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Wesrerr Electric

300A and 300B Vacuum Tubes

Classification—Moderate power, filamentary triodes for Class A service

These tubes are identical except for the location of the bayonet pin in the base.

Application—Audio-frequency amplifier in positions where power outputs of approximately ten
watts or less are required at relatively low plate voltages.

Dimensions— Dimensions, outline diagrams of the tubes and bases, and the arrangement of elec-
trode connections to the base terminals are shown in Figures 1 and 2.



300A/300B

Base and Mounting—These vacuum tubes employ medium, four-pin thrust type bases suitable
for use in Western Electric 143B or similar sockets. The 800B tube has the bayonet pin so located
that it may also be mounted in a Western Electric 100M, 115B or similar socket.

The tubes may be mounted in either a vertical or horizontal position. If mounted in a hori-
zontal position, the plane of the filament, which is indicated in Figure 2, should be vertical.

Average Direct Interelectrode Capacitances

Grid toplate. ... 15 upf.
Grid to filament. . . ... ... 9 uuf.
Plate to filament.. ... ... . . . 4.3uuf.

Filament Rating

Filament voltage........ ... ... .. i 5.0 volts, a.c. or d.c.
Nominal filament current. . .............. .. ... ... L 1.2 amperes

The filaments of these tubes are designed to operate on a voltage basis and should be operated
at as near the rated voltage as possible. When alternating current is used for heating the filament,
the grid and plate returns should be connected to a center tap on the secondary of the filament

transformer.

Characteristics—Average characteristics—(E;=5.0 volts, a.c., E;, =300 volts and E.= —61 volts).

Plate current. ....... ... 60 milliamperes
Amplification factor. ... ... ... ... i 3.85

Plate resistance. ... ...ttt 700 ohms

Grid to plate transconductance. . ............. ... . .. 5500 micromhos

Plate-current characteristics for a typical tube are shown in Figure 8 as functions of grid bias,
for alternating-current filament supply. The corresponding amplification-factor, plate-resistance,
and transconductance characteristics are given in Figures 4, 5 and 6, respectively. When direct-
current filament supply is used, and the grid and plate returns are connected to the negative end
of the filament, the same characteristics are applicable if 8.5 is subtracted from the numerical value
of each grid bias.
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Limiting Operating Conditions for Safe Operation—not simultaneous ratings

Maximum plate voltage. ........... ... i 450 volts
Maximum plate dissipation................... ... L. 40 watts
Maximum plate current of average tube for fixed grid bias......... 70 milliamperes
Maximum plate current for manually adjusted grid bias or self-bias-

INE CIFCUIL. ...ttt 100 milliamperes

Recommended Operating Conditions

Recommended and maximum conditions for alternating-current filament supply are given in
the table. Recommended conditions or others of no greater severity should be selected in prefer-
ence to maximum conditions wherever possible. The life of the tube at maximum operating con-
ditions will be shorter than at the recommended conditions.

Where it is necessary to operate the tube at or near the maximum plate current of 100 milli-
amperes, provision should be made for adjusting the grid bias of each tube independently, so that
the maximum safe plate current will not be exceeded in any tube. Alternatively, a self-biasing
circuit may be used, in which the grid bias for the tube is obtained from the voltage drop produced
by the plate current of that tube flowing through a resistance.

Where it is necessary to use a fixed grid bias, the plate current of the average tube should be
limited to a maximum value of 70 milliamperes, so that tubes having plate currents higher than
the average will not exceed the maximum safe plate current.

Power Output and Distortion

Performance data including power output, second and third harmonic levels for a number of
operating conditions are given in the table.

The variation of power output and harmonic levels with load resistance for several values of
operating plate current are shown in Figures 7, 8 and 9, for a plate voltage of 350 volts.

The peak value of the sinusoidal input voltage, Egm, which gives the indicated power output,
P., and harmonic levels, F2r and Fan, for each point in both the curves and the table, is numer-
ically equal to the grid biasing voltage at that point. For a smaller input voltage E,, the approxi-
mate levels may be computed from the following relations.

F2 = Fan + 20 logio 22"
g

Fs3

I

F3m + 40 logio %ﬁr"
4



Recommended
Operating
Conditions

Maximum
Operating
Conditions

300A/300B

TABLE
Plate Grid Plate Load Power Second Third
Voltage Bias Current Resistance Output Harmonic Harmonic
Volts Volts  Milliamperes Ohms Watts db db
200 — 42 30 2000 3.0 20 31
200 — 39 40 2500 2.6 26 38
200 — 37 50 2500 2.5 30 45
250 — 55 30 2000 4.9 18 27
250 — 55 30 4500 3.2 27 40
250 — 52 40 3000 4.0 26 36
250 — 50 50 2500 44 26 39
250 — 48 60 2000 4.7 26 38
250 — 48 60 2700 4.1 30 45
250 — 45 80 1500 5.0 26 41
300 — 65 40 2500 6.7 20 30
300 — 63 50 2000 7.2 21 29
300 — 63 50 3000 6.1 26 37
300 — 61 60 2400 6.6 26 37
300 — 61 60 3400 5.6 30 44
300 — 58 80 1700 7.5 26 37
350 — 76 50 3600 7.8 26 38
350 — 76 50 5000 6.2 30 45
350 — T4 60 2000 10.2 21 30
350 — 74 60 3000 8.3 26 38
350 — 14 60 4000 7.0 30 44
350 — 71 80 2200 9.6 26 39
400 — 91 40 5000 8.4 26 37
400 — 89 50 3000 11.5 21 31
400 — 89 50 4000 9.4 25 38
400 — 87 60 3500 10.5 26 38
400 — 87 60 5000 8.3 30 46
400 — 84 80 2500 12.5 25 37
450 —104 40 6000 9.5 26 38
450 —102 50 5000 10.7 27 39
450 —102 50 6500 9.0 30 45
450 —100 60 4000 12,5 26 38
450 —100 60 5500 10.1 30 44
450 — 97 80 2000 17.8 21 30
450 — 97 80 3000 14.6 26 37
450 — 97 80 4500 11.5 31 45
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Wesrerr Electric

300A and 300B Vacuum Tubes

Classification—Moderate power, filamentary triodes for Class A service

These tubes are identical except for the location of the bayonet pin in the base.

Application—Audio-frequency amplifier in positions where power outputs of approximately ten
watts or less are required at relatively low plate voltages.

Dimensions— Dimensions, outline diagrams of the tubes and bases, and the arrangement of elec-
trode connections to the base terminals are shown in Figures 1 and 2.



300A/300B

Base and Mounting—These vacuum tubes employ medium, four-pin thrust type bases suitable
for use in Western Electric 143B or similar sockets. The 800B tube has the bayonet pin so located
that it may also be mounted in a Western Electric 100M, 115B or similar socket.

The tubes may be mounted in either a vertical or horizontal position. If mounted in a hori-
zontal position, the plane of the filament, which is indicated in Figure 2, should be vertical.

Average Direct Interelectrode Capacitances

Grid toplate. ... 15 upf.
Grid to filament. . . ... ... 9 uuf.
Plate to filament.. ... ... . . . 4.3uuf.

Filament Rating

Filament voltage........ ... ... .. i 5.0 volts, a.c. or d.c.
Nominal filament current. . .............. .. ... ... L 1.2 amperes

The filaments of these tubes are designed to operate on a voltage basis and should be operated
at as near the rated voltage as possible. When alternating current is used for heating the filament,
the grid and plate returns should be connected to a center tap on the secondary of the filament

transformer.

Characteristics—Average characteristics—(E;=5.0 volts, a.c., E;, =300 volts and E.= —61 volts).

Plate current. ....... ... 60 milliamperes
Amplification factor. ... ... ... ... i 3.85

Plate resistance. ... ...ttt 700 ohms

Grid to plate transconductance. . ............. ... . .. 5500 micromhos

Plate-current characteristics for a typical tube are shown in Figure 8 as functions of grid bias,
for alternating-current filament supply. The corresponding amplification-factor, plate-resistance,
and transconductance characteristics are given in Figures 4, 5 and 6, respectively. When direct-
current filament supply is used, and the grid and plate returns are connected to the negative end
of the filament, the same characteristics are applicable if 8.5 is subtracted from the numerical value
of each grid bias.
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Limiting Operating Conditions for Safe Operation—not simultaneous ratings

Maximum plate voltage. ........... ... i 450 volts
Maximum plate dissipation................... ... L. 40 watts
Maximum plate current of average tube for fixed grid bias......... 70 milliamperes
Maximum plate current for manually adjusted grid bias or self-bias-

INE CIFCUIL. ...ttt 100 milliamperes

Recommended Operating Conditions

Recommended and maximum conditions for alternating-current filament supply are given in
the table. Recommended conditions or others of no greater severity should be selected in prefer-
ence to maximum conditions wherever possible. The life of the tube at maximum operating con-
ditions will be shorter than at the recommended conditions.

Where it is necessary to operate the tube at or near the maximum plate current of 100 milli-
amperes, provision should be made for adjusting the grid bias of each tube independently, so that
the maximum safe plate current will not be exceeded in any tube. Alternatively, a self-biasing
circuit may be used, in which the grid bias for the tube is obtained from the voltage drop produced
by the plate current of that tube flowing through a resistance.

Where it is necessary to use a fixed grid bias, the plate current of the average tube should be
limited to a maximum value of 70 milliamperes, so that tubes having plate currents higher than
the average will not exceed the maximum safe plate current.

Power Output and Distortion

Performance data including power output, second and third harmonic levels for a number of
operating conditions are given in the table.

The variation of power output and harmonic levels with load resistance for several values of
operating plate current are shown in Figures 7, 8 and 9, for a plate voltage of 350 volts.

The peak value of the sinusoidal input voltage, Egm, which gives the indicated power output,
P., and harmonic levels, F2r and Fan, for each point in both the curves and the table, is numer-
ically equal to the grid biasing voltage at that point. For a smaller input voltage E,, the approxi-
mate levels may be computed from the following relations.

F2 = Fan + 20 logio 22"
g

Fs3

I

F3m + 40 logio %ﬁr"
4



Recommended
Operating
Conditions

Maximum
Operating
Conditions

300A/300B

TABLE
Plate Grid Plate Load Power Second Third
Voltage Bias Current Resistance Output Harmonic Harmonic
Volts Volts  Milliamperes Ohms Watts db db
200 — 42 30 2000 3.0 20 31
200 — 39 40 2500 2.6 26 38
200 — 37 50 2500 2.5 30 45
250 — 55 30 2000 4.9 18 27
250 — 55 30 4500 3.2 27 40
250 — 52 40 3000 4.0 26 36
250 — 50 50 2500 44 26 39
250 — 48 60 2000 4.7 26 38
250 — 48 60 2700 4.1 30 45
250 — 45 80 1500 5.0 26 41
300 — 65 40 2500 6.7 20 30
300 — 63 50 2000 7.2 21 29
300 — 63 50 3000 6.1 26 37
300 — 61 60 2400 6.6 26 37
300 — 61 60 3400 5.6 30 44
300 — 58 80 1700 7.5 26 37
350 — 76 50 3600 7.8 26 38
350 — 76 50 5000 6.2 30 45
350 — T4 60 2000 10.2 21 30
350 — 74 60 3000 8.3 26 38
350 — 14 60 4000 7.0 30 44
350 — 71 80 2200 9.6 26 39
400 — 91 40 5000 8.4 26 37
400 — 89 50 3000 11.5 21 31
400 — 89 50 4000 9.4 25 38
400 — 87 60 3500 10.5 26 38
400 — 87 60 5000 8.3 30 46
400 — 84 80 2500 12.5 25 37
450 —104 40 6000 9.5 26 38
450 —102 50 5000 10.7 27 39
450 —102 50 6500 9.0 30 45
450 —100 60 4000 12,5 26 38
450 —100 60 5500 10.1 30 44
450 — 97 80 2000 17.8 21 30
450 — 97 80 3000 14.6 26 37
450 — 97 80 4500 11.5 31 45
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Westerrn Llecirie
301A Vacuum Tube

Classification—Full wave, thermionic¢, mercury vapor rectifier
The 301A vacuum tube is designed to supply direct current from an alternating-current supply.

Dimensions—The dimensions and outline diagrams are given in Figures 1 and 2. The overall di-
mensions are:

Maximum length...... .. ... . ... . 615"
Maximum diameter. .. ............... 2"

Mounting—The 301A employs a standard 4 pin thrust type base suitable for use in a Western
Electric 143B or similar socket. Base dimensions and the arrangement of electrode connections to
the base terminals are shown in Figs. 1 and 2.

The tube should be mounted in a vertical position with the base end down. There should be
a free circulation of air around the tube. No object should touch the glass bulb.

Filament Rating

Filament voltage......... ... ... . ... .. ... ... ..., 5.0 volts
Nominal filament current....................... .. ... .. 3.0 amperes

The filament of this tube is designed to operate on a voltage basis from an alternating-current
supply. The voltage should be maintained to within 5% of its rated value (5.0 volts). Operation

301A

855



Vacuum Tube

856

of the filament at a voltage above the upper limit will definitely reduce the life of the tube while a
decrease in voltage below the lower limit may cause immediate failure.

Sufficient time must always be allowed for the filament temperature to reach its normal operat-
ing value before the anode potential is applied. If filament circuits with good regulation are
used, this time is 30 seconds. If the tube is operated at ambient temperatures below 20° C., a
longer period of time is required for the purpose of bringing the mercury vapor pressure to a satis-
factory operating value. The minimum filament warming time as a function of ambient tempera-
ture is shown in figure 3.

For proper distribution of the mercury a period of 10 to 15 minutes filament warming time
should be allowed when the tube is used for the first time or if it has been reinserted in the apparatus
after having been removed.

Characteristics and Operating Conditions

Approximate anode-cathode potential drop........... ... ... ... . ... ... 10 volts
Maximum peak plate current.......... ... ... .. 1.0 ampere
Maximum peak potential between electrodes.......................... .. 1800 volts
Maximum operating ambient temperature range. . ............ .......... 0 to 50° C
Recommended operating ambient temperaturerange...................... 10 to 40° C

The anode-cathode potential drop is substantially independent of the plate current. The
exact value varies from tube to tube and during the life of a given tube. Within the specified
ambient temperature range and plate current range, it may vary from 5 to 25 volts.

The anode-cathode drop as a function of temperature is shown on fig. 4 for a typical 301A tube
after reaching temperature equilibrium and when passing the rated plate current.

The maximum permissible peak plate current (1.0 ampere) is a limitation on the instantaneous
value that the tube can carry safely in the direction in which it is designed to conduct and should
not be exceeded. The maximum direct load current is not fixed but will depend upon the wave
form required by the load and filter circuit.

The maximum permissible peak potential between electrodes (1800 volts) is a limitation on
the instantaneous value that the tube can stand safely. If it is exceeded, an arc-back may result
which will injure the tube. The maximum direct potential available is not fixed but will depend
upon the type of circuit used.

301A vacuum tubes may be operated in parallel if some provision is made to insure a proper
division of the load current. Current dividing reactors or ballasting resistors in series with each
anode, may be used for this purpose. The size of the reactors or resistors depends upon the circuit
design.

In most cases the termination of the useful life of the 301A tube is due to the loss of filament
activity. This causes the tube to fail by arcing between the electrodes. Failures of this kind
should be safeguarded by proper fuse protection to prevent injury to other tubes in the circuit and
to the auxiliary equipment.



301A

Typical Rectificr Circuits—The 301A vacuum tube may be used in any standard high vacuum
rectifier circuit subject to its current, voltage and temperature limitations. Typical circuits are
shown below. The approximate direct output current and voltage for each type of rectifier circuit
where tubes are operated at maximum permissible plate current and inverse voltage are given in
Table 1. The values listed are average values of the pulsating current and voltage for an
unfiltered circuit.

Table 1
Load Load Current
Cireuit Phase Number Potential in
Designation Supply Tubes in Volts Amperes
A 1 1 550 0.6
B 1 2 550 . 1.2
C 1 2 1100 0.6
D 3 3 800 1.6
E 3 3 700 1.8
F 1 3 1100 0.6
g
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303A Vacuum Tube

Classification—Duodiode triode with indirectly heated cathode

The 303A tube comprises three distinct vacuum tube units, which are independent of each
other except that sections of a single cathode structure supply electron emission for all three. Two
of these units are diodes. The other is a triode. Except for the heater rating the 303A tube is
similar to the 292A.

Applications—Diode detector, diode rectifier for automatic volume control voltage, and triode
audio-frequency amplifier. 1f desired, both diodes may be used for detection, connected either in
parallel for half-wave rectification or in push-pull for full-wave rectification. The latter connection
requires about twice as high an input voltage as the former to give equal detector output. An
alternative use of the triode unit is as a direct-current amplifier for the automatic volume control

voltage.

Dimensions—Dimensions, outline diagrams of the tube and base, and the arrangement of the
electrode connections to the base terminals are shown in Figures 1 and 2.

Base—Medium six-pin type. Small metal cap triode grid terminal at the top of the bulb.

Socket—-Standard six-contact type, such as the Western Electric 144B  socket.



303A

Mounting Positions—The 303A tube may be mounted in any position.

Average Direct Interelectrode Capacitances

Triode grid to plate 1.3 puf.
Triode grid to cathode and heater 1.4 ppf.
Triode plate to cathode and heater 3.7 ppuf.
Both diodes to triode grid 0.02 puf.
Both diodes to triode plate 1.3 puuf.
Both diodes to cathode and heater 6.2 ppuf.
Heater Rating

Heater voltage 2.0 volts, a.c. or d.c.
Nominal heater current 1.60 amperes

The heater of this tube is designed to be operated on a voltage basis and should be operated
at as near the rated voltage as is practicable.

Cathode Connection—Preferably direct to the heater. If voltage must be applied between the
cathode and heater, it should be kept as low as possible and should never exceed 90 volts.

Triode Characteristics—Plate current characteristics of the triode section of a typical 303A
tube are shown in Figure 8 as functions of grid bias for several values of plate voltage. Corresponding
amplification-factor, plate-resistance, and transconductance characteristics are given in Figures 4,
5, and 6 respectively. Plate current characteristics as functions of plate voltage for several values
of grid bias are shown in Figure 7.

Triode Operating Conditions and Output—Permissible operating grid and plate voltages are
included within the area, ABCD, in Figure 8. Values of amplification factor and plate resistance
and typical performance data are given in the table below for recommended and maximum operating
conditions represented by selected points within this area. Recommended conditions or others
of no greater severity should be selected in preference to maximum conditions wherever possible.
The life of the tube at maximum operating conditions may be shorter than at the recommended
conditions.

The performance data include the fundamental voltage output, Epn, in peak volts, the corres-
ponding power output, Py, in milliwatts, and the second and third harmonic levels, Fy,, and Fp,
in db below the fundamental for the indicated values of input voltage and load resistance. Where
the level of the third harmonic is lower than 45 db below the fundamental, its value may be widely
different for different tubes. The values given represent a typical tube. The input voltage, Egp, in
peak volts, is numerically equal to the grid bias for each operating condition. For a smaller input
voltage E,, the voltage output, power output, and second and third harmonic levels are given
approximately by the following relations:

2
P =P, (E_x>
E¢m
E

E, = E,, %
p P Epm
Fo = Fom + 20 logy Ein
E,
Fs = F3n + 40 logyo E;gm

g
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Table
Ampli- Volt- Sec-
Plate Plate flca- Plate Load age Power ond Third
Volt- Grid Cur- tion Resis- Resis- In- Out- Out- Har- Har-
age Bias rent Factor tance tance m put put monic monic
Volts Volts Milli- Ohms Ohms Peak Peak Milli- db db
amperes Volts Volts watts
Recom- 135 — 4.5 3.0 14.1 17000 20000 4.5 34 29 24 55
mended 35000 4.5 43 26 27 50
Operating 50000 4.5 47 23 28 50
C,O“d’- 135 — 6.0 2.0 13.5 21000 20000 6.0 40 40 19 50
tions 35000 6.0 51 38 22 60
50000 6.0 58 33 24 50
135 — 1.5 1.1 12.7 27000 20000 7.5 42 44 14 37

35000 7.5 55 43 17 41
50000 7.5 63 40 19 45

180 — 7.5 3.2 13.5 17000 20000 7.5 55 75 21 55
35000 7.5 68 66 24 50
50000 7.5 76 58 26 50

180 — 9.0 2.2 13.0 20000 20000 9.0 59 88 17 42
35000 9.0 75 81 20 55
50000 9.0 85 73 23 60

180 —10.5 1.3 12.5 26000 20000 10.5 60 91 13 35
35000 10.5 78 87 16 38
50000 10.5 90 81 19 45

Maximum 200 — 9.0 3.2 13.2 18000 20000 9.0 65 105 20 50
Operating 385000 9.0 82 94 23 55
Conditions 50000 9.0 90 81 25 45

200 —10.5 2.2 12.8 21000 20000 10.5 68 114 16 39

35000 10.5 87 108 20 50
50000 10.5 97 95 22 55

Triode Microphonic Noise—With a plate voltage of 185 volts, a grid bias of —6 volts, and a
load resistance of 100,000 ohms, the mean microphonic noise output level of the triode section of
the 303A tube, measured in a laboratory reference test set, is 44 db below 1 volt. The range of
levels of individual tubes extends from 20 to 64 db below 1 volt. Since microphonic noise output
depends on the type and intensity of the mechanical disturbance which produces it, the values given
here are useful chiefly for comparison with the levels of other types of tubes which have been tested
in the same way.

