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PREFACE

TuE purpose of this handbook is to provide a busy
engineer with a ready source of information about the
circuits he needs for a particular industrial electronie
application. The significant work of other engineers here
has been collected in one handy reference volume to
save hours and even days of searching through technical
literature. By starting a problem where others left off
‘rather than from scratch, the need for laboratory research
and experimentation can be reduced to a minimum.

Though primarily intended for reference, the book can
be used for study at home. It can also serve as a new
tool for instructors in vocational schools and colleges
who want to emphasize practical electronic circuits in
preference to abstract theory, or as a supplement for
basic theory.

Since most of the circuits discussed were developed
during the war years, when research and practical
development in the electronic field were at an all-time
high, engineers in other countries should find this hand-
book a valuable replacement for publications having
limited distribution during those years and no longer
available.

The circuits are logically grouped in chapters accord-
ing to function. Within each chapter circuits usually
progress from the simplest to the more complicated
arrangements.

Any desired type of circuit can usually be found merely
by glancing at the chapter headings in the table of con-
tents. Supplementing this is a detailed back-of-the-
book index, in which each circuit is cross-indexed many
times to permit the location of specific circuits quickly
when they are known by a variety of names.

To compile this material, all pertinent magazines were
searched page by page, right through the back-of-the-
book departments, where some of the choicest gems of
circuitry are to be found. As a result, some four hundred
and forty circuits were assembled for processing. Each
circult was carefully checked, simplified where desirable,

New Yorxk, N. Y.
June, 1948

and redrawn where necessary to incorporate approved
electronic symbols established by the American Stand-
ards Association.

Values of all important components are given since
these values aid an engineer in reading a circuit and
redesigning it for his own uses. With values for one set
of operating conditions as a starting point, it becomes
much easier to convert the theoretical circuit to practice.

Included with each circuit is a concise description,
giving the general nature of the circuit, its performance
characteristics, a detailed explanation of how it works,
practical data on critical components, and suggested
applications.

Following each circuit description is a reference to the
original source, where the engineer may obtain more
details on related mechanical problems or graphs of per-
formance characteristics.

Over four hundred of these references are from FElec-
tronics; to this publication, then, and particularly
to its authors and editors should go full credit for
rendering such a practical contribution to the advance-
ment of the industrial electronic field. Specific men-
tion should be made of Keith Henney, former editor;
Don Fink, his successor; and Bill MacDonald, who, as
managing editor, contributed in no small measure to
the quality and number of industrial electronic articles
in the magazine.

Equally valuable articles were found in other publica-
tions, for which appreciation is also expressed here. It
is hoped that much more space will be given to the cir-
cuitry of industrial electronics in the future in view of
its increasing importance and the tremendous role it
played in production during the war years. The sub-
ject deserves greater attention in the future because
electronic mechanization is one promising way of making
more goods better and cheaper while continuing to in-
crease the rewards for labor and enterprise in industry.

JOHN MARKUS
VIN ZELUFF
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AUDIO-FREQUENCY CIRCUITS

High-fidelity Amplifier with No Phase Distortion up to 30,000 Cycles

EvminaTioN of cathode and screen
bypass capacitors, decoupling capacitors,
and the filter output capacitor result here
in an amplifier that can cover all frequen-
cles between 10 and 30,000 cycles with no
phase distortion that is perceptible on a
cathode-ray oscilloscope.

Use of a filter output capacitor is
avoided by means of a type 6A6 con-
nected as a filter. A positive pulse of
ripple voltage coming in through the 10-
henry choke is applied to the grid of the
6A6 through the 1-uf capacitor. As a
result, plate current through the 6A6
increases and the IR drops across the
200-ohm plate resistor and the 60-ohm
cathode resistor increase. The increase
in these IR drops is just equal to the pulse
of ripple voltage; hence the ripple voltage
is canceled at the output terminals of the
power supply. In this way, the 6A6
smooths out ripple or voltage surges from
the line but does not introduce phase
distortion as a filter capacitor would.

The use of screen bypass and decoupling
capacitors is avoided by the use of neon
tubes and an 874 tube. These tubes act
as voltage regulators and therefore per-
form, with negligible phase distortion,
the same function as bypass capacitors.

The use of cathode bypass capacitors
is avoided by designing the amplifier
stages so these can be omitted without
much loss of gain. In the first and third
stages, the cathode bias resistors are

small resistances, and there is not much
degeneration. The second stage, a phase
inverter, is operated at unity gain; de-
generative loss of gain in this stage is
therefore not a disadvantage.

tance of these tubes is made still smaller
by using chokes in series with the plate
resistors to cause a phase shift in the
opposite direction to the shift caused by
the output capacitance of the tubes.

PHASE INVERTER GAIN
GAIN = | PER TUBE=100
GAIN=18-20
CATHODE
955
954 RAY
- | L. + TUBE
M, (Z= — —
- 400V -

0.05 MEG

0.03 MEG

62V
1

125V

TYPEB74
0.02 MEG

GLOW LAMPS WITH SERIES T
RESISTORS REMOVED !

The acorn tubes used combine large
mutual conductance with small inter-
electrode capacitances. They therefore
can provide high gain with little phase
distortion. The little phase distortion
that 1s produced by the output capaci-

MA
6A6 J nsv
£3 A-C
e +
16 R
0.5 MEG | 84
60
——

Large capacitance values, 1 uf, for the
coupling capacitors, also contribute to
the low phase distortion, |

O. H. Schade, An Amplifier without Phase Distortion,
Electronics, June, 1937, p. 26.

Preamplifier-filter Circuit for Crystal Pickup of Phono Amplifier

THE preamplifier-filter circuit illus-
trated permits the playing of ortho-

acoustic transcriptions, constant-velocity
transcriptions, and ordinary phonograph

$00-OHM
OUTPUT

CRYSTAL
PICKUP
A
Fa]
ll I
\V4
50,000
- +250V

records by means of a relatively inexpen-
sive and readily available crystal pick-
up. Circuit constants shown are for
use between an Astatic HP36 pickup
(LP23 head) and a 500-ohm load. The
three switches are ganged. 7T is a West-
ern Klectric 127C output transformer.
Switch position 1 is used when playing
orthoacoustic transcriptions that require
bass preemphasis and treble deemphasis,
in accordance with a standard curve
furnished by the manufacturer. It was
found impossible to equalize in the
amplifier grid circuit; therefore only
partial compensation is made there by
means of the 90,000-ohm resistor.
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Additional equalization is provided by
the 0.2-uf capacitor, which gives high-
frequency compensation, and the 6-uf
capacitor, which governs the low-fre-
quency boost. '

To play ordinary phonograph records

or constant-velocity transcriptions, the
switch is placed in position 2. This
places 500,000 ohms in the preamplifier
grid circuit and converts the network on
the 500-ohm side of the transformer into
a regular 20-db H pad.

Output volume level is approximately
-30 db for switch position 1 and -25 db for
position 2.

Charles Affelder, Preamplifier-filter for Crystal Pick-
up, Electronics, April, 1942, p. 78.

Hearing-aid Amplifier with Self-compensating Circuits

Tar vacuum-tube hearing-aid ampli-
fier described here 1s a three-tube
high-gain amplifier to allow for inverse
feedback and losser methods of time cor-

C
\1

R dl
8 00005
! « 0.1 MEG
1

product of this type of self-bias. It
reduces harmonic distortion but makes
necessary a higher gain circuit. This
type of inverse feedback also causes the

S MEG

CRYSTAL
MICROPHONE

0.0t
0.25 MEG

150

TO BONE AND
MAGNETIC

RECEIVER

rection. Self-bias is achieved without
use of a coupling capacitor across K.
As the battery voltage drops from
45 volts, the voltage drop across Ik,
decreases, decreasing the bias on the grid
of the output tube and regulating the
total current flow. As a consequence,
longer battery life is possible. Con-
stant-current inverse feedback is a by-

plate impedance to rise, producing fre-
quency distortion because the secondary
load also varies in its impedance.

Compensation for the disadvantages of
constant-current inverse feedback 1is
obtained with constant-voltage inverse
feedback (R3), which permits use of a
volume control to vary the secondary
load of the output transformer.

Filter networks prevent circuit oscil-
lation due to dropping battery voltage
and the resultant development of internal
resistance in the battery. They accom-
plish this by preventing the internal
resistance from acting as a coupling
medium between stages.

Position 1 of the tone corrector con-
nects a capacitor across the first stage,
attenuating the high frequencies. This
makes the magnetic receiver low in
pitch and the bone conductor extremely
low-pitched.

Position 2 flattens the peaks in the
magnetic receiver and raises the low
pitch of the bone conductor slightly by
adding Rs in series with (.

Position 8 connects Ry in parallel with
the resistor loading the crystal miero-
phone, in order to decrease the load and
to attenuate the low frequencies. This
flattens the response of the bone con-
ductor and causes the magnetic receiver
to be high-pitched.

Position 4 introduces R¢ into the
circuit. This resistor is of lower value
than R; and accentuates the results
achieved in position 3. Therefore, it
results in a high-pitched bone conductor
and an even more highly pitched magne-
tic receliver.

Ira Kamen, Hearing Aid Design, Electronics, July,
1942, p. 32.

Simple Two-tube Intercommunicator for Master and Two Remote Stations

Tar amplifier circuit shown was
developed to provide two-way communi-
cation between a diver’s tender station
on the surface of the water and either one
or two divers underwater. Only voice
coil eircuits go to the divers by means of
waterproof cables. Plate-supply power
can be obtained from a vibrator power
supply, batteries, or a conventional a-c
power pack.

Loudspeakers serve both in their

normal capacity and as microphones.
The system is normally set up for trans-
mission of speech from all connected
divers to the tender. Switching facilities
are provided on the control panel so
it is possible to select and talk to any one

0003 -

000000 ~

10 QHMS

DIVER | DIVER 2 : —

diver from the surface station. Volume
control is also provided to make more
intelligible the speech as picked up under
varying pressure conditions.

The divers’ reproducers, which are
mounted in the diving helmets, consist
of small permanent-magnet driver units
with a suitable mounting bracket and
protective grille. These speakers have
an impregnated fiber cone.

The amplifier is a resistance-capaci-
tance coupled circuit using a 6J7 as a
voltage amplifier coupled to a 6F6 in the
output stage.

D. W. Gellerup, Diving Amplifier, Electronics, Sep-
tember, 1943, p. 170.
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Automatic A-F Amplifier for Telephone Lines or Power Poles

WHERE noise is very high on long-dis-
tance interoffice telephone lines carried
on high-voltage power-line structures,
this amplifier circuit serves admirably
for raising transmitted signal level above
the noise.

When the handset is removed from the
hook, the battery circuit is completed
through induction coil T, transformer 7'y,
relay SWi, and the transmitter. This
relay operates on the transmitter button
current, and its contacts complete a 110-
volt a-c circuit through the coil of relay
SWs, which has a five-pole double-throw
contact arrangement. When SW, oper-
ates, it puts the transmitter-amplifier out-
put on the line, short-circuits the primary
of the induction coil, removes a short cir-
cuit from the primary of 7'y, connects the
telephone receiver to the receiver-ampli-
fier output, and grounds the center tap of
the power-transformer high-voltage wind-
ing. The amplifier is now in operation.
If there had been a failure of the 110-volt
supply, SW, would have left the telephone
handset connected into a conventional
local battery side-tone circuit. In this
way communication would be maintained,
even if at reduced efficiency.

With the amplifier in operation, the
signal coming from the transmitter is
applied to the primary of T,. This has a
50-ohm primary and a high-impedance
secondary. FR; 1s a dual gain control
ahead of all the tube grids. Kach section
of R, feeds straight into the first push-pull
stage, but the grids of the other stage are
electrically crossed to get a 180-degree
phase shift. The plates of both stages
are connected through “the 50,000-ohm

resistors and 20,000-ohm potentiometers.
The combined plate circuits represent a
bridge circuit that can be balanced with
the potentiometers. The arms of the
potentiometers feed through coupling ca-
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most effective, should also duplicate any
prominent line irregularities as closely as
possible. When the bridge is balanced, a
voltage appearing on the 6F6G grids does
not appear across the 6N7G grids, but it
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pacitors ('3 and the dual gain control to
the 6N7G grids. The output of the 6N7G

goes to the telephone receiver.

The output of one of the 6F6G push-
pull stages goes into the line through T,
and the other feeds into a network which
has characteristics which are approxi-
mately the same as those of the line
through Ts. The network is used to load
the two stages alike as nearly as possible
at all frequencies. The network, to be

TRANSMITTER RECEIVER

does appear on the line. In other words,
there 1s no side tone in the receiver.
However, when a signal voltage from a
distant telephone comes into the ampli-
fier, 1t appears across one end of the bridge
only, so that it is unbalanced. Such a
signal is amplified through the 6N7G and
fed to the receiver,

W. H. Blankmeyer, Telephone Amplifier for Power
Company Circuits, Electronics, April, 1942, p. 78.

| _Cdnst.ant-gain Audio Amplifier for Obtaining Knock Pickup Patterns

CATHODE-FOLLOWER input, a special
feedback circuit, and a simplified phase-
mverter stage provide flat frequency
response from 8 to 20,000 cycles with
a gain of 160,000 for portrayal of knock
patterns of internal-combustion engines
on a cathode-ray oscilloscope, using a
piezoelectric pickup. The gain is con-
stant over a wide range of frequencies,
independent of line voltage, and there is
sufficient voltage output to drive a 5-inch
cathode-ray tube.

The input section of the amplifier is a
cathode-follower tube, which is an imped-
ance transformer. In reproducing cyl-
inder pressures, good fidelity demands a

long time constant for the input circuit.
Under operation at reduced plate and
filament voltages, the cathode follower has
an input resistance of at least 50 meg-
ohms; moreover, it has reasonably con-
stant gain under line-voltage variation.
The wide range of frequencies covered
by the combined knock and pressure
waves makes it necessary to have an
over-all frequency response of from 8 to
20,000 cycles per second, flat to within 10
per cent. Resistance-capacitance coupled
amplifiers are used for the two amplifying
sections. To obtain constant gain and to
aid the frequency response, plate-to-cath-
ode negative feedback is employed in the

first amplifying section (two 6SJ7 tubes)
and in the second amplifying section (a
6SJ7 tube and a 6V6 tube). The ampli-
fier gain is controlled by changing the
amount of feedback in these sections by
means of five-position switches to give the
following 10 different gains:

Gain
Switch position
Section 1 Section 2
1 10 200
2 25 240
3 60 300
4 150 350
5 400 - 400
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In the above table, the gain of the cath-
ode-follower tube is included in Sec. 1,
and the gain of the inverter tube is in-
cluded in Sec. 2. The values of the five
resistors connected to each step switch are
chosen to give the specified section gains.

CATHODE
FOLLOWER

TO CRYSTAL PICKUP

AMPLIFIER SECTIONI

part of the voltage from the grid of the
first output tube to this driver grid. Be-
cause of the feedback, the hum-to-signal
ratio is lower at the plate of the first out-
put tube than at the grid, and as a result
the inverter phase will have a higher

AMPLIFIER SECTION 2
IMEG

TO DEFLECTION PLATES OF C-R TUBE

INVERTER

0.25 MEG

QIMEG

The over-all gain, which is the product of
that for the two sections, therefore ranges
from 2,000 to 160,000 in 25 steps.

The usual method of obtaining phase
inversion in a resistance-coupled amplifier
having a driver and an output tube is to
use an additional driver tube and output
tube for the inverter circuit and to supply

hum-to-signal ratio than the original out-
put tube. Since the increased hum was
objectionable for the inverter section, a
new circuit was developed for this applica-
tion. Although it has only one tube, the
very necessary constant-gain feature de-
rived from negative feedback is still
obtained.

The minimum input signal of 1 millivolt
made imperative an equivalent input
background noise of less than 100 micro-
volts. Hum in the amplifier was greatly
reduced by insulating the transformer
shell from the chassis with Bakelite strips,
by using a filament potentiometer, by
shielding the input stage, and by using
negative feedback.

The amplifier frequency-response char-
acteristics are flat within £1 per cent
from 8 to 20,000 cycles per second.
The amplifier operates satisfactorily down
to 2 cycles per second and up to 70,000
cycles per second.

Except for the highest gain of 160,000,
overloading of the amplifier is not evi-
denced at output voltages up to 200 volts
rms or 560 volts peak to peak.

For all settings of the feedback controls,
the gain increases about 14 per cent for
every 1 per cent increase in line voltage.
It is assumed that the increase in gain
with increase in line voltage is a result of
the change In characteristics of the first
cathode-follower tube. This tube oper-
ates at a low filament voltage in a region
where small changes in filament heating
power will greatly affect the mutual con-
ductance of the tube.

The hum and background noise in the
amplifier is very low, varying from an
equivalent input signal of 24 microvolts
at the minimum gain of 2,500 to 17 micro-
volts when the gain is 160,000.

Richard P. Xrebs and Thomas Dallas, Constant-gain
Knock Pickup Amplifier, Electronics, January, 1947,
p. 87.

Tuned -A_udio Amplifier with 1,500-turn Pickup Coil for Locating Power-line Faults

Tais portable low-frequency amplifier
circuit is intended for use in locating acci-
dental grounds on overhead electric-power
distribution lines.

Before using the instrument, the fault
circuit is energized from the normal power
source through a capacitor. The result-
ing current flow can then be followed with
the fault locator directly to the fault loca-
tion.
fault locator permits following rural pri-
mary lines by car at a distance of 100
yards or more.

An electrostatically shielded loop an-
tenna consisting of 1,500 turns of en-
ameled wire wound in a steel housing is
used to pick up the fault current. A
shielded cable conducts the signal from
the loop to the input of the amplifier.
The loop coil is connected in series with an

The sensitivity of the electronic

iron-cored reactor, and a capacitor tunes
this combination to resonance. Two ad-
ditional tuned circuits are contained in
two following stages of the amplifier.

A step attenuator which changes the
gain approximately 3 to 1 between adja-

" SWITGH TN 60-GYGLE POSITION
cent taps is connected between the first
tuned circuit and the grid of the first
amplifier tube so that amplifier overload
does not take place, provided that the
meter pointer is kept on scale.
The iron-cored inductances are designed



t § toeliminate changes in inductance as the
t B signal input level varies. This ensures
- B that the circuits will remain tuned to the
y § desired frequency regardless of input sig-
,v B nallevels. The three tuned circuits pro-
s, § vide selection to either of two desired
v § tracing frequencies, 60 or 300 cycles. The
1g | sensitivity of the over-all instrument is

- such that good readings are obtained at
- § 10 feet from unshielded 300-cycle currents
ot § of 0.0002 ampere or less. When the fre-
4. § quency-selector switch is placed in the
on | 300-cycle position, the response to 60-cycle
oo § pickup is down approximately 1,000 to 1.

Vi-
Sitsf AutomaTic frequency compensation at
| varying audio output levels in an a-f am-
ols, § plifier is obtained in this three-channel
forl circuit by using inverse volume expansion
age 10 the high and low channels. Represen-
raink tative values of components are indicated,
t off but final choice of such sections as the
firsth filters will depend upon associated circuit
per-§ components and on the requirements of a
oiong specific application.
tingd The straight-through channel is entirely
condconventional for flat over-all frequency
response. Principles of operation for the
1 thahigh and low channels are identical; there-
o amfore only the action of the low channel will
voltdbe described.

nicrof
tof the signal are filtered out, and the

remaining voltage is developed across
o notentiometers B, and R: in the control-
. 1047fgrid circuits of V7 and V1. The signal is
ghifted 180 degrees in phase by Vii, and
Ehis output is applied across Rs in the grid
pircuit of V. The signals on the grids of
V, and V3 are now identical in frequency
pontent but are 180 degrees out of phase.
> 33008 he outputs of these tubes are mixed in
/ Bhe plate circuits and cancellation takes
lace.  Controls Ri, Rs, and Rs; may be
et so that the output of the low-frequency
o.Sghannel is zero.
0 A portion of the unfiltered input signal
5 developed across R4, amplified by Vs,
= \fnd rectified by V1 to supply the screen
0-20%Moltage for V1. Thus the gain of Vi
Sepends on the magnitude of the input
fignal to the system. This means that
hen the input to the system diminishes,
. e signal on the control grid of Vy; will
ecrease and the screen voltage also will
the i down. Thus the output of Vy; to Vs
the finghll go down more proportionally with
overlofecreased drive to the system than will the
that “@put to V.
 If the various controls are adjusted for
- designBro output from the low-frequency chan-

All but the low-frequency components.

One effect of feeding the faulted circuit
through a capacitor is to produce a high
percentage of harmonic currents. The

equipment is sharply tuned to one of the

harmonics for discriminating against sig-
nals resulting from near-by circuits carry-
ing normal currents. A second effect of
the capacitor feed is to limit the flow of
current in the faulted circuit to a safe
value. A protective fuse is used with the
capacitor, which may be a 15-kva phase-
correcting type.

The detector may also be tuned to any
frequency not harmonically related to 60

nel when the input is at a very high level,
then any decreased drive will result in
lowering the output of Vs more than that
of V7. Only partial cancellation will take

INPUT

AUDIO-FREQUENCY CIRCUITS | 5

cycles for use with a special tracing signal
generator, such as a buzzer or tone gener-
ator. Underground cables can also be
checked for faults provided that the fault
is broken down to a low resistance by the
capacitor-feed method and that the trac-
ing current does not flow along the sheath
to low-resistance grounds past the fault.
In such cases, the signal is followed above
ground with the loop and locator.

Fault Locator for Power lines, Electrontics; December,
1946, p. 198,

Inverse Yolume-expansion Circuit for Automatic Tone Control

The rapidity with which the bass channel
will follow changes In over-all level de-
pends on the time constant of the screen
supply circuit for Vy;. The rate at which
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place, and some output will appear from
the low-frequency channel. The output
of this channel will, in fact, vary inversely
with the input to the over-all system.

bass boost will take place is varied by the
setting of R4

John D. Goodell and B. M. H. Michel, Auditory Per-
ception, Elecironics, July, 1946, p. 142.
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Volume-expander Circuit for Audio Reproducing Systems

Tais electronic volume-expanding cir-
cuit amplifies and-rectifies a portion of the
audio signal and applies the resulting d-c
voltage to the control grids of a push-pull
controlled stage as a variable bias, without

PUSH-PULL
CONTROLLED STAGE

6SN7 Y

GAIN ™
CONTROL —

nput O

| MEG

10 db in 0.001 second, and the rate of fal
is 10 db in 1 second, corresponding to
what would be heard in a room with
average reverberation.

The expander circuit shown 1is designed

6K Vi

&
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50,000

25,000

RECGTIFIER

EXPANSION

CONTROL  6SN7

T

=120.01 400V

I MEG

62Y5 OR 6*5

1%33v

pander; the primary winding, suitably
terminated with a load resistor, then gives
single-ended output.

The control signal for the expander is
taken from the point of insertion and is
applied to a two-stage expander amplifier
through a l-megohm expanston-control
potentiometer. The frequency response
of this expander amplifier can well be
limited to the range from 200 to 3,000
eycles, since most of the energy that de-
termines the loudness of sound is in this
range. This prevents activation of the
expander by excessive record surface
noise or low-frequency thumps. The ex-
pander output undergoes full-wave recti-
fication and is then applied to the grids of
the 6K7 tubes in the controlled push-pull
stage. Push-pull is desirable for the con-
trolled stage in order to minimize har-
monic distortion and to obviate filtering
of the grid-control signal.

The meter in the plate-supply lead of
the controlled stage indicates the expan-
sion at any instant. It is optional; but if
used, a volume-indicator type of move-
ment is essential, because an ordinary
milliammeter would overshoot sudden
changes in gain. The absolute level at
which expansion begins depends on the

gain of the control amplifier channel.
The 2-megohm resistor and 0.25-uf ca-

10 ~d
25V

500,000 > 10 J

25V

2 MEG

EXPANDER AMPLIFIER

introducing objectionable time-delay and
harmonic-distortion characteristics. Ix-
pansion does not start until the volume
level reaches a certain minimum value;
it is fairly linear with input level, once
it does take effect, and is limited to a
specified maximum, The rate of rise is

Surgeless Single-ended Volume-expander Circuit Using Dummy Tube

Tur expander circuit shown represents
a method of balancing out changes in
plate current while maintaining the entire
system single-ended with respect to
ground and eliminating the necessity of
using expensive transformers. In addi-
tion, the inherent system distortion i8
extremely low over a controlled range of
approximately 15 db. The attack time
may be made extremely short without
causing undesirable surges, while the
release time may be made as long as
desired.

_ 500
—=z ]
— o —
S p—
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' «————INITIAL BIAS
CONTROL

+ 300V - 25V

for insertion between a single-ended stage
and a push-pull stage in an a-f amplifier,
but it can be inserted in a single-ended
amplifier by adding to the output a good
single-plate-to-push-pull-grid transformer
and connecting the ends of the grid wind-
ing to the output terminals of the ex-

.The audio signal is applied to grid 1 of
the input 68J7, while the variable expander
bias is applied to the suppressor. As the
suppressor is made more positive, from a
given negative value, the screen current
decreases while the plate current increases.
In the 6SJ7, the negative transconduct-
ance to the screen and the positive trans-
conductance to the plate match closely
when the plate transconductance 1s
changed over a wide range without alter-
ing the total cathode current. Unfor-
tunately, as the suppressor bias is varied,

pacitor in the rectifier output determine
the release, or fall time, of the expander.
A 10-megohm rheostat may be used in
place of the resistor if it is desired to vary
the time-delay action. This expander
should not be used with vocal music,
string quartets, or any other music where
the volume range would be less than 20 db
in the actual performance.

Norman C. Pickering, Improving Recordings, Elec-
tronic Industries, October, 1945, p. 82.

the sum of control grid to screen and
control grid to plate transconductances
remains constant. If screen and plate of |
a single tube were tied together, no appre- |
ciable variation of over-all gain would |
occur. |
The plate of the signal amplifier is con- |
nected to the screen of a dummy 65J7, |
and since expansion voltage is applied to |
the suppressor of both tubes, the dynamic |
change in plate current in the signal am-
plifier is balanced by the opposite change |
of screen current in the dummy. In a
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similar fashion, screen-current change ir
the signal amplifier is canceled by plate-
current change in the dummy. Con-
sequently, variation of the effective
transconductance of the signal amplifier is
secured without introducing current surges
in the signal circuit.

The maximum signal input to the ex-
pander stage is approximately 0.25 volt,
and the maximum signal output of the
system is of the order of several volts.
The diode rectifier incorporated in the
suppressor circuit prevents the expander
rectifier from driving the suppressor posi-
tive, which would produce blocking and
loss of expansion control. The time con-
stants of the expansion rectifier systems
are such that 75 per cent of final gain is
achieved in the Fast position in approxi-
mately 0.02 second. This time constant
is tripled in Slow position. The two
decay times are about 0.5 and 1.2 second,
respectively.

A. Nelson Butz, Jr., Surgeless Volume Expander,
Electronics, September, 1946, p. 140.
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Push-pull Electronic Volume Expander for Audio Amplifiers

THE circuit shown provides full expan-
sion of a wide range of program material in
about 10 milliseconds and return to nor-
mal gain in 1 second. Even when im-
properly adjusted, it does not have many
of the undesirable characteristics of other
such circuits.

The incoming audio signal is amplified

by two triode control amplifier stages,
rectified, and the resulting d-c voltage
used to vary the bias of 65SK7 variable-mu
pentodes used in push-pull as the variable-
gain stage. Variations in audio level
thus produce variations in the gain of the
stage. Use of push-pull for the expander
make it immune to residual ripple that

may come through from the rectifier.
Another advantage of push-pull is the
possibility of avoiding the use of bypass
capacitors, as changes of screen and cath-
ode voltages in an expanding stage are in
such a direction as to oppose the change
in gain caused by a change in grid bias.
Low-frequency transients, or thumps, in
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the output, due to rapid expander action,
are canceled out also in a push-pull stage,
since the control bias is applied to both
grids simultaneously.

Even with push-pull operation, how-
ever, it is still necessary to keep the
transients in the output of the individual
expander tubes from becoming so large
as to cut off the following stage. This is
accomplished through use of low values of
plate load resistance and coupling capaci-
tance. The loss in low-frequency re-
sponse is compensated for by the RC
networks in the grid circuits.

In the control amplifier stages preceding
the rectifier are two gain controls, one to

vary the amount of expansion and the
other to compensate for major differences
in input signal level. The RC filter of
the rectifier responds rapidly to impulses
of signal and yet still eliminates all traces
of rectifier ripple from the signal circuit,
because all resistors through which the
capacitors charge are very small and those
through which the capacitors discharge
are very large.

The only way to tell accurately how
well an expander is operating is to play
the same passage twice on a phonograph
record, once with expansion off and once
with it on. The resistors associated with
the neon lamp are so adjusted that the

lamp begins to glow when the signal volt-
age is large enough to drive the expander
to full expansion. The level at this point
is adjusted by control C in such a way that
the lamp will blink at peaks of modula-
tion. With the signal level in the expan-
sion control circuit so adjusted, it is
possible to set gain control D in terms of
its own panel calibrations to give the
number of decibels expansion desired
for the particular program material at
hand.

Robert W. Ehrlich, Volume Expander Design, Elec-
trontcs, December, 1345, p, 124,

Audio-frequency Volume Expander Employing Type 6L7 Hexode

For high-fidelity broadcast reception
and phonograph-record reproduction, this
audio volume-expander circuit permits a
closer approach to the original in volume,
even though reproduction is at a much

the 617 and the 6C5 tubes at the same
time, both channels being supplied by a
volume control. The output of the 6C5
is applied to the rectifier tube, a 6HS6,
which is so connected that the rectified

. 4 i1
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€y Ry O é :LA |
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lower level and compression is introduced
in the studio or the recording amplifier.
Operation is entirely automatic, and the
degree of expansion is readily controlled.

The audio signal in the audio amplifier
of the receiver or phonograph is applied to

voltage being applied to grid No. 3 is
positive. The initial bias on the inner
grid is 10 volts while the initial bias on the
third grid is even more. Under these
conditions the tube is working at very
low gain. When a strong signal comes in,

the voltage on the third grid becomes less
negative, increasing the gain of the tube.

In order to prevent coupling between
the 6C5 and 6L7 amplifiers, the rectifier
output is filtered. The best compromise
in time-constant values has been found
to be 14 second. A shorter time constant
results in annoying up-and-down varia-
tion for every note played.

The degree of expansion is controllea
by volume control Bs. The expansion de-
pends on the voltage applied to the grid of
the 6C5, and this is dependent on the
volume-control setting as well as on the
voltage £,.

In order to minimize harmonic distor-
tion, the peak signal applied to the first

- grid of the 6L7 should not exceed 1 volt.

This means that there must be at least
another stage between the 6L7 and the
output tube. Since individual tubes dif-
fer, it has been found necessary to provide
the adjustment of the initial bias on grid
3 by means of potentiometer P. The
plate current should be 0.15 ma with no
signal input.

Volume Expansion, The Aerovox Research Worker,
December, 1936, p. 1.

Audio Yolume-compressor Circuit with Flat Response to 14,000 Cycles

THIS unique audio compressor circuit
permits boosting the average percentage
of modulation of a short-wave transmitter
up to 90 per cent. The response is flat to
14,000 cycles. The input and output
transformers are standard models, con-
nected with polarity as indicated in the
equivalent circuits. Between the cross
wires at P are resistors R; and R, each
shunted by one section of the 6N7 double-
triode control tube. ‘

Under normal conditions, when there
are no peaks, the combined resistance of
R, and R;and the tube is low because the
triode sections have a small negative bias

(developed across the 2,000-ohm cathode
resistor) and hence have fairly low plate-
resistance values. The two crossed wires
can then be considered as connected to-
gether at P, placing the windings in series
aiding and giving signal transfer from
input to output as required. The inser-
tion loss under this normal condition is
only 7 vu, which is easily made up in other
amplifiers.

The input signal is also applied through
the 25,000-ohm potentiometer to the 6F8
push-pull voltage-amplifier stage, provid-
ing input voltage for the 6HG6 signal-rec-
tifier tube. Diode plate current develops

across the time-constant circuit a voltage
drop that acts in series with the automatic
C bias voltage across s and aids that vol-
tage, thereby driving the control-tube grids
more negative. Under normal-signal con-
ditions, this merely drives the operating
point slightly farther down on the charac-
teristic curve without bringing it to cutoff.

Signal peaks increase the plate current
through the time-constant circuit of the
signal rectifier in proportion to signal-peak
intensity, thereby increasing the negative
bias on the control tube. As this bias
approaches the cutoff value, the plate
resistances increase rapidly and the feed-
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EQUIVALENT CIRCUIT

ON PEAKS

through circuit approaches that shown for
peaks, where there is no connection be-
tween the crossed wires at P. (Actually
there 1s still 0.5 megohm between the
wires due to R; and R, but this can be
considered infinitely high for purposes of
explanation.) Now the polarity of the
two secondaries of the transformer is such
that they oppose each other and provide
the desired suppression on signal peaks.
Initial adjustment involves setting the
input potentiometer to zero, feeding in an

EQUIVALENT CIRCUIT
AT NORMAL LEVEL

audio signal tone of a strength such as to
give a compressor output of 914 vu, and
then advancing the potentiometer until
the output drops to 8 vu. This sets the
threshold at which effective compression
begins. A compression ratio of 10 to 1
will then be provided on strong peaks,
which means that a 10-db increase in
input level will be limited to a 1-db
increase in output level.

The circuit has extremely low inherent
distortion, with phase-shift distortions not

even noticeable on an oscilloscope and
with a frequency response that is flat
within 1.5 db over the entire range from
40 to 14,000 cycles. Tube failures or
other defects in the compressor cannot
interrupt the program; in fact, when a
compressor tube is pulled out, the level
automatically drops about 5 db to protect
the transmitter against peaks.

George Q. Herrick, Volume Compressor for Radio
Stations, Electronics, December, 1943, p. 135

Automatic Volume Expander with Combined Bias and Expansion Control
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Tuis modification of the a-f volume
expander employing a type 6L7 hexode
adds less distortion and is easier to oper-
 ate, besides being less influenced by tube
variations. The bias of grid 3 of the 617
tube is adjusted simultaneously with the
expansion control, keeping the average
level approximately constant.

In order to add 30 db to the volume

range, it is necessary to vary the gain of
the 6L7 tube in a ratio of 32 to 1. The
signal voltage applied to the first grid
should be kept small. Capacitors should
have high leakage resistance, as even
slight leakage may make the circuit inop-
erative. Insertion of the expander in
existing equipment may cause complica-
tions, as its required location at a point

where signal level is low causes any pickup
of hum to be greatly amplified, and sta-
bility may also be introduced. It is pref-
erable to build the expander as an integral
part of an amplifier or receiver.

Volume Expansion, The Aerovox Research Worker,
December, 1936, p. 1.
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Paraphase Circuit for Independent Bass-treble Tone Control
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Tuis one-tube tone-control arrange-
ment using half of a 6SN7GT can be
inserted in an audio amplifier to vary the
bass and treble frequency response
independently about some crossover fre-
quency. Dual RC filter networks follow-
ing the triode determine the crossover
frequency. Values given in the circuit
are for a crossover of 400 cycles. For
another crossover frequency f, choose a
value of R greater than 10 times the gen-
erator Impedance (generator impedance
may be taken as 1,000 ohms, and thus
anything above 10,000 ohms will do;
82,000 was used in the ecircuit shown).
Make C equal to 1/(2xfR) and make K
equal to 10. All eritical network values
can now be determined.

D. L. Jaffe, Paraphase Bass-treble Tone Control,
Radio, March, 1946, p. 17.

Woofer-tweeter Crossover Network Using Inexpensive Components

THis crossover network for feeding a
low-frequency horn and a high-frequency
horn from a single amplifier gives perform-
ance that is flat within 2 db from 30 to
10,000 cycles and yet uses only low-cost
components. Each output transformer is
required to work over only a narrow fre-
quency range so that inexpensive units
rather than high-fidelity units can be used.
Also, placing the network reactances in
the high-impedance part of the circuit
results in small capacitor values.

As the equivalent circuit shows, a
1z-section low-pass portion allocates the
low-frequency output to the appropriate
load, and a 1l4-section high-pass portion
feeds the high-frequency load. Numer-
ical design follows conventional practice.
The impedance level was chosen as 5,000
ohms, which is the nominal load for a pair
of 2A3 tubes operated self-bias. Induct-
ance L; should have its windings closely
coupled to enforce balance; one can be
placed on top of the other. Both L; and

Ls should have adequate iron and coppe.
to permit opening up a large air gap to
hold the inductances reasonably constant
at all levels of a-¢c voltage under which
they wil be required to operate. Match-
ing transformer 75 can be any readily
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available transformer of proper ratio that
will give the required 2 henrys inductance
when the air gap is opened up sufliciently
to hold the inductance nearly constant
over all levels of excitation.

Transformer 7'; should have a high pri-
mary inductance, of the order of 50 to 100
henrys, but the leakage inductance as

measured at the primary can be as high as
1 henry. Transformer 7' must have a
low leakage, preferably less than 0.05
henry to hold the loss at 10 ke to less than
3 db. It may be alow-cost unit, however,
since its primary inductance need be only
2 henrys after opening the air gap—say
10 henrys before adding the air gap.
Transformers 71 and 7’2 should have the
proper turns ratios to match the 5,000-
ohm filters to the respective loads.

The fact that a pair of 2A3 or 6A5G
tubes exhibits a plate impedance of only
2,000 ohms when the load impedance and
the surge impedance of the filters are 5,000
ohms is unimportant. A measured per-
formance curve shows each output to be
flat in its transmission range and to fall
off smoothlyinits attenuationrange. The
mismatch is necessary for proper loading
of the output tubes.

Paul W. Klipsch, Woofer-Tweeter Crossover Net-
work, Electronics, November, 1945, p. 144,

Equalizing Amplifier Having Adjustable Networks in Feedback Loop

TuE push-pull high-level amplifier de-
seribed here performs outstandingly as a
sound-effects equalizer, recorder cutting-
head driver, playback equalizer, or loud-
speaker-equalizer driver. It may be used
to lift or lower the high end of the fre-
quency spectrum in calibrated steps at a
known frequency. Any specified low fre-

quency may be lifted in the same manner.
The input impedance is constant in both
magnitude and phase angle, and its output
impedance is very nearly so. It has a
gain of 65 vu, a maximum output level of
12 watts, and its input may be operated
at a level of —40 vu while still maintaining
a noise level 65 vu below the output.

One of the most interesting applications
is equalization, or preequalization, of tele-
phone-cable circuits. In broadcast work
it is often possible to purchase a lower
grade service than the regular broadcast-
quality line, and equalize this service to
the equivalent of a quality line. To do
this requires a rather sharp peak in the
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frequency characteristic of the equalizing
equipment.

The first stage is only for the purpose of
providing an extra 30 vu or so of gain.
The last two stages in.the normal flat, or
no-equalization, position comprise a sim-
ple and rather conventional feedback

nating networks may be simultaneously
applied. These are shown individually
below. They are to be connected as indi-
cated by the lettered terminals and may
be used separately or simultaneously to
produce composite curves.

Network B consists of a series of ca-
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unequalized position. In network B,
(', is inserted in this position and has a
value necessary to give flat high-frequency
response. If none is necessary, the posi-
tion may be left open. In network C the
first position should be filled with what-
ever capacitor is required to produce a

amplifier whose over-all gain is varied pacitors that may be connected across the flat low-frequency response. Usually this
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with respect to frequency in a predeter-
mined manner by inserting in the feedback
loop frequency-discriminating networks
that have the effect of changing both the
magnitude and the phase of the feedback.

Resonant equalizer circuit A4 includes
only one reactive element—capacitance.
Thus no resonances may occur involving a
rapid phase shift. At the same time, the
frequency response is purposely wrecked
at the high end by inserting an RC net-
work in the 616 grid circuit. This net-
work has the additional function of
stabilizing the tube, which, with its very
high transconductance, will often oscillate
parasitically.

The feedback circuit PMX and QNY is
designed in such a way that a number of
different types of frequency-discrimi-

7F7 cathodes to shunt the high fre-
quencies. This changes the magnitude
and phase of the feedback at high fre-
quencies, thus increasing the over-all am-
plification. By the same token, network
(' is a series of capacitors that can be con-
nected between the points P-M and Q-N,
changing the magnitude and phase of feed-
back at low frequencies, thus increasing
the over-all amplification. Network D is
of the same general character as network
B. It forms a pair of. capacitors bridged
from M to X and N to Y, which reduces
the high-frequency response in the same
manner as that in which the section B
increases it. Networks B and C are cali-
brated in volume units at their respective
frequencies of 5,000 cycles and 50 cycles.
The first position, labeled O, is the flat or

position may be shorted (infinite capaci-
tance). No great amount of ingenuity is
required to combine networks C and D
into a single switch with a center zero
position if a coarse adjustment of this
type of equalization is permissible.

With a simultaneous application of net-
works B and C, the low-frequency equaii-
zation may be adjusted without materially
affecting the high-frequency response, and
vice versa. Since the midfrequency gain
remains essentially constant as the equal-
izer switches are rotated, adjustments
may be made while the amplifier is in use.
One important detail in connection with
section C is the use of the shorting type of
selector switch. Were a nonshorting type
of switch used, the feedback would be
removed between steps as the switch was
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rotated, causing abrupt fluctuation of
gain.

To provide constant and resistive input
and output impedances for the ideal
equalizer, isolation pads must be inserted
at both input and output terminals. The
T-pad volume control shown at the input
should serve this purpose. If constant
output impedance is required, as in the
case of line driving, the secondary winding
of Ts should be followed by a 6- to 10-db
pad.

The first 7F7 cathodes are tied together
into a common unbypassed resistor, as are
the two 6L6 cathodes, for the purpose of
helping to force a balance between the two
sections. Any tendency on the part of
one side of the push-pull section to have
more gain than the other will produce a
resultant voltage across these cathode
resistors. ‘This voltage will in turn act to
produce degeneration within the stage

Three-band Variable Equalizer with Zero lnsertion Loss

Tars versatile preequalizer provides
gain or attenuation adjustment independ-
ently in 1-db steps in the low-, high-, or
midfrequency bands of the audio spec-
trum. Applications include recording,
rerecording, sound-system compensation,
and broadcast-station equipment.

The unit was designed so that low- and
high-end emphasis, or suppression, is in

AOO 500:500-OHM 500:500-0HM
T PAD 42MH  0Q775 T PAD
{ TR
500 J 500 \ /10-0 DB
INPUT 600 q {
500 ,//0-10 0B
IOOMH 18 MH||S
S 0.9
TS T &> ’

itself, tending to reduce the initial unbal-
ance. If there is no initial unbalance,
there will be no net voltage across these
cathode resistors, and thus it will be use-
less to bypass them.

The 0.03-uf coupling capacitor between
the last two stages of this amplifier is too
small to give a good low-frequency re-
sponse in a normal amplifier. However,
if a large capacitor is used, trouble may be
experienced with self-oscillation at a very
low frequency. To force a balance be-
tween the two sides of the push-pull
amplifier, the two 6L6 screens are tied
together and receive and supply voltage
through a common resistor. Any tend-
ency toward a push-pull self-oscillation, or
unbalance, in the output stage immedi-
ately appears as a resultant voltage across
this resistor and tends to cancel.

The d-c¢ blocking capacitors leading
from the output plates to points P and @

14 db up to a total of 5-db suppression or
emphasis. Any combination of low-,
high-, and midfrequency responses can be
obtained. Insertion loss of the system of
networks can be made zero by a suitable
choice of fixed attenuators.

The system may be inserted into a
circuit without affecting normal trans-
mission, manipulations, or usage and, as
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should be low-leakage high-quality com-
ponents. If there is appreciable leakage,
objectionable pops will be heard when
rotating the C switch; indeed the whole
amplifier may become unstable. ;

If it is desired to produce a peak in the
high-frequency response, such as might be
required for the equalization of loaded :
cable circuits, the 7F7 cathodes may be |
shunted by one or more resonant circuits
of adjustable @. An example of this sort ;
of equalizer will be found in section 4. ]
It consists of L, C, and R in series between
the two cathodes. The resistance may be
varied by means of a tap switch arrange-
ment, producing the effect of varying the .
Q. Other switches and trimmers may be
used to adjust the frequency of resonance.

E. G. Cook, A Flexible Equalizing Amplifier, Elec-
tronics, July, 1942, p. 36.

sion and emphasis. At an intermediate
point in the setting of the variable attenu-|
ator the frequency characteristics of the !
two networks are inverse and the net
applied frequency correction is zero.

To maintain constant insertion loss at]
all correction settings, a second variable
attenuator having a 10-db maximum is|
mounted on the same shaft with the cor-]

500 500-0HM |

H PAD
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discrete steps, achieved by a shelf effect
arranged to shift the frequency of one-
half loss or gain further toward the ex-
tremes of the signal band or nearer
the midfrequencies, thereby affecting the
normal circuit characteristics only to the
extent required by the necessary correc-
tion. Maximum suppression is 4 to 6 db,
maximum emphasis is 8 to 10 db, and the
change between steps is approximately 1
db, measured at 100 cycles and 7,000
cycles.

Midfrequency correction is a maximum
at 2,750 cycles and is variable in steps of

2425

previously specified, volume corrections
need not be made simultaneously with
equalization, although under some circum-
stances, particularly when low-end correc-
tions are applied, there will be an apparent
level change.

Two constant-impedance networks are
used for midfrequency control. One is a
suppression network of the required shape
and fixed in amount at the desired maxi-
mum; the second is an emphasis network
connected in series and variable in equal-
ization by an amount equal to the sum of
the maximum amounts of desired suppres-

B+

rection network attenuator, connected in]
series with the other two networks, and
mechanically arranged to maintain the
total attenuator loss at 10 db. By pro-
viding amplification of greater than 10
db, low- and high-frequency correction can
be realized by negative feedback. The|
two-stage amplifier uses parallel feedback
from the second plate circuit to the input
cathode resistor.

Low- and high-end suppression, or em-
phasis, can be controlled by capacitor
resistor combinations. With a suitable
choice of resistors, capacitors, over-all gain
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without feedback, and feedback factor, the
specified frequency characteristics can be
obtained by increasing or decreasing (',
Cyy Cy, or Cy in discrete steps, as follows:
Low-end suppression: Decrease C1
Low-end emphasis: Decrease Cfs

High-end suppression: Increase (4
High-end emphasis: Increase (g

Capacitors C; and C; are connected into
the circuit with a single switch that is
arranged to maintain C; constant while C,
i% being decreased to produce low-end em-
phasis. Conversely, C; is held constant
a8 Cy is decreased to give low-end sup-
pression, Capacitors C; and C; are
switched in the same manner except that
one of them is held at the minimum value
while the other is increased, in steps, to
obtain high-end emphasis or suppression.

The amplifier at zero equalization gives
a gain of 30 db, which must be reduced
to zero by attenuators. The system of
networks is assembled with these attenu-
ators, three fixed and one variable (in
the midfrequency section), located so as to
make the input and output essentially
resistive.

Because the feedback network is not of
abnormally high impedance, the network
controls can be placed in a separate unit
that contains the two capacitor accumu-
lator switches, the midfrequency network
attenuator with the compensating ganged
attenuator, and the feedback network
capacitors.

Due to the potential differences that
gather on the switch contacts, there will
be some noise unless these potentials are
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reduced by connecting resistors between
adjacent switch contacts. These bleeder
resistors can be made sufficiently low to
reduce noise without seriously affecting
the frequency characteristic. A further
aid in maintaining low noise from the
switches is the small difference in attenua-
tion between steps.

Frequency characteristics do not change
with tube replacement or with a 10 per
cent change 1n plate-supply voltage.
Total noise, measured at the output of the
system, is 87 db below 0.001 watt, which is
sufficiently low to work into high-gain
circuits for recording or rerecording.

L. D. Grignon, Three-band Variable Equalizer, Elec-
tronics, January, 1947, p. 112,

Universal Fifteen-channel Equalizer Circuit for Audio Equipment

WiTH the circuit shown here, it is possi-
ble to change the response curve of an
audio amplifier at will to suit acoustic con-
ditions of public-address-system locations
or theaters or to obtain the most pleasing
reproduction from a phonograph record.
Fifteen separate calibrated tone-control

forming the visual curve are calibrated
directly in decibels.

Response characteristics of microphones,
loudspeakers, and phonograph pickups
can be determined by using signal sources
and amplifiers having reasonably flat re-
sponse characteristics.
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RC circuit is broadly peaked at a particu-
lar frequency and has its own individual
gain control. The gain-control levers for
the 15 channels can be so arranged on the
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over-all response curve to which the in-
strument is set.
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channels are connected in parallel but
act independently, each controlling a dif-
ferent portion of the audio spectrum.

To determine the over-all response re-
quirements of an audio amplifier intended
for high-fidelity sound reproduction, the
tonalizer unit is inserted in the circuit of
the amplifier to be tested, at some point
where the signal voltage is about 2 volts,
and the 15 channel controls are adjusted
until the output of the amplifier is the
same at all audio frequencies. The re-
sponse curve then shows on the front
panel, since the positions of control levers

- OTHER CHANNELS

The input voltage-amphfier stage with
its master gain control permits adjusting
the over-all gain of the system and has a
sufficiently high input impedance for a
plate-circuit connection to any stage when
the signal level is about 2 volts in the
amplifier to be tested. The plate circuit
of the 6J5 input stage feeds each of the 15
selective channels in parallel (for sim-
plicity, only three channels are shown in
the diagram).

RC circuits are used as a-f filters to
eliminate phase distortion and other
drawbacks of tuned LC circuits. Each

The output matching circuit and
shielded cable are optional, and are used
only when it is inadvisable for some reason
to connect the 0.5-uf cutput capacitor
directly to the grid of a tube in the ampli-
fier being tested.

A conventional well-filtered full-wave
power pack makes the unit operable di-
rectly from an a-¢ line. A 5Y3G tube is
used with a transformer providing 375
volts on each side of the center tap. Each
selective circuit consists of a series element
C\R: and a parallel element CyR,, forming
a voltage divider as shown in the equiva-
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lent circuit. R and R; are 50,000 ohms
for all channels, but C; and C: are equal
in individual channels only.

At low audio frequencies, most of the
~ signal voltage is dropped across the series
_ element, and only a relatively small volt-
age is available across R, for transfer to
the amplifying portion of the channel.

At high audio frequencies, the imped-
ance of the shunt element is much lower
than that of the series element, and again
the voltage across R: for transfer to the
amplifier tube is relatively small.

As the frequency is decreased from a
high value, the impedances of both the
series and shunt elements increase but
at different rates. The peak response
occurs at the point where the two imped-
ances increase at the same rate, for the
two impedances are then increasing at the
same proportional rate and are giving a
high constant-output voltage across Re,

corresponding to the peak of the response
curve.

The lowest peak frequency employed in
a 15-channel tonalizer is 23 cycles. Suc-
cessive peaks are each approximately 1.6
times the preceding value. This gives
considerable overlap of response curves,
with smooth changes in response and with
a maximum possible variation of about
5 db between adjacent peaks.

When all 15 channel controls are set for
equal or maximum gain, the response
curves combine to give essentially flat
over-ali response.

If the channel controls are not cali-
brated in decibels, the response curve can
be obtained with one additional run after
the controls are set. A decibel meter is
connected to the output of the amplifier
under test, with the tonalizer in the sys-
tem. The a-f input from the a-f signal
generator is then varied over the fre-

quency range. The actual decibel varia-
tions are then read on the meter and
plotted to secure the response curve.
Due allowance must, of course, be made if
the amplifier itself is not flat, but most
amplifiers are designed to have reasonably
flat response.

The tonalizer input- and output-imped- §
ance values can be considered as over §
50,000 ohms for all practical purposes. §
Input voltages in the range of 0.25 to 5
volts will give the maximum output volt- §
age of 10 volts at all frequencies. The §
input level can be adjusted with the input
volume control to prevent overloading of E
the amplifier stages in the tonalizer, §
Shielded input and output leads, each 5 §
feet long, are used.

Paul H., Thomsen, Universal Equalizer Provides A-F |

Amplifier Design Data, Electronics, August, 1943, |

p. 120.

Direct-coupled Input Stage for Phase Inversion in Audio Amplifier

A smvprLE and economical circuit for
obtaining phase inversion and consequent
elimination of the push-pull input trans-
former for a push-pull output stage is pre-
sented here. Voltage divider R1R. makes
50 volts available at the grid of the inver-
ter tube, and this voltage serves also as
the plate supply for the input amplifier
stage. This eliminates the customary
separate load resistor with attendant de-
coupling filter resistor and capacitor, and
gives considerable improvement in over-
all operation.

The 5,000-ohm cathode bias resistor of
the input stage, not bypassed, is a logical
point for introduction of the feedback

voltage. Without feedback, an input sig-
nal of 0.44 volt rms is all that is required
to drive the 6L6 tubes to overload. With
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17 db of feedback, the input requirements
inecrease to 3.1 volts rms for maximum
output. In the circuit shown, using two

500-ohm output transformer secondaries §
in shunt, the feedback resistor Rr will ;
give 10 db of feedback when its value is
240,000 ohms; 100,000 ohms will give 17 |
db of feedback; 68,000 ohms will give §
20 db; 52,000 ohms will give 22 db; 36,000 §
ohms will give 24 db. The amplifier is
perfectly stable with 22 db of feedback.

The output transformer has its two 125- §
ohm secondaries strapped in parallel to §
increase the available feedback due to the §
reduction in leakage reactance in the }
transformer and the consequent decrease
in phase turnover.

C. G. McProud and R. T. Wildermuth, Phase In-
verter Circuits, Electronics, October, 1940, p. 50.

Automatic Phase-reversal Circuit for Audio Amplifier

Wite the unsymmetrical wave forms
that are characteristic of much speech and
music, it is desirable in broadcast stations
to have the peaks that have the greater
magnitude modulate the carrier of the
transmitter in the upward direction in
order to permit the greatest possible
coverage by the station without introduc-
ing distortion by overmodulation. The
switching required for this can be achieved
automatically with the circuit shown,
which consists essentially of a normal line
amplifier, a switching tube, and a push-
pull amplifier whose function is to operate
the switching tube in accordance with the
polarity of the voltage at its output ter-
minal. First consider the operation of

the line amplifier with the 2A3 switching
tube and push-pull amplifier disconnected.
The signal voltage across the input of the
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line amplifier is e,, and for the instantane- §
ous voltages, as marked, the signal voltage §
at the grid will be negative with respect §
to that of the cathode. Now assume that §
the 2A3 switching tube is connected. For |
the moment we shall disregard the grid, §
or input, circuit and shall merely assume |
that plate current flows through this tube.
The flow of plate current will set up a |
steady voltage across Ry, which will give a
somewhat more positive bias to the line |
amplifier, but the signal voltage will re- |
main unchanged. Thus the effect is the |
same as if the bias control were at
the top instead of at N, so far as the |
instantaneous voltage on the input of the
line amplifier is concerned. The function




of the push-pull amplifier is merely to
provide a convenient and automatic
switching arrangement for the 2A3 switch-
ing tube.

For zero signal on the input of the push-
pull tubes, terminals A and B are at the

same potential, and consequently the 2A3

tube has zero bias. When a signal voltage
is applied, one of the terminals becomes
negative with respect to the other. If
terminal A is relatively negative, the 2A3
tube is biased to cutoff, since only a low
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voltage is used on the plate of the 2A3.
This mechanism automatically reverses
the circuit so that the higher peaks will
always modulate the transmitter upward,
although for proper operation the position
of the terminals A and B may have to be
reversed. .

