-TPD Dividers 

are u ed to sp lit a signal into two np
proximat ly qual part' with a mini

mum of ref:l tion introcluc d in the 
proC'c, s. \Vh n the di vidcr is u, ed to 

spli the output of a nomin ally :)0-ohm 

source be ween two :)0-ohm loads, ca ·h 

loa d wil l be driven at a level () dB 

below the source output. \ ry little 

of th e sourc ignal i rcflcc ed at the 

power-divid r input owing to the low 

in put v 'WR. Any . ignals reflected from 

the load· arc isolated, by h . 6-dB in

sertion lo of the pow r divider, from 
ea h other and from the ourc . Re
reflection at the divider outputs are 

mall, again owin g  to the low di idcr 

stan ding-wave ratio. 

-T�L 
� F i g ure 3. Typ i c al i n equ a l i ty o f  

o utp u t  si g n a l s  at si d e  p orts. 
8 9 
l874·fPbY'Lf/1 

SPECIFICATION LIMIT--...._ 

I I I -
T I './ SPECIFICATION LIMIT 
I I I 
I I I 

-TPD-,_ 

2 3 4 5 6 
FREQUENCY -GHz 

I 
-TPDL 

"'I.... -

7 

-

8 9 
l874'·TA?(LJ·2t 
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G E N E R A L  R A DI O  E X P E R I M E N T E R 

These dividers are also used (usually 
in conjunction with ome additional 

i. olation dcvic uch a GH.S74 At

tenuators) to combine two signals. In 

this case , th two source ignal are 
isolated from each other by the divider 

insertion lo s and any additional pad
ding. The sum of th two applied 

signals appears at the common port 
of the divider. 

Appli ·ations are found in antenna
fced systems, in dual-chann "I insertion
loss or phasc-n1ca uring system an l in 
pul e , y t m . The applications to the 

last area are discussed in greater d tail 
on pag 12. 

SPECIFICATIONS 

TYPE 874-TP DL POWER DIVID ER 

Freque ncy R a n ge: de to 9 GHz. 
Characterh-tic Impeda nce: 50 n, non1ina1. 
VSWR (at a n y  p ort w hen r e m a i n i n g  ports a r e  
term inated in m atched 50-U loads): Less than 
1.00 + 0.05 X faII� to 9 GHz. 
In equality of Pow e r  D ivision (sym m et rically fed); 
Less than 0. :� dB. 
Phase D i fference b etween O u t p uts (sym m etrica l ly 
fed): 0°, nominal. 
Insert ion Loss (between a n y  t w o  p orts. w he n  re
m a i n i n g  port is term i na ted in a mator:hed 50-U 
l oad):  {j dB, non1inul. 
Insertion Loss ( i n p u t  to each outp ut, symm etrica l ly 

) G 0 +2.0 dB fed : . -O.S . 

De R es ista nce (at a ny port, w h e n  rem aining ports 
a re termi nated in 50.00-n resistors): 50.00 ± 
0.25 H (0.5l,7 ). 
M a x imum In put Pow e r: 2 ,Y, continuous. 
Dim e n s ions: 'Yidth .J., heigh t 2�i6, depth H{G 
inches (105 by 60 by 27 mm). 
Net Weight: G oun ccs ( 170 grams). 

Catalog 
JI/umber 

0874-9913 

Price 
Descn"ption in USA 

Typ e 8 74-TP DL P ow er $73.00 
D i v i der 

U.S. Patent No. 2,54 ,457 

TYPE 874-TPD POWER DIVIDER 

Sarne as Type 874-TPDL, except: 
Fre q u e n cy R a n ge: 0 to 7 (�Hz. 
VSWR (at a n y  port when remain i n g  ports a r e  
term i na ted i n  ma tched so-n l oads): 1.00 + 0.05 x 
f GH:; to 7 GHz. 
D i m ensions: \Vidth 4, height 2Ytn, depth 13(6 
inches ( 105 by 60 by 20 mm). 
Net Weight: 5 ounces (1-15 grams). 

