Vacuum Tube

205D Vacuum Tube

P F+  F- G
PLATE  FJLAMENT GRID

Classification

The No. 205D is a three-element filamentary type tube intended for use as a radio-fre-
quency amplifier, oscillator, modulator, and audio-frequency amplifier in output stages when
moderate powers are required.

Base and Socket

The No. 205D Vacuum Tube employs a four-prong bayonet pin type base suitable for use
in a Western Electric 100M (front panel mounting), 115B (rear panel mounting), or similar type
socket.

General Ratings and Information

Filament Voltage........... ... 4.5 Volts, AC or DC
Filament Current. . ........ ... iiiiii i 1.6 Amperes
Average Amplification Factor............ ... i 7.3
Approximate Direct Interelectrode Capacities (measured without socket)
Plate to Grid......c.ovuii i e e 4.8 MMF
Plate to Filament. ... ... ... i 3.3 MMF
Grid to Filament.......... ... i i i i 5.2 MMF

Audio-Amplifier or Modulator Rating—Peak Grid Input Equal to or
less than grid Bias—Class A Service.

Maximum Plate Voltage............ ... .. 400 Volts
Maximum Plate Current..................................... 50 Milliamperes
Maximum Plate Dissipation.................................. 14 Watts
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Typical outputs obtainable within the recommended operating conditions for resistance
loads equal to twice the plate resistance and for inputs on the grid equal to the grid bias.

Approx. Approx. Fundamental Second hird
Plate Current Plate Resist- Power Output Harmonic. Harmonic.
Plate Grid (Milli- ance (Milli- % of Funda. % of Funda.
Volts Volts amperes) Rp (Ohms) watts) Output Output
250 —10 27.5 4000 160 1.5 1
300 —24 15 5000 670 5.5 .2
—18 25 4150 480 3.0 .2
350 —22.5 30 3900 800 3.0 .3
—20 35 3750 675 2.5 .2
370 —30 21 4450 1200 5.0 .5

When two tubes are operated in a push-pull circuit the second harmonic in the output is
reduced by the balancing action in the circuit. Due to the uniformity in the characteristics of the
No. 205D Tube the second harmonic output, in the push-pull circuit, is reduced to the general
level of the third harmonic output. With a plate voltage of 375 volts, and a total plate current of
approximately 42 milliamperes, two No. 205D Tubes will give 2.4 watts output with a total
harmonic content of the order of 1.0 per cent.

Radio-Frequency Amplifier—Grid Bias practically at Plate Cut-Off—
Class B Service.

Maximum Plate Voltage................cc. i, 400 Volts
Maximum DC Plate Current..............covvviiiviinn... 50 Milliamperes
Maximum Plate Dissipation...............ccoiiiiien... 14 Watts
Peak Power Output........coovvuuiiinniiiiiiiiin e, 12 Watts

Oscillator or Radio-Frequency Amplifier—Grid Bias greater than
Plate Current Cut-Off—Class C Service.

Maximum Non-modulated DC Plate Voltage................... 400 Volts
Maximum Modulated DC Plate Voltage....................... 350 Volts
Maximum DC Plate Current...................coiiiiien... 50 Milliamperes
Maximum Plate Dissipation..............cciiiiiiinnnnnnnnn. 14 Watts
Peak Power Output. .. ..covvveetiiiinnieiiiiiiiiieneeeennn. 12 Watts
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Average Static Characteristics

The accompanying curve gives the average static characteristics for the No. 205D Tube.
These curves have been obtained with the filament operating on direct current and the grid and
plate returns connected to the negative ends of the filament.

General Features

The No. 205D Tube will operate satisfactorily at or above 30,000 kilocycles if the radio-
frequency charging current is limited to a value that will not cause excessive heating of the lead-in
wires or di-electric parts.

The filament is of a particularly rugged oxide coated type insuring a long tube life.

ISSUE 2
FEB. 1, 1933
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Wesrerrn Llecrric
205D Vacuum Tube

Classification—Moderate power, filamentary triode

Applications

Audio-frequency amplifier or modulator where power outputs of approximately 1 watt or less
are required.

Radio-frequency power amplifier.

Oscillator.

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, four-pin, bayonet type with the bayonet pin offset.

Socket—Four-contact, bayonet-slot type, such as the Western Electric 100M for front of panel
mounting or 115B for rear of panel mounting.

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



205D

Average Direct Interelectrode Capacitances

A B C
Grid to plate, puf.. . ... ... 4.8 4.3 4.3
Grid to filament, upf.. ... ... 5.2 6.4 6.9
Plate to filament, uuf.. ... .. ... ... ... 3.3 5.2 5.5

Column A—Based tube without socket. _

Column B—Tube alone when measured in 100M socket mounted on metal plate; socket and
mounting plate connected to filament.

Column C—Tube alone when measured in 115B socket mounted in metal plate; socket and
mounting plate connected to filament.

Filament—Oxide-coated
Filament voltage......................... ... 4.5 volts, a.c. or d.c.
Nominal filament current . ................... 1.6 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. 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.

Characteristics—Plate current charcteristics of a typical 205D tube are shown in Figure 3 as
functions of grid voltage 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 voltage are
shown in Figure 7. These characteristics 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, the same characteristics are applicable if 2.6 is added to the numerical value of each
grid bias.

Microphonic Noise—With a plate voltage of 850 volts, a grid bias of —22.5 volts, and a load
resistance of 100,000 ohms, the mean microphonic noise output level of the 205D tube measured
in a'laboratory reference test set is 25 decibels below 1 volt. The range of levels of individual tubes
extends from 16 to 33 decibels below 1 volt. Since microphonic noise 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.

Limiting Conditions for Safe Operation

*Class C
*Class B Class C R-F Amp.

Class A R-F R-F Amp. Plate

Amp. Amp. or Osc. Modulated
Maximum direct plate voltage 400 400 400 850 volts
Maximum direct plate current 50 35 50 40 milliamperes
Maximum plate dissipation 14 14 14 10 watts
Maximum direct grid current — 10 10 10 milliamperes

*Carrier conditions for use with modulation factors up to 1.0.

Operating Conditions and Output
Class A—Amplifier or Modulator

Permissible operating grid and plate voltages for Class A operation are included within
the area, ABCD, in Figure 8. Amplification factor, plate resistance, transconductance, and
performance data are given in Table I for a number of typical operating conditions represented
by selected points within this area. 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.
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The performance data include the fundamental power output in milliwatts and the levels
of the second and third harmonics in decibels below the fundamental for values of load resistance,
R, equal to one, two, and in some cases three times the plate resistance, r,. The peak value of
the sinusoidal input voltage, Egm, which gives the indicated power output, Pm, and harmonic
levels, Fam and Fsm, in each case, is numerically equal to the grid bias. For a smaller input
voltage, Eg, the output and harmonic levels are given approximately by the following relations:

2
P=P, _EL>
Egm

F2=F2m + 20 logm EE::gm

g

Fa=F3m + 40 logio E]:Egm

g

TABLE I
Plate Plate Amplifi- Plate Trans- Input Load Power Second Third
Volt- Grid Cur- cation Resis-= condue- Volt- Resis~ Out- Har- Har-
age Bias rent Factor tance tance age tance put monic monic
Volts Volts Milli- Ohms Micro- Peak R Milli- db db
amperes Tp mhos  Volts watts
200 — 6 22.5 74 4000 1840 6 R=rp 60 35 65
R=2r, 55 40 70
250 —22 9 6.9 6000 1160 22 R=r, 500 18 33
R=2r, 450 22 40
R=38r, 380 26 47
250 —15 19 7.2 4350 1670 15 R=r, 310 26 45
R=2r, 280 30 55
250 —10 27.5 74 3800 1950 10 R=r, 180 33 60
R=2r, 160 38 65
250 - 5 37.5 7.5 3500 2150 5 R=r, 50 40 70
R=2r, 45 43 70
300 —30 8 6.7 6700 1000 30 R=r, 800 15 28
R=2r, 720 20 35
R=3r, 600 24 42
300 —24 15.5 7.1 4800 1460 24 R=r, 750 20 36
R=2r, 670 25 45
300 —18 25 7.3 4000 1830 18 R=r, 540 27 46
R=2r, 480 31 55
350 —22.5 29 7.3 3800 1940 22.5 R=r, 875 26 44
R=2r, 800 30 50
375 —30 22 71 4300 1660 30 R=r, 1300 20 36
R=2r, 1200 26 45
*300 —-10 41 7.4 3350 2220 10 R=r, 200 37 65
R=2r, 180 41 70
*350 —20 34 7.3 3600 2060 20 R=r, 750 28 50
R=2r, 675 32 55
*375 —24 32 7.3 3650 1990 24 R=r, 1000 26 44
R=2r, 900 30 55
*400 —29 30 7.2 3800 1890 29 R=rp 1400 23 39

R=2r, 1300 28 48

*Maximum operating conditions.
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Class B—Amplifier

Radio-telephone applications, particularly the amplification of a modulated carrier wave

with a minimum of distortion. Typical carrier conditions for use with modulation factors up
to 1.0 are shown in Table II.

TABLE 11
i
Direct Direct —Driving Voltage Power Output Effective  Peak
Plate Grid Plate A-F A-F Load Driving
Voltage Bias Current Carrier Peak Carrier Peak Resistance Power
Volts Volts Milli- Peak Volts Watts Watts Ohms Watts
amperes Volts
350 —48 28 69 138 2.5 10 3100 1
400 ‘—56 28 73 146 3.0 12 3700 1

Class C—Amoplifier or Oscillator

Radio-telegraph or other continuous wave applications.

Typical operating conditions
are shown in Table III.

TABLE IIX
Direct Direct Effective
Plate Grid Plate Driving Power Load Driving
Voltage Bias Current Voltage Output Resistance Power
Volts Volts Milli- Peak Watts Ohms Watts
amperes Volts
350 — 96 45 186 8.3 3750 1.3
400 —112 45 202 10.0 4500 1.5

Class C—Amplifier— Plate modulated

Radio-telephone applications. Typical carrier conditions for use with modulation factors
up to 1.0 are shown in Table IV.

TABLE IV
Direct Direct Effective
Plate Grid Plate Driving Power Load Driving
Voltage Bias Current Voltage Output Resistance Power
Volts Volts Milli- Peak Watts Ohms Watts
amperes Volts
300 —120 35 205 6.0 4000 1.3
350 —144 35 229 7.1 5000 1.7

High Frequency Ratings

If the 205D tube is to be used at frequencies higher than 15 megacycles, the plate voltage and
plate dissipation ratings given above should be reduced to avoid excessive high-frequency currents,

excessive heating due to dielectric losses, and consequent injury to the tube.
frequency of 80 megacycles, the maximum ratings should be as follows:

At the limiting

Maximum plate voltage

................................ 300 volts
Maximum plate dissipation................... ... ... .. 10 watts
Maximum r-f grid current. .. ...... . ... oo 8 amperes
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205E Vacuum Tube

P F+  F- G
PLATE  FILAMENT GRID

Classification

The No. 205E is a three-element filamentary type tube intended for use as a radio-fre-
quency amplifier, oscillator, modulator, and audio-frequency amplifier in output stages when
moderate powers are required.

Base and Socket

The No. 205E Vacuum Tube employs a four-prong bayonet pin type base suitable for use
in a Western Electric 100M (front panel mounting), 115B (rear panel mounting), or similar type
socket.

General Ratings and Information

Filament Voltage............ ..ot 4.5 Volts, AC or DC
Brlament CurFent s o s ss s mos @ mams s ks u e @i 6o ns Qs (5IN: 180 Em:S 1.6 Amperes
Average Amplification Factor...........coovuii i 7.3
Approximate Direct Interelectrode Capacities (measured without socket)
Plate t0 Grid. ... ..couiir ittt it et e 4.8 MMF
Plate to Filament. .. ... ..ottt i 3.3 MMT
Grid to Filament. . .......oooiit it et 5.2 MMTF

Audio-Amplifier or Modulator Rating—Peak Grid Input IEqual to or
less than grid Bias—Class A Service.

Maximum Plate Voltage.......... ... i, 400 Volts
Maximum Plate Current................. ... ... . oo, 50 Milliamperes
Maximum Plate Dissipation........................ ... ... .... 14 Watts
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Typical outputs obtainable within the recommended operating conditions for resistance
loads equal to twice the plate resistance and for inputs on the grid equal to the grid bias.

Approx. Approx. Fundamental Second Third
Plate Current Plate Resist- Power Output Harmonic. Harmonic.
Plate Grid (Milli- ance (Milli- % of Funda. % of Funda.
Volts Volts amperes) Rp (Ohms) watts) Output Output
250 —10 27.5 4000 160 1.5 .1
300 —24 15 5000 670 5.5 .5
—18 25 4150 480 3.0 .2
350 —22.5 30 3900 800 3.0 .3
—20 35 3750 675 2.5 .2
370 —30 21 4450 1200 5.0 .5

When two tubes are operated in a push-pull circuit the second harmonic in the output is reduced by the
balancing action in the circuit. Due to the uniformity in the characteristics of the No. 205E tube the second
harmonic output, in the push-pull circuit, is reduced to the general level of the third harmonic output. With a plate
voltage of 375 volts and a total plate current of approximately 42 milliamperes, two No. 205E tubes will give 2.4
watts output with a total harmonic content of the order of 1.0 per cent.

Radio-Frequency Amplifier—Grid Bias practically at Plate Cut-Off—
Class B Service.

Maximum Plate Voltage.......... ... ... ..ot 400 Volts
Maximum DC Plate Current............ccoo .. 50 Milliamperes
Maximum Plate Dissipation............... ..o, 14 Watts
Peak Power Qutput.. ... ...t 12 Watts

Oscillator or Radio-Frequency Amplifier—Grid Bias greater than
Plate Current Cut-Off—Class C Service.

Maximum Non-modulated DC Plate Voltage................... 400 Volts
Maximum Modulated DC Plate Voltage....................... 350 Volts
Maximum DC Plate Current............ ... ... ..o it 50 Milliamperes
Maximum Plate Dissipation.............coveiiiiiiiiiia.. 14 Watts
Peak Power Qutput.. ... ...ttt 12 Watts
50 T T T T | 1
FILAMENT CURRENT = 1.6 AMPERES
40
g 30
%
/
o 20 /
3 ///
£ ///// /
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Average Static Characteristics

The accompanying curve gives the average static characteristics for the No. 205E Tube. These curves have
been obtained with the filament operating on direct current and the grid and plate returns connected to the nega-
tive ends of the filament.

General Features

The No. 205E Tube will operate satisfactorily at or above 30,000 kilocycles if the radio
frequency charging current is limited to a value that will not cause excessive heating of lead-in
wires or di-electric parts.

It is similar to the No. 205D except that the internal structure is designed to reduce noise
disturbance outputs due to variable contacts within the tube. The prongs of the base are equipped
with special contact metal tips to prevent noise disturbance due to poor electrical contact with
the springs of the socket. '

The filament is of a particularly rugged oxide coated type insuring a long tube life.

ISSUE 2
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Westerrn Electric

205E Vacuum Tube

Classification—Moderate power, filamentary triode

The 205E tube is similar to the 205D tube except that special precautions have been taken in
the 205E tube to minimize sputter noise in the tube and contact noise between the contact pins
and the socket.

Applications

Audio-frequency amplifier or modulator where power outputs of approximately 1 watt or less
are required.

Radio-frequency power amplifier.

Oscillator.

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, four-pin, bayonet type having special contact metal at the ends of the contact
pins. The bayonet pin is offset.

Socket—Four-contact, bayonet-slot type, preferably provided with contact-metal contacts, such
as the Western Electric 100M for front of panel mounting or 116A for rear of panel mounting.

205E
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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

A B C
Grid toplate, puf.. . ... ... 4.8 4.3 4.3
Grid to filament, puf.. ... ... ... ... ... 5.2 6.4 6.9
Plate to filament, uuf........... ... ... ... .. ... 3.3 5.2 5.5

Column A—Based tube without socket.

Column B—Tube alone when measured in 100M socket mounted on metal plate; socket and
mounting plate connected to filament.

Column C—Tube alone when measured in 116A socket mounted in metal plate; socket and
mounting plate connected to filament.

Filament—Oxide-coated
Filament voltage. ............ .. ..., 4.5 volts, a.c. or d.c.

Nominal filament current . . .................. 1.6 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. 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.

Characteristics—Plate current charcteristics of a typical 205E tube are shown in Figure 8 as
functions of grid voltage 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 voltage are
shown in Figure 7. These characteristics 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, the same characteristics are applicable if 2.6 is added to the numerical value of each
grid bias.

Microphonic Noise—With a plate voltage of 350 volts, a grid bias of —22.5 volts, and a load
resistance of 100,000 ohms, the mean microphonic noise output level of 205E tube measured
in a laboratory reference test set is 25 decibels below 1 volt. The range of levels of individual tubes
extends from 16 to 83 decibels below 1 volt. Since microphonic noise 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.

Sputter Noise—A particularly disagreeable type of noise, characterized by an unmusical crackling
or sputtering sound, occurs in many vacuum tubes, sometimes as a result of slight mechanical
agitation. The sputter noise spectrum covers a wide band and may be of appreciable intensity even
at radio frequencies. Such noise is usually due either to discontinuously variable insulation leaks



between electrodes or to intermittent contacts involving conducting members such as filament
supports which, at times of no contact, are insulated from other parts of the tube. Special pre-
cautions have been taken in the design of the 205E tube to eliminate this type of noise.

Limiting Conditions for Safe Operation

*Class C
*Class B Class C R-F Amp.

Class A R-F R-F Amp. Plate

Amp. Amp. or Osc. Modulated
Maximum direct plate voltage 400 400 400 350 volts
Maximum direct plate current 50 35 50 40 milliamperes
Maximum plate dissipation 14 14 14 10 watts
Maximum direct grid current — 10 10 10 milliamperes

*Carrier conditions for use with modulation factors up to 1.0.

Operating Conditions and Output

Class A=—Amplifier or Modulator

Permissible operating grid and plate voltage for Class A operation are included within
the area, ABCD, in Figure 8. Amplification factor, plate resistance, transconductance, and
performance data are given in Table I for a number of typical operating conditions represented
by selected points within this area. A less severe operating condition should be selected in
preference to a maximum operating condition wherever possible. The life of the tube at
maximum operating conditions may be shorter than at less severe conditions.

The performance data include the fundamental power output in milliwatts and the levels
of the second and third harmonics in decibels below the fundamental for values of load resistance,
R, equal to one, two, and in some cases three times the plate resistance, rp. The peak value of
the sinusoidal input voltage, Egm, which gives the indicated power output, Pm, and harmonic
levels, Fom and Fam, in each case, is numerically equal to the grid bias. For a smaller input
voltage, Eg, the output and harmonic levels are given approximately by the following relations:

Egnm
Fz=Fam + 20 logio E_g
g

~ Egm
F3=TF3m + 40 logio E.
£

205E
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TABLE 1
Plate Plate Amplifi- Plate Trans- Input Load Power Second Third
Volt- Grid Cur- cation Resis= conduc- Volt- Resis= Out- Har- Har-
age Bias rent Factor tance tance age tance put monic monie
Volts Volts Milli- Ohms Micro- Peak R Milli- db db
amperes I'p mhos Volts watts
200 — 6 22.5 74 4000 1840 6 R=rp 60 35 65
R= 2rp 55 40 70
250 —22 9 6.9 6000 1160 22 R=rp 500 18 33
R=2r, 450 22 40
R=3r, 380 26 47
250 —15 19 7.2 4350 1670 15 R=rp 310 26 45
R= 2rp 280 30 55
250 —10 27.5 7.4 3800 1950 10 R=r, 180 33 60
R=2r, 160 38 65
250 — 5 37.5 7.5 3500 2150 5 R=rp 50 40 70
R=2r, 45 43 70
300 —30 8 6.7 6700 1000 30 R=rp 800 15 28
R=2r, 720 20 35
R=3rp 600 24 42
300 —24 15.5 71 4800 1460 24 R=r, 750 20 36
R=2rp 670 25 45
300 —18 25 7.3 4000 1830 18 R=rp 540 27 46
R=2r, 480 31 55
350 —22.5 29 7.3 3800 1940 22.5 R=rp 875 26 44
R=2rp 800 30 50
375 —30 22 71 4300 1660 30 R=rp 1300 20 36
R= 2rp 1200 26 45
*300 —10 41 74 3350 2220 10 R= Ip 200 37 65
R= 2rp 180 41 70
*350 —20 34 7.3 3600 2060 20 R= p 750 28 50
R=2r, 675 32 55
*375 —24 32 7.3 3650 1990 24 R=rp 1000 26 44
R=2r, 900 30 55
*400 —29 30 7.2 3800 1890 29 R=x-p 1400 23 39
R= 2rp 1300 28 48

*Maximum operating conditions.
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Class B—Amplifier

Radio telephone applications, particularly the amplification of a modulated carrier wave
with a minimum of distortion. Typical carrier conditions for use with a modulation factor up
to 1.0 are shown in Table II.

