

















HANDBOOKv()F TUBE OPERATION

countered causing the RF current to vary non-linearly
with respect to the plate voltage. At this point the peak
instantaneous grid current, and hence the RF and AF
grid excitation power, become excessively high raising the
average grid drive power required and, more important,
make driving power sources of good regulation essential.
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Fig. 2. Output Characteristics of F-343-A as Grid-Modulated
Amplifier using Grid-Leak and Fixed Bias.

Poor grid drive regulation will cause a reduction in peak
grid voltage on positive modulation crests with attendant
amplitude distortion of the modulated output.

GRAPHICAL ANALYSIS

Any one of the several practical graphical analytic
methods may be used in the design of the grid modulated
amplifier. Since cut-and-try computation must be re-
sorted to in this case it is advantageous to adopt the most
rapid method. For this reason Chaffee’s 11-point har-
monic analysis® of the radio frequency waveforms is used,
while his 7-point method® is used for harmonic analysis
of the audio frequency modulated envelope.

The 11-point analysis requires the location of instan-
taneous total RF plate current values iy, 1,” and ip”
corresponding respectively to instantaneous RT plate volt-
ages ey’ = ME,; e,” =0.866 ME,, and e,”” = 0.5 ME,,
where ME, is the RF plate voltage peak amplitude. These
points may be rapidly located by means of a correspond-
ingly graduated sine scale’ applied to the constant-current
characteristics of the tube used. Total grid current values
i/, 1 and i”” corresponding to the above plate voltage
points are also obtained. The direct, (I, and I.) and
radio frequency (MI, and MI;) current amplitudes are

determined from the instantaneous values by the follow-
ing expressions:

1 e
Ib % Bl ib, + 2ib” + 2ib’"
12 L
(1)
1 r y
Ic gL ic’ + 2ic” + 210///
12 'L
(2)
PR
M, =— iy’ 4+ 0.707 iy + 1
(3)
T
M, =— i’ + o0.707 i” + i.”
6
(4)

The power output, plate power input, load impedance,
efficiency, grid drive power and grid circuit constants may
now be computed for any point on the modulation cycle.

The audio frequency harmonic content of the modu-
lated output for a given percentage modulation is obtained
by calculation of the RF plate current and other operating
values for selected points of the modulation cycle. For
Chaffee’s 7-point method, calculations are made at instan-
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Fig. 3. Constant Current Characteristics of F-343-4 showing
Load Lines for Combination-Bias Operation.

taneous AF modulating voltages, e, equal to 4+ ME,, 4
0.707 MEy, + 0.5 MEy, o, — 0.5 MEy, — 0.707 ME, and
—ME, for the corresponding respective RF plate current
amplitudes M/, MI ", M > M[©° __ M[® __ M and
— ML/, The above currents are all considered numeric-
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ally positive, the negative sign designating current ampli-
tudes in the negative half of the modulation cycle. The
amplitudes of the fundamental, M, and harmonic, M1,
(where n designates the order of the harmonic) compon-
ents of the modulated output current envelope are given
below. Here the numerical sum and difference of corre-
sponding positive and negative half cycle amplitudes are
indicated respectively, as:

S' — Mlp’ _;_ ("'-MII)’)
D’ =ML/ — (—ML); etc.

For 100 per cent modulation, the calculated audio
frequency components of the output are given in Table B.

The calculated data for the two cases is given in
Table A, while Figs. 1 and 2 show the plotted output
characteristics in the two cases:

CONCLUSION
It is apparent from the above calculations that strict
linearity of operation is not obtained for either the fixed or
variable grid-bias modulated RF amplifiers above men-

4 N4
NI, = _i + S (s) tioned. However, considerably greater linearity and
n a— higher plate efficiency are indicated for the variable-bias
2 amplifier.
5 DI DI/ DIII
MIp,; =t (6) Flfed Combl.nanon
24 4 3 Bias Bias
s’ % Second harmonic .____ 16 1.8 per cent
Mlp3 —_—— (7) Third harmonic ...__ 1.3 9.8 per cent
6 3 Fourth harmonic .____ 1.5 1.5 per cent
D’ D” Fifth harmonic ______ 0.3 0.7 per cent
M, - (8) Sixth harmonic _____. 0.8 2.5 per cent
» 3 4 Total RMS__..__ 16.2 10.5 per cent
s’ s” g TABLE B
M[p-’i _ + —— (9)
12 2V2 3 With the use of inverse feedback compensation, the
D’ D” D distortion for the latter type of operation may be reduced
Mpg = — — + (10) to a value making the use of this type of amplifier advan-
24 4 3 tageous for broadcast applications.
Fixed Bias Combination Bias
Carrier + Crest Carrier + Crest
DC Plate Voltage, E, - - 10000 10000 10000 10000  wvolts
DC Grid Voltage, E, fixed .. ___________ —780 —780 —866 —866 volts
DC Grid Voltage, E,, leak 0 0 —34 ~—250 volts
Peak RF Grid Voltage, ME‘ ................... 1060 1060 1310 1310 volts
Peak AF Grid Voltage, ME, .. .. ___ 530 530 65.0 65.0 volts
Peak RF Plate Voltage,MEl, .................... 2860 $000 4250 8500 volts
DC Plate Current, I, .. 0.51 1.68 0.63 144 amperes
DC Grid Current, I 0.006 0.038 0.014 0.058 amperes
RF Grid Drive Power, P __.___.. ———— 39 17 146 watts
AF Grid Modulating Power, Py ____.___ ——-- 10 —- 22 watts
RF Power Output, P ___ 1330 10900 2550 10200 watts
Plate Efficiency, N e 26 65 40 70 per cent
RF Load Impedance, R}, 2950 2950 3600 3600 ohms
TABLE A
APPLICATION R .
; . eferences:
The above method of analysis has been applied to the 1. April, 1939, issue of TUBES.
design of a grid-modulated RF amplifier using the Federal 2. March, 1939, issuc of TUBES.
F-343-A tube for illustration. In each case an output of 3. September, 1938, issue of TUBES.
approximately 10 kilowatts is obtained on 100 per cent ; .‘;"Zr "””}';h1939’,,i’1’"; ;f T;U‘jEIS- 1038
. 1 . . Jodpp. ys., Vol. 9, No. /7, July, .
modulation peaks. In the first case, however, fixed grld 6. Rew. Sci. Inst., Vol. 7, No. 10, October, 1936 as corrected

bias is used, while in the second case combination grid leak
and fixed bias is applied.

in July, 1937 issue.
March, 1939, issue of TUBES.

