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VARIACY Adjustable
Autotransformers are now
available in a uniform de-
sign in 60-cycle ratings from
0.36 KVA to 52 KVA, in
panel-mounting, wall-
mounting, and portable
models, with or without
cases, and for either man-
val or motorized operation.
High-frequency wunits for
350- to 1200-cycle service
have ratings from 0.34 kva
to 10 kva.
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NEW TYPE W10 VARIAC' AUTOTRANSFORMER

Type WIOM Variac

The General Radio Variac® Auto-
transformer, one of the most widely
copted products in the electrical in-
dustry, has been constantly improved
since 1ts mmtroduction to the mmdustry
over 25 vears ago. Frequent improve-
ments not noticeable to the user are
made to assure greater reliability and
better performance while, at intervals of
several vears, complete model changes
are made which incorporate the result of
vears of development work. Through a
continuous program of development,
General Radio engineers are constantly
seeking new materials, design techniques,
and manufacturingmethodsand applying
them to the building of better Variacs.

One of the fruits of this program is
the Duratrak contact surface; another is

Type W10 Variac

the “W”’ Variac design, of which the
10-ampere Type WI10 (115 volts) and
4-ampere Type WI10H (230 volts) are
the latest examples, replacing the Type
V-10 series. The features of “W’’ Variacs
have been desceribed in detail previ-
ously.” Improved heat transfer, im-
proved insulation for better electrical
performance : the substitution of wrought
metal for castings to improve mechanical
properties; dise radiators to protect the
brush track. ete. Now, all General Radio
Variacs bear a strong family resemblance

1“Nore New Variacs®." General Radio Experimenter, 30,
12, May, 1956, pp. 13-15.

“The Type W5 Variac® — A New and Better Variable
Autotransformer,” General Radio Expertmenter, 30, 7.
December, 1955, pp. 1-10.

“The Type W20 — A New 20-Ampere Variac® Auto-
transformer,”’ General Radio Experimenter, 32, 15 and 16,
August-September, 1958, pp. 3-5.

“New ‘50" Size Variacs® — Types W50 and W50H,"
General Radio Experimenter, 31, 11, April, 1957, pp. 3-9.

The “W" family of Variacs. Cased 115-volt models shown (left to right)

have current ratings of 40, 20, 10, 5, and 2
amperes, respectively.
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VARIAC RATINGS
115-VOLT INPUT

based on the application of the same
sound principles to all models, differing

only in particulars necessitated mainly KVA Type
by differences in power-handling ca- i wz
pacity. That the development program 1.5 |W10
has been a complete success has been . x:g
amply demonstrated not only by con- 6 | W20G2
2 . w e | Portable model with 9 W20G3
sumet acceptance, but‘b}'r t}'lat TRORL e 1 a5 | WEpay
sincere form of flattery, imitation. available in 2- and 17.25 | W50G3
Motor drives can be furnished on Typr e sppes: 28 [ H300a88
lotor drives can be furnished 3c 5 lumnecin

W10 single or ganged Variacs for servo

. ot 230-VOLT INPUT
work and for remote positioning ap-

B ww 0.6 |W5H
plications. - W2G2
& 1.2 |WIOH
Fully enclosed, two-phase, gear-re- ST o s
duction motors of the servo type are ® 24 |W20H
used. For servo applications, the motor Z 3 whoes
S R . 4.8 | W20HG2
has low moment of inertia and high 6 W20G2
£ AT ragray il _-' ' " b - 7-5 WSOH
(.1;11,15._{111.{141 acceleration. For remote po- . oo o o i ol
sitioning, the same servo motor assembly  mounting has conduit 22.5 | W50HG3
. 1° : ‘ s T : I knockouts. 30 W50HG4BB
with a different _shai‘f. S[:)EPd 1s used l}}e . ki i
low moment of mertia is useful to avoid

460-VOLT INPUT

V.2 W5HG2
2.4 WI10HG2
4.8 W20HG2
15 W50HG2
30 W50HG4BB
45 W50HG6BB

230-VOLT INPUT

overshoot.

Single, two-gang, and three-gang units
can be equipped to provide traverse
rates of 8, 16, 32, and 64 seconds for 320°
of travel for either servo or remote po-
sitioning applications and 128-second

traverse for remote positioning only. The + KVA Type
single units (Types W10 and W10H ) can  Uncased model #or :-gs azggz
also be equipped to provide 4-second PRie] IROUNEg. 2.1 | WIOHG2
- T TR UV TR e 3.1 |W5G3
t .:1}: erse rate for servo .c??p[)l](,.a,tl()ll? onl}‘f. ol K
The Type W10 series of Variacs 18 W 52 |WI0G3
JETTRTR P Y h < 104 |W20G3
i-.wcl.llab_l'e in a wide assol t::meut oi. mod E s ot
els, 115- and 230-volt input, line or w 20 W50G3
T . | Ly . T x 26 W50HG4BB
overvoltage 01.1’(.})11’(, bll}gle or ganged, I a0 s anetean
open or cased, with or without ball bear- = SO VOLT INPUT
mgs and motor drnfe as well as cased -- 21 | WSHGS
portable models with cord (two- Or Overload protector, a 4.1 |WIOHG3
. . S . feature on portable 8.2 W20HG3
hree-w -on swite let, pro-
three-wire), off on switch, outlet, p il b i e s e
tector, and carrying handle. fron: panel. 52 W50HG6BB

— (FJILBERT SMILEY

(Right) Cover of cased model is easily
removable for access to terminals, mount-
ing holes, etc.

(Far right) Shaft is easily adjusted or re-
placed without disturbance to the rest of
the assembly.
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5
Line-Voltage Overvoltage
("onnection (C'onnection
? v E‘: v E"“ - © E'E I -:'1::% > | -~ ;
ol 4 ES @87 &8 |B8T| Sk | 88 |23T|8:3| Q8¢ (==8| O -3
W10 115 | 10 jo-115 13 | 1.5 |0-135| 10 | 17 | 30-60|121%| pocaL | $31.00
Open | |
WI10M 115 | 10 |o-115] 13 | 1.5 [0-135] 10 3060 15 44.00
With case | |
- . i — t-‘ < _"_‘_
WIOMT 115 See note! below 0 I.i5‘ 10 17 | 30-60 16 | pocic | 48.00
Portable 2-wire | | |
- . - e —
WIOMT3 115 See note! below 0135 10 17 |30-60 16 | pocom | 51.00
Portable 3-wire | | |
s —-—‘—-——I‘-——I—_———I_—_
WI10H 230 4 0-230f 5.2 | 1.2 |0-270 1 ) LUTAL | 33.00
Open 30-60 |12
115 2_‘ 0-270 2 |
e ———————) S| —
WI0HM 230 4 10-230| 6.2 | 1.2 |0-270| 4 17 LUTER = 46.00
With case 30-60 (14 14| |
115 | 2 0-270| 2 -
— . - -
WIOHMT 230 See note!' below 0-270| 4 17 30-60 1515 Luri 50.00
Portable 2-wire | |
_—_k_+— - - - .
WI0HMT3 230 See note! below 0-270 1 17 1 30-60 1515 Lurom | 53.00
Portable 3-wire | |
VBT-10 Replacement Brush for Type W10, per =et 1.25
VBT-11 Replacement Brush for Type WI0H, per set 1.25

IMT and MT3 models have overvoltage connection and corresponding dial seales, but can be supplied on special order
with line voltage connections and dial scales.

GANGED MODELS

Load Rating KV A f;*p“-fl
— Ane |
Type Parallel| Series, Delta | Wye | Volts |  Code Word |  Prive
s . Seia 3.0 2.6 115 | -
s S e Sy DOGALGANDU | .00
ot | 3.0 | 230 | . _
WI0G2M | 2-gang W10 cased Same as W10G2  DOGALBONDU 93.00
4.5 115
WI10G3 3-gang W10 R — ——— DOGALGANTY 105.00
| | | §.2 230
WI10G3M  3-gang W10 cased Same as W10G3 DOGALBONTY 128.00
WIOHG2 |2 W10H 2.4 | 21 230 - 76.00
n 8 LUTALGANDU :
i 24 460 gl
WIOHG2M 2-gang W10H cased Same as WIOHG2 | LUTALBONDU 97.00
3.6 | | | 230
WIOHG3  3-gang WIOH | — | ‘ | LUTALGANTY 111.00
_ | | 42 | 460
WIOHG3M 3-gang WI10H medi Same as WIOHGS3 LUTALBONTY 134.00
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NEW CONNECTORS FOR THE LABORATORY
PATCH CORDS, SHIELDED PLUGS, ADAPTORS, INSULATORS

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 1t to other devices and cireuits.

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 may be.

Binding posts, plugs and jacks, patch
cords, and similar devices have always
been made available by the General
Radio Company. These have been used
not only with General Radio instruments
but also with those of other manufac-
turers, since nearly all have adopted the
(zeneral Radio standard of jack-top
binding posts, spaced 24 inch on centers.

The Tyrr 274 Plugs, Jacks, and Patch
Cords, together with the Typrr 938 Bind-
ing Posts in their several combinations,
are an integrated set of low-tfrequency
connecting devices, which are used on
and supplied with General Radio instru-
ments and are also sold separately. A
number of these have recently been re-
designed to have greater flexibility and
adaptability than previous designs.

The well-known Double Plug, Type
274-M B, molded m polymethylstyrene,
18 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 1s a new design having an anodized
alummum shell, ceramie insulation, and
providing strain relief for coaxial cables

Type 274-MB Double

Plug of low-loss, heat-

and - impact - resistant
polymethylstyrene.

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

of 0.200 and 0.250 inch outside diameter.
A wide variety of military and other
coaxial cables 1s made in this range of
s1zes.

For single-wire connection, the Tyrxr
274- DB Single Plugs are still available in
both red and black polymethylstyrene.

A combination of four assembled cords
with connectors on the ends suitable for
the type of connections commonly made,
and a versatile cord capable of adaption
to many tvpes of terminals, satisfies
practically every need met in the lab-
oratory, at frequencies up to several
megacvecles.

For complete shielding, the Typr 274-
NL Patch Cord connects two pairs of
binding posts, adding less than 100 uuf
to the circuit. If complete shielding is not
required and more than one connection
18 desired at one pair of binding posts,
the Typre 274-NP serves the purpose. It
has high-grade insulating materials
throughout and less than 100 uuf 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.



Type 274-NL
Patch Cord for
shielded con-
nection be-
tween %'
spaced bind-
ing posts.

A shielded connection between any

combination of binding posts on 24 1nch
centers, binding posts at other than 24
inch centers, “bread boards,” and TyPE
874 Coaxial Connectors can easily be
made by use of the Typrr 274-NO Uni-
versal Patch Cord. This cord consists of
a coaxial cable, with a T'ypre 274 Plug on
ach end of the center conductor, a metal

Type 274-NP
Patch Cord con-
nects between
%"’ spaced bind-
ing posts, allow-
ing for multiple
connections.

ferrule on each end of the shield, and a
pigtail lead, with Tyre 274 Plug at-
tached to the ferrule at each end of the
cord. These plugs can go directly nto
jack-top binding posts or jacks spaced
up to three meches apart. By addition of
the Typr 274-NT" Shell, a completely

shielded connection can be made to a
pair of bimding posts as 1 the Typr
274-N1L. Patech Cord. Addition of the
Tyre 874-QN6 to this universal cord
adapts 1t for connection to the widelyv
used Tyre 874 Coaxial Connectors.
Lastly, the addition of Typre 838-B Alh-
gator Clips permits connection directly
to any pomt i experimental or other
circeults.

Bridging the gap from the Typr 874
Coaxial Svstem to the Typre 274 Plug-
Jack Svstem is the Typr 874-R34 Patch
Cord. With 1t a pair of binding posts can
be connected to a Type 874 Coaxial
Connector with complete shielding. All

Type 874-R34 Patch Cord

the versatility of the Type 274-NO Cord
described above can be had on one end
of the Typre 874-R33 Patch Cord while
the other end 1s plugged into a 'I'vypre 87
Connector. This latter cord used with
the Tyrr 874-() line of adaptors will con-
nect virtually anvthing to anvthing.

