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a line of
TRANSMITTING TURES,
POWER AMPLIFIERS
and MERCURY VAPOR
RECTIFIERS

Arcturus has built into these new
products the same superior qualities
of construction and performance
which have established Arcturus as
the name for dependability and qual-
ity in the receiving tube field.

The two tubes of the series now
ready for distribution are Mercury
Vapor Rectifier No. E-766 and the
heavy duty type Mercury Vapor Rec-
tifier No. E-772.

IMPORTANT POINTS
OF SUPERIORITY

L. Rugged construc- 3. Uniform output
tion. voltage variation
over wide range

3.Special oxide 4
of current drain.

coated filament—
emissionisdistrib- 4. Constant output
uted evenly over for hundreds of
entire length of hours on inter-
filament. mittent life tests.

Write for details of the new Arcturus

Mercury Vapor Rectifier Tubes Nos.
E-766 and E-772. Arcturus Radio
Tube Company, Newark, New Jersey.

*E-766 (Upper)
Filament Voltuge 2112 Volis
Filament Current . . .3 Amperes
Maximum Peak Inverse l olmge 7500 Volts
Maximum Peak Plate Current 0.6 Amperes
Approximate Tube Voltage Drop 12 Volts
*Interchangeable with 66 types

**E-772 (Lower)
Filament Voltage . . . . . . 5 Volts

Filament Current . . 10 Amperes
Maximum Peal luvu‘se Volluge 7500 Volts
Maximum Peak Plate Current 214 Amperes
Approximate Tube Voltage Drop 10 Volts
**Interchangeable with *72 types
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Radio on wheels

ITH sixteen million of the homes of America already equipped with radio
sets, it is logical that the radio industry next consider the nation’s auto-
mobiles. For here is the next remaining “frontier” to be conquered for radio.

Some 23,000,000 passenger cars are now registered in the 43 states of the
Union, and during 1932 at least 2,100,000 more cars will be sold. Looked at
from any angle, here is a prodigious potential market for radio sales.

During 1931 sales of automobile radio sets probably reached 125,000. For
1932, the figure will undoubtedly double, totaling 250,000 auto radios. New
firms have recently come into the field, and as the years go on, it is likely that
the number of radio sets in cars will increase rapidly, just as home radio sets
suddenlv expanded back in 1922 and 1923.

OR is radio the only use for electronic tubes brought in by the automobile.

The new loads put on the storage battery (radio, cigar lighters, etc., with
shorter charging periods due to free-wheeling) make auxiliary tube-chargers
essential in many cases. And inverters, for supplying alternating current from
the storage battery, comprise one of the most interesting developments of the
past year. Perhaps a tube-oscillator auto horn will be the next craze in de luxe
appointments, permitting rich musical chords and cheerful bugle melodies!

Meanwhile the automobile has created a traffic problem, which is solved
by crossing signals, actuated by photocells, electrostatic trips, or delicately poised
magnetic yokes, while the timing of the lights in proper sequence is accomplished
by discharging condensers through tubes, without any moving or rotating parts,
and with much greater facility of adjustment.

lN fact such signals in the future may show up on the driver's own dashboard.
This could be easily accomplished by laying a high-frequency cable along the
curb, which would actuate a detector tube and green signal light in the car while
eneigized, changing the dashboard signal to red for “stop” when the high-
frequency is cut off for cross-street trathe.

In some western cities, the neon-tube light has already been employed for
warning flasher work, making it economical to operate these flashing roadway
signals for long periods from batteries, without tearing up the street to install
underground cables.

Apparently the electronic art is now just “finding itself” in the vast domain
of automotive transportation. The next few years may see it go far among the
varied branches of an industry that in normal years already collects four and a
half billion dollars annually from the American public.



Frequency characteristics in

By GEORGE LEWIN

Recording Engineer,
Paramount Publiy Corporation

a means for preserving sound in some permanent

form, so that at some other time and place it may
be reproduced with all the characteristics of the original.
To accomplish this purpose we depend on the accurate
functioning of a series of different devices and processes,
each of which may contribute some form of loss or
distortion.

There are four general requirements which must be
met if we are to secure faithful reproduction of sound.
These are -

1. Preservation of original wave form

" 2. Preservation of original volume range
3. Preservation of original frequency range
4. Suppression of extraneous noises

In this article we will concern ourselves only with fre-
quency characteristics of film recording by the light
valve method, and confine the discussion to the actual
recording, processing, and reproduction of the film
record, or, in other words, the portion enclosed by dotted
lines in Fig. 1.

With present day microphones and amplifying equip-
ment we can assume that a substantially flat frequency
characteristic appears at the output of the recording
amplifier. For present day requirements, and with the
type of reproducing equipment in general use, we can
further assume that 6,000 cycles represents the upper
limit necessary for the overall reproducing characteristic.

/ I \HE ultimate purpose of any recording is to provide

Inherent losses

The first loss which takes place is that due to the finite
thickness of the recording beam on the film. This loss is
known as the “film transfer loss,” and becomes increas-
ingly great at the higher frequencies. This loss 1 some-
what analogous to trying to paint a series of parallel lines
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Considerable opportunity for distortion exists in recording even under

best technical conditions

with a brush.  The closer we try to paint the lines to
each other, the more difficult it becomes to secure separa-
tion between the lines, until, when the spaces become
equal to the thickness of the brush itself, the lines over-
lap completely and all definition js lost. Tt is possible to
calculate theoretically what loss to expect at various
frequencies for a given value of light valve spacing and
objective lens reduction. Such g calculated curve is
shown in Fig. 2. The upper curve gives the theoretical
film transfer loss for a 1 mil light valve with a 2 to 1
reduction in the objective lens resulting in a 4 mil image
on the film. The lower curve shows for the sake of
comparison, the loss for a 2 mil light valve.

In printing there should, theoretically, be no Joss as
long as good contact is maintained between negative and
positive.  Actually however, it is impossible to avoid
some slippage, as well as partial loss of contact, with the
result that a considerable, though variable, loss of high
frequencies takes place during this process.

