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THE APPLICATION OF ELECTRONICS
TO THE PIANO
By
Benjamin F. Meissner

INTRODUCTION

However, as Berlioz suggests, this very intimacy
between the artist and his instrument makes it a very
difficult one to play well.
No instrument can sound
so unpleasant as a violin or cello when inexpertly
played.
Further, their inability to sound more than
two tones together is a severe limitation for unaccompanied performance. In melody they are superbly versatile; in har.nony they are severely limited.
The difficultiesof bowing and fingering, for quality and pitch
control of string instruments, was met by the introduction of instruments with many strings, like the harp
and cymballum.
Here the pitch intervals were exactly
predetermined by tuning one string for each pitch, and
the tone quality was also largely predetermined by design
characteristics.
Later,
keyboards and actions
were introduced which provided an easier playing technique.
A great variety of these keyboard string instruments were introduced,a goodly collection of which
may be found at the Metropolitan Museum in New York.
Probably the best collection in the world is at the
Deutches Museum in Munich.

The music of Nature, in ber rippling brooks, ber
sighing breezes, her crashing surfs or howling gales,
is as old as earth itself; the rhythm of electrons, of
solar systems and galaxies proceeded from the beginning, if any there was, and goes on and on to the end -if any there be.
Of man-made music, the human voice
is without doubt the oldest instrument of them all.
Whether the twanged bow string, the wind-blown reed,
the fall of a stick or stone, or the thump of a tom-tom
came next in instrumental music, no one really knows.
All have been handed down through the ages, with a new
touch now and then, and all are to be seen in the modern
orchestra. There we find plucked strings, bowed strings,
struck strings; wind instruments of wood and brass; percussion instruments of stretched skin, tuned bars of
wood and steel; untuned cymbals and gongs.
In the great music of large orchestras we find
them all weaving together in a magnificent moving tapestry
their variegated
colors and
harmonies
and
rhythms. Here, like actors in a play, whether sweet or
blatant, dull or grotesque, soothing or harsh, agile
or ponderous, they enact their parts on the musical
stage.

The earliest string
instruments with keyboards
used the plucking or scraping type of action mechanism.
Of these the Clavichord and Spinet came into extensive
use. The more elaborate Harpsichord followed with multipedal control, for octave shifting- coupling arrangements, etc.
These instruments used very small strings
at relatively low tension, as in zithers, harps, etc.
Their tones may be characterized as thin, delicate, and
low in power.
Dynamic control was not possible.

Uf all these instruments, thereare some much more
expressive than others, capable of a wider rangeof tone
color, or character, or power, and thus better able to
portray a wider range of mood or feeling.
The violin
family, for example, is extremely expressive; the artist has a degree of intimacy with it perhaps unequalled
in any other instrument. He has control of pitch, power, duration, and timbre also, to a considerable extent;
he can start or stop a tone, pass from one to another,
and from one power to another, pluck or bow his strings
in many different ways.
He can produce tremolo, glissando or vibrato effects; he can even play two tones at
once --- thus exceeding in this respect the abilities
of the human voice.

THE PIANO
When, in the year 1709, the Italian, Cristofori,
invented the hammer action, a greatly superior control
was provided, enabling the player
to regulate tone
power by the strength of key blow.
The Italians and
French called this instrument a "pianoforte," meaning
soft-loud; the Germans called it a "Hammer Klavier."
The history of the instruments whicn preceded the
piano shows plainly that the invention of the hammer
action was merely the culmination of a long series of
efforts on the part of many great craftsmen through
three centuries, looking towards the production of a
musical stringed instrument capable of doing for domestic use what the organ had always done in the church,
namely, to furnish complete command over all existing
resources of harmony as well as melody. I may add that
the modern organ, and toa lesser extent, the piano, do

Berlioz, discussing the great value of the bowed
strings in an orchestra, says: "From them is evolved
the greatest power of expression and au incontestable
variety of qualities of tone; violins, particularly,
are capable of a host of apparently inconsistent shades
of expression. They possess, as a whole, force, lightness, grace; accents, both gloomy and gay; thought and
passion.
The only point is to know how to make them
speak."
3
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continuous, or noise spectrums, shown by the continuous
lines, produced by the hammer blow at the higher frequencies.

a great deal more than this.
While the piano has no
true sostenuto like the organ, it does provide individual tone power control which organs do not have.
The
"touch-responsive" piano action greatly expands the
player's control.
The organist, however, has control
of a great variety of tone colors, available at the
touch of a stop, which he can use singly or in combination, by couplers, or by use of several keyboards.
This is the real source of the beauty of organ music;
without changes in registration, its performance becomes quite monotonous. The organist also has the swell
pedal for mass power control over all tones together;
this compensates to some degree for his lack of power
control over individual tones provided by Cristofori
for the pianist. The piano's touch-responsive keyboard
does a great deal more than provide piano to forte control of volume.
It provides the very important change
of tone quality with volume possessed by all of the
very expressive instruments, such as the bowed string
types, or the human voice.
These, when played piano,
are soothing, sonorous, pleasing. At forte they become
strident, even unpleasant. The physicist would describe
this as a shift of energy from the lower to the higher
partials. The radio engineer would compare it to overloading an amplifying tube.
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Fig. 2 .Spectra of agrand pianoforte.

COMPARISON OF PIANO WITH ITS PREDECESSORS
In Figure i are shown the various harmonic compositions of the piano and some of its predecessors.
In
all of these spectrograms the fundamental frequency
was 128 cycles, an octave below middle C.
The amplitudes have all been reduced to a common level so that
e
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The touch responsive piano, therefore, provides
simultaneous, not separate, control of tone power and
quality together, adecided improvement over the organ,
which has control over power alone, and that only a
mass control. The piano, particularly in the lower and
middle registers, like the lion, will sigh or snarl or
shriek, dependingonwhetheryou petorpunchor pound it.

SPECTRA

OF

FIG. 2
PIANO TONES IN OCTAVE INTERVALS.
EFFECT OF KEY BLOW

In Figure 1,I show the influence, on harmonic composition, of hammer velocity, as governed by strength
of key blow, on the modern grand piano.
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FIG. 1
SPECTROGRAMS SHOWING LINE AND CONTINUOUS SPECTRAOF THE
PIANO AND ITS PREDECESSORS.

Fin. 3
VARIATION OF HARMONIC COMPOSITION OF A PIANO TONE WITH
FORCE OF KEY BLOW.

this factor does not appear.
The Clavichord, with a
combined striking and scraping action mechanism, exhibits the thinnest, most delicate tone; today however,
it might be termed "tinny." Next, the Cembalo, in the
spinet- harpsichord family, with quill-plucked strings,
has a tone less bright or thin than the Clavichord. The
Hammer-Klavier, such as Chopin and Beethoven used a
hundred years ago, gavea tone somewhat dulleror darker
still in quality. The modern grand tone is still darker,
less strident or thin than the others.

The top spectrum was produced playing softly, the
middle, moderately loud; the bottom very loudly. Notice
how the partials come in at higher and higher frequencies
with increasing key blow; not shown again is the accompanying increase in general loudness, all three
spectrograms naving been reduced to a common amplitude
level.
The curves show the continuous frequency bands
and relative amplitudes of the noises produced by the
hammer blow, and the broad resonance effects of the
soundboard. These sounds are induced in the soundboard
by the shock excitation of the hammer blow and continue,
with quite rapid damping, (fading) after the shock has
passed.
Those partials lying within these resonant

In Figure 2 are shown seven spectrograms giving
the harmonic composition of a grand pianoon seven tones
in octave intervals; notice the increase in harmonic
richness from high to low tones; notice also the strong,
4
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except as modified by the player's blowing technique.
In Figure 4 are shown two oscillograms representing
these two types of dynamic inception character.

ranges are, of course, amplified, as shown by their
greater amplitudesatthepeaksofthecontinuous curves.
MODERN PIANOS NOT MUCH IMPROVED
The piano of today is, with improvements in detail
only, the pianoforte of a hundred years ago; no really
significant change in principle has been made.
Chief
among the improvements is the perfection of steel wire
with regard to tensile strength.
Higher and higher
tensile strengths have provided two significant improvements.
First, the change from stretched string plus
bar-like vibrational characteristics, to almost wholly
string characteristics, and thus gradually wiping out
the inharmonic partials of the former; and second, the
increase of storage capacity for kinetic energy, which
permits transfer of more and moreof .the energy imparted
by the key blow, through the action and hammer, to the
string.
This improves both the beauty and the power
of the tone.
It permits, according to the choice of
string to soundboard coupling, either a much louder
tone, a much longer tone, or, as utilized in modern instruments, a moderate increase in both loudness and
duration.

A

ADVANTAGES OF PIANO OVER OTHER INSTRUMENTS
Fla. 4
ENVELOPE SHAPE IS A STRONG DETERMINANT OF TONE CHARAC—
TER.
(A) PIANO TONE;
(0) WIND INSTRUMENT TONE.

To summarize then, the great popularity of the piano is due, first, to the ease with which perfect pitch
intervals and perfect tone quality may be secured. The
veriest tyro can play a series of pitch intervals just
as precisely as the greatest artist; second, without
the slightest difficulty, he can produce just as beautiful a quality in each tone; third, he can control the
power and quality of each tone with the touch-responsive
string vibrating mechanism; fourth, ne can play, unaided
by others, harmony as well as melody; this factor alone
accounts for the great popularity of the piano.

A showsa piano tone with abrupt inception and immediate logarithmic decay; this character is typical of
all percussion and plucked string tones.
B shows the
gradual inception of the letter a as spoken in the name
Raleigh; this is typical of all' wind instruments, of
which the human voice is a perfect example.
A banjo
tone may have very nearly the same harmonic composition
as a piano tone but differs very noticeably from it because of a much higher rate of damping, that is, rate
of tone power diminution. The early phonograpn records
of pianos sounded a great deal like banjos and guitars
principally because the high audibility threshold of
the phonographic apparatus brought out only that part
of the piano toue occuring in the first few seconds,
and thus greatly increasing its apparent damping; and
also, of course, because of the omission principally,
of lower frequencies. The dynamic envelopes ox the many
partials may all have different forms.
For example,
in the piano, the higher partials die out much quicker
than the lower.

411e the piano is, undoubtedly, a great and beautiful musical instrument, thereare many signs of longdesired
improvements
in various directions.
Chief
among these is control over the character or qualities
of its tone.
TONE CHARACTER
Tone character, that is, the characteristics which
so markedly distinguish the tones of different musical
instruments, one from the other, may be separated into
several groups.
The most important of these are:-

3) Incidental
Noises:
In
the
percussion
and
plucked string instruments, in addition to the always
falling dynamic characteristic of the tone, there are
also significant incidental noises at the beginning of
the tone. In bowed string tones, the bow-scrape noises

I) Harmonic Oomposttton:
This may be expressed
as the amplitude ratios of the various harmonically related partial or component simple toues in the complex
sound.
It determines tone quality or timbre, as was
illustrated in Figure 1.
In many instruments this
changes with the amplitude of the driving force.
This
was shown for the piano in Figure 3.
It may also vary
during the toue production at constant amplitude in some
instruments, depending on the manner of excitation, as
in the bowed strings. In the piano it changes constantly
from beginning to end of the tone.
There may also be
inharmonically related partial tones present --- as in
bells, or bars held at one end, or strings under insuf-

are always present more or less and are as much a part
of the tone character as the distribution of energy in
its component partials, or as the shape of its dynamic
envelope. In Figure, I show au oscillogram of aviolin
tone.
Here is plainly a high frequency tone, superimposed upon one of low frequency. Clearly, the low frequency is the rate at which the string clings to and
releases from the bow.
The high frequency is that of
the string itself.
Both, of course, are complex in

ficient tension.

composition.

z) Dyndialc Characteristics:
This refers to the
power characteristics of the tone generally, but also
more particularly to its relative power from beginning
to end.
The clarinet or oboe stops of a great organ
may produce very close approximations to the true timbres of those instruments, but there is a very marked
difference in power. But, more significantly, the shape
of the tone wave train envelope may take on many different variations and result in many different tone
characters. For example, the chief difference in character between a piano tune and that of a saxophone oc
clarinet is that the former starts loud and dies away
rapidly, while the latter starts at zero,
builds up
rapidly, and continues, ordinarily at uniform loudness,

FIG. 5
OSciLLoGRAm OF A VIOLIN TONE
5
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CHANGES IN FRE QUENCY AND AMPLITUDE
n) There are also other distinguishing characteristics such as tremolo and vibrato, known to the radio
engineer respectively as frequency and amplitude modulation.
Another is frequency or pitch range; with regard to the latter, a flute and a tuba might have very
similar characteristics in every respect yet no one
could fail to distinguish them owing to their very different frequency ranges.
These are the principal elements found in the make
up of tone character.
I will make no attempt to break
them down into finer subdivisions, combinations or subcombinations.
With such a set of ingredients it is possible to
set together musical tones of practically any desired
character; with suitable control over the utterances
of these characters, it is further possible to construct
and correlate them in the various melodic, harmonic,
dynamic, and rhythmic patterns, which we call Music.

of my efforts to date.
It is not a commercial design,
nor does it embody all of the many improvements developed in my laboratory.
My efforts thus far have
been devoted rather to an exploration ol the possibilities and the development of a variety of solutions
for the many individual problems than to a combination
of them suitable for commerce. It Is an operating model,
in which some very significant improvements are included; in which some, perhaps equally important, are
not yet included.
While some of you might be interestedin following the course of its technical development, that, obviously, time does not permit.
THE ELECTRONIC PIANO
Now I will proceed with a technical explanation of
the operating principles and the instrument itself.
What you see here in Figure 6 is essentially although
not quite a piano.
It has a conventional bodyor case,

DESIRABLE PIANO IMPROVEMENTS
As I have previously stated, there are many directions in which the piano may be greatly. improved.
In the first place, its single type of tone quality,
when compared with the many tone qualities of the organ
or the orchestra, presents a very great limitation;
secondly, the piano is always a percussion instrument;
its toue always starts with a crash of percussion transients and then dies rather rapidly away, logarithmic
fashion, with more or less continuous change in harmonic
composition.
The strong percussion noise and rapid
fading out is especially noticeable in tne upper registers. In all the wind instruments, and, othirt, control,
on the bowed string instruments, the tone %tarts with
low amplitude and quickly builds up to bormal. Here is
a complete reversal of the dynamic inception characteristic of the piano tone; and this reversal, even without
the percussion transients, is sufficient to produce, out
of a given harmonic composition, two tonesof decidedly
different character.
A very great improvement, then,
would be provided with the ability to control the dynamic inception characteristic of the tune, thus producing tones characteristic of percussion or 01 wind
instruments at will.
Just as important as the dynamic inception of the
tone, is its dynamic nature after inception. The piano
always has a falling tonepower characteristic while the
organ quickly reaches a steady state and holds it so
long as the key is held. Both may be brought to an end
with a rapid, though not snarp, falling characteristic
by key release.
In the piano the damper acts quickly
though not instantaneously. In the organand other wind
instruments the vibrating air column continues apace until its stored energy also is dissipated.
The ability
to predetermine the tone damping, that is, the ability
to make it sustain indefinitely, without damping, and to
provide any desired degreeof damping, constitutes also
a very important control of tone character.
While I
nave not incorporated in this instrument arrangements
for producing indefini tely sustainable or undamped tones,
that, with some increased complication, is possible.
However, Ido have arrangements for increasing thenormally quite low damping rate of the tones.

THE MIESSNER
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ELECTRONIC

PIANO

an inner iron plate strung with strings over a vibratile
bridge; tuning pins for tuning the strings; a keyboard
and hammer and damper action for selectively setting
the strings into vibration, and for stopping that vibration.
However, it has undergone some rather important changes.
You note a number ol control knobs and
buttons above the keyboard; a swell pedal in place of
the unicorde or soft pedal; an additional cabinet containing an amplifier and reproducers.
In Figure

7,

showing the interior of the piano, you

The ability to inject certain incidental noises,
to provide tremolo and vibrato effects, at will, further
adds to our control over tone character.
Here then you have my conception of the advantages,
the limitations, and the very desirable improvements
for the most popular ol all home musical instruments,
tne piano.
To keep the most important advantages, tu
efface tne worst limitations, and to add the best improvements then, was the problem which, some years ago,
I set myself to solve.
The instrument to be demonstrated later, represents in a general way the results

FIG. /
I
NTERIOR OF ELECTRONIC PIANO
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see many more changes. You see through the strings, in
the right middleof the picture, that the soundboard has
been cut away, leaving the reinforcing ribs; you see a
small amplifier, and additional apparatus, whichI will
later describe more in detail. The soundboard has been
cut away from its supporting ribs in order to retain
the benefits of inter-string coupling, and to greatly
reduce their coupling, through the soundboard, to the
atmosphere.
hile often called a resonator the soundboard is, of course, reallyno such thing. It is simply
a coupling device, with its action only very broadly

based, for replacement of the soundboard.
Among these
may be mentioned modulations by the vibrating string of
a magneticoran electrostaticfield, ora resistance; or
operation of apiezo-electric, electrodynamic, magneto striction, or other such device.
In Figure 8,1 show
schematic representations of these string vibration
conversion devices.
In (a) the magnetic field of the magnet threading
the coil is modulated by vibrations of the steel string,
thus producing a voltage vibration in the coil; if the
string is magnetized the coil core need not be. In (b)
the string vibration modulates its capacity to the pickup conductor, and thus modulates either a steady voltage
or a high frequency current.
In (cl
the string bears
down with some pressureon a resistanceor piezo-electric
device and, asit vibrates, this pressure is modulated,
thus varying the resistance, or generating a voltage
in the piezo crystal.
In Id) the string is a conductor
vibrating in a magnetic field and thus has voltage generated in itself.
In (e) the string is magnetized and
its longitudinal extensions so disturb its magnetic field
that a voltage is generated in the coil.

resonant.
It is certainly no more a resonator than the
diaphragm of a loud speaker.
The piano string has altogether too small a surface for efficient transfer of
its vibratory energy into motions of the surrounding
air. This purely mechanical soundboard device is therefore used between the two, and incidentally with a stepdown action of about 1,000 to 1, so that the large
motion of the small surface string is converted into a
small motion of the large soundboard.
Since we wish to use a different, far more flexible
and controllable system for translating string vibrations into sound waves, and since we wish practically
complete control of all translation, we have cut away
the soundboard.
If this had not been done many of the
effects we wish to secure would be blanketed by the
normal piano sound sent out from this board.
Further,
the small residual sound emanating from the coupling
between air and strings and ribs, and other vibratory
parts of the structure as a whole, is absorbed by internal padding, or hindered in its escape by closed
bottom and top.
A careful, wholly new design would
permit a still greater reduction in this purely mechanico-acoustic coupling.
On the other hand, this weak
direct sound is useful for certain tonal effects or for
practise at low volume.

Of these the electrostatic principle appears simplest and most generally useful for the particular requirements at hand.
As applied to my piano, a thin,
narrow conductor is mounted near and underneath the
strings, on a well-Insulated support, as snowm in Figure 9.
You see three of these, a, b and c.
Its insulation resistance shoulo be of the order of ion meg
onms.
In general it is just far enough froulthe strings

These changes are merely preparatory to the Introduction of the new electro-acoustic translation system. They have not materially affected the rest of the
instrument, except to reduce the rate at which the
string declines in its vibration amplitude, because of
the diminished hysterisis and radiation losses of the
vibratile system.
MECHANICO-ELECTRO TRANSLATING SYSTEMS
There are numerous principles upon wnich a mechanico-electro vibration-conversion
system may
be

(a) MAGNETIC

r5
Is

(b) ELECTROSTATIC

—e:

I

FIG. 9
D
ETAILSOF PICKUPS, V
OICING S
CREWS, ANO S
TRING I
NSULATION

„

to prevent contact on the most violent vibrations which
the strings undergo.
Mien a voltage is applied thru
a high resistance, between the strings and this conductor, vibratory variation of the distance modulates
the capacity; since the total charge is fixed, by the
high resistance, except for extremely low frequency
modulations, the voltage across the capacity is modulatedalso; in its electrical operation here it resembles
the familiar condenser microphone, or perhaps numerous
condenser micropnones connected in parallel, each with
a tuned diaphragm. Note the cut-away soundboard again,
the insulation between strings and plate, the voicing
screws On the bridge for lowering or raising the strings
with respect to the pick-ups.

'11111111

(c) RESISTANCE OR
MEZO -ELECTRIC
(d) ELECTRODYNAMIC

(1) MAGNETOSTRICTIONS

TYPES AND ARRANGEMENT OF ELECTROSTATIC PICKUPS

Fi 9. 8

The shape, the position, and mannerof mounting of
this "pick-up" areof considerable importance. In Figure
lo, I show some of these possible arrangements. In general, it should be very narrow along the string, unless
very high partials are not to be translated.
If, for

TYPES OF TRANSLATING APPARATUS.
7
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example, it were as wide as the string
the fundamental and a few low-numbered,
would be translated.

is long, only
odd partials

• ®
PU
PU

(B)

(A)

PU

PU

7D)

(C)

FS. 10
ELECTROSTATIC PICKUP TYPES.
Tue depth of the conductor perpendicularly to the
string axis, as well as the separation, affects the
shape of the translated voltage wave form. The position
of the pick-up along the string will affect the harmonic
composition of the translated vibration.
If at the
string middle, only odd-numbered partials will translate, because there the even partials all have nodes of
amplitude. At the string ends tue higher partials have
more nearly equal, or strong, amplitudes compared to
the lower; this is reversed toward the mid position. A
shows our normal pick-up.
11 two pick-ups be set in
complementary positions about the ntiddleof the string,
either the odd or the even partials may be made to neutralize, depending on the relative phases of the pickup outputs.
If pick-ups be placed alongside a string,
as shown at B, strong frequency-doubling action is provided; assymetric pick-up, providing a sometimes desirable distortion, is secured by two pick-ups on opposite sides of the string as shown at C; here, if the
two spacings are equal, all frequencies will again be
doubled; if assymetric, varying degrees of non-linearity in translation may be secured; if a single pick-up
be placed obliquely to one side, as indicated at n, a
combination of simple and doubling action occurs.
Another matter

is

concerned with the rigidity of

central region, of the frequency-gain characteristic of
the amplifier, provides still further control of harmonic
composition.
The possibilities for control of
harmonic composition are tnus seen to be almost limitless, at least for change of the harmonic structure
provided by the struck string; and I may say that the
string has a wealth of such material to work with. The
string itself is certainly a simple, cheap, and rugged
source of this harmonic material.
Cristofori's mechanism for control of its vibration, while not simple,
is certainly rugged and time-tested.
In the present
instrument, all of these possibilities for tone quality
control are not included, and it is possible that a
better selection and arrangement might have been made.
However, this selected arrangement is simple and effective.
Three pick-ups, of the type previously described
and already shown, are used. One of these is very close
to the back end of the string, at about one-sixteenth
string length, where the high partials are prominent;
another is placed at about the one-sixth-from-back position; a third is placed in aposition about oie -third
from the front end.
To compensate to some degree for
the irregular frequency-response
characteristics of
loud speakers, the stringsare provided with individual
pick-up spacing adjustment screws; theseare mounted on
the bridge and raise or lower the individual strings
with respect to the pick-up strip.
This adjustment
operates much more effectively for the pick-up nearest
the bridge than for the other two.
A more perfect,
though more complicated arrangement would provide fixed
position stringsand adjustable pick-upsforeacn string
on each bar.
CIRCUITS OF THE ELECTRONIC PIANO
Before proceeding to detailed description of the
various elementsof the electronic system in the piano,
I show, in Figure 11,the chief component partsand their
arrangement. The piano key, K,thru the action, A, hammer, 1, and damper, D, controls tue mechanical vibrations of the string,S.
The string charging circuits,
cobperating with switching devices in the piano action
- control the polarizing charges ou the strings.

PICKUP TUBE5

PIANO ACTION

PICKUP SYSTEM

the pick-up device. It may introduce spurious, unwanted
frequencies or noises, if it, itself, can vibrate, or
if it is attached to some part of the instrument which
vibrates differently than the string-bridge system.
1 have found that, for general purposes, a pickup conductor, consisting of flat, one-sixteenth inch,
copper braid, glued to the narrow side of a strip of
bakelite one-eighth inch thick by one-half inch wide,
and securely fastened, conductor-side up, to each of
the wooden ribs, is a satisfactory type and mounting.
This selection has, however, been rather largely intluenced by our desire to secure, among other types of
tone, one closely resembling that of the piano.
TONE QUALITY CONTROL BY SEVERAL PICKUPS
A plurality of pick-ups of different form, position along, or position around the string, may be used
singly or in combination, still further to change the
harmonic composition of the translated wave from that
of the string itself.
An over-all control, known in
radio asa tone control, permitting tipping, about some

MIXING
CO NTROL

TONE
CONTROL

POWER
•A
MPL I
F
I
ER

SPEAKERS

LOW
PASS
FILTER

AND
• -----FMB SUPPLY
CABLE
1
110 V.M.

VOLUME 2- TAG[
CONTROL AMPLIFIER

Fi 9.11 GENERAL ARRANGEMENT or

ELECTRONIC PIANO CIRCUITS.

Pick-ups 1, 2and 3, teed into individual pre-amplifier
tubes T1 , T2 and T., respectively. These tubes feed into
a mixing circuit wherein the relative amplitudes of the
amplified pick-up voltages may be varied in aiding or
bucking phases.
Following this is the tone control
circuit for adjusting the frequency-amplification characteristicof the first stage of the following two stage
amplifier.
The second stage of this amplifier is a
push-pull driver for the power amplifier. Next we have
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PROCEEDINGS OF THE RADIO CLUB OF AMERICA, INC.
a volume control operated by a swell pedal. All of the
preceding apparatus is in the piano. The remaining power
amplifier, power supply, low-pass filter and reproducers,
are in a separate cabinet, connected to the piano by a
multicable and plug.

same respectively as in the string itself. Notice turO'er, that the even numbered tenth does not translate
at all owing to its vibrational node at that point.
A

OPERATION OF MIXING CIRCUIT
Referring now to Figure 12, the three
pick-up strips connect to the grids respectively of
three amplifier tubes.
These tubes have output transformers
sa, itia and le, with parallel midtapped potentio-meters, all connected
in a series mixing circuit so that
any
desired amplitude in either
aiding or opposing phase may be
used from either of the three
pick-up tubes. This mixing cir/3
Cuit
then feeds
into a tone
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pick-spat B, about one-sixth from string end, will give
translated amplitude ratiosof about ten, nine, and two
for the three components.
One at C, for the one-tenth
position, gives ratios of about one, one, one. Anotner
one-tenth position pick-up, placed on the same side of
the string but at the opposite ena, D, will have these
same ratios but the phaseof the even numbered partials
will be reversed, while that of the odd will still be
the same.
If C and Dare used in combination, with
equal amplification, the odd numbered partials ten will
neutralize.
Such complementary-position pick-ups, no
matter at what fractional string positions, may inns be
used to cancel all even or all odd-numbered partials
translated from a string, while a mid-point pick-up
translates only odd numbered partials.

FIG. 12
TIMBRE-CONTROL CIRCUITS.
control circuit, so arranged that tipping of the voltage-frequency characteristic is provided.
By means of
this latter control the frequency characteristic may
be made rising, flat, or falling, as desired. For tnese
mixing and frequency-characteristic controls two interchangeable types are provided. One of these is a manual,
or fine control, by continuously variable potentiometers;
the other, a preselected type using multiple push-buttonjack-switches and step-by-step potentiometers.
Either
manual or preselected control type may be switched into operation by
another multipole, button-operated,
jack switch.
These switches are fitted with an interlocking mechanical arrangement so that only one may be
set at a time; when a new button is pushed the old one
releases by this single motion.
A simple comparison
will illustrate this arrangement perfectly.
A painter
may mix any desired visual hue by proportioning his
three primary colors, red, yellow and blue, and then
brightening or darkening it by additional use of white
or black.
Or he may use pre-mixed pigments in a great
variety of nues.
The primary acoustic color sources
here are the three pick-ups; the brightening or darkening is obtained with the tone control.
For delicate,
In-between shades both painter ana pianist would use
the manual mixing method; for obtaining ordinary colors
they would use the easier pre-mixed method.
To make the operation of
clearer, I snow, in Figure 11,

STRING

la

Let us see now what happens if we combine, say A
with B.
The fundamental component of A, with amplitude lo, ana of B, with amplitude so, aid, making partial cnt uf amplitude ason our scale; the translations
of the third component, however, are in reverse phase
but diliering amplitudes.
At A it has an amplitude of
minus live, while at B it is plus nine; the algebraic
sum, therefore, is plus four.
The tenth partial at A is zero, and, at B, two.
The same numerical and tonal results are obtainable by
combining A and D.
Of no consequence is the fact that
the relative phase of the tenth partial to the other
two would thus be reversed.
This has no influence on
tone quality.
If we combine B and C together, again with equal
amplification, we get another spectrum, as Shown in the
Figure; shown also is the combined translations
and C as well as A, B ana C together.

of

A

Let us now take advantage of phase reversal and
of amplitude control of the translation of A, 8 and C,
provided in our mixing system.
lake, fur mkmnple, A's
and B's translations at one half amplitude and of the
same phase, and combine these with C's translation at
full amplitude with reversed phase. 4 have now elimi-

this tune mixing syste,.
a schematic representa-

tion of a string vibrating with, for sakeof simplicity,
only three components, namely the first, or lundamental,
the third, and the tenth, in amplitude ratios of, say,
tea, five and two, respectively.
If we place a pickup at the string middle, A, and just beyond touching
distance, it is clear that tne translated amplitudes of
the odd numbered first and third components will be the

nated the fundamental altogether, and turned the amplitude distribution completely about with respect to tile
remaining two partials.
There is an endless variety
of such mixtures possible with continuously variable
9
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control over the amplitudes of the translations of several such pick-ups in different positions and with reversible pease.

at even subnormal output power. Two self-excited speakers are used, with crossed sound beams, for better distribution of the high frequency portion of the output
sound spectrum. The entire amplifier is a.c. operated.

OPERATION OF TONE-CONTROL CIRCUIT
But wego yet another step turther by applying the
control over frequency-amplification characteristic in
the amplifier circuit following the mixing system.
In Figure 114,1i show two extremes and one mean adjustment of the continuously variable toue control.
kith it any of the tone spectrums obtainable from tue
mixing system may be reproduced about as delivered by
the latter using A; may bé depressed in amplitude in
the lower and elevated in tue upper frequencies as in
C; or may be reduced somewhat in the lower without much
change in the higher frequencies as in B.

40

2.0

PO*ER AMPLIFIER,

FIG. 15
POWER SuPPLV, SPEAKERS,
ARATE CAHINET.

ETC.,

IN bEP-

That part of it up to the power amplifier is included
in tue piano as a pre-amplifier, the remainder is in a
separate cabinet.
Connection between them is made by
a multiconductor cable and detachable multiple connector.
The entire piano is electro -statically shielded;
on the bottom by screening, and otherwise by conducting
paint made of a solution of colloidal graphite.
TONE CHARACTER CONTROL BY ENVELOPE SHAPE
For control over the tone character by envelope
change a number of principles, as shown in Figure 16,
are
available.
For
example:
to change the dynamic
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CURVES FOR THREE ADJUSTMENTS OF TONE-CONTROL POTENTIOMETER

RESONANT STRINGS.

Obviously, by meansof these various controls over
harmonic composition, a great many varieties of tone
quality may be obtained from the relatively fixed quality present in the piano string.

BRIDGE

DM-TER

The output of this tone control system, as previously shown, is fed into the first common tube of the
amplifier. This tube tnen feeds into a pair of 5f) type
tubes in push-pull and used as tore-element tubes.
Controlling this input is a master gain control potentiometer, used to set the maximum output sound power.
These power-amplifier driver tubes leed into a 5oo ohm
matching transformer feeding into the power amplifier.
In this ‹oo ohm line is placed a constant-impedance
attenuator controlled by a foot pedal.
kith this the
pianist has instantaneous control of tone power and
witn it numerous important musical effects may be secured.

(13) OPPOSING DAMPED

9Ç

AMP

UNDAMPED STRINGS. '

30 ri
(C) DELAYED TRANSLATION -FLATTEN() STRING.
F19.16.

TONE ENVELOPE CONTROL PRINCIPLES.

character from that of the piano, beginning with percussive transients and falling logarithmically in amplitude, to one without percussive transients and with
an initial rising amplitude, lite that of wind instruments, we may use the principle of resonance, as illustrated by A.
If one string be struck, and if pick-up
be confined to a coupled resonant string, tnis complete
change of dynamic character will be provided. For percussion, piano-like, tone, translation may be from the
struck string; intermediate effects may be had by combining the two strings vibrations.

1 show tee power amplifier, speakers, power supply,
etc., in Figure 15. The power amplifier uses push-pull
845 tubes ma Class A circuit. Between these tubes and
the speakers, in addition to a matching transformer, is
a low pass filter, cutting off at about 6,000 cycles.
This filter does not appreciably affect the desired
tone quality, but it very greatly reduces those troublesome and unpleasant noises introduced by an amplifier

10
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Or, we may strike two similar strings, dampone and
pick-up from the two with either mechanically or electrically reversed phase, as shown at B.
The initial
portions of both neutralize, due to reversed polaritigs
of charge; the undamped string, continuing, as the damped
one falls rapidly in amplitude, provide together, the
rising amplitude character, devoid of percussion transients peculiar to the wind instruments.
Again, other
tone-envelope shapes may be secured by translating from
the damped string, alone, or from both, with aiding
phase.

discharges the string and condenser, again through the
delay circuit. The inclusion of the delay circuit also
in the discharge path is not so much for the purpose of
delaying the discharge as to prevent reproduced click
noises resulting from too sudden a change in string
potential. A condenser across the switch contacts prevents these noises when the switch opens.
To further
prevent too rapid potential changes, at least one of
the switch contacts should be of a type providing decrease of resistance with increase of pressure. A small
pad of soft leather impregnated with a dilute solution
of colloidal graphite very simply provides this requirement.