N
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FEDERAL DEVELOPS TUBE
TO MEET
WIDE SERVICE RANGE

INTRODUCTION

MUCH has appeared concerning tube characteristics, ratings and the various factors entering into the selection of

proper tubes for specific applications.

It may interest readers, therefore, to trace the development of a particular tube from its inception right through
to completion and to learn something of the many factors which must be weighed in an effort to meet specific operating

requirements.

REQUIREMENTS OUTLINED

The Federal F-128 tube has been developed in response
to a demand for an air cooled tube of approximately 600
watts plate dissipation rating, that would be capable of
providing marked improvement in plate efficiency and
power gain over existing types.

This tube had to cover a wide range of uses, all the
way from low frequency marine service to high frequency
point-to-point commercial service.

As a starting point, it was decided that the power gain
should be at least 20-1 and the efficiency 75 per cent or
higher, with both conditions readily obtainable at mod-
erate plate voltages and over a frequency range of from
0.5 to 25 megacycles.

For marine service in particular, high performance
should be obrainable with a maximum plate voltage of
3000 volts. At the same time, it was recognized as highly
desirable that good performance should be obtained with
a plate voltage as low as 1500 volts.

All the while it was understood that in order to cover
these requirements adequately, certain characteristics
would be essential which at the same time would be
beneficial to the application of the tube to radio telephone
service.

USING KNOWN FACTORS AS BASIS

It is well known that in the case of any given tube, the
possible plate efficiency increases as the drive and plate
voltages are Increased, whereas the driving power for a
given output decreases as the plate voltage is raised. In
order to obtain high efliciency, high output and low drive
power at low plate voltages, however, it is necessary to
have a tube of high mutual conductance.

Occasionally, driving power can be reduced consider-
ably by the introduction of sufficient secondary emission,
as was explained in an earlier chapter. This method has
definite limitations, however, in that too much secondary
emisston tends to cause instability. Hence, it is much more
preferable to obtain low drive by providing high mutual
conductance rather than to depend upon secondary emis-
sion to accomplish this purpose. '

A glance at the conventional family of plate curves
published for most transmitting tubes will disclose a

line near the plate voltage zero axis marked Eg = Ep.
This line is commonly referred to as the composite
diode line and is most often used as the limit of plate
voltage and current swings on any load line. Excepting
when used as a doubler or as in other cases where high
harmonic output is required, there is little need of swing-
ing to the left of the diode line.

The power output is the product of the AC components
of plate voltage and plate current, multiplied by a factor
dependent in turn upon the angle of plate current flow.
These components are obtained by projecting from the
end of the load line on the composite diode line to the
voltage and current scales. Obviously, the more steeply
the diode line rises, therefore, the greater will be these
AC components and the greater will be the output and
efficiency. The steeper this line is, the lower will be the
impedance of the tube and the easier will it be to deliver
power into a low impedance load.

DESIGN FACTORS

It follows that certain design considerations are neces-
sary to provide a steep diode line or high mutual con-
ductance. The most important of these is inter-electrode
spacing.

In general, it may be said that the larger the electrodes
and the smaller the spacing, the higher will be the mutual
conductance. At the same time, larger electrodes and
smaller spacing lead to higher inter-electrode capacitances,
notwithstanding these must be held within reasonable
limits if the tube is to be applicable to high frequency
service. At the same time also, it is necessary to bear in
mind that as the spacings grow smaller, there follows a
decided tendency toward absence of uniformity and lack
of interchangeability among tubes themselves.

In order to meet all of these requirements, there re-
mained only one alternative and that was to attempt a
number of compromises.

Starting with plate dissipation as the first requirement,
it was recognized that an anode of certain minimum
dimensions would be needed to provide sufficient radiating
surface.

It was decided, therefore, to use the “plane electrode”
or rectangular cross section of grid and plate type of con-
struction because, for a given size of anode, the effective
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spacings may be considerably less than for cylindrical
structures of reasonable filament dimensions. Conse-
quently, the mutual conductance would be higher with
the “plane electrode” type of construction.

Much has been said of late concerning the “perveance”
of a tube. This is merely a term which defines the
ability of a tube to pass plate current and is entirely
dependent upon the geometry of the electrodes as illus-
trated in its formula

A
G=K

Xa Xg
G = Perveance
K = A constant (for the tube structure) .
A = Effective anode area
Xa = Effective anode radius
Xg = Effective grid radius

is to reduce the spacing between the grid or anode and
the filament. Both methods, however, lead toward in-
creased G-P capacitance and critical spacings.

The solution of the problem lies in the fact that the
effective values control the capacitances, hence by making
the entire anode effective, it is possible to reduce the Xg
factor and still retain a high G. This is what has been
done in the case of the Federal F-128 tube.

The grid-filament spacing has a certain practical mini-
mum other than the point where there is danger of short
circuit. As an example, if the spacing between these
two elements is too small, it becomes so critical that
extremely small variations in dimensions will result in
large variations in characteristics. Here again in the
design of the Federal F-128, those grid dimensions were
determined upon, which would provide an effective com-
promise between these two factors.

AVERAGE PLATE CHARACTERISTICS F-128-A Transmitting Tube
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Insofar as the user of the tube is concerned, a high
perveance means a steep diode line and a low perveance
means a line with less slope. While quantitive determi-
nations of the perveance are not easy to make from the
published characteristic curves, a comparison may readily
be made from the diode line in the plate family.

It is apparent from the formula just given that the
perveance may be increased by either one of two methods.
One is to increase the effective anode area. The other

TYPES OF MATERIALS CAREFULLY
CHOSEN

Federal F-128 has a graphite anode. This was chosen
for several very good reasons.

First of all, the graphite surface approaches very closely
perfect black body radiation. In consequence, it will
operate at lower temperature per unit area per watt plate
dissipation. The lower temperature naturally reduces
the tendency of other parts of the tube to warp, which
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would result from excessive heat. More important still,
however, is that it reduces the heat reflected back to the
filament.

If the heat reflected back to the filament were allowed
to become appreciable, the result might be to raise the
temperature of the filament above the optimum range
when the anode is running at full rated dissipation. On
the other hand, if allowance were made for the increased
heat, the filament would be too cold when conditions of
operation do not require full dissipation.