To add still further flexibility to the
svstem, the new Type 274-Q)BJ Adaptor
provides a means of connecting a pair of

(For left) Type 274-NO Universal Patch Cord. (Below) shown with (left) Type 938 Binding Posts, Type
274-NT Shell; (right) Type 874-QNé Adaptor, Type 838-B Alligator Clips.
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jack-top binding posts to the popular

BN (C-type connector.
Another new design is the TypeE 938-
Y B Double Binding Post Insulator. 1t 1s

(Left) Type 274-QBJ Adaptor to BNC. (Right) Type
938-YB Double Binding Post Insulator.

in every way compatible with the well-
established Typr 938-WIR, 938-WB, and
038-P Jack-top Binding Posts, but can

T'ype
274-MB  Insvlated Double Plug...........
27 4-NK " Shielded Double Plug. ..........
27 4-NL IR NCEIE.. oL o ks e e s e
27 4-NP R R oty v By 2 Rl e
874-R34 PRI I 57 o s o ua a e & & & 594
874-R33 PO O . 5 e s 5 siehied s o s s o ele
274-NO Universal Patch Cord. . .. ... ....
274-QBJ Adaptorto BNC. . . .............
874-QN6 CIT TR R e
938-YB Double Insulators. . .............
838-B ASOIOr G +s 50 50vs viveee

lllllllllllllll

iiiiiiiiiiiiiii

be conveniently mounted on panels up to
%1¢ 1nch thickness in two 15 ineh di-
ameter holes. The black polymethyl-
styrene material gives it a voltage rating
of 4000 peak with less than 1 uuf capaci-
tance between binding posts.

These new connectors, plus the Typg
038 Binding Posts and the Typr 874
Coaxial Connectors and Adaptors, pro-
vide well-designed, high-quality inter-
kinds of
electronic equipment operating at fre-
quencies from de up to about 5000 mega-
cycles.

connection systems for all

— H. C. LITTLEJOHN

Code Word Price
............... STANPARBUG $0.65
............... STAPLUGNUT 1.35
............... STAPLUGBAT 4.50
............... STANPARYAK 3.50
............... COAXFITTER 5.50
............... COAXLINKER 5.00
............... STANPARKID 3.25
............... STANPARMUG 2.50
............... COAXCHOSER 1.00

STANPARPAN .20
STANPARNIP 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 Tyepr 1391-A model, originally de-
scribed in 1953, was the result of an
effort 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 advance in technology which brings
it nearer to the status of the standard-
signal generator as an accurate, stable,
and dependable laboratory tool.

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, Typr 1391-A, are re-
tained"*. In particular, the following
retained features have been
proved:

1. The 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 amplitude.

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 de component.

im-

1 Proceedings of the National Electronics Conference, 1953.

2R, W, Frank, **A Versatile Generator for Time-Domain
Measurements," General Radio Experimenter, Vol. 30, No.
12, 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 de coupled stages of
the pulse generator and output system
to increase their bandwidths with a con-
sequent reduction in rise time. The 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 de-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 inereased
stability and reliability. Negative-feed-
back principles and reduced plate dissi-
pation (most of the pulse-amplifier tubes
run at less than half their 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 de connection
from the external systems to the trigger
circuit and (2) an adjustment of the
triggering threshold voltage. This in-

Figure 2. View of generater 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
puise has been made. With this new ar-
rangement it i1 possible to mix inter-
nally produced pulses with pulses gen-
erated by outside systems or with pulses
produced by the input and delay circuits
of the Typr 1391 itself. With the pulse
timed by both the normal system and

e the delay circuits, the user can produce
oeLTIG F1ie an accurately timed double pulse. If ex-
----------------- ternally generated pulses are mixed with

L5 oeeareo those produced internally, multiple

| Bt Ml moe o = pulses or even pulses having different

BRNE @ ] repetition rates will be produced by the
pulse-generating circuits.

————‘/L—()PUS.SWEEP

_-_—EONEG.SWEFF
SWEEP
CIRCUITS -——'—'—J_—LQPOS SATE

1r Figure 3A. System block diagram showing major

p——a—————————0 NEG. GATE 5 2 A e %
circuit groups and their interconnections.

PULSE POS. PULSE
SOURCE
CIRCUITS NEG. PULSE

DELAYED

/1 PULSE
TIMING
CIRGUITS
sTOP !




The newly 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 have been replaced with
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 one. It
consists (Figure 3) of a precision delay
generator, a saw-tooth sweep generator,
and a pulse generator. A versatile input
circuit is included, which is capable of
driving 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 by a periodie
signal source such as the General Radio
Type 1210-C Unit R-C Oscillator, or by
a one-shot, or random, change in voltage.
Alternatively, an output signal from the
AMPLITUDE
PRF
DRIVE
DIRECT
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generator can be fed back into the input
terminal to provide a timing period set
by the internal circuits themselves. Used
in this way, the instrument is a self-
contained timing generator of good ac-
curacy and stability.

To provide for the utmost in applica-
bility, many input and output terminals
and switches permit interconnection of
the major units among themselves and
to and from external circuitry. These
connections and switching are shown in
Figure 3 and will be discussed in connec-
tion with the individual circuit groups
below.

Input Circuits

The input circuits (Figure 4) provide
a triggering pulse to initiate the action
of the various eireuit systems comprising
the generator. They also provide a mas-
ter svnchronizing pulse to synchronize
other equipment with the generator.
These triggering signals are nearly in-
variant in slope and duration, irrespec-
tive of the slope and amplitude of the
driving signal.

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

INPUT

TRIGGER _‘r

DIRECT
SYNCH. _|

MAIN
DELAY
CIRCUIT

DELAY

RESET
TRIGGER
COINC.
GATE

DELAY

=5
J ol

DELAYED
TRIGGER
DELAYED

| DELAY T
INTERVAL™ "\

SYNCH.
SWEEP 2

SWEEP

QREST -~ pecAER i W 8
SWEEP , | !
GATE ——L‘_,_h

i

START
TRIGGER
STOP

PULSE

Figure 3B. Timing diagram

-

for the complete system. TRIGGER

PULSE

PULSE
CIRCUITS TIMING

POS. L—fl
NEG. ] 'l l
PULSE

o

TIME
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DIRECT TRIGGER TO
)\ > DELAY
SoRE POS. GOING DELAY CIRCUIT
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ouT
9 gy Lo weeanive
= | GOING —

Figure 4. Block diagram of the input circuits.

of the input signal to trigger the syn-
chronizing cireuits. The switch couples
the input signal either directly or capaci-
tively to the trigger circuits, and the
threshold control selects, over a limited
range, the actual voltage at which the
trigger circuits will fire. This control en-
ables the user to optimize the sensitivity
to input pulses of either polarity and to
initiate the trigger at voltages corre-
sponding precisely to the zero crossings
of any waveform.

The cover photograph illustrates a

SWEEP TRIGGER =

SWITSH ___ oesayep
DIRECT DELAYED TRIGGER
TO SWEEP

CIRCUIT

the cover, in which, for example, a
“vertical” blanking pedestal will auto-
matically inhibit the formation of “hori-
zontal” gsynchronizing pulses.

Delay Circuits

The direct trigger initiates the opera-
tion of the delay circuits (Figure 5),
which normally produce the delayed
synchronizing pulse at an accurately
controlled time after the direct syne
pulse. This time interval can be varied

: : T Sy - ey, Foo
ue and important feature of the new w2
o s o0 e new = \ 7 R—
imput cireuits. The input eircuits them-  wlvswe—
selves serve as a very efficient “and”  sgpeer
. . . . " s COINCIDENCE
gating circuit, which can, for instance, i
be used to produce pulse bursts. Another
Typr 1391 Generator (or any other de "S5
coie s
coupled source of pulses, for that matter) i -
is connected to the input terminals in o)
addition to the normal driving signal. i
N : .1 - [
The pedestal thus added can, depending "
upon its polarity, either enable or disable "o A A LA A VR ML NN
= i 4 it : i oELAY - —f-a.2F, = “j-_\_ 2
the input circuit. This operation permits 20 = i
the construction of very complex timing i
sequences like part of those shown on
MICROSECONDS
DEL.RANGE DEL. CONTROL
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DIRECT .
DELAY RESET | <&~ diagram of the dela
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gy MR, gy SN pemmen BN nee et 2o
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from 1 microsecond to 1 second by the
10-turn delay control and the 6-decade
range switch, with an absolute accuracy
of delay relative to the direct sync pulse
of better than 39, over the entire
range. The usefulness of the 1-usec-to-1-
second delay circuit is increased by the
3- to 1000-usec coincidence gate system
(Figure 5B). Through the use of this
eircuit, multiple pulses, precision delays,
and accurate delay-circuit calibration
can be accomplished. The similar circuits

PRF 0SC.

TYPE 1210-C o
OR EQUIV. TYPE |391-B
20~-250 ke
| swsa.]r*‘
T - Co)
CARRIER OSC. \__'ﬂ'ﬂ;iL
TJ:EEtl)auzl?r. ] INDICATOR
G0 ke 1o SMc TEK‘;R‘GNIK{
A OR EQUIV, |
|

VERT SIG.

1
ADD TRIGGER = ELECTRONIC |
GENERATOR TO EXTEND KEYER

TO LOWER FREQUENCIES.

Figure 7. Block diagram of system for generating tone
bursts.

of the 1392-A Time-Delay Generator
were discussed both in theory and in
application in the December, 1958, FKz-
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 aceuracy, 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 pulsge 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
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Figure 6. Coherent
tone bursts.

(a) 200-ke
10-kec
rate.

signal
burst

(b) 1-Mec signal

10-ke rate.

5-Mc¢ signal:
note increased
crosstalk in
keyer; note
also absence
of switching
transients.

(e

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 use 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 usecs 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
amplitude comparators used to start and
to stop the output pulse. The principles
of pulse timing are shown in Figure 9.

e POS,
————@ GATE
GATE —
5 NEG.
SWEEP TIME AMP-C.F. @ GATE
EL g
e 1
FROM SWEEP SWEEP A SWEEP P&?pm—n I 9] s';dEEP
SWEEP  —y— |BISTABLE ENERATOR] G.E o F
TRIGGER GATE ¥
SWITCH
START sTOP 5t
i i NEGATIVE NES
Figure 8. Block diagram INVERTER OUTPUT SWEEP
of sweep circuits. C.F.
RESET SWEEP SWEEP
SWEEP__[ rRIGGER AMPLITUDE A ki
RESET TRIGGER |AMPLIFIER [ | COMP. POS. SWEEP |
TO PULSE PANEL
INDICATOR

TIMING CIRCUITS
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The pulse-timing amplitude-compari-
son circuits are followed by trigger-form-
ing cireuits 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 provide:

(1) Normal operation, in which the
amplitude comparators delay the pulse
and time its duration relative to the
sweep as described above. In this posi-
tion the trigger pulses, which correspond
to “start” and “stop” time, are fed to
front-panel binding posts labeled “start”
and “stop,”’ respectively.

(2) Means 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 pulse generating circuits contrib-
ute to the versatility of the instrument.
In normal operation, the start-and-stop
triggering pulses available at the trigger-
pulse output terminals can be used for
making time measurements in external
systems, for checking flip-flop resolution,
ete. 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-ke maximum repetition
rate set by the 3-usec sweep in the self-
contained timing system. Using a Gen-
eral Radio T'ype 1330-A Bridge Oscilla-
tor (10 volts at 3 Me) and Typre 314-S86
Delay Line,” for example, it is possible
to produce pulses at repetition rates up
to about 3 Me (Figure 10).

With the pulse triggering switch set

Ll awmwan —= oaver |

Figure 9. Block diagram
of pulse timing and out-
put circuits.

romeR
Amre rgh

PowER |
l AMPLIFIER

asin (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 delayed synchronizing pulses 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 usec to 1
second.

2. Delay between first and second
pulse, 0.25 usec to 0.1 second.

3. Duration of second pulse, 0.025
usec 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 multivibra-

3F. D. Lewis, R, M. Frazier, “*A New Type of Variable
Delav Line,” General Radio Experimenter, Vol. 31, No. 5,
October, 1956, pp. 1-8.