In reproducing the film through the medium of a
scanning beam and photoelectric cell, another loss takes
place at the high frequencies, due again to the finite thick-
ness of the beam. This loss, which is usually described
as the “scanning loss,” can also be calculated theoret]-
cally, and is found to be smaller than the film transfer
loss in recording. For a 1 mil image on the film it
coincides very closely with the film transfer loss for a

Micro- [ Projection|
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Fig. 1—Path followed by sound from source S
to reproducer R
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4 mil image, and therefore corresponds to the upper
curve in Fig. 2.

Following the conversion of the light modulations into
electrical modulations in the photoelectric cell, still an-
other loss takes place in coupling the output of the photo-
electric cell to the first stage of the photoelectric cell
amplifier. This is purely an electrical loss and, as in the
case of all the other losses already mentioned, also be-
comes progressively greater as the frequency increases.

The light valve characteristic

The only compensating factor which is introduced in
the entire system to partially offset the loss in high fre-
quencies, is the rising characteristic of the light valve it-
self. The valve, being tuned to resonance at about 9,000
cycles, has a gradually rising response starting at about
3,000 cycles and rising to a sharp peak of about 24 db.
at resonance after which it cuts off abruptly. A typical
response curve of a light valve is shown in Fig. 3.
While this characteristic is to a certain extent useful in
offsetting high frequency losses, it is not without its
drawbacks, chiefly among which is the fact that the
general recording level must be kept sufficiently low to
avoid clashing the ribbons at the higher frequencies. In
any form of recording the ever present hugbear of
surface noise prevents us from dropping the level too

low, so that we must always seek a happy medium

hetween surface noise, overload, and loss of high fre-
quencies. It would be entirely possible to obtain a
practically flat overall characteristic up to 6,000 cycles,
by reducing the tuning point of the light valve so that its
response at 6,000 cycles is just great enough to com-
pensate for all the losses, but it would then be necessary
to drop the recording level so low that the surface noise
would become objectionable. It is apparent then that the
only satisfactory way to secure a good frequency charac-
teristic is to reduce all losses to a minimum, and come as
close as possible to the theoretical loss curve for a given
recording and reproducing setup.
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Fig. 2—Theoretical film transfer loss characteristics

Let us see just how much loss we should expect to get
when we record with a 4 mil image on the film, and repro-
duce with a 1 mil image, which is the most common
recording and reproducing set-up used at the present
time. To determine the total loss we need simply to
double the film transfer loss at each frequency, since the
two losses are equal and are, of course, additive. To
this we add the response characteristic of the light valve
shown in Fig. 3 and the result is the upper curve shown
in Fig. 4. From this curve it is apparent that if we
had no losses other than the theoretical film transfer
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Fig. 4—Comparison of theoretical and actual
losses in sound system

and scanning losses, that we would actually get a rising
characteristic at the high frequencies due to the fact that
the increase in light valve response over-compensates
the losses. Unfortunately, however, we find by actnal
tests that we do not come anywhere near this ideal con-
dition, and we will now discuss the actual results which
are obtained with commercial recording and reproducing
conditions. :

Analysis of losses

To determine accurately the actual overall frequency
characteristic, the frequency test film should be recorded
at constant level and at approximately the same level
as is used for actual recording. To do this, it is not
practical to go above 7,000 cycles, as above this frequency
the valve would overload due to its increased sensitivity.
As a matter of fact, with the type of horn ordinarily
used in most theaters todav, frequencies above 6,000
cycles are of no commercial importance.

The lowest curve in Fig. 4 shows the average result of
running a test film of the type just mentioned in four
regular theater type projectors. The readings were made
with a volume indicator at the output of the amplifiers.
“From this curve it is apparent that the actual response
1s considerably poorer than that shown by the theoretical
upper curve, and that at 6,000 cycles, for example, there
is a 17 db. loss to be accounted for.

This loss must be apportioned among four contribut-
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ing factors. First is the fact that the effective thick-
nesses of both the recording and the scanning images are
considerably greater than the values assumed in determin-
ing the theoretical curve. While the geometric dimen-
sions of the slits are actually 1 mil, considerable flare is
encountered in the image on the film due not only to
imperfections in the lens systems, but also to diffusion of
the light when it strikes the film. The two curves in
Fig. 2 show how the film transfer loss increases if the
effective thickness of the recording image is increased
from 1 mil to 2 mils.

The second factor not taken into account in the
theoretical curve is the loss due to printing, which has
already been mentioned.

A third factor is the resolving power of the film emul-
sion itself. It has been fairly well established, that this
depends not only on the inherent graininess of the film,
but is also affected by the developing processes. A dis-
cussion of this factor is outside the scope of this article,
but it will be apparent that it is of importance as regards
the frequency characteristic when we consider that at
6,000 cycles, there are about 330 striations per inch of
sound track.

The fourth factor is the coupling loss, which has also
been mentioned, and which will now be considered in
greater detail. The circuit ordinarily used in coupling
the output of the photoelectric cell to the first stage of
the amplifier has a resistance R, of the order of 0.5
megohms which carries the photoclectric cell current.
The fluctuations of current in the photoelectric cell, due
to the modulations on the sound track, gives rise to
corresponding fluctuations in potential across R, and
these are transmitted to the grid of the tube by a coupl-
ing condenser. It is apparent that the higher we make
the resistance of R, the greater will be the transfer of
energy to the tube, all other factors remaining constant.
However, there is a small, though measurable, capacity
between the photoclectric cell lead, and the surrounding
metal parts of the housing, which gives rise to a phantom
capacity to ground which acts as a by-pass for R and
reduces its effective impedance, thereby causing a loss
of energy transfer which becomes increasingly serious as
the frequency goes up. The higher the resistance of R,
the more serious the high frequency loss becomes, hence
we must compromise by using as low a resistance as
possible, without cutting down the overall gain too far.

A 50 per cent decrease in resistance will decrease
the general level by 6 db., but will have practically no
effect at 6,000 cycles, so that the relative frequency
characteristic is improved by about 6 db. at that fre-
quency. Thus, when most theaters changed their coup-
ling resistors from 2 megohms to 0.5 megohms, about
two years ago, it was necessary to increase the fader
setting by four steps, or 12 db., to maintain normal
volume, but by doing so an increase of practically 12
b. in relative response at 6,000 cycles was obtained.

Separation of individual losses

It would no doubt be of interest to know approxi-
mately what proportion of the total loss is caused by
each of the contributing factors, and for this purpose the
two intermediate curves in Fig. 4 have been plotted.