Furthermore, the possibility of anode warpage is elim-
inated when carbon is used and at the same time, it is
possible to hold the dimensions to very close tolerances.
In this case, it has been possible to take advantage of these
several virtues attributable to carbon, since excessive plate
dissipation and plate voltages were not among the design
requirements.

TYPE OF CONSTRUCTION CAREFULLY
WEIGHED

The grid is of the rectangular cross-section type, with

the lateral wires notched and swedged into the vertical
support wires. One advantage of the flat or rectangular
cross-section grid is that it usually requires only two sup-
port wires, which may be positioned so as to effect a
minimum of distortion upon the field of the grid.

The thoriated tungsten filament used in the Federal
F-128 has been designed primarily to provide an adequate
reserve of emission. Inasmuch as filament power con-
sumption is usually considered of comparatively little
importance, no special eftorts have been made to hold it
down to a minimum.

In this filament, a total emission of twelve amperes is
provided, thus allowing an available emission of six
amperes.

Examination of the plate family will show that there
is no tendency on the part of the curves to crowd together
at the high positive grid voltages. This characteristic is
of great importance in classes of service where linearity
is required and is obtained by providing adequate emission.
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ESSENTIAL ELEMENTS

IN

TRANSMITTING TUBES

INTRODUCTION

ORE than twenty different materials are used in the manufacture of the average transmitting tube.

gathered from all over the world.
Some of them are rare and difficult to obtain.

They are

Others can be obtained in the desired quality only from

certain localities in remote regions, thereby strictly limiting the source of supply.

IMPORTANCE OF HIGH QUALITY

Purity of materials ranks first in importance in the suc-
cessful manufacture of transmitting tubes. It is the
invisible element that determines whether tubes will stand
up to expectations. Hence, it is more important even
than manufacturing skill, notwithstanding that workman-
ship of the highest order obtainable is absolutely essential
in every operation. In other words, the precision required
does not permit of any shortcuts, but skill means little in
the manufacture of tubes if materials of the necessary
quality are lacking.

For obvious reasons, it is not enough simply to buy
materials from carefully selected sources. It will not do
even to rely solely upon means for rigid inspection and
elaborate tests of these materials when they arrive at the
factory to make certain that they meet all specifications.
Throughout manufacture, every known means must be
exercised to prevent contamination. As an example, vari-
ous elements after being properly treated and made ready
for assembly must be kept under constant vacuum day
and night until required for use.

Frequent tests between operations during the course of
manufacture very often disclose impurities not previously
distinguishable. Consequently, cleanliness throughout the
tube manufacturing plant becomes an obsession. Opera-
tors who come into contact with the various elements
wear freshly laundered white gloves, because contamina-
tion and its consequent difficulties have more than once
been traced to nothing more than a fingerprint.

RESULTS OF IMPURITIES

As is generally known, responsibility for a substantial
share of the difficulties encountered with tubes during
operation is traced to the presence of undesirable gas.
Distinction must, of course, be made here between high
vacuum tubes and those depending upon a specific gas to
provide certain operating characteristics.

In high vacuum tubes where an attempt is made to
remove each and every molecule of residual gas the
slightest trace of oxygen, water vapor, nitrogen, metallic
vapors or similar gases will have undesirable and some-
times damaging effects upon tubes and their operation.

Obviously, purity of materials used in the manufacture
of tubes is largely a matter of degree. In some materials,
99.99 per cent is not always sufficient to insure satisfac-
tory tube operation. Hence, we see the need of a full
time chemist thoroughly familiar with materials used,

together with the sources, components and inherent char-
acteristics of these materials.

Since a complete review of the various operations
relating to the maintenance of a high degree of purity
in all of the various elements would require many pages,
this series will be devoted to the better known materials.
Possibly it will contain also an element of surprise for
those who have not visited a tube manufacturing plant
and witnessed the various operations.

COPPER

Copper ofters an interesting illustration. It is com-
monly recognized in every water cooled tube and as every
engineer is aware, copper to be employed successfully in
transmitting tubes must of necessity be what is known
as oxygen free copper. As every engineer also knows,
copper has a low melting point when compared with
other metals. That is the reason, of course, why the
anade of a transmitting tube must be artificially cooled.

Frequently the question is asked whether the same
extreme care is necessary in selecting copper for tube
manufacture as applies in the case of some of the lesser
known metals. The answer is decidedly in the affirm-
ative. This is manifested not only in the results obtained
during manufacture, but as well in operation and life
expectancy of the tube while in the transmitter.

One reason lies in the fact that truly oxygen free copper
lends itself much more readily to a satisfactory metal to
glass seal. Obviously, without such a seal the necessary
high vacuum within the tube could not be maintained.

When copper is first received at the plant, it undergoes
a series of microscopic, physical and chemical tests. This
determines the extent to which oxygen has been removed
from the metal and detects oxygen which may have been
trapped in the copper at the rolling mill. Tests for the
same purpose are then repeated at intervals throughout
manufacture to make certain that none has found its way
in during handling or processing.

There are other factors of equal importance. Qccluded
impurities would of course give off gas. T'he property of
oxygen free copper of being easily drawn and formed into

‘ intricate shapes without damage to its grain structure is
a decided advantage in manufacture.

Comparison of copper with tungsten and other mate-
rials offers some very interesting contrasts and shall be
covered at a later date.
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TUNGSTEN OFFERS CONTRAST

T'ungsten differs from copper in one outstanding
respect. While copper has a very low melting point,
tungsten has the highest melting point definitely known.

T'here.are, of course, other differences. Contrary to
most metals, metallic tungsten is not formed by a smelting
or electrolytic process. T'ungsten oxide is obtained from
tungsten bearing minerals. This is then reduced to
metallic tungsten in the form of finely divided particles.

T'ungsten ingots are formed by subjecting the finely
divided tungsten first to high pressures and a very high
temperature. After that it is swaged, hammered or
drawn to the desired size.

As will be seen, if impurities exist in the original
tungsten oxide they are given no opportunity whatever
to escape. More than that, it is safe to say that they
are literally hammered in to stay.

It can be seen further, that because of this process the
final metallic tungsten does not have the characteristic
structure of a metal which has been melted and solidified.
On the contrary, constant hammering instead often results
in cracks and splits not always visible on the surface and
which render tungsten useless for tube construction.
Hence, such material must be detected and rejected since
it would otherwise result in costly defects.