Diode Characteristics—The current-voltage characteristic of a single diode is shown in Figure 8.
The potential of each diode plate with respect to the cathode on the positive swing of the input
voltage should be limited to a maximum value of +10 volts. Rectification characteristics for a
single diode are shown in Figure 9 for a number of values of impressed alternating input valtage.
Each of these characteristic curves gives the relation between the direct voltage impressed on the
diode plate and the average diode current as indicated by a direct-current microammeter for a
constant impressed alternating input voltage of the value specified. Where the diode is used as
a detector with the usual condenser-resistance circuit, the direct component of the voltage developed
across the resistance by a given alternating-voltage input is given by the intercept of the load line
corresponding to the load resistance with the rectification characteristic corresponding to the input
voltage. Load lines for zero fixed bias are shown in Figure 9 for load resistance values of 0.25,
0.5 and 1.0 megohm.
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306A Vacuum Tube

Classification—Moderate-power, filamentary, suppressor-grid pentode

The 306A tube may be used at relatively high radio frequencies. The suppressor grid is
permanently connected to the center point of the filament within the bulb.

Applications

Audio-frequency amplifier in positions where power outputs of approximately 8 watts or less
are required.

Radio-frequency amplifier where high overall voltage amplification is not required.
Oscillator.

Modulator and frequency multiplier.

Dimensions—Dimensions, outline diagrams of the tube and base, and the arrangement of the
electrode connections to the base terminals are shown in Figures 1 and 2.

Base—Medium, five-pin thrust type with bayonet pin. Small, metal cap control-grid terminal
at the top of the bulb.

Socket—Standard, five-contact type, such as the Western Electric 141A socket.

306A
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Mounting Positions—Either vertical or horizontal. If mounted in a horizontal position, the
plane of the filament, which is indicated in Figure 2, should be vertical.

Average Direct Interelectrode Capacitances

Control grid toplate. . .. ... i 0.35 ppf.
Control grid to filament, screen grid and suppressor grid . . . .. 18 puf.
Plate to filament, screen grid and suppressor grid ........... 13 ppf.

Filament Rating

Filament voltage. ............. ... ... ... ... ... 2.75 volts, a.c. or d.c.
Nominal filament current. .. ... ............. ... 2.0 amperes

The filament of this tube is designed to operate on a voltage basis and should be operated
at as near the rated voltage as is practicable.

Filament Connection—The suppressor grid and the center point of the filament are connected
to a pin in the base. When alternating current is used for heating the filament, the grid and plate
returns may be connected to this point instead of to a center tap of the filament heating trans-
former secondary. When the tube is used in very high-frequency circuits, 20 megacycles or above,
the center point should be connected through low-impedance by-pass condensers to the two end
points of the filament in order to minimize the effective filament inductance.

Characteristics—Plate current and screen-grid current characteristics for a typical 306A tube
are shown in Figures 3 and 4, respectively, as functions of control-grid voltage for several values
of screen-grid and plate voltage. The plate voltage for these characteristics is equal to the screen-
grid voltage. Plate current and screen-grid current charcteristics are shown as functions of plate
voltage in Figures 5 and 6, respectively, for a screen-grid voltage of 300 volts. Corresponding
amplification factor, plate resistance, and transconductance characteristics are shown in Figures 7,
8, and 9, respectively.

The characteristics above and the tabulated values and output curves to follow are for direct-
current filament supply with the grid and plate voltages measured from the negative end of the
filament. When alternating-current filament supply is used, approximately the same characteristics,
tabulated values, and output curves are applicable if 1.6 is added to the numerical value of each
control-grid voltage.

Limiting Conditions for Safe Operation

Maximum plate voltage. . ................o i 300 volts
Maximum screen-grid voltage. ............. ... ... ... ... 300 volts
Maximum instantaneous control-grid potential on positive

swing of input voltage. ......... ... .. ... o +30 volts
Maximum plate current for audio-frequency amplifier applications 60 milliamperes
Maximum plate current for applications other than audio-

frequency amplification. . ... ... ... .ol 50 milliamperes
Maximum plate dissipation................. ... 15 watts
Maximum screen-grid current.............. . I 20 milliamperes
Maximum control-grid current. .. ......... ... .. 7 milliamperes

If a tube has been operating for more than one hour in a circuit in which its control-grid
potential is continuously negative, as, for example, in an audio-frequency amplifier circuit, it should
not thereafter be operated in an oscillator, Class C amplifier, or other circuit in which the control-
grid potential is carried positive. If, however, the filament emission has been impaired by not
observing this precaution, it can usually be restored by aging the tube for 24 hours in whichever
type of circuit is chosen for subsequent operation.



Operating Conditions and Output

Class A—Audio-Frequency Amplifier or Modulator—Permissible operating screen-grid and
control-grid voltages for audio-frequency amplifier applications are included within the area,
ABCDE, in Figure 3. Amplification factor, plate resistance, transconductance, and performance
data are given in the table below for a number of typical operating conditions represented by selected
points within this area. Less severe operating conditions should be selected in preference to maxi-
mum operating conditions wherever possible. The life of the tube at maximum conditions may be
shorter than at less severe conditions.

The performance data include the fundamental power output in watts and the maximum level
of any harmonic in db below the fundamental corresponding to the indicated values of load resistance
and input voltage. The input for each operating condition has been so chosen that its peak value is
numerically equal to the control grid-bias, and the load resistance has been so chosen that for the
range of inputs between zero and this maximum value, the maximum levels of the second and third
harmonics are equal.

Max-
Screen- Con- Ampli- Trans= imum
Plate Grid trol- Plate Screen- fica- Plate con=- Load Input Power Har-
Volt- Volt- Grid Cur- Grid tion Resis- duc- Resis- Volt- Out- monic
age age Bias rent Current Factor tance tance tance age put Level
Volts Volts Volts Milli- Milli- Ohms Micro- Ohms Peak Watts db
amperes amperes mhos Volts
200 200 —12 32 7.0 260 70000 3700 4600 12 3.0 24.5
250 250 —15 43 9.5 250 62000 4050 3800 15 5.0 24.5
*300 300 —20 48 10.0 290 70000 4150 4100 20 8.8 21.0

*Maximum operating conditions

Curves showing the variation of power output and second and third harmonic levels with input
voltage for several values of load resistance are shown in Figures 10, 11 and 12, respectively, for
a typical operating condition. Figures 18, 14 and 15 extend the data given in the last four
columns of the table to other maximum harmonic levels. Each ordinate in Figure 13 gives the
maximum power output obtainable from the tube at the indicated operating condition, where
both the second and third harmonics are limited to the level given by the corresponding abscissa.
The values of input voltage and load resistance which are required at each point are given in
Figures 14 and 15, respectively.

Class C—Radio-Frequency Amplifier—Plate and Screen Modulated. Typical operating
conditions and output.

Direct plate voltage. . . ... 300 volts

Direct screen-grid voltage (approximate)....................... 180 volts
Screen-grid circuit resiStance. .. ... .........vviiiiiniiii. 8000 ohms

Total control-grid bias (approximate).......................... —50 volts
Control-grid circuit resistance. ...................... ... 10000 ohms

Fixed control-grid bias. ......... .. ... ... ... ... ... . ... —20 volts

R-F control-grid driving voltage. . . ........................... 70 peak volts
Direct plate current. . ........ .. 36 milliamperes
Direct screen-grid current. . .............ciuiiiiiin 15 milliamperes
Direct control-grid current. .. ...... ... ... ..o 3 milliamperes
Effective load resistance. . ... ........ . ... i 4500 ohms
Carrier POWEr OUtPUL. . ... oottt 7 watts

Power output on a-fpeaks. .. ............... ... ... 28 watts

306A
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For this type of operation, the modulating voltage is applied to the plate through the r-f coil,
and to the screen grid through the 8000 ohm screen-grid resistance. No by-pass condenser is used
across this resistance so that the actual modulating voltage applied to the screen grid is somewhat
lower than that applied to the plate. The by-pass condenser between the screen grid and filament
should be as small as practicable to avoid by-passing the higher modulating frequencies.

High Frequency Ratings

The 306A tube may safely be used at full ratings for operating frequencies up to 50 megacycles
and at reduced ratings up to 70 megacycles. Ratings for these two frequencies are as follows:

50 70
Megacycles Megacycles
Maximum direct plate voltage. . .................. 300 225 volts
Maximum direct plate current. ................... 50 50 milliamperes

For frequencies between these two values proportionate ratings are applicable. The object in
reducing the ratings is to limit the charging currents and dielectric losses, which dissipate consid-
able heat in the leads and glass of the tube at high frequencies.
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Wesrern Elecrric
307A Vacuum Tube

Classification—Moderate-power, filamentary suppressor-grid pentode
All three grids of the 807A tube are connected to separate base terminals.

Applications
Radio-frequency power amplifier
Suppressor-grid modulated amplifier
Frequency multiplier
Oscillator

Audio-frequency amplifier or modulator. The 306A tube gives better performance in this
application and is preferable except where its different filament characteristics preclude
its use.

Dimensions—Dimensions, outline diagrams of the tube and base, and the arrangement of the
electrode connections to the base terminals are shown in Figures 1 and 2.

Base—Medium, five-pin base with bayonet pin. Small, metal cap plate terminal at the top of
the bulb.

Socket—Standard, five-contact type, such as the Western Electric 141A socket.

Mounting Positions—Either vertical or horizontal. If mounted in a horizontal position, the
plane of the filament, which is indicated in Figure 2, should be vertical.
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Average Direct Interelectrode Capacitances

Control grid to plate 0.55 puf.
Control grid to filament, screen grid, and suppressor grid 15  ppuf.
Plate to filament, screen grid, and suppressor grid 12 puf.
Filament Rating
Filament voltage 5.5 volts, a.c. or d.c.
Nominal filament current 1.0 ampere

The filament of this tube is designed to operate on a voltage basis and should be operated at
as near the rated voltage as is practicable. When alternating-current filament supply is used, the
grid and plate returns should be connected to a center tap on the secondary of the filament trans-
former or to the center point of a suitable resistance connected across the filament terminals.

Characteristics—Plate current and screen-grid current characteristics of a typical 307A tube are
shown in Figures 8 and 4, respectively, as functions of control-grid bias for several values of screen-
grid and plate voltages and zero suppressor-grid voltage. The plate voltage for these characteristics
is equal to the screen-grid voltage. Plate current and screen-grid current characteristics are shown
as functions of plate voltage in Figures 5 and 6, respectively, for a screen-grid voltage of 200 volts
and zero suppressor-grid voltage. Corresponding amplification factor, plate resistance, and trans-
conductance characteristics are shown in Figures 7, 8 and 9, respectively. Plate current and
screen-grid current characteristics are shown as functions of control-grid bias in Figures 10 and 11,
respectively, for a plate voltage of 500 volts, a screen-grid voltage of 200 volts, and several values
of suppressor-grid voltage.

All of these characteristics are for direct-current filament supply with the grid and plate volt-
ages measured from the negative end of the filament. When alternating-current filament supply
is used, the same characteristics may be applied if 8.2 is added to the numerical value of each control-
grid bias.

Limiting Conditions For Safe Operation
**Class B or

*Class C Suppressor=
Class A Amplifier or Modulated
Amplifier Oscillator Class C Amplifier
Maximum direct plate voltage. .. ... 500 500 500 volts
Maximum direct screen-grid voltage. 300 250 250 volts
Maximum direct plate current. ... .. 60 60 45 milliamperes
Maximum direct screen-grid current. 25 25 25 milliamperes
Maximum direct control-grid current — 7 7 milliamperes
Maximum plate dissipation......... 15 15 15 watts
Maximum screen-grid dissipation. . . . 6 6 6 watts
Maximum instantaneous control-grid
voltage on positive swing of input — +30 +30 volts

*Key-down conditions for intermittent service such as telegraphy.
For continuous operation the direct plate current should be limited to 45 milliamperes.

**Carrier conditions for use with a modulation factor up to 1.0.

Because of secondary emission effects, the suppressor grid should not be driven more than 20
volts positive except where the resistance in the suppressor-grid circuit is small.

Operating Conditions and Output
Class A—Audio-Frequency Amplifier or Modulator.

Permissible operating conditions for Class A operation are included within the area, AB CDE,
in Figure 3. Nominal performance data are given in the table on page 8 for typical operating condi-
tions represented by selected points within this area. It is assumed that the plate voltage for every
operating condition is equal to the screen-grid voltage. Other plate voltages, however, are per-
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missible within the limits set down in the preceding section. A less severe operating condition
should be selected in preference to a maximum operating condition wherever possible. The life of
the tube at maximum conditions may be shorter than at less severe conditions.

The performance data include the maximum fundamental power output in watts and the
maximum levels of the second and third harmonics in decibels below the fundamental for the recom-
mended values of load resistance and the indicated range of input voltages. In designing the 307A
tube for optimum characteristics as a suppressor-grid modulated, Class C amplifier, its Class A
amplifier characteristics have been sacrificed to some extent. It will deliver approximately the
same maximum power output as the 806A tube under similar Class A operating conditions, but the
harmonic levels for comparable outputs are somewhat higher.

TABLE
Sup-
pres= Maxi- Maxi- Maxi-
Screen  sor Con- Screen Input mum mum mum
Plate Grid Grid trol- Plate Grid Load Volt- Power Second Third
Volt- Volt- Volt- Grid Cur- Cur- Resis= age Out- Har= Har-
age age age Bias rent rent tance Range put monic monie
Volts Volts Volts Volts Milli- Milli- Ohms Peak Watts db db
amperes amperes Volts
200 200 0 —15 36.5 34 4000 0—15 2.9 23.5 24
250 250 0 —20 50 4.0 4000 0—20 5.7 24 23.5
*300 300 0 —30 43 2.6 4500 0—30 9.1 21 17.5

*Maximum operating condition.

Curves showing the variation of power output and second and third harmonic levels for the three
operating conditions given in the table are shown in Figures 12, 13 and 14, respectively.

Class C—Radio-Frequency Power Amplifier, Suppressor-Grid Modulated Amplifier, and
Oscillator. Typical operating conditions and output.

Suppressor- Unmodulated
Modulated Class C
Class C Amplifier
Amplifier or QScillator
Note 1 Note 2

Direct plate voltage. . ................... 500 500 500 volts
Direct screen-grid voltage (approx.)....... 200 250 250 volts

Screen-grid circuit resistance............ 14000 20000 20000 ohms
Total control-grid bias (approx.) .......... —85 —35 —85 volts

Control-grid circuit resistance........... 10000 10000 10000 ohms

Fixed control-grid bias. ................ —20 —20 —20 volts
Suppressor-grid bias. . ................... —50 0 0 volts
R-F control-grid voltage. .. .............. 50 50 50 peak volts
Direct plate current. . ................... 40 45 60 milliamperes
Direct screen-grid current. ............... 20 12 18 milliamperes
Direct control-grid current. . ............. 1.5 1.3 1.4 milliamperes
A-F suppressor-grid voltage. . .. ....... ... 50 0 0 peak volts
Effective load resistance. . ............... 4000 6500 5000 ohms
Carrier power output. ................... 6 15 20 watts
Power output on a-f peaks. . ............. 24 — — watts

Note 1—Carrier conditions for use with modulation factors up to 1.0.
Note 2—Conditions permissible only for intermittent service, such as telegraphy.

It is recommended that the screen-grid voltage be obtained from the plate voltage by inserting
a resistance in series with the screen grid and plate voltage, and that part of the control-grid bias
also be obtained from the voltage drop produced by the control-grid current flowing through a
resistance. With this arrangement, using the indicated values of resistance, the output power is
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almost independent of carrier input over a wide range of carrier input voltages, the distortion of the
signal wave in the modulator application is minimized, and the risk of damaging the tube by over-
load while making circuit adjustments is reduced.

A radio-frequency output current characteristic of a typical 807A tube is shown in Figure 15
as a function of suppressor-grid voltage for a constant impressed radio-frequency control-grid
voltage of 50 peak volts. Corresponding plate current, screen-grid current, control-grid current,
and suppressor-grid current characteristics are given in Figure 16. These characteristics correspond
to the first column of operating conditions listed above, except that the suppressor-grid voltage
is treated as a variable.

High-Frequency Ratings

It is permissible to use the 807A tube at full rating for operating frequencies up to 40 mega-
cycles and at reduced ratings up to 70 megacycles. Ratings for these two frequencies are as follows:

40 70
Megacycles Megacycles
Maximum direct plate voltage.................. 500 300 volts
Maximum direct plate current
For Class C telegraphy (intermittent)......... 60 45 milliamperes
For all other classes of service................ 45 45 milliamperes

For intermediate frequencies, proportionate ratings are applicable. The object in reducing the ratings
is to limit charging currents and dielectric losses, which produce heat in the leads and glass of the
tube at high frequencies.
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Vacuum Tube

Wesrern LElecrric
308B Vacuum Tube

Classification—Filamentary air-cooled triode

This tube was designed primarily for use as an audio-frequency amplifier or modulator; or as

a radio-frequency oscillator or amplifier.

Dimensions—Dimensions and outline diagrams are shown in Figures 1 and 2 and are:

Maximum.overall Tengthi. . .. ..o ms wiemms i osd w55 em s s 1354”

1\ 575101 Y0 s R k=160 V=1 =) oIS A0 5 Gt R A R 354"
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Mounting—Large four-pin bayonet base for use in a W. E. 113A or similar socket, for either
vertical or horizontal mounting. If mounted horizontally the plane of the filament, which is
indicated in Figure 2, should be vertical.

Filament—Thoriated tungsten.

Filament voltage. . .............. ... .. .. ... ... ..., 14 volts
Nominal filament current................ ... .. ... ... ..., 6 amperes
Average thermionic emission. .............. ... ... .......... 4 amperes

Approximate Direct Interelectrode Capacitances

Plate togrid............ 17.4 ppf.
Gridtofilament. . ... ... ... .. ... 13.6 puf.
Plate to filament. ... ....... ... ... ... ... 9.3 uuf.

Characteristics—Performance data given below are based upon a typical set of conditions.
Variations can be expected with different circuits and tubes.

Figures 8 and 4 give the static characteristics of a typical tube plotted against grid and plate

voltages.

Average Characteristics at 1500 volts direct plate potential and minus 150 volts grid bias,
I, = .167 ampere.

Amplification factor. .. .......... .. e 8

Plate resistance. . . ........... i 1070 ohms

Grid to plate tranconductance. . .......... ... ... ... 7500 micromhos
Operation

Maximum Ratings

Max. direct plate voltage. ... ... ........ ... .. ... .. 2250 volts

Max. direct plate current. . ... ... ... ... . 325 milliamperes
Max. plate dissipation. .. ......... ... .. ... 250 watts

Max. direct grid current. . ........... .. ... 75 milliamperes
Max. r-fgrid current. ... ... .. 5 amperes
Max. frequency for the above ratings. .. ............... ... ... .. 1.5 megacycles
Max. plate voltage for upper frequency limit of 4.5 Mc.......... 750 volts

Max. plate voltage for frequencies between 1.5 and 4.5 Mc in proportion.

The above are maximum ratings which do not apply simultaneously but depend on the
type of service as specified below.

Class A Audio Amplifier or Modulator

Direct plate voltage. . . .......................... 1500 1000 volts
Gridbias. .........ov —155 — 80 volts
Direct plate current. . ............. ... ..., 185 210 milliamperes
Plate dissipation. . .............cooviieeeeiaaann. 200 210 watts
Load impedance. ... ............. ... .. ... ... ..... 13000 3000 ohms
Undistorted output. .................ooooio ... 50 35 watts
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Class B Audio Amplifier or Modulator—for Balanced 2 Tube Circuit

Direct plate voltage. .. ................ ... ....... 1750
Gridbias. . .......... . —215
Direct plate current per tube

Nodrive. .. .. ... ... .. . 30

Max. drive. . ... .o 300
Plate dissipation. .. ........ ... ... ..., 240
Load resistance plate-to-plate..................... 5200
Load resistance per tube.................... ... 1300
Approximate maximum output.................... 575
Recommended power for driving stage............. 35

Class B Radio-Frequency Amplifier

Direct plate voltage. . .............. ... .. 1750
Direct plate current............ ... ... ... . 215
Plate dissipation. .. ........ . ... . o 250
Grid bias. . ... —230

Approx. carrier watts for use with 1009 modulation 125

1500 volts
—180 volts

25 milliamperes
800 milliamperes

210 watts
4280 ohms
1070 ohms
475 watts

35 watts

1500 volts
250 m'lliamperes
250 watts
—200 volts
125 watts

Class C Radie-Frequency Oscillator or Power Amplifier—Unmodulated

Direct plate voltage. . ......... .. ... ... ... ... 1750
Direct plate current. . ... .. ... o 300
Grid bias. .. ... —345 to —460
Nominal power output....................... ... 350

Class C Radio-Frequency Amplifier—Plate Modulated

Direct plate voltage. .. ............. ... ... ..., 1250
Direct plate current. . ........................... 300
Grid bias. . ... ... —320
Max. direct grid current.................. ... 75
Nominal carrier power output for use with 1009,
modulation....... ... ... .o 250

Operating Precautions

1500 volts
300 milliamperes
—300 to —400 volts
300 watts

1000 volts
300 milliamperes

—260 volts
75 milliamperes

200 watts

Mechanical—Figures 1 and 2 show the overall dimensions and basing arrangement for the

tube.

The tubes should not be subjected to mechanical shock or excessive vibration. Mechanical

vibration may cause breakage of the thoriated tungsten filaments.

A free circulation of air must be provided to insure adequate cooling of the glass during operation.

Electrical—Overload protection should always be provided for the plate circuit. A suitable
fuse or circuit breaker should remove the plate voltage if the plate current exceeds 425 milliamperes.
Although the tube is sufficiently rugged to withstand momentary overloads, a prolonged overload
caused by inefficient adjustment of the circuit, may damage the tube. When adjusting a new
circuit, reduced plate voltage or a series resistance of 1000 to 5000 ohms in the plate circuit should

be used until it is operating properly.
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The filament should always be operated at the rated voltage, measured at the tube terminals.
A 59, decrease in filament voltage reduces the thermionic emission approximately 25%,. Either
direct or alternating current may be used for heating the filament. If direct current is used, the
plate and grid circuit returns should be connected to the negative filament terminal. If alternating
current is used, the circuit returns should be connected to the center tap of the filament heating
transformer winding or to the center tap of a resistor placed between the filament terminals.
A resistance of 30 to 40 ohms of ten watt rating is suitable.