Curve 3 shows the response obtained by running the
test film through a high grade re-recording machine and
a re-recording channel, instead of a regular theater
projection outfit. In the re-recording machine the usual
type of photoelectric cell coupling circuit is replaced by
a special transformer coupling which has no measurable
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loss whatever at 6,000 cycles, and the scanning beam is
0.7 mils thick, in place of 1 mil. It will be noted that
these refinements bring about an improvement of about
6 db. at 6,000 cycles. The transformer coupling device is
not available for regular theater use.

Curve 2 shows the response obtained by running the
negative of the test film, instead of the print, thus elimi-
nating the printing loss, as well as any losses which may
have been introduced during the processing of the print.
The difference between curves 2 and 3 should not, how-
ever, be ascribed entirely to printing losses. It should
be borne in mind that the negative is developed to a
gamma of only 0.5, whereas the print has an overall pro-
jection gamma of close to unity. This means that any
loss actually present in the negative would tend fo be
compressed, when measured with a volume indicator.,
Curve 2, however, does happen to be also the actual re-
sponse curve of a toe recorded negative made under
exactly the same conditions as the regular test film,
except that the condensing lens was stopped down to
approximately one-half the opening used for the regular
negative. This results in a sharper image on the film,
even though the slit itself is not reduced. The fact that
a much lower intensity of light is used for the toe record-
ing also tends to reduce the flare around the image. The
effective projection gamma of a toe recorded negative
being practically unity, it follows that the difference be-
tween curves 2 and 3 amounting to 8 db. at 6,000 cycles,
is indicative of the improvement which may be expected
to result from eliminating printing losses, and improving
the optical system, of the recording machine. The
difference between curves 1 and 2, equal to about 4 db.
at 6,000 cycles is due chiefly to flare around the record-
ing and scanning beams and to limitations in the resolv-
ing power of the film itself.

Variations of losses

It should be understood that the various losses given
above represent merely an average set of results. The
individual losses are subject to considerable variation
depending on conditions. The printing loss seems to be
the most uncertain of all, especially when the negative
has become somewhat shrunk. Printing losses ranging
from 3 to 12 db. have been encountered. Another source
of variation appears to take place in the emulsion itself.
Two tests made in immediate succession on the same re-
cording machine, but on different rolls will often show
discrepancies of 2 to 4 db. at 6,000 cycles.

In closing, the fact should be stressed that a good
frequency characteristic is only one of four prime re-
quisites for good recording, as pointed out at the begin-
ing of this article. While the overall characteristics
shown here are far from flat, actual experience has
shown that very excellent sound quality can be obtained
with them, provided the other requirements are satisfac-
torily fulfilled. Numerous methods are available where-
by. the frequency characteristic can be improved, but
these usually carry other disadvantages with them, and
must be applied with discretion.

The present set-up represents a careful compromise
between all factors for the purpose of securing the best
balance of these requirements. Changes in the set-up
will be adopted only when they will not be detrimental
to this balance. Possible improvements which are at
present being investigated are a new- type of film, and
a new type of recording lamp, both of which allow
further stopping down of the optical system without any
effective loss of exposure,
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Vacuum tube
performance VS.
manufacturing
tolerances

By W. CHARTON, B.S., M.A.

Arcturus Radio Tube Company

IT HAS often been stated that the thermionic valve,

or vacuum tube, 1s by its nature a laboratory device

rather than a mass production article, and this
explains much of the difficulties encountered by the
manufacturer who tries to produce the largest quantity
of the best product at minimum cost.

The vacuum tube, indeed, has a very ticklish per-
sonality, and it has to be treated just right to give its
best. Not only must the design of the tube be correct
and practical from the manufacturing standpoint, but
the mechanical tolerances have to be kept to a strict
minimum which is not always compatible with speed and
economic production; otherwise the final characteristics
of the tube lack too much in uniformity to be reliable
and meet with the favor of the radio set manufacturer,
or the consumer. Moreover the processing of the tube
is of paramount importance to insure quality, long life
and most efficient performance.

If the voltage on the filament of a tube is gradually
raised from a low value to, say, twice its normal rating,
the plate current increases at first more and more rapidly
up to a certain point where its rate of increase drops
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Fig. 1—Relation between filament dimensions
and power dissipation in a triode
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rapidly, the plate current soon reaching an almost con-
stant value. This means that after a certain filament
temperature is reached, the space current nears satura-
tion.

Now it is desirable that the plate current of the tube
be as constant as possible, even if the filament voltage
varies somewhat, as is liable to happen in ordinary use.
Therefore the temperature of the filament should be high
enough to give almost saturation, so that small changes
in the temperature of the filament will not appreciably
affect the plate current. On the other hand the higher
the temperature the shorter the life. There is then an
optimum point where the regulation of the filament is
very good, and yet where the life is still reasonably long.
This is ordinarily chosen as the operating pomt, and cor-
responds to a heat dissipation in the neighborhood of 4
to 5 watts per square centimeter of filament surface
area, depending upon the construction and the kind of
filament.

Since the tubes are designed to operate at a rated
voltage it is evident that small changes in the dimensions
of the filament will affect the wattage dissipation, hence
the operating point, the regulation and the life.

Whereas the filaments are usually cut accurately
enough, the burning length is affected by the allowance
made for welding the ends to the tabs or the supports ;
the human element plays a part in this, and, as in maiy
other instances, if the limits of tolerance are too
narrow, the time required for the operation increases
rapidly, thus increasing the cost. The width and thick-
ness, or the diameter, of the filament wire depend upon
the die used in the drawing of the wire, and as the die
wears with use, a slow change in these dimensions takes
place, which requires continual checking of the wire
weight or size. Moreover as the filament is handled in
various machines, for coating or cutting, it is liable to
stretch and get thinner, especially when heated red in
annealing or coating ovens.

In the mounted tube, tension springs also contribute
to an additional stretching while the tube is being
exhausted or aged at a temperature higher than the
normal. Such troubles are particularly experienced with
fine filaments as used in low-drain tubes (battery type),
and allowance has to be made for such occurrences.