Tungsten is used in transmitting tubes for filaments
and for electrical connections through the glass envelope.
It is used for filaments because of the extremely high
melting point mentioned earlier and because it is the
most satisfactory material found to date which will with-
stand the severe service necessary in high power trans-
mitting tubes. In the case of filament leads, it is the
most practical metal for sealing to glass because its
temperature coeflicient of expansion approaches very
closely that of the type of glass used in such tubes.

The presence of impurities in tungsten used in trans-
mitting iubes just as that in copper may result in the
formation of gas, the destruction of the sealing charac-
teristic or both. Probably most annoying in the selection
of fit material for tube manufacture, however, is the
frequency with which tungsten is found to have splits
or cracks not visible to the naked eye. As already men-
tioned, this requires extreme care in inspection. Unless
each and every one of these minute imperfections is
detected microscopically before being used in the tube,
it becomes obvious that a vacuum tight seal is not possible.

MERCURY HEAVY METAL

Insofar as metals are concerned, at the other end of
the temperature scale from tungsten is mercury. Mer-
cury has the lowest boiling point of all. This is one of
the heaviest metals known and as everyone has observed
is liquid at room temperature.

It is used not only in transmitting tubes, but in con-
densation pumps which make it possible in the manu-
facture of these tubes to attain the very high degree of
vacuum for the proper operation of these tubes.

Because it amalgamates readily with several other
metals, it is difficult to obtain mercury sufficiently pure
for these uses. *

Mercury sufficiently pure for tube manufacture is not
obtainable commercially. Gas and other harmful effects
upon the tube elements would result from sublimation
of impurities if commercial mercury was used. Only by
further purification processes in the tube manufacturing
plant is it possible to obtain mercury of such purity as
to guarantee satis{actory life and operating characteristics
to the tube in which it is used.

These processes include passing the mercury in a finely
divided stream in turn through several different chem-
ical solutions, each of which removes even minute traces
of given impurities.

Following this treatment, the mercury is given a
number of separate distillations to further insure the
separation of any remaining extraneous matter. Even
after this rigid treatment, a spectroscopic analysis is
made in order to remove all question of absolute purity.

MANY MATERIALS INVOLVED

The materials mentioned thus far in this series obviously
represent a very small percentage of the important mate-
rials used in the manufacture of transmitting tubes.

To name just a few others among metals there are,
nickel, molybdenum and tantalum. Among the chemical
compounds are carbonates used for producing chloric and
hydrofluoric acids.

Consider that these represent only a portion of all the
materials used in the manufacture of transmitting tubes
and then consider the fact that the manufacturing process
throughout must be so controlled as to prevent the
slightest contamination which would undo the benefits
already gained and the size of the task may be imagined.
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TECHNICAL TUBE DATA
AND
WHAT IT MEANS

INTRODUCTION

OR some time, it has been felt that a primer devoted to the interpretation of terms most commonly found in pub-

lished data on tubes would serve a very useful purpose.

For obvious reasons, the explanations contained herein are in no sense definitions. Much time has been expended
in committee by various organizations for the purpose of defining terms to be used in literature devoted to radio. For
those seeking precise definitions, attention is directed to the “Standards On Electronics,” published by the I. R. E.

For the reader desiring a convenient and compact list of explanations confined wholly to the terms found in the
average tube data sheet and intended primarily to assist in making clear the intent of the various terms used, it is hoped

that this chapter will take the form of a handy reference.

FILAMENT VOLTAGE

‘The filament voltage given is the voltage to be
applied at the terminals of the tube.

In the case of tubes having bright tungsten filaments,
the value given represents the maximum. [f satisfactory
operation can be obtained, a lower value may be used with
increased filament life.

In the case of thoriated tungsten, or oxide coated
filaments, the filament voltage should be maintained as
closely as possible to the figure given.

THERMIONIC EMISSION

The thermionic emission value given represents the
total space current that can be drawn from the filament
at rated filament voltage.

This would represent the sum of the peak grid and
plate currents. When a filament is operated at satur-
ation the peak grid and plate currents reach the total
emission value.

TECHNICAL DATA
R-¥ Power Amplifier Oscillator
Class B Modulator
Number of Electrodes 3
Filament Voltage Per Strand 13.6 volts
Current Per Strand 8.5 amperes
Type Multistrand Tungsten
E.xcitation D-C, 1, 3, or 6% A-C
Thermionic Emission 35 amperes

Average Characteristic Values calculated at
Eb= 8000, Ib== 1.0 amperes, Ef==13.6 volts per strand

Main Use

Grid Voltage (approximate) 0 volts
Anplification Factor 42

Mutual Conductance 14000 micromhos
Plate Resistance 3040 ohms

Approximate Direct Inter-clectrode  Capacitances

Plate to Grid 29 mmf.
Grid to Filament 37 mmfi.
Plate to Filament 5 mmf.

Overall Dimensions
Maximum Length 5 15/16 inches
Maximum Radius 6 1/4 inches
Type of Cooling Water
Water Jacket Standard ur Federal
Type 1010.-C

[

Fig. 1. An tllustration of typical technical data, in this case
covering Federal type F-124-4

AVAILABLE THERMIONIC EMISSION

Because operation of thoriated filaments at satura-
tion tends to deplete the emission rapidly it is advisable
to limit the peak space current to some value lower than
the total emissive capability. Hence, a figure of available
thermionic emission is given.

This figure makes allowance for the above effect and
in addition takes care of the variation present in the
emission of thoriated filaments.

AVERAGE CHARACTERISTICS

If all tube characteristic curves were straight lines
the characteristics would be the same no matter where
they were taken. Since they are not, characteristics are
meaningless unless the point at which they are taken is
given.

This point is usually selected as a point which
gives results that are representative of the performance
under usual operating conditions.

AMPLIFICATION FACTOR

The amplification factor or Mu is the plate voltage
change required to give the same plate current change as
a unit change in grid voltage.

This would give the actual voltage amplification of
the tube if operated into a load of infinite impedance.

PLATE RESISTANCE

The plate resistance is the change in plate voltage
required for.a unit change of plate current with the grid
voltage constant.

MUTUAL CONDUCTANCE

The mutual or transconductance is the change in
plate current for a unit change in grid voltage with the
plate voltage constant.

