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anodes, and one’s next thought is to connect a number of
anodes in parallel. This is not practical, however, because
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‘a= Bulb.
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¢ = Transformenr,

d= Primary Coils.

F1a. 77.—Single-phase Glass Bulb Rectifier, with Tapped Auto-
transformer, for 20-60 Amps.
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Fia. 78.—Connections of Hexaphase Rectifier using Transformer
and Two Three-phase Bulbs.

only units with a rising characteristic can be connected in
parallel, so regulating resistances or choking coils must be
used for each anode, and thus losses are caused. It is simpler
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to increase the number of phases at the same time as the
number of anodes. With six phases the current passes

Rectifiert, ] Rectifier 2.
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Fic. 79.—Hexaphase Rectifier Installation. Two Glass Bulb
Rectifiers in parallel.
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F1a.80.—Connections of 5-10 amps. Accumulator Charging
Rectifier.

through each anode during only a sixth of each period, and
since the voltage drop in the rectifier is independent of the
current strength, the evolution of heat in each anode arm
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is only a sixth of that which would be produced by a con-
tinuous current of the same strength. But the heating of
the conductors and transformers is a different matter. If the

rectified current is 1,000 amperes and there are six phases

1,000 .
amperes in

present, there will be a mean current of

each phase. But the heating of a conductor which experi-
ences 1,000 amperes for a sixth of a period and zero current
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for the rest of the time is six times as great as that of a con-
1,000

ductor carrying a continuous current of amperes.

Therefore the transformer and all the conductors must have
the dimensions necessary for carrying a current of i/n where
n is the number of phases. d
If a choking coil is inserted in front of each anode, the
advantage is obtained, besides that of a rising characteristic,
of having the time of current flow greater than the time of
one phase (cf. p. 121). The heating of the conductors and
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transformer is therefore smaller than that corresponding to
the expression above. For this reason the A.E.G. fit their
large rectifiers for 1,500 amperes with six-phase circuits and
twelve anodes, so that every two anodes are connected in
parallel with the same choking coil and the same phase.
The parallel anodes are arranged opposite to each other in
the chamber, so that two diametrically opposite arcs rotate
in operation inside the rectifier chamber.

The curve forms obtained with different leads, as well as
the processes at excitation and the equations determining
these phenomena, have been completely treated by F.
Kleeberg ‘‘ Der Quecksilber Dampfgleichrichter der Glastype,
seine Theorie und praktische Ausfiihrung,” E.T.Z. 1920.

The Siemens-Schukert-Werke have given a very clear
summary of the current forms obtained in glass-bulb recti-
fiers without the use of a choking coil and of the relations
between maximum R.M.S. and mean values. This is repro-
duced in Fig. 81. The numbers given approximate more
and more to unity as the inductance of the choking coil in
the anode branches, or D.C. circuit, is increased.



CHAPTER XV

Commercial Types of Metal-Cased Rectifiers

B.B.C. Rectifiers

The firm B.B.C. use a seal of asbestos and mercury.
Asbestos sheets are placed between the parts to be joined
and are screwed down under great pressure. Mercury is
poured on top of the asbestos to a few centimetres depth.
Such a seal is unexceptionably vacuum tight. It might be
thought that if one could succeed in making the vacuum
chamber, including the electrodes and insulators, completely
free from pores and fissures and then bake out sufficiently
with a big load, the vacuum would be permanent.

Unfortunately it is not so. As already mentioned, iron
can dissolve large quantities of air. The dissolved air diffuses
in the iron from the places of greater to those of smaller air
concentration. If therefore there is air at atmospheric
pressure (or what amounts to the same thing, cooling water
containing air) on one side of an iron plate and a vacuum on
the other, there will be a permanent, although very small,
diffusion of air into the iron, which becomes saturated with
air to a fixed degree. Still the disturbance is small. Accord-
ing to information given by the B.B.C., large rectifiers in
steady commercial operation show only an inappreciable
fall of vacuum after many months.

In this lies another great disadvantage of iron in compari-
son with glass. The solubility of air in glass is extraordi-
narily small. A glass rectifier can keep a vacuum unaltered
for many years, but a completely sealed iron rectifier cannot.
This is the second reason why it is recommended that recti-
fiers should never be allowed to stand unused for long periods.
On starting up because of the heating the walls of the vessel
suddenly give up great quantities of air with which they

186
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have become full during the period of rest. Even the best
sealed iron rectifier cannot dispense with the air pump.
A further difficulty is that iron sheet is seldom free from
pores. While it is easy to trace the big pores which quickly
bring down the vacuum, it is hopeless to look for the small
ones, which only allow appreciable quantities of gas through
in a week, Such troubles are capricious. One rectifier is
completely free from them and keeps its vacuum per-
manently, while another must be pumped out from time to
time.

