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BASIC CIRCUIT ELEMENTS 15

more opposing voltage is built up across the condenser. The
current flow, therefore, decreases and finally stops. At this
point there will be no voltage across R (no current flowing
through it) and the full battery voltage appears across C. If
the circuit is now broken, a voltmeter placed across C will
indicate a voltage equal to that of the battery.

Condenser Discharge. Continuing with the detailed analysis,
if SW, is switched to position B, the condenser will act like any
source of voltage—it will push electrons around the circuit.
They will attempt to leave the plate which is oversupplied and
go through the circuit to the plate which has too few. This
represents a flow of current and this current must flow through
the resistance and produce a voltage drop there. At every
instant this current flow must equal E/R where E is the con-
denser voltage at this instant. As the electrons flow through the
circuit, they equalize the disparity of charge on the two plates.
As this equalization proceeds, less and less voltage appears on
the condenser and less and less current will flow. Finally there
will be just as many electrons on one plate as on the other and
the condenser will have no voltage. It will be discharged. The
current in this discharge circuit will be in a direction opposite
to that flowing on charge as shown by the time-constant curves.

Time Constant. The time required for a condenser to charge
or discharge is proportional to the product of B and C. If the
voltage is high, the finally charged condenser will have a high
voltage and more energy will be stored in it, but it will take just
as long to charge it to 100 volts from a 100-volt supply as to
1,000 volts from a 1,000-volt supply if C and R are the same in
the two cases.

The product of B and C is an important factor in circuits
consisting of B and C. This product is known as the time con-
stant of the circuit and represents the actual time required to
charge a condenser to 63 per cent of the value of the applied
charging voltage or to discharge the condenser to 37 per cent of
its charged value. The rate of charge or discharge is exponential,
starting out high and becoming less and less, but not linearly.
Any small portion of the curve representing charge or discharge
is almost linear, however, and may be usefully employed in many
cases where a linear change in voltage is required. Since the
rate of change is exponential, the final value is theoretically























































































44 ELECTRON TUBES IN INDUSTRY

The sensitivity of the multiplier tube is about 2 amp per
lumen compared with about 30 pa or somewhat greater for a
conventional two-element phototube. This tube is most useful
for detecting or measuring extremely low values of light inten-
sity, but it has come into other practical applications. Some of
these uses will be described in the chapter on phototubes.

Photoconductive Tubes. If a thin layer of selenium deposited
on a gridlike structure is illuminated, the electrical resistance
of the selenium changes, becoming lower as the intensity of the
light increases. Tubes based on this principle have come into
some industrial use but not to the extent to which phototubes

Evaporated
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selenium ( electrode
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I ‘\Iron

base

Fia. 14. Cross section of a Weston Photronic cell.

are employed. These photoconductive cells or tubes pass some
current in the dark, which is a disadvantage, and the output
current is not linear with respect to the illumination. The power
output is, however, quite a bit higher than can be secured from a
phototube.

The GE FJ-31 selenium tube will pass a maximum of about 0.5
ma at 125 volts on the anode; its resistance will vary from 0.75
megohm at 100 ft-candles on the selenium element to 6 megohms
in the dark if 100 volts is across the tube.

Photovoltaic Tubes. TUsually called photocells, these devices
function on a different principle. Here electrons cross an inter-
face between two metals, having less difficulty in one direction
than in another, so that the tube acts like a rectifier. One such
cell is made by evaporating a thin layer of gold, silver, or plati-
num on a surface of cuprous oxide. Electrons will move from
the copper oxide through an external circuit to the front surface
of the cell.

The Weston cell, utilized in exposure meters, employs an iron













































































































































RECTIFIERS AND POWER SUPPLIES 91

decreasing the peak loads on the rectifier tube and increasing
tube life. The choke input filter is most common in industrial
circuits.

Bleeder Resistors. In most cases a fixed resistor is placed
across the output of a rectifier-filter power supply. It is called
the bleeder resistor since it continuously bleeds off a portion of
the current supplied by the power supply. This resistor usually
has such a value that with the load disconnected it will draw
about 10 per cent of the total load current. Its function is to
keep some current flowing through the rectifier and filter at all
times, thus improving the regulation of the supply. It also
acts as a safety measure to discharge the filter capacitors when
the load is disconnected and the a-c power to the rectifier is
turned off.

