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NEW TYPE W10 VARIAC® AUTOTRANSFORMER·

Type WIOM Variac Type WIO Variac

The General Radio Yariac® Auto
transformer, one of the most \\'idely
eopied products in the electrical in
du try, ha' been constantl? improved
since its introduetion to thE' industry
over 25 year ago. Frequent improve
ments not notieE'able to the user are
made to assure greater reliability and
better performance while, at interval of
several years, compleh.' model changes
are made which incorporate the result of
."ear of development \\'ork. Through a
eontinuous program of c1e\'elopment,
General Radio engineers are con tantly
seeking new materials, design techniques,
andmanufacturingmethocL and appl.ving
them to the building of hettf']' Yariacs.

One of the fruit of this program is
the Duratrak contact smface; another is

the "W" Variac design, of which the
lO-ampere Type WlO (J 15 volts) and
4-ampere T.vpe WlOR (230 volts) arc
the latest examples. replaeing the Type
Y-10 series. The features of "W" Yariaes
have been de cribeel in detail previ
ousJ,v1 Improved heat transfer, im
proYed insulation for better electrical
performance: the substitu tion of \\Tough t
metal for caRtings to improve mechanical
propC'rties; elise radiators to protect the
brush track, etc. X 0\\', all General Radio
Variacs bear a strong family resemblance

l":\[ore New Vnri:1('H®," General Radio Experim,enter, 30,
12, :lby, 19;;0, PI'. 13-15.
"The Type W5 Variae® -A New and Better Variahle
Au totransformer." G('neral Radio Experimenter. 30. ;-.
DC('cmber, 195.), pp. 1-10.
"The Type \1'20 - A New 2Q-Ampere Variae® Auta
tran.<o:.former," General Radio Experimenter. 32, 15 and Jn,
Augtl't-Septemher, 19,;8, PI'. 3-';,
"New '50' Size VariacS® - Types >\'50 and \V5OH,"
General Radio EX)erimenter, 31,11, April, 1957, PI'. 3-9.

-..
.. ..- --- ~-

-,.,-. -

The "w" family of Variacs. Cased liS-volt models shown (left 10 r;ghl)
have currenl ralings of 40, 20, 10, 5, and 2

amperes, respectively.
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based on the application of the same
sound principles to all models, differing
only in particulars necessitated mainly
by differences in power-handling ca
pacity. That the development program
has been a complete success has been
amply demonstrated not only by oon
. umer acceptance, but by that most
sincere form of flattery, imitation.

Motor drives can be furnished on TYPE
WlO single or ganged Variacs for servo
work and for remote positioning ap
plications.

Fully enclosed, two-phase, gear-re
duction motors of the servo type are
used. For servo applications, the motor
has low moment of inertia and high
angular acceleration. For remote po
sitioning, the same servo motor assembly
with a different shaft speed is used. The
low moment of inertia is useful to avoid
overshoot.

Single, two-gang, and three-gang units
can be equipped to provide traverse
rates of 8, 16, 32, and 64 seconds for 320 0

of travel for either servo or remote po
sitioning applications and 128-second
traverse for remote positioning only. The
single lmit (Types W10 and WlOH) can
also be equipped to provide 4-second
traverse rate for servo applications only.

The Type W10 series of Variacs is
available in a wide assortment of mod
els, 115- and 230-volt input, line or
overvoltage output, single or ganged,
open or cased, with or without ball bear
ings and motor drive as well as cased
portable models with cord (t\\'o- or
three-wire), off-on switch, outlet, pro
tector, and carrying handle.

- GILBERT SMILEY

(Rigltt) Cover of cased model is easily
removable for access to terminals, mount..

ing holes, etc.

(Far rigltt) Shaft is easily adjusted or re
placed without disturbance to the rest of

the assembly.

Portable model with
convenient handle is
available in 2- and

3-wire models.

Cased model for wall
mounting has conduit

knockouts.

,
Uncased model for

panel mounting.

Overload protector, a
feature on portable
models, is reset from

fronl panel.

VARIAC RATINGS
115-VOLT INPUT

KVA Type

0.36 W2
0.9 W5
1.5 WI0
3 W20
5.75 W50
6 W20G2
9 W20G3

11.50 W50G2
17.25 W50G3
23 W50G4BB
34.5 W50G6BB

230-VOLT INPUT...
0.6 W5H<II« W2G2:I:

A- 1.2 WI0H... 1.8 W5G2...
Cl 2.4 W20H
Z 3 WI0G2-<II

4.8 W20HG2
6 W20G2
7.5 W50H

15 W50HG2
22.5 W50HG3
30 W50HG4BB
45 W50HG6BB

460-VOLT INPUT

1.2 W5HG2
2.4 WI0HG2
4.8 W20HG2

15 W50HG2
30 W50HG4BB
45 W50HG6BB

230-VOLT INPUT

KVA Type

1.0 W5HG2
1.25 W2G3
2.1 WI0HG2
3.1 W5G3
4.1 W20HG2... 5.2 WI0G3<II« 10.4 W20G3

:I: 13 W50HG2A-... 20 W50G3...
26 W50HG4BBr.:

:I: 40 W50G6BB~

460-VOLT INPUT

2.1 W5HG3
4.1 WIOHG3
8.2 W20HG3

26 W50HG3
52 W50HG6BB
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Line-1'oUag
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~

--"- .... ~

!Hl• -;>
'- '--
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""'.,,--
~ ~ E
-~0---- .
- I

,=",
-"'"-------0:-

o 1351.513o 11510115
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With (.(

1J5 10011513 1.5 0 135 10 17 30 60 15 OOGF.R 44.00

Wl0MT 115
Portable 2-wi re

Sl'e n tp' lwlow o 135 10 17 30-00 16 OOta • 48.00

Wl0MT3 115
Portablp 3-wi re

S('(' note' hc'low o 135 10 17 30~0 16 DOGOM 51.00

Wl0H
pen

230

115

4 0-230 5.2 1.2 0 270

2 0 270 2

1- I. 'TAL 33.00
30 60 12

4 0 230 5.2 1.2 0 270 17 I. T"II 46.00
3 00 Jo!J,-2

50.00

53.00j,UTO~1

30 60 15 J ·? I.UTIC-17

17

2

4o 270

0-270

o 270Flee n te' bel w

2

230

230

230

1\5•

Wl0HMT3
Portable 3-wi re

Wl0HM
\"ith ('a~

Wl0HMT
Portahl(' 2-wirc

V8T-l0 Rl'placemcnt Hru,h for Type W10, per ,<,t 1.25

V8T-l1 1.25
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GANGED MODELS •

Load Rating l\TA Input
IJille

Typ Parallel Serie, Deltn Wile r()lt.~ ('ode Word Price

3.0 2.6 I 15
Wl0G2 2-gong W10

3.0 I
I>OC;AL(,ANOl: $ 72.00

230

Wl0G2M 2-go"il Wl0 cosed • ,s WIOG2 93.00~ anl I>oe: \ IJHONnc

4.5 115
Wl0G3 3-gong Wl0 uoo.!\ L(; :-iT)' 105.00

5.2 230

Wl0G3M 3-gong Wl0 cosed , "111(' uS \Y1OG3 OOt:ALllO:-TY 128.00

2.4 2.1 I 230
Wl0HG2 2-gong Wl0H

I
1.- I.I·TAU;....".) 76.00

2.4 , 460

Wl0HG2M 2-gong WI OH cosed , :Ul\(' :L~ \\'lOHG2 1.1'1'.\ I. llO:-i 0 1 97.00

3.6 230
Wl0HG3 3-gong Wl0H l.lTTAL(jAKTY 111.00

4.2 460

Wl0HG3M 3-gong WI OH cosed • ame a" WIOTT ,3 j,lTALBO. T)' 134.00
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NEW CONNECTORS FOR THE LABORATORY
PATCH CORDS, SHIELDED PLUGS, ADAPTORS, INSULATORS

Type 274-MB Double
Plug of low-loss, heat
and - impact- resistant

polymethyl styrene.

(At right) Type 274-NK Shielded
Double Plug shown with shield
ed cable attached. Plugs directly
into 'lI.I" spaced Type 938 Bind
ing Posts with metal housing providing shield•

of 0.200 and 0.250 inch outside diameter.
A \\"ide variet~' of military and other
coaxial cables is made in this range of

•Slzes.
For single-wire connection, the TYPE

274-DB Single Plugs are still available ill
both red and black polymethylstyrene.

A combination of four assembled cord;;
with conn<.'ctors on the ends suitable for
the type of connections commonly made,
and a versatile cord capable of adaption
to many types of terminals, satisfie"
practically every need met in the lab
oratory, at frequencies up to several
megacycles.

For complete shielding, the TYPE 274
NL Patch Cord connects two pairs of
binding posts, adding less than 100 wI
to the circuit. If complete shielding is not
required and more than one connection
is desired at one pair of binding posts,
the TYPE 274-NP serves the purpose. It
has high-grade insulating materials
throughout anclless than 100 J.1.J.Lf capaci
tance. The double plugs are molded to
the ends and can be stacked for multiple
connections. Metal parts are bright
alloy-plated beryllium copper.

Connectors for interconnecting in
struments are an important part of any
measurement system. These connectors
are properly a concern of the instrument
designer, because the proper functioning
of his product may depend upon the
type and quality of the means used to
connect it to other devices and circuits.

Poor-quality terminal insulators, high
loss or noisy cables, and loose plug-and
jack combinations that make erratic
contact can ruin many a measurement,
however accurate the measuring instru
ment ma\, be.

•

Binding posts, plugs and jacks, patch
cords, and "imilar devices have always
been made available by the Gmeral
Radio Company. These have been used
not only with General Radio instruments
but also ,,'ith those of other mallufac
hIrers, since nearly all have adopted the
Gen<.'ral Radio standard of jack-top
binding posts, spaced ~ inch on centers.

The TYPE 274 Plugs, Jacks, and Patch
Cords, tog<.'ther with the TYPE 938 Bind
ing Posts in their s<.'\·eral combinations,
are an integrated set of 10\\·-fl'equl?ncy
eonnecting devices, whieh are used on
and supplied with General Radio instru
ment" and arc also sold separately. A
number of these ha\'e rl?cl?ntly bl?en re
designed to have grl?a1w flexibility and
adaptability than previous designs,

The \H'll-kno\\"n Double Plug, Type
274-MB, molded in polymethylstyrene,
is now supplied with a cross hole through
its center portion to provide strain relief
for attached leads or cables up to 0.2
inch diameter.

The TYPE 274-NK Shielded Double
Plug is a ne\\" design having an anodized
aluminum hell, ceramic insulation, and
providing strain relief for coaxial cables
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Type 274-NL
Patch Cord for
shielded can-
nection be-
tween %"
spaced bi nd-

ing pasts.

A shielded connection bet,,'een any
comlJinal ion of bindinl?; posts on % inch
centers, binding posts at other than ~
ineh Cl'nler::;, "brl'ad board ,n and TYPE

7-1- Coaxial onnl'('(ors can easi l.v be
made' by uSe' of tl1(' TYPE 27-J--1\0 ('ni-

•

Yl'rsal Pateh Corcl. This cord consists of
a coaxialeable, ,,'jth a TYPE 274 Plug on
each end of the ccnter conductor, a metal

shielded connection can be made to a
pail' of binding post as in thl.' Typl::
27-J--XL Pateh Cord..-\ddition of thl.'
TYPE 87-1--Q::'\G to this uni\'Cr al cord
adapts it for connection to tbe \\'idel~'

llsed 1')'1'10 87.,1, Coaxial Connectors.
Lastl~', tbe addition of TnB 3 -B Alli
gator Clip.- permits cOI111C'ction directly
to any point in experiml'nLal or oth('l'
ci n'u its.

Bridging tl1(' g;ap from the TYPE "74
Coaxial 'ystem t{) the TYPE 27-~ Plug
Jack System is the TYPE 87-±-R3-± Patch

•

Corel. With it a pail' of binding post. can
be connected to a TYPE 1.,1, Coaxial
Connector with complete -hielding..\11

Type 274-NP
Patch Card con
nects between
0/.,/1 spaced bind
ing posts, allow
ing for multiple

connections.

ferrule on I.'ach end of the shield, and a
pil?;tail lead, with TYPE 27-1- Plug at
tache'd to tile' ferrule at cach end of the
cord. The'sl.' plugs ean go directl:v into
jack-top bind ing posts or jacks spaced
up to three inc·he's apart. B~' addition of
the Tn>!'} 27-1--KT Shell, a completely

Type 874-R34 Patch Cord

the Y('rsatility of the TYPE 27..J--KO Cord
desc'I'ibed abovl' can bl' had 011 one end
of the Typt~ 7..J--R33 Patch Cord ,,'hile'
thl' other e'nd is plugged into a TYPE 7..J
Connect{)l'. This latter cord LL cd \I'ith
thl' TyPE 87-J--Q line of adaptors will con
nett \'irtuall~' anything to anythinl?;.

To add still fmther flexibility to tile'
•

s~'stem, thl' lH'W TYPE 27-±-QBJ Adaptor
pro\'ides a nll'ans of connecting a pail' or

(For left) Type 274-NO Universal Patch Cord, (Below) shown with (left) Type 938 Binding Posts, Type
274-NT Shell; (right) Type 874-QN6 Adaptor, Type 838-B Alligator Clips .

•

rr
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jack-top binding po. t. to the popular
B ·C-type connector.

AnotlH'r IH'W tle"ign ii> the TYPE 93 
YB Double Binding; Post Insulator. It i

(Left) Type 274-QaJ Adoplor to BNC. (Right) Type
938-YB Double Binding Postlnsulolor.

in ('\'cry way compatible with th(' \\"('11

I'stabliHhNI ryp~; 93 Wn,93 -WH, and
93 -p ,Juek-top Bindin~ Post., but can

be cOIweni ntly mounted on panel. up to
5 16 inch thickne'.' in bl'o 7'2 inch di
ameter hole'. Th black polymethyl
. tyrclle material giy('::; iL n, yol tage rating
of 4000 peak with 1(',;::; than 1 1lJJ.! eapaci
tanc(' \)('tW(,I'11 binding PORt ...

Th se n \1' ('OIlU('(·toni, plu. th Tn'E
93 Bin ling Pm,t,' alld the TYPE 74

oaxial 'nneetors and l\daptor., pro
vide \\. ll-designed, high-quality inter
eOllncetion sYstems fot' all kill h; of•

c]e('(ronie C'quipmellt o!)('ratin/l; at fre-
qUC'!H'iC',' from de up to about .3000 m ga
cycle.

- 11. C. Ll'l"I'LEJOIl

Insulated Double Plug ......•.........•......... i'iTA:\I'Mtul'(,

Shielded Double Plug.............. •••......... "T\I'I.l (l'i l'
Patch Cord. . . . . . . . .. .. .. . .. ..... ... .... . .. .. . :4T.\PL(·C:UAT

Patch Cord................................... ~T.-\KPAHY.\K

Patch Cord .••.•••..•.....................•... ('0 \ XI'TM'Rn.
Patch Cord. " . . . . . . .. . . .. CO\XI,I:\ t-..E1{

Universal Patch Cord. . . . • . . • . • . . . . . . . . . . . . . . . . "1'.\ 1\'1'.\ RK tTl
Adaptor to BNC " ".. . ..TAKPAIOIl"U

Adaptor to 874. . . • . . . . . . .. .. .. .. COAXCIIO,i1';l(

Double Insulators " HTA 'i P.\lllA"

Alligator Clip ..........•. "................... lST\:\I'\H:O<[1'

T,/pe
--~--

274-MB
274-NK
274-Nl
274-NP
874-R34
874-R33
274-NO
274-QBJ
874-QN6
938-YB
838-B

ode IVortl Price

$0.65
1.35
4.50
3.50
5.50
5.00
3.25
:UO
1.00
.20

10 for 1.50
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AN IMPROVED PULSE GENERATOR
WITH 15-MILLIMICROSECOND RISE TIME

The TYPE 1391-B Pulse, Sweep, and
Time-Delay Generator is a general-pur
pose laboratory tool for the synthesis of
pulse waveforms and for controlling the
occurrence of those waveforms in time.
The TYPE 1391-A model, originally de
scribed in 1953, was the result of an
efTort to extend the signal generator con
cept to the field of pulse measurements.
Before this time, pulse generators had
usually been either cranky "bread
boards" or highly specialized (and still
cranky) commercial devices. This new
model reflects both field experience and
an ad\-ance in technology which brings
it nearer to the status of the standard
signal generator as an accurate, stable,
and dependable laboratory (001.

An outstanding feature of the new
generator is its improved pulse gener
ating circuit with faster rise time, better

pulse shape, and improved reliability.
Other outstanding characteristics of the
predecessor, 'I'YPE 1391-A, are re
tained'·

2
• In particular, the following

retained features have been Im

proved:
1. 'fhe instrument produces an output

signal of 0.15 ampere into any impedance
level up to 600 ohms, thus permitting a
wide choice of generator source imped
ance and pulse ampli tude.

2. It produces this output signal di
rect coupled, so that pulses of any dura..
tion at any impedance level do not
exhibit ramp-off effects.

3. It has no duty-ratio restrictions.
4. It permits the user to inject his

own dc component.
IProcudingll of the Natiorwl Eledr/miclI Conference, 1953.

all.. \V. I·'rank. "A Vcrsatil~ Gcncrator for Time-Domain
:\[Cl\8Urclllcnts," General R«diQ E'.lwerimenter, Vol. 30, Ko.
t2, May, 1956. pp. 1-13.

Figure 1. Panel view of the Pulse, Sweep, and Time-Delay Generator.
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Improvements

A completely new principle was used
in the design of the dc coupled stages of
the pulse generator and output system
to increase their bandwidths with a con
sequent reduction in rise time. 'l'he im
proved rise time makes this pulse
generator compatible with the fastest
standard oscilloscopes.

A future article is planned in which
the theoretical increase in bandwidth
for these dc-coupled pulse circuits will
be derived. The decrease in rise time is
better than two-to-one. In this instru
ment we chose not to press for the full
theoretical increase in bandwidth, but
instead to design circuits of increased
stability and reliability. Negative-feed
back principles and reduced plate dissi
pation (most of the pulse-amplifier tubes
run at less than half theil' maximum plate
dissipation) make the characteristics of
the pulse essentially independent of tube
aging and line-voltage variations.

In addition to the extensive modi
fication of the pulse generating and out
put system, important changes have
been made in the input circuits, and im
provements have been made in the
switching system for starting and stop
ping the main pulse.

The changes in the input circuit now
permit (1) either ac or dc connection
from the external systems to the trigger
circuit and (2) an adjustment of the
triggering threshold voltage. This in-

i'----------"O~~fiT

~~,~i o-----+------~

Figure 2. View of generator and power supply.

creases the adaptability of the instru
ment in laboratory systems, since the
sensitivity for brief pulses can be opti
mized, the input circuits can be gated,
and some range of phasing for slowly
varying waveforms can be had. These
possibilities are explored further under
Input Circuits, below.

A change in the switch which routes
the "start" and "stop" triggering pulses
determining the duration of the main
pulse has been made. vVith this new ar
rangement it is possible to mix inter
nally produced pulses ,vith pulses gen
erated by outside systems or with pulses
produeed by the input and delay circuits
of the TYPE 1391 itself. With the pulse
timed by both the normal system ancl
the delay circuits, the user can produce
an accurately timed double pulse. If ex
ternally generated pulses are mixed 'Yith
those produced internally, multiple
pulses or even pulses having different
repetition rates will be produced by the
pulse-generating circuits,

Figure 3A. System block diagram snowing major
circuit groups ond tneir interconnections.
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The nmdy designed pulse-generating
circuits permit some simplification of
the power-supply circuitry. Along with
the changes necessary for the new cir
cuitry, the selenium rectifiers used in the
power supply ha,"e heen replaced ,,"ith
silicon types, resulting in a reduction of
volume required for components and
permitting a reduction in the height of
the power supply panel.

System

The TYPE 1391-B Pulse, Sweep, and
Time-Delay Generator (Figures 1 and
2), as its lengthy name implies, is a com
bination of three instruments in onc. It
consists (Figure 3) of a precision delay
generator, a saw-tooth sweep generator,
and a pulse generator. A ycrsatile input
circuit is included, which is capable of
drh'ing the three corresponding generat
ing circuits at any recurrence rate from
zero to their maximum capabilities. The
timing waveform to set the PRF can be
sine waves, square waves, or pulses, and
it can be provided either hy a periodic
signal source such as the Gencral Radio
TYPE 121O-C Unit R-C Oscillator, or by
a one-shot, or random, change in voltage.
Alternatively, an output signal from the

generator can he fed back into the inpnt
terminal to provide a timing period set
by the internal circuits themseh-es. LSed
in this way, the instrument is a self
conlained timing generator of good ac
curacy and stability_

To prm-ide for the utmost in applica
bility, many input and output terminals
and s,,"itches permit interconnection of
the major units among themselves and
to and from cxternal circuitry_ These
conncctions and switching are shown in
Figure 3 and will be discussed in connec
tion ,,"ith the indi,"idllal eircuit groups
belol\".

Input Circuits

The input circuits (Figure -I) provide
a triggering pulse to initiate the action
of the ,"arious circuit systems comprising
the generator. They also provide a mas
leI' synchronizing pulse to synchronize
other equipment ,,-ith the generator.
These triggering signals arc nearly in
variant in slope and duration, irrespec
tive of the slope and amplitucle of the
driving signal

The new input switch and de threshold
control make it possihle to select either
positive-going or negative-going portions

AMPLITUDE

PR'
DRIVE

;: ;
r DELAY _r

--ij;~ERV"L~

OJ.~~!..--l o~
__---1

! --i1-: : I I

l I l I
I

I , I ~
I I

,
J, , I

I

~ :;;;~ t~-------_O"_4'-'_SE_c_"t-!:11'----------
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DELAY
RESET

~ TRIGGER

~ ~2+~C-

DELAYED
TRIGGER
DELAYED
SYNCH.
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<II GATE

I
STAIn"

~~ TRIGGER

~~ STOP
t- TRIGGER
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~! NEG.
U PULSE

Figure 38. Timing diagram
for the complete system.

TIME
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Figure 4. Block diagram of the input circuits.

~__~D~"~E~C~'--"<R~'~G~GE~''---~D~~AY
CIRCUIT

o l:DELAY
SYNC
0",

~
SWEEP TRIGGER-=='"

L ~, SW~TCH I DELAYED
DIRECT DELAYED TRIGGER

'L • Tgl;~U~~P

~;::[T"''''~'~',--!J---''--''-Lt..JJ.....,~''-..L~''-k
O<cAT
GATt

the cover, III which, for example, a
"vertical" blanking pedestal 'Yill auto
matically inhibit the formation of "hori
zontal" synrhronizing p~llses.

Delay Circuits

The direct trigger initiates the opera
tion of the delay circuits (Figure 5),
which normally produee the delayed
synchl'Onizing pulse at an accurately
controlled time after the direct sync
pulse. This time interval can be varied

;;~~T'~==~';:'==';t,==~==:(:=
:~~~:;~.:::~c:-:-=--=----t:--:-:-:-:-:--±":--:::::=--t=-:--:-:--:-:-~-:--=--_
C01'Z~fl""· '
0"\';:[0 ~ T.

of the input signal to trigger the syn
chronizing eireuits. 'The switeh cOllples
the input signal either directly or capaci
tively to the trigger circuits, and the
threF:,1lOld ('ontrol selects, over a limited
range, the actual voltage at which t,he
trigger circuits will fire. This control en
ables the user to optimize the sensitivity
to input pulsps of either polarity and to
initiate the trigger at ,"oltages corre
sponding precisely to the zero crossings
of any waveform.

The covel' photograph illustrates a
unique and important feature of the new
input circuits. The input circuits them
selves serve as a ver.v efficient "and"
gating circuit, which can, for instance,
be used to produce pulse bursts. Another
TYPE ]391 Generator (or any other dc
coupled source of plllses, for that matter)
is connected to the input terminals in
addition to the normal dri"ing signal.
The pedestal thus added can, depending
upon its polarity, either enable 01' disable
the input circuit. This operation permits
the construction of ver)' complex timing
sequences like part of those shown on

DEL. RANGE
MICI'IOSECONOS

OEL. CONTROL

DIRECT
TRIGGER
FROM
INPUT
SYNC
CIRCUITS

~_------J ---"""'-""""--""~---.J

COINC
DRIVE

(Lehl Figure SA. Block
diagram of the delay

circuits.

(Above) Figure 58. De.
lay-circuit timing. (Top)
Coincidence circuit set
for normal operation.
(Center) Multiple-pulse
timing. (Bottom) Delay
circuit used as a prf

divider.
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from 1 microsecond to 1 second by the
lO-turn delay control and the 6-decade
range switch, with an absolute accuracy
of delay relative to the direct sync pulse
of better than ±3% over the cntire
range. The usefulness of the l-,usce-to-l
second delay circuit is inercased by the
3- to IOOO-,usec coincidence gate system
(Figure 5B). Through the use of this
circuit, multiple pulses, precision delays,
and accurate delay-circuit calibration
can be accomplished. The similar circuits

Figure 6. Coherent
tone bunts.

(0) 200-kc signal
10-kc burst
rote.

(b) l-Mc signal
10-kc rate.

(c) 5-Mc signol:
note increased
crosstalk in
keyer; note
also absence
of switching

transients.

Figure 7. Block diagram of system for generating tone
bursls,

of the 1392-A Time-Delay Generator
were discussed both in theory and in
application in the December, 1958, Ex
perimenter. The system, shown in Figure
5, breaks down the various functions of
gating, sweep generation, amplitude
comparison, and reset of the gating cir
cuits in such a way that accuracy, sta
bility, and resolution are all assured.

One example of the versatility of the
delay system is shown in Figures 6 and
7. The output pulse is made coherent
with a high frequency to produce tone
bursts.

Sweep Circuits

The primary function of the sweep
generator is to time the pulse both in

duration and delay relative to the direct
synchronizing pulse or the delayed syn
chronizing pulse, either of which can be
used to start the sweep circuits. The
sweep-generating circuits as shown in
Figure 8 consist of a bistable gate, "boot
strap," linear sweep circuit, amplitude
comparator, and resetting circuits. The
push-pull, linear, saw tooth produced by
this group of circuits is fed at 135-volt
amplitude through isolating cathode fol
lowers to output terminals for usc with
external systems. Positive and negative
gate pulses corresponding in time to the
start and the stop times of the sweep are
also provided at output terminals. The
duration of the sweep is nominally 3, 6,
or 12 ,LLsecs with a five-decade multiplier
so that the longest sweep is 0.12 second.

Pulse Timing

The sweep circuits drive the pulse
timing circuits which comprise a pair of
amphtude comparators used to start and
to stop the output pulse. The principles
of pulse timing arc shown in Figure 9.

'--I-~...s-Lc'..--=-_-iil :t?T~

STOP

$WEEJ>
BI$TABLE

GATE

START

'''''"SWEEP
TRIGGER

SWITC!l __--"--r

Figure 8. Block diagram
of sweep circuits.
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Figur. 9. Block diagram
of pulse timing and out.

put circuits.

The pulse-timing amplitude-compari
son circuits arc followed by trigger-form
ing circuits which produce high-speed
pulses to start and stop the pulse genera
tor. Between the amplitude-comparison
circuits and the trigger-forming circuits
switching is inserted to proyide:

(1) Kormal operation, in ,,·hich the
amplitude comparators delay the pulse
and time its duration relatiyc to the
sweep as described above. In this posi
tion the trigger pulses, which corl'espond
to "start" and llstop" time, arc fed to
front-panel binding posts labeled "start"
and "stop," respectively.

(2) 'Ileans to start and stop the pulse
generator using externally generated and
timed signals.

(3) For the addition of both internally
produced and externally generated tim
ing signals to start and stop the pulse.

These three possible methods of driv
ing the puL':.ic generating circuits contrib
ute to the \'crsatility of the instrument.
In normal opcration, the start-and-stop
triggering pulses available at the trigger
pulse output terminals can be used for
making time measuremen ts in extcrnal
systems, for checking flip-flop resolution,
etc. In (2) above, the application of an
external signal will permit the pulse gen
erator to be operated at rates far in
excess of the 250-kc maximum repetition
rate set by the 3-J,tSec sweep in the self
contained timing system. l;sing a Gen
eral Hadio TYI'g J33G-A Bridge Oscilla
tor (10 volts at 3 'lie) and TYI'E 31,l-S86
Delay Line/ for example, it is possible
to produce pulses at repetition rates up
to about 3 Mc (Figure 10).

·With the pulse triggering S\,·itch set

as in (3) above, any number of start-and
stop pulses can be superimposed upon
those generated internally. As a particu
lar example of this application, the gen
erator becomes a useful tool for generat
ing pulse pairs.' By addition of the di
rect and dclayed synchronizing pulscs to
the internally produced timing pulses
with the network shown in Figure 11, a
double pulse having the following char
acteristics can be produced:

1. First pulse duration, 1 lisec to 1
second.

2. Deja." between first and second
pulse. 0.25 !'Sec to 0.1 second.

3. Dumtion of sccond pulsc, 0.025
!'Sec to 0.1 second.
Pairs of pulses produced by this method
are shown in Figure 12.

Pulse Generating and Output Circuits

A simplified schematic diagram of the
newly designed pulse generating and out
put circuit is shown in Figure 13. The
circuits comprise a bistable multi vi bra-
)F. D. Lewii'. n. :'or. Frazier. "'A )lew Type of Yariable
Delay Line'" G~ntTal Rudio E:J;PtTim~mtT.Yol. 31, )lo. .3,
October, 19;)6. pp. 1-8.

Figure 10. Pulses
at high repetition
rotes; external tim
ing.

(0) 0.03 ~sec

pulse. 3.3-Mc
timing signol.

(b) 0.4 ~sec pulse.
1-Mc timing
signol.

(c) Pulses timed
by SDO-kc sig
nol. Direct ond
deloyed sine
waves at
START and
STOP termje
nols.
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figure 13. Simplifled schematic of the pulse generot~

ing circuits.

current and plate-dissipation ratings,
and all stages in the "on" state operate
,,"ell into the negative grid region, under
self-biased conditions, permitting the
stabilization of plate current during the
life of the tube. The (,550 output tubes
supply about 150 rna to the variable
source resistors across 'which the pulse is
produced. The common transmission
line impedances of 50, 72, 94, 150, and

600 ohms are provided internally, and
any impedance lower than 600 ohms can
be obtained by the connection of an ap
propriate resistor in parallel 'with the in
ternal resistors. Examination of Figure
13 shows that the pulse of voltage de
veloped across these resistors contains a
dc component which is negative with
respect to gJ'Ound at the output termi
nals. Only by preservation of the dc
component can pulses of long durations
at low-impedance levels be delivered to
the outside world without deterioration
of waveform. 'I'he dc component can be
changed over about a ± 50-volt range
by the addition at the dc-insertion bind
ing post of either a resistor for negative
translation or a de voltage for positive
translation.

Pulse amplitude can be changed over a
decade range by use of the built-in step
amplitude control switch. This switch
reduces pulse amplitude in ten steps.
Pulse amplitude is stabilized against va
riations or transients in line voltage. A
20% change in line voltage will produce
no visible transient in either pulse shape
or duration, and only a very small long-

Figure 12. Double
pulses.

(a) First pulse, 30
~sec; 30·~sec deloYi
second pulse,S IJ-sec.
Generator self-timed
at 10 kc.

(b) First pulse, 1 ~seci

1-lJ-sec deloYi second
pulse, 5,usec.

DIRECT 20IJfJf
SY~.N,-,C'-__---1If'I ~ISTART

DELAYED 20f,uf
SY~f-r~--~'STOP

IOOPl ~N34A

Figure 11. Add~
ing network
for producing

pulus.

tor, started and stopped by timing
pulses, a pair of pulse amplifiers, and an
output stage. The output stage consistiS
of a pair of push-pull 6550 beam tubes
dri\'en by a pair of GAV5's. The circuits
from the bistable multivibratoI' onward
are push-pull and direct-coupled by a
unique method in which the loss in gain
eharactcristic of the conventional de
coupling methods is eliminated. This
new coupling system uses high-j1. triodes
as current sources, and makes practical
an increase in bandwidth of about 3:1 in
a circuit like that in Figure 13. This cir
cuit can be viewed as a video amplifier
flat from dc to about 25 Mc.

All sfages, including the output tubes,
work well below their maximum cathode-
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term variation in pulse amplitude, which
is due entirely to cathode temperature
variation with hcater-supply voltage.

Figure 14 consists of unretouched
photographs of output pulses under vari
ous conditions. Careful examination of
these pictures for the charactcristics of
rise time, overshoot, and flatness will
convey a bettc!' feeling for the over-all
quality of the pulses produced by this
generato!' than can the words used to
describe them or their spccifications.
The reader should note particularly Fig
ure H (C and D) which shows the pulse
applied directly on the deflecting plates
of a Tektronix 541 Oscilloscope and the
same pulse passed througli the 53/M-C
plug-in unit and oscilloscopc amplifiers.
With the 53/54-C plug-in unit this os
cilloscope has a rated rise time of 14 m!'
seconds.