At any giyen point these three characteristics are
inter-dependent according to the following relationships:

Mu Mu
== Rp;
Gm Rp

=Gm; Gm X Rp = Mu
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DIRECT INTERELECTRODE
CAPACITANCES

Direct capacitances are the capacitances measured
between the two electrodes in question with the remain-
ing electrodes grounded and the filament cold.

Obviously, the effective capacitances in a circuit
would differ from these values depending upon the other
circuit constants.

MAXIMUM RATINGS

Maximum ratings are those within which all tubes
of a given type should give satisfactory operation and
long useful life.

Since the actual limiting factors are not readily
ubserved by the user of the tube, the ratings are translated
into values that are usually known or can be readily
measured.

Each rating is independent of the others, that is, opera-
tion should be arranged so that none is exceeded even
though the other conditions may be far below the
maximum.

Since the relationship between the actual limiting
factors and the observable conditions varies with the class
of operation, a set of maximum ratings is provided for
each class for which the tube in question is suitable.

TYPICAL OPERATION DATA

Typical operation data is usually given for classes
of operation commonly used with a given type of tube.

MAXIMUM RATINGS
F-124-A Transmitting Tube

For maximum frequency of 20 megacycles

CLASS B AUDIO AMPLIFIER OR MODULATOR
D-C Plate Voltage 20000 volts
Max. Signal D-C Plate Cur. 5.0 amperes
Max. Signal Plate Input 30000 watts
Plate Dissipation 30000 watts

CLASS B RF POWER AMPLIFIER TELEPHONY

(Carrier conditions per tube for use with modulation
factor up to 1.0)

D-C Plate Voltage
D-C Plate Current
R-F Grid Current
Plate Input
*late Dissipation

20000 volts
3.5 amperes
50 amperes

60000 watts

46000 watts

CLASS C R-F POWER AMPLIFIER--TELEPHONY-—
PLATE MODULATED

¢ Carrier conditions per tube for use with modulation
factor up to 1.0)

D-C Plate Voltage 14000 volts
1)-C Plate Current 4.5 amperes
-C Grid Current 2.0 amperes
R-F Grid Current 50 amperes
Plate {nput G600 watts
Piate Dissipation 30000 watts

CLASS € R-F POWER AMPLIFIER AXD OSCILLATOR.
TELEGRAPITY
(Key-lown conditions per tube without modulation)*

1-C Plate Voltage 20000 volts
D-C Grid Voltage — 3000 volts

N-C Plate Current 7.0 amperes
D-C Grid Current 2.0 amperes
R-F Grid Current 50 amperes
Plate Input 135000 watts
Plate Dissipation 00U watts

“Modulation essentially negative, may he used if the positive
peak of the audlp frequ_er.:cy envelope does not exceed
115% of the carrier condition value.

Fig. 2. Maximum ratings usually appear in the form above.

TYPICAL OPERATING DATA
F-124-A Transmitting Tube

CLASS C, R-F POWER AMPLIFIER AXND
OSCILLATOR-PLATE MODULATED

(Carrier conditions per tube for use with a modulation
factor up to 1.0)

Filament Voltage 13.6 volts per strand
1-C Plate Voltage 12000 volts

D-C Grid Voltage 725 volts (approx.)
Peak R-F Grid Input Voltage 1425 volts (approx.)
D-C Plate Current 3.31 amperes

D-C Grid Current 0.061 amperes

Driving Power 37 watts (approx.)
Power Ontput 26200 watts (approx.)

CLASS B, R-F POWER AMPLIFIER
tCarvier conditions per tube for use with a modulation
factor up to 1.0)

Filament Voltage 13.6 volts per strand
D-(" Plate Voltage 17500 volts

D-C Grid Voltage 300 volts (approx.)
Peak R-F Grid Input Voltage 480 volts (approx.)
D-C Plate Current 2.1 amperes

D-C Grid Current ---0.02 ampere

Driving Power* 100 watts (approx.)
l.oad Impedance 2550 ohms

Power Output 13100 watts (approx.)

* At crest of A-F cycle.

Fig. 3. Typical Operating Data.

T'hese do not necessarily represent the optimum cenditions
of operation for any particular case.

These tables are included in published tube informa-
tion to serve as a guide in the selection of tubes for design
purposes.

DC PLATE VOLTAGE

The DC plate voltage is the plate voltage as read
on a DC meter at the tube.

It is necessary to allow for any drop that may exist
between the rectifier and the tube.

DC PLATE CURRENT

The DC plate current is the average value of plate
current as read on a DC meter in the plate circuit.

Unless otherwise specified the value given is for the
carrier conditions, that is with drive on but no modu-
lation.

MAXIMUM SIGNAL DC PLATE CURRENT

The maximum signal DC plate current is the aver-
age value of plate current with a sine wave signal on the
grid of value sufficient to provide the specified output.

This term is usually applied only to Class B or
AB audio operation.

ZERO SIGNAL DC PLATE CURRENT

The zero signal plate current is the steady value of
plate current with no alternating voltage on the grid
of the tube.

PLATE INPUT

The plate input is the product of the DC plate
voltage and DC plate current.

MAXIMUM SIGNAL PLATE INPUT

The maximum signal plate input is the product of
the DC plate voltage and the maximum signal DC plate
current.
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DC GRID VOLTAGE

The DC grid voltage is the DC voltage, usually
negative, used to bias the grid of the tube. This may be
obtained from a separate voltage source or from the drop
across a grid or cathode resistor.

R. F. GRID CURRENT

The R. F. grid current is the R.M.S. value of the
current through the grid terminal such as would be
measured with a thermal ammeter.

DC GRID CURRENT

The DC grid current is the average value of cur-
rent in the grid circuit as read by a DC meter.

In Class A applications where the grid is never posi-
tive with respect to the filament there may be a low value
of current flowing in such a direction that it would read
on a meter with the positive terminal connected to the
grid and the negative terminal connected to the cathode.
This current is usually called reverse grid current.

PLATE DISSIPATION

The plate dissipation is the difference between the
plate input and the tube output (obtained from adding
the circuit loss to the net output).

In the case of water cooled tubes, a fairly accurate
measurement of plate dissipation can be made by measur-
ing the water flow and temperature rise, making allow-

ance for the grid and filament dissipation, 100 per cent of
which may be assumed to be dissipated at the anode.

LOAD IMPEDANCE

The load impedance is the impedance presented to
the plate of the tube. In all cases of calculated operating
conditions the load is assumed to be purely resistive.