The vacuum vessel in the big rectifiers of Brown, Boveri
and Co. consists, as shown in Fig. 82, of a big cylindrical
vessel below with a smaller one placed on top. It is made
of welded sheet metal with horizontally attached flat steel
plates. The bottom cylinder is the actual rectifier space. The
upper serves as a cooling chamber. The cover of the work-
ing cylinder is easily removed, and carries the iron anodes,
the bottom one carries the mercury cathode. A vacuum of
-01 mm. Hg. is kept up in the working cylinder by a high
vacuum pump. In the earlier rectifiers the anodes were
enveloped by porcelain cups to prevent the arc passing over
on to the walls of the container and thus easily producing
back-starting. On account of the difficulties experienced
with porcelain, which often cracked at high temperatures,
sheet-iron tubes held in a short porcelain insulator have
recently been used in place of the porcelain cups. The
insulator is then no longer in contact with the hot arc
gases. Fig. 83 shows the new construction. The condens-
ing cylinder, operating vessel and sealing surfaces are cooled
by running or circulating water in special cooling jackets.

Should the rectifier be used with strongly varying, very
low or temporarily suspended loads, it is maintained by
special auxiliary anodes (in the same way as the glass-
bulb rectifier, see p. 165). This, however, may only be
done if the intervals between operation do not exceed about
half an hour, since as the rectifier cools down the percentage
of foreign gas (expelled previously by the strong heating)
greatly exceeds that of the mercury vapour, and conse-
quently causes back-starting (vide, p. 162). 1t is therefore
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safer when long interruptions are made to leave a small
permanent useful load on the rectifier, sufficient to keep up
the necessary mercury vapour pressure. After long complete
disconnections it is strongly recommended that the rectifier
be evacuated for some time, before connecting into circuit,
in order to remove foreign gases.

The B.B.C. build rectifiers in three standard sizes. The
anodes of the biggest type are water cooled, the anodes of
the high-voltage type are air cooled. The smallest type has
generally no anode cooling. Big current strengths are

F16. 82.—B.B.C. Metal-cased Fra. 83.—Construction of
Rectifier. Anode in B.B.C. Rectifier.
obtained by the parallel connection of a number of rectifiers.
The B.B.C. have already been successful in putting 3,000
volts D.C. rectifiers into practical operation.

A.E.G. Rectifiers

The large rectifiers of the A.E.G. differ chiefly from the
B.B.C. rectifiers in their external construction. In order to
prevent the troublesome wandering of the arc from one
anode to another, the A.E.G. (following the General Electric
Co.) originally made a radical innovation. They put each
anode into a special vessel, which then, of course, needed an
auxiliary D.C. arc. After this procedure was seen to be too
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far going, they- put their trust in the design of the glass
rectifier and put each anode in a special iron arm out of the
main vessel. Since in this way the upper part of the glass
vessel was freed from the arc, it was made into a condensa-
tion chamber. For this purpose a pot-shaped cover was used
that was filled with cooling water. This water had to be
renewed every twenty-four hours, and always kept the main
vessel cool.

A few years ago the A.E.G. big rectifier was reconstructed
and received the form shown in cross-section in Fig. 84, and
in three dimensions in
Fig. 85. The rectifier eglles
chamber has the form . G oy
of a shallow double JE%
cone with welded tubes
on top for the recep- — |
tion of the anodes, and E{§ e 1, b
a welded flange for (T
‘the cathode at the : >
apex of the lower cone.
The shell contains
the mercury for the
cathode. Alljoints are
autogenously welded.
The openings in the
chamber are stopped
up by porcelain insula-
tors in combination
with lead seals. The porcelain insulators, as also the
supporting surfaces of the tube flanges and the anodes, are
ground smooth and have a ring-formed grooved-shaped
depression in the middle. Round the inside and outside of
these grooves are imbedded lead rings, and on top of these
are thin aluminium rings. The seal is pressed together at
high pressure by means of very strong levers. The soft
lead completely clings to the surfaces. The aluminium rings
prevent the lead from reaching the vessel itself. The air
penetrating from outside must pass the grooves and is there
sucked off by the fore-vacuum that is evacuated with the

Fia. 84.—A.E.G. Rectifier for 500 araps.