In cases where severe and prolonged overload has temporarily impaired the electronic emission
of the filament, the activity may be restored by operating the filament, with the plate and grid
voltages off, 809, above normal voltage for 10 minutes followed by a longer period at normal voltage.

Audio Amplifier or Modulator
Class A—Peak grid drive equal to or less than the grid bias.

Grid bias may be obtained from the drop across a resistance in the plate current return
or from a battery or rectifier supply.

Plate dissipation allowable for this type of service is generally lower than is safe for other
uses since the energy is dissipated in the plate in smaller areas due to relatively high voltage
drop in the tube.

The plate dissipation is equal to the plate voltage multiplied by the normal plate current.
Performance data are based upon the use of a resistance load. Undistorted output is calculated
on the basis of 59, second harmonic distortion.

Class B—Grid bias practically at cut-off and grid driving voltage higher than the bias.

Two tubes may be used in a balanced circuit. An adequate driving stage and an input
transformer with good regulation must be used so that the grid current drawn during positive
grid swings does not produce appreciable distortion. The output transformer must transform
the load impedance to the proper value for the tubes used. The power output obtainable will
be determined by the quality of the transformer used and the amount of distortion which can
be tolerated. The grid bias must be held constant and therefore cannot be obtained by grid
leak or series resistor methods. A battery or other source having good regulation is necessary.

The power required of a modulator for complete modulation of a Class C amplifier is
one-half the direct power input to the plates of the Class C amplifier.

Radio-Frequency Oscillator or Power Amplifier
Class B—Radio-Frequency Amplifier.

The Class B radio-frequency amplifier is used to amplify a modulated radio-frequency
carrier wave without appreciable distortion. It operates similarly to the Class B audio
amplifier except that a single tube may be used, the tuned output circuit serving to preserve
the wave shape. The push-pull circuit, however, eliminates the even order harmonics and
thus increases the efficiency slightly.

Class C—Grid bias below cutoff.

Unmodulated
This type of operation is suitable for telegraphy, or the production of a continuous flow
of radio-frequency power for purposes other than communication.
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Plate Modulated

This type of operation is for use when the modulating voltage is superimposed on the
plate supply voltage and to obtain good quality the output power should vary as the square of
the plate voltage. For complete or 1009, modulation, the plate voltage varies from zero to twice
the applied direct value during a cycle of the audio frequency. With no modulation applied,
the plate voltage is, of course, the direct value and the carrier power output is one-fourth of
the peak power output under 1009, modulation. In this case, since the plate voltage varies
with modulation, the direct value must be rated lower than for other types of operation.

High Frequency Ratings

The frequency limits specified under maximum ratings are based on the tube being used as
an oscillator. The tube may be used at full rating up to 1.5 megacycles. When operating at higher
frequencies, the dielectric losses, charging currents and lead-in heating are increased greatly.
The plate voltage and hence plate dissipation must be reduced to values specified for the upper

frequency limit and for frequencies between these two limits the plate voltage should be propor-
tionately reduced.
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Vacuum Tube

Wesrerrn Electric

309A Vacuum Tube

Classification—Voltage amplifier, variable-mu, suppressor-grid pentode with in-
directly heated cathode

The 309A tube is especially designed to minimize audio-frequency disturbances arising in the
tube. The suppressor grid is permanently connected to the cathode within the bulb.

Applications

Audio-frequency voltage amplifier, particularly in circuits in which the amplification is ad-
justed by varying the control-grid bias, and exceptionally low tube noise is required.

Radio-frequency voltage amplifier.

Dimensions—Dimensions, outline diagrams of the tube and base, and the arrangement of the
electrode connections to the base terminals are shown in Figures 1 and 2.

Base—Small, five-pin base with pins silver-plated. Small metal cap control-grid terminal at the
top of the bulb.

Socket—Standard, five-contact type, preferably provided with silver-plated contacts such as the
Western Electric 141A socket.



309A

Mounting Positions—The 309A tube may be mounted in any position.

Average Direct Interelectrode Capacitances

Control grid toplate. .. ......... ... i 0.007 uuf.
Control grid to heater, cathode, screen grid and

SUPPressor grid. . .. ... 5.8 upf.
Plate to heater, cathode, screen grid and suppressor grid ..... 14 ma

Heater Rating

Heater voltage. . ................ ... ... .. .. 10.0 volts, a.c. or d.c.
Nominal heater current. ..................... 0.32 ampere

The heater element of this tube is designed to operate on a voltage basis and should be operated
at as near the rated voltage as is practicable. In audio-frequency applications where exceptionally
low tube noise is required, it may be necessary to use direct-current heater supply.

Cathode Connection—Preferably direct to the heater. If voltage must be applied between
the cathode and heater, it should be kept as low as possible and should never exceed 150 volts.

Characteristics—Plate current and screen-grid current characteristics for a typical 309A tube
are shown in Figures 8 and 4, respectively, as functions of plate voltage for several values of control-
grid voltage and a screen-grid voltage of 75 volts. Corresponding amplification factor, plate resis-
tance, and transconductance characteristics are shown in Figures 5, 6, and 7, respectively. Plate
current and transconductance characteristics as functions of control-grid voltage are shown in
Figures 8 and 9 respectively, for a screen-grid voltage of 75 volts and a plate voltage of 180 volts.
For other plate voltages between 135 and 250 volts, the transconductance of a typical tube, for
values above 5 micromhos, does not differ by more than =+ 2 per cent from its value at 180 volts.
Amplification factor and plate resistance characteristics as functions of control-grid voltage are
shown in Figures 10 and 11, respectively, for a screen-grid voltage of 75 volts and several values of
plate voltage.

Typical Operating Conditions

Plate Screen- Control- Plate Screen- Amplifi- Plate Trans=-
Volt- Grid Grid Cur- Grid cation Resis= conduc-
age Voltage Bias rent Current Factor tance tance
Volts Volts Volts Milli- Milli- Megohms Miero-
amperes amperes mhos
135 75 —-1.5 4.75 1.1 760 0.7 1090
180 75 —1.5 4.80 1.1 1100 1.0 1100
*250 75 —1.5 4.85 1.1 1450 1.3 1110
**135-250 75 —30 — - — — 5

*Maximum operating conditions
**Nominal cut-off

Microphonic Noise—With a plate voltage of 180 volts, a screen-grid voltage of 75 volts, a
control-grid bias of —1.5 volts, and a load resistance of 100,000 ohms, the mean microphonic noise
output level of the 309A tube, measured in a laboratory reference test set, is 17 db below 1 volt.
The range of levels of individual tubes extends from 6 to 80 db below 1 volt. Since microphonic
noise level depends on the type and intensity of the mechanical disturbance which produces it, the
values given here are useful chiefly for comparison with the levels of other tubes which have been
tested in the same way.
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Vacuum Tube

Fluctuation Noise—An irreducible minimum of noise in a vacuum tube is produced by minute,
uncontrollable fluctuations in the rate of flow of electrons to the anode. With a plate voltage of
180 volts, a screen-grid voltage of 75 volts, a control-grid bias of —1.5 volts, and a load resistance
of 100,000 ohms, the mean equivalent fluctuation noise input of the 309A tube for the audio-fre-
quency range from 40 to 10,600 cycles is 117 db below 1 volt. The range of levels of individual
tubes extends from 112 to 119 db below 1 volt. By reducing the control-grid bias to —1.0 volt and
the screen-grid voltage to 18 volts, the mean fluctuation noise level may be reduced by about 2.5 db.
The equivalent noise input voltage is equal to the measured output voltage divided by the voltage
amplification of the tube in the measuring circuit.

Special Features—By virtue of its variable-mu characteristic and low noise level, the 309A
tube is particularly adapted to amplifier applications, both radio-frequency and audio-frequency,
where the amplification is adjusted by varying the control-grid bias. As the grid bias is made
more negative, the plate current and transconductance approach zero gradually, as shown in Figures
8 and 9, rather than sharply, so that modulation and distortion are relatively small at all values of
grid bias.

The 309A tube has been specially designed to minimize both the spontaneous microphonic noise
impulses occurring at random intervals, and the sharp, aperiodic noise impulses which sometimes
occur in tubes of this general type while the control-grid bias is varied continuously. When the tube
is well shielded from external microphonic noise stimuli, it is exceptionally quiet in operation and
can be used for the audio-frequency amplification and volume control of exceptionally low level
signals.

Circuit Requirements—In order to make use of the high gain per stage of which the 809A
tube is capable when used as a voltage amplifier, suitable precautions must be taken, especially
where high frequencies are involved, to avoid undesired feed-back in the circuit. It may prove
necessary to use a close-fitting shield around each tube, to shield each stage of the amplifier circuit,
to connect a low impedance condenser between each screen grid and its corresponding cathode,
to filter each battery lead to each tube, and to avoid impedances common to the plate, screen-grid,
control-grid, or cathode circuits of two or more tubes.
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Wesfern Lleciric
310A Vacuum Tube

Classification—Voltage-amplifier, suppressor-grid pentode with indirectly heated
cathode

This tube is intended primarily for use as an audio, or carrier and radio-frequency voltage
amplifier, oscillator or modulator. The connection for the suppressor grid has been brought out
to an external terminal, thus making the tube more flexible in its applications.

Dimensions—Dimensions, outline diagrams of the tube and base, and the arrangement of the
electrode connections to the base terminals are shown in Figures 1 and 2.

Base—Small, six-pin type with pins silver-plated. Small, metal cap control-grid terminal at the
top of the bulb.

Socket—Standard, six-contact type, preferably provided with silver-plated contacts such as the
Western Electric 144B socket.

Mounting Positions—The 310A tube may be mounted in any position

310A
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Average Direct Interelectrode Capacitances

A B
Control grid toplate. ............................. 0.025 0.007 puf.
Suppressor grid to plate. ........... ... ... 12.5 12.5  ppf.
Plate to heater, cathode and screen grid............. 2.2 8.2  uuf.
Control grid to suppressor grid. . ................... 1.8 1.3 ppuf.
Control grid to heater, cathode and screen grid. . ... .. 4.0 6.5 uuf.
Suppressor grid to heater, cathode and screen grid.... 7.5 14.5  ppf.

Column A—Without shield.
Column B—With close-fitting metal shield connected to cathode.

Heater Rating
Heater voltage. .. ......ocoiiiiiiiiii 10.0 volts, a.c. or d.c.
Nominal heater current. . ........................... 0.32 ampere

The heater element of this tube is designed to operate on a voltage basis and should be operated
at as near the rated voltage as is practicable.

Cathode Connection—Preferably direct to the heater. If voltage must be applied between
the cathode and heater, it should not exceed 150 volts.

Characteristics—Plate current and screen-grid current characteristics of a typical 810A tube
are shown in Figures 8 and 4, respectively, as functions of control-grid voltage for several values
of screen-grid and plate voltage and zero suppressor-grid voltage. The screen-grid voltage for
these characteristics is equal to the plate voltage. Corresponding amplification factor, plate resis-
tance, and transconductance characteristics are given in Figures 5, 6 and 7. Plate current and
screen-grid current characteristics as functions of plate voltage are given in Figures 8 and 9,
respectively, for several values of control-grid voltage, a screen-grid voltage of 185 volts, and zero
suppressor-grid voltage. Corresponding amplification factor, plate resistance, and transconduc-
tance characteristics are shown in Figures 10, 11 and 12. Plate current, screen-grid current, plate
resistance, and transconductance characteristics are shown in Figures 13, 14, 15 and 16 as functions
of plate voltage for several values of suppressor-grid voltage, a screen-grid voltage of 185 volts,
and a control-grid voltage of —8 volts. These last characteristics are of particular interest in
modulator applications where separate inputs are applied to the control and suppressor grids.

Limiting Conditions for Safe Operation

Maximum plate voltage. . ................ .. ... ... 250 volts
Maximum screen-grid voltage. . ...................... AP 180 volts
Maximum cathode current (screen-grid current plus plate current) 10 milliamperes
Maximum screen-grid current. . ...........oiiiiiaa 2.5 milliamperes

Operating Conditions and Output—Nominal performance data are given in the table below
for a number of typical operating conditions. Less severe operating conditions should be selected
in preference to maximum operating conditions wherever possible. The life of the tube at
maximum conditions may be shorter than at less severe conditions.

The performance data include the fundamental voltage or power output for the indicated
values of load resistance and input voltage, and the maximum second and third harmonic levels
for input voltages no greater than the indicated values. The voltage output is given in peak volts,
the power output in milliwatts, and the harmonic levels in decibels below the fundamental.



310A

TABLE
Plate Screen- Control- Suppressor=- Load Input Output Second Third
Volt- Grid Grid Grid Plate Resis-= Volt- Volt- Output Har=- Har=-
age Voltage Bias Voltage Current tance age age Power monic monie
Volts Volts Volts Volts Milli- Ohms Peak Peak Milli- db db
amperes Volts Volts watts
135 135 -3 0 54 20,000 3.00 250 22 30
60,000 1.60 130 26 28
60,000 0.95 60 35 45
60,000 1.15 100 33 39
100,000 0.57 75 35 50
100,000 0.40 50 40 55
180 135 -3 0 54 40,000 2.70 340 26 28
100,000 1.50 175 26 30
225 135 -3 0 5.5 60,000 2.70 425 27 27
100,000 1.80 220 27 31
*250 135 —3 0 5.5 60,000 2.70 480 26 30
60,000 1.20 110 30 55
100,000 2.10 250 26 29
100,000 1.50 200 30 43

*Maximum operating conditions.

Curves showing the fundamental power and voltage output and the second and third harmonic
levels as functions of input voltage for a number of values of load resistance and a typical
operating condition are given in Figures 17, 18, 19 and 20.
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Wesfern Llectric
310B and 348A Vacuum Tubes

Classification—Voltage amplifier, suppressor-grid pentodes with indirectly heated
cathodes.

The 310B and 348A tubes differ in heater ratings, type of base and type of grid cap. In all
other respects they are identical. They are designed to minimize hum produced by alternating
current operation of the heater and to minimize microphonic noise.

The tubes are intended for use in audio-frequency amplifiers where exceptionally low tube
noise is required. They may also be used as radio-frequency voltage amplifiers, oscillators or
modulators. The connection for the suppressor grid has been brought out to an external terminal,
thus making the tubes more flexible in their applications.

Dimensions and Connections—The outline diagrams of the tube and base giving the dimensions
and the arrangement of electrode connections to the base terminals for the 310B tube are shown
in Figures 1 and 2. Similar information for the 348A tube is shown in Figures 3 and 4.

Base and Mounting—The 310B tube employs a small six-pin thrust type base with silver-
plated pins. It is adapted for use in a standard six-contact type socket, preferably one provided
with silver-plated contacts such as the Western Electric 144B socket. The control-grid terminal
is a small metal cap located at the top of the bulb.

The 348A tube employs a small shell octal, seven-pin base. The control-grid terminal is a
skirted miniature metal cap located at the top of the bulb.

The tubes may be mounted in any position.



310B/348A

Average Direct Interelectrode Capacitances

_A B
Control grid to plate. .. ... P 0.025 0.007 puf
Control grid to heater, cathode, screen grid
and suppressor grid. . .. ... 6 T puf
Plate to heater, cathode, screen grid and
suppressor grid. . . ... 15 16 uuf

Column A—Without shield.
Column B—With close fitting metal shield connected to the cathode.

Heater Ratings
310B Tube 348A Tube
Heater voltage. ... ................... 10.0 6.3  volts, ac or dc
Nominal heater current................ 0.32 0.50 ampere

The heaters of these tubes are designed to operate on a voltage basis and should be operated
at as near to the rated voltage as is practicable.

Cathode Connection— Where alternating heater current is used the cathode should pre-
ferably be connected directly to the mid-point of the heater transformer winding or to the mid-
point of a low resistance connected across the heater terminals. For direct current operation the
cathode may be connected to either end of the heater. If voltage is applied between the heater and
cathode, it should be kept low and must not exceed 30 volts.

Characteristics— Figures 5 and 6, respectively, show plate current and screen-grid current as
functions of control-grid voltage for several values of screen-grid and plate voltage and zero sup-
pressor-grid voltage. For all curves the plate voltage is equal to the screen-grid voltage. Plate
current and screen-grid current are shown as functions of plate voltage in Figures 7 and 8, respec-
tively, for several values of control-grid voltage, a screen-grid voltage of 185 volts and zero sup-
pressor-grid voltage. Transconductance and plate resistance as functions of control-grid voltage
are shown in Figure 9 for two values of screen-grid and plate voltage. The plate voltage in each case
is equal to the screen-grid voltage and the suppressor-grid voltage is zero. Transconductance and
plate resistance as functions.of screen-grid voltage are shown in Figure 10 for a plate voltage of
180 volts, zero suppressor-grid voltage and two values of control-grid voltage.

Limiting Conditions For Safe Operation

Maximum plate voltage.................. ... ... 250 volts
Maximum screen-grid voltage. ............................ 180 volts
Maximum cathode current (screen-grid current

plus plate current). . ... 10 milliamperes
Maximum direct screen-grid current. ..................... 2.5 milliamperes

Operating Conditions and Output—Amplification factor, plate resistance, transconductance
and performance data are given in the table below for a number of typical operating conditions.
Less severe operating conditions should be selected in preference to maximum operating condi-
tions wherever possible. The life of the tube at maximum conditions will be shorter than at less
severe conditions.
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The performance data include the fundamental voltage and power output for the indicated
values of load resistance and input voltage, and the maximum second and third harmonic levels
Under certain conditions the maximum
second harmonic level occurs at a lower input voltage than that given in the table. The voltage
output is given in peak volts, the power output in milliwatts and the harmonic levels in decibels
below the fundamental.

for input voltages not exceeding the indicated values.

TABLE
Control-grid voltage =~ = -8 volts
Screen-grid voltage = 135 volts
Suppressor-grid voltage = 0
Plate Plate Amplifi- Plate Trans- Load Input Output Second  Third
Volt- Cur- cation Resis- conduc- Resis-  Volt- Volt- Output Har- Har-
age rent Factor tance tance tance age age Power monic monic
Volts Milli- Meg- Micro- Ohms Peak Peak Milli- db db
amperes ohms mhos Volts Volts watts
135 5.5 1200 0.65 1800 20,000 3.00 100 250 22 30
60,000 1.60 125 130 26 28
60,000 0.95 85 60 35 45
60,000 1.15 100 80 33 39
100,000 0.57 75 25 35 50
100,000 0.40 50 15 40 55
180 5.5 1800 1.00 1810 40,000 2.70 170 340 26 28
100,000 1.50 175 156 26 30
225 5.6 2300 1.25 1830 60,000 2.70 225 425 27 27
100,000 1.80 220 245 27 31
*250 5.6 2600 1.40 1840 60,000 2.70 240 480 26 30
60,000 1.20 115 110 30 55
100,000 2.10 250 320 26 29
100,000 1.50 200 200 30 43

*Maximum plate voltage.
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311A/329A

Wesrern LElociric

311A and 329A Vacuum Tubes

Classification—Low-power, suppressor-grid pentodes with indirectly heated cathodes
The 311A and 329A tubes are identical except for the heaters.

These tubes are intended primarily for use as audio, carrier or radio-frequency power amplifiers
where power outputs of approximately two watts are required and where the plate voltage is not in
excess of 180 volts. The suppressor grid is permanently connected to the cathode within the tube.

Dimensions and Connections—Dimensions, outline diagrams of the tubes and bases, and the
arrangement of the electrode connections to the base terminals are shown in Figures 1 and 2.

Base and Mounting—These vacuum tubes employ small five-pin thrust type bases with silver
plated pins. They are adapted for use in standard five-contact type sockets, preferably those pro-
vided with silver-plated contacts such as the Western Electric 141A socket. A small metal cap
control-grid terminal is located at the top of the bulb.

The tubes may be mounted in any position.
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Average Direct Interelectrode Capacitances

A B
Control grid toplate. . . ...... i, 0.29 0.07 upuf.
Control grid to heater, cathode and screen grid. . .......... 8 9  puuf.
Plate to heater, cathode and screen grid. .. ............... 9 12 ppuf.

Column A—Without shield.
Column B—With close fitting metal shield connected to the cathode.

Heater Ratings
311A Tube 329A Tube

Heater voltage. .. .......coooviviiiiiii ... 10.0 7.5 wvolts, a.c. or d.c.
Nominal heater current......................... 0.64 0.85 ampere

The heaters should be operated on a voltage basis and at as near the rated voltage as
practicable.

The voltage between the cathode and the heater should not exceed 150 volts.

Characteristics—Figures 3 and 4 respectively, show plate current and screen-grid current as
functions of control-grid voltage for several values of screen and plate voltage. In all curves the
plate voltage is equal to the screen voltage. Amplification factor, plate resistance and transcon-
ductance curves for the conditions corresponding to those of Figures 8 and 4 are given respectively
in Figures 5, 6 and 7.

Plate current and screen-grid current are shown as functions of plate voltage in Figures 8 and
9 respectively, for a screen-grid voltage of 135 volts and for several values of control-grid voltage.
Corresponding curves for amplification factor, plate resistance and transconductance are given in
Figures 10, 11 and 12 respectively.

Curves showing the fundamental power output and the second and third harmonic levels as
functions of input voltage for a number of values of load resistance for typical operating conditions
are given in Figures 13, 14 and 15 respectively.