In every phase of manufacture the conditions are each
liable to vary slightly, and it may be judged by this
example that the total amount of uncontrollable varia-
tions may have a final effect greater than the desirable
tolerance. Only the most attentive supervision and
increasing inspection insure a final product worthy of
praise.

Figure 1 shows the effect of variations in filament
dimensions upon the power dissipation in one type of
tube. It will be observed that a variation in length of
one millimeter will affect the power dissipation by 24
to 3 per cent; the effect of a change in thickness is even
more striking since only one ten-thousandth of an inch
makes 2 per cent difference, i.e., almost a tenth of a watt
per cm?,

Variations in geometry of the elements

In a triode with flat elements, like types '01-A, '26,
'71-A, 45, etc., the amplification factor bears a direct
relation to the distance between plate and grid, increas-
ing as this distance increases, and vice versa. The trans-
conductance and the plate current depend also upon this
distance, and upon the effective area of the anode. In
the case of cylindrical electrodes, like in types ’99, '27
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and 37, a similar relation exists too, although more
complex. The plate resistance, of course, decreases
when the transconductance increases, if the amplifica-
tion factor remains constant.

As these four characteristics are of great importance
in the performance of a tube in a given circuit, it is
necessary to keep them close to the rated values, and this
is only possible through a uniform geometry of the tube.

The plates are generally punched in two halves, or
punched and rolled into a cylindrical shape. This is
usually done quite accurately, so that no trouble is
experienced regarding the actual area of the anode. The
diameter, though, is a more critical dimension, and is
most liable to be subject to undue variations, if special
care is not taken in design and in mounting.

For example, in a tube with a flat plate, the latter is
ordinarily held by two fins welded to two supports, one
at each side of the plate, which fit in a groove provided
for that purpose. If the grooves and fins are not ade-
quately shaped, the two halves do not fit as they should
and the distance between the two half-plates 1s affected ;
the angles in the corners of the plates are subject to
deformation and may cause a distortion of the flat
portions.

Such a distortion is more often and more easily caused
by the supports themselves. If they are not periectly
straight and well aligned or if they are just a little off
their correct spacing, a strain is created in the plate when
mounting, and as the tube is exhausted and bombarded
with the plate red-hot, a permanent distortion is caused
which may affect the plate diameter by as much as 15
mils !

In the Arcturus type 127, which has a cylindrical
plate, one can easily see the circular ribs which prevent
the distortion so frequent in tubes with circular elements.

The difficulty of misalignment is more difficult to
overcome, for although all the parts of the tube may
have the correct dimensions, their respective positions
may not be maintained, especially after a certain amount
of handling. Figure 2 illustrates the effect of plate
eccentricity upon the characteristics of a plane element
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Fig. 2—Effect of plate eccentricity upon the
characteristics of a triode

triode. They vary first only slightly for the first few
mils of eccentricity, but soon change at an increasing
rate. Similar curves can be drawn for grid or filament
eccentricity, the only fundamental difference being that
grid eccentricity decreases the transconductance, while
filament eccentricity’ increases it without affecting the
amplification factor. .

Irregularity in grid structure

Because of its delicate structure the grid is the element
most subject to irregularities, and only the utmost care
can give the desired result.
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Fig. 3—Relation between the grid pitch of a
triode and its characteristics

The grids are wound on an automatic machine sub-
jecting the wire to a certain tension which tends to
stretch the wire and reduce its diameter. When the
turns of wound grids come off the winding mandrel,
after swaging, the wire is no more under tension and the
turns tend to spring back, thus affecting the diameters
hoth across the supports and at right angles to them.

The supports themselves are subject to tension and are
liable to stretch while the grid is wound, and while it
is stretched under heat to straighten the supports; in
this case the actual pitch of the grid tends to increase,
thereby decreasing the amplification factor of the tube.
If the supports are even only slightly under stress when
mounted in the tube, the grid distorts permanently under
the heat of the bombarder, the supports bow in or out
and the diameter becomes irregular throughout the
length of the grid. Each one of these disturbing fac-
tors has to be taken into consideration in the design
and manufacturing specifications. For instance provi-
sion has to be made that difference in thermal expan-
sion between insulating spacers and metal parts does not
force these parts out of shape.

If successive grid turns are distorted in handling or
as a result of the distortion of supports, some turns may
crowd together while others spread too far apart, giving
the tube a sort of variable-mu character, with very poor
plate current cut-off. Such a tube would make a bad
anode-bend detector.

Grid distortion affects essentially the amplification
factor of the tube, and secondarily the other characteris-
tics. As an example the relation between the grid pitch
and the amplification factor and other characteristics of
a type 145 triode is given in Fig. 3. Although these
remarks refer to control grids, they can generally be
extended to any type of grid, screen-grid, space-charge
grid or cathode grid.

Other sources of trouble

Too large tolerances in the size of holes for grid
supports may be the cause of noisy tubes, 1f they are not
rigidly clamped or welded. An inaccurate mid-point on
the filament of a pentode, where the cathode grid con-
nection is welded, or an irregularly bent filament may
be a cause for hum. Distortion or misalignment of
parts, and too wide tolerances in the depth to which the
welds, or supports, are sealed in the stem glass, or
“press,” may cause variations in internal capacitances
sufficient to affect the tuning of a highly selective circuit
or to cause a beat frequency, regeneration, etc., in a given
receiver.

[ Please turn to page 74]
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/\spects of
standard-signal
generator design

By JOHN D. CRAWFORD

General Radio Company

OFTEN the most difficult portion of a development

job is deciding on the specifications and tolerances

to which the finished product must conform. This
is especially true of standard-signal generators. A dis-
cussion from the designer’s viewpoint of some of the
problems will serve to show the trend of development and
help the user make tolerance specifications that are
realizable in a commercial instrument.

The requirements for standard-signal generators may
be grouped under five headings. Each of these might be
subdivided to include information which, with a state-
ment of tolerances, would completely specify per-
formance. Most of these possible subdivisions are men-
tioned or referred to in what follows.

The output-voltage system with lcakage, referred
to later, probably has received more attention {from de-
signers than all others combined, not because they are
necessarily more important. Sometimes they are not.
But the difficulties in eliminating stray admittances in
radio-frequency attenuators, added to the ecase with
which discrepancies can be pointed out, have until re-
cently forced intensive concentration on this phase.