Summary and Applications

Since the TYPE 1391-B is such a gen
eral-purpose dcvice, it is very difficult to
make a complete listing of applications.
To tlie reader the applications to his
work will probably be obvious.

The following
specialized appli
cations ,,·ill help
to emphasize the
versat.ility of this
ne\\- generator:
Figure 14. Pulse wave
forms; connections di
rectly to deflection
plates of Tektronil(
541 Oscilloscope.
(a) 50-,usec pulse;
scale 10 p.see/em.
(b) 0.5-p.see pulse; 0.1
,usee/em.
{cl Minimum pulse;
0.1 lisee/em.
(d) 0.12-,usec pulse,
94 n termination, 0.02
,usee/em.
(e) Same pulse as in
(d), paned through
vertical amplifier of
oscilloscope.

1. USC of the input circuits as an
"and" gate, in which one generator can
preduee bursls of pulses from another.
This possibility is amply shown on the
front covel'.

2. The delay and coincidence circuits
can produce pulses capable of timing
bursts of high frequency coherent with
any frequency within the generator's
specified range of PRF's.

3. The linear s,,·eep produced at the
sweep Oll tpu t terminals can be used to
produce a multiplicity of pulses, all of
individually mriable duration and delay.
Use of the amplitude comparator de
scribed in the January, 1959, Experi
menter is recommended.

4. Since the pulse output circuit con
sists of a current source and load resistor,
the CWTents from several 1391-B's can
be added to produce a very complex
wM'eform without the usual adding cir
cuit; again, note the front covcr illustra
tion where the complex waveform de
veloped by four instruments appears
across the load resistor of one instru
ment.

5. Only the resolution of the bistable
circuit in the pulse-generator assembly
establishes an upper limit on the repeti
tion rate of this unit. By the use of
externally timed start and stop pulses,
01' when the pulse is timed by any other
external dm-iceJ the output pulse gen
erating circuit can be driven at repeti
tion rates above 3 Mc.

6. For the testing of high-speed com
puter devices, such as flip-flops, even
where the clock rate is in the megacycle
range, it is usually the pulse-pair resolu
tion which is of interest. '1'he brief start
stop pulses used to time the main pulse
can be continuously varied from coinci
dencetoO.1 second apart and form a useful
pair of signals for such resolution testing.

- R. W. FRA"K
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SPECIFICAlIONS

Concidence Circuits
Gate Duration: 3 to 1000 J.l-'iCe.
G:l.te Accuracy: ± 15% or ± 1 ,usee, whichever
is larger.

Coincidence driving circuit will accept either
po.."itive 01" negative input pulSC's. Souree im
pedance should be low, have rise time less than
0.2 jlSec. Amplitudes betweell 5 and 20 volt.s
nrc acceptable for ne~ativc pulses, and between
10 and 100 for positive pulses.

Sweep Circuit
Sweep Duration: 3, 6, 12 ~sec with 5-decnde
multiplier.
Sweep Linf'arity: Detf'rmim'd by the aceura<-y
of pulse timing. On longer nl.ngcs, where time
deby effects arc absent, the linearity is better
than 1%.
Sweep Amplitude: Push-pull, each phase, 135
volts, nominal.
Cathode-Follower output, 1-llf blocking capaci
tors.
Sweep Gute Amplitude: Push-pull, each phase
40 volts nominal.
Positive swcep gate is cathodo-follower output
circuit with a l-~f coupling capacitor. Negative

'"pur Synchroni%ing 5ignClI: Signals of ~t1most any
shape will triuer the input timill~ circuits.

Typil.'al input signal minimum amplitudes
aTf':

(l) Sine wave 0.1 volt, nns.
(2) Square waves 0.3 volt, peak-ta-peak.
(3) Brief positive pulse 1.0 volt, peak-to-

peak.
(4) Brief negative pulse 1.0 volt, peak-to

peak.
Switch for :\-c or d-c input and triggering

threshold controls ,lre provided.
Di,ed Synchronizing Pulse

Polarity-positive amplitude: 75 volts.
Dur:ltion: (7';; amplitude) l.uSCe.
Output ImJX'(1:lIlce: 600 ohms.
RC'petition lhte: Amplitude constant to 300 kCj
down 20 % at 500 kc.

Time-Deloy Circuit
H:Ulge: 1.0 #-'Sec to 1.1 sec in six "tmges.
DdllY Dial CnJibration: 1.00 to 11.00 in 1000
divisions.
Delay Dial Resolution: 1 pal't in 8800.
A('curac,Y: Absolute, ±2% of full scale, or
±3% of scale readillg+ 0.05 p.Sec, whichever
is larg-erj ill('remental delay, ±(1 %+ .05 p.See).
iVIa.....:imum PRJ-': 400 kc-.
Duty Ratio EfTeds: IRs:; than 2% error in
delay for duty mtios up to 60%, at the low
('nd of each range, and up to 00% at the high
end of ('I\ch range.
Delayed Synchronizing PuiS(' Characteristics:
Positiv(', 60 v, I.O-.uscc half-nmplitude duration,
GOO--ohm cathode-follower output.
Stability:

13 15 overshoots
38 38 approx.3%

15 12
40 40

,

Range
111aximwn Frequency Jor

5 % Error in Sweep Slope
Sweep Time 3 p.Sec 6 Il-':Iec 12 j.L.':ICC

X 1 150 kc 100 kc 60 kc
xlO 16 kc 12 kc 7 kc
X 102 1.6 kc 1.2 kc 700 c
X 103 160 c 120 c 70 c
X 10" 16 c 12 c 7 c

50 11 terminated
600 12 with 8 IllJ.f
oscilloscope probe

Pulse Shape: Overshoots and other defects firc
less than 3% of puiS(' amplitud(' wh(,1l the pulse'
gcnenltor is (;Ol'rcctly terminatccl. Pulse ramp
off does not exist, owing to direct coupling of
output circuits.
Pulse Duty Ratio: Push-pull circuit with unity
duty ratio possible.
Output Impedance: SO, 72, 94, J50, 600 ohms,
all ±107c.
Output Pulse Amplitude: ISO-rna current
source; voltage from each phase of push-pull
channel, 0.15 Zo ±20%.

Typical nominal amplitudes, 50 ohms, 7.5 v;
72 ohmR, 10 v; 94 ohms, 14 Vi 150 ohms, 22 v;
600 ohms, 90 v.
D-C component Insertion: Binding posts providpd
for this purpos(>. DC can be mov('d ±25 volts
for:\11 output impedance exc'ept 600 ohms.
Accessories Supplied: Interconnecting cables,
TypJo: CAP-35 Powcr Cord, 2 TYPE 874-C58
Cable Connectors, spare fuses.
Other Accessories Available: TyPJo: 1219-A Unit
Pulse Amplifier for higher power output.
Accessories Required: Trigp;er SOurCej practicluly
any laboratory oscillator of the appropriate
frequency range is adequatej the THE 1210-C
Unit R-C Oscillator is recommended.

Rise Decay

gate i.s 3mplificr output with l-uf blocking
capacitor.
Duty Ratio and Repetition Rate Effe<:ts:
M::LXimum repetition rate, 3-Jl8ec swccp 250 kc.

Pulse Generating Circuit
Pulse Dunl.tion: (Timed. by sweep) 0.025 to
2.5, 0.05 to 5.0, and 0.05 to 10.0 hetween half
amplitude points, with decll.de multipliers to fi,

maximum of 100,000 ,usec. Pulse can be ex
tended to 1.1 seconds if pulse is timed by delay
circuit.
Pulsc Duration Accuracy: After sweep calibra
tion, ±l % of dial reading or ±0.02% p.SCC
whichever is the larger.
Pulse Position Accuracy: 0.5 IJSCC ±1% of
dial rell.ding.
Pulse Rise Timc: Where thc load RLCS is
negligible with respect to 15 X 10-9 SN', the
rise time will be faster thl\1l 15 m~e_ High('r
load impedances or higher shunt Cs will result
in increased rise time.
Typical rise times in mllSCC arc as follows:

Positive NegaJ.ive
Load Impedance Pulse Pulse

1:50,000
2:10,000

3:10,000

High End
oj Dial

1 :10,000
2:1000

3:1000

Low End
oj Dial

Time Jittf'r
10% Line Change
Sudden 10% Line

Transient



Power input receptacle will accept either
2-wire (TyPt; CAP-35) or 3-wire (TYPE CAP
15) power cord. Two-wire cord is supplied.
Dimensions: Generator, 19 (width) x 14 (height)
x 12J1 inches (depth) oVPr-all; Power Supply,
19 (width) x 8~ (height) x 12J1 (depth) over
all.
Net Weight: Generator, 30 pounds; power supply,
62 pounds.

GENERAL RADIO EXPERIMENTER

Tube Complement: Generator.':
1-5963 4-6AV5GA 1-6AU8
1-6BQ7A 2-12BH7
3-6U8 5-5965 Power Supply
8-6485/6AH6WA 2-5687 1-0C3
3-6AN5 I-OA2 1-6AK5
6-12AX7 2-6550 1-6AS7

Power Supply Input: 105 to 125 (or 210 to 250)
volts, 50 to 60 cycles, 3S5 watts_

Type Code Word Price

12

1391·8M·
1391·8R· I Cabinet Model (ind. Power Supply) .

Relay-Rack Model (incl. Power Supply) .......•
EDI FY

EUO:\Y
$1975.00

1975.00

.u. S. Patflllt:So :?b.f8.458

A NEW AND IMPROVED VERSION
OF THE VACUUM-TUBE BRIDGE

r
i

The TYPE 561 Vacuum-Tube Bridge
has for many years been the industry
standard for determining to a high de
gree of accuracy the low-frequency co
efficients of vacuum tubes. It meets the
requirements of the IRE Standards on

Electron Tubes' and has also proved
useful for transistor measurements. 2 Its
rugge<:lness is more than adequate fm
many production-testing applications.

The basic circuitry, devised by Dr.
W. N. Tuttle,' replaces the usual resis-

tive ratio arms of
a bridge by low
impedance volt
age sources from
transformer sec
ondaries. While
phase and ampli
tude specifications
IStandards on Ele<.'troll
Tubes: :\fethods of Test
ing, 1950.

2A. G. Bousquet, "Trnn
8ii!tor r-rensurements with
the V:lcuum . Tube
Bridge," Gnlaal Rad;q
E2~i"'n1ta, Vol. 27,
No. 10, :\Inrch, 19:.3.

3,,-. N. Tuttle, "D!>·namic
~I(>ll.surcnlf'nt of Electron
Tube Cocffi('"icnls," Pro<:.
IRE. :'110.21, pp. 844-857,
JUIl('".1933.

Panel view of the new
Type 1661·A Vocuum

Tube Bridge.
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require close manufacturing tolerances.
the novel circuit successfully meets I'~

quirements peculiar to tube and tran
sistor measurements. 'rhe common
electrode of the device under test and
the pmver supplies can all be connected
to a common ground, and the voltage
drop due to electrode currents is negli
gible. The bridge indicates directly the
real component of the coefficient as
plate rcsistance, transconductance, 01'

amplification factor. The out-of-phase
component due to intcl'clcctrode capaci
tance is balanced out without affecting
the real component value.

The basic design has not changed in
successive models, but the method of
connecting the device under test has oc
casionally been modified to adapt to the
growing list of tube-base types and to
transistors.

A new and improved ,"crsioll, theTYPE
166J-A Yacuum-Tube Bridge, incorpo
rates many small but significant features.

The general panel layout and the
sloping-front cabinet have been retaincd.
The cabinet depth has been reduced
somewhat, but other dimcnsions are left
unchanged to permit the new bridge to
be mounted in the consoles that many
users have found convenicnt for lahura
tory use and for production testing \\'ith
previous models.

Twin Triodes

Perhaps the most welcome new feature
is a switching arrangement that permits
measurement sequentially of both sec
tions of twin triodes, twin pentodes, etc.,
without the need for reconnection of the
patch cords. This feature will be most
appreciated in production testing where
formerly two-section tubes had to be run
through test twice because the patch
cord connection system was adequate
only for one tube section at a time.

FEBRUARY, ,.5. ~
Self-Bias

Tests lI'ith self-biasing cathode resis
tors in the circuit are now required for
several tube types, and connections for
such tests have herctofore been quite
difficult to set up. In the new design,
the panel switch that selects the tube
section also connects the cathodes
to a system of three pai,'s of binding
posts that permit the connection of
self-biasing resistors to the separate
cathodes or to the two cathodes in
parallel.

Tube and Transistor Base Adaptors

In spite of the multiplicity of tube and
transistor bases, the bridge has been
kept up to date relatively simply, be
cause an adaptor plate is provided for
each kind of base. Witl, the adaptor
plugged into the panel, the tube elec
trodes can be connected to the appropri
ate power-supply and bridge terminals
by means of the nine doubly shielded
coaxial cables. Four grounded connectors
have been added to simplify the ground
ing of any tube terminals. These con
nectors and two ungrounded connectors
provide convenient anchor points to hold
the unused patch cords securely out of
the ,my. The patch cords have been
lengthened to insure that they will not
interfere with the envelope of a large
tube.

A new adaptor plate carries three
sockets for transistors. One is for
JETEC-30 based transistors; a second
is for 3- or 4-in-line long-lead. transistors
(or tubes); the third is for 3- or 4-in
cluster long-lead transistors. There arc
now a total of thirteen adaptor plates
including the "universal" plate to which
any unusual socket or tube can be sol
dered. The adaptor plates and other
accessories are supplied in a convenient
accessory box.
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Voltage and Current Limits

The 1500-volt limit has been retained
as the maximum allowable "plate" volt
age but, becausc of thc growing list of rel
atively high-current tubes, the "plate"
current limit has been raised from] 50 to
400-milliamperes de. Because some tran
sistors show a frequency pffect even at
1000 cycles, the redesign has extended
the operating frequency to include the
270 to 400-cycle range in addition to the
1000-eycle point,

•

•

14

Other Changes

Operation at 100yer frequencies and at
higher currents has necessitated a rede
sign of the transformers. l\1agnetic
shielding has been improved by mount
ing the transformers in J.L-metal shields.
The input transformer has been elim
inated and the input impedance has been
reduced (550-2100 ohms).

A new oscillator and a new filter have
been designed (sec below) to provide
both bridge power and detector selec
tivity at 270 and 1000 cycles.

For the resistance and transconduc
tancemeasurements, the resistance stand
ard has been 100,000 ohms. A panel
switch now permits a choice between a
10,000-ohm and a 100,000-ohm stand
ard. The use of the lower resistance

View of storage box, opened to show accessory
odaptors ond cables.

standard improves the sensitivity of bal
ance and the signal-to-noise ratio by a
factor approaching 10 when low ('plate
resistance" or high IItransconductance"
devices are measured. By the same
token, for a given signal-to-noise ratio
the range of resistance or transconduc
tance measurements is extended.

IVIany of the new features arc the
direct result of suggestions from the
users of the bridge who, after all, are in
a much better position than is the in
strument designer to evaluate the vir
tues and the foibles of the equipment.

~A. G. BOUSQUET

SPECIFICAliONS
Range: Amplification factor (/J-), 0.001 to 10,000.

Dynamic int.ernal plate resistance (r1')' 50
ohms to 20 megohms.

Transconductancc (gm\ 0.02 to 50,000 mi
cromhos.

Under propcr conditions, the above ranges
can bc exceeded. Thc various parameters can
also be measured with rCfipe(·t to various cle
mcnts, such as screen grids, etc. Negative as
well as positive values can be measured.

Accuracy: 'Vithin ±2% for resistances (rp
switeh position) from 1000 to 1,000,000 ohms.
At lower and higher values the enol' increases.

The pxpression IJ. = rpgm will check to ±2%
when the quantities are all measured by the
bridge, and when r1' is between 1000 and
1,000,000 ohms.

Tube and Transistor Mounting: Adaptors are pro
vided for 3- and 4-lead transistors (including
,TETEC 30) and for tubes of 4-pin, 5-pin, 6-pin,
small 7-pin, large 7-pin, octal, loctal, miniaturc
button 7-pin, miniature button 9-pin (naval),
acorn (5- and 7-pin), flat-press sub-miniature
up to 7 wircs, and 8-wire sub-minar. III addi
tion, It universal adapt.or, with nine solderillg
lugs, is provided so that unba.sed transistors,
unmounted tubes, or tubes with non-standard
bases can be measured convenicntly. .For short
lead sub-miniature tubes and for t.ransistors,
sockets are supplied which can be mounted on
the universal adaptor. Thus all standard com
mercial receiving tubes and transistors can be
measured. The panel jack plate and the adap
tors are made of low-loss (natural) phenolic,
reducing to a minimum the shunting effect. of
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dielectric losses on the dynamic resistance being
measured.
Current and Voltage Ratings: l\!aximum allowable
plate current, 400 lift; mn,ximum plate voltage,
1500 voltl>.
Electrode Voltage Supply: Batteries 01' other suit
able power supplies are necf'SS:try for providing
the various voltages required by the device
under test.
Bridge Source: TYP1~ 1214-E Oscillator is recom
mended.
Null Delectbr: The Type 1212-A Unit Null De
tector with the TYPl-; 1951-E Filter is recom
mended.

FEBRUARY, 1.5. ~

Accessories Supplied: Adaptors as listcd aboye,
all necessary plug-in leads, and shielded patch
cords for eonnecting generator and detect.or.
Mounting: The instrument is mountcd inn hard
wood cabinet. A wooden storage case is pro
vided for the adaptors and leads. Storage space
is providpd for a spare Universal ~),daptor, on
which any type of socket can he permanently
mounted.
Dimensions: (Length) 18.!/:! x (width) 15%
x (height) 11 inches.
Net Weight: TYPE 1661-A weighs 40 pounds.
The accessories supplied and the accessory box
weigh 14 pounds.

Type Code Word Price

166I-A I Vacuum·Tube Bridge .

TYPE 1214-E UNIT OSCILLATOR

$975.00

The TYPE 1214-E Unit Oscillator ,,·as
designed to meet the bridge-source re
quirements of the TYPE 1661-A Vacuum
Tube Bridge described above. It is small,
self-contained, sufficiently well shielded,
adequate in power output, and of appro
priate impedance level. Output is avail
able at 1000 cycles and at the lo,,·-audio
frequency of 270 cycles, which is desir
able for tests on some transistors.

Like the other TYPE 1214 Oscillators,
this instrument includes a transfol'mer
less power supply, and isolation from
the power line 1S obtained by induetively
coupling the output circuit to the oscilla
tor tank.

The impedance level presented by the
TYPE 1661-A Bridge is in the range of
550 to 2100 ohms, and the power de
livered by a typical TYPE 1214-E over
this range is at least 300 milliwatts.

SPECIFICATIONS
Frequency: 270 and 1000 cycles per second.
Accuracy: ±2%.
Output: 300 milliwatts into 800 ohms.
Output Impedance: Approximately 200 ohms at
270 cycles; approximately 500 ohms at 1000
cycles; both at maximum setting of output
control.
Harmonic Distortion: 3% with 800-ohm load.

Power Supply: 105 to 125 volts, 50 to 60 cycles.
Power Input: 16 watts at 115 volts.
Accessorles Supplied: Spare fuses.
Tube Complement: One 117N7-GT.
Dimensions: Panel, (width) 4% x (height) 5U
inehe~; depth bphind panel, 5.Y8 inches.
Net Weight: 4}.1 pounds.

Type Code Word Price

1214-E I Unit Oscillator .......••.••...•••••••••••.•.• ASSAY $75.00
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TYPE 1951-E FILTER

,.

The null detector recommended for
the TypE 1661-A Vacuum-Tube Bridge
is the TYPE 1212-A Unit Null Detector.
Jt is essentially a three-stage amplifier
\\"ith the null indicated on a panel meter.
'The response is quasi-logarithmic. For
maximum sensitivity and selectivity, it
is suggested that an impedance-match
ing filter be placed between the bridge
and the amplifier. For 400- and 1000
eycle operation, the TYPE 1931-A Filter
has proved adequate. Since provision
has been made for 270-cycle operation
of the vacuum-tube bridge, a new filter
has been designed to induele the new
frequency. The TYPE 1951-E Filter has

a panel switch to permit operation at
either 270 or 1000 cycles. Like the TyPE
1951-A model, it provides four input
connections fol' optimum impedance
matching over the nominal ranges of 0-5
kilohms, 5-50 kitohms, 50-500 kitohms,
and 500 kilohms and higher.

'rhe filter is a tuned circuit with a
capacitive voltage divide!' to provide the
impedance matching. The indudor is a
toroid with permalloy shielding. As a
eonsequence, external coupling is neg
ligible and the filter can be connected to
the input of an amplifier of micl'Ovolt
sensitivity without introducing spurious
pickup. '

Second Harmonic Rejection: At If'ast 30 dh.

Accessories Supplied: One each TYPE 274-MR

Frequency: 270 and 1000 cydes.

SPECIFICAliONS
Double Plug, TypE 274-NK Shielded Plug,
TYP1~ 874-Q6 Adaptor.
Dimensions: 3J/z x 3% x 4% inches, over-all.
Net Weight: I % pounds.

Type

19S1-E I Filter •.....•.••• , • • • • . . . . . . • . . . . • . . •. . . . . . . i

Code Word

FURRY

Price

$80.00

See these and many other New General Radio Instruments

at

The Radio Engineering Show

BOOTHS 3302 - 3312

NEW YORK COLISEUM MARCH 23-26

General Radio Company
®
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A NEW UNIVERSAL IMPEDANCE BRIDGE
Accuracy, versatility, and convenience

are com bined to an unusual degree in the
new General Radio TYPE J650-A Im
pedance Bridge. Successor to the well
knmm and widely used TYPE 650-A: the
new bridge incorporates the many de
sirable features of its predecessor, plus
a host of improvements that contribute
greatly to its accuracy and operating
convenIence.

The older bridge has long been a
standard fixture in laboratories, plants,
and schools. Rugged and reliable, it is
undoubtedly the best-known instrument
in General Radio's cxtensi\'c line. l\1any
of the early models are still in use - an
example of the quality and long life of
General Radio instruments - but time
has shown many improvements to be
both practical and desirable. These,
together ,,·ith several completely new

features, make an impressive list of
reasons why the new bridge is even
more useful and reliable than its prede
cessor.

Two of the improvements stand out
in importance:

(1) Increased accuracy. ~Ieasurements
of D and Qcan be made ,,-ith an accuracy
of 5%, ,,·hich, together with the basic
accuracy of 1% for 1/, L, and C, holds
over the entire range of the bridge.

(2) The patented Orthonllil feature,
which eliminates sliding balances) per
mitting the measurement of low-Q in
ductors and high-D capacitors.

Two completely new features con
tribute greatly to convenience in use
and portability:

(3) Unique cabinet, which allolYs the
bridge panel to be tilted and held at any
convenient angle and which, when

IRobert F. Field, "The
Convenient :\Ie3!lure
ment. of H, L. and C,"
General Hadio Experi
menta-, Vol. 7, Nos. 11
and 12, April-l\'Iay,
1933.

Figure 1. Panel view
of the Type 16SO-A
Impedance Bridge.
Note the many new
features: Orthonull;
built-in generator and
detector; single D_Q
dial; single poir of
UNKNOWN terminols;
bias terminals. For
-other external fea~

tures, see cover.
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closed, forms a protective cover and
carrying case.

(4) Completely transistorized genera
tor and detector.

Still other improvements and exten
sions of original features include:

(5) A single dial for all D and Q read
ings.

(6) A single pair of terminals for all
measurements.

(7) A full decade extension of the
upper limit of R, L, and C measurement.

(8) Increased upper frequency limit
(20 ke).

(9) lIIeter null indication for both ac
and de measurements, eliminating the
need for earphones.

(10) Built-in generator and detector.
(11) The ability to measure 3-terminal

components in the presence of large
terminal capacitances.

(12) Externally supplied de polarizing
yoltage or current can be used.

A more detailed discussion of these
featuras will help to emphasize their
utility and desirability.

THE BRIDGE CIRCUITS

'\Vhile specialized and unusual circuits
often have advantages for single-purpose
bridges, no satisfactory replacements
have been found for the simple, classical
circuits in a general-purpose bridge.
Their accuracy and simplicity are diffi
cult to surpass for direct measurements
of inductance, capacitance, storage fac
tor, dissipation factor, and both de and
ac resistance. In this bridge, therefore,
the well-known circuits are used, but, in
order to maintain the desired accuracy

over wide ranges, several refinements
have been introduced. In addition, the
so-called sliding balance, which has been
the main disadvantage of the classic
circuits when used to measure D and Q
directly, has been eliminated by the
Orthonull feature.

The several circuits are shown sche
matically in Figure 2. Note that a par
allel-capaci tance bridge is now incl uded
as well as the scries type; this makes
possible not only the measurement of
parallel capacitance, but also the ex
tension of the range of accurate D meas
urements.

The range of measurement of each
bridge configuration has been extended
upward by one decade to give maximum
limits of 1000 microfarads, 1000 henrys,
and 10 megohms.

Careful compensation of phase angle
in the bridge arms has greatly improved
the accuracy of D and Q measurement
and has made possible accurate measure
ments of Land C at frequencies from
20 e to 20 ke.'

Residual bridge errors have been
greatly reduced; the limiting factors are
the inductance, resistance, and capaci
tance of the USKKQWN terminals them
selves. These are equal to or less than
the smallest measurable quantities (one
micromicrofarad, one microhenry, and
one milliohm).

STANDARDS AND COMPONENTS

The standard capacitor is a 0.1-l'f
silvered-mica unit of General Radio
manufacture. A shunt capacitance of
%\\'ith ellternlligencrntor,

Figure 2. The flve circuits used in the bridge.

p,r,lI,r,an IN[)Ucr,r,NCCSERIES INOUcrANCE

'.
RE$lsr"f'lCE",r,II,r,,,n CAPACITANCE

'.
SEII/ES c,r,p,r,c/r"NCE
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1000 ~~f across this capacitor causes an
errol' of only 1%, and, thcl'cfarc, 3
terminal direct capacitances can be
measured accurately when the smaller
of the stray terminal capacitances is
well below this value.

The fixed resistors are General Radio
precision, wire-wound types except for
the one megohm ratio arm, which is a
precisi<m film unit. The phase angles of
these resistors are sufficiently small to
permit ac resistance measurements on
high valued resistors. The variable re
sistors are General Radio potentiometers
with exponential tapers and logarithmic
scales. The D-Q potentiometer covers a
total span of 54 db, which makes possible
a wide range of measurement and pro
vides complete D and Q coverage at
measurement frequencies down to 100
cycles and, with only a small gap in
coverage, down to 60 cycles.

GENERATOR AND DETECTOR

The generator and detector are com
pletely transistorized, making possible
the light weight and low power con
sumption desired in a portable instru
ment. The LC oscillator and the three
stage transistor amplifier draw a total
current of less than J0 rna, which makes
possible the long battery life with readily
available nD" cells. For measurements
on nonlinear elements, such as iron-cored
inductors, where the applied signal should
be small, an oscillator level control is
provided. The amplifier, which has a
voltage gain of over 64 db, can be made
selective at I kc with over 20 db second
harmonic rejection 01' flat fol' measure
ments at other frequencies. The amplifier
drives the panel meter to give a visual ac
null indication so that headphones are
not necessary, although they can be used
if desired. A meter sensitivity control is
also provided.

MA RCH, 1959
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UN_OWN

Figure 3. Block schematic of the bridge generator and
detector. Externol-generator connections are shown

by dashed lines.

The intel'l1al dc source is 6 volts. Pro
vision is made for the connection of
external ac and dc sources. External ac
generators can be connected to the
bridge through the intel'l1al isolating
transformer provided, thus effectively
eliminating the measurement errors that
can result from generator-ta-ground ca
pacitances.

Block schematics of the complete in
strument are given in Figure 3.

ORTHONULL

Those who have tried to balance 1011'

Q components on a conventional bridge
have experienced the frustrating "slid
ing balance," which is the slo\v balance
convergence resulting from the inter
dependence betwccn the two balance
adjustments. This phenomenon makes
balances tedious when Q is less than 2
and virtually impossible when Q is less
than ).-2.

"Sliding balance" occurs in any bridge
that measures impedance in a nonorthog
onal coordinate system. Balances made
with controls that balance inductance
on one dial, fol' instance, and Q on an
other inherently slide, because reactance
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Figure 4. Plot of total number of balances required ta
achieve final balance, with and without Orthonu/f, as

a function of Q.

o_,\--~,---_!:,----,~~~---;~~t---.J
Q- QUALITY FACTOR

TOTAL NUMBER OF ADJUSTMENTS NECESSA.RY TO GET
WITHIN 1% FOR A GIVEN Q.

\
\
\
\
\

\ NO ORTHONULL

\/
\
\
\

\
WITH ORT~ONULL ,

" ' ...
MECHANICAL FEATURES

Another novel development is the
unique carrying case and tilting ar
rangement shown in Figure 5. The cover
may be latched closed to form a pro
tective cover for carrying 01' storage, it
may be latched with the br-idge open, or
it may be used as a support which allows
the bridge to be tilted and operated at
any convenicnt angle. This type of case
approaches the ideal for portable in
struments. You will see it on other
General Radio products in the futurc.

The pancl controls (see Figure 1) are
arranged fol' the convenience of thc op
erator, and the terminals are placed for
efficient use. The switching arrangement
and panel engraving make the operation
of the bridge self-explanatory to the user.

range is useful and balances are easily
made_ (This device will be described in
detail in an early issue of the Experi
menter.) Figure 4 shows a comparison
of the number of successive balances
rcquired for low-Q measurements, with
and without Orthonull, and is a striking
illustration of thc advantages of the
Orthonull feature.

A PPLICATIONS

The basic use of this type of bridge
is in the everyday measurements of re-

30. B. Hoadley, "The S... ienec of Ba1rJ.ncing all hnpeduucc
Brid/!;c." ,!oumal of Ihe /<'ranklin Institute, Vol. 228, No.6.
pp. 733-754; Dcccmber, 1931.

4C, S. Patent No. 2,872,031.

,,

(jwL) is a component in a Cartesian
coordinate system while Q (= ~lL) is a
measure of angle in a polar coordinate
system, and they are consequently non
orthogonal. 3

To eliminate this difficulty, the TYPE

1650-A Impedance Bridge is equipped
with an exclusive, patented feature,
known as Orthonull.

4
Th is name was

chosen because the null js obtained by
balances which arc essentially orthogo
nal and therefore converge rapidly. Or
thonull gangs the two adjustments non
rcciprocally in such a manner as to
cancel the electrical interdependence,
leaving the two adjustments independent
of one another. As a result the full Q

Figure Sa (Left), Bridge cabinet when closed is an easily corried, protective case. Figure Sb (Center). Bridge, when
cabinet is opened, can be used with panel vertical or, as shown in Figure Sc (right), tilted ot any desired angle.
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sistors, capacitors, and inductors, and
for this application the wide ranges,
efficient layout, and uniform accuracy
of the TYPE 1650-A Impedance Bridge
are important.

These same features, however, make
possible additional types of measure
ment that illustrate the inherent versa
tility of the bridge.

Frequency Characteristics - The
wide frequency response facilitates
studies of the variations in component
parameters over the entire audio-fre
quency range. An example of this is
shown in Figure 6. The recommended
external source for these measurements
is the TYPE 1210-C Unit R-C Oscillator.

DC Bias - Panel terminals arc pro
vided for the application of a de polariz
ing voltage to the element under meas
memento Up to 600 volts of dc bias
voltage can be applied to a capacitor
being measured on any of the bridge
ranges. DC curren t can be supplied to
inductors or resistors by either of two
methods. One permits currents ranging
from 100 ma forO.01 ohm 01'0.01 henry to
0.5 rna for one megohm or one henry; the
other permi ts40 rna under any cond itions.

Voltage Coefficients-DC bias makes
possible the study of the variation in the
capacitances of a ceramic or electrolytic
capacitor as a function of voltage as
shown in Figure 7. In measurements of
this sort the very low values of dissipa
tion factor which can be measured
greatly extend the field of applications
of the bridge.

o ~ 100 I~O zoo z~o 300 3~

DC VOLTAGE IN VOLTS

Figure 7. Measured capacitance and dissipation factor
of a new electrolytic copacitor as a function of im·
pressed dc voltage as it is passed to its rated voltage,

then returned to 'laro bias.

Iron.Core Inductors - In the meas
urement of iron-cored coils, the ability
to adjust the generator voltage and the
high selectivity of the detector are use
ful in the measurement of inductance as
a function of voltage. The data t.hus
obtained can then be extrapolated to
zero voltage to determine the inductance
at zero permeability.