Limiting Conditions for Safe Operation

Maximum direct plate voltage............................... 180 volts
Maximum direct screen-grid voltage.......................... 150 volts
Maximum cathode current (plate current plus screen-grid current) 60 milliamperes
Maximum direct screen-grid current.............. ... ... ..., 12 milliamperes

Operating Conditions and Output — Nominal performance data are given in the table
on page 3 for a number of typical operating conditions. Less severe operating conditions should be
selected in preference to the maximum conditions wherever possible. The life of the tube at maxi-
mum conditions will be shorter than at the less severe conditions.

The performance data include the fundamental power output for the indicated values of load
resistance and input voltage, and the maximum second and third harmonic levels for input voltages
not exceeding the indicated values. Under certain conditions the maximum second harmonic level
occurs at a lower input voltage than that given in the table. The power output is given in watts,
and the harmonic levels in decibels below the fundamental.



TABLE

Control-grid voltage =—15 volts

Screen - grid voltage = 135 volts

311A/329A

Plate Amplifica- Plate Transcon- Plate Load Input Output Second Third
Voltage tion Factor Resistance ductance Current Resistance Voltage Power Harmonic Harmonic
Volts Ohms  Micromhos Milli- Ohms Peak Watts db db
amperes Volts
135 122 43,000 2800 30 3000 15 1.9 23 24
3500 15 2.0 27 21
4000 15 2.0 29 19
6000 15 1.9 20 18
180* 146 50,000 2900 31 3000 15 2.5 18 30
4000 15 2.8 21 24
7000 15 2.5 23 18
*Maximum plate voltage.
— 12 MAX—~
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BELL SYSTEM PRACTICES AB46.311B
Transmission Engineering and Data ' Issue 1, 10-60
Electron Tube Data AT, & T, Co. Standard

ELECTRON TUBE DATA SHEET
WESTERN ELECTRIC 31IB ELECTRON TUBE

DESCRIPTION

The 311B is a suppressor grid power pentode having an indirectly heated
cathode. It is designed for use as an audio, carrier or radio-frequency amplifier.

CHARACTERISTICS

Heater Voltage o « o ¢ o o o o 5 o ¢ o o o o o o o o o 9.0 10.0 volts

Plate Current . . « o« o o o » 0 milliamperes
3 E, = E_, = 135 volts 3 33 E

Transconductance . . . ¢ e « « . 2800 2900 micromhos

Power Output . o « » . \Te1 - ~1° Volts o 5w 2.5 2.5 watts

File: General Purpose Section
Data Sheet Issue 1, 10-60

@ American Telephone and Telegraph Company 1960 3' l B



3118 — PAGE 2

GENERAL CHARACTERISTICS

Electrical Data

Heater Voltage, A-C or D-C (Note 1).

Heater Current .

Direct Interelectrode Capacitances

Grid to Plate .
Inpute « o o o &«
Output « ¢« o o &

Mechanical Data

Cathodee o o o o
Bu lb L] [ ] L] L] [ ] L]
Base « ¢« ¢ o o o

Mounting Position.
Dimensions and pin

connections

Maximum Ratings, Absolute

shown

L] L] L] L]
in outline

System (Note 2)

Plate Voltage. .

Screen Grid Voltage.
Plate Dissipation. . .
Screen Grid Dissipation.

Cathode Current.

Heater-Cathode Voltage . . .

TYPICAL OPERATING CONDITIONS AND

CHARACTERISTICS

Single Tube Amplifier

Class A

Heater Voltage . . .

Plate Voltage .

Screen Grid Voltege

Control Grid Voltage

Peak A-F Grid Voltage. .
Zero Signal Plate Current. .
Maximum Signal Plate Current
Zero Signal Screen Grid Current.
Meximum Signal Screen Grid Current

Trensconductance . .

Plate Resistance .

Load Resistance

e o o

Meximum Signal Power Output.
Totel Hsrmonic Distortion.

Note.l: For optimum tube life,
However, when 9 volts is

9.0
135
135
..15
15
30
33
6.3
11.5
2800
45000
3500
2.0
10.0

o o 9.0 10.0 volts
.« 0.60 0.64 ampere
without with
external shield external shield

(RMA #311)
« o« 0.32 0.09 puf
.. 8.0 9.5 puf
.« . 8.5 104 puf
e o o o o Coated unipotential
o e o o o ST12
e ¢ o o Small, S5 pin
e o s o @ Any
drawing on Page k4
e e o o o 200 volts
e o o o o 150 volts
e o o o » 9.0 watts
e e e o o 1.8 watts
e e e e e 60 milliamperes
« o o o o 150 volts
10.0 10.0 volts
135 180 volts
135 135 volts
«15 «15 volts
15 15 volts
33 34 milliamperes
36 38 milliamperes
6.5 6.0 milliamperes
11.0 10.0 milliamperes
2900 3000 micromhos
40000 47000 ohms
3500 4000 ohms
2.0 2.8 watts
9.0 10.5 per cent

a heagter voltage of 9 volts is recommended.
used, it must be regulated to % 1%.

Note 2: In the "Absolute System"

from the viewpoint of life and satisfactory performance.

the maximum ratings specified are limiting
values above which the serviceability of the device may be impaired

Maximum

ratings, as such, do not constitute a set of operating conditions
and all values may not, therefore, be attained simultaneously.
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- PLATE CURRENT IN MILUAMPERES

TYPICAL CHARACTERISTIC CURVES

These curves are representative of the characteristics of typical tubes when

9.0 volts are applied to the heater.
differ significantly when 10.0 volts are avvlied to the heater.
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Westerrn Eleciric

313A Vacuum Tube

Classification—Double gap, cold cathode, gas-filled tube for use as a relay, rectifier or voltage
regulator in special circuits.

The elements of the 313A tube consist of two similar control electrodes and one anode. The
conduction path between the control electrodes is known as the control gap. The conduction path
between either control electrode and the anode is known as the main gap.

The glass bulb has been given an opaque coating so that the discharge is not visible while the
tube is operating. In the photograph at the right the coating has been removed to show the tube
elements.

Dimensions—The dimensions and outline diagrams are given in Figs. 1 and 2. The overall
dimensions are:

VAT JEIEEI. . v viniin o w v v s S s a5 86065 5% £8.85 TR EmFS 314"
Maximum diameter. ... ... oottt 134"

Mounting—The 313A vacuum tube employs a standard four-pin thrust base suitable for use in
a Western Electric 143B or similar socket. The arrangement of electrode connections to the base
terminals is shown in Fig. 2.

It may be mounted in either a vertical or horizontal position.

Ratings
Maximum peak control-electrode current................... 30 milliamperes
Maximum average control-electrode current (averaged over
Tsecond). ...ttt 10 milliamperes
Maximum peak reverse current in main gap..... ............ 5 milliamperes

313A

923



Vacuum Tube

924

Characteristics
Nominal control gap breakdown voltage. ..... .............. 70 volts
Nominal control gap sustaining voltage............... .. .... 60 volts
Nominal main gap breakdown voltage............ ... ... .. 175 volts
Nominal main gap sustaining voltage................. ... .. 75 volts
Transfer current................. ... ... .. ... ... . . . . ... 5 microamperes (max.)
Nominal deionization time
Main gap. . ...t 10 milliseconds
Control gap.. ... ... ... i 3 milliseconds

The “maximum peak control-electrode current” is the maximum value of current which may
be drawn from either control electrode when it is acting as a cathode.

The “maximum average control-electrode current” is the maximum value of current (averaged
over 1 second) which may be drawn from either control electrode when it is acting as a cathode.

The “maximum peak reverse current in the main gap” is the maximum value of current which
may be drawn from the anode in the reverse direction, that is when it is acting as a cathode. The
reverse current rating is intended for use in designing rectifier circuits and is the maximum inverse
current which it is permissible to draw from the tube in such circuits.

The “control gap breakdown voltage” is the potential required to initiate ionization, thereby
starting conduction in the control gap. Once ionization has occurred the potential across the gap
will be reduced to the “control gap sustaining voltage” and will be approximately independent
of the current. It is this property of the tube which enables it to be used as a voltage regulator.

The “main gap breakdown voltage” is the potential required to start conduction in the main
gap when no ionization is occurring in the control gap. After breakdown, conduction will take
place at the “main gap sustaining voltage” and will be practically independent of current.

The “main gap sustaining voltage” is substantially independent of current when the current
passes through the tube in the forward direction. When the current passes through the main gap
in the reverse direction the sustaining voltage increases rapidly with increasing current. It is this
asymmetry in the properties of the main gap of the 313A tube which enable it to be used as a
rectifier. The current voltage characteristics of the main gap of a typical 313A tube in both forward
and reverse directions as shown in Fig. 3. This curve was obtained with a cathode ray oscillograph.

When the anode potential is maintained at a value intermediate between the “main gap break-
down and sustaining voltages” the passage of a small amount of current in the control gap will
produce ionization sufficient to initiate conduction in the main gap. It is this property of the tube
which enables it to be used as a relay. The amount of current in the control gap required to initiate
conduction in the main gap is known as the transfer current. This quantity varies considerably
from tube to tube and during the life of a given tube but will in general be less than 5 microamperes
and usually only a few tenths of a microampere.

The deionization time is the time during which the voltage must be removed from the tube in
order that the discharge shall not be reestablished when the voltage is restored. This time increases
with increasing applied voltage and with increasing current through the tube before the deioniza-
tion period. This rate of increase of deionization time is such that the tube will not deionize with
a 60 cycle sine wave main gap voltage if the load is inductive or if the peak voltage is near the
main gap breakdown voltage or the current near the maximum rated value.

The “transfer time” is the time during which the control gap must be energized in order that
the discharge may transfer to the main gap. It depends upon the amount of current flowing in
the control gap and on the main gap voltage. For a control gap current of 10 microamperes the
“transfer time” is approximately 200 microseconds.



Typical Circuits
Circuit A shows a circuit using the control gap of the 313A as a voltage regulator.

Circuit B shows a circuit using the 313A as a relay. The anode voltage should be intermediate
between the main gap breakdown and sustaining voltages and the control anode may be biased
at any desired potential less than the control gap sustaining voltage. The resistance R, in the
control anode circuit should be of the order of 100,000 ohms. This circuit possesses a “lock-in”
feature, since the anode potential must be removed momentarily to restore the tube to a non-
conducting condition. When supplied from alternating current this circuit does not possess a
“lock-in” feature unless the frequency of the supply voltage is so high that the tube is not allowed
a sufficient interval to deionize.

Circuit C shows a circuit using the 313A as a rectifier. The rectifying properties of the main
gap are used but the control gap should be connected into the circuit as indicated through a high
resistance. This will cause conduction in the forward direction to begin at a voltage much below
the main gap breakdown voltage. Itis important to note that as a rectifier the 313A tube possesses
a unique property not common to other rectifiers in that its impedance is infinite for voltages
below the breakdown voltage. In many applications that is of importance since the tube may be
used to pass current at the higher potentials without placing a bridge across the line for signals of

lower voltage.
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BELL SYSTEM PRACTICES AB46.313C
Transmission Engineering and Data Issue 3, January 1962
Electron Tube Data A.T.& T. Co. Standard

ELECTRON TUBE DATA SHEET
WESTERN ELECTRIC 3I3C ELECTRON TUBE

_DESCRIPTION

The 313C is a three-electrode, inert-gas-filled, cold cathode tube for use in
relay, voltage regulator, or rectifier circuits. This tube is especially suitable
for use in control circuits such as in triggering, counting, or switching apparatus.

CHARACTERISTICS

Peak Anode Voltage - . - .« . .« « . .« o o . o . . 185 volts
Average Cathode Current - - - . . « =« « + « . . . . 10 100 milliamperes
Average Life, Approximate - - . . . . . . . . . . . 10000 10 hours

File: Cold Cathode Section

@ American Telephone and Telegraph Company 1962 3|3C
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MAXIMUM RATINGS, Absolute System (Note 1)

Forward Peak Anode Voltage. . . . . . . . « . . . . . 185 volts
Forward Cathode Current<Note 2)

Peak . . . . . . C e e e e e e e e e e e 100 milliamperes
Average . . . . . . o o e e e e e e e e e e e e 35 milliamperes
Averaging Time . . . T 2 seconds
Peak Inverse Anode Current(Note 2) e e e e e e e e 5 milliamperes
Ambient Temperature Limits . . . . . . . . . . . . . -551to +85 centigrade

ELECTRICAL DATA, Throughout Life

Min. Bogey Max.

Starter Breakdown Voltage (Note 3) . . . . . . . . . 62 70 89 volts
Starter Voltase Drop at 20 milliamperes . . . . . . 52 60 74 volts
Anode Voltage Drop at 20 milliamperes « + « « .+« . . 68 75 90 volts
Transfer Current . . . . « +« « « « .« .+ See Curve - Fig. 1
Ionization Time - Starter Gap a«ne 4) e e e e e e - 6 - milliseconds
Deionization Time, Approx1mate

Starter Gap- . . . Ce e e e e e e e e e e e - 3 - milliseconds
Main Gap. . . - 10 - milliseconds

Inverse Current at 120 Volts Anode Potential (Note 5)

- 3 milliamperes

MECHANICAL DATA

Mounting Position . . . « « .+ .« o o o o o 0000 0 w0 e e Any
Net Weight, Approximate . . . . <« +« « +« 1 Ounce
Dimensions and pin connections shown in outllne draw1ng on page 4

HANDLING

This tube contains a small amount of krypton-85 gas which is a by-product
radioactive material. The amount of krypton-85 is less than five microcuries, which
is too small an amount to require any special care in use.

Atomic Energy Commission regulations require that the individual tube carton
for tubes containing by-product radioactive material be appropriately marked. The
marking includes the statement that tube disposal should be in approved manner.

Approved instructions for disposal of tubes containing krypton-85 are as
follows;

Tubes to be disposed of should be broken or crushed in a well
ventilated place releasing any resulting vapors to the outside
atmosphere. The residual broken or crushed tubes should be dis-
posed of in a normal public trash disposal system. Tubes should be
disposed of at a rate of not more than 100 each week from any one
location. Avoid breathing vapors from broken tubes.
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Note 1: In the "Absolute System" the maximum ratings specified are limiting values above which the

Note 2:

Note 3:

Note 4:

Note 5:

serviceability of the device may be impaired from the viewpoint of life and satisfactory
performance. Maximum ratings, as such, do not constitute a set of operating conditions and
all values may not, therefore, be attained simultaneously.

Sufficient resistance must be used in series with the tube to assure that the electrode
currents do not exceed the maximum rated values.

Limits aprly immediately after tube has conducted current. If tube has been idle, these
values initially may be as much as 3 volts higher or lower.

With 15 volts overvoltage (15 volts above starter breakdown voltage) with tube in total
darkness.

Negative anode voltage applied through 2000 ohms. Starter connected to anode through
100, 200 ohms.
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BELL SYSTEM PRACTICES AB46. 313CA
Transmission Engineering and Data Issue 3, January 1962
Electron Tube Data A.T.& T. Co. Standard

ELECTRON TUBE DATA SHEET
WESTERN ELECTRIC 3I3CA ELECTRON TUBE

DESCRIPTION

The 313CA is a three-electrode, inert-gas-filled, cold cathode tube for use in
relay, voltage regulator, or rectifier circuits. This tube is especially suitable
for use in control qircuits such as in triggering, counting, or switching apparatus.

CHARACTERISTICS

Peak Anode Voltage . . . . . . . . . . .« . . . . . 200 volts
Average Cathode Current . . . . . . . . . . .+ . . . 7 72 milliamperes
Average Life, Approximate . . . . . . . . . . . . . 10000 10 hours

File: Cold Cathode Section

(© American Telephone and Telegraph Company 1962 3|3CA
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MAXIMUM RATINGS, Absolute System (Note 1)

Forward Peak Anode Voltage. . . . . . . . . . . . . . 200 volts
Forward Cathode Current (Note 2)
Peak- . . . . . e e e e e e e e e e 72 milliamperes
AVErage . . « « v« v e e e e e e e e e e e e 25 milliamperes
Averaging Time . . . e e e e e e e e e 2 seconds
Peak Inverse Anode Current (Note 2) T 5 milliamperes
Ambient Temperature Limits. - . . . . . . . . . . . . -55 to +85 centigrade

ELECTRICAL DATA, Throughout Life

Min. Bogey Max.

Starter Breakdown Voltage (Note3) . . . . . . . . . 66 72 78 volts
Starter Voltage Drop at 20 milliamperes . . . . . . 52 60 74 volts
Anode Voltage Drop at 20 milliamperes « + .+ « « . . 68 75 88 volts
Transfer Current . . . . « « « « « . . See curve - Fig. 1
Ionization Time - Starter Gap(Note 4) B T T 6 - milliseconds
Deionization Time, Approx1mate
Starter Gap. . . . e e e e e e e e e e 3 - milliseconds
Main Gap . . - - 10 - milliseconds
Inverse Current at 120 VOlts Anode Potent1a1(Note 5) - - 3 milliamperes
MECHANICAL DATA
Mounting Position. . . . . . . . . o . T o oo o oo o e e Any
Net Weight, Approximate . . . . . « « « 1 Ounce

Dimensions and Pin Connections shown in outllne draw1ng on page 4

HANDLING

This tube contains a small amount of krypton-85 gas which is a by-product
radioactive material. The amount of krypton-85 is less than five microcuries, which
is too small an amount to require any special care in use.

Atomic Energy Commission regulations require that the individual tube carton
for tubes containing by-product radioactive material be appropriately marked. The
marking includes the statement that tube disposal should be in approved manner.

Approved instructions for disposal of tubes containing krypton-85 are as
follows;

Tubes to be disposed of should be broken or crushed in a well
ventilated place releasing any resulting vapors to the outside
atmosphere. The residual broken or crushed tubes should be dis-
posed of in a normal public trash disposal system. Tubes should be
disposed of at a rate of not more than 100 each week from any one
location. Avoid breathing vapors from broken tubes.
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Note 1: In the "Absolute System' the maximum ratings specified are limiting values above which the
serviceability of the device may be impaired from the viewpoint of life and satisfactory
performance. Maximum ratings, as such, do not constitute a set of operating conditions and
all values may not, therefore, be attained simultaneously.

Note 2: Sufficient resistance must be used in series with the tube to assure that the electrode
currents do not exceed the maximum rated values.

Note 3: Limits apply immediately after tube has conducted current. If tube has been idle, these
values initially may be as much as 3 volts higher or lower.

Note 4: With 15 volts overvoltage (15 volts above starter breakdown voltage) with tube in total
darkness.

Note 5: Negative anode voltage applied through 8000 ohms. Starter connected to anode through 100, 000
ohms.
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BELL SYSTEM PRACTICES AB46. 313CC
Transmission Engineering and Data Issue 3, January 1962
Electron Tube Data A.T.& T. Co. Standard

ELECTRON TUBE DATA SHEET
WESTERN ELECTRIC 3I3CC ELECTRON TUBE

DESCRIPTION

The 313CC is a three-electrode, inert-gas-filled, cold cathode tube for use in
relay, voltage regulator, or rectifier circuits. This tube is especially suitable
for use in control circuits such as in triggering, counting, or switching apparatus.

CHARACTERISTICS

Peak Anode Voltage - - - - -« « « « + o . . . . . 150 volts
Average Cathode Current - - - - - =« =« =« = =« + - = 7 72 milliamperes
Average Life, Approximate - - - - + + o o o . 10000 10 hours

File: Cold Cathode Section

() American Telephone and Telegraph Company 1962

3I3CC
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MAXIMUM RATINGS, Absolute System (Note 1)

Forward Peak Anode Voltage. . - . - . . . . . . . . . 150 volts
Forward Cathode Current (Note 2)
Peak . . . . PN . . e . . e e . . . 72 milliamperes
Average -« - -+ e e e e o e e e e e e e e e e 25 milliamperes
Averaging Time - . - R 2 seconds
Peak Inverse Anode Current(Note 2)- T R S 5 milliamperes
Ambient Temperature Limits- - . - - - « « .« . . . . . -55 to +85 centigrade

ELECTRICAL DATA, Throughout Life

Min. Bogey Max.

Starter Breakdown Voltage (Note 3) . . .« .« . . . 66 72 78 volts
Starter Voltage Drop at 20 m1111amperes e « « . . . 52 60 74 volts
Anode Voltage Drop at 20 m1111amperes -+ « « . . . 68 75 88 volts
Transfer Current. . . . « « + « + . .See Curve - Fig. 1

Ionization Time - Starter Gap (mnm 4) e e e e e = 6 - milliseconds
Deionization Time, Approximate

Starter Gap . . . . . . . . . . .00 e e e - 3 - milliseconds
Main Gan. . . . .- 10 - milliseconds
Inverse Current at —120 volts Anode Potentlal(Note 5)- - - 3 milliamperes

MECHANICAL DATA

Mounting Position . . . . . . . . . . . . . ..o o L0 s Any
Net Weight, Approximate . . . . .+« +« . 1 Ounce
Dimensions and pin connections shown 1n outllne draw1nq on Page 4

HANDLING

This tube contains a small amount of krypton-85 gas which is a by-product
radioactive material. The amount of krypton-85 is less than five microcuries, which
is too small an amount to require any special care in use.

Atomic Energy Commission regulations require that the individual tube carton
for tubes containing by-product radioactive material be appropriately marked. The
marking includes the statement that tube disposal should be in approved manner.

Approved instructions for disposal of tubes containing krypton-85 are as
follows;

Tubes to be disposed of should be broken or crushed in a well
ventilated place releasing any resulting vapors to the outside
atmosphere. The residual broken or crushed tubes should be dis-
posed of in a normal public trash disposal system. Tubes should be
disposed of at a rate of not more than 100 each week from any one
location. Avoid breathing vapors from broken tubes.
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Note 1: In the "Absolute System" the maximum ratings specified are limiting values above which the
serviceability of the device may be impaired from the viewpoint of life and satisfactory
performance. Maximum ratings, as such, do not constitute a set of operating conditions and
all values may not, therefore, be attained simultaneously.
Note 2: Sufficient resistance must be used'in series with the tube to assure that the electrode
currents do not exceed the maximum rated values.
Note 3: Limits apply immediately after tube has conducted current. If tube has been idle, these
values initially may be as much as 3 volts higher or lower.
Note 4: With 15 volts overvoltage (15 volts above starter breakdown voltage) with tube in total
darkness.
Note 5: Negative anode voltage applied through 8000 ohms. Starter connected to anode through 100, 000

ohms.
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314A

Wesrern Elecrric
314A Vacuum Tube

Classification—Full wave, thermionic, mercury vapor rectifier.