The input circuit of the two 24A
tubes must be a transformer to obtain
proper operation of the push-pull ampli-
fier. It should be noted that the screen
grid of these tubes is not at ground poten-

Electronic Interlocking Circuit for Intercommunication

To make normal two-way conversation
possible in an intercommunicating system
without use of a talk-listen switch, the
circuit shown employs two channels, with
part of the signal from the active channel
serving to reduce the screen-grid voltage
of the amplifier tube in the other channel
and thus lower its gain below the howling
point. The entire changeover action
takes place within the first few vibrations
of the loudspeaker in the channel being
used; therefore there is no objectionable
clipping of syllables of the kind that occurs
with magnetic voice-operated relays. A
signal in one channel acts through a sys-
tem of diode rectifiers to lower the gain of
the other channel, and vice versa.

A 6J7 tube is resistance-coupled to a
2516 tube in each of two amplifier circuits
working in opposite directions. Each am-
plifier is standard with the exception that
some energy from each of the outputs is
fed to the control system and also that the
second grid of each of the 6J7 tubes is used
for control purposes. The driving grids of
the 6J7 tubes have two sources of biasing
potentials, a cathode resistor to ground
(Ry or R»4) and a constant grid voltage to
ground supplied by potential divider Ri:.

The second grid of either one of the 6J7
tubes is connected to a network and to the
elements of a 6H6 tube in such manner
that a positive potential is supplied to this
grid when no sounds are being trans-
mitted. This grid may be thrown more
or less positive when sounds are trans-
mitted, depending on which channel is
active. The potential of the second grid
of the 6J7 tube is raised to a certain fixed
positive value very quickly when sound is
being transmitted principally by that
channel. The fixed positive value to
which it 1s raised is determined and limited
by another 6H6 tube whose plate is con-
nected to the 6J7 second grid and whose
cathode is connected to the desired fixed
positive limiting potential. The potential

of the second grid of the 6J7 tube is
lowered to a certain fixed positive, or
negative, potential instantly, when sound
is being transmitted principally by the
other channel. The fixed positive, or

0.05
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tial and that no bypass capacitor from
screen to ground should be provided.
The plate battery of the 2A3 tube should
be as low a voltage as possible so that a
small grid voltage will cause the tube to
conduct current or to produce cutoff.
The 24A tubes are biased approximately
to cutoff. The H pad reduces the voltage
to the tube and voltage-divider network so
that switching is done at a low audio level.

R. P. Crosby, Automatic Phase Reversal Amplifier,
Electronics, October, 1941, p. 64.

without Switching

and filtered, there is a fixed positive po-
tential of, say, 1.5 volts represented by
battery 1. In series with this is element
2, which normally is neutral but which
may produce or tend to produce 150 voits
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negative, value to which this 6J7 second
grid i8 lowered is determined and limited
by another 6H6 tube, the plate of which is
connected to the desired fixed limiting
potential. |

The circuit for controlling the potential
of the second grid of the 6J7 consists of
three branch circuits, as shown in sim-
plified form on the diagram. In the
center branch, which is of high impedance

of negative potential when the other chan-
nel is active. Also in series is element 3,
which may produce or tend to produce 150
volts of positive potential when the chan-
nel of the 6J7 shown is the principal car-
rier., 'This 150 volts is considerably more
than is required either positive or nega-
tive, but the voltage that actually tends
to result on the grid is the algebraic sum
of voltages 1, 2, and 3.
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In the other branches, 5 is a battery,
which would place a positive potential of
15 volts on the grid, but because of recti-
fier tube 6 no current would normally flow.
Likewise, 7 is a battery that would place a
negative potentialof 1 volt on the grid, but
"because of rectifier 8 no current would flow.

Now assume that the channel contain-
ing this 6J7 tube is very active and that
unit 3 tends to generate 150 volts positive.
The grid cannot go more positive than
battery 5, or current will flow through

rectifier 6 in its normal direction, so that
there is a tendency to charge battery 5.
Similarly, when battery 2 generates 150
volts negative, the grid cannot go more
negative than battery 7, or current will
then flow through rectifier 8 in its normal
direction, so that there is a tendency to
charge battery 7. Since elements 5 and 6
of one circuit and 7 and 8 of the other are
of low impedance, they definitely place
limits to grid voltage of 415 volts and —1
volt or whatever other limits are desired.

When neither channel is active, the
voltages of 2 and 3 soon become zero,
and the grid then floats at the inter-
mediate voltage of battery 1. The
impedance of the rectifiers in the reverse
directions are practically infinite, so that
the voltage of the grid between the limits
of +15 and —1 is unaffected by the
limiting tubes.

Harold J. McCreary, Electroni¢ Interlocking for
Intercommunicators, Electronics, September, 1941,
p. 30,

Automatic Fader Circuit for Sound Systems and Broadcast Studios

TrIs circuit operates from the nemo
and announce tally lights in a broadecast
studio, plus an installed fade key and
tally. It will automatically fade a pro-
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gram either completely or partly in or
out at a predetermined rate without the
use of motors. The only moving parts
are three relays, and the timing for indi-
vidual fade-in and fade-out rates is easily
adjusted.

The fader is essentially an amplifier

adjusted for zero gain, with time-delayed
bias for control. The amplifier tube is
biased to cutoff for complete fade-out, at
an intermediate point for partial fade-out

500-0HM LINE

24,000

HUM 1,000

+200V

or fade-in, and normal for complete fade-
in. The bias is obtained from the two
potentiometers in the bleeder circuit.
Two variable timing controls are
included (slotted shaft for screw-driver
adjustment), one for complete fade-out
and one for complete fade-in. Timing

of a complete fade is adjustable from 1 to
15 seconds. The timing for the back-
ground level, or partial fade, is fixed at
approximately 2 seconds. ‘
The 6C5 is operated at a plate current
of 0.5 to 0.6 ma to obtain a smooth fade.
This quiescent point places the operation
of the tube slightly above the point where
the amplification begins to vary. This .
imposes a definite limitation on the
maximum permissible input level at
which the fader may be operated without |
distortion. The input is 10,000 ohms
bridging, while the output is 500 ohms.
Relay L,, which gives complete fades,
obtains its battery from the nemo tally
light. The partial fade, or background-
level, relay L; connects to the battery
supplying the announce tally through a
contact on relay L,. This allows a back-
ground level only when both announce
and nemo are set up. It was found that a
partial fade of 10 db of tone (500 cycles)
gave a good background level. The level
is adjustable to —58 db.

Dan Hunter, Automatic Fader, Electronics, October, }
1945, p. 119.

Speech Scrambling and Unscrambling Circuit Using Balanced Modulator

For scientifically scrambling the human
voice to secure secrecy during trans-
mission by radio or over wires, this
frequency-inverter circuit employs what
is essentially a Hartley balanced modu-
lator, or demodulator, in which a pair of
triodes is connected to produce -cer-
tain frequencies and to suppress other
frequencies.

Since the inverted speech will occupy
the same frequency range as the original
speech, but in reverse order, it is essential
for complete privacy that the original
voice currents do not appear in the output.
This is achieved to a high degree in the

balanced-modulator stage, provided that
the two tubes are identical and that the
eircuit is properly balanced.

In creating inverted speech, normal
voice frequencies are caused to modulate
a constant audio frequency (inverting
frequency) to produce frequencies that
are combinations of the speech frequencies
and the inverting frequency. These
frequencies will include an upper and
lower side band which are, respectively,
the inverting frequency plus the voice fre-
quencies and the inverting frequency
minus the volce frequencies. If the
inverting frequency is just above the high-

est essential voice frequency, the lower |
side band will be an inverted picture |
of the original input voice frequencies, so |
that the low frequencies become highs, }
and the high frequencies become lows. |

By using an inverting frequency of ]
3,000 cycles, an input frequency of 200 |
cycles will become 3,000 minus 200, or |
2,800 cycles in the difference-frequency |
band. A 2,500-cycle input will become |
500 cycles, and all other input frequencies |
will be inverted correspondingly. The |
upper side band is representative of the ]
original input frequencies raised up in |
the spectrum by the value of the inverting




frequency. In actual practice of secret
telephony, this upper side band is attenu-
ated by filters, and only the inverse-fre-
quency band is used for transmission.

Two high-impedance input circuits are
provided so that the unit can be used in
conjunction with two short-wave receivers
for unscrambling transoceanic telephone
conversations. Two receivers are neces-
sary 1f one wishes to hear both sides of a
conversation.

The output impedance is 500 ohms
looking directly out of the low-pass filter.
The two output jacks permit the use of
two pairs of 250-ohm impedance head-
phones connected in series.

The 6C5 input amplifier is really a
mixer stage to couple the outputs of two
radio receivers to the modulator input
transformer 7;. The transformer must
have low distributed capacitance and low
capacitance between windings, and the
center tap on the secondary cannot be
taken from within a winding. Two leads
must be brought out from separate
sections of coils to provide magnetic and
inductive balance. Controls R, and C;
are provided to compensate for any
inequalities present. The function of Rjg
18 to provide for balancing the plate cur-
rents of the two 6C5 modulators. All
these controls are used to balance out of
the output circuit the incoming speech
waves and the inverting frequency from
the 6C5 oscillator. Preliminary balanc-
ing can be aided by careful selection of
the two 6C5 modulators and by inter-
changing them during the process of
balancing. The half of the secondary
across which capacitor C's must be shunted
can be determined only by experiment.

Transformer 7, is a standard plate-to-
line transformer, and any good make will
serve the purpose.

The low-pass filter is of the m-derived
type to provide for suppression of the
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upper side band produced by modulation.
The a-c resistances of the various coils
should be as low as possible if sharp
discrimination between the unwanted
frequencies and the pass frequeygcies is to
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inverting frequency from the 6C5 oscil-

lator. The frequency is controlled by a
variable resistance and capacitor in
series. A frequency of 3,000 cycles is

provided with the control near the center

be obtained. position. A Wien-bridge or any other
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The capacitors can be a paper dielectric
type because of the relatively low fre-
quencies involved. The odd values for
(s and Cy can be stacked up from standard
capacitors in parallel. The inductances
should be treated with wax or other mois-
ture-resisting material and should be
shielded from each other or spaced by
their own diameter and placed alternately
at right angles.

The 6C8 amphﬁer is perfectly straight-
forward and is for amplification of the

well-known type of oscillator may be
used to supply the inverting frequency.

In operation, the inverter may be used
both for scrambling and unscrambling.
If desired, two units may be placed at
either end of a two-way circuit with the
usual balanced hybrid coils, to provide
a complete privacy system for two-way
telephone communication.

William W. Roberts, Speech Scrambling Methods,
Electronics, October, 1943, p. 108.

Circuit for Indicating Vibration Visibly and Audibly

THE circuit shown is essentially a two-
channel audio amplifier for indicating the
presence of excessive vibration, both
audibly with a loudspeaker and visually
with a neon lamp. Though designed
primarily to assist in adjusting and testing
gyroscope-rotor assemblies, it has many
other industrial uses. As one example,
it 18 valuable in eliminating dynamic
unbalance in gyro rotors. When used
m connection with an electronic tachom-
eter and accelerometer, rotors can readily
be adjusted and balanced so precisely that
it 18 virtually impossible to ascertain by
touching or listening to the rotor whether
it is stationary or revolving.
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The rotor under test is mounted in a
fixture and is rotated at a fairly high
speed by means of an air jet impinging on
its vanes. A phonograph type of crystal
pickup placed on the gyro frame converts
vibrations into a signal that is fed to the
grid of Vs, operating as a conventional
class A voltage amplifier. The output of
this amplifier divides into two branches.
One branch drives a conventional power
amplifier Vs, which operates a loud-
speaker to give audible indications of
vibration present in the gyro rotor.

The second branch is used to provide
visual indication when vibration of the
gyro rotor exceeds a specified amount.



18 HANDBOOK OF INDUSTRIAL ELECTRONIC CIRCUITS

Output from voltage amplifier Vg is fed
into the input stage of the peak-discharge
circuit employing a gas tetrode Vjo.
When the grid of the gas discharge tube

exceeds a stipulated wvalue, the tube
breaks down and illuminates the neon
peak-vibration indicator lamp V. In
this way, excess vibration of the gyro

rotor is converted into a visual warning.

An Electronie Tachometer, Accelerom%ter and Vi-
brometer, Elecironics, June, 1944, p. 100.

Wien-bridge Audio Oscillator Providing Ten Spot Frequencies

A sELECTOR switch provides instantane-
ous choice of 10 frequencies in the audio
range from 20 to 20,000 cycles in this

amplitude are achieved. "The arrange-
ment is useful for measuring a-f-amplifier
frequency response and for wave-form and
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simple switch-tuned RC oscillator, popu-
larly known as a Wien-bridge oscillator.
By careful matching of pairs of resistors,
good wave form and uniform output

distortion measurements. Frequency of
oscillation is determined by the valuesof R
and C (f = 1/2xRC), and the accuracy of
frequency will be as good as the accuracy

of the B and C values. The members
of each pair of resistors should be equal
as checked with a bridge or ohmmeter.

A 6SN7 provides the two triodes that
are necessary for the oscillator, and a
6HG6 is used as a half-wave voltage doubler
to provide the 165-volt B supply needed
by the oscillator. Two filament trans-
formers are used back to bagk to provide
filament voltage and line isolation for the
B supply. The first transformer has a
2-ampere winding to supply filaments as
well as to drive the second (l-ampere)
plate transformer. Connecting the pilot
light across only half of the 6.3-volt
winding eliminates annoying glare but
still provides ample visibility.

Output is taken from the amplifier
cathode so that loading will not affect
oscillation. The amplitude will be about
2 volts peak. A double attenuator 1s
used to make possible vernier adjustment
of low levels for such applications as
speech amplifiers. Oscillation amplitude
is determined by the proportion of output
voltage fed back through C;. If more
output is desired, the alternative power-
amplifier arrangement shown may be
used. This calls for boosting the plate-
supply voltage on all tubes to 250 volts.

Howard T. Sterling, A Simple Wien Bridge Audio
Oscillator, @ST, October, 1946, p. 29.

Circuit for Producing A-F Response Curves on Cathode-ray Screen

TrE circuit described here gives a
continuous curve of the response charac-
teristic of an audio amplifier or of any
acoustic device on a standard cathode-ray
oscilloscope screen.

The main parts of this device are asaw-
tooth oscillator and a beat-frequency
oscillator. The saw-tooth oscillator, used
at a frequency of approximately 30 cycles,

supplies a linear sweep voltage to a

frequency-control tube and simultane-
ously moves the cathode-ray beam across
the horizontal axis. The beat-frequency
oscillator is arranged so as to have its
variable oscillator (which is normally

varied at the control of the operator) left
unchanged and adaptable to its usual
purpose. The fixed oscillator is fre-
quency-modulated at the frequency of the
saw-tooth oscillator by the action of the
control tubes. Thus a variable a-f wave
is generated.

The setting of the variable oscillator
establishes the lowest frequency from
which the audio output can sweep, and the
sweep range is determined by the setting
of the control tube and the auxiliary cir-
cuits. Thus the oscilloscope screen is not
limited to a picture starting at zero
frequency, for any portion of the audio

range can be instantly segregated for
examination.

This change of frequency of the fixed
oscillator is accomplished in a manner
analogous to that used in automatic-
frequency-controlled superheterodyne re-
ceivers. The value of the received signal
alters the grid potential of a control tube,
which in turn is coupled to the oscillating
circuit in such a manner as to change its
frequency slightly and thereby tune the
set more accurately to the signal being
received. In both systems the control-
tube plate circuit is connected in parallel
with the oscillator coil. The effective



inductance of this coil is changed by
altering the dynamic tube characteristic
through the action of the control grid.
The amount of control is established by
the value of the biag potential applied
to this.grid.

The control tube in this system gener-
ates out-of-phase currents in its plate
circuit by the action of a phase-changing
network connected between the plate and
a grid. The amount of inductive con-
trol 1s varied by applying the discharges
of the saw-tooth oscillator through suita-
ble range-control circuits. If these func-
tions are all arranged for control by one
grid, undesirable interaction occurs be-
tween the circuits having the different
functions.. A pentagrid tube (6L7) is
therefore used. In this tube a screen
separates the two control grids and thus
eliminates Interaction between them.

The range of frequency change is
controlled by wvarying the mutual con-
ductance of the control tube. This is
accomplished by varying the bias of the
first grid, which has a remote cutoff
characteristic. The instantaneous fre-
quency is determined by the out-of-phase
signal fed back from the oscillator tank
circuit through the phase-shift network
to the third grid. If the tube is biased to
cutoff, 1t causes no change in the tank-
circutt inductance. Reducing the bias
of the control tube’s first grid increases its
mutual conductance, thereby shunting the
- inductance of the coil with an apparent
inductance and raising the frequency of
the fixed oscillator. |

It 1s usually desirable to have a logarith-
mic spread of the frequency spectrum on
the cathode-ray screen. This can be
obtained by varying the bias of the control
tube in linear saw-tooth fashion and using
a tube whose mutual conductance changes
substantially logarithmically with grid
bias. The output frequency of the audio
oscillator approximates a straight-line
function of the mutual conductance.
The frequency will then vary logarithmi-
cally with time. By using the same saw-
tooth wave as the oscilloscope sweep, we
obtain logarithmic spread of frequency on
the oscilloscope screen.

The output of the signal generator will
rise from a low frequency to a higher
frequency if the first grid is biased to cut-
off and if the phase of the sweep voltage
applied to the first grid of the control
tube is so chosen that it rises from a
negative to a positive value. By chang-
ing the tube parameters and circuit con-
stants, the system can be varied from a
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logarithmic to a nearly linear frequency
spread on the oscilloscope.

In order to secure a good frequency
range, a beat oscillator was chosen whose
tank-circuit frequency could be widely
varied with only a small change ininduct-
ance. Uniform a-f response character-
istics are also desirable.

The range of a-f sweep is controlled by
varying the alternating voltage on the
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VARIABLE OSCILLATOR

22,000

150,000
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by the use of a Wien bridge connected
between the output of the signal gener-
ator and the vertical plates of the cathode-
ray tube. The bridge can be calibrated
at fixed frequencies, and when it is placed
in the output circuit, it will show a sharp
narrow V notch at the frequency points to
be determined. With the range control
set to sweep from zero to 10,000 cycles,
the midpoint of the cathode-ray screen
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first grid. This voltage has a saw-tooth
wave form going positive and negative
about a biasing value equal to half of the
peak value subtracted from the cutoff
voltage. This biasing potential must be

varied in order to keep the minimum

frequency of the fixed oscillator constant
and to have it occur simultaneously with
the peak of the saw-tooth wave. A
multiple potentiometer system was devel-
oped, by which the bias of the first grid is
varied in suitable proportion to the
magnitude of saw-tooth potential applied.
The range of sweep may be varied from
very low values to 15,000 cycles.

The frequency of the saw-tooth oscil-
lator in the instrument described is
approximately 30 cycles. This frequency
gives a good clean picture on the standard
medium-persistence-screen cathode-ray
tube. With the 30-cycle saw-tooth oscil-
lator frequency, the low usable limit of the
instrument is approximately 100 cycles.
In order to examine frequencies of lower
value, a slower sweep frequency can be
provided for use with a long-persistence
cathode-ray screen.

The calibration of the instrument,
dynamically, can be accomplished easily

was found to be 1,000 cycles, indicating a
very close approximation to a logarithmic
frequency scale.

The modulator is provided with two
output connections. One set of connec-
tions 1s made directly to the horizontal
amplifier terminals of the oscilloscope.
The other set of connections, provided
with taps at various impedances, supplies
the varying audio signal. This is con-
nected to the amplifier under test, the
output of which is connected to the
vertical amplifier of the cathode-ray
oscilloscope.

This instrument has been found useful
for testing all types of electrical and
acoustical instruments, both in the labora-
tory and on the production test floor.
The testing of microphones, receivers,
filters, and amplifiers is rapid and accu-
rate. The instrument can be used for
comparison of the product with a stand-
ard by a single switching system. One
instrument has sufficient power to operate
several test positions, each using a
separate oscilloscope.

S. F. Carlisle, Jr.,, and A. B. Mundel, Frequency
Response Curve Tracer, Electronics, August, 1941,
p. 22.
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Portable Reverberation Meter Measures Acoustic Value of Room

TR circuit shown is a portable
electrically operated reverberation meter
designed to measure directly the rate of
decay of reverberant sound in decibels
per second. The complete apparatus
includes the reverberation meter proper
and a General Radio noise meter (which
together constitute the actual measuring
equipment) and a sound source.

The reverberation meter and mnoise
meter together constitute in effect an
electric ear having a threshold which can

0l
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be varied by 10-db steps and a timing
device which measures the time required
for reverberant sound to die out from its
initial value at the instant of cutoff to the
particular threshold chosen. By plotting
the time intervals as abscissas against the
corresponding values of threshold settings

in decibels as ordinates, a series of points

1s located which, when joined by a
straight line of best fit, gives directly the
slope of the decay curve. The reverbera-
tion time as defined is therefore the time
interval along the horizontal axis corre-
sponding to a range of 60 db along the
vertical axis.

The reverberation meter consists of a
stage of amplification of conventional type
followed by a small copper-oxide rectifier
and a low-pass filter section. These two
elements convert the a-¢ output of the
amplifier tube to a steady positive d-c
voltage on the grid of the thyratron. A
variable negative bias furnished by the C
battery and potentiometer is superim-
posed on the positive voltage so that their
resultant algebraic sum is the effective
voltage controlling the plate current of
the thyratron. This plate current will
flow only when the positive voltage due to
the sound input is high enough to make the
total grid voltage more positive than
the discharge potential of the tube, in
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this case approximately —2 volts. The
variable negative bias serves as a thresh-
old control supplementary to the 10-db
step attenuator, since the more negative
this bias, the more positive must be the

‘sound 1nput voltage to cause the tube to

discharge. By this means it is possible
to set the threshold of the entire system
just above the noise level existing in the
room under test.

The plate current of the thyratron
operates a relay that in turn controls the
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hag a value above the thlﬁeshold, thu
tending to average out the fluctuation
in the decay curve.

The loudspeaker is first set up at
position corresponding to that of th
sound source in the normal use of th
room. The 10-db step attenuator o
the noise meter is set to its lowest value ¢
attenuation, ¢.e., the lowest threshold ok
tainable, and the potentiometer (marke
threshold control) which varies the fixe
bias on the thyratron is adjusted so tha
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starting and stopping mechanism of the
clock. This is a Leeds & Northrup
synchronous timer having a very rapid
and positive clutch mechanism operated
by a pair of opposing magnets. The
clock movement is operated by a standard
synchronous clock motor and is geared to
complete one revolution in 10 seconds.
The dial is graduated in tenths of a second
and may be easily estimated to hun-
dredths. The pushbutton in the plate
circuit of the thyratron is arranged to
turn on the sound source and to break the
plate circuit simultaneously when pressed,
and when released to cut off the source
and close the plate circuit, thus allowing
the clock to start the instant the source is
stopped.

The plate of the thyratron will auto-
matically be turned on and off as the grid
voltage is varied back and forth through
the critical value. Under field conditions
the decay of sound energy actually takes
place with rather wide fluctuations about
an average straight line, owing to the
interference pattern in the room, so that
the sound intensity may pass through a

given value several times before finally

decreasing below that value. Owing to
the automatic on-and-off action of the
thyratron, the clock integrates the total
time during which the sound intensity

il

the voltage on the grid produced by th
small amount of noise in the room 1
barely insufficient to cause the thyratros
to discharge. This setting must b
left unchanged during any one series o
10-db steps along the decay curve. Th
sound source i8 turned on for a few second
by pressing the pushbutton, and on releas
ing it, the clock registers the time of sounc
decay to the threshold. The attenuato
1s then set 10 db higher, and a shorte
time is obtained to this higher threshold
By setting the attenuator to successive
steps until the threshold is brought
higher than the initial sound level itself
in which case the clock does not operate
at all, a series of points along the deca;
curve is obtained. A single series o
points will normally deviate widely from ¢
straight line because of the fluctuations o
the sound decay mentioned above. By
taking a number of readings and changing
the position of the microphone between
each series, these deviations will be largelsy
eliminated, and the average values ob-
tained will fall approximately along a
straight line. Closer approximation may
be obtained by increasing the number of
microphone positions or by using s
warbled instead of a steady frequency.

Hale J. Sabine, Portable Reverberation Meter,
Electronics, March, 1937, p. 30.



AUDIO-FREQUENCY CIRCUITS

31

Audio Noise Meter, Using Yacuum-tube Voltmeter Circuit, Attaches to Any Receiver

TH1s circuit has been used for quantita-
tive tests of noise components in aircraft
radio equipment. The instrument con-
sists of a vacuum-tube voltmeter that is
connected to the regular receiver in the
plane. This eliminates switching prob-
lems and permits the measurements to be
made from points where interference is
being generated, remote from the receiver.

The instrument indicates the quasi-
peak value of the noise signal rather than
the rms value, since only the nuisance
value of the noise signal present in the
audio output of the receiver is of interest.
The proper response is accomplished by
the use of a resistance-capacitance net-
work that requires a 10-millisecond charge
time and a 600-millisecond discharge time
in accordance with the standard time
constant for noise-measuring instruments.

To prevent a false reading by a signal
from a radio station that may be inad-
vertently tuned in, the audio signal is
monitored at the input of the noise meter
by headphones inserted in the jack
provided. This is also of wvalue in
identifying the source of radio noise, since
certaln units of noise-producing equip-
ment in aircraft cause a characteristic
audio signal in the receiver.

A starting point in the measurement of
radio noise is the evaluation of the back-
ground level of the receiver with all noise
sources lnoperative, the receiver antenna

lead disconnected, and the antenna
terminal grounded to the receiver chassis
through a capacitor whose value equals
that of the antenna. The background
level is then determined throughout the
frequency range of the receiver. The
relative noise outputs of the various
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electric devices in the plane may be
measured and steps taken to reduce the
coupling paths to the receiver.

For measurement of ignition noise
reaching the receiver via the antenna, the
background level is measured with the
antenna and lead-in connected normally.
In this case it must be remembered that
the atmospheric noise level is the limiting
background level. If noise from equip-
ment inside the plane is reduced to the
atmospheric noise level in one location, it
may be above the atmospheric noise level
in another location. |

The circuit includes a filter to limit the
frequency response of the instrument to
the audio range necessary for intelligible
transmission of speech. The meter is
calibrated in decibels using a 0-db refer-
ence level of 1 milliwatt in 600 ohms. An
input, attenuator circuit is shown that

extends the full-scale range of the meter in
steps of 4 db.

An alternative attenuator circuit that
provides steps of 10 db is also given.
High sensitivity is used to indicate the
background level of the receiver used in
conjunction with the meter, since this
is one factor of the basis on which quanti-

-tative audio noise measurements are

made.

Noise Meter for Planes, Electronics, February, 1944,
p. 161,
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Capacitance-responsive Circuit for Detecting Small Mechanical Movements

MECHANICAL movements as small as a
millionth of an inch can be detected with
this circuit by converting them into
capacitance changes of the order of 0.01
upuf. The movement is utilized to change
the capacitance between a fixed and mov-
ing plate. This varying capacitance is
connected between an r-f oscillator and
an r-f amplifier, producing a corresponding
change iIn output that can be measured,
recorded, or made to actuate a relay.
Accuracy is high because variations in

Ts. The resulting induced r-f voltage
in the secondary of 7 is rectified in full-
wave detector V4 The d-c potential
thus obtained across 0.5-megohm resistor
R is filtered and applied to the grid of V.
The plate current of Vi can be fed to a
meter, recording galvanometer, oscillo-
scope, or relay.

The lead between displacement unit D
and tuned circuit 7', is surrounded by two
shields. The inner shield is connected %o
the cathode of V; because a grounded

OUTPUT

_ DETECTOR
—1.6H6G

Va
—

R-€ AMP Vs ;
6K7 / = = — N\ ) 6J5G
DISPLACEMENT| T, [t === orves [/ ——\
UNIT | 1 A ol _——
S [ ) IFI
% __________ 12 e s s Joz =02 ¢ RECTIFIER
" T 7«-\ | >
S b, S30 L 3 f I I _
18 ; T 38 | 0.5MES
S 0-10,000]| o |
I | — N R-F OSC - IS H
L e L J- Rl v
H & 000 [=——
o1 eopoo
3L Sk 50
M PpF S
T
¢ — * — ¢ 4

oscillator and cable characteristics are
nullified.

Oscillator tube V; holds its plate and
line H at an r-f potential with respect to
ground. The first tube of the amplifier
Vs derives its plate supply from these
lines. Displacement unit D is connected
between ground and a tap on the coil of
tuned input circuit 7.

The impedance of D is high compared
with the impedance of the tapped center
section of tuned circuit Ty, and therefore
the r-f current flowing through these
impedances is essentially proportional to
the capacitance of D. This current
causes an r-f voltage difference between
the grid and cathode of V3, and a corre-
sponding r-f plate current flows through

shield around that lead would form an
undesirable capacitance in parallel with
the displacement unit., The inner shield-
ing is surrounded by an outer grounded
shield to eliminate radiation and to dimin-
1sh changes in capacitance between inner
shielding and ground when the flexible
cable is moved.

The at-rest capacitance of the displace-
ment unit can be compensated by variable
capacitor C, which is connected between H
and ground through a coil coupled to T
in the proper direction. The gain of the
amplifier can be controlled by R;.

The circuit was designed to be insensi-
tive to changes in capacitance between
lead and inside shielding (of the order of
1 ppf for an unusually severe punishment)

and to changes between rinside shield
and outside shield (of the order of 10 uuf
for an unusually severe punishment).
The oscillator is of the electron-coupled
type, so that detuning of the plate circuit
does not affect the frequency of oscilla-
tion. The r-f voltage obtained at the
plate is proportional to the plate load
impedance, however. To make this volt-
age 1independent of the capacitance
between inner and outer shielding (which
forms part of the plate-to-ground capaci-
tance), r-f chokes L and I, and adjustable

“capacitor C'; are tuned to the frequency of

oscillation, and the resonant impedance
of this tuned circuit is artificially de-
creased by resistor Rs.

The oscillator signal is fed to a tap
rather than to the top of tuned circuit 7',
because any changes in capacitance be-
tween lead and inner shielding are
reflected to the top of the tuned circuit
in proportion to the square of the ratio of
turns. In addition, if a tuned circuit is
detuned slightly, its impedance varies in
proportion to the square of the detuning
capacitance. Accordingly, the effect of
changes in the capacitance between lead
and inner shield will decrease with the
fourth power of the ratio of turns. At the
same time the input sensitivity will
decrease in proportion to the ratio of
turns (the impedance of D being higher
than the resonant resistance of 7).

If a substantial power output is neces-
sary, the output tube can be fed from a
separate power pack, or a class A push-
pull arrangement can be used in which the
plate current of one tube increases by the
same amount as the plate current of the
other tube decreases.

Applications include recording of blood-
pressure curves, checking eccentricity of
rotating shafts, detecting small pressure
variations in internal-combustion engines,
and detecting deformation due to stresses
In machine or structural parts.

Joseph C. Frommer, Detecting Small Mechanical
Movements, Electronics, July, 1943, p. 104.

Simple A-C Powered Capacitance-operated Relay

Ix this a-c circuit, the sensitive element
18 a pentode oscillator, the feedback of
which is determined by the difference in

the ratio between the inductances of the

two parts of the oscillator and the ratio

capacitance C,. The intensity of oscil-
lation varies with a change of (' or (..

between C; and the antenna-to-ground As the cathode of the oscillator is at an

22
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r-f potential, and as the control grid of the
output tube is bypassed for high frequen-
cies to the cathode, a negative d-c voltage
equal to the peak r-f voltage on the
cathode of the 6J7 will be across the grid
leak and capacitor owing to the rectifying
action of the grid of the 25A6, and it will
thus appear on the grid of the 25A6.
The 6J7 oscillates at high frequency on
one half of the a-c cycle and builds up

.this negative charge on the grid of the

output tube. During this time the out-
put tube has negative plate voltage and is
nonconducting. On the other half of the
a-¢ cycle the 6J7 oscillator has negative
plate voltage and therefore ceases oscil-
lating. The negative charge on the grid
of the output tube does not have time to
leak off during this interval, and hence it
is effective in controlling the plate current

of the output tube, the plate voltage of
which is positive during this interval.
This type of circuit finds its application
in connection with such devices as door
openers and counters and has even been

used as a foul-line indicator for bowling
alleys.

F. H. Shepard, Jr., Capacity Operated A-C Relay,
Electronics, June, 1936, p. 34,
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Universal A-C/D-C Capacitance-operated Relay for Alarm and Control

Tae type 85 tube in this circuit is
connected as a Hartley oscillator whose
feedback—and hence intensity of oscil-

the feedback is varied smoothly from a
negative value through zero to some
maximum positive value, and the intensity
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lation—is controlled by the amount of
capacitance between the feeler antenna
and ground. The feedback is a function
of the difference in the ratio between the
two parts of the oscillator and the ratio
between capacitances C; and ;. As
either of these capacitances is varied,

of oscillation is varied from zero to a
maximum.

The diode section of the tube develops
a voltage equal to the peak oscillator
voltage present between the cathode of the
oscillator and ground. This negative
d-¢ voltage is fed to the grid of a power

output tube that can be used to actuate
a milliammeter and/or operate a relay.
The diode is grounded for the oscillator
frequency through a 0.1-uf capacitor.
The relay may have up to 5,000 ohms
resistance and requires a shunt capacitor
only for a-c operation of the circuit; the
value of Cy may be from 0.5 to 8 uf de-
pending on what is required to stop
chatter with the relay used.

This ecircuit is sufficiently sensitive so
that wiggling a finger about 5 feet from
the antenna wire will cause as much as a
3-ma variation in output current. TUses
for the ecircuit include operating an
advertising display upon approach of a
prospective customer, operating a door
opener or burglar alarm, or safeguarding
a danger area of a machine,

F. H. Shepard, Jr., Miscellaneous Applications of
Vacuum Tubes, Proc. Radio Club of America, June,
1935, p. 3.

Self-balancing Capacitance-operated Relay Circuit

WHERE it is desired to operate a relay
only on a change of capacitance occur-
ring within a period of several seconds,
duration, the accompanying -circuit is
advantageous. Though the actual an-
tenna-to-ground capacitance may drift
considerably over long periods of time
due to temperature and humidity changes,
the circuit will automatically rebalance
itself after a short period of time.

The sensitive element consists of a
pentode oscillator, the feedback of which

1s determined by the difference in the
ratio between the inductance of the two
parts of the oscillator coil L, and L, and
the ratio between C; and the antenna-to-
ground capacitance. Because the cath-
ode of the oscillator is at an r-f potential,

and because the control grid of the output

tube 1s bypassed for high frequencies
through suitable bypass capacitors to the
cathode of the oscillator, a negative d-c
voltage equal to the peak r-f voltage on

- the cathode of the 6J7 is built up across

the grid leak and capacitor of the 25L6
due to the rectifying action of the grid.
The 6J7 oscillates at high frequency on
half of the a-c cycle and builds up the
negative charge on the grid of the output
tube. During this time, the output tube
has negative plate and screen voltages
and thus is nonconducting. On the other
half of the a-c cycle, the 6J7 oscillator has
negative plate and screen voltages and
thus ceases oscillating. The negative
charge on the grid of the output tube
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does not leak off during this interval, and
hence it is effective in controlling the
plate current of the output tube during its
positive plate-voltage interval.

The lower the losses in the oscillating
circuit, the greater wili be the sensitivity.
Theoretically, as the oscillator plate
impedance approaches infinity and the

more than about 15,000 ohms, however,
the circuit will become unstable. The in-
crease In sensitivity is caused by the
fact that as the intensity of oscillation of
the 6J7 increases, its plate and screen
currents decrease. 'This causes the screen
voltage and hence the mutual conductance
of the 6J7 to increase; the increase in
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losses in the antenna and the tuned cir-
cuit approach zero, the sensitivity ap-
proaches infinity. Sensitivity gained in
this manner is much more stable than that
gained by regeneration.

The sensitivity to small changes in
capacitance can be increased by increasing
the resistance of the choke coil feeding the
screen of the 6J7. When this resistance is

turn helps to increase the intensity of
oscillation.

Chattering of the relay can be effec-
tively eliminated by the damping resistor
placed across the relay coil. If desired,
the resistor can be replaced by an electro-
lytic capacitor large enough to keep the
relay from chattering (8 uf for most relays).

The intensity of oscillation is automati-

HANDBOOK OF INDUSTRIAL ELECTRONIC CIRCUITS

cally controlled by feeding a  negativ
potential to the No. 3 grid of the 6J7
This potential makes the grid negativi
with respect to the cathode, reduces thi
mutual conductance of the tube, anc
reduces the plate impedance of the tub
that is effectively shunted across th
lower part of the tuned circuit. Botl
of these actions tend to reduce the ampli
tude of oscillation for a given feedback, o
make the oscillator require a greater feed
back for a given intensity of oscillation.

As the negative potential applied to th
No. 3 grid of the 6J7 is derived through :
time-delay circuit from the grid of th
output tube, this grid assumes a direc
potential equal to the peak high-frequenc;
voltage appearing across the lower half o
oscillator coil L.. Thus the intensity o
oscillation 1is maintained substantiall;
constant for wide variations in antenna
to-ground capacitance (feedback). Th
above is true for slow capacitance varia
tions; sudden variations cause the in
tensity of oscillation to vary rapidly befor
the corrective voltage can be appliec
through the capacitor-resistor time-dela;
circuit to the No. 3 grid of the 6J7
Short-time capacitance variations ar
therefore effective in operating the relay
while long-time variations within limit
are automatically compensated for.

This circuit finds application in con
nection with such devices as door openers
counters, burglar alarms, and advertisin,
displays.

. H. Shepard, Jr., Some Unconventional Vacuur
Tube Applications, RCA Rev., October, 1937, p. 149

Stabilized A-C Capacitance-operated Relay for Control Purposes

Here is a stabilized capacitance con-
trol circuit that operates directly from an
a-c¢ line for burglar protection, counting
and sorting of metallic objects, and
general space-control applications. A
type 874 voltage-regulator tube supplies
constant voltage to the oscillator, which
uses the pentode section of the 6B7 tube.
The amplitude of oscillation depends on
the ratio of antenna-to-ground capaci-
tance C. to C.

As the antenna-to-ground capacitance
is increased, the amplitude of oscillation
can be made to increase. The oscillating
voltage 1s rectified in the double-diode
section of the 637 tube, and is applied to
the grid circuit of the type 43 relay tube.
The screen grid of the type 43 is given
an adjustable bias by means of which the
maximum relay current can be controlled.
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s the antenna-to-ground -capacitance
ncreases, the amplitude of the rectified
oltage increases, and the plate current
1 the 43 tube changes accordingly.

When a long antenna is used, the tuned
rcuit of the oscillator shéuld be de-
gned for a low irequency, in order to

reduce radiation losses from the antenna.
For high sensitivity, all losses in the
oscillating circuit should be kept as low as
possible, for example, by the use of good
insulation and high Q values for the coils.
By increasing the resistance of the choke
coll feeding the screen of the 6B7, the

sensitivity of the circuit may be in-
creased until it becomes unstable and the
relay no longer opens at a given value of
capacitance.

F. H. Shepard, Jr., Two Practical Capacity-operated
Relays, Electronics, April, 1937, p. 35.

Capacitive Micrometer Using Frequency Converter and Saturated Limiter

Tris sensitive electronic micrometer
reuit operates by measuring the varia-
on in capacitance between a fixed and a
ovable part to change the resonant
equency of a 3,200-kc push-pull Hartley

P A S B S e e T ——— v Srartl S AR e —— N — A Pt —— . i —

give full deflection of the beam on a 5-
inch cathode-ray tube screen of an
oscilloscope directly, and additional am-
plifier stages can be added as required for
control purposes. The basic circuit has

— T G Y S SR WVl A M S S ——

capacitor. The stator plates are 0.75
square inch in area each, and are lapped to
the same radius as the spindle extension.
Spacing is about 0.03 inch, and the two
capacitor sections in series give an input

L T e e e e e e e =
, OSCILLATOR 9002
légmgw i 20'?0}1F V) BUFFER PROBE |
EXTENSION ! N N /A5 V39003 ASSEMBLY E
i K_, J :
|
of ¢ II
g ':r? TO
AMPLIFIER
|
| |/ ¢ |
| f :
GURVED | 20 puF V2 9002 i !
CAPAGITOR | +75V 3< ;
PLATES = o e e e e e e e e e e ~
PROBE GIRCUIT L TO AMPLIFIER Ry
CONVERTER 0.002

LOCAL OSCILLATOR

DISCRIMINATOR

200;1).{{-'
) \ 50,000
Y Vg
6 TO
Y 0SCILLOSCOPE
—.))—I ol DISCRIMINATOR INPUT
Y LEVEL IS ABOUT 300V
i ¢ e *—8 & —0 - o—-—-—:_lgngJIVE
= TO PROBE  o——WA— o +300V
ASSEMBLY 40,000 R3 +350 V

scillator.  The oscillator is directly cou-
led to a buffer stage that feeds through
coaxial line into the amplifier. Here the
oltage variations are applied to a fre-
uency-converter stage, along with volt-
ge from a local oscillator. The converter
utput beat frequency is thus within the
ass-band of the 465-ke i-f amplifier and
miter. The limiter frees the instrument
om errors that might otherwise be
wused by amplitude variations in the
wput to the discriminator. The d-c
utput of the discriminator is ample to

AMPLIFIER CIRCUIT

been successfully used for dilatometer,
manometer, roughness gage, and hard-
ness-testing apparatus.

To obtain highest sensitivity, a parallel-

plate capacitor should be used, one of the

plates being connected to or made part
of the object being measured, and the
other fastened rigidly to the fixed refer-
ence point. In the capacitor arrange-
ment shown at €y, used for testing lathe
spindles, a carefully lapped steel cylinder
is fastened to the end of the lathe spindle
to serve as the rotor of a split-stator

- for mechanical devices.

capacitance of about 3 uuf that varies
with spindle eccentricity.

Motions at rates about 10,000 cycles
per second or 600,000 cycles per minute
may be amplified with this circuit, this
performance being far more than ample
The band width
is from 15 to 20 ke for an i-f value of 465
ke. With proper design of the sensitive
capacitor, distance changes as small as 1
angstrom unit can be detected.

R. W. Dayton and G. M. Foley, Capacitive Microm-
eter, Electronics, September, 1946, p. 106.
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Capacitive Micrometer Using Cascade Limiter and Discriminator

THE electronic micrometer circuit shown
here was used as a dilatometer to measure
the thermal expansion of metal-tube
specimens during rapid heating and
cooling.

The specimen 18 2 inches long by about
14 inch in diameter. A quartz rod resting
on top of the specimen supports a

OSCILLATOR

circuit. The hexode section of the 6KS

provides a buffer amplifier to isolate the
oscillator.

The oscillator buffer 6 K8 is connected
by a coaxial-cable link to two limiter
amplifiers, a 6AC7 and 6AG7 in cascade,
the output voltage of which is controlled
The

by changing the screen voltage.

LIMITER NO.

the manometer was found to make a
satisfactory tuning capacitor.
Outstanding properties of this circuit
are high sensitivity, good electrical sta-
bility, and the ability to respond to rapid
movements. High sensitivity is another
way of saying that it is capable of ex-
tremely high magnification of motion, or
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grounded metal cylinder of 1-inch outside second limiter feeds the 7A6 discriminator, very high amplification. The f-m ar-

diameter that is coaxial with and inside
an insulated cylinder of 1.004-inch inside
diameter. Expansion of the specimen
causes the inner cylinder to move into the
outer one and increase its capacitance to
ground.

The device described is the main tuning
capacitor of a circuit resonating near
4.3 mec, which 1s made the grid circuit of
the triode oscillator section of a 6KS8
triode-hexode tube. Oscillation is main-
tained by a tickler in the triode plate
circuit, which is coupled to the grid

the output circuit of which is arranged to
operate into the load provided by a high-
speed recorder that prints one point per
second. One set of alternately occurring
points represents the length of the
sample, and intervening points record its
temperature. '

A nearly identical circuit has been
used in order to make a recording manom-
eter in an apparatus for the continuous
extraction and measurement of gases
from steel. A 1l-inch brass tube placed
coaxially around the mercury column of

rangement described is unusual among
electronic amplifiers in that it maintains
the static or d-c component through a
stable amplifier. The output voltage
may be made high to operate a cathode-
ray oscilloscope, or the output impedance
may be made low, by the incorporation of
a simple cathode-follower stage, to oper-
ate low-impedance devices, such as self-
balancing recording potentiometers.

R. W. Dayton and G. M. Foley, Capacitive Microm-
eter, Electronics, September, 1946, p. 106.

Circuit for Converting Capacitance Changes into Current or Voltage Changes

Tais dual-oscillator circuit for convert-
ing small changes of capacitance into cor-
responding changes in a rectified electrical
current has low background noise, high
sensitivity, and is relatively free from
interference by local electrostatic and
magnetic fields. The circuit can be used
to study vibrations or capacitance changes
having frequencies ranging from 0 to over
200 ke. It is particularly useful in con-
nection with seismometers for recording
earth vibrations, in studies of the motion
of large vibrating surfaces, in measure-
ment and recording of the elongation of
test specimens being stretched, and in a
host of other machines used in metallur-
gical research.

The two r-f oscillator circuits are iso-

lated from each other as much as possible,
so that the only path for interchange of
signals is through the coupling circuit,
which consists of rectifier Vi, d-c milli-
ammeter M;, and-coils L; which are
closely coupled to the tuning circuits of
the r-f oscillators. These oscillators are as
nearly alike as possible, and are normally
operated so that they would oscillate at
virtually the same frequency if the cou-
pling circuit were removed.

The coupling provided through the
coupling circuit is adequate to make
the oscillators synchronize, even when the
frequency of one oscillator is changed
within certain limits. Radio-frequency
current in the coupling circuit is at a
minimum when both oscillators are tuned

to the same frequency, and it increases
with detuning of either oscillator as power
is transferred between oscillators to keep
them in synchronism. The coupling cur-
rent is a maximum near the point where
further detuning will cause the oscillators
to drop out of synchronism.

The input terminals are arranged so
that the capacitance pickup device can be
connected in parallel with the tuning ca-
pacitor of either oscillator or, when the
pickup provides two capacitances, one of
which decreases as the other increases, one
can be connected to each oscillator for
doubled sensitivity.

The circuit fundamentally provides a
low-impedance output, making it adapt-
able for use with a low-impedance cur-



rent-operated measuring, or recording,
instrument. This is connected between
the LOW and GR output terminals, with
switch SW in the upper position.

The minimum current value (or the
normal value if the operating point is
chosen somewhere near the middle of the
linear region of the curve) may not be
desirable in some applications because of
its effect on sensitivity and range. For
this reason, a battery and rheostat E. are
provided in a bucking ecircuit to permit
reducing to zero the initial current in the
external circuit. Meter M, (0 to 50 ma)
then reads the total d-c synchronizing cur-
rent, and meter M, (3-0-3 and 30-0-30 ma)
reads the actual current in the external
eircuit,

It is sometimes desirable to use a high-
impedance voltage-operated device, such
as a cathode-ray oscilloscope, or to
amplify the output signal before it is
measured or recorded. To obtain the
required voltage output for this purpose,
switch SW, is thrown to its lower position,
which inserts 1,000-ohm resistor E; in the
coupling circuit. The HIGH and GR out-
put terminals are used.

A well-regulated power supply is re-
quired to eliminate effects of line-voltage
variations. Satisfactory results were ob-
tained with the universal half-wave recti-
fier shown, using a voltage-regulator tube
across the output.

E. V. Potter, An Electrical Transducer Circuit for
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Use with Capacity Pick-up Devices, Rev. Sei. Instru-
ments, May, 1943, p. 130.

Circuit for Obtaining Negative Capacitance That Varies Linearly with Resistance

By coupling the output of an ordinary
two-stage amplifier back to the input
through a capacitor in the manner shown,
and adjusting the amplification properly,
an input impedance is obtained that be-
haves as a reactive circuit element whose
reactance varies Inversely with frequency
but 1s positive in sign—a negative capaci-
tance. At any given {requency this
negative capacitance will present the same
type of reactance as an inductance; if the
frequency is increased, however, the react-
ance of the inductance will increase, while
that of the negative capacitance will
decrease.

The negative capacitance obtained with
this circuit can be made substantially
independent of amplifier-tube and supply-

voltage variations and of frequency by

employing inverse feedback in the ampli-

fier. Varying the amount of inverse feed-
back by means of rheostat K., provides a
convenient means of varying the negative
capaclitance over a wide range. With 0.01
pf for C,s varying R,.; from 1,000 to
10,000 ohms increases the negative capaci-
tance linearly from 0.01 to 0.2 uf; with
1.08 uf for C,;, increasing R.; from 500 to
10,000 ohms increases the negative capaci-
tance from 0.45 to 10 uf linearly. These

~ values were obtained at a frequency of

1,000 cyecles.

In general, the impedance is not a pure
negative capacitance but may contain a
small negative resistance component.
The power factor is therefore negative.
If Cpyis 0.01 uf or less, the absolute mag-
nitude of the power factor is less than 0.5;
if Cpys is in the range 0.01 to 0.10 uf, the
negative power factor increases to ap-

proximately 1. For larger values of C,,
the absolute magnitude of the power
factor increases somewhat proportionally;
also, the losses in C,; contribute materially
to the power factor. If paper capacitors
are used, care should be exercised to select
those with low losses. The use of mica
capacitors 1s recommended.

The negative capacitance described
herein has proved useful in extending the
frequency-response range of amplifiers by
a factor of as much as 5 to 10 times. This
performance is obtained simply by shunt-
ing the input, interstage, or output capaci-
tance of the amplifier with a negative
capacitance.

Another. useful application is in reduc-
ing the input capacitance of vacuum-tube
voltmeters or of other instruments fed by
long cables with high capacitance to
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garound. Insertion of the negative capaci-
tance at the input or output terminals of
the cable makes it possible to neutralize
the shunting effect of the cable and to
raise its input impedance at high {re-
quencies appreciably.

The high-frequency response of a-t
transformers is limited by the distributed
capacitance of the windings. This re-
sponse may be improved materially by
means of negative capacitance. For ex-
ample, a negative capacitance connected
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across the secondary of a transform
whose normal output voltage with co
stant input was down to 85 per cent
maximum at 2,000 cycles increased tl
range of operation for the same outp
voltage performance to 12,000 cycles.

In using negative capacitance to canc
or neutralize the positive capacitance of
circuit, care should be exercised to see th
too much cancellation is not attempte
As mentioned above, the source of neg
tive capacitance may contain a negati
resistance component and complete ca
cellation of the capacitance across t
output terminals will present a circuit
which oscillations may be sustaine
These unwanted oscillations may mal
the use of the negative capacitance i
practical unless they occur at frequenci
well beyond the working range for whi
the device is intended and provided th
they do not produce undesirable secon
ary effects.

Cledo Brunetti and Leighton Greenough, Negati
Capacitance, Communications, March, 1944, p. 28.
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~ Linear Sweep Circuit Employing Blocking Oscillator and Discharge Tube

AN improved version of the self-quench-
ing oscillator, shown here, requires two
triodes but they may be in a single enve-
lope as in the 6N7 or 6C8G. The first
section 1s a simple blocking oscillator, with
the time constant of the grid-leak-ca-
pacitor combination so large that the
tube blocks periodically. When the tube
blocks, the capacitor charge drives the
grid beyond cutoff. The charge leaks off
through the resistor according to a loga-
rithmic law until the capacitor voltage is
low enough to permit oscillation to start
again.

The wave form produced across the
grid leak is not used. The grid of the tube
is negative and beyond plate-current cut-
off for nearly the whole blocking cycle and
becomes positive for only a short pulse.
Since the grid of the second section is con-

nected to the grid of the first section, this
second section is also beyond plate-current
cutoff except for one pulse at every block-
ing cycle. During this time, when the
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tube 1s nonconducting, C charges through
R again but the values of R and C are such
that it can only charge to a fraction of the
B voltage before the tube becomes con-

ducting for a short time and discharges
the capacitor. The cycle then repeats.
The frequency of the saw-tooth wave is
dependent on the grid leak and capacitor
constants of the blocking oscillator, while
R and C determine the amplitude and
the wave form. The higher the ratio
RC/(R1 + R.)C,, the higher the ampli-
tude and the less the linearity.

Synchronization is easily obtained by
supplying a small synchronizing voltage
across Rs. Values given are for a sweep
frequency of 60 cycles. For a 13,230-
cycle sweep, the wvalues would be as
follows; B—0.6 meg; C—0.001 uf; Ri—
30,000 ohms; R,—27,000 ohms; C,—820
pud.

Sweep Circuits, The Aerovox Research Worker, April,
1939.

Bootstrap Circuit for Correcting Nonlinearity in Saw-tooth Sweep Generators

In this circuit, sometimes known as a
bootstrap circuit, the saw-tooth sweep
voltage is fed back through a cathode fol-
lower, which has a gain of approximately
one and does not reverse the phase, to the
top of charging resistor ;. In this way a
constant voltage is maintained across R
and a constant current into C;. The iso-
lating resistor K. may be replaced by a
diode, but this is usually of little advan-
tage. As a cathode-follower output is
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60 ~CYCLE SWEEP

often required after a sweep generator, use
of this ecircuit does not necessarily mean
the inclusion of an extra tube. The cir-
cuit is especially suitable for use with
high-speed sweeps. R; and C; may be
varied without affecting linearity. Al-
most perfect linearity may often be
obtained.

Robert P, Owen, Linear Sweep Circuits, Electronics,
December, 1946, p. 136.

Sweep Linearity Correcting Circuit Using Feedback without Phase Reversal

LineARITY correction for the more or
less exponential output of the conventional
sweep circuits employed in television and
cathode-ray oscilloscope equipment is
achieved here by feeding back without
phase reversal to the top of the charging
resistor. Output is linear when the gain
sround the feedback loop (from lower end
to upper end of E;) is one, and overcom-
pensation will result as the arm of the
linearity adjustment potentiometer 1is

LINEARITY
ADJUSTMENT ~=~~—}— _ ___ -
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advanced toward the plate of V, If a
load resistor equal to R; is added in the
plate circuit of Vy, these two tubes can
function as a balanced output amplifier.
This method is one of the best available
for compensating low- and medium-fre-
quency sweeps, either fixed or wvariable.
Circuit values are for 60-cycle sweeps.

SR

Robert P. Owen, Linear Sweep Circuits, Elecironics,
December, 1946, p. 136,
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Modified Feedback Circuit for Linearity Correction of Cathode-ray Sweeps

% 72507

In this modified circuit for achieving
correction of nonlinearity in saw-tooth
sweep generators, the linearity-adjusting
potentiometer is not the load resistor of
one of the tubes. This gives more satis-
factory performance in some cases, though
of necessity the circuit is more compli-
cated. Perfect linearity will result when

R LINEARITY
[ MEG ADJUSTMENT

the ratio of R, to R is equal to 4 minus
1, where A is the gain around the feed-
back loop. The component values shown
are approximately those required for a
60-cycle sweep.

Robert P. Owen, Linear Sweep Circuits, Electronics,
December, 1946, p. 136.

Constant-current Pentode Circuit for Sweep Linearity Correction

THE output of almost any type of sweep
generator can be improved by replacing
the charging resistor with a constant-cur-
rent pentode, but this is done easily only
when the capacitor discharges, rather than
charges, through the resistor. A pentode
having a high plate resistance should be
used, and the tube should be operated well
out on the flat portion of the character-
istic. The screen potential must of course

be held constant, as by a fairly heavy
bleeder between the positive supply and
ground. Constancy of plate current will
be much improved by a large cathode
resistor, the effective plate resistance
being increased by a factor of 1 — GrnR..
Values given are for a 60-cycle sweep.

Robert P. Owen, Linear Sweep Circuits, Electronics,
December, 1946, p. 136.

Use of Constant-current Tube with Feedback for Sweep Linearity Correction

THE use of a constant-current tube may
improve linearity though it will never
make possible a perfect saw tooth, but by
the additional application of feedback as
shown here even strong overcorrection can
be attained. This method utilizes the
cathode follower, which often follows such
circuits, to feed a small part of the output
voltage back to the cathode of the con-

+150V
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stant-current pentode. The circuit 1s
useful both for high-speed sweeps and,
because it is direct-coupled, for those of
extremely low frequency. Circuit values
are for a 60-cycle sweep.