Another method, illustrated by C, is to usea somewhat flattened string, strike it along the long axis of
its cross-section and apply pick-up
normal to this
striking direction. Such a string is in a condition of
dynamic unbalance when first struck.
It starts vibrating in the striking direction ana tien gradually swings
about in a direction at right angles.
A pick-up of
length greater than the maximum over all vibration amplitude, positionedat right angle to the string's axis,
and parallel to the string's initial vibration direction,
will not translate during this early part of the tone,
containing the percussion noises, but will translate
efficiently as the direction of the string's vibration
swings around normal to it.
Thus the wind instrument
starting characteristic is again obtained.

Until very recently the present instrument had the
hammer and back check type of
switch in operation
throughout. A detail view of this type of delay action
is shown in Figure 18. Here the hammers and back checks,

We may, in other methods, shown in Figure 1/, so influence the pick-up apparatus by delaying its translation efficiency, that it is insensitive to the percussion transients, and so that its sensitivity builds u1
.
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with aquadagged-leather contact surfaLes, connecting
wires, and the condenser and resistors of the delay
circuits, are shown.
This scheme
is still in use in
the region above that provided with dampers, that is,
in the top twenty-one notes. In the rest of the instrumentwe have recently installed the improved damper type
switch.
I show this, in detail, in Figure fq. Note trie
small rods on top of the dampers.
These push up the
flexible switch poles, which contact in up and down
positions, with aquadagged felt pads cemented to brass

S AMP.
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FIG. 18
HAMMER- BACK-CHECK TYPE OF DELAY-ACTION SWITCH.
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(DAMPER SWITCH).

TONE ENVELOPE CONTROL PRINCIPLES.

and continues in any desired manner.
With the electrostatic translation systems this delay maybe secured
by use of a switch operated by the key, hammer, damper,
or other part of the action.
If, as in A, the hammer
be used, a contact between It and its back-check will
close a circuit after the percussion transients have
subsided. If tnat circuit include a condenser in parallel with the string, necessarily now insulated, ana a
resistance, in series to the switch and charging voltage
source, then the delay is secured by delay in the application of the charging voltage on the string and the
consequent delay in the building up of the translation
efficiency for that string; this delay may be made as
slow or fast as desired, by choice of the time constant
of the resistor condenser circuit.
In order that the
operation may be repeated, the string and its associated
condenser must be discharged when the key is released.
It may be discharged, asin A, by apermanently connected
resistance, across which the charging current maintains
the charging voltage, su lung as applied by the keycontrolled switcn; or it may be discharged, as in B, by
use of a double-turow switch, which connectstne string,
through its delay circuit, to the charging voltage, when
the key is down, and which, when tue key is released,

DAMPER TYPE
11

FIG. 18
DELAY-ACTION SWIT CH.
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instrument tones.
Here the string voltage is zero until its key is struck.
Then the delay action switch
connects the string, thru its delay circuit, to the
charging voltage source.
The smooth rise of the voltage to a steady value in about one fifth second is here
shown.
At (f) is shown the rise and fall of string
voltage, for this wind instrument adjustment, when a
note is rapidly repeated by key blow.
As soon as the
key is released its switch opens the charging circuit
and discharges the string and its associated condenser,
after which the next key blow repeats the charging
action. So long as the key is held, the string voltage
remains constant.

strips.
The spring switch poles connect, through two
section filters, to the strings.
The brass strips are
connected to the main, multipole switch, for control of
their connections to the polarizing potential source
or ground. Shown here also are the various control and
switcning connections.
ARTIFICIALLY-INCREASED TONE DAMPING
To reverse the delay action, that is, to permit
normal initial translation of the string vibration with
its percussion transients, but to artificially increase
its rate of decay to any desired degree, the string may
be normally fully charged but immediately start discharging as soon as the key is pressed.
The rate of
decay of translation efficiency may be varied by connecting this discharge circuit to some point on the
charging voltage, source lower than normal, such as one
third, one half, zero, or even reverse voltage.

In Figure 21,1 show some oscillograms of a vibrating
piano string (middle C-261.6 cycles) without and with
modifications in its envelope snape, introduced by these
time-translation-efficiency controls.

There are important musical advantages with this
artificial damping control.
For
example, with sume
types of music the normal damping of our strings, without a coupled souudboard, may be too low.
The effect
of this is a muddling or running together of tones in
rapid
passages.
In
previous demonstrations of the
Electronic thismuddling effect has been noticed by some
musicians.
Now it is possible to adjust this damping,
thus providing any desired degree of distinction of individual tones played in rapid succession.
The exact
degree found in the best pianos can be obtained.

Wu'

An important additional advantage is obtained with
this scheme.
The artificial damping control may be
made to operate only on the early portion of the tones,
and thus leave the remainder to go on with the low damping of the string, thus obtaining the very much desired
sustaining power, without increaseof muddiness in rapid
playing.
For special effects, sued as harp, banjo,
drum, etc., the higher damping rates are used.

p.
e

The
time, translation-efficiency characteristic
obtainable with these delay circuits, may be adjusted
to different forms as shown in Figure 22.
Here (a)
shows the zero voltage axis and, above it, the normal,
steady-voltage impressed on the strings for full, unmodified, translation of the string vibrations. At (b)

OSCILLOGRAMS

FIG. 21
OF TRANSLATED STRING VIBRATIONS
FLUENCED BY DELAY CIRCUITS.

AS

IN-

The normal, unmodified envelope of this string
vibration, as it appears in voltage across the loudspeakers of our electrical translation system, is shown
at (a).
This does not show the whole tone, because it
continued too long for the one-second sweep period of
the oscillograph.
Notice the abrupt inception and immediate decaying of the vibration at a slow rate.
In
lb) is shown the same tone with its envelope modified'
by a slowly-falling time-translation-efficiency characteristic.
Observe here the moderate increase in damping of the tune.
In (ci a quite rapidly falling characteristicwas used, producing a toneof markedly greater
damping.
In Id) is shown the effect of an artificial
damping of moderate degree plus the mechanical damping
of the felt string-damper with a rapidly repeated tone.

r,,d()

WIND INSTRUMEN 1 CONES FROM STRUCK STRINGS

Flo. 20
C
ISCILLOGRAMS OF STRING-CHARGING VOLTAGE
BY DELAY CIRCUITS.

AS

In (a) is shown the delayed inception of the tone
caused by the rising voltage characteristic adjustment.
Comparing this with the unmodified string vibration
shown in (a) we see that the abrupt inception of (a)
has been changed to a gradual inception in (e), requiring about 1/5th second, thus changing the piano toue
into that of a wind instrument.

CONTROLLED

is shown first, normal charging voltage at the left,
then the decrease to a moderate degree of artificial
damping by decreased translation efficiency.
At lc)
a quite high artificial damping is provided by a quick
drop to a low charging voltage.
At (d) is shown the
effect of two key blows in fairly rapid succession with
a moderate artificial damping adjustment.
At (e) is
shown the rising characteristic adjustment for wind

In (f) is shown a thrice-repeated tone with this
same delayed translation efficiency adjustment.
The
decrease in amplitude at the moment of key release is
caused by both decreased translation efficiency and
mechanical damper action. In all of these oscillograms
showing separate tones the sweep circuit was timed to
one second; in those showing repetition action it was
adjusted to two seconds.
72
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OSCILLOGRAPHIC APPARATUS

ORGAN -PLAYING TECHNI QUE WITH PEDAL

In Figure 22, I show a view of the oscillographic
apparatus used in making these oscillograms.
A Von
Ardenne Cathode Ray oscillograph, o, o, was used with
a Dumont Cathode Ray Tube, T. of the time delay type.

For varying the inception of single tonesor chords
played slowly, the foot volume control may be used advantageouslyfor introducing, merely by swell pedal control, groups or single tones of wind instruments in an
otherwise piano performance. It also aids the hands in
building up crescendos or in diminuendo passages.
ENVELOPE-CONTROL MASTER SWITCH
By means of a main, multipolar switch, the individual string-charging switches may be so connected
that either percussion or organ type tones are secured
throughout the keyboard range; or one half may be made
organ, the other percussion, or the reverse of this may
be secured. To prevent loud noises in the reproducers,
caused by the sudden and large voltage shifts in the
pick-up system, resulting from the operation of this
master switch, inter-position and overlapping
segments
on this switch provide, with a contactor, for short
circuiting the 5oo ohm line to the power amplifier as
the switch changes position.
CONTROLS
In Figure 21,1 show the various controls in a
close-up, front view of the Electronic. At the extreme
left isa master volume control for setting the extreme
volume obtainable by the foot swell.
Next comes the
three amplitude and phase reversing controls for the

FIG. 22
OSCILLOGRAPNIC APPARATUS

SETUP.

A Leica Camera, C, with an electromagnetic shutteroperating arrangement, S, took the pictures. The switch,
Sk, at left, served to close the
shutter-operating
magnet circuit, audio start the sweep circuit, when the
switch handle struck the piano key.
The oscillograph
deflecting voltage was taken from a transformer across
the speaker voice coils --- for the tone oscillograms
last shown in Figure 21; for the voltage graphs of Figure
20 the oscillograph deflecting voltage was obtained from
a high-resistance potentiometer
between string and
ground.

LOCATION OF DELAY CIRCUIT SWITCHES
The most advantageous point in the action, for
operation of the delay circuit switch, is in the damper
mechanism.
kith the back-check switch, the organ or
wind instrument tones could not be held, after key release, by use of the damper-control
stenuto and sustaining pedals.
The reason for this is, that key release opened the string-charging switch, thus discharging the string.
Even though the string was allowed to
continue in vibration, after key release, by holding
the damper up with pedals, this vibration would not
translate, due to the lack of translating efficiency
caused by string discharge. The organ tone, therefore,
could only be held by holding the key down, a technique
confusing and limiting to a pianist, who relies very
strongly on his sustaining pedal, and, to some degree,
on his sostenuto pedal, for sustaining all or given
tones after his fingers have quit the keys. These same
objectionsapply equally to a switch locatedin any other
part of the key and hammer action.
If however, the
switch is operated by some part of the damper mechanism
these difficulties are eliminated, for the reason that
the dampers are controllable by both Keyboard and pedals.
When so operated, desired tones, only, may be held by
use of the sostenuto pedal, by depressing it after the
corresponding keys have been struck, and while they are
still held; or any and all tones, once started, may be
held by means of the damper, or so called, loud pedal.
By such a plan, which we have incorporated in this instrument, the wind instrument or organ tones may be
controlled with a normal piano-playing technique respecting both keys and pedals.

FIG. 23
CLOSE-UP OF ELECTRONIC PIANO CONTPOLS.
manual mixing of the three pick-up tube amplifier outputs.
Next is the amplifier-frequency cnaracteristic
control. In the middle is the preselected tone quality
switch group of six buttons.
The extreme left button
is a red one and, when pushed in, serves to switch in
the manual mixing controls to its left, or, when out,
the other five buttons at its right, controlling preselected, tone mixtures.
If one of these be pushed,
with the red button already in operation, the red one
springs out, disconnecting the manual controls, and
the new one takes effect; or if one of the other preselected qualities be now desired, a push on its button
will release the last and give the new quality.
Next
to the right is the master polarizing voltage control
switch.
This has four positions.
One provides percussiOn tones throughout the piano keyboard; the next,
wind instruments througnout; the next percussion below
middle C and wind above; the last wind below middle C
and percussion above.
With any of the adjustments of
this switch all of the tone quality controls are effective.
The last knob, at the right, controls the
artificial damping of percussion tones.
Not shown in
13

JANUARY, 1934
this picture are the swell, damper, and sostenuto pedals
below on the lyre.

Among those included, in addition to those of a normal
piano, are:-

This completes, except for details, the description of what I have come to call my ELECTRONIC PIANO,
wherein are brought together a very new and a very old
art.
PATENT LITERATURE
For

details

of

its

construction,

and

for

1)

A rather full control of harmonic composition,
within the limitsof the spectrum of the struck
string.

2)

Control of the tone envelope shape, except for
indefinitely sustained tones.

3)

Mass dynamic control by foot swell.

-Elektrochord

much

more complete explanation of its operation; for other
alternate methods and constructions, and improvements,
and for descriptions of some wholly new electronic
musical instruments, I refer you to our nineteen already issued patents, appearing as an appendix to my
paper; numerous other patents will issue in the future.

Das unlverselle Musikinstrumont des
20.Jahrhundc,rt ,.,

COMMERCIAL DEVELOPMENTS
With regard to Commercial developments,
be worked out in many ways.

these may

No great skill is required in making an electronic piano.
With the removal of the acoustic principle
of its operation has gone practically all the artisanship of
its construction.
Furthermore,
since
the
strings are no longer called upon to vibrate a large
soundboard, they need not be nearly so long, or so
large, or so high in tension.
The iron plate on which
they are strung may then be made smaller and lighter;
the rim, and beams attached to it, no longer called
upon to restrain the outward push of the soundboard,
caused by the downward pressure of the strings, may now
be much lighter; there need be only one or two strings
where now there are three.

HersteIler: August Fitrster, Ldbau I. S.., Mogul- und Plano-Fabriken
F. 24

COMMERCIAL DESIGN OF ELECTRONIC PIANO MADE IN GERMANY.
In addition, the divided keyboard permits, when
desired, simultaneous play, in different registers, of
tones differing in character by change of envelope shape.
CONCLUSION
In conclusion, and before beginning our demonstrations, I wish to express my thanks to the Radio Club of
America, and to Columbia University and Doctor Dykema,
for their kindness in arranging this meeting, and to
my audienceforits attentiveness u)along, and arduous
technical paper.

These changes in the piano itself make it much
smaller, much lighter and much cheaper to manufacture.
In fact the smallest baby grand provides more than sufficient size,andmuch more strength and weight than is
required for our electronic design.

I wish, further, to thank my brother, Dr. W. Otto
Miessner, of Chicago, for his original suggestion some
ten years ago of the piano as a research problem, and
for his musical guidance from time to time; to Mr. Anton
Rovinsky, for hismany helpful suggestions; to Mr. Harold
Bauer, for his interest and criticisms; to Dr. Erwin
Meyer, of the Heinrich Hertz Institute, of Berlin, for
use of his Spectral analyses of Musicalinstrument tones,
shown in Figures 1, 2, 3 and 4; to Dr. Dayton C. Miller
for oscillograms of violin and voice tones in Figures
and 5, from his "Science of Musical Sounds"; to my
collaborator, Dr. Oskar Vierling, of the Heinrich Hertz
Institute,of Berlin, with whomI have a cross-licensing
patent agreement; and finally to Mr. Charles T. Jacobs,
my technical collaborator and patent attorney, who has
made numerous important technical contributions to this
work during the past three years.

The electrical apparatus required to make it function is hardly more complicated than a good radio set.
As a matterof good judgment, the audio frequency amplifier, reproducers, and power supply can serve, not only
for the piano, but very logically, fora radio frequency
amplifier and detector, and for a phonograph pick-up
also.
Such a complete instrument, providing radio,
phonograph, and electronic piano performance,
could
surely be manufactured as cheaply as a good piano of
moderate size.
For very cheap instruments we may use
the entire amplifying and reproducing equipment of an
existing radio set, and provide in the piano, only a
small tube oscillator, whose input to the radio set
would be modulated by the vibrationof the piano strings
to and from the electrostatic pick-ups. Or, we may use
only the audio amplifier and reproducers of the radio
set, by providing a small preamplifier in the piano.
Another branch of commercial activities might concern
itself with conversion of existing acoustic pianos into
Electronic pianos.

APPENDIX
LIST OF ISSUED PATENTS IN U. S. A.

COMMERCIAL DESIGN
In Figure 24.1 show a commercial design of an
ELECTRONIC PIANO of this type,madeunder patent agreements with my own company, Miessner Inventions, Inc.,
and with Oskar Vierling, of Berlin, by the well known
piano manufacturing company, August Fârster, at Wbau
Saxony, and in Czechoslovakia.
These are now on the
market in numerous foreign countries, and are known by
the name "Electrochord."
SUMMARY

OF

Number

SUBJECT

IMPROVEMENTS

I have previously mentioned that all conceivable
or useful controls over tone character such, for example,
as feed back, to keep strings vibrating as long as keys
are held, are not included in the present instrument.

1,886,ee 7

Nov.

8,

Multiple Pick—up Tone Control

1,906,607

May

2,

1933

Bucking String Organ

1,912,293

May

33,

1933

27, 193.1

Sidewise Translation

1,215,888

June

Time Delay Organ

1,915,8FA

June V,

Translation—efficiency Variation

1,915,96(7

June

1933

1933

e, 1933

Multiple Translation

1,915,961

June 27,

Tone Control By Sidewise Pick—up

1,323,027

Oct.

3,

19.a1

Amplifier Frequency Control

1,919,019

Oct.

3,

1233

1933

1933

Inter—vibrator Coupling

1,923,029

Oct.

3,

Uncouplable Soundboard

1,933,033

Oct.

3,

19:11

Sustained Tones by Feedback

1,923,031

Oct.

3,

1933

Tone Control Stop System

1,923,032

Oct.

3,

1933

Different Vibrators for Tone Types

1,933,234

Oct.

31,

1933

Resonant String Organ

1,933,295

Oct.

31,

1933

Non—linear Translation

1,9a1,236

Oct.

31,

1933

Longitudinally—vibrated Bars

1,933,237

Oct.

31,

1933

1,933,238

Oct.

31,

1933

1,933,299

Oct.

31,

1933

Flattened

String Organ

Timbre Control, Foments, etc.
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THE BEHAVIOR OF GASEOUS DISCHARGE
TELEVISION LAMPS AT HIGH FREQUENCIES
By
H. J. Brown

-,

Probably the most common source of light used
for the reception of television images is a gaseous
discharge known to the physicist as a glow.
The
discharge is usually thru one of the noble gases as
argon or neon in a sealed glass envelope at a low
pressure. The light output of a lamp so constituted
is capable of rapid changes and while it is far from
ideal in color the simplicity and ease of construction of such lamps and the convenience of their application has given them wide use in mechanical scanning systems.

the negative glow region
identical in appearance.

While it is probably true that a mechanically
scanned television system can only with great cost
and complication realize the same large number of
picture elements that are readily possible with the
cathode ray type of scanning system, the ease with
which precise spot placement and spot size may be
realized in the mechanical type of system off-sets
this advantage of the alternate type of system to a
degree that hasbeen estimated to he as high as fifty
per cent.
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The glow lamps discussed in this paper were of
distinct types.
One,
suitable
for use with
aperture disc, included flat plate cathodes ii"square
while the other was ot the "crater" type with a circular cathode o.n6o" in diameter. The gaseousatmosphere of the lamps was neon in both cases, at pressures giving a breakdown voltage of about 175 volts.
The current rating of both lamps was about 30 milliamperes so that the current density at the cathode
of the crater lamp was many times that of the other
lamp.
The emitted light in both cases came from
two
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In view of these facts and in view also ol the
fact that the mechanical difficulties in the mechanical
systems
are probably
not without their
counterparts in the electrical problems involved in
the cathode ray type of system, itis felt that there
is still a considerable justification for theinvestigation of the properties of the glow lamp with
their application to the problems of television in
mind as is herein reported.

New

the discharge

was

In a glow discharge as employed in the lamps
here discussed the negative glow is a'region characterized by high ion density, small net space charge
and low electric field intensity.
The dark region
between the glow and the cathode has a high space
charge, and a much greater field intensity. In fact
substantially the entire voltage impressed upon the
lamp appears across this cathode dark space, the
electrons gaining velocity from this field to plunge
them into the negative region with sufficient energy
to create positive ions and to excite atoms with a
consequent production of light.
In Fig. i is shown
the static characteristics of the two types of glow

In discussing the elements of a mechanically
scanned television system it is
relavent at the
start to mention one important feature of the system
as a whole.
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lamps under test where it may be seen that the production of light is a simple, direct function of the
current thru the lamp and is largely independent of
the voltage across the lamp, from which it is obvious
that the practical and important characteristic of
these lamps is their current-light relation particularly Laso far as this characteristic is related
to the frequency of the current exciting the lamp.

current will flow, the magnitude of which isproportional to the light falling on the cell.
In high
vacuum cells there will be few collisions between
electrons and gas molecules so that we need expect
no internal effects, other than those due to the
geometrical capacity between elements, tending to
prevent the space current of the cell from following
the comparatively slow flucuations of light encountered in these experiments. The external characteristic of the cell (Fig. z) for constant impressed

When operating in a conventional television
system, the current thru the lamp isa modulated direct current.
This is equivalent, of course, to an
unvarying current with an alternating current superimposed.
The alternating component of the current
should provide an alternating component of
the
emitted light if the lamp is to be suitable for
television purposes, and a lamp of such characteristic may then be considered as a transducer between
current and light and as such requires thatconsideration be given to the following important characteristics.
Frequency Discrimination.
If the degree to which the light is modulated
for any degree of current modulation is not substantially the same at all useful frequencies of current
modulation the light output of the lamp will not
truly represent the wave form of the current and
will, of course, emphasize certain frequencies or
ranges of frequency and discriminate against other
ranges of frequencies.

Vo/tage

light shows a definite Schottky effect but it hardly
suggests the presence of ionization by collision,
the curve being concave downward up to 135 volts.
In our experiments we used a cell voltage of 40,
large enough to insure saturation, and small enough
to prevent appreciable ionization current.

Phase Shift.
If the light output of the lamp is not in precise time agreement with the current thru the lamp
thruout the cyclic variation of both, there is,
a phase difference between the light and the current.
Such a phase difference between current and
light output is obviously present in the filament
type of lamp as a result of its thermal inertia and
in which the light lags behind the current in time
relationship.
In the gaseous conduction lamp, however, the light will often lead the current as is
shown in what follows.

It is especially interesting to note the difference between excitation by a line spectrum (neon
lamp) and a continuous spectrum (filament lamp) in
the sharpness of cutoff, as shown in Fig. 2.
The A.C. component of the photocell current
must of course bebuilt up to a value sufficient for
measurement of magnitude, of phase,
and of wave
form.
There must be no question of fact that this
transfer takes place with aknown degree of accuracy,
and for this reason, the comparison method of measurement was used as indicated in Fig. 3 and 4.

Harmonic Distortion.
The dynamic light-current characteristic may
depart from strict linearity in which event harmonics
in the light output will be present over and above
such harmonic content as may be present in the lamp
current thus giving rise to harmonic distortion of
the light output.

LAMP DRIVING CIRCUIT
TIM RA

If these characteristics of a current-light
transducer such as the lamps here considered are
known and found Lobe satisfactory, only a knowledge
of the characteristic impedance of the lamp is required to serve as a basis for the rational choice
of the equipment to be associated with the lamp and
for the prediction of the general operating properties of the system employing these several elements.

The lamp driving circuit (Fig. 3t is arranged
to superimpose an alternating current relatively
free from harmonics on the steady direct current
thru the lamp.
This alternating current, flowing
thru RI actuates one pair of deflection plates of a
cathode ray tube and provides a calibrating voltage
for the amplifier shown in Fig. 4, the magnitude of
this current being measured by a thermocouple.
The
attenuator (Fig. 14) is so adjusted that the voltage
introduced at the input of the amplifier isapproximately the sameasthe A.C. voltage generated across
R by the photocell.
The output voltage from the
amplifier actuates the voltmeter V, and the second
pair of deflection plates of the cathode ray tube.
With the photo-cell hooded, the voltage Vac (proportional to the A.C. componentofthe lamp current)
is introduced into the amplifier which is then ad-

And if there isa reasonable degree of linearity
between voltage and current, and light and current,
a vector diagram may be drawn for any particular
frequency showing the relative magnitudes and phases
of these three variables. If any correlation exists
between these variables a series of diagrams for
different frequencies should tend to bring it out.
Measurement of Lamm as Transducer:
The obvious way to measure the light output of
a lamp whose color is nearly invariable is to use a
photo-cell. The electron emission from aphoto-cell's
cathode is strictly proportional to the quantity of
light of fixed frequency impinging on it.
Thus if
saturation voltage is applied to the cell anode a
18
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justed for unit output and zero phase shift.
Point
A is then disconnected and grounded and the cell is
unhooded.
The resultant current-light excursion on

While the above results are strictly true only
for a degree of modulation of about so per cent,
they are characteristic of the behavior of these
lamps over wide ranges of modulation and polarizing
current, with the exception of the break in the curve
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the cathode ray tube will show the phase split and
any harmonics present.
The voltmeter reading will
tell the relative response.
Fro I glen

In making these measurements a multistage wide
range amplifier was used.
Altho the measured response of the fundamental frequency in the light
output is independent of the amplifier characteristics, to obtain a true current-light excursion the
amplifier and input circuit must be distortionless
thru the range of harmonics encountered lathe light
output. It is a simple matter to extend the distortionless range of the amplifier by increasing the
dumber of stages while cutting down the gain per
stage.
But to increase the range of the input circuit it is necessary to reduce the value of resistor
R. Random noises in the input circuit will tend to
encroach on the signal as R is reduced making the

y

of the flat plate lamp.
This break is accompanied
by so high a circuit impedance that it is impossible
to force alternating current thru the lamp, and it
is a property of this particular lamp for a narrow
band of frequencies between 39 and 41 k.c.

measurements less satisfactory and for this reason
a minimum value of 20,000 ohms was chosen for R.
This gives a conservative upper limit of 160 k.c.
for the calibration /or the fundamental frequency
and a lower value, depending on the harmonic content
in the light output, for an accurate excursion.
As
it happens, however, the harmonics in the lower region are not noticeable and in the upper region are
not qualitatively indicated on the excursion, so
their effect will be neglected in the measurements.

Freq.- /cc

There is a marked difference lathe performance
of the two types of lamps with respect to phase
shift.
All crater lamps tested having a small enclosed cathode showed a leading angle for the light
with respect to the current while there was no observable phase shift with flat plate lamps.
The
angle of lead for the crater lamp whose response is
plotted above is about 15 degrees for the above conditions at 50 k.c.
Ii is proportional to frequency
from zero to 9ok.c. after which tends tobe constant.
It is independent of the degree of modulation and decreases with increasing polarizing current.

The resistors used in the calibrating circuits
and in the measurement of the lamp current are of
the metallic film type.
These elements have only
easily calculable andmeasurable geometrical capacitances to affect their impedance. It is, therefore,
a simple matter to choose values that will be substantially
non-reactive.
Only in the case of R
(Fig. 4) was it necessary to supply especial mountings to reduce and establish this capacitance as
rtpresented by C2 . In the attenuator the effective
capacitance in shunt with the resistors is largely
negligible because of their low values and is eliminated from R by shielding.

Lamp

Impedance:

The measured values of lamp impedance affords
an interesting correlation with their observed light
response.
As with all instances of gaseous conduction, there isa time lag between ionization and the
ionizing agent. In general it would beexpected that
devices such as these lamps, which depend on the
creation of ions by collision to provide for the
passage of current, would present inductive reactance
to alternating currents.
In Fig. 6 and 7 is shown
the equivalent self inductance for the crater lamp
as a function of frequency and current.
This self
inductance provides substantially the entire impedance of the lamp, the resistance component being
small or negative.
For high frequencies the inductance tends to approach a constant value determined
only by the polarizing current. Thus, the alternating current lags the voltage by a large angle.

Experimental Results;
Light vs. Current, Amplitude Response and Phase Shift:
The frequency response curves as a currentlight transducer are shown in Fig. 5 for the two
lamps whose static characteristics were given in
Eig. 1.
At low frequencies the excursion for both
lamps has the same general form as the static characteristic and a very uniform response. In the case
of the crater lamp, the response after falling to a
minimum around 10,000 cycles slowly rises with frequency until at the upper limit of our measurements
it is about 50 per cent greater than the low frequency value. The flat plate lamp has a '20 per cent
Increase in response to 40 k.c. where there is a
sharp discontinuity.
It then falls to a value at
160 k.c. not markedly different from its low frequency response.

The
ductance.
19

flat
plate lamp also shows
It tends to have a constant
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(Fig. 8) rather than a constant inductance; but as
the resistance component is large and increasing

proach a maximum in the same range asdoes the light
response.

Circuit Application:
The circuit application of neon glow lamps is
very simple. They should be driven thruasufficiently high impedance circuit to minimize the effects
of non-linearity, frequency discrimination, and phase
shift inherent in
the impedance characteristics.
The pentode type of output tube with a plate resistance of the order of
ohms has shown itself
to be satisfactory.
A simple series connection of

100,000
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with frequency,
this lamp has a very much smaller
phase angle between the applied current and voltage.
In Fig. 9 are given vector diagrams showing the
relationship between the factors of impedance and
light characteristics.
It is definitely suggested
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FIG. 9

the lamp, tube plate and power supply is preferable
to a shunt feed in that it provides a lower capacity
shunting the lamp.
This is very desirable as the
crater lamp athigh frequencies has aself inductance
inversely proportional to the current. For a sinusoidal current thru the lamp there will be by necessity harmonics in the voltage. Shunt capacity around
the lamp will decrease the voltage harmonics with a
corresponding increase in the current harmonics flowing thru the lamp, as well lower the actual response.
The upper limit of response of the crater lamp will
obviously be limited by its inductance and its shunting capacity. With aseries feed, this capacity need
not be greater than 25 uuf. including the plate to
ground capacity of the tube. As the lamp inductance
is around it millihenrys, itmay be safely said that,
to the upper limit of the current-light response
measurements,
this lamp will cause little loss in
picture quality.

»

by these diagrams and the response curves that the
increasing voltage variation across the lamps is
responsible for the rise in the light response with
frequency.
It will also be noticed that a small
phase angle between current and voltage is associated
with a negligible phase angle between current and
light, while the large voltage-current angle of the
crater lamp bas with it a light, current phase shift.

Conclusions:
It is believed that the data here given shows
quite positively that a crater lamp of conventional
design will be found completely satisfactory for
television systems employing 120 lines per frame
and 25 pictures per secOnd.
And it is quite likely
that they will be found useful for systems requiring
even greater detail than this. Since no theoretical
basis has been evolved to rationalize the results
here reported, it is not possible to make any estimate of the limit of response of the behavior of
lamps of other physical characteristics.
However,
in view of the fact that the interesting characteristics herein reported were found in lamps which had
been built without any attempt at design for any
special characteristics and without any understanding of the factors involved in the high frequency
characteristics, it is believed that glow lamps can
be developed that will provide satisfactory performance in any otherwise practical television system.

The impedance variation also parallels thevarlation of the light response for the two lamps. The
continuously rising impedance of the crater lamp
has with it a continuous rise in the light response.
The impedance of the flat plate lamp tends to ap-

In closing I wish to acknowledge with sincere
thanks the advice and assistance of Mr. J.B. Russell
of Columbia University.
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THE DESIGN OF RESISTANCE ATTENUATORS
FOR RADIO FREQUENCY USE
By

Malcolm Ferris*

Resistance attenuators have recently been very

in quadrature.

For instance,

a resistance

of

ten

widely used for radio frequencies up to about '2o,000

ohms and an inductive reactance 01 one ohm connected

kilocycles, especially in signal generatorsamdsimi-

in series have a total impedance of

lar apparatus.

NOT ii Ohms. This means that an inductive reactance
of one ohm in series with
cause only one hall

The resistances used aselements in such atten-

per cent error,

of

as

a ten ohm resistor, will

one per cent error, not ten

might be expected.

uators must be so designed that skin ellect, series

of

inductance, and shunt capacity do not introduce ap-

ator,

preciable error.

reasons lar its extensive use.

sistors of

I have found

the bililar type

as this type

of

that

are

wire wound re-

io.05 ohms, and

This is one

the important advantages of a resistance attenuand undoubtedly

is

one of the must important

most satisfactory,

winding has the lowest inductance.

It is true that it also has high shunt capacity,

but

Fvery

engineer

who

has

considered resistaLce

this can be held to values that are negligable even

attenuators

at 20,000 kilocycles,

inductance and capacity may cause serious errors.

lor resistances up to 25 ohms.

has

of course realized

that

undesired
A

For higher values of resistance,

two or more 25 ohm

suggestion that has often been made is that two con-

resistors can be used in series.

An attempt to wind

densers in series would Ionoamideal voltage divid-

a bifilar resistance of several hundred ohms in one

er,

unit would of course result in failure, due to high

ii

shunt capacity.

tirely free from inductance.

This does

the bifilar type

of

not

show, however,

winding is unsuitable

at high Irequencies,

but

that

for

use

free from frequency error.

impossible, and,

merely that suitable care

This would

be

true

it were possible to have such an arrangement en-

as

Unfortunately,

mentioned above,

this is

the undesired

inductance causes a much more serious error than it

must be exercised in using it.

would in a resistance attenuator.

Resistances of

5 to loo ohms are the most prac-

The arrangement of apparatus shown schematical-

tical to construct.

Below 5 ohms, very careful de-

ly in the diagram of figure 1 is for the purpose of

sign is necessary if the inductance of the leads is
not to cause error,

illustrating

this

effect.

If the slider

is

moved

and above loo ohms, shunt capa-

city becomes more troublesome.
MICROVOLTER

RECEIVER

Far more troublesome than the efIect of inductance or capacity in the individual resistances,
the effect of mutual
sections

of

inductance, or capacity between

the attenuator which

widely different

voltage

ing these effects

in

is

are

levels.

operating at

4

Belore consider-

rig. 1

detail, one factor that is of

greatest importance should be especially noted.
along the inductance L, a nodal point will be bound
where the input to the receiver falls almost to zero.
Resistance
do

not

* Ferris

and

inductive reactance

add algebraically,
Instrument Co.,

but

Boonton,

in

series

The photograph of figure 2 shows the actual arrange-

combine vectorially
N.

J.

ment
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this apparatus,

and

the point

of

special
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interest

is

the actual physical appearance

inductance.

It will

be

is merely ashort length of wire,
long.