The upper limit of output voltage is limited in a given
mechanical structure by the amount of leakage that can
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Diagram of Arguimbau method of obtaining
constant output
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be tolerated, since the larger the voltage, the more power-
ful the oscillator and the stronger the stray fields to be
eliminated. High output levels are needed for studying
the characteristics of power detectors and the behavior
of receivers in abnormally strong fields.

The present lower limit of output voltage is less than
a tenth of a microvolt, tube noises in calibration equip-
ment being a limiting factor. Since tube noise also limits
the sensitivity of broadcast receivers no hardship is
caused by this factor. The lower this limit, moreover,
the more careful must we be to keep spurious voltages
out of the receiver. Hence shielding must be excellent.

Infinitely small increments of output voltage may be
obtained by the use of a calibrated meter indicating input
to an attenuator calibrated as a multiplies. Where a con-
tinuous gradation is not required, suthciently small
steps can be secured with cascade attenuators. With this
system only one or perhaps two reference points on the

rkeae] e S

L AT

Interior of standard-signal generator
with shield removed

input meter are marked. Some designers prefer this
scheme on the ground that a rugged attenuator is less
likely to change its calibration than a sensitive meter.
The internal output resistance should remain essen-
tially constant, over the lower ranges of output voltage
especially. Failing this, it becomes difficult to allow for
the resistance of the dummy antenna, since, by Thévenin’s
theorem the internal output resistance should be con-
sidered a part of the resistance allotted to the dummy
antenna. The change of resistance with output voltage is
the principal objection to the usual type of slide-wire
attenuators for obtaining small voltage increments.
Absolute values of output voltage can be checked to
within about 5 per cent, the probable error of the best
known method for answering the question “What is a
microvolt 7’ The method, used in the General Radio
standardizing laboratory, uses a circuit of the heterodyne
type with suitable precautions for the elimination of
errors due to tube noise. The accuracy at present at-
tained in standard-signal generators is in the neighbor-
hood of 10 per cent and this accuracy can, if necessary,
be held at frequencies as high as 10 megacycles. Better
accuracies at still higher frequencies can be obtained
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when sufficient interest from prospective users justifies
the necessary development expense.

During the last year the answer has been found to
many of the difficulties heretofore encountered with
attenuators. Thick aluminium castings replace the usual
copper and brass sheet, and every precaution is taken to
minimize the area of current-carrying loops. The two-
stage attenuator of a recent model, for instance, has a
total attenuation of 130 db, a value that a few years ago
would have been considered remarkable even at audio
frequencies.

The problem of leakage

The amount of leakage that is tolerable depends upon
so many factors external to the generator that it is often
difficult to decide how far its elimination should be car-
ried in a commercial model. The requirements are most
rigorous with loop receivers in field-intensity measuring
work. Electromagnetic and electrostatic shielding be-
tween the oscillator and the outside of the cabinet require
tightly sealed coverings in which all external leads
should be filtered and all meter holes should be protected
by internal shields. The difficulties with such filtering
plus the need for portability have in the past prompted
several designs in which batteries are carried inside the
shielded cabinet.

Radio-frequency oscillator design

Since it is usually asked that a standard-signal gen-
erator cover as wide a frequency range as possible, the
difficulties to be overcome in designing the oscillator are
terrific 1f modulation quality comparable with the best
broadcast transmitters is to be obtained. Consider the
problem as one of designing a low-power broadcast
transmitter to operate at any point in several bands, to
have approximately constant output in spite of wide
variation in L/C ratio, and to be stable enough to permit
of known modulation. The use of a master oscillator
and amplifier is banned because of the multiplicity of
controls required. The attention that it has been possible
to give to this requirement, since the major difficulties
with the output voltage system can be considered over-
come, is bringing out new circuits which hold out promise
of bringing in results. Such a circuit is the one developed
by L. B. Arguimbau* for use in a new standard-signal
generator on which he was working.

This circuit, shown schematically in the accompanying
figure, is unique in that a rectifier circuit coupled to the
oscillator inductors automatically shifts the oscillator
grid bias so that at all times the internal plate impedance
of the tube matches the impedance of the circuit. In
ordinary oscillators this condition is obtained by allow-
ing the tube to operate over its curved as well as the
desirable linear portions of ‘its characteristic  Inci-
dentally, grid current is eliminated.

Modulation depth and fidelity

The value of 30 per cent modulation used for the
I.R.E. tests was typical of broadcast transmitter per-
formance before the general use of master-oscillators
with modulation applied to the radio-frequency ampli-
fiers. When tests to determine actual performance are
to be made, therefore, it is desirable that the percentage
of modulation be increased to at least 75 per cent and
higher. When this is done on simple oscillators, many
strange effects appear, which are never found when

*Described at U.R.S.I. meeting, Washington, May, 1931.
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A 10-megacycle attenuator multiplier protected by
a heavy aluminum case

master oscillator circuits are properly operated. The
most common of these is frequency modulation in which
the frequency of the radio-irequency oscillator may be
considered as varying over the audio-irequency cycle.

By suitable proportioning of the L/C ratio and of grid
condensers and leaks some common circuits can be made
to perform satisfactorily in this respect.

Another of these defects is the so-called inertia or
“fly wheel effect” which has not been investigated
thoroughly enough yet to yield quantitative data show-
ing the amount of distortion in speech waves. It arises
from the fact that an oscillating circuit has a defimte
reaction time and does not respond instantancously to
the modulating voltage. Square-topped waves, for in-
stance, might look something like the signals in an
inductive telegraph circuit. This effect appears in most
ordinary circuits, but the new one mentioned above
minimizes it.

Tt is difficult to secure a high percentage modulation
when the ratio of the modulating to carrier frequency is
large. Furthermore, the modulation characteristic of
oscillators is often quite curved. These factors make it
difficult to expect good quality from a speech- or music-
modulated standard-signal generator. The standard-
signal generator previously referred to has a better per-
formance in this respect than earlier designs, yet it can
reach 100 per cent modulation at 400 cycles but only
30 per cent modulation at 10,000 cycles when the lower
carrier frequencies are used.