TABLE 1I
Direct Direct Driving Voltage Power Output Effective Peak
Plate Grid Plate A-F A-F Load Driving
Voltage Bias Current Carrier Peak Carrier Peak Resistance Power
Volts Volts Milli- Peak Volts Watts Watts Ohms Watts
amperes Volts
350 —48 28 69 138 2.5 10 3100 1
400 —56 28 73 146 3.0 12 3700 1

Class C—Amplifier or Oscillator

Radio telegraph or other continuous-wave applications. Typical operating conditions
are shown in Table III.

TABLE III
Direct Direct Effective
Plate Grid Plate Driving Power Load Driving
Voltage Bias Current Voltage Output Resistance Power
Volts Volts Milli- Peak Watts Ohms Watts
amperes Volts
350 — 96 45 186 8.3 3750 1.3
400 —112 45 202 10.0 4500 1.5

Class C—Amplifier—Plate modulated

Radio telephone applications. Typical carrier conditions for use with modulation factors
up to 1.0 are shown in Table IV.

TABLE IV
Direct Direct Effective
Plate Grid Plate Driving Power Load Driving
Voltage Bias Current Voltage Output Resistance Power
Volts Volts Milli- Peak Watts Ohms Watts
amperes Volts ’
300 —120 35 205 6.0 4000 1.3
350 —144 35 229 7.1 5000 1.7

High Frequency Ratings

If the 205E tube is to be used at frequencies higher than 15 megacycles, the plate voltage and
plate dissipation ratings given above should be reduced to avoid excessive high-frequency currents,
excessive heating due to dielectric losses, and consequent injury to the tube. At the limiting
frequency of 830 megacycles, the maximum ratings should be as follows:

Maximum plate voltage............. ... 300 volts
Maximum plate dissipation............................. 10 watts
Maximum r-f grid current. .......... ... ... ... .. o0 8 amperes

205E
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Vacuum Tube
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BELL SYSTEM PRACTICES SECTION AB46.206F
Transmission Engineering Data Issue 1, January 1950
Vacuum Tube Data . A.T.&T. Co. Standard

TRIODE R
POWER AMPLIFIER Western Electric

DESCRIPTION

The 205F is a ﬁlamentax.'y triode designed for use as an audio-frequency power ampli-
fier or modulator.

CHARACTERISTICS

Filament Voltage 4.5 volts

Plate Current . . . . .| E, = 380 volts; (. . . . 35 milliamperes
PowerQutput . . . . .| Ec.= —225 volts ). . . . 880 milliwatts

ELECTRON TUBE DATA SHEET

!lg-leE: GENERAL PURPOSE SECTION 205 F

TRIODE



205F — PAGE 2

GEMFERAL CHARACTERISTICS

.....it voltage, A-C or D-C .
Filament Current

Direct Interelectrode Capacitances .

Grid to Plate .
Input
Output

MECHANICAL DATA

Cathode
Base

Mounting Position

4.5 volts
1.6 amperes

59 uuf
4.1 uuf
22 uuf

e Coated Filament
Medium 4-pin, bayonet type with bayonet
pin offset

Preferably vertical ; if horizontal, pins #1 and
#2 must lie in same vertical plane

Dimensions and pin connections shown in outline drawing on Page 5

MAXIMUM RATINGS, Design-Center Values

Plate Voltage .
Plate Current .
Plate Dissipation .

360 volts
50 milliamperes
12.5 watts

TYPICAL OPERATING CONDITIONS AND CHARACTERISTICS

Filament Voltage, A-C

Plate Voltage . .

Grid Voltage* . . . .

Peak A-F Signal Voltage .

Zero Signal Plate Current
Maximum Si¢nal Plate Current .
Transconductance

Plate Resistance

Load Resistance

Amplification Factor . .o
Maximum Signal Power Output .
Total Harmonic Distortion

45 45 45 4.5 volts
250 300 350 350 volts

—22 —18 —225 —22.5 volts

22 18 225 22.5 volts
115 30 35 35 milliamperes
12 305 36 36 milliamperes

1350 1880 1950 1950 micromhos
5300 3800 3700 3700 ohms
12000 8000 4000 8000 ohms

72 7.2 72 7.2
550 450 880 760 milliwatts
46 1.6 28 1.4 per cent

*1f the filament is operated on D.C., the characteristics will be approximately the same
if the grid voltage, measured from the negative filament, is decreased by 2.3 volts.
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AMPLIFICATION FACTOR
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211-D Vacuum Tube
Used with Western Electric Vacuum Tube Socket No. 112-A.

G F- F+ P
GRID FILAMENT PLATE

USE — AMPLIFIER — OSCILLATOR — MODULATOR

Normal filament current. . ...t 3 amperes
Normal filament voltage. .......... .. 10 volts
Normal plate current for plate voltage 750 volts and grid voltage—30 volts. . .65 milliamperes
Normal plate voltage. ...t 750 to 1000 volts
Normal grid voltage. . ... ...ooone —30 to —60 volts
Average plate to filament impedance. . ........ ... .o 3000 to 4000 ohms
Maximum safe continuous dissipation by plate.......... ... .. ... ... . L. 65 watts
Maximum safe intermittent dissipation by plate........... ... ... . ... ..., 100 watts
Output as unmodulated oscillator. .. .......... ... ...l 50 watts
Inter-electrode Capacitances

Grid to filament. . .. ... ... 6.3 mmf.

Gridtoplate. .. ..ot 9.0 mmf.

Plate to fillament. .. ... ... . 3.6 mmf.
Amplification constant. ....... ... ... 11 to 13

NOTE

This tube replaces the 211-A tube (except in 10-A Amplifier) and is interchangeable
with it, except that it operates at a lower filament current. It has a longer life. For maximum
useful life the filament voltage should be kept as low as possible to secure the desired output
and should not exceed 10 volts, since an increase of 109 in the voltage may shorten the life by
as much as 50%,.

The discoloration of the bulb is due to a manufacturing process and has no effect on the
operation of the tube.

211D
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212D Vacuum Tube

GRID

FILAMENT FILAMENT

o

PLATE

Classification

The 212D Vacuum Tube is a three-element, air-cooled, general purpose tube. It may be
used as an audio-frequency power amplifier or modulator.

Base and Socket

The 212D Vacuum Tube employs a four prong, bayonet pin, type base suitable for use in
a Western Electric 113A or similar type socket. The arrangement of electrode connections to the
base terminals is shown above.

General Ratings and Information

Filament Voltage. . ............ ... ... .. .. . . 14 Volts A. C.
Nominal Filament Current............. ... .. ... .. ... ........ 6 Amperes
Maximum Plate Voltage.............. ... .. ... .. ... . ..... 2000 Volts
Miagimuiing Plate: Cuitents . a:om: somsmncnims soims susme snsmsas .300 Ampere
Average Amplification Factor........... ... ... .. ... ... ... ... .. 16
Average Plate Resistance............... ... ....... ... .. ..... 2000 Ohms
Average Mutual Conductance. ............................... 8000 Micromhos
Approximate Direct Interelectrode Capacities
Plate to Grid..... ... .. ... . 19 MMF.
Plate to Filament.............. ... .. ... .. ... ... 12 MMF.
Grid to Filament............ ... .. ... .. ... .. ... ... ..., 19 MMF.



212D

*Impedance Classification

With a plate voltage of 1500 volts grid potential at —60 volts and
a filament voltage of 14, the plate current will be as follows:

If marked No. 1........ 110-129 Milliamperes inclusive
If marked No. 2........ 130-148 Milliamperes inclusive
If marked No.3........ 149-167 Milliamperes inclusive
If marked No.4........ 168-185 Milliamperes inclusive

Audio-Frequency Amplifier or Modulator Rating—Peak Grid
Drive Equal to or less than the Bias—Class A Service

Maximum Plate Dissipation............................ 250 Watts
Plate Voltage......... ... .. ... . . 1500 Volts
Plate Current......... ... ... .. .. . . . . .167 Ampere
Grid Bias Voltage. ............ ... .. ... . —55 Volts
Load Impedance................. . ... iiueiiiio... 5000 Ohms
Undistorted Qutput.............. ... ... .. ... . ..., 50 Watts

Average Static Characteristics

The accompanying curves give the static characteristics of an average 212D Vacuum Tube.
These curves are taken with the filament operating on alternating current and with the plate and
grid circuit returns connected to the center point of the filament transformer.
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General Features

The 212D Vacuum Tube was designed primarily for audio-frequency applications or where
the grid is never driven positive. For radio-frequency applications, the 270A vacuum tube is
recommended because of its superior grid characteristics.

This tube employs a plate which is oxidized to improve its radiation properties. It has the
highest power rating of any tube employing the efficient oxide coated type of filament.

*The impedance classification of the tube is not in any way a gradation of quality, but is
to facilitate parallel operation in the ordinary system using a common grid battery. It is essential
to select tubes of the same or adjacent classes in order that the load may be evenly distributed.
When only single tubes are used, no one of these classes has any advantage over the other. 212D
tubes cannot be ordered according to impedance classification.

ISSUE 2
MAY 1, 1933
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212-D Vacuum Tube
Used with Western Electric Vacuum Tube Socket No. 113-A.

P F+ F- G
PLATE FILAMENT GRID

Normal filament current................ ... . o B 6.0 = 0.3 amperes
Normal filament voltage. .. ......... .. 14 volts
Normal plate current for plate voltage 1500 volts and grid voltage—60 volts.. . 130 milliamperes
Normal plate voltage. ...t 1000 to 1500 volts
Maximum safe plate voltage.......... ... .. . 2000 volts
Normal grid voltage. ...t —30 to —80 volts
Normal plate to filament impedance under conditions: plate voltage 1500

volts, grid voltage—60 volts and plate current 130 milliamperes................ 2000 ohms
Maximum safe intermittent output. ........... . . i 250 watts
Maximum safe continuous output. ........... ... 200 watts
Output as unmodulated oscillator............... ... i i 250 watts
Maximum instantaneous peak voltage between filament and plate.................. 3000 volts
Inter-electrode Capacitances

Grid to filament. . . ... ... ... 19.0 mmf.

Grid to plate. .. ... 19.0 mmf.

Plate to filament....... ... . ... 12.4 mmf.
Amplification constant. ..... ... .. 15 to 17

With a plate voltage at 1500 volts, the grid potential at —60 volts and the filament voltage
14: the plate current will be as follows: (See note 1).

If marked No. 1 110-129 milliamperes inclusive

“« ¢ No.2 130-148 “ “
“« « No.3 149-167 “ “
“« « No.4 168185 “ “



212D

NOTE

1. This classification of tubes is not in any way a gradation of quality, but is only to facili-
tate parallel operation in the ordinary system using a common grid battery. It is essential to select
tubes of the same or adjacent classes, in order that the load may be evenly distributed. When
only single tubes are used no one of these classes has any advantage over the other.

2. This tube replaces the 212-A Tube and is interchangeable with it except that it operates
at a lower filament current. It has a longer life. For maximum useful life, the filament voltage
should be kept as low as possible to secure the desired output and should not exceed 14 volts,
since an increase of 109, in the voltage may shorten the life by as much as 50%,.

The discoloration of the bulb is due to a manufacturing process and has no effect on the
operation of the tube.

3. The resistance variation in the filament used in the 212-D Vacuum Tube is small enough
so that division into classes according to resistance is not necessary. On all apparatus equipped
with compensating resistances, the flexible lead should be connected to “E.”
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212E Vacuum Tube
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Classification

The No. 212E Vacuum Tube is a three element, air-cooled general purpose tube. It may be used as an audio-
frequency power amplifier, modulator or as a radio-frequency oscillator or amplifier.
Base and Socket

The No. 212E employs a four prong bayonet pin type base suitable for use in a Western Electric No. 113A
(or similar type) Socket. The arrangement of electrode connections to the base terminals is shown above.

=\ T

ol

General Rating Information

Filament Voltage. .. ...t i e e 14 Volts
Nominal Filament Current. ..........uiiiiiiiiiiee i 6 Amperes
Maximum Plate Voltage. .. ...t i 2,000 Volts
MaximumiPlate Current comsmmms s o s s swiw & 56 pis s v 5 3 55063 5 85060 8 3 B0E 5§ 5605 88 0.300 Ampere
With 1500 volts D.C. on the plate and -60 volts on the grid the following values are characteristic:
Average Plate; ReRISTATICE suwwn s = wwes s 5 5 e s 5w s 5 5 600 8 5 8658 4 5 5 Beve) 54 609 5 5 5 559 § 8 5 6709 1,900 Ohms
Average Amplification Baetor . wimsss s v ¢ s 5 wpme s 56875 § 5608 6 5 S50 4 3 5 G795 % 80943 & § 569 5 16
Average Grid Plate Transconductance............covvviuiiiineeininneenennn.. 8,500 Micromhos
Approximate Direct Interelectrode Capacities
Platieto Grid .« :« s suwess  mmemm s s mummm s s sms 5 55 59655 8 555 5 5 6050655 A0S 3 500 6 6§ 608 5 S50 5 3 6.8 18.8 MMF
Plate 10 FIlament qomee s o5 me s s 5005 5505 5 ¢ 500 5 8000085 5 5500 55 5058 5 5 85005 3 5 508 s # oummm s 50 8.6 MMF
Grid to Filament. . ... e 14.9 MMF

Each No. 212E Vacuum Tube falls within one of four impedance classes and is stamped accordingly. These
classifications are 1, 2, 3 and 4 and are in no way a gradation of quality but are to facilitate parallel operation in
the ordinary systems using a common grid battery. Wherever more than one tube is used, those of the same
adjacent classes should be employed so that the load may be evenly distributed. When only a single tube is used,
no one of these classes has any advantage over the other.

With a plate voltage of 1500, a grid bias of -60, and a filament voltage of 14, the plate current will be as
follows for the impedance classes.

1—110 to 129 milliamperes, inclusive

2—130 to 148 milliamperes, inclusive

3—149 to 167 milliamperes, inclusive

4—168 to 185 milliamperes, inclusive
Operating Limits

When the tube is used in the following various types of circuits the limits specified should be observed.

Audio-Frequency Amplifier or Modulator Rating—Peak Grid Drive Equal to or less than the

Bias—Class ‘“A’’ Service

Maximum Plate Dissipation............oovuiiiiiiiiii i 250 Watts-
Maximum Plate Voltage........ ... ... ... 1,500 Volts
PlEeiCUITETIT: fugamsnmen » o & om0 5 5 o 5 5 15 5w 0 5 5 36k % 15 e 8 3 o 6 95 5 5057 006 0 5 15 0 Mee 3 167 Milliamperes
Approximate ‘Grid Bias Voltage .uuuu s vmsssumsssomzospmssssmaissmasssgus -57 Volts

Tioad Impedanee s ssamesspmo s o ss mais GG s 65m 835 MI T ARIS3ERY 5,000 Ohms
Undistorted QUbpb: : cossmion e oo wimiss o s o5 06005 8555855 hus 650 9055 8w 350 Gam e 50 Watts



Operating Limits — Continued

212E

Radio-Frequency Amplifier—Grid Bias Practically at Plate Current Cutoff, Grid Drive Greater

than the Bias—Class ‘“B*’ Service

Maximum Plate Voltage (D.C.). ...t 2,000 Volts
Maximum Plate Dissipation........................... e 275 Waitts
Maximum Plate Current (D.C.)......... ... ittt 300 Milliamperes
Approximate Grid Bias Voltage.......... ... o i il -125 Volts
Peak Qutputb..... ... 400 Watts
Oscillator or Radio-Frequency Amplifier—Grid Bias Below Cut-off —Class ¢‘C’’ Service
Maximum Modulated Plate Voltage (D.C.)........... ... ..ccciiiieei.... 1,500 Volts
Maximum Non-Modulated Plate Voltage (D.C.).......................... 2,000 Volts
Maximum Plate Dissipation............ovvieiniiiiiiiiiiiiiian 275 Watts
Maximum Plate Current........... ... ..o i 300 Milliamperes
Maximum Radio-Frequency Charging Current in Grid and Plate Leads ..... 5 Amperes
Approximate Grid Bias Voltage. ...t 200 Volts
Maximum OUEDUL. ... ..ot te ettt et e e e e 500 Watts

Average Static Characteristics

The accompanying curves give the static characteristics of an average No. 212E Vacuum Tube. These
curves are plotted from values taken with the filament operating on direct current and with the plate and grid

returns connected to the negative filament terminal.
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Frequency

The operating limits specified for this tube are for frequencies lower than 7,500 kilocycles. The tube however
will operate satisfactorily at even higher frequencies if the radio-frequency charging current is limited to a value

that will not cause excessive heating of lead-in wires or dielectric parts.
General Features

The No. 212E Vacuum Tube is completely interchangeable with the No. 212-D which it supersedes. The
No. 212E is an improvement both electrically and mechanically over the No. 212D. It is capable of withstanding
greater overloads and under rated operating conditions will give a much longer life. The major design features

which contribute to this improvement are:

plate characteristics.

insulating supports at top and bottom and mounted on an adequately sturdy stem.
. Greater uniformity in electrical characteristics throughout life.

[ [ [

. Wide base of anode supporting unit insures mechanical ruggedness, and safety in shipment and handling.
. Heavy channel reinforcement along entire plate length insures mechanical ruggedness, and constancy in

. Unit type structure first employed in the original No. 212D. The three electrodes are held as a unit by

. Double M of filament makes possible uniform distribution of electron current over both anode planes,

eliminates hot-spotting and local heating. Each V of filament held in positive alignment by new mica

baffle guide.
. Increased electron emission permitting 1009, modulation with less distortion.
. Greater plate dissipation capacity giving increased safety from trouble during overloads.

N o
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212E Vacuum Tube

Classification—Filamentary air-cooled triode

May be used 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. The overall
dimensions are:
Maximum overall length. ... ... ... ... .. ... .. . ... 1354
Maximum diameter. ... ... ... 3%

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 indi-
cated in Figure 2, should be vertical.



212E

Filament—Thoriated tungsten.

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

Average Direct Interelectrode Capacitances

Plate togrid. . ... . e 18.8 uuf
Grid to filament.. .. ... ... ... . 14.9 upf
Plate to filament. . ... ... ... .. . .. 8.6 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 2000 volts direct plate potential and minus 90 volts grid bias:

Amplification factor. . ... ... ... ... 16
Plate resiStance. .. ......vuir e 1900 ohms
Grid to plate transconductance. . ........... ... .. ... 8500 micromhos

Each 212E vacuum tube falls within one of four impedance classes and is stamped accordingly.
These classifications are #1, #2, #3 and #4, and are in no way a gradation of quality, but are to
facilitate parallel operation in the ordinary system using a common grid battery. Where more
than one tube is used, those of the same or adjacent classes should be employed so that the load
may be evenly distributed. When only a single tube is used no one of the classes has any advan-
tage over the other. Tubes may not be ordered according to impedance classification.

With a plate voltage of 1500 volts, a grid bias of —60 volts and a filament voltage of 14, the
plate current will be as follows for each impedance class:

#1  110-129 milliamperes, inclusive

#2 130-148 “ “
#3  149-167 « «
#4 168-185 « “
Operation
Maximum Ratings
Max. direct plate voltage. . ...........o i 3000 volts
Max. direct plate current. . .............. i 350 milliamperes
Max. plate dissipation. ........... ...ttt 275 watts
Max. direct grid current. . .......... 75 milliamperes
Max. r-f grid current. . .......... .o 5 amperes
Max. frequency for the above ratings............................ 1.5 megacycles
Max. plate voltage for upper frequency limit of 4.5 Mc............. 1000 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 1250 volts
Grid bias. ..o —57 —40 volts
Direct plate current. ..., 170 200 milliamperes
Plate dissipation. . ................cooiiiiii... 250 250 watts
Load impedance................. ... ..o .. 5000 3000 ohms
Undistorted output. . ..........cooiiiviia.. 50 40 watts
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Grid Bias Modulator

Direct plate voltage. . ... ... ... ... . .. .. ... 3000 volts
Grid bias. ... ... —260 volts
Plate dissipation. ... ... . ... ... .. 175 watts
Load impedance............. .. ... ... ... 8000 ohms
Peak power output. . ........o.uiiiii i 200 watts
Class B Audio Amplifier or Modulator for balanced 2 tube circuit
Direct plate voltage. . ............ .. ... ... ......... 2000 1500 volts
Gridbias........... —105 —175 volts
Direct plate current per tube
Nodrive. ... 40 50 milliamperes
Max.drive............ ... ... . . ... 300 300 milliamperes
Plate dissipation........... ... ... .. ... ... ...... 250 250 watts
Load res. plate-to-plate............................ 8000 5900 ohms
Load res. pertube............. ... ... ... ... ... ... 2000 1475 ohms
ApPProx. max. OUtPut. ... ..ottt 650 500 watts
Recommended power for driving stage............... 50 50 watts

Class B Radio-Frequency Amplifier

Direct plate voltage. . .............................. 2000 1500 volts
Direct plate current. . ............. ... .. ... ..., 300 300 milliamperes
Plate dissipation. ................. ... ... ..., 275 275 watts
Gridbias............ ... —120 —90 volts
Approx. carrier watts for use with 1009, modulation... 200 150 watts

Class C Radio-Frequency Oscillator or Power Amplifier—Unmodulated
Direct plate voltage. ............................... 2000 1500 volts
Direct plate current........... ... ... ... 300 300 milliamperes
Gridbias............ ... —185 to —250 —150 to —200 volts
Nominal power output........................u... 400 300 watts

Class C Radio-Frequency Amplifier—Plate Modulated
Direct plate voltage. . ............. ... 1500 1000 volts
Direct plate current. ......................... ..., 300 300 milliamperes
Gridbias............. —200 —125 volts
Max. direct grid current. . ......... ... .. i, 75 75 milliamperes
Nominal carrier power output for use with 1009,

modulation. . ...... ... . 300 200 watts

Operating Precautions

Mechanical—Figures 1 and 2 show the overall dimensions and basing arrangements 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 850 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 5%, 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 grid voltages
off, 309, 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—Radio-Frequency Oscillator or Power Amplifier—Grid bias below cut-off.