The 314A vacuum tube is designed to supply direct current from an alternating-current supply.

Dimensions—The dimensions and outline diagrams are given in Figures 1 and 2. The overall
dimensions are:

Maximum length. .. ... ... ... . 615"
Maximum diameter. . . ...t e 204"

Mounting—The 314A employs a standard 4 pin thrust type base suitable for use in a Western
Electric 143B or similar socket. Base dimensions and the arrangements of electrode connections
to the base terminals are shown in Figs. 1 and 2.

The tube should be mounted in a vertical position with the base end down. There should be
a free circulation of air around the tube. No object should touch the glass bulb.

Filament Rating

Filament voltage.......... ... ... 5.0 volts
Nominal filament current... ..., 5.0 amperes

927



Vacuum Tube
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The filament of this tube is designed to operate on a voltage basis from an alternating-current
supply. The voltage should be maintained to within 5%, of its rated value (5.0 volts). Operation
of the filament at a voltage above the upper limit will definitely reduce the life of the tube while a
decrease in voltage below the lower limit may cause immediate failure.

Sufficient time must always be allowed for the filament temperature to reach its normal operat-
ing value before the anode potential is applied. If filament circuits with good regulation are
used, this time is 30 seconds. If the tube is operated at ambient temperatures below 25° C., a
longer period of time is required for the purpose of bringing the mercury vapor pressure to a satis-
factory operating value. The minimum filament warming time as a function of ambient tempera-
ture is shown in figure 3.

For proper distribution of the mercury a period of 10 to 15 minutes filament warming time
should be allowed when the tube is used for the first time or if it has been reinserted in the appara-
tus after having been removed.

Characteristics and Operating Conditions

Approximate anode-cathode potential drop.................... ... .. ... 10 volts
Maximum peak plate current........ ... ... i 2.5 amperes
Maximum peak potential between electrodes....................... ... .. 300 volts
Maximum operating ambient temperature range. . ....................... 0 to 50° C.
Recommended operating ambient temperature range. ... . e 10 to 40° C.

The anode-cathode potential drop is substantially independent of the plate current. The
exact value varies from tube to tube and during the life of a given tube. Within the specified
ambient temperature range and plate current range, it may vary from 5 to 25 volts.

The anode-cathode drop as a function of temperature is shown on Fig. 4 for a typical 314A
tube after reaching temperature equilibrium and when passing the rated plate current.

The maximum permissible peak plate current (2.5 amperes) is a limitation on the instantaneous
value that the tube can carry safely in the direction in which it is designed to conduct and should
not be exceeded. The maximum direct load current is not fixed but will depend upon the wave
form required by the load and filter circuit.

The maximum permissible peak potential between electrodes (300 volts) is a limitation on the
instantaneous value that the tube can stand safely. If it is exceeded, an arc-back may result which
will injure the tube. The maximum direct potential available is not fixed but will depend upon the
type of circuit used.

314A vacuum tubes may be operated in parallel if some provision is made to insure a proper
division of the load current. Current dividing reactors or ballasting resistors in series with each
anode, may be used for this purpose. The size of the reactors or resistors depends upon the circuit
design.

In most cases the termination of the useful life of the 314A tube is due to the loss of filament
activity. This causes the tube to fail by arcing between the electrodes. Failures of this kind should
be safeguarded by proper fuse protection to prevent injury to other tubes in the circuit and to
the auxiliary equipment.



Typical Rectifier Circuits=—The 314A vacuum tube may be used in any standard high vacuum
rectifier circuit subject to its current, voltage and temperature limitations. Typical circuits are
shown below. The approximate direct output current and voltage for each type of rectifier circuit
where tubes are operated at maximum permissible plate current and inverse voltage are given in
Table 1. The values listed are average values of the pulsating current and voltage for an

unfiltered circuit.

Circuit
Designation

Sl EwNeN--I

Table 1
Load Load Current

Phase Number of Potential in
Supply Tubes in Volts Amperes

1 1 80 1.6

1 2 75 3.2

1 2 165 1.6

3 3 125 4.2

3 3 100 4.6

1 3 165 1.6

3]
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o
z
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o
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TO FILTER B
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—_——— TO FILTER
(TTTVVO00000) AND LOAD  _

TO SINGLE PHASE SUPPLY [NUUWWWW‘U]
SINGLE PHASE,DOUBLE HALF WAVE

TO SINGLE PHASE SUPPLY
CIRCUIT B
SINGLE PHASE,DOUBLE-HALF-WAVE IN PARALLEL
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N
i

TO SINGLE PHASE SUPPLY

CIRCUIT C

f +
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TO SINGLE PHASE SUPPLY
ooiié :

-
o

HREE PHASE SUPPLY
CIRCUIT D

SINGLE PHASE,DOUBLE -HALF-WAVE TWO TUBE THREE PHASE"Y"CIRCUIT

SERIES CIRCUIT
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314A
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BELL SYSTEM PRACTICES SECTION AB46.315A
TRANSMISSION ENGINEERING AND DATA ISSUE 1, APRIL 1948
ELECTRON TUBE DATA A.T.&T. CO. STANDARD

RECTIFIER .
HALF-WAVE, MERCURY-VAPOR Wesrtern Eleclric

DESCRIPTION

The 315A is a half-wave, mercury-vapor rectifier tube for use in high-voltage rectifier
circuits.

MAXIMUM RATINGS

Peak Inverse Anode Voltage . . . . . . . = .. . .12500 volts
Average Cathode Current (Quadrature Operation) . . . . . | 2 amperes

ELECTRON TUBE DATA SHEET
FILE: RECTIFIER SECTION

6-47 3"5A

RECTIFIER



Vacuum Tubes

315A/321A
315A and 321A Vacuum Tubes
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OPERATING CHARACTERISTICS FOR A TYPICAL TUBE

Ratings -

Filament Mounting—The 315A tube requires a 138B, 139A or
Voltage 5.0 volts similar socket and the 321A a W. E. 148A or similar
Nominal Current 10.0 amperes socket. A special anode.t_ermma] connector is required.
Required Heating Time 30 seconds Mount in a vertical position only—base end down. A

Accelerated Filament Heating clearance of at least 3 inches should be allowed be-
Recommended open circuit tween the bulb and any adjacent object.

C over-voltage 50% Circuit Outputs: Load Current—
orresponding period of Output Voltage DC Amps.
over-voltage application 15=5 seconds In-  Quad-

Tube Voltage Drop—Approximate 10 volts Circuit Number Altn 7.5 kv. A; 12.5 kv. (l;ha.se sa.ture

o i - - Tra-

Maximum Instantgmeous Anode Current Defilf: 2 T:l:‘es VOY::;: vl:)‘;far:: gf)l: fi?):
In-Phase Operation 4 amperes A 1 2300 3800 1 9
Quadrature Operation 8 amperes

: B 2 2300 3800 2 4

Maximum Average Anode Current
I . C 4 2300 3800 4 8
d\-Pélase Op(e)ratloq 1 ampere D 4 4600 7600 2 4

uadrature peration 2 amperes E 3 3500 5800 3 6

Max: Time of Averaging Anode Current 15 seconds F 6 7000 11500 3 —

Maximum Peak Inverse Anode Voltage G 6 3000 5000 5 10
at 10 to 40° C. ambient temperature  12.5 kilovolts H 6 7000 11500 — 6
at 10 to 50° C. ambient temperature 7.5 kilovolts I 6 7000  -11500 — 6
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Vacuum Tubes

Half-Wave Mercury Vapor Rectifiers

249B 255B 266B 267B 319A
253A 258B 266C 315A 321A

253A

258B

NOTE:

This combined bulletin su-
persedes data sheets previously
issued for the individual tubes.
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Classification

These tubes are half-wave, thermionic, mercury vapor rectifiers designed to supply direct-
current from an alternating-current supply.

Mounting—The tubes should be mounted only in a vertical position with the base or filament
end down. Free air circulation must be provided. No object should touch the glass bulb.

Filament—The filaments are designed to operate from alternating current sources. The voltage
should be maintained to within 59, of the rated value. Operation of the filaments at a voltage
above the upper limit will definitely reduce the life of the tubes while a decrease in voltage below
the lower limit may cause immediate failure.

Normal Filament Heating

The anode voltage should not be applied until the filaments have reached a satisfactory oper-
ating temperature. When normal filament voltage and circuits with good regulation are used, the
minimum time required is specified on the individual tube data sheet as the “Required Heating Time.”
It is also necessary to allow sufficient filament heating time to evaporate any visible mercury de-
posits from the upper parts of the tubes.

When the tubes are put into operation at low ambient temperatures, an extended filament
heating time is necessary to raise the mercury vapor pressure to a satisfactory operating value.
This time is given in graph form on the individual tube data sheet for tubes requiring such heating
when operating within the recommended ambient temperature range. A filament heating period
of 30 minutes or more should be allowed when the tubes are used for the first time or if they have
been subjected to extensive handling or prolonged standing.

Accelerated Filament Heating

In certain applications it may be desirable to reduce the “Required Heating Time” designated
for normal filament voltage. This may be accomplished by applying an overvoltage to the filament
for a short period after which the rated filament voltage and the anode voltage is applied. The rec-
ommended open circuit overvoltage and the corresponding period of application are given on the

individual tube data sheet. These ratings apply when the regulation of the filament supply circuit
is 10% =+ 4%.

Tube Voltage Drop

The tube voltage drop is substantially independent of the anode current. The exact value
varies but under the specified operating conditions will normally be between 5 and 25 volts.

Maximum Anode Current

The maximum permissible instantaneous and average anode current ratings are limitations on
the current values that the tubes can carry safely in the direction in which they are designed to
conduct and should not be exceeded. The current ratings specified under “In-phase Operation”
apply when the filament and anode voltages are in phase, or where the relative phase angle is ignored.
The “Quadrature Operation” ratings may be used when the circuit is designed so that the phase
angle between the filament and anode voltage is approximately 90 electrical degrees. With this
type of operation, the filament current goes through zero near the center of the anode conduction
period, resulting in a balanced operating condition for the filament, which permits the higher
anode currents.

Maximum Peak Inverse Anode Voltage

The maximum permissible peak inverse anode voltage is a limitation on.the instantaneous value
that the tubes can stand safely in the opposite direction to that in which they are designed to con-
duct. If this voltage is exceeded an arc-back may result which may injure the tubes. The maximum
direct output voltage available is not fixed but will depend upon the type of circuit used.

Tubes of the same type may be operated in parallel if some provision is made to insure a proper
division of the load current. Current dividing reactors or ballasting resistors in series with each
anode may be used for this purpose. The size of the reactors or resistors will depend upon the
circuit design.
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In most cases the termination of useful life of these tubes is due to the loss of filament activity
which frequently results in arc-back. Failures of this kind should be safeguarded by proper over-
load protection to prevent injury to other tubes in the set and to auxiliary equipment. In most
circuits this requires a quick acting high-voltage fuse in each anode lead or an equally fast primary
fuse or circuit breaker.

Circuits

These tubes may be used in any conventional rectifier circuit subject to the current, voltage
and temperature ratings. Typical circuits are shown below. The approximate direct output
current and voltage for each type of rectifier circuit where tubes are operated at maximum per-
missible anode current and inverse voltage is given on the individual tube data sheet. The values
listed are average values of the pulsating current and voltage for an unfiltered circuit.
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249B/258B
249B and 258B Vacuum Tubes
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INTERNAL S s 10 P —
CONNECTIONS ~ 2 ——
2 3
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468" DIA.OF 2 PINS JLAMENT CONDENSED MERCURY TEMPERATURE IN DEGREES CENTIGRADE
BOTTOM VIEW BOTTOM VIEW
2458 2588 TUBE VOLTAGE DROP VS. TEMPERATURE FOR A TYPICAL TUBE
Rati Mounting—The 249B tube requires a W. E. 143B or
ngs similar socket and the 258B a W. E. 138B, 139A or
Filament similar socket. A spring clip anode terminal connector
Voltage 2.5 volts is required. Mount in vertical position only—base end
Nominal Current 7.5 amperes  down. A clearance of at least 2 inches should be
Required Heating Time 15 seconds allowed between the bulb and any adjacent object.
Accelerated Filament Heating Circuit Outputs:
mended open circuit Output Voltage Load Current
over-voltage 50%, At 1.5 kv. In
Corresponding period of erse
P g period of Circuit Number Inverse DC
over-voltage application 8=2 seconds Designation of Tubes Voltage Amperes
Tube Voltage Drop—Approximate 15 volts A 1 2300 0.64
Maximum Instantaneous Anode Current 2.5 amperes B 2 2300 1.28
Maximum Average Anode Current 0.64 ampere CD i iggg %gg
Max. Time of Averaging Anode Current 5 seconds E 3 3500 1.92
Maximum Peak Inverse Anode Voltage 7.5 kilovolts F 6 7000 1.92
Maximum Ambient Temperature Range 0 to 50°C. G 6 3000 3.2

592



253A

253A Vacuum Tube
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FILAMENT | FILAMENT
- + — ICOONDENSE(Z)OMERCURYBOTEMPERA?URE- IN DngREES CeEoNTlGRAD;O
TUBE VOLTAGE DROP VS. TEMPERATURE FOR A TYPICAL TUBE
Ratings Mounting—W. E. 138B, 139A or similar socket. A
Filament spring clip anode terminal connector is required. Mount
Voltage 2 1 in vertical position only—base end down. A clearance
Nomiial Current 3'3 Z;xtse res of at least 134 inches should be allowed between the
Required Heating Time 10 secgn o bulb and any adjacent object.
Accelerated Filament Heating
e Circuit Qutputs:
Reoc‘?:;x:gimtc;egci open circuit 509, P Output Voltage Load Current
- ‘ . 0 At 3500 volt. In
Corresponding period of Circuit Number Inverse ® DC
over-voltage application 6=2 seconds Designation of Tubes Voltage Amperes
Tubc? Voltage Drop—Approximate 15 volts A 1 1000 0.25
Maximum Instantaneous Anode Current 1.0 ampere B 2 1000 0.50
Maximum Average Anode Current 0.25 ampere % : éggg (l)gg
Max: Time of Averaging Anode Current 5 seconds E 3 1500 0.75
Maxgmum Peak. Inverse Anode Voltage 8500 volts F 6 3000 0.75
Maximum Ambient Temperature Range 10 to 50° C. G 6 1400 1.25
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255B

255B Vacuum Tube

l CORRESPONDING AMRﬁIENT TEMPERATURE IN DEGREES CENTIGRADE
i: ".n ‘.e|° A':TE TEM:ERATUREZEOQU".IQRI:: 20 2 %0 a5
ANODE™ F
A — 10KV. INVERSE POTENTIAL
¢ \ FORCED AIRNT::SPZ:::::EN::NCE
2%- \ € - 20KV. INVERSE POTENTIAL
12 \ - T T N
~
8 \
- o \\
e 3 “
5135' MAX. Kl ; .
e
. * °0 5 10 15 20 25 30 35 40 45 S50 55
‘_2%_. ; CONDENSED MERCURY TEMPERATURE IN DEGREES CENTIGRADE
‘ng TUBE VOLTAGE DROP VS. TEMPERATURE FOR A TYPICAL TUBE
o= [ Maximum Peak Inverse Anode Voltage
LAME at 15 to 80° C. ambient temperature 20 kilovolts
at 15 to 40° C. ambient temperature 10 kilovolts
at 30 to 40° C. forced air temperature 20 kilovolts
This is the temperature of the forced air applied to the
bulb where the free mercury condenses. Approximately
6 cu. ft. per minute from a 1 inch nozzle and directed
just above the support collar is recommended.
Mounting—Special mounting is required. Mount in
- vertical position only—filament end down. A clearance
of at least 4 inches should be allowed between the bulb
and any adjacent object. Connection to the anode
terminal should be semi-flexible.
Ratings
Filament i
Voltage 5.0 volts Circuit Outputs: Load Current—
Nominal Current 19.0 amperes Output Voltage DC Amps.
Required Heating Time 120 seconds I
. . n- Quad-
Accelerated Filament Heating Circuit Number At10kv. At20kv. Phase rature
Recommended open circuit Designa-  of Inverse Inverse Opera- Opera-
over-voltage : 509, tion  Tubes Voltage  Voltage tion tion
Corresponding period of A 1 3000 6000 2 4
over-voltage apphcatlon‘ 25==5 seconds B 9 3000 6000 4 8
Tube Voltage Drop—Approximate 10 volts
. C 4 3000 6000 8 16
Maximum Instantaneous Anode Current D 4 6000 12000 4 8
In-Phase Operation 8 amperes E 12
Quadrature Operation 16 amperes 3 4500 9000 6
Maximum Average Anode Current F 6 9000 18000 6 —
In-Phase Operation 2 amperes G 6 4000 8000 10 20
Quadrature Operation 4 amperes H 6 9000 18000 — 12
Max. Time of Averaging Anode Current 30 seconds I 6 9000 18000 — 12
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266B Vacuum Tube
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FILAMENT FILAMENT
Ratings
Filament
Voltage 5.0 volts
Nominal Current 42.0 amperes
Required Heating Time 300 seconds
Accelerated Filament Heating
Recommended open circuit
over-voltage 509,
Corresponding period of
over-voltage application 30=5 seconds
Tub(j. Voltage Drop—Approximate 15 volts
Maximum Instantaneous Anode Current
In-Phase Operation 20 amperes
Quadrature Operation 40 amperes
Maximum Average Anode Current
In-Phase Operation 5 amperes
Quadrature Operation 10 amperes
Max. Time of Averaging Anode Current 60 seconds

Maximum Peak Inverse Anode Voltage
at 16 to 30° C. ambient temperature
at 15 to 40° C. ambient temperature
at 30 t0 40° C. forced air temperature

20 kilovolts
10 kilovolts
20 kilovolts

CORRESPONDING AMBIENT TEMPERATURE IN
DEGREES CENTIGRADE AFTER TEMPERATURE EQUILIBRIUM

-10 0 10 20 30 40
22
20
MAX. AMBIENT TEMP. RANGE
\ A =10KV INVERSE VOLTAGE
18 B —20KV INVERSE VOLTAGE

FORCED AIR TEMPERATURE RANGE

6 C-20KV INVERSE VOLTAGE
14
N A
\ B
12 N

\--c
10

8 \\\
6 —
4
2
(o]
(o] 10 20 30 40 50
CONDENSED MERCURY TEMPERATURE IN DEGREES
CENTIGRADE

TUBE VOLTAGE DROP VS. TEMPERATURE FOR A TYPICAL
TUBE

This is the temperature of the forced air applied to the
bulb where the free mercury condenses. Approximately
8 cu. ft. per minute from a 1 inch nozzle and directed
just below the support collar is recommended.

Mounting—Special mounting-is required. Mount in
vertical position only, filament end down. A clearance
of at least 4 inches should be allowed between the bulb
and any adjacent object. Connections to the filament
and anode terminals should be flexible.

Circuit Outputs:

Load Current—
Output Voltage DC Amps.
In- Quad-
Circuit Number At10kv. At20kv. Phase rature
Designa- of Inverse Inverse Opera- Opera-
fion Tubes Voltage Voltage tion tion
A 1 3000 6000 5 10
B 2 3000 6000 10 20
C 4 3000 6000 20 40
D 4 6000 12000 10 20
E 3 4500 9000 15 30
F 6 9000 18000 15 —
G 6 4000 8000 25 50
H 6 9000 18000 — 30
| 6 9000 18000 — 30

595



Vacuum Tubes

266C

266C Vacuum Tube
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Ratings o
Filament

Voltage 5.0 volts

Nominal Current 42.0 amperes

Required Heating Time 300 seconds
Accelerated Filament Heating

Recommended open circuit

over-voltage 50%
Corresponding period of
over-voltage application 30==5 seconds

Tube Voltage Drop—Approximate 15 volts
Maximum Instantaneous Anode Current

In-Phase Operation 20 amperes

Quadrature Operation 40 amperes
Maximum Average Anode Current

In-Phase Operation 5 amperes

Quadrature Operation 10 amperes
Max. Time of Averaging Anode Current 60 seconds
Maximum Peak Inverse Anode Voltage

at 15 to 30° C. ambient temperature 22 kilovolts

at 15 to 40° C. ambient temperature 10 kilovolts

at 30 to 40° C. forced air temperature 22 kilovolts
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CORRESPONDING AMBIENT TEMPERATURE IN
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CONDENSED MERCURY TEMPERATURE IN DEGREES
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TUBE VOLTAGE DROP VS TEMPERATURE FOR A TYPICAL TUBE

This is the temperature of the forced air applied to the
bulb where the E'ee mercury condenses. Approximately
5 cu. ft. per minute from a 1 inch nozzle and directed
14" above the filament base is recommended.

Mounting—Special mounting is required. Mount in
vertical position only, filament end down. A clearance
of at least 4 inches should be allowed between the bulb
and any adjacent object. Connection to the anode
terminal should be flexible.