Robert P. Owen, Linear Sweep Circuits, Electronics,
December, 1946, p. 136.

Constant-current Pentode for Linearity Correction in Cathode-follower Circuits

THE constant-current pentode cannot
easily be used directly for correction of
linearity in some sweep circuits because of
their use of cathode degeneration for fre-
quency control. In this case feedback
can be applied to the pentode screen as
shown here, with equally good results.

A variable resistor R; can be inserted in
the plate circuit of the cathode follower
with little effect on the output, if it is

_LINEARITY
% ADJUSTMENT

Re ~
[ \2 mo

. small compared with the plate resistance

of the tube. The screen supply bleeders
R4 and R; may be omitted and the screen
connected directly to the plate of the
cathode follower instead of through C-:
if operating voltages permit. Circuit
values given are for a 60-cycle sweep.

e

Robert P. Owen, Linear Sweep Circuits, Electronics,
December, 1946, p. 136.

Flexible Single-sweep Circuit and Push-pull Deflection Amplifier

THis sweep circuit provides flexible
single-sweep operation of a cathode-ray
oscilloscope for frequencies up to 20 ke.
A simplified one-tube deflection amplifier
is also included. The 7F7 amplifier pro-
vides push-pull output with uniform re-

sponse from direct current to beyond
20,000 cycles per second with a gain of
more than 50. The outputs of the two
triode sections are opposite in phase, and
differ by less than 5 per cent in amplitude.

The sweep circuit is direct-coupled

throughout to provide flexible single-
sweep operation. Other desirable fea-
tures are independence of position and
gain controls and symmetrical expansion
of the time-base line, with respect to its
center, as the gain control is turned up.



To achieve these features, it is necessary
that the saw-tooth voltage appearing at
the top of the gain control (point A) be
symmetrical with respect to ground. For
recurrent sweep operation, this is easily
accomplished by capacitor coupling, but
with such coupling, time must be allowed
for the coupling capacitor charge to reach
its new level, and the spot must be re-
positioned to compensate for the change
when the saw-tooth oscillator is stopped
preparatory to single-sweep operation.
This ean be particularly annoying where
the circuit is designed for slow sweeps, and
hence has a long time constant in the
coupling circuit. Furthermore, if several
sweeps are tripped off within a short time,
their positions will not coincide because of
‘the charge built up on the coupling
capacitor.

The d-¢ component at A (referred to
ground) will change much more rapidly
than the saw-tooth component as R; is
adjusted. It is therefore possible to find
a point on R, at which the saw-tooth wave
is symmetrical about ground and is only
slightly attenuated. With R, adjusted to
this point the sweep, running recurrently,
will behave as if capacitor-coupled; but
when the single-sweep feature is placed in
operation it will assume its new conditions
instantaneously with no adjustment of the
positioning control and no annoying delay
while the capacitors build up to their new
charge. Also, successive sweeps will coin-
cide in position. Once adjusted, RB; need
not be adjusted further. It need not be a
front-panel control.

Throwing the lower switch of the syn-
chronizing and tripping circuit to Single
puts the single-sweep feature into opera-
tion. When this is done, the spot con-
tinues the cycle in progress, but does not
fly back because the ionization potential of
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the 884 tube has been raised by the change
in grid bias. The spot continues off the
screen until the left triode section of the
7F'7 begins to draw current, when its plate
becomes positive with respect to its cath-
ode. The screen remains dark until a
tripping pulse is applied, manually or
through the synchronizing -circuit, at
which time the spot flies back, completes
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the circuit is restored to normal. If C,
discharges too rapidly, an unwanted trip-
ping pulse may be generated due to con-
tact bounce when the button is released.
This 1s prevented by making R; very high.

Since the input resistance of the 7F7
is practically infinite and d-¢ coupling is
used throughout, the linearity of the
time-base line at low frequencies depends
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one excursion at the same transit speed,
and then continues off the screen again to
await another tripping pulse.

Tripping pulses may be selected from
any of the sources usually used for syn-
chronization or, with the synchronization-
selector switch in the Manual position, the
sweep may be tripped manually by means
of a pushbutton. When the button is
pressed, the bias on the 884 is momen-
tarily reduced while C; charges. The
values of C'; and R; are chosen so that the
tripping pulse is of shorter duration than
the shortest transit time for which the
circuit is designed, and only one sweep
will be tripped regardless of how long the
button is held down. When the button
1s released, C'; discharges through R; and

entirely upon the saw-tooth oscillator.
The linearity is good at 0.2 cycle per sec-
ond, using inexpensive capacitors at C,,
and reasonably good linearity at even
lower frequencies is undoubtedly possible
with better capacitors and other precau-
tions against leakage. With the values
shown, performance is satisfactory up to
10,000 sweeps per second. Performance
at much higher frequencies, without im-
pairment of low-frequency operation, is
perfectly feasible with tubes of higher
mutual conductance and with lowered
impedances throughout.

William A. Geohegan, Flexible Sweep Circuit and
Deflection Amplifier for C-R Oscillographs, Elec-
tronics, December, 1941, p. 38,

Controllable Delay Circuit for Use with Single-sweep Cathode-ray Oscilloscopes

TaIs circuit was designed to be used in
conjunction with any cathode-ray oscil-
loscope incorporating a single sweep that

may be initiated by a positive impulse.
Its purpose is to delay the sweep any
desired time after the peak of a repeating

sransient so that the sweep may be ad-
justed to cover any time interval desired
with respect to the peak.

Switch S, permits putting the signal
directly into the single-sweep circuit
(lower position) or into the delay circuit.
In the latter case the impulse passes
through the unity amplifier 7'y, which iso-
lates the signal source (the last stage of a
push-pull direct-coupled amplifier) from
the thyratron circuit.

Tube T, a 2A4G, is a relaxation oscil-
lator so biased that it will break down only
when a positive impulse is applied to its
grid. Tube T;is another isolating ampli-
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fier. Tube T4 the 884, is ordinarily
broken down, but because of the high
resistance in its plate circuit conduction
may be stopped by throwing the grid
sharply negative. ‘This occurs when the
transient peak causes T to break down.
When 7T'4 opens up, its plate becomes sud-
denly more positive. This is changed to a
negative pulse by passing through Ts.
The negative pulse is passed on to the
single-sweep circuit but produces no effect.

The grid of the 884 becomes less nega-~

tive as the 3-uf capacitor in the T'; relaxa-
tion-oscillator circuit charges through the
3-megohm variable resistor. When the
breakdown voltage is reached, the 884
fires, its plate becomes suddenly less posi-
tive, and this negative pulse is changed to
a positive pulse by 75 The positive
pulse is applied to the single-sweep circuit
and initiates the sweep. The length of
the delay is controlled by varying the
3-megohm resistor.

In many cases it is desirable for the cir-

HANDBOOK OF INDUSTRIAL ELECTRONIC CIRCUITS

cuit to throw itself out of action after one

sweep. This is accomplished by closing :

switch Ss in the plate circuit of T, a 2A4G
which is caused to conduct by the same
positive impulse which initiated the single
sweep. This reduces the plate voltage on
T, so that any further synchronizing im-
pulses do not affect 7. The circuit is
made ready for another operation by
opening Ss.

W. E. Gilson, CRO Delayed Single Sweep Circuit,
Electronics, March, 1942, p. 65.

Current Feedback Circuit for Linear Sweep Generator

Tais circuit takes advantage of current
feedback to cause a capacitor to charge
very linearly through a vacuum tube.
Capacitor C is charged by current flowing
through V; and R from the B supply.
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Tube V. is a switch used to discharge C;
in this case it is a gas tube as in the usual
relaxation oscillator. Current feedback
upon which ecircuit linearity depends
occurs in resistor . Synchronization can

be accomplished in the normal fashion by
applying synchronizing voltage to the
grid of gas tube V.

The 50,000-ohm resistor in series with
the cathode of the 6ACY gives a2 minimum
value of B. The 0.1-megohm rheostat is
the fine-frequency control. The value of
C is changed in five steps from 0.1 uf to
0.0001 uf, giving a wide frequency range as
shown in the table.

Capacitance, uf Freguency Range, Cycles

0.5 40— 165
0.1 70—~ 450
0.02 300~ 1,900
0.005 1,200~ 7,500
0.001 4,000-25,000
0.0001 22,000-50,000

The 600-ohm resistor protects the 885
from excessive currents and improves the
charging-to-discharging time ratio. It
does so by developing a large negative bias
on the 6AC7 during the discharge of C
through the 885. This bias permits the
voltage across C to drop more rapidly

than it would if current were allowed to
flow from the B supply during discharge.

The fixed bias was so adjusted that the
output voltage was about 10 volts. The
generator was found to make possible very
high sweep frequencies with good front-to-
back trace ratio and little change in am-
plitude with frequency.

The circuit as described is a relaxation
oscillator that generates a very linear
sweep. However, the principle developed
can be used to produce high-speed linear
sweeps of low repetition rates or even
sweeps for transient observation. If the
gas triode V. is replaced by a vacuum tube
at zero bias, the vacuum tube will short C.
The sweep is then generated only when a
negative pulse is applied to the grid of this
vacuum tube, thus cutting it off. The
length of the sweep will be determined by
the length of the pulse.

Eugene L. Langbergh, Analysis of Linear Sweep
Generator, Electronics, November, 19486, p. 194.

High-power Sweep Generator Circuit for Cathode-ray Oscilloscopes

CuarcING an RC circuit from a gradu-
ally increasing voltage source is the secret
of this circuit for generating a linear sweep
voltage at high output for a 3-inch cath-
ode-ray tube. Capacitor C is charged
through R; by the voltage drop across
cathode resistors R; and E» of the 6P5
low-mu triode. With the grid of the
triode tied to the junction of B; and C, the
grid bias varies as C charges, changing
the plate current of the triode and thereby
changing the charging voltage across R,
and Rs. With C shorted, the plate cur-
rent would be approximately 1 ma and the
grid bias minus 25 volts (equal to the
cathode resistor drop).

When C is allowed to charge through
Rs, starting at a 25-volt rate, the grid of
the 6P5 rises with it in a positive direction
until finally the tube will reach a condition

of zero bias, with maximum current of
about 11 ma determined by the values of

somewhat less than 275 volts. Assuming
the extinction voltage of the 884 to be 15
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Riand R.. A range of about 250 volts in
charging voltage is thus obtained. The
bias of the type 884 gas triode in the cir-
cuit is adjusted to fire on a plate voltage

SYNC.

volts, C will charge up during the cycle §
from a minimum value of 15 volts to a }
maximum of somewhat less than 275 volts. §

Even better success might be achieved g

S S




by using a lower mu triode, possibly a
6AES. R, R: and Rj; should be nonin-
ductive, and the first two should have high
power ratings as considerable power is
present in the cathode circuit. The value
of Ry is determined by the safe maximum
and average current limitations of the 884.
Increasing its value will result in a longer
back-sweep time. C is an ordinary three-
gang broadcast-receiver tuning capacitor
with sections paralleled, and it may be

Linear Deflection Circuit Providing Sweeps up to Ten Seconds

Tars direct-coupled transitron saw-
tooth oscillator circuit provides a linear
dme as required for a type A cathode-ray
indicator presentation. Sweep duration
can be made up to 10 seconds long, as re-
quired for such astronomical applications
of radar as moon-earth distance measure-
ments. A pulse equivalent in time to the
keying pulse is also generated by this cir-
cuit and is applied to the cathode of a low-
level multiplier stage of the transmitter,

" causing it to conduct for the pulse duration

and to drive the subsequent multipliers.

The time-base generator consists essen-
tially of a high-gain pentode amplifier with
capacitance coupling between plate and
grid through cathode-follower stage V..
For the duration of the conduction cycle,

“the anode voltage of the pentode V' drops,

and capacitor C; begins to discharge
through the tube. As the voltage on the
plate drops, the current flow in C,; drives
the grid negative, tending to cut off the
plate current. A condition of dynamic

equilibrium then exists, with the plate

voltage dropping at a linear rate deter-
mined by R: and C; and the grid being
maintained at a constant voltage, since
each decrement in plate voltage causes a
corresponding drop on the grid, which

- keeps the grid signal and hence the output

of the tube substantially constant. The
time constant of B.C, is chosen to cause C;

- to become fully discharged during the

cycle.

When the plate voltage drops to the
point where electrons from the cathode
can no longer flow to it, an increase in

~ sereen current occurs, which rapidly de-

creases the screen voltage and correspond-
ingly decreases the suppressor voltage.

- This action, which is cumulative, has the

~ current.

~ made to flow to the screen.

effect of suddenly cutting off the anode
This causes the cathode current
to be retarded by the suppressor grid and
A negative

- pulse appears at the screen, and C; begins
~ to charge through the cathode follower

i

,;_
;

-~ until a point is reached where the plate
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ganged with R;. With the values shown
for Rs and C, a frequency range of from
60 cycles to 100 ke is obtained. Adjust-
ing /2 or the 884 bias voltage affects both
frequency and amplitude. These may be
screw-driver controls. Sweep amplitude
1s adjusted by the slider of R;, which has
no other effect on the circuit. No change
in amplitude is noticeable throughout the
frequency range, and the sweep will lock
in at any frequency with no other adjust-

begins to draw current and the oscillator
1s recycled. The screen returns to its
original voltage, and the plate voltage
begins to fall. By suitable choice of R,
and C; a range of from about 0.1 to 3
cycles 1s obtained.

Keying-voltage signals are derived from
the differentiated output of the negative
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ments than R3; and C. An unregulated
power supply is used for plate-supply
voltage, and no trouble has been encoun-
tered in locking in ratios as high as 100 to
1. Synchronizing voltage is not critical.
There will be a departure from linearity at
both ends of the sweep, which can be
shaped by adjusting R. and changing the
bias of the 884 (about 18 volts normally).

Ed Rigby, A High Power Sweep Generator, Broadcast
Engineers’ J., October, 1946, p. 10,

phase-inverting amplifier to secure push-
pull sweep voltage.

The keyer multivibrator is a conven-
tional cathode-coupled flip-flop circuit
with the initiating trigger applied as a
positive pulse on the grid of the normally
nonconducting section. A positive pulse
varying in width from 0.02 to 0.25 second

' * 4+ 500V
750,000 100,000 %IS0,000 100,000 %SI,OOO
> Vz
6SN7
5 V
R MEG GAQI7

108,000

D

, 200,000
YA
_ i
A 50,000 '§5°:°°° TO HORIZONTAL
) | ~ DEFLEGTION
L PLATES OF
MEG% 390,000 //__ B CATHODE - RAY TUBE
" -400V

pulse appearing on the screen of the oscil-
lator. This is used to trigger a multivi-
brator whose time constant is controllable
by a variable 5-megohm resistor, varying
the output pulse width from 0.02 to 0.25
second.

The addition of the cathode-follower
stage V. was made to shorten the charge
time of C; by causing it to charge through
the grid-cathode space of the cathode
follower. This reduces the return trace
time. Tube V; serves as a degenerative
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is obtained at the plate of the other sec-
tion. This signal is applied to a normally
cutoff pentode whose load impedance is
the cathode of the 12.388-mc amplifier
stage in the transmitter. For the dura-
tion of this applied signal, the plate of the
amplifier is driven negative, taking the
cathode of the keying tube down with it
and thus causing it to conduct.

Jack Mofenson, Radar Echoes from the Moon,
Electronics, April, 1946, p. 92,
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Linear Sweep and Beam-brightening Circuit for Cathode-ray Photography

For keeping the electron beam of a
cathode-ray tube at a low intensity or
entirely off except .during photographic
recording of the wave form of a desired
transient phenomena, the accompanying
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approximately square shape is applied to
the cathode-ray-tube grid by the circuit,
the beam is suddenly intensified, is kept
so for the duration of the pulse, and then
is as suddenly turned off again. A linear
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circuit offers a desirable combination of
simplicity, reliability, flexibility, and
usefulness.

A negative bias is applied to the control
grid of the cathode-ray tube to keep the
screen intensity down to the desired low
value. Now when a positive pulse of

FOR C 1S 3:)
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20,000

timing pulse is simultaneously applied
to the horizontal deflecting plates and
the unknown wave form is applied to
the vertical deflecting plates, so that the
record is made by a single excursion of the
luminous spot across the screen.

The square pulse for brightening is pro-

duced by the potential drop across R,
which is 1n series with the charging circuit
of sweep capacitor C. Current flows
through R; only while C is being charged,
and the current at those times is held to a
constant value somewhere between 0.3
and 1 ma by Vi. The resulting square
pulse is amplified and made positive in
polarity by voltage amplifier V;. The
magnitude of the brightening pulse is con-
trolled by R;. \

Initiation of action is afforded by the
bias arrangement for the control grid of
the gas triode tube V, In the waiting
condition C is charged. When a signal of
positive polarity is received at the grid of
Vs, € is discharged suddenly through that
tube, and then recharged at a constant
rate through the constant-current tube V',
producing both the linear sweep pulse and
the brightening pulse; the circuit is then
back to the waiting position.

A fixed bias is applied to the grid of the
discharge tube by means of 2;. This bias
is so adjusted that the tube will fire when,
and only when, a small positive pulse is
applied to the tube’s control grid. An
isolating circuit is introduced, so that the
initiating or synchronizing pulse is appled
directly to the grid. Positive synchro-
nizing pulses of at least 1 volt magnitude
are required for reliable synchronization.

A continuously recurrent sweep may be
obtained when switch Ssis closed, shorting
out a portion of the negative voltage
divider and raising the bias applied to
the control grid of V. to the point where
it will fire each time the voltage across C
reaches a suitable magnitude.

Howard C. Roberts, An Auxiliary Circuit for C-R
Photography, Electronics, September, 1942, p. 59.

Pnase-splitting Circuit for Elliptical Sweep of Cathode-ray Tube

BY phase shifting the horizontal deflect-
ing potential of a cathode-ray tube 90
degrees with respect to the vertical de-
flecting potential, this circuit arrangement
provides an elliptical sweep for rapid,
accurate determination of pulse character-
istics in such applications as metering
velocity of light, delays at discontinuities
in filters and transmission lines, television,
radar ranging, and calibrating linear
sweeps. The horizontal deflecting poten-
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tial is fed push-pull, while the vertical
phase is connected single-ended to one
vertical deflecting plate. The wvalue of
(4 depends on the sweep-frequency range.
Values of C's and (s are chosen to resonate
the transformer at the frequency of the
sinusoidal input. Critical coupling or
less is used at M. Typical values are
indicated for other components.

Allan Xaston, Measuring Pulse Characteristics,
Electronics, February, 1946, p. 150,
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Universal Oscilloscope Circuit Having Single Sweep, Spiral Sweep, and Z Amplifier

Or1GINAL features of this versatile am-
plifier and sweep circuit arrangement for
cathode-ray tubes inelude a method of
eliminating the influence of the amplitude
control on the position of the spot in the
direct-coupled sweep circuit, inclusion of a
unity-gain amplifier for use in observing
potential changes in circuits from which

loss of amplification produced by the large
cathode resistors, since there is no signal
voltage across them. Another important
advantage of the push-pull amplifier,
besides its great stability in regard to
changes in plate and heater voltages, is its
relative indifference to a moderate amount
of ripple in the plate-supply voltage.

The unity amplifier has its load resistor
in the cathode circuit. It has extremely
high inverse feedback, and the output at
the cathode is in phase with the input and
theoretically equal to it, but actually
somewhat smaller. The cathode binding
post is connected to one of the input bind-
ing posts, and the grid is connected to the
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no current can be drawn without disturb-
ing their operation, and provisions for
single sweep, spiral sweep, and a z-axis
amplifier to modulate the intensity of the
beam.

A direct-coupled push-pull amplifier
using two 6N7G tubes is used for vertical
deflection. It has an amplification of 600
with flat response up to 30 ke, and is abso-
lutely stable at full gain, The in-phase
gain (the same signal applied to both
grids) is extremely small, making it unusu-
ally free from 60-cycle pickup. Because
of the inherent phase-inverting character-
istics of the circuit, the output is the same
whether the signal is applied from grld to
grid or from one grid to ground.

As the circuit is push-pull, there is no

This is applied to both plates equally,
producing no deflection. Switch S; pro-
vides capacitive coupling if desired.

To adjust the amplifier, variable 100,-
000-ohm resistors are placed in the cathode
circuits of the tubes. The second 6N7G is
removed. The centering control is ad-
justed to its mid-point by equalizing the
plate voltages on the first 6N7G. The
bias is adjusted by means of the 100,000-
ohm variable cathode resistor until the
voltage from cathode to plate is slightly
more than half that from the cathode to
the plate supply. The second 6N7G tube
is now inserted and the same means used
to adjust its bias. The variable cathode
resistors are then replaced by equivalent
fixed resistors.

point whose potential changes are to be
observed.

The sweep circuit is direct-coupled,
making possible the use of sweep fre-
quencies as low as desired. The longest
travel time obtainable with the wvalues
shown is 9 seconds.

Assuming that the standard sweep gen-
erator, consisting of the 884 and 6J7G, is
operating satisfactorily, the 6N7G feeding
the horizontal deflecting plates is re-
moved, the 100,000-ohm bias control is
turned to its most negative point, and the
sweep selector switch Ss is turned to
internal sweep. The voltage at the plate
of the 6F8G is measured at the end of the
return trace, using the slowest sweep.
The 100,000-ohm balance potentiometer,
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located under the chassis, is set to the
same voltage. At this point there is no
voltage across the sweep gain control, and
changing the amplitude has no effect on
the starting point of the sweep.

A 100,000-chm variable resistor is
placed in the cathode circuit of the 6N7G,
the tube is inserted, and the bias is ad-
justed so that the largest possible linear
sweep 1s produced. The linearity is best
judged by observing the shape of the
sweep with another oscilloscope. The
variable resistor is then replaced with a
fixed unit.

The sweep may be synchronized with a
regularly recurrent signal by means of the
synchronizing input. This is coupled
through a unity amplifier, using a 6C8G,
to the grid of the 884 gas tube, causing the
latter to fire at a somewhat lower plate
voltage than it does ordinarily and tending
to synchronize the breakdown with the
positive peaks of the signal. The syn-
chronizing voltage may be obtained from a
plate of the vertical deflection amplifier or
from an external source by turning Ss.

The bias control of the 6F8G is used to
produce a single sweep. The cathode of
the diode to which the bias control is con-
nected goes negative as the sweep capaci-
tor charges. If the bias control is set to a
point more negative than the peak of the
sweep, the diode has no effect. When the
bias control is set to a point slightly more
positive than the peak of the sweep, the
cathode of the diode becomes slightly

negative with respect to the plate, and
the diode draws current, preventing fur-
ther charging of the capacitor. The 884
gas tube will not break down unless its
grid bias is reduced by a positive pulse
applied through the synchronizing ampli-
fier, which produces a single sweep. This
pulse may be initiated by a signal peak, or
by applying an impulse from a transient-
producing device a few milliseconds before
the transient is produced.

A single sweep may be produced manu-
ally by opening S5 and then closing and
opening S¢. This sweep occurs without
time delay, as the capacitor starts charg-
ing immediately. Points 1 and 2 are
connections on the rear terminal strip, and
may be connected to points on the tran-
sient-producing device that are in contact
until the transient is generated.

The external side of sweep selector
switch S; is connected to such a point on
the bleeder that the spot is near the center
of the screen when the sweep selector
switch is turned to external sweep.

A 60-cycle output is provided from
transformer 7', two voitages to ground
being available. The phase of one of
them is variable. By connecting one of
the outputs to the external sweep input,
a 60-cycle sweep i1s produced. This is
useful for producing the familiar Lissajous
figures. A somewhat less familiar figure,
as useful as the cogwheel pattern obtained
by modulation of the second anode voltage
but more easily obtained, is the circular
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sweep. This is produced by connecting
the other output post to one of the d-c
amplifier grids and adjusting the relative
amplitudes and phase until a circular
sweep 1s produced.

A spiral sweep is produced by superim-
posing a linear motion on the circular
sweep. This is done by connecting the
sweep output to one of the inputs of the
d-c amplifier with the signal source, an/&i
leaving the connections otherwise as for a
circular sweep.

The z-axis amplifier is used to modulate
the intensity of the beam by varying the
grid voltage, thus producing dark areas in
the trace on the negative peaks. This
may be used to eliminate the return trace
on the linear sweep, to mark the circular

sweep, or to produce timing marks on a

signal with a linear sweep. Accurate
timing is thus possible on a photograph of
a single sweep.

Placement of parts is not critical, except
that 1t 1s advisable to keep the trans-
formers as far from the cathode-ray tube
as possible. It was found necessary to
encase the tube in a 9-inch nipple of 3-inch
iron pipe, as sufficient spacing was not
possible on the chassis used. A 550-volt
power supply, if available, will make ad-
justment of the various supply voltages
simpler.

W. E. Gilson, A Versatile Qscilloscope, Electronics,
December, 1941, p. 22.

Direct-coupled Feedback Amplifier for Linear Electrodynamic Deflection

Tra1s direct-coupled amplifier was de-
signed for deflection of a type 5JP5 cath-
ode-ray tube operating at a second-anode
potential of 2,000 volts and a third-anode
potential of 3,000 volts. The amplifier
has deflection-voltage capacity consider-
ably greater than that required for deflec-

+800 V

tion of this tube by normal standards in
order to limit operation to only a small
part of the essentially linear portion of the
plate characteristic of the amplifier and
thereby reduce amplitude distortion to a
minimum.

Tubes Vi and V., are cathode-follower
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stages, provided to increase the inpuf
impedance of the amplifier. Tubes V;
and V4 comprise the first amplifier stage
of the assembly. Tubes V; and V¢ are
the main elements of a consfant-current

direct-coupling network employed to re-

duce the average level of the signal po-
tential appearing on the plates of V3 and

V4 to a level suitable for the grids of V; -
and Vs, while maintaining uniform re- -

sponse to signals of zero {requency.
Tubes Vrand Vy constitute the feedback-
controlled output stage of the amplifier
unit.

The differentially connected feedback
circuit between the screens of V; and V4

and the plate circuits of Vi and Vg is pro-

vided to stabilize the amplifier against
long-time drifts and differences that occur
in the input tubes. The resistance of the
plate loads in these two tubes is too small
to affect seriously their operation as cath-
ode followers. The feedback -circuit,

which is effective in reducing the imped-
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ance level of the output circuit, is provided
by the connection between the plates of
Vsand V7 and between V4 and Vs.

The design was approached as an at-
tempt to render the stray capacitance as
ineffective as possible, and the imped-
ance level of the output eircuit has
been reduced by approximately 90 per
cent,

CATHODE-RAY CIRCUITS

Although a considerable sacrifice of
voltage galn has been made in the second
stage, this is justified by a reduction in
output impedance from approximately
4,500 to 500 ohms. Used with a type
aJP5 cathode-ray tube, this circuit has
produced uniform spot deflection, as a
function of frequency, from zero to 1.5 me.
It is believed that the mechanical arrange-
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ment of the amplifier used for the tests of
the circuit could be redesigned consider-
ably to achieve improved high-frequency
response with no change in electrical
characteristics. |

G. Robert Mezger, Feedback Amplifier for C-R
Oscilloscopes, Electronics, April, 1944, p. 126,

Capacitance-coupled Feedback Amplifier for Electrodynamic Deflection

ArrLICATION of feedback for impedance
compensation in this capacitance-coupled
deflection amplifier for a cathode-ray oscil-
loscope gives wide-band performance with
small sacrifice of other characteristics. A
constant output potential is maintained,
with a constant input over a desired fre-
quency range, in the presence of any stray
capacitive loading that may be present in
the output circuit.

To control undesirable effects of load
circult capacitance, the impedance level
of the output circuit is decreased by reduc-
ing the internal plate resistance of the
~ output tube through the use of negative
voltage feedback. Because the internal
plate resistance of a vacuum-tube am-
plifier is connected in shunt with the ex-
ternal load, reduction of this resistance
will effect a reduction of the over-all im-
pedance level of the output circuit.

The reduction of impedance level of the
output circuit of a vacuum-tube amplifier
by the use of negative voltage feedback
can be greater than 90 per cent of the
value without feedback. Such a method,
therefore, is of particular interest in the
case of cathode-ray-tube deflection am-
plifiers, where the high deflection poten-
tials required often demand the use of
expensive transmitting tubes and large
power dissipations to obtain full-scale
deflection.

This capacitance-coupled amplifier is
designed to deflect a type 5LP5 cathode-
ray tube operated at a second-anode

quencies that the amplifier may be re-
quired to pass. Inasmuch as the design
was approached as an attempt to render
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potential of 1,100 volts and a third-anode
potential of 2,000 volts. The amplifier
will produce symmetrical deflection of the
cathode-ray tube with either balanced or
unbalanced input signals. |

Interconnection of the plates provides a
simple feedback network which is reliable
over the widest possible range of fre-
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the stray capacitance as ineffective as
possible, the impedance level of the output
circuit has been reduced by approximately
80 per cent.

G. Robert Mezger, Feedback Amplifier for C-R
Oscilloscopes, Electronics, April, 1944, p. 126.

Direct-coupled Amplifier Circuit for Feeding Deflection Plates of C-R Tube

By using a cathode follower with gas-
tube coupling, this circuit gives a voltage
gain of 400 with a frequency response flat
to within 1 db from below 20 cycles to 10
kilocycles. Use of this arrangement elim-
inates some of the difficulties normally
encountered in the use of direct-coupled
amplifiers for feeding deflection plates in
an oscilloscope. Extremely high voltage
supplies are not required, and voltage
drift due to leakage and warm-up is
reduced.

The first stage is connected as a normal
voltage amplifier. The grid of the second
stage, a cathode follower, is connected
directly to the plate of the first. In the
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output circuit of the cathode follower are
two VRI150 tubes and a resistor. Most of
the d-¢ voltage drop occurs across the gas
tubes, while the signal voltage appears
across the 12,000-ohm resistor. The im-
pedance of the VR tubes tends to rise at
the higher frequencies, and a bypass ca-
pacitor is therefore connected across the
tubes to raise the high-frequency response.
The last stage in the circuit consists of a
6SN7 dual triode used as a cathode-
coupled phase inverter, outputs of oppo-
site polarity being obtained from the
plates.

This gas-tube coupling should be used
only where the signal level is sufficiently
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high so that the gas discharge noise in the
VR tubes is negligible. The signal volt-
age drop across the VR tubes should be

Four-circuit Electronic Switch for Cathode-ray Oscilloscope

IN this system for observing four inde-
pendent electrical phenomena on a cath-
ode-ray-tube screen, a simple linear scan
1s divided into four components, each
following in succession. A pure sine-volt-
age wave 1s impressed on the grid of triode
Ts, and the grid bias is held at a suffi-
ciently high negative potential so that the
tube will pass current for only one-fourth
cycle, corresponding to the positive peak
of the wave. The negative grid-bias volt-
age necessary to accomplish this is 0.707
of the peak impressed voltage. A second
tube T4 passes the negative peak. The
remaining two quarters of the cycle are
selected by displacing the wave 90
degrees in phase and repeating the process,
using triodes Tz and T;. As a final result,
the trace on the screen of the oscilloscope
will consist of four scallops.

Tube 7'; is simply a controller of am-
plitude. It receives the input wave from
a sine-wave generator whose frequency is
1dentical with that of the horizontal sweep
of the oscilloscope. The frequency for
which the circuit values apply is 2,000
cycles, but the scan can vary from 1,000
to 3,000 cycles.

kept to less than 0.5 volt (and to less
than 1 or 2 volts if neon tubes are used,
depending upon the type of tube and

The phase-shift circuit is connected be-
tween transformer secondaries L; and L.,
which are matched audio input units
whose center taps connect to C4 and Cj.
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The primary winding of L, is not used.
(s and C7 act to block the grid-bias volt-
ages. (s and Cy together with resistors
Ri3 and R4 shift the phase of the wave in

the d-c flow), or distortion will result.

F. Iannone and H. Baller, Gas-tube Coupling for
D-C Amplifiers, Electronics, October, 1946, p. 106.

/
L2 90 degrees from the wave in L;. The
extremities of L; and L, are accordingly
points of 180-degree phase difference.
They are connected through individual
resistors Iy, Rio, 211, and Ry to the grids
of tubes T's, T's, T4, and Ts. The output
signals are passed through Ci4 to the
oscilloscope vertical input.

The wave crests act as switches for ad-
mitting four independent sources of signal.
Tubes Ty, T5, T4, and T'5 operate in suc-
cession each for one-fourth of the cycle.
Four additional tubes 7', T, T's, and T,
act as buffer amplifiers. The pickup
points are the grids g1, g, g3, and g¢a.
Means for either amplifying or attenu-
ating the input at each of these points
should be provided so that the area pro-
jected on the screen of the oscilloscope can
be regulated. |

It is important that the common plate
circuit of tubes T, T's, T4, and T'5 be ade-
quately shielded against any stray poten-
tials. The success of this circuit depends
on the care with which stray coupling
capacitances are kept at a minimum.

Esten Moen, A Four Circuit Electronic Switch,
Electronics, May, 1941, p. 50,

Circuit for Obtaining Mutual-conductance Characteristic Curves of Tubes

THE mutual-conductance grid-voltage
characteristic curve of an amplifier tube
can be traced with this circuit by using
the tube as a high-frequency amplifier
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with a low-impedance load in the plate
circuit and a small grid signal and by
plotting the rectified output against the
variable grid voltage. The signal is sup-
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plied by a 175-ke oscillator to the grid
whose mutual conductance is wunder
consideration.

To plot No. 1 grid mutual conductance
against No. 1 grid voltage for various
No. 3 grid voltages, the signal and a 60-
cycle voltage are applied in series to grid
No. 1, and the step voltage, generated as
in a circuit for obtaining amplifier-tube
characteristic curves, is applied to the No.
3 grid. The output of the detector feeds
the vertical deflection plates of the oscil-
loscope, and the horizontal deflection
plates are supplied by the same 60-cycle
voltage as the grid of the tube under test.
It is desirable to include a microammeter
in the lead of each grid having one of the
variable potentials, in order to adjust the
minimum bias to zero. The order of
magnitude of the deflecting voltages ob-
tained from this circuit is such as to
require an oscilloscope having an amplifier
in each of the deflecting plate circuits.

H. F. Mayer, Cathode Ray Oscillograph Applica-
tions, Electrontcs, April, 1938, p. 14.
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Cathode-ray Oscilloscope Circuit for Obtaining Amplifier-tube Characteristic Curves

Tuis circuit provides a family of curves
of plate current versus plate voltage for
various equally spaced.grid voltages in
multielement amplifier tubes. As the
desired curve has plate voltage for its ab-
scissa and plate current for its ordinate,
one of the horizontal deflection plates of
the cathode-ray tube is connected to the
cathode of the tube under test (7)) and
the other to the anode. The vertical
deflection plates are connected across a
resistor By to receive a voltage propor-
tional to the plate current. Then an
alternating voltage of any wave form and
frequency may be applied to 77 and R,
in series and the spot will move always
along the curve of plate current versus
plate voltage. During each negative half
cycle the spot remaing stationary at the
origin.

To trace a complete family of curves for
various grid voltages, the grid voltage
must be held constant during positive half
cycles while the spot is moving and
changed by a fixed increment during nega-
tive half cycles. This is accomplished by
charging the capacitor chain C,C.C;

through the pentode T, in steps and by
finally discharging it through the thyra-
tron T3, C:1C:(C; is charged in steps due
to the fact that the pentode T4 has an
alternating voltage on its screen and con-
trol grids, and hence conducts only during
alternate half cycles.

The voltage E5 is phased with respect
to E; so as to make T, conduct during
negative half cycles of K. Since the
current passed by 7, is substantially inde-
pendent of its plate voltage, so long as it
exceeds the screen voltage, the increments
of charge applied to C:CsC; are equal.
The amount of the increment depends
upon the setting of the screen potentiom-
eter P;. When the voltage on C:C.C;
reaches a value determined by the setting
of Py, the thyratron fires and discharges
010203.

Three capacitors (C1C(Cs) instead of
one provide three ranges of maximum
bias voltage. Resistors R, R;, and s
permit a reasonable grid-leakage current
to flow in the tube under test. Potenti-
ometer P, across battery E. permits ad-
justment of the minimum bias to zero,

which it would otherwise not be, since the
thyratron may discharge the capacitors to
almost any voltage, depending upon the
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circuit constants. The microammeter in
the grid circuit of the tube under test
facilitates the adjustment of Ps.

H. F. Mayer, Cathode Ray Oscillograph Applica-
tions, Electronics, April, 1938, p. 14.

Ignitron and Cathode-ray Circuit for Testing Pulse-type Power Tubes

Ta1s pulse-type high-power tube tester
obtaing simultaneous measurements of
plate voltage, plate current, grid voltage,
and grid current at the crest of the grid-
current curve of a triode when the grid

current is made to vary as a pulse of very
short duration.

An electrically operated commutator
alternately applies to a cathode-ray oscil-
loscope a signal from the tube tester or a
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signal from a calibrating circuit. When
the tube tester is connected to the oscil-
loscope, a voltage proportional to the
grid current is applied to the horizontal
plates, while the vertical deflection is pro-
duced by either the plate voltage, plate
current, or grid voltage as desired. The
operator obtains readings of the peak
values by matching a calibrating spot
with the end of the characteristic curve as
seen on the long-persistence screen of the
oscilloscope. .

The apparatus was designed to test
tubes of the types used for loran. The
tube can be supplied with plate-current
pulses of 200 amperes at plate voltages up
to 20,000 volts. The grid voltage may
be varied from —5,000 to -+10,000 volts.

The measuring circuit is shown. The
grid current is measured in terms of the
voltage across a noninductive shunt Ri.
This voltage is applied directly to the
horizontal plates of a cathode-ray oscil-
loscope. The plate current is measured
in similar fashion by applying directly to
the vertical plates of the oscilloscope the
voltage across the noninductive shunt E..
By means of switch SWi, the vertical
plates may be connected across R for
plate-current measurement, across R, for
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plate-voltage indications, or across Rs
for determining the grid voltage. Com-
plete shielding of all portions of the
measuring circuits is most essential in this
method because ¢f the use of pulses having
high rates of change of current.

The combination C.C;R3;Rs forms a
compensated voltage divider to supply
a known fraction of the plate voltage
to the oscilloscope. Similarly, C.CsRsRs
form another compensated voltage divider
for the measurement of grid voltage.
Each voltage divider is carefully adjusted
with the aid of a square-wave generator,
so that when a square wave of voltage is
applied across the divider a good repro-
duction of the square wave appears across
the low-voltage section.

The high-voltage section of each divider
is enclosed in an aluminum shield. The
low-voltage section plugs into sockets
mounted on the shield. The shield and
the bottom of the low-voltage section are
grounded to a common point which serves
also as the ground connection for the
tube to be tested, for the cage which
holds the apparatus, and for shunts R
and Ri. By the use of a common ground
point, ground currents are kept out of the
cage and shields, and thus magnetic
disturbances from ground currents are
minimized.

Connections from the voltage dividers
and shunts to the oscilloscope are made
through coaxial cable. The grounded
side of each shunt and voltage divider is
connected to the outer conductor of the
corresponding cable. All these cables
run to a junction box that contains switch
SW; and relay RY;. The junction box
is grounded to the common ground point,
but all cable connections are insulated
from the box. Thus, if, because of very
heavy tube currents, the grounded side
of a cable should be at a different potential
from ground, one part of the tube current
would flow through the outer conductor of
the cable. With these precautions in
grounding and shielding, no magnetic

pickup or interaction between circuits is
observed.

The impulse of grid current is con-
trolled by the ignitron RX226A. When
the trigger circuit causes the ignitron to
fire, the voltage on capacitor C is applied
between grid and cathode of tube X.
The inductance L retards the rise and fall
of grid current sufficiently to provide a
grid-current pulse that rises rapidly and
then holds a rounded peak for several
microseconds before dropping.

Before the ignitron is fired, the grid of
tube X is kept at a negative potential by a
bias power supply acting through R,.
This negative bias is adjustable to a
maximum of 5,000 volts and is set at a
value that is sufficient to hold the plate
current to a negligible value over the
normal range of plate voltage. By means
of voltage divider BRg a portion of the
grid voltage is fed to the intensity control
of the oscilloscope. When the ignitron
fires, the intensity of the electron beam
is greatly increased, and the rapidly
formed trace is made visible on the long-
persistence screen. (Battery Bs serves
to position the electron beam to the left
of the center of the screen.)

The oscilloscope beam is deflected
horizontally by the grid current and
vertically by the plate voltage, plate
current, or grid voltage, depending on the
setting of SWi. When the grid current is
at its peak, the beam is deflected to a
maximum horizontally. Hence, if ob-
servations are made on each vertical
signal at the extreme of the horizontal
deflection, all readings are obtained at the
peak of the grid current.

“An auxiliary circuit, not shown, is used
for calibration and triggering of relay
RYi:. This circuit includes a motor-
driven 5-rpm commutator that fires the
ignitron. To ensure the safety of both
operator and equipment, various protec-
tive devices are provided. Bulbs Ny,
N, and N; are I4-watt neon bulbs.
Should a flashover occur in any of the

high-voltage circuits, these neon bulbs
together with resistors Ry, Ri3, and R
would prevent the voltages applied to the
oscilloscope from exceeding a value of
approximately 70 volts. "

Spark gap SGi is set to break down at
20,000 volts in order to protect Cj,
which is rated at 25,000 volts. Gap SG,
breaks down at 10,000 volts in order to
protect the 12,500-volt capacitors at Cl.

Paper gaps SG» and SG; are designed to
break down and form a mechanical short
circuit if excessive voltage should appear
across either shunt B, or 1. These gaps
each consist of a spring whose pointed end
presses against a brass plate. A piece of
thin paper isplaced between the point and
the plate. If excessive current should be
passed through the shunt, the paper is
punctured, the spring makes contact with
the plate, and the shunt is short-circuited.

It is advisable to keep the oscilloscope
signal voltages between 25 and 50 volts.
Voltages below 25 give deflections whose
short length increases errors in measure-
ment. Voltages much in excess of 50
volts may cause the neon protective bulbs
to ignite and give a false indication.

To keep the oscilloscope voltage within
the required range when measuring grid
or plate voltages, each voltage divider is
provided with several different low-volt-
age sections, Thus the plate-circuit volt-
age divider has four low-voltage sections
providing voltage ratios of approximately
50, 100, 200, and 400. These ratios
cover the voltage ranges 0 to 2,500, 2,500
to 5,000, 5,000 to 10,000, and 10,000 to
20,000, respectively.

Similarly, shunts of different value are
provided for Ry and Rj. Yor R. the
available resistances are approximately
2, 1, 0.5, and 0.25 ohms, covering the
current ranges 0 to 25, 25 to 50, 50 to 100,
and 100 to 200 amperes, respectively.

E. C. Easton and E. L. Chaffee, Pulse-type Tester
for High Power Tubes, Electronics, I'ebruary, 1947,
p. 97.

Circuit for Injection of Identifying Marks on Cathode-ray Traces

Tae viewing of a curve on the screen of
an oscilloscope is often more effective if
means are provided to inject identifica-
tion marks at known points on the curve.
The generator here described can inject
sharp breaks in any sinusoidal wave of
frequency from 60 to slightly under 1,000
cycles per second.

The circuit utilizes coupling between

the plates of two amplifiers to generate
the marking pulses. When the first plate
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tends to draw current, the current in the
second plate (which is in opposite phase)
is suddenly reduced by the reduction in
plate voltage. The result is a sharp
differential pulse at each change in input
voltage.

Esten Moen, An Electronic Oscilloscope Marker,
Electronics, September, 1941, p. 68,
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Oscilloscope Beam Blanking and Dotting Circuit

Ta1s three-tube electronie circuit per-
mits photographing a complete transient
trace on a cathode-ray oscilloscope screen
with high detail and no fogging, using
from one to five sweeps per transient
depending on the degree of horizontal

 detaill desired. Arrival of a transient

tripgs a trigger circuit, releasing the
blanked beam, and can also provide a
dotted Z timing wave.

The double-triode trigger circuit and
its power supply must be insulated from
ground for a voltage equal to the operating
voltage of the cathode-ray tube, which

means using a power transformer with

an adequately insulated primary winding
or using a 1:1 insulating transformer.

When one section of VT is conducting,
the other section is automatically biased
to cutoff. Consequently, either one or
the other section is conducting, but never
both at the same time. An impulse
transmitted to the grid of one section,
in such a direction as to change the state
in which it is at that instant, will therefore
cause the circuit to go from one condition
to the other.

One of the sections of VT, designated
as a, performs the desired control action
on the grid of the cathode-ray tube.
When section ¢ is nonconducting, the
drop across plate resistor R; is small,
since the only current flow through it is
due to the current flowing through the
high resistances R. and R;. Point A
will therefore be only a few volts negative
with respect to the positive end of the
power supply.

The cathode of one section of double
diode VT, is connected to point A.
The anode of this section is connected
through resistor K4 to point D on potential
divider R5, which is adjusted so that D
is negative with respect to point A as long
as tube section @ 1s nonconducting.
Consequently, no current flows through
Ry and the potential of the grid of
the cathode-ray tube with respect to the
cathode is simply determined by the
position of the arm on R;. This permits
manual adjustment of the grid voltage

of the cathode-ray tube to give any desired
brilliancy, or to blank the beam if so
desired. |

If section a of VT'; is made conducting,
however, the plate current will cause a
large voltage drop across Bi. This makes
A negative with respect to D, and current
will flow through the right-hand section

TO CATHODE
OF G-R TUBE

TO GRID OF
G~R TUBE

signal. Application of the proper type
of signal (preferably of a square-wave
shape in order to avoid defocusing during
the duration of the dot) through blocking
capacitor C; causes an alternating current
to flow through resistor R, which (during
its negative half wave) will cause a current
flow through the left-hand section of the
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of double diode VT'; to increase the grid
bias of the cathode-ray tube over and
above any value to which it may have
been adjusted by the slider of B5. Con-
sequently, by triggering the double
triode from one condition to the other, a
release or blanking of the beam may be
obtained. A mnegative impulse admin-
istered to the grid of section a, or a
positive impulse administered to the grid
of section b, will make section a noncon-
ducting and thus release the beam.
Impulses of the opposite polarity will
correspondingly blank the beam again.
The left-hand section of the double
diode is used to provide the dotting

POSITIVE IMPULSE

double diode, thus periodically biasing
the grid of the cathode-ray tube.

It should be noted that blanking and
releasing require only an impulse and not
the maintaining of a certain voltage during
the time that the beam is to be released.

The complete equipment can be made
as a separate device which can be used
with any oscilloscope on which the
cathode and grid terminals have been
brought out, or it can be permanently
incorporated in one of the oscilloscopes
available on the market.

‘Walther Richter, Beam Blunking Circuit for Oscil-
loscopes, Electronics, September, 1944, p, 128,

Oscilloscope Circuit Modification for Television Modulation Pattern

Ir a commercial oscilloscope is modified
as shown, the technique of employing
a trapezoidal pattern to measure modula-
tion may be adapted to television, such
as for determining the percentage of
carrier amplitude devoted to synchro-

nizing pulses and hence compliance with
:__j': the standard.

The modification necessary consists of
providing a linear horizontal sweep at
half the line or frame scanning frequency
and adapting the input circuits to the
television carrier frequencies. |

Use of the type 5JP1 cathode-ray tube
is advantageous, since the deflection-
plate leads terminate on the bulb. This

feature minimizes capacitance coupling
between horizontal and vertical plates,
and it simplifies the r-f ecircuit. It is
desirable to shield the tube electro-
statically by wrapping it in a sheet of
copper foil and to provide an aluminum,
or brass, case for the whole instrument.
In addition to shielding i1t is wise to
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isolate the leads from the horizontal
sweep amplifier by some resistance to
prevent any possibility of resonance in
these lines. For this purpose 1,000 ohms
was found satisfactory.

Filament, anode, and bias supply cir-
cuits are those commonly employed in
most oscilloscopes, with the exception that
the high-voltage supply should have a

0.05
4

have a low reactance at carrier frequency
but a high reactance through the tenth
harmonic of the horizontal sweep fre-
quency. A 250-uuf capacitor has a
reactance of 10.7 ohms at 60 megacycles
and 8,100 ohms at 7,875 X 10 cycles,
and 1t gives good results. The frequency
7,875 is half the 15,750 cycles required for
horizontal scan in 525-line television.
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on the vertical deflection plates and
reduces coupling to the horizontal plates.

A coil suitable for the lower group of
television frequencies can be wound with
No. 12 wire on a434-inch form. An 8-
turn coil of this diameter has been found
suitable for the 60- to 66-megacycle
channel. One or two turns more or less
will be required for other channels of the

250;:»:-‘
o 000 = 5= 54Pf
O ,f‘-—“"h\
S S YWY H \
= 250 unF 7 \
MU P ol P 1
<> |
- L i\ \ it /1
A : ! by /
]- Lg — \\\ T~ 77
QJ L3 = |
___ﬁ_ml-z 1 =
COAXIAL === XX E l
ANTENNA LY —1— =
FEEDER DUAL COAX
] 4
O—-¢- rvvw——»z ———
a-c TesT [ | | _L 10,000  —
SIGNAL io.l ;
- |
0.05 C1 APPROX, 30 puF DUAL |
X INPc}iT 500, OOO 4 MEG
v 2
o

iooooo
GROUND +
25

L; ONE TURN NO.I8 DCG I IN, DIAM.

Lz TWO TURNS NO.I8 DCC 3, IN, DIAM.

Ls APPROX. EIGHT TURNS NO. 123/ IN. DIAM,
L4 TWO TURNS NO.18 DCC ¥ IN. DIAM.

positive ground. This feature is impor-
tant since it permits the grounding of the
center tap of the tuned circuit and the use
of low-voltage r-f bypass capacitors on
the horizontal deflection plates. The
plate supply of the critical stages of the
the sweep amplifier is regulated, and
the horizontal sweep oscillator and ampli-
fier are similar to those of conventional
oscilloscopes with the exception of the
synchronizing circuit and sweep-speed
control.

The most critical consideration when
using very high frequencies for vertical
deflection is the tendency of these voltages
to stray over to the horizontal deflection
plates, causing a curvature of the parts of
the pattern that should be vertical. The
resulting image distortion can be pre-
vented by symmetrical voltage distribu-
tion in the r-f circuit and effective r-f
bypassing of the horizontal deflection-
plate leads.

Capacitors must be selected that will
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This sweep frequency permits patterns of
two scan lines to be shown on the screen.
The vertical deflection plates are driven
by a tuned circuit that provides enough
voltage at resonance to produce adequate

deflection with small power input. In
the lower group of television channels, 44
to 88 megacycles, a split-stator capacitor
of 20 to 30 upuf per section is used for
tuning. It is not necessary to load the
circuits to pass the wide side band, since
the highest frequency components in the
extremes of the side band are not neces-
sary for ordinary measurements.

The center of the coil feeding the verti-
cal deflection plates must be grounded to
provide the required d-¢ potential on
these plates. The rotor of the tuning
capacitor may also be grounded. This
common ground must be connected to
the shield on the cathode-ray tube by a
strap, ribbon, or wire of large area and as
short length as is feasible. Such an
arrangement ensures symmetry of voltage
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group. To secure a balanced feed, a dual
coaxial line is desirable.

Coupling coils at the input and output
of the feed line are connected to the inner
conductors and not to the outer sheath.
The feed-line input coil is a 34-inch 1-turn
loop inserted part way into an opening
in the outer conductor of the transmitting
antenna coaxial line just outside the
transmitter cabinet. Where the coaxial
line enters the oscilloscope cabinet, the
outer sheath must be grounded to the
metal cabinet. The cable terminates in a
2-turn coll of 34-inch diameter and is
loosely coupled to the tuned circuit of the
oscilloscope.

Since such a loop cannot be expected to
provide an entirely nonreflecting termi-
nation, there will be some standing waves
in the line, and some degree of unbalance
in spite of precautions. Coupling be-
tween loop and tuning coil is adjusted by
trial, inserting the loop a small distance
between the turns of the coil; the most
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effective point may be found one or two
turns above or below center. Because of
standing waves in the line the loop can
be initially at a low-current point in the
standing-wave pattern, in which case the
Iine can be shortened sotewhat.

Synchronizing voltage for the horizontal
sweep may be taken from a video line if
available, or, if more convenient, it may be
taken from the r-f signal. The detector
circuit shown is suitable for either method.

A small pickup coil of 2 turns is loosely
coupled to the lower end of the tuned
circuit and applies about a volt to the
cathode of the 6H6 tube. This tube is
located directly below the pickup coil
so that the leads are kept short. Peaks
of the r-f signal corresponding to the
synchronizing pulses are rectified, biasing
the cathode of the diode positively so
that only synchronizing pulses appearin
the plate circuit.

The diode performs the two functions of
rectifying radio frequency and clipping off
picture components. Negative impulses
appear across the plate load resistor. If
video signals are used for synchronizing,
they may be applied to the diode that
will serve in the same way to separate
synchronizing pulses from the picture.
If the pulses are negative with respect to
ground, the signal is applied to the cath-
ode of the 6H6 tube in the same manner
a5 the r-f signal. If the pulses are
positive, they are applied to the plate of
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the diode through a network consisting
of a 0.05-uuf capacitor and a 1-megohm
resistor. The output is then taken from
the cathode across a 25,000-ohm load
resistor. In this case the output pulse
1s positive.

The output pulses from the detector
are amplified by the two-stage amplifier
utilizing a type 6N7 tube that operates
without external bias, since the plate
current is sufficiently limited by the
10,000-ohm plate resistors. As long as
there 1s a substantial signal applied to
this amplifier, grid rectification provides
bias for the tube. The time constants of
the grid resistor and coupling-capacitor
networks are large ensugh to permit
amplification of the 60-cycle field scanning
impulses.

Impulses passing through the amplifier
will usually be of both line and field
frequencies. It is the function of the two
networks in the plate circuit of the left
section of the 6N7 tube to separate the
two frequencies so that either can be
applied to the horizontal sweep oscillator
of the scope.

The network consisting of two 8,250-
ohm resistors and 0.005-uf capacitors
separates by integration the wvertical
pulse from the composite of both pulses.
After separation the pulse is partly
differentiated by the 3,500-uuf coupling
capacitor and the 884 tube grid resistor,
producing both a positive and negative
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pip. Therefore the polarity of the pulse
from the 6N7 amplifier is unimportant,
since the 884 tube will always receive a
positive impulse on which it synchronizes
best.

The horizontal pulses are separated
from the vertical by differentiation in Ls.
Again a positive and negative swing is
produced, In order to synchronize the
884 tube.

Switching circuits are provided to select
synchronizing voltage from either the
vertical or horizontal separator output or
from the 60-cycle line.

Appropriate RC networks can be
switched into the plate circuit of the 884
tube to generate suitable saw-tooth waves
at 30 and 7,875 cycles for sweep speeds
to show either frame or line patterns.
Provision is made for external deflection
for special cases. A potentiometer in
the plate circuit of the 884 tube permits
continuous adjustment of sweep frequency
over a range from three or four lines or
frames to one line or frame.

The saw-tooth output of the sweep
oscillator is amplified by a 6F8G and two
6V6 tubes in a conventional circuit before
being applied to the horizontal deflecting
plates. A back-trace blanking impulse is
fed to the cathode-ray tube from the
cathode circuit of the 6F8 tube.

A. H. Brolly and W. R. Brock, Test Oscilloscope for
Television Stations, Electronics, November, 1946,
p. 120,

Dual-multivibrator Raster-generating Circuit for Cathode-ray Tubes

Two multivibrators, one controlled by
60-cycle line voltage and the other run-
ning free at about 2,500 cycles, are em-

HOLD
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ployed in this arrangement to generate
deflecting voltages for production of a
raster, or test, pattern covering the entire
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face of the cathode-ray tube during life
tests. Up to three cathode-ray tubes may
be paralleled for simultaneous testing
merely by adding a pair of focus and
brilliance potentiometers for each in
parallel with the controls shown.