Fi¢. 85.—EXTERNAL APPEARANCE OF A.E.G. RECTIFIER.
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same pump as the principal vacuum. The fore-vacuum has
a large volume so that the penetrating air can only slowly
cause the fore-vacuum to deteriorate.

This arrangement also offers the possibility of testing the
tightness of each separate sealing place without dismantling
the rectifier. For this purpose the individual seals that are
not to be tested are shut off by small lead linings, so that
only the seals to be tested are in connection with the pump
and vacuum gauge.

The iron anodes have cooling fins at their top ends
outside the vessel. The anodes are so disposed that they
cannot be directly struck by the cathode rays. In order to
increase the security against this they are partly surrounded
by quarter cylindrical safety shields, so that the arc must
describe an exceedingly curved path.

The A.E.G. therefore, like the B.B.C., shut in the positive
column in a special channel. But they do not use an
insulated cylinder for this channel, as do the B.B.C., but
the container itself. The risk of back-starting, by the
cathode spot passing over to the container and then wander-
ing on to the anode, is consequently not quite so certainly
obviated. The effective middle part of the cathode, at
which the cathode spot exists, is screened from the con-
tainer by an asbestos cylinder, in a similar fashion to the
anode.

The chamber b forms a cooling jacket for the efficient
removal of the heat developed. The circulation of the
cooling water takes place through the glass tube E, through
which the water flows as a stream of drops so that there is
no direct connection between the container and earth. The
cooling water is fed to the cathode through the tube f. The
temperature of the water should not exceed 38° C.

The mechanism G is for the excitation of the rectifier.
It consists of an iron rod reaching down to the surface of
the cathode. This iron rod is connected to the positive pole
of a small exciting dynamo and the cathode to its negative
pole. By switching on the excitation converter an arc is
formed at this auxiliary anode and the cathode spot is
produced.
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In addition in order to facilitate the starting up of the
rectifier an auxiliary resistance is provided with which the
rectifier can be put into operation without the bush bars being
connected in. It is so adjusted that the rectifier is loaded
with the minimum current density necessary for the working
of the anodes. It is expedient to put this auxiliary loading
resistance in parallel when small loads up to 12 amperes are
being drawn. With very variable loads that may decrease
to zero it is recommended that the auxiliary exciter should
be kept going.

8.8.W. Rectifiers 4

The S.S.W. have departed in many ways in the construc- -
tion of their rectifiers from that of the B.B.C. and the A.E.G.
They make types for 350, 600 and 1,000 amperes. They use
wide rubber rings as sealing material. These are pressed,
similarly to the lead rings of the A.E.G., between the
insulator and container on the one side and the electrode on
the other. Instead of a lead-protecting aluminium ring they
use a similar ring of an undescribed metal which diminishes
the escape of gas from the rubber discs.

Since rubber is much more sensitive to high tempera-
tures than lead or asbestos, the seals must be more rigorously
cooled. This is achieved partly through good external air
cooling, partly by cooling the anodes, from which the greater
part of the injurious heat is evolved, in oil. This oil is in turn
cooled by the cooling devices fitted to each anode. Another
difference of construction in the rectifiers of the S.S.W. is
that a mercury vapour pump is connected in front of the oil
pump, instead of using the oil pump alone. Because of the
great capacity of the mercury pump the S.S.W. consider
that the sealing question is no longer the chief problem of
the rectifier. Recently other firms have also changed over
to the mercury vapour pump combination to improve the
vacuum.

The S.S.W. put three exciting anodes, as is usual in glass
rectifiers, in their big rectifiers. These are fed from a second
winding of the exciting transformer through a choke coil.
The transformer supplies 12 amperes at 60 volts D.C. and
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uses a total of 1 kw. The auxiliary excitation current can
be switched over to the heating resistance of the mercury
vapour pump and thus be made of use.

The cathode is insulated from the lower part of the con-
tainer by a high porcelain ring. It is cooled by water, which
is supplied through rubber tubes about 1 mm. long, for its
better insulation. If there is no badly conducting flowing
water available, recourse must be made to a circulatory
cooler. The cathode, and therefore the positive pole of the
D.C. arrangement, is connected to earth to facilitate the
insulation. Moreover, there is a special cooling chamber
between the six anodes; this reaches up to the neighbour-
hood of the vapour that mounts up from the cathode, and
thus helps in the cooling of the walls. This cooling water-
tank is constructed on the bed plate of the rectifier vessel ;
this bed plate also carries the accessory apparatus and
mercury vapour pump. Observation windows enable the
inside of the rectifier to be inspected during operation.