Circuit Outputs:
Load Current—

Output Voltage DC Amps.
In- Quad-
Circuit Number At 10 kv. At 22 kv. Phase rature
Designa-  of Inverse Inverse Opera- Opera-
tion Tubes Voltage Voltage tion on
A 1 3000 6500 5 10
B 2 3000 6500 10 20
C 4 3000 6500 20 40
D 4 6000 13000 10 20
E 3 4500 10000 15 30
F 6 9000 20000 15 —
G 6 4000 9000 25 50
H 6 9000 20000 — 30
I 6 9000 20000 —_ 30



267B/319A

267B and 319A Vacuum Tubes
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319A 2678 TlllBE VOLTAGE DROP |——ed
° 20 30 40 50 60 70 : 80
CONDENSED MERCURY TEMPERATURE IN DEGREES CENTIGRAOE
OPERATING CHARACTERISTICS FOR A TYPICAL TUBE
Ratings Mounting—The 267B tube requires a W. E. 138B,
Fil 139A or similar socket and the 319A tube a W. E. 148A
lsn}ent or similar socket. A spring clip anode terminal con-
N° tage 5.0 volts nector is required. Mount in a vertical position only—
Roml.nal Current 6.75 amperes  base end down. A clearance of at least 2 inches should
equired Hgatmg Time 80 seconds be allowed between the bulb and any adjacent object.
Accelerated Filament Heating
Recommended open circuit Circuit Outputs: 4c .
over-voltage 509, Load Curren
Corresponding period of Output Voltage Illl) c A"g’:ad
over-voltage appllcatlon. 8=2 seconds Circuit Number  At7.5kv. Phase rature
Tube Voltage Drop—Approximate 10 volts Designa- of Inverse Opera- Opera-
Maximum Instantaneous Anode Current tion Tubes Voltage tion tion
In-Phase Operation 4 amperes A 1 2300 1 2
Quadrature Operation 8 amperes B 2 2300 4
Maximum Average Anode Current ¢ 4 2300 4 8
In-Phase Operation 1 ampere D 4 4600 2 4
Quadrature Operation 2 amperes E‘ 2 gggg g 6
Max. Time of Averging Anode Current 15 seconds G 6 3000 5 10
Maximum Peak Inverse Anode Voltage 7.5 kilovolts H 6 7000 — 6
Maximum Ambient Temperature Range 10 to 50° C. I 6 7000 — 6
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Vacuum Tubes

315A and 321A
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Ratings
Filament
Voltage 5.0 volts
Nominal Current 10.0 amperes
Required Heating Time 30 seconds

Accelerated Filament Heating
Recommended open circuit

over-voltage 50%
Corresponding period of
over-voltage application 155 seconds
Tube Voltage Drop—Approximate 10 volts
Maximum Instantaneous Anode Current
In-Phase Operation 4 amperes
Quadrature Operation 8 amperes
Maximum Average Anode Current
In-Phase Operation 1 ampere
Quadrature Operation 2 amperes

Max. Time of Averaging Anode Current 15 seconds
Maximum Peak Inverse Anode Voltage
at 10 to 40° C. ambient temperature  12.5 kilovolts
at 10 to 50° C. ambient temperature 7.5 kilovolts
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Vacuum Tubes
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CONDENSED MERCURY TEMPERATURE
IN DEGREES CENTIGRADE

OPERATING CHARACTERISTICS FOR A TYPICAL TUBE

Mounting—The 315A tube requires a 138B, 139A or
similar socket and the 321A a W. E. 148A or similar
socket. A special anode terminal connector is required.
Mount in a vertical position only—base end down. A
clearance of at least 38 inches should be allowed be-
tween the bulb and any adjacent object.

Circuit Outputs: Load Current—
Output Voltage DC Amps.
In- Quad-
Circuit Number At 7.5 kv. At12.5kv. Phase rature
Designa- of Inverse Inverse Opera- Opera-
tion Tubes Voltage Voltage tion tion
A 1 2300 3800 1 2
B 2 2300 3800 2 4
C 4 2300 3800 4 8
D 4 4600 7600 2 4
E 3 3500 5800 3 6
F 6 7000 11500 3 —
G 6 3000 5000 5 10
H 6 7000 11500 _ 6
I 6 7000 11500 —_ 6
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267B/319A

267B and 319A Vacuum Tubes
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CONDENSED MERCURY TEMPERATURE IN DEGREES CENTIGRAOE
OPERATING CHARACTERISTICS FOR A TYPICAL TUBE
Ratings Mounting—The 267B tube requires a W. E. 138B,
Fil 139A or similar socket and the 319A tube a W. E. 148A
lé_nient or similar socket. A spring clip anode terminal con-
N° tage 5.0 volts nector is required. Mount in a vertical position only—
Romlpal Current 6.75 amperes  base end down. A clearance of at least 2 inches should
equired eratmg Time 30 seconds  be allowed between the bulb and any adjacent object.
Accelerated Filament Heating
Recommended open circuit Circuit Outputs: Load © "
over-voltage 509 oad Curren
Corresponding period of ° Output Voltage 130 Ang:a,d-
over-voltage application 8=2 seconds Circuit Number  At7.5kv. Phase rature
Tube Voltage Drop—Approximate 10 volts Designa- of Inverse Opera- Opera-
Maximum Instantaneous Anode Current tion Tubes Voltage tion tion
In-Phase Operation 4 amperes A 1 2300 1 2
Quadrature Operation 8 amperes B 2 2300 2 4
Maximum Average Anode Current C 4 2300 4 8
In-Phase Operation 1 ampere D 4 4600 2 4
Quadrature Operation 2 amperes II;': g gggg g __E
Max. Time of Averging Anode Current 15 seconds G 6 3000 5 10
Maximum Peak Inverse Anode Voltage 7.5 kilovolts H 6 7000 — 6
Maximum Ambient Temperature Range 10 to 50° C. I 6 7000 — 6
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Vacuum Tubes

Half-Wave Mercury Vapor Rectifiers

249B 255B 266B 267B 319A
253A 258B 266C 315A 321A

253A

258B

NOTE:

This combined bulletin su-
persedes data sheets previously
issued for the individual tubes.
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Classification

These tubes are half-wave, thermionic, mercury vapor rectifiers designed to supply direct-
current from an alternating-current supply.

Mounting—The tubes should be mounted only in a vertical position with the base or filament
end down. Free air circulation must be provided. No object should touch the glass bulb.

Filament—The filaments are designed to operate from alternating current sources. The voltage
should be maintained to within 59, of the rated value. Operation of the filaments at a voltage
above the upper limit will definitely reduce the life of the tubes while a decrease in voltage below
the lower limit may cause immediate failure.

Normal Filament Heating

The anode voltage should not be applied until the filaments have reached a satisfactory oper-
ating temperature. When normal filament voltage and circuits with good regulation are used, the
minimum time required is specified on the individual tube data sheet as the “Required Heating Time.”
It is also necessary to allow sufficient filament heating time to evaporate any visible mercury de-
posits from the upper parts of the tubes.

When the tubes are put into operation at low ambient temperatures, an extended filament
heating time is necessary to raise the mercury vapor pressure to a satisfactory operating value.
This time is given in graph form on the individual tube data sheet for tubes requiring such heating
when operating within the recommended ambient temperature range. A filament heating period
of 30 minutes or more should be allowed when the tubes are used for the first time or if they have
been subjected to extensive handling or prolonged standing.

Accelerated Filament Heating

In certain applications it may be desirable to reduce the “Required Heating Time” designated
for normal filament voltage. This may be accomplished by applying an overvoltage to the filament
for a short period after which the rated filament voltage and the anode voltage is applied. The rec-
ommended open circuit overvoltage and the corresponding period of application are given on the

individual tube data sheet. These ratings apply when the regulation of the filament supply circuit
is 10% =+ 4%.

Tube Voltage Drop

The tube voltage drop is substantially independent of the anode current. The exact value
varies but under the specified operating conditions will normally be between 5 and 25 volts.

Maximum Anode Current

The maximum permissible instantaneous and average anode current ratings are limitations on
the current values that the tubes can carry safely in the direction in which they are designed to
conduct and should not be exceeded. The current ratings specified under “In-phase Operation”
apply when the filament and anode voltages are in phase, or where the relative phase angle is ignored.
The “Quadrature Operation” ratings may be used when the circuit is designed so that the phase
angle between the filament and anode voltage is approximately 90 electrical degrees. With this
type of operation, the filament current goes through zero near the center of the anode conduction
period, resulting in a balanced operating condition for the filament, which permits the higher
anode currents.

Maximum Peak Inverse Anode Voltage

The maximum permissible peak inverse anode voltage is a limitation on.the instantaneous value
that the tubes can stand safely in the opposite direction to that in which they are designed to con-
duct. If this voltage is exceeded an arc-back may result which may injure the tubes. The maximum
direct output voltage available is not fixed but will depend upon the type of circuit used.

Tubes of the same type may be operated in parallel if some provision is made to insure a proper
division of the load current. Current dividing reactors or ballasting resistors in series with each
anode may be used for this purpose. The size of the reactors or resistors will depend upon the
circuit design.
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Vacuum Tubes

590

In most cases the termination of useful life of these tubes is due to the loss of filament activity
which frequently results in arc-back. Failures of this kind should be safeguarded by proper over-
load protection to prevent injury to other tubes in the set and to auxiliary equipment. In most
circuits this requires a quick acting high-voltage fuse in each anode lead or an equally fast primary
fuse or circuit breaker.

Circuits

These tubes may be used in any conventional rectifier circuit subject to the current, voltage
and temperature ratings. Typical circuits are shown below. The approximate direct output
current and voltage for each type of rectifier circuit where tubes are operated at maximum per-
missible anode current and inverse voltage is given on the individual tube data sheet. The values
listed are average values of the pulsating current and voltage for an unfiltered circuit.
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Vacuum Tubes

249B/258B
249B and 258B Vacuum Tubes
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BOTTOM VIEW BOTTOM VIEW
2458 2588 TUBE VOLTAGE DROP VS. TEMPERATURE FOR A TYPICAL TUBE
Rati Mounting—The 249B tube requires a W. E. 143B or
ngs similar socket and the 258B a W. E. 138B, 139A or
Filament similar socket. A spring clip anode terminal connector
Voltage 2.5 volts is required. Mount in vertical position only—base end
Nominal Current 7.5 amperes  down. A clearance of at least 2 inches should be
Required Heating Time 15 seconds allowed between the bulb and any adjacent object.
Accelerated Filament Heating Circuit Outputs:
mended open circuit Output Voltage Load Current
over-voltage 50%, At 1.5 kv. In
Corresponding period of erse
P g period of Circuit Number Inverse DC
over-voltage application 8=2 seconds Designation of Tubes Voltage Amperes
Tube Voltage Drop—Approximate 15 volts A 1 2300 0.64
Maximum Instantaneous Anode Current 2.5 amperes B 2 2300 1.28
Maximum Average Anode Current 0.64 ampere CD i iggg %gg
Max. Time of Averaging Anode Current 5 seconds E 3 3500 1.92
Maximum Peak Inverse Anode Voltage 7.5 kilovolts F 6 7000 1.92
Maximum Ambient Temperature Range 0 to 50°C. G 6 3000 3.2
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253A

253A Vacuum Tube
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TUBE VOLTAGE DROP VS. TEMPERATURE FOR A TYPICAL TUBE
Ratings Mounting—W. E. 138B, 139A or similar socket. A
Filament spring clip anode terminal connector is required. Mount
Voltage 2 1 in vertical position only—base end down. A clearance
Nomiial Current 3'3 Z;xtse res of at least 134 inches should be allowed between the
Required Heating Time 10 secgn o bulb and any adjacent object.
Accelerated Filament Heating
e Circuit Qutputs:
Reoc‘?:;x:gimtc;egci open circuit 509, P Output Voltage Load Current
- ‘ . 0 At 3500 volt. In
Corresponding period of Circuit Number Inverse ® DC
over-voltage application 6=2 seconds Designation of Tubes Voltage Amperes
Tubc? Voltage Drop—Approximate 15 volts A 1 1000 0.25
Maximum Instantaneous Anode Current 1.0 ampere B 2 1000 0.50
Maximum Average Anode Current 0.25 ampere % : éggg (l)gg
Max: Time of Averaging Anode Current 5 seconds E 3 1500 0.75
Maxgmum Peak. Inverse Anode Voltage 8500 volts F 6 3000 0.75
Maximum Ambient Temperature Range 10 to 50° C. G 6 1400 1.25
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Vacuum Tubes

255B

255B Vacuum Tube
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‘ng TUBE VOLTAGE DROP VS. TEMPERATURE FOR A TYPICAL TUBE
o= [ Maximum Peak Inverse Anode Voltage
LAME at 15 to 80° C. ambient temperature 20 kilovolts
at 15 to 40° C. ambient temperature 10 kilovolts
at 30 to 40° C. forced air temperature 20 kilovolts
This is the temperature of the forced air applied to the
bulb where the free mercury condenses. Approximately
6 cu. ft. per minute from a 1 inch nozzle and directed
just above the support collar is recommended.
Mounting—Special mounting is required. Mount in
- vertical position only—filament end down. A clearance
of at least 4 inches should be allowed between the bulb
and any adjacent object. Connection to the anode
terminal should be semi-flexible.
Ratings
Filament i
Voltage 5.0 volts Circuit Outputs: Load Current—
Nominal Current 19.0 amperes Output Voltage DC Amps.
Required Heating Time 120 seconds I
. . n- Quad-
Accelerated Filament Heating Circuit Number At10kv. At20kv. Phase rature
Recommended open circuit Designa-  of Inverse Inverse Opera- Opera-
over-voltage : 509, tion  Tubes Voltage  Voltage tion tion
Corresponding period of A 1 3000 6000 2 4
over-voltage apphcatlon‘ 25==5 seconds B 9 3000 6000 4 8
Tube Voltage Drop—Approximate 10 volts
. C 4 3000 6000 8 16
Maximum Instantaneous Anode Current D 4 6000 12000 4 8
In-Phase Operation 8 amperes E 12
Quadrature Operation 16 amperes 3 4500 9000 6
Maximum Average Anode Current F 6 9000 18000 6 —
In-Phase Operation 2 amperes G 6 4000 8000 10 20
Quadrature Operation 4 amperes H 6 9000 18000 — 12
Max. Time of Averaging Anode Current 30 seconds I 6 9000 18000 — 12
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266B

266B Vacuum Tube
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Ratings
Filament
Voltage 5.0 volts
Nominal Current 42.0 amperes
Required Heating Time 300 seconds
Accelerated Filament Heating
Recommended open circuit
over-voltage 509,
Corresponding period of
over-voltage application 30=5 seconds
Tub(j. Voltage Drop—Approximate 15 volts
Maximum Instantaneous Anode Current
In-Phase Operation 20 amperes
Quadrature Operation 40 amperes
Maximum Average Anode Current
In-Phase Operation 5 amperes
Quadrature Operation 10 amperes
Max. Time of Averaging Anode Current 60 seconds

Maximum Peak Inverse Anode Voltage
at 16 to 30° C. ambient temperature
at 15 to 40° C. ambient temperature
at 30 t0 40° C. forced air temperature

20 kilovolts
10 kilovolts
20 kilovolts

CORRESPONDING AMBIENT TEMPERATURE IN
DEGREES CENTIGRADE AFTER TEMPERATURE EQUILIBRIUM
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\--c
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8 \\\
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4
2
(o]
(o] 10 20 30 40 50
CONDENSED MERCURY TEMPERATURE IN DEGREES
CENTIGRADE

TUBE VOLTAGE DROP VS. TEMPERATURE FOR A TYPICAL
TUBE

This is the temperature of the forced air applied to the
bulb where the free mercury condenses. Approximately
8 cu. ft. per minute from a 1 inch nozzle and directed
just below the support collar is recommended.

Mounting—Special mounting-is required. Mount in
vertical position only, filament end down. A clearance
of at least 4 inches should be allowed between the bulb
and any adjacent object. Connections to the filament
and anode terminals should be flexible.

Circuit Outputs:

Load Current—
Output Voltage DC Amps.
In- Quad-
Circuit Number At10kv. At20kv. Phase rature
Designa- of Inverse Inverse Opera- Opera-
fion Tubes Voltage Voltage tion tion
A 1 3000 6000 5 10
B 2 3000 6000 10 20
C 4 3000 6000 20 40
D 4 6000 12000 10 20
E 3 4500 9000 15 30
F 6 9000 18000 15 —
G 6 4000 8000 25 50
H 6 9000 18000 — 30
| 6 9000 18000 — 30
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266C

266C Vacuum Tube
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Ratings o
Filament

Voltage 5.0 volts

Nominal Current 42.0 amperes

Required Heating Time 300 seconds
Accelerated Filament Heating

Recommended open circuit

over-voltage 50%
Corresponding period of
over-voltage application 30==5 seconds

Tube Voltage Drop—Approximate 15 volts
Maximum Instantaneous Anode Current

In-Phase Operation 20 amperes

Quadrature Operation 40 amperes
Maximum Average Anode Current

In-Phase Operation 5 amperes

Quadrature Operation 10 amperes
Max. Time of Averaging Anode Current 60 seconds
Maximum Peak Inverse Anode Voltage

at 15 to 30° C. ambient temperature 22 kilovolts

at 15 to 40° C. ambient temperature 10 kilovolts

at 30 to 40° C. forced air temperature 22 kilovolts
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CONDENSED MERCURY TEMPERATURE IN DEGREES
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TUBE VOLTAGE DROP VS TEMPERATURE FOR A TYPICAL TUBE

This is the temperature of the forced air applied to the
bulb where the E'ee mercury condenses. Approximately
5 cu. ft. per minute from a 1 inch nozzle and directed
14" above the filament base is recommended.

Mounting—Special mounting is required. Mount in
vertical position only, filament end down. A clearance
of at least 4 inches should be allowed between the bulb
and any adjacent object. Connection to the anode
terminal should be flexible.

Circuit Outputs:
Load Current—

Output Voltage DC Amps.
In- Quad-
Circuit Number At 10 kv. At 22 kv. Phase rature
Designa-  of Inverse Inverse Opera- Opera-
tion Tubes Voltage Voltage tion on
A 1 3000 6500 5 10
B 2 3000 6500 10 20
C 4 3000 6500 20 40
D 4 6000 13000 10 20
E 3 4500 10000 15 30
F 6 9000 20000 15 —
G 6 4000 9000 25 50
H 6 9000 20000 — 30
I 6 9000 20000 —_ 30
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267B and 319A Vacuum Tubes
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.\ /[’ t 20
FILAMENT DUMMY FILAMENT -
.GE; L—- ™~ \\
10 —— STARTING POTENTIAL[ |
319A 2678 TlllBE VOLTAGE DROP |——ed
° 20 30 40 50 60 70 : 80
CONDENSED MERCURY TEMPERATURE IN DEGREES CENTIGRAOE
OPERATING CHARACTERISTICS FOR A TYPICAL TUBE
Ratings Mounting—The 267B tube requires a W. E. 138B,
Fil 139A or similar socket and the 319A tube a W. E. 148A
lsn}ent or similar socket. A spring clip anode terminal con-
N° tage 5.0 volts nector is required. Mount in a vertical position only—
Roml.nal Current 6.75 amperes  base end down. A clearance of at least 2 inches should
equired Hgatmg Time 80 seconds be allowed between the bulb and any adjacent object.
Accelerated Filament Heating
Recommended open circuit Circuit Outputs: 4c .
over-voltage 509, Load Curren
Corresponding period of Output Voltage Illl) c A"g’:ad
over-voltage appllcatlon. 8=2 seconds Circuit Number  At7.5kv. Phase rature
Tube Voltage Drop—Approximate 10 volts Designa- of Inverse Opera- Opera-
Maximum Instantaneous Anode Current tion Tubes Voltage tion tion
In-Phase Operation 4 amperes A 1 2300 1 2
Quadrature Operation 8 amperes B 2 2300 4
Maximum Average Anode Current ¢ 4 2300 4 8
In-Phase Operation 1 ampere D 4 4600 2 4
Quadrature Operation 2 amperes E‘ 2 gggg g 6
Max. Time of Averging Anode Current 15 seconds G 6 3000 5 10
Maximum Peak Inverse Anode Voltage 7.5 kilovolts H 6 7000 — 6
Maximum Ambient Temperature Range 10 to 50° C. I 6 7000 — 6
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315A and 321A
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Ratings
Filament
Voltage 5.0 volts
Nominal Current 10.0 amperes
Required Heating Time 30 seconds

Accelerated Filament Heating
Recommended open circuit

over-voltage 50%
Corresponding period of
over-voltage application 155 seconds
Tube Voltage Drop—Approximate 10 volts
Maximum Instantaneous Anode Current
In-Phase Operation 4 amperes
Quadrature Operation 8 amperes
Maximum Average Anode Current
In-Phase Operation 1 ampere
Quadrature Operation 2 amperes

Max. Time of Averaging Anode Current 15 seconds
Maximum Peak Inverse Anode Voltage
at 10 to 40° C. ambient temperature  12.5 kilovolts
at 10 to 50° C. ambient temperature 7.5 kilovolts
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315A/321A

Vacuum Tubes
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IN DEGREES CENTIGRADE

OPERATING CHARACTERISTICS FOR A TYPICAL TUBE

Mounting—The 315A tube requires a 138B, 139A or
similar socket and the 321A a W. E. 148A or similar
socket. A special anode terminal connector is required.
Mount in a vertical position only—base end down. A
clearance of at least 38 inches should be allowed be-
tween the bulb and any adjacent object.

Circuit Outputs: Load Current—
Output Voltage DC Amps.
In- Quad-
Circuit Number At 7.5 kv. At12.5kv. Phase rature
Designa- of Inverse Inverse Opera- Opera-
tion Tubes Voltage Voltage tion tion
A 1 2300 3800 1 2
B 2 2300 3800 2 4
C 4 2300 3800 4 8
D 4 4600 7600 2 4
E 3 3500 5800 3 6
F 6 7000 11500 3 —
G 6 3000 5000 5 10
H 6 7000 11500 _ 6
I 6 7000 11500 —_ 6
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315A/321A
315A and 321A Vacuum Tubes
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Ratings -

Filament Mounting—The 315A tube requires a 138B, 139A or
Voltage 5.0 volts similar socket and the 321A a W. E. 148A or similar
Nominal Current 10.0 amperes socket. A special anode.t_ermma] connector is required.
Required Heating Time 30 seconds Mount in a vertical position only—base end down. A

Accelerated Filament Heating clearance of at least 3 inches should be allowed be-
Recommended open circuit tween the bulb and any adjacent object.