The 60-cycle sweep is synchronized
with the line voltage by adjusting hold
control RE;, and the horizontal sweep
frequency is controlled by R,. For life
tests 1t 1s not necessary to lock the pattern
stationary. Output voltages of both
multivibrators are fed to individual
amplifiers connected as phase inverters to
provide balanced-deflection outputs for
coupling to the deflection plates through
suitable high-voltage capacitors. An RC
network 1s used to separate the two oscil-
lators and amplifiers, so as to prevent
one pattern from modulating the other.
The circuit can readily be adapted for
other cathode-ray tubes by changing
power-pack output voltages as required.

Leonard Chioma, CR Tube Life Tests, Electronic
Industries, January, 1945, p. 107.
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A Shorted-turn Indicator for Small Coils

CoiLs wound on integral spools and
loudspeaker voice coils with centering
spiders cannot be tested on an iron-core
coupling device. For such coils, the
shorted-turn finder shown in the diagram
can be used.

Since a test frequency many times
higher than 60 cycles is permissible for

coil results in reduced detector input,
and a consequent reduced reading of the
indicating meter,

A resistance network in the oscillator
grid circuit prevents high damping of the
tank-circuit oscillations during positive
grid-voltage excursions and reduces the
input voltages to the tube, thereby cur-
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these small coils, a vacuum-tube oscillator
is used as the a-c source. The operating
principle is that an oscillator’s tank-
circuit voltage will vary in accordance
with the rate of absorption of energy
from the tank circuit. The tested coil is
coupled to the tank inductance, which is
coupled to a detector, the detector in
turn actuating a d-c amplifier having the
indicating milliammeter in its plate
circuit. Any absorption by the tested

L
Al

tailing harmonics. ILarge harmonics are
avoided because of their greater tendency
to set up spurious absorption currents
in a tested coil. The oscillator is tuned to
approximately 8000 cycles.

The tank inductance consists of 950
turns of No. 20 enameled wire, compactly
wound in solid layers, with thin paper
between layers. The winding cross sec-
tion is approximately 114 inch square.
The window of the winding is just

slightly larger than the largest diameter
coll to be tested. The tank coil is housed
in a protective Bakelite shell, and is
mounted on a tilt of 45 degrees near the
bottom of the test panel.

Half the tank-circuit a-c voltage is
impressed upon the detector, which is
supplied a compensating negative bias of
45 volts through 1 megohm.

The d-¢c amplifier is operated by sepa-
rate batteries, the only connection to the
remainder of the circuit being the 0.5-
megohm resistor common to the detector
plate and the amplifier grid -circuits.
Since this resistor places a positive bias
on the amplifier grid, a counteracting bias
battery of 2214 volts is included in the
grid circuit to keep the amplifier plate
current below 1 ma. The normal plate
current is thus set at approximately 0.8

ma, a downward swing indicating shorted.

turns.

To test a coil, it is inserted into the
window of the tank coil. A large redue-
tion In the reading of the milliammeter
indicates shorted turns, good coils giving
practically unchanged deflection. One
closed turn 14 inch in diameter of No. 35
wire reduces the indicating meter deflec-
tion 0.6 ma.

C. G. Seright, A Shorted-turn Indicator, Electronics,
May, 1933, p. 136.

Shorted Turns Tested on Simple Instrument

milliammeter M A. The coil to be tested

is placed over the projecting iron core -
of the search coil; if short-circuited turns
are present, the normal deflection of the

A vuserFuL instrument for the rapid
testing of coils is shown in the accom-
panying circuit. Reactance of search
coll L is balanced by capacitance C.
Exact balance of the bridge is obtained
with resistor R,, resistor R; being in the
mid-position.

The instrument is then adjusted for a-c
supply by varying R; until a standard
reading is obtained on the rectifier-type
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meter will change.
A single short-circuited turn of 40-gage
copper wire can be detected.

Testing Coils for Shorted Turns, Electronics, Novem-
ber, 1945, p. 394.

Audio-frequency Oscillator Finds Breaks in Cords and Cables

Tuis electronic cable tester takes the
guesswork out of checking the breaks in
electric extension cords and those used on
small power-driven tools.

The circuit of the unit uses one elec-

tronic tube connected as a self-excited
oscillator operating on a frequency of
about 400 cycles. The output of the
oscillator is applied to the cord.
A small amount of the signal energy is
44

picked off the cord by a metal ring

through which the cord is passed. Fed to
a high-gain amplifier, the signal amplitude

is increased sufficiently to operate the
output meter shown.

When a break in
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the conductor passes through the ring, a
sudden change in the meter deflection
occurs, and the broken spot can be quickly
and accurately ascertained. Thus the

CONTROL CIRCUITS

use of the instrument. A short shielded
lead 1s provided for connecting the ring
to the amplifier. The ring is mounted on

top of the test unit.
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inserted in the ring. Additional provi-
sion for this purpose is the use of different
values of resistance in the output circuit.
Besides the output terminals shown,
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necessity of cutting the cord in more than
one place to locate the break is eliminated.

The metal pickup ring is mounted in-
side an assembly of fiber insulation
material that surrounds the cable during

Input and output potentiometers are
provided to permit adjustment of the
circuit, so that the meter reading occurs
at a convenient portion of the scale when
a good cable of the type to be tested is

male and female receptacles for the cable
plugs are contained in the tester.

Electronic Tester for Electric Cords and Cables,
Electronics, September, 1944, p. 186.

Sensitive Splice-detector Circuit for Steel Wire

Tris splice detector utilizes magnetic
poles created at splices in steel wire te
operate an audible and visual alarm.

The wire under test is magnetized
longitudinally by passing it through a
strong magnetic field. It is then passed
through a detector coil in which voltages
are generated by the motion of the
magnetic poles produced at the dis-
continuities. The voltage thus generated
is amplified and impressed upon a thyra-
tron trigger tube that operates a buazzer,
giving an audible signal. The buzzer is
also connected to a telephone receiver,
which allows the signal to be heard in
noisy locations. A visual signal is pro-
vided by a cathode-ray tube.

The sensitivity of the apparatus is such
that it 1s possible to detect a single-strand
splice In paired wire containing a total of
14 steel strands.

The magnet assembly consists of two
horseshoe magnets having very high field
strength. They are held against a square
brass bar, with the two north poles facing
each other. The wire passes through a
%-inch longitudinal hole in the bar. The
small size of the hole ensures uniform
magnetization of the wire. Its length
prevents sidewise motion near the mag-
netic poles.

The detector coil consists of 2,500 turns
of wire wound on a wooden spool, which
has a 3¢-inch hole in the core for passage
of the wire. The minimum dimension of

Voltages due to irregularities in the
wire, generated in the detector coil, are

fed into a two-stage voltage amplifier
utilizing tubes V7, and V7. The
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the coil is such that the turns can be
placed in close proximity to the wire
which passes through. The coil is made
sufficiently long to prevent voltages being
generated due to whipping of the wire.
The coil mounting is made of wood.

amplifier output operates a thyratron
trigger tube V7’5, which operates a buzzer
through a relay.

Filtering is employed in the input
circuits of each stage to attenuate high-
frequency voltages picked up in the coil.
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It has been found that minute magnetic
irregularities in the wire cause such high-
frequency voltages to be generated, and
these voltages might trigger the thyratron
were 1t not for the input filters.

The normal frequency of an impulse
generated at wire splices is 10 to 30 cycles,
depending upon the speed of the wire as it
travels through the colil.

The thyratron detector is a gas tube.
The plate-circuit d-¢ relay operates on
10 milliamperes. Resistor R, is placed in
series with the relay winding to restrict the
plate current of the thyratron to the
limits of the relay winding, the tube, and
the power supply. There is also a

normally closed switch SW in the plate
circuit, the operation of which will re-
store the trigger circuit after the tube has
operated. The sensitivity control P, in
the trigger-tube input circuit, permits the
bias on the grid to be varied through a
range of 0 to 12 volts negative for close
adjustment of trigger action.

A visual signal is obtained through the
use of the indicator tube VT4, which is
connected to the output of the amplifier in
parallel with the trigger tube. The
shadow angle, which varies to indicate
voltage changes, has a sensitivity adjust-

ment from 0 to 20 volts negative through
P.

The magnets and the coil should be st
related that the initial voltage generate
in the coil will impress a positive voltag
on the grid of the trigger tube, thereb:
reducing the negative bias on the gri
and causing it to fire. The time constant
of the circuit are such that if the negativ
half cycle of the voltage is impresgse(
first the full effect of the succeedin,
positive half cycle is not realized and th
circuit is less sensitive and unreliable i
operation.

F. S. Hird, Wire Splice Detector, Electronics, Sep
tember, 1945, p. 98.

Voice-operated Electronic Control Relay Using Thyratron Output Stage

THIs circuit was designed for turning
on or off any 115-volt a-c-operated device
whose requirements are within the cur-
rent-carrying capacity of the relay con-
tacts and connecting wires. By using
different contacts, any d-c-operated device
may be controlled in the same manner.

An ordinary magnetic type of earphone
was used for the microphone. This
necessitated a high-gain amplifier to
provide positive control of the relay. A
type 6SL7 tube, with both triodes in
cascade, provides the necessary gain.

The purpose of the 884 thyratron is to
energize, or deenergize as desired, main
relay A. Once relay A is energized, the
884 becomes delonized and a pair of
holding contacts connects one side of
the relay coil to the a-c line; since the
other side of the coil is tied directly to the
other side of the a-c line, relay A will re-
main energized.

The current that energizes relay A flows
through the normally closed contacts of
relay B. Thus, if these contacts become
open, relay A will be deenergized and
likewise the controlled equipment will be
turned off. To turn off the controlled
device, 1t is necessary to energize relay B,
thus opening its contacts. For this
reason, when relay A becomes energized,
the plate of the 884 is disconnected from
the coil of relay A and is connected to the
coil of relay B, so that when the 884 is
fired again 1t energizes relay I3 instantane-
ously, opening 1its contacts and de-
energizing relay A.

To turn on the controlled equipment,
the following sequence takes place: A
single word 1s spoken into the microphone

and the resultant voltage is amplified by
the 6SL7 and applied to the grid curcuit of
the normally cutoff 884, overcoming the
bias and causing it to fire. Since the
plate-cathode circuit of the 884 is in series
with the coil of relay A through contacts
1 and 2 of relay A, it completes the a-c
circuit, thus energizing the relay. When

500,000
500,000

+230V

this happens, the holding contacts 4 and 5

replace the circuit of the 884 and thus

keep relay A energized. At the same
instant, the plate of the 884 is connected
to the coil of relay B through contacts 2
and 3 of relay A, but now the tube is no
longer ionized, since its plate circuit was
opened by means of relay contacts 1 and 2.
This sequence turns on the controlled
device, and it remains on until another
sound is made.

To turn off the controlled equipment,
the sequence is repeated, except that this
time the 884 plate-cathode circuit is in
series with the coil of relay B, so that
when the 884 is fired it energizes relay B
and opens its normally closed contacts,
thus deenergizing the main relay and

returning the controlled device to th
Off position. During the period wher
relay A is deenergized, capacitor C i
connected to the minus 50-volt bias suppl;
through relay contacts 6 and 7 on relay A
When relay A is energized, the movabl
contact 7 disconnects C from the bia
supply and connects it through contact !
to the grid circuit of the second half of th
6SL7 across resistor R.

Since the capacitor was charged up t
bias voltage, it will cause the second hal
of the 6SL7 to be cut off, preventing an
signal from getting through and alse
preventing the possibility of the 884 be
coming ionized and thus deenergizing the
main relay. However, since this bias i
due solely to the charge on the capacitor
it decays exponentially due to the dis
charge of the capacitor through R, th
time constant of which will be determinec
by the size of ¢ and R. This time con
stant may be varied to suit any type o
operation.

Capacitor (' is charged in the same
manner by the bias voltage through the
relay contacts of relay A and applied to A
when relay A is deenergized; so it wil
not be turned on again by the same sound
impulse. Although a negative 25 volts is
sufficient to cut off the 884 when using 11!
volts alternating current on the plate
approximately minus 50 volts was used in
this circuit to prevent the possibility
of any oscillation that may occur in the
6SL7 from firing the 884.

Carl J. Quirk, Voice-operated Electronic Relay,
Electironics, June, 1945, p, 236,
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Electronic Attenuator for Radio-receiver Alignment

During alignment of radio receivers, it

- 1s necessary to use a strong input signal

- initially to obtain any .indication on
the output meter. As the circuits are
brought into resonance, the input signal
voltage must be diminished to prevent
overload or off-scale readings on the out-
put meter. With the circuit shown, this
is accomplished automatically by making
three connections, one to the signal source,

one to the antenna terminal of the re-
ceiver, and one to the voice coil or other
output terminal of the receiver.

As the circuits are brought into reso-
nance by adjustment of the trimmers in
the receiver, the signal is rectified by the
diode section of the 6B8 tube, and this
rectified voltage is applied to the same

tube as 1ts bias. This controls the ampli-
fication of the tube and limits the amount

TO SIGNAL SOURCE

TO ANTENNA
TERMINAL OF

RECEIVER

TOVOICE
- GOILOF
REGEIVER

g

of signal reaching the antenna of the
receiver. The amount of bias may be

controlled by an initial adjustment of
voltage divider D.

In order not to have too much compres-
sion of signal in the r-f section of the 6B8S,
which would result in sluggish action of
the output meter, a 6H6 tube is shunted
across the grid of the 6B8. The response
of this tube is controlled by voltage
divider Z. When the bias reaches a
value predetermined by the setting of D,
any further increase is shunted through
the 6H6 tube. By setting up the two
voltage dividers on an average set, an
automatic attenuation of 10,000 to 1 is
possible without any danger of overload
or off-scale readings of the output meter.

Fred A. Schaner, Electronic Attenuator, Electronics,
April, 1941, p. 68.

One-tube Overvoltage and Undervoltage Relay

A useruL and simple relay for the
protection of a-¢ equipment from danger-
ously high voltage may be assembled by
making use of the type 885 grid-controlled
rectifier with some accessory equipment.
A small G-M type D relay with a 110-volt
coil is used. The coil is energized by the
output of the 885 tube as shown. A large
capacitance across the relay coil is neces-
sary because of operation with pulsating
direct current from the tube. When the
“switch is closed, the output of the tube
passes through the relay coil, thus holding
the armature in contact and making the

~ connection in the ecircuit that is being
~ controlled.

To operate the device as an overvoltage
relay, the a-c line is connected across a

small 400-ohm rheostat in series with a 40-
watt Mazda lamp. The secondary termi-
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120V
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nals of the grid transformer are connected
across the terminals of the lamp. In
using the tungsten-filament lamp in this

way, use 1s made of the rising tempera-
ture-resistance characteristic of the lamp.
The operating point is set by means of the
rheostat to a predetermined tripping
point somewhat higher than the normal
line voltage. If the voltage of the line
rises to this point, the grid voltage will rise
to the cutoff point of the tube and plate
current will stop, releasing the relay.

It is also possible to protect against low
voltage. To do this, the switch should
be replaced with a relay adjusted to open
when the voltage falls to some predeter-
mined value lower than the normal line
voltage.

G. G. Kretschmar, An Electronic Overvoltage Relay,
Electronics, February, 1941, p, 48.

Carrier-actuated Protective Circuit for Arc Suppression at Broadcast Transmitter

Tr1s carrier-protective circuit for low-
level broadcast transmitter systems is
controlled by carrier energy picked up by

~a short antenna and fed to the diode

- section of the 117L7. The diode develops

- positive bias for the tetrode section of the
tube, which is also cathode-biased.

When normal energy is radiated, two
relays BY; and RY, are energized by the
~ tetrode plate current by virtue of positive
- grid bias from the diode, and RY; is also
~energized. Under this condition, the
~coll of RY is paralleled by I3, and only
- a slight drop in plate current will cause
"RY; to open. An abnormal condition
anywhere in the transmitter resulting in a

moderate drop in radiated energy will
cause such a drop in plate current, and
RY; will release RY3, applying high
negative bias to the buffer and modulated
amplifier stages.

RY3; may have any contact arrange-
ment desired for the application of this
bias, which must be determined to suit
the individual transmitter. This bias
should be sufficient to reduce the carrier
power to about 15 per cent of normal,
which will not sustain arcs unless there
has been some damage to equipment.
When the power drops to this low value,
RY s will not have sufficient current to
hold, and it will drop out, picking up RY;

through a set of deenergized contacts,
removing the high bias, and returning
the carrier to normal. These deenergized

contacts on RY s also perform the useful

function of protecting the device against
tube failure, since the relay cannot pick
up without plate current, and these con-
tacts hold in RY ..

When RY. opens, two other functions
occur: Rs is removed from its position in
parallel with the coil of RY,, and RY, is
locked out through its remaining deener-
gized contact and a similar one on RY,.
Thus RY, is subjected to the full plate
current and will now pick up on a smaller
current than is present when it opens, and
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RY. is prevented from picking up until
after RY ; has closed. RY; closes at about
25 per cent of normal power, and RY; at
about 80 per cent when the tube plate
current is large enough to keep RY; ener-
gized as the paralleling resistor R; is recon-
nected. The instrument is now recycled.
If damage has occurred to the transmitter
or other trouble is present to prevent the

the power system, so that in the event the
power source becomes reversed, the
antenna will not be at line potential.
C: also provides a convenient means of
limiting the r-f input to the instrument.
Enough r-f energy, however, should be
fed to 1,C; so that this tank may be
operated somewhat detuned from the
station frequency and C» used as a control
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would then result in an interruption of the
plate-contactor holding circuit, shutting
off the high voltage. A carrier-restoring
device will be necessary for this method of
operation, unless manual restoring of
the carrier is to be depended upon.

The operation indicator at the right is a
desirable accessory to the carrier protec-
tive device. Under normal conditions
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carrier from returning to full power, the
device will remain static, with RY, open,
RY, open or closed, and transmitter bias
normal (RY 3 closed).

The contacts of RY; should make before
break, and the springs should have about
half the tension of those on RY. (4 is
provided to avoid relay chatter on the
rectified alternating current in the plate
circuit of the 117L7. A switch SW 1is
provided in parallel with the energized
contacts of BY; in order to hold in RY;
when adjusting the device or taking it

out of service for some other reason. (7

must be used to isolate the antenna from

of the tetrode bias and the drop-out point
of RY,. When properly adjusted for
drop out at 75 per cent of full carrier, the
plate current should be about 22 ma,
and 1t should be about 7 ma when the high
bias is applied to the transmitter during
an overload.

For use with high-level systems, where
power reduction by means of high bias is
more difficult to achieve, the contacts of
RY 3 would be placed in series with the
plate Off button or in series with the
series-overload circuit of the transmitter,
both generally arranged as normally
closed circuits. Operation of the device

RELAY VOLTAGE

(RY1, RYs and RY, closed), RY, is |
energized by the pushbutton, seals itself §

in through RY,, and lights the pilot lamp.

When RY, is opened, RY; will drop out
and put out the pilot light, which will
remain out until the operator resets it with ¥

the pushbutton. The protective device
will continue to operate when called upon

to do so, regardless of conditions in the §

mdicator.

W. R. Sloat, Automatic Control Circuits for Broad-
cast Transmitters, ZElectronics, November,
p. 102,

Automatic Time-delay Starting Circuit for Getting Transmitter Back on Air

AN automatic time-delay starting cir-
cult is particularly useful for getting a
transmitter back on the air after a break-
down with a minimum of lost time and
for locating trouble when the fault can-
not be expeditiously located without the
power on and when it is impossible to
keep it on without damaging equipment.

The circuit shown will give a start in 10
seconds, provided that the interlocking
grid and. filament relays are all clear;
otherwise the start will wait until they do
clear. This 10 seconds can be utilized
by the operator in getting the studio on
the order wire, or in proceeding to the
point where trouble is suspected, so that

he may observe the equipment at the

moment the plate voltage is applied.
For example, the operator is enabled to

locate readily a bad tube in a parallel ¥
installation when the only indication of

trouble is a flash inside the tube.
If either plate voltage is off, Y, will be

deenergized and its contact closed. The §

1943, §




relay 1s energized by current flowing
through auxiliary contacts on the plate-
voltage primary contactors. RY, may
now be picked up by means of the push-
button, and it will seal itself in through
its lower contacts. The pilot lamp will go
on and remain on until the starting action
is completed. The upper contacts of
RY. then excite the filament transformer
of the rectifier tube and apply alternating
voltage to the plates of the tubes. When
the cathode has reached conduction tem-
perature, RY 3 will be energized, closing
its contacts across the plate On buttons.
As soon as the plate contactors close,
RY, will operate, opening its contacts and
releasing RY ;. Thus the transmitter has
been given one starting impulse. Sub-
sequent starts will not require a full 10
seconds if the tube has not fully cooled.
Obviously, RY, cannot be picked up
when the plates are on or the master
control 1s off, eliminating the possibility
of accident through a stored-up start.

Conductivity Control Circuit for Maintaining Water

CurrenT flowing through distilled
water between two electrodes is sufficient
here to operate the electronic relay cir-
cuit even though the resistance between
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Resistors Ry and R, are for dropping
the pilot lamp and EY; voltages to the
proper values from a 220-volt relay circuit.
C: is shown across the RY; coil for re-
moving the chatter if RY s is a d-c relay.

When the circuit between T and T is
open, the gas tetrode is maintained non-
conducting during the positive swing of
the plate by applying to the grid through
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the electrodes may be as high as 60
megohms. The circuit controls an elec-
tromagnetic valve in the feed line of one
of the glass boiling flasks, and also con-
trols a switch through which power is
applied to the boiling-flask heaters.

R, the negative swing from the filament-
supply winding of the transformer. The
phase is advanced slightly by the capaci-
tance coupling to potentiometer R; in
order to compensate for the lag introduced
by the transformer.

It will not be necessary if an a-c relay is
used.

W. R. Sloat, Automatic Control Circuits for Broad-
cast Transmitters, Electronics, November, 1943,
p. 102,

Level in Still

Tripping of the unit is accomplished by
imposing on the grid a sufficiently large
voltage in phase with the a-c line (or
plate) voltage. This occurs when T,
and 7. are connected together. The
resistance of this connection (single-dis-
tilled water conductivity) may be as high
as 60 megohms. Protective resistors
R; and R; may be increased up to twice
the values indicated. The optimum
value is determined by the current re-
quirements of the control cell connected
between 7'y and T2 and by its maximum
resistance. In any event, the sensitivity
is influenced by the potentiometer setting.

When adjusting the unit, if the gas
tetrode fails to conduct with the potenti-
ometer set for maximum bias and 7; and
T'. connected together through the control
cell having its electrodes immersed in
single-distilled water, the bias is reduced
until conduction does take place. In the
event that the tetrode conducts with the
control circuit open and with the potenti-
ometer set for maximum bias, the value
of C, is increased. A shield for the lead
connecting the grid and the control cell
has been found necessary in applications
where considerable sensitivity is required.

Limiting resistor Rj is selected to limit
the surge current to the rated wvalue.
The two resistors R; and Rs limit the
average current to that required for
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reliable operation of the plate-circuit
relay. Capacitor (2 must be of sufficient
capacitance to smooth the relay current
for noiseless operation.

In addition to its use in the still system,

the electronic relay described has been
found ideal for use with sensitive thermo-
regulators whose precision depends upon
the maintenance of clean contactors.
The exceedingly small currents drawn by

the unit permit operation for long periods
of time with mercury thermoregulators.

R. E. Shrader and E. J. Wood, Automatic Control of
Stills, Electronics, September, 1944, p. 98,

Photoelectric Control of Mercury-vapor Lamp for Constant lllumination

Tris control circuit for photographic
printing uses a photoelectrically controlled
mercury-vapor printing lamp in series
with a resistance that is adjusted to
absorb the difference between the line
voltage and the voltage needed by the
lamp. Two 6L6 tubes are connected
across the lamp so that the plate-to-
cathode current of these tubes is in parallel
with the lamp. Plate current is adjusted
to approximately 75 ma, halfway between
zero and the maximum allowable current.
The grid voltages are then varied so as to
render the tubes capable of changing the
current through the lamp over the range of
0 to 150 ma. The control grids are
operated by the amplified voltages from a
phototube that derives its light from the
optical path between the lamp and the film.

The voltage generated by the phototube
across a resistor R, controls the bias on
the control grid of amplifier Vi. If no
current flows in the phototube, the bias of
V1 becomes zero. This allows the tube
to draw current through its plate resistor,
and the plate assumes a low potential
with respect to its cathode. The plate of

this tube is connected through a battery
to the control grids of ¥V, and V;in such a
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way that the grids of these tubes are
always this amount negative with respect
to the plate of V,. Therefore, when-

ever the plate of V'; assumes a potential
less than 2214 volts above its cathode, the
grids of V, and V3 become negative with
respect to their cathodes and the plate
current is varied.

A very small change of phototube cur-
rent is capable of completely controlling
the plate currents of the last two tubes,
which in turn control within very close
limits the exposure provided by the
mercury-arclamp. Thecircuitisarranged
so that an increase of light on the photo-
tube will reduce the current through the
lamp and correspondingly reduce the
exposure of the film. Inasmuch as the
operation of the control circuit is practi-
cally instantaneous, any fluctuations in the
arc lamp or changes in supply voltage that
might vary the exposure are suppressed.
This type of control circuit operates very
satisfactorily with low-voltage mercury-
arc lamps of 100- and 250-watt size and
permits the use of mercury lights from a
220-volt d-c supply.

John K. Hilliard, Electroniec Control for Constant
Illumination, Elecironics, May, 1944, p. 180,

Dual-function Breakdown Alarm Circuit for Broadcast Transmitters

TaIs alarm circuit gives warning of
interruption of program service. A bell
rings instantly on failure of the carrier,
and the same bell also rings, after an

appropriate delay of 15 or 20 seconds, if-

there is any interruption in the audio level
from the studio.

R-F INPUT

The grid of the input stage is fed with a
small amount of radio frequency from
some convenient place, or a short antenna
can be used. The output circuit is tuned
to the operating frequency and coupled to
the first half of the 6H6 rectifier. The
voltage so developed across the diode load
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resistor is applied, with minimum time
delay, to the grid of the 6J7 control tube.
The relay closes instantly when this tube
loses its bias.

The audio component from the same
source is amplified by the 6C5 and recti-
fied by the second half of the 6H6, thus
providing the cutoff bias for the 6K7
tubes. The two tubes in parallel give
more reliable operation than one tube
used alone.

A good tubular pape

be chosen for the delay network. Larger

paper capacitors of the block type give §
erratic operation due to leakage. The
network arrangement results in high bias
voltage from the 6H6. The capacitor
charges in a second or two, which is de-
sirable from the standpoint of uniformity
of time constant with varying program
conditions. |

On failure of modulation, the time that
elapses before the bell rings is determined




by the r-! input, the voltages on the con-
trol tubes, and the setting of the relay,
as well as by the constants of the resist-
ance-capacitance network on the grids of
the 6K7 tubes. The metering jack for
watching the performance of the control
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tubes when adjusting the unit is almost
indispensable.

The d-¢ relay should be adjusted to
close at 4 or 5 ma and to release at 1.5 ma
or better. (A less sensitive relay can
sometimes be used by bleeding some addi-
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tional current through it with a resistor.)
This relay is in the plate circuits of the 6J7
and the two 6K7 control tubes, which are
normally biased to cutoff.

W. K. Angus, Transmitter Breakdown Alarm, Elec~
tronics, February, 1944, p. 158,

Carrier-tone Alarm Circuit for Response to Weak 1,000-cycle Modulation of Transmitter

Ta1s circuit, developed during the war
for reception of the 1,000-cycle tone-
modulated carrier of a key broadcast sta-
tion, responds to less than 1 per cent
modulation by a 1,000-cycle tone held for
a period of 15 seconds; yet it is relatively
insensitive to music.

The circuit contains a 6J5, with zero
bias, that holds a relay down. The grid
of this tube is connected to a 714-volt
negative bias that is balanced out by an
opposing voltage developed across the
cathode resistor of a 6Q7. This latter
tube also has zero bias and passes plate
current to develop the above bucking
voltage. There are 3 volts of negative
bias in its grid cireuit, which is balanced
out by the rectified carrier from a 6HO6
tube.

When a 1,000-cycle tone comes down
from the receiver audio output, it is recti-
fied by a 6Q7 diode plate to provide volt-
age to make the 6Q7 grid negative. The
1-megohm resistor and 8-uf paper capaci-
tor provide time delay. If the 6Q7 grid
goes negative, the bucking voltage across
its cathode resistor is removed, the 6J5
grid goes negative, and the relay opens,
closing the bell circuit. The bell rings
until the toggle switch is thrown, killing
the bell and connecting the loudspeaker.

The limiter compresses the incoming
program about 25 to 30 db. It allows a
214-db rise in output above compression
starting point. The limiter rectifier uses
a 6R7 with automatic bias control on its
diode plates. The diodes are biased by a
45-volt battery plus about 18 volts drop
across the 100,000-ohm cathode resistor.

In the usual rectifier, the rectified volt-
age acts as a negative bias on the rectifier
plate, increasing as the signal Increases.
In this rectifier, for all practical purposes
the rectifier bias does not increase with
increasing signal.

With no rectification, the 6R7 grid is
bissed very near cutoff (18 volts), and
only about 0.18 ma plate current is flow-
ing. With rectification, the rectified volt-

age is added to the grid bias, and the small
plate current is reduced enough to hold
the total bias near 18 volts so that it will
not be cut off. The added 45-volt battery
bias places the controlled receiver output
at the proper level and improves the com-
pression ratio.

A W-E relay was adjusted to close on
12 ma and to open on 10 ma. Its current

button each time before adjusting for 15
seconds. After adjustment, the volume
can be turned about full on.

After the 15-second adjustment is made,
increasing the 1,000-cycle level 20 db trips
the relay in about 12 seconds. If the key
station program is allowed to come
through for a few minutes before the 12-
second test, and the capacitor 1s not dis-
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normally is about 13 ma when set for
operation. About 5 ma of this is a steady
bleeder current going to ground through a
resistor. The 6J5 supplies the remainder.

To adjust the receiver, tune in the key
station, and turn the volume off. Press
C discharge button, and relay reset but-
ton. Feed a low-level 1,000-cycle signal
into test input, increasing until input is 1
db above start of compression, which is
indicated by a drop in 6K7 plate current.
Hold this level, and adjust the potentiom-
eter across the receiver output until the
relay trips in 15 seconds. Discharge the
8-uf capacitor with its shorting push-

charged before testing, the time is about
10 seconds.

The program level can rise 35 to 45 db
above the 1,000-cycle tone level used for
the 15-second adjustment before the relay
trips. If 42 db is taken as 100 per cent
modulation, then the 1,000-cycle tone
level corresponds to only 34 per cent
modulation.

In daily operation, programs trip the
relay an average of once every 2 days.
The 1,000-cycle tuned circuit is 4 db down
from 1,000 at 800 and 1,200 cycles.

L. H. Appleman, Sensitive Carrier-tone Alarin, Elec.
tronics, February, 1944, p. 154.
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Thyratron Relay Circuit for Preventing Electrolytic Action on Underground Pipes

BY connecting this electronic thyra-
tron tube relay in series with a tie wire
joining the rails of an electric railway with
the pipes of a gas or water main, it is
possible to prevent damage to the pipes
by stray currents from the near-by elec-
trified railway line.

Grid bias is adjusted by setting the arm
of the 5,000-ohm potentiometer and the
tie-wire tap so that when the rails are
positive with respect to the main this
external voltage bucks d-c¢ bias supplied
by the Rectox unit, making the grid of
the 'G-17 more positive with respect to its
cathode and causing the tube to fire.
Anode circuit relay R closes, simultane-
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ously closing contactor C' and permitting
current to flow through the contacts of ¢
from main to rails. Reversal of external
voltage polarity produces an increase in
negative grid bias, causes the tube to cease
conducting, and opens relay R, contactor
C, and the tie-wire circuit.

Up to 200 amperes may flow from main
to rails through the contactors of C, but
the contacts need not break currents of
this order. Proper adjustment of the
relay’s trigger point causes it to function
when the voltage differential between rails
and main is nearing zero.

C. R. Davis and R. M. Wainwright, An Anti-elec-
trolysis Relay, Electronics, March, 1942, p. 72.

Varistor-compensated Double-triode Stage for Measuring Vertical Velocity of Aircraft

A VARISTOR-COMPENSATED circuit here
converts nonlinear voltage variables into
linear voltage variables, for use in such
applications as showing rate of climb di-
rectly in radio altimeters. The circuit, a
novel combination of a varistor-compen-

similar circuit, for example, could be used
to measure the angular velocity of the
brush of a nonlinear potentiometer.

The nonlinear altimeter output voltage
across R, 1s impressed across a network
consisting of varistor X,, a parallel re-
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sating network and a balanced double- sistor Ry, and a series resistor Rs. The

triode stage, was developed for use with a
radio altimeter to give true vertical-
velocity indications by first straightening
the nonlinear altimeter output character-
istic and then differentiating with respect
to time in an orthodox manner. The
basic circuit principles, however, have ap-
plication wherever it is necessary to meas-
ure the rate of change of a function
represented by a nonlinear voltage. A

most essential component of this network
1s varistor X,. By virtue of its variable
resistance characteristics, this component
controls the current flow in the network
so that the resulting voltage across R, is
essentially proportional to altitude.

To minimize loading effects upon the
altimeter voltage source, the voltage pro-
portional to altitude is first reproduced
across cathode resistor B3 of cathode fol-

lower 7:Ts. The actual differentiation
process 1s then performed by the resistor-
capacitor network C,R,.

The usable voltage after differentiation
appears across grid resistor Ri; The
polarity of this voltage depends upon the
direction of the rate of change of altitude §
(climb or dive) and the magnitude is a §

measure of the vertical velocity of the ¥

alrcraft.

The grid of T'; of the balanced double-
triode 7,73 is maintained at a constant
potential. Thus the voltage across cath-
ode resistor R is simply a zero reference
voltage. A balancing potentiometer is in-
cluded. 'When the aircraft rate of change
of altitude is zero, the voltage across Rsof ¥
T'; 1s equal to the voltage across Rg of T’
and there is no deflection of the meter §
needle. However, when the aircraft
changes altitude, a change of wvoltage
across f2s of T'; causes the meter needle to §
deflect its zero center position. In this §

particular application the meter was cali- |

brated to read directly in feet per minute.

The main advantage of this type of ver-
tical-velocity indicating device over con-
ventional barometric rate-of-climb meters

is that there are no large time lags present. |

In fact, in test flights it was found desir-
able to introduce a small time lag into the
circuit to dampen the meter needle. The
capacitor-resistor networks C.Ry and
C3Rs, each with a time constant of 0.2
second, were added for this purpose.




The basic problem in the design of such
a circuit 1s to select a varistor-resistor net-
work that most nearly compensates for
the nonlinear voltage curve to be straight-
ened. In the vertical-velocity meter, a
compensating circuit for a nonlinear volt-
age curve of decreasing voltage gradient
was required. However, by interchang-

CONTROL CIRCUITS

ing components X and R. and by making
use of the voltage across X, the basic cir-
cuit for the compensation of a nonlinear
voltage curve of increasing voltage gradi-
ent can be obtained. Since the effective
characteristic of any given varistor can be
changed by shunting the varistor with a
parallel resistance R,, it is conceivable
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that some combination of varistors and
resistors can be devised to straighten al-
most any type of nonlinear voltage gradi-
ent, provided that the curvature does not
change too rapidly.

R. W. Treharne, J. A. Kammerer and R. Hofstadter,
Rate-of-change Meter, Electronics, May, 1947, p. 106.

Industrial Control Circuit Using Vane-responsive R-F Oscillator

Tais vane-operated control unit can
serve as an on-off, two-position, or three-
position controller. One section of the
double-triode tube works as a constant-
grid-potential oscillator that changes its
plate current suddenly as a vane moves
between the coils, giving snap action of
the output relay for industrial control
applications Involving float, feeler gage,
or other sensing elements moving as little
as 0.002 inch.

The oscillator, which operates at 30 me,
is composed of a fixed tuned-plate circuit
with a tickler coil in the first tube section
cathode circuit which provides not only
voltage feedback but also degeneration
due to the impedance drop occurring for
current flow.

The second parallel tube section has its
grid connected to the oscillator grid so
that the average current thereof is also
controlled in accordance with the vane
position, although this section does not
oscillate. The use of this second parallel
triode results in about 60 per cent more
current being available for relay opera-
tion, thereby providing greater power
outpub and permitting use of a lower
resistance relay coil with consequently
larger wire size.

Capacitor C3 is an r-f bypass shunting

Rarip remote selection of records in a
coin-operated phonograph system is pro-
vidled by employing a carrier-current
circuit in which a wall-box oscillator
transmits r-f pulses over its supply line to
discriminator circuits in the phonograph
cabinet. Twelve carrier frequencies and
the use of both alternations of the power
line permit selection of 24 records.

than 1 volt of radio-frequency signal over
its lines and solves the problem of inter-
wall-box interference in the event selec-
tions are made simultaneously from two
different points. By using only 24 volts
to power each wall box, it also removes

The circuit requires considerably less.

the d-c load and plate-supply source. Cl,
acting in parallel with the plate-to-grid
and plate-to-ground stray capacitances,
forms the capacitance of the oscillator-
plate tank circuit, the effective value of
which is of the order of 10 uuf for 30 me.

RELAY [C
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Capacitor Cy affords an r-f grounding
means for the grid. It also permits the
average grid potential to become highly
negative during the oscillation mode when
the cathode fluctuates in its potential,
causing the grid circuit to draw current.
The combination of 'y and R; introduces
some time delay for relay closure to
occur, and is selected as required to pre-
vent relay chatter under cases of vibration
often encountered in industrial applica-
tions. This portion of the circuit may be
easily altered to produce other values of
time delay. For reasons of safety the

the necessity of enclosing the cable sys-
tem in conduits. KEach remote selector
(wall-box unit) is built around a single
6SN7 tube. One triode of this tube is
used in a Colpitts oscillator circuit to
generate pulses, and the other triode is
used as a loosely coupled isolation ampli-
fier. This amplifier is coupled to the
coaxial line by a small capacitance.
Twelve frequencies in the range from
149 to 289 ke are generated in 12 separate
slug-tuned oscillator coils, making possible
the selection of 24 records by using enve-
lope phase selection in which only one
phase of the 60-cycle plate voltage is
applied to the oscillator amplifier. The

cathode-bias resistor R, is chosen to limit
permissible current of the nonoscillating
triode section and is held to somewhat
closer tolerances (5 per cent) than is the
grid resistor or other components (20 per
cent). If the emission of the oscillator
section falls below a fixed minimum, or
its continuity is broken, sufficient current
cannot flow to hold the relay closed.
Moreover, the use of safety bias resistor
R, and the operation of the oscillator as a
series-fed type ensure that the relay can-
not be energized should any coil, trans-
former winding, or coil lead become
open-circuited.

Inductance coils L; and L; are conven-
tional pancake coils, with the number of
turns chosen to provide satisfactory oscil-
lator characteristics and to allow the rela-
tively large dimensional spacing of 0.150
inch between coils. Such a space factor
permits the coils to be impregnated di-
rectly within a form of plastic material
having low water-absorption properties.
Ample space through which the control
vane can move 1s provided without close
dimensional tolerances being imposed on
the associated mechanical components.

W. H. Wan‘namaker, Jr., Vane-actuated Controller,
Electronics, June, 1947, p. 117.

Pulsed Carrier-current System for Remote Selection of Phonograph Records

proper phase 1s determined by the button
pressed. -

Each oscillator coil in the box is con-
nected to a pair of pushbuttons. Since
the receiver discriminator tubes at the
phonograph are powered in the same
manner and from the same a-c¢ line, enve-
lope phase selection in the transmitter
allows the number of possible record selec-
tions to be twice the number of separate
frequencies used. The frequency separa-
tion of adjacent frequencies is determined
on a percentage basis, a factor of approxi-
mately 1.07 being used to determine each
successively higher frequency. |

Pushing button 1 will select oscillator
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coil L and winding B of the high-voltage
secondary of the wall-box step-up trans-
former. Pushing button 2 will select the
same oscillator coil, but will select winding
A of the power transformer.

“When a pushbutton is pressed, a series
of A and B phase pulses lasting from 0.1
to 0.25 second, depending on the time
constant of the pushbutton and coin-
operated relay, is transmitted over the
cable. Pushbuttons are also so inter-
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of a grid capacitor. This swings the bias
of the tubes toward cutoff and limits the
amplification of the tube. Output volt-
age of the amplifier tubes is therefore held
at a fairly constant level regardless of
signal input level.

The six plates of the amplifier tube sec-
tion are connected individually to the 12
r-f transformer primaries, two primaries
being connected in series in each plate
circuit. Plate supply to all amplifier
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locked that if more than one is pushed
simultaneously at the same wall box, only
the numerically lowest button will select a
record.

The receiver uses three 6SL7 tubes as
amplifiers, twelve 6SN7 tubes as dis-
criminators, a 5Y3 to supply 250 volts of
direct current to the plates of the ampli-
fiers, and an 884 that acts as a bias re-
sistor for the discriminator tubes.

The r-f signals from the wall box pass
through the input autotransformer to the
grids of the 6SL7 dual-triode amplifier
tubes. The 6SL7 tubes function as
limiters because an r-f voltage to the grids
in excess of the bias voltage permits the
girds to draw current and allows charging

tubes is furnished by the 5Y3 rectifier
tube, direct current being applied to these
tubes so that they will not discriminate
against A and B phased pulses.

Each r-f transformer consists of two
iron-core coils. The frequencies of the
two transformers connected in series are
purposely staggered so that no interfer-
ence 1s experienced in the tuning of each.
The output of each transformer feeds the
two paralleled grids of a 6SN7 discrim-
inator tube.

Each discriminator tube functions as a
plate rectifier. An r-f voltage appearing
on the grids of the tube causes plate eur-
rent to increase, provided that the alter-
nating plate voltage is positive at that

time. The plate circuits of the 6SN7
tubes are connected through individual
relays to the opposite ends of the 500-voli
winding on the power transformer, the
center tap being at ground potential.
Each end of this winding is bypassed to
ground for radio frequency.

An r-f signal from the wall box is ad-
nmitted by all amplifier tubes but is eventu-
ally coupled into the grids of only one of
the 6SN7 tubes. This action 1s obtained
by the frequency discrimination of the
filters, the 6SN7 tube being energized
according to the frequency selected at the
wall box. If r-f energy is supplied to the
two grids of the discriminator tube and
d-c potential is applied to the plates of this
tube, the relays in both plate circuits
would be energized. However, because
the two plates of the discriminator tube
are supplied from opposite sides of the
power-transformer winding, at the instant
that one plate is positive the other plate
will be negative. If an r-f signal arrives
at the time when the plate is negative, no
current will be drawn by its corresponding
relay.

Because the signal from the wall box is
generated by an r-f oscillator with alter-
nating plate voltage, the r-f energy con-
sists of a series of pulses lasting for 1{q
second each and spaced from each other
by the same period. These pulses will be
in time phase with the plate voltage sup-
plied to one discriminator plate and will be
out of phase with the voltage at the oppo-
site plate. The polarity, or phase, of the
alternating current is chosen in the wall
box by the pushbutton switches, the odd-
numbered buttons being of one phase and
the even-numbered buttons being of the
opposite phase. Thus the selection of the
discriminator plate that draws current
depends on the phase of the voltage at the
wall box.

All discriminator-tube cathodes are con-
nected to the plate of an 884 gas tube that
acts as a cathode-bias resistor. The volt-
age drop across the 884 tube remains con-
stant regardless of the amount of current
flowing, and thus remains independent of
the number of discriminator tubes draw-
ing current at one time. The action of
the 884 tube used in this manner is similar
to the more commonly used voltage-regu-
lator tubes. However, the 884 tube has a
constant voltage drop of 14 volts, which
is the correct bias for the discriminator

tubes.

Fred M. Berry, Remote Record-selection System,
Electronics, June, 1946, p. 104. '
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Circuit for Counting Arc-overs in Metallized Capacitors

To test the self-healing property of
metallized dielectrics and to determine
the factors that enter into this phenom-
enon, this counting circuit was used.
Through a relay it will operate a magnetic
counter.

By means of this setup, the number of
discharges through the metallized capaci-
tor paper was recorded up to a maximum
of 10 per second, which was the limit of

‘the counter used.

A voltage was established across the
metallized paper by means of the clamp.
This was increased in 10- to 25-volt steps
at 1-minute intervals, and the number of
discharges during each interval was noted
until & maximum of 350 to 400 volts was
achieved. The voltage was then dropped
to zero, and the foregoing procedure was
repeated two or more times.

Philip Godley and Jayson C. Balsbaugh, Metallized
Capacitor Tests, Electronics, April, 1947, p. 112.
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Basic Eccles-Jordan Trigger Circuit for Use as Two-to-one Frequency Divider

IN the basic Eccles-Jordan trigger cir-
cuit shown here, the two triodes 7'y and 75
are so connected that the plate of each
controls the grid of the other and only one
tube can conduct (be on) at a time. The
component values shown are merely illus-

resembles an open switch in that no cur-
rent can flow between plate and cathode.

With both tubes arbitrarily rendered
nonconducting, the voltage at the grid of
T, is determined by the resistor network
shown between the +150-volt line and
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trative, but will make a satisfactory
trigger for relatively slow-speed operation.

The tubes used are 6J5, or equivalent,
and may be considered essentially as
switches. When the tube is conducting,
it is just like a closed switch except that
there 1s a 40-volt drop between plate and
cathode. When the grid is made negative
with respect to its cathode by 8 volts or
more, the tube is nonconducting and

the —100-volt line. By Kirchhoff’s law,
the grid of T; may be calculated to be
19 volts positive with respect to its cath-
ode, thus turning 7’; on. (Actually, suffi-
cient grid current will normally flow in T’y
to hold its grid down to approximately
cathode potential.)

When tube 7, is made conducting, its
plate will drop to +40 volts and point 4
will be held at that potential. Again
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applying Kirchhoff’s law, we find that
the grid of T, is now 30 volts negative
with respect to its cathode, and 7' 1s thus
held nonconducting by T Connecting
the grid of T to the plate of T, with a
similar network will enable 7', to control
T, in the same manner, and we have the
desired condition in which only one tube
can be on at a time.

All that is required to use a trigger cir-
cuit of the type described as a frequency
divider is to hold the input signal to
reasonable limits (25 volts £ 15 volts for a
low-impedance source). No extra tubes
or pulse selectors are required.

If a square-wave input is of a low
enough frequency, the positive rise of the
square wave will appear to the trigger
grids as a positive impulse of a magnitude
equal to the negative impulse produced by
the negative shift of the square-wave sig-
nal. To act as a frequency divider, the
trigger must respond only to the negative
shift. 'This it will do if the impulse 1s kept
within reasonable limits. For example, a
20-volt negative impulse will cut off the
conducting tube, enabling the trigger to
transfer; a 20-volt positive impulse will
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not bring the grid of the nonconducting
tube up to the conducting point, and thus
cannot make the tube start to conduct.
Its only action on the conducting tube is
to drive the grid slightly positive. There-
fore the trigger will transfer only on a
negative impulse or voltage shift, and the
trigger will act as a frequency divider on a
20-volt square-wave input.

The trigger circuit as shown will respond
to negative pulses only, so long as they
remain between the limits of 10 to 40 volts.

To couple two triggers together, it is
only necessary to tap one plate resistor of
the first trigger at one-quarter to one-half
its value, coupling to the input capacitors

of the second trigger. Thus there is a
simple straightforward trigger circuit that
is capable of distinguishing between
positive and negative pulses without
additional tubes. Such triggers when
properly designed are stahle, dependable,
and independent of any reasonable volt-
age-supply variation (420 per cent varia-
tion in either bias or plate supply, more if
both vary together).

As many triggers as desired may be
coupled together by the methods outlined
above to obtain any desired frequency re-
duction, the frequency being reduced by a
factor of 2 for each trigger used. Such a
frequency divider may be used in many
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ways, such as in combination with a
mechanical counter for counting high-
speed pulses far above the speed of the
mechanical counter alone, or in high-speed
calculating. A combination of a trigger
and a power tube, where the trigger con-
trols the power tube, may be used in place
of a thyratron with the advantage that it
may be turned off as easily as it is turned
on. The triggers alone or in combination
may also be used as electronic storage
devices, since they are perfectly stable in
either position.

Byron E. Phelps, Dual-triode Trigger Circuits, Elec-
tronics, July, 1945, p, 110.

Blocking Oscillator and Double Diode for Frequency Division

IN the circuit arrangement shown, a
100-ke pulse input is divided by 5 and 2,
respectively, as required for measuring
pulse-time differences in loran receiver in-
dicators. The 100-ke¢ output from the
crystal, having passed through a limiter

1st BLOCKING OSCILLATOR

amplifier, is fed to a 6H6 double diode so
connected that it passes negative pulses to
ground while passing positive pulse to a
capacitor, and the voltage across it
thereby increases in steps. When five
such steps have been accumulated, the
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voltage across the capacitor has reached a
sufficient level to trigger the following
circuit, a 6SN7 blocking oscillator.

The blocking oscillator generates one
pulse and discharges the capacitor in the
process, which thereupon accumulates
five more pulses from the 100-kc source
and triggers off the blocking oscillator
once more. Thus the blocking oscillator
reacts once for each five input pulses and
the frequency is divided by five.

The output of the blocking oscillator is
applied to another double diode which,
like the first, passes the positive pulses to a
capacitor which charges to the level of two
steps and thereupon triggers off a succeed-
ing blocking oscillator (biased to respond
to two steps).

Loran Receiver-indicator, Electronics, December,

1943, p. 110.

Energy-time Integration with Bridge-fed Eccles-Jordan Trigger Circuit

Tuis counting circuit converts an am-
plitude-variable signal into a frequency-
variable one. The circuit generates short
pulses at a rate directly proportional to
the amplitude of the input signal. There
1s a bridge circuit that has pentode tubes
125J7(1) and 12SJ7(2) as two of the arms.

Assume that with zero input voltage to
tube 125J7(1) the bias voltages of these
tubes are so adjusted that the potential of
point A is equal to the potential of point
B. An input voltage will upset the bal-
ance of the bridge by changing the plate-
circuit resistance of 128J7(1), causing a
change in the potential at point A and
establishing a difference of potential across

('1. If the input voltage increases nega-
tively, a positive potential will appear
from A to B, charging capacitor C;
through the plate circuit of 12SJ7(2).
Since 128J7(2) is operated as a constant-
current tube, the charging current will
also be constant. The voltage across the
capacitor increases linearly with time,
and the rate at which it increases is pro-
portional to the signal voltage at the input
of 128J7(1), provided that it is not too
large.

If a means is provided of suddenly dis-
charging the capacitor when the voltage
across it has reached a predetermined
critical value, then the rate at which it is

so discharged is directly proportional to
the amplitude of the input signal over its
range of operation. An Eccles-Jordan
trigger circuit is connected across the
capacitor and is so adjusted as to trip
when the positive voltage between A and
B has reached a value determined by the
setting of the bias potentiometer. This
value may be about 1 or 2 volts.

A fast-acting micro-relay in the plate
circuit of the first section of the 12SC7
trigger tube short-circuits the capacitor,
discharging it almost instantaneously.
The discharging pulse causes the trigger
circuit to reverse itself into its original
position, and the capacitor begins to



charge over again. At the break of the
upper contact of the relay a 35L6G tube
is momentarily brought into operation,
causing an intensive short pulse of current
to flow in its plate circuit. The current
flows only during the action time of the
relay, since "1t 1s biased to cutoff at all
other times. These pulses are fed into
the field coils of an electromagnetic lever
that causes an ink-writing pen to make a
lateral mark on a strip of moving paper.
The integral of the energy-time function
over any interval is obtained by merely
counting the number of pulses marked on
the paper during the interval.

Charles Sheer and John G. Lynn, Electronics in the
Study of Head Injuries, Electronics, January, 1044,
p. 112,
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Thyratron Frequency-dividing Circuit for Electromagnetic Counters

TH1s circuit permits recording or count-
ing the passage of 1,250 objects per second
(over 4 million per hour). Units of two
thyratrons in cascade reduce the rate of
counting by a factor of 2 per unit, until
the final counting rate is sufficiently slow

for a mechanical meter. In each unit the
steady bias potential applied to both grids
by the grid-bias battery through the grid
resistances is slightly more negative than
the critical negative potential required to
prevent arcs from striking.
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Suppose that by some means an arc has
been started in one thyratron; the striking
of the arc in the other thyratron conse-
quent upon the arrival of an impulse at the
grids results in a sudden drop of its anode
potential. The resulting negative poten-
tial surge, transmitted through a capacitor
to the anode of the other thyratron, causes
that thyratron to be extinguished. KEach
thyratron responds to half the total num-
ber of applied impulses. Only one of the
thyratrons in each stage is coupled to
the preceding unit of two by connecting
the input side of the grid capacitors to the
anodes of one of the thyratrons through
high resistances.

C. E. Wynn Williams, High Speed Thyratron Auto-
matic Counting, Proc. Roy. Soc., May, 1932, ab-
stracted in Electronics, July, 1932, p. 232.

Four-tube Binary Counter Decade Giving Forced Resetting at Count of Ten

TrE counter decade shown can form the
basic unit for every electronic counting
application. With appropriate input cir-
cult accessories and a suitable number of
these decades (one for each digit in the
maximum quantity to be counted), the
special requirements of particular appli-
cations are readily met.

A minimum number of parts and tubes
represent the numbers from 0 to 9. The
binary progression 1-2-4-8 is used, being
connected in such a manner that two

~ pulses from one circuit cause one operation
~of the succeeding circuit. Interpretation
8 simplified by stopping the progression

at the count of ten and resetting to zero.
The counter decade comprises four stages,
each employing an ordinary dual-triode
vacuum tube (such as a 6SN7, 6N7, or
6J6) arranged in an Eccles-Jordan trigger
circuit in conjunction with an indicating
neon lamp. The basic functioning of all
stages is alike, and is dependent upon
shifting of operating potentials of each
stage back and forth between the two
sets of values, indicated on stages 1 and 2,
respectively.

Considering stage 1, note first that a
fixed potential of 4150 volts (with re-
spect to B— and ground) is applied to the

cathode of the tube at all times by the
power pack. Grid and plate potentials
are obtained from the resistance network
included in the basic circuit, however, and
depend upon relative currents through
the two branches of the network R,RsR;
and R2R4Rs.

Assume that the grid of the right-hand
triode is essentially at cathode potential
(zero bias), and assume that no signal
pulses have arrived. At zero bias, the
right-hand triode will conduct saturation
plate current, and its plate-cathode volt-
age drop will be low (actually it 1s 20 volts,
lower than the extinction voltage of the
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neon lamp connected across this section).
For this assumed initial condition, then,
the neon lamp in the stage is extinguished.

With the right-hand triode section con-
ducting, it draws current through REs and
greatly increases the voltage drop across
‘R¢. This leaves less voltage for R4 and
R,, and hence drives point b in a negative
direction with respect to the cathode. A
shift of 25 volts was found sufficient to
drive a triode section to cutoff, and re-

RESET
SWITCH

grid of the left-hand triode swings positive
to zero bias, and the left-hand triode con-

ducts. Point a goes 25 volts negative
with respect to the cathode, keeping the
grid of the right-hand triode negative once
it is driven negative by a negative input
pulse. Thus circuit conditions in stage 2
with respect to right- and left-hand triodes
are reversed.

With the right-hand triode nonconduct-
ing, its plate-cathode voltage goes up to

+300V

-C1-8

H R
‘NEON

LAMP
| OFF

HTOV +i70V

+260V

INPUT RIGHT-HAND LEFT-HAND
RC> TRIODE 1S R TRIODE IS
CONDUCTING CONDUCTING
ov ov

sistor values were accordingly chosen to
give this distribution of voltages.