In such measurements as the determi
nation of inductance of a radio-frequency
choke, which usually has low Q's at 1 kc,
the Orthonull mechanism makes possible
accurate measurements which otherwise
would be impossible.

Resistance - DC resistances up to
100 kilohms can be balanced with a pre
cision of 10/0- Above this magnitude, an
external dc soul'ce should be used for
maximum precision. \Vith an external
source, measurements can be made with
standard ErA test voltages over most of
the resistance range. Alternatively, the
resistance at 1 kc can be measured. T'he

2010,

0 >---- -, - -- -- .rOI)Jf MICA

"'" K...::::. -.., 4}Jf ELECTROLYTlC, - ~-
Cs CHANGE VS FREQUENCY ~ ----15it""' ),

SOLI D t.NTALU

0 "-
'\,

>0, '" '00 200 '00 '" 2

Figure 6. Plots of ca
pacitance vs. fre_
quency for three types
of capacitors, as meas_
ured on the Type
16S0-A Impedance
Bridge. The 1210-C
Unit R-C Oscillator
was the external, vari
able_ frequency gen-

erator,

FREQUENCY
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Figure 8. View of the Type 16SO-Pl Test Jig.

greater sensitivity available for the ac
measurement permits higher resistance
magnitudes to be measured with the
internal I-kc generator. For most types
of resistors, there is no appreciable differ
enee between dc and 1-ke valnes. With
an external ac generator, the behavior of
resistive elements that vary with fre
quency can be studied. If an appreeiable
reactance is associated with the ac re
sistance, it can usually be cancelled by
an external capacitor.

The resonant frequency of tuned cir
cuits can also be determined through
the measurement of ac resistances over
a range of frequencies (up to about 5 kc)
supplied by an external oscillator.

AC resistance measurements with dc
bias can be used to study the character
istics of diodes, varistors, thermistors,
and other nonlinear resistive elements.

3-Terminal Capacitors - As previ
ously mentioned, the high capacitance
of the standard capacitor makes possible
the measurement of direct capacitance
even when the associated terminal ca
pacitances are of considerable magni
tude. One of the terminal capacitances
appears across the detector and has no
effect upon the measurement. The other
appears across the standard capacitor.
Here, a terminal capacitance of 1000
ppf produces an error of only 1% in the
capacitance measurement. Thus the
measurement of shielded 3-terminal
components and of remote capacitances

8

with shielded leads is quite feasible. In
the latter class is the measurement of
elements in conditioning chambers; in
this application small changes can be
determined to a degree of accuracy
limited only by the resolution of the
dial scales.

Limit Testing - A test jig, TYPE 1650
PI, facilitates the routine testing of
identical components. The sensitivity of
the bridge can be set to give a conven
iently read deflection of the null indi
cator for any given tolerance.

ACKNOWLEDGMENTS

The well-integrated electrical and me
chanical design of this bridge is the re
sult of the combined efforts of many
individuals. Every effort has been made
to produce an accurate, convenient, flex
ible, and attractive instrument. Par-

Figure 9. Bridge with Test Jig connected.



'figure 11. Bridge in use for 3-terminal measurements
of stlmple in conditioning chamber.

ticular credit should go to H. C. Little
john fol' developing the tilting case; to G.
A. Clemow for working ou t the mechan
ics of the Orthonull mechanism; to H.
G. Sterling and G. C. Oliver for layout;
and to R. G. Fulks for helping with the
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Figure 10. With the Test Jig, tiS shown here, the bridge
can be set up for go-no-go testing to preset limits.

testing. The instrument also embodies
the suggestions of D. B. Sinclair, 1. G.
Easton, and R. A. Soderman, all of
whom followed the project with interest
and enthusiasm.

- HENRY P. HALL

SPECIFICATIONS
Rtlnges:

Resistance, 1 rnn to 10 Mn, 8 ranges, ac or dc
Capacitance, 1 IL/-If to 1000 /-If, 7 ranges, Series

or Parallel
Inductance, 1 ILh to 1000 h, 7 ranges, Series

or Parallel
D (of series capacitance), 0.001 to 1 at 1 ke
D (of parallel capacitance), 0.1 to 50 at Ike

(Cs = Cp within J% if D <0.1)
Q (of series inductance), 0.02 to 10 at J kc
Q (of parallel inductance), 1 to 1000 at 1 kc

(L$ = L1J within 1% if Q> 10)
Accuracy:

Resistance*, ± 1% ± 1 mn (Residual R=::
1 mn)

Capacitance, ± 1% ± ILlLf (Residual C =::

0.5 ••f)
Inductance, ± 1% ± l,l.1h (Residual L

<0.2 .h)
D ± 5% ± .001 at 1 kc or lower
] /Q, ± 5% ± .001 at 1 kc or lower

Frequency Rtlnge: (l kc supplied internally)
1% accuracy for Land C, 10 c to 20 kc;
for R, 10 c to 50 kc.
(D and Q ranges are functions of frequency.)

Internal Oscillator Frequencyt: 1 kc ± 2%.
Interntll Detector: Response, flat or selective at 1
kc; sensitivity control provided.

Interntll DC Supply: 6 v, 60 rna max.
Power Supply: 4 "D" cells, supplied. Current
drain (ac measurements) 10 rna.
DC Poltlrlztltlon: 600 volts may be applied (from
external source) for series capacitance measure
ments.

Accessories Supplied: One TYPE 274-MB Double
Plug.

Other Accessories Available: TYPE 1650-Pl Test
Jig.

Other Accessories Required: None. Earphones
may be used where high precision is required
at the extremes of the bridge ranges.
Mounting: Aluminum cabinet, with captive
cover.

Dimensions: 7% x 12% x J2.:Y1 inches including
handle.

Weight: 17 pounds.

Type Code Word

16SO-A /Impedtlnce Bridget .......... ..............••• 1 BATON

tV. S. Patent No. 2.872.630.
*EllCterllal DC Supply required for 1% accuracy above 100 !tn.
tExternal ae and dc sources ean aLso be used.

Price

$440.00
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TYPE 1650-P1 TEST JIG

'0

This test-jig adaptor provides a ,my
to connect components quickly to a pair
of terminals "'hich can be placed on the
bench directly in front of the operator.
Thus the test jig and 165D-A Bridge
make a rapid and efficient component
sorting device when the panel meter of
the 1650-A is used as a limit indicator.

The test jig makes a three-terminal
connection to the bridge, so that the

residual zero capacitance is negligible.
The lead resistance (0.08 ohm total) has
effect only when very low impedances
arc measured, and the lead capacitance
affects only the measurement of the Q of
inductors, introducing a small error in

1
D (or Ii) of less than 0.007.

Type Code TVord Price

16S0·Pl I TestJig·· 1 LOCAL I $19.00

TYPE 1205-B ADJUSTABLE REGULATED
POWER SUPPLY

A new idea in voltage regulation has
made possible the high efficiency of the
TYPE 1205-B Adjustable Regulated
Power Supply. I'his new instrument,
which delivers 120 watts, has an over-all
volume of less than !i that of conven
tional supplies.

The features of the series regulator
and the controlled rectifier are com
bined in this instrument. The fast-acting
series regulator pl'ovides a low output
impedance over a wide bandwidth, while
the high-efficiency controlled rectifier
maintains constant voltage drop across

Figure 1. Panel view
of the Adiustabl~ Reg
ulated Power Supply.



11

the series regulator. Thus the series
regulator always operates at the optimum
operating point, and the power dissipa
tion is held to the same minimum value
regardless of the output voltage setting
or of line voltage variations. Further
marc, the regulator performance is the
same at any output voltage from 0 to
300 volts.

A pail' of thyratrons is used as a high
efficiency full-wave rectifier. Control is
obtained by variation of the thyratron
bias through a dc feedback path (Fig
ure 2) from the regulated output to the
thYl'atl'Oll grids. Superimposed on this
de feedback voltage is an ao bias voltage,
phase shiftcd 90 0 with respect to the
thyratron plate voltage, to provide
smooth control of Lhe thyratron firing
angle. The dc feedback path includes a
voltage source which determines the
voltage drop across the series regulator.
Any variation jn the voltage drop across
the series regulator changes the thym
tron bias and therefore the firing angle.
The change in firing angle varies the
voltage applied to the series tuhe to
maintain constant drop across it.

'J'he ReJ'ies regulator uses a differential
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Figure 2. Block schematic of the power supply.

cascode amplifier for low drift and high
gain. A cathode follower between t,he
high-impedance cascode amplifier and
the grids of the series tubes increases the
bandwidth and improves the transient
response of the regulator. Positive feed
back within the over-all negative feed
back loops is used to provide infinite
amplifier gain and, therefore, essentially
zero output impedance. To assure sta
bility, the positive feedback is effective
only at low frequencies. An oil capacitor
across the regulated output t,erminals
maintains the low output impedance at
frequencies beyond the bandwidth of
t.he amplifier.

Excellent regulal,ion, high olltpnt, and
low hum level make this power supply
suitable for the most exacting applica
tions.

SPECIFICA liONS

DC Output Voltoge: 0 to 300 volts, continuously
adjustable at 200 rna, max.

Regulotion: No load to full load, 0.1 volt; 0.75
volt change fol' ± 10% ehange in line voltage.

120-Cycle Ripple: 1 millivolt.

Internol Impedcmce: Approximately 0.3 n +
(3 ~h in parallel with 4 ~f).

Regultlted Bitl$ Volttlge: -150 volts, dc, fixed at
5 ma, max.

Regulation: No load to full load, 0.5 volt ± 10%
line-voltage change, 2 volts. Unregulated AC
Voltage: 2 cireuits, 6.3 volts at 5a.
Meter Accuracy: Voltage, 2%; current, 5%.
Input: 105 to 125 volts, 50 C, 250 watts.
Tube Complement: 2-5AV5-GA, 2-5727,1~12AT7,
I-6AN8, 1-6626, 1-5651, 1-6BZ7.
Dimensions: Panel, (width) 9>--2 x (height) 57:1
inches; depth behind panel, 8J/g inches.
Net Weight: 15 pounds.

Type Code Word Price

1205-B I Adjustable Reguloted Power Supply .......•...... 1 APPLY $290.00
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NEW SERVICE LABORATORY FOR NEW YORK
A new service facility has been es

tablished at our Ietropolilan Xel\' York
Office-

General Hadio Company
Broad A,'cnue at Linden
Ridgefield, Xel\' Jersey
'Telephone:

WHitney 3-3140 (Ncl\' Jersey)
Warth 4-2722 (Kew York)

The new service laboratory has com
plete facilities fol' the repair, recondi
tioning, and recalibration of Ceneral
Radio products. Certification of GR

standards "'ill also be handled. A stock
of replacement parts will be available for
those customers who wish to make their
own repairs. ~1r. Donald 'V. Brown, a
factory-trained service engineer, is in
charge of the new operation.

Our customers in Xcw York State,
Northern New Jersey, and Southwestern
Connecticut are asked to write the New
York Office Service Department for in
stnwtiol\s \yhen GR products are to bf'
returned for calibration or repair. This
office will also continue to provide these
customers \\'ith application, engineering,
and commercial infol'malion.

GENERAL RADIO AT THE IRE SHOW

NEW YORK COLISEUM

BOOTHS 3302 - 3312

MARCH 23 -26

See the TyPIC IG50-A Impedance
Bridge and the TYPE J205-B Powcr
Supply at our booths, together with 15

Graphic Level Recorder

Pulse Generator

Time-Delay Generator

Sound-Level Meter

Microwave Frequency Standard

Dielectric Measuring Line

other new instruments announced in
.1 958 or scheduled for announcement in
1959, including:

Transfer Function and Immittance
Bridge

Vacuum-Tube Bridge
Precision Inductance Bridge
Low-Frequency, 3-Phase Oscillator
Wl0 and W20 Variac.
3-Terminal Capacitance Standards

The Best Instruments in Electronics

General Radio Company
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A MILITARIZED, THREE-PHASE, L1NE
VOLTAGE REGULATOR

The TYPE 157Q--AS25 Line-\'oltage
Hegnlator is a completely militarized
servo-controlled thrcc-phase regulator.
'The inherent advantages of no distor
tion, large power rating, and high effi
ciency of this type of regulator, com
bined with its high accuracy and excel
lent transient responsc, make it espe
cially attractive for many applications.
In addition to the military environmental
requirements of shock, vibration, tem
perature, humidity, and so forth, the
unit is designed with particular empha
sis on flexibility, ease of maintenance,
reliability, and long life,

This regulator is similar in construc
tion to the single phase TYPE 157Q--AS15
Line-Voltage Hegnlator.' For adapta
bility and case of maintenance) it is built
in two units (Figw'e 1). The control unit
contains all the electronic circuitr)' and
is identical with the control unit of the
single-phase model. The regulator unit
consists of a three-gang VV5 Variac, a
servomotor, and three I'buck or boost"
transformers.

Because all three phases are controlled
together in response to the variations on
one control phase, only a single servo is
required, and considerable space and
price savings are possible over the use of

three separate regulators, While the
performance of this type of regulator is
independen t of load or load balance, any
input voltage unbalance that results
cannot be corrected, since each phase is
not controlled independently. Thus, for
accurate regulation, a balanced input
voltage is necessary.

Ease of maintenance was a prime con
sideration in the original design of the
regulator. If service of the electronic cir
cuitry is required, only the small control
unit need be removed. The larger unit
with all iLS power wiring can stay in serv
ice supplying uninterrupted (but un
regulated) power while the control unit
is being replaced or rel)aired. :\1anual
control of output voltage is possible dur
ing these intervals by means of the
Variac@ dial on the front panel.

Tubes can be replaced without the re
moval of any covers other than tube
shields. Hemoval of a single dust cover
exposes all other components. Com
ponent wiring is accomplished with an
etched circuit to provide a high degree
of uniformity between units. Each com
ponent is marked with its magnitude
and rating and is identified by a com-

I:\£. C. Holtie, "Militarized Line-Voltage Regulator,"
Gennal Radio E:cpnimenter. 3i, 6, Noveulber, 1956.

Figure 1. Panel view of
the Type lS70-AS2S
Three-Phase, Auto
motic, Line-Voltage

Regulator.
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ponent number printed on the mounting
board. The removal of the bottom eover
plate exposes all etched wiring. The
complete circuit diagram is silk screened
on the inside of this plate. For protection
against the effects of moisture and fun
gus growths, the etched board is sealed
with a fungus-resistant varnish.

Reliability and long life have been
assured by conservative ratings and the
use of the best materials and components
in simple circuits that have proved re
liable in long field experience.

For maximum versatility, a switch is
provided inside the control unit for 50
cyele operation of the regulator. In the
50-cycle s\vitch position, the range of
operation is 45 to 55 c; in the GO-eyele
position, it is 55 to 65 c. Space is also
provided for the installation of a sep
arate output-voltage-sampling trans
former to permit control of 400-cyele
power, although 50- or 60-cyele power
must be available to operate the control
unit.

To provide adequate strength for
military shock and vibration require·

Terminals: Multipoint connector strips.
Frequency: 45-55 cycles or 55-65 cycles, as se
lected by a switch.
Waveform Distartion: None.
Waveform Error: The aVCr:1ge value of the out
put voltage is held constant, and a loaded de
power supply operated from the output of the
regulator will give constant output voltage re
gardless of thc harmonic distortion present in
the powf'r line. The rms output voltage wi!! also
remain constant, regardless of the harmonie
distortion present, as long as the phase and

ments, the regulator unit is built on a
seven-inch, V-shaped, extruded-alumi
num channel. The smaller control unit
mounts on a %/1 aluminum panel. Both
units will withstand the standard 1200
ft.-lb. shock test, and they show no sig
nificant mechanical resonances up to
55 cycles per second.

The regulator is designed to meet or
to exceed the general requirements of
lVIIL-E-4158B and lVIIL-E-16400B. It
will operate at full load over the ambient
temperature range from -29°C. to
+52°C. (-20° to + 125° F.) and for non
operating storage from -54°C. to+85°C.
(-65° to +185°F.). With speeial motor
lubricants, operation is possible at far
lower temperatures. Operation is pos
sible with relative humidity up to 100
percent, including condensation caused
by temperature changes.

'Vhile these military specifications are
generally more severe than those en
countered in most industrial applica
tions, the increased reliability and ease
of maintenance may often justify the
use of the militarized regulator in critical
industrial applications. This is particu
larly true for applications at high am
bient temperatures or for portable in
stallations where mechanical shock or
vibration is encoun tercd.

- lVl. C. HOLT.TE

Figure 2. Functianal block diagram of the regulator.

SPECIFICATIONS

REGULATED
M,",

TWO-PHASE
MOTOR

I-,
I

I

I

I

I

STEP-DOWN
TRANSFORMER

VARIAC·
AUTOTRANSFORMER

UNREGULATED
,,~
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amplitude of these hamlonics Me constant. If
the harmonic content changes, the rms value
will change by an amount less than 6Rjn,
where l:!.R is the change in the harmonic am
plitude and n is the harmonic number.

Ambient Temperature: Full r:ltings apply over a
temperature range of _290 to +52"C.

APRIL, 1959

Power Con5umplion: No load, 35 watts. Full
load, 140 w:l.Lt.s.
Dimensions: Control Unit, panel, 19 x 334 inch
es; depth bchind panel, 7 inches. Regulator
Unit, panel, 19 x 7 inchC'S; depth behind panel,
J6%" inches.
Net Weight: 97 pouuds.

Ratings

lS70-ALS2S lS70-AHS25

·Output Voltage per phase .. ....... . ... .. . ... 115 ± 10% 230 ± 10%

91% 82% 91% 82%
"Input Voltage as a percent of Output Voltage. to to to to

109% 118% 109% 118%

Output Current per phase. ..... . .. 25 12.5 10 5

Approx. KVA (wyc·") .. ......... 8.6 4.3 6.9 3.5

tAccun\cy in % of output volt:lgl'. ...... , ... 0.5 1.0 0.5 LO

ttSpeed of response, volts per ~ccond. ... 10 20 20 40
- --

."""Delta rating is 1(,/3 time:" wye rating. .Internal a.djustment .
•• lnstruments are shipped connected for ±9% range unless ± 18% range is specified on order.
t ,\pplics only to measured phase. Other phll.Scs depend un input voltage babnce.
tt:ilightly less for very small voltllge corrections.

Type

157Q.AlS25
157Q.AHS25

3-phase Regulator, 115 volts .........•.
3-phase Regulator, 230 volts .....••..•.........

rode Word

DICKY
D.... ILy

Price

$865.00
885.00

POLYSTYRENE CAPACITOR DECADE
100 ~~f per step

i::iupplementing the three polystyrene
decades prcviously announced, * a ncw
decadc with capacitancc stcps of 100
IJ.p.f is now available. Like its companion
units of 0.001, 0.01, and 0.1 ~f per step,
this new decade is admirably suited for
applications that call for high insulation
resistance, low dieledric absorption, and
constancy of capacitance and dissipa
tion factor as a function of frequency.

Four capacitors are used in the dec
ade, with their magnitudes in the ratio
1-2-2-5. Parallel combinations, as se-

."i'cw ~ade Capacitor:;; with Poly"trene Dielectric,"
G~ntr(ll Radio Ezperimfflltr, 31, 2, July. 19.-,6.

Figure 1. View of the Type 98Q.D Decade Capacitance
Unit.

lecteJ by the switch, yield all integral
values from J to lO. The switch is rigidly
constructed and includes a dctcn t mech·
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"REOO~NCY

- I /
I /
I

_. V

I,,, o. ,. ,

o

FREQUENCY

•

VI

• /
'~0J.- .,..,.-- ._-- '" -

Figure 2 (Ieh). Change in capacitance as a function of frequency. Since the capacitors are adjusted 10 their
rated accuracy at 1 kC f the l-kc value should be used as a reference for an estimate of the frequency error.

(Righi) Typical plot of dissipation factor as a function of frequency.

anism for positive location of position.
The switch insulation, including the
shaft, is heat-resistant, cross-linked poly
styrene. Contact is made by cams bear
ing on phosphor-bronze springs, and the
whole contact structure is heavily silver
plated.

The individual capacitor units are
wound from continuous interleaved
tapes of polystyrene and metal foil. The
foils projecting at each end of the roll are
soldered together to minimize inductance
and series resistance.

The tape used for the dielectric i.
specially prepared of purified high-molec
ular-weight polystyrene, having very
high insulation resistance and freedom
from unwanted polarizations. Hermetir
scaling with Teflon feed-through insu
lators assures high performance, even
under adverse humidity conditions. All
capacitor units are heat stabilized, so
that their long-time stability approaches
that of the best silvered-mica capacitors.

Terminals arc pl"Ovided for both 2
terminal and 3-terminal connections.

SPEClFICAliONS

a lo-second di~('h:lrge through a resistance
equal to one ohm per volt of charging.
Dimenlionl: Sec ~ket('h.

Net Weight: 2 pounds, 2 ounces.

Capacitance: Total range, 0.001 ,...f; per step,
0.0001 "I.
Zero Capacitance: 2-terminal connection, approxi
mately 11 ,...,...f; 3-terminal connection, <I,...,...f.
Accuracy: 2-terminal, ± (I % + 2 ,...,...£); 3-tenni
nal, + 1%, - (2% + 4 ,...p£). Cap:l.citance in
crement from zero setting is within this percent
age of the indicated value for any setting.
Dissipation Fodor: <0.0002.
lnlulation Resistance: > 1012 ohms at 100 v,
25° C., 50% RIT.
Temperature Coefflcient of Capacitance: Approxi
mately - 140 ppmrC.
Maximum Operating Voltage: 500 volts, de or
p<:'nk, Itt frN1Uf'ncics up to 10 :\fc.
Maximum Operating Temperature: 650 C.
Dielectric Ablorption: e Voltagf' Recovery.
Voltage Recovery: <0.1 % of orip;inal charging
voltage nfter a charging period of one hour and

Figure 3. Dimen_
sions of the Type
980-0 Decade Ca-

pacitance Unit.
f-t" 'I~,

2/---
980-0

I

I
"'i..,

I
D£PTH BEHIND

RONa 'I

Type Code Word Price

980-0 1 Decode Capacitor Unit 1 $57.00
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ORTHONULL - A MECHANICAL DEVICE TO
IMPROVE BRIDGE BALANCE CONVERGENCE

Impedance bridges can generally be
divided into two classes, depending upon
the location of the two adjustable com
ponents in the bridge circuit. These ad
justments may be either in the same
bridge arm or in different arms, and
their positions determine what the
bridge will read and how the balance
will converge on the null.

The familial' Nlax\\'cll inductance
bridge may take either of these two
forms as shown in Figure 1. The balance
equations arc the same for both forms.
However, dial rcading must, in general,
be proportional to only onc variable ele
ment, so that the quantities indicated on
the dials are difTerent for these two cir
cuits as shown.

The bridge that reads Land Q has
several important advantages: (1) It
reads Q, which is generally a morc de
sired quantity than R because it gives
a measure of the purity or quality of the
inductor \yithoUL calculation; (2) because
the standard capacitor is fixed, it can
more easily be made large to permit
higher Land Q values to be measurcd;
and (3) both adjustments are variable
resistors, which ean bc continuously
adjustable over a ,,-ide range,

The L-Q bridge has one disadvantage,
howevcr: when low-Q components are
measured, the balancing proeedure be
comes tedious and often impossible,

o\\ring to slow convergence of the bal
ance. This condition, often referred to as
a "sliding null," can be remedied by a
mechanical unilateral ganging called
Orthonull, a patented device used for the
first time on the GR TYPE 1650-A Im
pedance Bridge described last month.'

Cause of Sliding Null

The output voltage of an unbalanced
l\1axwell bridge may be written in the
form

Rx+jWLx_(RNRA+jWR,vRACT)
Eo R~ (1)
EI N Denoffilllator

The denominator is a complicated func
tion of the bridge arms and generator
and detector impedances, and, for the
purposes of this analysis, one can assume
that it is constant in the region ncar the
null. The numerator is made up of the
differencc between the "unknown" im
pedance and a function of the bridge
components, which we will call the
librjdge impedance." At null, these two
impedances are equal. Off null, the out
put voltage is proportional to the differ
ence between these two quantities, which
is the distance bet\ycen them on the
complex plane. In balancing the bridge,
one adj usts the variable components

lI-lall, H. P., "A New unin'rsnl Irnpedllnre Bridge,"
GCllPralllndio Expcrimcnter, j\'Iarch, Hl,j9, Vol. 33, Ko. 3,
p;).3-9.

Figure 1. Two types of M(lxwell induc!(lnce bridge,

L-R BRIDGE L-Q BRIDGE

Rx
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alternately to give a minimum output
Yoltagc, repeating the process until a
satisfactory balance is reached.

In the L-Q bridge, the two adjust
able components arc R,v and RT . From
the equation above it can be seen that an
adjustment of Rr varies only the real
part of the bridge impedance and there
fore would move this impedance horjzon
tally on the complex plane as shown in
Figure 2. Both thc rcal and imaginary
parts are proportional to the other ad
justment, IlN , so that a variation of this
quantity causes the bridge impedance to
move radially from the origin.V,rhen Q
is high, these two adjustments ha,-e loci
that are almost orthogonal, but when Q
approaches zero, the loci become more
and more nearly parallel. It is obvious
that, at low Qvalues, a "ariation in only
the imaginary (vertical) direction in
"olves adjustments of both yariable
quantities. The process of balancing is
somell'hat analogous to that of tacking
with a sailboat that won't point close
to the wind.

Examples of t,vo balance loci are
given in Fjgure 3. IVIany adjustments are
nceded to obtajn a balancc, and it can
bc seen that each adjusLmcnt makes so
small an improvemellt in the output
"oltagc that in practice it is often un
noticeable, especially if an aural null

indication is used. In this "lot, the Q of
the unknown is 0.5 which isn't very low.
The situation is much worse if the Q is
lower.

Orthonull Mechanism

Orlhonull' makes it possible to get all
independent adjustment of the imagi
nary part of the bridge impedance and
hence rapid COilvcrgence. To do this, the
ratio !IN/R,. in the real part of Equation
(1) is kc"t constant as !l.v is varied by a
ganging of the two adjustments. How
ever, when RT is varied, RN and R1'
arc not ganged so that only the real part
is varied.

The mechanism to obtain the uni
lateral ganging on the TyPE 1650-A
Bridge i:s shown in Figure 4. The fric
tion clutch which is engaged when Or
thonull is acti\'c has sufficient friction
to drive easil.v the low-friction /)-Q rc
sistor (Rr ). However, the CRL resistor,
RN , is loaded by a vcrnier adjustment
and by a mechanical justifying mechan
ism

3
so that its friction is high enough

to prevent coupling in the reverse di
rection.

If the two resistors were always ganged,
the ratio llN/Rr could be made constant
lU. S. Pa~nt Ko. 2,872,639.
:JThisjustif)·jn/l; mechan-ism ill an adjustable eum and Cllm
follower. ",hil'h \"ariCll the I>osition of the potentiometer
rolor wilh respect to the Ilhllft Ilnd dial to compensate for
\'llriations in the winding.

Figure 2 (le't). loci of odjuslmenls on the Z pion•. figure 3 (right). Ideoliud boloncing loci; Q = Y:z.

RN VARIED x 1

UNKNOWN AT (2,1)

0"'1/2

------

,(/,, ,, ,, ,
, ',,,,,,,,

/
/

/
/

-1("",>,-.••-.',--.,-;,".,-;,".,',".-;'_'-;'".'7""",•.•,,_.,-+- R
'.0

RT VARIED
,.,
l.a'

",..
"

"

.,
.•

R

x

RN AND RT VARIABLE
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Figure 4. Interior view of the Type 16S0-A Impedance Bridge, showing the ganged drive for Orlhonuff. The
clutch lever, which is operated from the fronl panel, is between the two potentiometers; the clutch foce is

between the two pulleys on the left-hond potentiometer.

IJy USC of resistors of any similar char
acteristic. However, since R 1, must be
moved independently of RN , an exponen
tial R vs. echaracteristic is necessary ill

Figure 5. Plot of lotal number of balances required
to ochieve 1% flngl bolcmce, with and without

Orthonull, os a function of Q.

"fALS€ NULL'
CAUSED BY

Rf:~~OtI \
"--,

"

WITH ORTHONULL

,,\--+---+----+'----+--\---"
Q

order that a given angular change will
always produce the same fractional re
sistance change. Fortunately, resistors
with exponential \\"indings have logarith
mic dials, \yhich are desirable for <.:on
stant percentage bridge accuracy. The
D-Q resistor of the TYPE 1650-A lm
pedaIH'e Bridge is a 54-db potentiometer
and the eRI, dial is logarithmic over a
21-db range. The difference in exponen
tial span of the two rcsistors results in a
pulley ratio that i~ favorable to torque
transmission in the direction required.
'The pulleys are connected by a \yire
cable \\"ith spring take-up to prevent
backlash in the adjustments, and two
ball bearings are used to rcduce drag.

Advantages

The ad\'antages of Orthonull opera
tion can most easily be illustrated by
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the experimental plot) Figure 5, of Q vs.
the number of adjustments necessary
to get a 1% balance, At high Q's, foul'
adjustments, two of each potentiometer,
are generally required whether OrtlwnuU
is used or not. Below a Qof 2) however)
the CUI'VC for H no Orthonull lJ quickly
rises while the number of adjustments
necessary has not increased for balances
with Orlhon7111,

False Null

Without Orlhonull it is impossible to
obtain a 1% balance down to Qvalues of
ahout Y2 if the usual balancing pro
cedure is used. Under these conditions,
a false null is reached where an adjust
ment of either variable element only
causcR a larger bridge unbalance. The
phenomenon is due to the finite resolu
tion of the RT rcsistor and may be ex
plain",1 with the aid of Figure 6. Let us
assume that the RN adjustment is varied,
moving the locus of the bridge imped
ance along the radial line as shown. The
best rninimum output voltagc occurs at
point P, which is the closest point on the
line to the unknown. 1'he operataI' would
then make a horizontal, RT, adjustment,
but since the resolution R7' is finite, the
locus must jump to either p' or pl/.
both of \yhich are further frorn the un
knmnl than P. Therefore, an adjustment
of eithcl' variable increases the bridge
output ,"oltage. and the operator "'ould

RN{L J ADJUSTMENT
EXPLORATORY .•~

RT to) ADJUSTMENTS /_

p,~-~-~p.

\~FALSE NULL"

\ POINT

\
\
\
\ UNKNOWN

k/
Figure 6. False null. Rualutian of Rr = 0.5%; if
Q = 0.2, the error in L can be as great as 6.25~o-

assume this point to be the best null. It
can be shmn1 that this balance tan

OT
result in an etTol' of as much as --

2Q~
where 01' is the pcrcent resolution of R T .

For the 1650-.-\., 0T~O,5%, so that the
error would be 1'70 when Q = Y2 and 25'70
when Q =0,1.

It should he not",l that the "false null"
error described abo,'e can he a\'oided hy
a trial-ancl-error methocl. In this pro
cedurc one starts with various RN values
and makes successivc balances, each of
which will be a IIfalse null." The bf'st
balance may c\'cntually be obtained in a
logical manner if t.he c1et"ector indication
is llsed as a guide in the choice of the
succeeding initial RN value. ~ eedless to
say, ihis i~ a time-consuming proeedurp.

Multiple Dips

The finitf> resolution of the RT re
sistor also has an effect on balances maclC'
with OrlhonuU. hut does not limit the a1'-

Figure 7. Effect on output voltoge. Eo. of limited resolution of Rr. assuming thot RH ill ideal, Rr has 0.5%
resolution, ond Q =0.1.

~.o----RX~T--------'

r- 1%-+-'%---1



11

e
· .. '8----

I 0- 18

- -0- 16' 17 _ 1- _ -0-

1
-

-0- _ 1- _0_ 16
-- - 14 __.8---.--0s:- _ 1- - ~ - l 13-' 1,,' ....~ 15--, _--0--

10-- - t-"'o 11
---- 9 .......... 10 1_-<>_i- _1_ - -0- _,~--o- -8 _

r{ -1- -b- _,_-0- 6
~-- -I0- 4 5 _1- '-<)&- _ 1- _ -0-- _1_ -0- "'3

~-[t:R;'~~=t -,- -O'T
Rx>r 'I

SMALL REGION OF Z PLANE

APRIL, 1959

I 2 :3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18
I-- - 1% I +I%-------..j

SUCCESSIVE WIRES OF RN

Figure 8. effect on output voltage. Eo. of limited resolution of iN and RT, anuming oN = o.2<jTo.
or = o.Slfc. ond Q = 0.1.

curacy. Instead, the limited resolution
causes the output voltagc to make re
peated dips as RN is varied, and the best
dip can be chosen to give a more ac
curate reading. If both resistors were
perfectly continuous, a variation in RN

would move the locus of the bridge im
pedance vertically on the complex plane,
clue to O,.thon"ll action. Howcver, if R T

has finite resolution, an adjustment of R.v
results in a zigzag locus, as shown in
Figure 7a, where each line cOlTesponds
to the variation of RN for one particular
\\·ire of ]1,,.. Since the output voltage is
the distance between the unknown, Zx,
and the zigzag line, this voltage will go
throu~h a series of dips as RN is varied,
as shown in Figure 7b. If the best null is
chosen, the orror is always less than
0,-12, which is U% for the TYPE 1650-A
Impedance Bridge, and thus the error of
the false null of Figure 6 is avoided.