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 proportionately
reduced.
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214-E Vacuum Tube

Used with Western Electric Vacuum Tube Sockets Nos. 112-A or 118-A.

DUMMY F- F+ p
FILAMENT PLATE
USE—RECTIFIER
Normal filament current............ ... ... .. ... . 3.25 + 0.15 amperes
Normal filament voltage. . ....... ... .o 10 volts
NOTE

This is a two element tube used in rectifying systems to supply D.C. voltages up to 750
volts.

Two tubes used for rectifying a single phase A.C. supply voltage will give .150 ampere
D.C. plate output at 750 volts.

This tube replaces the 214-D and is interchangeable with it. However, it operates at a
higher filament current.

For maximum useful life the filament voltage should be kept as low as possible to secure
the desired output and should not exceed 10 volts.

The resistance variation in the filament used in the 214-E Vacuum Tube is small enough
so that division into classes according to filament resistance is not necessary.

On all apparatus equipped with compensating resistances the flexible lead should be
connected to “E.”

The filament can be reactivated to its normal value by running the filament at 10 volts
for from 10 to 30 minutes. No voltage should be applied to the plate during this reactivation.
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215A Vacuum Tube

Classification—Small, filamentary triode

Important features of the 215A tube are its small size and low filament power consumption.

Applications
Audio-frequency and intermediate-frequency amplifier
Detector

Oscillator

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, four-terminal, bayonet base having silver contacts.

Socket—Four-contact, bayonet-slot type preferably provided with contact-metal contacts, such as
the Western Electric 125B socket.

Mounting Positions—The 215A tube may be mounted in any position.

215A
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Average Direct Interelectrode Capacitances

Gridtoplate. . ... e 2.6 puf.

Gridtofilament. .. ... ... ... .. . . ... 1.6 uuf.

Plate to filament. ........ ... .. 1.2 puf.
Filament Rating

Filament current.......... ... ... ... .. ... ... 0.25 ampere, d.c.

Nominal filament voltage. . . ..................... 1.0 volt

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

Characteristics—Plate current characteristics of a typical 215A tube are shown in Figure 8 as
functions of grid voltage 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 are shown in Figure 7 for several values
of grid voltage. The grid and plate voltages for all of these characteristics are measured from the
negative end of the filament.

Operating Conditions and Output—Permissible operating conditions are included within the
area, ABCD, in Figure 8. Amplification factor, plate resistance, transconductance, and performance
data are given in the table on page 3 for a number of typical amplifier operating conditions repre-
sented by selected points within thisarea. Typical detector operating conditions for both plate current
and grid current detection are also listed in the table. The 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 power or voltage output and the second and
third harmonic levels for the indicated values of load resistance and input voltage. The funda-
mental output is given in terms of the power, Pp, in milliwatts for values of load resistance, R, equal
to and double the value of the plate resistance, rp, and in terms of the voltage, Epm, in peak volts
for values of load resistance five times the plate resistance. The second'and third harmonic levels,
Fom and Fspy, are given in decibels below the fundamental in each case. The peak value of the
sinusoidal input voltage, Egm, is numerically equal to the grid bias for each operating condition.
For a smaller input voltage, E;, the output and harmonic levels, except for the lowest values of
third harmonic, are given approximately by the following relations:

2
P=Pn (_EL
Egm

E
Ep= Epm E—g-

gm

Fy= szn + 20 logio Egm

g

F3= Fgm + 40 loglo Egm

-

g

The level of the third harmonic in the 215A tube is usually low and may differ widely in individual
tubes. The values given in the table are for a typical tube.



TABLE
Ampli- Volt- Sec-
Plate Plate fica- Plate Trans- Input Load Power age ond Third
Volt- Grid Cur- tion Resis= conduc- Volt- Resis= Out- Out- Har- Har-
age Bias rent Factor tance tance age tance put put moni¢c monic
Volts Yolts Milli- Ohms Micro- Peak R Milli- Peak db db
amperes Ip mhos Volts watts Volts
45.0 -3.0 1.0 5.7 16500 340 3.0 R=r, 2.2 29 50
R=2r, 1.9 34 60
R=5rp 14.0 39 65
45.0 —-15 1.6 5.8 14500 400 1.5 R=rp 0.60 40 65
R=2r, 0.55 45 70
R=5r, 7.2 49 70
60.0 —-3.0 2.0 5.7 13500 420 3.0 R=r, 2.9 35 60
R=2r, 2.6 40 65
R=5rp 14.5 45 70
67.5 —6.0 14 5.6 15500 360 6.0 R=rp 9.4 25 45
R=2r, 83 30 50
R=5r, 28.5 35 60
67.5 —4.5 2.0 5.7 14000 410 4.5 R=rp 6.0 31 50
R=2r, 55 36 60
R=5r, 22.0 40 70
*67.5 —4.0 2.2 5.7 13500 420 4.0 R=rp 5.0 34 55
R=2r, 4.5 38 60
R=5rp 19.5 43 70
*90.0 —80 22 5.6 14000 400 8.0 R=r, 18 26 45
R=2r, 16 31 55
R=5rp 40.0 37 65
*¥100.0 —10.0 2.1 5.6 14500 390 10.0 R=r, 26 24 35
R=2r, 23 29 40
R=5rp 47.0 36 40
22.5 —4.0 0.01
45.0 —-9.0 0.01, Plate current detection.
67.5 —14.0 0.01
22.5 +1.0 1.0 Grid current detection. Grid bias usually obtained by connecting
*45.0 +1.0 2.6 grid return to positive end of filament.

*Maximum operating conditions

Microphonic Noise—With a plate voltage of 60 volts, a grid bias of —8 volts, and a load
resistance of 100,000 ohms, the mean microphonic noise output level of the 215A tube, measured
in a laboratory reference test set, is 27 decibels below 1 volt.
tubes extends from 12 to 42 decibels. Since microphonic noise depends on the type and intensity
of the mechanical disturbance which produces it, the values given here are useful chiefly for com-

parison with the levels of other tubes which have been tested in the same way.

The range of levels of individual

215A
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216-A Vacuum Tube
Used with Western Electric Vacuum Tube Sockets Nos. 100-L or 100-R
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P F+ F- G
PLATE FILAMENT GRID
USE—AMPLIFIER—OSCILLATOR
Normal filament current. ... ... .. . .. 1.0 ampere
Normalyhilament . Folbage: « vu s s s omsve s msmeinmsbs wns vsesamsns s nses gk ds L um o 5 to 6 volts
Normaleplateicumrents ol s sileaim bbb e st ¢ mmas smsosas soses flupbl 6.5 milliamperes
Normal plate volbage. . 0 o Lol vy il il vt e tie oo e bl i L 130 volts
Maximum safe plate voltage. ......... ... 160 volts
Normalerid Voltags. s oz so: Fomimipanieisnasmrimsn: sssmsehsss waamumanel B dus s —9 volts
Plate-fillament IMpedanee. . . .. .o .cwomimsansmsms smsss cmsmsns ioios s5s5 emams e siia 5900 ohms
Amplification constant. ... ... 5.9

NOTE

An increase of 109, in the filament current may cause as much as 509, decrease in the
useful life. For maximum life, therefore, the current should be kept as low as possible to secure
the desired output.

216A
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231D Vacuum Tube

FILAMENT

FILAMENT

Classification

PLATE

GRID

The No. 231D Vacuum Tube is a three-element filament type tube for use as an audio-
frequency amplifier in the first and intermediate stages requiring a low filament power consump-

tion.

Base and Socket

The No. 231D Vacuum Tube employs a standard four-prong, thrust-type base suitable for
use in a Western Electric No. 130B (rigid) or No. 131A (cushion) Socket or similar type socket.
The arrangement of electrode connections to the base terminals is shown above.

Rating and Characteristic Data

Filament Voltage. .. cciiovs coivscsiminsnssmoms 55 58
Average Filament Current.........................
Plate Voltage............ ... i
Grid Voltage. .. .. ..ot
Average Plate Current............................
Average Plate Resistance..........................
Average Amplification Factor......................

Approximate Direct Interelectrode Capacities

2.9 to 3.4 Volts, DC
0.060 Ampere

135 Volts Maximum
—7.5 Volts

2.5 Milliamperes
14,600 Ohms

7.8

Plate to Grid. .. .. ...

Grid to Filament. . ... ...

3.2 MMF
Plate to Filament. .. .. ... o 2.5 MMF
2.4 MMF



231D

Average Static Characteristics
The accompanying curves give the average static characteristics of the No. 231D Vacuum

Tube.
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General Features
The very low power consumed by the filament of the No. 231D Vacuum Tube makes it
particularly adaptable for use in portable equipment or wherever a low current drain is necessary.

By careful control of the manufacturing processes, uniform characteristics are obtained
over an unusually long life for a filament of such small size.

ISSUE 1
AUG. 1, 1932
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231D Vacuum Tube

Classification—Small, filamentary triode

An important feature of the 231D tube is its low filament power consumption.

Applications
Audio-frequency and intermediate-frequency amplifier.
Detector.

Oscillator.

Dimensions—Outline diagrams showing dimensions of the tube and base, and the arrangement
of the electrode connections to the base terminals are given in Figures 1 and 2.

Base—Small, four-pin, thrust type.
Socket—-Standard four-contact type such as the Western Electric 143B 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

Gridtoplate. . ... i 3.6 upf.

Grid to filament. . . ... .. ... ... 2.5 uuf.

Plate to filament. . ... ... ... .. .. ... 2.5 puf.
Filament Rating

Filament current........ e 0.060 ampere, d.c.

Nominal filament voltage. . .. .................... 8.1 wvolts

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

Characteristics—Plate current characteristics of a typical 281D tube are shown in Figure 3 as
functions of grid voltage for several values of plate voltage. The grid and plate voltages are mea-
sured from the negative end of the filament. 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 are shown in Figure 7 for several values of grid voltage.

Operating Conditions and Output—Permissible operating plate and grid voltages are in-
cluded within the area, ABCD, in Figure 8. Amplification factor, plate resistance, transconductance,
and performance data are given in the table on page 8 for a number of typical operating conditions
represented by selected points within this area. The 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 power or voltage output and the second and
third harmonic levels for the indicated values of load resistance. The fundamental output is given
in terms of the power, Pm, in milliwatts for values of load resistance, R, equal to and double the
value of the plate resistance, rp, and in terms of the voltage, Epm, in peak volts for values of load
resistance five times the plate resistance. The second and third harmonic levels, Fam and Fsm,
are given in decibels below the fundamental in each case. The peak value of the sinusoidal input
voltage, Egm, is numerically equal to the grid bias for each operating condition. For a smaller input
voltage, Eq, the fundamental power and voltage output and the harmonic levels are given approxi-
mately by the following relations:

P=P, (E_z
Egm
E
Ep=Epm =
p 2 Egm

Fo=Fom + 20 loglo%

Fs=Fsm + 40 logio Em
E,
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TABLE
Ampli- Volt= Sec-
Plate Plate fica= Plate Trans- Input Load Power age ond Third
VYolt- Grid Cur=- tion Resis= conduc- Volt- Resis= Out- Out- Har- Har-
age Bias rent Factor tance tance age tance put put monic monie
Volts Volts Milli- Ohms Micro- Peak R Milli- Peak db db
amperes rp mhos Volts watts Volts
67.5 —3.0 .93 8.5 22500 380 3.0 R=r, 3.0 29 50
R=2r, 25 36 60
R=5rp 20 47 70
67.5 —1.5 1.55 8.5 18300 460 1.5 R=r, 1.0 39 70
R=2r, 0.9 46 80
90.0 —50 1.15 8.5 20700 410 5.0 R=r, 10 26 43
R=2r, 9 33 50
R=5r, 35 42 65
90.0 -3.0 210 8.4 16300 510 3.0 R=r, 45 36 60
R=2r, 4.0 42 70
R=5rp 22 50 75
112.5 —80 1.00 8.5 22200 390 8.0 R=r, 23 21 34
R=2r, 20 27 42
R=5r, 55 38 60
112.5 —6.0 1.90 8.4 17200 490 6.0 R=r, 17 29 45
R=2r, 15 35 55
R=5r, 42 44 70
135.0 —11.5 0.70 8.5 27000 320 11.5 R=r, 45 17 28
R=2r, 40 23 34
R=5rp 76 33 47
135.0 —10.0 1.25 8.5 20300 420 10.0 R=rp, 40 21 32
R=2r, 85 28 41
R=5r, 67 37 55
135.0 —85 1.95 8.5 17200 490 8.5 R=r, 385 26 40
R=2r, 30 33 50
R=5rp 57 42 65
*90.0 —1.5 2.90 8.4 14500 580 1.5 R=r, 12 46 75
R=2r, 1.0 50 85
*112.5 —4.5 2.65 8.4 15000 560 4.5 R=r, 10 34 55
R=2r, 9 40 65
R=5r, 30 50 70
*135.0 —-7.5 2.50 8.4 15600 540 7.5 R=r, 27 29 47
R=2r, 24 36 55
R=5r, 48 45 70

*Maximum operating conditions.

Microphonic Noise—With a plate voltage of 90 volts, a grid bias of —8 volts, and a load
resistance of 100,000 ohms, the mean mic:-ophonic noise output level of the 231D tube, measured in
a laboratory reference test set, is 16 decibels below 1 volt. The range of levels of individual tubes
extends from 2 to 28 decibels. Since microphonic noise 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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BELL SYSTEM PRACTICES SECTION AB46.175
Transmission Engineering and Data Issue 1, August 1941
Vacuum Tube Dats ' AT&T Co

Wesrernn Elecrric
233B Vacuum Tube

Classification—Half wave, high voltage, water-cooled rectifier
Designed to supply direct current from an alternating current supply. This tube entirely
replaces the 233A tube.
Dimensions—Figure 1 shows the dimensions and outline diagrams. The overall dimensions are:
Maximum overall length. .. .. ... ... .. . .o il 2074"
Diameterof bulb. .. ....... ... . 41

Mounting—This vacuum tube should be mounted only in a vertical position with the anode end
down in a Western Electric socket made in accordance with ESR-611038, Details 1 and 2 or the
equivalent.

Filament—Tungsten
Filament voltage. ... .... .. oiiiiiiiiininns, 21.5 volts, a.c.
Nomiinal filament current. .............coovviin... 41 amperes

Average thermionic emission. ...................... 7 amperes

2338
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Characteristics and Operating Condition

Maximum peak inverse voltage.................... 50,000 volts
Maximum peak plate current........ . ... ...l 5 amperes

The maximum permissible peak plate current (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 rectified load current is not fixed but will depend upon the wave
form required by the load and filter circuit.

The maximum permissible peak inverse voltage (50,000 volts) is a limitation on the instanta-
neous value that the tube can stand safely in the opposite direction to that in' which it is designed
to conduct. 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.

233B vacuum tubes may be operated in parallel if some provision is made to insure a proper
division of the load current. Resistors in the heating circuit of each filament may be used for
this purpose.

Operating Precautions
Mechanical—Figure 1 shows 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 tungsten filament. Care should always be used in handling
the tube to avoid scratches on the glass envelope as these may develop into cracks which result
in leaks.

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

The cooling water should be of sufficient purity to retard the tendency to-form scale on the
anode. Formation of scale would have the effect of insulating the ancde from the water and the
ineffective cooling of the anode would result in failure of the tube. It is therefore recommended
that distilled water be used in the cooling system.

The temperature of the water and rate of flow should be such that there is no tendency for
the water to boil, as indicated by a hissing sound, under maximum dissipation. In general, the
outlet water temperature should not exceed 75° C. and the rate of flow should be not less than
1 gallon per minute. The minimum length of water column which can be used to insulate the
plate from the water supply, which is usually grounded, will depend upon the resistivity of the
water used and the leakage current that can be tolerated. This length should not be less than
15 feet. The cooling connections must always be made so that the water flows in at the center
port of the tube socket.

The number of water coils required will depend upon the type of circuit in which the tubes
are used. For example in Circuit B, although there are four tubes used, only two cooling coils are
required since two of the anodes are permanently at ground potential. On the other hand the
corresponding filament circuits reach peak alternating potential above ground and must be 1n-
sulated accordingly.

Provision should be made in the circuit to safeguard against filament and plate voltages being
applied until cooling water is circulating at the proper rate and temperatures, and for immediate
cut-off of filament and plate voltages if the circulating rate falls below the allowed minimum or the
temperature exceeds the allowable maximum. A momentary interruption of the water circulation
during operation of the tube may cause immediate failure.

Electrical—Overload protection should always be provided for the plate circuit. Although
the tube is sufficiently rugged to withstand momentary overloads, a prolonged overload caused by
inefficient adjustment of the circuit, may damage the tube.

[2]
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Some provision should be made to limit the initial filament current when the filament is cold,
to a value of approximately 90 amperes. This may be done by inserting additional resistance or
reactance in the filament circuit when voltage is first applied or by using a transformer having
sufficiently high reactance.

Figure 2 shows the impedance characteristic and the effect of lowering the filament voltage
of a typical tube, and Figure 3 shows the resistance characteristic of the filament.

Typical Rectifier Circuits—This vacuum tube may be used in any conventional rectifier circuit
subject to its current and voltage 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 the table. The values listed
below are average values of the pulsating current and voltage for an unfiltered circuit.

TABLE
Circult Number of Load Potential Load Current
Desizgnation Tubes in Volts in Amperes
A 2 15,000 3
B 4 30,000 3
C 6 45,000 5
D 6 20,000 8.5
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241B Vacuum Tube

STERN ELECTRC
Ush
2418

Classification—Filamentary air-cooled triode

This tube may be used as an audio-frequency amplifier or modulator; or as a radio-
frequency oscillator or amplifier.

Dimensions—Dimensions and outline diagrams are shown in Figs. 1 and 2 and are:

Maximum overall length. . ... ... ... ... ... ... 1415"
Maximum diameter. ... ... ...ttt 354"

Mounting—Large three-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 indi-
cated in Fig. 2, should be vertical.

Filament—Thoriated tungsten.

Filament voltage. . ........... ... ... .. ... .. 14 volts

Nominal filament. . . ... ... . 6 amperes

...................................... 4 amperes



241B

Average Direct Interelectrode Capacitances

Plate to grid. . . ... 18.8 uuf.
Grid to filament. . . ... ... 14.9 wuf.
Plate to filament. .. ... ..o 8.6 uuf.

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

Figures 3 and 4 give the static characteristics of a typical tube plotted against grid and plate
voltages.

Average Characteristics at 2000 volts direct plate potential and minus 90 volts grid bias.