The grid of the right-hand triode is
connected to point a (which is a cathode
potential, as assumed for this explanation
and as required for saturation plate cur-
rent in this section). The grid of the left-
hand triode goes to point b, which is at
+125 volts with respect to ground and
hence 25 volts negative with respect to
the cathode. This being essentially the
cutoff bias, the left-hand triode is non-
conducting under the initial assumed
conditions.

The stage is stable in this condition
until a negative pulse (with respect to
ground) is applied to its input circuit.
Any positive pulse fed into the stage has
no effect, because it is dissipated in the
low impedance of the conducting triode
section, |

Upon arrival of a negative pulse at the
input, both grids swing in a negative di-
rection. There is no direct effect in the
nonconducting left-hand triode since its
grid is already at negative cutoff, but the
negative grid swing of the right-hand
triode stops its plate current. The result-
- ing redistribution of voltage drops across
R, R4, and R, places point b at cathode
potential, as indicated in stage 2. The

about 110 volts, above the striking value
of the neon lamp, and the lamp glows.

Arrival of a second negative pulse again
triggers a stage, returns it to the original
conditions, and extinguishes the neon
lamp. Also, the swing in the potential of
point b from 4150 volts to -+125 volts
produces a negative pulse that is trans-
mitted through the output capacitor of
the stage to the input of the next stage.

A complete counter decade employs
four identical stages, numbered 1, 2, 4, and
8 according to the binary system; the
number assigned to each stage is equal to
the number of negative pulses required at
the input of the decade to make the neon
lamp in the stage come on the first time.

In preparation for a count a momentary
displacement of the reset switch inserts a
common dropping resistor E; in the volt-
age supply line to all right-hand triodes.
This drives the grids of all left-hand sec-
tions negative, so that the decade is preset
with all right-hand triodes conducting and
all neon lamps extinguished.

For its tenth operation, the decade must
transmit a negative pulse to the succeed-
ing decade and must reset to its original
zero condition as required by the decimal
system. This means that the tenth pulse
must put out all lamps. The count of 10

in the binary system calls for lamps 8 an
2 being on; hence lamp 1 (on for the
count) will go out automatically. Force
resetting therefore means putting ou
lamp 8 and preventing lamp 2 from con
ing on.

After the ninth pulse, the left-hand se
tions are conducting in both stage 1 an
stage 8. When stage 1 is reversed by th
tenth pulse, a negative pulse obtaine
from a tap on R, in this stage is fe
through capacitor C';_s to stage 8, causin
point b of this stage to swing negativ
This drives the grid of the conducting lef
hand section of stage 8 negative, causing
switchover and putting out neon lamp |
(All points on Rs of stage 1 are drive
negative by arrival of the tenth pulse; tl
magnitude of the swing depends on tl
position of the tap, and can be as high :
90 volts at the plate end of Rg; thus tl
magnitude of the pulse is readily adjuste
It must be large enough to c&:ﬁe switc]
over by itself, but not too large, becau
at the eighth count it must be oyérpowere
by the negative pulse that comes fro
stage 4 and correctly triggers stage 8 |
turn on its lamp.)

In an essentially similar manner, a pos
tive pulse obtained from a tap on resist:
Rs of stage 8 during the forced switchov
of this stage is fed through capacitor C;
to point a of stage 2, where it complete
overwhelms the negative pulse fed in:
this stage from stage 1. Since the lan
for stage 2 was out after the ninth impuls
it therefore stays out. (All points on |
of stage 8 are driven positive by the force
switchover of the stage; the magnitude
the swing depends on the position of t]
tap, and can be as high as 90 volts at t]
plate end of E;, and thus the require
pulse amplitude is easily obtained.)

Switchover thus provides the corre
potential shift for forced resetting of tl
decade, and the correct direction of shi
is obtained by making the capacitor co:
nection. Positive pulses getting in
stage 8 through C,.s during previo
counts have no effect because they a
dissipated in the low-impedance paf
provided by the conductive section
stage 8.

A negative pulse from stage 8 throug
Cs_s to stage 2 at the arrival of the eigh
pulse is not contrary to the normal inp
signal at that time. For all lower coun
than 8 there is no switchover in stage
and hence no pulses are sent through Cs
to cause trouble,

The capacitors across resistors R; an
R: in each stage serve to short out the



resistors momentarily during each im-
pulse, thereby increasing the magnitude
of the impulse available for triggering
action.

This counter decade operates at pulse
rates ranging all the way from above 100
ke down to as low a rate as desired, with

COUNTING CIRCUITS

no substantial changes in circuit con-.

stants. It is only necessary to provide a
negative pulse at the input that is approx-
imately the correct amplitude and shape.
When sine-wave input exists, as from an
oscillator that s started and stopped at
the beginning and end, respectively,
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of the interval to be measured, a single
multivibrator stage is generally inserted
between the oscillator and the decade
input for pulse-shaping purposes.

John T. Potter, A Your-tube Counter Decade, Elec-
tronics, June, 1944, p. 110,

Neon-tube-coupled Amplifier Circuit for Impulse Counting

AvtHOUGH originally designed for use
in cosmic-ray detecting devices, the multi-
stage amplifier arrangement shown here
lends itself to a variety of industrial con-
trol problems where it may be desired to
provide a definite and relatively large
change in the output circuit of a control
device with a relatively small variation
in voltage of an input device.

The 6C6, biased to cutoff, serves as a
detector.
ceived by the grid of this tube, the 6C6
becomes conducting. For the condition
of cutoff, the 6C6 is nonconducting, and
the neon tube connected to its plate cir-
cuit glows because current flows from
the 250-volt plate supply through the
plate load resistor to the neon tube and
returns through the grid resistor of the
first type 76 amplifier.

When the 6C6 becomes conducting,
the voltage drop through it is small com-
pared with that across the neon tube, so
that the latter is effectively short-circuited
and ceases to glow. When the positive
pulse is removed from the grid of the de-
tector tube, the 6C6 stops conducting and
the voltage in its plate circuit builds up to

When a positive impulse 1s re-

that required to initiate again discharge
of the neon lamp. Consequently, the
neon tube normally glows for grid voltages
which are less positive than the cutoff bias
but is extinguished for grid voltages on

INPUT 0.25 —_

l MEG

“L-o

Since it is usually more desirable to
produce a record with positive rather than
negative pulses, another and similar stage
of amplification with neon-tube coupling
is provided.

NEON ! s

RECORDER

MEGCS
B+ 12,000
=45V

250V

the detector which are more positive than
the cutoff bias voltage.

The sudden starting and stopping of the
discharge of the neon tube transmits a
large voltage change to the grid of the
first type 76 amplifier. A recording relay
in the plate circuit of this amplifier might
serve as a recording, or counting, device.
Such a relay would normally be closed and
would snap open when the signal 1is
recerved.

T "
* B—

The neon-tube coupling device may be
replaced by any other gas discharge tube.
Additional control of the operating char-
acteristics may be obtained through the
use of resistances in series with the neon
tube.

F. A. Korff, A Neon Tube Coupled Amplifier Circuit
for Radio Cosmic Ray Receivers, Kev. Sct. Instru-
ments, August, 1938, abstracted as Amplifier for
Impulse Counting, Electronics, November, 1938, p. 69.

Double-diode Counter Circuit for Measuring Beat Frequency
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D-C
O HIGH RANGE 4150V B+
4150V REG

REG ==

LOW RANGE -

THis circuit develops a posttive d-¢ volt-
age that is proportional to the beat-note
frequency present at the output of a pre-
ceding limiter stage. The arrangement
was used in the APN1 frequency-modu-
lated radar altimeter to measure the beat
note between transmitted and received
signals and to convert the resulting count
of rectangular waves into an accurate
indication of altitude on a direct-reading
meter. |

One section of the double diode passes
the positive half cycles of the limiter out-
put, charging a capacitor and load resistor
in shunt. The resistance and capacitance
values are so chosen that the charge on
the capacitor leaks off through the resistor
at a rate approximating the conduction of
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charge through the diode. Hence, when
the positive rectangular waves arrive at a
more rapid rate (higher beat note), the
direct voltage across the capacitor tends
to increase, and vice versa. This voltage

- 1s passed through a low-pass RC filter that

averages the direct voltage and applies it
to the grid of the indicator amplifier tube.
A milhammeter in the cathode of the
latter tube registers, over a range of 5

milliamperes, the average value of the
direct voltage on the grid. This meter is
calibrated directly in feet..

F-M Radar Altimeter, Electronics, April, 1946, p. 130.

Rate-of-occurrence Indicator Using Electronic Timer and 17-count Trigger Circuit

Tais circuit, developed initially as a
machine-gun rate-of-fire indicator, can be
used without change for industrial appli-
cations where a range of 600 to 900 move-
ments of a punch press, printing press, or
other machine is to be indicated directly

trigger output feeds through a gate tube
and EC timing circuit to a delayed vac-
uum-tube voltmeter circuit.

The saw-tooth voltage pulse generated
by momentary closing of the switch is
differentiated into a negative pulse of

capacitor is a function of the charging
time. This potential is measured by the
delayed vacuum-tube voltmeter, which is
calibrated to read in rounds per minute.

The counting operation depends upon
each trigger stage having two conditions

and accurately by a meter. Other indus- short duration and is impressed on the of stable equilibrium. Every impulse im-
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trial applications include monitoring of
life tests and acceptance tests of electro-
magnetic devices such as relays. For
higher or lower rates, the circuit can
readily be modified and a new meter scale
calibration obtained.

Circuit action is initiated by a mechan-
ical switch, such as a snap-action switch,
connected to the input of an amplifying
and pulse-shaping stage that feeds a series
of five Eccles-Jordan trigger circuits to
give a counting ratio of 16 to 1. The

grid of the input amplifier to be limited to
the proper amplitude for the triggering of
the counter circuit.

The timing circuit is controlled by the
counter and its associated gate circuit in
such a manner as to start and stop the
timing action of the timer according to the
time required to fire 17rounds. This time
interval is thus a direct measure of the
rate of fire. A timing capacitor is charged
for the exact duration of the counting
period, and the resulting potential of the

pressed on the Input circuit causes a
transition from one state of equilibrium
to the other, two impulses being required
to complete one cycle. Each stage follow-
ing the first receives a negative triggering
impulse upon every alternate operation
of the preceding stage. Hence, the fifth
trigger stage, which functions to control
the gate circuit, remains in one state of
equilibrium for the exact duration be-
tween the first and seventeenth rounds, or

16 intervals.



Any number of rounds between 17 and
32 can be fired but only the first 17 are
counted and timed. A reset switch is
provided for the purpose of restoring each
trigger circuit to its initial state of equilib-
rium and also of discharging the timing
capacitor in preparation for a firing test.

The neon lamps connected to the first
and last counter stages serve as an added
check on the operation of the instrument.
Oné should ignite on the first impulse and
not 'extinguish until the seventeenth im-
pulse, while the other should glow on every
other impulse from the mechanical switch.

Loctal type 7N7 tubes were used in the
trigger circuits since the two triode sec-
tions of this tube have more identical
characteristics than those of the equiva-
lent type 6SN7 tubes. The mutual con-
ductance of one section of a 6SN7 tube is
greater than that of the other section.

The zero bias voltage on the grid of the
gate tube causes the tube normally to
conduct, and the current flowing through
the plate load resistor results in a plate
voltage of less than the igniting potential
of the neon switch lamp. The potential
of the timing capacitor is zero, it having
been fully discharged during the operation
of the reset switch.

Upon firing the first round, the final
trigger circuit shifts its state of equilib-
rium, initiating a negative gate pulse that
drives the gate tube far beyond cutoff.
Since the RC time constant of the input
circuit is longer than any interval to be
measured, the grid remains cut off until
the end of the gate pulse.

Thus the gate tube has an output pulse
with an amplitude exactly that of the
regulated power supply. This voltage is
applied to the neon switch lamp, causing
it to ignite and to start the charging of the
timing capacitor. The voltage of the
capacitor increases exponentially at a rate
determined by the RC time constant.

After the seventeenth round has been
fired, the final trigger stage reinverts to its
initial state of equilibrium and a positive
pulse is suddenly applied to the grid of the
gate tube. This reduces the plate voltage
to a value below that of the extinguishing
potential of the neon switch lamp and cuts
off the RC' timing circuit, leaving the
capacitor with a definite charge.

By this time, the timing capacitor has
charged to a potential more positive than
the plate voltage of the conducting gate
tube, resulting in a sudden reversal of
voltage across the neon switch lamp as it
extinguishes, This reduces the deioniza-
tion time and the error which would result
from an inconsistent deionization time.
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After the circuit through the neon
switch lamp has been cut off, the timing
capacitor should retain its charge over a
reasonable period of time, to prevent the
meter reading from drifting. The extent
to which this can be accomplished depends
upon the leakage of the capacitor itself
and its associated circuit elements.

Leakage currents were minimized by
removing the base from the neon switch
lamp, replacing insulation of the reset
switch with polystyrene, designing the
vtvm to have high input resistance, and
using a special oil-impregnated timing ca-
pacitor having a very high leakage resist-
ance. Such a long RC time constant
makes possible the holding of the charge
on the capacitor without loss of more than
1 per cent in over 3 minutes.

The main consideration in the vtvm
design was to obtain a high input resist-
ance and high degree of accuracy.

A type 6C4 miniature tube was used be-
cause its electrodes pass directly through
the glass, greatly increasing the insulation
resistance as compared with ordinary
tubes. Some input conductance also re-
sults from initial electron velocities
emitted by the cathode. This was re-
duced by operating the heater of the vtvm
at reduced voltage.

Filament-voltage regulation of the
vtvm was found to be advantageous in
maintaining meter calibration independ-
ent of line-voltage fluctuations, especially
when operating the heater at reduced
temperature.

The voltage applied to the timing cir-
cuit, the plate voltage of the vtvm, and
the delay bias voltage must be well regu-
lated. A two-stage cascade voltage regu-
lator 1s wused for this purpose. The
regulated output voltage that is applied
to the timing circuit is adjustable plus or
minus 2.5 per cent from the front panel.
This control is provided for making cali-
bration adjustments to compensate for the
effect of temperature variations on the
timing circuit.

The range of the vtvm is determined by
the value of the degenerative feedback
resistance in the cathode circuit and the
meter-damping resistance.

If for any reason the gun should not fire
the full number of rounds necessary to
stop the timing action, the timing capaci-
tor would continue to charge until the
grid potential of the vtvin approached
zero. The plate current would then over-
load the meter. To remedy this condi-
tion, an overload relay is used in the meter
circuit and operates when the current
exceeds full-scale readings.
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The meter scale is nonlinear because
rate 1s an inverse function of time. This
was also a reason for using delayed
bias, since the meter would have other-
wise read from infinity to 600 rounds per
minute.

The divisions of the meter scale are in-
dividually calibrated. Calibration points
were established by means of a variable
low-frequency generator of known accu-
racy. The output of this generator was
used to operate a polarized relay, the con-
tacts of which were connected to the input
of the indicator in the same manner as the
mechanical switch unit.

The accuracy of the indicator is greatly
increased by means of a multivibrator
calibration circuit that generates pulse-
repetition frequencies of 600, 750, and 900
per minute for checking and adjusting
the meter indication. :

When generating 10 or 15 cycles per
second, the multivibrator is directly con-
trolled by the 60-cycle line frequency,
functioning as a 6 to 1 or 4 to 1 frequency-
dividing circuit. When generating 12.5
cycles per second, the multivibrator oper-
ates at a 4 to 1 ratio, and is synchronized
by a 50-cycle source that in turn is con-
trolled by the 60-cycle line frequency.
This is accomplished by means of a har-
monic generator which multiplies the line
frequency by five and a multivibrator
which divides the result by six.

The harmonic generator is excited from
the high-voltage winding of the power
transformer, resulting in an unusually high
negative bias and a plate-current pulse of
short duration. The angle of plate-
current flow was reduced to less than 36
degrees at the fundamental frequency so
as to cut off the plate current during the
first half cycle of the harmonic output
frequency. This prevents the conducting
tube from distorting the output wave
form, and it increases the tank-circuit
efliciency since part of its energy is not
being dissipated through the tube.

The output tank circuit is tuned to 300
cycles per second. Since it is shock-
excited by the plate-current pulse every
fifth cycle, a periodically damped output
wave form results. This voltage is im-
pressed on the grid circuit of a self-excited
oscillator through a peak-limiting resistor
that also serves as a grid-leak resistor.
The oscillator is tuned to the same fre-
quency as the harmonic generator, and
thus a synchronized output voltage of
uniform amplitude and wave form is

obtained.
This 300-cycle control voltage is applied
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to both plate circuits of the 6 to 1 ratio
multjvibrator in phase so as to favor even
frequency ratios, thereby maintaining the
required frequency division over wider
limits of voltage variation.

The output of this 50-cycle multivi-
brator is directly injected into a 4 to 1
ratio multivibrator, via a selector switch,
and 12.5 cycles per second, or 750 cycles
per minute, are obtained.

The harmonic generator and multivi-
brators were found to stay in synchro-
nization over extremely wide limits of
line-voltage variation; therefore no volt-
age regulation was necessary.
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A conventional rectifier-filter type of
voltage supply is provided for operating
the unit. The first regulated output sup-
plies 255 volts to the counter circuits and
the input stage. A second regulated sup-
ply follows the first and has a d-¢ output
of 210 volts that supplies the timing stage
and the vtvm stage. To prevent the
initial current surge through the voltage-
regulator tubes when the instrument is
first turned on, a 5Z4 heater-type rectifier
tube was selected.

Although the total current drain on the

high-voltage supply is only 65 ma, a

fairly large power transformer was used

in order to supply the filament drain of °
4.8 amperes.
The voltage-regulated supply for fila-
ments has an a-¢ output of approximately -
5 volts, which is applied to the vtvm
heater. Two type VR75 tubes are con-
nected back to back across the primary of -
the filament transformer, and a resistor is -
connected in series with the line to limit
the peak voltage applied to the trans-
former. The potential of the secondary
winding is 75 volts abové ground, the .
same as the cathode bias of the vtvm.

Arvid D. Peterson, Machine Gun Rate-of-fire Indi-
cator, Electronics, December, 1945, p. 134. ?

Simplified Scale-of-sixteen Circuit for Counting Impulses

In this vacuum-tube scaling -circuit
the necessity for using coupling tubes is
eliminated by applying pulses directly to
the cathodes. The numbers in the circles
on the diagram indicate the output taps

+200V

bias arrangement for the input circuit
provides means for selecting only pulses
that are larger than a given size.

The difference between the cathode
potential and the grid potential of the

variable, with a range from 50,000 to -
100,000 ohms.

When the right-hand side of a tube be- !
comes conducting, its grid is at first driven '
positive so that the output voltage dips

2,000

!NTERPOLATORTO 0-3 MA
MA

5,000

25,000

INPUT
{NEG.PULSES)

for different scale ratios, with the final
stage delivering one output pulse for
every 16 input pulses.

The height of the impulses fed to the
cathode of the first scaling stage is limited
to 6 or 8 volts by making the plate
resistor of the 6F5G only 2,000 ohms, so
that the total voltage drop across it is
a maximum of about 6 volts. The grid-

Portable Geiger-Miiller Counter for Locating Lost Radium

THis battery-operated Geiger-Miiller
counter, suitable for detection of lost
radium, uses an automobile ignition coil
to obtain the required high voltage for the
counter tube. A voltmeter is included
to indicate the high voltage.

Essentially the radium detector con-

ZERO SETTER

nonconducting half of the scaling tube is
an important factor in determining the
stability and sensitivity of the -circuit.
If the difference is too small, the circuit
may switch back to a preferred state of
equilibrium or even oscillate, while if too
large, the sensitivity to incoming pulses
decreases. This difference can be ad-
justed by making the cathode resistors

sists of a Geiger-Miller counter tube, a
three-stage resistance-coupled amplifier
feeding a loudspeaker, and the neces-
sary power-supply unit. The high-volt-
age supply necessary for the counter tube

1is provided by means of a Ford spark

coil, a capacitor, and cold-cathode tubes,

below its final at-rest value. The return -
to the at-rest value can constitute s
positive pulse that, if circuit constants '
differ from those specified here, may trip |
the next stage. i

Don DeVault, Simplified Scaling Circuit, Rev. Sci.
Instruments, January, 1943, p. 23. 3

the combination giving a source of §
reasonably smooth direct current of §
practically any desired voltage. The |
voltage of the high-voltage supply depends §
upon the adjustment of the vibrator. ]
Objectionable hum in the loudspeaker is |
eliminated by properly shielding and bond- |
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with no obstruction intervening,

Robert B. Camp, Rev. Sct. Instruments, December,
1937, abstracted as Battery-operated Device for the
Recovery of Lost Radium, Electronics, March, 1938,
p. 64.

Geiger-Miller Counter as Supersensitive Fire Detector

Far ultraviolet radiation from open
fires, flames, sparks, and electric arcs is
utilized in this electronic fire-detector
circuit that gives practically instantane-
ous response to minute sources of fire or
sparking. A special Geiger-Miiller coun-
ter tube 1s employed, having a copper-
screen cylinder sealed in an envelope of
Corning 9741 quartz glass that allows
over 80 per cent of the radiation at 2,600
angstrom units to pass. In the spectrum
portion used for fire detection, below
3,000 angstroms, daylight has no effect
because the earth’s atmosphere absorbs
these wavelengths, and artificial light has
no effect because glass envelopes of lamps
absorb far ultraviolet.

The circuit operates a relay as soon as
the average input pulse rate from the
Geiger-Miller tube increases above a
certain predetermined value. This is
accomplished by a circuit that injects a
charge on a capacitor-resistor combina-
tion for every pulse received, thus
essentially integrating or averaging the
pulse rate over a time interval of the order
of the time constant of the combination.

The negative pulses received from the
gensitive tube are inverted in one triode
unit and fed into a cathode-follower type

of RC tank, the potential across the latter
controlling a thyratron relay circuit that
in turn controls whatever alarm device is
to be activated.

The averaging time constant is given
by the product RC. The sensitivity is

DETECTOR TUBE

determined mainly by the duration of the
positive control pulses reaching the
cathode follower, which are determined by
the product RC and by the absolute
magnitude of the charging tank capacitor
C. Also, the negative grid-bias control of
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the thyratrons, accomplished by potenti-
ometer P, provides a simple adjustment
over a limited range of sensitivity.

A projected cylinder area of about 30
sq cm for the detector tube gives a natural
average background rate of less than two
pulses per second due to cosmic rays and
natural radioactivity, as contrasted with
about 100 per second for a lighted match

Quenching Circuit for Geiger-Miiller Counter

AN easily adjusted regulated voltage
supply and an electronic quenching cig-
cuit are provided here by only five tubes.

30 feet away. The device will respond
practically instantaneously to the striking
of a match at a distance up to 60 feet in
any direction from the detector tube.
This extreme sensitivity may in many
practical applications be undesirable. It
is possible to reduce this sensitivity
by any number of means, the most natural
one being the choice of the proper dimen-

counting tube, triode T4 acts as a resist-
ance only, and the circuit gives a stabilized
output voltage between point A and

VOLTAGE

OUTPUT

RCA R99I
0
WESTINGHQUSE CD2005

The output pulse is large enough to
actuate headphones directly or to feed a
recording or scaling circuit with little or no
amplification.

When no current is flowing in the G-M

ground and hence between point B
(the G-M tube central wire) and ground.
When a discharge occurs in the counting

tube, a negative bias is produced at 7,

increasing its effective resistance. The

sions of B, Ry, C, and Cy so that the charge
transmitted to C per pulse received is
small enough to require an appropriately
large number of pulses to trigger the
thyratron.

Paul B. Weisz, Electrgﬂic Fire and Flame Detector,
Electronics, July, 1946, p. 106,

\

.

current through pentode T, accordingly
goes up because its grid is tied to the
plate of T4, and the grid of 7T, is there-
fore driven negative so that the potentials
of points 4 and B drop until the counter
discharge is extinguished. As soon as
the grid of T'; regains its normal potential
with respect to the cathode, the circuit
resumes 1ts at-rest position in readiness
for the next count. A 100,000-ohm
potentiometer in the voltage-divider net-
work permits adjusting the voltage on
the counting tube over a wide range, from
800 to 1,800 volts.

Good insulation is required through-
out, with Lucite or steatite standoffs for
the connection from the counting tube
to the grid of Ty, Tube 7T'; can be some
other type of triode provided that it has a
rather high amplification constant. Fila-
ment transformers should have grounded
shields between primary and secondary to
prevent a-c hum pickup.

William F. Bale and John F. Bonner, Jr., A Combined
Voltage Regulating and Quenching Circuit for the
Geiger-Miiller Counter, Eev. Sci. Instruments, July,
1943, p. 222,

Combination Mechanical Counter and Electronic Integrator for G-M Tubes

In this typical modern Geiger-Miiller
counting circuit, the high-voltage supply
(not shown) for the G-M tube is obtained
by a voltage-doubling arrangement using
two dry-disk rectifiers and a smoothing
circuit, with a rheostat in series with the
primary winding of the power transformer
for voltage control. The bleeder con-
sists of a suitable meter In series with
a 6-megohm resistor. Since operating
conditions vary from tube to tube, this
voltmeter is a precaution against damag-
ing the tube by application of too much
voltage.

Extinction tube V; is in a normal Neher-
Harper circuit. For optimum operation,
the bias of V' is adjusted by means of P;,
so that the tube is just cut off. In this
condition a slight increase of voltage of

the cathode of the G-M tube owing to an
lonizing particle entering the tube causes
current to flow in V,, thus causing the
voltage across the tube to fall considerably
(due to the large anode load R;). The
effect 1s cumulative, and the extinction of
the G-M tube is hastened. While many
tubes are of the self-extinction type,
some are designed for use with extine-

tion circuits. Even with self-extinc-
tion tubes, an extinction circuit is often
advantageous.

The negative pulses from the G-M tube
are taken from the anode of V, and are
sent through C; and a grid resistor Rr to
the grid of V.. Thus, in the absence of a
pulse, the grid of V. is held at cathode
potential by R; and Rs. The arrival of a
pulse at the grid cuts off the current in

Vs, resulting in a positive pulse at the
anode of V..

2 volts, and consequently all negative
pulses of amplitude greater than 2 volts
give the same output from the anode.

Since the pulse amplitude from a G-M }
tube (especially when used with an extine- §-
tion circuit) is almost invariably con- |
siderably greater than 2 wvolts, this §
arrangement results in a satisfactory §

amplifier limiter.

Tube Vs serves different purposes, §
depending on the position of switch S, |
The central position of S; disconnects this
tube entirely, blocking the circuit. In §
both of the other positions of S, trans-
This trans- §
former feeds a phone jack to provide an §

former 7'y is in the circuit.




audible indication of counting, useful in
determining threshold voltages and in
ensuring that no considerable number of
counts are missed by the multivibrator
circuit due to too high a rate of count.
When S; is over to the left, V; acts as
a straightforward amplifier with the grid
biased by means of E.; and Ra and with
an anode load Ri;. Negative pulses are
then fed through C; to the grid of V, to

COUNTING CIRCUITS

quickly returns to its original stable
state with V4 on and V; cut off.

With this circuit, the limit to the speed
of counting is definitely fixed by the
counter itself, since the times required to
build up the wvarious voltage charges
around the circuit are negligible.

When switch S; is over to the right,
the integrator is in the circuit. The
high-voltage supply for V; is then ob-

- and hence through the meter.
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causes less current to flow through V,
The
greater the rate of arrival of pulses at the
grid of V;, the greater is the mean cur-
rent flowing out of Cz and the greater
will be the voltage drop across R3s to
allow this to flow. ~The current through
Ve, which is depe;{dent upon the grid-to-
cathode voltage, will thus be a measure
of the rate of arrival of pulses at the grid
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trigger off the multivibrator circuit

formed by V4 and V.

In the absence of pulses, V4 passes a
predetermined current. Power tube Vj
is biased beyond cutoff by the resistance
chain Rsr, R, and P; and thus no
current flows through this tube.

When a negative pulse arrives at the
grid of Vy, this causes less current to flow
in V4, and hence the anode voltage rises.
This rise of voltage is fed through C,
and 2,7 to the grid of V5. Thus current
commences to flow in Vi, and the drop of
voltage at the anode is fed back through
C7and Ry to the grid of V4, causing still
less current to flow in this tube and in-
creasing the voltage charge on the anode
of V4 and the grid of V;. The whole
process i8 cumulative and ceases when
Vi is cut off. The current through Vs
must be sufficient in amplitude and dura-
tion to operate the electromagnetic
counter used.

The duration of the current in Vi is
largely determined by the time constant of
Cr, Ris, and R;s, which is made much
shorter than that of CgRis. After a
count, C7 discharges through R;s and Ry
and the grid potential of V, climbs to-
ward its original voltage. This initiates
cumulative action again, and the circuit

tained from point A on the resistance
chain formed by Ej2 and Ps. The anode
load of V; (neglecting R3s) is then Cy in
parallel with one of the resistors Rgs,
R3s, Ry, and Rss.

When 8; is over to the r1ght it also
applies high voltage to V¢ through R, and
meter M,. The grid of V4 is fed directly
from the anode of V3 (neglecting T45).
When no pulses are being fed to the
grid of V3, the current in Vg is deter-
mined by the setting of Py and the
potential of the grid (tied to the anode of
V).

When positive pulses arrive at the grid
of V3, each one causes a pulse of current
through V3 This current is pumped out
of Cz during the on period of the puilse
and the charge builds up again during the
off period. The rate of build-up is
determined by the value of Cy and by
the resistance in parallel with it. If the
pulses are sufficiently frequent, the grid
of Ve adjusts itself to a new steady volt-
age, the current pulses being smoothed
out by Czo and RB3;. The voltage at the
grid is such that the current leaking
through Rs5 (or Rse, K37, or Ess) to restore
the charge on (i equals the average
qurrent being pumped out of Ca.

This reduction of potential of the grid

of V3. The meter in the anode circuit of
Ve therefore indicates the counting rate.

Since increase in the counting rate
results 1n a decrease of current, the meter
reads backwards. The meter is cali-
brated from 100 to 0 from left to right,
and must be set to zero (extreme right of
scale) before a count is taken.

With only the background count
present, Py is adjusted until the meter
reads zero. When a count is taken, the
deflection decreases and, by comparison
with a standard source, a quick measure
of the count is obtained. It is advisable
to obtain the same deflection on the meter
in both measurements and to compare the
strengths of the two sources by means
of their distances from the counter. The
inverse square law relates counts to
distance.

Switches S, and S; give a choice of
eight different sensitivities for use with
different power sources.

The integrator is most useful for fast
rates of counting, for under this condition
the efficiency of the smoothing circuit is
greater and the current pumped out of
(21 18 nearer to a continuous flow. For
low counting rates, the needle becomes
unsteady and consequently accuracy
is lost. The time taken to operate the
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mechanical counter sets an upper limit
to the counting rates for which this
method can be used. The highest speed
counter readily available will count at a
rate of 16 per second (960 per minute).
Since a G-M count is a count of random
events, for absolute accuracy none of
these must occur within 1{g second of
each other. The randomness of the
events reduces the actual rate of counting

that can be measured with accuracy.
With one of the counters mentioned above,
the upper limit for accurate counting is
about 600 per minute.

With the integrator, the slowest rate of
counting is dependent upon the duration
of the pulses, the time constants of the
circuits, and the meter itself. This last
factor makes calculation of the slowest
rate rather complicated, but is of the

order of 100 per minute. There is thus
a good overlap between the two methods.

The 1ntegrator method is, of course, less
accurate than the mechanical counting
method. If accurate high-speed count-
ing is required, scaln}g circuits must be
introduced.

|'

+

A, Graves, Modern Gelger-Muller Counters, Elec—-
fronics, January, 1947, p. 80,

Counting-rate Meter Circuit for Use with Geiger Counters

CounTtiNg rates up to the order of
5,000 per second are indicated directly
by the meter in this counting-rate meter
circuit, originally developed for rapid
scanning in a Geiger-counter focusing
spectrometer used In measuring X-ray
intensities and diffraction angles of
powdered
samples directly and speedily in routine
industrial processes as well as in labora-
tory research.

The circuit comprises a uniform pulse
producer actuated by the Geiger-counter
tube and a pulse-averaging circuit, The
averaging 1s accomplished in a resistance-
capacitance tank provided with a selection
to make up time constants of 5, 10, and 20
seconds. Uniform pulses are derived
from a succession of pulse-shaping, ampli-
fying, and limiting stages.

chemical and metallurgical

The Geiger-counter anode is coupled
through a small capacitor to a two-stage
preamplifier mounted in the same housing
as the counter tube. The pulses devel-

10 ypF 20uuF SOuuF
1V, 2OUF S0pp

oped on the counter wire appear as
negative pulses, sharpened and amplified,
in the output of the preamplifier. A
third stage of amplification and differ-
entiation suffices to equalize all pulses
at counting rates up to 3,000 per second.

These uniform pulses are applied to the
grid of the averaging stage.

The resistance-capacitance averaging
tank 1s placed in the anode circuit of a
pentode. In this arrangement, the ampli-
tude of each pulse delivered to the capaci-
tor 1s independent of the voltage across
it. The parallel resistor draws leakage

“current in proportion to the capacitor

voltage; microammeter M A in series with
the resistor serves to measure the current.
A choice of capacitors permits adjusting
the charging time or speed of response of
the indicator. Circuit constants and
supply voltages are selected to yield
approximately 1 microampere per pulse
per second.

H. Friedman, Geiger Counter Spectrometer for
Industrial Research, Electronies, April, 1945, p. 132,

Neon-tube Relaxation Oscillator for Measuring Weak Radiant Energy

UNDER certain conditions the frequency
of oscillation of a neon-tube relaxation
oscillator depends upon the character and
amount of radiation striking the neon
tube. This phenomenon is utilized in the
accompanying circuit to provide a sensi-
tive radiation-measuring circuit. The
electrodes of the neon tube are photo-
electrically active, and the extra electrons
liberated in the presence of light or other
radiation reduce the voltage at which
flashes occur, thereby increasing the
frequency of flashing.

Successful operation depends on a
sufficient difference between the flashing
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potential and the extinguishing potiential.
The output of the relaxation oscillator
feeds a two-stage amplifier that drives
an electromagnetic counter for indicating
the total number of flashes. An inte-
grating type of counting circuit can of
course be used in place of the electro-
magnetic counter if direct indication is
desired and the flashing rate is sufficiently
high.

0. Cameron Gruner, A Neon-counter for Medical
Research, Electronics, December, 1944, p. 284;
A. Stager, Relaxation Circuit Measures Radiant
Energy, Electronics, July, 1937, p. 29.

Alternating-current-operated Electronic Cardiotachometer for Indicating Heart Rate

THI1s circuit indicates directly the heart
rate of a patient, on a meter calibrated
in beats per minute. The electrical
impulses that accompany the muscular
action of the heart are picked up by

flexible electrodes that may be attached to
almost any conveniently accessible part,
such as arms or legs.

The first three vacuum tubes are
conventional triodes used as amplifiers.

The electrodes are connected to the first
triode through a shielded cable, the shield
being used for one lead. When in use,
there is no impedance between the grid
of the first triode and ground other than



the impedance of the subject between the
electrodes. When not in use, or when the
electrodes are being adjusted, the grid 1s
shorted to ground by the switch.

The next two tubes are both driven by
s common connection t0 the adjustable
zain control in the output of the third
triode. The control is located at this
point because the amplification 1s so
great that were it located earlier there
would be violent disturbances following
any adjustment. These result largely
from thermal potentials between resistor
and sliding contact.

COUNTING CIRCUITS

of capacitors being connected alternately
and in turn to a source of fixed potential
and to a discharge circuit. The current in
the discharge circuit is thus proportional
to the quantity of electricity constituting
the charge on one capacitor and to the
rate at which this quantity is delivered to
the discharge circuit by the relay. The
resistance-capacitance network is used to
prevent varying components of the
discharge current from appearing in the
meter. The deflection is therefore virtu-
ally steady and proportional to the
original pulse rate. The discrimination
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current surges in the gas triodes or charg-
ing circuit produce a small potential
change across the third regulator. The
regulator tube is more effeetive in reduc-
ing this change than the usual filter
capacitor would be as| it is virtually
independent of the rate at which the
change takes place. From this point
in the circuit the disturbance has to pass
through both of the power-supply net-
works in tandem in order to reach the
first stage. The final element in this
combined network, the first voltage
regulator, is again a very effective means
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250,000
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100,000

The function of the 6E5 cathode-ray
indicator tube is essentially that of a peak
voltmeter, showing the magnitude of any
signal impressed upon the grid of the final
amplifier tube.

The type 885 gas triodes cause current
to pass through the windings of a relay
during alternate intervals between pulses.
At any instant one tube is conducting and
the other is nonconducting. With the
circuit in this condition, the voltage
relations are such that an impulse im-
pressed on the grid circuits will cause the
breakdown of the nonconducting tube.

This in turn causes the extinction of the

“conducting tube and the reestablishment
of a stable condition in which the relations
between the two tubes are interchanged.
The relay, being connected in series with
one of these tubes, thus carries current
when that tube is operated, or during
every other pulse interval.

The circuit associated directly with the
relay develops a direct current propor-
tional to the rate of relay operation. The
relay performs a double transfer, a pair

of the amplifier against frequencies of
60 cycles a second and higher is an im-
portant factor in the design of the power-
supply system. The low frequencies of
the signal components bring in an added
difficulty, inasmuch as they make the
usual type of decoupling filter quite
ineffective.

Current for the high-level portion of the
circuit, which includes both the final
amplifier stage, the gas triodes, and the
capacitor-charging circuit, 1s delivered
through a network having as series
elements L4 and Rsz and as shunt
elements (4 and the third voltage-
regulator tube. This network constitutes
a simple form of hum-elimination filter.
Current for the first, or low-level, stage 1s
taken from the common rectifier through
a similar network.

In any multistage amplifier it is neces-
sary to prevent current changes in the
high-level stages from affecting the volt-
age of the power supply to the low-level
stages.

With the arrangement shown, any

i)
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of reducing the magnitude of such voltage
change as remains.

The network supplying plate power to
the intermediate stages has L4 and Cu
in common with the network for the first
stage. It has the separate resistance R;.
and the separate voltage-regulator tube.
Those portions of the two networks which
are not common, together with the com-
mon capacitance Cy4, form a single net-
work for suppressing the interchange of
voltage variations between stages.

Because of the low frequency of the
signal it is possible to utilize a form of
regeneration that is effective for the
signal but not for power-supply inter-
ference.

The cathodes of the two similar 6N7
triode stages are connected together,
and the combined plate currents flow to
ground through a common resistance. A
voltage introduced into the grid circuit
of the first triode will cause changes in the
plate currents of both tubes. The change
in the plate current of the second tube
will be greater than in that of the first
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and will be of opposite sign. The net
change will be of opposite sign to that
which would take place in the cathode
resistor of a single tube.

The voltage across the cathode resistor
will appear in the grid circuit of the first
tube, therefore, with the same sign as the
impressed voltage that originally pro-
duced the change. It will appear in the
grid circuit of the second tube as of
opposite sign from the amplified voltage
impressed by the first tube. The effect
of this voltage will be greater in the first
tube than in the second because of the
amplification. The net result, therefore,
1s that the common cathode resistance
produces a regenerative effect.

This regeneration through cathode
coupling is of distinet advantage in the

cardiotachometer, not only because of
the increased gain that it provides, but
because it may be made selective for the
signal components. The frequencies of
desired signal components are below
those of interference; hence a capacitor
may be chosen that offers a path of low
impedance to the interference but not to
the signal. It consequently prevents
regeneration of the interference without
impairing that effective for the signal.

The low-frequency end of the trans-
mission characteristic of the cardiotach-
ometer is controlled by the values of the
interstage blocking capacitors and grid-
leak resistors. The high-frequency end is
controlled by shunting a capacitor of the
proper value between the plate of each
tube and ground.

The circuit by which a current propor-
tional to the pulse rate is developed is
similar in principle to the familiar capaci-
tor charge-and-discharge circuit, but one
capacitor remains on charge and a second
capacitor on discharge for one entire
interval.

charged unit being connected to the dis-
charge circuit and the fully discharged

unit to the source of charging potential.

To ensure that each capacitor delivers a §

full charge every time it is transferred, a §
relay making positive contact must be §

used.

J. Warren Horton, An Electronic Cardiotachometer,
Electironics, August, 1938, p. 14,

Twin-thyratron Counting Circuit for Rapid Neurological Impulses

TrOUGH originally developed to obtain
a continuous count of action potential
spikes of nerves, involving rates of several
hundred per second, this particular
circuit is sufficiently flexible in its range
of count to justify its being considered for
many other applications where a relatively
inexpensive means of obtaining a continu-

A value of 200,000 ohms for R; is high
enough to ensure that discharge current
will become small enough to be stopped
by the negative grid. R is inserted to
limit the discharge current to the safe
rating of T,;. As successive charges
accumulate on C,, its potential increases
until the breakdown voltage of the second
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ous count over long periods is desired.
A counting rate of 300 to 1 is obtained
with the circuit constants shown, so that
for a count of 600 per second the relay,
or electromagnetic counter, would operate
twice a second.

The 1mpulses to be counted are ampli-
fied and impressed on the grid of thyratron
T, with positive polarity. Thus C,
partly discharges through 7', at each
impulse. C, is charged from the power
supply through T, and loses a small part
of its charge to C; each time an impulse
reaches the grid of 7.

thyratron T'; is reached. The breakdown
voltage of T, is determined by its grid
bias, which may be varied to determine
the counting ratio, or number of input
impulses for each output impulse. The
cathode voltage of T'» may be applied to
the grid of a vacuum triode that will oper-
ate a relay, mechanical counter, or other
recording device.

Potentiometer Ry is used to set the
counting ratio at a desired value. Switch
S in the plate supply is turned on only
when the cathodes have reached their
operating temperature. Closure of this

switch is followed by a single output im- §

pulse as C is initially charged through T, §
When the heaters of T, and T, were §

operated from the same filament winding %
on the power transformer, it was found §
that there was a current flow from §
cathode to heater which resulted in a
continuous loss of charge from C,, so §

that 7T, behaved as a relaxation oscillator, :'
thus giving spurious output pulses when -§
no input pulses were present. This §

current, which is only a small fraction of a :
milliampere, may be attributed to electron §

emission from the heater. It is therefore

necessary to supply the heater current for
T, from a separate winding on the power |

transformer.
Calibration was accomplished by utiliz- §

ing the sweep pulse of a cathode-ray §
The sweep was §
locked at 300 cycles and connected to the ¥
input transformer, or grid, of 71, and R, §

oscilloscope as a signal.

was adjusted until exactly one output §
pulse per second was obtained.
The counting ratio can be varied overa §

considerable range by varying the setting §
of Ry, but if ratios far different from 300t0 §
1 are required, C; and C» may be changed. §
The counting ratio may be increased by §
increasing the value of €, but the time §
constant of the discharge circuit of ¢, §
must be small compared with the interval §
This time §
constant in seconds is equal to C:R §

between the incoming pulses.

where C is expressed in microfarads and §
R, in megohms.

Bertram Wellman and Kenneth Roeder, Electronic }
Counter for Rapid Impulses, Electronics, October, 1

1942, p. 74.

During the succeeding interval ¥
the capacitors are interchanged, the fully &




DIRECT-CURRENT AMPLIFIER CIRCUITS

Screen-coupled D-C Amplifier with Cathode Follower

- A screEN-coUPLED cathode follower
~ provides flat response up to 20 kc and a
total voltage gain of 60 db in this circuit.
~ The total distortion is less than 1 per cent
~ at 15 volts output. The 6J7 is used as
the screen-coupled cathode-follower stage.
The circuit is highly degenerative, and
there is no appreciable change in output
for a 6-hour run after the initial warm-up
period.

Higher gain with less wide response can
be obtained by removal of the 2-megohm

T 45V Epp=250V 50V

feedback resistor connected from the
plate of the output 68J7 to the cathode of
the input 6SJ7. The cathode resistance
of the input stage is then fixed at 150 ohms.
Frequency response of the modified
circuit 1s flat up to 12 ke, and the total
voltage gain is 76 db. At 15 volts peak
output, the total distortion is 2.5 per cent.

Y. P. Yu, Cathode Follower Coupling in D-C Ampli-
fiers, Electronics, August, 1946, p. 99.

High-current D-C Amplifier with Low-impedance Output

DeLIVERING current of 1 ampere to an
oscillograph element of 3 ohms impedance,
the d-c amplifier shown employs a carrier-
current system terminating in an output
transformer and a dry-disk rectifier.

BANDPASS FILTER
250upF II6MH  250uuF

B Y 5 S

Stability is high and operation for several
months is possible without adjustment.
An external oscillator supplies carrier
excitation to the grid of modulator tube
Vi. This tube is operated as a class C
amplifier, so that its carrier-frequency
output is proportional to its plate voltage.
The plate voltage of tube V is supplied
by the d-c input signal through a cathode
follower V.. The carrier output of

modulator tube Vi passes through a
band-pass filter that passes the carrier
frequency and the side bands, and thence
it passes through a power amplifier, an
output transformer, and a dry-disk
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The d-c output of the system is
taken from the rectifier.

The no-signal plate voltage of V; is
adjusted by potentiometer P;, which
permits utilizing input signals of either
polarity. The cathode follower V; is
arranged to drive the cathode of Vi in-
stead of the plate. A negative signal at
the grid of V. thus increases the voltage
between the plate and cathode of V.

rectifier.

The band-pass filter should pass the
carrier frequency and the upper and lower
side bands. If the percentage of band-
width is small, a tuned circuit can be
substituted for the filter.

For an over-all response of 0 to 4,000
cycles, the carrier frequency chosen was
30 ke. The filter was designed for a
nominal bandwidth of 25 to 35 ke.

Because of the high carrier frequency,
special transformers had to be built for
use at Ty, T3, and T3, At 10 ke and be-
low, ordinary audio transformers should
be satisfactory.

The rectifier W at the output of the
system is a Federal selenium unit, type
5B1AV1. At 30 ke, the efficiency of dry-
disk rectifiers is about half that obtained
at lower frequencies. If a lower maxi-
mum frequency of over-all response is
usable, a lower carrier frequency can be
employed with a consequent reduction 1n
the size of the power amplifier.

The maximum output is 1.2 ampere into
3 ohms. Input signal for maximum out-
put is 10 volts direct current. Input
impedance is 10 megohms. Frequency
range is 0 to 4,000 cycles.

TLawrence Fleming, A D-C Amplifier of High-current,

Low-impedance Qutput, Elecironics, August, 1945,

"p. 212,

High-gain Wide-band Direct-coupled Amplifier

Hicu stability and a voltage gain of
3,000 from O to 100,000 cycles are features
of this direct-coupled amplifier. Its in-
put impedance is 100,000 ohms and a
balanced input attenuator (not shown)

reduces the input signal to an amplitude

that is proper for the grid of the first

stage and for control of output potential.

Immediately following the input at-

tenuator is a three-position switch which
69

grounds either side of the amplifier input
for use with signals which are unbalanced
with respect to ground. An ungrounded
position is provided for use of the ampli-
fier in the conventional balanced manner.
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To compensate variations, such as
drift, change in gain, change in output
level, and other factors, the balance of the
amplifier 1s controlled by adjustment of
potentiometers By and Rs. The balance
control for this amplifier is merely an ad-
justment for the potential of the grid of
T3, which adjustment is obtained by

cross-connected. This type of feedback
minimizes differential variations between
the two sides of the push-pull amplifier.
The feedback elements between 7’3 and
T\ are 10,000 and 20,000 ohms.
Negative voltage feedback also is
employed to control voltage gain. This
iIs accomplished through feedback used

the plate load resistors of the éouplmg |

tubes because of their low tempera,ture
coefficient of resistance.
Inasmuch as the input stage recewe's\g_o

compensation of any type, and to reduce
a-¢ ripple in the amplifier output, the
heater of this tube also is operated from
a d-c¢ source.

-
IT7 Tg TQ Tg T! D-C

varying its position along the cathode
resistor of 7». Potentiometer Rs has a
wide range of control, and it is mounted
on the chassis of the instrument for
adjustment only during service and
maintenance. Potentiometer Ri; func-
tions as a vernier on R, and is mounted
on the front panel for use as a spot-
position or pattern-centering control.
Negative voltage feedback is employed
to vary the voltage gain, to stabilize the
voltage gain, to reduce drift, to broaden
the frequency response, and to reduce the
effective output impedance of the unit.
One feedback circuit extends from the
plates of the output tubes to the plates
of the input tubes. To obtain the proper
polarity for negative feedback, the two
balanced sides of the amplifier must be

+200V

independently on each phase of the
balanced unit. 75 feeds signal voltage
back to T4, and T, feeds back signal to
T's. 8:is a two-section gang switch that
controls the feedback simultaneously on
each channel. Positions are provided for
voltage gains of 1,000, 2,000, and 5,000
times.

Since the interstage coupling elements
Ty, T, Ts, and T: are the most likely
single sources of instability in the ampli-
fier, their internal characteristics are
kept as nearly constant as possible by
operation of their heaters from a regu-
lated d-¢ source. This precaution has
been found to contribute greatly to the
freedom from drift. In this connection,
also, it was found highly desirable to
employ commercial precision resistors for

Power for the complete amplifier is
supplied by three separate rectifier-filter
systems. The output of each system is
controlled by an electronic regulator.
The first system has an output of 4200
volts. The second system furnishes regu-
lated power for operation of all heater
circuits that require d-c operation. The
third system has an output potential of
—400 volts for operation of the amplifier.

The amplifier was designed for direct
deflection of a type 5LP5 cathode-ray
tube that is operated with a second-anode
potential of 1,000 volts and an intensifier-
electrode potential of 2,000 volts. Insta-
bility and drift cannot basobserved on the
screen of the tube.

G. Robert Mezger, A Stable Direct-coupled Amplifier,
Electronics, July, 1944, p. 1086.

Grounded Input and Output for D-C Amplifier

CerraIN industrial control applications
of d-¢ amplifiers require that the con-
trolled unit, a motor, solenoid, or heater,
be operated at ground potential. A
method of obtaining such operation with
a two-stage d-c amplifier is shown. It
uses a cathode-coupled output -circuit
with a series voltage-regulator tube to
reduce degeneration. High “amplifica-
tion of alternating, steady, or slowly
changmg voltages is provided.

Using one VR150, a load current of 30
milliamperes can be handled. Two or

more tubes can be paralleled for higher
current or, if division of the load between

the VR tubes cannot be made equal, a
thyratron canbe used. Capacitor C, may
be required to improve operation at
audio frequencies. Parasitic oscillation
is prevented by resistor B, and capacitor
Cy. Tubes having higher anode current
capabilities can be used in place of the
6A3 in the output stage for devices re-
quiring large currents. |

Operating Circuits with Grounded Loads, Electronic
Industries and Electronic Instrumentalven, February,
1947, p. 7.
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High-sensitivity D-C Amplifier with Stabilized A-C Power Supply

Tars amplifier is designed to measure
very small currents or voltages from a
high-impedance source: Special features
incorporated are increased linearity, good
stability, and a regulated power source.

The input tube of the amplifier was
carefully selected, as low grid current is
necessary and high amplification is de-
sirable. Of many tube types tested,
the miniature tube 12BE6 was found to

followed by a cathode follower as the last
stage. For stability, the tubes are heated
from the regulated power source.

The sensitivity is changed by a Shall-
cross No. 4765 switch in which the
Bakelite base plate has been replaced by
one of polystyrene. Zero adjustment is
made by means of E;. The meter to-
gether with the series resistor R, forms a
1.0-volt meter.

of the resistors and of the characteristics
of Ts. To minimize these effects, the
resistors, particularly those in the bleeder,
were Advance-wire wound. If it should
be desirable to increase the stabilization
still further, the power supply and the
amplifier would have to be placed in a
constant-temperature chamber.

The stabilization ratio is greater than
25,000. If slightly reduced performance

6A5G
IMEG 10,000 /MW

1000
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be the most suitable. It has a grid cur-
rent only slightly higher than that of
special electrometer tubes and at the same
time it has the advantage of a high ampli-
fication factor in addition to being gener-
ally available and much less expensive.

At the most satisfactory operating
point, the plate voltage is 12 volts, the
screen voltage (grids 2 and 4) is approxi-
mately 7.5 volts, and the control grid
(grid 3) is negatively biased to 2.5 volts.
Grids 1 and 5 are connected to the cath-
ode. The heater current is reduced to
105 ma. Under these conditions, the
grid current is sabout 10-1¥ to 10-14
ampere and the amplification factor is
between 200 and 300. The tube must be
well shielded from light and coated to
prevent surface leakage.

The amplifier circuit is based on an
amplifier described by Roberts. Three
stages of voltage amplification are used,

The input tube is washed carefully with
absolute alcohol and dipped into poly-
styrene lacquer. It must be well shielded
against stray pickup and light and pro-
tected from sudden temperature changes.
It is preferable to mount the input tube
inside an evacuated vessel. A polystrene
tube socketis used for it, and all input leads
are insulated by means of polystyrene.

Capacitor C is used to quench oscilla~
tions. Depending on the layout, it may
be necessary to change the connections
and/or size of this capacitor to suppress
oscillations.

All supply voltages are obtained from
the regulated source, which is powered
from the 115-volt a-c line. The filaments
of the regulator tubes in the source as
well as the filaments of the tubes in the
amplifier form part of the bleeder.

The limiting factors of the stabilization
obtainable are the temperature variations

can be tolerated, the battery may be
eliminated and the grid of T's returned to
the mid-point of a 100,000-ohm resistor
connected across T's. The stabilizer cur-
rent through the milliammeter is adjusted
by varying R;;, and it should be set to
operate at 135 ma.

After preliminary adjustment of the
power source, it and the amplifier should
be allowed to run for 24 hours. During
this baking period the tube characteristics
will largely stabilize. Final adjustment
can then be made. If the instrument is
to be used continually, it is best to operate
it 24 hours a day as there tends to be a
small drift during the first 2 hours of
operation. Variation in line voltage of 10
per cent has a negligible effect.

H. S. Anker, Stabilized D-C Amplifier with High
Bensitivity, Electronics, June, 1947, p. 138.

Sensitive Low-drift D-C Amplifier Using Cathode-control Circuits

Hieu sensitivity and stability, negligi-
ble zero drift, low noise level, and flat
frequency response up to at least 12 ke
are features of this a-c operated d-c
amplifier circuit. A cathode-control am-

plifier eliminates slow drifting such as 1s
caused by changes in ambient tempera-
ture, while gaseous discharge coupling
tubes enable cascade stages having a gain
of about one million to be operated from a

single 250-volt regulated power supply.

Input resistance may be any value from
zero to several megohms. Both input
terminals are normally at low potential,
with one grounded. Both voltage and
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current output terminals are available
simultaneously. Current output is +5
milliamperes, and voltage output is +80
volts peak from a balanced output circuit.
Thus an Esterline-Angus 5-milliampere
recorder may be used, or a 4-inch pattern
may be produced on a cathode-ray tube
having a deflection sensitivity of 40 volts
per inch. Full rated output is obtained

the first section will be nearly independent
of heater voltage fluctuations over a wide
range. The -cathode-control circuit is
equally effective in overcoming the effects
of ambient temperature variations and
other changes common to both portions
of the common cathode.

A degenerative type of cathode-control
circuit 1s employed in the next amplifier

The output stage is balanced in a for-
ward-acting manner through Rz and Ry
and errors in resistance values and differ-
ences in tube constants are reduced
through the degeneration caused by
R4 and Rs. Resistance Rjs is used to
obtain the proper d-c bias on Ty Using
resistances with +10 per cent tolerance
for Rsy, R3s, and R4 and resistances with

for an mput of 0.35 to 10 millivolts. stage. Here eis made very small but not  +2 per cent tolerance for Rs;, R, Ry,
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Transconductance is variable from 14
mhos to 0.50 mho. Voltage gain 1is
variable from 72 db to 102 db. The over-
all voltage feedback is varied from 15 to
45 db. Uniform response is obtained
from direct current to 12,000 cps or
20,000 cps (depending upon the sensitivity
setting) from a low-impedance source.
Noise level is 4 microvolts peak or roughly
1 microvolt rms with the input shorted, or
16 microvolts peak with input resistance
equal to 0.5 megohm. The amplifier is
independent of line voltages greater than
94 volts when used with a good regulated
250-volt power supply.