Ease of manipulation

Arranging the controls to make adjustments as easy as
possible is probably the most promising field of improve-
ment for standard-signal generators. Attention to this
detail on the instrument previously referred to has met
with such success that operating time is materially re-

[Please turn to page 74]
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Survey of
auto radio at

national show

New York, Jan. 9-16

N INSPECTION of the National Automobile
ASI]O\\' in New York in January disclosed the fact
that automobile salesmen knew less about auto-
mobile radio than did the unprecedented crowds which
pressed into Grand Central Palace. Salesmen were
vague or openly without knowledge when auto radio
was discussed. few sets were displayed, some
B-eliminators or other accessories were for inspection.
The truth is that radio has made amazingly little im-
pression on the automobile industry. To the average
auto salesman. a radio is something he can cut price
on and thereby give a prospective customer a good deal.
Wherever radio finds itseli, nowadays, it seems cursed
with the cut price aroma.

About 60 per cent of the stock closed cars shown had
antennas installed in the roof at no charge to the pur-
chaser. About 35 per cent of all cars exhibited at the
show will install radios at the factory if the customer
wants it.  Chrysler makes it a simple matter by having
antennas alreadv installed, and holes drilled in dash
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and holes in the floor for placement of the Philco bat-
tery box.

Philco seems to be making the best headway in this
field. On a Plymouth car dash was a sticker announc-
ing that it had been designed to operate with a Philco
receiver. Nearly all cars either at the factory or through
a local distributor are prepared to install” Philco sets
(some salesmen openly preferred Philco).

B-battery elimination

Long strides are being taken by those working on
B-battery eliminators. Several were exhibited at the
auto show. One by Mallory is an interrupter type which
uses a half-wave rectifier made by Raytheon for rectifica-
tion of the resultant interrupted d.c. current ta*n from
the battery. The Bosch “Magmotor,” a permanent
magnet dynamotor continues to attract attention from
the radio industry. Because of the permanent magnets
the device takes little from the storage battery. It lists
for $25 and at 180 volts has sufficient output to operate
a highly sensitive receiver.

According to bulletins, the Elkon device takes up less
space than the four B-batteries required by the usual
receiver, lists at $24.50, delivers 30 milliamperes at 180
volts and takes about 2 amperes from the car battery.
This figures out to be about 45 per cent efficient. The
Pines-Winterfront Transverter uses a rotary transformer
system with a brute force filter to iron out pulsations.
It draws “less than 3 amperes” and delivers 30 milli-
amperes at 180 volts. It lists at $30.

Because of the wave form turned out by these various
battery substitutes there seems to be considerable con-
fusion as to how the efficiency should be rated or how the
battery drain should be measured. One device claiming
to take “very little from the battery” measured about
8 amperes on a hot wire meter.

At the auto show were several receivers designed for
auto installation, some for batteries, some for eliminators
and some had models for either d.c. or a.c. operation.
Motormaster (reputed to have some deal with Auburn)
has an all-electric model at $114.50 which includes a
“breaker system for producing a.c. current.” Motorola
(Galvin) has a tuned r.f. all-electric set at $97, super-
heterodynes at higher prices. Battery models are about
$20 lower than the all-electric sets. The Motorola
eliminator is reported to have come from the Lear
Development Company, makers of all kinds of electronic
devices.

RCA Victor uses class B amplification—as they do in
the farm set built around the Eveready Air-Cell battery,
which rules out B-eliminators hecause of regulation diffi-
culties. ~ The service bulletin on this receiver gives
rather complete instruction for installing the receiver in
many of the well known makes and models of cars. The
questions of where and how to install the set are an-
swered at some length.

A new remote control unit designed by the Radio
Vision Research Laboratory of the Federal Telegraph
Company is available for both home receivers and auto
sets. The latter model lists at $10, has 10 feet of con-
trol cord and places the tuning and volume control of
the receiver on the steering column. The receiver can
be placed anywhere within the length of cable furnished.

Electric Specialty (Esco) has available a dynamotor
which is operated by the car battery and delivers 30
mulliamperes at 180 volts. The list is $18 ($20 for ball-
bearing unit) and a filter is under development to com-
pletely iron out any remaining pulsations.
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Professor Theremin now opens doors, starts machinery, with a
wave of his hand. Door shown will follow his body at 2-inches
distance. If he stops, it stops. Only the plate shown is sensitive;
wire leading to it is inert and can be handled bare without effect

Electrons in new

industrial miracles

Dr. Harvey C. Rentschler, director of
research, Westinghouse Lamp Co.,
demonstrates new sodium-vapor tube

In Childs’ newest, finest restaurant, oppo- lamp which is three times as efficient
site Waldorf-Astoria, New York, photo- as neon tube. Formerly sodium-vapor
cells (in railing) control four kitchen tubes quickly blackened and became
doors, opening them swiftly, noiselessly, useless; invention of new glass by

as waitresses approach Dr. Pirani, Berlin, avoids discoloring
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A new voltage
quadrupler

By WILLIAM W. GARSTANG

PR Mallory Company

known as the voltage doubler system for the increas-

ing in voltage and rectifying of alternating current.
It is possible, of course, to raise a.c. voltages by the use
of a transformer and in certain cases by the use of a
thermionic vacunm tube, but the voltage doubler is prac-
tically the only known method whereby a.c. voltage may
be increased without the use of a transformer or a
thermionic tube and still be of efficiency suitable for
commercial application.

In the mind of every engineer there has been, at one
time or another, the idea to charge condensers in parallel
and discharge them in series thus securing twice the
charging voltage. It is on this principle that the voltage
doubler operates. If we consider the fundamental circuit
(Fig. 1), we can see that it consists of two condensers
and two rectifiers. If we follow the course of the
impressed a.c. potential through the circuit and take it a
half cycle at a time it is clearly shown how the condensers
charge and discharge.

I.\I THE theory of electric circuits there is what is

henrres

Fig. 2—Circuit constants of a modern commercial
voltage-doubler
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Fig. 3—Preliminary attempt to double the output
voltage

As the a.c. is positive it enters at 4 passes through
the rectifier, Ry, to C and D and charges condenser
C> passing out and back into the line through E and
F.  The negative half of the cycle enters at F and
follows the course EI/GB and flowing out through A4
charges condenser ¢ during its transition.