Amplification factor. ......... ...l i 16
Plate resistance.................... PP 1900 ohms
Grid to plate transconductance. .................. ... 8500 micromhos
Operation
Maximum Ratings
Maximum direct plate voltage. ....................... e 3000 volts
Maximum direct plate current............ ... ... ... . 350 milliamperes
Maximum plate dissipation. ... ............coiiiiiiiiii.. 275 watts
Maximum direct grid current. ........... ... 75 milliamperes
Maximum r-f grid current.......... ... .. oo 5 amperes
Maximum frequency for the above ratings...................... 7.5 megacycles
Maximum plate voltage for upper frequency limit of 22.5 Mc..... 1000 volts
Maximum plate voltage for frequencies between 7.5 and 22.5 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. . .......... ... ... ..l 1500 1250 volts
Grid bias. ... .. —58 —40 volts
Direct plate current. . ............coooiiiiiii.a. 170 200 milliamperes
Plate dissipation. . ..., 250 250 watts
Load impedance. . ............. ... ... ...l 5000 3000 ohms
Undistorted output. .. ........oouvuiueieeeeeeeoo... 50 40 watts

Grid Bias Modulator

Direct plate voltage. . ........... ... ... ... 3000 volts (Max.)
Grid BIas. ... —260 volts
Plate dissipation. . ..........ouuiiiiiiiii i 175 watts
Load impedance. .. ............... P 8000 ohms
Peak power output............. e 200 watts

Class B Audio Amplifier or Modulator—for Balanced 2 Tube Circuit

Direct plate voltage. . ............ ... ... ... 2000 (Max.) 1500 volts

Grid bias. . ...covii —110 —75 volts

Direct plate current per tube ,
Nodrive........oooiiiiiiiiiii i, 40 50 milliamperes
Maximumdrive.............. ... .. ... 300 300 milliamperes

Plate dissipation. . ...........ccoeuiiiiiiio... 275 200 watts

Load resistance plate-to-plate..................... 8000 5900 ohms

Load resistance per tube. . ....................... 2000 1475 ohms

Approximate maximum output.................... 650 500 watts

Recommended power for driving stage............. 50 50 watts

525



Vacuum Tube

526

Class B Radio-Frequency Amplifier

Direct plate voltage. . ........................... 2000 (Max.) 1300 volts
Direct plate current. . ........................... 200 270 milliamperes
Plate dissipation. . ............c oo, 275 275 watts
Grid bias.................. e —120 —90 volts
Approx. carrier watts for use with 1009 modulation.. 150 130 watts

Class C Radio-Frequency Oscillator or Power Amplifier—Unmodulated

Direct plate voltage. . ........................... 2000 (Max.) 1500 volts

Direct plate current. . .......... ... ... ... .. ... 300 300 milliamperes
Gridbias . ...... ... . . —185to —250 —150 to —200 volts
Nominal power output..............ccooiiunne.... 400 300 watts

Class C Radio-Frequency Amplifier—Plate Modulated

Direct plate voltage. . ......................... 1500 (Max.) 1000 volts

Direct plate current. . ......................... 300 300 milliamperes

Gridbias. ... —200 —125 volts

Maximum direct grid current................... 75 75 milliamperes

Nominal carrier power output for use with 1009,
modulation.......... ... ... oo 300 200 watts

Operating Precautions

Mechanical—Figs. 1 and 2 show the overall dimensions and basing arrangements 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 450 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 1s operating properly.

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 259%,. 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, 309, 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 cal-
culated on the basis of 59, second harmonic distortion.
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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 nec-
essary.

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.

Grid Bias Modulator

For some types of use where feedback can be applied to reduce distortion, grid bias modu-
lation is particularly advantageous in simplifying circuit design. The tube is biased to a
cutoff voltage higher than would be used for Class B radio frequency. The grid is driven with
sufficient voltage to obtain four times the carrier output power.

An audio voltage is superimposed on the grid driving voltage to modulate the signal 100%,.
The rating for this class of service is lower than for an ordinary Class B amplifier. The applied
voltages for this type of service are the highest to which the electrodes may be subjected, since
the plate dissipation is maintained lower than the maximum rating.

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 ampl-
fier 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 cut-off

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.

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 7.5 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 of 22.5 megacycles and for frequencies between these two limits the plate voltage
should be proportionately reduced.
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Classification

The No. 242A Vacuum Tube is a three-element tube used as an oscillator, radio-frequency
amplifier, modulator or audio-frequency amplifier.
Base and Socket

The No. 242A Vacuum Tube employs a standard four-prong, bayonet pin type base suitable
for use in & Western Electric 112A socket or similar type socket. The arrangement of electrode con-
nections to the base terminals is shown above.

Ratings and Characteristic Data

Filament Voltage. ..ottt iiiieineen e 10 Volts
Nominal Filament Current............ ..., 3.25 Amperes
Maximum Plate Voltage. .. ...ttt 1,250 Volts
Maximum Plate Current..............coiiiiiiiiiiii ... 0.150 Ampere
Average Plate Resistance....................ooo il 3,500 Ohms
Average Amplification Factor............. . ..o 12.5
Approximate Direct Interelectrode Capacities

Plate to Grid......cooirerie i i 13.0 MMF

Plate to Filament... ... 4.0 MMF

Grid to Filament. .......oovteret it i 6.5 MMF

Audio-Amplifier or Modulator Rating—Peak Grid Drive equal to or less than the Bias
—Class A Service

Maximum Plate Voltage.............. ... .o ... 1000
Maximum Plate Current.............. ... .. ... oL 0.85 Ampere
Maximum Plate Dissipation................ ... ... ... oo, 85 Watts
GridBias Voltage. ..ottt e, —350 Volts
Load Impedance. ... .......c.oviiiiieneeneteeeiiiiannnenann, 7,000 Ohms
Undistorted Qutput. ... 10 Watts
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Radio-Frequency Amplifier—Grid Bias practically at Cut-Off, Grid Drive higher than
the Bias—Class B Service

Maximum Plate Voltage............ ... ..o it iiienns 1,250
Maximum Plate Current......... ... ... ittt 0.150 Ampere
Maximum Plate Dissipation............. ... ..o, 100 Watts
Grid Bias Voltage......... ..ottt —100 Volts
Peak Qutput...... ... i 125 Watts
Oscillator or Radio-Frequency Amplifier—Grid Bias below Cut-Off —Class C Service
Maximum Modulated Plate Voltage (DC)...................... 1,000 Volts
Maximum Non-modulated Plate Voltage (DC).................. 1,250 Volts
Maximum Plate Current..........covvtiniin ... 0.150 Ampere
Maximum Plate Dissipation............... ... .. ... ......... 100 Watts
Maximum Radio-Frequency Charging Current in Grid and Plate
Leads.... ... o 5 Amperes
Approximate Grid Bias. . .......... ... it —150 Volts
Maximum Qutput. ...ttt 125 Watts

FILAMENT VOLTAGE 10

) AVAVANAN
) L

s 8
\%‘
a0
\_Eg&
\%

»

o
o
~
—~

PLATE CURRENT 1g MILLIAMPERES
8 3
N
[~
\
I~
'\
I~
\
\
GRID CURRENT Ic MILLIAMPERES

dvavavimr =i

-100 -80 -60 —40 —20 0 +20 +40 +60
GRID VOLTAGE Ec

Average Static Characteristics

The accompanying curves give the average static characteristics of the No. 242A Vacuum Tube.
These curves are taken with the filament operating on alternating current and with the plate and
grid returns connected to a center point of the filament transformer.

General Features

The No. 242A Vacuum Tube has an unusually rugged type of structure which insures
against breakage in shipment and in service and makes possible the maintenance of uniform elec-
trical characteristics.

The manufacturing process control, long aging together with an adequate thoriated tungs-
ten filament, insure this tube of electrical stability and extremely long life when operated under
rated conditions.

ISSUE 2
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242A Vacuum Tube

Classification—Filamentary air-cooled triode

May be used as an audio-frequency amplifier or as a radio-frequency amplifier, modulator
or oscillator.

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

Maximum overall length. . ... ... ... . T546”
Maximum diameter. ... ... ...ui ittt e 254"

Mounting—ILarge four-pin bayonet base for use in a W.E. 112A or similar socket, for either
vertical or horizontal mounting. If mounted horizontally the plane of the filament, which is indi-
cated in Figure 2, should be vertical.
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Filament—Thoriated tungsten.

Filament voltage. . ........ ... 10 volts a.c. or d.c.
Nominal filament current. . ...ttt 3.25 amperes
Average thermionic emission. . ............ ... ... ... . 1.5 amperes

Average Direct Interelectrode Capacitances

Plate to grid. ... ..o 13.0uuf
Grid to filament.............. PR 6.5uuf
Plate to filament. . .. .. ..ot 4.0upf

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 maximum direct plate voltage and dissipation—Class A
(E,=1250 volts, I, =60 milliamperes)

Amplification factor.......... ... ... . i 12.5

Plate resistance. ... ..... ..ottt 3500 ohms

Grid to plate transconductance.............. ... .. o 3600 micromhos
Operation

Maximum Ratings

Max. direct plate voltage. .. ... i 1250 volts

Max. direct plate current. .......... ... o 150 milliamperes

Max. plate dissipation. . ........... .. .. i 85 watts

Max. direct grid current. . ...t 50 milliamperes

Max. r-fgrid current. . . ......... . 5 amperes

Max. frequency for the above ratings. . ......................... 6 megacycles

Max. plate voltage for upper frequency limit of 30 Mc............ 600 volts

Max. plate voltage for frequencies between 6 and 30 Mc in proportion.

Class A Audio Amplifier or Modulator

Direct plate voltage. .................. 1250 1000 750 volts
Gridbias. ...l —10 —46 —25 volts
Direct plate current................... 60 75 100 milliamperes
Plate dissipation. ..................... 75 75 75 watts
Load impedance...................... 10,000 7000 6000 ohms
Undistorted output. .................. 18.0 12.0 5.0 watts

Class B Audio Amplifier or Modulator for balanced 2 Tube Circuit

Direct plate voltage. .. ..................o. i 1250 1000 volts
Grid bias. .. ... —80 —55 volts
Direct plate current per tube
Nodrive. ..o 30 30 milliamperes
Max.drive. . ... 150 150 milliamperes
Plate dissipation. . .......... ... i 80 70 watts
Load resistance, plate-to-plate. ..................... 8000 6000 ohms
Load resistance, per tube................ ... ... ... 2000 1500 ohms
Approximate maximum output—2 tubes............. 200 165 watts
Recommended power for driving stage.............. 25 25 watts

533



Vacuum Tube

534

Class B Radio-Frequency Amplifier

Direct plate voltage. . ............................. 1250 1000 volts
Direct plate current for carrier conditions. ........... 106 130 milliamperes
Gridbias........ ... ... .. —90 —170 volts
Approx. carrier watts for use with 1009, modulation. . 44 43 watts

Class C Radio-Frequency Oscillator or Power Amplifier—Unmodulated

Direct plate voltage. . ............................. 1250 1000 volts

Direct plate current............................... 150 150 milliamperes
Gridbias............. ... ... ..l —150 to —200 —120 to —160 volts
Nominal power output............................ 130 100 watts

Plate dissipation. ................. ... ... ... ....... 57.5 50 watts

Class C Radio-Frequency Amplifier—Plate Modulated

Direct plate voltage. . ............................. 1000 750 volts
Direct plate current. . ............................. 150 130 milliamperes
Gridbias.......... ... ... —160 —120 volts
Max. direct grid current. . ......................... 50 50 milliamperes
Nominal carrier power output for use with 1009,
modulation. . ............ ... .. ... 100 65 watts
Operating Precautions

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 175 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.

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 259%,. 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 20 to 80 ohms of three watt rating is suitable.
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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, 309 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 is based upon the use of a resistance load. Undistorted output is calculated
on the basis of 5%, 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—Radio-Frequency Oscillator or Power Amplifier—Grid bias below cut-off.

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 6 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 pro-

portionately reduced.
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242B Vacuum Tube
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Classification

The Western Electric No. 242B vacuum tube is a three element tube intended for use as
an oscillator, radio-frequency amplifier, modulator or audio-frequency amplifier. It is similar to
the No. 242A and is interchangeable with it.

Base and Socket

The No. 242B Vacuum Tube employs a standard four-prong, bayonet pin type base suit-
able for use in a Western Electric No. 112A Socket or similar type socket. The arrangement of
electrode connections to the base terminals is shown above.

Rating and Characteristic Data

Filarment VOIbaTE o« wm v e s 0w s mors w15 mems mms wels 555 8 58 85 4 8 big & 8 40d 10 Volts
Nominal Filament Current........... 455§ S B 1 S 8 B £ B e 3.25 Amperes
Maximum Plate Voltage............. ... ... ... .. ..., 1,250 Volts
Maximum Plate Current............. ... ... ... ... L. 0.150 Ampere

Average Characteristics with Plate Voltage, Ep, of 1000, Grid Voltage, Ec, of -50 and
Filament Voltage Ea, of 10 volts D.C.

Plate-ResIStanee = vu w: s 55000 555555 ¢ mm shis 55 5nmedosme 3,500 Ohms

Amplification Factor........... ... ... ... ... 12.5

Mutual Conductance. .. ..., .. 3,570 Micromhos
Approximate Direct Interelectrode Capacities

Plate to Grid. .. ...t 13.6 MMF

Plate to Filament. .. ......... . o i 6.0 MMF

Grid GO THAMEAY: oo s v ssmsw s sem s s s s an s o s o sm 55 0 i 7.0 MMF

Audio-Amplifier or Modulator Rating—Peak Grid Drive Equal to or less than the Bias —
Class A Service

Maximum Plate Voltage............. . ... ... ... 1,000 Volts
Maximum Plate Current.............. .. ... ... ... ... .... 0.85 Ampere
Maximum Plate Dissipation................................. 85 Watts
Grid Bias VOIAEe b S ow 5 5.5 5555 5508 8 5 550 § 5008 F5 MR 55 Brod 3 im0 m s -50 Volts
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Rating and Characteristic Data—Continued

Load Impedance............... .ot 7,000 Ohms
Undistorted Qutput...............cciiiiiiiiiiiiiiiiinnnnn. 10 Watts
Radio-Frequency Amplifier—Grid Bias Practically at Cut-Off, Grid Drive Higher than
the Bias—Class B Service

Maximum Plate Voltage.................oooiiiiiiiii 1,250
Maximum Plate Current..........cooiiiiiininnn.nn 0.150 Ampere
Maximum Plate Dissipation......... PP 100 Watts
Grid Bias Voltage. .........coviiiiiiii i -100 Volts
Peak Qutput. . ..o e e 125 Watts
Oscillator or Radio-Frequency Amplifier—Grid Bias below Cut-off —Class C Service
Maximum Modulated Plate Voltage (D.C)............... 1,000 Volts
Maximum Non-modulated Plate Voltage (D.C.)........... 1,250 Volts
Maximum Plate Current............covveiinnnnn. 0.150 Ampere
Maximum Plate Dissipation.........................ot. 100 Watts
Maximum Radio-Frequency Charging Current in Grid and
Plate Leads. .. ...ooviiiiiii i iiieeeeeeens 5 Amperes
Approximate Grid Bias........coviiiiiiiiiiieni, -150 Volts
Maximum Qutput...........coviiiiiieiriiiiiienenn 125 Watts

Average Static Characteristics

The accompanying curves give the average static characteristics of the No. 242B Vacuum

Tube. These curves are taken with the filament operating on alternating current and with the
plate and grid returns connected to a center point of the filament transformer.
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General Features

The No. 242B vacuum tube is similar to the No. 242A except that it employs a carbon

plate. It has an unusually rugged type of structure which insures against breakage in shipment
and in service and makes possible the maintenance of uniform electrical characteristics.

The manufacturing process control, long aging together with an adequate thoriated tung-

sten filament, insure this tube of electrical stability and extremely long life when operated
under rated conditions.

ISSUE 1
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242B Vacuum Tube

Classification—Filamentary air-cooled triode

May be used as an audio-frequency amplifier or as a radio-frequency amplifier, modulator
or oscillator.

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

Maximum overall length. ... ... ... ... . ... 4"
Maximum dIAmMEter. . . .. oottt e e 254"

Mounting—Large four-pin bayonet base for use in a W.E. 112A or similar socket, for either
vertical or horizontal mounting. If mounted horizontally the plane of the filament, which is indi-
cated in Figure 2, should be vertical.
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Filament—Thoriated tungsten.

Filament voltage. . ... ....... ... i, R 10 volts a.c. or d.c.
Nominal filament current............. .. ... i 3.25 amperes
Average thermionic emission............ ... . .. ... L 1.5 amperes

Average Direct Interelectrode Capacitances

Plate to grid. .. ..ottt 13.6uuf
Grid to filament. . ... .. . . 7.0puf
Plate to filament. . ... ... . ... S, 6.0uuf

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 maximum direct plate voltage and dissipation—Class A
(E,=1250 volts, I, =68 milliamperes)

Amplification factor........ ... 12.5
Plate resistance. ... ... vt e 3500 ohms
Grid to plate transconductance.............. ... ... ... 8600 micromhos

Operation

Maximum Ratings

Max. direct plate voltage. . ............. .. ... 1250 volts
Max. direct plate current. .. ......... ... 150 milliamperes
Max. plate dissipation. . ........ ..ottt 100 watts
Max. direct grid current. . ... .. 50 milliamperes
Max. r-fgrid current. .. ... 5 amperes
Max. frequency for the above ratings.................. DU 6 megacycles
Max. plate voltage for upper frequency limit of 30 Mc............ 600 volts

Max. plate voltage for frequencies between 6 and 30 Mc in proportion.

Class A Audio Amplifier or Modulator

Direct plate voltage. . ........... ...t 1250 1000 volts
Gridbias............. .. . —68 —42 volts
Direct plate current. . ..............ciiiiii... 68 85 milliamperes
Plate dissipation................... ... ... . 85 85 watts
Load impedance................... .. ... ... 8000 7000 ohms
Undistorted output. . . ........ovtiriiieneinann. 22.0 12.0 watts
Class B Audio Amplifier or Modulator for balanced 2 Tube Circuit
Direct plate voltage. .. ..., 1250 1000 volts
Grid bias. . ...t —80 — 55 volts
Direct plate current per tube
Nodrive......covviiii e 30 30 milliamperes
Max.drive. ... 150 150 milliamperes
Plate dissipation. . ......... ... ... ... L. 100 100 watts
Load resistance, plate-to-plate...................... 7600 6000 ohms
Load resistance, per tube................... ... . ... 1900 1500 ohms
Approximate maximum output—2 tubes............. 200 165 watts
Recommended power for driving stage.............. 25 25 watts
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Class B Radio-Frequency Amplifier

Direct plate voltage. ............... ... ........ ... 1250 1000 volts
Direct plate current for carrier conditions. ... ........ 120 150 milliamperes
Gridbias........ ... ... ... ... —80 — 60 volts
Approx. carrier watts for use with 1009, modulation. . 50 50 watts

Class C Radio-Frequency Oscillator or Power Amplifier—Unmodulated

Direct plate voltage. .............................. 1250 1000 volts

Direct plate current. . ............................. 150 150 milliamperes
Gridbias........... ... ... ... L. —150 to —200 —120 to —160 volts
Nominal power output............................ 130 100 watts

Plate dissipation.................... ... ... ....... 57.5 50 watts

Class C Radio-Frequency Amplifier—Plate Modulated

Direct plate voltage. . ............................. 1000 750 volts
Direct plate current.............. ... ... ... ... .. 150 150 milliamperes
Gridbias............... ... ... —160 —120 volts
Max. direct grid current........................... 50 50 milliamperes
Nominal carrier power output for use with 1009,

modulation............... .. 100 65 watts

Operating Precautions

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 opera-
tion. The graphite anode should not show a red color, typical for molybdenum plates during
operation, as such color indicates excessive dissipation.

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 175 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.

The filament should always be operated at the rated voltage, measured at the tube terminals.
A 5%, decrease in filament voltage reduces the thermionic emission approximately 259%,. 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 20 to 80 ohms of three 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, 309, above normal voltage for 10 minutes followed by a longer period at normal voltage.
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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 is based upon the use of a resistance load. Undistorted output is calculated
on the basis of 5%, 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 output can be increased or the distortion decreased by the use of degenera-
tive feedback. 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—Radio-Frequency Oscillator or Power Amplifier—Grid bias below cut-off.

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.

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.
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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 6 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 pro-
portionately reduced.
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Classification—Filamentary air-cooled triode

May be used as an audio-frequency amplifier or as a radio-frequency amplifier, modulator or
oscillator.

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

Maximum overall length. . . ... ... ... ... . ... 154"
Maximum dI@MEter. . . .o oottt et e 255"

Mounting—Large four-pin bayonet type base for use in a W.E. 112A 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. . ... ... ..., 10 volts, a.c. or d.c.
Nominal filament current........................... 3.25 amperes
Average thermionic emission. ....................... 1.5 amperes
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Average Direct Interelectrode Capacitances

Platetogrid........ ... .. 13.0 puf
Gridtofilament. ... ... ... ... ... .. . .. .. 6.1 puf
Plate tofilament. . ............ ... ... .. ... ... . ... ... 4.7 puf

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 Characteristies at maximum direct plate voltage and dissipation Class A—
(Ep=1250 volts, I;,=68 milliamperes).