Catalog Pri e 
l\'wnber Descn"ption in TSA 

0874-9912 Type 8 74- T P D  P ower $70.00 
D i v i d er 

U.S. Patent No. 2,548,457 

�( 

�BN-w'5om1 
50'2 
>ERIAL NO 
-.. -4\".�1 

TYPES 87 4-W 50BL and -W 508 

50-0HM TERMI NATIONS 

N cw 50-ohm terminations, he TYPES 

874-vV50BL and - W;)OB, now replace 

the TYPES 87-!-W50L and - "\V;JO. In 

these new terminations the design of the 

re istor surroundings has b en im

proved, 2 and the 'I'YPE 87-!-\V.30BL is 

1.14 
1.12 

o:l.10 
�1.08 
rnl.06 
>1.04 

1.02 
1.00 0 

I I 
SPECIFICATION LIMIT ---

I I --

2 

I -

I I 
3 4 5 6 

FREQUENCY-GHz 

I I 
T '(?ICAL 

-
I 

7 

.. 

equipped with the new TrPE 87-!-BBL 
Connector. 

Figure .5 shows the v. WR • pecifica

tion, as well as the performance of a 

2 l\1acKenzie, T. E., "Recent Advances in the Design of 
Precision Coaxial Standards and Components," 1965 
IEEE Convention Record, Part 5, Session 67, p 190. 

� 

8 9 
(87.., W50BL-tl 

F i g ure 5. Type 874-WSOBL Ter
m i n at i on VSWR .  
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I I 
-SPEC I F ICATION L I M IT_! I 

� � 
-

1 . 1 4  
1 . 1 2  

a: l . 1 0  
� l .08 
V> l .06 
> 1 .04 

I 
I -

�- TYPlCAL--
� 

I I 

-

typical u nit, for the TYPE 874- W50BL ; 
Figure 6 shows similar curves for the 

TYPE 874-W50B, which is equipped 
with the non-locking connector, TYPE 
874-B. 

1 .02 
1.000 2 3 4 5 

F REQUENCY - GHz 
6 7 l81'4...W508·11 

The terminating element used in both 
units is a highly stable, deposited
metal-film resistor with a de resistance 
of 50.0 ohms ±0.3% and a temperature 
coefficient of less than 1 50 ppm/°C. 
The change in resistance and vswR 
versus heating due to in cident power 

is negligible up to 1 watt. The resistors 
can dissipate up to 5 watts incident 
po wer without permanent change of 
characteristics. 

Genera l App lications 

The TYPE 8 74-W50BL/-W50B Ter

minations are used as standards in the 

F i g u r e  6. Ty p e  874- WSOB Term i n atio n  VSW R .  

calibration o f  bridges, slotted lines, and 
refl ectometcrs an d as ref ren ce termina

tions in mcasurem nt of multiport 
networks. They are well suited for use 
with the TYPE 874-LBA S lotted Line as 
a termination for impedance measu re

ments of mu l tiport networks equipped 
with G R87 4 Conne tor . Thro ugh the 
use of GR874 Adaptors, the e termina
tions can be used as dummy loads in 
other line sizes. Their use in time
domain applica tions is di c u  d below. 

SP E CIFICATI ONS 

TYPE 874- WSOBL 50-0 H M  TER MINATION 

Freq u ency R a n ge : de to 0 GHz. 
VSW R :  Less than 1 .005 + 0.0V3 X fGHz· 
De Resistance: 50.0 ohms ±0.53 .  
M ax i m u m  Pow e r: 2 watts, contin uous ( 1  watt 
wi th negligible ch ange in resistance and v \VR; 
5 watts without damage ). 
D i m e n sio n s: Length, 2 )i' inches (57 mm );  maxi
mum diameter, 1Vi6 inches (27 m m ) . 

Net We i ght : 3 ounces (85 grams). 