Actually, of course, both RT and RN

have finite resolution since both are wire
\mund potentiometers. The RN (CRL
resistor) resolution is about 0.2%. As a
resul t, the locus of R.,. variation is not a

Figure 9. Accuracy ta be expected in measurement
as a function of Q, with and without O"honl,lll.

"Fals. null" etrar is also shown.

scries of curves as indicated in Figure 7,
but a step from onc wire to another as
shown in Figure 8. This latter figure is
idealized in that the ratio of resolutions

f h
. b .

o t e two potentIOmeters, a' IS as-
T

sumed to be exactly 2/5, which results
in an even pattern of possible balance
points. As RN is varied, the output
jumps in discrete steps, \vith large jumps
coming as the setting of the coarser po
tentiometer, RT , changes from wire to
wire.

The most important limit on accuracy



~ GENERAL RADIO EXPERIMENTER 12

is that it is possible to get a bridge
balance that is in error by approxi
mately 0N/4Q but \\"hich is as good as
the best possible balance. This occurs
when the unknown is in the worst pos
sible location, in the complex plane) i.e.)
where it is farthest from any balance
point.

Other, less important, limits on the
accuracy are backlash, which is small,
and reduced sensitivity, both of which
cause errors proportional to l/Q.

IVIany experimental balances worc
made to see what sort of accuracy could
he expected, and it would seem that,
with reasonable carc, onc should be able
to get balance of 1% or 0.15IQ%, ,,"hicl,
ever is larger. This is plotted in Figure
9. Also on this plot is the po ible error
occurring as a result of the Ilfalse null"
when conventional balancing technique
is used as described above. A more prac
tical limit for operation without Or
lhonull is the line which shows the ap
proximate accuracy possible with 20
balance adjustments starting with a
+100% unbalance in inductance.

Conclusion

Orlhonull makes possible rapid bal
ances at low Q values, avoiding the "slid
ing null." The basic bridge accuracy is
not affected since Orthonull only affects
the manner in ,,,hich the balance is
made. Effectively the accuracy at very
low Q values is improved by avoidance
of "false nulls."

It should be pointed out that on the
TYPE 1650-A Impedance Bridge the 01'
lhonull mechanism can be used for high
D capacitance measurements as well as
low Q inductance measurements. The
device can be disengaged so that high Q
(low D) balances can he made in the
usual maimer.

Acknowledgments

The idea for Orthonull \\"as prompted
by a suggestion from Dr. D. B. Sinclair
for making an orthogonal L-R bridge
(Figure 1) give a Q reading by appro
IHiate adjustment or logarithmic sc:tles.
The mechanical design of the mechan
ism was worked out by G. A. Clemo\\'.

-IT. P. HALL

GENERAL RADIO EXHIBITS IN CANADA
Our Canadian friends will have an

opportunity to see the latest General
Radio instruments for acollstic measure
ments at the exhibit to be hcld at the
meeting of the Acoustical Society of
America at Ottawa, May 14-16.

A General Radio traveling display
will be in Ontario and Quebec from May
11 to May 28. It \\"ill be at the Sea'my
Hotel in Toronto on May 16 and at the
Capri Hotel in Montreal on May 24,,
from 12 to 6 P.'I.

ERRATA-TYPE 1650-A IMPEDANCE BRIDGE
Please note the following corrections

to the specifications for this instrument
appearing in our ?darch issue:
Capadtance Accuraty: ± 1%± 1 J.lp.f.

Frequency Range for R: 20 C to 5 ke.

On page 7, under Iron-Core Inductors,
the last line of the first paragraph should
read "at initial permeability."

General Radio Company
®
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TYPE 1607-A TRANSFER-FUNCTION AND
IMMITTANCE BRIDGE

NEW FUNCTIONS, NEW NAME, AND NEW TEST MOUNTS

An unusual new instrument, identi
fied as the T'YPE 1607-A Transfer-Func
tion l\1eter, was described in this pub
lication a little over one year ago.

1

It
could measure aU the complex transfer
functions

2
of three- and four-terminal

3

devices and networks, such as transis
tors, vacuum tubes, amplifiers, filters,
and attenuators, over the GO:l frequency
range from 25 Me to 1500 IVIc.

New Functions

Stimulated by comments of people
seeing the instrument for the first time,
c.g., li'I'hat's fine, but isn't there some
way of making it measure two-terminal
impedances and admittances, too'? Then
it would measure everything," ·we looked
further and found a simple way to do
just this.' Although the changes neces
sary to incorporate the added functions
involved cutting a fourth set of slots in

thc instrument's main junction block
and the addition of a new indicator
assembly I we were fortunately able to
catch thc first production lot of instru
ments just in time to include thesc ncw
features, starting with the first instru
ment sold. Therefore, all instruments in
use are up to date, except that on the
earliest units the engraving sho\Ys the
old name. The instrument will now
measure the input or output impedance
or admittance of two-, three-, or four
terminal networks with dc bias supplied
to all terminals and with three- and four
terminal networks terminated in either
an rf short or open cireuit.

lW, n, Thurston, n. A. Soderman. "A Tr:lllsfer-Funetion
1\Ieter for the VITF-CIIF Range," General Radio 1'Jxperi
m~llter, Vol. 32, No. 10, ~breh. H):,S, pp. 3-15.

2Forwflrd flnd reverse tT:lnsfldmittlllwC, transim(wdanee,
transfer voltage ratio, and transfer current ratio.

3I-Taying onc input terminal and OTIC output terminal
grounded.

4Not "everything," of course-just 2, 3, and 4-tcrminal
networks.

Figure 1. View of the Transfer-Function and Immittance Bridge with Transfer-Function indicator in place, Inter
changeable Immittance Indicator is shown in fareground.
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New Name

With the capabilities of the instru
ment increased to cover many additional
applications, the old name, (f'Transfer
FWlction :\'[otCI',11 was not complctcl~'

descriptive. The new name is IITransfcl'
Function and Immittancc Bridge," the
word "Immittance" denoting both im
pedance and admittance. Because of its
convenience, this word is gradually com
ing into more common usc in connection
\\-jth transmi ion lines, networks, and
certain types of measuring instruments,
such as the slotted line.

The change of the last ,,"ord from
Hl\1.etcl''' to "Bridge" is intended to
improve further the descriptive ac
curacy of the name. Passive, null-type
circuits used ",ith generatol' and de
tector to measure accurately the real
and imaginary components of an un
known in terms of resistive and re
active standards are commonly called
Hbridges," \\-hcther or not thc classic,
bridge, diamond form is apparent with
out topological juggling.

Interchangeable Indicators

Two diffcrcnt indicator units, shown
in Figw'es 2 and 3, arc furnished with

4

the bridge, one for transfer-function
mcasurements and the other for im
mittance measurements. Each is an as
sembly of a casting with thrce rotatable
loop units, control-indicator arms, and
calibrated scales. They are held in place
by four scrcws and are easily inter
changed. Locating pins permanently
preserve alignmen t and factory cali
bration.

Circuit for Immittance Measurements

The operating principles and circuit
for transfer-function measurements werc
fully described in thc earlier article,' to
which reference is made for basic de
scription and features. For immittance
measuremcnts with the Immittance ]n
dicator (Figure 4), there are still three
loops coupled to three coaxial lines, two
of which are terminated, respectively,
in a standard conductancc and a stand·
ard susceptance, but the third loop
couples to the hottom line (labeled "Net
work Output") instead of to the right
hand line (labeled "C\'etwork Input").
In the schematic diagram of Fig-ure 4.
the circuit is set up for measuring the
output immitt~nce of a four-terminal
network. To measure network input im-

Figure 2. View of the two indicators. Calibrations are normalized with respect to coaxial line characteristic
impedonce (SO ohms) and admittance (20 millimhos).
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Figure 3. Rear view of indicator units showing different loop locations and consequent differences in scale
plate shape.

mittances, the network is simply rn
yorsed. Kate that the lower line, though
labeled "Kctwork Output" because of
its use during transfer-function measure
ments, actually drives the network dur
ing immittancc measurements. The up
per linc, labeled "Xet,,"ork Input"
because of its lise during transfer-func
tion measurement.s, acts as either a short
or open circuit at the other end of the
net,,"ork during immittancc measure
ments and has no othel' coupling to the
circuit, except to provide de bias if
required.

For measurements on two-terminal,
grounded immittances, the unknown

network is connected to the lower ("Out
put") terminals, and the upper line
(labeled "Xetwork Input") is not used
at all.

This circuit for immittance measure
ments is the same as that used in the
TYPE J602-B Admittance Meter' With
the lo\\'er line (labeled "l\etwork Out
put") set to a half wavelength or an in
teger multiple thereof, the instrument
measures admittance, \Vith the line set
to a quarter wavelength or odd multiple,
5\V. H, Thurston, "A Dircct~RcadillgI111l:)cdancC-~[Clumr

ing In~trUJllcntfor the U-H-F Range," General Radio Ex
p~ri"'fflter, Yol. 24, :\0, 12, May, 1950, PP. 1-7,
n, A. Soderman. "hnpro\'ed A(>t'llrlley lllld Convenience
of ~leasllr{'lIlelltli with TYPE 1602-8 Adlllittan(>e :\[eter
in \'llf-CllF Rand!!," Ge,u~nd Radio EXJ)C'immUr, Yol.
28. Xo. 3, AUgU3t, 19.>3, PI). 1-6.

"B"Line -;-

=r: jBs ":!:.j20mmho

E.te.not
Deleclo.

length' odd multiple of ,\/4
for impedance meosureltlenls;
muiliple of Al2 for
odmillonce measurements

-Nehtork Inpu1- line
lenglh. ""'4, n' even
or odd integer

lenQfh·ocjd mulliple of ).;4
for open cirCUlI <rt network
terminals; mulllple of MZ

If--------_--'- -,'for short circUIt

"Network Oulpul" Line
lenQlh""2 Al4, ~z even or odd
inleger in, n01 always equal 10 nz}

Figure 4. Schematic
diagram of the circuit
for immittance meas
urement. For a dia
gram of the circuit for
tra n I f er _fun c Ii a n
mealurement, see

previous article.'
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~,
UNUSED,

EXCESS LEAD LENGTH

REFERENCE PLANE------;--;\"f'f;;:=;c=~=
-.."V

~~
,;';

Figure 6. Sketch of connections 10 tronsistor, showing
the reference points of measurement.

Figure 5. Two views of the Type 1607·Pl0l Transistor
Mount showing the damper unit projecting from the
side. In the right-hond view the lead olignment holes

can olso be seen.

applying bridge voltages or currents to
transistors or other active devices, of
accurat,ely compensating stray capaci
tances and inductances, and of suppress
ing spurious oscillations makes the de
sign of suitable mounts more than a
minor job, even for an engineer skilled
in vhf-uhf design techniques.

To help avoid these problems in tran
sistor measurements, standard mOlUlts
have been designed, two of which are
presently available and two more which
are approaching completion in develop
ment. Additional types \\"ill be added
from time to time in re-sponse to user
demand_ Those available now are fol'
JETEC basings, 0.200-inch-pin-circle
triode with common base (1607-PlOl)
or common emitter (1607-PI02). Those
in development arc for 0.200-inch-pin
circle tetrodes and O.IOO-inch-pin-circle
triodes with common base. Leads of
units to be measured can be any length
between %:! and tl6 inch, and lead diam
eters up to 0.035 inch can be accommo
datcd. In the Transfcr-Function and
Immittance Bridgc all characteristics
of a given transistor \\-ith a gi\'en com
mon electrode are measured with a
single mount, thus insuring consistency
of rcsults at high frequcncies.

T"hese transistor mounts incorporate'
several refinements that result in ac
curate and reproduciblc measurements:

New Transistor Mounts

At vcry-high and ultra-high frequen
cies, thc method of connecting; an un
known device to a measuring instrument
of any kind is critical. Heproducible an
s\\"ers can be obtnined in different meas
urements by different people using dif
ferent equipment onl." if the same,
standard method of makin~ connections
is used in all cases. with details of con
figuration and dimension being precisely
the same. Furthermore, the necessity of

the instrument measures impedance.
The scales arc calibrated in normalized
components, from 0 to 1, with a mul
tiplier from 1 to cp. For impedance meas
urements, the reference is 50 ohms,
and for admittance measurements, 20
mmhos. The Transfer-Function and
IIl1tnit,t,ance Bridge can measure every
thing that the Admittance ~1eter can
measure, including reflection coefficient
and vs,vn of transmission lines and an
tennas. In addition, it has t,hc built-in,
calibrated, adjustable line for direct
reading immittance measurements, the
second, short-circuited, calibrated, ad
justable line for proper termination of
fOllr-terminal networks during input and
output immittancc measurements, and
pro\'isions for biasing active devices or
networks. However, the Admittance
Meter will, no doubt, still be preferred
in a number of instances for two-termi
nal measurements because of its lower
price, smaller size, and somcwhat better
basic aeclll'acy (3% vs. 5%).



7

Figure 7. View of Ihe Type 1607-P201 Tube Mount
with tube clOd shield installed and damper unit pro_
jecting from side. Binding posts 01 left ore for hegler

connections.

(a) The reference point of measure
ment on the transistor leads is only )16"

from where they emerge from the header,
as shown by Figure 6. Therefore, the
measured characteristics arc those of the
transistor elements in their housing and
with 716" leads. This measurement en
vironment is very close to the best that
can practically be done in actual circuit
use of transistors.

(b) The input and output lines lead
ing to the reference plane are accurately
compensated to main tain a 50-ohm
characteristic impedance level with very
low reflections due to discontinuities.

(c) A removable 50-ohm resistor, with
bias blocking capacitor, is supplied to
suppress spurious oscillations. This re
sistor is shunted across either the input
01' the output of a transistor, dependinp,
on the type of measurement being made,
and has no adverse effect on measure
ment accuracy.

(d) The input and output circuits
within the mounts are very well shielded,
so that coupling between them external
to the transistor is negligible.

Transist.ors with O.072-inch-pin circles
will be easily measurable in the 0.100
inch-pin-circle mount (available later)
if the leads are bent the slight amount

MAY, 1959 ~

required, by use of the lead alignment
holes provided in the top of the mount.

Figure 5 is a pboto of Type 1607-PIOJ
Transistor Mou nt.

Tube Mount

One tube mount is available so far.
It is designed for common-cathode meas
urements on seven-pin miniature tubes
such as 6AF4, 6AF4A, 6AK4, 61'4, and
othel' tubes having the same pin connec
tions. The tube is measured in the socket
of the mount, so that measured values
wiJl include socket effects and will be
those of greatest use in circuit design.
The TYPE 1607-P201 Tube Mount, with
tube and shield installed, is shown in
Figure 7.

Typical Measurements

'Vith this instrument direct measure
ments can be made of the parameters of
commonly used transistors, vacuum
tubes, and passive networks. Transistors
can be measured in either the common
base or common-emitter connection; and
a complete set of measurements can be
made in either connection ·without calcu
lation of any of the parameters from
measurements made in another connec
tion. This factor is important at high
frequencies, where connection changes
can cause changes in the effects of stray
capacitances and inductances.

The chart on page 8 shows a typical
set of measurements made on a high
frequency transistor. All the values were
directly measured with the exception of
the ho parameters. For the ho measure
ment, the output admittance must be
determined with the input circuit open
circuited, a condition ,,,hich is easily
obtained with the bridge. HO\\'ever, with
the open-circuit connectioll. the damping;
units cannot be used, and in some cases
regeneration or oscillation can oecur. In
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these cases, ho can easily be calculated
from the formula:

h,=YO.,+hA
-- hi

The variations in some of the above
transistor parameters with. collector
voltage arc plotted in Figure 8. Figure 9
shows measured values of forward cur
rent-transfer ratio for a diffused-base
transistor. Figure 10 shows the results
of measurements of the short-circuit
output admittance, Y22J on a similar
transistor.

The extrinsic base resistance, Tbb'J of a
transistor is often determined' from
measurements of the common-emitter
input impedance with the collector short
circuited, hit. In this case, the rw is ap
proximately equal to the input resistance
ohtained at a frequency at "'hich the
reactance is zero. Figure 11 shows a plot
of ~e measured on a relatively low-fre-

8

quency transistor, indicating a base re
sistance of 27 ohms. At frequencies
aboye the zero-reactance point, the re
actance becomes positive owing to the
inductance of the leads inside the tran
sistor body and that of the short length
of pin betweell the seal and the point at
which the measurements are made.
At much higher frequencies, this lead
inductance can be in pal'alled resonance
with the stray capacitance to the shell
and ground, as shown in Figure II.

In high-frequency transistors, the
zero-reactance point occurs at a much
higher frequency, and the impedance at
this point may be affected hy stray lead
reactances. A typical measurement is
shown in Figure 12. IVleasurements
were also made on a slotted line in order
to check the values measured on the
Transfer-Function and Immittance
5H. I>. Abraham lind R. J. Kirkpatrick. "Tr:m3istor Char·
Rrteriz;ntion at VHF," Pr(X.. Nat. /::la. CQnl. 13, pp.
385-402,1957.

NETWORK PARAMETER MEASUREMENTS ON A
HIGH-FREQUENCY TRANSISTOR AT 300 Me

FREQUENCY' 300 Me V,b' -4.5v, I, • 1.0 mo, SHELL GROUNDED

COMMON BASE COMMON EM.'/ rER

SC SC
HYBRID ADMITTANCE HYBRID ADMITTANCE

mmhos mmhos

Of hfb Y2lb hf, Y21e 13,
0.79 - ; 0.53 -0.79 +i Q.53 -3.4 +j 10.2 -0.68 - i 1.5 2.0 - j 12.0 -0.68 - i 1.5

a, h'b Y12b h" Y12e 13,
0.32 - j 0.18 0.04 + j 0,14 -1.4 - j 1.0 0.12 +jO.09 -0.4 - j 1.0 -0.215 - i 0.02

h ib YUb hie YIle

67.0 + j 53.8 9.1-;6.9 115 - j75 5.9+j4.1
ohms ohms

hob Y22b h.. Y22e

0.2 + j 4.25 1.8 +j4.2 3.2 + i 3.0 1.9 + j4.3
mmhos mmhos
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-60 Figure 12. Plot of input reactance versus input re-
Figure 11. Plot of input reactance versus input re- sisto nee, with output shari circuited, for a high-fre-
sistance, with output short circuited, for a low-fre- quency transistor. Comparison with slotted-line meas·

quency transistor. urements.
NOTE: All schematics on this page show rj connections only. with biasing connectioll.'l omitted.
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Bridge. These measurements are plotted
on the same figure, and it is ('\'ident that
the~' agree very closely with the Tra.ns
for-Function and Imn1ittancc Bridge
measurements.

Advantages of the Transfer Function and
Immittence Bridge

The 'fransfer-Function and Immit
tancc Bridge has a number of very im
pOl·tant aclYantagcs OVOI' other methods
of mcaslll'in/!; transistor characteristics
in the VI-IF-UI-lF range.

(a) All measurements are made di
rectly, ,,"jth the t.ransistor operating in
the proper environment as defined by the
parameter being measllred. In most
cases no calculations arc required to ob
tain any desired short-circuit or open
circuit input, output, or transfer func
tion. Direct measurements save time
and a\'oid deterioration of measurement
accuracy.

(b) All input, output, and transfer
mcasurcments on a gi\'cn transistor with
a gi\'Cll common electrodc arc made with
the same mount, so that consistency be
twccn thcsc diITerent functions is as
surcd. Furthermorc, standard mounts
arc available and arc not a design prob
lcm to the user.

(c) The unusually wide frequency

10

range from 25 Me to 1500 Me is valu
able in most applications and is of par
ticular interest for today's new commer
cial transistors.

(d) The bridge can be operated with
a very low rf level on thc unknown,
which is essential for the measurement
of transistors and other nonlinear de
vices.

(e) First impressions notwithstand
ing, the bridge is very simple. The initial
appearance of complexity is due to the
la?'ge nmnber of di,fJerentthings that it can
measure, but each of these things by itself
is measured in a straightforward and
simple manner.

The bridge is completely passive,
with stability of calibration dependent
only on permanent, physical dimensions.

Finally, the instrumcnt makes basic
measurements of circuit characteristics
that have been in usc since the begin
ning of radio and that will continue to
be used indefinitely into the future of
electronics. Currently its most popular
usc is for the measurement of transistors,
but its ability to measure any net\york,
active 01' passive, indicates a much wider
field of application.

Acknowledgment

The authors wish to acknowledge the
contributions of Peter D. Strum to the
development of this instrument.

- W. R. TllunsToN
R. A. SODEn'L'N

SPECIFICATIONS
Frequency Range: 25 to 1500 i\lc, with reduced
accum('y above 1000 i\:le and when flexiblc
caLle ill uscd in the lines. The use of this cable
is n.:quirl'd at fl'('qucneics below 150 Me and is
optional at other frequencies.

Figure 13. View of the instrument storoge box with
acceS50ries thot ore supplied with the Type 1607-A

Transfer-function and Immittance Bridge.
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Tr:lllsimp<'dance (Zz,)
()-1500 ohms ( fz;;;)

2.51+"'/[;; %+ J.250hms

Tmnsadmiltall{"e (Y21)

o GOO mmhos ( !V-;I)
2.5 1+, 20 %+0.5 mmho

Tmp('<.!:\!1rc (Zll)
0-1000 ohms ( rZ)

2.0 1 + -V ;~l %+ l.O ohm

AdrniWll1('f' (VIl )
0-400 mmhos ( I~)

2.0 1+" 20 %+ OArnmho

DC Bias: Tprmill:tls an" providNI for introduc
inK dt hia.-; from extt',"rllli SOllr<."PS. Ma....;imum
hia,''! ("urn'llt, ]00 Ina; m:lxirnum bi:\S voltage,
400 volts.

2.5 (I + ,IJij% + 0.025

Accessories Supplied: R:lngc-Extcnsion Unit;
Transfer-Function Indic:l.tor; Immittancc Tndi
c:'ltor; 6 terminations (open, short, matched,
etc.); standards; lo-db I\ttclluator; 8 air lines
(21.5 and 43 em); 3 C-lillc S<'ction.:s; <:onstant.
impedallce adjustable line; .a speci:tl tee; 10
patch (:Qrds; c~lrrying case with stomge space
for instrument and accessories.
Accessories Required: GCJl('r:ltor, detector, :l.nd
mount for unknown device. Unit O:icillators and
TYPE D:ofT Detectors Me recommended. Fm
eoa.,,<jal adaptors, see Illlest General R:l.dio
Catlllop;. See bplow fOI' mounts available.
Other Accessories Available: T~·PE 1607-PlOl
TI':U1Ristor iVlount for JBTEC-30 base :lr
l':lngemcnt, gl'Ounded base. Typt; 1607-PL02
TI':lllsistor Mount fol' JETEC-30 bMe arrange
men!" gl'Ounded emitter. TYPE 1607-P201 Tube
IVlowlt, 7-pin miniature, grounded-cathode, fol'
GAF4, 6AF4A, fmd other tubcs with same
('Ollll('(,tions.
Case: The instrument, with accessories, is
mounf,{'d in a wooden cl1rrying and storage case.
Dimensions: Case - II U X J4% X 40 inches.
Net Weight: 63 pounds.

Accuracy:

(up to 1000 Me)

(R) ()-30

Measurement Range:

Voltage and Current
Ratios

Type Code Word Pme

1607-A
16Q7-Pl0l
1607-Pl02
1607-P201

Transfer-Function and Imminance Ekidge ......•.
Transistor Mount (JETEC-30, grounded bose) .
Transistor Mount (JETEC-30, grounded emitter) .
Tube Mount, 7-pin miniature, grounded cathode ..

HYDRA

TRAXS:'IOUXT

TOPIC:.tOl'XT

TUDES:'IOUNT

$1665.00
60.00
60.00
75.00

U. S. Patent Ko. 2,5-18.-157.

NEW METERED VARIACS,
TYPES WSMT3A, WSMT3W

The usefulness of the Variac~ auto
j ransformcr as a laboratory tool can be
considerably enhanced by the inclusion
of meters in the assembly so that volt
agc, current, or powcr mcasurcments
can be made directly without the neces
~ity of finding, and connccting, external
mcters. To this end, General Radio of
fers two instruments, similar in appear
ance and construction, and differing
only in one respect. 'I'he Typl': 'V5lVIT3A
rvletel'ed Val'i::w reads volts and arnperes;
the TYPIc W5lVIT3W Metered Variac
l'eads volts and watts; both are metered
in the output or load circuit.

The metal case houses a TYPE W5

Variac, the meters, a CUITent transformer,
and the necessary switching and meter
shielding. This latter is sufficiently effec
tive to reduce the \'ariac stray field to a
point permitting an over-all accuracy
of 3% (full scale) with 2% meters. Con
nections are made through a three-wire
cord (line) and a three-wire outlet (load).
A double-pole off-on switch disconnects
the instrument from both sides of the
line in the off position. A make-before
break range switch permits switching
under load of the dual scale ammeter 01'

wattmeter, as t,hc case may be, from
1 ampere 1.0 5 amperes, full scale, or
from 150 watts to 750 watts, full scale,



GENERAL RADIO EXPERIMENTER

respectively. Current-coil circuit and,
hence, load circuit.s are fused for 1 and 5
amperes in the W5~lT3A (ammeter)
model and for 2 and 5 amperes in the
W5:\lT3W (wattmeter) model.

12

The finish matches standard W-line
Variacs. The case is equipped with a
convenient carrying handle. A net
weight of ll~ pounds assures ready
portahility.

SPECIFICAliONS

Frequency: 50-60 cycles.
Input Voltage: 1 J5.

No Load Loss (GO cycles): 9 watts.
Output Voltage: 0-135 (0-150 voltmeter).
Output Current: (\V5MT3A) Two ranges 0-1,
0-5 am peres.
Output Wotts: (W5MT3W) Two mnges - 0-150,
0-750 wntts.
Meter Accuracies: ±3% of fujI scale.
Switching: OFF-ON, two-pole switch discon
nocts a.s:;cmbl~' from lille in "OFF" position.

Mett'r RANG8, I-IfGIl-LO'V, mn,ke-before
break to permit swit.ching under load.

Terminals: Line - 3-wire cord and plug.
Load - 3-wire outlet reeeptade (will

ilcoept parallel 2-wire plug).

Fusing: W5MT3A - 1 ampere, low range.
5 ampercs, high mngc.

W5MT3W - 2 amperes, low range.
5 amperes, high I'I1ngc.

Angle of Rotation: 3250
.

Driving Torque: 30-60 oz.-in.

Case Dimensions: 9 1116" high, 6~" wide, 6%"
deep and handle.

Net Weight: 11 % pounds.

1'ype Gode Word Price

WSMT3A
WSMT3W

Patent applied for.

Motered Variac (voltmeter, ammeter) ......•.•..•
Metered Variac (voltmeter, wa"meter) .

CAUAL
CADon

$ 85.00
110.00

®

General Radio Company
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The new GenenJi Rodio
Grophic le....el Recorder
plotting automaticolly Ihe
frequency response of (In
earphone. The earphone is
dri ....en by the Type 1304-8
Bllol.Frequency Audio Gen
.rolor and is coupled to the
Type lSS1-P1 Condenser
Microphone System through
a standard ASA coupler.
The output of the Condens
er Microphone System is
fed 10 Ihe Type 1551-8
Sound level Meter, which

drive. Ihe recorder.

COVER
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A GRAPHIC LEVEL RECORDER WITH
HIGH SENSITIVITY AND WIDE RANGES

A graphic lcycl recorder has a wide
\"ariety of uses in electronics, acoustics,
and other branches of physical science
and engineering. It records on a loga
rithmic scale the rms magnitude of an ae
voltage, rather than the instantaneous
value and can plot the output of an ac
device as a ftU1ction either of time or of
some other parameter that can be made
time dependent) such as frequency. The
TYPE 152J-A Gmphic LC\'cl Recorder, *
an accun1,t,c and versatile instrument for
recording from 20 c to 200 kc, has an
input sensitivity of one millivolt. 1t has
been designed to meet the requirements
of many different applications and has a
number of outstanding electrical, me
chanical, and operational features.

In this recorder, a high-speed servo
mechanism of noyel design positions an
input potentiometer and a pen to pro
duce an ink trace on rectilinear paper.
Potentiometers for ranges of 20, 40, and
80 db are available and can be intel'
changed easily and quickly.

An additional feature is an accessory
linear potentiometer, which COl1\·erts
the instrument from a level !'ecorder to

a general-pw'pose de recorder with ad
justable zero level and O.S-volt full
scale sensiti\·ity.

Transistors are used throughout the
electronic circuitry, which eliminates
warm-up delay and reduces powcr con
sumption and oyer-all sizc.

Controls are simple and haye becn re
duced to a minimum: input amplitude,
writing speed, and papel' speed. These
are separated into two groups: input
signal and writing speed on the left
hand side of the panel: chart dri\'e on
the right.

The input and writing speed controls
can bc seen at the left of Figure J. A
constant impedance calibrated input at
tenuator is used to adjust the input
level. The inpu t terminal can be used
\\"ith the 10\\" terminal either tied to the
instrument chassis or floating for de.
The writing speed switch sets the maxi
mum speed of the pen to one of four
values from 1 inch per second to 20
inches per second, which, on thc SO-db
range, corresponds to 400 db per second.
*,\ completely new detlip;n based upon the :\Iodel ~L-t

Recorder of Sound .-\PraratWl Co.; U.lS. Patent 2.581.133.
now owned by Genera Hadio Company.

Figure 1. Panel view of the Graphic level Recorder with 40-db potentiometer ond
CTP-SOS Chart Poper instolled.
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An adjustable damping control is also
provided to allow setting of the over
shoot for step inputs. This control is
normally set for a I-db overshoot at the
maximum writing speed. A calibration
contl'O\ is also provided for setting the
gain of the recorder in conjunction with
an external ac reference voltage, so that
the recorder \yill plot absolute level.

Four chart speeds arc available with
the motor supplied with the instrument:
2.5 in/min, 7.5 in/min, 25 in/min, and
75 in/min. Speed changes are easily
made while the motor is running by
means of t\yO gear-shift levers shown at
the right of Figure 1. A neutral position
is also provided. The chart paper can
be ddycn either forward or backward or
controlled manually. By the usc of a
differcnt motor, which is easily intcl'
changeable (see the price table, page
12), these speeds can be reduced b)' a
factor of GO. Chart paper is easily in
stalled. Paper width is 5 inches and has
a 4-inch recording range.

The recorder plots rms voltage level
vs. time for frequencies between 20 and
200,000 cycles per second. Accessories
are available to couple the chart drive
to the dial of the TYPE 1304-B BelLt,
Frequency Audio Generator, the TYPE
.l554-A Sound and Vibration Analyzer,
or the TYPE 760-B Sound Analyzer to
produce a plot of level vs. frequency.
Chart paper with frequency scales is
available for use with each of these in
struments.

When coupled to the Beat-Frequency
Audio Generator, the recorder produces
plots having a true logarithmic fre-

I
I
I
L __
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quency scale and is ideal for plotting
the f rcq llency rcsponse of analyzers, re
cording systcms, networks, filters, and
equalizers, as well as of loudspeakers,
microphones, earphones, vibration pick
ups, and other transducers.

The combination of the recorder and
either the TYPE 1554-A Sound lLnd Vi
bration Analyzer

l

or the TYPE 760-B
Sound Analyzer makes possible the
automatic analysis of sound spectra and
complex waveforms. "\Vhen the network
or device under test is excited by the
TYPI:; 1390-A Random :Koise Generator,
a continuous spectrum response of that
net\york to white noise can be plotted.

The high writing speed available with
the SO-db potentiometer permits the
recorder to be used for the measurement
of reverberation time as short as ap
proximately 0.5 second.

The wide range of paper speed flLcili
tates long-period studies of the noise
produced by traffic, office machinery,
industrial processes, and potential hear
ing damage environments, as well as
the measurement of short-duration tran
sients.

PRINCIPLES OF OPERAnON

The TYPE 1521-A Gmphic Level
Recorder utilizes a null-seeking servo
system, which positions the pen on the
chart paper.

The block diagram of the servo loop
is shown in Figure 2. The input signal
is applied through the input lLttenuator
to the logarithmic potentiometer. The
output of the potentiometer is amplified
1'1'0 be described in ll. forthcoming issue of the Hxperi
menkr.