At

of

the

first point, and 5 microvolts at its output end:

noted that this inductance

12,500 kilocycles,

Consider

two or three inches

figure 3(a).

the nodal point occurs

the

mutual

inductance

indicated

to the output circuit

by

this mutual inductance to

one half microvolt, which, combining
with

the

in

If we limit the voltage introduced in-

five microvolt output

would produce only one half

in

of

of

quadrature

the attenuator,

one per cent error,

then the mutual reactance must not exceed 1, 2oo,000
ohm.

Since at io,noo kilocycles one microbeury has

a reactance
must

not

of

microbenry,
at

62.5

exceed
if

ohms,

one

this

mutual

inductance

thirteen millionth part

the above conditions are

to

of

a

be met

loopoo kilocycles.
In practice,

the only way

in

which such a low

value

of

mutual inductance can

be

means

of

very effective shielding between

obtained

is

the

by
at-

tenuator input and output circuits.

Fig. 2
with

the

Figure 3(b)

slider about one inch from

terminal.

At 15,000 kilocycles,

practically

at

the

the

condenser

In

cent error.

is sufficient to cause one hundred per

tween

the order of
to avoid

and

even

at

errors.

fThe condenser used

in

the

of

sired inductance

that
and

to

the

current

Por

the

flowing

to

the high

switch arm, which in
to

the output end of

same conditions as above,

C-Imust

thru

not

exceed one

this

means that

its

reactance

microfarad.

unde-

capacity effects combine vec-

be

A condenser

means a condenser not greater than 1fl000 of amicro-

stray voltages due

capacities must

but a

must be atleast 5,000,000 ohms, whichatio,000 Kcs.

The permissible value of mutual inductance and
capacity

cases, and see towhat limits these undesired inducand

unless

figure 3(a),

switch point which connects

soo,000 microvolts,

the

toriallyinquadrature,wecan consider some specific
tances

in

error

The attenuator

tenth microampere, and since the driving voltage is

above test was a .00r2 molded type)
Remembering

the same as

the attenuator and

the attenuator.

1,000 kilocycles great care is required

such

the aesign.

the figure is shown connected

10,000

frequencies

the

end of

impossible to make any arrangement of this apparatus

kilocycles,

in

show another type

serious

nected to any point on the attenuator.

which would reduce the inductance enough to make the
to 15,000

to

cause

C-1 is shown to represent the capacity existing be-

It can be seen that it would be almost

the order of

is

arranged

will

switch is shown bywtich the output lead can be con-

the inductance present

scheme useful at frequencies of

is

which

in this case

other

in the condenser itself, plus the mutual inductance
in the leads,

effect

properly considered

the nodal point is

condenser terminal.

words, at 15,000 kilocycles,

of

held.

Figure

to show

3 is

as

computed above are

the

to measure

of trouble which must be considered. The attenuator

interest mainly

order of magnitude within

factors must

drawn to illustrate two of the most important sources

of

be

one

held.

It is

of

which

these

course impossible

thirteen millionth

of

a microhenry

by any of the usual methods of measuring inductance.
Tests of
usually

the attenuator
show

whether

for

these

"leakage" and accuracy
values

are

within the

desired limits.
Figure nshows two attenuators which differ only
in the switching arrangement, the input being switched
in figure Oa), and the output
shown,

A

there

is

little

to

in

figure nIbl.

As

chose between these two

methods of switching.
The

attenuators

of

impedance of five ohms

figure

at

n have

any point,

a constant

but give only

five fixed values of output, namely 500.000,
5,000,

rig.

a

shown has a five ohm impedance
with

ion M.A.

input,

has

soo

and

so microvolts.

For

50,000,

practical

use,

this is not sufficient, and some scheme must be used
to provide either continuous variation of output, or
on

each point, and,

else many more steps.

soo,000 microvolts at its

are in common use,
22

and

Two schemes for this purpose
both methods have their own
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disadvantages

as

well

as

advantages.

These

two

it must be renewed after a period of service. Also,

schemes are:

while suitable potentiometers of fairly high resis-

(a) Variation

of

tance areeasily made, alow resistance potentiometer

the input current to the at-

which is sufficiently free from inductance is quite

tenuator.

expensive to make.

(b) Substitution of a calibrated potentiometer
for one of the resistances of the attenua-

Practical attenuators involve various combina-

tor.

tions

of

the above features,

and

may perhaps best

be discussed by examining some specific designs, and
discussing the features involved.
The diagram of

figure

5 shows

an

attenuator

quite similar to that shown in figure 3(b). It differs from that of figure 3(b) in the following particulars:
(1)

It has one less section of attenuation

(P) It has a calibrated potentiometer

for

the

final resistance
(3) The input is switched, instead of the output.

(

49.5

SHIELD

4-9.5

A

Variation of the input current to the attenuator is almost certain to react

ou

the frequency of

the oscillator, unless amaster oscillator-power amplifier type of circuit
most serious when
the oscillator.

is

used.

This reaction is

a heavy load must
Careful

design

Using a calibrated potentiometer

be drawn from

of

put

the oscillator

resistance of

course makes

it

for

the out-

impossible

to

switch the output, and it has been necessary there-

circuit will reduce this reaction, but never entirely

fore to switch the input.

eliminate it.

As the attenuator has one

less section than the one shown in figure 3, the ef-

Unfortunately, thermoammetersandothertypesof

fects of undesired inductance and capacity
one tenth as serious.

meters suitable for measuring attenuaton input have

actual construction,

use

a conventional type

it

rent. This means that about one third of full scale

switch,

current is about the lowest value that can

thru a slot in the bakelite panel to lower capacity

read

practically, and even at this value the accuracy of
reading is very poor.

It is therefore necessary to

in

The
volts,

the

tion

of

the meter reading
so

by

employ

multiplying factors

50 etc., or 1, 3,

fo, 30,

of

1,

2,

5,

above disadvantages,

io, 20,

zero

be

output resistance

the

input

ing factors of 1, io, loo etc.

On

its own.

of

this

attenuator

to fifty.

The attenuator switch
10, ioo,

moo and

noted that

in

is never over
to

this attenuator the
five ohms, but is

five ohms.

There are

some conditions, such as tests on highly regenerative

current

receivers, where such

a variable output resistance

is undesirable.

be calibrated directly inmicrovolts, with multiplyit introduces disadvantages

potentiometer

always variable from zero

need not be varied, and the potentiometer scale can

of

from

It will

loo etc.

since

output

the smallest scale division is one microvolt.

The use of acalibrated potentiometer overcomes
the

a shield run

from zero tosoo,000 microvolts (one hall volt), and

be con-

sidered direct reading. It has been common practice
to

of

10,000. The output is therefore continuously variable

a value other than a

that it can no longer

to

the precaution

provides multiplying factors of 1,

attenuator, and also making necessary a multiplicamultiple of ten,

only

carries a dial which is calibrated directly in micro-

ly a three to one ratio, instead of a ten to one ramany more steps

with

between the switch arm and the switch points.

design an attenuator with voltage steps, having roughtio, thus making necessary

found possible

or only

the

a deflection which varies with the square of the curbe

was

In

the other hand,

Figure 6 shows a very different type of atten-

It may be

uator, and the photograph of figure 7 shows the ac-

subject to wear, and change in calibration, so that

tual appearance of three different attenuators.
23

In

March, 1934
this photograph,
6(b),
(c)

(a)

is

the

(b) is the attenuator
is

attenuator
of

the attenuator shown

in

of

current to the attenuator shown in figure 6 is only

figure

figure 5 above, and
figure 9 below, in

The arrangements shown
only

in

in

on M.A.
for

stray

one of its early experimental forms.

differ

i M.A., as compared with
of figure 3.

It

will

field

in

in the attenuator

the

same

the output circuit,

permissable

the

undesired

mutual inductance as shown in figure 3(a) can be zoo

figure 6(a) and (b)

the switching scheme.

Therefore,

times as great. Stated in other words, the shielding

be

problem is much less severe. What this means in actual structure can be readily seen by comparing the
attenuator at (a) in figure

which has i M.A. in-

7,

put, with those at (b) and (c), which have loo M.A.
input.
In figure 6(a) a sixth point on the switch has

6

been shown dotted, connected direct to the potentiometer slider. If this point were used, it would provide output up to 1 volt, instead of 1/10 volt. However,

it

would require much more shielding

of

the

switch, and in addition, the extra capacity to ground
from

this

point which

the

unavoidable leads would

add would cause attenuator inaccuracies at the higher
frequencies.
One

rig. 6
noted that

both

switch arrangements

schematic connections,

but

very

definite sacrifice

has

been made in

the atCenuator of figure 6 tomake a simple construcRive

the somewhat

tion possible.

the same

sistance

more com-

for

This is the use
the higher

of

output

high output re-

voltages.

It will

plicated arrangement shown at (b) has to be used in

be noted that the output resistance is five ohms on

practice to avoid trouble due to capacity across the

the first three points (Multiply by 1,

switch, as illustrated in figure 3(b). This trouble

that is, output voltages up to 1,000microvolts) On

is avoided by dividing the switch into two sections,

the fourth

so

the resistance is so ohms, while on the final point

that

does

the

not

extreme difference

occur in

in

one section.

voltage levels

point

(output

up

to and loo -

to 10,000 microvolts)

it is soo ohms.

Another method of

In general, resistances of so and sao ohms cannot

be

introduced into

without

causing

a receiver antenna circuit

appreciable error.

this error will of course depend
receiver.
was

In

one

receiver

a broadcast receiver

The

on

recently

of

amount

of

the particular
tested, which

conventional type, at

600 Kcs., fifty ohms in the antenna made anegligable
difference, andeven 500 ohms made avery slight difference. On the same receiver, at moo Kcs., so ohms
made aslight difference, but 5oo ohms caused an error of about

The attenuator of figure 6 provides 5 ohm out-

eliminating this trouble would be very careful shielding of the switch, as has been done

in

put resistance up to 1,000 microvolts, and allsensi-

the case of

tivity readings willnormally fall below this value.

the attenuator shown in figure /(c).

If
The attenuator
resistance

a

of

the

terminals

rheostat shown

at

for

its first

of
of

the

one volt
this

left

is

is adjusted

The

potentiometer

dial

this type

a check must

carries

a

vision every
switch

fifth microvolt, and the attenua-

provides multiplying factors

of

pensive arrangement.

1, 10,

sign problem.
be

especially noted that

this means a more elaborand

Also,

therefore
it

a more ex-

requires more power

from the oscillator, which also complicates the de-

1,000 and If:1,00o.
It should

output will

Of course, the ideal attenuator would have low
ages. As mentioned above,

loo,

of

be made to see what

output resistance, even for the highest output voltate shielding structure,

tor

used for taking

the

scale marked from zero to ten microvolts, with a dione

is

so that a correction can be made if necessary.

vacuum tube voltmeter shows justonevolt across the
potentiometer.

of

effect theadded resistance will have on the results,

The

until

attenuator

be required, and

maintained

potentiometer.

an

selectivity readings, higher values

ohm calibrated potentiometer. A

2,000

radio frequency voltage
across

figure 6 has

per cent.

20

the

input

attenuators
24

For

these

reasons,

most

use higher output resistance

commercial
for

high
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output voltages,

as this would by-pass part

and the user must bear in mind the

attenuator.
Figure 8 shows

an

tiometer.

the current, and the

attenuator designed for ob-

pass thru the
this

tor

of

five ohms input,

as

shown

in

figure 5, it

would require a capacity over 150 micro-microfarads

instead of using a calibrated poten-

It will be noted that

not

With a high resistance attenuator,

error could easily be serious, but with an attenua-

taining continuous variation of output by varying the
input current,

of

entire current as measured would

limitations thus imposed.

to cause error even at'mo,000 kcs., and the capacity

a great many more

can very easily
200 ohm

be

input attenuator,

would be reduced

210

kept below this value.

to

(With a

this permissable capacity

less than u micro-microlarads,

and this would be difficult to obtain.)
A

Figure 9 shows another arrangement, which combines some of the features
41

tinuous variation.

The

of

both methods of con-

right

hand

part

of

it

is

L1
CM

•

2.43

104

AM

311

AM

AM

IAO

1.41

AH

AS4

Fig. 8 •
steps are necessary

in

the attenuator.

element used with this attenuator
tance one, and is connected

to

is

The thermo

a high resis-

measure the voltage

input to the attenuator, instead of the current. For
the design as shown,

rig. 9

the maximum voltage at the in-

put terminals is two volts,

and

the meter scale is

calibrated from zero to five microvolts. Multiplier

similar to figure 5, except that it contains an ad-

settings are 1,

ditional

3,

10,

30.

loo etc., up to 100,000,

and then the final one is uoo,000.

step of attenuation,

and

the

calibrated

potentiometer isat the beginning instead of

This arrangement is intermediate between those

the end

of the attenuator,

thus making it necessary to switch

the output instead

of

This arrangement

the input.

a fixed five ohm output resistance

up

to

shown previously in the matter of output resistance.

provides

It does have high resistance for the highest output,

50,000 microvolts, anda variable,

zero to live ohms,

from 50,000 to 500,000 microvolts.

Above this,

but

has

ohms at

only / ohms

at

50.000 microvolts,

15o,000 microvolts.

and

21

It uses very low values

and twenty ohms, respectively, and intermediate values

of resistance, which are very difficult tomake free
from trouble due to series inductance.
does

not

switch,

show

the

which

is

course

can be obtained by varying the current input.

The diagram

shielding necessary
of

around

necessary

to

arrangement provides output up

the

be

mentioned that

8 show meters

current

input.

the

for

input to the attenuator, while

half volt.

attenuator of

the

Current

It might

one in figure 5
measurement
of

careful

of

design

error, which

in

particular

is

as

it

low

capes.

be

reduced

by

above

mentioned that one advantage that goes
a much more satisfactory type of

Referring

to

mental attenuator of the kind shown in figure 9.
may

current input,

it

by

be

noticed that only a single switch

but that very elaborate shielding

of

is

It

used,

the switch is

necessary in this case.

is
Examples

the loop ABCD.

of

attenuator

tinued indefinitely,

it

design

could

be

described

of the factors involved in practical designs.
2.5

con-

is believed that those

With the method of measuring current input, as shown
ground might cause error,

above

but

in figure 5, capacity

to

one

extensive

Figure /(c) shows the appearance of an experi-

usually easy to arrange the parts so that noappreciable magnetic field is picked up

values
require

Both methods have

must

will introduce into the circuit

a high resistance,

lot

course,

for the meter.

voltage additional to that measured by the element.
With

of

meter can be used than where less power is available

low input

figure 8, any voltage induced in the loop ABCD will
cause error,

be

with this is that

resistance, while voltage measUrementisoften better
when the input resistance ishigh.

It does,

shielding, and draw heavy power from the oscillator.

measuring voltage

usually more suitable for attenuators

possibilities

This

two volts across

usual antenna circuit, anddoes not require variation
uf tue current input, except

figures 6 and
measures

to

resistance low enough tobe inserted directly in the

prevent

s.rious errors.

It might

there

are fixed taps atone volt and two volts, across ten

are sufficient

to

illustrate many
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THE PHOTRONIC CELL
PHOTRONIC CONTROL
R. T. PIERCE*

The PHOTRONIC Photo-electric
Cell represents
the latest development in
the
photo-electric art.
The position that it has in the art may best be shown
by a brief review of the past development
in photoelectric cells.

•

•

With the advent of
the
vacuum tube
various
other types of photo-electric cells were produced in
evacuated glass tubes requiring a voltage to produce
a flow of electrons between the light-sensitive surface inside the tube and the collecting ring.
Electrons were emitted from the light-sensitive
surface
which passed across
the
intervening
space
to the
collector ring and this small current was
passed on
to the grid of a vacuum tube and the output amplified
to obtain enough useful
current
for indication or
control purposes.

Photo-electric active materials have been known
to scientists for over sixty years
and a great deal
of work was done originally on the selenium type of
cell. This consisted of a plate of selenium which has
the characteristic of changing
its resistance under
the action of light.
A battery and meter, or relay,
connected in series with this
selenium cell allows
the circuit to be adjusted so that the change in resistance under the action of
light will change the
current in this circuit enough to cause the instrument
to deflect, or the relay to make contact. The selenium
cell circuit,of course, is absolutely dependent upon
the battery voltage and the
current
never
goes to
zero in this circuit, regardless of the condition of
illumination on the cell.
The selenium cell itself
is quite sluggish in its operation and changes from
time to time due to oxidation and other action which
affects it chemically.

There has been quite a bit of resistance toward
the adoption of this type of photo-electric cell, by
industrial establishments due to the fact that their
experience with radio sets makes them somewhat hesitant about putting vacuum tubes on
important control
circuits.

THE PHOTRONIC CELL

About five years ago, the Research Laboratories
of
the Weston
Electrical
Instrument
Corporation
started investigating the possibility of providing a
photo-electric cell or "electric eye" that would not
require any auxiliary
source
of
energy, and that
would have sufficient
power
output
to obviate the
necessity of using
amplifying
circuits.
That was
the type of
specification with which they started,
and it must be admitted that at the
start it seemed
rather a hopeless task.
However, their efforts were
finally successful, and the result was the PHOTRONIC
Photo-electric Cell.

In 1885 a patent was
issued
which
showed a
method of holding a ship on its course by means of a
light source and
selenium cell used in conjunction
At
that time no electric
with the compass needle.
lights were
available and this patent shows a kerosene lamp and a candle for the light source. In 1886
another patent was
issued for controlling the level
with a
of water in a boiler using a selenium cell
kerosene lamp and candle for the light source. It may,
therefore, be
seen that some of the early engineers
and
thinkers
on
photo-electric
cells
and photoelectric control
were
considerably ahead of their
time.

The PHOTRONIC Cell
consists
essentially of a
metal disc on the
surface
of which light-sensitive
material is deposited.
Contact
fingers
lead the
current
in and
out
of the cell by resting on the
light-sensitive surface and also on the
back of the
plate on which it is deposited.
Under the stimulation of light energy, electrons are emitted from the
light-sensitive
surface
producing
a current that
flows into the plate beneath it, through the externe
circuit, and back to the cell again. It may be likened

Another type of cell that has been produced is
the liquid type photo-voltaic cell. This is much the
same as
a wet battery having one electrode which is
affected by light in such a manner
that voltage is
generated whenever
this
light hits the electrode.
This is like any
other
battery
in that the output
changes as the electrolite ages and, under the action
of generating voltage, gas
is
liberated
which has
been known
to
explode
the cells with considerable

to a catalytic agent that
transforms
light
energy
into electrical energy without any deterioration of
the cell.

violence.
"Weston Electrical

Instrument Company
29
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Such a cell, in order to be useful in industry,
should have a long life.
The life of the PHOTRONIC

The cell output
current starts from zero when
the cell is in darkness, and
increases, practically

Cell is

proportionally to the illumination,up to a value beyond the intensity of bright sunlight, when a low external circuit-resistance is used. This characteristic
of the cell is very important both from the standpoint

should,

of

illumination.

unlimited,

and

its usefulness

extend over a great many years.

The PHOTRONIC Cell

of light intensity measuring, and also from the standpoint of obtaining a control
between
quite narrow
limits

practically
therefore,

is

similar

to

The illumination-current

the cell and

the

control

relays

without

equipment in an industrial establishment.

tA'gIrm
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intensity.
In order to use this cell on measurement prob-
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lems, whether they be the direct measurement of light
intensity, or a measurement as applied to industrial
process-control, it is only
necessary
to connect a

Y
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directly dependent on the constancy of
power supply.
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cell, no

trical energy is required for purposes of excitation,
and the accuracy of measurement, or control, is thus
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in series with the

except the photo-voltaic,an external source of elec-

.4teniMpinnRa

.1.-AtIren&h.
,,,>14.0421tedniffMkit.
WWWWW@M@IMISOMMMWrv, 'CAMS@

1111a!hf,euttnn.t .

or relay,

amplifying circuits being required as with most other
photo-electric devices.
In every other type of cell,
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Also,like

a battery, two
or
more
cells
may be connected in
multiple to increase the output for
a given
light
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leakage

affecting the accuracy of the control.
This characteristic is
very
useful
when
installing
control

characteristics of toe cell are shown in Figure 1.

.
•

a battery

shunted by a high resistance.
Due to the relatively
low voltage generated, long leads may be used between

is almost

the exciting

instantaneous in

its operation.
One
of the most interesting applications that has been made of this
property, is the

R

measure pf the speed of rifle bullets by the Ordinance
Department at Washington.
Bullets are shot through

1

several light beams, and the shadow of the bullet on
the cell causes an
indication
on
an oscillograph,
which thus measures the relative speed of the bullet
Another important item in the specifications to
be met by the cell was the spectral response characteristic.

as it passes through these various beams.
The cell
has been used in sound-film work with a considerable
degree of success, although, due to the fact that it
is a good condenser, the
output
falls
off
at the
higher frequencies.
To compensate for this, changes

It was considered extremely important that

the cell have a spectral response similar to that of
the normal human eye. Such a cell would be much more
useful for measurements of color, and
for obtaining
control by color
change, than
are
other
commonly

in the conventional amplifying circuits are necessary
and, in view of the number of these that are in use,

available photo-electric cells.
The PHOTRONIC Cell
meets this
requirement
very well, as will be noted
from Figure 2.
Its
peak value is a little more in
the yellow than is that of the human eye, and it has
up to 25 per cent response in the
near ultra-violet
and about a 10 per cent
response in the near infrared. Since it is above the human eye over the visible
range, it is possible to equip it with a filter that
will make it agree with the normal visibility curve.

it is not thought advisable to introduce the cell
to
this field
at
the
present
time.
The quality of
reproduction is very good, for the cell does not have
the ground-noise that is present
in the other types
of cells, with which
external
excitation
and high
amplification are needed.
The circuits and circuit elements required for
putting the cell to
practical
use are very simple.
For measurement purposes it
is
only
necessary
to
connect the cell directly to the terminals of a suitable microammeter.
For
control, the
cell
may be
connected directly to the terminals of the sensitive
relay.
Usually, however, an
additional
and power
relay is required for operating control devices. The
power, controlled by the sensitive relay, and operating

10.0 bbb
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tttttt
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the power relay,

0

may be supplied by

batteries,

or a

transformer-rectifier unit, and thus requires nothing
with which the average industrial electrical engineer
is not thoroughly familiar.
•

V

MEASURING INSTRUMENTS

One of the first
measuring
instruments to be
devised, including the PHOTRONIC Cell,was the illumination meter.
Prior to its introduction, only the
relatively crude comparison methods of the conventional
photometers were available for illumination measurement. And, because of the complication of equipment,
technique,and interpretation, the field of usefulness
30
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of such instruments was
seriously
limited by their
cost, the need for skill on the part of the user, and

of a million to one. It is to be expected,therefore,
that the eye can hardly be expected to judge of minor

in the interpretation of the data gathered. With the
direct-reading
illumination
meter
employing
the

differences of light intensity with sufficient precision to suit the relatively narrow requirements of
light intensityofthephotographicemulsions commonly
used in photography.

PHOTRONIC Cell,however,these limitations are largely
eliminated and the solution toa myriad of illumination
problems, previously unattacked, made
readily
and
economically available.
The Model

603

When the development of
he Exposure Meter was
started, it was found that there were very little data

Illumination

Meter,

shown

in

available on the
relative
sensitivity
of the film
emulsions as expressed in terns of brightness. It was

Figure 3, was the first produced. It consists of two
PHOTRONIC Cells connected in multiple, and mounted in
a light target which is
attached
to the instrument
by a 5 foot cord. Three ranges are obtainable in the

measurements and exposure could be determined.

simple instrument,and six ranges in some of the more
elaborate
instruments.
The
cells
are some times

involved a lengthy investigation,and many films were
exposed in order to
determine
the limits of "under

equipped with

filters

which

correct

therefore necessary to obtain data onthesensitivity
of emulsions before the relation
between brightness

the spectral

exposure" and "over exposure."

This

After this was once

response to precisely
that
of
the
human eye, and
enable accurate measurements to be made of any
kind

accomplished, it was a simple matter to make a calculator,or translator, that would interpret brightness

of light, such
as
that
of neon, mercury vapor, or
sodium vapor
lamps, as well as tungsten, and other
filament-type lamps.

measurements in terms of
exposure
time.
In order
that the instrument might measure brightness, however,
it was necessary to restrict
the
exposure
of
the
PHOTRONIC Cell to a 60'cone, since this is, roughly,
the angle included by commonly used camera lenses.
Figure 4 shows the Model

617 Universal Exposure

Meter.
This meter has proven to be a major contribution to the photographic art, and is replacing the
judgment and skill
of
many
years of experience of
some of the nation's outstanding photographers.

Fig.

Fig.

3

4

A second type of Exposure Meter is provided for
use with motion picture cameras, the
scale of which
is calibrated
directly
in
terms of aperture for a
given exposure,

Another application of the photo cell for measurement is its employment for the predetermination of
the proper exposure in photographic processes.
All
prior, and commonly employed, exposure meters relied

since

in motion picture cameras the

shutter operates at a substantially constant
speed,
thus requiring
that
the
aperture
be
adjusted to
accommodate the camera to the brightness to which it
is exposed.

on the judgment of the human eye to
distinguish between various degrees of brightness, since it is the
brightness of
the
object
at
which
the camera is

In various industrial

processes,

control

may

some times be
accomplished by obtaining readings of
changes in color or density of
the
material
being
processed. A simple combination ofthePHOTRONIC Cell

directed, that is, the light reflected from the object
at which the camera is directed, that determines the
rapidity of action on the
sensitive
surface of the
photographic
film, or
plate, and
hence the proper
time of exposure.
The human eye, however, like the

and an indicating
instrument
as to such changes in color or
a guide to process control, and
in use at the present time for

other sense organs of the human body, is
capable of
perception
of, and
accommodation
to, a tremendous

will give indications
changes in density as
many such devices are
such determinations.

range of the intensity of stimuli, and
is similarly
seriously limited in recognition of minor differences
in the intensity of the stimuli.
More specifically
for instance, the
normal
eye
is found to be quite
capable of
reading
the
larger sizes of news print

PHOTO-ELECTRIC CONTROL.

type in bright moonlight, and in bright sunlight the
range of light intensities of which
is of the order

In controlling there are three basic principles
31
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that are involved.

A light beam is a

link in mechanical motions,

since

it

very

useful

in the circuit
power relay.

may be broken

and
re-established
at will, for it has no inertia,
nor does it mar delicate finishes. Furthermore, when

ona predetermined density indicatingpoor combustion,
an alarm is given in
the
boiler
room
so that the

to effect control by means

of

processes

(1)

A cut-off of a light beam

(2)

Change in light intensity

(3)

Changes in color

attendant may correct the condition.
By the use of
such arrangements as this, not only is the industrial
establishment assuring itself of the operation of its

may be

steam-raising equipment at greatest
also it frees its
community
of
otherwise difficult of riddance.
It may,

A new relay,

is the question of

be

but

seen

from

the general

that is far more

sensitive

than

any other
previously
available, has recently
been
developed.
This relay will make a positive contact

counting.
Small pieces of material, such as paper,
coming down a conveyor, that may be located in almost
any position, cannot be counted readily by any mechan-

at such low currents as 2.5 microamperes, and at 0.5
millivolt. It opens many new fields for the PHOTRONIC
Cell.
It is really a contact-making
indicator so

ical means. A mechanical finger that might be placed
in the path of the material, could
not
be operated

that indications of the

from a small piece of paper, and the location of the
other material might not be such that
it
could
be
accomplished without a very complicated arrangement.
Also, highly finishednaterialsthatwouldbe scratched

before

contact

conditions

that exist even

is made, are evident from the scale

of the device.
The contacts will control a circuit
of 5 watts at 110 volts.
By using this new type of
relay in
conjuntion
with a PHOTRONIC
Cell,
many
many simple controls or alarm devices are possible.

by the mechanical finger may be counted by an interrupted light beam, and in no other manner.
For the
purpose of counting an especial

therefore,

efficiency,

the smoke nuisance

discussion
given
above, that the
combination of a
PHOTRONIC Cell and two or three relays, make possible
many types of control functions.

One oftheapplications of aphoto-electric cell
that is usually thought of first,

the sensitive relay and the

a light beam
is
thrown
across a smoke stack to
a
PHOTRONIC Cell,and when the smoke in the stack takes

teristic curve that
control
may be accomplished by
slight variations
in
intensity.
With
a spectral
response characteristic, such as that of the PHOTRONIC

Thus, automatic control
obtained by:

between

A control that
illustrates
the
principle of
change in density is the smoke alarm. On this device

using a cell that has a linear characteristic, it is
possible to operate at such a point
in
its charac-

Cell, it is also possible
of changes in color.
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system has been de-

signed, and made commercially available. It consists
of PHOTRONIC Cellsinconnectionwithsuitable relays,

Typical of the
applications
of the PHOTRONIC
Cell are the following: Pieces of paper on a folding
machine are being counted--this cannot be done in any

and will operate the commonly-available electricallydriven counters.

other manner.
Bags of sugar are
delivered
to the
warehouse on a conveyor belt, and they do not necess-

Having a light
responsive
unit
such
as the
PHOTRONIC Cell, it is
natural
that the question of

arily place these on the same point on the belt every
time. It is possible to count them by an interrupted
light beam at a high
degree
of
accuracy.
Small
pocket combs are being counted.

illumination control should be considered.

Street

lights and sign
lights
have always been controlled
by
time
switches.
Time, however, does
not
take
into
consideration the
changes
in light intensity
from
day
to day
due
to clouds, storms, and other

Another interesting appl ication is on an elevatorleveling device.
Through its use the
elevator
is
brought quickly to the
proper
floor
level with no
special skill on the part of the operator.

natural
conditions.
Consequently,
all too often,
lights are not turned on waen they are
needed, nor
are they turned off
when
they are not needed.
It
is natural, therefore, that
an illumination-control

In the Holland Tunnel is an
installation
for
detecting any truck that attempts togo through there
loaded too high.
Frequently
the
main part of the
load on the truck may be of the proper height, while
some small piece projects above the rest of the load.

device for street lighting, sign
lighting, and also
for interior lighting, in factories and office buildings should be
considered.
For
this
purpose
an
especial illumination control system, employing
the
PHOTRONIC Cell, has
been
developed, and
has
been
applied quite successfully to

This would jam
in
the
tunnel, and
might
cause a
traffic tie-up.
A light beam is
projected
across
the driveway, which is
about
35 feet wide, on to a
PHOTRONIC Cell in connection with
an alarm circuit.

many lighting control

purposes.
A large number of beacon
lights
on the
American Airways are equipped with
these
units, so
turned on whenever the

When tested, it was
possible
to travel at 35 miles
an hour, and detect the presence of a projecting unit

daylight intensity drops low
enough.
Many
lighthouses are equipped
with
these devices so that the
ships may have proper guidance when daylight intens-

that was only 1 inch wide.
Since
the
detector is
located at the toll booths, where the
speed
of the
traffic is naturally only a few miles per
hour, the

that the beacon

ities are low.

lights

On such

are

safety

devices,

readily understood that automatic control

it can be

system is extremely effective

in accord-

in

detecting all pro-

jections above the allowable levels.

ance with daylight intensity is the only type that is
adequate.
Similarly, street
lighting circuits are

Another installation in the Holland Tunnel,

being controlled by this type of equipment.

for detecting the presence of smoke.
ation the PHOTRONIC Cell is
about
from the recorder that it operates.

In this type of
control
equipment, the relay
arrangement is slightly different
from that used in

is

In this install5,000
feet away
In this case, as

in the case of many
industrial
applications, where
it is necessary to locate the relays, or
controlled
equipment, remote from the
source
of
control, the
PHOTRONIC Cell showeditselfto be especially effective.

counting. Counting equipment should operate quickly,
but illumination control, where
light
intensity is
changing slowly, requires
a time delay so that when
the lights are once turned on, they will stay on, and
will not be
effected
by slight fluctuations due to

PHOTRONIC Cells installed on weighing machines
operate relays when a container
is
filled to
the
proper weight and the feed is automatically shut off.

passing clouds, and other atmospheric conditions. In
order to accomplish this, a time-delay relay is placed
32
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In Detroit an automobile comes down the way to
have the underside of the chassis sprayed.
completely assembled car, and
care must be
see that the paint

is not

sprayed

of the liquid as the silver was precipitated.

It is a
taken to

Boiler-feed water has to be

on the finished

body.
The car
interrupts
a light
beam, and the
PHOTRONIC Cell turns on
a spraying
machine, which
covers the underside of the chassis, and yet,

The PHOTRONIC Cell watches the change in

as soon

eliminate the oxygen,

coffee bean,

at which it is usually

the
wall,
that
far,

and if it were not
the
conveyor
was

In a sewage plant a PHOTRONIC Cell
beam were placed 5

feet

below

the

and

light

and

when

the

proper

brown

has been

added to the green to secure the
desired brown with
an unusually high degree of precision.
The PHOTRONIC Cell

has opened

many new fields

of
photo-electric
measurement and
control.
The
simplicity of the circuits
involved, and the use of
standard
instruments
and relays operating on wellknown principles, largely
eliminates
the hesitancy
of the industrial engineer toward
the adaptation of

laboratory in the motion

picture industry, the hypo solution that is used for
fixing the film, becomes very rich in
silver.
For

photo-electric
means to his cortrol problems.
New
devices and methods will be developed, and the light
beam will ultimately
take
its place with the gear,
the lever, and the cam in the machinery used for the

satisfactory operation, the silver should be removed
and at the same time the
amount
of the reagent employed must
be
controlled
so that the hypo is not
seriously contaminated.
This was
accomplished
by
the PHOTRONIC Cell operating on the change in opacity

manufacturing processes of the world.

AUTOMOBILE RADIO RECEIVERS

1934,

scale.

green.
By placing a red filter over
the
cell, it
was possible to
control
the amount of red that was

surface of the

a considerable overload with complete satisfaction.