Amplification factor. . ......... ... . 12.5

Plate resistance. . .......... ..ottt 3500 ohms

Grid to plate transconductance. . .. ... 8600 micromhos
Operation

Maximum Ratings

Max. direct plate voltage. . . . ....... ... ... . 1250 volts

Max. direct plate current. .. ......... ... . i 150 milliamperes

Max. plate dissipation. . ... 100 watts

Max. direct grid current. . ......... 50 milliamperes

Max. r-fgrid current. . . ... ... 5 amperes

Max. frequency for the above ratings........................... 6 megacycles

Max. plate voltage for upper frequency limit of 80 Mc............ 600 volts

Max. plate voltage for frequencies between 6 and 30 Mc in proportion

Class A Audio Amplifier or Modulator

Direct plate voltage. . ......................... 1250 1000 volts
Gridbias....... ... —68 —42 volts
Direct plate current........................... 68 85 milliamperes
Plate dissipation. . ..............c..coiii... 85 85 watts
Load impedance. ................. ... oL 8000 7000 ohms
Undistorted output. ........... ..., 22 12 watts

Class B Audio Amplifier or Modulator for Balanced 2 Tube Circuit

Direct plate voltage. . ......................... 1250 1000 volts
Gridbias............ ... i —80 —60 volts
Direct plate current per tube
Nodrive........coooivviiiiiii .. 25 25 milliamperes
Max.drive. .......oooviiiii 150 150 milliamperes
Plate dissipation. . .............. .. ... . ... 100 100 watts
Load resistance plate-to-plate................... 7600 6000 ohms
Load resistance per tube. . . ...... ... ... . .. 1900 1500 ohms
Approximate max. output—2 tubes......... ... .. 200 165 watts
Recommended power for driving stage........... 25 25 watts

Class B Radio-Frequency Amplifier

Direct plate voltage. . . ........................ 1250 1000 volts
Direct plate current for carrier conditions. . ... ... 120 150 milliamperes
Grid blas. ...t it —90 —170 volts
Approximate carrier watts for use with

1009, modulation. . ............ ... ... ... 50 50 watts
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Class C Radio-Frequency Oscillator or Power Amplifier—Unmodulated

Direct plate voltage. . . ........................ 1250 1000 volts

Direct plate current. . ......................... 150 150 milliamperes
Gridbias............. ... —150 to —200 —120 to —160 volts
Nominal power output......................... 130 100 watts

Plate dissipation. . ............c.ccoviieinn.... 57.5 50 watts

Class C Radio-Frequency Amplifier—Plate Modulated

Direct plate voltage. . ......................... 1000 750 volts

Direct plate current. . .............. ... ... 150 150 milliamperes

Gridbias. ... ..o —160 —120 volts

Max. direct grid current. .. ......... ... 50 50 milliamperes

Nominal carrier power output for use with 1009,
modulation........... ... oo 100 65 watts

Operating Instructions

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 175 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.

The filament should always be operated at the rated voltage, measured at the tube terminals.
A 5%, 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 20 to 30 ohms of three 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, 309, 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.
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The plate dissipation is equal to the plate voltage multiplied by the normal plate current.
Performance data is based upon the use of a resistance load. Undistorted output is calculated
on the basis of 5%, 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 output can be increased or the distortion decreased by the use of degen-
erative feedback. 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—Radio-Frequency Oscillator or Power Amplifier—Grid bias below cut-off.

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.

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 100% 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 6 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 proportionately
reduced.
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244-A Vacuum Tube

HEATER

EJRN]

CATHODE

Classification

HEATER

_-PLATE

GRID

The No. 244A Vacuum Tube is a general purpose tube having an indirectly heated cathode
which permits operation of the heater element directly on alternating current. The tube is for use
as an audio-frequency amplifier in intermediate stages but may also be used satisfactorily as a
detector or as a power amplifier tube for applications requiring small values of output power.

Base and Socket

The No. 244A Vacuum Tube employs a standard five-prong base suitable for use in a
Western Electric No. 134A (cushion) or No. 137A (rigid) socket or similar type socket. The ar-

rangement of electrode connections to the base terminals is shown above.

Rating and Characteristic Data

Heater Voltage................ .. .
Average Heater CUITENt: s wisv v omims s emsmponims o swsnsis

PlaterNVoltage . : o i sne ca e tms 58 5 ms e 0e s ian fmee s somen s
Grid Voltage. ...
Average Plate Current. .. ........... .. ... .. ... ... ...
Average Plate Resistance....................... .. ..

Average Amplification Factor................... ... ...

Approximate Direct Interelectrode Capacities

Plate to Grid. ... ... .. ...
Plate to Cathode. .. ......... ... .. ... . . . ... . . ... ...,
Grid to Cathode.......... ... . . . . . . . .

2 Volts, AC or DC

........ 1.6 Amperes

180 Volts Maximum
—10 Volts

6.0 Milliamperes
10,000 Ohms

9.7

.......... 3.3 MMF
.......... 3.7 MMF
.......... 3.8 MMF
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Average Static Characteristics

The accompanying curves give the average static characteristics of the No. 244A Vacuum
Tube.
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General Features

The No. 244A Vacuum Tube is rugged in construction which insures it against breakage
in shipment and in service.

The cathode is designed to have a very large electron emission compared with the space
current drain.

These features together with careful control of the manufacturing processes make possible
the maintenance of uniform electrical characteristics over a very long life.
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Wesrern Llectric
244A Vacuum Tube

Classification—Low-power triode with indirectly heated cathode

For most applications, the heater element of the 244A tube may be operated on alternating
current.

Applications

Audio-frequency voltage amplifier.
Audio-frequency power amplifier where small amounts of power are required.
Oscillator.

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 type with bayonet pin.
Socket—Standard, five-contact type, such as the Western Electric 141A socket.
Mounting Positions—The 244A tube may be mounted in any position.

Average Direct Interelectrode Capacitances

A B
Grid toplate, wuf.. .. ..o 3.3 3.2
Grid to heater and cathode, puf......... ... ... ..... 3.1 3.3
Plate to heater and cathode, puf.. ................... 2.8 3.2

Column A—Based tube without socket.

Column B—Tube alone when measured in 141A socket mounted in metal plate; mounting
plate connected to heater and cathode.
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Heater Rating

Heater voltage...................... 2.0 volts, a.c. or d.c.
Nominal heater current.............. 1.6 amperes

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—When the heater is operated on alternating current, a reduction of
hum in the tube may usually be obtained by connecting the cathode to a center tap on the secondary
of the heater transformer or to the center point of a suitable resistance connected across the heater
terminals. If voltage must be applied between the heater and cathode, it should be kept as low as
possible and should not exceed 90 volts.

Characteristics—Plate current characteristics of a typical 244A tube are shown in Figure 3 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 are shown as functions of plate voltage for several values of grid bias
in Figure 7.

Operating Conditions and Output—Permissible operating plate and grid voltages are
included within the area, ABCD, in Figure 8. Amplification factor, plate resistance, transconduc-
tance, and performance data are given in the table on page 3 for a number of typical operating condi-
tions represented by selected points within this area. The 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 power output in milliwatts and the second and
third harmonic levels in decibels below the fundamental for values of the load resistance, R, equal
to one, two, three, or five times the plate resistance, r,. The peak value of the sinusoidal input,
Egm, which gives the indicated power output, Py, and harmonic levels, Fap, and Fgp, in each case,
is numerically equal to the grid bias. For a smaller input, E,, the output and harmonic levels,
except for very low third harmonic levels, are given approximately by the following relations:

P—PE—“2
= Pu( 55

F,

Fom + 20 logyo E;‘m

g

E
F3 = Fan + 40 logyo E—"’“
g

The level of the third harmonic in the 244A tube is usually low and may differ widely in individual
tubes. The values given in the table are for a typical tube.

Microphonic and Sputter 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 244A tube,
measured in a laboratory reference test set, is 32 decibels below 1 volt. The range of levels of indi-
vidual tubes extends from 24.to 43 decibels below 1 volt. Since microphonic noise 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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Improvements in the design of the 244A tube have practically eliminated both the disagreeable
sputtering sounds and the isolated microphonic noise impulses which sometimes occur spontaneously
at random intervals in tubes of this general type. When the tube is shielded from external micro-
phonic noise impulses, it is quiet in operation and can be used for the audio-frequency amplifi-
cation of exceptionally low level signals.

Plate Plate Amplifi- Plate Trans- Input Load Second Third
Volt- Grid Cur- cation Resis= conduc- Volt- Resis= Power Har- Har=-
age Bias rent Factor tance tance age tance Output monic monie
Volts Volts Milli- Ohms Micro- Peak R Milli- db db
amperes I'p mhos  Volts watts
90 — 6 1.9 9.5 15100 630 6 R=rp 32 21 50
R= 2rp 29 25 45
90 — 4 3.3 10.1 11800 850 4 R=rp 20 25 55
R= 2r, 17 28 50
120 — 8 2.6 9.5 13600 700 8 R=rp' 58 21 50
R= 2ry 51 25 50
R= 3r, 46 27 50
120 — 6 4.1 9.9 11200 890 6 R=rp 43 24 50
R= 2r, 39 27 50
120 — 4 6.1 10.4 9500 1090 4 R=rp 24 27 65
R= 2ry 22 30 60
135 —-10 2.4 9.3 14600 640 10 R=rp 84 19 35
R= 2rp 75 23 45
R= 3rp 63 26 50
135 — 8 3.8 9.7 11800 820 8 R=rp 69 22 45
R= 2r, 60 26 50
135 — 6 5.5 10.1 10000 1010 6 R=rp 49 25 50
R= 2rp 43 28 50
150 —12 2.1 9.1 15800 580 12 R= 2r, 98 22 40
R= 3y, 86 25 45
150 —10 34 9.5 12500 760 10 R= rp 100 21 50
R= 2rp 89 25 45
R= 3rp 76 27 45
150 — 8 5.1 9.8 10600 930 8 R=rp 80 23 50
R= 2rp 70 27 50
*135 — 4 7.7 10.5 8800 1200 4 R=rp 26 28 65
R= 2rp 24 31 70
*150 — 6 7.1 10.2 9200 1110 6 R=rp 54 26 50
R= 2r, 47 29 50
*180 —16 1.8 8.9 17800 500 16 R=3rp 128 23 45
R= 5rp, 104 27 50
*180 —14 2.9 9.2 14000 660 14 R=2rp 150 22 45
R= 3r, 130 25 50
*180 —12 4.4 9.5 11600 820 12 R=rp 153 20 45
R= 2r, 136 24 - 50
*180 -10 6.2 9.8 10000 980 10 R=rp 128 23 50
R= 2r, 112 26 45

*Maximum operating conditions.
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Wesrern LElecrric
245A Vacuum Tube

Classification—Voltage-amplifier, screen-grid tetrode with indirectly heated cathode
Applications
Carrier-frequency and radio-frequency voltage amplifier.

Detector.
Audio-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—Medium, five-pin 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.

Mounting Positions—The 245A tube may be mounted in any position.
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Average Direct Interelectrode Capacitances

A B
Control grid toplate.............coooieiin.n. 0.025 0.015 puf
Control grid to heater, cathode and screen grid... 4.5 55 uuf
Plate to heater, cathode and screen grid......... 8.0 8.5 uuf

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

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

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 is applied between the cathode
and heater, it should be kept as low as possible and should never exceed 90 volts.

Characteristics—Plate current and screen-grid current characteristics for a typical 245A tube
are shown as functions of plate voltage for several values of control-grid voltage in Figures 8 and
4 for screen-grid voltages of 45 and 67.5 volts, respectively. Plate current, screen-grid current,
and transconductance characteristics are given in Figures 5, 6 and 7, respectively, as functions of
control-grid voltage for the same two values of screen-grid voltage and three values of plate voltage.
Corresponding amplification factor, and plate resistance characteristics are given in Figures 8, 9,
10 and 11.

Typical Operating Conditions

Screen- Control- Screen- Amplifi- Plate Trans=
Plate Grid Grid Plate Grid cation Resis- conduc-
Voltage Voltage Bias Current Current Factor tance tance
Volts Volts Volts Milli- Milli- Ohms Micromhos
amperes amperes

135 45.0 —1.5 4.8 1.6 135 180,000 750
*135 67.5 —4.5 6.7 24 85 110,000 780
*180 45.0 —1.5 5.1 1.5 170 220,000 770

*Maximum operating conditions.

Microphonic Noise—With a plate voltage of 135 volts, a screen-grid voltage of 45 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 245A tube measured in a laboratory reference test set is 29 decibels below 1 volt. The
range of levels of individual tubes extends from 16 to 40 decibels. Since microphonic noise 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.

Circuit Requirements—Screen-grid tubes are particularly well suited for use in high-
frequency amplifiers and are capable of developing comparatively high gain per stage. In order
to avoid undesired feed-back in the circuit, it is usually necessary to observe the following precau-
tions: (1) use of a close-fitting shield around each tube, (2) shielding of each stage of the amplifier
circuit, (3) use of a low-impedance condenser between the screen grid and cathode of each tube,
(4) filtering of each battery lead to each tube, and (5) minimization of impedances common to the
plate, screen-grid, control-grid, or cathode circuits of two or more tubes.
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The screen-grid voltage should be obtained either directly from a low-resistance source or from
a voltage divider. The use of a series resistance to reduce a high voltage supply to the desired
value is not recommended because screen-grid currents differ widely in different tubes and vary-
during life in individual tubes.
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246A Vacuum Tube

PLATE SHIELD

FILAMENT FILAMENT

Classification

The 246A Vacuum Tube is a four-element, screen-grid, tube having a filamentary type
cathode. The tube is intended for use as a high-frequency amplifier, but may also be used as a
low-frequency amplifier or as a detector.

Base and Socket

The 246A Vacuum Tube employs a standard four prong, thrust type base suitable for use
in a Western Electric 130B (rigid), 131A (cushion), or similar type socket. The arrangement of
electrode connections to the base terminals is shown above. The control-grid terminal is located
at the top of the bulb and is arranged for a special, quick-release connector.

Rating and Characteristic Data

Filament COrent: o0 : v wems ssims sovmsmsvsenss 0.10 Amperes
Filament Voltage...................... ... .. 3.3 Volts
Plate Voltage.......... ... ... oo, . 135 180 135 Max.
Secreen-Grid Voltage........................... 45 45 67.5
Control-Grid Voltage.......................... —1.5 —1.5 —3.0
Average Plate Current—Milliamperes............ 1.50 1.55 2.85
Average Plate Resistance—Ohms................ 725,000 830,000 325,000
Average Mutual Conductance—Micromhos. . ... .. 390 400 510
Average Amplification Factor................... 285 335 165
Approximate Direct Interelectrode Capacities (measured without socket)
Plate to Control-Grid......... ... .. i 0.025 MMF.
Control-Grid to Filament and Screen-Grid...................... 4.5 MMF.
Plate to Filament and Screen-Grid............................. 8.8 MMF.
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Average Static Characteristics

The accompanying curves give the average static characteristics of the 246A Vacuum Tube.
These curves have been obtained with the filament operating on direct current and with the
plate, screen and control-grid circuit returns connected to the negative filament terminal.
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General Features

The presence of an electrostatic shield between the plate and the control-grid of the 246A
Vacuum Tube makes unnecessary the use of neutralization for prevention of oscillation or feed-
back, provided the rest of the circuit elements are properly shielded.

The very low power required for the filament of this tube makes it particularly adaptable
for use in portable equipment or wherever a low current drain is necessary. Uniform character-
istics are obtained throughout an unusually long life for a filament of this rating.
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246A Vacuum Tube

Classification—Voltage-amplifier, filamentary, screen-grid tetrode

An important feature of the 246A tube is its low filament power consumption.

Applications

Carrier and radio-frequency voltage amplifier

Detector

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

Socket—Standard, four-contact type, such as the Western Electric 143B socket.

Mounting Positions—The 246A tube may be mounted in any position.
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Average Direct Interelectrode Capacitances

A B
Control grid toplate. .. ....................... 0.020 0.010 ppf
Control grid to filament and screen grid. ........ 4.0 52 uuf
Plate to filament and screen grid................ 8.3 8.8 uuf

Column A—Without shield.

Column B—With close-fitting metal shield connected to filament.

Filament Rating

Filament current. ............... i, .. 0.100 ampere, d.c.
Nominal filament voltage. . ..................... 3.3 volts

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

Characteristics—Plate current and screen-grid current characteristics of a typical 246A tube
are shown as functions of plate voltage for several values of control-grid voltage in Figures 3 and 4
for screen-grid voltages of 45 and 67.5 volts, respectively. The plate, screen-grid, and control-grid
vo!tages are measured from the negative end of the filament. Plate current, screen-grid current,
and transconductance characteristics are given in Figures 5, 6 and 7, respectively, as functions of
control-grid voltage for the same two values of screen-grid voltage and three values of plate voltage.
Corresponding amplification factor and plate resistance characteristics are given in Figures 8, 9,
10 and 11.

Typical Operating Conditions

Screen=- Control- Screen- Amplifi- Plate Trans=
Plate Grid Grid Plate Grid cation Resis- conduc-
Voltage Voltage Bias Current Current Factor tance tance
Volts Volts Volts Milli- Milli- Ohms Micro-
amperes amperes mhos
135 45.0 —1.5 1.50 0.20 285 725000 390
*135 67.5 —3.0 2.85 0.30 165 325000 510
*180 45.0 —-1.5 1.55 0.15 335 820000 410

*Maximum operating conditions.

Circuit Requirements—Screen-grid tubes are particularly well suited for use in high-
frequency amplifiers and are capable of developing comparatively high gain per stage. In order
to avoid undesired feed-back in the circuit, it is usually necessary to observe the following precau-
tions: (1) use of a close-fitting shield around each tube, (2) shielding of each stage of the amplifier
circuit, (3) use of a low-impedance condenser between the screen grid and filament of each tube,
(4) filtering of each battery lead to each tube, and (5) minimization of impedances common to the
plate, screen-grid, control-grid, or filament circuits of two or more tubes.

The screen-grid voltage should be obtained either directly from a low-resistance source or from
a voltage divider. The use of a series resistance to reduce a high voltage supply to the desired
value is not recommended because screen-grid currents differ widely in different tubes and vary
during life in individual tubes.
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247-A Vacuum Tube

HEATER HEATER
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4z CATHODE © © PLATE
© ©
©
GRID

Classification

The No. 247A Vacuum Tube is a general purpose tube having an indirectly heated cathode
which permits operation of the heater element directly on alternating current. The tube is for use
as an audio-frequency amplifier in intermediate stages but may also be used satisfactorily as a
detector or as a power amplifier tube for applications requiring small values of output power.

Base and Socket

The No. 247A Vacuum Tube employs a standard five-prong base suitable for use in a
Western Electric No. 134A (cushion) or No. 137A (rigid) socket or similar type socket. The ar-
rangement of electrode connections to the base terminals is shown above.

Rating and Characteristic Data

Heater Voltage. ... 2 Volts, AC or DC
Averageshleater CUPEEHb . c 5 snse s sdiows ommmn s ms e s ams e savas 1o s 1.6 Amperes
AtV ATe s s oo s n iz v m i@t 5o nmih ms e s s 2 i g 135 180 Volts

Grid Voltage. .. ........ .. .. i —4.5 —7 Volts
Average Plate Current.......... ... ... ... ... ... ... 3.25  3.80 Milliamperes
Average Plate Resistance............................. 16,200 16,000 Ohms
Average Amplification Factor..................... ... ... 149 14.6

Approximate Direct Interelectrode Capacities

Plate to Grid. ... ... . 3.2 MM
Plate to Cathode. .. ... ... . . . . 2.7 MMJ
Grid to Cathode. ... . 3.4 MMI
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Average Static Characteristics

The accompanying curves give the average static characteristics of the No. 247A Vacuum

Tube.
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General Features

The low plate current drain of the No. 247A Vacuum Tube makes it particularly adaptable
for use in intermediate stages of audio-frequency amplifiers when resistance coupling is used.
However, its plate resistance is sufficiently low that it is also well adapted for use with trans-
former coupling.

The total electron emission of the cathode is very large compared with the maximum space
current drain. This together with special features of design and careful control of the manufactur-
ing processes enables this tube to meet exacting service requirements throughout a very long life.

575



Vacuum Tube

Wesrern Llecrric
247 A Vacuum Tube

Classification—Low=-power triode with indirectly heated cathode

For most applications, the heater element of the 247A tube may be operated on alternating
current.

Applications

Audio-frequency voltage amplifier.
Audio-frequency power amplifier where small amounts of power are required.
Oscillator.

Detector.

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

Mounting Positions—The 247A tube may be mounted in any position.
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Average Direct Interelectrode Capacitances

A B
Grid to plate, puf.. .. ... ... 3.4 3.3
Grid to heater and cathode, upf.. ... .............. 3.2 3.3
Plate to heater and cathode, uuf............. ... ... 2.7 3.2

Column A—Based tube without socket.

Column B—Tube alone when measured in 141A socket mounted in metal plate; mounting
plate connected to heater and cathode.

Heater Rating
Heater voltage................. ... it 2.0 volts, a.c. or d.c.
Nominal heater current. ....................... 1.6 amperes

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—When the heater is operated on alternating current, a reduction of
hum in the tube may usually be obtained by connecting the cathode to a center tap on the secondary
of the heater transformer or to the center point of a suitable resistance connected across the heater
terminals. If voltage must be applied between the heater and cathode, it should be kept as low as
possible and should not exceed 90 volts.

Characteristics=—Plate current characteristics of a typical 247A tube are shown in Figure 3 as
functions of grid voltage 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 are shown as functions of plate voltage for several values of grid voltage
in Figure 7.