Filter-circuit Design. Filter-circuit components are usually
selected by compromise after determining the approximate
values required for a certain degree of filtering action. It is
common practice, and not in most cases too impractical, to
provide much more than adequate filtering, just to be sure. At
first glance this practice might seem slipshod and careless and a
disgrace to accepted engineering principles, but a study of the
problem will reveal the merit of such a scheme.

Filter components are usually available in values of inductance
and capacitance in whole integral numbers. So, if it is found
that a choke of 8 henrys is needed in conjunction with a con-
denser of 4.5 uf, one might have to settle for 10-henry chokes
and perhaps 8-uf condensers.

The percentage of ripple! that may be expected from the single-
section filter shown in Fig. 44 may be approximated by the
equation

. 100

Percentage ripple = 10
where L is the input choke inductance in henrys, and C the
capacitance in microfarads. The above equation assumes a
full-wave rectifier circuit which has a ripple frequency of 120
cycles per second when operated from a 60-cycle source. If it is
desired to calculate filter-component values for other types of

! The amount that the d-c voltage varies in percentage of the average
value around which it varies.





































































114 ELECTRON TUBES IN INDUSTRY

Disk Construction. Both selenium and copper oxide rectifiers
are produced in numerous sizes and shapes; some are rectangular,
and some are round or oval. The factor which dictates the area
of the disk is the magnitude of the current which it is to carry.
The voltage rating depends upon the materials used. For
instance, a selenium disk has a voltage rating of around 18 volts,
while a copper oxide disk is usually rated in the neighborhood
of 8 volts. Where it is desired to operate these units at ratings
other than those prescribed for a single element, they may be
connected in series or parallel. For instance, selenium units
for rectifying 110-volt a-c power consist of several disks (usually
T;— Barrier T Copper oxide
layer layer

Aluminum or—t Copper —
steel plate plate

1

— Graphite -treated
copper oxide

Selenium surface
<— Front electrode

(counterelectrode)

. LiJ

l«— Lead washer

F1c. 18. Dry disk rectifiers offer numerous advantages over electron tubes
in certain applications.

five) connected in series so that only a portion of the total voltage
appears across each.

All copper oxide cells are made with a metal base of copper.
Selenium cells, on the other hand, may be made with a base of
aluminum, steel, or possibly other metals. The aluminum-base
cell weighs about one-fourth as much as steel-base cells of the
same ratings. Cross sections of both types of rectifiers are
shown in Fig. 18.

Copper oxide cells sometimes consist of a lead washer in con-
tact with a graphite-treated copper oxide surface. With this
system the cells are mounted on a bolt, with suitable insulation,
to form a ‘““stack,” and the proper pressure is applied by tighten-
ing a nut on the end of the bolt. The pressure is maintained by
means of a tempered spring washer.

Another system makes contact to the oxide surface by plating
nickel directly on the surface. The pressure is then maintained
by a spring contact washer. Contact to selenium disks is made


















120 ELECTRON TUBES IN INDUSTRY

copper oxide types, to employ fan cooling, thus maintaining
lower operating temperatures.

Overload Effects. There are many applications for rectifiers
in which the power demand is for short intervals of time, followed
by long off periods. For this type of operation it is possible to
operate metallic rectifiers at higher current densities than would
be used for continuous operation. With the higher permissible
temperature rise of the selenium rectifier it is possible to operate
it for longer increased output intervals than with the copper
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F1e. 23. Reduced rating curves for unusual temperature conditions.

oxide units. However, with the selenium units it is not permissi-
ble to increase the a-c applied voltage above the normal rating,
with the result that the higher current densities mean less d-c
output voltage.

Copper oxide rectifiers, on the other hand, can be operated
at higher than normal continuous-rated a-c voltage, with the
result that the d-¢ voltage can be increased, and in turn the power
output can be increased proportionally for intermittent operating
conditions.

An example of intermittent operation is the use of a rectifier
in circuit-breaker operation, where it may be called upon for
only a few seconds duty cycle at a time. Manufacturers’ data
should always be referred to when selecting a rectifier for inter-
mittent operation.