The cathode-control amplifier used to
overcome drift uses a tube having two
sections arranged around a common
cathode. The first section functions as
an amplifier, and the section serves as a
control section. Plate-circuit resistor B,
1s made large compared with the internal
plate resistances, under which condition
the voltage ¢ across Ry and R;s will be
zero for Ris equal to 1/g,, where g, is the
transconductance of the second section.
The result is that the amplifier employing
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quite zero. The plate resistor is omitted
and the grid connection for the second
section is moved to the plate-voltage-
divider network, but the operation is
otherwise the same as for the balanced
cathode-control arrangement.

Interstage coupling is achieved with a
cold-cathode glow tube, which functions
as a constant-voltage device for currents
as small as 10 microamperes. This
permits use of a grid resistor as large as 2
megohms, with a grid bias of only about
40 volts. The bias is made up in the
cathode circuit. It is possible to view the
gas tube as a blocking capacitor that
functions right down to direct current.
The transmission index of this circuit is
very nearly unity, and by a proper
alteration it can be made to function over
almost any desired frequency band.

The selector switch in the cathode of
the first stage is the gain control. The
third stage, which employs three tubes,
is a form of direct-coupled voltage
amplifier. Tube T3 is used to obtain a
low-impedance 40-volt drop in the cathode
of le.

and R, the output stage is balanced
within 2 per cent. The switch in the
cathode circuit of 7'y5 and T is used to
connect an external current load in either
of the two possible phases, or to connect
an internal current meter into the circuit
for the purpose of lining up the amplifier.

It is necessary to shield low-level leads
adequately, to provide good ventilation,
and to wuse low-temperature-coefficient
resistors at points where small variations
in resistance values will cause noticeable
amplifier drift. There are few points in
this circuit where the tolerance on
resistance values need be less than +10
per cent, but there are numerous points
where small variations in resistance during
operation of the instrument will cause
noticeable zero drift. In particular, it
was found necessary to use Advance-wire
resistances for the following: Rys, R, Rai,
Rzz, R24, R45, R45, R47, and R43. Tubes Tg
and Ty were mounted on sponge-rubber
cushions to eliminate microphonic effects.

Stewart E. Miller, Sensitive D-C Amplifier with A-C
Operation, Electronics, November, 1941, p. 27.
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High-gain Direct-coupled R-F Amplifier for Boosting Output of Signal Generator

TrE output of the average r-f signal gen-
erator can be boosted tremendously with
this high-gain direct-coupled amplifier, as
required for such applications as measur-
ing antenna resistance with a bridge.

An amplifier for this purpose should be
completely shielded and nonoscillating.
It is advantageous to have a low-imped-
ance output to match the low-impedance
cables furnished with the bridge. The
circuit shown meets all these specifica-
tions. The reason for making it direct-
coupled is that this does away with all
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untuned circuits between the 6K7 and
the 2A3, allowing the 6K7 to produce a
relatively high gain.

If it is desirable to have a constant
output impedance, the output voltage of
the amplifier may be varied by detuning
the tuned circuit. No values are shown
for the tuned circuit as its values depend
on the frequencies over which the am-
plifier will be used.

Earle Travis, Direct-coupled R-F Amplifier, Elec-
tronics, December, 1946, p. 154.

Regenerative D-C Amplifier as Spike-pulse Generator

THIS circuit generates two sets of
sharply peaked waves 180 degrees out
of phase with each other, which have any
desired phase relation with res to
the a-¢ line voltage, as required for cur-
rent or timing control in welding circuits
and other applications of gaseous tubes!

If in the circuit shown the grid bias
V, is sufficiently negative, T will not
conduct, and 75 will pass a plate current
determined principally by the plate-
supply voltage and the sum of the re-
sistances of By, R,, and R;, since the bias
on this tube is now zero. If the grid of
Ts is driven in a positive direction now,
T¢ begins conducting at about —20 volts
on the grid, and the resulting plate-
current flow through R, produces a
voltage drop that drives the grid of T';
negative with respect to its cathode. The
resulting lower plate current of T';
lowers the plate-current flow through R;,
since the contribution made by T to
this cathode-resistor current is negligibly
small. Thus for each small change in the
bias voltage V, there is a larger change in
the voltage drop across R; and therefore
a still larger change in the grid-cathode
potential of T, giving the desired re-
generation. By proper choice of the

coupling or feedback resistance E,, the
feedback can be made so great that
current through 75 falls suddenly and
discontinuously when bias V, is driven in
a positive direction to a critical value, and

+430V

the current does not return to its original
value until this bias has been made
definitely more negative.

Resistance Bs may be as large as 100
megohms, and hence may be a phototube
used also to introduce the control signal
V,. Another possibility, suitable for a
welding control circuit, involves making
feedback resistance R; equal to 1,100
ohms, which makes the critical voltage

V., equal to —7 volts and makes V,, — 7
volts. Under these conditions the bias
voltage may be replaced by a simple
power transformer having a peak voltage
in excess of 7 volts. This makes the plate
current through T a nearly perfect
square-top wave that is in exact syn-
chronism with the incoming a-c¢ signal
for any frequency over a wide range.
Sharply peaked waves, 180 degrees out of
phase with each other, can now be ob-
tained from points A and B by virtue of
resistor-capacitor coupling through CsR;
and C4Rs, respectively.

Additional windings on the grid trans-
former can provide power for the optional
resistance-capacitor phase shifter shown
on the diagram, so that the grid-trans-
former primary voltage can be shifted
over a range of 180 degrees with respect to
the line voltage by varying the total value
of Ry, from zero to infinity. This re-
sistance can be several different sizes of
rheostats in series, to permit precision
control of phase as required in many
welder timing applications.

Wayne B. Nottingham, An Electronic Circuit to
Control Intensity and Timing of Power for Spof
Welding, Rev. Sct. Instruments, June, 1943, p. 161.

Direct-current Amplifier for Automatic Bias Control of A-F Output Stage

HERrE is a method of obtaining auto-
matic bias control for the grids of the
output tubes of an audio amplifier, to
combine the advantages of fixed bias
~ with the reliability and ease of operation

of self-bias. A pair of type 2A3 triodes
will deliver 15 watts with extremely low
distortion and 35 watts with distortion low
enough to be unnoticed on short peaks if
this automatic bias control is provided.

It makes use of a novel form of d-c ampli-
fier to set the grid-bias voltage to such a
value that the plate current of the output
tubes is held to the proper value.

An increase in plate current increases
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the voltage drop across the 15-ohm
resistor in the lead from the filament
center tap to ground, driving the grid of
the right-hand 6F8G more negative with
respect to its cathode and reducing the
plate current Hrawn through the upper
1-megohm resistor by this tube. As a
result there is less voltage drop across the
upper l-megohm resistor, the grid of the
left-hand 6F8G swings more positive,
this tube draws more plate current

A-F OUTPUT STAGE
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through the 100,000-ohm resistor to in- |
crease the voltage drop across it, and the ]
bias control line swings more negative |
from its minus 15-volt quiescent value. |
The increase in output stage plate cur- |
rent thus produces an increase in negative §
bias on the stage, as desired.

Lineoln Walsh, paper presented at Rochester Fall

Meeting, 1940, and abstracted in Electronics, Decem- §

ber, 1940, p. 24.

Radium-type Yacuum Gage Using Roberts D-C Amplifier Circuit

(Gas molecules are ionized by alpha
particles from a pellet of radium, in linear
relation to gas pressure, and the resulting
ion current is collected and measured with
this special high-gain d-¢ amplifier cir-

esses, with scales of 0 to 100 microns,
0 to 1 mm, and 0 to 10 mm.

At pressures above about 25 mm the
recombination of ions produced in the
chamber becomes appreciable and line-
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cuit using an acorn tube and having up to
1012 ohms input resistance.

Use of the ionization effect in the high-
pressure range avoids lag in readings.
There is no filament to burn out and no
filament current to set and maintain in the
gage itself, no degassing to be done when
the gage is turned on, and no fragile parts.
The three ranges cover linearly the inter-
val between 1 micron and 10 millimeters
required in a number of industrial proc-
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arity is lost, although the gage may be
calibrated for pressures up to and beyond
atmospheric.

The essential features of the radium-
type vacuum gage are (1) the vacuum
chamber, a brass shell with suitable
vacuum-tight insulators and provision
for making connection to a vacuum
system; (2) the radium source, contain-
ing approximately 200 micrograms of
radium, sealed to prevent radon loss, and

in equilibrium with its immediate decay
products; (3) ion-collector electrodes,
with a plate electrode being used to
produce an electric field for ion collection,
and a grid essentially at ground potential
to minimize the effect of electrical leakage -
across the input insulator; (4) a suitable |
means of measuring the minute ion cur-
rent produced.

The Roberts high-gain d-¢ amplifier |
circuit is used, with a type 954 acorn tube 1
in the first stage. The simplicity of the |
amplifier depends upon realizing compara-
tively high voltage gain in the first stage.
The second stage is degenerative about i
3 to 1, and the over-all gain must be kept |
up. | ]
It was discovered that the signal could |
be applied to the control grid on the type !
954 and that a low inherent grid current |
could still be obtained with appreciable |
gain if a proper value of screen voltage |
were chosen.

Since the battery drain under the worst |
conditions can only be 400 microamperes,
the life in this application is practically |
shelf life. Regulated d-c power is sup- §
plied to the amplifier.

Sufficient control of the partly limited ';
emission in the first stage is obtained by
an ordinary current-regulator tube. To 1
accomplish this, two filament windings are |
connected to give 11.3 volts alternating i
current, and this is fed to the 6-4B }
regulator. The regulator is then loaded _ff
with a 10-ohm resistor to provide the |{
operating value of heater supply to the j
954. In use, a properly operating regu- i
lator overcompensates slightly for changes
in line voltages so that the net zero shift is
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only 1 to 2 per cent on the highest sensi-
tivity scale, in a direction opposite to that
of a line-voltage change of 10 volts.

A rotary power switch permits warm-
up before operation and ensures that
the battery is disconnected in the Off
position.

In the 6K5GT second stage, a 0.05-uf
capacitor serves to remove the ghost
flutter of the output meter needle on
highest sensitivity.

A pushbutton operates the ion dis-
connect relay in the probe so that the
amplifier may be zero adjusted by the
control provided. Sensitivity ratios of
10 to 1 and 100 to 1 are obtainable with

the final control on the front panel.
When set to range I (10 mm full scale),
this control operates the switching relay to
connect a 10%-ohm input resistor in the
954 grid and simultaneously selects a
3,000-ohm adjustable Bo. On ranges 11
and IIT (1.0 and 0.1 mm full scale) the
value of R; is 10'° ohms, while 25,000-ohm
and 3,000-obhm potentiometers, respec-
tively, are used for R,. These variables
are necessary to allow for manufacturing
tolerances in R, and in the radium sources.
They are adjusted under operating condi-
tions to read the gage in ion current as air
pressure directly.

The fourth range is obtainable by

using the R, value for range II with a
value of 108 ohms for R,. A switch on
the rear of the chassis operates the switch-
ing relay for this function, and is also
used while adjusting for the proper value
of screen-grid voltage. |

Another switch operates the disconnect
relay, making it unnecessary to hold the
zero-set pushbutton depressed during ad-
justment procedures. Finally, two more
controls, a coarse zero adjustment and a
screen-grid-voltage adjustment, complete
this flexible amplifier.

Glenn L. Mellen, Radium-type Vacuum Gage, Elec-
tronics, April, 1946, p. 142,

Crystal-driven Signal Chopper for D-C Amplifiers
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ONE solution to the problem of drift
of the zero-signal point in a sensitive d-c
amplifier due to unavoidable changes in
supply voltages, circuit constants, and
tube characteristics is to impress the d-c
signal on a high-frequency a-¢ signal in
such a manner that the resultant ampli-
tude of the combination signal is propor-
tional to the instantaneous value of the
incoming d-c signal. The modulated
signal is then amplified and rectified at
high level to obtain a d-c¢ voltage or cur-
rent proportional to the original d-c
signal.
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BAND-PASS AMPLIFIER

The circuit for achieving this uses a
carbon-microphone button mechanically
coupled to a Rochelle salt crystal that
receives excitation from a 1,000-cycle
oscillator. Constant oscillator output
is obtained by use of a 3-watt tungsten
lamp in the cathode of the first stage.
The d-c signal to be amplified is applied to
the input transformer through the carbon
button. Conversion of the d-c input to
an a-c signal is accomplished by the car-
bon button due to the continuous vibra-
tion of the Rochelle salt crystal to which
the button is mechanically coupled. This

+ 300V

action results in a loss in signal of about
3 to 1 between the d-c input and the
primary of the input transformer. A
step-up ratio in the transformer of about
30 to 1 compensates for this loss and
results in an over-all gain of approxi-
mately 10 to 1 between the d-¢ input
terminals and the grid of the first tube.
The calibration system consists of a
ladder network supplied by a 1.5-volt
battery, with a switch for reversing the
polarity. The calibrating voltage ap-
pears across a 2-ohm resistance in series
with the input, and it is continuously
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adjustable over the entire range of the
amplifier. A duplieate calibration system
may be used as shown to balance out any
steady d-c¢ potential that may be present
in the input. :

The a-c signal resulting from the action
of the converter is amplified by a three-
stage band-pass amplifier. The response
of the amplifier used is flat within +0.5
db from 900 to 1,100 cycles, making
possible observation or recording of
signals from 0 to 100 cycles. This pass

band might be extended if a higher
frequency response were desired. The
carrier signal is effectively eliminated by
a low-pass filter having a cutoff frequency
of 150 cycles and an attenuation of 70 db
at 1,000 cycles. The output filter oper-
ates into a 500,000-ohm load. A gain con-
trol and step attenuator are included in
the amplifier, to provide for a wide range
of input levels.

The instrument was used satisfactorily
in making field measurements of signals

ranging in level from 2 miecrovolts to 30
millivolts and varying in frequency from
0 to 100 cycles. No zero shift was
observed.

For use on the high-sensitivity range,
it was found necessary that the input
tube and the crystal driver be properly
cushioned to prevent microphonics and
that adequate shielding be employed.

James A. Williams, Crystal-driven Modulator for
D-C Amplifiers, Electrontcs, December, 1945, p. 128.

Direct-current Amplifier for Lie-detection Applications

IN the psychogalvanometric circuit
illustrated, the resistance between two
electrodes pressed against the skin of a
person forms one arm of a low-voltage
bridge circuit that is normally adjusted
to balance, and the two-stage direct-
coupled amplifier detects the amount of
unbalance caused\py changes in the re-
sistance of the skin during questioning.
Rheostat R, is used to adjust the voltage
applied to the electrodes, while R, serves
merely as a comparison resistor used to
simulate an external electrode circuit
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during adjustments. The screen voltage
of the first tube should be adjusted so that
the milllammeter in the plate circuit of the
output stage goes to zero when the input
circuit i3 opened. A voltage stabilizer
across a portion of the power-supply
voltage divider reduces degeneration.
Sensitivity is sufficient to produce 0.01-
ampere changes in output current during
the emotional change accompanying the
telling of falsehood by an average person.

Electronic Aids in the Biological Sciences, Electronic
Indusiries, August, 1943, p. 86.
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Electronic Contactor Operating from Radio-frequency Carrier Signal on Power Line

A coLp-cATHODE tube here responds to
the presence of an r-f carrier signal on a
power line to cause relay operation. Re-
sistors &B; and R, are proportioned so that
the igniter electrode will normally be
maintained below its firing potential.
The control contacts S;, when closed,
raise the igniter potential by means of
paralleling resistor R; and fire the tube.
A relay current of 25 ma is usually maxi-
mum for this type of tube.

As soon as the control contacts are
opened, the igniter is returned to its
original potential, and the tube will cease
firing on the first a-c supply cycle that
makes the anode of\the tube negative to
the cathode. In all relay circuits where
alternating currenJis used and the tube
acts as a half-wave rectifier, the relay is
subjected to half-wave pulses and must
either be a fully shaded pole a-c type or
must be paralleled with a suitable filter

capacitor to smooth out the half-wave
pulses and prevent chattering.

A 110-volt a-c supply being assumed,
the peak anode-cathode voltage would be
154 peak volts and the igniter electrode
should be maintained at approximately
60 peak volts to prevent firing. To en-
sure ignition for run-of-the-mill tubes,
this potential should be raised to 90 peak
volts when control contacts Sy are closed.
If R, is 150,000 ohms and R, is 100,000
ohms, the additional current required
through R, to raise the igniter to the
firing potential of 90 peak volts will be
0.0003 ampere. This additional current
would be obtained through resistor Bs and
would have to pass through control
contacts S;.

Increasing the values of resistors B, and
R, would reduce the control-current
requirements proportionally, but their
values cannot be made too large because
the igniter current required to fire the tube

is appreciable (approximately 100 micro-
amperes), and an excessive voltage drop

through R,, when the tube fired, would
cause unstable operation. To supply

3 |
j‘ ~ SR, 3SR,
0A4G N

] |

s
the 0.0003-ampere control current, R;
would require a value of 413,333 ohms.
Disadvantages are the necessity for
handling rather high potentials in the

control circuit and the limitation of the
relay current to 25 milliamperes.

A-C LINE

W. D. Macgeorge, Electronic Contactors for Control
Applications, Electronics, April, 1946, p. 186.

Cold-cathode Circuit for Switching with R-F Carrier Current

AppIiTION of a tuned circuit to a con-
ventional cold-cathode gas-triode circuit
provides a r-f-controlled relay having
many practical uses. The high-Q tuned
r-f circuit formed by L and C is designed
to resonate at the carrier frequency
employed, the carrier here being applied
to the a-c power line so that this control
unit can be plugged into a wall outlet
anywhere in a building to pick up the
control signal.
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With no radio-frequency signal, the
igniter is maintained below its firing po-
tential by the voltage divider R,-R.; if
an r-f carrier of the proper frequency
appears across the line terminals, an r-f
voltage will appear across I, and supple-
ment the existing igniter cathode poten-
tial sufficiently to fire the tube.

W. D. Macgeorge, Electronic Contactors for Control
Applications, Electronice, April, 1946, p. 186.

Hot-cathode Thyratron Circuit for Use as Electronic Contactor

MicroaMPERES applied to the input
of this simple circuit can control amperes
of current at the relay" contacts, with
ample current available for relay opera-
tion. The smaller thyratrons can easily
supply 100 milliamperes, and more re-
lay current can be had by using larger
tubes, such as the RCA 3D22 rated at
0.75 ampere.

Bias is supplied to the grid by the 6.3-
volt filament transformer 7';, and pre-
vents the tube from firing. When control
contacts Sy are closed, the grid is returned

17

to the cathode, the bias is removed, and
the tube will fire.

The rms current flowing through the
control contacts is given by the expression
6.3 volts/ (R, 4+ R,). If we assign a value
of 2 megohms to R;+ R, the con-
trol current will be 6.3/2 X 108, or 3.15
microamperes. Kven lower currents are
possible under certain conditions.

Resistor R, is placed in series with the
grid to prevent any possible damage to
this element due to the accidental connect-
ing of a large external voltage source to
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contacts S;. A value of 50,000 ohms is
usually adequate.

Capacitor €, shown in dotted lines,
may be connected across R, to improve
the phasing of the circuit and to enhance
its snap-acting qualities. The addition
of Cy, although its value is usually quite
small, will increase the control-current
requirements slightly. A capacitance

value of 0.001 uf in parallel with a
2-megohm value of B, would permit a
control current of 3.9 microamperes to
flow if the bias supply has a potential
of 6.3 volts.

The circuit has one disadvantage. If
its installation is not properly supervised,
a short circuit or high grid potential may
result. This difficulty results from the

fact that one of the control contacts is
connected directly to the supply line, and
if the other one becomes grounded trouble
may result. To avoid this difficulty, a
transformer may be used forisolation from
the a-c line.

W. D. Macgeorge, Electronic Contactors for Control
Applications, Elecironics, April, 1946, p. 186,

Universal Electronic Relay for Control Applications

THis triode amplifier circuit can be
inserted between a sensitive contact-
making device and a power relay handling
up to 1,000-watt inductive loads or up to
1,800-watt noninductive loads. It will
operate from either 115-volt a-c¢ or d-c
lines; it draws less than 30 watts of power
and 18 designed for extreme flexibility
and simplicity in industrial and other
applications.

The control circuit functions at a
maximum potential of 6.5 volts, mini-
mizing erratic /;:operation due to capaci-
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tance between leads or due to dampness of
insulation on the input leads. One
control terminal and one load terminal
are at ground potential when the load
relay 1s open, if the line-cord plug is
inserted in the wall outlet in such a way
that the pilot lamp does not light.

Sensitivity may be adjusted over wide

limits by substituting a rheostat for the
50,000-ohm resistor in the input cireuit.

Lester F. Boss, Universal Electronic Relay, Elec-
trontcs, May, 1942, p. 68. .

Trigger Circuit and Two-path Amplifier for Electronic Switching

EvLEcTRONIC switching is provided here
by a vacuum-tube trigger circuit con-
nected to a two-path amplifier in such a
manner that one or the other amplifier
tube is rendered inoperative by the high
biasing voltage obtained from the plate
resistors of the trigger tubes and applied
to one grid of the amplifier tube. If the
triggering impulse is obtained from the
sweep oscillator, the circuit is triggered
during each return sweep of the fluores-
cent spot. The two amplifier tubes thus
amplify during alternate sweeps, and
the signal voltages are traced on the screen
during alternate sweeps.

Herbert J. Reich, An Electronic Switch for the
Simultaneous Observation of Two Waves with the
Cathode-ray Oscillograph, Rev. Sci. Instruments,
April, 1941, abstracted in Elecironics, July, 1941,
p. 75.
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Two-thyratron Gate Circuit for Electronic Counters

Two thyratrons here provide a simple
electronic switching ciccuit by means of
which a succession of pulses derived from
a given circuit may be used to turn an
amplifier stage on and off in any applica-~
tion where pulses are to cause sequential
operation of another ecircuit. In the
particular application presented here,
the amplifier, or gating circuit, is placed
between an oscillator and an electronic

counter of a chronograph used for
measuring the time of flight of projectiles
between two solenoids. Passage of the
magnetized projectile through the first
solenoid produces the initiating pulse
that unblocks the amplifier, allowing a
100-kc crystal-controlled oscillator to
feed the counter. Passage of the pro-
jectile through the second solenoid pro-
duces the terminating pulse that blocks

the amplifier, stopping the counter at a
number from which the velocity of the
projectile can be determined.

The pulses employed for gating must be
suitably altered in shape by a wave-
shaping network that ordinarily includes a
series of amplifier stages, a clipping cir-
cuit, and a differentiating circuit. The

first pulse from the shaper with a +30-

volt positive crest ignites thyratron T,

-
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the control grid of which is biased to
—30 volts, but fails to ignite thyratron
T,, whose grid potential is —82 volts.
When 7T, fires, its cathode potential
jumps to +73 volts, which after a time
delay through Rs and C; biases the grid
of T; to —32 volts so that the second
pulse of 430 volts from the shaper can
ignite the second tube. Voltages before
T, fires are indicated in parentheses,
voltages after T'; fires are in boxes, and
voltages after both Ty and T have fired
are in brackets.

Tubes Ty and T, are gas thyratrons,
such as type 2050 or type 2051, that, once
fired, continue to glow until plate voltage
1s removed by opening the reset switch.
The neon lamp indicates the condition of
the circuit by glowing when the circuit is
reset and is ready to function.

"The conditions at the grid of vacuum
tube 73 are such that, before 7T; has
ignited and after 7', is ignited, the voltage
15 sufficiently negative to prevent ampli-
fication in T;. When T, has ignited but
before 7'y has ignited, the grid voltage is
sufficiently positive to permit amplifica-
tion. R and C; should be designed to
give the desired delay so that the control

grid of Ty will become armed, or ready to
be operated, after the proper time
interval.

In the case of the chronographs used

should be about 0.001 second; therefore
values of R; and C; should yield a time-
constant product of E;C; = 1,000 micro-
seconds.

100,000 NEON (TYPE 991)
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for measuring time of flight of projectiles,
a preferred coil spacing is, say, 30 feet,
so that a 3,000-foot per second velocity
will exhibit a time of flight of 0.01 second,
or 1,000 cycles of the 100-kc oscillator.
The arming time under this condition

Capacitors C; and C; may be any suit-
able size, depending upon the shape of the
pulse.

L. B. Tooley, Gate Circuit for Chronographs, Elec-
tronics, May, 1946, p. 144.

Thyratron Booster Circuit for Sensitive-contact Applications

WHERE irregularities in the operation of
equipment are due to surface corrosion
films on critical contacting surfaces, this
booster-relay thyratron ecircuit can be
used advantageously. The transformer,
rectifier, and filter provide a steadier
operating condition for the thyratrons
than could be obtained with a straight a-c
operation. Shorting of the three input
terminals by an object moving under

400 L’i

)

INPUT OUTPUT

them, such as a metal float moving under
wire-contact fingers on a waterway,
grounds the grids of the thyratrons and
thereby makes them conducting, oper-
ating the relays and causing correspond-
ing positive connections between output
leads.

Fugene H. Woodman, Llectronics Aids Waterway
Development, Electronics, September, 1945, p. 120.

Carrier-actuated Relay for Automatic Relay Transmitters and Alarms

WHEN connected to the grid of the
squelch tube in an f-m receiver or to an
appropriate point in any other receiver,
this simple double-triode electronic switch
will pull in the relay when a signal is
received. The relay contacts can be
connected to control an alarm bell and
indicator lights, to turn on an automatic
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relay transmitter, or to turn on any
other circuit or device that is to be con-
trolled as a function of a received signal.
Basically the ecircuit is a two-stage d-c
amplifier.

Motorola Installation Instructions for Relay Re-
ceiver Adapter Kit, Model K-8348,

Strobotron Circuit for Starting Mercury-arc Rectifiers and Ignitrons

A saTisracTorY method for starting
mercury-arc rectifier tubes in such appli-
cations as half-wave welding circuits,

shown here, uses a strobotron cold-
cathode gas-filled control tube in con-
junction with a spark coil to start the

main discharge by impressing a high
potential momentarily on the external
starter band of the rectifier tube.
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A 3-uf capacitor is quickly discharged
into the spark coil at the instant that the
potential on the inner grid of the strobo-

tron reaches its critical value. The high
voltage from the spark coil starts a
cathode spot at the junction of the
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PEAKING TRANSFORI\ER

PHASE SHIFTER

mercury and the glass. At the end of the

half cycle the tube goes completely out §

but is restarted at the desired portion of & -
the next cycle by another surge of voltage
The phase-
shift method of controlling the output is -

from the strobotron circuit.

effected by varying the phase of the trip-

ping voltage with respect to the applied §
plate voltage on the mercury-arc tube. §
This same type of circuit has also been %

used for starting ignitrons.

K. J. Germeshausen and H. E. Edgerton, The Strobeo-
tron, Electrontics, February, 1937, p. 12.

Electronic Switch Using Voltage-saturated Diodes for Square-wave Generation

THIs circuit is in effect a medium-
speed single-pole double-throw switch
that alternately connects two independ-
ent voltages to the input of a single-beam
cathode-ray oscilloscope. In each of
these switches a square wave is applied to
the cathodes of two high-mu pentodes,
biasing them beyond cutoff on alternate
half cycles.

The independent input voltages are
applied to the control grids and the out-
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put is taken from the common plate }

connection. A high-voltage transformer

connects to the plates of two diodes that
are run at reduced heater current to &

secure voltage saturation.

H. K. Hughes and R. F. Koch, Combination Vacuum
Tube Switech for Double-trace Cathode-ray Oscil-
lograph, Audio Amplifier and Mixer, Rev. Sci. Instru-
ments, April, 1941, abstracted in FElectronics, July,
1941, p. 75.

Strobotron Circuit for Registering Pulses from G-M Tube on Message Counter

In this counting circuit, the sudden-
discharge characteristics of a strobotron
cold-cathode gas-filled control tube are
utilized to actuate a W-E type 5T
message-register counter to provide posi-
tive recording of pulses from a Geiger-
Miller tube. The counter is actuated
when the 2-uf capacitor is charged from
the transformer through the type-80 tube.
Tests show that the capacitor is fully
charged in 114 or 2 cycles of the 60-
cycle supply, and the ballistic effect of the
force resulting from this charging-current
surge in the recorder causes it to register.
The steady current to the amplifier is not
enough to hold the counter in a closed
position.

A negative surge on the grid of the
amplifier tube causes the plate voltage and
thereby the outer grid voltage of the
strobotron to increase to the critical
value at which the strobotron starts.

Once a glow is started, it immediately

transfers into an arc and discharges the

2-uf capacitor to almost zero voltage.
A count is recorded when the capacitor is
again charged from the rectifier and
transformer.

-
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the surge will need to be to reach the criti-
cal potential at which the tube starts.

Counting speed is determined by the
counter, being about ten a second with 3%
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Sensitivity control is effected by the
adjustable resistance. This resistor is
increased to as large a value as can be
used without the self-operation of the
strobotron. The drop across the ampli-
fier tube is used as a positive bias for the
strobotron, and the larger it is, the smaller

the W-E type 5T. With higher speed

counters the same type of circuit can be

used, utilizing if necessary a d-c source 3

instead of the rectified a-c supply.

K. J. Germeshausen and H. E. Edgerton, The Strobo-

tron, Electronics, February, 1937, p. 12.
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Multivibrator and Shaper Circuits for Electrohic Switching of Cathode-ray Tube

A 6N7 tube connected as a multivi-
brator here has its output applied to two
6F5 tubes that producg a more nearly
perfect square wave with sufficiently high
amplitude for electronic switching to
permit simultaneous viewing of two differ-
ent voltages on the screen of a single-
beam cathode-ray tube. The square
wave acts as the switching potential and
is applied to the first grids of the two
6L7 tubes. The phenomena to be ob-
served are applied to the third grids of the
two 6L7 tubes, and the outputs of these
tubes are applied to the vertical deflection
terminals of the cathode-ray oscilloscope.

J. R. Cosby and C. W. Lampson, An Electronic
Switeh and Square Wave Oscillator, Rev. Sci. Instru-
ments, April, 1941, abstracted in FElectronics, July,
1941,
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Multivibrator for Switching Two R-F Circuits Automatically between Two Indicators

A TWIN-PENTODE multivibrator here
serves both as an r-f amplifier and an
automatic electronic switch for feeding
two r-f circuits alternately into a common

However, in contrast to regular r-f
amplifiers having fixed operating poten-
tials, the amplification here is accom-
panied by cyclical changes in bias and
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indicator for direction finding and similar
applications.

The tubes function both as an amplifier
for radio frequencies in the range from
20 to 60 megacycles per second and as an
a-f generator at approximately 200 cycles
per second. The circuit appears similar
to that of a conventional r-f amplifier.

1O p 7 820,000

1o R-F INPUT. o2

operating potentials imposed by the
voltages of multivibration.

A resistor R in series with capacitor C
forms the audio-feedback path between
the plate screen of each tube and the grid
of the other tube. This resistor serves
the dual purpose of preventing r-f
coupling between tubes and of limiting

the d-c grid current. Its value has an
important effect both on the multivi-
brator wave shape and on the input
impedance of the switch. If r-f de-
coupling were the only consideration,
a choke might be used in place of this
resistor. A bypass capacitor from the
screen grid to ground is needed for r-f
amplification but tends to reduce the
sharpness of the square-wave multivi-
brator voltages. The capacitor used
should be large enough to provide r-f
bypassing but small enough to maintain
square-wave sharpness.

Grid-voltage limiting action tends to
maintain nearly zero bias on the grid
during the conducting period. During
the conducting period the input resistance
of the control grid is low in comparison
with the current-limiting resistance E;
the grid voltage goes positive only a very
small fraction of the voltage applied at the
other end of R. It is desirable to keep
this positive swing as small as possible,
both for the sake of the a-f wave form and
to minimize r-f input circuit loading
that increases with the grid current. The
orid current may be determined from
the oscillograms that give the voltages at
either end of resistor B. The peak grid
currents are 300 microamperes, 75 micro-
amperes, and 33 microamperes when R is
100,000 ohms, 820,000 ohms, and 2
megohms, respectively.

H. M. Wagner and J. F. Herrick, Self-switching R-F
Amplifier, Electronics, June, 1947, p. 128. '
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Push-pull Telegraph-repeater Circuit for Driving Polarized Relay

A praIrR of vacuum tubes arranged in
push-pull to drive a receiving polarized
relay has proved a satisfactory solution
to the problem of designing an efficient
metallic telegraph-repeater circuit. The
duplex line is arranged in bridge fashion
with 250-ohm ratio arms, and the driving
circuit for the tubes is connected across
the pair of ratio arms.

The characteristics of the tube circuit
are such that the relay will be operated by
a current of the proper value for efficient
operation regardless of the value of the
current in the loop circuit. A very small
line-loop current will result in practically
full value of current through the relay
windings. A further increase in the
line current will but slightly increase the
relay current. The effect of this is that
the electromechanical relay operates on a
square sharply defined signal even though
the shape of the signal through the line
loop may be rounded and therefore not
sharply defined.

The tube circuit for driving the relay is
symmetrically arranged so that no bias
can result from variations in the supply
voltage. Plate voltages are obtained
from two small selenium rectifier stacks,
each provided with a simple filter.

Each tube has its cathode connected to
an input terminal. When the voltage
across the input terminals is zero, there

will be a small plate current in each tube.
The two currents of equal intensity flow-
ing through the two windings of the
differentially wound polarized relay will
balance out and have no effect on the
relay. A small voltage across the input
terminals will result, however, in an
increase in the plate current in one tube
and reduction in the plate current in the
other tube. The net effect on the relay
will be to make it mark or space as the
case may be.

The control grids of the two tubes are
connected in the circuit in such a way
that an increase in the plate current in one
tube and reduction of plate current in the
other tube will alter the IR drops in the
two 500-ohm resistors. The change in
the IR drops will result in an additional
effect on the control grids, which aug-
ments or exaggerates the grid control
resulting from the voltage applied across
the mmput terminals. In this manner a
very small value of input voltage will
bring one plate circuit to practically full
current value and the other plate circuit
to practically zero current. Further
increase in the voltage applied across the
input terminals will have but little effect
on the relay current.

When the grid of one tube is sufficiently
negative to bring the plate current to
zero, an increase in the negative potential
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on the grid will still maintain the plate
current at zero. The grid of the other
tube can never be driven so that it is more
than slightly positive with respect to the
cathode because of the limiting effect of
the resistors in the grid circuit.

The self-inductance of the windings of
the polarized relay naturally tcads to
prevent a quick build-up of current
through its windings, and thus will limit
the maximum speed at which the metallic
circuits may be operated. The self-
induced voltage of the relay windings
reacts on the tube grids and thus tends to
neutralize the relay self-inductance. By
means of voltage dividers, two-thirds of
the self-induced voltage is applied to the
grids. The full amount of the induced
voltage is not used, because it would be
excessive and the relay would oscillate
when the input voltage was small.

S00

Alder F. Connery, Tubes Drive Relay in Telegraph
Repeater Circuit, Electronics, June, 1943, p. 226.

Variable Length and Rate Pulser for Testing

THIs circuit provides variable pulse
length, variable pulse rate, variable delay
of synchronizing pip, and a means for
introducing a steady-state signal upon
which pulses may be superimposed.

A gas-tube RC saw-tooth oscillator is
used as the rate control. The oscillator
output is differentiated and the resulting
negative voltage pulses are used to trigger
a delay multivibrator and to provide
synchronizing pulses for oscilloscope
sweep synchronization.

The signal input may be eonnected for
steady, automatie, or hand-key operation
by means of a .selector switch. With
this switch in position 1, the input
signal is applied directly through the
level potentiometer and the mixer ampli-
fier to the grid of the output cathode
follower. This position is incorporated
for convenience in observing the non-
switched input signai and, in effect, shorts
out the electronic switch.

With the selector switch in position 2,

a nonswitched output of any level from
zero to maximum may be obtained as in
position 1. The output of the switch
tubes 1s added to this in the mixer ampli-
fier. An auxiliary control regulates the
maximum amplitude of the switch-tube
output. By means of the two controls,
any desired relative level of pulsed and
nonpulsed signals may be obtained.

In position 3, a hand key may be used
to turn the output on and off. The gas-
tube EC saw-tooth oscillator comprised of
V1, C1, and R, plus the attenuator will be
noted in the upper left. In operation, C;
charges through R; and the attenuator
until the drop across C; reaches the igni-
tion voltage of V,. Tube V;then firesand
discharges C; through protective resistor
B, until the extinction voltage of V; is
attained, after which the above cycle is
repeated. The repetition rate is deter-
mined by the calibrated attenuator and
the intermediate control R,.

The discharge time constant of R,C; is

very much smaller than the charge time
constant, so that a saw-tooth oscillator
output voltage is obtained. This is
differentiated by C, and R; and the re-
sulting negative voltage pip is used
to trigger the delay multivibrator V,,
and V. The length of the positive
delay multivibrator output pulse ap-
pearing at the plate of V4, is controlled
by the associated capacitor switching
system. The front edge of this pulse
occurs at the instant V; fires and is used
for synchronizing.

The delay multivibrator output is
differentiated by C; and R; and the
negative voltage pip resulting at the end
of the pulse is used to trigger the length
multivibrator V3, and Vj. The length
of the positive multivibrator output pulse
appearing at the plate of V3, is controlled
by the associated capacitor switching
system. The repetition rate, delay, and
length of pulse are all independently
adjustable.
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The switching pulses from the length
multivibrator are impressed on the sup-
pressor grids of the switch tubes V; and
Vs through Cy and Rs. The output side
of Cy is connected to ground through Vs,
which acts as a d-¢ restorer or charging
rectifier. By this means, the suppressors
are maintained at a sufficient average
negative potential with respect to ground
to cut off the switch tubes except during
the pulse intervals.

The signal to be pulsed is impressed on
the grid of V4. The output pulses appear
at the plate of this tube and are impressed

0. ——
e aie P
- 4

o |

across s through Cs Resistor R; is an
adjustable type that i1s used in initially
adjusting the switch for minimum, no-
signal, switching transient output.

In the alignment process the device is
first turned on and allowed to warm up.
The vertical plates of an oscilloscope are
connected to the sync-output terminals
and the delay multivibrator control R is
adjusted until rectangular output pulses
are observed on the oscilloscope for all posi-
tions of the rate and delay control settings.
In addition, it should be noted that the
flashing of V; occurs simultaneously with

SWITCHING SYSTEM

the synchronizing pulses. The oscillo-
scope is then connected to the output
terminals and the length multivibrator
control R, is adjusted so that symmetrical
output pips are obtained for all combina-
tions of rate, delay, and length settings.
After the multivibrators have been
adjusted, the switching transient control
R7 in the plate circuit of V;is adjusted for
minimum no-signal output with an oseillo-
scope connected to the output terminals.

C. R. Smitley and R. E. Graber, Electronic Switch
for the Production of Pulses, Electronics, April,
1947, p. 128.

Four-Channel Electronic Switch for Cathode-ray Oscilloscopes

TeE four-channel electronic switch
circuit shown here contains four switching
pulse generators arranged as an electronic
ring counter for supplying switching
pulses consecutively to gate amplifiers 1
to 4, this cycle of operation being continu-
ously repeated at the rate of 25,000
cycles per second. This arrangement
permits display of four different transients
simultaneously on a conventional cathode-
ray oscilloscope screen. The high switch-
ing rate minimizes loss of resolution in the
wave forms reproduced.

The ring counter comprises a series of
square-wave generating circuits of the
Eccles-Jordan type so arranged that only
one circuit of the seriesis in the On position
at any instant. Trigger pulses applied

simultaneously to all the circuits pass this
condition consecutively to each square-
wave generator, the cycle of operation
continuing as long as the trigger pulses are
applied.

The On position of a pulse-generating
circuit is that state of the circuit from
which a positive switching pulse is ob-
tained. A succession of trigger pulses
applied to the counter ring results in
positive switching pulses being supplied
consecutively by circuits 1 to n. This
cycle of operation is continuously re-
peated. Since all gate amplifiers are nor-
mally biased beyond cutoff, the function
of these positive switching pulses becomes
that of turning on the respective gate
amplifiers. Any one of the gate circuits

is brought into the conducting state for a
period of 1/n times the switching cycle
(n = 4 here) and is off during the remain-
ing part of the cycle.

A Pierce oscillator using half of tube
V2 and a 100-ke crystal yields a switching
rate of 25,000 cycles. The other half of
V2 serves as a square-wave amplifier for
the pulses. Differentiation of the 100-ke
square waves is accomplished by the EC
combination composed of Bs and C.. Of
the positive and negative pulses resulting,
only the positive pulses are amplified by
tube V,, which is biased to cutoff. Nega-
tive pulses appearing at the plate of V, are
applied to a common bus for injection into
the ring counter and gate amplifier.

The switching-pulse generator (ring
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counter) is composed of four 6SNY
tubes connected in standard Eccles-
Jordan square-wave circuits, with the
addition of inductance L; in each plate
circuit on that side from which the posi-
tive switching pulse is derived. Of those
grids in the ring counter that are con-
nected to the source of trigger pulses only
one grid 18 zero at any instant. This
grid is associated with the circuit that is
on. The trigger pulse operates on this
grid and flops the circuit to its other stable
state (Off). During this transition the
positive rise in voltage at the left-hand
plate 1s applied through C; to the cutoff-
biased grid of the succeeding -circuit,
which is then turned on. The next trigger
pulse operates on this circuit, which is
then flopped to the Off position as in the
case of the preceding cireuit. In this way,
a positive switching pulse is generated at
the right-hand plate of each circuit during
the sequence off-on-off.

Pushbutton switch S;, inserted between
the two legs of the square-wave circuits,
provides a front-panel control for initiat-
ing the proper sequence of operation for
the counting ring after applying power.

The gate amplifiers serve the twofold

purpose of switching and then mixing
the signals applied to their respective
inputs. The switching pulse is fed to the
second grid of each gate amplifier, and the
useful signal to the control grid. Incom-
plete cathode-current cutoff with this
arrangement requires isolation of the
screen voltage supplies to ensure minimum
coupling.

Variable resistor R, in the cathode cir-
cuit provides a means for orienting the
trace on the cathode-ray tube with
respect to the other traces. When it is
desired to observe less than the four
available traces, switch S; 1s thrown.
This introduces a large resistor (R.) into
the cathode circuit, which then deflects
the respective trace off the screen.

For added flexibility, switch S; 1is
provided to restore normal single-trace
operation. This shunts the trigger pulses
to ground through C; and removes the
bias on the operating 6L7 tube by con-
necting its second control grid to cathode.

It was evident early in the develop-
ment of the apparatus that amplification
of the composite signal would present
some difficulty. The problem involved
is that of amplifying wunidirectional

~
5,000

square-wave pulses of approximately 75
volts amplitude. These pulses are modu-
lated by as much as 25 per cent. Capaci-
tance coupling could not be used because
of the transient d-c¢ amplification re-
quirement. Furthermore, it was found
that it introduced interchannel coupling.

The output-amplifier circuit uses triode-
connected 807 tubes in push-pull because
of their large signal-handling capabilities
coupled with low distortion. An exces-
sively large common cathode resistor
(R;) is employed to make the cathode
substantially follow the grid, thereby
absorbing the large d-c¢ potential at the
6L7 plates and minimizing undesirable
grid loading due to the direct connection.
Phase inversion is also conveniently
provided.

The grid voltage of the phase-inverter
tube is established at a point on a voltage
divider between B+ and ground, and
permits orientation of the composite
signal on the cathode-ray screen of the
DuMont type 5L.P5 cathode-ray tube (blue
screen) used at the recording medium.

N. A. Moerman, Four-channel Electronic Switch,
Electronics, April, 1946, p. 150.
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LIMITER CIRCUITS

Series Type of Instantaneous Noise-limiter Circuit

For reducing the effects of undesired
electrical noise disturbances in a radio
receiver, this basic series limiter circuit is
highly satisfactory on both ¢-w and mew
reception, and at the same time it is one
of the simplest limiter arrangements in
use. It requires only a fixed capacitor,
two fixed resistors, and an independent
diode in addition to the normal compo-
nents of a diode second detector. No
manual control of limiting action 18
necessary; it operates only on rapid
changes above unmodulated carrier level,
and is independent of the absolute value
of the unmodulated carrier down to the
operating threshold of the limiter diode.
It can be operated with or without ave
and with or without heterodyne oscillator
excitation.

With the limiter switch in the Off
position, output coupling capacitor Cj
connects conventionally to junction B of
detector-diode load resistors RE: and R.,
and the limiter diode has no effect on
circuit performance. With the limiter
switch On, C; connects to the cathode
of the limiter diode.

Assume a rectified d-c potential of 10
volts developed across R; and R, by a
constant carrier. The cathode of the
limiter diode is then —10 wvolts with
respect to ground because of its connec-
tion to point A through R; and Ry,

while the limiter plate is about —5 volts
to ground. The plate is thus momentar-
ily 5 volts positive with respect to the
cathode and the limiter diode becomes
conductive, its resistance being fairly
low compared with other resistance
values in the circuit. Qutput capacitor
C; is thereby connected through the con-
ductive diode to its conventional location
at junction B, so that a constant r-f
carrier input provides a-f output. This
output is about 45 per cent of what it
could be without the limiter, but generally
this reduction is of little significance.
Under the above conditions, capacitor
C: is charged through 1-megohm resistor
R, to a potential of about —7 wvolts.
Any appreciable change in this potential
would require about 0.01 second due to
the time constant of RE,C,. The time
constant of (B, + R.)C: is only about 50
microseconds, however, so that the
potential of the plate of the limiter diode
can change in about 144, of the time
required for its cathode to assume a new
potential. Therefore, if a noise potential
of say 100 volts suddenly appears across
R, 4 R, and brings the plate of the limiter
diode to —50 volts from ground, this
makes the diode plate about 43 volts more
negative than its cathode and the diode
resistance becomes very high. This in
effect disconnects output capacitor C,
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from point B, and the a-f amplifier has no
appreciable input for the duration of the
noise signal. By the time that the
cathode of the limiter diode has assumed
an appreciably more negative potential,
the noise pulse will usually have decayed
and the limiter diode will have become
conductive again, restoring the a-f input
to the audio amplifier.

With this limiter, noticeable distortion
can be seen on an oscilloscope only above
40 per cent modulation. In listening
tests 1t is difficult to detect distortion by
ear on speech and music transmissions
maintaining an average modulation level
between 30 and 40 per cent, a condition
commonly encountered.

Emerick Toth, Noise and Output Limiters, Part I,
Electronics, November, 1948, p. 114.

Modified Shunt Type of Noise-peak Limiter

Tais limiter circuit resembles the series-
type limiter except that the plate of the
limiter diode and the low end of its
cathode resistor are interchanged. As a
result, the limiter diode acts to reduce
the a-f output voltage whenever a noise
peak makes the diode conducting. This
arrangement permits grounding the low
end of the i-f transformer secondary for
stability reasons.

Assume a constant carrier making
point £ on the detector diode load 10
volts negative with respect to 4 and
ground. Points B and C are then both
—5 volts to ground because the limiter
diode is nonconducting, its plate being
at the —10 volt potential of E. The
plate-circuit time constant is much

longer than that of the cathode circuit
of the limiter, so that any noise surge
in excess of 20 volts across the entire
detector load drives the cathode of the
limiter diode more than 10 volts negative
to the ground and the diode conduects,
shunting the input to the following a-f
stage. The shunting action is made more
effective by series cathode resistor Ry,
which with the limiter diode closed acts
as part of a voltage divider to attenuate
detector-load voltage peaks.

Limiting action ceases when C becomes
positive with respect to E due either to
decay of the noise pulse or to charging
up of C;. This limiter will begin to cause
audio distortion at about 100 per cent
modulation for the values shown. If R,
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equals 0.4 R,, distortion will begin at
about 40 per cent modulation. This
limiter is much more effective than the
simple shunt limiter, but not as good as
the simple series limiter at the lower
carrier frequencies.

Emerick Toth, Noise and Output Limiters, Part I,
Electronics, November, 1946, p. 114. '
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Series Type of Noise Limiter with Threshold Adjustment

By means of potentiometer B, in this
circuit the limiter threshold can be
varied from about 65 per cent modulation
down to zero per cent. This control
varies the d-e¢ bias due to the rectified
carrier at the cathode of the limiter
diode, which bias determines the limiting
threshold.

The circuit contains a diode shunted
across resistor RB; to buck the residual
plate current of the limiter diode, as this
current reduces the effectiveness of the
limiter at low carrier levels, The d-c

Low-loss Series-type Noise-limiter Circuit

THE reversal of cathode and plate con-
nections of the limiter diode in the varia-
tion of the series-type limiter shown here
necessitates the use of two more resistors
and a capacitor (over those required by
the simplest form) to provide the required
biasing and EC delay circuits for the
diode elements. It has, however, the
advantage of providing the a-f amplifier
with a higher percentage of the a-f voltage
appearing across the detector diode load.
For a comparable degree of modulation
distortion, this improved transfer of a-f
voltage will amount to about 2 or 3 db,
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which is usually not of great importance
unless the receiver is deficient in reserve
gain,

The cathode of limiter diode D, is
biased negative relative to its plate by
connection to the junction of detector-
load resistors R, and E; through resistors
Ry and Rs. RiC, provides a long time-
constant circuit, while Rj; serves as the
cathode load resistor across which the
limiter output voltage is developed.
Capacitor ('; provides a-f coupling to the
plate of D, for the detector audio-output
voltage appearing between the junction

voltage built up across B; due to rectified
direct current from the detector will,
together with the time constant of C;
and the grid resistor in the first a-f stage,
tend to maintain this additional diode
biased to cutoff except on weak signals.
This improvement in weak-signal limiting
is accompanied, however, by considerable
increase in audio distortion at all useful
levels.

Emerick Toth, Noise and Output Limiters, Part I,
Electronics, November, 1946, p. 114,
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of B; and R; and ground. Resistor R;
serves only as an r-f filter element.

Emerick Toth, Noise and Ouput Limiters, Part I,
Electronics, November, 1546, p. 114.

Hum-reducing Version of Simple Series Limiter Circuit

THE series limiter circuit variation
shown will give a reduction on the order
of 20 db in hum originating in the limiter.
This hum exists because audio signals
are taken from a relatively high-value
resistance load located in the cathode
circuit of the a-¢ heated diode; with a
heater-cathode capacitive reactance of
about 500 megohms and a 0.5-megohm
resistive load between cathode and ground,
about 0.1 per cent of the heater-ground
potential will appear across the cathode
resistor as hum voltage. For a 6.3-volt
heater this would be about 6 millivolts.

In the hum-reducing version the cath-
ode resistor of the a-f amplifier following
the limiter is not bypassed to ground.
The over-all equivalent circuit is that of a
bridge, with e, as the limiter diode heater
voltage and Cj: as the heater-cathode
capacitance. Equivalent resistance R,
shunting one arm of the bridge is a compos-

ite of RBi, Ry, R4 the effective resistance
of Dy, etc. The bridge is completed and
balanced by capacitor Cs connected Le-
tween the ungrounded side of the heater
supply and the cathode of the first a-f
stage; with usual limiter circuit compo-
nents the value of this capacitor is quite
low, being 150 puf in the circuit shown.
If a limiter on-off switch is used, two
different values of (s will be required due
to slight changes in bridge configuration
when switching from the cathode to the
plate of the limiter diode.

This hum-bridge scheme allows normal
location and operation of the a-f gain
control K5 permitting reduction of a-f
amplifier input substantially to zero
despite unbypassed cathode resistor Rs.

Emerick Toth, Noise and Output Limiters, Part I,
Electronics, November, 1946, p. 114,
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Manually Controlled Balanced-detector Type of Noise-limiter Circuit

TH1s circuit functions as a balanced
bridge arrangement for detector voltages
above the limiting threshold, with un-
balance being maintained at all other
times. It must be adjusted manually for
each carrier level, but automatic opera-
tion can be achieved by adding another
diode as in the automatically operated
balaneed-detector type of noise limiter.

When the contact arm of R is at the
grounded end and R, is set equal to R,
(at 47,000 ohms), then R, R, Rj; and
R, form a balanced resistance-bridge
circuit that is fed from the i-f output
through the second detector and noise-
limiter diodes. If both diodes rectify in
phase and their loads are equal, the a-f
output is zero. If the limiter diode 1is
made inoperative by adjusting R to
bias its cathode with a positive d-c
voltage, the bridge becomes unbalanced
and a-f output is obtained when a con-
stant modulated carrier input is present.

If, now, a noise peak arrives that exceeds
the diode bias, the bridge will be re-
balanced and no a-f output will be ob-
tained for the duration of that part of the
noise peak which exceeds the diode bias
voltage.

The limiter normally is balanced ini-
tially by adjusting R, and thereafter
adjusted for each carrier level and desired
modulation threshold by means of panel
control K¢, Adjustment of R disturbs
the balance of the bridge by varying the
resistance of one arm; hence it may be de-
sirable to gang a rheostat with E; so as to
hold its equivalent resistance constant.
For most effective operation, the time
constant of (R; 4+ R.)C; should equal
that of (B3 + R4)C, for all settingsof Rs,
and the capacitances of the two diodes
should be equal.

At broadcast frequencies no improve-
ment in receiver performance should be
expected with this limiter, as improve-
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ment begins to be noticeable above about
10 me and only for ignition-type inter-
ference. The need for adjusting to
changing carrier values makes this cir-
cuit practically useless on fading signals
unless limiter control settings of the type
that would cause considerable distortion
are tolerable. No appreciable limiting is
obtained with c¢-w reception employing a
beat oscillator.

Emerick Toth, Noise and Output Limiters, Part I,
Electronics, November, 1946, p., 114,

Combination R-F Output Limiter and Noise Limiter

Bora r-f output limiting and r-f noise
limiting are achieved with this simple
circuit arrangment, which is dependent on
vacuum-tube plate-current saturation and
control-grid cutoff and on maintenance of
a high input impedance in the control-grid
circuits of the saturated tubes. The
third and fourth r-f amplifier stages are
used as saturation limiters by operating
with 45 volts applied to both screen and
plate circuits. The combined effect of
the two stages provides the gain of one r-f
amplifier stage at a much lower limiting
level than is feasible with one stage alone.
The single tuned circuit following the
fourth stage filters out r-f distortion
caused by the preceding limiter circuits
and provides further selectivity while the
low-pass filter following the detector
further purifies the audio output and
improves signal-to-noise ratio.

The a-c input resistance of the third r-f
amplifier tube is 1 megohm until the
applied signal voltage exceeds the negative
bias on the control grid, when it drops to
0.5 megohm, because the grid becomes
in effect a diode rectifier which is conduc-
tive for that portion of the positive half
eycle during which the signal exceeds the
grid bias. The negative bias thus devel-
oped across grid leak R, by grid rectifica-
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tion is appliea to the control grid to
limit the increase in space current.
During a noise peak, then, the effective
positive instantaneous voltage on the
grid is the difference between the rectified
voltage across B; (maintained by charging
C,) and the positive half-cycle voltage of
the noise peak, giving the desired limiting
action. On the negative half cycle of r-f
input, grid cutoff limits the change in plate
current of the tube.

The phase shift from grid to plate
circuit results in the positive noise peaks
applied to the grid of the third r-f amplifier
tube appearing as modified negative
peaks at the grid of the fourth r-f ampli-
fier, where they are further limited by
grid cutoff, the positive peaks at this
point being also limited in the fourth
amplifier plate circuit by saturation
effects. The combined effect of the two

limiter tubes thus is to limit both peaks of
applied r-f voltage, whether due to
signals or noise peaks.