Operating Conditions and Qutput—Permissible operating plate and grid voltages are included
within the area, ABCD, in Figure 8. Amplification factor, plate resistance, transconductance, and
performance data are given in the table on pages 3-4 for a number of typical operating conditions
represented by selected points within this area. The 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 power or voltage output and the second and
third harmonic levels for the indicated values of load resistance. The fundamental output is given
in terms of the power, P, in milliwatts for values of load resistance, R, equal to and double the
value of the plate resistance, rp, and in terms of the voltage, Epm, in peak volts for values of load
resistance five times the plate resistance. The second and third harmonic levels, Fom and Fam, are
given in decibels below the fundamental in each case. The peak value of the sinusoidal input
voltage, Egm, is numerically equal to the grid bias for each operating condition. For a smaller
input voltage, Eg, the output and harmonic levels are given approximately by the following re-

lations:
2
PP, (E‘L
Egm
E
E,=FE,m =%
p=Lp Eom

F2= FZm + 20 loglo :]E:-"::gm

g

F3= Fsm + 40 logm Egm
Eg
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Microphonic and Sputter Noise—With a plate voltage of 185 volts, a grid bias of —4.5 volts,
and a load resistance of 100,000 ohms, the mean microphonic noise output level of the 247A tube,
measured in a laboratory reference test set, is 82 decibels below 1 volt. The range of levels of
individual tubes extends from 24 to 43 decibels below 1 volt. Since microphonic noise 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.

Improvements in the desigh of the 247A tube have practically eliminated both the disagree-
able sputtering sounds and the isolated microphonic noise impulses which sometimes occur spon-
taneously at random intervals in tubes of this general type. When the tube is shielded from external
microphonic noise stimuli, it is quiet in operation and can be used for the audio-frequency amplifi-
cation of exceptionally low level signals.

TABLE
Ampli- Volt- Sec-
Plate Plate fica- Plate Trans- Input Load Power age ond Third
Volt- Grid Cur=- tion Resis- conduc- Volt- Resis-= Out- Out- Har- Har-
age Bias rent Factor tance tance age tance put put monic monic
Volts Volts Milli- Ohms Micro- Peak R Milli- Peak db db
amperes mhos Volts watts Volts
60 -2 1.2 15.3 21500 710 2 R=r, 5.5 28 39
R=2r, 5.0 32 42
R=5r, 24 35 42
75 -2 2.0 15.7 18100 860 2 R=r, 6.8 31 41
R=2r, 6.1 37 42
R=5rp 25 43 43
90 -3 2.0 15.3 18800 810 3 R=r, 14 27 40
R=2r, 125 31 43
R=5r, 37 36 45
105 —4 2.0 14.9 19000 780 4 R=r, 24 24 42
R=2r, 21 28 46
R=5r, 51 33 50
105 -2 3.8 15.9 14800 1070 2 R=r, 9 39 44
R=2r, 8 47 45
R=5rp 26 60 46
120 —6 1.3 14.2 23500 600 6 R=r, 40 18 37
R=2r, 36 23 45
R=5rp 73 27 60
120 —4 2.8 15.2 16900 900 4 R=r, 28 26 42
R=2r, 25 30 45
R=5r, 51 35 48
120 —2 4.8 16.0 13700 1170 2 R=r, 10 42 45
R=2r, 9 55 46
R=5r, 26 55 46
135 —17.5 1.0 13.8 26700 520 7.5 R=r, 54 16 35
R=2r, 48 21 42
R=5r, 90 26 55
135 —6 2.0 14.5 19600 730 6 R=r, 50 20 32
R=2r, 45 25 48
R=5r, 75 30 65
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TABLE (Cont’d)

247A

Ampli- Volt- Sec-
Plate Plate fica= Plate Trans- Input Load Power age ond Third
Volt- Grid Cur- tion Resis-= conduc- Volt- Resis= Out- Out- Har- Har-
age Bias rent Factor tance tance age tance put put monie¢ monie
Volts Volts Milli- Ohms Micro- Peak R Milli- Peak db db
amperes mhos Volts watts Volts
135 —4.5 3.2 15.2 16000 940 4.5 R=r, 87 26 43
R=2r, 83 30 47
R=5r, 58 35 49
135 -3 4.8 15.8 13800 1140 3 R=r, 20 34 43
R=2r, 18 39 45
R=5r, 40 47 48
150 —8 14 13.9 24100 580 8 R=r, 67 16 35
R=2r, 60 21 43
R=5rp 95 26 55
150 —6 2.8 14.8 17400 850 6 R=r, 57 22 41
R=2r, 52 27 47
R=5r, 75 32 55
150 —4 4.7 154 14000 1100 4 R=r, 35 30 44
R=2r, 31 34 47
R=5rp 52 40 49
165 -9 14 13.8 24500 560 9 R=r, & 16 35
R=2r, 75 21 42
R=5rp 107 26 55
165 -7 2.8 14.6 17600 820 7 R=r, 175 21 41
R=2r, 68 26 48
R=5r, 87 31 65
*165 -5 4.6 15.4 14200 1080 5 R=r, 50 27 44
R=2r, 45 31 47
R=5r, 65 36 50
*180 —11 1.0 13.3 31500 430 11 R=r, 96 14 33
R=2r, 85 19 38
R=5r, 130 23 45
*180 -9 2.0 14.1 20200 690 9 R=r, 100 18 36
R=2r, 90 22 45
R=5rp 108 27 65
*180 -7 3.6 14.9 15700 940 7 R=r, 87 22 32
R=2r, 78 26 49
R=5r, 88 31 60

*Maximum operating conditions.
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249A Vacuum Tube

dlw

Classification

The No. 249A Vacuum Tube is a half-wave, thermionic, mercury-vapor rectifier for use
in rectifying circuits designed to supply direct current from an alternating current supply.

Base and Socket

The No. 249A Vacuum Tube employs a standard four-prong thrust-type base suitable for
use in the Western Electric No. 130B 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 connections
for the filament current. The anode terminal is located at the top of the bulb and is arranged for a
special quick release connector. The tube can be mounted only in a vertical position with the base
end down.

Rating and Characteristic Data

Filament Voltage . ........ ... ..o 2.5 Volts, AC
Nominal Filament Current ............. ... .. ... .. ...... 7.0 Amperes
Approximate Anode-Cathode Potential Drop when Conducting . 15 Volts
Maximum Peak Plate Current.............................. 1.1 Amperes
Maximum Peak Inverse Potential........................... 6,500 Volts

Safe Operating Ambient Temperature ....................... 0 to 50 Degrees C

The anode-cathode potential 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 will vary from 5 to 25 volts.
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Typical Rectifying Circuits
For specific circuits the following ratings apply:
Number Load Potential Load Current

Type of Circuit Tubes Volts Amperes
Single-Phase, Half-Wave................... 1 2,000 04
Single-Phase, Double Half-Wave............ 2 2,000 0.8
Single-Phase, Double Half-Wave

(Four Tube Series Circuit)............. 4 4,000 0.8
Three-Phase
(Six Tube Series “Y” Circuit).......... 6 6,000 1.0

General Features

The mercury vapor type of rectifying tube has the desirable property of a low and almost
constant potential drop between the cathode and anode when the tube is passing current. Due
to their low potential drop a much more efficient rectifier system can be had than is possible by
the use of high vacuum rectifier tubes, whose potential drop are relatively high. The constancy
of the potential drop with space current makes possible rectifying systems whose regulation de-
pends almost entirely on the regulation of the plate transformers.

The No. 249A Vacuum Tube employs a highly efficient oxide-coated type of cathode. Its
mechanical construction is such that the active materials are maintained for long operating
periods as well as during shelf life and shipment.

ISSUE 2
FEB. 1, 1938
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249B

Classification
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The No. 249B Vacuum Tube is a half wave thermionic mercury vapor rectifier for use in

rectifying circuits designed to supply direct current from an alternating

current supply. It is the

same as the No. 258B electrically but is equipped with a different type base.

Base and Socket

The No. 249B Vacuum Tube employs a standard four-prong thrust-type base suitable for
use in the Western Electric No. 130B (or similar type) Socket. It is to be noted from the arrange-

ment 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 connec--

tions for the filament current. The anode terminal is located at the top of

the bulb and is arranged

for a special quick release connector. The tube can be mounted only in a vertical position with

the base end down.

Rating and Characteristic Data

Filament Voltage
Nominal Filament Current
Approximate Direct Anode-Cathode Drop when Conducting . ...
Maximum Peak Plate Current
Maximum Peak Inverse Potential
Safe Operating Ambient Temperature Range

2.5 Volts A.C.
7.5 Amperes
15 Volts
1.5 Amperes
7,500 Volts
0 to 50° C.
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Rating and Characteristic Data—Continued

The anode-cathode potential 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 will vary from 5 to 25 volts.

The anode cathode potential drop as a function of the temperature is shown on the
accompanying curve for a typical No. 249-B Vacuum Tube when passing the rated space current.
The recommended operating temperature range is also shown on this curve.
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Typical Rectifying Circuits
For specific circuits the following ratings apply.
Number of Load Potential Load Current

Type of Circuit T'ubes in Volts in Amperes
Single Phase, Half-Wave.......................... 1 2300 0.50
Single Phase, Double Half-Wave.......... secaraess 2 2300 1.0
Single Phase, Double Half-Wave (4 tube series circuit) 4 4500 1.0
Three Phase, (6 tube series “Y”’ circuit)............ 6 7000 1.3

General Features

The mercury vapor type of rectifying tube has the desirable property of a low and almost
constant potential drop between the cathode and anode when the tube is passing current. Due to
their low potential drop a much more efficient rectifier system can be had than is possible by the
use of most high vacuum rectifier tubes, whose potential drops are relatively high. The constancy
of the potential drop with space current makes possible rectifying systems whose regulation
depends almost entirely on the regulation of the plate transformers.

The No. 249B Vacuum Tube employs an improved oxide coated mesh type filament
encased in a metallic shield which insures a uniform cathode temperature. The mechanical con-
struction is such as to preserve the active materials for long operating periods at high inverse
voltages as well as during shelf life and shipment. These features make possible the maximum
operating life. The No. 249B Vacuum Tube has an increased rating over the No. 249A and may
be used to replace it.

ISSUE 1
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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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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 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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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 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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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 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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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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Classification

The 251A Vacuum Tube is a three element, air-cooled, tube intended for use as a high-
frequency oscillator or amplifier. It may also be used as a modulator or low-frequency power
amplifier.
Installation

The arrangement of electrode connections to the base terminals together with the type of
mounting recommended is shown above.

Rating and Characteristic Data

Filament Voltage. ....... ..ot 10 Volts A.C.
Nominal Filament Current............... ... .. i, 16 Amperes
Maximum Plate Voltage............. ... .. i i 3000 Volts
Maximum Plate Current. .. ...... ... ... ... 0.60 Ampere
Average Amplification Factor............. ... ... .. L. 10.3
Average Plate Resistance......... ... ...t 2250 Ohms
Average Mutual Conductance. ............... .. ... ... .. ... 4550 Micromhos
Approximate Direct Interelectrode Capacities
Plate to Grid. . ... ... .. .o 8 MMF.
Plate to Cathode......... ... ... ... .. ... ... .. .. ... ... 6 MMF.
Grid to Cathode.......... ... ... . 10 MMT.
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Audio-Frequency Amplifier or Modulator Rating—Peak Grid
Drive Equal to or less than the Bias—Class A Service.

Maximum Plate Dissipation............................. 600 Watts
Plate Voltage (D.C.)............o ... 2500 Volts
Plate Current (D.C.).......... ... ..o .240 Ampere
Grid Bias Voltage..................... ... ... .. .......... —160 Volts
Load Impedance............... ... .. 6500 Ohms
Undistorted OQutput.................coiiiiian. 130 Watts

Radio-Frequency Amplifier—Grid Bias Practically at Plate

Current Cut-Off, Grid Drive Greater than the Bias—Class B

Service
Maximum Plate Voltage (D.C.).......................... 3000 Volts
Maximum Plate Dissipation............................. 1000 Watts
Maximum Plate Current (D.C.)................ ... ... ... 0.60 Ampere
Grid Bias Voltage. ............ ... .. ... ..., —300 Volts
Peak Output.............. ... ... . 1400 Watts

Oscillator or Radio-Frequency Amplifier—Grid Bias below

Cut-Off—Class C Service
Maximum Modulated Plate Voltage (D.C.)................. 2250 Volts
Maximum Non-Modulated Plate Voltage (D.C.). .......... 3000 Volts
Maximum Plate Dissipation....................... ... ... 1000 Watts
Maximum Plate Current (D.C.).......................... 0.60 Ampere
Maximum Radio-Frequency Charging Current in Grid and

Plate Leads......... ... ... . . .. . . 15 Amperes

Approximate Grid Bias Voltage. .. ....................... —450 Volts
Maximum Output........... ... .. ... ... ... 1400 Watts

Average Static Characteristics

The accompanying curves give the average static characteristics of the 251A Vacuum Tube.
These curves are taken with the filament operating on alternating current and with the plate and
grid returns connected to the center point on the filament transformer.
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General Features

The 251A Vacuum Tube has been designed with very low interelectrode capacities which
make it entirely suitable for operation over a very wide frequency range. The special terminal
arrangements make for a simple and rugged mounting and also make the tube operative in cir-
cuits at the highest radio frequencies.

The design of the internal structure gives rise to negligible primary emission and relatively
low secondary emission thereby assuring satisfactory grid characteristics. The above features
together with an adequate thoriated tungsten filament make possible long life with uniform
electrical characteristics.

ISSUE 2
MAY 1, 1933



Western Flecrric
251 A Vacuum Tube

Classification—Filamentary air-cooled triode

May be used as an audio-frequency amplifier or as a radio-frequency amplifier, modulator or
oscillator.

Dimensions—Dimensions and outline diagrams are shown in Figure 1. The overall dimensions are:

Maximum overall length. . ...... ... ... ... . 2114”
Maximum diameter. . . . ... ..ot 6”

251A
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Mounting—W.E. 142A or similar socket. See Figure 1 for mounting arrangements. The tube
should be mounted in a vertical position.

Filament—Thoriated tungsten.

Filament voltage. .......... ... . i 10 volts a.c.
Nominal filament current............ ... ... i 16.0 amperes
Average thermionic emission. . ........ ... ... ... ... . ... 6.0 amperes

Average Direct Interelectrode Capacitances

Plate to grid. . ... ..o 8.0 uuf
Grid tofilament. . .. .. ... . ... 10.0 uuf
Plate to filament. . ....... ... ... . .. . . 6.0 uuf

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

Figures 2 and 8 give the static characteristics of a typical tube plotted against grid and plate
voltages.

Average Characteristics at maximum direct plate voltage and dissipation —Class A
(E,=2500 volts, I, = 240 milliamperes.)

Amplification factor. . ........ ... i i 10.5
Plate resistance. . ...........oiuti i 2750 ohms
Grid to plate transconductance. ........... .. ... o i, 3800 micromhos

Operation

Maximum Ratings

Max. direct plate voltage. . .......... .. ... .. 3000 volts
Max. direct plate current. . ... 600 milliamperes
Max. plate dissipation. ............cv i 1000 watts
Max. grid dissipation. . ... ... ... ..ot 50 watts
Max. r-fgrid current. .. ... . 15 amperes
Max. frequency for the above ratings. . ......................... 80 megacycles
Max. plate voltage for upper frequency limit of 50 Mc............ 2000 volts

Max. plate voltage for frequencies between 30 and 50 Mc in proportion.

Class A Audio Amplifier or Modulator

Direct plate voltage. ................ ... ... 2500 2000 volts
Grid bias. .. ....o o —150 —90 volts
Direct plate current. ................. . 240 300 milliamperes
Plate dissipation. . ............cooieiiiiiiii... 600 600 watts
Load impedance. . ............oouiiiiiiaiiaii... 6500 4000 ohms
Undistorted output. . .....ooviiniieeneeaneneean... 130 85 watts



251A

Class B Audio Amplifier or Modulator for Balanced 2 Tube Circuit

Direct plate voltage. . ........................... 3000 2500 volts
Gridbias............. ... —250 —205 volts
Direct plate current per tube
Nodrive. ... 75 75 milliamperes
Max. drive. . ....... [ 600 600 milliamperes
Plate dissipation. . . ............ ... ... ........... 800 675 watts
Load resistance, plate-to-plate. . .................. 4500 3700 ohms
Load resistance, per tube......................... 1125 925 ohms
Approximate maximum output—2 tubes. .......... 2000 1650 watts
Recommended power for driving stage. ............ 100 100 watts

Class B Radio-Frequency Amplifier

Direct plate voltage. . ........................... 3000 2500 volts
Direct plate current for carrier conditions. . ........ 400 500 milliamperes
Gridbias............ .. ... o —3800 —250 volts
Approximate carrier watts for use with 1009,

modulation. ............. ... .. ... 400 420 watts

Class C Radio-Frequency Oscillator or Power Amplifier—Unmodulated

Direct plate voltage. . ........................... 3000 2500 volts

Direct plate current. .. .......................... 600 600 milliamperes
Gridbias............................ ... ... —450 to —600 —3875 to — 500 volts
Max. direct grid current. ... ..............:...... 150 100 milliamperes
Nominal power output........................... 1200 1000 watts

Class C Radio-Frequency Amplifier—Plate Modulated

Direct plate voltage. . ........................... 2250 1750 volts

Direct plate current. .. .......................... 400 500 milliamperes

Gridbias............ ... .. —470 —38170 volts

Max. direct grid current. . . ...................... 100 100 milliamperes

Max. grid dissipation. . ............. ... ... ....... 50 50 watts

Nominal carrier power output for use with 1009,
modulation........... ... ... ... 900 700 watts

Operating Precautions

Mechanical—Figure 1 shows 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 675 milli-
amperes. 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 5% 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 20 to 30 ohms of three watt rating is suitable.

In cases where severe and prolonged overload has temporarily impaired the electronic emis-
sion of the filament, the activity may be restored by operating the filament, with the plate and
grid voltages off, 309, 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 is 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 trans-
form the load impedance to the proper value for the tubes used. The power output obtain-
able 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—Radio-Frequency Oscillator or Power Amplifier— Grid bias below cut-off.

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.



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 30 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 upper frequency
limit and for frequencies between these two limits the plate voltage should be proportionately
reduced.
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Classification

252A

The No. 252A Vacuum Tube is a three-element tube having a filamentary type of cathode.
The tube is for use as an audio-frequency amplifier in output stages where moderate powers are

required. It may also be used as an oscillator or modulator.

Base and Socket

The No. 252A Vacuum Tube employs a standard four-prong, thrust-type base suitable for
use in a Western Electric No. 130B (rigid) or No. 131A (cushion) socket or similar type socket.

The arrangement of electrode connections to the base terminals is shown above.

Rating and Characteristic Datia

Filament Voltage............... . ... ... ... 5 Volts, AC or DC

Average Filament Current......... ... . ... .. ... . .
For Fixed Grid Bias
Maximum Plate Voltage............ ... ... ... ... ... ... .......
Maximum Grid Bias. .. .......... ... .. ...
Average Plate Current....... ... ... ... ... ... ... .. .. ...,

Average Plate Resistance. ....... ... ... . L.
Average Amplification Factor........... .. ... .. ... ... ... ...

For Self-Biasing Grid
Maximum Plate Voltage. ......... ... ... ... .. ... ... ... .. .....
Maximum Grid Bias. . ............ . ... .
Average Plate Current.................. . ... ... ... . .....

Average Plate Resistance. ............ ... ... . ... ... ... ...
Average Amplification Factor......... ... ... ... ... ..

Approximate Dircet Interelectrode Capacities
Plate to Grid. .. ... .
Plate to Filament......... ... .. ..
Grid to Filament.......... ... ... ... ... ...

. 2 Amperes

. 450 Volts
. —65 Volts
43 Milliamperes

1,700 Ohms

........ 5.0

.. 450 Volts
. —60 Volts
60 Milliamperes

1,500 Ohms

........ Dl

.. 12.0 MMVF
.. 4.0 MMF
;3 6.5 MMF
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Average Static Characteristics

The accompanying curves give the static characteristics of the No. 252A Vacuum Tube.
These curves have been obtained with the filament operating on direct current and the grid and
plate returns connected to the negative filament terminal.
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General Features

The tube has been designed with an unusually large plate area for its energy dissipation
rating. The total electron emission of the filament is very large compared to the maximum space
current drain. Both factors insure the delivery of full output power throughout a long life.

An unusually low output of hum, when alternating current is used for filament supply, is
obtained through the design characteristics of the filament.

The rugged structure insures against breakage in shipment and in service and makes
possible the maintenance of uniform electrical characteristics.
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Classification—Moderate-power, filamentary triode

Applications—Audio-frequency amplifier where power outputs up to about 8 watts are required.
Oscillator
Modulator

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, four-pin thrust base with bayonet pin.

Socket—Standard, four-contact type such as the Western Electric 143B socket.

252A
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Mounting Positions—Either vertical or horizontal. If mounted in a horizontal position, the
plane of the filament, as shown in Figure 2, should be vertical.

Average Direct Interelectrode Capacitances

Gridtoplate. .........oo i 12.0 ppf.

Grid tofilament. . ....... ... .. oo 6.5 puf.