The meeting of March 14,

and not enough to cause

to in this installation.
A coffee
bean
unroasted
is green, and in
its
roasted
condition
is a deep
brown.
Brown color may be obtained by adding red to

water in the last settling tank. As the sludge level
rose above this point, an air lift valve or pump was
operated so that this sludge would
be
removed
and
placed back into the system. By using this automatic
equipment, it
was possible to operate this plant at

In a film processing

and

operator is depended upon
completely.
In order to
obtain a high degree of sensitivity in this control,
an interesting and effective
expedient was resorted

A light beam was placed at a point just before

the body would
reach
removed before it got
stopped.

color,

reached, the alarm is given so that the operator may
dump the roast.
This is a very critical point, and
considerable spoilage results when observation of the

removed.
These bodies used to go to the end of the
conveyor and then would hit the wall, thus
damaging
them.

the

In roasting coffee, it is
necessary
that the
degree of brownness be
controlled
very accurately.
The PHOTRONIC Cell watches the change in color of the

In one automobile plant, there is a carrier for
deliveringthebodies totheassembly room. Oftentimes
the chassis is not there for the body to be put
on,
point

for

adds just enough material to the boiler-feed water to

as the car moves
through
this light beam, it stops
immediately, and prevents spoiling the finish on the
body.

and one will pass the

treated

elimination of oxygen.
This is done by the colorimetric method of hydrogen ion concentration control.

REMOTE CONTROL OF RADIO RECEIVERS

was

devoted to

of the United American

A symposium onthesubject of remote control of
radio receivers constituted the meeting of April 11,

Bosch Company, Incorporated, on tae subject of automobile radio receivers.
Mr. Filgate discussed
the

1934.
Papers were read by Messrs. Virgil Graham,and
Lee McCann, of
the Stromber-Carlson Telephone Manu-

problems of the
design, installation, and operation
of automobile radio receivers with especial emphasis

facturing Company, and by Mr.C.J.Franks of the Radio
Frequency Laboratories. Mr.McCann's paperwasdevoted
to a discussion of the type
of
equipment
in which
remote control is
accomplished
through
the use of
electro -mechanical means oncentrallylocatedselecting
and amplifying equipment; while the papers of Messrs.
Graham and Franks
were
devoted
to a discussion of

a paper by Mr.

J.

T.

Filgate,

on the causes and
sources
of ignition interference
with radio reception, and those expedients which have
been applied to the
problem
for
the reduction, or
elimination, of this type of interference.
His paper
included an
unusually
detailed
analysis
of those
phases of automobile ignition
phenomena, which give

what has been characterized
as
remote
tuning, in
which selection, and high-frequency amplification, is

rise to interference, and
pointed
out
in specific
detail the peculiarly troublesome nature of this type
of interferenceaswellas the expedient
both useless
and useful, which have been resorted to for its elim-

accomplished ate point remote from the low-frequency
amplificationandreproducing equipment.
Mr.McCannis
paper was replete
with
photographic
illustrations

ination.
The influence of the
type of location of
the antenna on the intensity of the interference was
brought out,

and an

explanation

of

the

indicative of the especial adaptability of the systems
described by him to incorporation in structural elements of homes.Thepapersof Messrs. Graham and Franks

operating

characteristics of several of the more unusual types
of
automobile
receiving
antenna
was
given.
Of
especial interest was a description of the influence
of the bonding of
the
automobile
body, and of the
electrical wiring on the magnitude of the

were especially detailed with respecttothe problems
met with
in
the
incorporation
of
high-frequency
transmission

lines

in

the

remote

tuning type of

equipment.

interference.
The discussion called attention to other types
of remote control equipment, one of which was illustrated by a special demonstration by Mr. Franks.

General discussion of the entireproblenfollowed
the paper, indicating a general
appreciation of the
part of the membership of the masterly
treatment of
the analysis given by Mr. Filgate.
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THE IMPORTANCE AND TECHNIQUE OF PERFORMANCE
MEASUREMENTS ON RADIO-TELEPHONE TRANSMITTERS
W

C

LENT

MOD.

The transmission of intelligence by radio,
whether that intelligence be in the form of an
entertainment program or a definite message, depends upon some

50
75
100

is made to change in accord with the variations of
the intelligence to be transmitted. The character of
the modulated wave may be completely defined for a

SIDE-BANDS
0
3
11
22
33.3

78
66.6

In a wave modulated 25% only 3% of

particular instant if the phase, frequency and ampli-

the

total

power is useful signal producing power.
A 100%
modulated wave delivers 11 times as much signal

For radio-telephone

transmission, at least, experience has seemed to
indicate that the most suitable form of modulation

energy as one modulated 25%.
may be set down as follows:

is achieved by varying the instantaneous carrier
amplitude in response to the variations of the sig-

1.

Doubling the

Certain general

modulation degree

rules

for a

nal energy to be transmitted.
Experience has likewise indicated that it is desirable to maintain the
carrier frequency and phase as nearly constant as
possible during the modulation cycle.

given carrier power doubles the signal
increasing the nuisance field.

Amplitude modulation of a constant carrierwave by a complex signal wave results in the pro-

the modulation degree constant results in a signal
level increase of only 41.4 per cent and in an equal

duction of side-bands of variable width and amplitude
These side-bands are displaced from the carrier on
both sides by a frequency interval equal to the

increase of the nuisance field.

modulation frequency at a particular instant.
The
amplitude of the side-bands is determined solely by

alent to that obtained by doubling the modulation
degree, holding carrier power constant, requires a
carrier increase to a value four times the original,
maintaining the same modulation degree.
In other
words, doubling the modulation degree pays the same

2.

Since the intelligence-bearing portion of the
modulated wave is not the carrier but the side -bande
it follows that the greater the side-band amplitude
the greater is the ratio of useful power to the
total output power. For a completely modulated wave,

dividend in signal

Thus

power

is
it

calculated as
is

a

found that the

matters

following relations hold:
4,President,

General

Ridgefield Park,

to one

carrier

it appears

that both the relative

and

Were efficiency the only condition with which
the station engineers are concerned it would be a
simple matter to adjust input signal level to a
value sufficient for complete modulation and let

degree.
side-band

as a four

complete modulation.

signal energy varies between this one-third maximum
and zero directly as the square of the modulation

the

level

increase equiv-

absolute efficiencies of radio telephone transmitters
are directly dependent on the modulation degree and
will be the maximum obtainable for the condition of

total power is concentrated at the carrier frequency
with the remaining one-third in the side-bands.
The

If

To obtain a signal level

power increase.

that is one modulated 100 per cent, two-thirds of the

function of modulation degree

level without

Doubling the carrier power while holding

3.

the degree of modulation.

•

% TOTAL POWER

100
97
89

0
25

form of modulation of a so-called

tude at that instant are known.

% TOTAL POWER
CARRIER

carrier wave.
BY modulation is meant the process
by which the instantaneous character of the carrier

e

DEGREE

OommunicationsLaboratories,Inc.,

New Jersey.
35

take their natural

course.

Unfortunately

September, 1934
the processes whereby modulated radio frequency
energy is generated and amplified involve the use of

of transmission systems be raised to the absolute
physical maximum as regards modulation degree and

elements which inherently are non-linear.
Such
non-linearity results in the production of distortion

that under this condition of complete modulation the

of the original

signal

wave which appears

form of measurable harmonics of the signal

total harmonic content be within the limits found to
be acceptable for the particular class of service.

in the

frequen-

High quality broadcasting would seem to require

cies.
For high quality transmission these harmonics
must be reduced to limits at which the distortion is
not perceptible to the ear.
In the processes under
consideration this distortion is primarily an amplitude function, that is, the harmonicamplitudesdepend
on the length of the portion of the non-linear charac-

That the need exists for improvement all along
the line is amply indicated by the results of meas-

teristic traversed during the modulation cycle.
This, in turn, is directly a function of the modulation degree and we are
"modulation capability".

urements made on 69 stations East of the Mississippi
by our engineers last year.
In most cases the
figures represent actual capacdlity of the trans-

thus brought to the term
As defined, the "modula-

mission system
defined as that modulation degree
which could be obtained without noticeable shift of
the mean carrier amplitude during the modulation

tion capability" of a transmission system is that
modulation degree which can be attained without
exceeding the distortion limit which has been determined to be acceptable for a particular class of
service.
"Modulation capability" is not a term
which can be indiscriminately applied without spe-

cycle.
follows:

in five classes as

% IN EACH CLASS

Less than 25%

4.3

25 to 50%
50 to 75%

Useful modulation and the only modulation in
which operators of high quality radio-telephone
stations can be interested, is that modulation which
the transmission

75 to 100%

34.8
47.7
10.2

100%

2.9

Included

system.
What tnat capability must be can only be
determined after the permissible amountof distortion
has been ascertained.
This capability as determined

in this group are

fifteen 100 watt,

eight 250 watt, twelve 500 watt, sixteen 1 kilowatt,
seven 5 kilowatt, one 10 kilowatt, three 25 kilowatt
and seven 50 kilowatt stations.

will not represent efficient use of channels or
transmission plants unless complete modulation can
be attained.
At present, the minimum capability
acceptable to the Federal

The stations are rated
CAPABILITY RATING

cific stipulation of the acceptable distortion limit
for the class of service in question.

does not exceed the capability of

that

total distortion
be less than 5%.
In no case
should the practice of reducing distortion at the
expense of absolute modulation degree be followed.

The average capability for the whole group is
60% with the average within each power class about
the same throughout.

Communications Commission

is that in which a modulation degree of 75% can be
attained without the production of combined harmonics

It is not and cannot be the purpose of a paper
of this nature to treat rigorously with the exact
technique involved in the making of performance
measurements on transmission systems.
Rather it is
desired to review the current methods in a general
way and to indicate the possible inaccuracies of
each together with the requirements which must be

in excess of 10%.
It is certain that with increasing activity in the field of high fidelity this requirement will be made more stringent with respect
to the allowable harmonic content, and perhaps, in
the interest of efficiency to the abeolute modulation
degree attainable as well.

met if reliable results are to be ootained.

The acceptability of the service of any station
depends, aside from purely artistic considerationa,
upon the ratio of the wanted signal output to the

1.

total extraneous noise output at the receiving loudspeaker.
Measurements seem to indicate tnat this
ratio must be at least 1000 to 1 for high quality
service. Extraneous noise originates at several

Modulation Measurement:

The measurement of the degree of amplitude modulation involves not the measurement of a
physical quantity but rather a ratio.
This ratio
exists between two quantities in the same dimension
and hence may be determined at any absolute level.

points in the transmission system. Switching transients, shot-effect in vacuum tubes and thermal
agitation in associated tube circuits, insufficient
filtering of power supplies and modulation by mechanical shock all combine to cause noise modulation

Methods of modulation measurement fall
into two classes depending upon whether measurement
is made before or after demodulation of the envelope

products to appear in the output wave.
At the receiving end of the system local interferences from
various discharge devices, loose and vibrating contacts between metallic surfaces and poor filtering
of receiver power supplies combine with interchannel
interference and heterodyning effects to increase
the apparent carrier noise on the wanted signal.
The transmission engineer can control tne absolute
level of the noise originating in the transmission
circuits by proper design and treatment at the

measurement is made prior to demodulation, fall the
methods involving the cathode-ray oscillograph,
direct-reading peak voltmeter and the thermo-galvanometer.

source.

which furnish some

Furthermore,

the relative noise

of the output wave.
Into

the

first

class,

that

is where

The cathode-ray method permits
servation of a trapezoid

level may

be reduced by maintaining the modulation as nearly
complete as possible.
While control at the source

information.

two inherent drawbacks.
dimensions is difficult

of the noise originating in the transmission medium
and the receiving end of the system is denied, in-

the

ob-

the shape and dimensions of
This method has

Accurate scaling of
if not impossible.

image
In a

pattern 1 square inch in area the normal double
trace width can be responsible for an error of approximately 12%.
Furthermore, as the operator

so-far as absolute noise level is concerned, the
relative level may be reduced by consistent maintenance of high modulation degree at the transmitter.

proceeds in measurement from the condition of no
modulation to the desired test condition with modulation it is impossible to detect a shift of the
boundaries of the unmodulated pattern.
Since the
width of this pattern is the reference level of the

It would appear, then, that the case is clear
for the requirement that the modulation capability
36
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unmodulated carrier, it is essential that that width
remain constant during the modulation cycle.
The

directly.
Granted that the filter systems are correctly designed as to cut-off, image impedance and
working level it is still necessary to be certain
that the demodulator preceding the differential

process of measuring the long side, subtracting the
length of the short side and dividing by 4 is fallacious in that it yields absolutely no information as

system is strictly linear and that the amplifier
interposed between the filters and the output indi-

to the symmetry of the modulation.
Performing this
process on a pattern obtained under the condition of

cator is linear with respect to both amplitude and
frequency.
The output indicator must be a strictly
square-law device if the true root-mean-square value
of the harmonics is to be indicated.
Furthermore,

25% positive and 75% negative modulation yields the
mathematical value of 50% which in the absence of
evidence to the contrary is taken to mean that a
symmetrical modulation of 50% is actually being ob-

the source of test frequency must produce an absolutely pure wave.

tained.
The only way in which such a method can be
trusted to yield reliable indications is to use an

This method has the disadvantage that it is
limited to measurements at a single frequency.
Unless the elements in the transmission system remain

auxiliary carrier-shift indicator.
Pursuing the
use of the method beyond the point where carriershift becomes evident is useless.
The direct-reading peak voltmeter used

constant with frequency, measurements of capability
at one modulation frequency do not necessarily indicate the true capability at any other.
If, however,
the system will modulate consistently in the absence
of carrier-shift over the entire signal-frequency

either

before or after demodulation possesses the same inherent fault.
It has an advantage over the oscillographic methods in that it is not subject to scaling and trace-width errors.

range, it is reasonably safe to rely on single frequency distortion measurements as a true indication
of capability.

Perhaps the worst method from the standpoint
of possible error is that in which a thermo-galvanometer is used as a direct indicator of modulation

For rigorous measurements of distortion some
form of wave analyzer is necessary.
Separate harmonic amplitudes can be measured and combined mathe-

degree.
True, on purely sinusoidal test tone and
in the complete absence of carrier-shift the indications thus obtained will furnish valuable information
simply and quickly.

matically as the square root of the sum of the
squares of each to yield the true value of the combined distortion.
Of course, the same requirements
are placed on auxiliary equipment as in the
the first method.

The type of modulation here discussed is an
amplitude function.
Maximum amplitudes must be

A carrier-shift indicator,

determined if proper evaluation of modulation degree
is to result.
It Is obvious that this method fails
in the presence of complex wave modulation since
only effective and not maximum values are indicated
by a thermal instrument.
The blind use of such a

determinations.
Carrier-shift is absolute evidence
that non-linearity and hence distortion is present
in the system.
The converse is not necessarily

results erroneous in the extreme.

for

error plus

non-linearity in the

of

the foregoing

that resulting

from

demodulator.

Perhaps the most satisfactory and accurate
modulation measuring equipment is based on the prin-

because a perfectly linear system will
freely all

distortion present

still

in the source.

shift indicator is to yield quantitative results it
will be necessary to provide a complete family of

ciple of measurement after demodulation and incorporates a carrier-shift indicating device togetner
with some form of peak voltmeter--preferably direct

characteristics of distortion.versus carrier-shift
for many convenient values of modulation degree.
Measurements made so far indicate that this is entirely practicable.
In general, the lower the
absolute modulation level the greater the distortion

reading.
2.

true
pass

Unfortunately the correlation of carrier-shift
with quantitative distortion is not as simple as it
would appear.
A given carrier-shift at one modulation degree represents an entirely different distortion condition than does the same amount of carriershift at some other modulation level.
If a carrier-

Methods of measurement which involve the process of demodulation possess all

while not capable

of measuring distortion, is nevertheless the most
reliable and fool-proof tool available for capability

method with complex wave modulation and in the absence of carrier-shift indication can lead only to

possibilities

case of

Distortion Measurement:

for given amounts of carrier-shift.

The determination of the modulation
capability of the transmission system necessitates
the simultaneous measurement of both modulation
degree and harmonic content.
The methods of modulation measurement have been outlined.

Fourier analyses of oscillographic traces are
limited for quantitative purposes by the same inherent inaccuracies indicated in the discussion of oscillographic devices as modulation indicators.
If
anything, errors are even more serious from these
sources in distortion measurement than in the

Total harmonic content may be evaluated

case

of modulation measurement.

as a lumped quantity directly or by the mathematical
combination of the various harmonic amplitudes meas-

3.

Carrier Noise Measurements:

ured separately.
Carrier noise can be measured directly
as a modulation degree of small magnitude or in terms
of a ratio to a given reference modulation level.

For general use in which quantitative
results are sufficient the method of determination
of distortion as a lumped factor is most satisfactory.
Briefly, the method consists of segregating
the harmonics from the fundamental by means of differential filter systems and evaluating the total
harmonic root-mean-square amplitude in terms of the

The measurement of noise directly and
quantitatively involves tremendous difficulties if
gross inaccuracies are to be avoided.
When it is
realized that a noise level 60 Decibels down from a
100% modulation level corresponds to an absolute
noise modulation of only 1/10 of 1% the problems

fundamental amplitude.
The result multiplied by
100 yields the harmonic content as a percentage
37
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involved in such methods of measurement will be better recognized.

Furthermore,

noise
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the nature of the apparatus used for measurement of
carrier magnitude shift, Mr. Lent showed the following circuit arrangements and discussed their func-

in the measuring

equipment itself can, without careful design, easily
be greater than the noise which it is desired to
measure.
It is not felt that direct measurement of

tions and usefulness.

carrier-noise is practical.

The modulation meter consists essentially of a
linear rectifier and appropriate circuits and appa-

Relative or comparison methods have the
advantage that resistance attenuators, which can be

ratus for the measurement of the ratio of that portion of the rectifier output which is proportional
to the carrier to that portion of the rectifier output which is proportional to the low-frequency
variation of the high-frequency envelope resulting

made exceedingly accurate, can be used.
They form
the only variable element in a properly designed
system.
Errors from noise in the measuring set-up
cancel out in the process of comparison measurements.
Furthermore, the range of an attenuator can be car-

from the process of modulation.
It differs largely
from circuits and apparatus commonly employed for

ried to limits permitting measurement of magnitudes
far beyond the capability of direct methods.
It is
a simple matter to convert a ratio in terms of Dec-

this purpose in the use of a triode rectifier, and
in the use of a thyratron as the indicator of balance in the measuring system.

ibels to the actual noise modulation level if desired.

It was pointed out by Mr.
high internal

Lent that while

impedance of the conventional

the

triode--

If such a measuring system is to be used certain precautions in design are necessary.
The
system as a whole must have a high, stable and con-

as against that of a diode of the same dimensions
more commonly used for this purpose-- requires that

trolled gain.
The frequency response must be uniform and comparatively wide--preferably from about

an extremely high resistance be employed for the
plate load of the triode, with the consequent prob-

25 to 10,000 cycles per second--due to the fact that

lems incidental to the maintenance of the insulation
resistance at appropriately high values, the advan-

tube noises and

circuit noises have components lying

tages to be gained through the isolation of the
plate, or measuring circuit from the grid, or signal
circuit, well justified the employment of the neces-

in the upper speech frequency range.
The variable
element, the attenuator, must be capable of variation in small

steps--say 1 Decibel.

The output

sary precautionary measures

indicator must possess a strictly square-law charac-

The operationof the thyratron

If high quality broadcasting is to progress as

wide range receivers, when and
to

to cause

indicator cir-

sentially that of the balancing of the several potentiometer voltages with those available at the
rectifier output, the problem reduces itself to one
of determining a voltage balance.
In the past

if they are made a-

the public are bound

the design and the

cuits was explained as follows:
Since the problem
of the measurement of the modulation degree is es-

much in the future as it has in the past a rigorous
routine of performance 'measurements must be a definite part of the duties of the operating staff.
New
vailable

in

operation of the device.

teristic if the true root-mean-square value of the
noise modulation products is to be accurately indicated.

simple

adverse

indicating instruments have been used for

this purpose,and have brought with their use several

criticism of many of the services now being accepted
as satisfactory.
Not only must technical equipment
of suitable design be provided the operating engineer

unavoidable
termination
is the fact
low current

but some judgment be used in the initial selection
of operators.
This will require a more careful

limitations on the precision of the deof balance.
Outstanding amongst these,
that where an instrument of sufficiently
sensibility to avoid the need for fre-

attention to the capabilities of persons supervising
operation at transmitting plants.
Too many now so
employed are content to throw the burden of monitor-

quent replacement is used, the determination of balance is necessarily poor, and, in any event, conventional meters all suffer from so high a degree of

ing programs on the control room staff.
It seems
that a transmitter operator should be held responsible for overmodulation and poor quality originating

modulation.

inertia that they are useful only when a repetitious
form of modulation is employed, such as simple tone

beyond the control of the studio personnel.

Where the degree of transient modulation,
as speech and music,

in the thyratron.
When once the potentiometer. C4
iS so set that plate-circuit current barely does not

At the conclusion of the reading of the paper
the meeting was thrown open to discussion by Presi-

flow, only an extremely minute reduction of the thyratron grid bias, for the barest instant of time, is
required to initiate plate current after which it
continues to flow until manually or automatically
interrupted, and the previous critical conditions

dent Houck.
Inquiry was immediately directed toward the
details of the apparatus suited to making the measthe

Lent's paper.

need

for which was

the point

of Mr.

reestablished.

In reply to a specific request as to
DEMODULATOR

such

conventional

measuring instruments, per se,are completely unsuitable and an indicator of negligible inertia is essential.
Such a low inertia indicator is provided

DISCUSSION

urements

is to be measured,

CARRIER METER

MODULATION
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the

is, however, that the dynamic range of the transmitter is less than one-third of what it should be,
even when all the equipment is in the best possible
order.
Additionally, the modulation capability

Provision for the preliminary adjustment of
thyratron operating conditions is provided

through the use of the isolating switch, SI , which
when closed provides for the adjustment of the battery.

C4 , to the lowest value

of

negative bias

tends to fall, and the noise level tends to rise,
unless the station is expertly maintained, and this
requires frequent and precise measurement of each of
these quantities, with the most accurate and con-

on

the thyratron grid at which no plate current flows.
The relay in the plate circuit provides a closed
circuit for the plate current that will later flow
and make itself evident by the meter, M4, and the

venient apparatus that can be secured.

operation of the relay.

Nothing can be more

Once this adjustment has been made,

detrimental

to the

enjoyment of the best programs than to have

the bal-

full

overmod-

ance of the local d-c voltage available from C2 for
the determination of the relative value of the

ulation and distortion occur, even if only for an
instant, at those very points in the score that rep-

carrier amplitude, and the balance of the d-c voltage
available across C3 for the determination of the

resent the climatic heights of the music.
To have
the quieter and more contemplative passages obscured
below the noise level is only a slightly lesser eviL

relative value of the modulation amplitude,
determined with unusually high precision.
The scales of meters M2 and M3

may be

Expert handling of the studio gain controls, based
on a complete and current knowledge of the capabili-

are so chosen

ties of the station, is therefore a primary requisite
in the high-fidelity campaign.

as to give a direct reading of the per cent modulation on My .
Mr.

Lent pointed

out

Mr. J. H. Miller

that not only did the

The discussion has brought out

equipment provide for the measurement of the degree
of modulation, but provided for the determination of
frequency with which the modulation exceeded any
value for which the apparatus might be set.
The

value which gives maximum modulation without exceeding 100% at any time due

plate circuit of the thyratron, the system might
then integrate the number of such excesses of modulation, and by the further addition of an electric
clock movement carrying appropriate recording discs
it might time such excesses.
discussion

of

At the same time

ods,

in so far as his
it, there was no

A considerable gain in the available

with the longer period is usually kept as high as
possible so that the maximum use of the facilities
may be had.
The high speed instrument which will

db.

indicate peaks must be kept below the overload point,
usually arranged well up on the scale, and by thus

in a modern broadcasting

for seeing that the actual dynamic range

control

with a period of about 0.3 second, a reasonably good
control may be had over a program.
The instrument

tion can transmit a dynamic range of only about 20

bility

watching both instruments a reasonably good monitoring job may be done.
It would seem that with these
two instruments, a cue sheet, and a device giving a
record of overload peaks, we would have the best
possible arrangement of equipment to give a high

responsithat

goes out from the studio to the station does not exceed the capabilities of the station.
To do this
successfully requires rehearsal of the program, so
that the points of greatest intensity or highest

quality program and at the same time make use of the
available facilities to the utmost.

level may be noted on the cue sheet, and proper
notes made as to how the level is to be controlled
during the program.
The level must be cut down

It is believed

that

the speaker's

statement

that absolutely no overloads should even be tolerated
would result in operating a station at too low a
modulation level.
If we will allow an occasional

gradually and well in advance of the loud passages,
if the audience is to get as much of the dynamic
range as the apparatus will permit without overloading and distortion either at the transmitter or

modulation peak of over 100% we will immediately arrive at a reasonable compromise between the maximum
use of facilities and a program of general high

receiver.

quality and such a reasonable compromise would
At the upper limit of the dynamic range

in-

instruments, one slow speed unit with a period of
about 1.5 seconds and the other a high speed unit

a full orchestra has a dynamic range of at least 70
db.
As against this, the average broadcasting sta-

the man who is charged with the

becomes of value.

is now had through the use of level indicators with
varying speeds.
Through the use of a pair of thèse

atories demonstrations last spring it was shown that

is

or

it must be realized that many

The device described by the speaker which

of almost equal importance is the matter of dynamic
range.
It was recalled that during the Bell Labor-

plant,

crashes

dicates that modulation has exceeded 100%, indicates
only after the event occurs;
the commercial volume
indicators indicate continuously.

triode recti-

The discussion soon turned to the matter of
high fidelity transmission in connection with which
it was brought out that broad frequency response is
only a part of the high-fidelity program, and that

The studio operator,

orchestral

programs can not be rehearsed.
This obviously applies to running accounts of sports events and to
certain studio features.
It is here that the volume
level indicator, integrating over certain time peri-

the degree with

departure from strict linearity in the
fier included in the equipment.

to

other peaks.

which so essentially a power series device as the
electron tube could approach strict linearity brought
out from Mr. Lent the fact that,
measurements were able to reveal

fact that

control for the various parts of the program.
Tne
gain control position is presumably set for that

thought was contributed by the membership that by
the addition of a simple electrical counter to the

Considerable

the

the majority of rehearsed programs will have a cue
sheet correctly marked with the position of the gain

there

seem

to be the optimum condition.

is the modulation capability of the transmitter.
At
the lower limit there is the noise level.
If these
were, let us say, 100 db apart, so as to leave a
factor of safety over anything that even the full

Mr. W. C. Lent
I have read Mr. Miller's discussion and it occurs to
me that he missed somewhat the purpose for which the

orchestra can do, the measurements outlined in Mr.
Lent's paper would be far less important.
The fact

modulation measuring system discussed was
39

intended.

September,
That apparatus is not intended for everyday monitoring purposes but rather to

enable

staff to check the operation

of

on an adjacent channel.

the supervisory

a station

in the

is kept to a low value then I do not believe a sta-

suitable.
This instrument actually indicates modulation degree directly and continuously during the

tion need worry about the amount of distortion
signal is undergoing.

Obviously this meets the objection of Mr.
The system under discussion was not pre-

reproduces its program is mainly harmful to itself;
but when it creates adjacent channel interference it

Mr. E. A. Tubbs
the consensus of opinion

is in effect destroying the fidelity of stations on
neighboring channels, for listeners located near the
offending transmitter.

that

a transmitter should be allowed to pass beyond its
modulation capability on occasional signal peaks,
the point at issue being to what extent it should be
allowed to so overmodulate.

While it may be true that there art very few
receivers capable of receiving a weak signal on a
channel adjacent to that of a powerful local station,
yet such receivers can be built and I believe there
would be more creative effort expended in this di-

From personal observation I have found that a
station, which may seem to have no noticeable distortion when properly tuned in, may at the same time

rection if the prevalence of adjacent channel interference were given such more serious consideration

be causing serious interference with a weak signal

JOINT

its

This seems to me to be doubly important in as
much as the lack of fidelity with which a station

sented as one suitable for monitoring purposes which
fact apparently Mr. Miller did not understand.

It seemed to be

It seems to me that this

should be given serious consideration when deciding
tow far and how often a transmitter be allowed to
overmodulate.
If this adjacent channel interference

hands of the operators.
For station use an entirely different type of modulation meter is more

program.
Miller.

1934

as would minimize or eliminate it.

MEETING

ROCHESTER, NEW YORK
November 12, 13, 14, 1934
RADIO CLUB OF AMERICA
INSTITUTE OF RADIO ENGINEERS
ENGINEERING SECTION R. M. A.
Program of the joint meeting will be forwarded to the membership
shortly.

In the meantime hotel and other reservations for the meeting

should be made by addressing
MR. O. L. ANGEVINE
Rochester Engineering Society
HOTEL SAGAMORE

ROCHESTER, N. Y.

Year Book

June Meeting

In view of the fact that 1934 marks the twenty-fifth

The meeting of June 13th was devoted to a paper by
Mr. W.G.H. Finch on the adaptation of the conventional Teletype printers to the radio system of the

year of the Club's activities, the Board has determined to commemorate the occasion by a "TwentyFive Year Book".

International News Service and on the compact radio
printer which he has developed for mobile work.

That publication will supplement the material of the
usual form of year book by a detailed and intimate
history of the development of the radio art and

The membership will be glad to know that one of its
number, in the person of Mr. Finch, was appointed to
a place on the engineering staff of the Federal
Communications Commission and that while the taking
over of his new duties has made impossible the completion of his paper for publication as originally

industry as participated in by the club members.
A
questionnaire devised to serve as a basis for such
an historical volume has already been distributed to
the membership and all are urged to supply the desired data at once.

In addition to this data any

scheduled, it is expected that it will appear in the
Proceedings shortly.

photographs which will more graphically indicate the
part played by the membership in the development of
radio are urgently solicited.
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ALL WAVE RECEIVER PROBLEMS
BY

MURRAY G. CLAY •
Delivered

before the
October

Radio Club of America
10,

Thus,

CIRCUIT DESIGN PROBLEMS

in usable receiver sensitivity is therefore obtainable when one or more high gain radio frequency
stages are arranged to supply an augmented signal
voltage to the converter grid thus "swamping" the

in the normal broadcasting range requires something
more than the extension into the higher frequency
ranges of the conventional circuit design methods
which have made the broadcast receiver possible.
It
has, on the other hand, required a careful re-examination of the principles underlying those methods of
design and the working out of new and especial applications of those fundamentals to the specific

noise contributed by the latter tube.
Image ratio
is improved, as radio frequency tuned circuits are
cascaded, proportionally to Q, where en" is the number of tuned circuits and "Q" is the figure of merit
of etch, assuming they are alike.
At the same time,
where reasonable shielding is employed, one or more

conditions encountered in the high frequency ranges.

radio frequency tuned stages afford acceptable freedom from interference caused by strong signals.or
electrical noises getting directly into the intermediate frequency amplifier.
Radiation is likewise

type are

necessarily of the multirange type introduces the
complicated problem of switching of high frequency
circuits completely lacking in broadcast receivers:
it introduces the extremely serious problemofadapt-

materially reduced since tuned circuits and tubes,
preceding the oscillator section of the circuit, act
as effective "buffers".

ing the highly standardized components of the relatively low frequency broadcast receiver to the high
frequency field and introduces the unusually trouble-

The importance of antenna coupling circuit
gain cannot be over emphasized since, in addition to
all of the above advantages, this factor determines
the ultimate usable sensitivity of the receiver in
favorable locations.
While tube noise in a radio

some problem of providing for the use of a single
antenna over so wide a frequency range as to make
the conventional receiving antenna a negligible portion of a wave-length long at one end of the range

frequency amplifier stage

and perhaps more than a complete wave length at the
other.

gain,

then,

than

this noise

is of unique importance and every effort

to maximize it without complication,

is worth while.

INTERSTAGE COUPLING SYSTEMS

response, the relatively low signal to noise ratio
and the usually low sensitivity and effective selectivity of such arrangements quickly proved them
inadequate and pointed for the need in the high fre-

Early study of these factors led, immediately,
to the measurement of the relative figures of merit,

quency ranges of circuit elements analogous in their
performance characteristics to those employed in the

"Q", of soma twenty coils, of suitable physical
sizes, designed to operate between 8 and 20 mega-

broadcast range.

Scott Radio Laboratories,

be markedly less

limits the amount of usable amplification, of any
type, which can follow tais tube.
Antenna circuit

lection and amplification between the antenna and
first detector.
The extremely unfavorable image

E.H.

may

that contributed by a converter stage,

Early attempts to provide economically usable
multirange receivers in this field completely evaded
many of these problems by the omission of all se-

• Engineer,

experience has established the fact that

present tubes can be made to function as radio frequency amplifiers with a much more favorable signalto-tube-hiss ratio than can be attained in first detector or converter circuits and a marked increase

The important requirement that radio receivers
designed for use in the high frequency ranges provide the same effectiveness of performance as has
become commonplace in the receivers designed for use

The mere fact that receivers of this

1934
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Illinois.
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lent to 350uufd connected across an entire coil of
0.65 micro-henries and would tune to about 10 megacycles in each case.
First tests with this type of
system used in a tuned radio frequency
stage indicated that while the theoretical maximum increase in

In the

combination of

this antenna

coupling

system with the similar r-f system oscillation occurred on resonance in spite of all the usual filtering precautions which had been incorporated in the
set-up.

gain of four to one was not attainable, it can be
approached sufficiently close to afford a marked

This

instability defied all

attempts at its

improvement in performance.

elimination, though thorough shielding, considerable
component separation, and separate battery power

Considerable subsequent experience with this
system, used as an r-f coupling means covering a
frequency range from 8 to 20 MC has shown it to be
very effective.
Gains as high as 35 were found

supplies were tried.
A study of the circuit then
revealed the possibility that since, at these high
frequencies, the coil and condenser leads constitute

possible using completely practical

circuit elements

with a comparative small change of gain with frequency over the band of any one coil.
Variations
of gain over a single band of less than two to one
was easily attainable and in an exceptional
gain of only 10 per cent was obtained.

case a

Frequency

ratios of 2.25 to 2.75 are attainable in practical
arrangements with tuning curves substantially the
same as those resulting from the use of the same
elements in conventional

a considerable part of the total inductance of the
tank circuit, the very short, low impedance rotor
shaft connecting the usable sections of the ganged
condenser might well provide sufficient coupling
between the grid and plate circuits, as indicated in
Fig. 5. to cause the instability noted.
Checking
this theory by using separate tuning condensers substantiated this fact.

type of circuits.