POWER OUTPUT
The power output is the product of the AC com-
ponents of plate voltage and plate current.

This figure is always somewhat higher than the
measured value of power output because of circuit losses.

DRIVING POWER

The driving power is the average power dissipated
in the grid of the tube and the biasing device.

In some cases this figure is much lower than the
power capability of the driving stage. The discrepancy
may be the result of either the high peak power required
in relation to the average or of the necessity to provide
a high voltage swing.

PEAK R. F. GRID INPUT VOLTAGE

The peak R. F. grid input voltage or grid voltage
swing is the peak value of the AC grid voltage measured
from the bias point.

This value is sometimes called the grid voltage swing.
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CARE AND OPERATION

OF

MERCURY VAPOR RECTIFIER TUBES

INTRODUCTION

ONCE properly installed, little attention is normally paid to the power supply of a radio transmitter. While
it supplies the basic energy required to operate the equipment, it does not call for constant surveillance.

It is recognized nevertheless, that by the exercise of reasvnable care and by following a few simple rules, certain

difficulties can be avoided and longer life obtained.

MERCURY VAPOR TUBES

Since most power supplies today consist of rectifiers
using mercury vapor tubes, the proper care of these tubes
is of first importance. In any event, these tubes require
periodic replacement and if as a result of proper treatment
this replacement can be postponed along with highly efh-
cient operation throughout normal life, this becomes
highly desirable.

The suggestions which follow, therefore, are intended
to convey a clear understanding of the operation and care
of mercury vapor tubes required to obtain optimum results.

INSTALLATION

A mercury vapor tube should always be mounted in a
vertical position with the filament connections down. In
this position, no filament sag will be experienced nor will
metallic mercury be deposited on the active elements of
the tube.

The mounting should be so arranged as to prevent
mechanical shocks or vibrations from being transmitted to
the tube. This prevents elements from shifting, seals from
being strained, and the cathode coating from becoming
loose. Any one of these conditions would reduce the life
of the tube.

Mercury vapor tubes are designed to operate between
certain definite limits of ambient temperature. This tem-
perature should be measured in the tube compartment at
a point opposite the filament base of the tube and approxi-
mately one foot away.

If this temperature exceeds the maximum for the par-
ticular type of tube, forced air cooling should be used.
For obvious reasons, the temperature of this should be
measured in the air stream before it reaches the tube. If
the ambient temperature is below the minimum limit for
satisfactory operation, heaters should be installed to raise
it to a point within the safe operating range.

Since most rectifiers employ more than one tube and as
in the case of most equipment of this type space is at a
premium, it is necessary to place the tubes quite close
together. If too little space is left between them, heat
radiation from one may be absorbed by the other, raising
the mercury temperature to a point beyond the safe limit
even though the ambient temperature is within the speci-
fied range. A safe minimum distance between tubes is six
inches and if possible, a still greater distance should be
allowed for the larger tubes.

TEMPERATURE CONTROL

In the lower curve shown in the accompanying illustra-
tion, it is seen that the space charge is dependent upon the
temperature of the mercury vapor in such a manner that
the space charge increases as the temperature decreases.
The heavy and comparatively immobile positively charged
mercury vapor ions normally do not contribute to the
space current. If the vapor temperature becomes so low,
however, that the space charge exceeds what is considered
a critical value of approximately 22 volts, the ions acquire
sufficient velocity in the direction of the cathode to
result in damaging bombardment to the oxide coated
cathode. This situation corresponds to a mercury vapor
temperature somewhat less than 15° C.

If, on the other hand, the mercury vapor temperature
is increased to avoid cathode disintegration, the effect of
such increased temperature on the so-called ‘“‘arc-back”
voltage must be considered. An arc-back is caused by
the inverse voltage to which the tube is subjected during
the non-conducting portion of the cycle.

The upper curve in the illustration shows qualitatively
the relation between mercury vapor temperature and the
arc-back voltage. This curve shows that as the tempera-
ture is increased beyond a point designated as the maximum
allowable temperature, the arc-back voltage decreases very
rapidly.

These curves do not have particular values of tempera-
ture or voltages noted since they are intended to apply
generally to all sizes of mercury vapor tubes. The limit-
ing conditions, however, can be taken from the published
data for any particular type of tube.

Mercury vapor tubes when used to furnish power to a
radio frequency transmitter should be shielded from the
radio frequency field. This field may be produced by
direct radiation or by conduction back through the leads.
Ionization of the mercury vapor by the radio frequency
field may have an undesirable effect upon the cathode, but
more important is its effect in reducing the value of inverse
voltage that the tube will withstand.

Mercury vapor tubes should not be mounted so that
the glass is in contact with metal nor should the glass be
subjected to any spray or to drops of liquid of any kind.
This localized cooling of the glass may develop strains
which will ultimately crack the bulb and cause failure
of the tube.
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TUBE PROTECTION

The mercury vapor rectifier is essentially a high speed
switching device which in its simplest form provides a
closed circuit to forward current and an open circuit to
inverse current. It differs from the high vacuum device
in that there is no throttling action or in other words the
voltage drop across the tube bears very little relation to
the current through it.

It can thus be seen that on overloads the current through
the tube is limited only by circuit resistance and not by
any compensating action of the tube. It is necessary,
therefore, to provide overload protection of such nature
as to prevent the current through the tube exceeding the
published maximum surge current allowable for the par-

a simple task without the aid of an arc-back indicator.
It is recommended that an arc-back indicator be installed
in series with each anode lead to identify the faulty tube
in the event that arc-back difficulties are encountered.

For maximum cathode life, rectifier filaments should be
maintained at constant rated voltage. This voltage should
be maintained at the terminals of the tube. When the
rectifier is in operation, the filament circuit is at a high
potential above ground, and it is dangerous, therefore, to
install a voltmeter at the tube terminals. A third or
voltmeter winding on the filament transformer furnishes
a means of checking filament voltage and the relationship
between the voltage read here with actual tube terminal
voltage may be determined at a time when there is no
anode voltage applied

ticular type of tube.

— TEMPERATURE - VOLTAGE CURVES. —

to the rectifier.

Mercury vapor tubes
are given average cur-
rent ratings which
specify the highest av-
erage current that may
be carried without dam-
aging the emitter or
overheating the parts.
Such ratings are al-
ways dependent upon
certain specified limits
of ambient tempera-
ture, but this has al-
ready been considered
under the foregoing
suggestions for installa-
tion.