Excitation is carried out by dipping and withdrawing an
exciting anode into the cathode mercury by a magnet coil.
The connections of the big rectifier of the S.S.W. are naturally
not appreciably different from those of other makes.



CHAPTER XVI

Miscellaneous Types

The Argonal Rectifier

The ordinary mercury vapour rectifier has the disadvantage
for low current work that it goes out as soon as the current
falls below 2 to 3 amperes, and must be started again by tilting
or shaking. The procedure indicated of making its opera-
tion independent of the load, and therefore reliable, by fitting
it with two auxiliary anodes connected to a special small
transformer is uneconomical, since the energy consumption
can scarcely be decreased below 100 watts. Fortunately,
however, there is another and more elegant way. According
to the formule given in the theoretical section the normal
cathode fall in argon with an alkali cathode is 64 volts.
With increasing voltage the strength of the glow current
grows rapidly till with small separations between the elec-
trodes and a few hundred volts P.D. it can be expected quite
surely to change into an arc. It is not necessary that the
cathode should consist of pure alkali metal; a mercury
cathode containing a small percentage of alkali metal is
sufficient for the purpose. Because of the ease with which
such an arc is excited at this cathode, rectifiers constructed
on this principle will remain in operation down to currents
of -1 — ‘3 ampere. Rectifiers of this kind are made com-
mercially by the Deutsche Telephonwerke under the name of
the “‘ Argonal Rectifier.”” They contain a mercury cathode
with a quantity of added alkali, insufficient to attack the
glass, and the usual carbon anode, and are filled with argon
at a very low pressure. An exciting anode in a special arm
is connected to a separate winding on the rectifier trans-
former. This winding supplies 600 volts, and consequently
causes certain excitation in each permeable phase. The

E.R. 193 o
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necessary current strength is only 50 milliamperes. As soon
as the arc is struck, a relay disconnects the exciting electrode
and connects it again as soon as the arc goes out.

The voltage drop in the rectifier amounts to 15 volts with
small types, according to the makers. The life of the recti-
fier is very great and should reach 10,000 working hours.
The circumstance that excitation is facilitated by the use of
the alkali and argon also means that back-starting occurs
at much smaller voltages than with the mercury rectifier.
This fault, however, can be corrected by the use of narrow
repeatedly bent anode arms. In this way voltages up to
700 volts have been successfully rectified.

A real advantage of Argonal over pure mercury rectifiers
is that the presence of the argon prevents the existence of
high over-voltages in the rectifier. They equalise themselves
through the rectifier before they have reached high values.
The Argonal rectifier works in a softer state than the mercury
vapour rectifier. The chief use for this rectifier is for small
currents as used for the operation of relays, magnets, small
motors and small plating baths. The rectifiers of the
Deutsche Telephonwerke are therefore built for maximum
current strengths of 3 to 6 amperes and D.C. voltages of
28 to 200 volts. Recently, however, this firm has also given
attention to the production of bigger types for higher voltages
and currents of many hundred amperes.

The Wehnelt Rectifier (Physical Theory, pp. 33 to 35)

The Wehnelt rectifier is produced by the Akkumulatoren-
fabrik A.-G. Berlin-Oberschéneweide chiefly in two types for
high and low voltages, and is used by the German post office
administration in increasing quantities. The low-voltage
type is principally suited for the trickle charging of accumu-
lators, in switching and protective gear, in emergency light-
ing, telephone exchanges, for the charging of portable
accumulators and other purposes.

They are arranged for D.C. strengths of 0-3, 6, 10, 20 am-
peres for connection to 110 or 220 volts D.C. On the D.C.
side they supply 35, 80 or 110 volts, according to the ratio
of the transformer.
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The most important component parts are, the trans-
former disposed at the bottom, which also supplies the heat-
ing current for the thermionic cathode by means of a
special winding, and the Wehnelt bulb, with two or three
anodes for single-phase or three-phase A.C. Directly under-
neath the thermionic cathode is a small exciting electrode,
which is connected by a silite resistance to an anode. As
soon as the rectifier is, switched on the sharp voltage drop
between cathode and exciting anode produces ionisation in
the neighbourhood of the cathode. This reaches the anodes
almost instantaneously and starts the current flowing. The
anodes are made of the purest iron possible. Iron containing
carbon is liable to form inflammable growths which seriously
decrease the life of the lamp. Since these growths take place
at the edges, the anodes are rounded off as smoothly as
possible.