Stand-by Service. For applications where the rectifier is used
only occasionally, between long stand-by periods, the copper
oxide rectifier offers advantages. It does not undergo any
physical changes, so that rated output voltage can be expected





































































LIGHT-SENSITIVE TUBES 143

the $-5 curve and the S-6 curve indicate sensitivities in the ultra-
violet range. They can, in fact, see light to which the human
eye is insensitive.

The cathode area column of Table 1 is useful in converting
amounts of light into intensity units, or vice versa. The sensi-
tivities of the phototubes are given in microamperes per lumen,
based on a light source made up of an incandescent tungsten
filament at a color temperature of 2870°K. This value was
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F1ec. 2. Curves of the sensitivities of several phototube cathodes at different
wavelengths of light.

adopted simply as a basis for comparison of the various types.
Actually this column is of little value for the S-5 and S-6 photo-
tubes, for they are almost invariably used in the ultraviolet
region at or around their sensitivity peaks.

The remaining columns show maximum average current den-
sities (microamperes per square inch of cathode surface) and
the maximum voltages that should be used across the phototube.
In practice these voltages are seldom used. In fact in most
cases voltages of the order of 10 or 20 volts are used, because
higher voltages may produce certain physical changes within



























152 ELECTRON TUBES IN INDUSTRY

Remote Coupling to Phototube. If the amplifier and indicat-
ing device used with a phototube are to be located at some dis-
tance from the phototube itself, as is often the case, interesting
problems arise. Such applica-
tions require special attention,
since just connecting long wires
between the phototube and its
amplifier would introduce cer-
tain difficulties.

A simple means for matching
a phototube to a long line is
l shown in Fig. 11. The photo-

®
¢

47,000

tube is a type 934, and its out-
= . put is transformed to low im-
F16.11. The cathode-follower cir- pedance by a triode acting as
cuit is useful where the phototube a cathode follower. For the
is loc.a.tt'ad some ‘dista.nce from the component values given, Fig.
amplifying circuit. 12 shows that the output varies
almost linearly from 0 to about 10 volts while the phototube cur-
rent increases from 0 to 1 ua as a result of increasing illumination.!
This type of circuit can be used where space limitations prevent

the amplifying equipment from

being integral with the phototube.  '© §
Further amplification of the photo- 6 1/
tube signal, if required, may be /
accomplished by any d-¢ amplifier 6

with sufficient stability and gain. ¢ o

The microammeter is only for ad- 3

justment purposes and need not be 32

included after the device is set up. o

0 02 04 06 08 10
MULTIPLIER PHOTOTUBES Phototube current in pA

We have seen how the addition Fie. 12. Curve showing line-
of gas within the envelope of a arity of output obtained from
phototube will increase its sensi- the cathode-follower circuit of
tivity by the process of ionization. Fig. 11.
Another scheme by which the phototube output current can be
increased, this time by a very great extent, is to use secondary

1 Norman Alpert, Phototube Amplifier with Low Output Impedance,
Electronics, October, 1949, p. 108.







































LIGHT-SENSITIVE TUBES 165

through the negative would see the dot of light as it scanned
transparent areas, but the light would be cut off when the dot
passed black areas.

If the cathode-ray tube is scanned in some regular manner in
an exactly timed fashion, the phototube signal will bear a rela-
tionship to both time and to the negative used. By providing
another cathode-ray tube with the same scanning signals as the
first, but causing the beam of the second tube to vary in intensity
with the phototube signal, the raster of the second tube will show

Synchronized
scanning
Photographic
negative
Phototube
=
=
W =
e Reproduced
raster Amplifier image

Fic. 23. This simplified television system uses a phototube to pick up varia-
tions in light from a cathode-ray-tube flying-spot scanner.

a reproduction of the negative applied to the first. This system
is actually used in a simplified form of television transmission for
certain industrial applications. Some amateur radio operators
are employing this system for the transmission of television
picture signals.

The idea of scanning, that is, using a dot that covers an area in
some accurately timed fashion, is not limited to television. One
bank uses this system to send reproductions of signatures from
teller to file clerk for verification. Facsimile equipment operates
on the same principle and allows news services to transmit photo-
graphs over great distances, simply by scanning and picking up
an electrical signal that corresponds to the information presented
in the picture.

Waveform Generators. Phototubes may be used to generate
almost an unlimited variety of voltage or current waveforms.






