Conventional bypass capacitors and
screen filters are not shown in the circuit.
The detector, an infinite-impedance or
cathode-follower type, is used primarily
for its low output impedance, and it does
not provide any limiting action. This
saturation-type limiter is useful chiefly for
c-w reception at very low carrier frequen-
cies, though with a suitable saturation
limit and an exceptionally good ave
system controlling preceding r-f gain to
just below limiting level on the desired
signal, distortion on mcw reception can
be kept low over a considerable range of
carrier input values.

Emerick Toth, Noise and Output Limiters, Part II
Electrontics, December, 1946, p. 120.
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Automatically Operated Balanced-detector Type of Noise Limiter

By adding another diode circuit to
the manually operated balanced-detector
noise limiter, automatic operation of the
limiter can be secured, eliminating the
need for adjusting a balancing potenti-
ometer with each change in carrier level.

The additional diode is operated from a
tertiary winding on the final i-f trans-
former, as shown here. This diode
rectifies the i-f carrier to provide a d-c
bias of about twice the mean rectified
voltage furnished by the detector diodes,
so that limiting does not take place on
modulation depths below about 100
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per cent. The bias voltage is applied to
R; at the point where Rs introduces the
bias in the manually controlled circuit.
The cathode delay bias on the noise-
limiter diode is thus maintained automati-
cally at a constant ratio with respect to the
carrier input. The depth of modulation
at which audio distortion begins is deter-
mined by the ratio of the rectified voltage
supplied by the automatic biasing diode
to that supplied by the noise-limiter diode.

Emerick Toth, Noise and Output Limiters, Part I,
Electronics, November, 1946, p. 114,

A Balancing Type of Noise-peak Limiter

Tue balancing effect of a diode shunted
across the second detector with reversed
polarity is used here. When the limiting
threshold is passed, as on noise peaks, the
variations in the limiter-diode current
oppose the normal demodulation current
in the second detector.

Assume that an unmodulated ecarrier
produces a rectified potential of 10 volts
across second detector-diode load R,
making point A 10 volts negative with
respect to ground. On positive peaks of
carrier input, point D will now be close to
ground potential because point A remains
relatively constant over an r-f cycle and
the 10-volt positive r-f peak across the
i-f transformer secondary acts to cancel
the negative 10 volts at A. On negative
peaks, point D will therefore be —20 volts
with respect to ground.

The voltage impressed across the noise-
limiter diode in series with R, will there-
fore vary between substantially zero and
—20 volts at an r-f rate. This builds up

a potential of about —20 volts across

capacitor C,, thereby biasing the limiter-
diode plate 20 volts negative with respect
to ground. The net effect is that the
second detector diode is shunted by a
high impedance, between about 2.5 to 5
megohms, until such a time as the i-f
input voltage increases above the 10-volt
value, as on a noise peak or with modula-
tion of the carrier. When this occurs, the
limiter diode becomes highly conductive
for all portions of the modulated wave
having an instantaneous value in excess of
10 volts negative. Since the time con-
stant of R.C, is relatively long, between
0.05 and 0.1 second, C; serves mainly as a
coupling capacitance to RB; as regards a-f
variations, These variations, being of
opposite polarity to those across R,, will
tend to cancel the latter on half the audio
cycle. The magnitude of the cancellation
effect will depend on the impedance of the
limiter diode when conducting, which in
turn will depend on the values of the
impressed voltages and R, so that better
cancellation will in general be obtained as

T 0 -

' D NOISE:
o T\ LIMITER
rm -1/ D2

' c
A-F MEG
OUTPUT
R, approaches R; in value. This would

mean increasing C,, however, to maintain
the time constant at the desired magni-
tude and would increase the a-c loading
across R, and seriously affect modulation
distortion.

The modulation distortion of this type
of limiter is quite high, even on relatively
low modulation depths, when it is effec-
tively limiting noise peaks. On the
other hand, the circuit provides about
twice the normally obtainable ave voltage
when the d-c potential across R, 1s
utilized.

Emerick Toth, Noise and Output Limiters, Part I,
Electronics, November, 1946, p. 114,

Diode Shunt Type of Noise-peak Limiter

HEzRE is the simplest limiter of them all,
requiring only a resistor and a capacitor
together with an independent diode.

R, and R, bypassed by C; give the
detector-diode load a time constant of
about 10 microseconds. The limiter
plate-circuit time constant is 1 second, so
that the limiter diode conducts and shunts
the detector-diode load on noise (and
modulation) peaks. During such peaks,
the a-f output of the detector is reduced by
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an amount depending on the value of E;,
the setting of R;, and the noise peak
voltage. The depth of modulation above
which distortion begins is determined by
the relative values of B, and R, and by
the setting of R;. The performance is
not very good, but some improvement is
evident with pulse-type interference on
signals above 10 mec.

Emerick Toth, Noise and Output Limiters, Part I,
Electronics, November, 1948, p. 114.
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Triode Shunt Type of Noise-peak Limiter

TH1s circuit employs the plate resist-
ance of a triode shunted across a portion
of the second detector-diode load. The
magnitude of the shunt resistance is
controlled by the grid and plate voltages,
which act in conjunction with differential
time constants.

A carrier input that produces a total
rectified voltage of 10 volts across the
diode load (between A and D) being
assumed, potentials with respect to the
second detector cathode will be —10
volts for A, —8 volts for B, and —5.3
volts for C. The triode plate is thus 8
volts positive to its cathode, while its
control grid (connected to A through
Ry is 2 volts negative with respect to its
cathode. For a triode with a mu of 20
this gives plate-cusrent cutoff, so that the
triode impedance is high and it has little
shunting effect on the second detector load

Countermodulation Type of Noise-reduction

NOISE-REDUCING circuits in general
operate on one or more of the following
principles: limitation, cancellation, coun-
termodulation, blanking out, and varia-
tion of gain. A straightforward circuit
using the countermodulation principle at
the output of the i-f amplifier is shown
here.

Signal and noise voltages at the i-f
value of the receiver are fed into a push-
pull controlled amplifier stage that is
paralleled by a push-pull noise-amplifier
stage whose plate circuit is tuned lower
than the i-f value, so that there is more
noise voltage and less signal voltage at the
noise-rectifier input than at the second
detector input. If the i-f stages of the
receiver are quite broad, the noise ampli-
fier may be detuned enough practically to
eliminate signal voltage in this circuit.
However, any signal voltage present is
prevented from affecting circuit operation
by the automatic threshold control tube.

The noise rectifier has a variable-delay
bias that is regulated by the threshold
control tube, the delay being adjusted so
that rectification occurs only above the
level of the signal component in the
voltage being rectified. The ave voltage
fed to the grids of the threshold control
tube regulates the delay level with change
of signal strength. The a-f voltage
representing the noise component 1is
taken from the noise-rectifier load resistor
and is fed through a blocking capacitor to
the gain-controlling grids of the 6L7 con-

resistors R, and R;. Now if a 100-volt
noise pulse suddenly appears between
points A and D, the triode plate-cathode
voltage rises to 80 volts long before the
grid potential can change (the plate-
circuit time constant is about 12 miero-
seconds, while that of the grid circuit is
about 50 milliseconds). The triode thus
becomes conductive and shunts section
B-D of the detector load for the duration
of the noise pulse, reducing the audio
output from the detector. The noise
disturbance will usually subside before
the control grid swings sufficiently nega-
tive to stop this limiting action.

The percentage of modulation at which
audio distortion due to the limiter
appears depends upon the type of triode
used, the relative values of Ry, E. and
Rs, the time constants involved, and the
absolute carrier level. At low carrier
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levels distortion can occur for modulation
depths as low as 10 per cent, while higher
carrier levels give no distortion (and no
limiting). Effective limiting action 1s
restricted to a narrow range of carrier
input levels, at carrier frequencies above
about 10 megacycles.

Emerick Toth, Noise and Output Limiters, Part I,
Electronics, November, 1946, p. 114.
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trolled amplifier tubes. A d-c bias volt-
age is applied to these grids to set the
level of the zero axis for the counter-
modulating voltage. Once the delay and
bias adjustments are made, they need not
be changed.

Though not especially simple, this
circuit is effective and fully automatic.
Because it reduces noise voltages before
rectification, noise cannot increase avc

, \
250000  “—0000!

voltage, and hence receiver gain, mnoise-
rectifier delay, and noise-amplifier gain
are all controlled only by the strength of
the desired signal. If a squelch circuit is
used in the receiver, the squelch can be
set much closer to the opening point
without noise bursts opening the squelch.

Carlton Wasmansdorff, Reducing Radio Noise,

Electronic Industries, July, 1944, p. 80.
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Degenerative Feedback Type of Noise Limiter

DEGENERATIVE feedback in the i-f
amplifier prior to final detection is used in
this circuit. A portion of the output
from the first i-f amplifier is amplified in
the first and second noise limiters, and the
resulting 1-f output is coupled into a full-
wave rectifier having R; as a load. The
d-c voltage developed across R, serves as
bias for the injector grid of a 617 pentode
serving as the final i-f stage. Front-
panel control R; provides a positive delay
voltage for the diode cathodes, to prevent
rectification until signal or noise peaks
exceed this bias. Since the time con-
stant of the diode load is only 5 micro-
seconds, the d-¢ potential across R; can
fluctuate at a rate up to about 200 ke.

If the normal carrier peak impressed on
the diodes is 10 volts and the delay bias is
5 volts, the diodes do not rectify (since
each gets only half the applied voltage),
and the 6L7 grid gets no bias. Now if
a 100-volt noise peak appears across the
secondary of the diode transformer, the
delay bias on each diode is exceeded by
45 volts and a negative potential of 45
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volts is therefore applied to the 6L7 grid.
If this change in injector-grid potential
occurs simultaneously with and in opposi-
tion to the change in the control-grid
potential of the 6L7 due to this noise
pulse, the effects of the noise pulse on the
second detector can be reduced consider-
ably by the resulting bucking action.
Ideal synchronism and balance are usu-

ally difficult to achieve, however. This
limiter requires manual adjustment of the
threshold of operation and is useless on
fading signals. Incorporation of auto-
matic biasing from an additional ave
system would make for almost prohibitive
complexity.

Emerick Toth, Noise and Output Limiters, Part I,
Electronics, November, 1946, p. 114.

Use of F-M Discriminator for Noise Limiting in A-M Receivers

IF the discriminator of an f-m receiver
is used in place of the second detector
in an a-m receiver, as shown here, there
will be two peaks of maximum response
corresponding to the two points of maxi-
mum discriminator current. If the a-m
signal is tuned to one of the peaks, a better
signal-to-noise ratio is obtained than for
an amplitude detector. The noise output
of the discriminator is low because the two
halves of the diseriminator characteristic
are the result of the differential voltage
derived from two opposing detectors.
The reduction in noise is particularly
apparent with relatively low modulation
frequencies (narrow discriminator charac-
teristic), and especially on keyed c-w
signals. At the same time, the useful
bandwidth of the over-all selectivity
characteristic is reduced to about half of
what it would be with the usual a-m
detector.

The discriminator here is followed by a
low-pass filter cutting off at about 200
or 300 cycles and a d-c¢ amplifier (capable
of passing up to these frequencies) which
operates a keyer tube controlling a local
tone oscillator. Such an arrangement is

capable of providing startling perform-
ance on keyed c-w signals in the presence
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of noise interference that would make
reception with the usual receiving system,
even with noise-peak limiters, absolutely
hopeless. The use of the local keyer
circuit eliminates one of the two peaks of
reception, since the discriminator output
polarities are opposite for its two maxi-
mum response points and the usual keyer
circuit is arranged to respond to one
polarity only. This scheme is subject to

various disadvantages when adapted to
a conventional a-m receiver, such as
complexity and rather critical operating
adjustments, but within its limitations it
has much merit. It bears considerable
similarity to receiving systems for fre-
quency-shift keyed signals.

Emerick Toth, Noise and Output Limiters, Part 11
Electronics, December, 1946, p. 120,

;
E
5
%



LIMITER CIRCUITS

91

Saturation Type of Audio Output Limiter Using No Extra Tubes

ConTrOL of the saturation level of the
a-f output pentode tube at various screen,
plate, and control-grid voltages provides
audio output limiting action here without
use of additional tube circuits. A low-
pass filter (L;C4C;) filters out distortion
produced in the output stage; its cutoft
frequency is 1,200 cps, and hence for a
1,000-cps tone signal the harmonics will
be filtered out to a considerable degree.

The control-grid, screen, and plate
voltages in this limiter are varied by a
double-pole switch that contacts taps on

A-F OUTPUT AMPLIFIER
V, 6F6

resistors B; and Rs The voltages thus
obtained maintain the gain below satura-
tion fairly constant for all switch settings,
while at the same time permitting control
of the limiting level. This circuit is useful
for c-w reception only. Below limiting
threshold, there is a loss in gain of about
3 db over a 20-db range of limiting
threshold.

Emerick Toth, Noise and Output Limiters, Part II,
Electronics, December, 1346, p. 120.

Volume-limiting Feedback Amplifier Using Control Tube in Feedback Path

UNLIKE other electronic limiters where
the gain is controlled by a vartable-u tube
or a variable attenuator network, the
gain is here reduced, when compression
beging, by employing a negative feedback
circuit in which the percentage of output
signal fed back to the input increases with
increasing input. This is accomplished
by developing a bias in the output cir-
cuit of an auxiliary amplifier fed from the
input side of the compressor, which is used
to control the plate resistance of a tube
acting as one of the elements of the feed-
back circuit. Since the distortion in a
negative feedback amplifier is reduced
when feedback increases, it will be held
down to a low value under compression.

The input stage of the main amplifier is
a triode using one section of a 6F8G, the
other section acting as the auxiliary
amplifier for the 6H6 control rectifier.
The input stage is transformer coupled to
a push-pull output stage using another
6F8G. Negative feedback is used on this
stage. The feedback factor is deter-
mined by R;, K., and the plate resistance
of a 6L.7. When R, and R, are fixed at
suitable values, this feedback factor can
be controlled within limits by varying the
plate resistance of the 6L7 tubes since
they are effectively in parallel with re-
sistors B;. If the bias on the 6L7 tubes is
increased negatively, plate resistances
increase, and the feedback factor in-
creases. Since gain decreases as the
feedback factor increases, an increasing
input signal increasing the bias on the
6L7 tubes will decrease the gain and thus
produce compression.

With an initial positive bias on the 6HS6,
the control of the auxiliary amplifier gain

will delay compression till any desired
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output, within the limitations of the
amplifier, is reached. In this partic-
ular case, since a separate power supply
is used, the bias is conveniently ob-
tained from the cathode of the auxiliary
amplifier.

The rectifier circuit is of the usual type.
Fast action 1s obtained through the use of
a stepdown rectifier transformer with the
moderate value of 0.5 uf for Cs.. The
releasing time may be controlled by Ra.
With an amplifier plate resistance of
7,700 ohms, a transformer ratio from
primary to half the secondaryof 2:1, and a
resistance of 1,000 ohms for 6H6, the
acting time is 1.5 milliseconds. The
releasing time, with R; as 2 megohms, is
1 second.

A push-pull compressor stage with a
balanced feedback network is necessary
to eliminate transient distortion due to
compressor action, as well as being de-
sirable from the standpoint of low inherent
distortion. Noise and hum level is low,
being 75 db below 6 milliwatts output.
This is due in part to the use of a separate
power supply of the regulated type.

In broadecast service, this amplifier is
able to handle all ordinary peaks. There
are no thumps when compression takes
hold, and the general operation, as indi-
cated by listening tests, is quite smooth.

H. H. Stewart and H. 8. Pollock, Compression with
Feedback, Electronics, I'ebruary, 1940, p. 19.
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Saturation Type of Limiter with Plate- and Screen-voltage Control Only

By using partly fixed-bias and partly
self-bias arrangements in the cathode
eircuit of the output tube, output satura-
tion threshold control is obtained by
varying only the common d-¢ plate and
screen-grid voltages on the output tube.
This is done in steps that give changes of
5 db in output limiting level. Resistor
R7 in the control-grid circuit of the output
tube reduces a-c loading, and it prevents
excessively high direct current through

TaIs circuit obtains its output limiting
effect in the a-f stage preceding the out-
put stage. It also employs some de-
generative feedback to the limifing
amplifier from the output as an aid in
maintaining the gain below the limiting
threshold as nearly constant as possible.

Limiting is done interstage primarily
because of the low limiting level of 60
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microwatts required for minimum thresh-
old value. For a limiting level range of
20 db, this circuit gives a decrease in
gain below threshold of about 10 db, and a
decrease of 16 db for a limiting level range
of 30 db. These comparatively large
Josses in gain for lower limiting levels are
due to the low minimum limiting level
required in navy receivers. Better tran-

LIMITING =~
THRESHOLD
CONTROL

sient characteristics are obtained when
the a-f amplifier gain prior to the limiter
stage is reduced to a point at which the
grid circuit of the limiter stage is not

+200V

overdriven by too great an input.

Emerick Toth, Noise and Output Limiters, Part 1],
Elecironics, December, 1946, p. 120.

Peak-clipping and Audio-filtering Circuit for Preventing Overmodulation

As a means of boosting the average
percentage of modulation in a radio-
telephone transmitter without causing
overmodulation and resulting splatter on
peaks, the accompanying circuit offers
some advantages over volume compressors
or low-pass or band-pass filters.

The clipper is an instantaneous device,
inoperative until the audio voltage reaches
a predetermined level and then chopping
off everything above that level. Al-
though this introduces considerable dis-
tortion, it occurs at a point where the
objectionable high-frequency harmonics
can be controlled and not allowed to
appear in the side bands. Such distor-
tion as is left does not appreciably affect
intelligibility.

In the shunt type of clipper circuit
shown, the bias for the clipper is obtained
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from the 6SN7 cathode resistors R, R,
and R; Clipping begins at an audio
level of about 3 volts. The amount
of clipping is determined by the voltage
at B;. Potentiometer B4, a screw-driver
adjustment, is set for 100 per cent
modulation with Rs advanced about half
way, and Rj is then used to adjust the
amount of clipping. The low-pass fiiter

following the clipper prevents high audio
harmonics from modulating the carrier
and causing unnecessarily wide signals.
The filter cutoff frequency is 4,000 cycles.
The filter choke must maintain its in-
ductance over the a-f range.

John W. Smith and N. H. Hale, Let’s Not Over-
modulate—It Isn’t Necessary! QST, November,
1946, p. 22. '
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Full-wave Shunt Type of Output Limiter

Two diodes in a single 6H6 tube con-
nected interstage serve as a full-wave
shunt type of audio output limiter. One
diode shunts plate load R4 of the inter-
stage a-f amplifier tube for the positive
and the other diode shunts for the nega-
tive half cycles of the audio signal. The
diodes are biased in series with a d-c
voltage obtained from RE;, which controls
the threshold level above which the diodes
become conducting on audio peaks. The
diode impedance when conducting is only
about a few thousand ohms, so that the
plate load of the preceding amplifier tube
drops from about 250,000 ohms below
limiting threshold to perhaps 5,000 ohms
during limiting action. With a high
plate-impedance tube, this load change will
produce about 30 db less amplification
above the limiting level than below it.
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This loss of amplification, combined reception. A similar arrangement can

with normal saturation effects in the
preceding amplifier tube, limits the out-
put peak voltage to a value that cannot
exceed the d-c limiting bias of R; by any
considerable amount. This limiting sys-
tem is considered to be among the best
of the audio output limiters for c-w

be used following the audio output
amplifier, using thermionic, gas, or crystal

diodes.

Emerick Toth, Noise and Qutput Limiters, Part 1II,
Electronics, December, 1946, p. 120.

Lamb Noise-silencing Circuit for Making Noise Pulses Block an I-F Stage

THE circuit originally developed by J. J.
Lamb for use in the i-f circuit of a super-
heterodyne receiver to suppress explosive-
type interference involves principles that
may well have industrial applications
also.

Briefly, the circuit is effective against
noise peaks of higher amplitude than the
signal envelope. The circuit operates by
separating part of the noise energy from
the signal energy in a biased diode circuit,
and using this noise energy to block one of
the i-f amplifiers. By this means, the
receiver becomes inoperative for a short
instant during the noise pulse, and holes
of silence replace the bursts of noise.

The action is not perfect, since there
remains considerable residual noise from
low-amplitude components and from cross
modulation within the i-f amplifier and
the second detector. This residual noise
manifests 1tself as a hiss that is not ob-
jectionable to the ear.

The noise-silencing action of the circuit
takes place as follows: An i-f signal
(supplied by a conventional first detector)
consisting both of the desired signal and
the noise is fed simultaneously to an
i-f amplifier, which acts also as the silencer
tube, and to a noise amplifier. The latter
tube, a 6J7, amplifies the signal and noise
and feeds them to a 6H6 full-wave diode.
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The biases applied to the 6J7 and the 6H6
are controlled by a manually operated
volume-control type resistor. The bias
on the diode is adjusted until its value is
equal to or slightly greater than the
maximum amplitude of the envelope
of the desired signal. No reectifying

action takes place therefore until a noise
pulse of higher value than this bias
appears.

The March of Electronics, Electronics, March, 1936,
p. 7.
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Logarithmic or Compressor Type of Audio Output Limiter

THE circuit shown was used to investi-
gate the possibility of providing output
limiting without serious audio distortion
by virtue of exponential nonlinear re-
sponse, the theory being that a logarith-
mic increment in output for a linear
increment of input would not cause dis-
tortion sufficient to destroy intelligibility.

The arrangement consists of a two-stage
a-f amplifier with degenerative feedback
from the plate circuit of the output tube
to the cathode of the preceding stage.
Two diodes are connected in series with
the feedback path, in such a way as to
provide a path for both positive and
negative half cycles of the feedback
voltage. Potentiometer R;; across a
battery provides d-c¢ bias to the diodes
for setting the limiting level. The diode
d-¢ circuit resistance is kept low to take
advantage of low diode internal imped-
ance values varying at an exponential
rate with applied voltage. Using the
diodes in this manner as feedback imped-
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ances is equivalent to varying the feed-
back percentage from a low value to a
maximum as the instantaneous feedback
voltage rises, with the reverse effect as the
instantaneous feedback voltage falls.
Within the nonlinear portions of the
output characteristic, this eircuit produces
considerable distortion on speech or
musie, but does not destroy intelligibility.
Noise interference is reduced substan-

tially, and almost as effectively in some .

cases as with a series noise-peak limiter,
if the desired signal is kept within the first
linear portion of the output characteristic
while noise peaks extend into the com-
pressed region beyond.

Emerick Toth, Noise and Qutput Limiters, Part II
Electronics, December, 1946, p. 120,
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Direct-indicating Comparison Bridge for Production Testing of R, L, and C

DEsiGNED for rapid production testing
where moderate accuracy is desired, the
crcult shown provides comparison of
resistors, capacitors, and inductors to a
similar standard. It consists of an
a-c slide-wire bridge and an electron-tube
mdicating circuit. The slide wire covers
a range of approximately =50 per cent of
the value of the standard.

Three working standards are used in
calibration of the gear: one of nominal
value and one each of upper and lower
desired limits. Low and high values can
be different. After adjustment, the sepa-~

rate indicating meter provides a within-
limits reading up to a marked point on the
scale or an outside-limits reading beyond.
Thus the testing operator is not required
to rotate dials or press buttons.
Accuracy of the equipment is largely
dependent on the care with which limits
are set, as well as on variations in line
voltage. However, sensitivity and sta-
bility are such as to permit successful
operation with limits set as close as +5
per cent or as wide as +50 per cent of
nominal. The range of measurement on
capacitance is from 0.0001 to 1.0 uf; in
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resistance, from 2,000 ohms to 20 meg-
ohms; in inductance, from 5 to 50,000
henrys.

2,000

hY|

Direct-indicating Comparison Bridge for Production
Testing, Electronics, December, 1945, p. 272.

A Wide-range Wheatstone Bridge for Resistance Measurements

THis bridge circuit measures resistance
over a range extending from less than 0.1
ohm to a million megohms—a range of 1013,
Relatively few standard resistors are
required, and it is suitable for precision
measurements as well as production
checking to specified tolerance limits.

In the bridge circuit, the multiplier
switch selects the proper values for the
B and C arms in accordance with the
table. The A arm consists of a standard
decade resistance box permitting settings
from 10 chms to 111,100 ohms. While
a 1-ohm decade may be substituted for
the larger 10,000-ohm decade, the latter
is to be preferred, since it permits the
application of higher voltages when
measuring high values of resistance.
For convenience all the arms of the bridge
are brought out to separate terminals
when the multiplier switch is placed in the
External position. This makes it possible
to extend the range of the bridge or to
substitute other standards. The guard
terminal that is also made available can
be used in the measurement of threc-
terminal resistances. |

A balanced circuit is used in which the
cathodes of the two 6K6G tubes are con-
nected together and returned through a

50,000-ohm resistor to a negative point on

the power supply. The power supply is
conventional and provides the plate volt-
age of plus 20 volts, the cathode-return

voltage of minus 40 volts, and the heater
voltage of 5.0 volts.

Because of the high value of cathode
resistance, an unusually high degree of
self-regulation is secured. However, this
is not accompanied by any appreciable loss
in sensitivity since a push-pull action takes
place that minimizes the degenerative
effect normally obtained in a single-sided
circuit. As a result of this self-regu-
lating action, the indicator is highly stable
and independent of line-voltage variations
over a wide range.

Possible error that might arise as the
result of grid current is eliminated by
reducing the grid current to a very low
value and by placing the balance switch
in the bridge voltage-supply circuit rather
than in the indicator circuit. The choice
of tube type, operating conditions, and
circuit design all combine to reduce
the grid current to less than 0.0001
microampere,

The galvanometer is protected against
injury by means of the 2-megohm resistor
in the grid circuit and the 50,000-ohm
cathode resistor. Both of these combine
to prevent an excessive increase in cathode
current and consequently in the current
through the galvanometer. At the same
time, the grid resistor and capacitor form
a filter that prevents an indication as the
result of stray alternating voltages.

Because of the extended high-resistance
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range of the bridge, care must be taken
to prevent stray leakage paths from im-
pairing the accuracy of measurement.
Greatly improved performance can be
obtained by using a conducting rather
than an insulating panel. Where a metal
panel is used, the leakage paths which
exist are not between the several junctions
of the bridge but are directly to the guard
terminal which is connected to the panel.
This is especially important because of the
fact that the vacuum-tube indicator and
1ts associated plate leads are in proximity
to the panel, and any leaks between these
leads and points in the bridge circuit
would produce an error.

As far as the insulation of points 1 and 2
from the panel is concerned, the values of
shunt-leakage resistance must be high in
comparison with 100,000 ohms, the latter
being the maximum value of resistance
used in the A and B arms. This condi-
tion is easily satisfied. The voltage used
to supply the bridge must also be carefully
insulated from the panel, since any leak-
age to the panel will appear as a shunt
resistance across the A and B arms.
Again this leakage must be kept to a
value high in comparison with 100,000
ohms.

The point at which the insulation must
be of the highest quality is at the high
terminal of the unknown resistance R.
To satisfy this requirement a ceramic
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insulator that has low surface leakage is
used. Separate insulators are used for
the two terminals of R so that these two
terminals in conjunction with the panel
form a three-terminal network in which
the leakage to the panel does not affect, the
accuracy; the only effect of leakage
between the high terminal of R and the
panel is to lower slightly the sensitivity of
balance where high values of resistance
are being measured. As long as the leak-
age resistance between the low terminal
of B and the panel is high in comparison
with 100,000 ohms, the accuracy is not
impaired.

The measurement of resistances above
100 megohms is preferably made by using
a 100-megohm standard in the C arm.
An inexpensive and satisfactory standard
can be made by placing ten 10-megohm
resistors of the metallized type in series.

To reduce errors due to switch-contact
resistance, the minimum value of resist-
ance used in the ¢ arm is kept to 1 ohm;
this minimum value is used for the meas-
urement of resistances below 1 ohm.
Since the switch-contact resistance is less
than a milliohm, the error from this source
will not exceed 0.1 per cent.

Heavy bus bars should be used to con-
nect the low side of R to the battery
junction 1 and the high side of R to the
indicator junction 3. Alternatively, the
need for these heavy leads can be reduced
by wiring the indicator to the high termi-
nal post of B, and by wiring one side of
the bridge supply voltage directly at the
low terminal post of R. Where this
arrangement is followed, the internal
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lead resistances connecting the R arm
with the A and C arms appear as part of
the A and C arms rather than as part
of the resistance being measured. Since
the minimum value of resistance ever
used in the A and C arms is 10 ohms,
these lead resistances do not cause any
error provided that reasonably heavy
wire is used.

For the production checking of re-
sistors, the indicator is provided with a
15,000-ohm rheostat which can be preset
so that the maximum allowable error will
cause a deflection in either direction from
the zero to two fixed indices on the meter
scale.

The following values of B and € arms
were used.

SWITCH
10000
3
Q =
-2
witch
Sposi— Range, ohms B, C,
. ! ohms | ohms
tron
1 0.001-1 100,000 1
2 1-10 100,000 10
3 10-100 100,000 100
4 100-1,000 100,000{ 1,000
5 1,000-10,000 100,000} 10,0600
8 10,000-100,000 10,000{ 10,000
7 100,000-1,000,000 100,000} 1 meg
8 1 meg~10 meg 10,000| 1 meg
9 10 meg-100 meg 1,000 1 meg
10 100 meg-1,000 meg 100{ 1 meg
Ext. 100 meg-1,000 meg 10,000{100 meg
Ext. 1,000 meg-10,000 meg 1,000(100 meg
Ext. | 10,000 meg-100,000 meg 100|100 meg
Ext. [100,000 meg—1,000,000 meg 10|100 meg

Jack Avins, A Wide Range Wheatstone Bridge,
Electronics, July, 1939, p. 38. :

Two-tube D-C Vacuum-tube Yoltmeter with Cathode-follower Input

THis circuit was designed to overcome,
by sacrificing some simplicity, the short-
comings of the single-tube voltmeter.
This d-¢ voltmeter is essentially a two-
stage amplifier with the first stage serving
only to couple the source to thesecond
tube. The first stage is a cathode-
follower arrangement and is highly stable
because of the large degeneration. The
6J5 is operated with low voltages on ‘he
heater and plate in order to reduce the
grid current in both tubes. The high
side of the input is connected through a
shielded lead with a 1-megohm isolating
resistor, thus providing an input resist-
ance of 11 megohms. This resistance
could be made larger.

The bias for the 6AC7 is the algebraic
-um of the voltage drops across the two

cathode resistors. The initial plate cur-
rent is balanced out by a No. 6 dry cell.
Instead of this cell, a suitable voltage may
be tapped from the bleeder resistance but
this reduces the sensitivity somewhat.
In order to protect the indicating in-
strument against excessive deflection,
switch S is left open until the heater of
the 6AC7 has warmed up. The sensitiv-
ity can be controlled by the rheostat in
series with the milliammeter. The supply
voltage is regulated by using a VR75
tube.

This voltmeter is strictly linear; the
zero point is stable, and no appreciable
orid current is observable in the 6J5.
An input of 1.5 volts gives a full-scale
deflection on a 5-ma instrument of 1 per
cent accuracy. The circuit is sufficiently

stable so that, by means of a more sensi-
tive indicator, the range of the voltmeter
may be extended upward by a conven-
tional voltage divider across the input.
Because of the filtering action of the input
circuit, d-¢ voltages can be measured
correctly even in the presence of super-
imposed a-c voltages.

J. T. McCarthy, Improved Vacuum-tube Voltmeters,
Electronics, July, 1945, p. 137.
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Two-tube Vacuum-tube Voltmeter Circuit with A-C Plate Supply

Tris voltmeter circuit is suitable for a
wide range of voltage and frequency and
uses an a-c operated triode amplifier fed
by a diode that rectifies the incoming
signal. The readings are relatively un-
affected by line-voltage changes and no
voltage regulator is required.

A 6H6 diode is used as the input tube
when an alternating voltage is to be
measured. One section of this tube serves
as the rectifier of the a-c input, while the
other section is unused. A small resistor
18 used in series with the heater of the
6H6 to lower its filament voltage.

A selector switch is provided so that
either direct or alternating voltages may
be measured. The d-c position of this
switch removes the diode from the circuit
and substitutes the direct voltage that is
to be measured for the rectified output of
the diode. Whichever of these voltages
1s to be used is impressed across the
voltage divider to which the range switch
1s connected. For a given meter range,
this simply selects a portion of the voltage
available and applies it to a resistance-
capacitance filter, after which it is im-
pressed upon the grid of the a-c operated
amplifier.

The diode circuit and the polarity mark-
ing of the d-¢c input terminals are ar-
ranged so that the signal grid of the 6SN7
is always at zero or at a negative potential.
This eliminates practically all grid cur-
rent of the double triode and makes it
possible to limit the total current that
can flow through the meter, even with a
severe overload at the voltage input
terminal.

To assure that the voltmeter produces
an accurate indication at all times, a
Mallory grid-bias cell is used as a stand-
ard with which the a-c operated circuit
can be calibrated. If the cell has first
been aged for about 1,000 hours, and if no
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direct currents larger than 10-7 ampere
flow in the cell circuit, the output voltage
of a 1}4-volt cell may be expected to be
maintained under normal temperatures to
within +2 per cent of its original value for
at least 2 years.

Two of the range switch positions,
labeled Cal. 1 and Cal. 2, are used for
checking the calibration of the meter by
the method outlined above. When the
switch is at Cal. 1, a known direct voltage
from the bias cell is connected between
ground and the bottom of the voltage-
dividing resistor. The adjustable re-
sistor R, is varied until the meter deflects
to a calibration point on the scale of the
moving pointer meter. The range switch
is then set to Cal. 2, and the resistor R is
adjusted to give a meter indication of
zero. These two adjustments are re-
peated in succession until the meter indi-
cates zero at Cal. 2 and up to the marked
point at Cal. 1, at which time the instru-
ment is correctly calibrated.

Experimental checks show that changes
of +10 per cent in line voltage result in
variations of less than +2 per cent in the
indication of the meter throughout all

917
4 MEG - -t
0.25:E
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300V
1,000 ™,
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reading ranges both on the a-c and on the
d-c settings.

The input impedance of the instrument
with the switch on the d-c position is a
resistance of 10 megohms shunted by a
capacitance of 15 uuf. With the switch
on the a-c¢ position, the impedance 1is
rather complicated because of the rectifier
action of the diode, but the loading effect
upon most circuits encountered in ordi-
nary laboratory work has been found to be
negligibly small,

The instrument is useful and reliable
for frequencies between 50 and 20 X 106
cycles. Over this range, the a-c-operated
voltmeter should be accurate to within 5
per cent of full scale deflection.

Any vacuum-tube voltmeter of this
peak-reading type is subject to serious
errors if a calibration based upon root-
mean-square sinusoidal voltage is used to
measure voltages of nonsinusoidal wave
form. A percentage error, equal to the
percentage of harmonic amplitude present
in the voltage being measured., is possible.

James Norton Thurston, An A-C Operated Vacuum
Tube Voltmeter, Elecironics, October, 1943, p. 102,

Tube Tester for High-power Thyratrons, Phanotrons, and Other Tubes

THE accompanying circuit has proved
highly satisfactory for checking FG57 and
FG95 thyratrons, FG32 phanotrons, and
872A rectifier tubes for shorts, low ion-
izing potential, erratic operation, and low
emission. The tester operates from a
440-volt single-phase 60-cycle a-c¢ line.

If it 1s assumed that switeh S, is in the
position which disconnects the anode,
grid, and cathode from their respective
circuits and that switch S; is closed, the

. filament of the tube under test is being

heated by the secondary of transformer
Ts, which in turn is supplied by the
secondary of transformer 7.

With S; and S, in the above positions,
switch S; is rotated to apply 110 volts in
series with the neon tube between grid
and cathode, grid and plate, and cathode
and plate in turn of the tube being tested,
as a shorted-electrode test.

Throwing switch S, to its other position
applies all voltages to the tube under
test and permits regular tests on the

tube. The grid potential at the instant
that the tube becomes conductive is read
on the voltmeter. The plate current is
then read on the 10-ampere d-c ammeter
in series with the load resistor, which is of
such value as to allow the passage of
rated load current for the tube. The tap
and switch S are provided because some
of the tubes tested have a different plate-
current rating.

Under the foregoing conditions trans-
former T is also energized. It applies a

a
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rectified voltage between the grid and
cathode of the tube under test, through
the type 80 rectifier tube and the brute-
force filter, which consists of C, and C»
and choke L;. The grid is negative with
respect to the cathode here, and the value
of the grid-cathode voltage is deter-
mined by the setting of the potentiometer
in series with the 3,000-chm resistor,
which together serve as voltage divider
and bleeder. The value of this voltage is
indicated by a 25-volt d-c¢ voltmeter.
Capacitor Cs maintains the grid at a
constant potential, which is independent
of ripple voltage or surges. Si is a
normally open pushbutton switch, serving
to bring the grid to zero potential as a
check for intermittent operation of the
tube.

To test an FG57 thyratron, all switches
are in off positions, and the potenti-
ometer is in its minimum-voltage (coun-
terclockwise) position. Insert tube In
socket, and connect grid lead to cap on top
of tube. Close switch S;, and wait until
condensation has cleared from sides of tube.

Rotate switch S; through its three
positions, and observe the neon tube.
If both sides of tube light simultaneously,
a short circuit is indicated, and the tube
should be discarded without further test.

Close switch S, and rotate the potenti-
ometer slowly in the clockwise direction
while watching the grid-voltage meter.
The tube should ionize when the grid
meter reads 5 volts. If the reading is
appreciably lower, a weak tube is indi-
cated, and the tube should be discarded or
marked Weak. After the tube has
ionized, advance the potentiometer to
its extreme clockwise position, and ob-
serve the reading of the plate-current
meter. This reading should be 2.4
amperes. A lower reading indicates low
emission, and consequently a weak tube.

Press pushbutton switch S; to short-
circuit the grid to the cathode. The tube
should ionize each time this switch 1s
depressed, regardless of the setting on
the potentiometer. This switch is in-
corporated to facilitate locating tubes
that may be erratic in operation.

To test an FG95 thyratron, all switches
are in off positions, and the potentiom-
eter is in minimum-voltage position.
Insert an FG95 tube in socket, connect to
cap on top of tube, and connect to cap
on side of tube. Remainder of procedure
is identical with that given above.

For the FG32 phanotron, all switches
are in Off positions, and Se is in open
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position. Insert an FG32 tube in socket,
and connect to cap on top of tube.

Close switch S;, and wait until condensa- .

tion has cleared from sides of tube.
Make leakage test as outlined for FG¥T.
Close switch S,, and observe reading on
plate-current ammeter, which should be
2.4 amperes.

The procedure for testing the 872A
rectifier tube is exactly the same as for
the FG32 thyratron except that switch
S must be in its closed position and that
the plate current should read 1.4 amperes.

V. P. McKinney, Thyratron Tube Tester, Electronics,
July, 1943, p. 128,

Vacuum-tube Circuit for Use as Rheostat in Calibrating D-C Meters

D-C VOLTAGE SOURCE

RANGE SELECTOR
50,000

X5 I0H
__-/ f 1000 \ .
115V ' ' _: 12,5600
60~ i
g 500
VR 150(,
g 490, -
STANDARD /7 1000
: FILTER

TeE calibrating of d-¢ measuring
instruments during manufacture or the
rechecking of accuracy during use re-
quires a d-c source of power that provides
an accurately known and smoothly
variable voltage. The drawbacks of
carbon-type potentiometers in conven-
tional voltage-dropping circuits for both
batteries and power packs led to investi-
gation of vacuum tubes as rheostats.

A tube having a sharp cutoff, such as a
6N7 operated as a single triode, gives a
plate-cathode resistance variation from
about 3,000 ohms up to practically infinity

CALIBRATION
CONTROL

when grid bias is varied over a range from
a positive value of a few volts to just
beyond cutoff bias. This permits use of
the vacuum-tube rheostat in series with
the source for voltage-dropping purposes
rather than as a voltage-dividing potenti-
ometer. The 25,000-ohm potentiometer
for bias variation is a wire-wound unit
having long life at the low grid-current
values encountered.

The meter to be checked is converted
to a 100-volt d-¢ voltmeter by appropri-
ate multiplier resistors in series and 1is
connected in parallel with the precision

METER

BEING
CHECKED

standard 100-volt meter in the instru-
ment. Both meters are fed-by a regu-
lated full-wave power pack through the
series vacuum-tube rheostat. The volt-
age is varied from 0 to 100 volts by
adjusting the 25,000-ohm potentiometer
in the grid circuit while the readings of the
two meters are compared. Fine adjust-
ments of voltage are obtained with a
1,000-ohm rheostat serving as vernier
control in the grid circuit.

Roscoe Ammon, Production Testing of Panel Meters
Electronics, February, 1946, p. 170.




Tais transient peak voltmeter uses the
fast transient signal of the circuit under
test to charge a lowsleakage capacitor
through a diode in the voltmeter circuit.
The high inverse impedance of this diode
allows the capacitor to remain charged for
a considerably longer period than that of
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the signal. By making the capacitor’s
discharge time sufficiently long, the initial
charge can be measured by means of a high-
input-impedance balanced bridge contain-
ing a d-c¢ instrument between the arms.

The circult will measure the peak value
of the input signal and hold the reading
for several seconds or until reset by the
manipulation of the reset switch. There
are four input voltage ranges, of 1, 5, 10,
and 50 volts full scale, to cover the most
generally used range of voltages. Higher
or intermediate ranges can be added if
desired. Lower ranges could be provided
by the addition of suitable amplifiers.
The input circuit has a constant input
impedance of 20 megohms and contains
a blocking capacitor that prevents direct
current in the measured circuit from
affecting a measurement.

The frequency-response characteristics
of such a voltmeter can best be considered
as the response to single transients with
various times to the peak. Assuming
the pulses to be the equivalent of one-half
cycle of sine wave, the response is flat
within 2 db from 5 milliseconds to 24
second and time to the peak.

The amplifier-inverter (B) provides a
gain of 10 and inverts the signal-voltage
polarity from positive to negative. The
amplified and inverted signal then goes
through the impedance transformer (C),
which 1s no more than a cathode-follower
circuit used to match the plate circuit of
the amplifier to the low-impedance diode
hold-on circuit (D) which charges a

low-leakage capacitor to the peak value
of the incoming signal. The charging
impedance of this circuit is low but the
discharge resistance is extremely high,
in the order of several hundred megohms.

The value of the voltage that is fed
into the hold-on circuit is measured by
the balanced bridge (E). This voltmeter
circuit is designed to have high input
resistance, so that the signal will not be
dissipated by the measuring device. At
the conclusion of a measurement the
hold-on circuit is reset and made ready for
a new signal by the manipulation of the
reset switch (F). This action discharges
the hold-on capacitor.

The potentiometer control R, adjusts
the sensitivity of the voltmeter and is
used during calibration. The control
R is the zero-set adjustment that provides
balance between the tubes of the volt-
meter bridge.

The voltmeter bridge is a double
cathode-follower arrangement, with the

input signal applied to the grid of tube
VTs, the balance potential applied to the
grid of VT, and the indicating instrument
connected between the cathodes of these
two tubes. The compensation network
in the grid circuit of ecathode-follower
tube VT consisting of resistances R,
Rs, and C, improves the frequency
response of the preceding amplifier tube
VT, by increasing the input impedance of
the cathode-follower circuit. The bias
cell in the input to V75 is necessary in
order to cancel the diode potential that
otherwise would cause a spurious zero
reading. The presence of this cell re-
quires that the reset switch be connected
to discharge the capacitor without shunt-
ing the bias cell.

The voltage that is applied across the
balance or zero-set resistor K, is in prac-
tice obtained from a small C battery.

C. Ryerson and M. Aronson, Transient Peak Volt~
meter, Electronics, September, 1945, p. 110,

Balanced Cathode-follower Input for Stabilized VTVM

THE circuit shown provides linear
response and avoids the use of a battery
to balance out the initial tube plate cur-
rent. It stabilizes easily against line-
voltage variation; hence a stabilized
power supply is not usually required.
The two 6AG7 tubes and the two sides of
the 6SN7GT should be approximately
matched for optimum stability.

A deflection of 10 ma can be obtained
for an input of 2 volts, but the circuit is

6SNT-GT

6SNT-GT BAGT

usually operated conservatively with the
constants shown so that 1.5 volts produces
a reading of 5 ma. When a l-ma meter
is used, satisfactory performance is ob-
tained with a full-scale deflection corre-
sponding to 0.3 volt. Slight effects of

~ line-voltage fluctuations are observable at

this sensitivity.

J. T. McCarthy, Improved Vacuum-tube Volt
meters, Electronics, July, 1945, p. 137.
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Two-tube Precision Moisture-testing Circuit for Granular Material

THis circuit measures the moisture
content of such things as cattle foods,
seeds, dehydrated foods, straw, tobacco,
malt, clays, and plastic powders and is
remarkable for its accuracy and simpli-
city. Most readings are correct to
within about 0.5 per cent moisture, and
different unskilled users can easily obtain
vesults differing by less than 0.2 per cent.

The circuit is designed to respond to
capacitance or a-¢ conductance changes or
to any combination of the two, the latter
condition being very suitable for produc-
ing a linear scale of moisture. Another
advantage is that a rise in temperature
produces a decrease in dielectric constant
and an increase in conductivity so that a
combined method of measurement enables
over-all temperature variations to be
minimized,

The material to be examined is placed
“in a test cell and a constant alternating
voltage applied. The resultant current
is the vector sum of the conduection cur-
rent, which is in phase with the applied
voltage, and the capacitance current,
which is in quadrature with it. This
resultant current is passed through a
fixed resistor and the potential difference
at its terminals contains two components
in quadrature that are proportional to the
capacitance and conductance of the
material being tested.

A voltmeter is connected to the termi-
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nals of the resistor so that it measures the
comporent of the total voltage which
bears a definite phase relationship to the
main supply or some auxiliary voltage.

If there is a suitable phase relationship
between the cell voltage and the reference
voltage, the voltmeter can be arranged to
indicate only that component of the
resistor potential difference which is
proportional to the capacitance of the
cell or the component which is propor-
tional to the conductance, the change
from one to the other being made by
moving the cell voltage through 90 de-
grees. Should the phase be intermediate
to these points, the voltmeter will indicate
a proportion of the capacitance and
conductance voltages.

The two tubes receive equal anode
voltage from the center-tapped trans-
former but with opposing phases. In
series with the cathodes are resistors R,
and R, with a variable linking resistor.
Both grids are joined, and the voltage
to be measured is applied to them so that
the resultant voltage operative in the
anode circuit of one tube is puV 4V
while the other is uV — V, V being the
anode voltage.

The indicating instrument is a d-c
microammeter connected across the two
cathode resistors. A 50-henry choke is
connected in series with the indicator to
prevent alternating current from flowing
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through it, and the combination is by-
passed by capacitor Ci.

In operation, the tubes pass pulsating
current, and the meter indicates the
difference in the mean potential of the
cathodes, which will be determined by
the two anode voltages. To adjust the
indicator to zero, the variable resistor
joining the two cathode resistors is ad-
justed when the grid potential is zero, which
takes place when the test cell is empty.

Automatic protection against overloads
is obtained since resistors RE; and R:
determine the bias applied to the grids; if
a large voltage is accidentally applied to
the instrument, the grids automatically
acquire a large bias.

R

R
255000

——

John H. Jupe, Rapid Moisture Testing of Granular
Material, Electronics, May, 1948, p. 180.

Vacuum-tube Voltmeter Circuit for Measuring Interelectrode Capacitances of Vacuum Tubes

DxesiGNED for production measurement
of interelectrode capacitance of vacuum
tubes, this instrument uses a single fixed
standard, whose magnitude made an
accuracy of one-half of 1 per cent readily
obtainable, a range multiplier which
could be voltage-calibrated, and a direct-
reading capacitance indicator.

The equipment will readily measure
other capacitances than those between
vacuum-tube elements, and adequate
measurements can be obtained without
shielding of the test specimen when its
geometry is determinate and the sample
can be directly connected to the ends of
the coaxial cables. Small fixed and
variable capacitors may be measured, and
characteristics which can be correlated
with capacitance can be determined with
the use of small samples.

The instrument consists of a power
supply, oscillator, vacuum-tube voltmeter,
and shielded junction block with associ-

ated tube adapters. The power-supply
unit is fed by a voltage-regulating trans-
former and comprises separate supplies for
the vtvm and oscillator.

The oscillator 'is a crystal-controlled
Pierce type driving a 6L6 amplifier, part
of whose output is fed back through a
rectifier to provide automatic amplitude
control. The voltage source is thus
stabilized - against line-voltage changes,
frequency drift, and output-voltage am-
plitude variation arising from detuning
and switching of load. The output of the
oscillator is fed into a three-step decade
attenuator which then feeds the voltage
to the measuring network.

The vtvm is a high-gain three-stage
band-pass amplifier, the input of which
contains the dividing elements of the
measuring network. This amplifier 1is
followed by an impedance-changirg tube
that drives the l-ma 6-inch indicating
meter through a rectifier. Meter pro-

tection is provided by the circuit overload
characteristic, which keeps the meter
current from exceeding 2.3 ma for any
value of input voltage. The range
selector is a single control driving the
attenuator and the divider switches that
are linked by a gear and rack drive.

Calibration of attenuator steps 1is
accomplished by supplying voltages from
a calibrated source. This method has
two primary advantages: (1) The ecali-
bration can be made against a single
accurate standard of capacitance, and (2)
the remaining ranges can be calibrated as
voltage decades from the first range.

Variations of residual capacitance are
eliminated by use of an adapter each of
whose contacts is in a separate completely
shielded compartment.

The adapters plug into a universal
shielded socket, having all the pin
contacts carried through shielded cham-
bers to a series of receptacles mounted




on an inclined periphery of the socket.
This socket is in turn mounted upon and
shielded from a casting whose periphery
carries two banks of parallel-connected
receptacles. Each bank is shielded; one
bank connects to the oscillator and the
other to the vtvm. Patch cords between
the lower banks of receptacles and the
receptacles in the socket serve to connect
the tube elements into the measuring
circult in any arrangement required.
The base casting also contains a 50-uuf
standard capacitor.

The instrument is readily operated,
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the controls being merely those for
range and calibration. The gain of
the vacuum-tube voltmeter is set, with
the standard in place of the unknown,
for a meter reading of 0.5. The tube
elements are then connected so that the
unknown capacitance is between the vivm
and oscillator circuits. The shield is
grounded or connected to cathode, as re-
quired by the applicable test specification.

The capacitance between the tube ele-
ments being measured is the product of
the meter reading and the multiplier
dial setting. In the event that any of the
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readings fall upon the low end of the scale
and greater accuracy is required, the range
of the instrument can be varied by chang-
ing the calibration point, t.e., calibrating
at 1.0 instead of at 0.5 provides full-scale
ranges of 50, 5, 0.5, 0.05, and 0.005 uuf.
For production testing, other points of
calibration may be selected so that the
limits of measurement fall on a single
scale for one range setting.

L. Y. Hanopol, Production Tester for Small Values of
Capacitance, Electronics, September, 1945, p, 160.
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Inverted-triode Circuit for Measurement of Extremely Small Currents

A New electronic tube can measure
hydrogen-ion contents of chemicals (pH),
minute currents produced by phototubes,
ion current in mass spectrometers, alloy-
ing constituents of steel, and minute
quantities that previously required an
electrometer or its equivalent.

In this tube the outer electrode, which
is normally the plate in an ordinary
vacuum tube, is used as the control grid.
This inversion minimizes the space-
charge effect, thereby making it possible
to select a value of grid bias that will
result in zero grid current.

Currents as low as 1074 ampere can
be measured and as low as 10~1% ampere
can beindicated. Direct potentials can be
measured to a sensitivity of 10— volt in
circuits having up to 10'2 ohms resistance,

The tube is termed an inverted triode
because the outer electrode, which is
normally the plate in an ordinary vacuum
tube, is used as the control electrode or
grid in this tube. This places the control
electrode at a maximum distance from the
space-charge region surrounding the fila-
ment, thus minimizing the amount of
electrons collected by the control elec-
trode. In this manner, the current to the
control electrode is held at a minimum.

The mesh mounted between the fila-
ment and the control electrode is used as
the anode. This construction provides
more radiating surface to the grid, de-
creasing its temperature and possible
thermionic emission. The control ele-
ment, or grid, being farthest from the

filament, receives less heat and light from
the filament, thus decreasing emission
from the grid.

The filament is operated at a low tem-
perature to minimize the emission of
photoelectrons and of primary electrons
from the grid. All the electrodes are
operated at rather low voltages to reduce
the possibility of ionizing residual gas
in the tube, which would cause positive
ion current in the grid circuit.

In taking measurements of extremely
minute currents, the electrostatic charges
that build up on the inside surface of the
glass bulb produce a sufficiently high
electric field to affect the over-all sensitiv-
ity of the tube. This electric field also
makes consistent results practically im-
possible. To eliminate this condition, a
small piece of spring wire is mounted with
a slight pressure against the inner wall
of the glass bulb. The connection is
then brought out to a base pin and con-
nected to an electrical ground with respect
to the other electrodes. If not thus
neutralized, electric fields created by the
charge on the glass bulb can easily be of
sufficient magnitude to exert a greater
control over the electron flow than is
obtained from the control electrode.

A microammeter, or a galvanometer,
must be used in the plate circuit to meas-
ure the small currents. The output may
also be fed into a suitable voltage ampli-
fier, in which case the RH507 tube will
serve as a coupling device between the
source under measurement and the am-
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plifier proper. A typical electrometer
circuit using a microammeter, or a

galvanometer, is shown.
The tube and all leads from the voltage

supply should be shielded carefully from -

stray magnetic or electrostatic fields.
It is also necessary to shield the tube
from light as there may be some photo-
electric effects while sensitive readings are
being taken. It is advisable to mount
the tube in a reasonably tight shielded can
containing a drying agent, such as calcium
chioride or phosphorous pentoxide, to
protect it from moisture condensing on the
bulb surface.

The filament current is very critical
and must be held constant. If there is
any drift due to battery or other changes,
the plate current will naturally shift,
which will affect the constancy of the
readings. It is therefore advisable to
use only a battery which has been sea-
soned or has been stabilized so that its
voltage has become practically constant.

Inverted Triode for Industrial Measurements,

Electronics, December, 1944, p. 176,

Resistance Strain Gage Calibrator for Rapid Visual Tests

Tais circuit has proved extremely
useful as a limit indicator for calibrating
strain gages in the process of manufacture
and the routine check of gage installations.
Considerable saving of time is effected as
compared with previous methods in
which a galvanometer is used as the
indicating device.

The instrument consists of a null-
balance circuit using 6KE5 tuning-eye
tubes as nuil indicators.

The gage under test is connected to two
terminals on the front panel. Evidence
of faulty wire in the gage, open gages,
corrosion of the wiring junctions, or poor
insulation of the gage to ground is
immediately apparent as either complete
opening of the shadow angle or as an

erratic flutter in this angle. Change of
resistance in a gage due to aging or other
factors may be determined in terms of the
standard gage resistance by noting the
point on the dial at which balance is
obtained. The balance dial is graduated
in percentage of tolerance.

The gage to be tested becomes an arm
of the bridge circuit. Resistors have
been provided in the bridge to accommo-
date 200-, 400-, and 800-ohm gages.
Other sizes could be taken care of by
additional resistors in the reference arm
of the bridge.

With the balance potentiometer set to
center position (zero on the dial), any
unbalance of the bridge will be applied to
the first tube of the voltage amplifier.