Under ideal conditions, that is, conditions of no load.
perfect rectifier efficiency, and zero circuit resistance
the theoretical action would be realized and the value
of the d.c. would be two times the peak value of the
impressed a.c. Under load, however, there is a continual
drain on the condensers even while charging, conse-
quently the maximum value of the d.c. s never attained,
the actual value depending upon the capacity of the
condensers, the efficiency of the rectifiers and the magni
tude of the load. Inasmuch as the condensers are not
charged at the same instant but are charged one on each
half of the cycle the output pulsations are twice the
frequency of the impressed a.c.

A modern voltage-doubler

For many years it was thought that since a.c. was
applied to the circuit and even at the junction of two
condensers that it was necessary to use condensers
capable of withstanding high voltages. A.c. condensers
of this type in the capacities required by the circuit
were bulky and out of the question for use on account
of cost. With the introduction of the liquid type of
electrolytic condenser the circuit was again considered
but it was found that although the a.c. was less than
the polarizing d.c. across the condensers the power factor
of this type of condenser was entirely too great to permit
its use even with an a.c. component as low 3s 30 per
cent of the polarizing voltage. It was not until the
advent of the truly dry type of electrolytic condenser
that the circuit became of commercial use. This type of
condenser with its low power factor, less than § per
cent, would easily take care of the high a.c. component.

By the use of rectifier piles of the dry disk type and
by the use of condensers of the dry electrolytic con-
struction a unit of surprising compactness and efficiency
can be made.

One manufacturer has recently introduced a power
supply using the voltage doubler principle. It was
designed primarily as a “B” battery eliminator but can
be used in any application where comparatively high
d.c. voltages are required and where a source of a.c. is
available. The manufacturer realizes that “B’ elimi-
nators and battery radios are obsolete in our modern
day radio, however, he believes, after a careful survey,
that there is still a demand for this type of a unit.
The fact that it contains no liquids, no rectifier tube,
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Fig. 4—Two circuits evolved in the development
of a voltage-quadrupler

Somfd
200 volt

Cq
12mfd ===_
J00 volt

+.500 volt

Fig. 5—Constants of the commercial voltage-
quadrupler

no moving parts, no transformer, and above all operates
on a.c. lines of any frequency, makes it an article of
outstanding merits of many uses to the service man and
the experimenter. The circuit for the completed power
unit can be seen in Fig. 2.

It is interesting to note that the condensers in the
voltage doubler circuit act in a duo capacity when used
with a connecting filter system. They not only are
integral units of the doubler system but also act as the
first condenser in the filter system. The voltage divider
is arranged so that various voltages may be secured.
The unit will output approximately 220 volts when con-
nected to a load drawing 30 milliamperes.

The author, while doing research work to develop the
voltage doubler to its present commercial usefulness, was
not satisfied in obtaining twice the impressed a.c. volt-
age so endeavored to place two voltage doublers in series
in order to quadruple the impressed voltage. Whenever
this was attempted it was found that no matter how the
two circuits were connected they were invariably in
parallel. This was due to the fact that a common source
of a.c. was used for each circuit and the inter-coupling
always resulted in a parallel connection.

The doubler “doubled”

On observation it was found that there were several
ways of overcoming this difficulty. A transformer with
a 1:1 ratio could be used to isolate one circuit and give
an effective two sources of a.c. supply (Fig. 3). The
use of a transformer, however, was not desirable as
it would increase the bulk, the unit cost, and would
prohibit the use of the unit on a.c. lines of any frequency.

The second method of attaining this same end was to
insert a high-capacity paper condenser in each line lead-
ing to the rectifiers ; this would isolate both circuits from
the common a.c. source and thus do away with the inter-
coupling. It was found that this would not entirely
answer the purpose as there was still a large amount
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of a.c. flowing between the two voltage doubler circuits
so a choke was inserted between the two circuits in
the d.c. leads (Fig. 4).

This provided a working circuit that would, under
fairly light loads, supply a d.c. voltage in excess of
four times the r.m.s. value of the applied a.c. voltage.
It had one disadvantage, however, in that six condensers
were necessary, two of which were high capacity a.c.
condensers.

On checking over the circuit and reading the a.c. and
the d.c. voltage across each condenser it was discovered
that two condensers were seemingly only tloating in the
circuit having neither a.c. nor d.c. voltage across them
and that all of the condensers had a higher d.c. voltage
than a.c. across them. The two were immediately cut
out and all condensers were changed to clectrolytic d.c.
condensers of the dry type. The circuit was redrawn
and the final voltage quadrupler circuit was evolved
(Fig. 4).

This unit has many applications and has been used
as a tubeless power pack. As in the case of the voltage
doubler its efficiency depends upon the capacity of the
condensers used. Only condensers of power factor less
than 5 per cent are suitable inasmuch as the a.c. com-
ponent in the condensers has a magnitude of approxi
mately 70 per cent of the polarizing d.c. As in the case
of the voltage doubler circuit it is a necessity to use a
choke fed filter system on the output of the voltage
quadrupler. The final power unit has an output voltage
of approximately 440 volts when connected to a load
drawing 50 milliamperes.

Devices of this type which can not only double the
voltage obtainable from an a.c. line but multiply it by a
factor of four may find considerable use where a high
d.c. voltage is desired from an a.c. source. At present,
transformers and rectifiers are necessary ; the equipment
may be not only large but heavy and have limited life
due to the rectifier tube losing emission. On low fre-
quency circuits the possibilities of the voltage doubler
and voltage quadrupler seem fairly unlimited. The future
will no doubt see important applications of the devices
and circuits described above.

Fig. 6—Assembly of resistances, chokes, condensers,
and rectifiers
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Calculation of
|oudspea|<er
efficiency

By IRVING WOLFF, Ph.D.

Engineering Dept., Research Diy.
RCA Victor Company

!- T FIRST sight it might seem most useful to define

loudspeaker efficiency in the same manner as the

efficiency of other generators is defined; viz., in
terms of the ratio of the power delivered to the power
which is supplied to it. Due to the conditions under
which a loudspeaker is used, however, another definition
of efficiency, which has been called the “absolute
efficiency,” has been found of more value.