Overcurrent protec-
tion may be accomplish-
ed by the use of high
speed overload relays
which act to open the
primary circuit. Pro-
per protection is ob-
tained when the follow-
ing relays areemployed ;
(1) Instantaneous ov-

—fee INCRE ASE VOLTAGE

OPERATING

o R

SPACE CHARGE VOLTAGE & ARC BACK VOLTAGE

;
S

The initial current
when starting may be
large because of the low
“cold resistance” of the
filament and the me-
chanical stress caused

NOTE = by this rush of current
SPACE CHARGE AND ARC .
BACKVOLTAGE ONVERY | W2 seriously damage

the cathode coating. It
is advisable to limit this
starting current to a
value less than 200 per
cent of rated current.
This may be done by
current limiting react-
ors or resistors which
are ultimately shorted
out or by the use of
special high reactance
filament transformers.

DIFFERENT SCALES.

The filament starting
circuit should be so ar-
ranged that the fila-
ments are allowed to
rise to full operating
temperature before the
anode voltage can be

ercurrent relays in the
primary supply line
which, in a three phase
system, are placed in

—p= INCREASE TEMPERATURE
TEMPERATURE OF MERCURY VAPOR

applied. Operation at
low cathode tempera-
ture may seriously dam-

two of the three phase
leads to insure operation when any one phase of the pri-
mary is overloaded, (2) an instantaneous overcurrent
relay in the grounded side of the output (D. C.) circuit
to operate at an instantaneous value of current below the
rated maximum surge current, and (3) a time delay over-
current relay in the grounded side of the output circuit
to operate on continued overload or to protect the tube
from passing current in excess of its maximum average
current rating for any appreciable period of time.

If in a bank of mercury vapor rectifier tubes, one tube
should fail even momentarily, in the inverse direction, the
excess current through the other tubes may sputter active
cathode material upon the anodes of these tubes, causing
some of them to arc back. If the offender can be elim-
inated immediately, probably no permanent damage will
result in the other tubes. This, however, is not always

age the active cathode
material. An adjustable time delay relay operating from
the filament primary power supply and having a set of
contacts in the series with the start circmt of the anode
voltage supply will insure proper cathode temperature
before the application of anode voltage.

If it is necessary to decrease the heating time to 2 mini-
mum, the time delay necessary for the particular installa-
tion may be determined in the following manner. With
the tube in the actual circuit under consideration, a D. C,
voltage of at least 45 volts is connected between anode
and cathode in series with a resistor sufficient to limit the
current to .3 ampere. The anode is connected to the
positive terminal of the D. C. voltage source and a volt-
meter is connected between anode and cathode. The
filament supply switch is closed, and assuming that the
tube was cold at the start, the time required for the D. C.
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voltage drop across the tube to reach a constant value is
noted. This time is measured for each of the rectifier
tubes and the longest time measured is increased by so
per cent to give the shortest possible delay period per-
missible for the particular installation.

OPERATION

In the event of failure of rectifier tubes, it is important,
for obvious reasons, that spare tubes be in such condition
that they may be placed in operation as quickly as possible.

New tubes as received will probably have deposits of
mercury on the active elements because of handling during
shipment. These deposits reduce arc-back voltage con-
siderably and the installation of such a tube in a rectifier
might cause serious trouble and delay.

The new tube should be given a conditioning treatment
after which it should be mounted in a rack in its operating
position. If for some reason the tube is later handled in
such a manner as to again deposit mercury on the active
elements, the treatment should be repeated.

The treatment prescribed in the following paragraph is
intended particularly for new tubes which are to be placed

in operation for the first time, but it is suggested that this
treatment be applied also to new tubes not placed in im-
mediate service, and that the treatment be repeated every
three months on tubes held in storage. The same treat-
ment applies also where a tube has been operated improp-
erly and shows a tendency to arc-back, since its condition
may be much improved thereby.

The filament must be lighted at rated voltage for 15
minutes without any applied plate voltage in order to
properly distribute the mercury in the tube. The supply
voltage should be reduced to give a peak inverse voltage
of approximately 4,000 volts, the high voltage primary
circuit closed and the rectifier operated for 5 minutes,
after which the output potential should be increased grad-
ually during a 15 minute period to obtain the normal
operating value.

_ If the equipment does not permit of this procedure, the
full plate voltage should be applied intermittently until
the tube operates normally. If the tube gives evidence
of flashing, the treating period should be prolonged so that
stable operation may be obtained without injury to the
tube. Operate the tube under normal conditions for 15
minutes,
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PROPER CARE OF
METAL TO GLASS SEALS

INTRODUCTION

Al first thought, it may seem that the subject of metal to glass seals would hold no more than academic interest to
the user of vacuum tubes. On the contrary, however, a basic understanding of the nature and limitations of these

seals may contribute materially to satisfactory operation.

HIGH VACUUM SEALS

In transmitting tubes as in all electrical high vacuum
devices, some means must be provided to conduct currents
and apply potentials to electrodes within the vacuum.
Obviously, such conductors must be applied in such man-
ner that they are permanently vacuum tight.

Because of its natural properties, glass is widely used
as all or part of the envelope in transmitting tubes and
it follows, therefore, that it must become necessary to
devise means of passing metallic conductors through or
sealing metal parts to glass.

The art of sealing metal to glass is not new. Long
before any scientific data upon expansion coefficients and
surface “wetting” characteristics was made available,
skilled glass workers were able to make devices involving
glass and metal sealed together.- It may be said even
today that the working of glass and metal together is more
of an art than a science. Perhaps it should be added that
the greater part of the scientific data on this subject avail-
able today was derived from studies of technique that
had proved successful before all the principles involved
were thoroughly understood.

ADHESION

The fundamental requirement of a metal to glass seal
is that the glass must “wet” the metal. Putting it another
way, the glass must flow out in a thin adherent sheet
rather than collect in a globule. In the strictest sense,
glass will not “wet” a pure clean metal surface. If the
surface is oxidized, however, the glass will “wet” it and
form a seal.

One of the first successful glass to metal seals was
made with platinum. It was believed that platinum
would seal to certain glasses without the aid of an oxi-
dized surface. Present day knowledge, however, leads to
the belief that the seal is the result of the presence of a
very stable layer of oxide on the surface of the platinum.