Catalog Price 
NumlJer DesNiption in USA 

0874-9955 Ty p e  874- WSOBL SO- $ 24.00 
ohm Term in at i o n  

U . S .  Patent No. 2, 548,457 

T YPE 874- WSOB 5 0- 0 H M  TER MINATION 

Same as Type 871,-W50RL, except : 
Freq u en c y  Ran g e :  de to 7 G H z .  
VSWR: l ess than 1 .005 + 0.0 1 7  x fGHZ· 
D i m e n s io n s :  Length, 2 )i'  inch s (57 mm ) ;  
maximum diameter, l�[f, inch ( 20 m m ). 
N e t  Weight: 2 Yz  ounces ( 70 grams ). 

Catalog 
N umber Description 

Price 
in USA 

-------+-
0874-9954 Typ e  874-WSO B  50-

o h m  Term i nJ ti o n  

U . S .  Patent No. 2 , 5-18,457 

$23.00 

TIME- DOMAIN APPLI CATIONS OF COAXIAL ELEMENTS 

The G R 874 erics of coa xial clements 

- connectors, a i r  l l n es, tee , termina

tions, etc, ['..re widely used in p u lse

systcm measuremen t . I n  the e timc
domain appli ca tions they o ff r h i gh 
performa n ce a t  low cost, and t heir 
hermap h rodi tic-mating and q u i  · k-dis-

connect f atures hel p to save both time 

and money . 
With the a d v  nt of fast-rise-time, 

gigahcrtz-pul:::;c gene ra t ors a n d  sam

p l i u g  osc i l l o. ·copcs, c rnphasi. h a , b n 
p u t  on the high-freque n cy pcrformau cc 

of coaxial lcment · .  Herc aga i n t he 

1 1 
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G E N E R A L  R A D I O E X P E R I M E N T E R  

T Y P E  874- B B L  T Y P E  874 - B BL 
C O N N ECTOR PA I R  CON N E C T O R  PA I R  

....... "" 

�����ITJi--�-����CD��� 
TYPE 8�-L30L TYPE 874-L30L T Y P E  8 74 - W 50 B L  
30- cm 30 -cm so-.n 
A I R  L I N E  A I R  L I N E  T E R M I N AT I O N  

F i g u r e  7. Ti m e- d o m a i n  refl ecto m eter t r a c e s .  Vert i 
c a l  s c a l e :  R efl ectio n c o effi c i e n t = 0 .005/ c m .  ( Z0, 
n orm a l i z e d  to 50 o hm s, 1 %/cm . )  Ho ri z o n ta l 

sc a l e :  6 cm of l i ne/c m . 

broad line of G R874 coaxial elements 

provides the req ui red performan ce char

acteristics. 

Band width and p u lse rise-time are 

related approximately by b u1 = 0 _ 3fi/rt.  

Thus, the typical fast p ulse c harac ter
ized by a 1 00-p ri e-t i me corresponds 
to a bandwidth of a bo u t  :3500 l\ I H z _  
To keep p u lse d i  tortion a nd reflec tion 
lo w, it is necc . a ry to keep th e VR"\YR 
of the associated C'oaxial circ uitry low 
o v e r  t h e  full bandwid t h  of the pulse . 
The new G R 87-1 Coaxial E l e me n ts meet 

this need . For exa mp le , the TYPE 87-1-

TPD L Power Divider in trod u ces a 
v s w R  of l ess than 1 . 1 8 u p  to ;3soo 
M Hz while the TYPE 874- W 50B L Ter

mination v swR I 10ss than 1 . 05 u p  to 
3500 l\I Hz. 

The advan tages of G R87-! elements 
for hand ling fast-rise-time pulses a re 

f urther il lu tratcd by t i me-domain rC'

f iecto meier t races. 

Figure 7 shows time-do main reflecto
rneter traces of two TYPE 874- L30L A i r  

Lines connected i n  series a n d  termi
nated in a TYPE 874-W50 B L. A l l  
connectors are the n e w  T Y P E  8 7 4- B B L 

Locking Connectors. To o btain the 
upper t race, the conn ector j oin ts were 
partially disengaged in order to p i n  
point their locations. F o r  the l o wer 
trace, the connecto rs were fully en

gaged ; c ha racteristic i mpedance varia

tions throughou t  the air line,  connector, 

and termination sections are l ess than 
0 . 5 % .  