THYRATRON TUBE CIRCUITS 175

circuit and the operating conditions of the circuit. The grid is
protected from heat from the anode, cathode, or ion stream, and
therefore there is less tendency toward secondary emission of
electrons by parts of the tube other than the cathode.

The sole disadvantage of the more complicated tube is simply
its greater complexity (one more terminal).

Methods of Rating Three-element Gas Tubes. Like all elec-
trical and mechanical machines, gas and vacuum tubes have
definite ratings which differ among tubes of different types. The

Tube hot |, Tube cold
A
\ue hot
W

\F6-95
)

800

600

Anode Voltage
3
(=]

200

-30 -20 -10 0
6rid Current in Microamperes

Fig. 6. Curves show grid currents in three- and four-element tubes, hot and
cold, at start of discharge.

following ratings and terms relating to grid-controlled rectifiers,
or thyratrons, are in general use.

The maximum peak inverse voltage is a rating common to both
rectifiers and controlled rectifiers. It is the highest instantaneous
voltage that the tube will safely stand in the direction opposite to
that in which it is designed to pass current. In other words it is
the safe arc-back limit with the tube operating within the speci-
fied temperature range. The relations between the peak inverse
voltage, the direct voltage and the rms value of alternating
voltage depend largely upon the individual characteristics of the
circuit and its power supply. The presence of line or keying
surges, or any other transient or waveform distortion, may raise
the actual peak voltage to a value which is higher than that
indicated by normal design formulas. The maximum rating of
a tube, therefore, refers to the actual inverse voltage and not to
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Cathode Protection. When a vapor tube of the hot-cathode
type is placed in operation by accident or inadvertence before
the cathode has reached operating temperature, damage may be
done to both the tube and the circuit in which it operates. To
prevent this damage,! cathodes must have ample heating time to
ensure operating emission current before the tube is placed in
service. Accordingly, gas tubes are given two ratings: an initial
preheating period and a reheating period after power interruptions.

It is obvious that short interruptions require less time for
reheating, owing to the heat storage in the cathode. Protective
relay devices should, therefore, be judged by their ability to pro-
tect under all operating conditions and by whether they conserve
all operating time compatible with safety by appropriate reheat-
ing characteristics and by responding to voltage changes.

The time delay for heating or reheating must be accomplished
by keeping the tube nonconducting either by grid control or by
holding the anode circuit open until maximum emission current
is available. The former is accomplished by a bias arrangement
or a phase-shift scheme, whereas the latter uses anode contactors
operated by a time-delay relay. Time-delay relays used with
the preceding methods of control may be classified in the order
of increasing desirability as follows:

1. Thermal timers
2. Mechanical timers
3. Thermionic timers

The thermionic time delay is very effective, since it is possible
to use a cathode-anode space characteristic similar in heating and
cooling to the tube that is to be protected. Figure 7 shows a
diode heater shunted across the vapor-tube heater and a relay
which closes the power to the anode of the vapor tube when the
diode cathode has reached proper emission value. A series of
diodes has been developed for this type of protective service.

Controlling Anode Current. In a two-element rectifier, anode
current flows whenever the anode is positive with respect to the
cathode. In the gas triode, another variable controlling factor
enters; the voltage of the grid. Of course, current to the anode

!L. D. Miles and M. M. Morack, Thermionic Delay Relays for Cathode
Protection, Electronics, April, 1935.


















THYRATRON TUBE CIRCUITS 183

the tube to fire at the corresponding value of E,. Voltage V, is
a sine wave applied to the grid (V, need not be a sine wave or of
the same frequency as E,).

Consider that this wave be Ep

moved along the horizontal

. . Ve
axis so that it may be moved ’

into or out of phase with E,. »Eg
The tube will fire at the

earliest point in the cycle at /
which V, crosses E, (in the P

figure, point P). When the -~

grid and anode voltages are Frc. 11. Basic circuit illustrates
out of phase, no current flows. phase control of anode firing.

If the grid voltage is ad-

vanced, current flows during part of the cycle, and by advancing
the grid voltage until it is in phase with the anode voltage, the
current can be made to flow during the entire half cycle.

20
3 3
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Fic. 12. Handy reference chart for determining average current for the
circuit of Fig. 11.