It is to be noted, however, that the capacity
resident in the circuit wiring and the dielectric
losses in that capacity become of especial importance in this type of circuit and must be kept at the
irreducible minimum for best results.

ANTENNA COUPLING SYSTEMS
Returning

to consideration of the problem of

high antenna gain, using broadcast type

•

tuning con-

densers, a study was made of the possibility of
using the same center-tapped tuning arrangement in
order to maximize the resonant rise of the antenna
voltage into the grid of the r-f tube and to eliminate tracking difficulties when used in conjunction

-r

with this type r-f coupling system.
Of the many
possible, two (fortunately the simplest) coupling
means were found to be the best.
Fig. 4 indicates one simple antenna coupling
method, in which the small series antenna condenser
may have a capacity between 10 and 15uufds, while
the alternative is to connect the antenna to the top
of the coil through a capacity of about 3uulds. Subsequent experience has shown that while the results
from the two systems are quite similar, practical
switching considerations may give one some preference over the other.
Using either connection,
gains ranging from 3 to 6 have been experienced
using a 400 ohm dummy antenna.
In general, modification of existing excellent practical receiver circuits to incorporate this principle has resulted in
over 50 per cent improvement in antenna circuitgain.

e

Fig.

5

The elimination of this

coupling by the cen-

tralization of the several groundings in the circuit
at one point in the variable condenser structure as
shown in Fig.
all

6 resulted

in

complete

stability at

frequencies.

In fact, it was rather astonishing to find how
little coil shielding and part or circuit separation
were needed to provide complete stability in such a
high gain system after this cause, which has proba -

1
a

October,
bly always
eliminated.
signal

to

existed in less aggravated form,
was
Marked improvement in sensitivity and

this ratio

plete stability,
cated in Fig. 6.

was

then obtained,

described, provide highly effective means for securing high radio frequency stage gain as well as an-

with com-

using the entire system as

tenna circuit gain and thus provide performance
characteristics for short wave receivers comparable
with those commonly accepted in broadcast receiver

indi-

practise.
No especial or "tricky" expedients need
be resorted to to attain amplifier stability and the
resultant mechanical and electrical structure need
include nothing but the simplest of coil and switching gear construction.

COIL SWITCHING SYSTEMS
Experience with the practical

1934

embodiment of

these principles has led to simple efficient coil
switching arrangements.
Careful measurements have
shown a negligible difference in efficiency between
parallel and series coil switching systems so that
different physical set-ups may give either a 5 per
cent advantage

over the other.

For that reason,

both arrangements have been used with success,choice
depending on convenience.
A simple series coil
switching arrangement has been devised,
all

embodying

the desirable features whichhavebeen mentioned,

as indicated in Fig.7, while Fig.8 indicates an
equivalent circuit utilizing the parallel coil arrangement.
It will be noted that In. either circuit
the maximum benefit is decived from the grid and
plate "boosting coils"

on the

highest frequency band

and that as more inductance is switched into each
circuit for the lower frequency bands, the effect of
these coils becomes less and less until, on the
broadcast band, their effect is negligible.
In
this manner it is possible to partially counteract
other factors which lessen receiving efficiency on
the higher frequencies where it is desirable to concentrate the greatest gain.
Fig.

8

ACOUSTIC PEED BACK PROBLEMS
The broad subject of regenerative electrical
feed back in radio equipment has been of interest
and importance ever since the introduction of the
vacuum tube amplifier and detector provided
such degrees of amplification as made possible sustained oscillation through the ever present feed
back couplings inherent in the equipment.
The
possibilities of the utilization or elimination of
this phenomena were early recognized and the means
for its control or neutralization thoroughly investigated and established.
On the introduction of the loud speaking type
of reproducer into the radio system an extension of
the feed back principle including, in addition to
the electrical couplings, a mechanical or acoustic
coupling resulting from the mounting of

the

loud

speaker in or near the mechanical structure of the
amplifier system gave rise to acoustic regeneration

Fig.

resulting in what is termed "acoustic howling" and
requiring new analysis of the problem and new methods and expedients for its elimination.
While the
presence or absence of purely electrical feed back
coupling may markedly influence the over-all sta-

7

In order to facilitate tracking and compensate
for slight inductance variation in the manufacture
of these coil systems, individual trimmers may easi-

bility of an amplifying system including an acoustic
feed back element, the methods for the analysis and
elimination of the purely electrical feed back are
so well established and generally understood that no
further reference to them need be made in this discussion.

ly be connected across each of the series coils
shown in Fig. 7.
Padders may be conveniently
added, to either circuit, if desired, by providing
an extra set of contacts on the coil switch. However,
padders have not been found generally necessary or
desirable.
Due to the use of a small condenser in
series with the antenna lead, wide changes of antenna characteristics have a negligible effect on
the

The development in the last few years of extremely high gain receivers in ever decreasing physical size and the therefore unavoidable increase in
acpustic couplings between the several parts of the
system has made essential the careful analysis of
the effect of such couplings on the over-all stability and the devising of means for its reduction or

tracking of the antenna and r-f circuits.
In general

arrangements,

it may

be

said

that

the

circuit

the development of which has been here
44
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elimination.

It is,

therefore,

across a load equal to the speaker impedance resulting from this mechanical excitation carefully measured over a wide range of frequency.
Hence, and
from the above criterion that, to avoid acoustic
howls, the acoustic attenuation must exceed the
audio amplification it follows that at those frequencies at which the receiver output voltage ex-

the purpose of this

portion of the paper to review work done in this
field and to suggest methods for the experimental
analysis of this phenomena and to suggest such modifications in the electrical and mechanical structure
of conventional forms of receiving equipment as will
offset the influence of such acoustic couplings as

ceeds the speaker exciting voltage, the system may
howl, depending upon the phase relations between the
voltages involved.
And the amount by which these
voltages differ is a direct measure of the tendency
to howl or the margin of stability against howling.

are unavoidable.

AUDIO MICROPPONICS

For the elimination of howling the phase of
the speaker connections should be so chosen to suppress the howl corresponding to the greatest of the
several possible tendencies to howl as indicated by
the above mentioned voltage differences and the re-

Of all acoustic feed back trouble audio microphonics are, perhaps, the most widely known and
understood.
They result when sound energy from the
loud speaker causes one or more of the audio tubes
or the detector to vibrate.
The condition necess-

maining tendencies toward howl provided against by
the usual expedients of flexible detector sockets,

ary for this feed back to cause howling is fulfilled
when the audio amplification between the detector
and the loud speaker is equal to or exceeds the
acoustic attenuation between the loud speaker and
the detector.
The tendency toward microphonic
howling is therefore, a function of the audio gain,
loud speaker efficiency, acoustic attenuation between speaker and detector and any mechanical
nances in the tube or the speaker.

weighting the detector tube to lower its natural
period, damping the detector tube vibration with
rubber or felt pads, and reducing the acoustic coupling through the further removal or acoustic insulation of the loud speaker.

reso-

It should be noted at this point that the type
of howl here discussed is not to be confused with
the "motor-boating" sometimes quite similar in sound

While this variety of howl is no longer of
great importance in practise as the result of the

which, however, results from poor regulation of the
power supply unit and overloading of the tubes, com-

general use of relatively low audio gains and ruggedly constructed tubes certain familiar facts pertaintaining fo this problem are pertinent to later

monly the power tube.
In practise it will be found
that this type of howl may be differentiated from

discussion and will, therefore, be reviewed at this
point.
Reference is here made to Fig. 9 which rep-

the normal acoustic howl by the measurement of the
tendency to howl as outlined above or, as an alternative, the replacement of the loud speaker by head-

resents graphically an audio system including the
loud speaker and acoustic feed back link, and in
which it is assumed

phones, properly loading the output tube, of course,
and observing whether or not the howl persists with
the negligible acoustic coupling provided by head-

that the only effective acoustic

link extends to the detector.

Del

phones.
21a
Audio

/JO

Audio

Power
Audio

It should be further noted that in every case
where excitation of the receiver by a carrier is resorted to, the carrier must be completely free of

Inpu/

modulation since the presence of modulation probably
through something of the nature ofsuper-regenerative
action, markedly reduces the tendency toward howling.

Carrier

I-IIGH FREQUENCY MICROPHONICS
Like the audio frequency microphonics discussed in the previous section, radio frequency

loud Spea4er

Fig.

microphonics are not unique in the modern high gain
receiver but their troublesome influence has become

9

more evident with the introduction of the superheterodyne and its higher sensitivity and selectivi-

In toe case of the grid leak detector, the
microphonic howl occurs when little or no carrier

ty.

and hence little resulting biasing voltage is impressed on the grid since under those conditions is
the tube most effective as an amplifier and highly
effective for the modulation of its plate current by
the vibration of the grid.
In the case of the grid
bias type of detector circuit the converse is true
since the detector tube acts as an effective audio
amplifier only when the applied carrier offsets the
effect of

the normal grid bias

and

Like

along by the R.F.

they

and

I.F.

stages to the

second de-

be avoided only by preliminary search for the seat
of the feed back in the A.F. system by its isolation

thus acoustic

from the H.F. system and only after any A.F. microphonics have been eliminated can the further invest-

strong carrier.

igation
into

microphonics

tector tube.
The consequent possible confusion
between A.F. and H.F. microphonics can, therefore,

howling results only in the presence of a relatively

The early investigations

the audio frequency

require that a carrier be present since, without it
the mechanical and relatively low frequency vibration of tubes and circuit elements can provide no
excitation of such a frequency as will be passed

into the H.F.

stages of

the

system be

ef-

fectively carried on.

this phenomena

suggested simple means of analysis which are still
of great utility.
Briefly, after disconnecting the

In general, there are two distinct types of
microphonics in the high frequency stages: those

loud speaker from the receiver circuits, maintaining
its physical connection with the amplifier, however,
the speaker is excited by a conventional audio oscillator of variable and known frequency and voltage
and the output signal at the receiver terminals

arising from the vibration of circuit elements such
as variable condensers, padders, coils and connecting leads, etc.; and those arising from the vibration of the
45

tube elements.

The

former of

these,

October,
for reasons that
discussion in a
crophonics only
detuned from the

will be obvious from their further
later section can give rise to miwhen the system including them is
carrier exciting them.
The former

for reasons perhaps obvious
A.F.

1934

microphonics,

from the discussion of

can give rise

to microphonics

only when the system is tuned to the frequency of
the carrier and, indeed, are most troublesome when
the

receiver

is precisely tuned

to the

carrier.

Thus, there is provided a simple and easily effected
means for localizing the seat of the H.F. microphon-

Fig.

10

ics as between the tubes and the circuit elements of
the receiver, and the further analysis may then
follow.

"ON RESONANCE" HOWLS
For the further consideration of H.F. microphonics arising in the tube elements more detailed
consideration must be given to the phenomena resulting from the vibration of the tube elements when the
tube is acting as an amplifier of high frequency
voltages.
For this reason it is to be noted that
the amplifying properties of any tube reside in the
fact that as the voltage on the grid

is varied

al to the grid voltage as shown in the mutual-conductance curve of Fig. 10.

the

field about it and within the tube structure varies
so as to repress or encourage the flow of electrons
from the cathode

to

the plate.

If,

however,

It will be evident that if the grid voltage at
a definite carrier level adjusts itself to the value
a and the vibration of the grid results in an equivalent grid voltage change of be, there results an
amplitude of modulation he and a percentage modula-

the

potential on the grid is maintained at a fixed value
and its position relative to the cathode and plate
is varied, a similar change in the field about it

tion of he dividea by fa which
the order of sixteen per cent.

occurs and gives rise to a change in the amplifying
properties of the tube, much as if a change of voltage on the grid had taken place.
Obviously then,

Where,

when the grid is caused to vibrate freely, a cyclic
change in the amplification results and any carrier

the grid bias to

indicated at bici there results the same amplitude
of modulation as before, as indicated at e'h' but,
however, with a greatly increased percentage of modulation as given as the quotient of e'h' divided by
f'a' in this case about 100%.
And since the AVC
functions as to maintain the voltage on the second

And since it is the absolute amplitude of the modulation of the carrier and not merely the ratio of
this amplitude to the mean carrier amplitude, i.e.,

detector grid approximately of the same value and
largely independent of the carrier input, the audio
output of the second detector and hence the tendency
to howl is much increased by the action of the AVC.

the percentage modulation, that determines the audio
output of the second detector, it is usually necessary that the system be precisely tuned to the carrier so that a definite threshold level of carrier
at the second detector be exceeded if the acoustic
coupling is to be effective in creating howling. The
inclusion of the AVC in the receiver in no way modifies this requirement since first, any practical A.
V.C. system is by no means completely effective in
maintaining the second detector input independent of
the applied carrier amplitude and secondly, the very
employment of AVC circuits further augments the

This condition does not,

however,

obtain where

the exponential type of amplifier tube is used since
it is the primary characteristic of this tube that
the amplification made available through its use
varies exponentially with the control grid bias and
thus provides a substantially constant percentage of
modulation fora given equivalent grid voltage change
generated by the vibration of the grid.
This will
be more clearly evident from Fig. 11, which shows
the characteristics of the exponential type tube,

tendency toward howling at higo carrier levels.

and in which the notation is substantially the same
as in the previous figure.
And while the commonly
available remote cut off tubes are probably not
strictly exponential in their characteristics, but
are, for the most part, largely constituted of tube
elements giving two separate square law characteris-

This will be more easily evident from Fig.10
if it is borne in mind that the mechanical vibration
through a definite amplitude performs

the same electrical function as the application to
the grid of a definite A.C. voltage of the frequency
In Fig.

of

the point a , and the vibrating grid provides the
same equivalent grid voltage swing as before and as

It is this mechanically modulated carrier,when
applied to the second detector that provides the
audio current which makes the acoustic howl possible.

of the vibration.

is

a high carrier level operating

through the AVC mechanism drives

present on the grid of the tube appears in the plate
circuit modulated at the frequency of the grid vibration.

of the grid

however,

in this case

tics, the lower effective amplification constant of
this type of tube at highly negative grid biases

10 is shown toe charac-

teristic curve of a conventional tube in which the
plate current is proportional to the square of the

provides definite usefulness in offsetting the tendency toward microphonic howls through their employment.

grid voltage.
The amplification possible with such a tube
when used in conventional circuits is proportional
to rate of change of plate current with grid voltage
change, i.e., the mutual conductance, G. of the tube,
which in the square law tube is directly proportion-

It is to be noted in connection with all work
in the tracking down of "on resonance" howls and
their relation to tube characteristics, that the investigator must assure himself that all variable
tuning elements are in thorough alignment, lest the
46
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nately, a definite phase relation between the mechanical excitation applied to the tuning system and
the resultant modulation which immediately suggests
the possibility of the repression of

this type

of

acoustic howl through the reversal of the loud speaker connections.
And, indeed, such a reversal does
accomplish the expected repression only, however, to
bring it into being again when the tuning system is
so adjusted as to set it off of resonance on the
other side of the carrier and thus really provides
nothing but an effective method of recognizing the
eeat of the coupling.
Since, for a given condition
of speaker connection this type of howl occurs at
only one side of resonance it has been termed, not
only "off resonance" howl but "assymetric" and "adjacent channel" howl as well.

as
1-

resonance and that evidence apparently to the

-=" /(e mey

bp,=

de,

It is to be noted that howls from such causes
are here discussed cannot occur on both sides of
con-

trary indicating symmetrical off-resonance howls is
merely indicative of the fact that at least two separate couplings are present and giving rise to the

_ege .te,

howls and that the search for their location must
include more than one of the circuit tuning elements.

lack of that alignment hide the presence of howling
tendencies otherwise discoverable or, on the other
hand, the misalignment make possible howls due to
causes other than mechanical feed back to the tubes.

The

influence of the value of the "Q"

on this

type of howl should be especially noted as suggested
by Fig. 12 in which the resonance curves of circuits
having Qp of the ratio of two to one are shown. Thus

For the treatment of "on resonance" howls, substantially the same remedial measures recommended

for a vibrational change of the resonant frequency
of the circuit of a value ef or its equal, bc, will

for audio howls are of usefulness with the addition
that the employment of exponential or remote cut-off
tubes in the offending stages is especially helpful.

result in the case of the relatively low Q and nonselective circuit shown at S in a modulation of the
carrier proportional to km while in the case of the
more selective circuit shown at T it will result in
a modulation indicated by gh with the consequently

"OFF RESONANCE" HOWLS
Where

greater tendency to howling.

the offending element in the receiver

giving rise to acoustic coupling with the loud speaker
is oneoftne tuning elements,a distinctly different
type of phenomena from that observed in the case of
the speaker-to-tube coupling results.
This will be
evident from consideration of what occurs when, for
instance, the plates of the variable condenser are
caused to vibrate through their mechanical coupling
to the loud speaker.
If they are well centered with
respect to one another and vibrate at the frequency
of the emission from the loud speaker and are, at
the same time so adjusted as to precisely tune the
system to
ceived,

the

frequency of

the carrier being re-

their tendency to modulate the

carrier will

be very little because of the "flatness"

of the res-

onance curve of the circuit of which they are a part.

Fig.

But even though the resonance curve were extremely
sharply peaked, such modulation as occurs would not
be of the same frequency as that of their mechanical
vibration since they would, in fact, throughout a
single cycle of movement of the plates, either side

It will be noted also that the amount by which
the tuning system must be off resonance to offer the
maximum slope of the resonance curve and hence maximum tendency to howl is also a function of the value

of their centre and normal position, detune the
system not once, but twice and thus modulate the
carrier, at twice the mechanical exciting frequency,
if at all.

of Q,

however,

the

tending to increase the Q of the radio circuits unavoidably increase the tendency toward off-resonance

tuning system is deliberately

detuned and sufficiently high carrier levels are applied to the input, a distinctly different condition
results.
In this case it is evident that as. for

howls.
Since practical

instance, the condenser plates are vibrated and the
frequency to which they tune the system varies between the upper and lower limits either side of the
normal resonant period,

only once per cycles of

being greater the smaller the value of Q.

It is obvious then that those factors which
make for greater selectivity and image suppression
as well as all of those performance requirements

Thus no acoustic feed back can result

under these conditions.
If,

12

experience shows that the most

fertile source of mechanical modulation in the

tun-

ing systems resides in the variable condensers, it
is of value to give further detailed consideration

the

to this one of the circuit elements.
It is generally appreciated that where a metal plate constituted a capacity with two other parallel adjacent

mechanical vibration does the tuned system approach
resonance with the applied carrier and thus the carrier is modulated at the frequency of the mechanical
vibration and howling can occur.
There is, fortu-

and symmetrically placed
47

plates,

minor motions of

October,
the central plate in a direction normal to the surface of the plates gives little change of capacity,
since the increase of capacity brought about by the
approach of the moving plate to one of the stationary plates is largely offset by the reduction of the

period of the plate and with given energy, the amplitude of vibration decreases directly with frequency.
Since the amplitude of condenser vibration
controls the per cent of microphonic modulation, the
tendency toward acoustic howl decreases as the natural mechanical resonance is increased.
Condensers

capacity with respect to the other of the stationary
plates.
And, so in the case of a variable condenser
made up of a series of carefully aligned plates,
little difficulty resulting from carrier modulation
by the axial motion of the plates relative to one

with plates whose mechanical resonance is above 1200
cycles have seldom been found to give rise to acoustic howl.

another need be anticipated except, perhaps, in the
case of the end plate for there must, in any conventional structure, be plates at the end of the

Such specific expedients for the elimination
of microphonics originating in the variable condenser as have, in practise been found useful are the
mechanical insulation of the condenser through rubber or felt mountings:
the acoustical isolation of

structure that are not symmetrically located with
respect to two others.
To meet this latter condition, special proportions in the end plate spacing
as referred to below may be employed but,

1934

the condenser from the speaker through its further
removal from the speaker and the elimination of such
coupling elements as large dials, knobs, etc.;
in-

insofar aa

mechanical modulation due to uncentralized intermediate plates is concerned, there is only one
rational solution and that lies in careful alignment

creased spacing of condenser plates, particularly
the end plates;
the use of soft metals such as

since the art of condenser production has so far advanced that there is left no excuse whatsoever for
this type nf irregularity.

aluminum for the condenser plates and the damping of
especially troublesome indiviaual stator or rotor
plates with rubber or felt where necessary:
the
weighting of the

As for the influence of the end plates there
is, of course, no condition under which such an
assymetrically located plate will contribute more to
the howling tendency than any of the intermediate
plates.
Careful theoretical investigation indi-

plate

While the fundamental

as discussed above,

the greater is the tendency toward the generation of
howl.
There is in general no single setting of the

that the

the I.F.

tuned systems is,

in general,

between off-resonance howls originating in the R.F.
and the I.F. systems.
And since, in general the
capacity load on the I.F. transformers is less than
that in the R.F. stages, the effect of the vibration
of connecting wires, etc., is more important and
justifies closer scrutiny of these elements in running down the source of acoustic coupling.
Loose
compression type condensers of the type commonly

element the howl will occur most readily at that
setting of the condenser which provides the highest
selectivity and since this latter condition is usually realized at the low frequency end of the range
it may be said that, in general rotor plate and in-

used in the I.F. stages are a frequent source of
acoustic coupling since this type is often set in a

ductive microphonics occur at the low frequency end
while microphonics due to trimmers, padders, con-

wide-open position:
and where air condensers are
used for this purpose they are more likely to lack
the nice plate alignment commonly found in the vari-

occur at the high frequency end

of the range; and that a complete check for microphonics can be made only by a careful investigation
throughout the range.

able air condenser.
But aside from these specific mechanical conditions, for the elimination of which the same expedients as were recommended in the previous section

There is another interesting point to be noted
in this connection and that is summarized by point-

will serve, there is nothing essentially different
to be looked for in the I.F. stages.

howling, any
equally sus-

ceptible to howl excitation since the phenomena is
one of modulation of the already present and successively amplified carrier.

OSCILLATOR MICROPHONICS

Further, there are several interesting points
with respect to the choice of plate thickness that
merit consideration.

Insofar as the oscillator circuits are concerned, the modulating influence of the vibration of
the oscillator tube will be found to be identical
with that of the vibration of any other of the high

In general, condenser plates should be thick
rather than thin.
The stiffness increases approximately as the cube of the thickness and the mass
This raises

q of

ence between the point of howl and the resonant frequency and thus provides a clue for differentiating

vibrating member, the greatest tendency to howl will
occur with the condenser plates unmeshed:
while if
the vibrating member is a portion of the inductive

only as the first power.

the somewhat different mechani-

likely to be markedly higher than that of the R.F.
tuned systems and hence greater care to guard against acoustic couplings is necessary.
Furthermore
the higher value of Q results in a smaller differ-

variable condenser that will always accompany the
greatest tendency to howl; if the tendency to howl
is completely resident in the variable condenser
that position which provides the highest selectivity
will most easily provide a howl:
if, on the other
hand, some element providing a large portion of the
residual capacity, such as padders, etc., is the

ing out that, unlike the case of A.F.
stage of the high frequency system is

of microphonic

cal and electrical properties of the I.F. system
provide certain important differences in the tendency to howling.
Primarily this is due to the fact

tion and note.
Amongst these is the fact that in
general, the more compact the variable condenser,

etc.,

causes

howls originating in the Ir. system of the receiver
are identical with those inherent in the R.F. system

Aside from these detailed specific points
there are several generalizations worthy of formula-

necting leads,

condenser assembly where

INTERMEDIATE FREQUENCY
M1CROPHONICS

cates, however, that if the end plate is removed
from its neighboring plate by a distance approximately forty per cent greater than the normal
spacing the tendency to howl is minimized.

entire

evidence of its vibration as a whole is shown as the
cause of the howl.

frequency tubes in the system and will manifest itself by the usual on-resonance howl, and in this the
oscillator tube is no more
other tube in the receiver.

the natural
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susceptible than any
However, this effect
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and Mr.

is negligible as compared with that resulting from
the frequency shift due to the vibration of the
oscillator tube which gives rise to assymmetric
microphonics.

W.B.

Lodge

of

the

Columbia Broadcasting

System, on "Broadcast Antenna
paper was disclosed a host of
investigation of the operating
range of antennas as now used

Systems."
In this
data gathered in the
properties of a wide
in the Columbia Sys-

Assymmetric howls caused by oscillator vibration possess all the characteristics of i-f microphonics except that they occur on weaker signals, or
reduced amplification, and becomes more prominent as
the oscillator frequency is increased.
Thus oscillator microphonics are factors of major importance at short waves.

tem.
/n these is included various types of vertical and flat-top wire antennas, mast antennas, and
combinations of antennas for securing unusual and
especially desirable field patterns.
This naper
will be published in the November issue of the
PROCEEDINGS.

The greater tendency toward howling due to
oscillator vibration will be obvious from consideration of two pertinent factors.
First, since the
signal delivered to the I.F. amplifier is of a frequency which is the difference between the oscillator frequency and the signal carrier frequency, the
percentage change of this beat frequency will be
greater than the percentage change in the frequency
of the oscillator itself due to vibration by the
ratio between the oscillator and I.F. frequencies.
And secondly, since the selectivity of the entire
I.F. system is operative against the vibrationally

DECEMBER MEETING
Mr. Joseph Chambers of WLW will describe some
of the especial features of the antenna systems and
transmission lines of the 500-kilowatt installation
in Cincinnati.
In view of the especial characteristics made necessary by the high power employed at
WLW, it is anticipated that this paper will be especially interesting.

varied beat frequency, the I.F. system acts much as
if the beat frequency were maintained constant and
the resonant frequency of each of the tuned circuits

ROCHESTER JOINT MEETING

constituting the I.F. system simultaneously and
widely varied.
Such a combination of conditions
obviously provides most effectively for the modulation of any carrier applied to the system by any

The Radio Club of America held a joint meeting
with the Institute of Radio Engineers on the evening

mechanical vibration which is allowed to effect the
oscillator tube or any portion of the oscillator

the

of November 12, 1934, at Rochester, New York, in
connection with the now traditional Fall Meeting of
Institute.

Vice President R.H.

Langley pre-

sided, and called attention to the fact that the
Club is three years older than the institute and
that this year marks its twenty-fifth anniversary.

system.
Especially severe is this condition in the
high frequency ranges where the ratio of the oscillator frequency to the I.F. may be of the order of
forty to one and the tendency toward microphonics
proportionately great.

The paper of the evening, by I. Wolff, E.G.
Linder and R.A. Braden, all of R.C.A. Victor Company,
was presented in a most interesting way by Dr.Wolff.
It dealt with the transmission and reception of
centimeter waves and included a most informing and

Against these unusually severe conditions
little more by way of recommendations for their
elimination can be made than were made in the preceeding sections.
It is usually well worthwhile,
however, to provide for the mounting of the oscillator coil not less than one quarter inch from any
metal and, where space is available, at evena greater
distance.
The oscillator section of the variable
condenser should be at one end rather than at an
intermediate point in the assembly.
And, no attempt
should be made to align the capacity of the oscillator section with the capacities of the R.F. sections
by bending any of the oscillator section plates,
especially does this apply to the end plate.
If
equalization must be accomplished by this crude
means, the necessary adjustments should be made on
the other sections of the condenser using the oscillator section as the standard.

convincing demonstration.
The structure of the
special oscillator tube, designed for a wavelength
of 9 centimeters, and including a circuit resonant
at that wavelength as part of the structure of the
tube, was explained in detail with the aid of slides
that showed the construction.
The tube is based on
the basic fact, which seems to underlie chemistry
and magnetism as well as electrical science, that an
electron in motion is deflected by a magnetic field.
Although this same tube can be arranged for
use as a detector of the centimeter waves, the receiver used in the demonstration employed a crystal
detector with an audio amplifier and loud speaker.
The transmitting tube with its radiating circuit is
mounted in a 6 foot parabolic reflector, and a similar pick-up reflector has the receiving resonant
circuit and crystal detector.
Modulation from a
phonograph pickup was obtained first by changing the
plate voltage in the transmitting tube, and later by
an artificial Heavyside Layer consisting of large
argon and mercury tubes whose ionization was varied
in accordance with the music.
The unmodulated beam
from the transmitter was modulated by being sent
through this region of ionized gas, and also by refraction and reflection from the gas.
The beam was
also reflectedfromsmall metallic sheets and from the

The author is pleased to acknowledge that the
major portion of the section of this paper devoted
to the subject of microphonics is the result of an
intensive study of the subject made by Mr. David
Grimes who is to be commended for his orderly analysis of the several phases of the problem and the
compilation of the mass of useful data gathered in
his investigation of it.

NOVEMBER MEETING

rear wall of the lecture room.
Fading effects were
accurately reproduced by moving a reflecting surface
or the artificial Heavyside Layer.
It was obvious
from the applause that the paper had been thoroughly
enjoyed by Club and Institute members alike.

The November meeting held on November 15th,
was devoted to a joint paper by Mr. A.B. Chamberlain
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THE BROADCAST ANTENNA
BY

A. B. CHAMBERLAIN

and

WILLIAM B. LODGE-

Delivered before the Radio Club of America
November 15, 1934

light hours, this power being robbed
from the useful signal.
At nighttime,
however, conditions are changed so
that some of the radiation at angles
between 40° and 70 0 above the horizon
is returned to earth 40 to 150 miles
from the transmitter.
This reflected
signal is of negative value since its
variation in phase and amplitude causes it to interfere with the signal arriving directly from the transmitting
antenna.
At night the local service
area ends at a point where the reflected signal approaches the directly
transmitted signal in intensity.

The design of a broadcast antenna is governed largely by commercial considerations.
A broadcast
transmitter whose income is derived
from advertising sales must usually
concentrate on its primary service
area.
This may be defined as the area in which any home having an average receiver, and desiring to listen
to the program transmitted can receive a satisfactory signal, free of
noise and fading.
Uncertain, irregular reception at long distance has
some prestige value, but it seldom
contributes to the income of the station, since, in general, the broadcast receiver is now used to bring
entertainment into the home with lit-

It is fair to say that many experienced antenna engineers doubt the
probability of redirecting this high
angle radiation and concentrating it
along the horizon.
Such a aevelopment in broadcast antennas would increase the commercial value of the
radio station far more than a simple
increase in transmitted power.
We
believe the limit has by no means

tle interest being shown in the fading
noisier signal of distant transmitters.
In broadcasting, the power output of the transmitter is limited,both
by economic and regulatory factors.The
problem, then, is to concentrate all
of the available radio frequency power
on the local service area.
Only a

been reached in the improvement
transmitting antennas.

small fraction of this power is now
directed at the population it is de-

of

Before reviewing wnat has al ready been accomplished in this line,
let us see what happens to a watt of
carrier power leaving the last amplifier in a broadcast transmitter.
The

sired to serve.
Increasing the signal intensity
in a horizontal direction is only part
of the problem in the case of higher

output of a radio station is usually
red to the antenna over a transmission
line.
The r-f power is then dissi-

powered transmitters, nighttime fading
starts many miles before the field intensity becomes too weak for a satisfactory signal.
Radiation above the horizon is completely lost during the day-

pated as follows:

• Columbia Broadcasting System
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1. Radiation
(a) Along the horizon to potential receiving sites.
Usually the zone
between 0 and 5 degrees above the
horizon includes all such sites.
(b)

(c)

1934
"Antenna Length".

One of the most commonly used terms in connection with antennas is "radiation efficiency" or
"antenna efficiency".
And there are almost as many
definitions for it as there are engineers in the
field.
Theoretically, this efficiency should rep-

Towards the ground; partially reflected back at angles above the
horizon and partially dissipated
in the earth.

resent the ratio of the radiated power to the input
power of the antenna.
However, it would be necess-

Into space; either lost or reflected back to potential receiver sites:
causes fading; gives long distance
reception.

ure, measurements of field strength are usually made
at convenient points on the ground near the antenna.

2.

Transmission line loss

3.

Coupling equipment loss

ary to integrate the power streaming away from the
antenna toward every point in space to determine
such a figure.

As this is not a practical proced-

Among American engineers the field intensity at one
mile is the value usually determined, but in the
formulation of a figure of merit many different
arbitrary standards have been used as a basis of
comparison.
Thus, 100. 123, 187, 194 and 265 millivolts per meter at one mile for 1 kw have at various

(a) Resistance in units.
(b) Transfer of r-f energy to non-radia-

times all been called "100% efficiency".
In addition, since the field strength of any
station is proportional to the square of the power,
some engineers square the "field strength efficiency" and obtain "power efficiency".
Actually, whatever the means used to express it, "antenna efficiency" can only tell the engineer the signal in
millivolts per meter at one mile at the earthts surface for a certain antenna input.
Efficiency ratings at present are very ambiguous, and since there
appears to be no one fundamental value upon which to
base efficiency ratings, it is hoped that the method
of rating antennas simply in terms of signal output

ting surfaces.
4. Resistive loss of ground system
5. Dielectric loss at base of antenna
6. Resistive loss of actual antenna
7. Power picked up by nearby metallic objects
(towers, guys, power wires, building framework, etc.) and either dissipated or reradiated.

will be adopted generally by engineers.
There are other losses which absorb smaller percentages of the radio frequency power.
However, of
the divisions of power listed above, only the first
one - radiation along the horizon - is of value to
the broadcaster.