Figure 2. Block diagram of the
Graphic level Recorder.

-r-1rEN!
I
I
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and then rectified to produce a dc volt
age proportional to the rms level of the
ac input voltage. This de voltage is
compared with a I-volt reference volt
age, and their difference, which is the
error signal, is used ultimately to posi
tion the drivc coil.

Input Circuit and AC Amplifier

The input attenuatar has a 50-db ntngc ill
lO-db steps. It provides a constant lO,OOO-ohm
input impedance, which can be increased, at
corresponding sacrifice in sensitivity, by the
addition of a resistor in series with the input.
The sensitivity will, however, still be greater
than that usually encountered in recorders of
this type. The 1O,OOO-ohm resistance of the
potentiometer is a compromise between the
desire for It high input impedance, the wire size
required for the potentiometer, and the loading
effects of the ae amplifier.

The ae amplifier consists of an emitter
follower input, four stages of gain, and a phase
inverter stage for driving the detector circuit.
The high input impedance of the emitter fol
lower millimizes its loading effect on the po
tentiometer. The gain of the amplifier is
approximately 1000. It can be set to exadly
1000 in terms of an external ae reference volt
age when it is desired to measure absolute level.
Since the input attenuator is calibrated, the
reference voltage can have any value between
1 mv and 10 volts. The gain of the amplifier
is stabilized by a sufficient amount of inverse
feedback to insure its stability of calibration.
A regulated power supply is used to minimit:e
the effects of line-voltage val'io.tions. The
dynamic range of the amplifier is 15 db, which
allows faithful reproduction of input signals
with a peak-la-rms ratio of 5:1 - a feature
of considerable importance in the recording of
noise.

Detector

The detector has a quasi-rms response, Z

which closely approximates true rms for com
monly encountered waveforms. The output is
within 0.25 db of true rms for sine waves,
multiple sine waves, square waves, and noise.

Since the output of the potentiometer is
linear in db rather than in volts, the change in
input voltage to the detector is significantly
different for increasing and decreasing input
signals. For example, a lO-db increase would
momentarily produce 3.16 volts, a change of
2.16 volts from its normal l-volt value, com
pared with 0.316 volt, or a change of -0.684
volt, for a to-db decrease. In order to main
tain comparable step responses in the two direc
tions for these vastly differing signals, diode
limiters are incorporated at the output of the
detector. The level of limiting is set to produce

2E. E. Gross, "Improq~d Performllnec Plus:l New Look
for the Sound-T.c\'e1l\Ictcr," General Radio Experimenter,
Vol. 32, No. 17, October, 1958.
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Figure 3. View of tne magnetic structure and pen
motar.

simil:u transient responses for increasing or
decrensing levels.

Pen Drive Circuit

The output of the detector is compared by
emitter followers to a I-volt de reference ob
tained from the regulated 18-volt supply. An
attenuator (gain switch) which changes the
loop-gain according to the potentiometer used
is located immediately after the emitter fol
lowers. A velOCity-feedback signlll (see below)
is also injected at this point. The sum of the
error voltage and the velocity feedback voltage
is then amplified by a push-pull de amplifier,
which is drift compens<\.ted by means of nega
tive feedback. Two power transistors arc used
to produce current through the drive coil or
servo motor.

The servo motor consists of a center-tapped
coil wound on a lightweight lucite form, which
is positioned in the uniform magnetic field
produced by a.large Alnico permanent magnet.
The magnetic structure llnd coil are shown in
Figure 3. The interaction between the current
in the coil n.nd the field from the permanent
mngnet results in a force to move the coil in
a direction to reduce the error voltage. 'Vhen
the coil is correctly positioned, the error volt
age and the current in the coil become zero,
and there is no further force on the coil. The
coil wiII remain in this position as long as the
input voltage remains constant because of the
electrical restoring force produced on the coil
for a.ny slight movement about the correct
null posiLion. rull current flows through the
coil for a displacement only a 732 inch from
the true null, resulting in a high degree of static
accuracy. Because the pen and potentiometer
wiper arm arc loc~\ted directly on the coil struc
ture, there is no possibility of backlash, or dead
zone, between movements of the servo motor
and corresponding movements of the poten
tiometer and pen. Since the servo motor has
a straight-line movement, the resulting record
ing is truly rectilinear.

Velocity Feedback

A second winding on the drive roil structure
generates a voltage proportional to the coil
velocity. This damping Yoltage is fed back
around the drive coil through the dc amplifier
to reduce the time colH.tant of the drive-coil
circuit. As a result, an adequate degree of
stabilization can be obtained consistent with
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a reasonable bandwidth of the pen servo and
the desired static accuracy. Slower writing
speeds are obtained by increasing the amount
of damping voltage. Since the output from the
detector is limited, an increase in damping
voltage results in a deerease in both the pen
servo bandwidth and the maximum writing
speed (saturation velocity of the pen). The
slower writing speed posit,ions are useful for
filtering out rapid variations in the level of the
input signal when it is desired to obtain an
average value of these variations.

Figure 4 shows a plot of the frequency re
sponse of a public address system installed in
a large auditorium as recorded wiLh both maxi
mum and minimum settings of the writing
speed control. The bandwidth of the pen servo
is approximately 0-10 cps in the 20~inch per
second writing speed position and decreases in
approximately thc same ratio as the writing
speeds marked on the control. Because of the
limitation in maximum velocity, the servo

6

bandwidth is a function of amplitude. The
writing speeds indicated on the control are only
approximate and represent a coil velocity ob
tained when the de amplifier is saturated. As
such, they should be used only as an indication
of the upper limit of the capabilities of the
recorder to follow changes in the level of the
input signal.

Logorithmic Potentiometers

The potentiometers have shaped winding
forms and are tapped for the connection of
padding resistors to obtain an accurate loga
rithmic function. Since the same size wire is
used throughout the length of the potentiom
eter, a high degree of resolution is maintained
for all positions of the slider. The rated aceuracy
of the potentiometers is 1% full scale, but that
of the 20-db and 40-db potentiometers is usu
ally better than 0.5% of full scale. Life tests
on these potentiometers h:we indicated that,
with periodic application of proper lubricants, a

Figure 4. Records of the frequency response of 0 public address system, token with (top) moximum writing
speed and (below) minimum writing speed.
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Figure S. Block
diagram of the
re«)rder for de re-

cording.
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life of many millions of cycles can be expected.
The potentiometers are positioned on the

mounting shelf by means of two pins, which
mate with corresponding holes in the shelL
Input connections to the potentiometer arc
made by ITlCl\JlS of a shielded cable which plugs
into the top of the potentiometer case. Pins,
located at the rear of the C!.\SC, prevent the
potentiometer from being scated unless the
gain switch is in the correct position. This
switch can be operated through the opening in
the front of the instrument.

DC Recording
The TYPE 1521-A Graphic Level Recorder

can be converted into a de recorder with a
I-kilohm input impedance and an O.B-volt full
scale sensitivity by use of the linear potentiom
eter (TYl)~ 152l-P4). Figure 5 is a block di,l
gram of the recorder servo loop for dc recording.
The neeessn,ry circuit cha,nges arc accom
plished by means of the gain switch and one
plug, Since the ac amplifier cannot be used for
dc recOI'ding, the sensitivity of the recorder is
considerably reduced. The input impedance is
limited to 1 kilohm because of the collector
leakage current of the input transistors. Thi.'1
impedance can be increased by a factor of 10 if
the effects of leakage current are included in
the zero adjustment of the recorder.

A zero adjustment is provided on the front
of the linear potentiometer to nllow the opem
tor to set the zero position to any point on the
chart paper. The servo bandwidth is not
affected by the change to a de recorder.

ACCESSORIES AVAILABLE
(See price list, page 12)

Potentiometers
The 40-db potentiometer is supplied, a.nd

the 20-db, SO-db, :1ndlinear potentiometers arc
available as accessories.

Motors
Accessory motors (SO-cycle and 6o-cycle) arc

available for slow-speed chart drive. These
motors produce chart speeds of 2.5 to i5
inches/hour, a reduction by a factor of 60 from
the speeds available with the standard motors,

Drive Clnd Link Units

The 1521-PlO Drive Unit is designed to
couple the recorder to all externnl oscillators

or analyzers. Separatc link units are required
on the various external instrumcnts for coupling
the drive unit to the instrument dial shaft.
By means of a carn-operated clutch, the re
corder paper position and the oscillator or an
alyzer setting can be made completely inde
pendent of one another, Limit stop switches
allow the operator to set the limit of travel of
the drive unit. A slip clutch also is provided
to protect the oscillator or analyzer.

The recordcr can be used for time-base meas
urements without removal of the drive unit,
To do this, the drive unit clutch is decoupled,
and the limit switches arc shorted out with :l
toggle switch behind the panel.

Link units are available for driving the dials
of the following General R~ldio instruments:
TYPE 1304-B Be~lt-Frcqucncy Audio Genera
tor, TYPE 76o-n Sound Analyzer, and TYPE

1554-A Sound and Vibration An:t.lyzer.

ChClrts
Four types of chart paper arc available:

CTP-505 is supplipd and is designed for record
ing level vs. time or for de recording.
CTP-501 is designed for usc with the Typ~;

1304-B Beat-Frequency Audio Generator.
CTP-516 is designed for usc with the Typt;
760-B Sound An:llyzer.
CTP-554 is designed for usc with the Typt;
1554-A Sound and Vibration Analyzer.

APPLICAliONS
Level vs. Time

The TYPE 1521-A Graphic Level Re
corder can he used in conjunction with
a TYPE 1551-B Sound-Level Meter to
yield permanen t records of sound level
as a function of time. Rapid changes in
the sound level can be filtered out, when
desirable, through tbe use of one of the
slow writing speeds.

Continuous recordings can be made
for periods from 16 minutes to 8 hours
with the standard motor or from 16
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1551-B
SOUND f----- 1521-A
LEVEL RECORDER
METER~

OWER
AMP

SPEAKER
SWITCH

1390 1554-A
RANDOM SOUND8 ~
NOISE VIBRATION t

GENERATOR ANALYSER

Figure 7. Block diagram of system for reverberation-time meosurement with norrow·band noise source.

hours to 4S0 hours with the -P20 or
-P:21 2\Iotors. The recorder can be cali
brated to read in absolute sound pressure
level \\'ith the sound-level meter attenu
ato!' s\\'itch in the CAL position. A
typical plot of noise in it cafeteria \vith
the recorder on both fast and slow writ
ing speed positions is shown in Figure 6.

A second application as a time-base
recorder is in the mcasurcmen t of re
verberation time. Reverberation time
is defined as the time required for a
sound level to decay GO db. In this
measurement a sound source in a room
is abruptly shut off and the decay of the
sound level is recorded. The SO-db
potentiometer often is used for these
measurements, but, since background
noise often prevents reverberation re
cording over even a GO-db range, the
40-db potentiometer may be equally
useful.

The nature of the sound source used
for these measurements may have some
influence on the accuracy of the results.

The use of a flxed-frequency source can
result in errors in the measurement
owing to standing waves set up in the
room. These errors can be avoided to
some extent if the oscillator frequency
is varied slightly or warbled. A better
solution is the use of a noise source and
a narrow band filter. Figure 7 shows a
diagram of such a setup using the TYPE:
1390-A Random Noise Generator and
the TYPE 1554-A Sound and Vibration
Analyzer to feed a power amplifier and
loudspeaker. The sound level is picked
up by a TYPE 1551-B Sound-Level
Meter and applied to the recorder. A
wider dynamic range can be obtained
if a second analyzer is used following
the Sound-Level Meter. The maximum
writing speed and chart speed should
be used when making reverberation
measurements. Reverberation time as
small as 0.5 second can be measured
adequately with this recorder. A typical
reverberation measurement made In an
auditorium is shown in Figure 8.

Figure 6. Recording of noise level in a cafeteria with both fast and slow writing speeds and 40-db potentiometer.
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Level YS. Frequency

The recorder can be used to plot di
rectly frequency-response data of net
works or systems in conjunction with
the TYPE 1304-B Beat-Frequency Audio
Generator. A TYPE 1521-PlO Drive Unit

, .
80 • _ " _~c-'"'::;.~ "..... •
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Figure 8. Record of sound decay in (In auditorium.
Reverberation lime is 1.SS seconds.

nnd TYPE 1521-Pll Link LJnit are re
quired to couple the generator to the
recordel'. Since the change in frequency
of the generator ,,·ith respect to dial
rotation is logarithmic, chart-paper mo
tion will correspond to a logarithmic

JUNE, '959 ~

frequency change. Chart Paper CTP-501
has the logarithmic frequency calibra
tion printed along the time axis oyer the
three decades from 20 cps to 20 ke. The
amplitude control of the generator and
the input attenuatar of the recorder can
be used to obtain the desired O-db refer
ence level. If the input to the nct\\"ork or
system under test must be maintained
at some specified value, the O-db refer
ence level can then be adjusted by means
of the input attenuator and "CAL" con
trol on the recorder, provided that the
minimum input signal to the recorder is 1
milli\·olt or greater. The chart paper and
oscillator can be adjusted to the desired
starting frequency by disengagement of
theclutch on thedriveunit. Figure9sho,,"s
the generator-recorder combination.

This combination is ideal for measur
ing the frequency response of filters)
attenuators, or other networks, as well
as loudspeakers, microphones, or other
transducers, and complete acoustic sys
tems. A typical response of an adjust
able notch filter is shown in Figure 10.
The response of a condenser microphone
mounted in an anechoic chamber is

Figure 9. View of the
Graphic level Recorder
coupled to drive the
Beat-Frequency Audio
Generator for automatic
recordings of omplitude

vs. frequency.
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Figure 11. Recorded response, for frequencies above
600 cycles, of a condenser microphone in gO onechoic
chamber. Plot includes Ihe characteristics of the

source.

Shm\'ll in Figure 11. The response of the
pubEc address system in an auditorium
is shown in Figure 4.

The output voltage from the TYPE
1304-B Beat-Frequency Audio Genera
tor is sufficiently constant with fre
quency (± .25 dh) for most applications.
In the calibration of a microphone where
the sound source is a loudspeaker or
,vhere the device under test has a vari
able input impedance with frequency, it
may be desirable to use a second T'l.'PE

1521-A Graphic Level Recorder to main-

10

tain a constant sound pressure level or to
vary the reference voltage to account
for changes in the oscillator output volt
age, as explained later.

Frequency Analysis

A frequency analysis of a sound spec
trum or the output of an electrical de
vice can be made with the recorder in
conjunction with either the TYPE 760-B
Sound Analyzer or the TYPE 1554-A
Sound and Vihration Analyzer. Connec
tion between the analyzer and the re
corder is made by the appropriate link
unit in the same manner as with the
audio generator. l'he chart paper for
use with the analyzer (CTP-516) has
three calibrated Y2-deeade segments
propedy spaced so a 2Y2-decade analysis
can be made \yithout stopping the re
corder. The change in range can be
accomplished during the blank portion
of the dial. The TYPE 1554-A Analyzer
does not have a continuously rotatable
dial, and so the dial must be returned
manually to the low end before the next
range is plotted. However, the dial
ranges are in I-decade intervals, so that
only three resettings are required to
cover the range from 25 cps to 25,000 cps.

Figure 10. Record of the transmission characteristic of an odjustable notch filter for four different fre
quency settings.
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Figure 12. Block dig·
gram showing how
two recorders can be
used to maintain con
stant sound pressure
level for the measure·
men' of microphone

characteristics.
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MICROPHONE
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SOUND PRESSURE LEVEL

RECORDER ft 2-USEO TO PLOT RESPONSE OF"
MICROPHONE UNDER TEST
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sponse of the loudspeaker system. A
sf'cond TYPE 1521-A Recorder is neces
sary to plot the frequency of the micro
phone under test.

Small variations in the output level
of an oscillator llsed for frequency re
sponse measurements can be corrected
for by thE" use of an external reference
which is a function of thE" oscillator out
put level and which can be generated by
an external detector. This can be sub
stituted for the internal fixed reference
by t.he removal of a jumper on t.he back
of the e!,ched ('ircuit.

siasm.

Miscellaneous

The TYPE 1521-A Graphic Level Re
corder can be used to maintain constant
sound pressure levels in a chamber whell
the frequency response of microphones
is measmed. The block diagram in Fig
ure 12 shows the equipment required for
this operation. '1'he normal connection
between the arm of the potentiometf'1"
and the input to the ae amplifier is
opened by removal of a jumper on the
rear of the etched circuit. The arm of
the potentiometer is connected to the
input of the power amplifier driving the
loudspeaker, and the OIlt.Pllt of the con
denseI' microphone pre-amplifier is con
nected into the ae amplifier in the fP

corder. The rccordf'1' will automatically
position the potentiometer arm to main
tain a constant outpnt level from the
condenser microphone. ThE" range oyer
which this porrection can be made is
the same as that of the potent.iometer
in the recorder. As long as th£:' recorder
is on scale, the sound pressure lm-el will
be maintained constant (assuming a flat
response for the condenser microphone).
The regulating recorder will plot the re-

SPECIFICA liONS

- M. C. I-IOLTJE

M. J. FITZMORRIS

Input Frequency Range: 20 cps to 200 kc, for level de recording with zero input position adjust-
recordingj servo bandwidth, de to 10 cps. able over full scale.
Input Range: 0 to 40 db for level recording
(20-db a.nd 8O--db potentiometers are also avail- Accuracy: Potentiometer balances ,vithin 0.5%
able); 0-0.8 volt (at 1000 ohms) full scale, for of full scale.
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Accenories Supplied: Spare fuses, power cord,
2 pens, 2-oz. bottle of ink, 4o-db pot, 1 roll of
CTP-505 paper, adaptor cable assembly for
connection to Ty Pt; 1551-B Sound-Level Mele...
ACC8nories Available: Potentiometers, charts,
ink, slow-spcC'd motors, and link units.
Power Supply: 105 to 125 (or 210 to 250) volts,
60 cycles. 35 WllttS. 50-cycle models are avail
able.

Power input receptacle will accept either 2
wire (Tnt; CAP-35) or 3-wirC' (TYPE CAP-IS)
poWf'r cord. Two-wire cord is supplied.
Dimenlionl: (Height) 9 x (width) 19J.i x (depth)
1474 inches, over-all. Available for bench or
relay-rack mounting.
Net Weight: 50 pounds.

Maximum Sensitivity: 1 millivolt at 0 db for level
!'ecording; 0.8 volt full scale for dc recording.
Maximum Input Voltage: 100 volts ac.
Input Impedance: 10,000 ohms for ac level re-

corder; 1000 ohms for dc rpcordf"r.
Paper Speeds: 2.5 inches per minute to 75 inches
per minute. A slow-speed motor to provide
speeds of 2.5 to 75 inches per hour is available.
Writing Speed: I, 3, 10, or 20 inches per second
(approximately), with overshoot less than I db.
Detector: Quasi-nns; within 0.25 db of rms for
multipl(' sine waves, square waves, or noise.
Chart: 4-inch recording width on 5-inch paper.
Transistor Complement: 12-2 TJ69A, 4-2N321,
2-2N30I,I-2NI76.

Type

lS21-AR Relay-Rack Model, for 6O-cycle supply ......••..
1S21-AM Bench Model, for 6O-cycle supply ...........•..
1S21-ARQl Relay-Rack Madel, for SO-cycle lupply .....•••..
1521_AMQl Bench Model, for SO-cycle supply .............•

Patent:-':02.581.133

Code Word

AGENT

ASTER
AGt:NTRABID

ASTEUUABID

Price

$995.00
995.00
995.00
995.00

1521-Pl
lS21-P3
1521·P4

POTENTIOMETERS FOR OTHER RANGES

2O-db Potentiometer .
SO-db Potentiometer ................•.........
Lineor Potentiometer, for dc recording .

CHARTS

FACET
n;LON
)<'AUNA

$ 55.00
155.00

SS.OO

CTP.SOI Colibrated 20 cps-20 kc, logarithmic, in 9 inches,
repeoting every 12 inches along time axil; for
use with Type 1304-8 Beat-Frequency Oscillator LOGAI1:CI-IART $2.30*

eTP-505 linear time base, 1 division = V. inch; for ac or dc
records as a function of time............... LINAI.Clu.wr 2.30*

CTP-516 Calibrated 25-7500 cps in Y2-decade segments,
spaced for continuous rotation of analyJ:er
knob; for use with Type 76O-B Sound Analyur SOUNOCIl ..... !l'1' 2.30*

CTP-554 Calibrated 25·25,000 cps along time axis; for use
with Type 1SS4-A Sound and Vibration AnalyJ:er ANN:\LeIlA HT 2.30*

Charts 8,.r(' 5 inches wide and havp 8 major divisions 011 :l 4-il1('h vI'I'ticlll s~nle with 40 total di
visions (80011 CTP-501 ). Roll length 100 [pct. All may hI' us('d with any pot('ntiomptpl".