In practice, a loudspeaker is supplied from either a
vacuum tube or a transformer attached to a vacuum
tube. The impedance of this vacuum tube or the effec-
tive impedance of the transformer when placed in the
circuit is very nearly a pure resistance independent of
the frequency. If the loudspeaker motor has a large
reactive component of impedance, or if its inipedance
varies greatly as the frequency is changed, it will bhe
impossible to supply electrical power to the loudspeaker
which is equal to that which could be delivered to a
resistance having the same resistance as the supply
source (the condition for maximum power transfer
from a supply source to an external unit). Even though
the loudspeaker might, therefore, have a high efficiency
in the usual sense, under the conditions of use, it would
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not be possible to deliver a large amount of power to
it and it would, therefore, from a practical standpoint,
not be an efficient loudspeaker.

The general definition which the Institute of Radio
Engineers has given for the absolute efficiency of electro.
acoustic apparatus when applied to loudspeakers can be
interpreted as follows:

The absolute efficiency of a loudspeaker for a given
speaker not of the relay type is given by the following
formula :

4z,

|12 IMZI s
Eﬁjﬁ*“* - (1)

— +Z + R}

Z |

where 2, is the mechanical resistance due to acoustic
radiation, 2z is the total mechanical impedance in-
cluding reactance due to ajr reaction, and masses and
stiffness in the drive system; also resistance due to
radiation and any other energy losses, M is the vector
force factor; i.e., complex quotient of force developed
in the mechanical system per unit velocity in the mechan-
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Fig. 2—Directional radiation characteristics of
vibrating disc in infinite baflle

ical system, Z is the impedance of the electrical system
excluding the impedance due to the motion of the

2

=

. SO . M
mechanical system which is included in the — term,

R, is the electrical impedance of the supply source, and
the bars indicate absolute values. When using the
formula in the form in which it stands all mechanical
quantities must be expressed in c.g.s. absolute units, and
electrical quantities in absolute eclectromagnetic units
when the force action is electromagnetic and in absolute
electrostatic units when the force action is electrostatic.

In the next succeeding paragraphs an illustration
showing how formula 1 can be used to calculate the
efficiency of a loudspeaker is given.

To simplify - the illustration, a dynamic cone loud-
speaker will be chosen having the following character-
istics:

8 in. diameter paper cone, with § in. suspension. Mass

of cone plus coil 14.7 grams. The mechanical sys-

tems, due to the stiffness of the suspension and the
centering means is resonant at 100 cycles. The
hameter of the air gap is 4 centimeters. Number of

turns in the coil is 120. Flux in the gap is 9,000

gauss. The transformer feeding the loudspeaker re-

flects the tube impedance into the secondary as 11 ohms.
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To simplify the calculation, the assumption can be
made that the radiation from the front and rear are
equal and the same as that from a vibrating disk in an
infinite baffle.

Referring to equation 1 we must first calculate the
mathematical impedance due to radiation (z;) and the
total impedance (z). (2,) is obtained directly from
curve 1 by multiplying the values given on that curve
by the area of the disk. The diameter of the disk plus
the vibrating part of the suspension is approximately 22
centimeters, giving an area of 380 square centimeters.
The values of (z,) for a series of frequencies are shown

in columns 3 and values of = corresponding to each

frequency, where d is the diameter of the disk and A
is the wavelength of sound at that frequency, are shown
in column (2) of the table. The total mechanical
reactance is made up of a mass component due to the
mass of the cone plus drive coil, a stiffness component
due to the stiffness of suspension and centering device,
and an additional mass component due to reaction of
the air, the value of which is obtained by referring to
curve and multiplying by the area of the disk. The
values of the latter at a series of frequencies are shown
in column (4), while the component due to the mass
of the cone itself, which is equal to @ times the mass,
is shown in column (5).

Since the system is resonant at 100 cycles the total
mass component must be equal to the total stiffness com-
ponent at that frequency and the stiffness component
therefore equals 13.4 X 103 mechanical ohms at 100
cycles, and has values inversely proportional to the
frequency, as shown in column (6) for the other fre-
quencies. The total reactive component of the mechan-
ical impedance, which is obtained by subtracting the
total stiffness component from the total mass component,
is shown in column (7). It will be noted that any
frictional or heat losses in the vibrating system have not
been included as they are negligibly small compared to
the other quantities. Columns (3) and (7) determine
the total vector mechanical impedance.

We next require the force factor M which is equal to
the product of the length of conductor in the gap times
the magnetic field strength. In the case of the loud-
speaker under discussion, this is equal to T X 4 X 120
% 9,000 and is the same at all frequencies. Its value
is shown in column (8).

The supply impedance must be expressed in electro-
magnetic absolute units and is equal to 11 X 10? abohms
as shown in column (9). The electrical impedances of
the system, as measured with the mechanical system

clamped so that it cannot vibrate, and expressed 1n
abohms are shown in columns (10) and (11); (10)
giving the resistive component and (11) the reactive
component. The efficiencies calculated by means of the
formula and the values which have been given in the
preceding columns of the table are shown in column
(12). Care must be taken in using the formula to use
absolute values and components in the proper place as
indicated by the double bars.

Efficiencies at higher frequencies

The calculation of the efficiency has only been carried
to 1.600 cycles as the simple assumptions which have
been made no longer hold for frequencies above this
value. The fact that the vibrating body is a cone rather
than a disk affects the radiation at frequencies where
the depth of the cone becomes comparable with the
wavelength. The cone also fails to vibrate as if it were
moving all in phase at the higher frequencies so that
the assumption of a vibrating piston is no longer valid.
The calculation of the efficiency where the more compli-
cated phenomena takes place is beyond the scope of this
simple example and reference can be made to an article
by M. J. O. Strutt in the Annalen der Physik, Vol. II.
page 129, 1931, for additional information. The effect
of the use of a finite baffle has also been excluded as
this calculation usually involves a consideration of the
cabinet which is used to surround the loudspeaker and
must be considered as a separate problem.

The response of the loudspeaker in any direction may
also be obtained by means of the efficiency values which
have just been calculated and the directional radiation
curves shown in Fig. 2. The response of a loudspeaker
as defined by the Institute of Radio Engineers is

p/

expressed in terms of the quantity /7 where p is the

VR

resultant sound pressure in the medium expressed in
bars, R is a resistance equal to that of the source to
which the loud speaker is designed to be connected,
expressed in ohms, and z is the voltage supplied to the
lou