The Engineering Department of toe Federal Communications Commission has arbitrarily defined the
definition of "antenna efficiency" as follows: 7 "The
antenna efficiency equals 100% if the effective
field intensity of the station at one mile, per 1 kw
antenna input power, is equal to 265 millivolts per
meter".

There is littleaccuratequantitative data available as to the strength of the signal radiated above
the horizon by different types of antennas." In the
case of the vertical radiator there have been extensive mathematical discussions giving the signal distribution in a vertical plane. 3 .
4,505
Attempts have
been made to fix the exact height of a vertical rad-

A
- F2 x 100
eff
265 2 x P
F It Effective field intensity at 1 mile.
P = Antenna input power (in kw)

iator to minimize sky-wave signal at points which
would otherwise remain outside of the primary service area of the station.
To make actual check of
this theory in practice requires airplane measurements above the antenna or an extensive study of the
reflected sky wave at various distances from the

The root mean square value of all field intensities at one mile from the antenna in the horizontal plane without attenuation is termed the "effective field intensity" (F).

transmitter.

Early antennas were described in terms of their
fundamental wavelength. This was the longest wavelength at which the antenna had zero reactance and
the mode of operation of the antenna was given by

In toe case of the lower powered stations on
shared basis', the fading is not usually a consideration of importance.
In these stations, therefore, the first consideration is to obtain the maximum signal at one mile.
In the case of the high
power, clear channel stations, however, the usable
signal extends out into the zone which is affected
by fading.
At these stations it is important to
consider both efficiency and fading characteristics
of the antenna.

the ratio of operating wavelength to
wavelength.

Theoretically, a vertical wire antenna will
have zero reactance whenever it is any number of
quarter wavelengths long; that is it will then have
zero reactance when its length is one quarter, one
half, three quarters, etc., of a wavelength.
Practical measurements indicate however, that a vertical
wire antenna for zero reactance is about 4% shorter
than the above values - that is, the velocity of
propogation along the wire is apparently .96 of the

CLARIFICATION OF
ANTENNA TERMS

free space velocity.
Referring to the impedance characteristics of

Before going further, it would be well to clarify certain terms commonly used in connection with
certain antennas.
1.

fundamental

the guyed mast, Figure 1, a "half wave" antenna of
this type is physically only .45 of a wavelength

The terms to be clarified are:

high.
Following the above method of argument, it
would be said that the propogation velocity of this

"Antenna Efficiency".
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type of antenna is only 90% of the theoretical velocity.
Further, if reference is made to Figure 2,

which is given in Figure 2.
Yet no one would argue
that the velocity of propogation on the mast itself
had changed.

which gives the impedance characteristics of the
self-supporting vertical radiator, it could be argued that the velocity of propogation is 661 of the
theoretical velocity.
In fact, a well-known radio
laboratory in this country has released data to that
effect, and has stated that a vertical tower, one
half wavelength in physical heignt, is actually
three quarters of a wavelength long electrically.
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Hnotir -FRACTION OF A WIVELENCre
Figure 2

It is our belief in connection with vertical
antennas involving structures wnose entire length is
not of uniform cross section that:
PWKWCAL

Hticur -Fl•Acrion OF
Figure 1

A 0,50VELCOldTH

This method of reasoning is based upon the
assumption of a sinusidal distribution of current on
the antenna.
This assumption is not justified in
practice. 8
It also assumes there is no lumped capacitance in the antenna itself.
When the equiva-

choice

of

a

If a four to five hundred foot guyed mast and
a similar self-supporting tower of a conventional design were measured, it is estimated that the capac-

•

first thirty or forty feet

a vertical wire and horizontal section consisting of
a flat top, or cage.
This latter type was known as
the "To or "L" type antenna.
It is interesting to
note that more than 70% of the broadcast stations
in operation today employ this older type of antenna

1080 kc, as an example, Figure 1 shows its impedance
to be 400-J60.
If an 800 mmf. condenser were shunted across the base insulator, the measured impedance
at 1080 kc would be.
=j178

(400 -J60)

Most of these have a natural wavelength less than
1/4 of the operating wavelength.
Later, it was realized that some gain would be made if larger antennas were employed.
Therefore, the same type of an-

= 63 -J133

tenna was used, but the natural wavelength was increased to 1/3 or 3/8 wave.' In 1924, some attention

(400 -j60)-J178

lar to

Engineers working with these antennas should standardize on physical
height
(in fractions of a free

The early broadcast antenna consisted of a
pair of steel, or wooden masts supporting an antenna
structure usually consisting of a vertical wire, or

of the wide base tower would exceed that of the
other structure by at least 800 mmf. (including insulators).
Taking a .47 guyed mast, operating at

z

2.

EVOLUTION OF
BROADCAST ANTENNAE

proper shunt condenser.
This is exactly what occurs
in the case of the self-supporting tower.

itance to ground of the

The terms "electrical length" and
"velocity of propogation" have no
significant value.

space wavelength) as a method of
describing the antenna dimensions.

lent circuit of the antenna is considered, it may be
seen that this circuit can be tuned to zero reactance at almost any frequency by the

1.

was given to this problem by Dr. Stuart Ballantine
10.11
which later resulted in the so-called .58

The impedance of this mast was thus made simithat of a wide base self-supporting tower
53
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wave guyed vertical mast antenna.

In 1931

through the use of a vertical mast antenna.

two such

antennas, designed and fabricated by the Blaw-Knox
Company 12 , were erected at CBS stations WNAC-WAAB,
Boston; and WABC, New York.
The electrical gains
expected from these antennas have been realized in
practice, ana during tne past few years a great
deal of study has been given the subject of obtaining a clear picture of the electrical properties of
this type of radiator.
During the past two years
attention has also been given to the self supporting
type which has made an appearance in the field.
It
can be shown that the guyed type of vertical mast
antenna, or the self supported type of single mast
antenna, is superior to the older conventional antennas, electrically, physically and economically.
A study of Figure 3 indicates the evolution of
broadcast antenna efficiencies, and
shows, conclusively, that the higher mast type antenna is much
better than the older conventional types from an
electrical viewpoint.
Early broadcast antennas resulted in an effective field intensity of as little
as 100 millivolts per meter at one mile, per 1 kw

Figure 4

antenna input power.
The average of fourteen conventional type antennas, recently measured, snows
that with 1 kw antenna input power, the effective

During the past, broadcast engineers have been
very hesitant in adopting the vertical mast antenna,
particularly the wide base, self-supporting type,
because of a "bugaboo" which has existed with regard
to high base capacitance being directly related to
loss in efficiency.
Station engineers have also

field intensity is 169 millivolts per meter at one
mile.
The average of five self supported type mast
antennas, from .20 to .35 wavelengths high, shows
an average field intensity of 204 millivolts per
meter, and measurements made at eight .58 wavelength
antennas shows the average field intensity to be 247
millivolts per meter at one mile. There is one guyed
type vertical mast antenna which has an effective
field intensity as high as 280 millivolts per meter.
Figure 4 indicates this same story in terms of'comparative increase in power.
It should be emphasized
that these results are based on actual measurements
and show the higher antennas to be far more efficient electrically than the older conventional

been given to understand that it is next to impossible to couple their transmitter into such a structure because of the high reactance between it and
ground.
Within the past three years a number of selfsupporting towers have been erected, usually with
strict limitations on insulator capacitance and tower capacitance to ground.
The fear of base capacitance has continued up to the present and measurements of the signal output of these antennas operated at higher frequencies led to the conclusion that
they would be unsatisfactory for use in heights
greater than .35 or .40 of a wavelength.
In 1934,
Mr. John Byrne, working as a consultant for the International-Stacey Corporation, made measurements
which showed that the loss of efficiency was due to

types.

dielectric losses in the earth near the tower.
With
this fact established, it was simply a matter of reducing the r-f voltage gradient in the soil at the
tower base.
Self-suporting vertical antennas have appeared
having the first 80 or 90 feet constructed of wood,
and the radiating section above insulated from the
wood.
Various other modifications of the self-supporting structure were developed. including allsteel designs which insert the tase insulators 20 to
30 feet above ground. Another satisfactory solution
has been to construct a well grounded copper mat or
ground screen beneath the tower, thus greatly reducing the high voltage normally impressed across
the
earth at the tower base.
At station WDOD, Chattanooga, Tenn., measurements were made recently which
substantiate this point.
The station uses a selfsupporting tower .42 wavelengths high, and has installed two sets of insulators, one just above
ground, and the other set approximately 20 feet
above ground.
It has been found, by making antenna
resistance and impedance measurements, and also
field intensity measurements at one mile, that the

Figure 3

Either the self-supporting
tor can be erected at less cost
conventional antenna of the same
greater reliability of operation,
tenance cost, and the horizontal

or the guyed radiathan a two tower
height.
It has far
has a lower mainpolar diagram, or

distribution of power, is not influenced by nearby
towers, which tend not only to distort the field
pattern, but also to lower the antenna efficiency.

same antenna efficiency can be obtained using either
the higher set of insulators or the lower set of insulators.
However, if the lower set of insulators
is used, it becomes necessary to install a ground
screen to reduce the dielectric losses at the base
of the antenna.

The self-supporting antenna has a very practical application in the cases of broadcast transmitters
which are located in tall buildings. It is sometimes
difficult to erect the older type of antenna system
because of physical limitations.
However, if an adequate ground is provided a moderately efficient antenna system can be erected atop a tall
building

From present data on broadcast antennas,
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This paper is primarily concerned with the
transmitting antenna and its associated ground system.
However, the choice of a station location is
definitely related to the antenna design.
A site
surrounded by soil of the highest possible conductivity is advisable.
Actually, the final choice of
a station location is governed by considerations of
population distribution and coverage, so the engineer must often design an efficient radiating system

feel we can safely say that the same antenna efficiency can be obtained with nearly any type of vertical mast antenna of a given height, providing the
necessary precautions are taken in design and erection, and providing the proper ground system is used.
In the design of a ground system, it is necessary that the voltage between the base of the antenna and the ground be accurately estimated in
order to reduce the losses previously discussed.
This information is also necessary in order that adequate insulation may be provided.
If impedance

above soil of poor conductivity.
If the transmitting antenna is located over
poor soil, the ground current will tend to avoid the
high resistance earth path and will remain on the
lower resistance copper wires of the ground system.

measurements have been made on antennas of the same
general shape as the one contemplated, the voltage
may be determined quite accurately in advance. Contrary to popular belief, the highest voltages encountered do not always occur in high resistance antennas.
For instance, a vertical radiator, now in
the course of construction which will be .47 wavelengths high, will have a resistance of 400 Ohms at
the operating frequency.
Its unmodulated 50 kw carrier voltage, at the base of the antenna, will be
4500 volts r.m.s.,t10%.
There is another 50 kw station in service, whose antenna resistance is 15 ohms
The impedance of this particular antenna is 140 ohms,
so the base voltage is approximately 8000 volts r.m.
s.
Figures 1 and 2 show the average resistance and
impedance characteristicsofself-supporting and guyed
vertical radiators, and may be used in estimating
base losses, insulation requirements, antenna cur-

This is shown graphically in Figure 6, the current
on a single ground radial at two 50 kw transmitters.
The antenna and ground systems of the two stations
are practically identical, but WSM at Nashville was
fortunate in obtaining a station location where the
soil conductivity is considerably higher than at any
which were avilable to WABC.

rent, antenna loading and lighting circuit requirements.

THE GROUND SYSTEM

•

The proper design of the ground system for use
with broadcast antennas has always been important,
but the design of a ground system for use with high
antennas
becomes particularly important, because
factors other than ground loss resistance must be
taken into account. The radial ground system used

Figure 6

with a high antenna should be large in diameter,
having a radius equal to at least 1/2 wavelength. It
is also important that a large amount of copper be
used.
Figure 5 shows the empirical relationship between antenna efficiency and ground radius, based on
measurements
of 35 stations.
The reasons for a

The effect of soil conditions also is evident
in the vertical pattern of the higher types of antennas.
Figure 7 shows the calculated and measured vertidal polar diagram for a guyed mast antenna located
in a part of Pennsylvania of comparatively low conductivity.
Several studies have shown that the current distribution on an actual antenna structure departs from the assumptions which give the desirable
calculated pattern of Figure 7. Earth of high conductivity is also assumed in the calculations.
Skywave and fading measurements
indicate that two
other guyed mast antennas 14 , which are surrounded by

large ground system are to reduce to an absolute
minimun, ground resistance loss, dielectric losses,
and the absorption of radiation directed towards the
ground.
Figure 5 is based on data obtained from
various sources, but it is considered to be indicative of the advantages of increasing the ground
radius.
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higa conductivity soil more nearly approach the theoretical vertical pattern than similar antennas with
less favorable ground conditions.

WJSV conventional antena versus the directional antenna which is now in use.
Optimum reduction of
signal was desired, in this case, at a point one

An extensive ground system increases the efficiency of any antenna, but is absolutely essential
at stations which are forced to locate in areas of
low conductivity.

mile east of the station.
It can be seen that a reduction in signal intensity of approximately 50:1
has been obtained.
In order to determine the stability of the system, an accurate automatic signal
intensity recorder was installed one mile east of
the WJSV antenna system which records the signal
strength of this station continuously.
This equipment has been in operation twenty-four hours a day
since July, 1933.
The automatic field intensity re-

DIRECTIONAL ANTENNAS

ceiver is a.-c. operated and is specially designed
so that its sensitivity is independent of variations
in ambient temperature, humidity and line voltage.

Directional antenna systems have been installed
at stations, WJSV, Alexandria, Virginia; and at
WKRC, Cincinnati, Ohio.
These antennas are in operation at the present time.
The purpose of employing
such systems is to fulfill specific interference-reduction requirements consistent with the rendering
of maximum public service.

The records obtained during the past year indicate that the stability of the WJSV antenna system
is entirely satisfactory.
Inasmuch as the cardioid
pattern is the most difficult to maintain,exper-

The WJSV antenna system consists of two vertical conductors suspended between two 150 foot steel
towers, insulated at their bases.
The antennas are
3/8 wave apart (e= 135 0 ) and the current in the

lence at WJSV has definitely shown that it is unnecessary to employ special means of maintaining
stability.

West antenna leads the current in the East antenna
by 1/8 wave (e.. 45 0 ).
The 10 kw WJSV transmitter
is located about four hundred feet from the antenna

The directional antenna system at station WKRC
is erected on the roof of the Hotel Alms, Cincinnati,

system and power is transmitted from it to the antenna by a conventional 600-ohm two-conductor openwire line.
Proper pnasing is obtained by using
transmission lines to each element of such length as
to obtain the desired phase difference.
The field
intensity distribution in a horizontal plane is a
flattened cardioid, with the minimum signal in an
easterly direction.
The horizontal space pattern at one mile - is: E = 10 mv/m: N • 580 mv/m: W is 500
mv/m:
S = 550 mv/m: yith 10 kw antenna input. Figure 8 shows the horizontal polar diagrams of the
220

toe

lea'

in:

Ohio, and consists of two self-supporting towers 154
ft. high and 1/8 wave apart.
(Space, -8-= 450).
The
current in the North antenna leads the current in
the South antenna by 140 0 (
- 140 0 ).
Figure 9
shows the skeleton block schematic diagram of this
system.
In order to obtain the proper phasing, an
artificial line is used because of the relatively
short transmission lines erected on the roof.
The
lines themselves, being approximately 110 feet long,
each have an electrical length of approximately 30 0 .
The additional 80 0 is obtained by properly adjusting
the artificial line.
With this arrangement, the
field intensity distribution in a horizontal plane
satisfies the general requirements of this case.
A
considerable amount of data concerning the operating
characteristics of directional antennas was obtained
during the design, construction and adjusting of the
two systems described above.

—•

IDOTII
TOW

nfl
TOO

Figure 9
Schematic diagram of the WKRC directional
directional antenna system.

al

Directional antennas are being used at regionstations to cut down interference in the areas

served by other stations occupying the same channel,
and it now appears that the use of this type of antenna will become more general in the future.
Providing a directional antenna is properly designed
end installed, it is possible to accurately predict
its space pattern in advance 15 '
16 .
However, it is
not always possible to predetermine the efficiency
of such an antenna system.
Directional antennas
should find wide application when and if synchronized station operation on a large scale becomes
feasible.

Figure 8
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TOWER LIGHTING AND
PAINTING REQUIREMENTS

Due to the tower obstruction lighting requirements, it is necessary to furnish up to 2 kw power
for lighting the obstruction lamps.
In the case of
vertical radiators, these lamps are located on a
structure at r-f potential, and means must be pro-

The marking of aircraft obstructions is set
forth in detail in Aeronautics Bulletin No. 16, copies of which may be obtained without charge upon request from the Aeronautics Branch, Department of

vided for isolating the lighting circuits on the
tower from ground.
Figures 10 and 11 indicate four
methods which have been successfully used for this
purpose.
Use of the insulated generator as shown in
Figure 10 is no longer necessary, since there are
commercially available satisfactory chokes capable
of isolating potentials up to 10,000 volts at broadcast frequencies.

Commerce, Washington, D.C.
The general requirements,
as they affect radio stations, are summarized below.
Skeleton towers should be painted throughout
their height with either alternate bands of chrome
yellow or international
orange(yellow No.4 and
orange yellow No.5, respectively, of Color Card No.
3-1) and black, or alternate bands of international
orange and white, terminating with either chrome
yellow or international orange bands at 00th top and
bottom, depending on color combination used.
The
width of the chrome yellow or international orange
bands should be one-seventh the height of the strucb
ure for all structures less than 250 feet in height
and from 30 to 40 feet for structures over 250 feet
in height.
The black or white bands should be onehalf the width of the chrome yellow or international
orange bands.

Tote.
, FLIP

tcwqm

For night marking an aircraft hazard,

le.Tteue.
s

a red

obstruction light consisting of a 100-watt lamo in a
red waterproof globe should be mounted at the top of
structure.

e

For radio towers, or towers having a network
of wires between the towers, additional fixed red
lights consisting of 50-watt lamps in waterproof
globes should be mounted on diagonal corners at the
one-third and two-thirds points and so arranged as to
be visible from any angle of approach.
Some areas which present a hazard to flying a
civil airway, may require obstruction marking for
night flying by use of lights of the high-intensity
fix projector type.
The high intensity fixed projectors should be 24-inch parabolic units using

Figure 10
Three methods which have been successfully
employed to transmit one or more kilowatts
of lighting power to mast aircraft obstruct.
ion lights.

1,000-watt lamps with lamp changers, should be pointed so as to envelop and outline the areas over which
flying should be restricted, and should be elevated
so that the luminous beams of light will intersect
at the height of the obstructions to be cleared.
addition, such hazardous flying areas should

In
be

marked with one or more certified landmark beacons
as conditions may require to give pilots a long
range warning.
Such beacons should be similar to
the 300-millimeter airways electric code beacons of
the double -Fresnel lens type with two 500-watt
lamps and aviation red color shades, showing not
leas than 6 flashes per minute and having a luminous period of not less than 35 per cent.
As an alternate system of marking such hazardous flying
areas, certified 24-inch rotating landmark beacons

Ste.'

Z. LOO .jo

equipped with 1,000 watt lamps and lamp changers and
with red cover glasses and making 6 revolutions per

•

-J410

minute may be used.
All

lights marking hazardous

should be exhibited

flying

Figure 11

areas

from sunset to sunrise.

•-•-•

Method used to transmit lighting current to
guyed vertical radiator at WLW.
Note simplicity of method employed for coupling power from concentric transmission line to the

At the present time each radio station is be ing treated as a specie case.
The regulations outlined above are for advisory use only.
In a new installation, it is now necessary to submit to the
Federal Communications Commission (through Herbert

antenna.

L. Pettey, Secretary of the Commission), the plans
for lighting and painting of radio towers.
The sub-

ANTENNA SYSTEM COSTS

mitted plans may be approved,or they may be returned

Indicative of present costs of antenna systems

with additional requirements which must be
57

November,
employing either the guyed type or self supported
type of tower, are Figures 12 and 13.
The costs in-
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dicated on these graphs are based on average conditions in the field.
In order to allow a station engineer to more intelligently figure the costs involved in the design of a complete antenna system,
the following items are listed which should be included in his estimate:
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New Transmitting equipment complete
with tubes and power supply
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Miscellaneous Modifications
Installation of Equipment

r

4.0
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Figure 12

1,500.
$19,000.

put of 125 mv/m at one mile.
For 2.5 kw this signal
is increased to 198 mv/m - a 4 db gain in signal. A
similar gain in signal can be made by the installation of a .25 wave self-supporting vertical radiator,
whose cost will depend on the operating frequency.
The estimated complete installed cost is as follows:

These items are included in the estimates
shown in Figures 12 and 13.
In a particular installation, one or more of the items indicated above
might run considerably more than the average.
This
is particularly true in the cases of foundations

1500 kc
1000 kc
600 kc

obstruction lighting and freight.

It should be stated here that tile most economical method of increasing the general efficiency
of e broadcast station can usually be obtained by
improving the antenna system.
As an example of antenna economics, consider the following case.
A 1
kw regional station desires to imorove its coverage.

$ 4,200.
6,000.
14,000.

The station would have saved money by purchasing a new antenna rather than higher powered transmitting equipment. A $3,000 a year saving would have
been made since no increase in operating costs would
be included with the new antenna.
And the signal
increase would have been full time rather than part
time.

It applies to the F.C.C. for a power increase to 2à
kw.
If the application is granted, the average station incurs the following expenses:
Litigation

1,000.

That is the dollars and cents story of the power increase, but what does the millivolt and listener side of the picture show?
The average 1 kw regional station in this country now has a signal out-

er

.

erection,

15,000.

The annual operating expenses of the station
will be increased by $3,000, plus amortization and
interest on the above capital expenditure.
The
license for the increased power probably allows only
daytime operation at 2i kw.

:::7-777177

,r. :

•

$ 1,500.

This example should indicate the
58

economic

im-
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portance of proper antenna design and the necessity
of a careful balance of antenna cost with respect to
the complete transmitting plant.

5.

The ground system should be radial in
nature and should consist of maximum
amount of copper extending to the
maximum radius consistent with economical considerations.
In practice,
this should mean a radius of et least
1/2 wavelength and a numberofradials
at least equal to 120.
6. To increase the non-fading area of a
transmitter as much as possible,is an
important factor of design which is
not yet completely solved.
There
have been a number of studies which
indicate that the optimum height,

SUMMARY
1.

The two-tower construction, which has
been used in the past, is definitely
outmoded by the single vertical radiator.

2.

Use of a vertical radiator in place
of an older conventional antenna wilt
in the average case, produce a signal
increase equivalent to doubling the
power of the transmitter.
The exact
signal gain will depend upon the efficiency of the existing antenna.
3. The self-supporting radiator may be
used effectively at heights of approximately 1/2 a wavelength. It can confidently be expected to perform with
approximately the same efficiency as
the guyed type of antenna.
4. If the self-supporting tower antenna

from the fading viewpoint, ranges between .45 and .60 of a physical wave
length with the types of structures
so far placed in service.
The exact
height cannot be determined until
further work has been completed.
7.

is used, precautions must be taken to
prevent excessive dielectric losses
in the soil near the tower base.
A
high base capaci.tance, of itself,
does not contribute to low efficiency.

•

1.
2.

8.

O

ination must be based upon the engineer's experience.

Stuart Ballantine, Proceedings of I.R.E., Vol. 22;P.
J.A. Stratton and H.A. Chinn, Proceedings of I.R.E.,

3. A.
4.
5.
6.
7.

The vertical radiator is especially
well adapted to use in directive antenna systems.
Published theoretical methods of pattern calculation
agree with field results.
However,
the efficiency of directive antennas
has not yet been reduced to a mathematical process, and its determ-

Sommerfield, Ann.

D.

Phys.,

Vol. 28,

P.

665

624, a9341
Vol. 20, P.

1892

F. Eppen and A. Gothe, Electrische Nachrichten Technik, Vol. 4, P.
O. Bohm, Telefunken-Ztg., No. 57, P. 30, 31 (1931).
Reference 1, P. 626.
Seventh Annual Report of the Federal Radio Commission 1933, P. 24.
LaPorte - Electronics,

August 1934,

176,09331

P. 241.

9.
10.

H.E. Hallburg, Proceedings of Radio Club of America, February, (1931).
Stuart Ballantine, Proceedings of I.R.E., Vol. 12, December (1924).

11.
12.

P.P.
U.S.

13.
14.

J.H. DeWitt,
WLW, WSM.

15.
16.

G.L.
G.C.

Eckersley, Proceedings of I.R.E.,
Patent 1,897,373.
Jr.,

Jour.
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Acad.

(1932).
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Vol.

Science,

18,
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1160,
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Davies and W.H. Orton, Bureau of Standards Research Paper No.
Soutnworth, Proceedings of I.R.E., Vol. 18, P. 1502 (1930).
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Annual Meeting

Mr. Houck Withdraws

As announced, the 25th Annual Meeting was hela
at Columbia University on the night of December 3.

The Editor of the PROCEEDINGS is in receipt of
the following letter from President Houck:

The purpose of the annual meeting in the general
discussion of tne business affairs of the Club and,
more specifically,

preparation of nominations

December 6,

for

the several offices as well as for the directorate
of the Club.
This meeting was, as is all too usual,
only meagerly attended, although it was character-

Editor Proc. of the Radio Club of America,
90 West Street,
New York, New York.

ised by an extremely open and frank discussion of
the potential nominees whose names were offered. As
a result of the extended discussion and the subse-

Dear Sir:

quent balloting, the roster of nominees as given
below was determined upon:
For President:
Harry W. Houck
Ralph J.

in the

I shall be grateful if you will find space
forthcoming issue of the PROCEEDINGS of the

Radio Club of America for this work of explanation
for the withdrawal of my name from the roster of

For Vice President:
F.X.

1934.

nominees for election to office

Rettenmeyer

in the Club.

Langley

For Treasurer:

Let me say first that I am thoroughly appreciative of the compliment which the Club pays me
in nominating me for a second term as President, and

For Recording Secretary:
Keith Henney

Joseph Stantley

I can assure the Club that my interest and active
participation in the affairs of the Club will continue, to whatever extent I may be called upon to
assist.

For Corresponding Secretary:
Fred Klingenschmitt
For Members of the Board of Directors:
E.H. Armstrong
H.M Lewis
G.E.
A.B.

Burghard
Chamberlain

C.L. Farrand
L.C.F. Hone
Frank King
W.A.

I feel,however.that in view of Mr. Langley's
nomination for the presidency, and the good effect
upon the management of the Club by the precedent of
single term presidency of the Club, set by Mr. Sadenwater in 1931, and followed by all of the Club

R.H. McMann
John Miller
Fred Muller
L.W. Rosenthal
C.R
Runyon

presidents since that time,
the Club by this action.

Winterbottom

I,

In connection with tne nomination of candidates for office in the Club, the attention of tne
membership is called to the following excerpt from
Article 7, Section 1, of the Constitution of the
Club:

therefore,

that I can best serve

addresed

the

Secretary,

asking that my name be withdrawn, and I urge that all
possible support be given to tir. Langley in the coming election.
Respectfully yours,

"Members unable to attend in person the Annual
Meeting at which the above nominations are called
for may obtain from the Corresponding Secretary a
prescribed blank form on which they may nominate

Harry W.

candidates for any or all of the above offices. Such
nominations must be in the possession of the Corresponding Secretary within ten days after the Annual
Meeting at which nominations were called for.
Nominations made in this way must be three in number for
any nominee to have him considered as such provided
he has not already been nominated at the prescribed
meeting."
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MISCELLANEOUS APPLICATIONS
OF VACUUM TUBES
BY
F. H. SHEPARD, JR.'
Delivered before the Radio Club of America
May 9,1935

IntroductiOn

•

ratio of the intensities of two light sources.
A device which does this, is useful for making
comparisons of the light transmitted or reflected by different specimens. For instance,
in color matching the unknown samples can be
set up so as to transmit or reflect light
directly or indirectly to each phototube.
A
color filter is then placed between the light
source and the samples. If a variation in the
ratio is indicated by the device, it is obvious
that one sample transmits or reflects more of
the color in question. In this way, byputting
various color filters in front of the light
source we can match the samples in any desired
light bands.

It is generally accepted that a great number
of seemingly impossible functions can be performed by the use of vacuum tubes.
If enough
tubes are used and complicated enough circuits
are devised, almost anything can be done.
The object of this paper is to show a few of
the numerous applications where ordinary vacuum
tubes can be used in comparatively simple circuits to accomplish things that have heretofore
required special tubes, expensive apparatus
and comparatively complicated circuits. It is
also the object of this paper to show that circuits can be devised in which variations of
supply voltages and of tube characteristics
will have little orno affect on the operation
of the circuits.
1.

Because this method indicates changes in the
ratio of light, we can use it successfully to
compare the color of extremely small objects
with a larger standard sample by mounting the
small specimen against a black background.

A NEW LIGHT-RATIO INDICATOR CIRCUIT

In a great number of conventional phototube
bridge circuits, it is possible to balance out
the effects of light-source variations at one
particular balance point.
To the best of the
Author's knowledge, there are no avaIlable circuits that can be used to indicate directly a
LIGHT -RATIO

e

•

Figure #1 Shows a circuit that will give a
definite output versus light-ratio curve regardless of the actual intensities of the lights
in question provided, of course, the intensities
are greater than a certain threshold value.
This value is determined primarily by the leak-

INDICATOR

CIRCUIT

TYPE
6C6

<t.

4J4.
TYPE
43

SENSITIVITY
CONTROL

.5 MEG.
FIG.1

*Research & Development Laboratory
Radiotron Division
RCA Manufacturing Company, Inc.
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curves are again equal. See Figure #2a.
This
takes place, when the a-c supply voltage to
the phototuoes is fixed, witha definite voltage across Cl for every light ratio between
the two photocells. The voltage across C1 for
any given light ratio will be directly proportional to the a-c voltage supplied to the phototubes. Thus the d-c voltage change across Cl,
when the a-c supply voltage to the phototube
is known, can be taken as a measure of the
light ratio. This d-c voltage is indicated by
the d-c amplifier shown, see Figure #1.

age currents of the phototuoes as affected by
dirt and moisture, of the amplifier tube, as
well as the leakage current of Cl and the grid
current of the first amplifier tube.

TIME

r,
BOTH

PE N22
PHOTOTUBE

EQUAL LIGHT ON
PHOTO,TUBES

FIG.2A

PHOTOTUBE

CURRENT

Figure 2a shows the a-c voltage which is applied across the phototubes when the voltage
across Cl, in figure #1 is zero.
The anode
voltage on each photocell is positive for onehalf the cycle and for an equal amount of time.
Figure #2b shows the currents drawn by the
phototubes.
The distance of the curve above
the axis indicates the current drawn by photocell #1; the distance of the curve below the
axis indicates the current drawn by photocell
#2; the area under the curves above the axis
is a function of current multiplied by time
and is a measure of the charge fed into the
condenser Ci by photocell #1.
Likewise the

PE N2I

TIME

LIGHT ON PE N2I SUDDENLY
DOUBLED. SHADED AREAS NO
LONGER ADD TO ZERO

FIG. 2C
2.

AN A-C

OPERATED D-C AMPLIFIER

The use of an a-c supply voltageforthe plates
of a d-c amplifier has a definite advantage
over conventional d-c amolifier circuits in
that it eliminates the necessity of cascading
"B" supply voltages or
of using bucking or
batteries between stages.

\\1/7
PE Ne2

TIME

EQUAL LIGHT ON BOTH PHOTO—
TUBES. SHADED AREA=CURRENT
X TIME=CHARGE. TOTAL±AREAS
ADD rq ZERO

LIGHT ON PE Ni).I TWICE
THAT ON PE N22.C1 CHARGES
UP, SHIFTING ZERO LINE
.
Ii

FIG. 2B

I

FIG.2D

area under the curve below the axis is a measure of the charge fed into C1 by photocell #2.
The average current going into or out of C1
over a period of time must be zero. The areas
includedb:y- the curve above or below the axis,
therefore, should be equal.
Now, suppose we
double the light on photocell #1; this will
cause the distance of the curve above the axis
to be doubled, the distance of the curve below
the axis remains unchanged.
See Figure #2c.
Momentarily, the area under the curve above
the axis is increased and condenser C1 charges,
See Fig. #2d;
this in turn causes the time
that the anode voltage on photocell #2 is positive to be increased.
Condenser Ci thus
charges until the areas above and below the

Referring to the d-c amplifier used in figure
#1 to indicate the d-c potential accumulated
across Ci by the phototubes as explained above,
we can see that the plate
supply is the a-c
line.
In considering the operation of this
circuit, it is well to remember that the d-c
potential between the two sides of the a-c line
is zero.
The tubes in this circuit can conduct only during the part of the a-c cycle
that their own anodes are positive with respect
to their own cathodes.
Because of the direction of current flow thru the tubes, the drops
in the load resistors are such that the plates
of the tubes assume potentials negative with
4
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respect to the plate supply.
Now, since the
d-c value of the supply voltage is zero, the
plates of the tubes in these circuits assume
average potentials that are actually negative
with respect to their own cathodes.
The tube
currents, and hence the drop across the plate
load,
is controlled as in conventional circuits by the grid bias.
Because of this, the
plate of the first amplifier stage, shown in
figure #1, can be connected directly to the
grid of the second stage to supply d-c.bias
and signal to the output stage.
The output
will be a rectified pulsatingd-ccurrent which
is smoothed out by the indicated electrolytic
condenser and passed thru the output load.

oscillator will again conduct.
Thus the time
between the bursts of the oscillations of this
oscillator are directly controlled by the rate
at which C1 is discharged thru the phototube.

FREQUENCY

TIME

A

- —

—F —

—1,-

1 I

It

FIG.
3.