INK (red)

~~~~::~:-2 I ~:~~~:8b::~~::::::::::::::::::::::::::::::
*Subjeet to quantity digcoun18.

MOTORS FOR LOWER CHART SPEED

INKAL
INKEJ{

$O.SS*
3.00*

lS21-P20
1521-P22 I(60 cycles) for paper speeds of 2.5-75 inchesl hour

(SO cycles) for paper speeds of 2.S-75 inches/hour
l'AS'fY

PERIl.
$S2.S0

S2.50

DRIVE AND LINK UNITS FOR COUPLING TO OSCILLATOR AND ANALVZERS

1521·Pl0
1521-P11

1521-P12

Drive Unit to operate all link units .

I lin1~~:~ .f~~ .c.o.u.~I~~~ . t.o..~~~~ . ~ ~~~~..~r..~~~~ I
Link Unit for coupling to Type 760-8 .•..........

PUPil.

PRIOR
PUPPY

$72.00

18.00
18.00

®
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A CLOSE LOOK AT CONNECTION ERRORS IN

CAPACITANCE MEASUREMENTS

Th prohl m' ari '(' from the 'onn c
lion: that ffiwt b made to a 'apacit r
in order ei th I' to usc or to m asUl'c it
eapa itanc('. Th eapa itanc i of
, ur e ddcrmincd by th g om tri 'al
configuration of th condu t r (and by
th eli I ctric mat rial, which will h r

The growing in tere~ t in capu 'i tance
mea, mement both of higher a curacy
and of mall I' capacitanc ha I d t a
re-examination f Rom of the prot lem
involn'd in th pI' ci and aCC!lrale
mcn, urem nt of small c'apacitanc , It
ha, b en c\'iopn t fol' sam lime that
('ITOI'. and uncertaint ics of the order of a
fe\\' tenth.' of a pie fara I w re pres nt
in mo.. t measUI'cment. of two-terminal
eupaeitOI'R.' uch crr r, ar not very ig
nifiean t in th ealibl'ation of Ian lard
eapucitor a' long a the capac'itance
xc ed. 100 pf and the d('Rir d accUI'acy

i no gl' ater than 0.1 r-:c ..\ny attempt
how vel', to calibrat ,mallcl' capacitors
to thi.. accuracy, 01' to i'H'I'C'<l,'e thc' l1CCU

rac~' of oth I' calibrations, demands a
c' nRideration of th ac 'urac'v limitation

•

impoReel by the c nnecti n lTOI'. in
th usual two- cl'minal mea 111' ments.
ITh rOlrUllOD raparitor i here rharaclC'rizcd sperifirally
as two-h'rminal bcrnu"-e n thr("~l('rminBI cSJ'.-'\citor ,,;11 be
introouocd Rnd definod Inter.

Figure 1. Schemat
ic diagram show
ing the terminal
capacitances of a

capacitor.

\ C,I
H--'Ic;*'.

! ! 'v \
J

Co

. I

A. OUl' eupacitance measurem nts and Rtandal'd move toward the millionth
part of the millionth part of the millionth part of the farad (l0'1 0, w have
found iner a 'ing advantage in following the lead of th •Tational Bureau of
I tandard and oth r in ralling 10-12 farad a picofarad in. tea I of a micromicro
farad. A privile e mORt prized by proponent. of the picofarad i" th right to
\\Tit Lh abbr viatrd abbreviation 1 pf in. tead of I J.LJ.Lf f r 10-12 farad and
I J.Lpf in tead of 1 J.LJ.LJ.Lf for 10'1 farad.
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be assumed to have simple and con
stant characteristics). Only when one
conductor completely surrounds the
other is the capacitance simply defined
by the form and nature of materials
inside the capacitor. As soon a the
terminals required for use or measure
ment are provided, these terminals add
increments to the capacitance, which
depend upon the nature and position of
objects external to the capacitor and
which are seldom easy to define or
control.

As an example of this, consider a
typical capacitor constructed as hown
in FigLll'e 1.

2
The capacitance has been

broken, as a somewhat arbitrary first
approximation, into four components:
Co, the capacitance of the multiple-plate
capacitor and leads within the case; Cl ,

the capacitance between the external
binding post ; C2 , the capacitance be
tween the high terminal and the case,
which is connected to the other termi
nal; C3 , the capacitance between the
high terminal and all object external
to the capacitor and its terminals. Typi
cal of the magnitudes of these com
ponents are the values Co = 100 pf,
C l = 0.2 pf, C2 = 1.3 pf, C3 = 0.03 pf.

The "free" capacitance of this capaci
tor, i.e., the capacitance of the isolated
capacitor with no connections to the
terminals, is the sum,3 Co + Cl +C2 +C3.

The capacitance Co, being surrounded
by the ca e, is independent of the posi
tion of external objects. The capacitance
Cl between terminals i influenced only
by intrusions very clo e to or between
the terminals. But C3 , and to a lesser

2This is the structure used until recently in the General
Radio TYPE 1401 Standard Air Capacitors.

3\Vhcn the capacitor is isolated, C3 is the capacitance to
infinity. The similar capacitance from the low t rminal to
infinity is in s('ries with C3 in the "fr c" capacitance, but
it can be neglected here because this capacitaorc to in
finity is much larger than C3 when the low terminal is
ronnf'cted to the capacitor cnse and is infinite \vhen the
low terminal is grounded, as it usually is in two-terminal
measurements.

4

extent C2 , can readily be affected by
more di tant environment of the capaci
tors, and variations of 0.01 pf or more
can result from a slight change of
position.

More radical changes in these ex
ternal capacitances are produced by any
connections made to the terminals. A
wire connected to the high terminal, for
example, obviously introduces new com
ponents of capacitance between the wire
and the capacitor parts. It also, not so
obviously, reduces the "free" capaci
tance by as much as 0.1 pf by changing
the distribution of field around the
terminals. There is a similar reaction of
the capacitor on the connections, which
makes the capacitance of the leads when
connected to the capacitor differ from
that of the leads alone. Indeed, the com
plexity of this mutual interaction is such
that it is impractical to define the divid
ing line between capacitor and leads
with a precision much better than ± 1 pf.

A consideration of these difficulties
suggests several possible methods of
measurement in which the errors and
uncertainties can be reduced or elimi
nated in order to obtain accuracy in the
measurement of very small capacitances.
Three of these methods of calibration
which have been used at the General
Radio Company will be reviewed here
with regard to their limitations in
accuracy.

1. Capacitance Added (Insertion Ca
pacitance).

Since the capacitance of the two-ter
minal capacitor depends upon the en
vironment of the capacitor and upon
the method of connection, an accurate
calibration can be made only by defining
with sufficient precision the geometry
of both the environment and the connec
tions. One practical method of achieving
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Figure 2. Two methods for the measurement of capac
itance added. The capacitances shown represent only
major components in the complete expression of the

self and mutual capacitances of the terminals.

duce a change in the measured capaci
tance. The value assigned to the capaci
tor is the difference between two bridge
measurements: the first with the bridge
terminals open, and the second with the
capacitor connected to the terminals. In
the second measurement the capacitor
case and bridge panel are usually effec
tive in shielding the bridge terminals, so
that this measurement is not very sensi
tive to changes outside the radius of a
few inches. The capacitance of the open
bridge terminals in the first measure
ment (and of any open terminals on the
capacitor, such as those on top of the
1409 Capacitors) is affected to a greater
extent by panel size and terminal
position.

The General Radio TYPE 1401 Stand
ard Air Capacitor is another example of
a fixed capacitor calibrated in terms of
the added or "insertion" capacitance.
These capacitors are now being made,
as shown in Figure 3, with banana-plug

high accuracy is to calibrate in terms of
the capacitance change at a pair of ter
minals when some change is made in the
capacitor or its position. Two measure
ments are required to determine the
capacitance change, and, hence, terminal
conditions for both mea urements must
be either invariant or preci ely specified.
When the capacitor has variable capaci
tance, the shielded internal capacitance
can be varied in an environment de
termined solely by the capacitor con
struction; while the external capacitances
at the terminals, although dependent
upon external connections and environ
ment, can easily be held so constant
during the capacitance change that they
make no appreciable contribution to the
difference. Such variable capacitors can
be calibrated' in terms of the capacitance
added or removed by rotation of the
capacitor plates with essentially no limi
tation of accuracy by connection errors.

When the capacitor has a fixed capaci
tance, a calibration of high accuracy of
the capacitance added requires that the
capacitor be connected "'ith specified
leads to a specified set of terminals. For
example, the General Radio TYPE 1409
Standard Capacitors are calibrated in
terms of the capacitance they add when
the banana plugs on the capacitor are
plugged into General Radio TYPE 938
Binding Posts with %,-inch spacing.
When the connections are made with
reasonable care, the reproducibility of
measurement is better than 0.1 pf.

For greater accuracy the environment
of the terminals must also be defined,
for any change in terminal position or
panel size (which results, for example,
from the use of different bridges or of
terminals on an external capacitor in
stead of the bridge terminals) can pro-

'The General Radio TYPE 722-:'-1D and TYPE 722-ME
Precision Capacitors are calibrated in terms of capaci
tance removed.

INITIAL MEASUREMENT
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terminals on the case, similar to those on
the TYPE 1409 Capacitors. In previous
production the TYPE 1401 Capacitors
have had the jack-top TYPE 938 Binding
Posts on their cases, and two double
ended banana plugs have been provided
with each capacitor to connect it to
another pair of similar binding posts.
With these connectors two different
methods of added-capacitance calibra
tion can be made. In the first method,
shown in Figure 2-A, the initial measure
ment is made with the bridge terminals
open and the final measurement with
the capacitor connected by means of the
double-ended plugs. In the second
method, shown in Figure 2-B, the initial
measurement is made with the plugs in
the bridge terminals and the final with
the capacitor added to the plugs.

This choice of methods has in the past
resulted in some confusion. The Tational
Bureau of Standards has used the second
method (plugs added to the bridge) in
its calibrations of these capacitors,
but the General Radio Company has
given on its calibration certificates a
correction of the certificate value to ob
tain the capacitance when the capacitor
is connected by the first method (plugs
added to the capacitor). The capaci
tance value on the certificate was ob
tained by the fine-wire-connection
method described in this article, and the
capacitance measured by the first method
is 0.35 pf larger than the certificate

Figure 3. Type 1401
Fixed Air Capacitor as

now supplied.

value. When the second method is used,
the measured capacitance is 0.7 pf lower
than that of the first method because
the capacitance added to the bridge ter
minals by the plugs in the initial meas-

, I. •

urement (Cp + Cp - CB III FIgure 2)
is 0.7 pf. In neither method is the added
capacitance the same as the "free"
capacitance: In the first method the
added capacitance is greater than the
"free" capacitance because of the capac
itance, Cp ) added by the plugs. In the
second method the added capacitance is
less than the "free" capacitance because
the connection of the capacitor removes
from the final measurement the capaci-,
tance, Cp , between the ends of the
plugs that was included in the initial
measurement.

To avoid both this choice between
connection methodfl and also the limita
tions of the fine-wire-connection method,
SThe va lue on the ccrtificate, obtained by the fine-wire
connection method, also diffcrs by about 0.2 pf from the
"frec" capacitance for reasons explained in this article.

Figure 4. Measurement of "free" capacitance by the Rosa and Dorsey method.
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the 1401 Capacitors are now provided
with only banana-plug terminal , and
they are calibrated by both the National
Bureau of Standards and General Radio
Company, as the 1409 Capacitors are,
in terms of the capacitance added when
the capacitor is plugged directly into
General Radio type binding po ts.

2. "Free" Capacitance.

In the attempt to define a capacitance
with high accuracy, an alternative to the
method of pecifying with sufficient pre
cision the geometry of the connections
is a method which eliminates all con
nections and defines the "free" capaci
tance of the capacitor with all disturbing
connections and surroundings removed.
In thi method the difficultie of meas
uring the capacitance of a capacitor,
isolated from its surrounding and with
out connections, are substituted for the
difficulties of controlling the geometry
of the connections and the environment.

It is po sible to determine this "free"
capacitance by evaluation of the dis
turbing effects of the connections and
application of a correction for the e
effects to the measured capacitance. A
method for doing thi ha been de cribed

6
by Rosa and Dorsey. The effect of the
connections can be eliminated from the
measurement by the use of two set of
connecting leads which are not necessar
ily identical but which have no mutual
interaction. As a simplified illustration
of this method, con ide!' the arrangement
shown in Figure 4. The capacitor to be
measured has a "free" capacitance Cx,
which include external components
corresponding to Cl , C2, C3 in Figure 1.
For simplicity only the high terminal,
T, is shown in Figure 4, but the ground
connection to the ca e and to one ide of
6E. B. Rosa and N. E. Dorsey, "A New Determination
of the Ratio of the Electromagnetio to the Electro tatic
Unit of Eledricity," Bull. Bureau of Stand., Vol. 3, Nos.
3 and 4, 1907.

the capacitor shown in the figure can be
made to a second, similar terminal on
the capacitor. A first mea urement is
made with connecting wire A connected
to the terminal and to the bridge and
with wire B removed. The measured
capacitance is C1 = C; + C~ +6CA +
Cx -6C~. A similar measurement with
wire B connected and A removed gives
C2 = C; + C; + 6CB + Cx -6C~,
where

C; + C; is the mea ured capacitance
of leads, bridge, etc., when both wire
A and B are removed,

6CA and 6CB are the increments
added by wires A and B,

6 C~ and 6.C5l: are the changes in Cx
resulting from the presence of A and of B.

With both wires A and B connected
to the terminal the capacitance meas
ured is C12 = C; + C; +6CA +6CB +
Cx -6C~ -6CJl:, The e relations can
be combined to how that Cx = C1 +
C2 - C12 - (C; + C;). The "free" ca
paci tance Cx can thus be determined
from four measured capacitances, Cll

o 0
C2 , C12 , and CA + CB .

In this derivation the wire A and B
are assumed to have no mutual inter
action, e.g., th capacitance 6 CA and
6.C~ are not altered by the addition of
wire B 'Yhen C12 i being mea ured. In
the simple connection shown in Figure 4
there is some mutual effect (which can
with care be kept below 0.01 pf), but in
a pherical capacitor such as that used
by Rosa and Dorsey the two leads can
be thoroughly shielded from each other
by their locations on oppo ite sides of
the sphere. The assumption that the
calculated Cx is the "free" capacitance
further require that the initial measure
ment of C; + C; be made with all mea 
uring apparatus so far removed from the
terminal T that it has no ignificant
effect on the capacitance. In practice it
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BRIDGE

--
Figure S. Diagram of connection method using a

fine wire.

is difficult to approximate this condition
to better than 0.01 pf unless, as in the
Rosa and Dorsey capacitor of concentric
spheres, one of the conductors surrounds
and shields the other.

Another method which removes most,
but not all, of the effects of the connec
tions is the fine-wire-connection method
de cribed by R. F. Field.

7
In thi method,

as shmvn in Figure 5, the connection be
tween the bridge and the high terminal
of the unknown capacitor is made by a
wire of small diameter pivoted near the
bridge terminal so that its separation
from the capacitor terminal can be
varied. An initial measurement is made
with the wire separated from the ter
minal by a distance h. With the assump
tion that the capacitance C" between
the wire and terminal is small compared
to the unknown Cx, so that C"Cx/(C,,+
Cx) ~ C", the measured capacitance is

" C,,· h .C1 = Co + C'll where 0 IS t e capacI-
tance between wire and ground when
the separation is h. When the wire is
moved in to touch the terminal, the
capacitance C" becomes infinite and the
capacitance between wire and ground
increa es to C;. The measured capaci
tance now becomes C2 = C: + Cx' The
unknown capacitance can thus be re
lated to the mea ured values C1 and Cz
7R. F. Field, "Connection Errors in Capar!tanC'e ~Ie~5urc
ments" General Radio Experimenter, '01. 12, No.8,
Janua~y, 193 ,pp. 1-4; reprinted: Vol. 21, '"'0.11, April,
1947, pp. 1-4.

8

by .6.C = Cz - C1 = Cx+ (c; - C; 
C,,), At some particular distance h, the
capacitance C" i equal to the change in

.. d' C d:. C"Co as the wire IS move ,I.e., ,,= 0 - 0'

and the term in parentheses vanishes,
leaving simply Cx = Cz - C1•

When the wire is curved and pivoted
at the bridge end to approach the capac
itor terminal from above in the manner
described by Field, the change of .6.C
with h is fairly linear, as shown in Figure
6 from Field's article. A plot of .6.C
against h can then be extrapolated to
h = 0, where .6.C = Cx, and the value
of h which corresponds to this t:::,C was
found by Field to be 7.i' inch. The differ
ence between the two capacitances
measured wi th the wire touching the
terminal and then 7.i' inch above it
should, therefore, be the value Cx of the
unknmvn capacitor.

This method is simple and useful for
calibrations where uncertainties less than
0.101' 0.2 pf are not significant. It has in
the past been used in the calibration of
our TYPE 722-D Precision Capacitors,
where the direct-reading accuracy limit
is ±0.1% or ±0.2 pf,' and in the cali
bration of TYPE 1401 Standard Air
Capacitors, with a limit of ± (0.1%+
0.1 pf). There are, however, several
rea ons why thi method has connection
errors which can be of the order of 0.1
pf. In the fir t place, even in the ab
sence of other errors, the capacitance
measured, Cx, is not the "free" capaci
tance (C:), but the capacitan~e (C:~ i~
the presence of the connectll1g wIre.
Even though the added capacitance to
ground of the wire has been eliminated
from the measurement, the wire still
reduces the capacitance of the terminal

',",ote that the catalog accnracy limit of ± 0.05 pf for the
TYPE 722-~IE Precision qapac!tor T17fers to capac!tance
rcmoycd, that is, to a. cahbratlOD With the capaCltance
varied but the conuectlOus unchanged.

"This was pointed out to us hy Dr. F. R. Kotter of the
National Bureau ef Standards.

I
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Figure 6. Determination of unknown capacitance ex
from <lC measured with flne-wire connector. At

" = U inch C" = <lC. (From Field paper7
)

from its "free" value by disturbing the
field around the terminal and, hence,
the charge distribution on it. The fine
wire connector used by Field makes the
measured capacitance of the TYPE 938
Binding Posts on TYPES 1401 and 722
Capacitors about 0.1 pf less than the
"free" capacitance, i.e., C: = C': +
0.1 pf.

A recent analysis of the component
capacitances in the fine-wire method
with a three-terminal capacitance bridge
has revealed that even the capacitance
C': in the presence of the wire is hard to
determine without errors of the order of
0.1 pI. The measurements were made on
a capacitor which was externally identi
cal to a TYPE 722-D Precision Capacitor
but which had internal, guarded con-

--

---
,...

1-<-..... --- -- ------
I
I
I

nections to the terminals to permit
measurement of the "free" capacitance
and the effects of the connector upon it.

IO

To simulate the stra.y capacitances to
external grounds in two-terminal meas
urements, the three-terminal measure
ments were made with a wire cage
(30" x 30" x 30") surrounding the capac
itor and its connections and connected
to the "ground" terminal of the capac
itor.

The measured capacitances, Cx, C~,

C~ + Ch, and t:o.C = Cx + C~ - (C~+Ch)'
are plotted in Figure 7 as a function of
the separation h between wire and
terminal. For convenience, the capaci
tance level has been adjusted to make
C~ = 100 pI. The upper curve shows
the variation in Cx a the wire moves
away from the terminal, with an increase
of about 0.1 pf as the influence of the
wire vanishe with increasing h. The
next curve show the re ult of the fine
wire method, with t:o.C plotted as a
function of h. The lower curves, with
the level of the capacitance axis shifted,
show the variations of the wire capaci-
tances, C~ and C~ + Ch, with h. •

The fine-wire method, when corrected
for the effects of the wire on Cx, pre-
IOThese measurements were checked within ±O.Ol pi by
a measurement of •'free" capacitance by the Rosa and
Dorsey method.

2J 1.5
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dicts that, at the distance which makes
C~ + Ch = C;, the capacitance differ
ence f::,.C will be equal to C:. In Figure 7
this condition is shown to be sati fied at
a distance h = 2 inches. Any attempt,
however, to determine C;: here by extra
polation of the f::,.C curve to h = 0 en
counters difficulty because the curve is
not very linear. Examination of the C~,

C~ + Ch , and Cx curves hows that Ch

does, as expected, cause deviation from
linearity at small h, that C~ is itself not
linear for h less than about 2.5 inches,
and that Cx is not constant with h, as
assumed in the derivation of the method.
In the region beyond 2.5 inches Cx is
almost constant and Co relatively linear,
as desired, and it seems possible that a
linear region beyond the range of the
graph might extrapolate to c: at h = O.

The important point, however, is the
obvious difficulty in determining C;: by
this method without variations of 0.1 pf.
Attention should also be directed to the
difference between the f::,.C value at the
~-inch eparation and the values of c:
and C;. With the ~-inch spacing, the
fine-wire method would give under these
conditions a capacitance 0.14 pf less
than the capacitance c: in the presence
of the wire and 0.25 pf less than the
"free" capacitance C;. These results of
three-terminal measurements in an en
vironment which approximate two
terminal conditions can be altered
slightly by the differing environment in
a true two-terminal measurement, but
our results show no significant change in
the order of magnitude of these dif
fCl'ences.

The conclusions to be drawn are,
therefore, that the fine-n'ire-connection
method is not satisfactory for the de
termination of either the "free" capaci
tance or the capacitance in the presence
of the wire with errors less than 0.1 er

0.2 pf unless considerable care is taken
in both making and correcting the
measurements. As in the other methods
of making connection to two-terminal
capacitors, the re ults are reproducible
with a precision of 0.01 or 0.02 pf if
adequate care is taken to keep the
geometry of the connections invariant.
The fine-wire method can, therefore, be
used to calibrate in terms of added
capacitance with an accuracy of better
than 0.1 pf even though it is not this
accurate in the determination of an ab
solute value.

3. Direct Capacitance of Three-Terminal
Capacitors.

The uncertainties and errors in capaci
tance measurements considered here
have been the result of the variations
in terminal capacitances produced by
changes in the connections and in the
environment. The e problems associated
with the capacitor terminals can be
eliminated if the terminal capacitances
can be separated from the capacitance to
be defined and measured. One way of
doing this is to introduce a third con
ductor as a shield or guard which com
pletely surrounds all of at least one of
the pair of conductors forming the
capacitor to be measured except the
area which produces the desired direct
capacitance. The pair of conductors of
the original capacitors and the added
shield form a three-terminal capacitor,
such as the one shown in Figure 8, along
with its equivalent circuit.

The addition of the shield changes
the capacitance that existed between 1
and 2 before the introduction of the
shield by altering the field, and it also
re ults in new capacitance, C13 and C23 ,

between the original conductors and the
shield. If the shielding i complete, how
ever, the capacitance C12 i now inde-

....

•

•

•

I
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Figure 8. Diagram and
schematic of 3-termi

nal capacitor.
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I Q------I 1-------02
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pendent of the surroundings outside the
shield and connections to the terminals
1 and 2 can affect only Cl3 and CZ3 . The
direct capacitance ClZ - usually referred
to imply as the capacitance of the
three-terminal capacitor - i , therefore,
quite definite and not subject to the
connection error which trouble two
terminal capacitors.

Note, however, that if in this three
terminal capacitor one of the capacitor
terminals, say 2, is connected to the
shield, 3, the capacitor reverts to the
usual two-terminal capacitor, with ter
minal 1 and 2. The capacitance C23 has
thus been shorted; the capacitance CI3 is
now parallel with C1Z, and the capacitor
has the capacitance C = C I3 + C IZ ' The

Figure 9. View of the Type 722-CD Three-Terminal
Precision Capacitor. Outer conductors of Type 874
Coaxial Connectors provide the shield. Inner con-

ductors are the capacitor terminals.

capacitor is, thus, equival nt to that
shown in Figure 1. Although ClZ is still
shielded from external influence, CI3 is
a function of connections and environ
ment, and the total capacitance meas
ured is subject to the variation de
scribed previously for such two-terminal
capacitors.

The well-defined direct capacitance
of the three-terminal capacitor is of
practical use in a capacitance standard
only if it can be measured with high
accuracy and with reasonable ease. A
bridge with transformer ratio arms i
well- uited for ju t uch mea urement ."
In the transformer bridge shown in Fig
ure 10, the unknown and standard capac
itors are driven by emf's of oppo ite
phase and known ratio from' a tapped
transformer econdary winding, and the
difference in the capacitor currents i
measured by a detector. When the
bridge is balanced for zero current
through the detector, the current
through the direct capacitance CI2 and
C. mu t be equal, and the balance rela
tion is CIZ/C. = n. Any capacitance,
such as C23 , acros the detector has no
effect at balance because there i no
potential acros it. Any capacitance,
such as Cl3 , acro the transformer "ind
ing will have negligible effect on the emf
as long as the output impedance of the
transformer is small compared to the
liThe three-terminal capnritor and it measurement are
well described by A. i\L Thompson, "The Precise :l1e",,
uremcnt of Small Capacitances," 1. R. E. Transactions
on lnstrumentation. Yols. 1-7, Nos. 3 and 4. Dec., 195 ,
pp. 245-253.
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a complete external shield around at
least one of the capacitor terminals. In
Figure 10 the case of the capacitor and
a shield lead from terminal 2 to the
hielded detector complete the shielding

around that terminal of the capacitor.
A shielded lead to the other terminal is
not usually required to eliminate con
nection capacitances but may be needed
to prevent pickup from other sources.
With such three-terminal measurements
the measured direct capacitance should
depend solely upon the construction of
the capacitor and the accuracy of meas
urement should be limited only by the
bridge or the reference stanclards used.

- JOHN F. HERSH

Figure 10. Schematic 01 translormer-ratio-arm bridge
with 3-terminal capacitor connected for measurement.

I2The TYPE 1613-A Capacitance Bridgc is a transformer
bridge covering the range from 5 to 11.000 pc.
13The TYPE 716-P4 Guard Circuit provides the com
ponents required to make three-terminal measurement
with the TYPE 716-C Capacitance Bridge.
14Thrce-terminnl lneasurements can be made with the
TYPE 165Q-A Impcdao{'(' Bridge in this way.

load reactance of the capacitors. Bridges
with such transformer ratio arms have
been built for the accurate measurement
over a wide range of values of the direct
capacitance of three-terminal capaci
tors.

12
Direct capacitance can be meas

ured by several other null methods, such
as those using bridged-T and twin-T
networks. Most bridge networks can be
adapted to the three-terminal measure
ment by the use of auxiliary bridge arms

13
to balance the unwanted components,
but the double balance required is never
convenient and it is difficult to obtain
accuracy when the direct capacitance is
very small compared to the other capac
itances. In some bridges three-terminal
measuremen ts can also be made over a
limited range by connecting the un
wanted capacitances acro s low-imped
ance arms of the bridge and across the
generator or detector where the shunting
effect is negligible."

In all these three-terminal measure
ment methods the connection errors in
capacitance can be eliminated by having

ext month new 3-terminal capacitors, both fi,xed and variable, will be de
scribed. In a forthcoming issue Dr. Hersh will continue the discus ion of ac
curacy con idcrations and calibration methods for capacitance.

VACATION CLOSING
During the weeks of July 27 and

Augu t 3, our Manufacturing Depart
ments will be closed for vacation.

There will be business as usual in the
ales Engineering and Commercial De

partments. Inquiries, including requests
for technical and commercial informa-

tion, will receive our u ual prompt
attention.

Our Service Department requests
that, because of ab ences in the manu
facturing and repair group, shipments
of equipment to be repaired be scheduled
to reach us after the vacation period.
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INCREASED ACCURACY FOR THE TYPE 1454-A
AND -AH DECADE VOLTAGE DIVIDERS

A new model of the Decade Voltage Divider, with an inputresistance of 100,000 ohms, has been made

available. In addition, the accuracy specification for these dividers has been improved by a factor of

2.5. The factors affecting the accuracy are discussed in this article.

THE TYPE 1454-A Decade Voltage
Divider was introduced in 1955' with
accuracy specifications of 0.1% in
voltage ratio ±O.OOOOOL The intent
wa to take advantage of the inherently
good characteristics of the TYPE 510
Decade Resistors and to keep the volt
age divider in the same price class by
avoiding expensive adjustment to closer
limits. Since the tolerance on the resi t
ance decades is ±0.05%, it is evident
that the worst combinations can pro
duce an error in the voltage ratio of
twice this value, or ±0.1%. The specifi
cation limits on the voltage divider were
set accordingly.

It was recognized that the catalog
limit of error was very seldom ap
proached in actual service and mo t in
strument would readily meet tighter
tolerance specifications. A recent tudy
has hown that only a few of the com
ponent resistors are critical and that
proper election of these during a embly
would enable us to guarantee a consid
erably higher accuracy, 0.04%, for ratios
'Ivan G. Easton, "An Accurate Voltage Divider for DC
and Audio Frequencies," General Radio Experimenter,
Vol. 30, pp. 1-5, August, 1955.

above about 0.1 without appreciably in
creasing the price of the in trument.

The additive con tant term of one
part in a million in the expre ion for
the error, however, wa till the limiting
factor at low settings. Thi could amount
to 1% at a ratio of 0.0001. This error is
caused by the contact re istance of the
switches and is introduced in the manner
shown in Figure 1. In the Kelvin-Varley
circuit used in thi divider, the resistors
of the s('cond decade parallel two adja
cent resistors of the fir t decade, and so
on. It will be seen that, in the present
arrangement of four decades, the volt
age drop of three switches in series ap
pears in the output circuit. This causes
a residual output voltage at the zero
setting and an increa ed error at the
lower outputs.

The cure for thi econd accuracy
limitation n'as suggested by the fact that
the switch contact resistance was found
to be remarkably constant. The resist
ance may increa e by a factor of two
or three when the in trument is not in
use but returns quickly close to its
initial value after a few operations. The

,

,
•

•

,
•
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Figure 1. Schematic diagram of Type 1454 Decade
Voltage Divider.

accuracy of the divider at low ettings
can be greatly improved if a bucking
voltage equal to the average switch drop
is introduced into the outpu t loop.

The contact-drop balancing arrange
ment i shown in Figure 2. A small re
sistoI', R, is placed in series with the first
decade at its low end and the low output
terminal is connected to the high ide of
the resistor. The low output terminal
thu differs in potential from the low
input terminal by the voltage across the
re i. tor, which i made equal to the
switch contact drop. The voltage at the
output terminals can be balanced to a
negligible value by thi arrangement.
The balancing resi tor is very small,
about 5 milliohm , so that its presence
is never noticed in ordinary use of the
divider. When highest accuracy is needed
at low ratios, the user must remember to
keep the input and output circuits sep
arate. The user must also remember to
turn each switch back and forth se\'eral
times whenever the instrument is first
u ed. The tendency is to forget the first

or second decade when the e are left at
the zero setting, but these contribute
the most to the contact drop, since they
carry more cmrent, and must be restored
to normal resistance if the compensation
scheme is to be effective.

Although the election and matching
of the component resistors should insme
meeting the new tolerances, a check to
one part in 106 is made of each ratio of
each decade in the final in pection of
the instrument.

When maximum accuracy is required,
temperature effects must be allO\\'ed for
and the input voltaCTe must be reduced
considerably below that corresponding
to the dissipation limit of the resistors.
Since all re istors are of similar construc
tion and have more or les equal tem
perature coefficient, the effect of ambi
ent temperature variation~ are very
small. The effects from self-heating are
not balanced out, however. Referring
to Figure 1, it will be seen that in the
first decade between points 7 am! 9.
which are bridged by the second decade.
only half of the input current is carried.
The reo istors between taese points ~-ill

have only one-quarter of the tempera
ture ri e of the others of the decade,
causing an error in the outpu t voltage.
The temperature rise of the second and
follow'ing decades is much smaller and
can be neglected. The lRmperature effect
i largest at the zero position of the first
decade. It ha been found that, to keep
the self-heating error at this first posi
tion within the specification limits, the
input to t,he TYPE 1454-A Decade Volt
age Divider should be limited to 120
volts. The normal dissipation limit is

PUT
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ment for balancing
the switch contact
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230 volts. either limit applies to the
high-resistance model, TYPE 1454-AH,

JULY, 1959 ~

which has one-tenth the dissipation at
a given voltage.

SPECIFICATIONS
Input voltage should be limited to 120 for maxi
mum accmacy. At maximum rated voltage the
total error can approach ±0.1 %.

Resistance Units: TYPE 510 Decade-Resi tance
Units.
Temperature Coefficient: Of the individual re
sistors, less than ±0.002% per dcgrce. Since
the vol tage ratios are dctermined by re istors
of similar construction, ambient temperature
effect are very small.

Terminals: Jack top binding posts with standard
h -inch spacing at input und output. A separate
ground po t is provided, so that the divider
circuit can be used grounded or ungrounded,
with the shield grounded.
Mounting: Aluminwn panel and cabinet.
Dimensions: (Length) 15% x (width) 57;£ x
(height) 5 inches, over-all.
Net Weight: 77;£ powlds.

Voltage Rotio: .0001 to 1.0000 in step of .0001.
Accurocy: ±0.04% of indicated ratio, for in
put voltages below 120. The voltage drop in
witch contacts and wiring is balanced out so

that full accuracy is maintained down to the
lowest setting, 0.0001.
Lineority: ±0.02% of full-scale setting.
Frequency Characteristics: If the external capaci
tance pbccd across the output terminals of
TYPE 1454-A is less than 50 Itltf, the frequency
error is It' 's than 0.1 0 to 20 kc for any setting.
For the TYl'E 1454-AH, the frequency limit is
2 kc for the same capacitance.
Input Resistance: TYPE 1454-A, 10,000 ohms;
TYPE 1454-AH, 100,000 ohms.
Output Resistance: Varie with output setting, de
pending primarily on the setting of the highest
decade in use.
Maximum Input Voltage: 230 volts rms (or dc) for
40° C. rise of the resistor of the input decade.

Type Code Word Price

1454-A
1454-AH

Decade Voltage Divider (10,000 ohms} .....•.•.•
Decade Voltage Divider (100,000 ohms) .

WESCON 1959

ABACK
ABASH

$145.00
145.00

Cow Palace, San Francisco •- -• August 18-21

When you attend the Western Elec
tronic Sho\\' and Convention, drop in at

Booths 2015 and 2016 to see these new
General Radio instruments:

TYPE 1650-A

TYPE 1521-A

TYPE 1305-A

TYPE 1632-A

TYPE 1554-A

Impedance Bridge

Graphic Level Recorder

Low-Frequency Oscillator

Inductance Bridge

ound and Vibration Analyzer

Each of these in truments has features
of electrical and mechanical design that
will intere t ?Oll, performance specifica-

tions that will please you, and the same
high quality of manufacture that you
expect in General Radio products.

•

Type 1650-A Impedance Bridge

A wide-range, accurate, general-purpo e bridge, meaf5Ul'1l1g

R, Land C. Completely new design with exclusive, patented
Orlhonull feature and self-contained, transistorized generator
and detector. See Experimenter for March, 1959, for further
details.
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Type 1521-A Graphic Level Recorder

Full' de crib d in la, t m nth' (June)