Figure 10. Pulses
at high repetition
rates; external tim=
ing.

(@) 0.03 pusec
pulse. 3.3-Mc
timing signal.

(b) 0.4 usec pulse.
1-Mc timing
signal.

(c) Pulses timed
by 500-kc sig-
nal. Direct and
delayed sine
waves at
START and
STOP termi-
nals.
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tor, started and stopped by timing
pulses, a pair of pulse amplifiers, and an
output stage. The output stage consists
of a pair of push-pull 6550 beam tubes
driven by a pair of 6AV5’s. The circuits
from the histable multivibrator onward
are push-pull and direct-coupled by a
unique method in which the loss in gain
characteristic of the conventional dc
coupling methods is eliminated. This
new coupling system uses high-u triodes
as current sources, and males 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 de to about 25 Me.

All stages, including the output tubes,
work well below their maximum cathode-

Figure 12. Double
pulses.

(a) First pulse, 30
usec; 30-usec delay;
second pulse, 5 usec.
Generator self-timed
at 10 ke.

(b) First pulse, 1 usec;
1-usec delay; second
pulse, 5 usec.

current and plate-dissipation ratings,
and all stages in the “on’’ state operate
well into the negative grid region, under
self-biased conditiong, permitting the
stabilization of plate current during the
life of the tube. The 6550 output tubes
supply about 150 ma to the variable
source resistors across which the pulse is
produced. The common transmission-
line impedances of 50, 72, 94, 150, and

Figure 13. Simplified schematic of the pulse generat-
ing circuits.
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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
de component which is negative with
respect to ground at the output termi-
nals. Only by preservation of the de
component can pulses of long durations
at low-impedance levels be delivered to
the outside world without deterioration
of waveform. The de component can be
changed over about a 4+ 50-volt range
by the addition at the de-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
209, change in line voltage will produce
no visible transient in either pulse shape
or duration, and only a very small long-

+150

Z 2R

Size &
o4 AMPLITUDE
y: c

@ {TUBE NORMALLY "ON")




term variation in pulse amplitude, which
is due entirely to cathode temperature
variation with heater-supply voltage.

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

Summary and Applications

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

The following
specialized appli-
cations will help
to emphasize the
versatility of this
new generator:

Figure 14. Pulse wave-
forms; connections di-
rectly to deflection
plates of Tektronix
541 Oscilloscope.

(a) 50-usec pulse;
scale 10 usec/cm.
(b) 0.5-usec pulse; 0.1
usec/em.

(¢) Minimum pulse;
0.1 usec/em.

(d) 0.12-pysec pulse,
94 () termination, 0.02
psec/cm.

(e) Same pulse as in
(d), passed through
vertical amplifier of
oscilloscope.
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1. Use of the input ecircuits as an
“and” gate, in which one generator can
produce bursts of pulses from another.

Chis possibility is amply shown on the
front cover.

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 sweep produced at the
sweep output terminals can be used to
produce a multiplicity of pulses, all of
individually variable duration and delay.
Use of the amplitude comparator de-
seribed in the January, 1959, Experi-
menter is recommended.

4, Since the pulse output circuit con-
sists of a current source and load resistor,
the currents from several 1391-B’s ean
be added to produce a very complex
waveform without the usual adding cir-
cuit; again, note the front cover 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,
or when the pulse is timed by any other
external device, the output pulse gen-
erating circuit can be driven at repeti-
tion rates above 3 Me.

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. The brief start-
stop pulses used to time the main pulse
can be continuously varied from coinci-
denceto(.1second apart and form a useful
pair of signals for such resolution testing.

— R. W. Frank
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SPECIFICATIONS

Input Synchrenizing Signal: Signals of almost any
shape will trigger the input timing circuits.
Typical input signal minimum amplitudes

are:

(1) Sine wave 0.1 volt, rms.

(2) Square waves 0.3 volt, peak-to-peak.

3) Bri:f{f positive pulse 1.0 volt, peak-to-

reak.
(4) Bri:lf negative pulse 1.0 volt, peak-to-

peak.
Switch for a-¢ or d-¢ input and triggering
threshold controls are provided.

Direct Synchronizing Pulse
Polarity-positive amplitude: 75 volts.
Duration: (14 amplitude) 1 usec.

Output Tmpedance: 600 ohms,
Repetition Rate: Amplitude constant to 300 ke;
down 209, at 500 ke.

Time-Delay Circuit
Range: 1.0 psec to 1.1 see in six ranges.
Delay Dial Calibration: 1.00 to 11.00 in 1000
divisions.
Delay Dial Resolution: 1 part in 8800,
Accuracy: Absolute, +29% of full scale, or
+39; of seale reading+ 0.05 wsec, whichever
is larger; incremental delay, 4= (19, + .05 usec).
Maximum PRF: 400 ke.
Duty Ratio Effects: Less than 29 error in
delay for duty ratios up to 609, at the low
end of each range, and up to 909 at the high
end of each range.
Delayed Synchronizing Pulse Characteristics:
Positive, 60 v, 1.0-usec half-amplitude duration,
600-ohm cathode-follower output.

Stability:
Low End | High End
of Dial of Dial
Time Jitter 1:10,000 | 1:50,000
109, Line Change 2:1000 2:10,000
Sudden 109 Line
Transient 3:1000 3:10,000

Concidence Circuits
Gate Duration: 3 to 1000 gsec.
Gate Aceuracy: =15% or =£1 usec, whichever
is larger.

Coincidence driving circuit will accept either
positive or negative input pulses. Source im-
pedanee should be low, have rise time less than
0.2 psec. Amplitudes between 5 and 20 volts
are acceptable for negative pulses, and between
10 and 100 for positive pulses.

Sweep Circuit

Sweep Duration: 3, 6, 12 psec with 5-decade
multiplier.

Sweep Linearity: Determined by the acceuracy
of pulse timing. On longer ranges, where time
delay effects are absent, the linearity is better
than 1%.

Sweep Amplitude: Push-pull, each phase, 135
volts, nominal.

Cathode-Follower output, 1-uf blocking capaci-

tors.

Sweep Gate Amplitude: Push-pull, each phase
40 volts nominal.

Positive sweep gate is cathode-follower output
circuit with a 1-uf coupling capacitor. Negative

gate is amplifier output with 1-uf blocking

capacitor.
Duty Ratio and Repetition Rate Effects:
Maximum repetition rate, 3-usee sweep, 250 ke.

Maximum Frequency for
Range 5% Error in Sweep Slope
Sweep Time 3 usec _ 6 psec | 12 psec
X1 150 ke | 100 ke 60 ke
X 10 16 ke 12 ke 7 ke
x 102 1.6 ke 1.2 ke | 700 ¢
x 103 160 ¢ 120 ¢ 70 ¢
x 10% 16 ¢ 12 ¢ 7¢

Pulse Generating Circuit
Pulse Duration: (Timed by sweep) 0.025 to
2.5, 0.05 to 5.0, and 0.05 to 10.0 between half
amplitude points, with decade multipliers to a
maximum of 100,000 wsec. Pulse can be ex-
tended to 1.1 seconds if pulse is timed by delay
circuit.
Pulse Duration Accuracy: After sweep calibra-
tion, 1% of dial reading or =40.029, usec
whichever is the larger.
Pulse Position Accuracy: 0.5 usee 1% of
dial reading.
Pulse Rise Time: Where the load RrCs is
negligible with respect to 15 X 10 sec, the
rise time will be faster than 15 musec. Higher
load impedances or higher shunt Cg will result
in increased rise time.

Typical rise times in musec are as follows:
Positive Negative
Pulse Pulse
ﬁ'h’_ide Decay | Rise Decay
50 © terminated | 15 12 | 13 15
600 @ with 8 uuf | 40 40 | 38 38

oscilloscope probe
Pulse Shape: Overshoots and other defects are
less than 39 of pulse amplitude when the pulse
generator is correctly terminated. Pulse ramp-
off does not exist, owing to direct coupling of
output circuits.
Pulse Duty Ratio: Push-pull eircuit with unity
duty ratio possible.
Output Impedance: 50, 72, 94, 150, 600 ohms,
all £109.
Output Pulse Amplitude: 150-ma current
source; voltage from each phase of push-pull
channel, 0.15 Zo +209,.

Typical nominal amplitudes, 50 ohms, 7.5 v;
72 ohms, 10 v; 94 ohms, 14 v; 150 ohms, 22 v;
600 ohms, 90 v.

D-C Component Insertion: Binding posts provided
for this purpose. DC can be moved +25 volts
for all output impedance except 600 ohms.

Accessories Supplied: Interconnecting cables,
Tyee CAP-35 Power Cord, 2 Type 874-C58
Cable Connectors, spare fuses.

Other Accessories Available: TyrPe 1219-A Unit
Pulse Amplifier for higher power output.

Accessories Required: Trigger source; practically
any laboratory oscillator of the appropriate
frequency range is adequate; the Tyee 1210-C
Unit R-C Oscillator is recommended.

Load I'mpedance

overshoots
approx, 3%,
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Tube Complement: Generator:

1-5963 4-6AV5GA  1-6AUS8
1-6BQ7A 2-12BH7

3-6U8 5-5965 Power Supply
8-6485 /6AHBWA 2-5687 1-0C3
3-6ANS 1-0A2 1-6AK5
6-12AX7 2-6550 1-6AS7

Power Supply Input: 105 to 125 (or 210 to 250)
volts, 50 to 60 cycles, 385 watts.

Power input receptacle will accept either
2-wire (Type CAP-35) or 3-wire (Tyee CAP-
15) power cord. Two-wire cord is supplied.
Dimensions: Generator, 19 (width) x 14 (height)
x 1215 inches (depth) over-all; Power Supply,
19 (width) x 833 (height) x 1215 (depth) over-
all.

Net Weight: Generator, 30 pounds; power supply,
62 pounds.

Type Code Word Price
1391-BM* | Cabinet Model (incl. Power Supply). . ......... | EDIFY $1975.00
1391-BR* | Relay-Rack Model (incl. Power Supply)........ | EBONY 1975.00

*[J. 8. Patent No. 2.548.458

A NEW AND IMPROVED VERSION
OF THE VACUUM-TUBE BRIDGE

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.” Its
ruggedness is more than adequate for
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

1Standards on Electron
Tubes: Methods of Test-
ing, 1950,

2A. G. Bousquet, *‘Tran-
sistor Measurements with
the Vacuum - Tube
Bridge,” General Radio
Ezxperimenter, Vol. 27,
No. 10, March, 1953.
3W. N. Tuttle, ‘‘Dynamic
Measurement of Electron
Tube Coefficients,” Proc.
IRE, No. 21, pp. 844-857,
June, 1933.

Panel view of the new
Type 1661-A Vacuum-
Tube Bridge.
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require close manufacturing tolerances,
the novel circuit successfully meets re-
quirements peculiar to tube and tran-
sistor measurements. The common
electrode of the device under test and
the power 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 resistance, transconductance, or
amplification factor. The out-of-phase
component due to interelectrode capaci-
tance i1s 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 version, the TYPE
1661-A Vacuum-Tube Bridge, incorpo-
rates many small but significant features,

The general panel layout and the
sloping-front cabinet have been retained.
The cabinet depth has been reduced
somewhat, but other dimensions are left
unchanged to permit the new bridge to
be mounted in the consoles that many
users have found convenient for labora-
tory use and for production testing with
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, ete.,
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, 1959
Self-Bias

Tests with self-biasing cathode resis-
tors in the circuit are now required for
several tube types, and connections for
such tests have heretofore 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 pairs 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. With 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 way. 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 are
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, because of the growing list of rel-
atively high-current tubes, the “plate”
current limit has been raised trom 150 to
400-milliamperes de. Because some tran-
sistors show a frequency effect even at
1000 cycles, the redesign has extended
the operating frequency to include the
270 to 400-cycle range in addition to the
1000-cycle point.