RELAXATION

FIG. 4A
Figure #4a shows the linear relation between
the frequency of relaxation and the light on
the phototube. Figure #4b shows how the voltage developedbythe above mentioned diode and
fed as grid voltage to the power tube varies
with the frequency of relaxation.
When the
frequency of relaxation is very low, the pulses
of rectified current fed to the grid of the
power tube are not numerous enough to cause
any appreciably voltage drop across the powertube grid resistor. As the frequency of these

— ——

LIGHT ON PE N21 TWICE
THAT ON PE N2 2. TOTAL
± AREAS ADD TO ZERO
I

OF

II

R1=10 000 (...)

2E

A SENSITIVE RELAXATION-TYPE CURRENT AMPLIFIER

Figure #3 shows what the author believes tobe
a new type of current-amplifier circuit. This
circuit can be used to amplify the extremely
small currents of aphototube which is receiving very small amounts of light.
The circuit
consists primarily of a phototube, a relaxation oscillator the frequency of relaxation of
which is controlled by the light or current
thruthephototube,adiode rectifier connected
totherelaxation oscillator in suchaway that
the voltage it develops indicatesthefrequency
of relaxation, and a power output tube controlled by the diode output voltage.
The operation of the circuit is as follows:The
oscillatorcircuitoscillatesviolently,builds
up a negative charge on its grid and suddenly
blocks or stops oscillating.
The oscillator
will not again start oscillating until the
charge on C1 (see figure #3) has leaked off
thru the phototube to such an extent that the

RELAXATION— TYPE
FOR

MEASUREMENTS

O
FREQUENCY

RELAXATION

.FIG. 4 8
bursts of oscillation increases, more anctmore
rectified current will be fed thru the powertube resistor; this results in an increasing
bids to the grid of the power tube. This bias
starts out increasing directly with the frequency of relaxation and then it approaches
the peak of the a-c voltage of the oscillator.

PHOTO — AMPLIFIER
OF

OF

SLOW

LIGHT

CIRCUIT

VARIATIONS

e

•
FIG.3
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See figure #4b. As Ri is increased the current
or charge fed to the grid of the power tube
per individual burst of oscillation will be
reduced.
The upper curve in figure #4b is
shown for a low value of Ri while the lower
curve is shown for a higher value of R1.
As
the voltages on the grid of the power tube
varies the power tube current also varies;
thus, the output of the, amplifier is a function
of the power tube grid voltage which id turn
is a function of the frequency tf relaxation
of the oscillator, which in turn is a function
of the phototube current, which is in turn a
function of the light on the phototube.
Thus
we can see that the output of this power tube
is a function of the light on the phototube.

R

Another interesting vacuum-tube
illustrated by
the
capacity
circuit shown in Figure #5 a .

part of this circuit consists of an oscillator,
the feed-back,, and hence the intensity of oscillation, of which is controlled by the antenna capacity to ground.
The feed-back of
this oscillator is a function of the difference
in the ratio between the two parts of the oscillator coil and the ratio between Ci and C3.
As Ci or C3 is varied, the feed-back is varied
smoothly from a negative value thru zero tc
some maximum positive value.
As this takes
place, the
intensity
of
oscillation varies
smoothly from zero to some maximum value.
In
the circuit illustrated, a diode-triode combination type of tube is used as the oscillator.
The diode is grounded for the oscillator frequency thruthe 0.1 ufd condenser shown. Thus,
the diode will develop a negative d-c voltage
equal to the peak oscillator voltage present
between the
cathode
of
the
oscillator and
ground.
This negative d-c voltage is fed to
the grid of a power-output tube which can be
used to operate a milliammeter or a relay.
Figure #5b shows how the output current varies
with the antenna-to-ground capacity (Ci) for
various values of C3.
This circuit finds its
usefulness in operating or initiating an advertising display at the approach of a customer,
a burglar alarm, a door opener, etc. In a demonstration model of this circuit, the antennato-ground capacity is about 50 uuf.
A person
holdinghis hand about five feet away from the
antenna will cause a two or three-milliampere
output variation by wiggling his forefinger.

=10000 U.)

=250000 CA)

LI G HT

ON

PHOTOTU BE

FIG. 4C
This is illustrated by figure #4c which shows
two curves for two values of Ri.
Theoretically, it is possible to reduce Ri to a sufficiently low value to get full swing of the
output for a definite percentage variation of
a very small amount of light.
The advantage
of this circuit lies in the fact that the oscillator is completely inactive, that is, its
plate current is completely cut off during the
part of the cycle that the phototube is discharging condenser Ci.
Because of this, any
gas which may be in the tube can not be bombarded or ionized by electrons in the tube and
hence cannot contribute any gas current to influence the accuracy of this device.
In conventional circuits, gas current is one of the
greatest limitations in making small current
measurements.
Using a demonstration model of
this circuit in air, currents as low as onethousandth of a microampere will operate a 20
milliampere relay. If the apparatus is placed
in a dessicator much lower currents can be
measured.
4.
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A simple roadside photoelectric speed indicator
is shown in Figure #6.
This circuit contains
all of the necessary parts to indicate the
speed of passing vehicles.
A relay operates
to indicate when a passing vehicle exceeds a
predetermined speed, and the meter swings to
indicate the speed of each passing vehicle.
Briefly, the operation of the circuit is as
follows:
A car first interrupts the light to
the upper photocell causing the grid of the
first section of the tube type 19 to be made
negative by the photoelectric current of the
lower cell.
This
negative
grid
potential
causes the plate current of the first section
of the 19 to be cut off, the IR drop in the
plate load resistor to decrease, and the plate
potential to increase. The grid of the second
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triode unit is pulled slightly positive by the
increased positive voltage of the plate of the
first tube section acting thru the condenser
C1 and register R1.
During this interval,
condenser C1 is being charged thru the plateload resistor of the first triode unit, resistor R1 , and the electron current to the grid
of the second triode unit.
During this same
interval because of the positive voltage on
the grid of the second triode unit, its plate
current rises and causes the relay to pull
over.
After an interval of time, the length
of which depends on the speed of the passing
vehicle, the light to the lower photocell will
be interrupted. Thus, the light onboth photocells is interrupted and the grid of the first
triode unit is pulled slightly positive or to
zero bias by the current thru the 10 megohm
resistor.
The positive or zero biased grid
will cause the plate current of the first triode
unit to rise, and its potential to drop to its
former normal zero-bias value. Thru the coupling action of condenser Cl and resistor R1,
the grid of the second triode unit will be
driven negative below its normal bias by an

A SIM PLE

ROADSIDE

TYPE
868

OF

150 J.141f

C1

amount proportional to the charge accumulated
by C1 during the interval between the interruptions of the lights to the two photocells.
Since this negative voltage is proportional
to the elapsed time between interruptions of
light to the phototubes, it is, therefore, an
inverse function of the speed of the passing
vehicle'. Thus, the reading of the output meter
in the plate circuit of the second triode unit
can be calibrated directly in miles per hour.
If the elapsed time is long enough, that is,
if the speed of the passing vehicle
is slow
enough, the charge accumulated will be sufficiently great to cause the grid of the second
triode unit to be driven sufficiently negative
to reduce its plate current below the point
that will cause the relay to be released thus
indicating the passage of a slow moving vehicle.
If the passing vehicle had exceeded a certain
speed, the relay would not have released. The
relay used is of the usual magnetic type having considerable back-lash between its pullover and release values. Because of this, the
relay will stay either open or closed on the
normal output current rfthe second triode unit.
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Any charge accumulatedbyk duringthepassage
of a vehicle will leak off thru the grid-leak
resistor R3 and the device will be ready for
the next passing vehicle. If the circuit constantsofthe device are properly set, it will
be ready for the next vehicle even before the
complete passage of the last vehicle.

this amplifier circuit is due to the fact that
it has a sharp low-frequency cut-off so that
its individual "B" supply filters can effectively by-pass all the frequencies that are amplified, and so that the amplifier will not
amplify any frequencies passed thru the "B"
supply.

Once adjusted and placed in operation, the device should require no attention other than an
occasional check of battery voltages and of
calibration.

Figure #9 a shows the frequency characteristics
of the amplifier as shown in figure #8. It is
apparent that this amplifier has a sharp lowfrequency cut-off.
The sharp low-frequency
cut-off of this amplifier is obtained by the
combined effects of degeneration in the self-

Figure #7 shows apractical roadside-speed-indicator circuit.
This circuit is more sensitive (that is, it operates on smaller amounts
of light) than the circuit shown in figure #6
and is more easily adjusted. It will also indicate with equal accuracy the speed of vehicles
passing in either direction. The operation of
the circuit shown in figure #7 is traced thry
step
by step in the chart.

bias resistors, in the series-screen resistors,
and inthe coupling resistors. Figure 91D illustrates how tie E;ain of an amplifier stage varies
with frequency when all of the supply voltages
are fed from fixed voltage supplies except for
the grid bias which is obtained from a selfbias resistor.
As the frequency is lowered,
the gain approaches a minimum which is the
amount obtained when the self-bias resistor is
totally unby-passed.
As the frequency is in..
creased the gain approaches a maximum.
This
is the value of gain that should be obtained
using an infinite by-pass condenser or a fixed
bias.
This same curve is indicative of what
happens when all the supply voltages are fixed,
except for the screen voltage which is fed to
the tube thru a series resistor which is bypassed to ground. The effect of the blockingcondenser-resistor
combination
is
shown in
figure #9 c . When the combined effects of the
self bias, the series screen, and coupling
resistors are properly matched, a frequencyresponse curve such as that shown in Figure
#9a will be obtained.
When circuit time constants are considered, the tube impedances,

6. A HIGH-GAIN NON-MOTORBOATING AUDIO AMPLIFIER
All who have had occasion to build high-gain
audio amplifiers
have
been
confronted with
difficulties from motorboating due to coupling
from the output stages back thru the "B" supply
to the input stages. This difficulty is often
overcome by the use of very large filter condensers or by the use of separate "B" supplies
for the various stages.
Figure #8 shows a stable high-gain resistancecapacity-coupled audio amplifier that has a
voltage gain of more than 1,000,000 and which
can be operated froma single poorly filtered,
poorly regulated "B" supply. The stability of
8
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which in this case art considerably less than
the external resistors, must also be considered.
Because there is no convenient means of knowing exactly what these tube impedances are
under the particular operating conditions, it
is most convenient to determine the time constants or condenser values in these circuits
experimentally. For instance, the curves shown
by figures 9b and 9c can be made to cut-off
or attenuate the gain of the amplifier at the
same point.
If these circuits are not perfectly matched, that is, if one starts to attenuate before the other, the resultant effect
will be somewhat like that shown in figure 9d.
As the low-frequency cut-off of 9d is not particularly sharp, it will be difficult to pro vidé proper plate-supply filters to stop motorboating than amplifier having the desired lowfrequenc
gain.

•
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DETAILS OF CIRCUIT

The use of series-screen and self-bias resistors make this amplifier much less affected by
possible variations in tube characteristics
and by small variations of the circuit-resistor values, than conventional circuits
using
fixed-supply voltages to all the tube elements.
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R. F. TRANSMISSION LINES

The December meeting, hela on December
13th, was devoted to a symposium on radio-frequency transmission lines.
Brief papers on
several aspects of this extremely broad subject
were read by Mr. C. W. Horn of the National
Broadcasting Company, Mr. W. C. Tinus of the
Bell Telephone Laboratories, Mr. Hugo Romander
of the Kaltman-Romander Company and Mr. C. J.
Franks of the Boonton Radio Laboratories.

obvious simplifications both in the matnematics
and physical concepts involved, resulting from
the application of the rigorous analysis long
available to the problem of
high-frequency
transmission lines, had been hidden from the
engineer.
It was,
additionally, and more
àpecifically, pointed out that for frequencies
tn and above the conventional broadcast range,
the mathematical complications that may have
retarded the adaptation of the transmission
line to practical radio problems disappear when
consideration is limited to transmission lines
which are mechanically and otherwise suitable,
and that once this simplification is thoroughly
realized--as it is now only partially realized
--their even more general adoption will doubtlessly result.
Of especial interest was the
point that with the simplifications of the
mathematical relations, resulting from limit-

Mr. Horn provided a brief paper on the
historical aspects of the development of transmission lines in connection with broadcasting
station design and operation; and his paper
ma, of course s replete with his usual and
delightful
reminiscences
and
philosophical
digressions .

e

Mr. Tinus described in considerable detail
the development and the practical form which
is taken by lines and antennas for use in the
ultra-high-frequency band, as typified by the
newly installed police transmitter at Newark,
New Jersey. Of especial interest was his brief
story of the evolution of the antenna
system
there employed, and
the
samples
of
highly
efficient, yet simple and economical, transmission lines for both low and high powers.

ing considerations to high frequencies and to
lines of conveniently large conductors, the
engineer needs little more La the way of mathematics
than
simple
trigonometry
and
the
simplest of vector relationships to allow him
to solve most of the problems of simple lines
and antennas.
It was urged that the membership investigate this possibility for themselves, and thus make themselves familiar not
only with the simple mathematics of these useful electrical structures, but to note how
completely the physics of their operations are
revealed thereby.

Mr. Ronaander
discussed
the
matter
of
transmission lines from the standpoint of the
amateur and supplied some exceedingly interesting estimates of the power distribution througnout a conventional system of antenna and line
of the type commonly employed by the amateur.
His review of the evolution and the reasons for
the continued use of those types of antenna
and line by the amateur, gave a most interesting picture not only of the state of the art
in that field, but the fundamental economic
and technical soundness of the methods used
by the amateur.

It was further agreed that the difficulty
of adjusting any system in which the frequencydetermining circuit is directly connected to
the transmission line may well have accounted
for much of the delay in the adoption of transmission lines to practical radio problems and,
in fact, have forced the adoption of the transmission line to wait upon the development and
general use of the master-oscillator type of
transmitter circuit.

Mr. C. J. Franks provided a short paper
on the adaptation of the transmission line to
the type of receiving system commonly employed
in broadcast and all-wave receivers.
His exposition of the details of the design of the
several transmission lines--both R.F. and I.F.
--in a remote-tuning type of receiver, for the
design of which he was largely responsible
some little time ago, was especially interesting.

•

Some objection was raised to the inference
that the use of the transmission line in radio
transmitters is of wholly recent origin, it
being pointed out that within the experience
of those present certain uses of lines had been
made even before the advent of modern broadcasting.
In the case of the early work with
KDKA, as described by Mr. Horn, it was found,
largely by acc ident, that the use of a re lat ive ly remote antenna connected to receiving equipment through
a pair of wires, rather than
through a single connecting wire, gave certain
operational advantages; the reason for which
was not clear at the time but appears now to
have been a result of the limitation of true
antenna effect to the remote structure and the
provision of relatively efficient transmission
in the connecting lines.
In advance of these
uses of transmission lines, however,
it was
noted that the location of transmitters on the
lower levels of certain of our battle cruisers
early in the late war, and the provision of
antenna down-leads through large concentric
shielding cylinders provided what was probably
another partially, at least, inadvertent adaptation of the transmission principle.
But

The discussion brought out the fact that
while the basic mathematical disc1osure of the
possibility of the propogation of waves along
conductors was about at least as old as the
practical disclosure of the means for the propogation of space waves, there appeared to be
no simple explanation for the reason for the
delay in applying the well-established fundamentals of the high-frequency transmission
line theory to practical radio problems.
It
was suggested that, perhaps, the fact that much
of the early development had been so largely
in the hands of experimentalist might explain
this condition in part, and the fact that both
the instruction in and study of the propogat ion
of waves on wires was so long in the hands of
the pure physicists might explain that the now
11
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earlier, by far, than these was the application
described by the oldest member of the Club,
Mr. Robert Marriot, in his work at Jersey City
in 1910, in which the housing of the radiofrequency generator remote from much of the
associated high-frequency apparatus forced the
employment of a two-wire connection between
the two in accordance with what was then known
as the Shoemaker system•which, in the light of
subsequent developments, probably constituted
the forerunner of a carefully adjusted, efficient, modern transmission line.

it provides for the antenna being essentially
a mechanical extension of the line proper, and
thereby provides a simple and rugged structure,
is complicatedby the fact that where the size
of the line and the antenna are approximately
the same--as
is mechanically
desirable--the
resultant lack of impedance match between the
characteristic impedance of the line and the
resonant end impedance of the antenna requires
that some special expedient be resorted to to
bring about proper matching.
Such a matching
Can, it was shown, be brought about by taking
advantage of the especial properties of halfand quarter-wave lines.

Whatever the cause of the slowness of the
general adoption of transmission lines to radio
transmitter problems, it was generally agreed
that, their introduction had freed the whole
problem of transmitter operation from some of
the most severe limitations.
Without the use
of transmission lines the elimination of the
influence on transmitters of the intense fields
directly under an antenna would, of course,
have been difficult, if no economically impossible; and without its general use the devising and useofmany of the extremely useful
and effective directional arrays would have
been made intensely difficult, if not downright impossible; and without its general use
the highly desirable
disassociation
of the
fragile, care-requiring,
transmitting equipment from the rugged, weather-proof antenna
structures would have been impossible, and the
economic advantages of such a disassociation
would doubtlessly have delayed the rapid development of all sorts of transmitting systems
to a tremendous degree.

More specifically, it was indicated that
a half-wave line of sufficiently low attenuation as is simply and practically possible,
when terminated in any resistance, will provide at its unloaded terminals substantially
the same value of impedance as constitutes its
termination at its loaded terminals.
While,
in the case of the quarter-wave line, it was
indicated that a suitably low-loss line terminating in a resistance, and fed by a transmission line will provide against reflection
back into the line, and hence give greatest
efficiency of transmission if the characteristic impedance of the quarter-wave line is
the geometric mean between the loading resistance and the impedance of the transmission
line proper.
This latter provides a workable solution
to the UHF antenna problem.
In practice, the
antenna consists ofahalf-wave radiator which
is structurally a part of one portion of the
transmission line, while the other side of the
line extends downward from the lower end of the
antenna proper for a quarter-wave length at
which point both sides of the quarter-wave line
join the transmission line which makes connection with the transmitter.
It is, of course,
an essential element of this arrangement that
the physical size of all the elements be so
chosen as to give the required relationship
between the several impedances.

Much interest was shown in the description
of the evolution of the UHF transmitting antennas as are used especially in police work.
It was pointed out that one of the fundamental
advantages of the ultra-high-frequency type of
transmission is the fact that highly efficient
antenna are economically possible;
that is,
that antennas having efficiencies of radiation
quite without economic justification in the
broadcasting service, because of the tremendous
size and cost whichare necessary, are readily
possible inthe UHF range because of the small
size and cost of the radiating structure. Thus
in the usual UHF transmission system, such as
the police transmitter discussed, a half-wave
radiator with its extremely high efficiency of
radiation consists of about fifteen feet of
copper,
or brass, tubing of such dimensions
as makelt ruggedly self-supporting. There is,
however, left a considerable problem in the
devising of the line for the feeding of such
an antenna since the very nature of the quasioptical transmission in the UHF band requires
that the antenna be located at the highest
possible level in order that its horizon'be as
remote as possible.
It was pointed out, however,
that the half-wave radiator
offers 'a
pure resistance to a line which feeds it at
any point along its length and thus provides
the essential requirement for the use of a
transmission line with minimum losses.
Thus,
such a half-wave radiator might be fed by a
line at its center by the proper choice of line
constants to provide for a matching of the
characteristic impedance of the line and the
resistance of the antennas as viewed from the
point of attachment of the line. Such a structure includes a serious and difficult mechanical and electrical problem in the attachment
of the line to the antenna at any point other
than an end, and makes desirable the devising
of means for providing for suchanend attachment. Suchan attachment, however, while solving the mechanical problems involved, in that

Fig. A
In Fig. A is shown a photograph of the
actual arrangement used in Newark, New Jersey,
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where the 500-watt police transmitter operates
at 30.1 megacycles.
From this will be noted
the physical sizes of the several parts of the
system; it being, perhaps, necessary to point
out, however, that the flag pole on which the
antenna is located, provides the housing for
the transmission line proper and above which
is mounted the antenna itself.

It was implied that the economic advantages of the short, cheap, highly efficient
radiator of the UHF range were largely off-set
by the quasi-optical characteristics of thé
radiation therefrom, which require an extremely
great elevation of the antenna from the ground
in order to secure a usefully distant horizon
and an area of coverage of such magnitude as
to justify the coat of the transmitting equipment. As against this, however, it was pointed
out that it seems to be a characteristic of
American cities that the population distribution with respect to the area of their tallest
buildings is largely identical, and in addition,
the relationship between the height of the
tallest buildings and the population is fairly
constant with the result that there is almost
invariably already available in almost any of
our larger cities a perfectly suitable antenna
support in the form of the larger office buildings. Thus, much of the coat of the supporting
structure required by the UHF antenna has already been absorbed in the cost of the available buildings.
It was noted also, however,
that without the
availability
of efficient
transmission lines to provide for the location
of the antenna at the topmost point of such
buildings, while providing for the location of
the remainder of the transmitting equipment at
some other and more suitable point, much of
the inherent advantage of these fortunate conditions would be lost.

Somewhat similar arrangements were reported to be in use in connection with the 60-megacycle transmitter atop the Empire State Building. In this case, further emphasis was placed
on the point that in the UHF range the need
for hig,nest possible elevation and the unavoidable climatic hazards accompanying such location, bring with them the need for consideration of the mechanical details with care and
completeness quite coordinate with the consideration required by the purely electrical aspects of the problem.

•

Samples of several standardized forms of
transmission lines were shown.
These consist
essentially of copper tub ing through which pass
a concentrically located conductor of considerable size, contact between the two conducting
members being provided against and the continued central location of the inner conductor
being assured by the use of low-loss ceramic
beads at frequent intervals along the length
of the inner conductor, the beads being held
in place along the inner conductor by slight
deformation of the conductor proper, thus resulting in a combination conductor that can be
bent and manipulated without damage to its
operating constants. Where, however, something
more closely approaching the flexibility of
the conventional armored cable of the powercircuit practise is required, an alternate form
of concentric conductor employing a braided
covering of copper and including the ceramic
beads is available. Samples of this were also
shown.

In contradistinction to the niceties of
design and construction which characterize the
antennas and lines referred to in the preceding is the adaptations which the amateurs have
made of the fUndamental principles already discussed to their specific problems within the
severe limitation, both technical and economic,
under which, for the most part, they operate.
For purely amateur uses it is obvious that any
arrangement must inevitably be of low Cost,
easy of construction, adjustment and operation,
and as efficient and reliable as is consistent
with these requirements.
For the most part
the
non-resonant
transmission
line
finds
little application in the amateur field
because of the precision of construction and adjustment required for its successful use. And,
in addition, the fact that the amateur almost
invariably requires his transmitting system to
operate on two or more of the amateur bands of
frequencies, in addition to easy adjustment to
the entire range within these bands, further
points to the lack of suitability of the conventional types of matched lines. In addition
to these completely rational reasons for the
need for something other than the conventionally
designed
arrangements, it is probable
t1-.at tradition which so largely determines the
forms taken by amateur apparatus has had its
influence is bringing into general use the socalled "Zep"- type of combination antenna and
feed-line.
It is something of a question as
to whether the use of the approximately quarterwave line, with one side extended beyond the
other by an additional half-wave, was really
introduced to the radio art in connection with
radio transmission from lighter-than-air craft
such as the Zepplins but, whatever the origin
of the name, this type of antenna system, has
found extremely wide-spread use and its description serves to indicate the form of structure
commonly used by amateur a throughout the world.

Much of the discussion centered on the
alternate possible forms which might be employed for the radiator and its association
with the line--all of which further emphasized
the need for the complete coordination of the
mechanical and electrical details of the design
of the antenna, line and supporting structure.
An interesting form of antenna employing no
matching elements was suggested for discussion,

e

•

It was pointed out that since the halfwave antenna offered a pure resistance at any
point along its length—including its end--and
since the characteristic impedance of a singlewire transmission line and the end impedance of
the antenna were both simple functions of the
diameter of structures constituting them, it
should be possible to provide an antenna of so
large a diameter that the end impedance of the
antenna and the characteristic impedance of
the line are substantially equal and so obtain
a suitable match. Objection was raised to the
usefulness of such a structure, in that it was
felt that the large diameter of the antenna
required to give an end impedance sufficiently
low to match any otherwise useful line, would
seriously interfere with the radio effectiveness of the antenna proper (or, as the speaker
facetiously but tersely put it, "the standing
waves on the antenna would not know which way
to stand") although it was equally strongly
felt that this was probably not of serious importance.
The problem of the attachment of
the line with a sufficiently sharp discontinuity in the physical structure to limit the
standing waves to the antenna proper might, it
was thought, offer some difficulties.

In general, the amateur finds it quite
impossible to provide himself with a mast or
other supporting structure which will allow
him to equip himself with a vertical antenna,
notwithstanding the obvious advantages of this
form of antenna as against the horizontal type
13
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he usually employs. This latter type requires
only that it be attached to such supporting
structures as are available to him--as for instance the roof-tops of his own home and that
of hie neighbors--and that it be fed in some
manner that will deliver most of the output of
his transmitter to the radiator.
He usually
chooses to make the length of the horizontal
antenna a half-wave length for one of the lower
frequencies of the amateur assignments using
the same structure as a grounded antenna for
the lowest wavelengths on which he operates
and resorting to such expedients as are found
necessary and workable to provide for operation
at higher frequencies. The transmission line,
or better, perhaps, the feed-line,
is then
chosen to be approximately a quarter-wavelength
long and effort is made to supply it out of an
impedance which matches
the
combination of
half-wave antenna and quarter-wave line, with
provision being made forthe resonating of the
reactance of such coupling as may be used and,
incidentally, resonating the line to whatever
degree may be necessary in view of the range
of frequencies over which it is to be used
within any °xis of the assigned bands.

Frequency
1.8 mc
1.8 mc

Loss

Size

Efficiency

2.35%
4.8 %

#10
#16

(.935)N
(.875)N

14.2 mc
14.2 mc

0.82%
1.66%

#10
#16

(.975)N
(.953)N

58
58

0.4 %
0.8

#10
#16

(.988)N
(.976)N

mc
me

e
(N

X

These sets of data are the result of
careful computation, based on several simplifying assumptions.
The second column shows the
ohmic power loss in the antennas as compared
to the power radiated, and is, in fact,
the
ratio of the computed high-frequency resistance
of a half-wavelength wire properly weighted
in accordance withthe sinusoidal current distribution to the 75 ohms which is commonly
accepted as the radiation resistance of such
a wire.
It is esppcially to be noted that, in
all cases, the power lost in the conductor
proper is only a few per cent of the total
power lost in the antenna and, of even more
importance, it is to be noted how little is
lost through the use of what would probably be
classed aa a commercially unsuitably small wire
size as compared with the larger wire sizes.

Such a line-antenna combination results
in approximately the same relationships attributed to the UHF antenna referred to previously,
in that the characteristic impedance of the
line is approximately the geometric mean of
the terminating impedances.
Or, more intelligibly, the combination of line and antenna
results in a terminal impedance at its supply
end determined by the ratio of the square of
the characteristic impedance of the feed-line
to the end impedance of the antenna.
These
simple relationships are, for several reasons,
only approximately realized; but they serve to
indicate the magnitude of the quantities involved.
Thus, for the conventional 600-ohm
line and an antenna having an end impedance
of 10,000 to 15,000 ohms, a supply-end impedence of the order of 25 ohms results.
This
is an especially happy choice for the amateur,
not only because the low value of the impedance
makes the transferofpower to the line easily
and conveniently possible, but also, which is
equally important, it results ininputcurrents
of such relatively high value (in view of the
powers commonly used) as to make measurement
during adjustment easywithrelatively simple,
rugged and cheap instruments, and provide that
stimulation to the operator which results only
from the evidence of sizable and generally impressive values of current.

In the fourth column is given the results
of a similar set of calculations involving,
however, the transmission line and expressed
as the efficiency of the lines.
The figures
given are such as to provide for the direct
application to lines of more than a quarterwave in length, since N is merely the ratio
of four times the line length f..0 the wavelength.
Here again, it will be noted that the efficiency of transmissions shows itself to be strikingly high.
And, in general, it is to be concluded that the apparently crude structures
which are typified are, after all, quite respectable in their operating characteristics.
In the course of the discussion it was
objected that no losses had been charged off
against such insulating spacing members
as
might be included in the line structure and
that, perhaps, even the radiation losses of
the line might be an appreciable portion of
the power loss. It was felt, however, that in
view of the amateur's less rigorous requirements as to precise line spacing and the relatively few line spacers commonly employed,
that the di-electric losses in the line structure might without serious errorbe neglected.
And that,
in general, the radiation losses
from the lines were not of such serious magnitude at even the highest frequencies as to
require inclusion in these admittedly unprécise
but, withal, interesting and significant figures.

It is without point to neglect the significanee of these purely psychological factors,
since it is just such factors as these as nave
stirred the imagination and the ambition of the
amateurs to strike out into new and previously
little-explored fields, and thus to blaze the
way for the more highly skilled, -but perhaps
lessenthusiasticandpersistent, professionals
who fill the voids left in the work of the
amateurs, and building upon this joint foundation, rear the precisely organized structure
upon which commercial radio depends.

It is not, however, to be assumed, that
only the "Zep"-type of antenna is employed by
the amateurs since, as was pointed out, the
center-fed, open doublet does find considerable
use.
In this case the dimensions which characterize the previously discussed structure
provide two quarter-wave antennas feeding from
opposite sides of the line which itself is
usually made the equivalent of half-wave in
length, and thus provides at its input terminals approximately the 75 ohms provided by the
antenna which loads the other end of the line.
This value of impedance is sufficiently low to
meet the technical as well as the purely psychological needs of the amateur, and is found
to serve quite well.

Nor is it to the point to be too critical
of the amateur antenna system, even from the
purely
technical
viewpoint; since,
as
war
shown by the illustration given by Mr. Romander,
it has little to apologize for even from the
standpoint of the efficiency of' operation.
More specifically, a set of data was supplied and is given in the following table,
showing something of the power loas in the
usual amateur antenna and in the cona
form
of "tuned" line used therewith.
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January Meeting:

February Meeting:

The meeting on January 10 was devoted to
a paper by Mr. S. Y. White on the subject of
signal-seeking circuits.
Such circuits are
characterizedby the fact that when the system
including them is tuned by the usual manipulation to be in only approximate tune with the
signal that it is desired to receive, the automatic action of the circuits bring the system
into more precise tune with no further manual
adjustment. Many possiblyuseful schemes, both
mechanical and electrical were described by
Mr. White, amongst them a purely electrical
one which he had developed and demonstrated,
showing the operating characteristics of that
type of automatic action.

The meetingofFebruary 14 was devotea to
a paper by Mr. Glen F. Gillette onthe subject
of "Theoretical and Practical Aspects of Station Coverage as an Engineer Sees Them."
It
will be remembered that Mr. Gillette had devotedthelast several yearstothe measurement
of the transmission characteristics of a large
number of American broadcasting stations, and
on the basis of data so gathered was able to
offer a most interesting summary of this data
as well as certain conclusionsasto the means
that might be employedinthe predetermination
of these characteristics as well as for their
general improvement.

The extended discussion that followed the
presentation of the paper indicated the keen
interest of the attendants in this type of circuit arrangement and, in addition, brought out
the fact that work on arrangements of similaP
function had been in progress for some time
both here and abroad.

While unusual preparation has been made
for the formulation of Mr. Gillette's paper
for publication, it has hot yet been possible
to complete it for that purpose.
It is expected, however, that it will be available for
the September issue of the Proceedings and
will there be published.

March Meeting:

April Meeting:

The meeting of March 14 was devoted to a
paper by Mr. John F. Rider on the subject cf
"Engineering Developments in the Service Field
for the Future".
Mr. Rider pointed out at
considerable length the need for providing for
the servicing of radio receivers such apparatus
as will make analysis of the causes for receiver failure---both partial and complete---more
easily and expeditiously possible.
For this
purpose he proposed the use of two cathode-ray
tuoes in a particular circuit relation which
he described and discussed. The discussion of
Mr. Rider's paper directed itself as much to
the educational and economic problems of the
servicing of radio receivers as to the purely
technical problems involved.

The meeting of April 10 was held in the
special
auditorium of the General Electric
Building in New York City and was devoted to
the series of electrical and optical demonstrations that are commonly there given under the
intriguing title of the "House of Magic". While
the several demonstrations were unusually well
prepared and generally interesting, it was most
unfortunate that the formal lecture accompanying them was obviously designed for the nontechnician and the willing-to-be-mystified, and
of little, if any, interest to the attendants.
Happily, however,
the latter portion of the
meeting was enlivened by a discussion of the
then newly-announced all-metal tubes, of which
a series of samples were available for examination.

•
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Under these conditions
primary current is,

the

equation

for

E

I=
R+i

I

the

(13)

I
+

irc

in which E, R, L, C and Whave the same significance as in equation (1), R, L and C being the
same fór both primary and secondary, and M is
the mutual inductance between the primary and
secondary tuning coils.
Equation (13) maybe simplified by applying the
same approximations that were used to reduce
equation (1) to equation (9), which is equivalent to substituting ft(14-jw) for Ri-j(wL -ox).
Making

this

E

I m'

substitution

in

(13),

we

have,

1

•

+iv) + —Leierite
l
p
We may assume that, for a given value of M,
utOtisvery nearly constant over the frequency
range of interest.
Let ue/R = m.
Then (14)
becomes,
E
1
I1=
(15)
(i+jU1 4-74- V
04.e rl
Rationalizingdenominatorsandcollectingterms,
we have,

E
1,= R (.1

1

it

— e)4 ,11/11
1+v

mil
1+ ve

.•

E (
i+ e)
R

1.0
(
1+ -n1-3
4

ivci—e
41r1 1
1

1+'Yqe

- (16)
..