Exp rim nl r. HiO"h- ensitivity inO"le
channel recorder ,,·hi·h plot rms level
of an a ignal a a function of either
time l' frequency. • imple to operate.

ompletdy tran, iRtorizecl.

Type 1305-A Low-Frequency Oscillator

in -wave g nerator 'overing fre
quency range fr ill 0.01 to 1000 cycle
per econd. ingle pha e, thr e-pha e,
and four-pha c output, "ith inO'le
phas output continuou,ly variable in
pha. from 0 to 3 0°. Exc llent tability
1.0\\' di!:'tortion. To be le 'ribed in a forthcoming i u' of the E.tperim nter.

Type 1632-A Inductance Bridge

Wid -range inductanc bridg for the preci
mea 1.11' ment and tandardization of two-terminal
grounded inductor at audi frequenci . Ran c is
0.001 ph to 1111 h. )rormal accuracy is 0.1 o. on
venient to op rate, ha in-lin I' ad-out. ix-flo-ure
re.olution iw 11iO'h prc('i ·ion. To be de crib d in a
forthcoming i. 'ue of the E.rper£lIlmler.

Type 1554-A Sound and Vibration Analyzer

lIea:ures amplitude and frequen y of the indi\'idual
component' of wt1\'eform bet" en 2.5 and 23,000 cycles
p I' :ccond. Has bo h and one-third 0 ta\'e p band.
Portabl , battery powered, u. c 6 tube and 11 transi tor'.

an b u 'eel with mInd-level meter, vibration meter or
microphone input for aeou, tic work, or directly a a <T n
eral-purp se elpctric-wl1ve analyz r. To b de cribe 1 in a
forthcomin rr i lie of the Exp rimmler.

Other Instruments

l\[an~' other General Radio product. will b on di play, including ni In tru
ment., Yariac~ autotransformer, and tundards of capacitance and inductance.

General Radio Company
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THE
TYPE 1305-A LOW-FREQUENCY OSCILLATOR

A UNIQUE INSTRUMENT FOR THE MEASUREMENT OF PHASE-GAIN
CHARACTERISTICS IN THE RANGE OF 0.01 TO 1000 CYCLES PER SECOND

The TYPE 1305-A Low-Frequency Os
cillator brings to the low-frequency field
a convenient source of sinusoidal alter
nating voltage. Its unique circuitry pro
vides a balanced, three-phase output and
includes a continuously variable, cali
brated, frequency-independent phase
shifter, for the measurement of phase
shift up to, and beyond, 300 electrical
degrees. An accessory, the Tl'PE 1305
PI Four-Phase Adaptor, provides four
output voltages of equal magnitude dis
placed 90°, also frequency-independent.
Here, then, is the basis of a system for
phase-gain measurement at low and
power frequencies. It is particularly use
ful to those concerned with the per
formance of geophysical gear, servo
mechanisms, sonar networks, power
system analogues, and similar low-fre
quency equipment.

The TYPE 1305-A Oscillator is basi
cally a phase-shift oscillator. Three iden ti
cal resistance-capacitance networks are
IGilbert Smiley, "Chra-Luw-Frequency, Three-Phase
Oscillator," Proceedings Qj the IRE, April, Ig54.
2.J. 1\1. 1\·rillcr, "Dependence of the Input [mpedance of a
Three-Electrode Vacuum Tube upon the Load in the
Plate Circuit," B1ucau Qj S/,(~lld(lrds Scientific PaJler, 351.

cascaded to produce a phase shift of ]80 0

(00 0 per network) at the operating frc
quency,' For each decade range, fixed
networks are provided. The apparent
capacitance is varied by ((Miller Effect,,2
amplifiers, as shown in the block dia
gram, Figul"e2. This method of frequency
variation has many distinet advantages:

A. The size of the polystyrene capac
itors required for the lowest frequencies
is reduced by an order of magnitude; an
appreciable economy,

B. 'I'he frequency-varying clements
are three, ganged, logarithmic potenti
ometers, of a convenient value, that
yield a Ilconstant-accuracy" calibration
as they vary the Miller Effect gain, yet
the RC networks behave as though ca
pacitance were varied to yield a constant
impedance at the oscillation frequency,

C. The three cascaded networks and
amplifiers automatically result in a three
phase, wye configuration, which, in turn,
introduces still further advantages:

1. The wye network connects to the
oscillator power supply at the neutral
(zero voltage) point. lIenee oscillator

Figure 1. Panel view of the Type 130S-A Low-Frequency Three-Phase Oscillator.
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currents do not traverse the power
supply.

2. The three-phase system makes pos
sible the phase-shifter, previously men
tioned. A continuously rotatable po
tentiometer is connected, at equally
spaced points, to the three-phase out
put and is appropriately "padded)) for
constant output and linear ph asp-shift.
The fixed, four-phase, TYPE 130.)-Pl
Adaptor is connected to the three-phase
output through appropriate networks.

3. Output voltage indication is pro
vided by a voltmeter supplied from a
three-phase, full-wave rectifier across
the oscillator output. 'I'he low ripple
(-JO%, +5% of rms voltage) permits
accurate setting of output voltage at
even the lo\\'est frequency.

4. Another three-phase, full-\\"ave rec
tifier, terminated in a reference diodc,
acts to reduce the oscillator loop p;ain
when the reference voltage is exceeded.
At this point the gain is "clipped,"
slightly, six times per cycle. Output is
held constant within ±!.1 db over the
operating range with a minimum of dis
tortion. 'fhis direct-acting limiter elimi
nates the intolerable time constant con
sequent upon the use of conventional
automatic-gain-control circuitry at such
len\" frequencies.

5. No phase shift exists at zero fre
quency (direct current), and the feed-

4

back loop is strongly degenerative (more
than 18 db) against changes in vacuum
tube or component parameters.

Oscillator build-up time, a phenome
non that usually goes unnoticed in os
cillators operating at audio-frequencies
and higher, can, at the frequencies in
the range of the TYPE 1305-A, actually
be measured in hours! For this reason,
a rapid build-up switch is provided, to
introduce a transient in excess of the
limited amplitudc. \Vithin one cycle
after the release of the switch, the oscil
lator achieves constant amplitude, so
effective is the limiter action.

The TYPE 1305-A is, by virtue of its
rapid build-up time and constancy of
output amplitude, a useful source of
singlc-phase, three-phase, and two-or
four-phase signals over the range from
0.01 cycles to 1000 cycles. Outputs bal
anced to ground can be obtained from
the four-phase output adaptor.

A most important usc of the TYPE

1305-A Oscillator is the measurement of
servo-system phase-gain eharacteristics.
'1'0 ilJustrate this application, measure
m(~nts have been made on two General
Radio servo-operated devices, the TYPE
J521-A Graphic Level Recorder and the
'.!'\"PE 1570-A Automatic Line VoJt-age
Hegulator, and the results have been
plotted in the form of Nyquist diagrams.

Figure 4 shows the closed- and open-

Figure 2. Elementary block diagrClm of the o$cillCltor.

Lc.::c.:::J L~===~f-fJ~~_-":.'"~A'SESHIFT

",
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Figure 3. ArrClngement of instruments for measuring
dosed~ and open-loop phClse goin characteristics.

degrees) and extended upward as far as
needed.

::\Ieasurement of open-loop gain and
phase characteristics is fundamental to
the synthesis of stable phase-correcting
networks. However, in a servo system
with response to dc, this measurement
can be much more difficult than the
closed-loop measurement if the open
loop gain is high and there is dc drift. To
ohtain the open-loop response curve of
Figure 4 required the combined efforts
of two engineers, one correcting the drift
with a potentiometer while the other ob
scrved the pattei'll on the oscilloscope.

Figure 5 shows the closed-loop re
sponse of the TYPE l57D-A Automatic
Voltage Regulator as measured by simi
lar techniques. The similarities of the
two systems are certainly more marked
than their differences!

Obviously, similar measurements can
be made on other networks with equally
informative results.

- GILBERT SMILEY

H()HfZONTAL
PHASE I

TYP( !JOS-AI---l--±,-------1
<!

PHASE $HI

r
__--l=:;;:jr~~~r_--'~~ncAL

OSCIL.LOSCOPE

~''+----'

loop phase-gain characteristics of the
TYPE 1521-A Recorder as measured with
thc sctup shown in Figure 3. The closed
loop measurement, which is of greatest
interest to the user, is extremely easy to
make. The ou tpu t of the recorder is taken
across the de input potentiometer,
which is what the pen records. The os
cillator phase-shifted output is applied
to the horizontal deAection plates. For
each frequcncy the peak-to-peak vertical
deflection of the 'scope is a measure of
t,he output voltage, and the phase shift
is measlired by adjusting the phase
shifted output to closc the oval 'scope
trace to a straight line. lVleasurements
arc started at a low enough frequency to
insure a minimum phase shift (neal' zero

Figure 4. Closed.loop and open.loop phose gCli"
charocteristics of Ihe Type 1521-A Grtlphic Level

Recorder.
Figure 5. Closed-loop response of the Type T510-A

Automotic Voltage Regulator.
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The development of the TYPE 1305-A Low

Frequency Oscillator was started some years
ago by the v,Titer, but brought to its final
fruition through the work of James J. Faran, Jr.
Thanks arc duc M. J. Fitzmorris and M. C.

Holtje for their help in the measurement of the
characteristics of the TYPE 1521-A Graphic
Level Recorder and the TYPE 1570-A Auto
matic Voltage Regulator.

SPECIFICATIONS
For the DIRECT position of the OUTPUT
ATTENUATOR switch, total harmonic con
tent is less than 2 % for any wye-connected
load of more than 600 n per leg or delta-con
nected load of more than 1800 n per phase.
Linc-frequeney hum in the output is less than
10 millivolts.
Terminals: TYPE 938 Binding Posts. Neutml can
be connected to the chassis, which can be
grounded through a 3-wire power cord.
Mounting: Aluminum, J9-inch, relay-rack panel;
aluminum eabinct. For table mounting (TYPE
1305-AM), aluminum end frames are supplied
to fit ends of cabinet; for relay-rack mounting
(TYPE 1305-AR), brackets for holding eabinet
in rack are supplied. Relay-rack mounting is
so arranged that panel and chassis can be
removed from cabinet, leaving cllbinet in rack,
01' cabinet can be removed from rear of rack,
leaving panel attached to rack.
Power Supply: 105 to 125 (or 210 to 250) volts,
50 to 60 cycles. Total power consumption is
165 watts. Instrument will operate satisfac
torily on power-supply frequencies up to
400 cyeles.

Power input receptaele will accept either
2-wil'e (TYPE CA P-35) 01' 3-wire (TYPE CAP
15) power cord. Two-wil'e cord is supplied.
Tube Complement: Four each 6197; three each
6BH6, 5963; one each OB2, 12AX7, 6080; six
IN536 crystnl diodes; eight IN119 crystal
diodes; one SV18 crystal diode.
Accessories Supplied: TYPI-: CAP-35 Power Cord,
thrce TYPE 274-M13 Double Plugs, spare fuses,
Foul'-Phase Output Adaptor TYPE 1305-PI.
Dimensions: Panel, (width) 19 x (height) 7
inches; depth behind pa.nel, 12 inches.
Net Weight: 35 pounds.

Frequency Range: 0.01 to 1000 cycles in five
ranges.
Frequency Control: The main frequency con
trol dial is engravcd from 1 to 10 cycles. A
range switch multiplies the scale frequencies by
0.01, 0.1, 1, 10, and 100.
Frequency CalibrCllion Accuracy: ±2%.
Frequency Stability: 'Varm-up drift is less than
1% in thc first ten minutes, less than 0.2% in
the next hour.
Three-Phase Output: At least 10 volts rms, open
circuit, line-to-ncutral, behind 600 ohms in
elLch phase, constant with frequency to ±5%.
Phftsc voltages are equal to each other ,vithin
±2%.

The DIRECT position of the output attenu
ator switch pmvides 75 ohms pel' phase but
must not be lmtded with less than 600 ohms
per phase, wye-conneeted, or J800 ohms per
phase, delta.-connected. A neutral terminal is
provided. Phase accuracy, ±2°.

Output power is 167 milliwatts per phase,
maximum, into a 3-phase wye-connected load
of 600 ohms per phase.
Four-Phase Output: At lea..<;t 5 volts, rms, line-to
neutral, behind 600 ohms, from thc 4-phase
adaptor. Phase accuracy, ±3°.
Varioble-Phose Output: Approximately 0.8 volt,
rms, behind a maximum impedance of 15,000
ohms. l\Iaximum error in total phase angle is
±3°. For phase angles of less than J00 the ac
curacy is±0.5°. At any dial setting, small phase
differences can be measured to an aecuracy of
±0.25°.
Woveform: Total harmonic content is less than
2% for a.Il output values and fol' all frequen
cies for any load except in the DIRECT
position of OUTPUT ATTENUATOR switch.

Type Code Word Price

1305-AM
1305-AR

Low-Frequency OscillCJtor, Bench Model ....•••••
Low-Frequency OscillCltor, RelCly-Rock Model. ••••

DEI3UT

DONOR
$940.00

940.00

YES, INDEED, WE'VE MOVED
'rVe are still getting mail addressed

to our former location in Cambridge.
To help us give prompt attention to all

inquiries, won't you please change our
address in your records and ask your
Purchasing Department to do the same'?

Our new address:
General Radio Co.
West Concord, Mass.



7 AUGUST.SEPTEMBER, 1959

NEW THREE-TERMINAL CAPACITORS
To meet the growing need for stand

ards suitable for use in three-terminal
capacitance measurements, we arc now
making available both fixed and variable
three-terminal capacitors. The fixed
units, TYPE 1403 Standard Air Capaci
tors, are three-terminal versions of the
two-terminal TYPE 1401, while the vari
able units arc TYPE 722 Precision
Capacitors. Both types are equipped
with TYPE 874 Coaxial Connectors for
complete shielding, and mating connec
tors are supplied.

FIXED CAPACITORS
This new series of fixed air capacitors

is designed and calibrated for use in
three-terminal measuring systems. These
standards are available in powers of 10
Irom 0.01 pi to 1000 pi, supplementing
the TYPE 1409 Standard Capacitors
which arc offered in the range from
1000 pi to 1 1'1. Since the latter are ar
ranged for either two-terminal or three
terminal use, the total range 01 GR
fixed, three-terminal capacitance stand
ards is now 0.01 pi to 1 1'1, a total span
01 100 million to 1.

The TYPES 1403-A, -D. and -G have

Figure 1. View of the
Type 1403-0 Stand

ard Air Capacitor.

Figure 2. Interior view of
the Type 1403-N Stand

ard Air Copocitor.

nominal values 01 1000, 100, and 10 pi
respectively. The construction of these
units is conventional - in fact, the
capacitors are basically of the same de
sign as the TYPE 1401 Standard Air
Capacitors, consisbng of interleaved
stacks of aluminum plates. Each set of
plates is insulated from the supporting
casting and frame, and the coaxial
terminals are pt'Ovided so that com
pletely shielded connections can be
made.

For low capacitance values higher ac
curacy is possible with the three-termi
nal construction than with two-terminal
types, since there is no connection un
cel'tainty.l 'Vhile in the two-terminal
TYPE 1401 there is a progressively in
creasing uncertainty below 1000 pr, the
inherent accuracy of any three-terminal
capacitor such as the TYPE 1403 is
independent of the capacitance value.
(The reduced specification accuracy of
the O.Ol-pf unit reflects current limita
tion in measurement accuracy.)

At extremely low values of capaci
tance, the conventional plate construc
tion becomes quite impractical. For
these values (TYPES 1403-1', -N, -R)
we have adopted an "aperture" type of

lJohn F. Hcrsh, "A Closc Look at COILTlcction Errors in
Capacitallce l\'1casurcJncnt,'· Ge7leral Radio Experimenter,
33,7, July, 1959.



Figure 3. Sketch illustrating negative fringing.

trated in Figure 3 using tbe classical
lines-of-force concept.

Since there is no solid dielectric in the
direct capacitance field, the losses in
these capacitors are very low. The ob
served dissipation factor is 10 micro
radians or less (which is close to the
limit of present measurement accuracy)
and presumably arises from losses in air
and at the interface between the air and
the surface of the metal plates. The
losses in the Iledge capacitance," which
in nearly all cases are noticeably higher
than those in the direct capacitance, are
in this design a part of the ground ca
pacitance. Thus the desired direct ca
pacitance is free of the losses which
occur at the edges of metal plates from
the increased field concentration at those
edges.

GENERAL RADIO EXPERIMENTER

design similar in principle to those sug
gested by 100n,2 Zickner,3 and others.
In this type of capacitor, the two elec
trodes arc isolated from each other by a
grounded plate between them. The
shielding provided by this plate can
easily be made sufficiently good to make
the leakage between the active elec
trodes substantially zero. The capaci
tance between the electrodes is then
determined solely by an aperture in tbe
grounded plate, the magnitude of the
capacitance being established by the
area of the opening and the spacing
between the active plates.

The effective area of the aperture is
somewhat less than that determined by
its diameter. 'rhis reduction of effective
area can properly be described as
('negative fringing" of the electric field,
and the (negative) increment of capaci
tance which is contributed can be
described as lInegative edge capaci
tance." The situation is roughly illus
2~roon and Spurks. SUS J. Re8«1rch, 41. 497~"i07 (1948).
30. Zickner, Hid:. Nachr-Tech., 7, 443-448 (1930).

Z. Mlgew Phy!; .• 8, 187 (1956).
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SPECIFICAliONS
Terminals: TYPE 874 Coaxial Connectors for
complete shielding of le~tds.

Accenories Supplied: Two TYN: 874-C58 Cable
Connectors.

Calibration: A certificate of calibration is sUI}
plif'd with each unit.
Dimem.ions: %" (dia.) by 434" inches, over-all.
Net Weight: One pound.

Type
Dired

Capacitance
.4djuslment
Accuracy Max. VQUS

Dissipation
Fador Code Word Price

1403-A 1000 ""f 0.1% 700

I
10 X 10-6 DADDY $60.00

1403·0 100 ""f 0.1% 1500 10 x 10-6 DAIRY 55.00

1403-G 10 ""f 0.1% 1500 10 x 10-6 DASII"" 48.00

1403·K 1.0 ""f 0.1% 1500 , 10 x 10-6 DATU1'.1 45.00

1403-N 0.1 ""f 0.1% 1500
I

10 x [0-0 DAUNT 45.00

1403-R 0.01 j,tj,tf 03% 1500 10 x 10-0 DA\'1T 45.00

ADJUSTABLE CAPACITORS

Two new adjustable Precision Capaci
tors have been added to the well-es
tablished and widely accepted TYPE 722

series. A two-section unit, the TYPE

722-CD, has full-scale ranges of 11 pf
and 1.1 pf; a single-section unit, TYPE
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Figure 5. Sketch showing the orrongement of plotes
in the 3-terminol Vorioble Precision Copocitor.

I
I
I
I
I
I

=",,===""-- - - - _-!

same rods which support the stators, the
other a circular rotor plate which ro
tates in the same plane as the fixed
ground plate. The anangement of
the various plates is depicted in Fig
ure 5.

The gap between the two portions of
the ground plane is so small that the
leakage capacitance through it is neg
ligible compared to the desired direet
capacitance. Furthermore, any leakage
is const.ant with rotation.

"'hen the annular apcrture shown in
Figure 5 is rotated into the stator stack,
the direct capacitance varies linearly
with the angle of rotation. Capacitors of
this design possess inherently a high de
gree of lincarit..v. The increment of ca
pacitance per unit of angular rotation
depends solely on the spacing between
stator plates and the two radii of the
annular aperture. The location of the
rotor plates in the gap, the concentricity
of the rotor shaft relative to the stator
plates, and the dimensions of all plates
are bu t some of the factors which are of
first-order importance in conventional
construction, but only of second-order
importance in the aperture type of
capacitor.

Figure 4. Panel view of tho Type 722-CO Precision
Copacitor.

dilTcr radically in design from the con
n"ntional rotor and stator structure of
the TYI'E 722-CB.

Two sets of stator plates, insulated
from each other and from the supporting
rods, are interleaved in a stack much
after the manner of a fixed air capacitor.
A ground plane interposed hetween
plates shields the two sets of plates
from each other, except for an annular
aperture] in the ground plate, which
prm-ides the controlled direct capaci
tance betwecn stator plates. The ground
plane consists of two parts, one a fixed
plate mounted to and connected to the

722-CC, has a full-scale range of 110 pf.
These new models, together with the
TypE 722-CB (1100 pf) announced
earlier,· provide a lOOO-to-l range of
full-scale values now available for throe
terminal capacitance measurements.

Externally the three capacitors are
alike and, except for the coaxial ter
minals, similar to other units of the 722
line. Internally, however, the ne\\- models

'Lot'. cit.
4Jyan G. Easton, "A Thrcc-Tt'rminnl I'rt'cision Cnpaci·
tor," General Radio Exper'imerller, 32,17, October, 1\158.
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Figure 6. Interior
view of the Type
722·CD Preci5ion

CClpClcitor.

For a given spacing between plates,
the aperture-type capacitor can yield
a maximum of only one-quarter as much
capacitance in a given volume, even with
zero thickness rotor plates, since alter
nate gaps are, in effect, in series rather
than in parallel. A further reduction oc
curs because the aperture is of necessity
smaller in area than a full rotor plate
used in the conventional manner. As a
result, the maximum available capaci
tance in a TYPE 722 frame is about
100 pf. Dielectric loss at the plate sur
faces is minimized by the use of nickcl
plated brass plates.

The terminal-to-ground capacitances
of these new capacitors are drastically
different in magnitude and variation
from those usually encountered. In the
previously announced ''fYPE 722-CB, for
instance, the capacitance of stator to
ground is about 20 pf and substantially
independent of rotor setting. Thc capac
itance of rotor to ground, of course, is
a function of setting, varying (for ex
ample) from 33 pf to 37 pI. Whereas
these values are small relative to the

direct capacitance, in the TYPES 722-CC
and -CD the terminal capacitances are
inherently larger by a substantial factor
than the direct capacitance. As the
aperture is rotated out of the gap, the
capacitance between plates is trans
fen'ed to ground. Thus both terminal
capacitances vary with setting. These
capacitors, therefore, are not suitable
for two-terminal use. l\10l'eover, they
can produce misleading results in thrce
terminal networks unless the effectiye
impedances of thc circuit from both rotor
and stator to ground are low. Subject
to this limitation these new capacitors
should proyc themselves useful in a wide
variety of three-terminal measurement
applications.

- IVAi\" G. EASTO~

The suggestion for, and preliminary
design of, the apcrture type capacitors
was contributed by Dudley I-I. Chute.
P. K McElroy and the author col
laborated ,,·ith Mr. Chute in evolving
the final designs.
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SPECIFICATIONS
Copacitonce Range

A pproximale
A pprox. Cap. Terminal-la-Ground

Capacitance Direct-Reading at Zero Scale Capacitances, pJ
Type Ra"i/e, pi Accuracy Selting High Low

722~CC 5 to 110 ±0.2 pf 0 600-900 600-900

722·(0 { 0.5 to II ±0.04 pf 0 75-100 90-110
0.05 to l.l ±O.OOS pf 24-26 90-120

Correction Chart: A correction chart is supplied
giving corrections at multiples of 10, 1, 01' 0.1
pf, depending on the total cftpacitance of the

capacitor. Accuracies obt1\inablc through the
usc of these charts arc as follows:

Type Range, pI
A ccuracy after correction is applied

Total Capacitance Capacitance Differences

±O.l% or ±O.08 pC* ±O.16 pC722_CC

722-CO

*Whichever is greater.

5 to 110

{
0.5 to II

0.05 to 1.1
±0.02 pf
±0.003 pf

±0.04 pf
±0.006 pf

Worm COrTection CCllibralion: Corrections for the
slight residual eccentricity of the worm drive
cun be supplied for all models Ilt an extra ch~l.rge

indicatcd in the price list. Mounted charts are

supplied, which give the corrcctions to at least
onc more figure than the guaranteed accuracies,
which flrc stated below:

l'ype Range, pi
A ccl~racy after wonn rorreclio1~ is applied

Total Capacitance Capacitance Differences

±O.l % or ±O.02 pf· ±O.l % or ±O.04 pf·722-CC

722-CD

·Whichever is greater.

5 to 110

{
0.5 to II

0.05 to 1.1
±O.l % or ±0.004 pf'"
±O.\ % or ±O.OOl pf·

±0.1 % .,. ±O.OOS pf'
±O.l % or ±O.002 pf*

Maximum Voltoge: All modcls, 1000 volts, peak.
Temperoture Coefficient of Copocitonce: Approxi
mately +0.002% per degree Centigrade, for
small tcmpenlturc changes.
Backlosh: Less than one-half division, corre
sponding to 0.01 % of full-scale vnlue. If the
desired setting is always approached in the
direction of increasing scale reading, no error
from thLs cause will result.
Terminols: TYPE 874 Coa.'\:ial Connectors.

Accessorin Supplied: 2 TYI'E 874-C58 C~l.ble

ColUlCctors.

Mounting: The capacitor is mounted on an
aluminum panel finished in crackle and en
closed in a shielded hardwood cabinet. A
wooden storage case with c~\rr'ying handle is
supplied (weight 9!1.f pounds).

Dimensions: Panel, 8 x 9,!.i' inchcs; depth, 8J..8
inches.

Type

722_CC
722-CD 1

Precision copacitor············1
Precision Capocilor ..••.••.•...

Net Weight

12% pounds
lOJ/z pounds

Code Word

CHAOS
COnN

Price

$265.00
265.00

Cap,acitor
Type

WORM-CORRECTION CALIBRATION

Code Word· Price

722-CC 1 Worm cOlTection·····························1 WOInlY $ 55.00
722-CD Worm Correction...... ••••••.•••............. WOlnlY 165.00

·When ordering capacitor ~'ith worm oorrection, use compound code word, CHJl.OSWOR~IY.COFI;SWORMY. etc.
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BARD ELECTED CHAIRMAN OF THE
IRE CHICAGO SECTION

12

Robert E. Bard, engineer at General
Radio's Chicago district office, has been
elected Chairman of the Chicago Sec
tion of the Institute of Radio Engineers
for the year 1959-60. He was a member
of the Executive Committee of the Bos
ton Section and served on several com
mittees in 1953-54, prior to his move to
the Chicago area. Last year Mr. Bard
was Vice-Chairman of the Chicago Sec
tion, and before this was Executive
Editor of SCANFAX, the official publica
tion of the IRE Chicago Section. Mr.
Bard has also served as a member of the
Executive Committee and Board of
Directors of the National Electronics
Conference since 1956. He is currently

Chairman of the Exhibits Committee for the National Electronics Conference.

SURVEY OF
RUSSIAN SCIENTIFIC LITERATURE AVAILABLE

The K ational Science Foundation has
Tccently made available a detailed sur
vey of Russian scientific literature, list
ing 76 Sovict journals now available in
English.

The survey reports on the sources of
Soviet scientific literature, availability
of such literaturc in thc United States,
and the current translation programs of
professional and academic groups and
government agencies. Currcnt methods
of providing comprehensive coverage of

un translated Russian material are also
analyzed. Revised and expanded from
an earlier edition, the survey was pre
pared by the Foundation's Office of
Science Information Service.

Copies of the survey, entitled '1PI'O_
viding U. S. Scientists witb Soviet Sci
entific Information," are available on
request from the Office of Scientific
Information Servjce, National Sciencc
Foundation, 1951 Constitution Avenue,
NW, Washington 25, D. C.

General Radio Company
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A BRIDGE FOR THE
PRECISE MEASUREMENT OF INDUCTANCE

TYPE 1632-A INDUCTANCE BRIDGE

The instrument manufacturer who
makes resistors, capacitors, and induc
tors of high accuracy and low residual
impedance has both the need and the
opportnnity to build the impedance
bridges required for high-accuracy meas
urements of these components. The
General Radio Company has for many
years been building, and continually
improving in accuracy and stability, the
TYPE 510 Decade-Resistance l:nits'
which are used in the TYPE 1432 Decade
Resistors. The materials and winding
IIvan G. Easton, "The Nl'w TYPE 1432 Decade He
sistors," GeneTal RCldio Ezperimenter. June, 1951, Vol.
XXVI, No. I.

methods used in these units produce not
only the excellent stability and low
temperature coefficient required for a
significant accuracy of ±0.05%, but
also the small residual reactances which
permiL use of the resistors over a wide
frequcncy range. Fixed standards of
capacitance have also undergone a con
tinuous process of improvement, and the
current sih'cred-mica TYPE 1409 Stand
ard CapacitorsZ are accurate to ±0.05%,
with a long-term stabiEty of better than
0.0]%.
Zlvan G. Eastolllind P. IC :McElroy. "~ew Silvered-Mica
Standard Capflcitors,"' Gl'?Itral Radio Experimt71leT. July.
1957. \'01. 32, No.2.

Figure 1. Panel view of the Type 1632-A Inductance Bridge.



An Owen Bridge

This bridge uses the Owen bridge cir
Cl~it in which the inductance balance is
made with precision decades of resist
ancc, thus achieving a high degree of
resolution and a high accuracy at moder
ate cost. The other bridge circuits com·
monly used for inductance measurement,
the ::\laxwell and the lIay, require vari
able capacitors for the inductance bal
ance, and capaci tors of the desired range
and accuracy are very expensive. In the
Owen bridge shO\\"I1 in Figure 2, the fixcd
arms consist of the standard capaci tor
C", and the resistor RB . The unknown Zx
is balanced by the dccade rcsistor RN and
dccade capacitor GN , and at balance the
unknO\n1 is related to the standards by
the equations:

The decadcs can bc switched to either
a series or a parallel connection, so that
the bridge can be made direct reading in
eithcr series or parallel components of
the unknown inductor. \Vhen the re
sistance and capacitance decades are
connected in series, the equivalent series
inductance, Lxs, and series conductance,
GXSI of the unknown Zx are proportional
to RN and to C.\,; ,,"hen tnc standards arc
connected in parallel, R", and CN deter
mine the equivalent parallcl inductance,
Lxp , and parallel conductance, GxP. The
equivalent resistance in either configura
tion is the reciprocal of the conductance,
Rx ~ 1/0x . O,·cr a wide range of Q, the
unknown can be measured in terms of
whichever components are most con
venient. Even when the Qis very high or
very low, a balance for one of the equiv
alents can usually bc obtained. Whcn
the Q is very low, the series components
can usually be measured; when the Q is

GENERAL RADIO EXPERIMENTER

Anothcr recent addition to the Gen
eral Radio line of precision components
is a series of highly accurate and stable
standard inductors' The TYPE 1482
Standard Inductors, being toroidally
wound on ceramic cores and shielded
from external thermal, mechanical, at
mospheric, and electrical disturbances,
have the high stability and reliability'
that makc possible their calibration with
the closest tolerancc (±0.03%) that thc
Kational Bureau of Standards will place
on its certification of absolute induct
ance_ For General Radio to certify the
inductance of these inductors ,,-ith the
same accuracy limit of ±O.03%, the in
ductors must be intercompal'ed with a
set of NBS-calibrated inductors ,,·jth a
precision of higher order than the toler
ance. This need for the measurement of
inductance over the 100-l'h to IO-h
range of the TYPE 1482 Standard In
ductors with a resolution and precision
of 0.003% 01' bettcr Icd to the construc
tion for our standardizing labor-ator.v of
a new inductance bridge, which made
use of our widc rangc of precision rc
sistors and standard capacitors to meas
ure the inductors. 'Vith improvements
that make it more convenient to usc and
more generally useful, this new, wide
range, high-prccision bridge is now being
produced as the TYPE 1632-A Induct
ance Bridge.

For inductance standardization as
well as for general inductance measure
ment, this bridge approachcs the ideal,
not only in inductance range and ac
curacy, but also in speed and conven
ience of operation. Two important fea
tures are digital in-line readout and the
inclusion of operational data and circuit
schematic on the panel.
3Horatio W. Lamson, "A New Series of Standa.rd In
ductors," General Radio Exprrimnlfer, ~O\'ember, 1952,
Vol. XXVII, No.6.
'Horatio W. Lamson, "Standard Inductors, fl Stabi1it~,
Hecord," General Radio Bxperimenter, l\'ht.y, 1957, Vol.
31, No. 12.
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very high, the parallel components can
be measured.

The variable standard resistance RN

consists of six TYPE 510 Decade Re
sistance Units in lO-kilohm to O.I-ohm
steps, with a calibration accuracy of
±0.05% in all except the two lower
decades. Since the measured inductance
is proportional to this resistance, these
six decades give the bridge a resolution
of inductance up to six significant figures.
The range of inductance covered. by
these six decades can be changed readily
by a change in the C-, RB product which
relates Lx to !IN. Through an eight
position range switch a choice can be
made among three CA capacitors and six
RB resistors to cover a range of full-scale
inductance from 1,111 henrys to III
microhcnrys. The minimum inductance
indication is, thus, seven decades below
111 microhcnrys or 0.0001 microhenry.

The accuracy of the indudance in
dication iS1 of course1 limited by the ac
curacy and stability of all of the com
ponents entering into Equation (1). l'he
resistance HB is made up of the same
stable and accurate wire-wound resistors
as are used in Lhe decades of RN , and the
residual inductanceorcapacitanceiscom
pensated. Equally stable silvered-mica
standard capacitor units are used for CAo

These eomponents makepossibleadirect
read ing bridge aecuracy of 0.1%over wide
ranges of inductance, Q, and frequency.
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Full use can be made of the poten tial
resolution and accuracy in inductance
reading only jf the resistive component
of the unknown can be balanced both
with comparable precision and without
appreciable interaction between bal
ances as a result of residual impedances.
In the Owen bridge such resistance
balance requires a variable capacitor of
wide range having low losses and both
loss and capacitance independent of
frequency. The TYPE IG32-A Inductance
Bridge is possible only because General
Radio now produces high-quality poly
styrene capacitors,S used in the TYPE

1419-A Decade Capacitor, which have
stable and constant capacitance and low
dissipation factor, even at the frequen
cies below 100 c which are often used in
inductance measurements. ell' consists of
four decades of these polystyrene capaci
tors, in 0.1- to O.OOOl-l'f steps, followed
by a continuously variable 130-pf* air
capacitor. These decades are calibrated
to an accuracy of ± 1%; better accuracy
in the measurement of G is rarely needed
and is usually prohibited by errors
caused by bridge residuals. When a
capacitance greater then .I. ,uf is re
quired to balance a very high conduct
ance1 an external capacitor can be
connected at panel jacks to parallel the
CN decades.
S"New Decade Capal'itors wit.h Polystyrene Dielectric,"
General Radio Experimenter, July, 1056, Vol. 31, NO.2.
*pf =picofarad = p.p.f.

RB

K K

Figure 2. Elemenlory
schematic of the
Owen bridge circuits
used in the Type 1632
A Inductance Bridge.

SERIES OWEN PARALLEL OWEN
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With Low Residuals

The simple, independent balance con
ditions, which constitute one of the ad
vantages of the Owen hridge, can be ob
tained in practice only if the bridge arms
are free of residual impedances. In the
TYPE 1632-A Inductance Bridge many
of the possible residuals arc minimizcd
by the usc of capacitors with very small
rcsidual resistance and of resistors with
vcry small residual inductance and ca
pacitance. Other rcsiduals are reduced
or controlled by the careful internal
shielding shown in Figure 3.

T-he most troublesome residuals are
capacitances across the unknown arm
and across the standards, Fls and C."",
when lhey are in series. These capaci
tances are minimized by theshieldenclos
ing the C.. and RB arms of the bridge.
By extension of this shield into the base
of the UXKNOW" lerminals, the capaci
tanee added across the unknown by the
bridge is reduced to the I-pf capacitance
between the external terminals. In the
"standard" arm another shield encloses
the resistance decade RN to reduce the
capacitance across thc series combina
tion of RN and CN to the negligible value
of less than a picofarad. The capacitance
of this shield to ground appears across
C", and is included in the calibration of
the conductance decades. This shield
capacitance limits in minimum CN to
200 pf, and results in the "ADD 2"

-----1
I
I
I

,""......
Cl-Pr.C'TOIl

that appears on the instrument panel
below the ,,-indow of the fourth G dial.

Further special shielding within the
transformer used bet\\·cen bridge and
detector permits the detector to be
grounded without additional contribu
tion to the bridge residuals. The inter
shield capacitances of the transformer,
however, add some 100 pf to the C.. arm
of the bridge, which can be included in
the calibration of C... Since the total C..
is only 1000 pf in the lowest or a range of
the bridge, the lower stability and higher
loss of the transformer capacitance limit
somewhat the accuracy of this range.
An accuracy of the order of ± 1% can be
realiz€Kl on the a range, and this reduced
accuracy is indicated by a red a for this
multipljer position" Since the primary
use of this a range is the measurement
of the \"ery low inductance of leads and
of shorted terminals, the reduction III

accuracy here is not dctrimcntal.
With this control and reduction of

residual impedances, the 0.1% induct
ancc accuracy of the bridge can be
maintained over wide ranges of induct
ance, Q, and frequency. 1"he ranges of
mcasurement are so widc, however, that
additional errors arise from the remain
ing very small residuals at the extremes
of the ranges. When the Q of the un
known is very low. these residuals, in
cluding the small dissil)ation factors of
the capacitors used as CA and C".,
can increase the inductance error by
±.05%/Qx. At the frequencies of 10 kc
and higher, the error is also increased by
the small, uncompensated reactances of
thc n13 arm, particularly when RB has
its extreme values of I ohm and 100,000
ohms at the very low and high ends of
the range.

Figure 3. Bridge schematic showing Ihe infernoI
shielding to minimize residual.impedance errors.
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Easy to Use

The TYPE 1632-A Inductance Bridge
is designed not only to make measure
ments of high resolution and accuracy,
but to make such measurements with
maximum ease and rapidity. For this
purpose the dials of the decades indicat
ing Land G are arranged to show only
the pertinent digit of each decade, and
these digits are placed for convenient