Sa m p l ing Osci l loscope 

Rejlectometer 

Figure 8 illustrates the use of th e 

TYPE 874-T P D L/-TP D  Power Divider 

i n  time-domain reflecto metry instru
mentation built around a sampl i n g  

scope . 3 •4 ·5 The p o we r  divider trans

forms the pulse generator i nto a n ea rly 
matched sou rce, thereby red ucing trou

b lesome re-reflec tions, even in the p res
ence of large reflections fro m the u n

known.  
The air  line provides time isolation 

be tween the so urce and the u n k nown 

i mped ance reference.  The characteristic 
impedan ce of the T'Y P E  87-!- L Air Lines 

3 Loni.(, Gordon D . ,  " Pulse Reflections Pin Down D i s 
con tinu ities , "  Electronic Desion, l\'Iay 10,  1 963, p p  62-66 . 
' NoPI,  D .  Ir. , " Su bnanosccond I n s t r u mentation , "  IEEE 
Student Journal ,  .Jan u ary 1 064 , pp 27-32. 
• A pplicat ion Note 62, " Time-Domain Reflcctometry , "  
Hewlett. Packard Company, 1964 . 

SYNC 
SAM PLING 

OSC I LLO SCOPE 

FAST RISE 
TIME PULSE 

GEN ERATOR 

TYPE 874 -TPD/-TPDL 
POWER DI V I DER 

R EF E R ENCE 
A I R LI N E  

U N K N OWN 

TYPE 874 - L  OR TYPE 900 - L  
WITH TYPE 900 - 0 874 ADAPTORS 

l6T4 TPD(L):=tO) 

F i g ure 8 .  U s e  of t h e  T y p e  874 - T P D L/- T P D  P o w er 
D i v i d er i n  ti m e- d o m a i n  refl e ctom etry i n str u m e n t a 

t i o n  b u i lt a r o u n d  a s a m p l i n g  o s c i l l o s c o p e .  
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CONV E NT I ONAL SETUP SETUP WITH POWER D I V I D E R  

S C O P E  S C O P E  
I N P U T  TR I G G E R  

I N TE R NAL SAM P L I N G  

I N PUT 
EXTERNAL 

TR I G G E R  

O F  S IGNA L TO TYPE 874 -TPD/-T P D L  
T R I GGER SCOPE 

S I G NA L  S I G N A L  

a .  N E ED � 50 mV O F  b. N E ED � I O mV O F  
S I G N A L  T O  T R I GG E R  S I G N A L  T O  TR I GG E R  

IB74·TPOtL)-ul 

F i g u r e  9 .  U s e  of t h e  Ty pe 874 - T P DL/- T P D  Power 
Di v i d er to i n cr e a s e  the s e n siti vity of s a m p l i n g  

o sc i l lo s c o p es . 

is 50 . 0  ohms ± 0 .4 %. The characteristic 
impedance of the TYPE 900-L Air Line, 
which can be u ed with TYPE 900-Q874 
Adaptors to the G R874 line size, is 
50.0 ohms ± 0.065 % .  

TYPE 874-W50B L/-W50B Termina
tions keep reflections low at the output 
ports of multiport unkno wns . 

Trigger 

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

N O V E M B E R - D E C E M B E R  1965 

if a power divider is u ed in the signal
inpu t line. The performance improve
ment is brought about by external 
division of the signal to increase the 
trigger input.  Thus, a representative 
sampling o cillo cope that requires a 
50-millivolt signal to provide 5 milli
volts of trigger internally can trigger 
equally reliably on input signals of o n ly 
10 mill ivolts, when the power d ivider is 
used . Figu re 9 shows this principle. 