The glass bulbs of the low-voltage type are filled with
argon at a pressure of a few millimetres. The life is about
800 hours, and is limited by the slow disappearance of the
oxide on the cathode and of the gas. The makers will take
back the bulb when exhausted in order to recover the
iridium.

The high-voltage type is shown in Fig. 86. 1t is manu-
factured in three types, which all supply a current of
1 ampere and have two arms for single-phase and three for
three-phase current. They are filled with pure neon at a
low pressure. As Fig. 86 makes clear, the glass wall is
pressed as close as possible to the anode and constricted
directly below it in order to make the formation of a glow
discharge in the impermeable direction as difficult as
possible, so that the discharge remains limited to a
part of the front surface of the electrodes. A special
excitation anode is not necessary when high voltages are
rectified.

The glass bulb on the right of Fig. 86 possesses a Bauer
regeneration valve by which, after about 200 hours of opera-
tion after the original gas-filling, air can be let in by a strong
force on a rubber ball or by an air pump. This regeneration
can be carried out many times. If, however, each con-

o2
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striction in the arms shows a green light it means that too
much air has been let in and the voltage must be lowered
until enough gas has been used up to bring the valve back
to its original impermeability.

The life of the valve is finished when no current passes in
the permeable direction in spite of a brightly glowing oxide
film and an applied potential of 6,000 volts. But even if
there is sufficient gas present, as is ensured if a drop of
mercury be added to the argon so that there is at least a
pressure due to the mercury vapour (-015 mm. at 50° C.),
the bulb may appear to be exhausted. This is a case of what
is called a pseudo high vacuum.

Such a pseudo high vacuum is caused by electrostatic
charges on the inside of the glass container. These charges
prevent the electrons from reaching the anodes in the side
arms and thus interrupt the flow of current. The electrons
will be sent out from the cathode towards the anode along
the field lines (many of which pass outside the vessel). On
their way the electrons produce ions by collision, and these
positive ions neutralise the negative space charge so that a
big current flows. But the electrons will strike the walls of
the vessel in following the field lines, and will form a negative
charge there of a kind which will not be neutralised by posi-
tive ions, since these travel towards the cathode. Ordinarily
such charges are conducted away by the water film that is
always present on a glass surface, but in the course of working
this water film is partly covered up by, and partly reacts
chemically with, the oxides deposited by the Wehnelt
cathode. The charges are then no longer conducted away,
and they grow until finally they prevent the passage of
the electrons into the side arms. A pseudo high vacuum
results.

The regeneration of the rectifier by the Bauer valve is
therefore partly due to the entrance of moisture with the
air. This moisture can form a new water film.

The efficiency of the valves is controlled directly by their
voltage drop of 17 to 30 volts, and is therefore only moderate
if 35 volts D.C. are required ; on the other hand, it reaches
99 per cent. when 3,000 volts D.C. are produced. If the
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rectifier is used without smoothing apparatus the wave
form of the current supplied has a very pronounced ripple.
For many purposes, as, for instance, in accumulator charging,
this causes no trouble ; in other cases, such as the direct
connection of a telephone plant to A.C. mains through a
rectifier, the ripples are completely smoothed out with-
out difficulty by a combination of capacities and induct-
ances.

On account of the long narrow arms the exciting voltage
of the Wehnelt rectifier is much higher than the operating

ANV ANANYAY
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Fie. 87.—Oscillograms of Voltage between Anode and Cathode of
Wehnelt Rectifier supplied with 1,500 volt. A.C.

voltage, as is shown by the oscillograms in Fig. 87. The
Wehnelt rectifier is manufactured exclusively in Germany.

The Argon-filled Tungsten Rectifier

The General Electric Company of U.S.A., and other firms,
have placed a thermionic rectifier, with a tungsten cathode
and an argon filling, on the market. While the Wehnelt
rectifier works in argon at a pressure of about 1 mm., it is
necessary, with the use of the tungsten cathode, to raise the
pressure to several centimetres. Otherwise the tungsten is
rapidly disintegrated and a life of any practical use cannot be
attained. A further difficulty with this so-called *“ Tungar
rectifier, and one not shared by the Wehnelt and alkali
rectifiers, is that special chemical agents must be provided
to remove the residual gases which are liberated during the
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discharge and are very injurious to the tungsten filament.
If this is not done the tungsten wire quickly burns out. In
the alkali vapour and Wehnelt rectifiers the residual gases
are removed by the vaporising material of the cathodes
without causing any harm.