Other Changes

Operation at lower frequencies and at
higher currents has necessitated a rede-
sign of the transformers. Magnetic
shielding has been improved by mount-
ing the transformers in p-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 (see below) to provide
both bridge power and detector selec-
tivity at 270 and 1000 cycles.

TFor the resistance and transconduc-
tancemeasurements, theresistancestand-
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
adaptors and cables.

standard improves the sensitivity of bal-
ance and the signal-to-noise ratio by a
factor approaching 10 when low “plate
registance” or high “transconductance”
devices are measured. By the same
token, for a given signal-to-noise ratio
the range of resistance or transconduec-
tance measurements is extended.

Many of the new features are 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. Bousquer

SPECIFICATIONS

Range: Amplification factor (x), 0.001 to 10,000.
Dynamic internal plate resistance (rp), 50
ohms to 20 megohme.
Transconductance (gm), 0.02 to 50,000 mi-
cromhos.

Under proper conditions, the above ranges
ean be exceeded. The various parameters can
also be measured with respect to various ele-
ments, such as sereen grids, ete. Negative as
well as positive values ¢an be measured.

Accuracy: Within 429 for resistances (rp
switeh position) from 1000 to 1,000,000 ohms.
At lower and higher values the error inereases.

The expression p = rpgy will check to £29%,
when the guantities are all measured by the
bridge, and when rp, is between 1000 and
1,000,000 ohms.

Tube and Transistor Mounting: Adaptors are pro-
vided for 3- and 4-lead transistors (including
JETEC 30) and for tubes of 4-pin, 5-pin, 6-pin,
small 7-pin, large 7-pin, octal, loetal, miniature
button 7-pin, miniature button 9-pin (noval),
acorn (5- and 7-pin), flat-press sub-miniature
up to 7 wires, and 8-wire sub-minar. In addi-
tion, a universal adaptor, with nine soldering
lugs, is provided so that unbased transistors,
unmounted tubes, or tubes with non-standard
bases ean be measured conveniently. For short-
lead sub-miniature tubes and for transistors,
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 logses on the dynamic resistance being
measured.

Current and Voltage Ratings: Maximum allowable
plate current, 400 ma; maximum plate voltage,
1500 volts.

Electrode Voltage Supply: Batteries or other suit-
able power supplies are necessary for providing
the various voltages required by the device
under test.

Bridge Source: TYPE 1214-I Oscillator is recom-
mended.

Null Detector: The Type 1212-A Unit Null De-
tector with the Typr 1951-E Filter is recom-
mended.

Type
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Accessories Supplied: Adaptors as listed above,
all necessary plug-in leads, and shielded patch
cords for connecting generator and detector.

Mounting: The instrument is mounted in a hard-
wood cabinet. A wooden sterage case is pro-
vided for the adaptors and leads. Storage space
is provided for a spare Universal adaptor, on
which any type of socket can he permanently
mounted.

Dimensions: (Length)
x (height) 11 inches.

Net Weight: Tyre 1661-A weighs 40 pounds.
The accessories supplied and the accessory box
weigh 14 pounds.

1814 x (width) 1534

Code Word Price

1661-A

I Vacuum-Tube Bridge. . .........

BEIGE | $975.00

TYPE 1214-E UNIT OSCILLATOR

The Typr 1214-E Unit Oscillator was
designed to meet the bridge-source re-
quirements of the Typr 1661-A Vacuum-
Tube Bridge deseribed 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 low-audio
frequency of 270 cycles, which is desir-
able for tests on some transistors,

Like the other Tyrr 1214 Oscillators,
this instrument includes a transformer-
less power supply, and isolation from
the power line is obtained by inductively
coupling the output circuit to the oscilla-
tor tank.

The impedance level presented by the
Tyre 1661-A Bridge is in the range of
550 to 2100 ohms, and the power de-
livered by a typical Tyre 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 eyeles; approximately 500 ohms at 1000
eycles; both at maximum setting of output
control.

Harmonic Distortion: 39 with 800-ohm load.

Type

Power Supply: 105 to 125 volts, 50 to 60 cycles.
Power Input: 16 watts at 115 volts.

Accessories Supplied: Spare fuses.

Tube Complement: One 117N7-GT.

Dimensions: Panel, (width) 434 x (height) 514
inches; depth behind panel, 514 inches.

Net Weight: 414 pounds.

Code Word Price

1214-E

| Unit Oscillator. .. ....o.ouuennns

| 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.
It is essentially a three-stage amplifier
with the null indicated on a panel meter.
The responsge 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-
cycle operation, the Tyre 1951-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 include the new
frequency. The Tyer 1951-E Filter has

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

The filter is a tuned circuit with a
capacitive voltage divider to provide the
impedance matching. The inductor is a
toroid with permalloy shielding. As a
consequence, external coupling is neg-
ligible and the filter can be connected to
the input of an amplifier of microvolt
sensitivity without introducing spurious
pickup.

SPECIFICATIONS

Frequency: 270 and 1000 cycles.
Second Harmonic Rejection: At least 30 db.
Accessories Supplied: One each Tyrn 274-MB

Type

Double Plug, Tyer 274-NK Shielded Plug,
Tyrr 874-06 Adaptor.

Dimensions: 314 x 334 x 434 inches, over-all.
Net Weight: 13{ pounds.

Code Word Price

1951-E

.............

| BRIOEL - Servammnmsmarss v s s nie

| FURRY | $80.00
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A NEW UNIVERSAL

Accuracy, versatility, and convenience
are combined to an unusual degree in the
new General Radio Tyre 1650-A Im-
pedance Bridge. Successor to the well-
known 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 extensive line. Many
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,
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IMPEDANCE BRIDGE

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. Measurements
of D and @) can be made with an accuracy
of 59, which, together with the basic
aceuracy of 19, for R, L, and C, holds
over the entire range of the bridge.

(2) The patented Orthonull 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 allows the
bridge panel to be tilted and held at any

together with several completely new convenient angle and which, when
1Robert F. Field, ““The =S

Convenient Measure- «JM

ment of R, L, and C,” /’ : \

General Radio Ezperi-
menter, Vol. 7, Nos. 11
and 12, April-May,
1933.

Figure 1. Panel view
of the Type 1650-A
Impedance Bridge.
Note the many new
features: Orthonull;
built-in generator and
detector; single D-Q
dial; single pair of
UNKNOWN terminals;
bias terminals. For
other external fea-
fures, 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, /., and € measurement,.

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

(9) Meter null indication for both ac
and dc¢ 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
voltage or current can be used.

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

THE BRIDGE CIRCUITS

While specialized and unusual cireuits
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

4

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 @
directly, has been eliminated by the
Orthonull feature.

The several circuits are shown sche-
matically in Figure 2. Note that a par-
allel-capacitance bridge is now included
as well as the series 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 @ measurement
and has made possible accurate measure-
ments of L and C at frequencies from
20 ¢ to 20 ke.”

Residual bridge errors have been
greatly reduced; the limiting factors are
the inductance, resistance, and capaci-
tance of the UNKNOwN 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-uf
silvered-mica unit of General Radio
manufacture. A shunt capacitance of

2With external generator.

Figure 2. The filve circuits used in the bridge.
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1000 puf across this capacitor causes an
error of only 19, and, therefore, 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
precision 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-) potentiometer covers a
total span of 54 db, which makes possible
a wide range of measurement and pro-
vides complete D and @ 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 10 ma, which makes
possible the long battery life with readily
available “D” 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 1 ke with over 20 db second-
harmonic rejection or flat for 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.
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Figure 3. Block schematic of the bridge generator and
detector. External-generator connections are shown
by dashed lines.

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

Block schematies of the complete in-
strument are given in Figure 3.

ORTHONULL

Those who have tried to balance low-
() components on a conventional bridge
have experienced the frustrating “slid-
ing balance,” which is the slow balance
convergence resulting from the inter-
dependence between the two balance
adjustments. This phenomenon makes
balances tedious when @ is less than 2
and virtually impossible when @ is less
than 14.

“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, for instance, and ¢ on an-
other inherently slide, because reactance
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Figure 4. Plot of total number of balances required to
achieve final balance, with and without Orthonull, as
a function of Q.

(jwl)) is a component in a Cartesian
coordinate system while Q (=% is a
measure of angle in a polar coordinate
system, and they are consequently non-
orthogonal.’

To eliminate this difficulty, the Tyrg
1650-A Impedance Bridge is equipped
with an exclusive, patented feature,
known as Orthonull.' This name was
chosen because the null iz obtained by
balances which are essentially orthogo-
nal and therefore converge rapidly. Or-
thonull gangs the two adjustments non-
reciprocally in such a manner as to
cancel the electrical interdependence,
leaving the two adjustments independent
of one another. As a result the full @

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

MECHANICAL FEATURES

Another mnovel 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 or storage, it
may be latched with the bridge open, or
it may be used as a support which allows
the bridge to be tilted and operated at
any convenient angle. This type of case
approaches the ideal for portable in-
struments. You will see it on other
General Radio products in the future.

The panel controls (see Figure 1) are
arranged for the convenience of the 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.

APPLICATIONS

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

3G. B. Hoadley, ““The Science of Balancing an Impedance
Bridge," Journal of the Franklin I'nstitute, Vol. 228, No. 6,
pp. 733-754; December, 1939, )

417, 8. Patent No. 2,872,639,

Figure 5a (Left). Bridge cabinet when closed is an easily carried, protective case. Figure 5b (Center). Bridge, when
cabinet is opened, can be used with panel vertical or, as shown in Figure 5¢ (right), tilted at any desired angle.




sistors, capacitors, and inductors, and
for this application the wide ranges,
efficient layout, and uniform accuracy
of the Typr 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 Typr 1210-C Unit R-C Oscillator.

DC Bias — Panel terminals are pro-
vided for the application of a de polariz-
ing voltage to the element under meas-
urement. Up to 600 volts of de bias
voltage can be applied to a capacitor
being measured on any of the bridge
ranges. DC current can be supplied to
inductors or resistors by either of two
methods. One permits currents ranging
from 100 ma for0.01 ohm or0.01 henry to
0.5 ma for one megohm or one henry ; the
other permits40maunder any conditions.

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.
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Figure 7. Measured capacitance and dissipation factor

of a new electrolytic capacitor as a function of im-

pressed dc voltage as it is passed to its rated voltage,
then returned to zero 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 thus
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 haslow @’s at 1 ke,
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 19,. Above this magnitude, an
external de source should be used for
maximum precision. With an external
source, measurements can be made with
standard EIA test voltages over most of
the resistance range. Alternatively, the
resistance at 1 ke can be measured. The

Figure 6. Plots of ca-
pacitance  vs. fre-
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Figure 8. View of the Type 1650-P1 Test Jig.

greater sensitivity available for the ac
measurement permits higher resistance
magnitudes to be measured with the
internal 1-ke generator. For most types
of resistors, there is no appreciable differ-
ence between de and 1-ke values. With
an external ac generator, the behavior of
resistive elements that vary with fre-
quency can be studied. If an appreciable
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 ke)
supplied by an external oscillator.

AC resigtance measurements with de
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
upf produces an error of only 1% in the
capacitance measurement. Thus the
measurement of shielded 3-terminal
components and of remote capacitances

GENERAL RADIO EXPERIMENTER

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, Tyrr 1650-
P1, 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.
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Figure 11. Bridge in use for 3-terminal measurements
of sample in conditioning chamber.

ticular credit should go to H. C. Little-
john for developing the tilting case; to G.
A. Clemow for working out 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

Figure 10. With the Test Jig, as 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. Harn

SPECIFICATIONS

Ranges:
Resistance, 1 m to 10 M, 8 ranges, ac or de
Capacitance, 1 ppf to 1000 uf, 7 ranges, Series
or Parallel
Inductance, 1 gh 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 lke
(Cs = Cy within 1% if D <0.1)
Q (of series inductance), 0.02 to 10 at 1 ke
@ (of parallel inductance), 1 to 1000 at 1 ke
(Ls = Ly within 19, if @> 10)
Accuracy:
Resistance®, &£ 19, £ 1 mQ (Residual R=
1 m)
Capacitance, &= 19 = puf (Residual ¢ =

0.5 puf)
Inductance, &+ 1% = 1pxh (Residual L
<0.2 uh)
D + 59, + .001 at 1 ke or lower
1/Q, + 59, 4+ .001 at 1 ke or lower
Frequency Range: (1 ke supplied internally)
19, accuracy for L and C, 10 ¢ to 20 ]{c;

for R, 10 ¢ to 50 ke.
(D and @ ranges are functions of frequency.)