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 cascaded power dividers. 
As shown in Figure 1 0, power dividers 
can be cascaded to fractionize the 
original p u lse, and additional d ividers 
can be u sed to reco mbine the resulting 
signal, after suitable delays, into a train 

TYPE 874-TPD /-TPOL TYPE 874-TPO/-TPDL 

PULSE 
G E N E R ATOR 

0. C I RCU I TRY 

D E LAY I 

D E UIY 2 

TYPE 874 - G 6 
2X AT TEN UATO R (6 d8 ) 

( 2  REQU I R E D) 

TYPE 874 - G l 4  
5X ATTEN UATOR 

( 1 4 dB )  

TYPE 874 - G I O  
ATTENUATOR 

( IO d B ) 

OUTPUT 

l874•TPDfL)•/.LPAI 

F i g u r e  10. C a s c a de d  power divid
ers u s e d  to c o n struct a p u l s e  b u rst, 
w h i c h  effecti v e l y  r a i s e s  t h e  repeti
t i o n  rate of a s u b n a n o s e c o nd - r i s e 
t i m e  p u l s e  g e n erator to s e v e r a l  

I N PUT n ________ � I.____. n.._____ 
--j I- >1. 0 ns 

T I M E -

OUTPUT 
h u ndred m e g a h er t :z: .  I ez.f -reotL J 12sl 

b. T I M I N G  D I AGRAM 

1 3 
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G E N E R A L  R A D I O  E X P E R I M E N T E R  

of p u l  es, adj ustably spaced in times 
T1 through T4• 

T h is application e nv isions as a p u lse 
generator one that consists of a 50-oh m  
charge line operated with a mercury
wetted reed swit h .  

G R8 74 A i r  Lines c a n  be used for 
minute delays (up to 1 ns) , and G R874 
A ttenuators are available to achieve 
compensatory lo es, w here required , 
for p ulse bursts of. u niform amplitude.  

The TYPE 874-06 (6 dB or 2 X )  At
ten uator bears the most convenient 

relation to the in ertion l oss in the 

divider. 
Patch cords, ells ,  adap tors, and other 

elements needed to complete the system 
are available. 

- THOMAS E. MACKENZ IE 

Cre d i ts 

The writer gratefully acknowledges the 
contributions of time-domain applications of 
the GR 74 ele ments provided by J. K. Skilling 
and D. S. ixon, Jr. of the GR engi neering 
staff . 

M E ASUREM ENT B R I E F S  

A Note on the Tone- Burst Genera tor 

Reduction of G a te Feedthrough 

So me users of the TYPE 1 396-A Tone

B u rst Generator may require a ratio of 
open- to closed-gate signal greater tha n 
the 40 d B  we specify (43 d B  typical) . 
I t  is not possible to modify the design 
of the instrument in this re pect with
out acrificing switching-noise sup

pression and gate speed ( maximum 
frequency) . 

Addition of the circuit  shown below, 
h owever, can red u ce the feedthrough by 
introducing a small amo u n t  of distor
tion i n  the output.  This circuit is an 
attenuator for small  voltages (less than 
± 1  volt) , and it pa ses oth r voltage 
levels with little a tten uation.  Sin ce 

,. 

�eedthrough is i n  the ± 1 -volt range,  i t  
i s  attenuated , b u t  the desired signal 
(assu med at maximum level of ± 7  volts) 

h as only a small  amount of di tortion 
near the zero c ro sing . This distortion 
looks much l ike rossover distortion 

and may be quite a cceptable in some 
applications.  

With germanium d iode , 1 N455 -type, 
and a value of R of 1 .0 kilohm, the 
f edthrough varies from - 55 dB at 
500 k c /s to - 58 at 20 k c/s and 
below .  With ilicon diode , 1 N459A
type,  and a value of R of 10 kilohms J 

the feed through drops to - 63 d B  
a t  500 k c/s, - 7 7 d B  a t  2 0  k / , and 
less than - 80 d B  at 2 kc/s and below .  
The silicon diodes, h owever, introd uce 
more distortion than the germanium 
diodes. By the addition of bias so urce 
in series with the silicon diodes it sho u l d  
be possible t o  effect a compromise 
b tween distortion and atte n uation of 
feed through.  