The Tungar rectifier is usually manufactured only for half-
wave rectification, and has two thermionic electrodes, one
of which serves as an anode and which can be used as a
thermionic cathode when the other tungsten spiral has
burnt out.

The pressure of the inert gas must be high in comparison
with that in the Wehnelt rectifier in order to diminish the
disintegration of the tungsten. It sets a limit to the voltage
that can be rectified without danger of back-starting. On
the other hand, the Tungar rectifier has the advantage that
it uses tungsten, which is much cheaper than iridium.

Dry Plate Rectifiers (Physical Theory, pp. 96 to 103)

Recently the principles of contact detectors as used in
wireless work have been successfully applied in the construc-
tion of large current rectifiers. The rectifying action is due,
ag already explained in the theoretical section, to the
difference in the work of exit of an electron from metals and
from electronically conducting metallic compounds. The
“ Elkon ” is an example of such a dry plate rectifier ; it is
essentially a giant detector and supplies -15 ampere at 6
volts D.C. The valve consists of a hard disc :2 em. thick and
. 2-85 cm. in diameter, made of a compressed mixture of
copper and zinc sulphides; this disc is tightly clamped
between a copper and magnesium plate. Four such valves
are connected up in a Gratz circuit ; this circuit was chosen
because it gives some protection against voltage surges in the
transformer. The rectification is not perfect since a measur-
able current flows in the impermeable direction. The static
volt-ampere curve is exactly similar to that of a crystal
detector. In the direction of flow, current is passed at
voltages above ‘5 volt. In the impermeable direction the
current increases rapidly as the voltage is raised.

Considerable progress has recently been made in Germany
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in the improvement of the characteristics of the dry plate
rectifier. Rectifiers having a plate diameter of 4 cm. have
been constructed to deliver 3 amperes D.C. at voltages
higher than 10 volts without breakdown in the impermeable
direction. Since research is still in progress full information
cannot yet be given.



CHAPTER XVII

Various Applications of Valves

Uses of Valves for the production of High Frequency
Oscillations

There are two ways of producing high-frequency oscilla-
tions by valves. First, it is possible to arrange by suitable
connections that a valve sends a short current impulse
during each period into an oscillation circuit, which is thus
excited so that it can oscillate freely during the permeable
period of the valve. If the natural frequency of the circuit
is made a large multiple of the frequency of the current
impulses, and care is taken that the amplitude of the
oscillations in the oscillatory circuit does not decrease too
greatly between two current impulses, approximately con-
tinuous oscillations can be obtained. :

The second method is simply based on the fact that a
rectified A.C. contains an A.C. component of double the
initial frequency, and a rectified three-phase current con-
tains an A.C. component of three times the initial frequency,
and so on. :

Neither method meets with any difficulties, and both have
been repeatedly suggested. The real point at issue is their
efficiency. It is found that the efficiency of a frequency
doubling according to the second method is about 30 per cent.,
so that a continuous repetition of this doubling in order to
produce higher frequencies results in a quite insufficient
efficiency. The first method of exciting an oscillatory circuit,
though it appears to have better prospects, has, however,
been neither theoretically nor practically worked out, because
the problem has now lost its importance since the introduc-

tion of three electrode valves.
200
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Use of Rectifiers for Measuring Purposes

The measurement of small alternating currents and
voltages has up till now been very difficult due to the in-
sensitivity of A.C. instruments and the magnitude of the
energy used by them. These difficulties are accentuated in
high-frequency work. The obvious solution of the problem
is to rectify the alternating current and then use direct
current instruments ; but for this purpose it is essential to
use a rectifier in which the A.C. and the rectified current are
connected by a perfectly definite and permanent relation.
. Hitherto the only rectifier fulfilling these requirements was
a thermoelectric couple ; instruments making use of this
principle have been developed to a high pitch of perfection.
Even the most sensitive of them—the Duddell thermo
galvanometer—however, only gives a deflection of 1 mm.
(at 1 m. distance) for a current of 2 microamperes when the
heater has a resistance of 1,000 ohms. The sensitivity of
these instruments is therefore far below that of D.C. instru-
ments ; they are, moreover, essentially current and not
voltage measurers.