Type

Internal Oscillator Frequencyt: 1 ke -+ 29,

Internal Detector: Response, flat or selective at 1
ke; sensitivity control provided.

Internal DC Supply: 6 v, 60 ma max.

Power Supply: 4 “D” cells, supplied. Current
drain (ac measurements) 10 ma.

DC Polarization: 600 volts may be applied (from
external source) for series capacitance measure-
ments.

Accessories Supplied: One Tyrr 274-MB Double
Plug.

?Ihsr Accessorles Available: TyYPE 1650-P1 Test
ig.
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: 734 x 123/ x 1214 inches including
handle.

Weight: 17 pounds.

Price

Code Word

1650-A
1U. S. Patent No. 2,872,639.

, Impedance Bridgef............

BATON i $440.00

#External DC Supply required for 19, accuracy above 100 k2.

tExternal ac and dc¢ sources can also be used,
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TYPE 1650-P1 TEST JIG

This test-jig adaptor provides a way
to connect components quickly to a pair
of terminals which ean be placed on the
bench directly in front of the operator.
Thus the test jig and 1650-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
are measured, and the lead capacitance
affects only the measurement of the @ of
inductors, introducing a small error in

1
D (or ) of less than 0.007.

Q

Code Word Price
1650-P1 | Testdig..vnn.ens. | Locan | $19.00

Type

TYPE 1205-B ADJUSTABLE REGULATED

POWER

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

OUTPUT

»

-
®

SUPPLY

The features of the series regulator
and the controlled rectifier are com-
bined in this instrument. The fast-acting
series regulator provides 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 Adjustable Reg-
ulated Power Supply.
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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-
more, the regulator performance is the
same at any output voltage from 0 to
300 volts.

A pair of thyratrons is used as a high-
efficiency full-wave rectifier. Control is
obtained by variation of the thyratron
bias through a de feedback path (Fig-
ure 2) from the regulated output to the
thyratron grids. Superimposed on this
de feedback voltage is an ac bias voltage,
phase shifted 90° with respect to the
thyratron plate voltage, to provide
smooth control of the thyratron firing
angle. The de feedback path includes a
voltage source which determines the
voltage drop across the series regulator.
Any variation in the voltage drop across
the series regulator changes the thyra-
tron bias and therefore the firing angle.
The change in firing angle varies the
voltage applied to the series tube to
maintain constant drop across it.

The series 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 the
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 terminals
maintains the low output impedance at
frequencies beyond the bandwidth of
the amplifier.

Excellent regulation, high output, and
low hum level make this power supply
suitable for the most exacting applica-
tions.

SPECIFICATIONS

DC Output Voltage: 0 to 300 volts, continuously
adjustable at 200 ma, max.

Regulation: No load to full load, 0.1 volt; 0.75
volt change for -+ 109, change in line voltage.

120-Cycle Ripple: 1 millivolt.

Internal Impedance: Approximately 0.3 @ -
(3 ph in parallel with 4 uf).

Regulated Bias Voltage: —150 volts, de, fixed at
5 ma, max.

Type

Regulation: No load to full load, 0.5 volt 4= 109,
line-voltage change, 2 volts. Unregulated AC
Voltage: 2 circuits, 6.3 volts at 5a.

Meter Accuracy: Voltage, 29;; current, 5%.
Input: 105 to 125 volts, 60 ¢, 250 watts.

Tube Complement: 2-6AV5-GA, 2-5727, 1-12AT7,
1-6ANS, 1-6626, 1-5651, 1-6BZ7.

Dimensions: Panel, (width) 914 x (height) 514
inches; depth behind panel, 81§ inches.

Net Weight: 15 pounds.

Code Word Price

1205-B

Adjustable Regulated Power Supply

APPLY | $290.00
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NEW SERVICE LABORATORY FOR NEW YORK

A new service facility has been es-
tablished at our Metropolitan New York
Office

General Radio Company
Broad Avenue at Linden
Ridgefield, New Jersey
Telephone:
WHitney 3-3140 (New Jersey)
WOrth 4-2722 (New York)

The new service laboratory has com-
plete facilities for the repair, recondi-
tioning, and recalibration of General
Radio products. Certification of GR

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

Our customers in New York State,
Northern New Jersey, and Southwestern
Connecticut are asked to write the New
York Office Service Department for in-
structions when GR products are to be
returned for calibration or repair. This
office will also continue to provide these
customers with application, engineering,
and commercial information,

GENERAL RADIO AT THE IRE SHOW

NEW YORK COLISEUM

MARCH 23-26

BOOTHS 3302-—3312

See the Tyer 1650-A Impedance
Bridge and the Tyer 1205-B Power
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
1958 or scheduled for announcement in
1959, including:

Immittance

Transfer Function and

Bridge
Vacuum-Tube Bridge
Precision Inductance Bridge
Low-Frequency, 3-Phase Oscillator
W10 and W20 Variacs
3-Terminal Capacitance Standards

The Best Instruments in Electronics

General Radio Company

wnT
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Go-no-go testing is easy
with the new Type 1650-A
Impedance Bridge and its
accessory Test Jig. This
photo shows the bridge
set up for the rapid testing
of capacitors.

The patented Orthonull
feature of this bridge, which
eliminates sliding balances
when high-loss capacitors
or inductors are measured,
is discussed in this issue.
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A MILITARIZED, THREE-PHASE, LINE-
VOLTAGE REGULATOR

The Type 1570-AS25 Line-Voltage
Regulator is a completely militarized
servo-controlled three-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 response, make it espe-
cially attractive for many applications.
In addition to themilitary 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 TyrE 1570-A815
Line-Voltage Regulator.' For adapta-
bility and ease of maintenance, it is built
in two units (Figure 1). The control unit
contains all the electronic circuitry and
is identical with the control unit of the
single-phase model. The regulator unit
consists of a three-gang W5 Variac, a
servomotor, and three “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

Figure 1. Panel view of
the Type 1570-AS25
Three-Phase, Auto-
matic, Line-Voltage
Regulator.

three separate regulators, While the
performance of this type of regulator is
independent 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 electronice cir-
cuitry is required, only the small control
unit need be removed. The larger unit
with all its power wiring can stay in serv-
ice supplying uninterrupted (but un-
regulated) power while the control unit
is being replaced or repaired. Manual
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. Removal 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-

IM. C. Holtje, **Militarized Line-Voltage Regulator,”

General Radio Ezperimenter, 31, 6, November, 1956.
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ponent number printed on the mounting
board. The removal of the bottom cover
plate exposes all etched wiring. The
complete circuit diagram is silk sereened
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
agsured 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-
cycle operation of the regulator. In the
50-cyele switch position, the range of
operation is 45 to 55 ¢; in the 60-cycle
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-cycle
power, although 50- or 60-cycle power
must be available to operate the control
unit.

To provide adequate strength for
military shock and vibration require-

STEP-DOWN
TRANSFORMER
A000 - '
B |
BT P——— ‘ i

REGULATED
OUTPUT
0

CONTROL
UNIT

ments, the regulator unit is built on a
seven-inch, U-shaped, extruded-alumi-
num channel. The smaller control unit
mounts on a 3§” aluminum panel. Both
units will withstand the standard 1200-
ft.-Ib. 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
MIL-E-4158B and MIL-E-164008. It
will operate at full load over the ambient
temperature range from —29°C. to
+52°C. (—20° to +125° ¥.) and for non-
operating storagefrom —54°C. to+85°C.
(—065° to +185°F.). With special motor
lubricants, operation is possible at far
lower temperatures. Operation is pos-
gible with relative humidity up to 100
percent, including condensation caused
by temperature changes.

While 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 encountered.

— M. C. Hovrim

SPECIFICATIONS

Terminals: Multipoint connector strips.
Frequency: 45-55 cycles or 55-65 cycles, as se-
lected by a switch.

Waveform Distertion: None.

Waveform Error: The average 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 the harmonic distortion present in
the power line. The rms output voltage will also
remain constant, regardless of the harmonic
distortion present, as long as the phase and

Figure 2. Functional block diagram of the regulator.



amplitude of these harmonics are constant. If
the harmonie content changes, the rms value
will change by an amount less than aR/n,
where AR is the change in the harmonic am-
plitude and » is the harmonic number.

Ambient Temperature: ['ull ratings apply over a
temperature range of —29° to +52°C.

APRIL, 1959 @

Power Consumption: No load, 35 watts. Full
load, 140 watts.

Dimensions: Control Unit, panel, 19 x 314 inch-
es; depth behind panel, 7 inches. Regulator
Unit, panel, 19 x 7 inches; depth behind panel,
1634 inches.

Net Weight: 97 pounds.

Ratings
1570-ALS525 1570-AHS25
*Qutput Voltage per phase.................... 115 = 10% 230 + 10%
9% | 82% 1% | 829%
**Input Voltage as a percent of Output Voltage. to | to to to
109 118% 1099, 1189,
Output Current perphase.. .................. 25 12.5 10 l 5
= ‘ 1
Approx, KVA (WyetT®) s o s aieas sy 8.6 4.3 6.9 3.5
FAccuracy in % of output voltage . . ... ... ... 0.5 L 1.0 0.5 1.0
T1Speed of response, volts per second. . . ....... 10 20 20 | 40
#44 Delta rating is 11\13‘ times wye rating. *Internal adjustment.
#*[nstruments are shipped connected for 4=99%, range unless 4=189; range is specified on order.
t Applies only to measured phase. Other phases depend on input voltage balance,
tt3lightly less for very small voltage corrections.

Type Code Word Price
1570-ALS25 3-phase Regulator, 115 volts. . .........c....... DICKY $865.00
1570-AHS25 | 3-phase Regulator, 230 volts. .............0nn. DAILY 885.00

e i

POLYSTYRENE CAPACITOR DECADE

100 ..f per step

Supplementing the three polystyrene
decades previously announced,* a new
decade with capacitance steps of 100
puf is now available. Like its companion
units of 0.001, 0.01, and 0.1 uf per step,
this new decade is admirably suited for
applications that call for high insulation
resistance, low dielectric 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-
mDerndn Capacitors with Polystrene Dielectric,”

(ieneral Radio Experimenter, 31, 2, July, 1956,

Figure 1. View of the Type 980-D Decade Capacitance
Unit.

lected by the switch, yield all integral
values from 1 to 10. The switch is rigidly
constructed and includes a detent mech-
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Figure 2 (leff). Change in capacitance as a function of frequency. Since the capacitors are adjusted to their
rated accuracy at 1 ke, the 1-kc value should be used as a reference for an estimate of the frequency error.
(Right) Typical plot of dissipation factor as a function of frequency.

anism for positive location of position.
The switeh 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 is
specially prepared of purified high-molec-
ular-weight polystyrene, having very
high insulation resistance and freedom
from unwanted polarizations. Hermetic
sealing 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 are provided for both 2-
terminal and 3-terminal connections.

SPECIFICATIONS

Capacitance: Total range, 0.001 uf; per step,
0.0001 wf.

Zero Capacitance: 2-terminal connection, approxi-
mately 11 puf; 3-terminal connection, <lupf.
Accuracy: 2-terminal, == (19, + 2 puf); 3-termi-
nal, + 19, — (2% + 4 puf). Capacitance in-
crement from zero setting is within this percent-
age of the indicated value for any setting.
Dissipation Factor: <(.0002.

Insulation Resistance: >1012 ohms at 100 v,
25° C., 509, RH.

Temperature Coefficient of Capacitance: Approxi-
mately — 140 ppm/°C.

Maximum Operating Veltage: 500 volts, de or

a 10-second discharge through a resistance
equal to one ohm per volt of charging.
Dimensions: See sketch.

Net Weight: 2 pounds, 2 ounces.