Plate to filament. . ... ...... ... ... ... .. ... . . 4.0 puf.
Filament Rating

Filament voltage. . ................ .. ... 5.0 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. 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—Plate current characteristics of a typical 252A tube are shown in Figure 3 as
functions of grid voltage for a number of values of plate voltage. Similar characteristics as functions
of plate voltage for several values of grid voltage are given in Figure 4. Amplification factor, plate
resistance, and transconductance characteristics are shown in Figures 5, 6 and 7, respectively as
functions of grid voltage for several values of plate voltage. All of these characteristics are for
direct-current filament supply with the grid and plate returns connected to the negative end of the
filament. With alternating-current filament supply, approximately the same characteristics are
obtained if 8.0 is added to the numerical value of each grid bias.

Limiting Conditions for Safe Operation

Maximum plate voltage. . ..................... e 500 volts
Maximum plate current for manually adjusted grid bias or

self-biasing circuit. .. ........ . ... o i i *90 milliamperes
Maximum plate current of average tube for fixed grid bias....... **75 milliamperes
Maximum instantaneous grid potential on positive swing of

input voltage. ... ... ... . +10 volts

*Modified as indicated in Figure 3 for plate voltages between 425 and 500 volts.
**Except between plate voltages of 425 and 500 volts, where limits should be 15 milliamperes less than those
indicated in Figure 3 for a given plate voltage.

Operating Conditions and Output—Permissible combinations of operating plate voltage and
plate current are included within the area, ABCDE, in Figure 8. Amplification factor, plate resis-
tance, transconductance, and performance data are listed in the table on page 8 for a number of typical
operating conditions represented by selected points within this area. A less severe operating condi-
tion 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.

Where it is necessary to operate a 252A tube at or near a maximum permissible plate current,
provision should be made for adjusting the grid bias of each tube independently so that the maxi-
mum safe plate current will not be exceeded in any tube. Alternatively, a self-biasing circuit may
be used, in which the grid bias for each tube is obtained from the voltage drop produced by the
plate current passing 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 value 15 milliamperes below the maximum safe
plate current, so that tubes having plate currents higher than the average will not exceed the
maximum rating.



The performance data include the fundamental power output and the second and third har-
monic levels for the indicated values of load resistance and input voltage. The power output, Pm,
is given in watts and the second and third harmonic levels, Fom and Fam, are given in decibels below
the fundamental in each case. The peak value of the sinusoidal input voltage, Egm, is numerically
equal to the grid bias for each operating condition. For a smaller input voltage, Eg, the output
and harmonic levels are given approximately by the following relations:

2
Eqm

E
Fz="Fzm + 20 logio Eﬂ
g

E
Fs=Fsm + 40 logio ﬁm

Curves showing the variation of power output and harmonic levels with load resistance for several
values of operating plate current are shown in Figures 8, 9 and 10 for a plate voltage of 450 volts.

TABLE
Plate Plate Amplifi- Plate Trans- Input Load Out- Second Third
Volt- Grid Cur- cation Resis= condue- Volt- Resis- put Har- Har-
age Bias rent Factor tance tance age tance Power monic monic
Volts Volts Milli- Ohms Micro- Peak Ohms Watts db db
amperes mhos Volts
300 —45 19 5.08 2300 2250 45 8000 2.0 26 36
300 —40 31 5.14 1850 2800 40 4000 2.5 25 37
5000 2.2 28 41
300 —35 46 5.20 1600 3300 35 2500 24 26 41
350 -50 30 5.10 1850 2700 50 6000 3.1 27 39
350 —45 45 5.16 1600 3200 45 3500 3.6 27 40
400 —60 29 5.08 1900 2650 60 8000 3.7 28 40
400 —55 44 5.12 1650 3100 55 2500 54 21 39
4000 5.0 26 38
5000 4.5 28 42
400 —50 60 5.18 1500 3500 50 2500 5.2 26 38
3000 5.0 28 41
400 —45 78 5.20 1350 3850 45 1500 4.9 25 38
450 —170 30 5.06 1950 2600 70 8000 5.2 26 37
450 —65 44 5.10 1650 3050 65 5000 6.2 26 38
450 —60 60 5.14 1500 3450 60 3000 6.9 25 37
475 —-170 43 5.10 1700 3050 70 6000 6.5 27 39
475 —65 59 5.14 1500 3450 65 4000 7.3 27 40
*450 —55 78 5.18 1350 3800 55 2500 6.8 27 41
*500 —175 43 5.08 1700 3050 75 6000 7.4 25 38
*500 —-170 58 5.12 1500 3450 70 4000 8.3 26 38

*Maximum operating conditions.

252A
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253 A Vacuum Tube

o
alw

Classification

The No. 253A Vacuum Tube is a half-wave, thermionic, mercury-vapor rectifier for use in
rectifying circuits designed to supply direct current from an alternating current supply.

Base and Socket

The No. 253A Vacuum Tube employs a two-prong base suitable for use in a Western Elec-
tric No. 138A or No. 139A Socket or similar type socket. The arrangement of electrode connections
to the base terminals is shown above. The anode terminal is located at the top of the bulb and is
arranged for a special quick-release connector. The tube should be mounted only in a vertical
pesition with the base end down.

Rating and Characteristic Data

Filament Voltage. .. ....covuunni i i 2.5 Volts
Nominal Filament Current. ............ ... ......... ... ... ......... 3 Amperes
Approximate Anode-Cathode Potential Drop when Conducting. ........... 15 Volts
Maximum Peak Plate Current . .......... ... ... ... ... .. ... ... ..... 0.5 Ampere
Maximum Peak Inverse Potential . ...... ... .. ... ... ... ... ......... 3,500 Volts
Safe Operating Ambient Temperature...................... .. 10 to 50 Degrees 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 will vary from 5 to 25 volts.



253A

Typical Rectifying Circuits
For specific circuits the following ratings apply:
Number Load Potential Load Current

Type of Circuit of Tubes Volts Amperes
Single-Phase, Half-Wave................... 1 1,000 0.15
Single-Phase, Double Half-Wave......... .. 2 1,000 0.30
Single-Phase, Double Half-Wave

(Four Tube Series Circuit)............. 4 2,000 0.30
Three-Phase
(Six Tube Series “Y” Circuit).......... 6 3,000 0.45

General Features

The mercury vapor type of rectifying tube has the desirable property of a low and almost
constant potential drop between the cathode and anode when the tube is passing current. Due to
their low potential drop a much more efficient rectifier system can be had than is possible by the
use of high vacuum rectifier tubes, whose potential drop are relatively high. The constancy of
the potential drop with space current makes possible rectifying systems whose regulation de-
pends almost entirely on the regulation of the plate transformers.

The No. 253A Vacuum Tube employs a highly efficient oxide-coated type of cathode. It’s
mechanical construction is such that the active materials are maintained for long operating periods
as well as during shelf life and shipment.

ISSUE 1
APRIL 5, 1932
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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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o <o , AFTER TEMPERATURE EQUILIBRIUM
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e oS 40 T T
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T . TEMPERATURE RANGE
fa— | 3 —
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125" £.002" . \
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INTERNAL S s 10 P —
CONNECTIONS ~ 2 ——
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¥ 1 6161030 0
640" DIA: 156" £.002" . 10 20 30 40 50 60 70 80
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
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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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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
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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
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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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VOLTS

CORRESPONDING AMBIENT TEMPERATURE IN
DEGREES CENTIGRADE AFTER TEMPERATURE EQUILIBRIUM
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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 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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315A and 321A
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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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Vacuum Tubes
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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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Ratings Mounting—W. E. 138B, 139A or similar socket. A
Filament spring clip anode terminal connector 1s required. Mount

Voltage 2 | in vertical position only—base end down. A clearance

Nomi%ml Current 3‘8 :&tseres of at least 134 inches should be allowed between the

Required Heating Time 10 secgn s bulb and any adjacent object.
Accelerated Filament Heating

vat Circuit Outputs:
R?gg?gﬁiegi open circuit 50, P Output Voltage Load Current
- . . At 3500 volt: In
Corresponding period of ’ Circuit Number Inverse DC
over-voltage application 6 =2 seconds Designation of Tubes Voltage Amperes

Tubt? 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 CD i ;ggg (1)(5)8
Max: Time of Averaging Anode Current 5 seconds E 3 1500 0:75
Maxgmum Peak Inverse Anode Voltage 3500 volts F 6 3000 0.75
Maximum Ambient Temperature Range 10 to 50° C. G 6 1400 1.25
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254.A Vacuum Tube

FILAMENT SCREEN-GRID

O ©
Qo ©

FILAMENT CONTROL - GRID

&

o

Classification

The No. 254A Vacuum Tube is a four-element, screen-grid tube for use as a radio-frequency
power-amplifier and as a harmonic-generator at intermediate power levels at high frequencies. It

may also be used as an oscillator at high frequencies where the reduced plate to control-grid
capacity will be of advantage.

Base and Socket

The No. 254A Vacuum Tube employs a standard four-prong, thrust-type base suitable for
use in a Western Electric No. 130B (rigid) or No. 131A (cushion) Socket or similar type socket.
The arrangement of electrode connections to the base terminals is shown above. The anode
terminal is located at the top of the bulb and is arranged for a special quick-release connector.

Rating and Characteristic Data

Pilgrent VollaFe.: pememms c0ins a0l e:espie@ 0o ini MEEnEm:ER:Ei0H: 5
Bilaiaenit OOTTEN s s s pims e s msimimsis 205 s 808 dsbbtmsBs 566 55dan:s 3.25 Amperes
Average Thermionic Emission. . ................................ 0.6 Ampere
Maximum Plate Voltage.................. . ... ............... 750 Volts
Maximum Plate Current. ......... ... ...t 0.06 Ampere
Maximum Plate Dissipation.................................... 20 Watts
Screen Grid Potential............... ... ... ... ... ........... 175 Volts
Maximum Screen Grid Dissipation.............................. 5 Watts
Average Amplification Factor.......... ... ... ... ... ... ... .... 80
Average Plate Resistance............. ... ... ... .. .. ... 80,000 Ohms

Average Mutual Conductance. .................... ... ... ..... 1,000 Micromhos

Approximate Direct Interelectrode Capacities

Plate to Control Grid. .......... . ... . . 0.1 M
Plate to Filament and Screen Grid. .. ......... ... ... .. 9.4 MMF
Control Grid to Filament and Screen Grid 4.6 M
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Average Static Characteristics

The accompanying curves give the average static characteristics of the No. 254A Vacuum
Tube. These curves are taken with the filament operating on alternating current with the plate,
screen and control grid circuit returns connected to a midpoint of the filament transformer.
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General Features

The No. 254A Vacuum Tube employs an extra grid or screen which provides an electro-
static shield between the plate and control grid. When the potential of the screen is held constant,
variations of the plate potential have little effect upon the potential fields around the inner elec-
trodes. Such internal shielding eliminates the necessity of neutralization to prevent unwanted
oscillations or feedback if the rest of the circuit elements are properly shielded.

The thoriated tungsten filament of this tube is made in a spiral of such form as to maintain
the tube internal impedance low and constant during its life. The mechanical structure has ade-
quate strength for severe usages.

ISSUE 2
FEB, I, 1933

619



Vacuum Tube

620

Western [leciric
254A Vacuum Tube

Classification—Filamentary air-cooled tetrode

May be used as a radio-frequency amplifier, oscillator or harmonic generator.

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

Maximum overall length. . ........ ... ... ... ... ... ..., 61545”
Maximum diameter. . . ...........o it 20"

Mounting—Four-pin bayonet type base for use in a W.E. 143B, or similar socket. The anode
terminal is located at the top of the bulb.

Filament—Thoriated tungsten

Filament voltage: s cscssisesas sumeavss snsmes smspsnnpss s 5.0 volts, a.c. or d.c.
Nominal filament current........... ... ... ... .......... 3.25 amperes
Average thermionic emission. . .......................... 0.60 ampere

Average Direct Interelectrode Capacitances

Plate to control grid:c.s::s.sssmssnsnansmenanessnsnsnes 0.1 puf
Control grid to filament and screen grid............ ITTIET 4.6 upf
Plate to filament and screen grid. . .......... ..., 9.4 uuf
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Characteristics—Performance data given below are based upon a typical set of conditions.
Variations can be expected with different circuits and tubes.

Figure 3 gives the static characteristics of a typical tube plotted against grid and plate voltages.

Average Characteristics at maximum direct plate voltage and dissipation (E,=750
volts, I;,=27 milliamperes)

Amplification factor. . ... ... ... .. ... 80

Plate resiStance. . ... ...t 80000 ohms

Grid to plate transconductance. ..............c..ooiiiiiiiia... 1000 micromhos
Operation

Maximum Ratings

Max. direct plate voltage. ............ .. ... .. .. L 750 volts

Max. direct plate current. ... ... 60 milliamperes

Max. plate dissipation. ........... ... i 20 watts

Max. direct grid current. . ... .. 25 milliamperes

Max. r-f grid current. ... 5 amperes

Max screen-grid dissipation. ................. ... 4 watts

Max. frequency for the above ratings. ......................... 15 megacycles

Max. plate voltage for upper frequency limit of 20 Mc.......... 500 volts

Max. plate voltage for frequencies between 15 and 20 Mc in proportion

Class B Radio-Frequency Amplifier

Direct plate voltage. ...... ... ... 750 500 volts
Direct plate current for carrier conditions. ......... 40 60 milliamperes
Control-grid bias. .. .......... ... . ... —40 —40 volts
Direct screen-grid voltage........................ 175 175 volts
Approx. carrier watts for use with 1009, modulation 10 10 watts

Class C Radio-Frequency Oscillator or Power Amplifier—Unmodulated

Direct plate voltage. . ................. ...l 750 500 volts

Direct plate current.............. .. .. 60 60 milliamperes
Control-grid bias. ........................... —60to —80 —60 to —80 volts
Direct screen-grid voltage. . ...................... 175 175 volts
Nominal power output. ......................... 30 20 watts

Plate dissipation. . ... ... P 15 10 watts

Class C Radio-Frequency Amplifier—Plate Modulated

Direct plate voltage. . ........................... 500 350 volts
Direct plate current. . ............... ... .. ..., 60 60 milliamperes
Control-grid bias. . . ............................ —80 —175 volts
Direct screen-grid voltage........................ 175 175 volts
Max. direct grid current. . ........... ... .. .. ... 50 50 milliamperes
Nominal carrier power output for use with 1009,

modulation. . ...... ... ... L 20 14 watts

Operating Precautions

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.
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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 75 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.

The filament should always be operated at the rated voltage, measured at the tube terminals.
A 5%, decrease in filament voltage reduces the thermionic emission approximately 259,. 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 1s 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 20 to 30 ohms of three 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, 309, above normal voltage for 10 minutes followed by a longer period at normal voltage.

The voltage for the screen grid may be obtained from a separate source or from a potentiometer
or series resistor in the plate supply. The screen-grid voltage should not be applied without the
plate voltage.

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—Radio-Frequency Oscillator or Power Amplifier—Grid bias below cut-off.

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.

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 15 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 proportionately
reduced.
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254B Vacuum Tube

FILAMENT SCREEN=-GRID

O ©
o ©

FILAMENT CONTROL -GRID

Classification

The No. 254B Vacuum Tube is a four-element, screen-grid tube for use as a radio-frequency
power-amplifier and as a harmonic-generator at intermediate power levels at high frequencies. It
may also be used as an oscillator at high frequencies where the reduced plate to control-grid
capacity will be of advantage.

Base and Socket

The No. 254B Vacuum Tube employs a standard four-prong, thrust-type base suitable for
use in a Western Electric No. 130B (rigid) or No. 131A (cushion) Socket or similar type socket.
The arrangement of electrode connections to the base terminals is shown above. The anode
terminal is located at the top of the bulb and is arranged for a special, quick-release connector.

Rating and Characteristic Data

Filament Voltage. ... ... e 7.5
Filament Current. .. ...oivveneinrrreinerennomenererasnesnanss 3.25 Ampere
Average Thermionic Emission. .............. ... i, 1.0 Ampere
Maximum Plate Voltage................ . ... ... 750 Volts
Maximum Plate Current......... ... ... ... ... i 0.075 Ampere
Maximum Plate Dissipation............. ... ... 25 Watts
Bereen Grid POENtiAL. « . o vuivvswiiw s smons daome smmsms s msme 555w s 150 Volts
Maximum Sereen Grid Dissipation................. . ... ... .... 5 Watts
Average Amplification Factor............. ... ... ... ... ... ..... 100
Average Plate Resistance............... ... ... .. ... .. ... .. ... 75,000 Ohms
Average Mutual Conductance. . ............... ... ... i.... 1,330 Micromhos
Approximate Direct Interelectrode Capacities

Plate to Control Grid......... ... ..o 0.085 MMF

Plate to Filament and Sereen Grid............................... 5.4 MMF

Control Grid to Filament and Screen Grid......................... 11.2 MMF
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Average Static Characteristics

The accompanying curves give the average static characteristics of the No. 254B Vacuum
Tube. These curves are taken with the filament operating on alternating current with the plate,
screen and control grid circuit returns connected to a midpoint of the filament transformer.
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General Features

The No. 254B Vacuum Tube employs an extra grid or screen which provides an electro-
static shield between the plate and control grid. Such internal shielding eliminates the necessity of
neutralization to prevent unwanted oscillations or feedback if the rest of the circuit elements are
properly shielded. The screen has been designed to reduce secondary emission to a minimum.

The thoriated tungsten filament of this tube is made in a spiral of such form as to maintain
the tube internal impedance low and constant during its life. The mechanical structure has ade-
quate strength for severe usages.

ISSUE 2
FEB. 1, 1933
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254B Vacuum Tube

Classification—Filamentary air-cooled tetrode
May be used as a radio-frequency amplifier, oscillator or modulator.

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

Maximum overall length. . ............... ... ... 61345”
Maximum diameter. . . ... ...t 205"

Mounting—Four-pin bayonet type base for use in a W.E. 143B, or similar socket. The anode
terminal is located at the top of the bulb.

Filament—Thoriated tungsten

Filament voltage. . .......... ... ... .. ... 7.5 volts, a.c. or d.c.
Nominal filament current. .. ........ ... ... ... ...... 3.25 amperes
Average thermionic emission. . ...................... 1.0 ampere

Average Direct Interelectrode Capacitances

Plate to control grid. ........... ... . .085 uuf
Control grid to filament and screen grid............... 11.2 upf
Plate to filament and screen grid. . ................... 5.4 uuf
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Characteristics—Performance data given below are based upon a typical set of conditions.
Variations can be expected with different circuits and tubes.

Figures 3 and 4 give the static characteristics of a typicai tube plotted against grid and plate
voltages.

Average Characteristics at maximum direct plate voltage and dissipation (E,=750
volts, I, =383 milliamperes, E.;=150 volts)

Amplification factor. . ....... ... ... ... ... 100

Plate resistance. . ................ 86,000 ohms

Grid to plate transconductance. . ......... ... ... ... ... 1,160 micromhos
Operation

Maximum Ratings

Max. direct plate voltage....................... ... ... ...... 750 volts

Max. direct plate current. ............ ... 75 milliamperes

Max. plate dissipation. ..................o 25 watts

Max. direct grid current. . ....... ... 25 milliamperes

Max. r-f grid current. . ............ 5 amperes

Max. screen-grid dissipation. . ............... ..., 4 watts

Max. frequency for the above ratings.......................... 15 megacycles

Max. plate voltage for upper frequency limit of 20 Mc........ .. 500 volts

Max. plate voltage for frequencies between 15 and 20 Mc in proportion

Class B Radio-Frequency Amplifier

Direct plate voltage. ............................ 750 500 volts
Direct plate current for carrier conditions. . ........ 50 75 milliamperes
Control grid bias............................... —170 —170 volts
Direct screen-grid voltage........... P, 150 150 volts
Approx. carrier watts for use with 1009, modulation 12.5 12.5 watts
Class C Radio-Frequency Oscillator or Power Amplifier—Unmodulated
Direct plate voltage. . ........................... 750 500 volts
Direct plate current. .............. ... ... ... ..., 75 75 milliamperes
Control grid bias............................ —105 to —140 —105 to —140 volts
Direct screen-grid voltage. . ...................... 150 150 volts
Nominal power output.......................... 37.5 25 watts
Plate dissipation. ...................... ... ...... 18.5 12.5 watts
Class C Radio-Frequency Amplifier—Plate Modulated
Direct plate voltage. ............................ 500 350 volts
Direct plate current. ............................ 75 75 milliamperes
Control grid bias. . ............................. —140 —140 volts
Direct screen-grid voltage. . ...................... 150 150 volts
Max. direct grid current. . ................... ..., 50 50 milliamperes
Nominal carrier power output for use with 1009,
modulation. . ........ ... ... 25 17.5 watts

Operating Precautions

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.
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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 100 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.

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 20 to 80 ohms of three 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.

The voltage for the screen grid may be obtained from a separate source or from a potentiometer
or series resistor in the plate supply. The screen-grid voltage should not be applied without the
plate voltage.

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—Radio-Frequency Oscillator or Power Amplifier—Grid bias below cut-off.

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.