The invention of the Moullin thermionic voltmeter has
made it possible to carry out accurate measurements of very
small A.C. voltages. The Moullin voltmeter uses a three-
electrode valve; it has the following important advan-
tages :—

(1) Its calibration remains constant over long periods.

(2) It has a small electrostatic capacity.

(3) Its readings are independent of frequency up to at
least a million cycles per second.

(4) The rectifier is a potential operated instrument and
consumes nNo Power.

The Cambridge Instrument Co. manufacture two types ;
both are ¢ anode-bend” rectifiers, z.e., their rectification
depends on the curvature of the anode-current grid-voltage
characteristic. The connections of type A are shown in
Fig. 88, and the external appearance of the instrument in
Fig. 89. No anode battery is used, so that errors due to
fluctuations in the voltage of the anode battery are obviated.
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The filament battery also supplies the necessary negative
grid bias. The only adventitiously variable factor is the
voltage of the filament battery ; the instrument is brought
to a standard state before use by adjusting the filament
rheostat until the galvanometer shows some definite value
corresponding to zero A.C. volts. The range of the instru-
ment is 0 to 1-5 volts, and the scale is divided to 02 volt over
most of the range ; at full scale the power absorbed is not
more than 6 microwatts. This type needs an external con-
ducting path between grid and filament.

Type Bis shown in Fig. 90; it is also an anode-bend rectifier,
but is used where there is no conducting path between grid

Potential.

-3 Ve=-tew
6Voirs Vfo 36w

Fi1a. 88.—Connections of Moullin Voltmeter, Type A.

and filament. The negative grid bias is applied through a
high resistance. The connections are shown in Fig. 91.
The range of the instrument is from 0 to 10 volts, and it can
be read accurately to -5 volt.

Leaky grid rectification can be used in thermionic volt-
meters with an increase of sensitivity ; but the load imposed
on the circuit limits the utility of this form. The thermionic
voltmeter can be used as a null instrument by applying a
D.C. voltage to the grid sufficient to reduce the anode
current to zero. It is better, however, as Medlam and
Oschwald have pointed out, to reduce the anode current to
some small but finite value since the point of zero anode
current is indefinite because the anode current approaches
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zero asymptotically as the grid voltage increases. When
used as a null instrument the thermionic voltmeter has
great permanency of calibration ; the voltage necessary to
produce zero current being practically independent of the
voltages of the anode or filament batteries.

Further particulars about the Moullin voltmeter will be
found in the original paper of Moullin in Journ. Inst. Elect.
Engin., December, 1922, in two articles by W. B, Medlam

Fia. 91.—Connections of Moullin Voltmeter, Type B.

and U. A. Oschwald in Exp. Wireless, November and Decem-
ber, 1926, and in “ Radio Frequency Measurements,” by
Moullin, published by Griffin.

Use of Valves as Automatic Cut-outs

Valves as such, i.e., valves for the prevention of an
accidental reverse of current, are very seldom used. The
need for some such device occurs, for example, when a
dynamo of very varying speed is used to charge accumu-
lators, so that there is danger of the battery voltage over-
coming the EM.F. of the dynamo at low speeds, and so
discharging through the dynamo. Such an arrangement is
found in train lighting sets, where the dynamo may be driven
off one of the locomotive axles and used to charge up accumu-
lators for the lights. As soon as the train stops the battery
would be short-circuited by the dynamo. Electrolytic
valves have therefore been connected in the circuit to allow
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the charging current to pass freely but to prevent a discharge
through the dynamo.

The method of allowing the total current through the valve
is rather clumsy, however. It is far better to let the valve
work a relay, which then establishes the contact. The valve
is used in this way by the Vereinigte Windturbinwerke of
Dresden. In dynamos coupled to wind-mills, the conditions
are quite similar to those of train lighting. The windmill
uses the circuit shown in Fig. 92. An aluminium electro-
Iytic valve is used, but recently this has been replaced by
the tantalum electrolytic valve, which has the great advan-
tage that it uses an electrolyte of the same sulphuric acid

Valve

A 444

i/

v
'————+ >

Dynamo

Relaiq =
Switch é:?— =

F1c. 92.—Use of Tantalum Valve as cut out in Wind-
driven Electric Light Installations.

that is used in the accumulators ; the maintenance of the
valve is therefore very simple. The internal resistance of
this cell is also much smaller than that of the aluminium
cell with borax or ammonium carbonate solution.