2 MTG HOLES
WIGAZTAE N 3 oia. snarr
\ YA

PRES— |

peak, at frequencies up to 10 Me. Figers 3. Dimen- . %
Maximum Operating Tempea:aiure: 65° C. sions of the Type t’_:l 1 ﬁﬂ?’fg?}[ﬂﬂﬂ
Dielectric Absorption: Sce Voltage Recovery. 980-D Decade Ca- i |
Voltage Recovery: <0.17 of original charging pacitance Unit. 23
voltage after a charging period of one hour and 980-D
Type Code Word Price
980-D | Decade Capacitor Unit. ........ovvivineeinen... | ALIEN | $s57.00
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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 familiar Maxwell inductance
bridge may take either of these two
forms as shown in Figure 1. The balance
equations are the same for both forms.
However, dial reading must, in general,
be proportional to only one variable ele-
ment, so that the quantities indicated on
the dials are different for these two cir-
cuits as shown.

The bridge that reads L and () has
several important advantages: (1) It
reads @), which is generally a more de-
sired quantity than R beecause it gives
a measure of the purity or quality of the
inductor without calculation; (2) because
the standard capacitor is fixed, it can
more easily be made large to permit
higher L and @ values to be meagured;
and (3) both adjustments are variable
resistors, which can be continuously
adjustable over a wide range.

The L-@ bridge has one digadvantage,
however: when low-@ components are
measured, the balancing procedure be-
comes tedious and often impossible,

owing 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 deseribed last month.'

Cause of Sliding Null

The output voltage of an unbalanced
Maxwell bridge may be written in the
form

Rx-l-ijX(R;;RA +ijNRACT)

1
Zo_ e M
Eiw Denominator

The denominator is a complicated func-
tion of the bridge arms and generator
and detector impedances, and, for the
purposes of thig analysis, one can assume
that it is constant in the region near the
null, The numerator is made up of the
difference between the “unknown’” im-
pedance and a function of the bridge
components, which we will call the
“bridge 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 between them on the
complex plane. In balancing the bridge,
one adjusts the variable components

1Hall, H. P., ““A New Universal Impedance Bridge,"
General Radio Experimenter, March, 1959, Vol. 33, Ne. 3,
pp. 3-9.

Figure 1. Two types of Maxwell inductance bridge.

L-R BRIDGE

Lx =Ry Ra 0f

Ry = Ry Ry

L-Q BRIDGE

Qx= C)CTB’#

Lx= %RAGr
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alternately to give a minimum output
voltage, repeating the process until a
satisfactory balance is reached.

In the L-Q bridge, the two adjust-
able components are Ry and Rp. From
the equation above it can be seen that an
adjustment of Ry varies only the real
part of the bridge impedance and there-
fore would move this impedance horizon-
tally on the complex plane as shown in
Iigure 2. Both the real and imaginary
parts are proportional to the other ad-
justment, Ry, so that a variation of this
quantity causes the bridge impedance to
move radially from the origin. When @
is high, these two adjustments have loci
that are almost orthogonal, but when @
approaches zero, the loci become more
and more nearly parallel. It is obvious
that, at low @ values, a variation in only
the imaginary (vertical) direction in-
volves adjustments of both variable
quantities. The process of balancing is
somewhat analogous to that of tacking
with a sailboat that won’t point close
to the wind.

Examples of two balance loci are
given in Figure 3. Many adjustments are
needed to obtain a balance, and it can
be seen that each adjustment makes so
small an improvement in the output
voltage that in practice it is often un-
noticeable, especially if an aural null

Figure 2 (left). Loci of adjustments on the Z plane.

Ry VARIED

X‘k//%/

[

[ AN

| S\

[ [
e

Ry AND Ry VARIABLE

Rr VARIED

e
Z

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

Orthonull Mechanism

Orthonull’ makes it possible to get an
independent adjustment of the imagi-
nary part of the bridge impedance and
hence rapid convergence. To do this, the
ratio Ry /Ry in the real part of Equation
(1) is kept constant as Ry is varied by a
ganging of the two adjustments. How-
ever, when R, is varied, Ry and R,
are not ganged so that only the real part
is varied.

The mechanism to obtain the uni-
lateral ganging on the Type 1650-A
Bridge is shown in Figure 4. The fric-
tion cluteh which is engaged when Or-
thonull is active has sufficient friction
to drive easily the low-friction D-Q re-
sistor (Ry). However, the CRL resistor,
Ry, iz loaded by a vernier adjustment
and by a mechanieal justifying mechan-
ism’ so that its friction is high enough
to prevent coupling in the reverse di-
rection.

If the two resistors werealways ganged,
the ratio Ry /Ry could be made constant

2(J. 8. Patent No. 2,872,639.

3This justifying mechanism is an adjustable cam and eam
follower, which varies the pesition of the potentiometer
rotor with respeet to the shaft and dial to compensate for
variations in the winding.

Figure 3 (right). Idealized balancing loci; @ = 4.
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Figure 4. Interior view of the Type 1650-A Impedance Bridge, showing the ganged drive for Orthonull. The
clutch lever, which is operated from the front panel, is between the two potentiometers; the clutch face is
between the two pulleys on the left-hand potentiometer.

by use of resistors of any similar char-
acteristic. However, since Ry must be
moved independently of Ky, an exponen-
tial R vs. 6 characteristic is necessary in
Figure 5. Plot of total number of balances required
to achieve 'I% final balance, with and without

Orthonull, as a function of Q.

| T I T
“FALSE NULL"
CAUSED BY =

w
<]
|

LACK OF
RESOLUTION \

S

&
T
|

o
o
|
|

NO ORTHONULL

o
|
o

SEVERAL
1PS

@
T
|

\iﬁ x
WITH ORTHONULL

| I | |
0.2 & & | 2 3

Q

TOTAL NUMBER OF ADJUSTMENTS TO GET WITHIN 1%
I
I
|

order that a given angular change will
always produce the same fractional re-
sistance change. Fortunately, resistors
with exponential windings have logarith-
mic dials, which are desirable for con-
stant percentage bridge accuracy. The
D-Q resistor of the Tyer 1650-A Im-
pedance Bridge is a 54-db potentiometer
and the CRIL dial is logarithmic over a
21-db range. The difference in exponen-
tial span of the two resistors results in a
pulley ratio that is favorable to torque
transmission in the direction required.
The pulleys are connected by a wire
cable with spring take-up to prevent
backlash in the adjustments, and two
ball bearings are used to reduce drag.

Advantages

The advantages of Orthonull opera-
tion can most easily be illustrated by
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the experimental plot, Figure 5, of @ vs.
the number of adjustments necessary
to get a 19, balance. At high Q’s, four
adjustments, two of each potentiometer,
are generally required whether Orthonull
is used or not. Below a @ of 2, however,
the curve for “no Orthonull” quickly
rises while the number of adjustments
necessary has not increased for balances
with Orthonull.

False Null

Without Orthonull it is impossible to
obtain a 19, balanee down to @ values of
about 14 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
causes a larger bridge unbalance. The
phenomenon is due to the finite resolu-
tion of the Ry resistor and may be ex-
plained with the aid of Figure 6. Let us
assume that the Ry adjustment is varied,
moving the locus of the bridge imped-
ance along the radial line as shown. The
best minimum output voltage oceurs at
point. P, which is the closest point on the
line to the unknown. The operator would
then make a horizontal, Ry, adjustment,
but since the resolution Ry is finite, the
locus must jump to either P’ or P”/,
both of which are further from the un-
known than P. Therefore, an adjustment
of either variable increases the bridge
output voltage, and the operator would

Figure 7. Effect on output

Ry (L) ADJUSTMENT
EXPLORATORY

Rr (Q) ADJUSTMENTS

P

\\
\ » -
\ FALSE NULL

\ POINT
\
\
\
\  UNKNOWN

Figure 6. False null. Resolution of Rr = 0.5%; if
Q = 0.2, the error in L can be as great as 6.25%,
assume this point to be the best null. It
can be shown that this balance can
i 4
203
where ér is the percent resolution of ;.
For the 1650-A, 8;~0.5%, so that the
error would be 19; when @ =14 and 2577
when @ =0.1.

It should be noted that the “false null”
error described above can be avoided by
a trial-and-error method. In this pro-
cedure one starts with various Ry values
and makes successive balances, each of
which will be a “false null.” The best
balance may eventually be obtained in a
logical manner if the detector indication
is used as a guide in the choice of the
succeeding initial Ry value. Needless to
say, this is a time-consuming procedure.

result in an error of as much as

Multiple Dips

The finite resolution of the Ry re-
sistor also has an effect on balances made
with Orthonull, but does not limit the ac-

voltage, E;, of limited resolution of Ry, assuming that Ry is ideal, Ry has 0.5%

resolution, and @ =0.1.

LOCUS OF Ry ADJUSTMENT

zY
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Figure 8. Effect on outputl voltage, E,, of limited resolution of Ry and Ry, assuming 5y =0.2%,
r=0.5%, and Q=0.1.

curacy. Instead, the limited resolution series of curves as indicated in Figure 7,
causes the output voltage to make re- but a step from one wire to another as
peated dips as Ry is varied, and the best shown in Figure 8. This latter figure is
dip can be chosen to give a more ac- idealized in that the ratio of resolutions
curate reading. If both resistors were
perfectly continuous, a variation in Ry
would move the locus of the bridge im- sumed to be exactly 2/5, which results
pedance vertically on the complex plane, in an even pattern of possible balance
due to Orthonull action. However, if Ry points. As Ry is varied, the output
has finite resolution, an adjustment of Ry jumps in discrete steps, with large jumps
results in a zigzag locus, as shown in  coming as the setting of the coarser po-
Figure 7a, where each line corresponds tentiometer, Ry, changes from wire to
to the variation of Ry for one particular  wire,

wire of Ry. Since the output voltage is The most important limit on accuracy
the distance between the unknown, Zx,

oy .
of the two potentiometers, aﬂ, is as-
T

100%

and the zigzag line, this voltage will go —C

through a series of dips as Ry is varied, ! ——"

as shown in Figure 7b. If the best null is ' \\ N

chosen, the error is always less than riRE X

d,/2, which is 149, for the Tyre 1650-A E'E:m_,r\ \/mnmﬂmm

Impedance Bridge, and thus the error of o o \ ekl

the false null of Figure 6 is avoided. . = \ :

Actually, of course, both Ry and Ry & N7 \\ \

have finite resolution since both are wire- ; \/I}\ \\ l \\

wound potentiometers. The Ry (CRL ¢ i~

resistor) resolution is about 0.29,. As a ‘ WITH ORTHWU-\ \

result, the locus of Ry variation is not a ™ i \\",|

Figure 9. Accuracy to be expected in 1] “\“

as a function of Q, with and without Orthonull, — T
“False null" error is also shown. ' | \ \\

O o‘s 1 2 5 \m\ 2
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is that it is possible to get a bridge
balance that is in error by approxi-
mately 6, /4Q but which is as good as
the best possible balance. This occurs
when the unknown is in the worst pos-
sible location, in the complex plane, z.e.,
where it is farthest from any balance
point.

Other, less important, limits on the
aceuracy are backlash, which is small,
and reduced sensitivity, both of which
cause errors proportional to 1/0).

Many experimental balances were
made to see what sort of accuracy could
be expected, and it would seem that,
with reasonable care, one should be able
to get balance of 19, or 0.15/Q%, which-
ever is larger. This is plotted in Figure
9. Also on this plot is the possible error
oceurring as a result of the “false null”
when conventional balancing technique
is used as described above. A more prac-
tical limit for operation without Or-
thonull is the line which shows the ap-
proximate accuracy possible with 20
balance adjustments starting with a
+1009; unbalance in inductance.

Conclusion

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

It should be pointed out that on the
Tyre 1650-A Impedance Bridge the Or-
thonull mechanism can be used for high
D capacitance measurements as well as
low @ inductance measurements. The
device can be disengaged so that high @
(low D) balances can be made in the
usual manner.,

Acknowledgments

The idea for Orthonull was prompted
by a suggestion from Dr. D. B. Sinclair
for making an orthogonal L-R bridge
(Figure 1) give a Q reading by appro-
priate adjustment of logarithmic scales.
The mechanical design of the mechan-
ism was worked out by G. A. Clemow.