The average current flowing may be found from the expression

Tug = Tons (,1_'*‘_90_59>

™
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220 ELECTRON TUBES IN INDUSTRY

It is worth noting that if a single thyratron is used to control
the armature or field, current cannot flow more than half the
time, because the tube will not conduct during the half cycles of
the applied a-c voltage which make the anode negative with
respect to the cathode. This, then, is the condition which will
produce the maximum average current through the tube and the
load. With two tubes in a full-wave rectifier circuit it is possible
to force current through the

Phase shift —| ] . . .
bridge % load at all times if desired.
Phase-shifting Methods.

000 - The armature portion of an
electronic control system
which uses the phase-shift
Variable principle is shown in Fig. 4.
reactance’

Here the d-c armature current
is obtained from the a-c dis-
tribution lines by means of a

single thyratron rectifier cir-
@ cuit. The grid of the thyra-

tron is connected to a trans-
former whose primary is
connected across the output
terminals of a special phase-
Fic. 4. Diagram of means for retard-  shift bridge circuit.
ing the phase of thyratron grid voltage In such a circuit, as the
for varying the current supplied to the  y4]ye of the variable reactance
motor armature. is increased, the a-c grid volt-
age is retarded in phase. Thusinstead of being positive when the
plate becomes positive, the grid voltage lags behind by a certain
amount. The tube does not conduct as soon as the plate goes
positive but at some time later in the positive plate excursion as
determined by the time when the grid voltage goes positive.
This latter is determined by the tube characteristics. The result
is that the thyratron will conduct for shorter and shorter periods
of time and the average current will be less as the phase lag
increases.

If the armature were rotating in a fixed field, its speed of rota-
tion would be decreased by increasing the amount of reactance
in the phase-shift bridge.

Actually the circuit shown in Fig. 4 is applicable only to small















































































246 BLECTRON TUBES IN INDUSTRY

the average speed and thus the average tension on the strip will
be the desired value. Figure 8B shows a slightly more elaborate
system. No motor-speed correction is applied when sag is
within desired limits.

Most electronic control systems are instantaneous in operation,
but quite often the mechanical processes they control are not.
As in the case just cited, there is a certain amount of mechanical
lag. When the phototube sees its light source, it sends an
electrical impulse to the motor control unit, which in effect tells

Small
limut

Wire whose
diometer 1s
being controlled

A -

ro\/ Hot

Horizontal
sweep gen.
for scope

Fic. 9. Comparison system for measuring the thickness of wire continu-
ously while the wire is traveling at high speeds. The same principle may be
used to maintain constant thickness by use of proper control circuits.

the motor to slow down. But the motor, having a certain
amount of momentum, can’t slow down instantaneously, so for
a brief instant the loop continues to decrease until the motor
speed decreases.

Wire or Tube Thickness. The thickness of any wire or tube
can be measured accurately, continuously, and without physical
contact by the system shown in Fig. 9. It consists of a light
source, a scanning wheel, three windows, a phototube and its
control circuits, and an oscilloscope, which serves as an indicator.

The system employs the comparison technique. The scanning
wheel rotates at a uniform speed and directs light from the light
source periodically and in sequence through the three windows.
The top window contains a sample wire the diameter of which
corresponds to the smallest wire that can be used, while the lower























































































ELECTRONIC MEASUREMENT AND CONTROL 275

resulting a-c voltage is stepped up by transformer 7 and a
voltage amplifier and applied to the thyratrons.

Depending on phase, one or the other thyratron will fire and
drive the balancing or control motor in the proper direction to
rebalance the circuit. The anodes of the two thyratrons are
connected directly to the two field windings of a d-c series-wound
commutator motor. The tachometer voltage is introduced into
the circuit so that the speed of the motor is controlled to main-
tain the sum of all three voltages at zero. This system is used by

Af

1
paslc

SN
~

Mirror >
galvcnometer-—r{{;] %_(
Thermo- = l l
couple Standard @
resistance

Fi1c. 33. Version of an automatic potentiometer system for measuring
thermocouple voltages.

i

Leeds and Northrup in a temperature-measuring unit. A
similar unit is made by the Brown Instruments Company.!