Valves can also be used very well for constructing alarm
signals which respond if apparatus is connected up with the
poles reversed. A glow lamp in series with an electrolytic
valve, consisting of a strip of aluminium sheet and a strip
of lead in a solution of borax in a glass tube, are connected
in parallel with the apparatus to be protected. If the voltage
is applied to the apparatus in the wrong direction the valve
becomes permeable and the lamp lights up. If the polarity
is correct the lamp remains unlit. If the lamp is placed
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behind a transparency with the words “ reversed polarity
on it, the attendant is made aware of his mistake.

The same arrangement can also be used as a pole tester.
It is not difficult to make up a portable apparatus out of a
small glow lamp and a valve which gives the polarity
straight away.

Finally, the boundary metal-electrolyte, in spite of its
small voltage range, has found an ingenious application by
-a special connection as an electrolytic coulomb meter. The
anode of the meter consists of mercury, the cathode of a
platinum iridium sheet, and the electrolyte of a solution of
K,HgI,. The cell is connected in series with a resistance to

Vs V2

Charge Discharge

1 {'2

Charge

N Discharge
F1a. 93.

compensate its negative temperature coefficient, and the
whole is shunted by a resistance which shunts the greater
part of the current to be measured. There is no opposing
electromotive force in the cell in the current direction from
mercury to the platinum iridium, since mercury is lost at
the anode and deposited at the cathode. But in the opposite
direction current can only pass with deposition of iodine, and
a voltage of -6 volt is necessary for this. Therefore up to
this voltage the cell acts as a complete static valve.

Fig. 93 shows the application of such a valve. Two cells
V, and V, are connected in opposite directions across a
common shunt N which is so chosen that the voltage drop
across it at full load remains under -6 volt. Consequently,
in the direction 1, current can only flow through the cell V,,
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in the direction 2 it can only flow through the cell V,. If
the whole arrangement is connected in the leads to a battery
of accumulators, V,; will measure only the quantity of charg-
ing current, and V, only the quantity of discharge current,
without making any change-over connections whatever.

If a relay is connected in series with each of the two cells,
the arrangement can be put to a variety of uses as a con-
trolling instrument.

Use of Valves for the Production of any Wave
Form Desired

The majority of valves are only conductors in the per-
meable direction for voltages above the minimum voltage,

A 8 N -
l' 1 i
\ [
] \ ' |‘
Py
1 1
[
[
V!
t
(\N\/\/V\/\(:/\)/\N\/\/\/v] y
. . Approx.Rectangular
Connections Curve.

Pointed Wave- " Irregular Curve of
Form. Triple Frequency.

Fi1c. 94.—Production of any Wave Form.

and for such voltages they have zero resistance. In the
impermeable direction their resistance is practically infinite
for all voltages. These circumstances make it possible to
obtain any A.C. wave form desired by the use of valves.
Only a few examples of this are given below.

Let us assume that there is a sinusoidal wave form at our
disposal, and that we wish

(1) A rectangular wave form. An A.C. voltage is used
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which is big compared with the minimum voltage. By
the use of the circuit shown in the top left-hand corner of
Fig. 94, the voltage between A and B, shown in the right-
hand corner, results. By the displacement of the point of
voltage decrease across the resistance r, this wave form can
be changed continuously into the point form shown.

(2) Quite narrow voltage points. The same connection
and current curve is used as in the top left-hand corner of
Fig. 94, but the peak value of the A.C. voltage is only just
greater than minimum voltage. If the current curve is not
narrow enough the procedure is repeated by using a second
transformer.

(3) If the sinusoidal A.C. voltage is connected to a
winding on the primary coil of a transformer, and the
current of the bottom left-hand corner of Fig. 94 is connected
to a second winding on the primary coil, then the oppositely
set current forms of the bottom right-hand corner of Fig. 94
result, according to the strength with which the second
current is induced. Combinations of (1) and (2) give very
similar but angular curves. By combining the curves
derived by Jaeger (see pp. 127 to 135), it is possible to produce
almost any required wave form.

Useful Ranges of the Different Rectifiers

If, in conclusion, we review the advantages of the different
kinds of rectifier, and in particular their different load
capacities, we see that each type has its own useful range
peculiar to itself. This is brought out by the following table
better than could be done by any long-winded discussion.
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