— H. P. Havrx

GENERAL RADIO EXHIBITS IN CANADA

Our Canadian friends will have an
opportunity to see the latest General
Radio instruments for acoustic measure-
ments at the exhibit to be held 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 will be at the Seaway
Hotel in Toronto on May 16 and at the
Capri Hotel in Montreal on May 24,
from 12 to 6 p.y.

ERRATA—TYPE 1650-A IMPEDANCE BRIDGE

Please note the following corrections
to the specifications for this instrument
appearing in our March issue:

Capacitance Accuracy: == 19} == 1 uuf.

Frequency Range for R: 20 ¢ 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

WNTg,
Lo’
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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 Tyre 1607-A Transfer-Func-
tion Meter, was described in this pub-
lication a little over one year ago.' It
could measure all the complex transler
functions’ of three- and four-terminal’
devices and nelworks, such as transis-
tors, vacuum tubes, amplifiers, filters,
and attenuators, over the 60:1 frequency
range from 25 Me to 1500 Me.

New Functions

Stimulated by comments of people
seeing the insfrument for the first time,
e.g., “That’s fine, but isn’t there some
way of making it measure fwo-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

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

IW. R. Thurston, R. A. Boderman, "' A Transfer-Function
Meter for the VIIF-UHF Range," General Radio Experi-
menter, Vol. 32, No. 10, March, 1958, pp. 3-15.

2Forward and reverse transadmittance, transimpedance,
transfer voltage ratio, and transfer current ratio.

3Having one input terminal and one output terminal
grounded.
4Not “evervthing,’" of course— just 2, 3, and 4-terminal
networks.

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

With the capabilities of the instru-
ment increased to cover many additional
applications, the old name, “Transfer-
Function Meter,” was not completely
deseriptive. The new name is “Transfer-
Function and Immittance Bridge,” the
word “Immittance” denoting both 2m-
pedance and admittance. Because of its
convenience, this word is gradually com-
ing into more common use in connection
with transmission lines, networks, and
certain types of measuring instruments,
such as the slotted line.

The change of the last word from
“Meter” to “Bridge” is intended to
improve further the descriptive ac-
curacy of the name. Passive, null-type-
circuits used with generator and de-
tector to measure accurately the real
and imaginary components of an un-
and
active standards are commonly called
“bridges,” whether or not the classic,
bridge, diamond form is apparent with-

known in terms of resistive re-

out topological juggling.
Interchangeable Indicators

Two different indicator units, shown
in Figures 2 and 3, are furnished with

4

the bridge, one for transfer-function
measurements and the other for im-
mittance measurements. Each is an as-
sembly of a casting with three rotatable
loop units, control-indicator arms, and
alibrated scales. They are held in place
by four serews and are
changed. Locating pins
preserve alignment and
bration.

easily inter-
permanently
factory cali-

Circuit for Immittance Measurements
The operating principles and eircuit
for transfer-function measurements were
fully described in the earlier article," to
which reference is made for basic de-
scription and features. For immittance
measurements with the Immittance In-
dicator (Figure 4), there are still three
loops eoupled to three coaxial lines, two
of which are terminated, respectively,
in a standard conductance and a stand-
ard susceptance, but the third loop
couples to the bottom line (labeled “Net-
work Output’) instead of to the right-
hand line (labeled “Network Input’).
In the schematic diagram of Figure 4.
the cireuit is set up for measuring the
output immittance 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
impedance (50 ohms) and admittance (20 millimhos).

TRANSFER FUNCTION
INDICATOR

GENERATOR '/
“

SERIAL NO
105

¢ “""‘;‘G!"“R"-r .

IMMITTANCE
INDICATOR
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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 re-
versed. Note that the lower line, though
labeled “Network Output” because of
its use during transfer-function measure-
ments, actually drives the network dur-
ing immittance measurements. The up-
per line, labeled “Network Input”
because of its use during transfer-func-
tion measurements, acts as either a short
or open circuit at the other end of the
network during immittance measure-
ments and has no other 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 “Network Input’) is not used
at all.,

This cireuit for immittance measure-
ments is the same as that used in the
TypE 1602-B Admittance Meter.” With
the lower line (labeled “Network Out-
put’’) set to a half wavelength or an in-
teger multiple thereof, the instrument
measures admittance. With the line set
to a quarter wavelength or odd multiple,
?_W. l{?l'hm.—sl.on. **A Direct-Reading Impedance-Measur-

ing Instrument for the U-H-F Range," General Radio Ez-
perimenter, Vol. 24, No. 12, May, 1950, pp. 1-7.

R. A. Soderman, “‘Improved Aceuraey and Convenience
of Measurements with Type 1602-B Admittance Meter
in VHF-UHF Bands,” General Radio Exzperimenter, Vol.
28, No. 3, August, 1953, pp. 1-6.
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Figure 4. Schematic
diagram of the circuit
for immittance meas-
urement. For a dia-
gram of the circvit for
transfer-function
measurement, see
previous article.!

7 I
ME 1 s
o "T Ex =iy

"Input”

il

MyA Input

Network
Under

Output Test

length= odd multiple of A/4
for impedonce measurerents;
multiple of A/2 for
admittance measurements

“Network Output” Line A
length=ng /4, np= even or odd

integer lnl not always equal to nz}



GENERAL RADIO EXPERIMENTER

the instrument measures impedance.
The scales are calibrated in normalized
components, from 0 to 1, with a mul-
tiplier from 1 to . For impedance meas-
urements, the reference is 50 ohms,
and for admittance measurements, 20
mmhos. The Transfer-Function and
Immittance Bridge can measure every-
thing that the Admittance Meter can
measure, including reflection coefficient
and VEWR of transmission lines and an-
tennas. In addition, it has the built-in,
calibrated, adjustable line for direct-
reading immittance measurements, the
second, short-circuited, calibrated, ad-
justable line for proper termination of
four-terminal networks during input and
output immittance measurements, and
provisions 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 somewhat better
basic accuracy (39, vs. 5%).

New Transistor Mounts

At very-high and ultra-high frequen-
cies, the method of connecting an un-
known deviee to a measuring instrument
of any kind is eritical. Reproducible an-
swers can be obtained in different meas-
urements by different people using dif-
ferent equipment only if the same,
standard method of making connections
is used in all cases, with details of con-
figuration and dimension being precisely
the same. Furthermore, the necessity of

6
1716"
REFERENCE PLANE—» \‘\6 T 007. Y
& TRy
&,
> UNUSED, <€
EXCESS LEAD LENGTH
Figure 6. Sketch of ¢ ctions to tr , showing

the reference points of measurement.

applying bridge voltages or currents to
transistors or other active devices, of
accurately 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 mounts
have been designed, two of which are
presently available and two more which
are approaching completion in develop-
ment. Additional types will be added
from time to time in response to user
demand. Those available now are for
JETEC basings, 0.200-inch-pin-cirele
triode with common base (1607-P101)
or common emitter (1607-1102). Those
in development are for 0.200-inch-pin-
cirele tetrodes and 0.100-inch-pin-cirele
triodes with common base. Leads of
units to be measured can be any length
hetween 342 and 216 inch, and lead diam-
eters up to 0.035 inch can be accommo-
dated. In the Transfer-Function and
Immittance Bridge all characteristics
of a given transistor with a given com-
mon electrode are measured with a
single mount, thus insuring consistency
of results at high frequencies.

These transistor mounts incorporate
several refinements that result in ac-
curate and reproducible measurements:

Figure 5. Two views of the Type 1607-P101 Transistor

Mount showing the damper unit projecting from the

side. In the right-hand view the lead alignment holes
can also be seen.



Figure 7. View of the Type 1607-P201 Tube Mount

with tube and shield installed and damper unit pro-

jecting from side. Binding posts at left are for heater
connections.

(a) The reference point of measure-
ment on the transistor leads is only 4"
from where they emerge from the header,
as shown by Figure 6. Therefore, the
measured characteristics are those of the
trangistor elements in their housing and
with e 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 maintain a 50-ohm
characteristic impedance level with very
low reflections due to discontinuities.

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

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

Transistors with 0.072-inch-pin cireles
will be easily measurable in the 0.100-
mech-pin-circle mount (available later)
if the leads are bent the slight amount
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required, by use of the lead alignment
holes provided in the top of the mount.

Figure 5 is a photo of Typr 1607-P101
Transistor Mount.

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, 6AN4, 6T4, and
other tubes having the same pin connec-
tions. The tube is measured in the socket
of the mount, so that measured values
will include socket effects and will be
those of greatest use in circuit design.
The Tyrr 1607-P201 Tube Mount, with
tube and shield installed, is shown in
Figure 7.

Typical Measurements

With 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 caleu-
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 h, parameters. For the h, measure-
ment, the output admittance must be
determined with the input circuit open
circuited, a condition which 18 easily
obtained with the bridge. However, with
the open-circult connection, the damping
units cannot be usged, and in seme cases
regeneration or ogcillation can oceur. In
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these cases, h, can easily be calculated
from the formula:

Iy

h, =
h;

Yoo +

The variations in some of the above
transistor parameters with collector
voltage are 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, Y., on a similar
transistor.

The extrinsic base resistance, ry,, of a
transistor is often determined® from
measurements of the common-emitter
input impedance with the collector short
circuited, h;. In this case, the r, is ap-
proximately equal to the input resistance
obtained at a frequency at which the
reactance is zero. Figure 11 shows a plot
of h;, measured on a relatively low-fre-

NETWORK PARAMETER

quency transistor, indicating a base re-
sistance of 27 ohms. At frequencies
above 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 between the seal and the point at
which the measurements are made.
At much higher frequencies, this lead
inductance can be in paralled resonance
with the stray capacitance to the shell
and ground, as shown in Figure 11.

In high-frequency transistors, the
zero-reactance point occurs at a much
higher frequency, and the impedance at
this point may be affected by stray lead
reactances. A typical measurement is
shown in Figure 12. Measurements
were also made on a slotted line in order
to check the values measured on the
Transfer-Function and  Immittance

SR. P. Abraham and R.J. Kirkpatrick, '“Transistor Char-
acterization at VHF,” Proc. Nat. Elec. Conj. 13, pp.
385-402, 1957,

MEASUREMENTS ON A

HIGH-FREQUENCY TRANSISTOR AT 300 Mc
FREQUENCY = 300 Mc, V., = -4.5v, I, = 1.0 ma, SHELL GROUNDED

COMMON BASE COMMON EM'. TER
SC SC
HYBRID ADMITTANCE HYBRID |ADMITTANCE
mmhos mmhos
ag hey Yais he Ya1e B
0.79-j0.53| -0.79 +j0.53 -3.4 ¥j10.2 -0.68-j1.5 2.0 - jl12.0 -0.68 - j 1.5
O hrb Yle hre Y[Ze ’Bt
0.32-j0.18| 0.04 *j0.14 -1.4-j1.0 0.12 +j0.09 -0.4-j10 [=0.215 - j0.02
hib Yllb hie Ylle
67.0 + j53.8 9.1-j6.9 115-j75 5.9 t j4.1
ohms ohms
h,y, Y221 hoe Yoze
0.2 +j4.25 1.8 +j4.2 3.2 +3.0 1.9 + j4.3
mmhos mmhos
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Figure 11. Plot of input reactance versus input re-
sistance, with output short circuited, for a low-fre-
quency transistor.

Figure 12. Plot of inpuf reactance versus input re-

sistance, with output short circuited, for a high-fre-

quency transistor. Comparison with slotted-line meas-
urements.

Nore: All schematics on this page show r/ connections only. with biasing connections omitted,
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Bridge. These measurements are plotted
on the same figure, and it is evident that
they agree very closely with the Trans-
fer-Function and Immittance Bridge
measurements.

Advantages of the Transfer Function and

Immittance Bridge

The Transfer-Function and Immit-
tance Bridge has a number of very im-
portant advantages over other methods
of measuring transistor characteristics
in the VHF-UHF range.