The amplified output (60 cycle) of the
amplifier is applied to the two grids of the
tuning-eye tubes in parallel. Since these
tubes have 60-cycle alternating current
on their plates, the shadow angle of one
or the other of the tubes will change,
depending on the phase relation of the
grid signals with respect to the plates.
The amount by which the balance
potentiometer must be moved in order to
return the bridge to balance is a measure
of the gage resistance with respect to the
standard resistors in the bridge circuit.
Balance is indicated by the return of the
shadow angles to their original setting.
The shadow angles of the 6E5 tubes are
usually adjusted as close to zero as possi-
ble by means of the 1,000-chm potenti-
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ometers that vary the grid bias of the 6E5
tubes. The check-read switch is turned
to the Check position for this adjustment
to remove the voltage from the bridge.

Resistors By, R., R3;, K and REj are all
precision wire-wound-+ resistors whose
accuracy is better than 0.05 per cent.
These are used as a standard reference.
The dial is calibrated by using an addi-
tional set of precision resistors with the
specified tolerance. The dial divisions
represent percentage of deviation from
the nominal values of 200, 400, and 800
ohms., This marking was used since the
calibration will be same for all three
ranges.

Spread of the dial may be varied by
adjustment of padding resistors R and
R;. To make this adjustment, the unit
must be removed from the case and the
dial recalibrated.

In using the test set to check a gage
already installed, the gage in question is
connected to the proper terminals on the
front of the set. If the shadow angle has
been properly adjusted beforehand and
the dial is at zero, the change in angle, if
any, will indicate deviation in resistance
from that of thestandard. Erraticflutter-
ing of the shadow angles indicates faulty
installation.

If the set is to be used for adjusting
gages during manufacture, the procedure
1s the same as above except that the bridge
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is made to balance by adjusting the
resistance of the gage itself. This may
be done while the gage is connected in the
circuit. The advantage of this method is
that the operator may use both hands for
soldering and adjusting, while at the same
time observing the shadow angle.

It is possible to hold gages to better
than 0.02 per cent of the value of the
standard resistors with this method,
without sacrificing quantity of produection.

E. H. Heinemann, Test Set for Strain Gages, Elec-
tronics, July, 1944, p. 146,

Wheatstone Bridge with Amplifier and Cathode-ray Indicator for Testing Water Purity

Purity of distilled water can be read
directly in terms of conductivity with
this simple a-¢ Wheatstone bridge ar-
rangement. Ior convenience the scale
is calibrated 0 to 15 parts per million in
terms of sodium chloride.

A conductivity cell and the liquid in
which it is immersed constitute the un-
known resistance. Resistors R, and R,
are the standard resistors, and resistors
Rs and R, together with the slider on R,
form the ratio arms of the bridge. Re-
sistor R. 1s employed for temperature
compensation and has a dial marked in
degrees. A dial on resistor Esi carries
the concentration calibration.

Voltage for the bridge circuit is derived
from a winding on the power transformer.
Plate voltage for the operation of the
6F5 amplifier tube and the 6AF6G
indicator tube is supplied by the center-
tapped 150-volt winding of the power
transformer through a 6HG6 rectifier tube.

The latter is arranged in a frequency-
doubler circuif.

The detector junctions of the bridge
are connected to the grid and cathode of
the 65 amplifier tube. Unbalance volt-
age from the bridge circuit is applied to
the grid and cathode of the 6F5 amplifier
tube and tends to close the shadow angle
of the indicator tube. When the voltage
across the detector junctions is zero, the
indicator tube is opened to its maximum
shadow angle. Throwing the bridge off
balance in either direction results in
closing the eye.

If the amplifier and indicator tubes
were operated at the line frequency
instead of twice line frequency, the eye
would open if the bridge were thrown off
balance in one direction and would close
if the bridge were thrown off balance in
the other. The frequency-doubling ar-
rangement eliminates this difficulty and
at the same ftime retains the inherent

simplicity of a completely a-c-operated
instrument.

The conductivity scale of the meter is
calibrated from O to 15 parts per million
and can be read to 0.25 ppm in the range
from 0 to 5. The temperature-correction
scale has a range from 64 to 190°F.

Water Purity Tester, Electronics, December, 1943,
p. 162.
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Cathode-follower Circuit Permits Use of Tubeless Probe for YTVM

WrtH this circuit, the r-f circuit loading
due to the input admittance of the meas-
uring instrument ig reduced by employing
a cathode follower in the input circuit of a
vacuum-tube voltmeter.

The circuit is practically as effective as
a vacuum-tube probe and has the advan-
tage of permitting the tube to be located
some distance away from the circuit under
test.

The cathode follower is fed through a
shielded conductor. The shield is not
grounded but is connected directly to the
cathode of the tube. The capacitance of
the shielded conductor thus is added to the
grid-cathode capacitance of the cathode
follower, but because of the cathode-fol-
lower characteristics this total capacitance
does not appear as such at the input
terminals. The effective input capaci-
tance at the probe terminals is the total
capacitance between grid and cathode
multiplied by a reduction factor that by
proper design may be 0.01.

The circuit 1s useful at frequencies up to
several hundred kilocycles. It employs
a type O6SF5 high-mu triode operating
with E, = 100 volts, I, = 0.4 ma, and
E, = —1 volt.

Circuit constants are E, = 200 volts,

C, = 1,000 uuf, B, = 10 megohms, R, =
2,500 ohms, and R = 250,000 ohms.

The published values of u and @,, for
these conditions are 100 and 1,150
micromhos, respectively, giving a value of
a = 0.013. The 2-foot length of 60-uuf
per foot shielded cable used as an input
lead should appear as a shunt capacitance
of only 2 X 60 X 0.013 = 1.6 puf. With
total grid-cathode resistance of 5 meg-
ohms, the apparent shunt input resistance
is 5/0.013 = 380 megohms.

The measured input impedance of this |

circuit was found to be approximately
5 puf in parallel with 300 megohms at
frequencies from 1 to 500,000 cycles, the
difference between 5 uuf and 1.6 puf being
accounted for as the grid-to-ground
capacitance within the tube. The volt-
age gain is about 0.98.

The chief limitation of the high-
frequency operation of this circuit is the
cathode-ground capacitance, since this
must be considered as shunting the cath-
ode resistor for the purpose of evaluating
Zi. 'The high-frequency limit evidently
may be extended by using a tube having
a higher transconductance and requiring a
lower value of cathode resistor. The
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low-frequency limit may be extended by
increasing the value of C,.

The cathode-to-ground impedance of
the tube appears relatively low even for g
source impedance as high as several
megohms, and hum pickup is much
reduced as compared with an unshielded
lead. For low-level measurements, a
double-shielded cable may be used, the
inner shield being connected to the
cathode and the outer one to ground.
With the double shield, the cutoff value
will be constant and independent of
location but it will be lower because of the
increased cathode-to-ground capacitance.

Howard L. Daniels, Tubeless Probe for YTVM,
Electronics, February, 1945, p. 125,

Electrometer Circuit Using Type RH507 Inverted Triode

Ix this circuit, a type-RH507 inverted
triode is operated with zero grid current
as required for the measurement of cur-
rents as low as 10—1% ampere and will indi-
cate the presence of 1016 ampere, which
represents a flow of about 625 electrons
per second. Direct potentials of 0.0001
volt may be measured in circuits having
up to 10!2 ohms resistance.

Use of the outer electrode as the con-
trol grid minimizes the space-charge
effect, making it possible to select a value
of grid bias that will bring the grid current
down to zero for any anode voltage em-
ployed in the range from 4.5 to 9 volts.
Good C batteries may be used for both
the grid and anode voltage supplies. An
air cell battery or No. 6 dry cells may be
used for the filament provided that they
are seasoned, because the filament current
is critical and must be held constant.

The tube should be mounted in a
reasonably tight shielded can containing
a drying agent to minimize surface leak-
age. All leads from the voltage supply
should be shielded from stray magnetic or
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electrostatic fields, and the tubes should
be shielded from light to prevent photo-
electric effects while readings are being
taken. Wherever possible, all leads from
the electrodes should be air insulated.
Any feed-through insulators used should
be quartz glass or a similar material that
offers extremely high resistance to surface
leakage.

The high sensitivity of this circuit,
when used alone or fed into a suitable

L + & v+
1 I ]

i} it
amplifier, permits measurement of hydro-
gen-ion concentrations, currents pro-
duced by phototubes when subjected to
starlight, ion current in mass spectrom-
eters, and other minute quantities that
previously required an electrometer or its
equivalent.

W. A. Hayes, RH-507 Inverted Triode, Radio News
(Radio-Electronic Engineering edition), January,
1945. “

el e n e e mr e el e -

g d



MEASURING CIRCUITS

Sensitive Feedback Voltmeter with High-range Milliammeter

A USEFUL instrument for a-f measure-
ments is the feedback voltmeter, con-
sisting of a resistance-coupled amplifier
feeding a diode rectifier and a d-¢ micro-
ammeter. Negative feedback is applied
between the output rectifier and the
amplifier input stage, to make the whole
system stable and linear.

The circuit shown permits the use of an
insensitive indicating instrument. The
diode is operated into a high-resistance
load and followed by a current-amplifier
stage operating the indicating meter.
Negative feedback is run from the output
of the current amplifier back to the inpus
of the first stage.

The voltmeter diagrammed wuses a
125-ohm per volt d-c¢ instrument reading
8 ma full scale as the indicating means.
With about 22 db of feedback in use, full-
scale deflection requires 0.4 volt rms
of signal at the input. The relation of
input voltage to meter deflection is linear
over the whole scale.

Stability is satisfactory for most pur-
poses. The apparent disadvantage of a
zero adjustment (absent in the voltmeter’s
prototype) is not serious in practice.
Decreasing the line voltage from 110
to 80 volts shifts the zero reading by one
small division, only 214 per cent of full
scale. On the incremental calibration
this line-voltage change has no discern-
ible effect. Changing tubes in current-
amplifier position V4 may shift the zero
setting by a small percentage of full scale,
but readjusting control P; readily brings
the calibration back to its original value.
Changing of other tubes has no detectable
effect on the calibration.

With respect to frequency, no variation
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in response can be read over the range of
40 to 20,000 cycles. (The upper figure
was as high as the available test oscillator
would go.) Below 40 cycles the meter
pointer tends to oscillate with the signal.
It will be noted that the signal component
current cannot readily be filtered out
of the current amplifier because that
component is used to supply negative
feedback.

Tubes V; and V, are used as a conven-
tional two-stage amplifier, feeding into
diode V5. 'The rectified output is applied
to the grid of a 6J5, V4 arranged as a
current amplifier. V, is operated on the
linear part of its characteristic and the
no-signal direct current is balanced out
of the meter by conventional resistor
network R;R.P,. The diode is poled
so that an increase in signal increases the
plate current of V.

The feedback circuit extends from the
cathode of V, through 15,000-ohm re-
sistor B4 to the arm of potentiometer P,

-

which is in the cathode circuit of first
stage V. The usual blocking capacitor
in series with the feedback resistor was
omitted to reduce phase shift. Since the
output end of feedback resistor R4 is at a
fairly low positive potential, 15 to 30
volts, the bias on the 6J7 is not upset
enough to affect its gain,

The zero-adjustment potentiometer P,
gives a range of adjustment plus or minus
5 per cent of full scale. To locate this
range properly, another potentiometer P,
is adjusted with a screw driver. P, being
part of a shunt around the meter, affects
current sensitivity of the stage con-
siderably more than P;. The feedback
control P; is another screw-driver adjust-
ment, covering a range of 15 to 1 in the
over-all gain of the system.

Lawrence Fleming, Sensitive Feedback Voltmeter
with Rugged Milliammeter Indicator, Electronics,
April, 1942, p. 88.

Visual Indicator and Automatic Gain Control for Bridge

THi1S circuit shows a visual-indicating
null detector for use with a General
Radio type 650A impedance bridge.
The accuracy is approximately the same
as with magnetic headphones and no
amplifier. The ave action of the single
stage gives a logarithmic type of input-
output level curve. An auxiliary copper-
oxide rectifier W 1is used across the
tap on the output choke 7' (a push-pull
output transformer) to deliver greater
current to the indicating instrument.
Too much stepdown to rectifier W can-
not be used because of the curvature of the
rectifier characteristic at low voltages.

The speed and damping of a 1-ma instru-
ment movement make it more satisfactory
than a more sensitive instrument because
it is far less fatiguing te the operator than
the use of the ear, and is capable of great
accuracy if the proper ave characteristics
are obtained. A two-or even three-stage
amplifier may be necessary. It also is
essential to use an instrument with a fast,
well-damped movement. The tube fila-
ments can be operated from alternating
current for this type of service.

Lawrence Fleming, AVC Amplifiers for Bridge Null
Detectors, Electronics, January, 1945, p. 198.
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Direct-reading Insulation Tester Using Double-triode Circuit

For measuring resistance up to 100
megohms, this circuit operates as a
conventional ohmmeter. About 950 volts
direct current is developed across four
resistors constituting an internal load on
the section of the 6F8G tube used as a
half-wave rectifier. This voltage is im-
pressed across the insulation under test in
series with a current-limiting resistor and
the 0 to 1 ma milliammeter. By choosing
the series resistor properly, the meter can
be calibrated to read directly in megohms.

When measuring resistance between
100 and 5,000 megohms, the triode
section of the 6F8G (the section with its
control grid connected to the top cap)
comes into use. Potentials are applied to
the electrodes of this triode section
through the voltage divider in such a
manner that the grid is biased just beyond
cutoff. It will be noted that the high-
range jack is connected to the grid

through a 2-megohm resistor. Thus,
when the high-range jack is connected to
the insulation under test, any small
amount of current flowing through the
insulation and through the 2-megohm
resistor makes the grid less negative,
causing anode current to flow. Anode
current flows through the milliameter,
which may be calibrated to read directly
in megohms.

The calibration of the instrument is
somewhat affected by aging of the 6F8G,
and replacement of the tube is usually the
solution when the instrument fails to
read full scale with the test prods shorted
together. Calibration is affected to only
a minor degree by differences in the
characteristics of 6F8G tubes. Variation
in calibration appears to be less than 5
per cent up to 1,000 megohms when tubes
are changed.

The simplest manner of calibrating the
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instrument is to connect known resist-
ances across its terminals and to draw a
suitable scale from the resulting readings.
Suitable resistors are available up to 20,-
000 megohms.

W. N. Lambert, Direct-reading Aircraft Insulation
Tester, Electronics, April, 1942, p. 84,

Limit Bridge with Cathode-ray Indicators for High-speed Testing of Components

SurraBLE for the high-speed testing of
capacitors and inductors, the circuit of an
electronic limit bridge shown below
utilizes a pair of 6E5 cathode-ray indicator
tubes for high and low indication. This
saves the time that might be lost waiting
for a meter needle to come to rest. This
instrument, which involves the circuit of
a modified Wheatstone bridge as shown,
can be used to measure Impedances at

60 cycles from 600 ohms to 2.6 megohms,
which allows coverage of 0.001 to 4 uf in
capacitors and 2 to 7,000 henrys in
inductors. Limit dials are continuously
variable from 0 to 30 per cent low and
from O to 40 per cent high, and accuracy
is within +1 per cent of the standard.

Limit Bridge for High-speed Testing, Electronics,
December, 1945, p. 244.
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Null Indicator with Regeneration for High Sensitivity

Tris circuit is useful where a very
sensitive null indicator is required, as in
the case of a recording potentiometer or of
lie-detector experiments in which skin
voltage and resistance changes are ob-
served. The circuit shown makes use of
controlled regeneration.

The bias in the first tube is supplied by
a voltage drop through a resistor in the
plate circuit of the second tube. The
second tube bias is determined by the
plate current in the first tube. Therefore
a reduction of negative voltage in the first
tube grid will increase plate current and
correspondingly increase the negative bias

on the second tube grid. This reduces the
plate current in the second tube, which
produces a corresponding decrease in the
negative bias of the first grid.

The additional drop added to the origi-
nal signal originates a second cycle of
bias changes, which further adds to the
input voltage to produce the unbalance
current indicated by the galvanometer.
The sensitivity of the indicator may be
increased to a point of instability by
changing the adjustments on E,.

Instability is a factor that is largely
dependent on the input voltage. An
extremely high degree of regeneration

RS 150,000
WW

imms*
{

may be used for very small input voltages,
but if the input voltage exceeds a critical
value for a given adjustment, the plate
current will surge out of control.

Daniel E. Noble, A Regenerative Null Detector,
Electronics, June, 1934, p. 190.
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Electronic Voltmeter and Ohmmeter with 5-ma Meter

A PrRACTICAL electronic voltmeter hav-
ing a d-c¢ full-scale range in the neighbor-
hood of 1 volt when using a 5-ma meter is
shown in the diagram. Voltage ranges
from 1.5 to 500 volts are covered with
an input resistance of 1 megohm per
volt.

The circuit contains a high-transcon-
ductance tube with much less degenera-
tive feedback than is usually the case.
The circuit is of the bridge type to balance
out the initial plate current and to obtain
an initial meter reading of zero. In
operation, the tube serves as one arm of
the bridge, the initial balance of which is
upset by the change in the tube plate
resistance caused by a change in grid bias
as the result of applying a direct voltage
to be measured to the grid circuit.

A resistor is used in series with the
meter to bring its deflection for 1.5 volts
input to the grid to exactly 5 ma. The
sensitivity without this resistor is nearer
1 volt for full-scale deflection. A scale
can be drawn calibrated directly in volts.

By making the primary range 1.5 volts,
it became possible to include an ohmmeter
in the instrument rather simply, using a
single flashlight cell for voltage supply.

This ohmmeter operates upon the princi-
ple of measuring the voltage drop across
the unknown resistance in series with a
known resistance across a known voltage.
The scale is calibrated directly in ohms.
This feature has proved very convenient
for measuring resistance in the megohm
range.

Because of the relatively heavy current
drain on the power supply for such
service (30 ma), i1t was decided to use
somewhat more filtering than is usually
the case in electronie voltmeters. This
heavy current makes the instrument slow
in heating. It takes from 10 to 20
minutes before the slow zero drift is over-
come. This has not proved annoying in
actual use, since after the first 5 minutes
the drift is very slow.

No voltage-regulating circuits have
been found necessary. However, tests
show that the zero setting shifts an ap-
preciable extent with line-voltage changes.
The effects on calibration are negligible
(2 per cent or less for 410 volts in the
line) if the zero is corrected. In a
locality that had rapid or large line-
voltage fluctuations, some form of reg-
ulation of the power supply would be
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necessary to avoid the annoyance of zero
shift.

Edward M. Yard, Electronic Voltmeter with 5-ma
Meter, Electronics, July, 1944, p. 160,

Direct-reading Vacuum-tube Millivoltmeter Using Push-pull Circuit

Tar diagram shows the circuit of a
direct-reading vacuum-tube voltmeter de-
signed especially for the measurement of
biological potentials and which will
operate from a 115-volt a-c power line.

The inherent stability is of a high order
due to the push-pull circuit that is used.
Electrodes are connected to the input
grids of two pentode amplifiers. The out-
put circuits of these tubes produce poten-
tial changes across their respective loads
180 degrees out of phase. Any plate-
supply-voltage variation will be very
nearly nullified since both plates will
follow the voltage change to nearly the
same degree, and thus will have little
effect upon the recording instrument. In
addition, the amplification of pentodes
varies insignificantly with plate-supply
potentials. However, the amplification
changes markedly with a variation in
screen supply voltage. This undesirable
characteristic is removed by the push-pull
arrangement since both screen grids,
varying with a changing supply voltage,
will produce amplified signals in their
respective plate circuits in phase. There-

100,000

100,000

fore no deflection on the galvanometer
that is connected from plate to plate will
occur if both tubes produce the same
degree of amplification.

Varlations in the a-c¢ line voltage cause
filament-current fluctuations that, if of
considerable magnitude, will cause slow
oscillations of the recording device. This
oscillatory motion is ordinarily very slow
due to the thermal inertia of the cathode

emitter of the modern heater type of tube.
However, if it is objectionable, it may

be eliminated by drawing the filament

current from a separate 6.5-volt com-
pensated transformer.

Walter Lyons and Richard E. Heller, A Direct Reading
Vacuum-tube Millivoltmeter, Electronics, November,
1939, p. 25.
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Four-tube A-C Galvanometer Circuit for Bridge Null Indicator

0.002 FIXE? 4+0.003 VARIABLE

THE electronic a-¢ null indicator de-
scribed here provides high effective
sensitivity by a combination of two fac-
tors—high optical sensitivity and high
electrical sensitivity. It also constitutes
a more satisfactory method of detecting
balance of an impedance bridge that
is used to check incoming electric
components.

If balance of the bridge is to be pre-
cisely determined, it is almost invariably
necessary to determine an increment of
minute value. For easiest optical detec-
tion, which in turn means greatest
accuracy, the incremental angle must be
as large a fraction as possible of the initial
angle. This condition is realized with an
initial angle of zero degrees. In another
sense, this arrangement produces what
might be regarded as optical amplification.

The instrument is provided with two
panel controls, one for sensitivity and the
other for indicator bias. The sensitivity
control is simply a gain control R, in the
input circuit of the amplifier, while the
indicator bias control is a potentiometer
Rs; located in the cathode circuit of
the 6E5. 1If a single variable resistor (or
potentiometer) were used here, it could
not be turned through its entire range,
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because minimum bias of about 7.5 volts
is needed at all times. The series resistor
Rs developed this minimum voltage,
thereby making the panel control useful
over its entire range. Variable resistor
R is screw-driver adjusted so that mini-
mum bias can he set exactly as required
for operation or upon replacement of the
6E5. In practice, it is simpler to use
relatively high-resistance potentiometers
for Rs and R, shunting them with a lower
resistance. For this reason, a 15,000-
ohm resistor is connected in parallel with
the 50,000-ohm potentiometers.

The minimum signal that can be de-

tected is 20 pv. With the sensitivity
control set at maximum, zero-degree eye
opening can be secured with signals up to
some 470 uv by proper adjustment of the
indicator bias control.

With minimum bias a signal of about
95 pv will produce a 10-degree eye open-
ing, while with maximum bias this open-
ing is produced by a signal of some 510 uv.
By varying the amount of bias, a 10-
degree opening will result from the appli-
cation of any signal between these limits.

Arthur L. Quirk and Henry D. Hall, A-C Galva-
nometer, Electronics, December, 1945, p. 147.

Cathode-ray Tuning-eye Tube as an Electronic Electroscope

A circulr for making tests of polarity
and voltages (within certain ranges) is
shown that may be considered somewhat
analogous to the old-type electroscope.
It has been found useful in experimental
work. The circuit utilizes the operation
of the shadow angle of 6E5 electron-ray
indicator or similar tube.

The 10,000-ohm variable resistor is
adjusted to provide a suitable bias on the
grid of the tube. It may be adjusted so
that if the grid goes negative the shadow
angle will close, while if the grid goes
positive the angle will open.

If the circuit is to be used in connection
with low impedances, the 200-uuf grid
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capacitor may be eliminated. The pur-
pose of this capacitor is to build up and
maintain a charge for an appreciable time
for those applications in which the tube is
used as an electroscope. If a negatively
electrified substance is brought mnear or
into contact with terminal A, the shadow
angle will close, whereas when the elec-
trified substance is removed the shadow
angle will return to its initial position.
Without the use of this grid capacitor, the
response of the electron-ray tube will not
be sufficiently prolonged to be readily
apparent.

Esten Moen, An Electronic Electroscope, Electronics,
October, 1941, p. 74.

Electrometer for Determining Polarity for Quartz Crystals

MagxiTupE and polarity of small
direct voltages, such as those produced
when a natural quartz crystal is squeezed
between two electrodes, are indicated by
a microammeter in this simple piezoelec-
tric electrometer having its own a-c¢ power
supply. The 6K7 tube used as the elec-
" trometer is connected to the remotely
located power pack by a shielded cable,

usv
A-C

in which the plate lead has its own indi-
vidual shield. Filaments of both tubes
are served by the same filament winding
on the power transformer, one side of
which is grounded. The power supply
should be completely shielded.

Laboratory Xinks, Electronic Industries, August,
1943, p. 99. '
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Automatic Gain Control for Impedance-bridge Null Detectors

IN the use of an impedance bridge it is
helpful if the sensitivity is highest near
the null point and if overloading can be
avoided when the bridge is far off balance.
Both of these can be provided by an
automatic gain-confrol circuit 1n the
bridge amplifier.

The two-stage unit shown has been
successfully employed with a General
Radio 716B capacitance bridge. It per-
mits measurements of both capacitance
and loss factor as closely as the dials can
be set.

A delay voltage is introduced into the
automatic gain-control circuit by a 1.5-
volt battery in series with resistor R.
The signal voltage from the output tube
is coupled by a capacitor to the diode

plate of the same tube to obtain the ave
voltage.

The ave action is not made flat, be-
cause if it were it would not be possible
to teli in which direction to turn in order
to balance the bridge. This characteristic
makes the bridge considerably easier to
operate.

Tuned circuits are formed by 0.005-uf
capacitors with L; and L., which have an
inductance of about 7 henrys and a @ of 7
at 1,000 cycles. Resistor R between the
headphone jack and the tuned circuit per-
mits the use of either crystal or magnetic
headphones without detuning the circuit.

Chokes L; and L2 can be improved in ¢
up to about 20, with a corresponding
drop in inductance, by increasing the air

" TUNED To Ik¢ 0.005

_ TUNED TOTKG
4

AVC LINE

PHONES

gap. The actual inductance of most
chokes that are rated at 10 to 30 henrys
measures close to 7 henrys at 1,000
cycles. Too high a @ is undesirable.

Lawrence Fleming, AVC Amplifiers for Bridge Null
Detectors, Electronics, January, 1945, p. 198,

Negative-plate YTVM for Measuring up to 5,000 Volts

A HIGH-RESISTANCE voltmeter capable
of measuring negative voltages as high as
5,000 volts is shown. The voltage to be
measured is applied to the plate of a 211D
tube, and the grid of the tube forms the
output circuit. Since the plate is nega-
tive, no current flow takes place in this
circuit. The grid is maintained at a
positive potential by the power supply,
and current flow in this circuit is measured
on the milliammeter.

When a tube is used in this manner,
the amplification factor is about equal to
the reciprocal of the normal amplification
factor. The transconductance is small,
and large changes in plate voltage result in
small changes of grid current.

- 21-D

250,000

HIGH
VOLTAGE

€00V

sy
A-C

The grid current-plate voltage curve for
the 211D is practically linear from 500 to

5,000 volts. For the 0 to 3,000-volt
range the current may be read from a
0- to 25-ma milliammeter, or a direct-
reading voltage scale may be used on the
meter. A shunt is provided across the
meter to increase its range to 50 ma when
reading 5,000 volts. Zero adjustment is
accomplished by the variable resistor in
the grid circuit.

At 5,000 volts the current drain from
the circuit under test was found to be 108
ampere and from this the total input
resistance from plate to ground was
found to be 5 X 109 ohms.

M. Kupferberg, Rev. Sci. Instruments, August, 1943,
abstracted as Negative Plate Voltmeter, Electronics,
January, 1344, p. 152.

Vacuum-tube Microvoltmeter for Medical Research

THis circuit i1s a vacuum-tube micro-
voltmeter, used for measuring extremely
small potentials in living-tissue structures
during medical research and for determin-
ing ovulation time in experiments with
artificial insemination.

The mapping of direct voltage gradients
in living structures presents many special
problems, and it requires an instrument of
sufficiently high mput impedance to draw
a minimum of current from the area under
investigation and to be reasonably unaf-
fected by varying resistances.

This Burr-Lane-Nims vacuum-tube mi-
crovoltmeter solves these problems. This

instrument requires little agsociated shield-
ing, contains standard radio parts, and is
conveniently portable. The circuit is a
bridging arrangement using two type
112A radio tubes with a special battery
bias supply for the grids, which is adjusted
to the floating grid potential. Both
tubes have their bases removed.

Associated equipment consists of an
accurate galvanometer and reversible
silver and silver-chloride electrodes that
may be designed for microscopic manipu-
lation.

John D. Goodell, Medical Electronic Practice and
Research, Electronics, April, 1944, p. 96.
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Bridge Null Indicator with Visual Phase Indicator
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DEeLaYED automatic gain control per-
mits utilization of high sensitivity in this
a-¢ bridge null indicator with visual
indication of phase and amplitude rela-
tions. The high sensitivity is easily met
by a two-stage pentode amplifier. At the
same time, a delayed automatic gain
control may be used as overload protec-
tion for conditions far off balance without
destroying the sensitivity at balance.
Harmonic diserimination is accomplished
by using tuned choke or transformer
coupling, while phase is shown by a
cathode-ray type of indicator. In addi-
tion, a sensitive output meter is a useful
supplementary unit.

Input is connected directly to the bridge
through a tuned transformer that is a part
of the bridge itself, as in the General Radio
type 561D. A manual gain control per-
mits reduction of large inputs to below the
value that operates the automatic-gain-
control circuit. The two-stage 6SK7
amplifier has a special interstage trans-
former, made by the American Trans-
former Company, mounted in a mu-metal
shield can. For highest Q, about 13 at
1,000 cycles, the interstage transformer
tuning capacitance is split between pri-
mary and secondary as shown. A first-
stage gain of over 500 is obtained. The
'RC series combination, joining the high

side of primary and secondary, eliminates
high-frequency resonance (around 7,000
cycles) due to the second resonance peak
of a double-tuned circuit. The trans-
former must be correctly poled for this
connection to be effective.

The second 68K7 with a tuned-choke
plate load, which has a 1,000-cycle Q
of about 5, is coupled directly to one
vertical deflection plate of a 2AP1
cathode-ray tube, which serves as an
output amplitude and phase indicator.
A second indication is obtained by reading
the rectified current of one of the 6HO
diodes on the output meter.

The other 6H6 diode, used for auto-
matic gain control, has a positive delay
bias of about 100 volts applied to its cath-
ode. The automatic-gain-control voltage
is applied to the grid of the second 65K7
and gives adequate limiting action by a
combination of bias variation and plate-
circuit overload. The meter shunt is
adjusted to give full-scale indication with
maximum input.

Horizontal deflection voltage for the
cathode-ray tube is obtained through a
separate input from the bridge source,
and is amplified by a single 6SK7 tube
operated with a tuned-choke plate load
(a 6SJ7 is now being used here). The

cathode-ray tube is operated with its
cathode 300 volts below ground through
the 6X5 rectifier, thus providing a second
anode voltage of 600 volts from an ordi-
nary 300-volt power-supply transformer.

An input of 10 microvolts is sufficient to
give an observable indication on either the
meter or the cathode-ray vertical deflec-
tion. As the input is increased, the indi-
cation increases linearly up to about
half scale on the meter, at which point the
automatic gain control begins to operate.
Thus full sensitivity is realized over about
half the meter range, and yet the meter
can never go off scale.

For phase indication on the cathode-ray
tube, a resistive unbalance of the bridge
is caused to give a tilted line on the tube
by adjustment of the horizontal phase
control. An unbalance in the opposite
direction is shown by a reversal of slope
of the line, and perfect balance by a
horizontal line. Reactive unbalance of
the bridge causes the cathode-ray pattern
to become an ellipse. The output indi-
cating meter may be used as a simple null
instrument and also as a quantitative
indicator of the relative amount of input
voltage to the instrument.

C. W. Herold, Bridge Null-indicator, Electronics,
October, 1945, p. 128,
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10- to 50,000-cycle Direct-reading Frequency Meter

Tais wide-range frequency meter con-
tains a limiter in the input stage for
clipping the peaks of a, cycle. A square
wave results regardless of whether the
input frequency is a pure sine wave Or one
having distortion and irregularities. The
input sensitivity is slightly more than 1
volt and the input impedance is greater
than 100,000 ohms for most frequencies
but not higher than 220,000 ohms, the
value of R,. N

The multivibrator circuit formed by
V-2 and V-3 is directly connected to the
plate of V-1, and is at rest by virtue of
the 10,000-ohm resistor. This value is
selected to permit the multivibrator cir-
cuit to operate at the instant a square-
wave voltage is present at the plate
of V-1. The multivibrator circuit has no
resonant characteristics; its function is to
amplify the output of V-1 without
alteration.

Amplified square waves are then fed
into an RC integrating network (Cj,
Ry, ete.) which determines the amplitude
of the pulse that is to appear on the grid of
V-4. Capacitors in the frequency-selec-
tor circuit are either air-type trimmers or
silver-mica types having negative coefli-
cients to minimize calibration drift caused
by heat within the instrument.

Operation of the V-4 tube circuit is
similar to class C audio amplification.
The grid bias is adjusted to zero plate
current with no signal input. This
circuit functions as a linear amplifier in
which plate current changes are directly
proportional to grid voltages.

External and panel meters are pro-
tected from burnout by a relay in the
plate circuit of V-4. The relay shorts the
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meter when current exceeds 10 ma and
releases at about 4 ma. The meter cir-
cuit is arranged to permit reading the
panel and external meters simultaneously.
Accurate frequency indication on the
external meter is limited only by the
meter itself. If a recorder is used, over-
shooting and undershooting of the pen
(determined by chart paper travel) must
be taken into consideration. If the fre-
quency meter is accurately calibrated and
stabilized, the inherent circuit error will be
less than 2.0 per cent of full scale over the
entire range of 10 to 50,000 cycles.

An RC network having a long time
constant (Cs, CH,) is incorporated into
the plate circuit of V-4, Without the RC
network, some recorder pens resonate
badly at 100 to 130 cycles with the selector
switch (S,) set on 100- or 500-cycle posi-
tions. External meters having a 5-ma
movement and a coil resistance not exceed-
ing 1,000 ohms may be used without
recalibration. A 10,000-ohm external
meter-damping resistor R4 was chosen as

- <

an optimum value and accommodates most
recorders without affecting calibration.

For frequency calibration, 60 cycles at
6.3 volts is obtained from the filament leg
of the transformer and 120 cycles at 2.5
volts comes from the B-minus leg of the
full-wave power rectifier through a 47-ohm
resistor. The calibration switch is nor-
mally open (center postition) as shown.
Selector switch S, is placed on the 100-
or 500-cycle range when making a
calibration check.

The frequency meter has been used to
measure a-f differences in quartz crystal
manufacturing, to determine pulse fre-
quencies, function for gamma-ray, X ray,
and electron counting, to determine a-c
line frequencies for power- and audio-
transformer design, and to measure tem-
perature-coeflicient drift on transmitters
and receivers operating under test tem-
peratures of from —40 to 200°F.

W. R. Strauss, Frequency Meter for Use by Factory
Personnel, Electronics, May, 1945, p. 150.

Direct-reading Frequency Meter Using Gas-filled Triodes

FrequeNcies up to 7,000 cycles can be
read on a d-¢c meter with this circuit.
Tubes A and B are grid-control rectifiers
connected in an inverter circuit, whose
frequency is controlled by the signal ap-
plied across the input terminals. When
tube B is nonconducting, capacitors C
and C,, associated with tube A are charged
to the voltage existing across resistor R,
while capacitor C,. associated with tube
B remains uncharged. When in response
to the signal at the input terminals the
grid of tube B is made sufficiently positive
to make tube B conduct, the potential
of the cathode of tube B rises abruptly.

Since the charge across capacitor C is
not dissipated immediately, the cathode
of tube A is charged positive with respect

to its anode and tube A is extinguished.
At the same time both anodes of the
double-diode D become positive because
of the charge on capacitors C. and as a
result current is delivered to the micro-
ammeter in series with the cathode of the
double diode.

The average current delivered to the
microammeter is directly proportional to
the number of pulses delivered to it per
second, and therefore the indication of the
instrument is proportional to the fre-
quency of the input signal. This pro-
portionality can be extended over wide
limits within the audible range, the upper
limit depending upon the capacitances
and C,. The essential limitation is the
ionization time of the thyratrons.

l INPUT |

5,000 TO 10,000
ADJUST TO FIT
- { _ MICROAMMETER
SCALE

T T

D 55

A High Speed Direct-reading Frequency Maeter
Electronics, July, 1935, p. 224.
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Circuit for Measuring Inductance of Filter Chokes while Carrying Direct Current

InpucTaNcE of filter chokes having
direct current flowipg through them can
be determined by this circuit. It con-
sists essentially of a two-tube positive
feedback oscillator with a resonant LC
circuit in the plate of the second amplifier
tube. The reactor to be tested forms
part of the LC circuit and the resonant
frequency is compared with the 60-cycle
power-supply frequency.

Resistor R, controls the amount of
feedback applied to the grid of tube VT,
The bias of second amplifier tube VT,
is controlled by resistor R, which thus
controls the plate current drawn by this
tube and the current through the reactor
L. Resistor R is a variable control that
enables the a-c¢ component across the
reactor to be varied. The alternating
voltage built up across the reactor is
applied to one set of plates of the oscillo-
scope, and a voltage obtained from the
60-cycle power supply is applied to the
other set of plates.

For measurement, resistor R is set so
that meter M reads the required value of
direct current in the reactor. Resistor E,

is then adjusted so that the positive feed-
back is just sufficient for oscillations to
occur across the combination of inductor

L and capacitor C. Accurate adjustment

of this feedback control is required to
avoid overloading of VT, with conse-
quent wave-form distortion. The vari-
able capacitor C, which might be a decade
box, is then adjusted until a stationary
circular or elliptical pattern is obtained
on the oscilloscope. This indicates that
there is a constant phase relationship be-
tween the two frequencies applied and
that the frequencies are identical. The
inductance may then be determined from
a, reactance chart or by calculation from
L = 1/w?C, where w = 2nf and f is the
power-line frequency.

Resistor R is adjusted to give the re-
quired magnitude of the a-c component
across the inductor. This latter may be
measured with a vacuum-tube voltmeter.
As R;is decreased, the @ of the LC circuit
drops, with a reduction of the alternating
potential across the inductance or cessa-
tion of oscillations. The oscillating condi-
tions may be restored by adjustment of E;.

5 MEG

The current through the reactor may be
inecreased to any desired value by oper-
ating tubes in parallel with VT'; or by the
use of a larger amplifying tube. For ease
of reading, the capacitor decade box
may be calibrated directly in terms of
inductance.

I. R. Malling, Measurement of Filter Chokes, Elsc-
tronics, May, 1944, p. 184.

Determining Inductance with a Negative-resistance Oscillator

VaLues of inductance commonly em-
ployed in communications circuits may be
measured accurately in terms of a cali-
brated capacitor with this circuit. The
inductance is made a portion of an os-
cillator circuit that generates a frequency
dependent upon the LC constants of its
input circuit.

A portion of the power from the output
of the grid circuit of the oscillator is fed
to the tuned circuit of a vacuum-tube
voltmeter whose resonant frequency is
known. The calibrated capacitor of the
oscillator is then varied until maximum
current is found to flow in the plate cir-
cuit of the resonance indicator. From
this indication and the calibration of the
instrument dials, the unknown inductance
can be determined.

The two 6F6 oscillator tubes provide a
negative resistance between terminals
A and B. Therefore any resonant circuit
connected between these terminals will be
forced into oscillation at its natural fre-
quency of resonance. Frequencies as
high as 75 mc can be obtained with such
a circuit arrangement.

If a calibrated capacitor is connected
between terminals A and B and a coil of

unknown inductance is connected between
terminals A’ and B’, the value of self-
inductance can be determined from the
calibration of capacitor C. and the fre-
quency at which the oscillator operates.
The calibrated capacitor is thus used to
measure inductance and its dial is marked
Inductance.

The distributed capacitance of the coil
will be in parallel with that of the cali-
brated capacitor and will introduce a
slight error that may be eliminated by
making measurements at two different
frequencies. The two 0.01-uf series ca~
pacitors have sufficiently large eapacitance
so that they will not introduce appreciable
error. Capacitor C, is an index adjust-
ment that is useful in setting the zero of
the instrument when a coil of known in-
ductance is connected across terminals
A’ and B’. The range of measurements
can be extended by changing the LC con-
stants of the resonance indicator.

In the vacuum-tube-voltmeter reso-
nance indicator, a high-@Q tuned circuit is
connected between the grid and cathode
of the tube. A powdered iron-core coil
of high @ in a shielded metal case with its
distributed capacitance provides reso-

nance at 1.7 me. A tap on this coil at
20 ph is connected through a 2.5-mh coil
to the mid-point of the grid resistors of
the oscillator tubes. This loose coupling
between the oscillator and vacuum-tube
voltmeter ensures that the resonance of
one circuit is not affected by that of the
other. The resonant frequency may be
lowered by the capacitors that are
selected by range switch SWo.

Voltage from the grid circuit of the
oscillator is fed to the tapped coil of the
voltmeter. When the oscillator frequency
corresponds to that of the detector, the
detector plate current will be at its maxi-
mum. In this way resonance between
the two circuits is easily ascertained from
the indication of the milliammeter.

The operation described is that for the
switch on position 1. When the switch
is thrown to position 5, an additional fixed
capacitance is added to the distributed ca-
pacitance of the coil. This additional
capacitance is so adjusted to tune the grid
circuit to 340 ke. Since the frequency is
now one-fifth of the value of that with
SW, on point 5, the instrument will
measure inductances of five times that
measured in position 1.
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For the third position of the range
switch D, a variable capacitor, is connected
in parallel across the 200-uh coil; this pro-
vides for a continuous range of resonant
frequencies, and hence of multiplying
factors. The dial of this variable capaci-
tor is calibrated in terms of multiplication.
With this switch on position D, the in-
ductance of the coil inserted at Lx is
determined from two dial setfings. Iirst,

it is necessary to determine the inductance
from the calibration of standard capacitor
C., after which it is necessary to multiply
this value by the multiplication factor of
the dial marked Frequency, which con-
trols capacitance C..

Capacitor C, is used to determine the
zero setting when coils of known induc-
tance are connected at Lz.

Normally the milliammeter reads plate

L

current of the resonance indicator tube.
However, by depressing the pushbutton
at the left of the meter, the total plate
current of both oscillator tubes may be
read on the same meter. In this case the
meter has a full scale range of 25 ma.

Eugene Mittelman, Inductance Bridge for Com-
munications Circuits, Electrontcs, February, 1944,
p. 139.

Test Circuit for Checking Activity of Quartz Crystals

THE quartz-crystal test circuit shown
is so designed that its input characteristics
are approximately the same as those
presented to the crystal by the crystal
oscillator in the radio equipment. Thus
frequency and activity (r-f voltage)
requirements for the crystal are dupli-
cated to a high degree of accuracy by the
test set.

The oscillator eircuit is of the Pierce
type. The test set is a-c operated, with
d-c voltage regulation. The oscillator tube
is operated far below its nominal d-c plate
and screen voltages; likewise, the heater is
operated at subnormal voltage. Because
of these reductions in operating points,
tube aging and burnout are minimized.

The stability of both the voltage
regulator and the resistors involved in
the meter-reference circuit was extremely
important, since a given resistor value
was to be set up at any time to an accu-
racy of 45 microamperes, in terms of
direct current on the activity meter.

\l +48V
100
005’ | M*
[{
I\
2uuF ==
Q
L
) <
+48 V 3
R-F
QUTPUT
6,800
+90V

METER
Ref"ott"

Circuit variations ordinarily considered as
very small therefore became quite im-
portant. A switching circuit permits
checking the operation of the VR90 tube
at any time againgst a B+ reference
value. The meter reference value, estab-
lished by a variable resistor in the oscil-

lator grid circuit and the constant B
voltage, simultaneously established the
proper activity correlation for the partic-
ular crystal involved.

W. E. McNatt, Test Set for Quartz Crystals, Elec-
tronics, April, 1945, p. 113.
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Feedback Amplifier for Iron-core Reactor Measurements
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REACTOR measurements can be made
by feeding an oscillator into an amplifier
having current feedback to create a high-
impedance signal source. From the out-
put stage of the amplifier a resonant
circuit containing the saturable-core in-
ductor can be fed both alternating and
direct current for measurement of the
inductor’s electrical parameters.

A vacuum-tube amplifier circuit that is
well suited for nearly all measurements of
this type in the frequency range of 20 to
100,000 cycles is shown. This circult
provides direct current that is con-
tinuously adjustable from 0.3 ma to 50
ma, with an a-c output impedance be-
tween 2.5 megohms and 90 megohms, de-
pending on the selected current range.
High a-c output impedance is achieved
by application of a large amount of cur-
rent feedback.

The output stage Vs through which

both saturating current and test signal
are applied to the inductance, is a triode-
connected 6V6GT. The direct current is
controlled by a range selector switch,
which inserts various fixed resistors in
series with the cathode, and a potentiom-
eter, which permits the d-c¢ voltage be-
tween the grid and B— to be wvaried
continuously from 0 to 150 volts. A
milliammeter is provided in the cathode
circuit of V3 to indicate the direct
current.

The test signal is injected into the cir-
cuit through the cathode of V,, which is
coupled directly to and driven by the
cathode of V;.

A double triode might be substituted
for V; and V, with appropriate ecircuit
redesign but only at a sacrifice in output
impedance or high-frequency response, or
both.

The buffer stage is a cathode follower

that prevents the input impedance of the
external vacuum-tube voltmeter, or os-
cilloscope, used in tracing the parallel-
circuit impedance curve, from loading the
parallel circuit—and hence affecting the
results of the measurement. The total
stray capacitance from the plate of V3 to
ground is limited to about 15 uuf by this
means, and the added shunt resistance is
about 500 megohms.

The grounding of B+ rather than B—
provides some protection against shock
while manipulating the coil under test.
As an additional safeguard, a switch is
provided which breaks B—, and also
operates a pilot light to indicate its posi-
tion at all times. Whenever the d-c
coil circuit is to be broken, this switch is
first operated to protect the operator
from the negative supply voltage.

Reactor Measurements, Howard 1. Daniels, Elec-
tronics, October, 1945, p. 146.

Oscillator and Constant-current Generator for Inductance and Capacitance Measurements

UsEFUL measurements of resonant fre-
quency, inductance, capacitance, and
can be made with a calibrated oscillator
(90 ke-25 me) driving a pentode amplifier.
For practical purposes, the amplifier can
be considered a constant-current gener-
ator in which the developed resonance
voltage is proportional to the @ of the
load. The amplifier and accompanying
diode are mounted inside a probe.

A panel control is provided to introduce
a bucking potential to the diode in slide-
back-voltmeter fashion, although no abso-
Jute voltage measurements are made.

When the bucking potential is equal to
the peak r-f voltage, zero bias appears on
the grid of the 6 E5 tuning indicator, which
is thus made just to close at resonance
over a wide range of load . In addition
a spst toggle switch is provided to reduce
the bucking voltage to 71 per cent of its
initial value, which permits determination
of the off-resonance points where the de-
veloped voltage has dropped to 71 per
cent of maximum resonance value.

The positive terminal of the instru-
ment power supply is grounded. This
conveniently permits the cold end of the

resonant circuit to be at ground d-c
potential.

Panel binding posts are provided for
connecting an external vtvm to the probe
diode for more accurate  measurements.
Also, there is provision for connecting to
the oscillator tank ecircuit an external
variable capacitor for making small incre-
mental changes in frequency. This 1s
useful in testing frequency-discriminator
circuits.

In determining the resonant frequency
of a tank circuit, the tank is connected
across the measuring terminals of the
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probe, and the oscillator is adjusted for
resonance as Iindicated by the G6ES.
Since the pentode will act as a frequency
multiplier, resonance will be indicated at
harmonics of the tank fundamental; but
this is not objectionable because the de-
veloped tank voltage is always greater at
the fundamental frequency.

Capacitance can be measured by con-
necting a standard tank and the capacitor
to be measured across the measuring

terminals. With the particular oscillator
ranges used, a 456-ke i-f transformer with
an additional shunt capacitance serves as
a standard tank.

The i-f transformer padder is utilized
as a zero positioner for the capacitance
scales. It is advisable to calibrate the
capacitance scales against a standard @
meter or some other capacitance stand-
ard, rather than by computation based

on the inductance and total capacitance
of the standard tank.

Inductance measurements are made in
a similar manner by using a fixed capaci-
tance standard.

Determinations of ¢ can be roughly
made by using the frequency-variation
method.

G. Zaharis, Circuit Constant Checker, Electronics,
October, 1944, p. 118.

Frequency-measuring Circuit Serves as Electronic Tachometer

OnE solution to the problem of meas-
uring the speed of a motor operating at
low angular velocities, as low as 5 rps,
is to couple to the motor armature shaft
the rotor of a clock-type synchronous
motor (without gearbox) and thereby
secure an a-c generator whose frequency
(and hence speed) can be measured with
the accompanying frequency-meter cir-
cuit. A motor speed of 5 rps will generate
an open-circuit voltage of the order of
0.5 to 1 volt rms depending on the direc-
tion of rotation and on the condition of the
permanent magnets in the clock motor.

The first two stages of the circuit form
a square-wave generator. The only re-
quirement here is that the output wave
maintain its extreme values over an
appreciable fraction of a cycle and that
these values be independent of input
voltage, input frequency, line voltage, and
tube characteristics. The last stage is a
diode integrator having in one plate lead a
microammeter that measures the average
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current through the l-megohm resistor
and gives a scale calibration that is
approximately linear with frequency as
long as the product fC.R is very much
smaller than 1.

" To understand the operation of the
diode integrator, assume steady-state
conditions, with point B having a constant
potential Vi If point A is swinging
between Vmer and V.. in synchronism
with the multivibrator action and hence
with the output frequency of the clock
motor, the charge on C; when A attains its
maximum value i8 Cs (Ve — V). As
the potential of A decreases in time, C:

discharges through the lower diode until
the charge reaches the minimum value of
CoVmin. Now as the potential of 4
increases, O'; will charge again through the
upper diode and the average current
through R and the meter will be propor-
tional to the input frequency. The VR
tube ensures independence of line-voltage
fluctuations up to 15 per cent. The
accuracy of this frequency meter 1is
apparently better than 2 per cent.

P. H. Miﬂer, Jr., Variable Speed Motor and Electrio
Tachometer, Rev. Sct. Instruments, December, 1944,

p. 348.
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Test Circuit for Measuring Speed and Acceleration of Gyro Rotors
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TaE output of an electrostatic pickup
mounted alongside a rotating object,
such as a gyro rotor, is converted by this
circuit into meter readings proportional
either to speed or acceleration of the rotor,
as desired. When combined with a
vibrometer arrangement, a gyro test

‘unit is obtained that is invaluable in
adjusting and testing rotor assemblies in
a minimum of time.

The tachometer channel consists of a
two-stage class A voltage amplifier, a
class C limiter amplifier, which provides
additional gain and introduces some limit-
ing action, a saturated class C square-
wave clipper whose output is essentially a
rectangular wave, and a class B metering-
circuit amplifier that produces a series of
sharp pulses or peaks of plate current.

The output of the tachometer is fed to a
range switch. When this switch is on
position L or H, the tachometer is con-
nected to an indicating meter that
averages the energy of the pulses from
the metering circuit and reads low or high
values of rotational speed. The number
of pulses is proportional to the speed of
the gyro rotor; hence the meter indication
is also proportional to gyro-rotor speed.

When the range switch is placed on
position C, the output of the tachometer
is fed into the accelerometer, which
measures the rate of change of rotational
speed. The accelerometer consists of a
differentiating circuit whose output is
proportional to the acceleration rather
than to the speed of the gyro rotor and a
vacuum-tube voltmeter, or amplifier,
whose plate circuit feeds the indicating
meter.

The rotor constitutes one electrode of
the electrostatic pickup, while the second

electrode is a small probe. As the rotor
buckets (or vanes) pass by the probe, the
change in capacitance between the probe
and the wvanes causes a displacement
current to flow through series resistor R;
and to develop across it the input signal
voltage for the amplifier.

The fixed grid bias of the limiter stage is
adjusted to approximately four times the
cutoff value. The limiter blocks out
extraneous voltages, thermal agitation,
and other noise when no input is applied
from the rotating gyro. The saturated
class C clipper produces a rectangular
wave shape whose amplitude is inde-
pendent of the input signal amplitude,
provided that the input from the electro-
static probe pickup is greater than 2 milli-
volts. The metering stage further modi-
fies the signal received from the clipper
to form a series of sharp pulse waves of
plate current, all having uniform height.

A fixed negative voltage somewhat
greater than cutoff is applied to the 65F5
metering tube V. When a signal is
applied, negative peaks merely make the
grid more negative, while positive peaks
cause the tube to draw pulses of plate
current.

The time constant of the input circuit
to Vs, consisting of R4 and either Cyo or
(s, is short, so that the coupling capacitor
becomes fully charged at a time interval
which is short compared with the period
of pulses from the gyro rotor. Therefore
the current that flows through resistor
R4, reaches its maximum value, and z
drops to zero in a period of time less than
the shortest half cycle of the input signal.
A pulse of voltage is produced by the
surge of current through Rsi, and this is
applied to the grid of Vs Pulses in a

positive direction cause V5 to draw plate
current, while pulses in a negative direc-
tion are eliminated by the fixed cutoff
bias. Since the pulses of grid voltage
are complete before the end of any half
cycle, plate-current pulses will all be the
same in magnitude; but there will be a
larger or smaller number of them per
unit time, depending upon the speed of the
gyro rotor,

With the range switch set on position
L or H, the output of V; in the metering-
circuit amplifier is connected to the
indicating meter, the reading of which 18
proportional to the integral or average
value of the plate-current pulses. Since
these pulses are of constant amplitude
but vary in frequency, the meter reading
will also be proportional to the frequency
and may be calibrated in terms of revolu-
tions per minute.

With the switch on position L, the meter
indicates speeds of from 160 to 400 cps,
or 400 to 1,000 rpm, for a rotor having 24
buckets. With the switch on the high
position H, frequencies from 2,000 to 6,000
cps, or speeds of 5,000 to 15,000 rpm, may
be measured.

Since the output of Vs is proportional
to the frequency of rotation of a gyro
rotor, a differentiating circuit is required
to produce a reading proportional to
acceleration. The differentiating stage is
intended to detect the slow change in plate
voltage of Vs encountered when a gyro
rotor coasts.

For such low frequencies, any reason-
able coupling capacitor would introduce 2
serious error in the response of the
differentiating stage. Therefore direct
coupling is required, and this is accom-
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plished by means of two neon glow lamps
connected in series.

The voltage drop across a glow lamp is
nearly independent of the current through
it, within certain limifts. This character-
istic of the glow lamp makes possible a
reduction of 120 volts in the absolute
value of the voltage from the plate of V;to
the grid of V¢ without altering the magni-
tude of the voltage change.

The voltage derived from Vj through
the glow lamps is positive with respect to
ground. It is applied to the grid of Vs
in geries with a negative voltage derived
from the supply. The value of this
negative voltage is adjusted by means of
Rs1, so that the grid voltage is minus
0.5 volt at 500 rpm, or minus 6.5 volts at
1,000 rpm of the gyro rotor. Thus the
plate current of V¢ is relatively high at low
rotor speed and low at the higher rotor
speed of about 1,000 rpm. As a result,
the voltage on the plate of V¢ is propor-
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ticnal to the rotor frequency.

Capacitor Cs4 and resistor B;; constitute
the differentiating circuit, so that the
grid voltage applied to V7 is proportional
to the deceleration of the rotor. The
signal voltage applied to the grid of Vy
is proportional to the voltage across Ess,
or to the current that flows through
capacitor Css and resistor Rz If the
resistance of Rjs is small compared with
the capacitive reactance of Cjs, the cur-
rent through these two circuit elements is
proportional to the time rate of change of
the voltage across the combination.
However, this voltage is the varying
plate voltage of V;. The grid voltage
on Vs, therefore, is proportional to the
rate of change of the plate voltage of Vs,
which is proportional to the speed of the
gyro rotor. Hence, signal voltage on V;is
proportional to deceleration of the gyro
rotor.

The coast-time amplifier V' is a vacuum-
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tube voltmeter operated at low plate
voltage. With no signal applied to its
grid, V; draws sufficient plate current to
cause the indicating meter to read ap-
proximately full scale. The voltage de-
veloped across Bs; by a decelerating rotor
is negative and therefore reduces the plate
current drawn by V7. The amount by
which the plate current of V7 is reduced
is determined by the voltage developed
across Rss, which depends