It should be pointed out here that merely to oxidize
the surface of the metal is by no means the only require-
ment to make the glass “wet” it and form a seal. The
oxide must be correct chemically (most metals have sev-
eral oxides) while physically it must be in the form of a
thin, smooth, adherent layer.

‘I'hus we arrive at the true nature of a metal to glass
seal. The glass adheres to the oxide by dissolving a por-
tion of its surface and the oxide in turn adheres to the
metal by the nature of that particular oxide and its method
of formation. Consequently, the metal oxide provides a
cement bond between the metal and the glass and this
principle applies to all classes of seals.

EXPANSION

Having provided the bond there remains the problem of
providing for expansion and contraction. This leads to a
division into two major classifications, namely, (1) seals
in which the materials have similar coefficients of expan-
sion, (2) seals in which flexibility is provided in the
metal to allow for a differential in the expansion coefhi-
cients.

Common examples of the first group are the lead-in
wires used in lamps and vacuum tubes brought in through
presses or button seals. In the second type are found the
familiar copper to glass seal used for anodes in water
cooled tubes and in some cases grid and filament leads
as well.

Under the first classification the seal most generally
used in transmxttmg tubes i is made between tungsten and
“hard glass”. Among the “hard glass” formulas there
are several which will seal to tungsten. The expansion
curves of some of these are shown in Fig. 1. It will be
noted that they all have one common characteristic—the
coefficient of expansion changes with rising temperature
causing the line to curve upward. As the expansion
curve for pure metals is nearly a straight line, obvrously
the requirement of identical coefficient of expansion s
impossible to attain. Nevertheless, practical seals can
be made if the difference in expansion does not create a
stress greater than the tensile strength of either the glass
or the bond. This compromise places limitations on the
size of tungsten that can be sealed through glass. Tungsten
rod up to 0.125 in. in diameter can be used commerLiall)
without special technique and up to 0.250 in. in diameter
when specral precautions are observed. Sizes in excess
of 0.250 in., however, would not be considered commer-
cially successful.

TEMPERATURE

Further examination of Fig. 1, discloses that at the
higher temperatures the curves diverge sharply. Where
this divergence becomes marked, excessive strains are set
up which will cause rupture of the seals, thereby placing
an additional limitation on the use of such seals. In other
words, there is an upper temperature limit which must
not be exceeded.

This upper temperature limit is not imposed by me-
chanical stresses alone. The bond between the glass and
tungsten will be destroyed if maintained at high tempera-
tures for long periods of time.

Fortunately, most applications do not require tem-
peratures above the safe limit or it is possible to so design
the entire device that the seals are located in comparatively
cool areas. With the increased use of larger transmitting
tubes and more stringent service required by them it
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Fig. . THERMAL EXPANSION OF SELECTED METALS AND GLASS.
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sometimes proves necessary or advisable to provide arti-
ficial cooling.

ARTIFICIAL COOLING

There are several precautions which should be observed
when artificial cooling is used. Care must be exercised,
for instance, to make certain that the glass is not chilled
or cooled unevenly. In Fig. 2, is shown a method of cool-
ing the stem of a water cooled tube. Since the source
of the heat is within the tube and the heat is applied to
the inside surfaces by radiation and conduction along the
lead wires, it is obvious that a high temperature gradient
may be created if excessive cooling is applied.

Glass is a relatively poor conductor of heat. If too much
cooling is applied, therefore, in the upper glass portions of
the tube a strain will be set up in the region designated by
“x”. In order to avoid this possibility it is necessary to
keep the air blast between certain limits. If the arrange-
ment of Fig. 2, is used, the air blast to be effective should
be at least three cubic feet of free air per minute and
should not exceed seven cubic feet per minute. These
limits are based upon delivery through a tube or hose
with a one-quarter inch inside diameter. A jet should

not be used.

J

Fig. 2. Method of Air Cooling Filament Seal.

Conceivably, the question may arise as to when air cool-
ing is advisable. To a great extent this will depend upon
the individual installation. If there is any evidence of
destruction of the bond between the glass and metal, cool-
ing 1s, of course, advisable. Destruction of the bond may
be detected by examination of the lead wires through the
glass. Deterioration is indicated by the change from the
gold or bronze color to a dull, sooty black.

ALLOY SEALS

Within the past few years developments have taken
place in the use of alloy metals having a marked curva-
ture in their expansion characteristics. (See Fig. 1.) This
curvature matches that of certain glasses very closely,
thus practically eliminating the problem of differential
expansion. Bonding technique and limitations in this
case are similar to those which apply to tungsten.

COPPER TO GLASS SEALS

Glancing again at Fig. 1, it becomes apparent that the
expansion coefficient of copper differs so widely from that
of glass that rupture would be certain unless some flexi-
bility were provided. The high ductility and low yield
point of copper make it possible to fulfill the condition
that stresses from expansion and contraction must not
exceed the tensile strength of the glass.

This is true only if the copper is moderately thin where
it comes. in contact with the glass. The thin copper
required results in a certain amount of mechanical weak-
ness and while the copper seals used in transmitting tubes
today are sufficiently rugged to withstand normal hand-
ling and usage, they may still be said to be the weakest
point on the exterior of the tube.

In order to make a successful copper glass seal the cop-
per must be specially selected. The “oxygen free” or
“deoxidized” forms are the best suited for this purpose.

Small quantities of oxygen in copper tend to modify the
crystal structure of the metal in such a manner as to
materially reduce its ductility. As the permanence of the
seal is dependent upon the yielding of the copper during
expansion and contraction of temperature cycles, it is
obvious that its ductility should be maintained as long as
possible.

Copper that is not free from oxygen will rapidly become
brittle and tend to fracture when subjected to repeated
deformations.

In addition to the mechanical effect of temperature
cycles on copper seals, sustained high temperatures will
tend to destroy the bond. Fortunately, there is a visible
indication of excessive temperature. The seal will change
color. As excessive temperatures are approached the
normal red color will become greenish, progressinz to a
sooty black. The greenish stage may represent the safe
limit of operation. This applies particularly to internal
seals which aré not required to hold vacuum.

Generally speaking, external seals should not be operated
at temperatures such that any change of color is notice-
able. If such conditions should be unavoidable an air blast
similar to that described above is advisable.

Little concern need be given to the temperature of the
common copper glass seal between the envelope and anode
of water cooled tubes. Here the thermal conductivity of
the copper is sufficient to keep the seal at a safe tem-
perature when adequate cooling is applied to the anode.
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