In the photoelectric potentiometer manufactured by the
Weston Electrical Instruments Corporation, a variable current is
passed through a fixed resistor, the voltage drop across which is
used to balance the thermocouple voltage, as shown in Fig. 33.

The plate current of a pentode amplifier flows through a
standard resistor in opposition to the thermocouple voltage.
When the two voltages are balanced, the galvanometer is unde-
flected. If unbalance occurs, the galvanometer deflects and its
mirror reflects a light beam to one of the phototubes through a
system of prisms. The phototubes act as variable resistances
in the grid circuit of the pentode amplifier to vary the grid
voltage depending upon the direction and amplitude of the

1R. D. Towne and D. M. Considine, Continuous Balance Potentiometer
Pyrometer, Electronics, August, 1942, page 92.



































































































308 ELECTRON TUBES IN INDUSTRY

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 R in the voltage
supply line to all right-hand triodes. This drives the grids of
all left-hand sections negative, so that the decade is preset
with all right-hand triodes conducting and all neon lamps
extinguished.

When the tenth pulse is being counted, a negative pulse goes to
the succeeding decade and at the same time resets the zero condi-
tion, where all lamps in the decade are out. In the binarysystem,
however, lamps 2 and 8 should be on, and this is undesirable
when indicating counts in the decimal system. Remembering
that pulse 9 was indicated by lamps 1 and 8 being lit, for the
count of 10 in the decimal system, lamp 8 must be extinguished
and lamp 2 prevented from lighting.

After the ninth pulse the left-hand sections are conducting in
both stages 1 and 8. When stage 1 is reversed by the tenth
pulse, a negative pulse obtained from a tap on Rs in stage 1 is
fed through C, to stage 8, causing point b of stage 8 to swing
negative. This drives the grid of the left-hand side of stage 8
negative, causing the flip of stage 8 and extinguishing the lamp
corresponding to the number 8. The negative pulse taken from
the tap on R must be large enough to cause switching, but not
too large, because at the eighth count it must be overpowered by
the negative pulse that comes from stage 4 and correctly triggers
stage 8 to turn its lamp on.

In a similar manner a positive pulse from R;s of stage 8 fed
through Cyo to point a of stage 2 overwhelms the negative pulse
sent, to it from stage 1. Since the lamp corresponding to stage 2
was out for the count of 9, it stays out.

This type of counter operates reliably at pulse rates as high
as 100,000 per second. It is simply necessary to supply negative
pulses of approximately the proper shape and amplitude. A
commercial packaged version of this circuit is available (Potter
Instruments Company).

Gas Tube Counters. One extremely small commercial plug-in
counter (Sylvania) uses miniature thyratrons. The unit con-
tains 11 tubes, 80 resistors, and 23 capacitors and is capable of













































COUNTERS AND DIVIDER CIRCUITS 323

constant is again limited and must be shorter than the period
of the pulse so that triggering will occur.

The circuit shown in Fig. 26 is another single-shot multi-
vibrator. Here the grid of V; is held high enough, by its connec-
tion to + B, to conduct strongly enough to hold V; cut off until a
positive pulse arrives. The pulse makes Vi conduct, its plate
voltage drops, and this voltage drop is felt at the grid of V, and
causes that side to cut off. As soon as C, charges and V', starts
to conduct, the voltage drop across Ri, caused by the current
through both tubes, is sufficient to cut off V1. The circuit will

o ‘ —0
Fic. 26. Cathode-coupled single-shot multivibrator circuit.

remain in this original condition until the next positive pulse is
applied.

This circuit has the advantage of not requiring a separate bias
supply. The steeper return of the grid of V, to conduction
increases the accuracy. The major disadvantage of this type
circuit is the short output pulse formed by the small value of
R; of Vi This causes excessive grid current and short tube life.

Another single-shot circuit is shown in Fig. 27. Assume V,
to be conducting. When it is cut off, its plate voltage rises.
However, V, goes to cutoff bias voltage immediately, and the
circuit is quickly returned to its original condition ready for the
next pulse. The length of time the circuit spends in its triggered
condition is determined by the values of Ry, C, and Rs,, The
waveshape is the same as in the other circuits, and the bias
supply must be fairly large to overcome the divided plate voltage.
For square-wave output a 250,000-ohm resistor may be placed in
series with the grid, thereby increasing the positive grid time
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