- J. K .  S K ILLING 

i 
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Instru ment Note on Fre q u ency Conve rte r 

The TYPE 1 1 33-A Fre quency Con

verter1 extend s  the range of 1 0- 1\/ I c  

count rs to 500 l\/I c/ . O riginally de

signed for use with G R  coun ters, it 

can a l  o be operated with counter of 

other manufacture .  Detail of thi u se 

are d iscu d in a recently p u bli hed 

I nstr ument J'\ ote, free on request. 

Ask for I N- 1 06.  
1 J I .  T. l\ I c A lcer, " A  e w  Converter for Frequency 
l\IIeasurements to 500 Ic," General Radio Exp e rimenter, 
December, 1962. 

C a p a cita nce C h a n g e  Measu res 

Stra i n  i n  Fib ers 

A recent article1 in The R vi e w  of 
Scientific Instruments de cribe a n e w  

Photo courtesy Bectro Dynamic Division, Gene�ol  Dynamics. 

N O V E M B E R - D E C E M B E R  1 9 6 5  

te ting device for inorgan ic whisker 

and other fine fi bers, developed by the 

La boratory for Phy i al c ience of 

P. R .  M al lory and Company at B u r

lingto n ,  Ma . Th fi ber-holding d vice 

replaces one pan of an analytical bal

ance . M easurabl tre can be applied 

by weight in the o ther pan .  Flat lec

trodes o n  the holder form the plat of 

a capacitor, whose apacitan e c hanges 

with changes in length of t he fi ber 

u nder test .  
Th capa itance hange is mea ured 

with a GR T YPE 1 6 1 5-A Capacita n ce 

Bridge, which i capable of detecting 
a change of 1 X 1 0-11 Ii . 
1 R .  H. Kelsey and R .  IT. Kroc k ,  " lVl icrofiber tress- t rain 
A p paratu s , "  The Rel'iei;• of Scientific Insi rurn nis, 36 , 7, 
J uly 1 965, pp 103 1- 1 034 . 

I n  t h i s  c o n s o l e, u s ed i n  tests o n  m o tor-g e n erator sets, G R  s o u n d - l e v e l  m eters, a n a l y z ers,  a n d  r e c o r d er s  
m e a s u r e  a ir - b o r n e  s o u n d  a n d  a u to m at i ca l l y  r e c o r d  t h e  freq u e n c y  s pectra o f  stru c t u r e - bo r n e  v i b r a t i o n s . 
E l ectro D y n a m i c  at A v e n e l ,  N . J . ,  m a n u f a c tures h e a v y  e l ectri c a l l y  o perated e q u i p m e nt,  i n c l u d i n g  a c  

a n d  d e  m otors,  g e n erators,  b l o w ers a n d  f a n s, fre q u e n c y  c o n v erters, a n d  H E R F  m a c h i n e s .  

1 5  
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O U R  ABACUS 

SLIPPED 

ar i · I  h 

A COLUMN 

'I h 1 " - th n- erf c t  

p.. e 1 2  f our J u  r i u 

b en call d t 1 
1 6  ohm houl 

ord , how v r an 
him and a p u b 

m r .  T h u  -

rd 

l ohm 

2 hm h uld b 1 :  

lX ffi 
WU publi  h d ,  

' •er no 
and , 

in hi 

r 
f urth .r 
original 

r 

d ra\vn in th 

d il r 

h or
n lu i n 

00 WE HA VE YOUR CORRECT NAM'E AND ADDRESS-name, com

pany or 1organ,ization, clepartmenf1 s treet or P.O. box, city1 state, and 

zip code ? If not, please dip the ac/clress fabel o,n tl1is issue and return 

it to us with c-orreelions, or, if you prefer,. wrile us; a posfcorcl wm do. 

RETURN REQ UES TED 
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