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 15 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 proportionately
reduced.
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Ratings

Filament
Voltage 5.0 volts
Nominal Current 19.0 amperes
Required Heating Time 120 seconds

Accelerated Filament Heating
Recommended open circuit

over-voltage 50%
Corresponding period of
over-voltage application 25=5 seconds
Tube Voltage Drop—Approximate 10 volts
Maximum Instantaneous Anode Current
In-Phase Operation 8 amperes
Quadrature Operation 16 amperes
Maximum Average Anode Current
In-Phase Operation 2 amperes
Quadrature Operation 4 amperes

Max. Time of Averaging Anode Current 30 seconds

at 15 to 30° C. ambient temperature
at 15 to 40° C. ambient temperature
at 30 to 40° C. forced air temperature

20 kilovolts
10 kilovolts
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.

Circuit Outputs:

Load Current—
Output Voltage DC Amps.
In- Quad-
Circuit Number At10kv. At20kv. Phase rature
Designa- of Inverse Inverse Opera- Opera-
tion Tubes Voltage Voltage tion tion
A 1 3000 6000 2 4
B 2 3000 6000 4 8
C 4 3000 6000 8 16
D 4 6000 12000 4 ‘8
E 3 4500 9000 6 12
F 6 9000 18000 6 —
G 6 4000 8000 10 20
H 6 9000 18000 —_ 12
I 6 9000 18000 _ 12
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Half-Wave Mercury Vapor Rectifiers
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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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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
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253A Vacuum Tube
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- + — 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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e
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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 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

-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
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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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VOLTS
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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 and 321A
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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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Vacuum Tubes
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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



256A

256A Vacuum Tube

HEATER HEATER

CATHODE ANODE

CONTROL
ELECTRODE

Classification

The No. 256A Vacuum Tube is a three-clement tube which employs an indirectly heated
cathode and contains argon gas at a low pressure. It is intended for use in special circuits as a relay
or trigger-action device.

Base and Socket

The No. 256A Vacuum Tube employs a standard five-prong, thrust-type base suitable for
use in & Western Electric 137A or similar type socket. The arrangement of electrode connections
to the base terminals is shown above.

Rating and Characteristic Data

Heater VOltage . . i cowsincmnsmmns o555 i000 505 5 0 5ui 55 b o 585 5 o 50§ il 2.3 Volts AC
Nominal Heater Current..............cooviiieiiiiiinnea ... 1.7 Amperes
Anode-Cathode Potential Drop when Conducting................. 10-20 Volts
Maximum Instantaneous Space Current.......................... 75 Milliamperes
Maximum Instantaneous Potential between Anode and Control-Elec-

BEOHE: s e v v s w5 s s s 508 5 M 55 B 85,8 8B 55 B R £ 50 30T Hm ek 325 Volts
Maximum Potential between Cathode and Heater............... .. 12 Volts
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Vacuum Tube

Breakdown Characteristics

A typical curve relating the critical control-electrode potential to the anode potential is

given in the accompanying chart. This characteristic may vary from tube to tube and during the
life of a given tube.
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General Features

The No. 256A Vacuum Tube is primarily a rectifier of low internal impedance whose con-
duction cycle is determined by the relative instantaneous control-electrode and anode potentials.
The special treatment of electrode elements and the use of argon gas whose pressure remains
practically constant over wide temperature ranges are outstanding design features. The ahove
qualities insure uniform and reproducible characteristics essential to various circuit applications
such as; controlled frequency oscillators giving a square wave form, peak voltmeters or volume level
indicators, photoelectric cell control and recording equipments, and variable voltage rectifiers.

ISSUE 1
FEB. 1, 1933
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Westerny LElecrric
256A Vacuum Tube

Classification—Three element, argon filled, grid-controlled rectifier with an
indirectly heated cathode

It is primarily a rectifier of low internal impedance whose conduction cycle is determined by
the relative instantaneous control-electrode and anode potentials. It is intended for use in special
circuits as a relay or trigger-action device. A few of its other possible uses are: as a controlled-
frequency oscillator giving a square wave-form, as a voltmeter or volume level-indicator, as a source
of sweep-voltage for a linear time axis, or as a variable-voltage rectifier.

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

Maximum length. ....... .. ... ... ... 474"
DD AATTIEET v o e e 5 i e e e om0 s 6 50 0 5300 8 11347

Mounting—The 256A vacuum tube employs a standard five-pin trust type base suitable for use
in a Western Electric 141A or similar socket. The arrangement of electrode connections to the
base terminals is shown in Figure 2.

It may be mounted in either a vertical or horizontal position, although the vertical position
is preferable.

256A
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Heater Rating
Heater potential . . . ... ... ... ... .. .. ... ... ... 2.8 volts
Nominal heater current. . ........... ... ... ..., 1.7 amperes

The heater element 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 (2.8 volts).
Operation of the heater element above the upper limit will definitely reduce the life of the tube,
while a decrease below the lower limit may cause immediate failure.

Sufficient time should always be allowed for the cathode temperature to reach its normal
operating value before space current is drawn. If filament transformers with good regulation are
used, this time is one minute. Failure to allow sufficient time may result in immediate failure.

The maximum instantaneous potential between the cathode and any point of the heater circuit
must not exceed 12 volts. The cathode may be connected to the heater.

Operating Conditions
Anode-cathode potential drop ............... ... ...l 10—20 volts
Maximum instantaneous space current (sine wave).................. 75 milliamperes
Maximum instantaneous space current (condenser discharge)......... 200 milliamperes
Maximum instantaneous potential between anode and control-electrode 325 volts
Maximum instantaneous potential between cathode and heater. ... ... 12 volts

The characteristics of the 256A tube are such that, for any given anode potential, there is a
critical control-electrode potential. If the control-electrode is held more negative than this value
and the tube is non-conducting, the space current will remain zero. If it is made less negative, the
space current assumes a value determined by the applied anode potential and the resistance in the
anode circuit. To extinguish the discharge and return the space current to zero, the positive anode
potential must be removed. When space current is flowing, a visible discharge occurs in the tube.
Under this condition, the anode-cathode potential is practically independent of the value of both
the space current and the control-electrode potential. A protective resistance should always be
included in the anode circuit to limit the maximum instantaneous space current to the rated values.
A typical curve relating the critical control-electrode potential to the anode potential is shown in
Figure 8. This characteristic may vary from tube to tube and during the life of a given tube.

Sufficient resistance must always be included in the grid circuit to limit the negative grid poten-
tial to 10 volts when space current is flowing. Failure to observe this precaution will result in short
tube life.

Typical Circuits

The tube may be used in a variety of circuits adapted to the application of gas-filled tubes.
Two general types are common. One use of the tube is to produce a saw-toothed, current wave.
The circuit for this application is shown in Figure 4. The resistance R should, ordinarily, be at
least 100,000 ohms, and the product RC (C in farads) approximately equal to the desired funda-
mental period.

The second general use for the tube is as a relay device. In this application the anode may
be supplied from either alternating or direct current. When supplied from direct current, the
circuit, Figure 5, possesses a “lock-in” feature, since the anode potential must be removed mo-
mentarily in order to-restore the tube to the non-conducting condition. When supplied from
alternating current, the circuit possesses no “lock-in” feature, but the average anode current may
be controlled by the relative phase of control-electrode and anode potentials. The schematic circuit
for this application is shown in Figure 6. Figure 7 is a simplified circuit employing a photoelectric
cell in place of the resistance, R, used in the phase shifting device in Figure 6. The photoelectric
cell, however, is equivalent to a variable resistance in the sense that the current passed will depend
upon the amount of light falling upon it.
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257A Vacuum Tube

Classification—Small, filamentary triode

The 257A tube is similar to the 231D tube except that the grid terminal of the 257A tube is
at the top of the bulb. An important feature of the 257A tube is its low filament power consumption.

Applications

Audio-frequency and intermediate-frequency amplifier.
Detector.

Oscillator.

Dimensions—Outline diagrams showing dimensions of the tube and base, and the arrangement
of the electrode connections to the base terminals are given in Figures 1 and 2.

Base—Small, four-pin, thrust base. Small metal cap grid terminal at the top of the bulb. One
base contact pin is unconnected.

Socket—Standard four-contact type such as the Western Electric 143B socket.

257A

637



Vacuum Tube

638

Mountings 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

Gridtoplate. . ... . 3.0 uuf.

Gridtofilament. .. ... ... ... ... ... ... ... ... L. 1.8 puf.

Plate to filament. ......... ... ... ... ......... ... . L. 2.8 upuf
Filament Rating

Filament current.............. . ... ... ... ... . 0.060 ampere, d.c.

Nominal filament voltage. . ............................ 3.1 volts

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

Characteristics—Plate current characteristics of a typical 257A tube are shown in Figure 3 as
functions of grid voltage for several values of plate voltage. The grid and plate voltages are mea-
sured from the negative end of the filament. 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 are shown in Figure 7 for several values of grid voltage.

Operating Conditions and Qutput—Permissible operating plate and grid voltages are in-
cluded within the area, ABCD, in Figure 8. Amplification factor, plate resistance, transconductance,
and performance data are given in the table on page 3 for a number of typical operating conditions
represented by selected points within this area. The 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 power or voltage output and the second and
third harmonic levels for the indicated values of load resistance. The fundamental output is given
in terms of the power, Pn, in milliwatts for values of load resistance, R, equal to and double the
value of the plate resistance, rp, and in terms of the voltage, Epm, in peak volts for values of load
resistance five times the plate resistance. The second and third harmonic levels, Fom and Fgm,
are given in decibels below the fundamental in each case. The peak value of the sinusoidal input
voltage, Egm, 1s numerically equal to the grid bias for each operating condition. For a smaller input
voltage, Eg, the fundamental power and voltage output and the harmonic levels are given approxi-

mately by the following relations:
E Y
P=Pn (Em)

p~— ~~pm Egm
Egm
Fe=Fam + 20 logio E.
g

Eem

F3=F3m + 40 logio E.
g



TABLE
Ampli- Yolt- Sec-
Plate Plate fica=- Plate Trans- Input Load Power age ond Third
Volt- Grid Cur= tion Resis= conduc- Volt- Resis= Out- Out- Har- Har-
age Bias rent Factor tance tance age tance put put monic monic
Volts Volts Milli- Ohms Micro- Peak R Milli- Peak db db
amperes I'p mhos Volts watts Volts
67.5 —3.0 .93 8.5 22500 380 3.0 R=rp 3.0 29 50
R=2r, 25 36 60
R=5rp 20 47 70
67.5 —1.5 1.55 8.5 18300 460 1.5 R=r, 1.0 39 70
R=2r, 0.9 46 80
90.0 —5.0 1.15 8.5 20700 410 5.0 R=r, 10 26 43
R=2r, 9 33 50
R=5rp 35 42 65
90.0 —-30 2.10 8.4 16300 510 3.0 R=rp 4.5 36 60
R=2r, 4.0 42 70
R=5rp 22 50 75
1125 —-8.0 1.00 8.5 22200 390 8.0 R=r, 23 21 34
R=2r, 20 27 42
R=5r, 55 38 60
1125 —6.0 1.90 8.4 17200 490 6.0 R=r, 17 29 45
R=2r, 15 35 55
R=5r, 42 44 70
135.0 —11.5 0.70 8.5 27000 320 11.5 R=r, 45 17 28
R=2r, 50 23 34
R=5r, 76 33 47
135.0 —10.0 1.25 8.5 20300 420  10.0 R=rp 40 21 32
R=2r, 85 28 41
R=5r, 67 37 55
135.0 —8.5 1.95 8.5 17200 490 8.5 R=r, 35 26 40
R=2r, 30 33 50
R=5r, 57 42 65
*90.0 —1.5 2.90 8.4 14500 580 1.5 R=r, 1.2 46 75
R=2r, 1.0 50 85
*112.5 —4.5 2.65 84 15000 560 4.5 R=r, 10 34 55
R=2r, 9 40 65
R=5r, 30 50 70
*185.0 —17.5 2.50 8.4 15600 540 7.5 R=rp 27 29 47
R=2r, 24 36 55
R=5r, 48 45 70

*Maximum operating conditions.

Microphonic Noise—With a plate voltage of 90 volts, a grid bias of —8 volts, and a load
resistance of 100,000 ohms, the mean microphonic noise output level of the 257A tube measured in
a laboratory reference test set, is 22 decibels below 1 volt. The range of levels of individual tubes
extends from 12 to 36 decibels. Since microphonic noise 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.

257A
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258A Vacuum Tube

(<]
5l

Classification

The No. 258A Vacuum Tube is a half-wave, thermionic, mercury-vapor rectifier for use in
rectifying circuits designed to supply direct current from an alternating current supply.

Base and Socket

The No. 258A Vacuum Tube employs a two-prong base suitable for use in a Western Elec-
tric No. 138A or No. 139A Socket or similar type socket. The arrangement of electrode connections
to the base terminals is shown above. The anode terminal is located at the top of the bulb and is
arranged for.a special quick-release connector. The tube can be mounted only in a vertical position
with the base end down.

Rating and Characteristic Data

Filament Voltage. .. ........ ... . ... .. . . . . . . 2.5 Volts, AC
Nominal Filament Current. .............. ... ... .. ... ... . ... . ... ... .. 7 Amperes
Approximate Anode-Cathode Potential Drop when Conducting. ......... 15 Volts
Maximum Peak Plate Current. . ......... .. ... ......... ... ... ... ... 1.1 Amperes
Maximum Peak Inverse Potential............ ... ... .. ... ... . .. ... ... 6,500 Volts
Safe Operating Ambient Temperature. .. ........... .. ... ... .. 10 to 50 Degrees 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 will vary from 5 to 25 volts.
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258A

Typical Rectifying Circuits
For specific circuits the following ratings apply:
Number Load Potential Load Current

Type of Circuit Tubes Volts Amperes
Single-Phase, Half-Wave................... 1 2,000 0.4
Single-Phase, Double Half-Wave............ 2 2,000 0.8
Single-Phase, Double Half-Wave

(Four Tube Series Circuit)............. 4 4,000 0.8
Three-Phase
(Six Tube Series “Y”’ Circuit).......... 6 6,000 1.0

General Features

Rectifier units with improved regulation and high efficiency are obtained by the use of
thermionic mercury vapor rectifying tubes. The No. 258A Vacuum Tube has special features of
anode design which insure its satisfactory operation throughout a long life under the maximum
peak inverse potential and peak plate current load conditions. Flash overs at the anode, which
are much more prevalent with this type of tube, are eliminated by special design features. The
special mesh type, oxide coated cathode has a large emitting area and is capable of supplying an
electron current considerably above that required for the maximum peak plate current. This
insures a long life with full space current rating.

ISSUE 1
APRIL 5, 1932
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258B Vacuum Tube
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Classification

The No. 258B Vacuum Tube is a half-wave, thermionic, mercury vapor rectifier for use in
rectifying circuits to supply high voltage direct current from an alternating current supply. It is
the same as the No. 249B electrically but is equipped with a different type base.

Base and Socket

The No. 258B Vacuum Tube employs a two prong base suitable for use in a Western
Electric No. 138B, 139A, or similar type Socket. The arrangement of the electrode connections
to the base terminals is shown above. The anode terminal is located at the top of the bulb and
is arranged for a special quick release connector.

The tube should be mounted only in a vertical position with the base end down.

Rating and Characteristic Data

Filament Voltage........... e 2.5 Volts
Nominal Filament Current.................................. 7.5 Amperes
Approximate Direct Anode Cathode Drop when Conducting . . .. 15 Volts
Maximum Peak Plate Current............................ ... 1.5 Amperes
Maximum Peak Inverse Potential......................... ... 7,500 Volts
Maximum Operating Ambient Temperature Range............. 0 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
ambient temperature range and plate current range it will vary from 5 to 25 volts.
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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.

589



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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249B/258B
249B and 258B Vacuum Tubes
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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 Vacuum Tube
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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
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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
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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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VOLTS

CORRESPONDING AMBIENT TEMPERATURE IN
DEGREES CENTIGRADE AFTER TEMPERATURE EQUILIBRIUM

-l I 40
2310 0 0 20 30
20
MAX. AMBIENT TEMP. RANGE
\ A-IOKV INVERSE VOLTAGE
18 B-22KV INVERSE VOLTAGE
FORCED AIR TEMP. RANGE
6 c-22KV INVERSE VOLTAGE
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\ B
12
\\-— C
10
8 \\\
6 T~
4
2
0
0 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 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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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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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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Vacuum Tubes
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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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The anode cathode potential drop as a function of the temperature is shown in the accom-
panying curve for a typical No. 258-B Vacuum Tube when passing rated space current. The
recommended operating temperature range is also shown on this curve.
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Typical Rectifying Circuits

The No. 258B Vacuum Tube may be used in any standard rectifier circuits subject to its
current, voltage and temperature limitations.

For specific circuits the following ratings apply.

Number of Load Potential Load Current
Type of Circuat Tubes Volts Amoperes

Single Phase, Half-Wave.......................... 1 2300 0.5
Single Phase, Double Half-Wave................... 2 2300 1.0
Single Phase, Double Half-Wave (4 tube series circuit) 4 4500 1.0
Three Phase, (6 tube series ‘“Y”’ circuit)............ 6 7000 1.3

General Features

The mercury vapor type of rectifying tube has the desirable property of a low and almost
constant potential drop between the cathode and anode when the tube is passing current. Due to
their low potential drop a much more efficient rectifier system can be had than is possible by the
use of most high vacuum rectifier tubes, whose potential drops are relatively high. The constancy
of the potential drop with space current makes possible rectifying systems whose regulation
depends almost entirely on the regulation of the plate transformers.

The No. 2568B Vacuum Tube employs an improved oxide coated mesh type filament
encased in a metallic shield which insures a uniform cathode temperature. The mechanical con-
struction is such as to preserve the active materials for long operating periods at high inverse
voltages as well as during shelf life and shipment. These features make possible the maximum
operating life. The No. 258B Vacuum Tube has an increased rating over the No. 258A and may
be used to replace it.

ISSUE 1
NOVEMBER 1, 1934
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259A Vacuum Tube
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SCREEN - GRID

Classification

The No. 259A Vacuum Tube is a four-element, screen-grid tube having an indirectly
heated cathode which permits operation of the heater element directly on alternating current.
The tube is for use as a screened grid, high-frequency amplifier, but also may be used as a
detector or audio-frequency voltage amplifier.

Base and Socket

The No. 259A Vacuum Tube employs a standard five-prong base suitable for use in a
Western Electric No. 134A (cushion) or No. 137A (rigid) Socket or similar type socket. The
arrangement of electrode connections to the base terminals is shown above. The control-grid ter-
minal is located at the top of the bulb and is arranged for a special, quick-release connector.

Rating and Characteristic Data

Heater Voltage. .. .. ... 2 Volts, AC or DC
Average Heater Current......... .. ... ..., 1.60 Amperes
Plate Voltage. . . ... i 180 180 Volts
Screen-Grid Voltage. ................... ... ... ... 75 90 Volts Maximum
Control-Grid Voltage .. ........................... —1.5 —1.5 Volts

Average Plate Current. . .......................... 5.5 7.5 Milliamperes
Average Plate Resistance.......................... 400,000 320,000 Ohms
Average Mutual Conductance ..................... 1,380 1,500 Micromhos
Average Amplification Factor...................... 550 480

Approximate Direct Interelectrode Capacities

Plate to Control-Grid .............. .. .. .. ... ... ... 0.004 MMF
Control-Grid to Heater, Cathode and Screen-Grid. ............... 5.8 MMF
Plate to Heater, Cathode and Screen-Grid ...................... 14.0 MMF
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Average Static Characteristics

The accompanying curves give the average static characteristics of the No. 259A Vacuum

Tube.
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General Features

The No. 259A Vacuum Tube employs an extra grid or a screen which provides an electro-
static shield between the plate and control grid. Such internal shielding eliminates the necessity
of neutralization to prevent unwarranted oscillation or feed-back if the rest of the circuit elements
are properly shielded. :

The structure has been so designed as to give an unusually high mutual conductance for
a tube of its rating, thereby making possible a comparatively high amplification.

The cathode is designed to provide a very large electron emission compared with the
space current drain, thus assuring the maintenance of uniform electrical characteristics over a
long life.

ISSUE 1
JUNE 1, 1932
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259A Vacuum Tube

Classification—Voltage amplifier, screen-grid tetrode with indirectly heated cathode

Applications
Screen-grid high frequency amplifier.

Audio-frequency amplifier. Where exceptionally low tube noise is required the 259B tube is
preferable.

Detector.

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 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.

259A
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Mounting Positions—The 259A tube may be mounted in any position.

Average Direct Interelectrode Capacitances—

Control gridtoplate. . .............................. 0.004 puf.
Control grid to heater, cathode and screen-grid......... 5.8 uuf.
Plate to heater, cathode and screen-grid................ 14 uuf.
Heater Rating
Heater voltage. . .................... 2.0 volts, a.c. or d.c.
Nominal heater current. ............. 1.60 amperes

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 practicable.

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

Characteristics—Plate current and screen-grid current characteristics of a typical 259A tube are
given as functions of plate voltage in Figures 8 and 4 for screen-grid voltages of 75 and 90 volts,
respectively. The same quantities are shown as functions of control<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>