C over-voltage 50% Circuit Outputs: Load Current—
orresponding period of Output Voltage DC Amps.
over-voltage application 15=5 seconds In-  Quad-

Tube Voltage Drop—Approximate 10 volts Circuit Number Altn 7.5 kv. A; 12.5 kv. (l;ha.se sa.ture

o i - - Tra-

Maximum Instantgmeous Anode Current Defilf: 2 T:l:‘es VOY::;: vl:)‘;far:: gf)l: fi?):
In-Phase Operation 4 amperes A 1 2300 3800 1 9
Quadrature Operation 8 amperes

: B 2 2300 3800 2 4

Maximum Average Anode Current
I . C 4 2300 3800 4 8
d\-Pélase Op(e)ratloq 1 ampere D 4 4600 7600 2 4

uadrature peration 2 amperes E 3 3500 5800 3 6

Max: Time of Averaging Anode Current 15 seconds F 6 7000 11500 3 —

Maximum Peak Inverse Anode Voltage G 6 3000 5000 5 10
at 10 to 40° C. ambient temperature  12.5 kilovolts H 6 7000 11500 — 6
at 10 to 50° C. ambient temperature 7.5 kilovolts I 6 7000  -11500 — 6
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Vacuum Tubes

Half-Wave Mercury Vapor Rectifiers

249B 255B 266B 267B 319A
253A 258B 266C 315A 321A

253A

258B

NOTE:

This combined bulletin su-
persedes data sheets previously
issued for the individual tubes.
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Classification

These tubes are half-wave, thermionic, mercury vapor rectifiers designed to supply direct-
current from an alternating-current supply.

Mounting—The tubes should be mounted only in a vertical position with the base or filament
end down. Free air circulation must be provided. No object should touch the glass bulb.

Filament—The filaments are designed to operate from alternating current sources. The voltage
should be maintained to within 59, of the rated value. Operation of the filaments at a voltage
above the upper limit will definitely reduce the life of the tubes while a decrease in voltage below
the lower limit may cause immediate failure.

Normal Filament Heating

The anode voltage should not be applied until the filaments have reached a satisfactory oper-
ating temperature. When normal filament voltage and circuits with good regulation are used, the
minimum time required is specified on the individual tube data sheet as the “Required Heating Time.”
It is also necessary to allow sufficient filament heating time to evaporate any visible mercury de-
posits from the upper parts of the tubes.

When the tubes are put into operation at low ambient temperatures, an extended filament
heating time is necessary to raise the mercury vapor pressure to a satisfactory operating value.
This time is given in graph form on the individual tube data sheet for tubes requiring such heating
when operating within the recommended ambient temperature range. A filament heating period
of 30 minutes or more should be allowed when the tubes are used for the first time or if they have
been subjected to extensive handling or prolonged standing.

Accelerated Filament Heating

In certain applications it may be desirable to reduce the “Required Heating Time” designated
for normal filament voltage. This may be accomplished by applying an overvoltage to the filament
for a short period after which the rated filament voltage and the anode voltage is applied. The rec-
ommended open circuit overvoltage and the corresponding period of application are given on the

individual tube data sheet. These ratings apply when the regulation of the filament supply circuit
is 10% =+ 4%.

Tube Voltage Drop

The tube voltage drop is substantially independent of the anode current. The exact value
varies but under the specified operating conditions will normally be between 5 and 25 volts.

Maximum Anode Current

The maximum permissible instantaneous and average anode current ratings are limitations on
the current values that the tubes can carry safely in the direction in which they are designed to
conduct and should not be exceeded. The current ratings specified under “In-phase Operation”
apply when the filament and anode voltages are in phase, or where the relative phase angle is ignored.
The “Quadrature Operation” ratings may be used when the circuit is designed so that the phase
angle between the filament and anode voltage is approximately 90 electrical degrees. With this
type of operation, the filament current goes through zero near the center of the anode conduction
period, resulting in a balanced operating condition for the filament, which permits the higher
anode currents.

Maximum Peak Inverse Anode Voltage

The maximum permissible peak inverse anode voltage is a limitation on.the instantaneous value
that the tubes can stand safely in the opposite direction to that in which they are designed to con-
duct. If this voltage is exceeded an arc-back may result which may injure the tubes. The maximum
direct output voltage available is not fixed but will depend upon the type of circuit used.

Tubes of the same type may be operated in parallel if some provision is made to insure a proper
division of the load current. Current dividing reactors or ballasting resistors in series with each
anode may be used for this purpose. The size of the reactors or resistors will depend upon the
circuit design.
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590

In most cases the termination of useful life of these tubes is due to the loss of filament activity
which frequently results in arc-back. Failures of this kind should be safeguarded by proper over-
load protection to prevent injury to other tubes in the set and to auxiliary equipment. In most
circuits this requires a quick acting high-voltage fuse in each anode lead or an equally fast primary
fuse or circuit breaker.

Circuits

These tubes may be used in any conventional rectifier circuit subject to the current, voltage
and temperature ratings. Typical circuits are shown below. The approximate direct output
current and voltage for each type of rectifier circuit where tubes are operated at maximum per-
missible anode current and inverse voltage is given on the individual tube data sheet. The values
listed are average values of the pulsating current and voltage for an unfiltered circuit.
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Vacuum Tubes

249B/258B
249B and 258B Vacuum Tubes
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468" DIA.OF 2 PINS JLAMENT CONDENSED MERCURY TEMPERATURE IN DEGREES CENTIGRADE
BOTTOM VIEW BOTTOM VIEW
2458 2588 TUBE VOLTAGE DROP VS. TEMPERATURE FOR A TYPICAL TUBE
Rati Mounting—The 249B tube requires a W. E. 143B or
ngs similar socket and the 258B a W. E. 138B, 139A or
Filament similar socket. A spring clip anode terminal connector
Voltage 2.5 volts is required. Mount in vertical position only—base end
Nominal Current 7.5 amperes  down. A clearance of at least 2 inches should be
Required Heating Time 15 seconds allowed between the bulb and any adjacent object.
Accelerated Filament Heating Circuit Outputs:
mended open circuit Output Voltage Load Current
over-voltage 50%, At 1.5 kv. In
Corresponding period of erse
P g period of Circuit Number Inverse DC
over-voltage application 8=2 seconds Designation of Tubes Voltage Amperes
Tube Voltage Drop—Approximate 15 volts A 1 2300 0.64
Maximum Instantaneous Anode Current 2.5 amperes B 2 2300 1.28
Maximum Average Anode Current 0.64 ampere CD i iggg %gg
Max. Time of Averaging Anode Current 5 seconds E 3 3500 1.92
Maximum Peak Inverse Anode Voltage 7.5 kilovolts F 6 7000 1.92
Maximum Ambient Temperature Range 0 to 50°C. G 6 3000 3.2

592



253A

253A Vacuum Tube
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FILAMENT | FILAMENT
- + — ICOONDENSE(Z)OMERCURYBOTEMPERA?URE- IN DngREES CeEoNTlGRAD;O
TUBE VOLTAGE DROP VS. TEMPERATURE FOR A TYPICAL TUBE
Ratings Mounting—W. E. 138B, 139A or similar socket. A
Filament spring clip anode terminal connector is required. Mount
Voltage 2 1 in vertical position only—base end down. A clearance
Nomiial Current 3'3 Z;xtse res of at least 134 inches should be allowed between the
Required Heating Time 10 secgn o bulb and any adjacent object.
Accelerated Filament Heating
e Circuit Qutputs:
Reoc‘?:;x:gimtc;egci open circuit 509, P Output Voltage Load Current
- ‘ . 0 At 3500 volt. In
Corresponding period of Circuit Number Inverse ® DC
over-voltage application 6=2 seconds Designation of Tubes Voltage Amperes
Tubc? Voltage Drop—Approximate 15 volts A 1 1000 0.25
Maximum Instantaneous Anode Current 1.0 ampere B 2 1000 0.50
Maximum Average Anode Current 0.25 ampere % : éggg (l)gg
Max: Time of Averaging Anode Current 5 seconds E 3 1500 0.75
Maxgmum Peak. Inverse Anode Voltage 8500 volts F 6 3000 0.75
Maximum Ambient Temperature Range 10 to 50° C. G 6 1400 1.25
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255B

255B Vacuum Tube
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‘_2%_. ; CONDENSED MERCURY TEMPERATURE IN DEGREES CENTIGRADE
‘ng TUBE VOLTAGE DROP VS. TEMPERATURE FOR A TYPICAL TUBE
o= [ Maximum Peak Inverse Anode Voltage
LAME at 15 to 80° C. ambient temperature 20 kilovolts
at 15 to 40° C. ambient temperature 10 kilovolts
at 30 to 40° C. forced air temperature 20 kilovolts
This is the temperature of the forced air applied to the
bulb where the free mercury condenses. Approximately
6 cu. ft. per minute from a 1 inch nozzle and directed
just above the support collar is recommended.
Mounting—Special mounting is required. Mount in
- vertical position only—filament end down. A clearance
of at least 4 inches should be allowed between the bulb
and any adjacent object. Connection to the anode
terminal should be semi-flexible.
Ratings
Filament i
Voltage 5.0 volts Circuit Outputs: Load Current—
Nominal Current 19.0 amperes Output Voltage DC Amps.
Required Heating Time 120 seconds I
. . n- Quad-
Accelerated Filament Heating Circuit Number At10kv. At20kv. Phase rature
Recommended open circuit Designa-  of Inverse Inverse Opera- Opera-
over-voltage : 509, tion  Tubes Voltage  Voltage tion tion
Corresponding period of A 1 3000 6000 2 4
over-voltage apphcatlon‘ 25==5 seconds B 9 3000 6000 4 8
Tube Voltage Drop—Approximate 10 volts
. C 4 3000 6000 8 16
Maximum Instantaneous Anode Current D 4 6000 12000 4 8
In-Phase Operation 8 amperes E 12
Quadrature Operation 16 amperes 3 4500 9000 6
Maximum Average Anode Current F 6 9000 18000 6 —
In-Phase Operation 2 amperes G 6 4000 8000 10 20
Quadrature Operation 4 amperes H 6 9000 18000 — 12
Max. Time of Averaging Anode Current 30 seconds I 6 9000 18000 — 12
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266B

266B Vacuum Tube
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Ratings
Filament
Voltage 5.0 volts
Nominal Current 42.0 amperes
Required Heating Time 300 seconds
Accelerated Filament Heating
Recommended open circuit
over-voltage 509,
Corresponding period of
over-voltage application 30=5 seconds
Tub(j. Voltage Drop—Approximate 15 volts
Maximum Instantaneous Anode Current
In-Phase Operation 20 amperes
Quadrature Operation 40 amperes
Maximum Average Anode Current
In-Phase Operation 5 amperes
Quadrature Operation 10 amperes
Max. Time of Averaging Anode Current 60 seconds

Maximum Peak Inverse Anode Voltage
at 16 to 30° C. ambient temperature
at 15 to 40° C. ambient temperature
at 30 t0 40° C. forced air temperature

20 kilovolts
10 kilovolts
20 kilovolts

CORRESPONDING AMBIENT TEMPERATURE IN
DEGREES CENTIGRADE AFTER TEMPERATURE EQUILIBRIUM
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22
20
MAX. AMBIENT TEMP. RANGE
\ A =10KV INVERSE VOLTAGE
18 B —20KV INVERSE VOLTAGE
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6 C-20KV INVERSE VOLTAGE
14
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12 N

\--c
10

8 \\\
6 —
4
2
(o]
(o] 10 20 30 40 50
CONDENSED MERCURY TEMPERATURE IN DEGREES
CENTIGRADE

TUBE VOLTAGE DROP VS. TEMPERATURE FOR A TYPICAL
TUBE

This is the temperature of the forced air applied to the
bulb where the free mercury condenses. Approximately
8 cu. ft. per minute from a 1 inch nozzle and directed
just below the support collar is recommended.

Mounting—Special mounting-is required. Mount in
vertical position only, filament end down. A clearance
of at least 4 inches should be allowed between the bulb
and any adjacent object. Connections to the filament
and anode terminals should be flexible.

Circuit Outputs:

Load Current—
Output Voltage DC Amps.
In- Quad-
Circuit Number At10kv. At20kv. Phase rature
Designa- of Inverse Inverse Opera- Opera-
fion Tubes Voltage Voltage tion tion
A 1 3000 6000 5 10
B 2 3000 6000 10 20
C 4 3000 6000 20 40
D 4 6000 12000 10 20
E 3 4500 9000 15 30
F 6 9000 18000 15 —
G 6 4000 8000 25 50
H 6 9000 18000 — 30
| 6 9000 18000 — 30
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266C

266C Vacuum Tube

|+—.800"£.010*

ANCDE

PEREY

¥

N S

FILAMENT
CONNECTED
TO BASE SHELL —IV

FILAMENT

Ratings o
Filament

Voltage 5.0 volts

Nominal Current 42.0 amperes

Required Heating Time 300 seconds
Accelerated Filament Heating

Recommended open circuit

over-voltage 50%
Corresponding period of
over-voltage application 30==5 seconds

Tube Voltage Drop—Approximate 15 volts
Maximum Instantaneous Anode Current

In-Phase Operation 20 amperes

Quadrature Operation 40 amperes
Maximum Average Anode Current

In-Phase Operation 5 amperes

Quadrature Operation 10 amperes
Max. Time of Averaging Anode Current 60 seconds
Maximum Peak Inverse Anode Voltage

at 15 to 30° C. ambient temperature 22 kilovolts

at 15 to 40° C. ambient temperature 10 kilovolts

at 30 to 40° C. forced air temperature 22 kilovolts
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TUBE VOLTAGE DROP VS TEMPERATURE FOR A TYPICAL TUBE

This is the temperature of the forced air applied to the
bulb where the E'ee mercury condenses. Approximately
5 cu. ft. per minute from a 1 inch nozzle and directed
14" above the filament base is recommended.

Mounting—Special mounting is required. Mount in
vertical position only, filament end down. A clearance
of at least 4 inches should be allowed between the bulb
and any adjacent object. Connection to the anode
terminal should be flexible.

Circuit Outputs:
Load Current—

Output Voltage DC Amps.
In- Quad-
Circuit Number At 10 kv. At 22 kv. Phase rature
Designa-  of Inverse Inverse Opera- Opera-
tion Tubes Voltage Voltage tion on
A 1 3000 6500 5 10
B 2 3000 6500 10 20
C 4 3000 6500 20 40
D 4 6000 13000 10 20
E 3 4500 10000 15 30
F 6 9000 20000 15 —
G 6 4000 9000 25 50
H 6 9000 20000 — 30
I 6 9000 20000 —_ 30



267B/319A

267B and 319A Vacuum Tubes
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CONDENSED MERCURY TEMPERATURE IN DEGREES CENTIGRAOE
OPERATING CHARACTERISTICS FOR A TYPICAL TUBE
Ratings Mounting—The 267B tube requires a W. E. 138B,
Fil 139A or similar socket and the 319A tube a W. E. 148A
lsn}ent or similar socket. A spring clip anode terminal con-
N° tage 5.0 volts nector is required. Mount in a vertical position only—
Roml.nal Current 6.75 amperes  base end down. A clearance of at least 2 inches should
equired Hgatmg Time 80 seconds be allowed between the bulb and any adjacent object.
Accelerated Filament Heating
Recommended open circuit Circuit Outputs: 4c .
over-voltage 509, Load Curren
Corresponding period of Output Voltage Illl) c A"g’:ad
over-voltage appllcatlon. 8=2 seconds Circuit Number  At7.5kv. Phase rature
Tube Voltage Drop—Approximate 10 volts Designa- of Inverse Opera- Opera-
Maximum Instantaneous Anode Current tion Tubes Voltage tion tion
In-Phase Operation 4 amperes A 1 2300 1 2
Quadrature Operation 8 amperes B 2 2300 4
Maximum Average Anode Current ¢ 4 2300 4 8
In-Phase Operation 1 ampere D 4 4600 2 4
Quadrature Operation 2 amperes E‘ 2 gggg g 6
Max. Time of Averging Anode Current 15 seconds G 6 3000 5 10
Maximum Peak Inverse Anode Voltage 7.5 kilovolts H 6 7000 — 6
Maximum Ambient Temperature Range 10 to 50° C. I 6 7000 — 6
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315A 321A
Ratings
Filament
Voltage 5.0 volts
Nominal Current 10.0 amperes
Required Heating Time 30 seconds

Accelerated Filament Heating
Recommended open circuit

over-voltage 50%
Corresponding period of
over-voltage application 155 seconds
Tube Voltage Drop—Approximate 10 volts
Maximum Instantaneous Anode Current
In-Phase Operation 4 amperes
Quadrature Operation 8 amperes
Maximum Average Anode Current
In-Phase Operation 1 ampere
Quadrature Operation 2 amperes

Max. Time of Averaging Anode Current 15 seconds
Maximum Peak Inverse Anode Voltage
at 10 to 40° C. ambient temperature  12.5 kilovolts
at 10 to 50° C. ambient temperature 7.5 kilovolts
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OPERATING CHARACTERISTICS FOR A TYPICAL TUBE

Mounting—The 315A tube requires a 138B, 139A or
similar socket and the 321A a W. E. 148A or similar
socket. A special anode terminal connector is required.
Mount in a vertical position only—base end down. A
clearance of at least 38 inches should be allowed be-
tween the bulb and any adjacent object.

Circuit Outputs: Load Current—
Output Voltage DC Amps.
In- Quad-
Circuit Number At 7.5 kv. At12.5kv. Phase rature
Designa- of Inverse Inverse Opera- Opera-
tion Tubes Voltage Voltage tion tion
A 1 2300 3800 1 2
B 2 2300 3800 2 4
C 4 2300 3800 4 8
D 4 4600 7600 2 4
E 3 3500 5800 3 6
F 6 7000 11500 3 —
G 6 3000 5000 5 10
H 6 7000 11500 _ 6
I 6 7000 11500 —_ 6
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Vacuum Tubes
Three Element Power Thyratrons
287A  323A  354A 355A
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NOTE:

This combined bulletin su-
persedes data sheets previously
issued for the individual tubes.
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287A Vacuum Tube

FILAMENT FILAMENT

GRID

Classification

The 287A is a three-element, mercury-vapor tube which employs an oxide-coated filament.
It is intended for use in special circuits as a relay or trigger action device.

Base and Socket

The 287A Vacuum Tube employs a standard five prong thrust type base suitable for use
in a Western Electric 137A or similar type socket. It is to be noted from the arrangement of
electrode terminals shown above that the filament terminals are tied together in parallel. The
corresponding socket terminals should also be connected to insure the best contact conditions
for the filament current. The fifth terminal in the base is connected to the control electrode. The
anode terminal is located at the top of the bulb and is arranged for a special, quick-release con-
nector.

Rating and Characteristic Data

Filament Voltage. .. ... 2.5 Volts
Filament Current. .. .. S g s e RS g TEiRE IMEES 7.0 Amperes
Approximate Anode-Cathode Potential Drop when Conducting. ... . ... 15 Volts
Maximum Peak Plate Current............. ... .. ... ... ... ..... 1 Ampere
Maximum Peak Inverse Potential............. ... .. ... ... ... ... 2500 Volts
Safe Operating Ambient Temperature............................. 10° to 50° C.

The anode-cathode potential drop is substantially independent of the plate current. The
exact value varies from tube to tube and during the life of a given tube. Within the specified anode
temperature and plate current range it will vary from 5 to 20 volts.



287A

Breakdown Characteristics

Typical curves relating the critical control-electrode potential to the anode potential at
various temperatures are given in the accompanying chart. These characteristics may vary from
tube to tube and during the life of a given tube.

The 0 of grid bias is shown on the chart as the “A’’ axis for the case where the filament is
heated with alternating current and the anode and control-electrode returns are connected to one
side of the filament.

If the filament is heated by alternating current and the anode and control-electrode re-
turns connected to the center tap of the filament transformer, the 0 of grid bias should be taken
at the “B” axis.

If the filament is heated by direct current with the anode and control-electrode returns
connected to the negative terminal, the 0 of grid bias should be taken at the “C” axis.
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General Features

The 287A Vacuum Tube is primarily a mercury-vapor rectifier of low internal impedance
whose conduction cycle is determined by the relative instantaneous control electrode and anode
potentials and also by the ambient temperature.

) The tube is suitable for use in variable voltage rectifiers as a circuit breaker and as a relay
in a variety of applications requiring very low signal energy. Compared to a mechanical relay,
the operation is more rapid and positive.

. _This mercury-vapor tube has a rugged mesh type oxide-coated cathode. It is especially
suitable where long life and dependability of operation are essential.

ISSUE 1
MAY 1, 1933
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287A/323A/354A/355A

Classification

These tubes are half-wave, thermionic, three element, negative grid, medium power thyratrons
designed to operate at frequencies below 150 cycles. They are primarily intended for use in regulated
rectifier, inverter, relay or other applications requiring thyratron characteristics.

Mounting

The tubes should be mounted as indicated on each individual tube data sheet. Free air
circulation should be provided.

Filament

The filaments are designed to operate from alternating current sources. The voltage
should be maintained to within 59, of the rated value. Operation of the filaments at a voltage
above the upper limit will definitely reduce the life of the tubes, while a decrease in voltage below
the lower limit may cause immediate failure.