(a) All measurements are made di-
rectly, with the transistor operating in
the proper environment as defined by the
parameter being measured. In most
cases no caleulations are required to ob-
tain any desired short-circuit or open-
circuit input, output, or transfer func-
tion. Direct measurements save time
and avoid deterioration of measurement
aceuracy.

(b)y All input, output, and transfer
measurements on a given transistor with
a given common electrode are made with
the same mount, so that consistency be-
tween these different functions is as-

sured. Furthermore, standard mounts
are available and are not a design prob-
lem to the user.

(¢) The unusually

wide frequency

10

range from 25 Mec 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 the 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
large number of different things 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 instrument makes basic
measurements of circuit characteristics
that have been in use since the begin-
ning of radio and that will continue to
be used indefinitely into the future of
electronics. Currently its most popular
use is for the measurement of transistors,
but its ability to measure any network,
active or 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. THUursTON
R. A. SopDERMAN

SPECIFICATIONS

Frequency Range: 25 to 1500 Me, with reduced
aceuracy above 1000 Me and when flexible
eable is used in the lines. The use of this cable
is required at frequencies below 150 Me and is
optional at other frequencies.

Figure 13. View of the instrument storage box with
accessories that are supplied with the Type 1607-A
Transfer-Function and Immittance Bridge.
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Accuracy:

(up to 1000 Me)

Measurement Range:
Voltage and Current

Ratios
(R) 0-30 25 (1+ VR)%+ 0.025
'J.’r:msi-mpvdam‘e (Z21) -
O-1heliis 2.5(1 % \/7;;‘]')(*; + 1.25 ohms

Transadmittance (Ya;)

0-600 ho Y
300 mmhos 2.5(! + \;’Jl)% +0.5 mmho

20
Impedance (Z11)
0-1000 ohms Z11

2.0(1 -+ )%—I— 1.0 ohm

50
Admittance (Y1)
0-400 hos Vs
msis 2.0(1 +v };(‘j‘)‘;% + 0.4 mmho

DC Bias: Terminals are provided for introduc-
ing de bias from external sources. Maximum
bias current, 100 ma; maximum bias voltage,
400 volts.

MAY, 1959

Accessories Supplied: Range-Extension Unit;
Transfer-Funetion Indicator; Immittance Indi-
cator; 6 terminations (open, short, matched,
ete.); standards; 10-db attenuator; 8 air lines
(21.5 and 43 em); 3 U-line sections; constant-
impedance adjustable line; a special tee; 10
patch cords; carryving case with storage space
for instrument and accessories.

Accessories Required: Generator, detector, and
mount for unknown device. Unit Oscillators and
Tyre DNT Detectors are recommended. For
coaxial adaptors, see latest General Radio
Catalog. See below for mounts available.

Other Accessories Available: Tyrr 1607-P101
Transistor Mount for JETEC-30 base ar-
rangement, grounded base. Type 1607-P102
Transistor Mount for JETEC-30 base arrange-
ment, grounded emitter. Tyre 1607-P201 Tube
Mount, 7-pin miniature, grounded-cathode, for
6AT'4, 6AF4A, and other tubes with same
connections.

Case: The instrument, with accessories, is
mounted in a wooden carrying and storage case.
Dimensions: Case — 1114 x 1414 x 40 inches.
Net Weight: 63 pounds.

Type Code Word Price
1607-A | Transfer-Function and Immittance Bridge........ | HYDRA | $1665.00
1607-P101 Transistor Mount (JETEC-30, grounded base). .. .. TRANSMOUNT 60.00
1607-P102 Transistor Mount (JETEC-30, grounded emitter) ... | TOPICMOUNT 60.00
1607-P201 | Tube Mount, 7-pin miniature, grounded cathode .. | TUBESMOUNT 75.00

U. 8. Patent No. 2,5348.457.

NEW METERED VARIACS,
TYPES W5MT3A, W5MT3W

The usefulness of the Variac® auto-
transformer as a laboratory tool can be
considerably enhanced by the inclusion
of meters in the assembly so that volt-
age, current, or power measurements
can be made directly without the neces-
sity of finding, and connecting, external
meters. To this end, General Radio of-
fers two instruments, similar in appear-
ance and construction, and differing
only in one respect. The Tyre W5MT3A
Metered Variae reads volts and amperes;
the Tyre WHMT3W Metered Variac
reads volts and watts; both are metered
in the output or load circuit.

The metal case houses a Tyee W35

Variac, the meters, a current transformer,
and the necessary switching and meter
shielding. This latter is sufficiently effec-
tive to reduce the Variac stray field to a
point permitting an over-all accuracy
of 3%, (full secale) with 29, 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 or
wattmeter, as the case may be, from
1 ampere to 5 amperes, full scale, or
from 150 watts to 750 watts, full scale,
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respectively. Current-coil circuit and,
hence, load circuits are fused for 1 and 5
amperes in the W3MT3A (ammeter)
model and for 2 and 5 amperes in the
'SMT3W (wattmeter) model.

The finish matches standard W-line
Variacs. The case is equipped with a
convenient carrying handle. A net
weight of 1124 pounds assures ready
portability.

SPECIFICATIONS

Frequency: 50-60 cycles.

Input Voltage: 115.

No Load Loss (60 cycles): 9 watts.

Output Voltage: 0-135 (0-150 voltmeter).

Output Current: (WHMTBA) Two ranges 0-1,

0-5 amperes.

Output Watts: (WHMT3W) Two ranges — 0-150,

0-750 watts.

Meter Accuracies: 3% of full scale.

Switching: OFF-ON, two-pole switch discon-

nects assembly from line in “OFIF”" position.
Meter RANGE, HIGH-LOW, make-before-

break to permit switching under load.

Terminals: Line — 3-wire cord and plug.
Load — 3-wire outlet receptacle (will
accept parallel 2-wire plug).
Fusing: WSMTBA — 1 ampere, low range.
5 amperes, high range.
WHMT3W — 2 amperes, low range.
5 amperes, high range.
Angle of Rotation: 325°.
Driving Torque: 30-60 oz.-in.

Case Dimensions: 913{’" high, 634" wide, 634"
deep and handle.

Net Weight: 1134 pounds.

Type Code Word Price
W5MT3A Metered Variac (voltmeter, ammeter). ........... CABAL $ 85.00
W5MT3W Metered Variac (voltmeter, wattmeter)........... CABOB 110.00

Patent applied for.
Shes e

General Radio Company

minTE
L) ~ o
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A GRAPHIC LEVEL RECORDER WITH
HIGH SENSITIVITY AND WIDE RANGES

A graphic level recorder has a wide
variety of uses in electronics, acousties,
and other branches of physical science
and engineering. It records on a loga-
rithmic scale the rms magnitude of an ac
voltage, rather than the instantaneous
value and can plot the output of an ac
device as a function either of time or of
some other parameter that can be made
time dependent, such as frequency. The
Typr 1521-A Graphic Level Recorder,™
an accurate and versatile ingtrument for
recording from 20 ¢ to 200 ke, has an
input sensitivity of one millivolt. It 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 novel 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 inter-
changed easily and quickly.

An additional feature is an accessory
linear potentiometer, which converts
the instrument from a level recorder to

a general-purpose de¢ recorder with ad-
justable zero level and 0.8-volt full-
scale sensitivity.

Transistors are used throughout the
electronic circuitry, which eliminates
warm-up delay and reduces power con-
sumption and over-all size,

Controls are simple and have been re-
duced to a minimum: input amplitude,
writing speed, and paper speed. These
are separated into two groups: input
signal and writing speed on the left-
hand side of the panel; chart drive on
the right.

The input and writing speed controls
can be seen at the left of Figure 1. A
constant impedance calibrated input at-
tenuator is used to adjust the input
level. The input terminal can be used
with the low terminal either tied to the
mstrument 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 the 80-db
range, corresponds to 400 db per second.
A completely new design based upon the Model SL4

Recorder of Sound Apparatus Co.; U. 8. Patent 2.581.133.
now owned by General Radio Company.

Figure 1. Panel view of the Graphic Level Recorder with 40-db potentiometer and
CTP-505 Chart Paper installed.

INPUT

MANUAL SEY
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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 1-db overshoot at the
maximum writing speed. A calibration
control is also provided for setting the
gain of the recorder in eonjunction with
an external ac reference voltage, so that
the recorder will plot absolute level.

Four chart speeds are 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 iz running by
means of two gear-shift levers shown at
the right of Figure 1. A neutral position
is also provided. The chart paper can
‘be driven either forward or backward or
controlled manually. By the use of a
different motor, which is casily inter-
changeable (see the price table, page
12), these speeds can be reduced by a
factor of 60. Chart paper is easily in-
stalled. Paper width is 5 inches and has
a 4-inch recording range.

The recorder plots rms voltage level
ps. time for frequencies between 20 and
200,000 cycles per second. Accessories
are available to couple the chart drive
to the dial of the Tyrr 1304-B Beat-
Frequency Audio Generator, the Typr
1554-A Sound and Vibration Analyzer,
or the Typr 760-B Sound Analyzer to
produce a plot of level »s. frequency.
Chart paper with frequency scales is
available for uge with each of these in-
struments.

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

quency scale and is ideal for plotting
the frequency response of analyzers, re-
cording systems, networks, filters, and
equalizers, ag well as of loudspeakers,
microphones, earphones, vibration pick-
ups, and other transducers.

The combination of the recorder and
either the Tyrr 1554-A Sound and Vi-
bration Analyzer' or the Tyre 760-B
Sound Analyzer makes possible the
automatic analysis of sound spectra and
complex wavetforms, When the network
or device under test is excited by the
Typr 1390-A Random Noise Generator,
a continuous spectrum responge of that
network to white noise can be plotted.

The high writing speed available with
the 80-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 facili-
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 OPERATION

The Tyee 1521-A Graphic 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 attenuator
to the logarithmic potentiometer. The
output of the potentiometer is amplified

1T¢ be described in a fortheoming issue of the Experi-
menter,
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Figure 2. Block diagram of the
Graphic Level Recorder.
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and then rectified to produce a de volt-
age proportional to the rms level of the
ac input voltage. This de voltage is
compared with a l-volt reference volt-
age, and their difference, which is the
error signal, is used ultimately to posi-
tion the drive coil.

Input Circuit and AC Amplifier

The input attenuator has a 60-db range in
10-db steps. [t provides a constant 10,000-0hm
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 10,000-ohm resistance of the
potentiometer is a compromise bhetween the
desire for a high input impedance, the wire size
required for the potentiometer, and the loading
effects of the ac 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 minimizes its loading effect on the po-
tentiometer. The gain of the amplifier is
approximately 1000. It can be set to exactly
1000 in terms of an external ac reference volt-
age when it is desired to measure absolute level.
Sinee 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 ecalibration.
A regulated power supply is used to minimize
the effects of line-voltage variations. The
dynamic range of the amplifier is 15 db, which
allows faithful reproduction of input signals
with a peak-to-rms ratio of 5:1 — a feature
of considerable importance in the recording of
noise.

Detector

The detector has a quasi-rms response,?
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 10-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 10-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
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Figure 3. View of the magnetic structure and pen
motor.

similar transient responses for increasing or
decreasing levels.

Pen Drive Circuit

The output of the detector is compared by
emitter followers to a 1-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 signal (see below)
is also injected at this point. The sum of the
error voltage and the vo]?;f-ity feedback voltage
is then amplified by a push-pull de amplifier,
which is drift compensated by means of nega-
tive feedback. Two power transistors are used
to produce current through the drive coil or
servo motor.

The servo motor consists of a center-tapped
coil wound on a lightweight Iucite form, which
is positioned in the uniform magnetic field
produced by a large Alnico permanent magnet.
The magnetic structure and coil are shown in
Figure 3. The interaction between the current
in the eoil and the field from the permanent
magnet results in a force to move the coil in
a direction to reduce the error voltage. When
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 will remain in this position as long as the
input voltage remains constant because of the
electrical restoring force produced on the eoil
for any slight movement about the correct
null position. Full current flows through the
coil for a displacement only a 4, inch from
the true null, resulting in a high degree of static
accuracy. Because the pen and potentiometer
wiper arm are located directly on the coil strue-
tu