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OPERATION WITH FIXED BIAS

With the bias supplied by a generator. a series of calcu-
lations at a plate voltage, E), — 18,000 volts, and different
values of plate voltage amplitude, yields the line EF as the
only dynamic characteristic which satisfies the load resist-
ance established by the carrier condition.

The tabulated results of the computations for the linc
EF are as follows: :

Average plate current, I 1.17 amperes
Power Output, P.O. 11.1 kilowatts
Power Input, P.I. 21 kilowatts
Plate dissipation, Py 10.1  kilowatts
Efficiency, n 53 per cent
Average grid current, I 5 milliamperes
Grid bias, E. —840 volts

Grid driving power, P, 7.5 watts

Grid bias dissipation, P. 4.2 watts

Load resistance, Ry 5500 ohms

Even though the bias has not shifted and the type of
operation is Class C, the efficiency has dropped from a car-
rier value of 75 per cent to 53 per cent. The power
output is only 11.1 kilowatts instead of the required value
of 20.4 kilowatts for no distortion. Thus it can be seen
that for the carrier condition assumed, there is no stable
condition of operation when the bias is fixed. In the above
case as well as in the case for grid-leak bias, the grid excita-
tion voltage has been considered to be constant and equal
to the carrier condition value.

Fig. 3.
Sine Scale.

COMPENSATION

Operation of Class C amplifiers with grid excitation
voltage changing with each audio cycle is one method of

compensation. This can be accomplished by partly modu-
lating the plates of the exciter stage from a tap or small
transformer connected to the main modulating transform-
er, or by varying the bias of the exciter stage. Compensa-
tion may be applied to grid-leak bias as well as to fixed
bias operation. In the case here shown the fixed bias con-
dition has been chosen for illustration.

Taking the results obtained for the fixed bias operation,
it is evident that an increase in excitation voltage is neces-
sary to obtain the power output value of 20.4 kilowatts.
The bias is still fixed at the value, E. = —840 volts. A
series of calculations were made with different values of
grid excitation voltage until the dynamic characteristic line
EG was obtained, which satisfies both conditions of equili-
brium ; that is, four times carrier power output into the
carrier load resistance. The tabulated results for the
compensated condition are as follows:

Average plate current, I, 1.63 amperes
Power Qutput, P.O. 20.4 kilowatts
Power Input, P.1. 29.2 kilowatts

Efficiency, n 70 per cent
Average grid current, I, 40 milliamperes
Grid bias, E. —840 volts

Grid driving power, P, 78 watts

Grid bias dissipation, P. 33 watts

Load resistance, Rr 5500 ohms

The grid excitation voltage value E; has been increased
from the value of 1500 to 1940 volts. This increased value
can be obtained by modulating the exciter stage by 29 per
cent. The efficiency, though lower than at carrier, has in-
creased from the fixed bias condition of 53 per cent to the
present value of 70 per cent.

SUMMARY

Although not shown in the example illustrated, grid-
leak bias generally gives power outputs, for crest condi-
tions, in excess of the four times the carrier value and pro-
duces distortion from that cause. With a fixed bias, it is
practically impossible to obtain satisfactory operation due
to the distortion caused by the deficiency of power output
at the crest condition.

A combination of both grid-leak and fixed bias will
counterbalance the faults of both methods and give a lower
value of distortion than with either method alone. With
compensation applied to either the grid-leak or the fixed bias
method, the distortion in the Class C amplifier itself can
be eliminated or reduced to a very low value.
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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 INCREASE 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 i
BACKVOLTAGE ON VERY may 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

———gp= 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 circuit 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 a 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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