Operating Precautions

Sufficient filament heating time must always be allowed for the filaments to reach a satisfac-
tory operating temperature and for deposits of mercury in the upper parts of the tubes to be evap-
orated before the anode potential is applied. The ‘“Required Heating Time” specified on the
individual tube data sheet is sufficient to bring the filament to a satisfactory operating temperature
when filament circuits with good regulation are used. At the low ambient temperatures, tubes
containing mercury vapor only may require several minutes filament warming before the tube will
start conducting. In most applications the tubes are self protecting during this warming period.
A filament heating period of 15 minutes or more should be allowed when the tubes are used for the
first time or if they have been subjected to extensive handling or prolonged standing.

Tube Voltage Drop

The tube voltage drop is substantially independent of anode current. The exact value varies,
but under the specified operating conditions will normally be between 5 and 25 volts. A curve
showing the tube voltage drop as a function of condensed mercury temperature for a typical tube
when passing rated average anode current is shown on the individual tube data sheet.

Maximum Anode Current

The maximum permissible instantaneous and average anode current ratings are limitations
on the current values that the tubes can safely carry in the direction in which they are designed
to conduct and should not be exceeded.

Maximum Time of Averaging Anode Current

This time is the maximum period over which the anode current should be averaged when
determining the maximum average anode current.

Maximum Peak Voltage Between Anode and Grid

This is the maximum permissible instantaneous voltage that should be applied between anode
and grid or between anode and filament; either as an inverse anode voltage or a forward anode
voltage blocked by grid action.

Control Characteristic

These tubes are so designed that for any given positive anode potential there is a critical grid
potential. If the grid is held more negative than this value and the tube is not conducting, the
anode current will remain zero. If it is made less negative, the tube becomes conducting and the
anode current assumes a value determined by the applied potential and the impedance in the anode
circuit. When the tube is conducting the Tube Voltage Drop is practically independent of the
value of both the grid potential and the anode current. To extinguish the discharge and rees tablish
control by the grid, the anode potential must be reduced to zero or made negative, for a period at
least as long as the deiohization time.

831



Vacuum Tubes

832

The control characteristic curve relating the critical grid potential to the anode potential for
a typical tube is shown on each individual tube data sheet. This characteristic may vary from tube
to tube and during the life of a given tube. The extreme variation during the normal life of the
tube when operating within the recommended limits will fall within the shaded area. The axis “A”
should be used if the anode and grid circuit returns are made to the mid-tap of the filament
transformer, and the axis “B” if they are made to either end. Return to the mid-tap is the more
desirable mode of operation.

The control characteristic, of tubes containing mercury vapor only, shifts appreciably in a
positive direction as the condensed mercury vapor temperature is reduced below 30° C. This
shift is indicated by the dotted curve.

In some applications the starting of the anode current may be affected by extraneous electro-
static or electromagnetic fields causing ionization within the tube or inducing a voltage in a high
impedance grid circuit. In such cases proper shielding will be required.

Maximum Instantaneous Grid Current

The maximum instantaneous grid current is the maximum peak current from the grid to the
external circuit and should not be exceeded.

It is generally necessary to provide a means for limiting the grid current, as a conducting path
is also established between the grid and filament within the tube when the anode current is flowing.
The grid will supply a net positive ion or electron current to the external circuit depending upon
the magnitude and polarity of the applied grid voltage.

Maximum Condensed Mercury Temperature Range

This operating temperature range applies to the temperature of the bulb at the area where the
free mercury condenses during normal operation. For mercury and inert gas mixture tubes this
range should not be exceeded. For tubes containing mercury vapor only, the upper limit should
not be exceeded, but it is permissible to apply plate voltage at condensed mercury temperatures
between the lower operating limit and zero degrees centigrade. Full output may not be obtained
however until the temperature approaches the rated lower limit. (See “Operating Precautions.”)

Nominal Deionization Time _

The nominal deionization time is the approximate time required for the gas to return to a
deionized state after the removal of a positive anode potential. The grid does not regain control
until the gas is deionized.

Typical Circuits

These tubes may be used in a variety of circuits where thyratron control characteristics are
desired. The following circuits are examples:

Figure 1 shows an application as a relay device. This circuit possesses a “lock in” feature
since the anode potential must be removed momentarily in order to restore the tube to the non-
conducting condition.

Figure 2 shows a half-wave manually-controlled rectifier. The average load current may be
controlled by varying the relative phase relation of the grid and anode potentials by means of the
phase shifting network.

Figure 3 shows an inverter circuit for the conversion of direct current to alternating current.
The frequency and wave form of the a-c output will be determined by the driving frequency and
the circuit constants.

Figure 4 shows a grid-controlled rectifier circuit which has the property of providing a load
voltage nearly independent of load current. The magnitude of the load voltage may be adjusted
by means of the potentiometer from 109, to full voltage. While a single section filter is shown,
additional sections may be added if desired.

Figure 5 shows a grid-controlled rectifier circuit in which the load current may be limited to
a predetermined value even under short circuit conditions. Additional filter sections may be added
if desired.
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287A Vacuum Tube
Mercury Vapor Filled
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Ratings

Filament
Voltage
Nominal current

2.5 volts a.c.
7.0 amperes

Required heating time 10 seconds
Approximate tube voltage drop 15 volts
Maximum peak voltage between

anode and grid—volts 500 2500
Maximum instantaneous anode

current—amperes 6.0 2.5
Maximum average anode

current—amperes 1.5 0.64

ANODE POTENTIAL - D-C VOLTS

30
ANODE CURRENT =1.5 AMPERES D.C.
(2]
20
-
pi )
8 \¥
v
a 10 —
o
0 20 30 40 S0 60 70 80 90 100
TEMPERATURE IN DEGREES CENTIGRADE
TUBE VOLTAGE DROP VS,CONDENSED
MERCURY TEMPERATURE FOR A TYPICAL TUBE
L T
A-MID-TAP RETURN
-END-TAP
2400 B‘ END-TA :?ETURN
097 i |
A 8
CAEA 1]
3 A% o 1
1 9% \%/ ] J
A o ]
y \
1600 ¥ ! ! A \ |
1200 ( ;& \ !
o
ALL CURVES FOR 1
A TYPICAL TUBE v X j \ |
800 \
%m \{
IN
SHADED AREA IS \ BN
VARIABLE RANGE | N
400|— FOR 30° TO 80°C. —
CONDENSED MERCURY |
TEMPERATURE |
0
-12 -6 -4 o 4
CRITICAL GRID POTENTIAL - D-C VOLTS
CONTROL CHARACTERISTIC
Maximum time of averaging
anode current 5 seconds

Maximum instantaneous grid

current 50 milliamperes

Operating condensed mercury
temperature range

430 to +-80° C.

Nominal deionization time 1000 microseconds

Mounting—The 287A tube requires a W. E. 141A or
similar socket. A spring clip anode terminal connector
is required. Mount in a vertical position only—base
end down. A clearance of at least 2 inches should be
allowed between the bulb and any adjacent object.

835



Vacuum Tubes

L'y 15
2517s

64

323A

323A Vacuum Tube
Mercury Vapor and Argon Filled
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Ratings

Filament
Voltage
Nominal current
Required heating time

Approximate tube voltage drop

Maximum peak voltage between
anode and grid

Maximum instantaneous anode
current

Maximum average anode current

836

2.5 volts a.c.

7.0 amperes
10 seconds

15 volts

500 volts

6.0 amperes

1.5 amperes
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CRITICAL GRID POTENTIAL-D-C VOLTS
CONTROL CHARACTERISTIC

Maximum time of averaging

anode current 5 seconds

Maximum instantaneous grid

current 50 milliamperes

Operating condensed mercury

temperature range —20 to +90° C.

Nominal deionization time 1000 microseconds

Mounting—The 323A tube requires a W. E. 141A or
similar socket. A spring clip anode terminal connector
is required. Mount in a vertical position only—base
end down. A clearance of at least 2 inches should be
allowed between the bulb and any adjacent object.
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354A Vacuum Tube
Mercury Vapor Filled
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Ratings

Filament
Voltage
Nominal current
Required heating time

Approximate tube voltage drop

Maximum peak voltage between
anode and grid

Maximum instantaneous anode
current

Maximum average anode current

2.5 volts a.c.

16 amperes
45 seconds

15 volts

1500 volts

16 amperes

4 amperes

30

ANODE CURRENT = 4 AMPERES D.C.

20

D-C VOLTS

(o]
{0 20 30 40 50 60 70
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CRITICAL GRID POTENTIAL - D-CVOLTS
CONTROL CHARACTERISTIC

Maximum time of averaging anode

current 15 seconds

Maximum instantaneous grid

current 50 milliamperes

Operating condensed mercury

temperature range 430 to +70° C.

Nominal deionization time 1000 microseconds

Mounting—The 354A tube requires a Westinghouse
S#793202 or similar socket. A spring clip anode ter-
minal connector is required. Mount in a vertical posi-
tion only—base end down. A clearance of at least 2
inches should be allowed between the bulb and any
adjacent object.
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355A

355A Vacuum Tube
Mercury Vapor and Argon Filled
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DIA OF 4 PINS 16 CONTROL CHARACTERISTIC
Ratings Maximum time of averaging anode
. current 15 seconds
Filament M ) 4
Voltage 2.5 volts a.c. aximum instantaneous gri -
. current 50 milliamperes
Nominal current 16 amperes i
Required heating time 45 seconds Operating condensed mercury .
temperature range —20 to +80° C.
Approximate tube voltage drop 15 volts Nominal deionization time 1000microseconds
Maximum peak voltage between | Mounting—The 355A tube requires a Westinghouse
anode and grid 350 volts S#793202 or similar socket. A spring clip anode ter-

minal connector is required. Mount in a vertical posi-
tion only—base end down. A clearance of at least 2
inches should be allowed between the bulb and any
Maximum average anode current 4 amperes adjacent object.

Maximum instantaneous anode
current 16 amperes
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BELL SYSTEM PRACTICES SECTION AB46.634
Transmission Engineering and Data Issue 1, February 1938
Vacuum Tube Data AT & T Co Standard

Wesfern Llectrsc
327A Vacuum Tube

VESTERA ELTC
L (% -8

827 A |

Classification—Half-wave, tungsten filament, argon filled rectifier.

The 827A vacuum tube is designed to supply direct current from an alternating-current supply
in power systems for battery charging and for other purposes.

Dimensions—The dimensions and outline diagram are given in Figure 1. The overall dimen-

slons are:
Maximum length. AU R, o A"
Maximum diameter.. . . .. ... . . .. .., .. .. 214

Mounting=This tube employs a 3 connection, skirted medium screw base. Overall dimensions
are shown in Figure 1.

The tube may be mounted either in a vertical or a horizontal position. There should be a free
circulation of air around the tube. No object should touch the glass bulb.

Filament Rating
Filament voltage . .. . .. . .. . . . 20volts
Nominal filament current. . ... .. . . . . 12 amperes

The filament of this tube is designed to operate on a voltage basis from an alternating-current
supply. The voltage should be maintained to within 10%, of its rated value (2.0 volts). Operation
of the filament outside of these limits may cause the tube to become inoperative. Filament and
plate voltage may be applied to the tube simultaneously.

Copyright 1938 Western Electric Company, Incorporated

3%7A
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Characteristic and Operating Conditions

Approximate anode-cathode potential drop . . ... 8 vols
Ignition voltage at 60 ¢cveles... ... . .. ... ... 7-16 volts, r-m=s
Maximum peak plate current.. . .. .. . . .. . 6.0 amperes
Maximum average plate current .. . . ... .., 2.0 amperes
Maximum peak inverse potential .. . ... .. .. 275 volts

The anode-cathode potential drop is substantially independent of the plate current. The
exact value may vary from tube to tube and during the life of a given tube over the range from 3 to
10 volts.

The ignition voltage is the voltage required to start conduction within the rube. In a-c. circuits
this is a function of frequency, increasing as the frequency increases. The values are given for
60 cveles since this frequency will be most generally encountered in circuit design.

The maximum permissible peak plate current {6 amperes) is a limitation on the instantaneous
value that the tube can carry safely in the direction in which it is designed to conduct and should
not be exceeded. The maximum average load current (2 amperes) is the maximum direct output
current which may be obtained from a half-wave circuit using one tube. A full-wave circuit using
two tubes will supply a maximum of 4 amperes.

The maximum permissible peak inverse potential (275 volts) is a limitation on the instan-
taneous value that the tube can stand safely. If it is exceeded, an arc-back may result which may

injure the tube. All circuits should be adequately fused to prevent injury to the equipment in
event of arc-back due to line surges. The maximum output voltage obtainable in either the hali-

wave or full-wave circuit is approximately 75 volts.

327 vacuum tubes mayv be operated in parallel if some provision is made to insure a proper
division of the load current. Current dividing reactors or ballasting resistors in series with each
anode, may be used for this purpose. The size of the reactars or resistors depends upon the circuit

design.
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A development of Bell Telephone Laboratories, Incorporated,
the research laboratories of the American Telephone and Tele- V. T. DATA SHEET 327A
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Wesfern Llecirse

328A Vacuum Tube

Classification—Voltage-amplifier, suppressor-grid pentode with indirectly heated
cathode

The electrical characteristics of the 8328A tube are identical with those of the 810A tube except
for the heater voltage and current.

This tube is intended primarily for use in audio, carrier and radio-frequency voltage amplifiers,

oscillators or modulators. The connection for the suppressor grid has been brought out to an external
terminal, thus making the tube more flexible in its applications.

Dimensions—Dimensions, outline diagrams of the tube and base, and the arrangement of the
electrode connections to the base terminals are shown in Figures 1 and 2.

Base—Small, six-pin thrust type with pins silver-plated. A small, metal cap control-grid terminal
is located at the top of the bulb.

Socket—Standard, six-contact type, preferably provided with silver-plated contacts such ds the
Western Electric 144B socket.

Mounting Positions—This tube may be mounted in any position.
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Average Direct Interelectrode Capacitances

A B
Control grid toplate. . ............................ 0.025 0.007 puf.
Suppressor grid toplate. . ......... ... ... 12.5 12.5  ppf.
Plate to heater, cathode and screen grid............. 2.2 3.2 uuf.
Control grid to suppressor grid. . ................... 1.8 1.3 uuf.
Control grid to heater, cathode and screen grid....... 4.0 6.5 upf.
Suppressor grid to heater, cathode and screen grid.... 7.5 14.5  ppuf.

Column A—Without shield.
Column B—With close-fitting metal shield connected to cathode.

Heater Rating

Heater voltage. ....................co i, 7.5 volts, a.c. or d.c.
Nominal heater current........................... 0.425 ampere

The heater element of this tube is designed to operate on a voltage basis and should be operated at
as near the rated voltage as is practicable.

Cathode Connection—Preferably direct to the heater. If voltage must be applied between
the cathode and heater, it should not exceed 150 volts.

Characteristics—Plate current and screen-grid current characteristics of a typical 328A tube are
shown in Figures 8 and 4, respectively, as functions of control-grid voltage for several values of
screen-grid and plate voltage and zero suppressor-grid voltage. The screen-grid voltage for these
characteristics is equal to the plate voltage. Corresponding amplification factor, plate resistance,
and transconductance characteristics are given in Figures 5, 6 and 7. Plate current and screen-
grid current characteristics as functions of plate voltage are given in Figures 8 and 9, respectively,
for several values of control-grid voltage, a screen-grid voltage of 185 volts, and zero suppressor-
grid voltage. Corresponding amplification factor, plate resistance, and transconductance charac-
teristics are shown in Figures 10, 11 and 12. Plate current, screen-grid current, plate resistance,
and transconductance characteristics are shown in Figures 13, 14, 15 and 16 as functions of plate
voltage for several values of suppressor-grid voltage, a screen-grid voltage of 1385 volts, and a control-
grid voltage of —38 volts. These last characteristics are of particular interest in modulator applica-
tions where separate inputs are applied to the control and suppressor grids.

Limiting Conditions for Safe Operation

Maximum plate voltage..................................... 250 volts
Maximum screen-grid voltage................................ 180 volts
Maximum cathode current (screen-grid current plus plate current) 10 milliamperes
Maximum screen-grid current................ ... ... .. ... 2.5 milliamperes

Operating Conditions and QOutput—Nominal performance data are given in the table below
for a number of typical operating conditions. Less severe operating conditions should be selected
in preference to maximum operating conditions wherever possible. The life of the tube at maximum
conditions may be shorter than at less severe conditions.

The performance data include the fundamental voltage or power output for the indicated
values of load resistance and input voltage, and the maximum second and third harmonic levels
for input voltages no greater than the indicated values. The voltage output is given in peak volts,
the power output in milliwatts, and the harmonic levels in decibels below the fundamental.
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TABLE
Plate Screen- Control- Suppressor= Load Input Output Second Third
Volt- Grid Grid Grid Plate Resis- Volt- Volt- Output Har- Har-
age Voltage Bias Voltage Current tance age age Power monic monie
Volts  Volts Volts Volts Milli- Ohms Peak Peak Milli- db db
amperes Volts Volts watts
135 135 -3 0 5.4 20,000 3.00 250 22 30
60,000 1.60 130 26 28
60,000 0.95 60 35 45
60,000 1.15 100 33 39
100,000 0.57 75 35 50
100,000 0.40 50 40 55
180 135 -3 0 5.4 40,000 2.70 340 26 28
100,000 1.50 175 26 30
225 135 -3 0 5.5 60,000 2.70 425 27 27
100,000 1.80 220 27 31
*250 135 -3 0 5.5 60,000 2.70 480 26 30
60,000 1.20 110 30 55
100,000 2.10 250 26 29
100,000 1.50 200 30 43

*Maximum operating conditions.

Curves showing the fundamental power and voltage output and the second and third harmonic
levels as functions of input voltage for a number of values of load resistance and a typical operating

condition are given in Figures 17, 18, 19 and 20.
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311A/329A

Wesrern LElociric

311A and 329A Vacuum Tubes

Classification—Low-power, suppressor-grid pentodes with indirectly heated cathodes
The 311A and 329A tubes are identical except for the heaters.

These tubes are intended primarily for use as audio, carrier or radio-frequency power amplifiers
where power outputs of approximately two watts are required and where the plate voltage is not in
excess of 180 volts. The suppressor grid is permanently connected to the cathode within the tube.

Dimensions and Connections—Dimensions, outline diagrams of the tubes and bases, and the
arrangement of the electrode connections to the base terminals are shown in Figures 1 and 2.

Base and Mounting—These vacuum tubes employ small five-pin thrust type bases with silver
plated pins. They are adapted for use in standard five-contact type sockets, preferably those pro-
vided with silver-plated contacts such as the Western Electric 141A socket. A small metal cap
control-grid terminal is located at the top of the bulb.

The tubes may be mounted in any position.
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Average Direct Interelectrode Capacitances

A B
Control grid toplate. . . ...... i, 0.29 0.07 upuf.
Control grid to heater, cathode and screen grid. . .......... 8 9  puuf.
Plate to heater, cathode and screen grid. .. ............... 9 12 ppuf.

Column A—Without shield.
Column B—With close fitting metal shield connected to the cathode.

Heater Ratings
311A Tube 329A Tube

Heater voltage. .. .......coooviviiiiiii ... 10.0 7.5 wvolts, a.c. or d.c.
Nominal heater current......................... 0.64 0.85 ampere

The heaters should be operated on a voltage basis and at as near the rated voltage as
practicable.

The voltage between the cathode and the heater should not exceed 150 volts.

Characteristics—Figures 3 and 4 respectively, show plate current and screen-grid current as
functions of control-grid voltage for several values of screen and plate voltage. In all curves the
plate voltage is equal to the screen voltage. Amplification factor, plate resistance and transcon-
ductance curves for the conditions corresponding to those of Figures 8 and 4 are given respectively
in Figures 5, 6 and 7.

Plate current and screen-grid current are shown as functions of plate voltage in Figures 8 and
9 respectively, for a screen-grid voltage of 135 volts and for several values of control-grid voltage.
Corresponding curves for amplification factor, plate resistance and transconductance are given in
Figures 10, 11 and 12 respectively.

Curves showing the fundamental power output and the second and third harmonic levels as
functions of input voltage for a number of values of load resistance for typical operating conditions
are given in Figures 13, 14 and 15 respectively.

Limiting Conditions for Safe Operation

Maximum direct plate voltage............................... 180 volts
Maximum direct screen-grid voltage.......................... 150 volts
Maximum cathode current (plate current plus screen-grid current) 60 milliamperes
Maximum direct screen-grid current.............. ... ... ..., 12 milliamperes

Operating Conditions and Output — Nominal performance data are given in the table
on page 3 for a number of typical operating conditions. Less severe operating conditions should be
selected in preference to the maximum conditions wherever possible. The life of the tube at maxi-
mum conditions will be shorter than at the less severe conditions.

The performance data include the fundamental power output for the indicated values of load
resistance and input voltage, and the maximum second and third harmonic levels for input voltages
not exceeding the indicated values. Under certain conditions the maximum second harmonic level
occurs at a lower input voltage than that given in the table. The power output is given in watts,
and the harmonic levels in decibels below the fundamental.



TABLE

Control-grid voltage =—15 volts

Screen - grid voltage = 135 volts

311A/329A

Plate Amplifica- Plate Transcon- Plate Load Input Output Second Third
Voltage tion Factor Resistance ductance Current Resistance Voltage Power Harmonic Harmonic
Volts Ohms  Micromhos Milli- Ohms Peak Watts db db
amperes Volts
135 122 43,000 2800 30 3000 15 1.9 23 24
3500 15 2.0 27 21
4000 15 2.0 29 19
6000 15 1.9 20 18
180* 146 50,000 2900 31 3000 15 2.5 18 30
4000 15 2.8 21 24
7000 15 2.5 23 18
*Maximum plate voltage.
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PLATE RESISTANCE IN OHMS

311A/329A
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