vertical, in-line, digital readout of the
six significant figures. The eight-position
range switch both indicates the units of
Land G and automatically places the
decimal point in the line of digits. Opera
tion is further simplified, particularly for
the occasional user, by the presentation
on the panel of the bridge circuits and
balance equations, as well as a table of
the limits of maximum input voltage.
The bridge can be balanced easily and
rapidly to its full resolution because in
an Owen bridge with such small residuals
the Land G balances are independent
and there is no trouble with a sliding
balance and false nulls.

1\either generator nor detector is built
into this bridge, because the versatility
required in them to match that of the
bridge can best be built into external
units. Adequate generator range and
power for most bridge uses can be pro
vided by tbe TYPE 130'1-B Beat-Fre
quency Audio Generator or by the
combination of the Typg 121O-C Unit
R-C Oscillator and tbc TYPE 1206-D
"Gnit Amplifier. Since these generators
are designed for operation into loads of
the order of 600 ohms and the bridge
input impedance on the lower four
ranges is of the order of 1 to 100 ohms, a
matching transformer (TYPE 1632-PJ)
with turns ratios of 1 :20 and 1:5 is sup
plied to raise the bridge jnput impedance
to match the generator output. In order
to keep its magnetic field away from the
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bridge and the inductor being measured,
this transformer is designed to be
plugged into the generator instead of
being built into the bridge.

A detector of high sensitivity and low
noise is required to make use of the full
six-figure resolution of this bridge. The
requirements can be met by the TYPE
123J-B Amplifier and the Null Detector
with the TYPE 1231-P5 Adjustable Fil
ter, followed by a null indicator with ad
ditional gain, such as a pair of head
phones, an oscilloscope, a millivoltmeter,
or another TYPE 1231-B Kull Detector.
For measurements requiring only the
direct-reading accuracy of ±O.l.%, a
single TYPE 1231-B with filter is usually
adequate. The maximum available sen
sitivity, particularly at low frequencies,
has been realized by making the detector
transformer impedance as high as possi
ble and by locating the transformer to
satisfy best the condition that the bridge
is most sensitive when the detector is
connected at the junctions of arms hav
ing equal impedances. As another aid to
sensitivity, a MAXIMUiH SENSITIVITY

switch has been provided to permit
on some ranges a choice of the magni tude
of the CA and RB arms to satisfy best
this condition. On the middle (d, e, f)
ranges, this switch changes both RB and
Cri by a factor of ten without changing
their product, CARB, and thus does not
alter the multiplying factor of the bridge
which has been set with the range
switch.

For Most Inductance Measurements

The TYPE 1632-A Inductance Bridge
is designed for the precise measurement
of either the series or parallel compo
nents or two-terminal, grounded in
ductors at audio frequencies. Full-scale
ranges of inductance extend from 1,111
henrys to 111.1 microhcnrys. Six-figure



GENERAL RADIO EXPERIMENTER 8

resolution and high sensitivity make this
bridge particularly suitable for stand
ardization measurements of high ac
curacy, since standard inductors, such
as the TYPE 1482) can be intercompared
to better than 5 parts in a million. Its
direct-reading inductance accuracy of
±O.l %, the case of balance) and in-line
readout make it convenient to use. Al
though designed primarily for use at
frequencies of .1000 c and lower, it can
be used, with some decrease in accuracy,
to at lea.st 10 kc.

Thc bridge is wcll suited for the meas
urement of inductors with ferromagnetic
cores, sincc its sensitivity makes a bal
ance possiblc with only a small voltage
applied to thc inductor1 and measurc
ments can thus be made in the region of
initial permeability. ~1easurements of
inductors with nonlinear characteristics
are further facilitated because in this
bridge the voltage across the unknown
inductor will not change appreciably
when the Land G controls are varied to
balance thc bridge. The bridge is not
suitable for the measurement of incre
mental inductance at high ac or de ex
citation, because the dissipation in the
precision resistors in the bridge must be
limited to the order of one watt. The

maximum voltage which can be safely
applied to the bridge varies from 1 to 100
volts, depending upon the range being
used, and these limits are indicated in a
table engraved on the bridge panel. The
bridge can be used forincrcmental induct
ance measurements at levels within
these limits, when the desired direct cur
rent is supplied to either the generator
terminals of the bridge or direetly to the
unknown. The capaci tor C.. blocks the
direct current from the R.v standards,
and a capacitor connected in series with
the internal dctector transformer pre
vcnts any flow through that path. Usc
can also be made of the range and resolu
tion of the bridge in making measure
ments of mutual inductance and of
magnetic core materials.

-JOHN F. HERSH
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SPECIFICATIONS
Range: Range selection is by an eight-position
switch1 which indicates units il,nd range 1 and
locates the decim:ll point in the in-line balanc
ing decades.

Full-scale ranges from 111 microhemys to
1111 henrys fOl' inductance; from III mi
cromhos to 11 I I mhos for conductance.

Minimum inductance indication is 0.0001
mierohenry, whic'h makes possiblc bala.nces to
a precision of 0.1 % for inductance as low as
0.1 microhenry.
Inductance Balance: Six, precision decade re
sistors arc used (or the inductance balance.
Maximum resistance is 100,000 ohms, in 0.1
ohm steps.
Conductance Balonce: Four dccadcs of low-loss
polystyrene capacitor plus onc variable air
rapacitor. Maximum ca.pacitancc is 1.111 Jlf,
minimum cap:.1"ciUUlCe is 200 JlJlf.

Sensitivity Switch: An additional control is pro
vided which changes the vl\lue of Rn by a. factor
of 10 without a.ltering the range.

Frequency: Designed primarily for precise and
fl.ccurate measurements at 1 kc and lower.
Usable to at least 10 kc with somc decrease in
:\CcuracYl see below.

Inductance Accuracy: Basic direct-reading in
ductance accun\cy is ±0.1%.

Because of the extremely wide range of the
bridge arms, thc full a.ccuracy cannot be re
alized at the extreme of inductance, Q, or
frequency.

The direct-reading a.ccura.cy is reduced to
± 1% on the lowest (a) ra.nge 1 whjch is pro
vided for the measurement of the very low in
ducta.nce and high conductance of leads and
terminals.
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When the Qx of unknown inductor is low,

the accuracy is reduced by an error of
(+O.05±Qo)%/Q,y.

The HB resistors, switched in decade steps from
In to IOOkn, are compensated to have the small
phase angles (expressed as Q» at Ike) given in
the table.

~ I n I 100 I loon I II&l 110kU 11OOA.n
Qnat Ike ±:03%~ ±:OiJ2% ±1i02% ±:02% ±o."i%

For frequencies above 1 kc and for the ex
treme NlJ values, the accuracy is reduced by
residuals to 0.1 x Io-sp% when Rn = 1Po and
to 4 x IO-SP% when RlJ = IOOkP..

The capacitanee across the unknown tcr
min~Li8 is approximately 1pf.

Two nearly equal inductil.ncc values can be
intprcomparcd to a precision of ono part in 105

or beltl'l".

Conductance Accuracy: The capacitor eN is ad
just,cd to within ±l%+ 2 pf.

Errors in conductance arising from residual
phase angles of the bridge arms depend upon
fr<>qu('lIcy and Qx. Such errors are best defined
in terms of the distiipation factor of the un
known (reciprocal of Qx). The error in dissipa
tion fador is less than ±O.OOI at 1 kc, for RN
values less than 10,000 ohms. At higher fre
quencies the error increases directly with fre
quC'ney, with RN, and with RB. The error can be
kept at the ±O.OOI level by reducing the prod
uct RnR,v inversely with frequency. The maxi
mum value of inductance that can be measured
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with a given accuracy for conductance (or Q) is
thus inversely proportional to frequency.
Circuit: The capacitance decade for resistance
balance can be connected in series or in parallel
with Rov. Thus the equivalent series or equiv
alent parallel inductance of the unknown in
ductor cun be meusured. For the series connec
tion the maximum value of Q is proportional to
frequency, with a maximum value of 60 at
100 cps. For the parallel connection the maxi
mum value of Q is inversely proportional to
frequency and RN. Mll...·dmum value at 100 cps
and RN = 100,000 ohms is 80. By selection of
the RN value, either series or parallel measure
ments call be made in most practical CllSes.
Applied Vortage: Maximum safe applied voltage
l'anges from 1 volt on the lower inductance
ranges to 100 volts on the higher ranges. Values
itre engraved on the panel.
Accessories Supplied: Two TYPE 274-NLShielded
Patch Cords supplied for connection to gener
ator and detect.or; Typ~: 1632-Pl Transformer,
having step-down voltage ratios of 1:22 and
I :5, to match the low bridge input impedance
on tbe a, b, c, d ranges to generators requiring
i\ 600 Po load.
Accessories Required: Generator and detector.
Mounting: Aluminum cabinet and dress panel,
crackle finish. Can also be mek mounted.
Dimensions: Panel, 19 x 15% inches; over-all
depth, 9% inches.
Net Weight: 40 pounds,

Type Code Word Price

1632·A I Inductonce Bridge ........•.••.•.••.•...•••.... I BAIWE: $875.00

HAVE PROTECTION - WILL TRAVEL
General Radio instruments are hardy

world tra\'elers. During 1958, for in
stance, not onc instrument per 2000
shipped was reported as damaged in
transit to the customer. Considering that
most of the material shipped is labora
tory test equipment, and that many in
stnunents go haUway around the world
by trucks, ships, planes, and trains, there
must be a story behind such a record.

First off, the instruments themselves
are no softies. Often they are built to
stern military specifications and most
instruments - military or not - pass a
shake test here at GR to prove their
ruggedness. Panels and shafts, chassis
bracing, knobs, connectors - all are de-

signed not to "get by" but to take years
of usc, along with some inevitable abuse.

Bu t rugged or not, we can expect that,
at the very least, some stevedore in
Bazra may not fully appreciate the
nature of the cargo he is handling. And
as the box is jounced from hold to hold,
a hard battle goes on inside-a battle
anticipated and planned for weeks be
fore at GR's Shipping Department.

Realizing that ocean shipments are
liable to be the most - ah - adventure
some, we pull out all stops when pre
paring an instrument for such a journey.
First, a protective shield - either a
wooden cover or a heavy cardboard
cover with wooden spacers - is placed
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OJ The instrument, a Type 1931-8 A·M Monitor.

(2) Paper and wood-reinforced cardboard protect
panel.

(3) Wrapped and placed in heavy cardboard corton.
Accessories, instruction book have been added.

(4) Waterproof bag is placed around carton and evac
uated. Then into rugged wooden shipping case,
with rubberized fiber pads.

An instrument is readied for a long sea voyage.

over the front panel of the instrument
to safeguard the knobs, meters, binding
posts, etc. Then the instrument, along
with a cushion of heavy kraft paper, is
placed in its cardboard stock carton.

The stock carton is then slipped into
a close-fitting bag made of a plastic
laminated heavy waterproof paper
known as Polykraft. The air is removed
from inside the bag, so that it hugs the
carton like an undersized bathing suit.
This evacuated bag, after heat-sealing,
offers protection against moisture, fumes,
fungus, etc.

Next, the instrument in a box in a bag
is nestled into its wooden packing case,
with two-inch-thick rubberized fiber
pads inserted as shock absorbers on all
six surfaces. 'fhe wooden crate is finally
steel-strapped and marked with ap
propriate shipping instructions. These
may include, at the request of the cus
t@mer, a bright green band, a red dia
mond, a blue crescent, or other unique
marks to help the consignee spot his
shipment at the place of unloading.

The multilayered protection described
above is not usually necessary for air
shipments. Also, such elaborate crating
would add measurably to the customer's
shipping expense by air, whereas with
ocean shipment weight is a less critical

(5) Top pads have
been added, lid se

cured, box strapped, and
labeled.
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cost factor. Thus, for air and most do
mestic shipments, instruments are usu
ally sent in their stock cartons. Our
extremely low damage rate indicates

that, no matter what the destination or
the transportation, our packaging will
see it there safely.

- F. T. VAN VEEN

DELAY-LINE OSCILLATOR
A Novel Circuit for a 1 to 20-Mc Single-Range Oscillator

A novel use for a variable delay line
is illustrated in the schematic diagram
of Figure 1. The circuit utilizes the de
lay line as the feed-back element of a
triode oscillator. The delay line may be
thought of as a phase-shift network hav
ing 1800 phase shift at a frequency cor
responding to twice the delay time and
its odd harmonics.

A simpler physical picture of the cir
cuit operation is obtained from a time
domain description. Let us assume that
the triodc is suddenly biased to cutoff
by a negative voltage step at its grid. A
positive voltage step will occur at the
plate. I'his positive step travels down
the delay line and is coupled back to the
grid by the coupling capacitor, turning
the triode on. A negative voltage step
then occurs at the plate, which travels
dO\m the delay line, cutting the triode
off, and the process repeats.

'Vith a large value of coupling capaci
tOl', the grid and plate voltage wave-

forms are essentially rectangular, and
the amplitudes are fairly constant over
the entire range owing to the on-off
nature of the oscillations. With a small
value of coupling capacitor, the oscilla
tions are more nearly sinusoidal and
smaller in amplitude.

The circuit shown, utilizing a General
Radio TYPE 314-886 Variable Delay
Line' (0 to 0.5-l'8ec), oscillates readily
up to about 30 Mc. The grid voltage
waveforms at frequencies of 1, 5, and
20 Me are shown in Figure 3. The upper
end of the frequency range is quite
crowded because of the hyperbolic rela
tionship between the frequency of oscil
lation and the shaft rotation of the
linear delay line (f = b). Up to about
20 Me, however, operation is quite
smooth and uniform. The lower end of
the frequency range is limited by the
maximum delay of the line (1 Mc for

IF. D. Lewis, R. i\L Frazier, "A .\'ew Type of Variable
Delay Line," General Radio Experimenter, Vol. 31, :1\'0. 5,
October, 1!HiG.
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Figure 2. Plot of frequency V$. deloy setting.,
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{"igure 3. Grid-voltage waveforms.

(TektroniJ( Type 543 Oscilloscope)

voltJ!c;m. Horizontal

voll$/cm. Horizontol

(c) 20 Me. Vertical score, 2 volls/em. Horizontal
scale, 0.1 p. sec/em.

- H. T. McALEER

the TyPE 314-S86). Since the frequency
of oscillation depends primarily upon
the delay line and is relatively inde-

pendent of the tube characteristics, it is
quite stable at any particular setting
of the line.

NEW REPRESENTATIVE FOR BELGIUM AND LUXEMBURG
In the past the needs of OUl' customers

in Belgium and Luxemburg have been
served by our representative for the
""etherlands, Technische Verkoopkan
tOOl' Groenpol, Amsterdam, Holland.

Effective September 1, 1959, the Bel
gium firm, S. A. l\1ultitcchnic, took over
these responsibilities and will now be

serving directly our customers and pros
pective customers in Belgium and Lux
emburg. All inquiries concerning Ceneral
Radio products, whether they be of a
technical or a commercial nature, should
be addressed to:

S. A. Multitechnic
30, Place Sainctelette, Bruxelles 8

General Radio Company
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A NEW ANALYZER
FOR SOUND AND VIBRATION

The TYPE 1554-A Sound and Vibra
tion Analyzer (Figure 1) is a ncw instru
ment designed to supersede both the
TYPE 760-B Sound Analyzer and the
TYPE 762-B Vibration Analyzer. Its
tuning range (2.5 to 25,000 cycles per
second) is wider than those of the two
earlier analyzers together. It provides for
the first time a continuously tunable
one-third-octave pass-band as ",Yell as a
narrow band (8%). Among its other
features arc an (lall-pass" mode of op
eration for measurement of the level of
the entire input sig
nal, greatly in
creased attenu
tion far from the
cen tel' of the analy
sis band, and IO-to
1 span on the main
frequency dial.

This new analyz
er is battery
powered and port
able and is, there
fore, convenient for
analysis of sound
and vibration (lin
the field" In the
laboratory, in con
junction with the
TYPE 1521-A
Graphic Level Re
corder, it provides
continuous records
of level versus fre
quency.

Several types of
analyzers are used

Pigure 1. Panel View of
the Type 1554·A Sound
and Vibration Analy:z:er.

for the analysis of sound and vibration
speetra. The constant-bandwidth het
erodyne type, exemplified by the Gen
eral Radio TYPE 736-A, is very useful
where a high degree of selectivity is re
quired, i.e., where the frequency separa
tion of adjacent components is very
small. The constant-percentage-band
\\"idth type, of which the General Badia
TYPE 7GO is an example, has a band
"width whidl increases in proportion to
its center frequency.

The analysis of sounds with broad-
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2. Electric Wave Analysis.

Outside the field of purely acoustical
mcasurements, the TYPE 1554-A Sound
and Vibl'ation AnalyzeI' has considerable

Figure 2. Re5pon,e characterisfiu of the onl;lly:rer.

1. Measurement of Noise and Vibration.

Figures 3 and 4 show sound and vi
bration spectra as measured with the
anal~rzer. These measurements were oc
casionf'd by the presence in a group of
offices of an intense low-frequency noise,
which \\·as easily traced to an air com
pressor some distance away. The meas
ured spectra were plotted on Codex ~o.

31.462 graph paper, which is especially
arranged for onc-thil'd-octave frequency
analysis. Dots on the main frequency
dial of the TYPE 1554-A allow one to
advance it easil~r from one preferred one
third-octave center frequency to the
next. The strong 40-cyclc peak shown in
the noise spectrum of Figure 3 \\"as evi
dently the annoying component. A
simple calculation demonstrated a res
otlance in the offices at this frequency.
The vibration measurements were made
on the pump structure and indicated
that no important vibration at tbe of
fending frequency was present. The pul
sations of air at the compressor intake
proved to be the source of the noise.
Corrective measurcs were taken, and
the resulting sound spectrum is shown in
Figure 5.

Because the measurement extended to
frequencies below 20 cycles, the TYPE

761-A Yibl'ation l\1eter was used for both
sound and vibration measurements. For
sound measurements, the vibration pick
up Ims replaced by a microphone of the
type used on the TYPE 1551-B Sound
Level :\1eter, and the selector switch on
the yibratioll meter was set to ACCELEP.

A'l'lOl\" .

o,
fifoo.

A WIDE VARIETY OF USES

The TYPE 1554-A Sound and Yibra
tion Analyzer has bcen designed for
anal~rsis of the output voltages from the
TYPE 1551-B Sound-Level ~Iclcr and
the TYPE 761-A Yibration Meter, but
also has many other uscs in acoustical
and electrical wave analysis.

band or continuous spectra requires the
measurement of bands of noise, rather
than of discrete components, and for
this purpose octave-band analyzers, like
the General Radio Tn'E IavO-A, are
used. This type of analysis pro\-ides
data for the calculation of speech inter
ference level and hearing-damage risk.

A later development, and onc of ever
ihcreasing popularity, is measurcment
with a one-thIrd-octave bandwidth,
which gives more detailed spectrum data
than the octave band, but which is still
not as time-consuming as a very-narro\\"
band measurement. ::Vlan~· standard
measurement procedures and some mil
itary specifications now call for one
third-octave analysis. It was to provide
equipment for such measurements that
the TYPE 1554-A Sound and Yibration
Analyzer was designed. To achieve max
imum usefulness, the frequency range
was extended to include those low fre
quencies of interest in most \"ibration
measurements, and the narrow filtcl'
characteristic was added for the identi
fication and measurement of single-fre
quency spectrum components.
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Figure 3. Sound spectrum of Figure 4. Vibration spectrum at Figure 5. Sound spectrum of
noise in office. pump. office noise ofter corrections.

3. Use with Graphic Level Recorder.

There arc many advantages to using
the TYPE 1521-A Graphic Level Re
corder to record automatically the out
put of the sound and vibration analyz
er. Data are acquired with much less
concentration and strain on the part of
the operator; they are acquired more
rapidly; and are in the form of continu
ous curves rather than as data taken at
discrete points such as the one-third-oc
tave band center frequencies. Figure 7 is
a photograph of the TYPE 1554-A Sound
and Vibration Analyzer coupled to the
TYPF; 1521-A Graphic Level Recorder.

wards with increasing frequency at 3
db per octave.

,0

ff""-,
!
l
I•••I

Figure 6. Sper::trum level
of the Type 1390·B Ran
dom·Noise Generator as
measured with the one
third-or::tave bandwidth.

usefulness as an electric wave analyzer,
especially for the determination of the
spectrum of electrical noise signals. A
particularly difficult problem has been
the accurate measurement of the Iow
frequency spectrum of the output of the
General Radio TYPE 1390 Random
Noise Generator. Previously, with a
narrow-band analyzer, it has been neces
sary to use exceedingly long averaging
times to produce reliable data. The
measurement can be made more easily
with the one-third-octave bandwidth,
which permits a shorter averaging time,
but is still sufficiently selective to yield
reliable data. A graph of the one-tbird
octave spectrum level as a function of
frequency for the TVPE 1390-B is shown
in Figure 6. Note
that, because the
bandwid th of the
analyzer is propor
tional to the fre
quency to whichjtis
tuned,I'white"noise
appears to slope up-
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Special chart paper, TyPE CTP-554, for
the recorder has a frequency scale which
matches the dial of the analyzer. Be
cause the lower limit of the frequency
range of the recorder is 20 cycles per
second, this chart paper covers only the
top three dial spans of the TYPE 1554-A,
from 25 to 25,000 cycles per second.
Within this frequency range, the com
bination of the analyzer and recorder
can be used for the frequency analysis of
sounds, vibration, or electrical signals.

An example of this use is the measure
ment of the response of a loudspeaker
in a room inadequately treated for good
listening properties. 'Yhen such a meas
urement is made ,vith a sine-wave signal,
the response fluctuates over a wide range
of level, depending stl'Ongly upon the
position of the receiving microphone.
The results of two such measurements
made with the TYPE 1304-B Beat-Fre
quency Oscillator chain-driven by the

Figure 7. View of the analyzer with dial drive coupled
to the Type 1521-A Graphic Level Recorder.

recorder are shown in Figure 8. It ,,"ould
be difficult to average a number of such
curves or to draw a relatively smooth

average curve on
either graph. It
has been custom
ary in acoust,i('
measurements of
such systems to
use a warble tone
(a sine-wave sig
nal fl'equency
modulatedavera
relatively widf'
rangeatalowfre
quency) to aver
age, in effect".

Figure 8. Two typical
loudspeaker charac
teristics as measured
with a sine-wave sig
nal from the Type
1304_B Beat-Fre
quency Audio Gener
ator and recorded
automatically on the
Type 1521-A Graphic

Level Recorder.
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Figure 9. Schematic of pink noise filter.

filter as measured with the one-third
octave bandwidth al'eshown in Figul'e 10.

This pink noise was applied to the
loudspeaker in the same location and the
response was recorded after passing
through the onc-third-octavc filter of
the TYPE 1554-A. Figure 11 is a block

MICROPHONE

G

TYPE 1551-6
SOUND LEVEL

METER

TYPE 1554-A
.- SOUND 6 VIBRATION

ANALYZER

TYPE 1521-A
.- GRAPHIC LEVEL

RECORDER

,-
wi
~I

151
zl
-I
~I
U L _

"PI NK" NOISE
FILTER

TYPE 1390-6
NOISE

GENERATOR

POWER

AMPLIFIER

LOUD
SPEAKER

over a range of frequencies and thereby
produce a smoother response curve. From
such a curve, gross tendencies away from
ideal performance can be easily detected
and corrective measures designed. A
more modern technique uses random
noise. It is convenient to correct first for
the 3-db-per-octave slope of white noise
as viewed through a constant-percent
age-bandwidth filter. A filter having a
slope of --3 db per octave from 20 to
20,000 cycles per second is shown in
Figure 9. vVhite noise which has been
converted by such a filter from constant
energy per cycle to constant energy pCI'

octave has been called ('pink" noise.
l

T'he spectra of the white noise output of
the TyPE: 1390-A Random Noise Gen
erator and the pink noise output of the

le. G. ::\1ayo and D. G. Beadle, "EquipmCll! for Acoustic
;\ICRsurcments (P:Irt 4)," j<Jleclronic E'n()1'ncerm(j, \"01. 23,
pp. 4(;2-405, DC>ef'lllbcr, la.) 1.

Figure 11. Block diClgram of the system used for the
loudspeoker measurements.

Figure 10. (Upper curve) White noise output of the Type 1390-B Random-Noise Generator CIS measured by
the one-third-octove bClndwidth and (lower curve) pink noise output of the filter. Curves were plotted Cluto

mClticolly on the Type 1521-A Grophic-Level Recorder, coupled to the Type 1554-A Sound and VibrCltion
Analyzer•

l.
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diag-ram of the measurement system.
The response is shown in Figure l2, and
the imprO\'cment over the curves of
Figure 8 is evident. The response
measured with the narrow filter of the
TYl'j-: 1554-A is shown at the bottom.
lIere a little more of the fine structure
of the curve is apparent,

On these curves the fluctuation stead
ily decreases as the center frequency
increases because the pass band of the
filter is steadil~' increasing. This will
bc a characteristic of all such recordings
of noise signals made with the TYPE
1554-A or any other constant-pcrccnt
age-bandwidth analyzer.

Thc analyzer used with a random
noise generator constitutes a generator
of one-third-octave bands of noise, which
are desirable for many types of acoust.i
cal measurements. The superiority of
ollC'-third-octa\'c bands of Iloise over
warble tones for measurements of sound
decay time has been pointed out in a
recent article.: An example of this use of
the TYPE 1554-A Sound and Vibration
Analyzer was the measurement of the
reverberation time of a large auditorium

reported in a recent issue of the Experi
menter.3 The block diagram and the re
corder chart (Figures 7 and 8 of that arti
clc, respectivcly) show the measurement
setup and the resulting decay curve.

DESCRIPTION OF THE TYPE 1S54-A
SOUND AND VIBRATION ANALYZER

Figure 13 is a block diagram of the
TYPE: 155..t-A Sound and Yibration Ana
lyzer. The four main blocks are the
preamplifier, the two tuning units, and
the metor-and-output amplifier. There
are two attenuators operated by coaxial
controls. Thc large outer dial controls
the input attenuator, which is used to
adjust the gain of the preamplifier to
suit the input signal; the knob controls
the main attenuator, which is used dur
ing the analysis of a signal. The main
attenuator is in three separate sections,
located at the inputs of the tuning units
and of the meter-and-output circuit.
Consecutive 10-db steps of attenuation
are inserted in the different sections in
such a way as to yield the greatest pos
sible dynamic range and protection
against overloading.

2C. G. Bll.lachandr:lll, "nandom Sound Ii'icld in Hc\·erherll.
lioll Chambers:' The Journal of IIle ACOU8t1("(l1 Sociay of
.Imrrica, '·01. 31, pp. 1319-1321, OctnJx.r, 1959.

1)1. c. Holtjc (HId :\l. .1. Fihmorris, "A Graphic IAl\',,1
Ree:'Order With High 1::icn,;itiyity and Wide Hnnges," Gell
eTal Radu. EXpI'T"imcflta, June. HI.')!).

Figure 12. loudspeaker response as meClsured with pink noise C1nd (top) one-third-octClve bClndwidth on the
analyzer and (bottom) narrow bandwidth.
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Figure 13. Block diagram of the analyzer.

A simplified schematic diagram of one
of the tuning units is shown in Figure
14. The circuit is basically a two-stage
tube-ancl-transistor amplifier. There is
ncgative feedback from the collector
circuit of Q-I to the filament of '·-1,
which stabilizes the gain of the amplifier
and the operating points of V-I and Q-2.
There are two possible paths for positi\'c
feedback. One of these is the so-called
'Vicll bridge network, which produces a
maximum feedback at one frequency
and gives the tuning unit its selective
characteristic. The other is a resisti\'c
voltage divider, which gives the tuning
unit its flat frequency 01' all-pass char
acteristic. \Vhen either positive feed
back network is used, there is ah\-ays an
excess of negative feedback for stability
of gain.

The one-third-octave response was
synthesized b,· choice of the Q and the
frequency separation of two tuning units
in cascade. The resul tan t response is flat
topped, as shown in Figure 2. 'Vhen the
BAXDWIDTH switch is in the XARROW

position! the t,,-o circuits are tuned to
the same frequency, producing the
narrow peak shown also in Figure 2.
The resulting band,,-idth is 8%, approxi
mately one-tenth octave.

Iyzer can be calibrated to be direct
reading in sound-pressure leyel. The
method for doing so can best be ex
plained by reference to Figure la, a
photograph of the attenuator controls.
T'he large outer dial marked IXPUT AT

'rtJXUATOR is set according to the ampli
tude of the input signal so that the ap
propriate number is adjacent to the IX

PUT VOl.II'S SHOULD KOT EXCEED marker,
The main attcnuator knob is usually
turncd fully clockwise (as it is in Fig
ure 15) dUl'in~ calibration. The signal
from the sound-levcl meter IS con
nected to the input of the analyzer and,
with the anal~rzcl' BAKDWIOTH switch set
at AI~L-PASS, the reading of the analyzer
meter can be made the same (in decibels)
by adjustment of the CAL thumb con
trol, whilc at the same time the mov
able DECIBELS dial under the attenuator
knob can be moved so that the same
number is below the pointer of the knob
as is shown at the windo\\- of the at
tenuator on the sound-level meter.

Both the sound-level meter and the
analyzer then read the same oyer-all
level, and the analyzer is thenceforth
direct reading in one-third-octaye sound-

Figure 14. ElementClry schematics of the tuning unit
used in the analyzer.

CALIBRATlON

For measurements made In conjunc
tion with the TYI'E 1551-B Sound-Level
l\Ieter, the sound and yibration ana- INPUT
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Figure 1 S. View of the attenuator dial.

pressure level (t,he sum of thc meter
reading on the decibel seale and the in
dication of the attenuator knob against
the DECIBELS dial).

A similar system can be used with the
TYPE 761-A Vibration Meter to make the
analyzer's meter scale direct reading in

amplitude. The analyzer also can be op
erated directly from a micl'Ophone, if
the component levcIs are sufficiently
high (see specifications), and the TYPE
1552-B Sound-Level Calibrator can be
used for calibration.

If the analyzer is to be used for elec
trical signal analysis, it can be inter
nally calibrated by usc of a 1I5-volt ac
line to be direct reading in voltage at the
input jack.
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SPECIFICATIONS
Frequency Ronge: From 2.5 to 25,000 cycles in four Direct Use with Microphone:
ranges. The FREQUENCY dial is calibrated Microphone Type Component Levels Must Exceed
from 2.5 to 25 cyeles; the FREQUENCY MUL- 759-P25* 50 db re 0.0002 microbar
TIPLII~R switch has four positions, 1, 10, 100, 1551-PIL 50 db re 0.0002 microbar
and 1000. 1551-P1H 65 db re 0.0002 microbar
Frequency Calibration Accuracy: ±2% of the fre- Output: Jack on front panel provides approxi
quency dial settings. mat.ely 1 volt, open circuit, when meter indi
Input Voltoge Range: ]00 microvolts to 30 volts cates full seale. Output impedance, 5 kilohms.
for useful indication. Most sensitive range is 1 Tubes: Four CK512AX and two CK526AX.
millivolt full sCRle.
Frequency Response: "NARRO\V": Maximum Transistors: Six 2N169A, two 2N52]A, and seven
response is flat±2 db over the entire tuning 2N324.
range. "ONE-THIRD OCTAVE": Maximum Botteries: Four 1.5 volt (Eveready No. 935 Size C
response is flat ±4 db over the entire tuning or equivalent) and two 67.5-volt (Eveready
range. With respect to the "ALL-PASS" re- No. 467 or equivalent). Batteries are supplied
sponse, the effective bandwidth for noise is one- with instrument. Life of batteries approxi
third octave ±2 db. "ALL-PASS": Flat from mately 100 hours. A BATTERY CHECK po
2.5 cycles to 25 kilocycles ±2 db. sition on the OFF-ON switeh connects the panf'l
Bandwidth: "NARRO\V": (See plot) Response meter to indicate when the bn.tteries are satis
is down 3 db at ±4% of selected frequency. factory or need to be replaced.
At one-l.lalf and twice selected frequency, re- Accessories Supplied: Shielded cable-and-plug as
sponse IS down more than 40 db. "ONE- sembly for conneetion to sound-level meter.
THIRD OCTAVE": (See plot) Bandwidth is Plugs to fit input and output jacks. Cable-and
1.26:1 at the 3 db points. At one-half and twice plug assembly for calibration using ] J5-volt.
the selected frequency, the response is down line. Pouch for accessories. Airplane-Iuggage-
more than 30 db. type carrying case.
Input Impedance: 100 kilohms, unbahmced. Low Dimensions: 10%+ 15%+ 11>-2 inches, over-all.
input terminal grounded to case. Weight: 31 Y2 pounds without accessories or earry
Meter: Three ranges, -10 to + 10 decibels, 0 to iog case; 39% pounds with accessories and carry-
3 volts, and °to 10 volts. illg case.
Attenuator: Adjustable in 10-db steps. *TYPE 1550-Pl Adaptor Plug required (see below).

Type Code Word Price

lSS4-A

lSS0-P1 I
Sound' and Vibration Anolyzer .
Set of Replocement Batteries ........•.•.....•..
Adaptor Plug. . . . . . . . . . . . . . . . . . . . •. . .•......

DRA.\[A

DRAMAADBAT

MATOR

$1060.00
7.80
4.00
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INCREASED BIAS CURRENT RATING ON
TYPE 1607-A TRANSFER-FUNCTION

AND IMMITTANCE BRIDGE
The maximum permissible continuous

d-c bias curren t rating of the 'TYPE

1607-A Transfer-Function and Immit
tanoe Bridge has been increased from
100 ma to 250 mao The new rating ap
plies to both old and new instruments,
since no change has been made in the
instruments, but a re-examination of the
temperature rises involved has shown
the original rating to be too conserva
tive.

In measurements on transistors with
this instrument, in some cases difficulty
has been encountered as a result of Io\\'
frequency oscillations arising in the cir-

cuit consisting of the external pO\ycr
supply and bias filters in combination
with the transistor. This difficulty sho\ys
up as an inability to balance the instru
ment to a complete null. (The omission
of the TYPE 1607-P500 Damper Unit
may also produce a similar effect, but
the resulting oscillation is then at a
high frequency.) The presence of this
low-frequency oscillation can be de
tected by means of an oscilloscope and
cured by a rearrangement of the power
supplies or hy the addition of appropri
ate by-pass capacitors and 10adinJ1; re
sistors.

A 50-OHM TERMINATION FOR THE
TYPE 805-C STANDARD-SIGNAL GENERATOR

To facilitate measurements on 50-ohm
devices, a new 50-ohm termination,
TYPE 805-P2, is now available for use
with the TYPE 805-C Standard-Signal
Generator. This generator has an open-

circuit output impedance of 75 ohms,
and the termination unit normally sup
plied with the generator gives output
impedances of 37.5, 7.5, and 0.75 ohms.
The output voltmeter reads output

II

GENERATOR
TYPE 805-P2

OUTPUT CABLE TERMINATION
UNITE:T-Z ~ son
~ Eo EO~E ~METER1 0 9i2

TYPE BOS-P2 TYPE 1000-P3
TERMINATION VOLTAGE DIVIDER

UNIT

READING

Figure 1

F!gure 2

75n 12.sn

7Sn

49-'1

rn
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Figure 3 TYPE B05-P2 TYPE IOOO-PI TYPE IOOO-P4
TERMINATION TERMINATION OUMMY ANTENNA

UNIT UNIT

~Wlo
1-=-----l=±--L--~,-.l
~ ~

voltage direcUy for the 37.S-ohm
termination; for the two lower im
pedances, the voltmeter reading is
divided by 10 and 100, respectively.
'The TYPE 805-PI Termination Unit
supplied with the generator also in
cludes a dummy antenna.

The TYPE 80S-P2 SO-ohm Termina
tion Unit is shown schematically in
Figure 1. It will be seen that the no
load voltage is still indicated correctly
by the panel meter. With a SO-ohm

load, the load voltage is one-half the
meter reading.

Figures 2 and 3, respectively, show
the 50-ohm termination unit as used
with the standard TVPE 1000-P Signal
Generator accessories, the TYPE lOOO-P3
Voltage Divider, and the TYPE 1000-P4
Dummy Antenna.

The maximum output voltage with
either termination is 2 volts. 'Vith the
termination removed, the maximum
open-circuit output voltage is 4 volts.

T.I./pe Code Word Price

805-P2
1000-P3
1OOO-P 1
1000-P4

50-ohm Termination Unit. . . .. . .•.......•.....
100:1 Voltage Divider ...........•....•..•.....
50-ohm Termination .............••....•......
Dummy Antenna ............•....•..•.....•.•

ALTER
AltMOR
A LOUD
ARROW

$25.00
17.50
25.00
15.00

, , ,
SALON INTERNATIONAL DE PIECES DETACHES, TUBES,

ELECTRONIQUES, ACCESSORIES, APPAREILS DE MESURES
POUR LES INDUSTRIES ELECTRONIQUES

This international exhibit will be held
at the Pare des Expositions, Porte de
Versailles, Paris, February 19th thl'Ough
23,-d, 1960.

General Radio ,vill participate again
as in 19S8 and will show a group of mod-

ern electronic instruments for laboratory
and production. Engineers from our
representatives in France, ETS. HADI
OPHO)/, will be in attendance to greet
our overseas friends and to discuss their
measurement problems.

General Radio Company
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