Equation (16) is in the form of two factors,
the first of which is the amplitude of the current at resonance of the uncoupled tuned circuit,
the second being a function not only of v, as
in the case of the single tuned circuit, but
also of in which represents the degree of coup-

ling. When in
0, equation (16) reduces to (9)
as it should, because the primary then becomes
an uncoupled tuned circuit, and the tuning coil
of the secondary is fixed in a position where
none of the magnetic flux from the primary coil
links with the turns of the secondary coil.
When in is increased from zero, which is equivalent to altering the position of the secondary
coil so that it links with more and more of the
fluxfromthe primary coil, marked, but gradual,
changes occur in the phase, amplitude and frequency characteristics of the primary current.
In order to show these changes, we have elected
to halt at several arbitrary values of m and
plot characteristics correspondingtothose already given for the single tuned circuit. Figs.
2a, 2b, 20 and 2d show such curves, each figure containing a set of curves for in = 0, 1/2,
1 and 2.
That is, m is substituted in equation (16) and a series of values given to v
for each value of m.
Fig. 2a shows the real
term, in phase with the impressed e.m.f., fig.
2b, the imaginary term, in quadrature with the
impressed e.m.f., and fig. 2d, the absolute
magnitude, all versus v, which has exactly the
same significance as explained in connection
with the single tuned circuit.
Fig. 2c
is
plotted from equation (16) in the same manner
as fig. lc, so that a straight line connecting
the originwith any point on the curves, corresponding to some value of v, shows by its length
the amplitude of the current, and, by the angle
it makes with the x-axis, the phase with respect to the impressed e.m.f.
The values of in selected,
incidentally, also
provide a basis for comparing the curves as to
critical coupling ( m = 1 ), less than critical
( m = 1/2 )and greaterthan critical ( m = 2 ).
The significance of critical coupling is treated
in detail in
text books dealing with coupled tuned circuits, and we need only mention
at this point that it represents a borderline
case in the shape of the frequency characteristic of the current in the secondary circuit and
will, therefore, be discussed more in detail in
a later paragraph.

m.0

m.1

.1/

o

FREQUENCY
2

FIG. 2.

FIG

2b

m.0
m..5

FREQUENCY
•5

•
Numbers on curves are values of v

-4

-3

-2

-I

0
I
FIG. 2d

2

3

4

FIG. 2e

* In all figures the Frequency Scale
E/R.

is

in terms of v and the
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FIG. la
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U

O
FIG. Id

FIG Ic
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was made to simplify equation (8), throwing it
into the form of equation (9), and, therefore,
appears
arbitrary and without any practical
significance; let us see if this is so. We have
already hinted that the v scale in figs, la,
lb, lc and id maybe translated into a frequency
scale, and we proceed to show how this may be
done.
The factor un- , or the Q of the tuning

let "e 1- = 200

and f,

= 1000

We could have avoided the approximations noted
by letting

KC.

THE COUPLED TUNED CIRCUIT PRIMARY:
We now propose to investigate the characteristics of a series tuned circuit when a second
tuned circuit is coupled to it, that is, we
shall direct our attention to what happens to
the primary current as a secondary tuned circuit is coupled to it at various strengths of
coupling.
We shall assume, for definiteness,
that the coupling is magnetic, and, to avoid
too much complication, that the primary
and
secondary circuit constants are exactly alike.
The latter assumption applies, of course, to
cases where the primaryandsecondary constants
are not alike providing the power factor
and
resonant frequency of the primary and secondary
are equal, because referringthe primary to the
impedance level of the secondary, or vice versa,
reduces the problem to the case where the constants are exactly alike.

Before leaving the subject, we call attention
to the relative unimportance of the larger values of v in describing resonance. What correspond.`; to our v
-1 and v m14-1 have been called
quadrantal values by Prof. A. E. Kennelly, the
frequency values between which the phenomenon
of resonance may be said to occur.
These are
the frequencies above and below resonance at
which the reactance isnumericálly equal to the
resistance, the phase angle of the current being minus or plus 45 0 , respectively. Referring
to the circle diagram of fig. lc, it will be
seen that in going from v = -1 to v = 41-1
one
is

v equal

in equation
leje
l
(3), but that would have necessitated a more
complicated procedure inconverting the v scale
to a frequency scale in a particular case.
We
prefer not to do that because it merely obscures
the problemat hand, which is to obtain a simple
mental picture of the manner in which the characteristics of the simple tuned circuit are
modified as a second tuned circuit is coupled
to it.

Substituting these values, we find thattàf„
2.5v KC, so that for v
1 on the v scale we
put 2.5 KC, for v = 2, 5.0 KC, etc., the minus
values of v giving the frequency departure below resonance.
e

In all figures the Frequency Scale
E/R.

FREQUENCY

half the circumference is traversed. In covering the range of v from -5 toir5 nearly 7/8 of
the circumference is passed over, so that very
little room is left for larger values of v.
Reference to the other figures will show that
the current amplitudes at these values of v are
very small compared with the magnitude of the
current at resonance, or v
O.
This is our
justification for
making
the
approximations
employed in deriving equation (8) from (3),
along with the assumption that ¡..4.ejl= is reasonably
large.

coil, is known to be nearly constant over its,
useful frequency range as a tuning inductance,'
and is certainly constant enough over the small
range of frequency involved in resonance to be
considered constant in the definition of v. It
goes without saying that the resonant frequency
f, is constant inany particular case, as it is
the frequency at which the inductance and capacitance of the circuit resonate.
Therefore,
the only variable in the definition of v is
so that we may say v is proportional to
the number of cycles per second off resonance.
In view of this, we can convert the v scale into a frequency scale which shows the frequency
departure from resonance merely by substituting
the value ofcggle and f0 for the individual case.
For example,

2

in terms of y and the Current Scale must be multiplied by
21
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practical purposes.
This is especially true
at radio frequencies where the ratio of reactance to resistance, or the Q of the coil as it
is sometimes
called, of
a tuning
coil
may
reasonably be 200, for example.
Assuming the
value of 200 it may be shown that the amplitude
of the current drops to 1/5 of the amplitude at
resonance when the frequency of the impressed
e.m.f. deviates from the resonant frequency by
slightly over one percent.
Consequently, the
major portion of the selectivity curve does not
require consideration of frequencies which deviate more thana few percent from the resonant
frequency. Confining our attention to the frequency range comprised in deviations of only a
few percent from the resonant frequency is the
same as saying that e4/ will be always very
small as compared with unity.
Therefore,
the right hand expression of equation (5)
may neglect
Then

Of

(Mt )e

and

all

in
we

there

remaining

terms

are, of course, also negligible.
The right
hand expression of equation (5) becomes by the
substitution of (6),
el

\1

T

(

J"
e

1+ e"
lo

1-

Making use of these
(3) may be written,

I-

Finally,
obtain,

.
R

approximations,

LuLtaLit)
TÎ'-

+iv.

__

equation

equal to v,

we

_
_(
9) *

1

14"i

which is equation (1)
greatly
the foregoing approximations.

simplified

by

It

at

the resonant frequency,

and 1-47

which

does

not explicitly

involve

instructive

nominator of

l
% **iv-

to

the

both

term

in

phase

term in quadrature with,

4.

e;71

1:

1+0'

4
/
I
tan

is easy to see that the

(
11)

cosine of the angle

is minus v is equal to

COS

(12)

(tare-IAA ae-

Finally, we have plotted in fig.
lute magnitudes of equation (10,

ld the abso-

,./114.1e*
against v.
This is the current response curve
of a series resonant circuit, and corresponds
to the characteristic which would be obtained
by measurement of the current flowing in the
circuit as the e.m.f. of constant amplitude is
varied in frequency according to v.

rationalize the de-

by multiplying

the

the

This is the equation of a circle with a radius
of 1/2 and center on the x-axis at a distance
of 1/2 to the right of the origin, the angle
designation indicatingthatpositively increasing valuesofv succeed one another in a clockwise direction.

particular values of R, L and C which compose
the tuned circuit.
Therefore, assigning values to v and plotting various curves for the
second factor provides a set of curves which
is applicable to any series tuned circuit.
To
interpret the curves in the light of a particular tuned circuit involves merely the translation of the v scale into a frequency scale,
as will be explained in a later paragraph.
It will-be

1

lr

jtr

is

a function of v, v being defined in the preceding paragraph,
Since E/R has a fixed value
in any particular case,
the whole story
of
resonance is contained in the second factor
1

-•T z

whose tangent
so that,
1

Equation (9) expresses the current as two factors of which E/R is the amplitude of the current

is

We may plot equation (10) in still a different
way.
We may consider the real and imaginary
terms to be the co-ordinates ofa point corresponding to a value of v in which the real term
is the distance along the x-axis and the imaginary term along the y-axis in locating the
point. Such a plot is shown in fig, lc and will
be recognized as the familiar circle diagram.
We needn't have gone to the trouble of plotting
a series of points, as just stated, except,
perhaps, to label the points so found with the
corresponding value of v. We may determine the
construction of the circle by considering equation (10) written ina slightly different form,

(7)

(e.)

2&fol

if we place

R

21:fiL
fÓ

1

'

JE_.

gigs\
fo

I4- V I

result,

and

which gives,

and for v =1- 1 they have the same magnitude
but opposite signs, the magnitude in each case
being one half the value of the real term for
v = O.
The phase angle of the resultant current with respect to the impressed e.m.f. id,
of course, the angle whose tangent is the imaginary term divided by the real term.
For
negative values of v the tangent is positive,
indicating a leading current,
or
capacitive
effect, while for positive values ofv the tangent is negative, indicatinga lagging current,
orinductiveeffect. This accords, as it should,
with the customary reactance diagram fora series tuned circuit, the net reactance being capacitive below resonance and inductive above.

f.

the

1
1+ vz

the impressed e.m.f.
The two terms are shown
plotted in figs. la and lb, respectively.
The
real term, in phase with the impressed e.m.f.,
is symmetrical about v = 0,
i.e., has equal
values for equal positive and negative values
assigned to v, and is always positive in sign.
The imaginary term, in quadrature with the impressed e.m.f., has values of opposite sign
but equal magnitude for equal positive
and
negative values assigned to v.
On comparing
the curves, it will be seen that for v o -1
both terms have the same magnitude and sign

etc -------(6)

4. (1-r a)a

-L

this

with,

the operation of division

indicated in the expression
results,

where

1
14- iv

lfyi
es which is much smaller still.
•

if we carry out

I

erator and denominator by 1 - jv,

We turn now to the practical question of how
to interpret the variablev,which has been de-

num-

fined

as equal to

* An alternative derivation leading to the sane result as equation
Guillemin, 'Communication Networks', Vol. I, page 117 et seq.
20
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may be

. This definition
found in Dr. A. E.
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the impressed alternating e.m.f.
the resistance
the inductance
•. the capacitance
imand to = 21itimesthe frequency of the
pressed e.m.f.

where,

An analysis of coupled tuned circuits begins
properly with a detailed study of the tuned
circuit uncoupled followed by consideration of
the changes brought about as the second tuned
circuit is coupled with it first weakly and then
with gradually increasing strength. We are especially interested in the steady state characteristics involving current amplitude, phase
and frequency as they are affected by the different degrees of coupling.
We shall see that
there are no abrupt changes in these characteristicS during the process and by emphasizing
this viewpoint we obtain the more satisfying
mental picture Of the characteristics exhibited
by coupled tuned circuits which relates them
closely to those shown by uncoupled tuned circuits instead of keeping them in separate watertight mental compartments.

Thew', in the reactance term in the denominator
of equation (1) may be factored out and the
reactance term rewritten as follows,
1
(4"

-

Substituting for 1/LC
ion

for

resonance,

( 1 - Lea)

its value in the express-

namely, (..e: = 1/LC,

the re-

actance term may again be rewritten,
wC

Our plan will be to simplify the problem by making certain assumptions and approximations. We
shall, for example, take the usual expressions
for the current in terms of the impressed e.m.f.,
resistance, inductance and capacitance and convert them into expressions whichdo not involve
the particular values of resistance, inductance
and capacitance.
We shall also assume in the
case of coupled circuits that the power factor
of the primary circuit is .equal to the power
factor of the secondary circuit.
From these
derived expressions we shall plot a series of
curves, inspection of which will show clearly
how the characteristics of coupled tuned circuits maybe evolved from those of the uncoupled
circuits.
Finally, we shall give a graphical
method of obtaining the same characteristics.

(1- 4) =

L (1 -

--- - - (2.1

In the last expression, f• is the frequency pf
resonance and f is any frequency which the impressed e.m.f. may have.
Substituting (2) into (1) and dividing both numerator and denominator by R, equation (1) may be transformed
to,
E
¡
R if ituL
ti
R
1. fa I
The frequency f may be expressed
the resonant frequency 4, by,

f

f
e+ f,, ---

--

in

terms

of

(4)

whereAf. is the difference between f and f..
Thus, if the resonant frequency is 1000 KC and
the frequency in which we are interested is
1001 KC we may express it as f,
1 KC.
Substitutlig
equation
(4)
in
the
expression
(1...i/e..)
there results,

THE UNCOUPLED TUNED CIRCUIT:
The magnitude of the alternating current which
flows in a series tuned circuit when an alternating e.m.f. is impressed is given by the expression,
(1)
R
)

* Consulting Engineer,

E

(4 _

' foi+Zeitf0+Af.'")

1
Mt,
e a)
1+
f.

When the reactance of the tuning coil we L at
the resonant frequency is very large in comparison with the effective
resistance
R we
find that we need consider only a relatively
small range of frequencies to obtain a selectivity curve which is sufficiently complete for
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Referring to fig. 2a, it will be seen that the
most rapid changes accompanying an increase in
m occur at and close to v = 0, the frequency
of resonance of the uncoupled tuned circuit.
As m goes from zero to 1/2, the peak of the
m
0 curve is flattened out while scarcely any
changes occur in the legs of the curve. In going to m = 1, the rapid decrease in the amplitude at y • 0, with the legs of the curve changing but little, causes two peaks to form, one
above v = 0 and one an equal amount below. Further increase in the coupling, tom = 2, causes
a deeper depressionatv = 0 and two peaks with
wider separation than in the case of m
1.

the resonant frequency v
m as an example, we
see, first of all, that we ought not assume the
approximations which hold only when v is small
because now we assume m to be large.
We go
back, therefore, to equation (3) and let v =
421
R

So that,

(approximately)
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pression of equation (16),
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tionas we did with v and obtain,

tu(L - f1)(241f.1.
)

R
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It is clear that we are in a position to interpret w in exactly the sane manner as explained
for v merely by substituting flm for f, . The
expression (L-M) in place ofL simply means that
the decreased inductance brings about resonance
at a higher frequency.
We are now better able to interpret the trend of
the cueves plotted by substituting numerical
values inequation (16) for successive increasing values of m. Returning to fig. 2a, for example, it is easy to see what is happening as
m increases. The curves intermediate m
0 and
m equals a large magnitude represent a smooth
transition from a single tuned circuit of resistance R to what is the equivalent of two separate single tuned circuits of resistance 2R,
the resonant frequencies of the latter being
at v eirm and -m.
The m = 2 curve in fig. 2a
already shows a close approach to the large m
condition. The peaks occur at v u1:2 aim, the
maximum amplitudes are slightly greater than
1/2 the maximum amplitude for m = 0, and the
shape of the two resonance curves is very nearly
the same as the ma 0 curve with the ordinates
all reduced in proportion.
Turning next to
fig. 2b, which shows the curves for the second,
or imaginary, term of equation (16),we observe
that the curve form = 0 crosses the horizontal
axis only once, going from positive to negative
at v = 0. As in increases, it continues to cross
the axis, but at a less steep angle, and is
accompanied by a flattening effect near v a O.
Curve m = 1 represents a boundary condition
(critical coupling) where the curve flattens
out sufficiently to follow along the axis for
an appreciable distance oneither side ofy = 0.
Further increase tam brings about three crossings of the horizontal axis, positive to negative at a negative value of v, negative to
positive at v
0, and finally positive to negative at a positive value of v.
The important
thing is that it is crossing the axis from positive to negative twice, once above and once
below v u 0 and if m is made large, according
to our analysis, the crossing points will then
be at v -1, m and -m, the curve in the neighborhood of the crossing points being exact duplicates of the m = 0 curve with all of the ordinates at half value.
This tendency is clearly
borne out by the m = 2 curve where the crossing points are at ±1.75. or slightly less than
dr2. In view of what has been said already, the
absolute magnitude curves of fig. 2d are selfexplanatory.

(W)

(approx.)
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Now we may apply the same method of approximaw

(approximately) (19)
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Next we replace the resonant frequency f, with
the new resonant frequency fm
which, of course,

and, since we are assuming m to be large, tr e..vve
or tru*vvi. In other words, the primary current
resonates at v m+m and -m when m is large.
With this hint, let us replace v by w where
v
mtw, that is, so that w a 0 when v = m and
w varies about m in the same manner that v varies about zero.
Now let us make this change of
--=
variable in the expression -=-1 . In the first
`r
place, assuming w to have only small values as
we did in the case of v,
n1 2 4
-2.MW

•

we solve for W

We can throw more light on these peaks by resorting to an explanation which is somewhat
academic, but, nevertheless, affords a simple
way of comprehending them. Let us suppose that
we increase m to indefinitely large values and
see what happens.
A word of caution should be
inserted here to the effect that there is an
upper limit to the value of m in any practical
case because the coefficient of coupling cannot
be greater than 100%.
However, we are dealing
with radio frequency tuned circuits where the
coefficient of coupling is not more than a few
percent, so there is ample room for increasing
m to values large enough to approximate the
conditions assumed in this explanation.
Now
let us go back to the first expression for
given in equation (16). If we place the reactance term equal to zero. we find that 4:".orree-

(m+w)'.

1- 11 1

(zo)

second ex(21)

We note that the second factor in (21) is exactly the same as
(10) except that it is in
terms ofw instead of v. Upon comparing it with
(9), the second factor of which is rationalized
in (10), we observe that the current at resonance factor is E/R in (9) and E/2Rin (21), that
is, the current at resonance in (21) is 1/2 the
amolitude of the current at resonance in the uncoupled tuned circuit.
If we had placed v =
-mtw, so that w = 0 when v = -m and w varies
about -m Lathe same manner that v varies about
zero, we should arrive at the same equation (21),
and in this case it would apply to the resonance
conditionsaboutv u -m. We may conclude, therefore, that for large values of m, the primary
current resonates at two frequencies, v =.1,m
and -m, the expansion of the frequency scale
about these resonant frequencies being in terms
of a new variable w.
How shall we go about expanding the frequency
scale in terms of the new variable le
Taking

The polar curves
23

of

fig. 2e reveal

the

trend
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from a single tuned circuit of resistance R to
two separate tuned circuits of resistance 2R in
a novel and striking manner.
The m = 0 curve
is, of course, a duplication of the
circle
diagram of the uncoupled tuned circuit.
As in
is made toincrease,the circle flattens slightly in the right hand portion where the small
values of v occur. The flattened part takes on
a decided depression at v = 0 as in is further
increased until at in
1 the curve has assumed
a distinct cardioidel shape.
This is the case
of critical coupling and again we note that it
is a borderline case because a greater value of
m is accompanied by the formation of a loop in
the place of the depression.
According to our
analysis, this loop should grow in size along
with a contraction in the remaining part of the
curve until, when m is large, it becomes one of
two coincident circles, the remaining portion
ofthecurve forming the other circle, the diameter of which is exactly 1/2 the diameter of
the m = 0 circle.
Examination of the in = 2
curve indicates that this result is well on the
way.

are plotted from equation (27) for the same
values of m and the same range of v in each
case as in figs. 2a, 2b, 2c and 2d, which were
plotted from equation (16) for the primary circuit.
We have employed a uniform system of
designating the figures in which the numbers 1
refers to a single tuned circuit, 2 to the primary ofa coupled tuned circuit, and now 3 to the
secondary of a coupled tuned circuit, and of the
letters following the numbers, a refers to the
real part of the current, b to the imaginary
part, c to the polar diagram in which the magnitude versus angle is plotted, and d to the
absolute magnitude, or the square root of the
sum of the squares of the real and imaginary
terms, plotted against v.
Before preceding with a detailed examination
of the last set of curves, let us make a general
analysis of the effect of giving extreme values
to m.
In order to make use pf our previous
similar discussion in connection with the primary current, let us keep in mind equation (26)
which expresses the secondary current in the
formof two factors, one of which is the primary
current.
If in = 0, the secondary current is,
obviously, zero for all values of v.
If, however, in is greater than zero, but still quite
small, we have already seen that the primary
behaves like a simple tuned circuit and (26)
shows that, under this condition, the net result is the same as two simple tuned circuits
in tandem, without any complicated reactions
being perceptible. Referring again to the discussion of the primary caseoesdetermined that
when mis large there are two distinct frequencies of resonance at v atm and -m, respectively, andnow, on account of the relation in (26),
we conclude that the same is true for the secondary current.
Lee us replace the variable v
by w such that v = m + w, where in is large and
w small, and substitute into equation (27).
Neglecting
quantities
which
are
relatively
small, we obtain,
E
1-jmi
I
— •
(ze)
ZR
1+ ,04 1
which is exactly the same as equation (21) for
the primary current. This is the equation showing resonance about the frequency v =4-m in
termsofthe frequency variable w. On the other
hand, if we define w such that v
-mlw and
substitute into (27), we find,

THE COUPLED TUNED CIRCUIT SECONDARY:
It is highly important that we should also investigate what goes on in the secondary of a
coupled tuned circuit, because the load, or
energy receiver, is located in the secondary
circuit, and the primary purpose in using a
coupled tuned circuit is to utilize the peculiar
characteristics associated with the transfer of
energy from a source of oscillations connected
to the primary circuit to a load connected to
the secondary circuit.
That brings us to the
main difference between the primary and secondary circuit problems, namely, that bathe primary circuit, the impressed e.m.f. and the resulting current are in the same circuit, while
in the secondary circuit, the impressed e.m.f.
and the resulting current are in
circuits.
The current flowing in the secondary
circuit with an impressed e.m.f. of value E in
the primary circuit is given by;
2=

jtuMe

(wL-

(z4)

writ

where R, L, C, M andw have the same significance as previously.
Upon comparing this with
equation (13)for the primary currentre observe
the following relation,
It =

IL

-(25)
R +

the voltage developed by the primary current
flowing through the mutual reactance, a potentiometer effect.
Let us follow up this idea,
but first let us apply to equation (25) the
simplifications already developed, i.e., RO+jvl
and no'

IL =-'11 11 *I =
te•jtr

0.1P1
(1

•

- jtr)

tr l

*I

R •

4 uz + (1 + m 2 -tr 2 )
1
"

(2 /

If the simplifications are applied directly to
equation (24), the result may be put in the
same form as (27).
The curves

shown

in

figs.

3a,

3b,

3c,

1+ w 2

Fig. 3a shows the real component of the secondary current as given by (27) for values of m
equal to 1/2, 1 and 2.
The first thing that
strikes us is the resemblence between these
curves and those of fig. 2b for the imaginary
component of the primary current, the main difference being that where fig. 2b is positive
fig. 3a is negative and vice versa. The multiplier jm in (26) accounts for this because, when
the multiplication is carried out the imaginary
term of the primary current is made real and
the sign reversedbythe productofthe two jls.
The resemblance applies only to the general

(26)

We now follow out the multiplication indicated
in (26),usingthe value of I in equation (16),
and obtain,
E
mtr+i(1+ma-u-q
12

1-'w

ZR

which is the same as (21)and(28) with the sign
reversed. It will be remembered that-the primary current for this case, i.e., resonance about
the frequency v = -m, is also expressed by (21)
without a change in sign.
This signifies that
for resonance about v mfmthe primary and secondary currents are equal and in phase, while
for resonance about the frequency v = -m they
are equal but in opposition. The conversion of
w into a frequency scale about the resonant frequencies is
of course, the same as explained
for the primary circuit.
With these general
remarks we now pass to a consideration of the
plots for the secondary current.

(wL--lz
ue
)

Equation (25) leads to the conclusion that we
may regard the secondary circuit as a single
tuned circuit with an impressed voltage equal
to iwMI, . We see that the secondary is fed by

"•Ft+hul..--M

E

and 3d
24
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outlines of the curves, the numerical values
being substantially different.
A horizontal
line coinciding with the x-axis would represent
the m = 0 curve. As m is made to increase, the
characteristic shape of the curves appears, a
positive peak above v = 0 and a negative peak
below, with the crossing point at v = 0, the
peaks increasing in magnitude and
spreading
away from v = 0 at equal and opposite values of
v.
Our analysis tells us that at large values
of m we should approach resonance about the
frequencies v
-1-m where the primary and secondary currents are equal and in phase and v =
-m where the currents are equal but in opposition.
This tendency is quite apparent in the
trend of the curves as m takes on the values
of 1/2, 1 and 2 progressively. How well advanced it is by the time m = 2 maybe seen by comparing the m a 2 curves in fig. 3a and fig. 2a,
where the peaks occur at v l■d:m mg:t2.
As predicted, they are in phase at v =4-2 and in opposition at v =' -2, the peak magnitudes in fig.
2abeing slightly above, and infig. 3a slightly
below, the limiting value of 1/2 the value at
resonance of the single tuned circuit. Notice,
too, in fig. 3a the curvature developing in the
line crossing at v = 0 as m increases, accomodating its shape to that which it must assume
at large values of m, the same as fig, la at
half amplitude.
The curves of fig. 3b, showing the imaginary
component of the secondary current as given by
equation (27), have a suggestion of the appearance of those of fig. 2e, the reason being clear
from (26).
Here, as before, a horizontal line
coinciding with the x-axis would correspond to
the m = 0 curve.
With increasing m a positive
peak rises up at v = 0, see m = 1/2 curve,
reaching a maximum value of 1/2 form = 1 (critical coupling), then receding back towards zero
again for m larger- than unity, the legs spreading out ail the while and crossing to negative
values at values of v approaching+m and -m.
Eventually, as m is still further increased,
the righthand portion of the curve becomes the
same as fig. lb for the single tuned circuit

athalf amplitude, the crossing being at v a+m,
while the lefthand portion becomes the negative
of fig. lb at half amplitude, the crossing being at v
-m.
The absolute magnitudecurvesplotted from (27)
in fig. 3d show the tendency to be expected
fromthe consideration giventhe curves of figs.
3a and 3b.
They also show the m = 1 curve in
relation to curves in which m is less than or
greater than unity, namely, m = 1/2 or. 2. The
m = 1 (critical coupling) curve is of great
importance Lathe practical use of coupled tuned
circuits because the current amplitude is nearly
constant for an appreciable range of frequencies
above and below v = O.
It is the borderline
case be
a curve having a single maximum,
as in the m = 1/2 curve, anda curve having two
maxima, as in the m = 2 curve.
Once the two
maxima appear, the peak values remain constant
at 1/2.
This is to be compared with the double
peaks which develop in fig. 2d as m increases,
where the peak values are greater than 1/2 when
the peaks first appear,decreasingasmptotically
to 1/2, and,
eventually, coinciding with the
curves of fig. 3d at large values of m.
Now letus examine the polar curves in fig. 3c.
A point at the intersection of the coordinate
axes is sufficient to represent the case of
m = O.
We notice, first of all, that the axis
of symmetry of these curves is the vertical
axis, while It was the horizontal axis for fig.
2c.
As m is assigned increasing values, the
curves take on a cardioidal shape which is reminiscent of the m = I curve of fig. 2c.
Indeed,
the m a 1 curves of figs. 2c and 3c have exactly
the same dimensions, so that if the m = 1 curve
of fig. 30 were rotated in the plane of the
paper 90 0 counterclockwise with the center at
the origin of axes, then slid bodily to the
right along the horizontal axis a distance of
1/2, and finally rotated 180 0 about the horizontal axis,
it would then coincide in every
respect with the m
1 curve of fig. 2c. After
the cardioidal curve expands to a maximum vertical distance of 1/2 for m = 1, a depression

m-O
2
FREQUENCY

FIG. 3 b

-4

-3

-2

-I

0

I

2

3

4

FIG. 3 d
Numbers on curves are values of
FIG. 3 e

* In all figures the
E/R.

Frequency Scale

is

in terno of v and the Current Scale must be multiplied by
25
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appears about the vertical axis where v = 0
which deepens with further increase mm until,
finally, at large values of m the curve evolves
into two tangent circles of equal diameter, the
vertical axis forming the tangent to them at
the origin of axes, the horizontal axis from 0
to +1/2 and from 0 to -1/2 being their diameters. The righthand circle coincides with the
coincident circles of fig. 2c for large m. One
of the primary circles is for resonance about
v a.tm and should be paired with the righthand
secondary circle which is also for resonance
about v mimm, and with which it coincides exactly, the other primary circle is for resonance about v = -m and shouldbe paired with the
lefthand secondary circle with which it is in
opposition.
GRAPHICAL
DIAGRAMS:

METHOD

FOR

CONSTRUCTING

THE

POLAR

When v = m, C is found to be 1/2, and when v =
-m, D is found to be -1/2.
Therefore,

E
Iz =

2R

•

I

1

+j(v-m)

1+j(v+m)]

We may consolidate
pression,

T

E
r
ZR L1 +

in which the
- sign for 12.

(35)

and

(39)

(39)

into

one

1

l

-m)

sign

is

(40)

1+i (V +rn)
used

for

II

ex-

and

the

Equation (40) suggests the graphical method because each of the terms in the brackets may be
represented by a circle diagram,
the circles
of which coincide, the scales being different.
Referring to fig. 4, the construction consists
D

As we have seen, the polar diagrams, figs. lc,
2e and 3e, contain all the information provided
by the remaining figures, providing the values
of v are marked along the polar curves.
By
drawing straight lines connecting the origin
with successive values of v along the polar
curves,
the horizontal projections of these
lines with the corresponding values of v are
all the data we need to plot the
(a) curves,
the vertical projections and the lengths of the
lines against v for the (b) and (d) curves respectively. Therefore, let us see if we cannot
construct the polar curves graphically.
The circle diagram for the single resonance circuit is so well known that we shall proceed
directly to the problem of the coupled tuned
circuit.
For this purpose, it will be convenient to alter the form of equation (15) by multiplying the numerator and denominator by 11- jv,
giving the result,
E
1+
„iv
(30

R
Noting thatma=(-jm) a

we

first in laying out a circle Of radius 1/2 with
the center on the x-axis at a distance of 1/2
to the right of the origin.
The
line for the
scales of v is next drawn perpendicular to the
x-axis at a distance of 1 to the right of the
origin, i.e., tangent to the circle.
For convenience, let us call the first term in the
brackets A and the second term B.
As a starting point in marking the A scale, we observe
that the
phase angle ofA is zero when v -fin,
so ne mark the scale where it touches the extremity of the diameter with the value of tm.
Then we mark off the A scale in both directions
from the starting point, the units divisions of
which upward from the starting point are (m-1),
(m-2), etc., and downward from the starting
point, (m+1), (me), etc., each unit being the
length of the diameter of the circle. We find,
similarly, that the starting point for the B
scale should be labeled with v equal to -m, the
units divisions upwards from this starting point
being marked with (-m-1),
(-m-2), etc., and
downward with (-m+1), (-mt2), etc., the length
of each unit
being, as before, the length of
the diameter. The point on the A scale corresponding to a value of v = 0 is
(m-m),
or m
units above the starting point, while on the B
scale v a 0 corresponds to (-mtm), or m units
below the starting point on the B scale.
In
going from v = 0 to v =/-1, we move down one
unit on each scale, and so forth, so that the
distance between points on the A and B scales
for corresponding values of v remains constant
for a given value of m and equal to 2m, the
point on the A scale always beingabove that on
the B scale.

•
(1 +à v) +m 2

can factor the denom-

inator of the second factor.

E
R •

I'

1+ jv

(u--mup

+mu

(31)

Now expand the second factor into partial fractions,
1+juA

[1 +.; (v-m)][1 +i(v+ mU ▪

•
+i (v+m)

1+ j(v-m) +

(32)

in which Á and B are constants as yet undetermined.
In order to determine them, clear (32)
of fractions.

t+je

A[
1+j(tr41 f
[i

Next equate

the

coefficients

(33)

(1r-eq

of

the

v. = A (v+ m) +B(v-m)

j terms,

(34)

If we let m = v in (34), we find that A = 1/2,
and, similarly, if we let m = -v, B = 1/2. Consequently,
E [
1
1

ZR

* -1+77.
‘
r-tn7
--

14i(v+14

-(35)

We shall now derive a similar expression for
12.
Using the first expression in (26 , and
the value of 1 i given in (31), we obtain the
following expression for I2„

It a

E
R

(36)

[1+i(u--vm)][1+i(tr+mq

Expanding the second factor into partial fractions,
•

D

(t77111
)

+j (V - m)

1+i (%rstn)

(31)

Where C and D are constants to be determined.
Clear (37)of fractions and equate the j terms,

= C (v+ m) +D(v-rn) ------26

To find I, assuming the scales to be laid out
for a given value of m, locate points D and F,
fig. 4, corresponding to the chosen value of v
on the A and B scales, respectively.
Connect
0 and D by a straight line intersecting the
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appreciably.
Thus,
we
have
the
effect
of
two single resonant circuits resonating at the
frequencies v = -m and -Fra, the amplitude of the
current at resonance being E/2R.
Note that OF
is the first to traverse, the circle, of which
the chord OE is the second vector in the brackets of (40).
Now, this is positive for I and
negative for I2, so that the primaryand secondary currents are in opposition when they resonate at v
-m.
On the other hand, when OD traverses the circle after OF has practically finished, the chord OC is the vector representing
the first term in the brackets of (40) and this
is seen to be positive for both IlandI2. Therefore, the primary currents are in phase
when
they resonate at v =1›m.
All of the foregoing
checks inan interesting way our previous speculations on extreme values given to m.

circumference of the circle at C.
The line OC
is the vector representing the first term in
the brackets of equation (40),
its magnitude
being the length of the line in units of the
diameter, and its phase angle being the angle
between OC and OX. Connect 0 and F bya straight
line intersecting the circumference at E.
The
line OE is the vector representing the second
term in the brackets of (40). Finally, ndd the
vectors OC and OE by completing the parallelogram of which they are adjacent sides, and the
diagonal OG is the vector of Il.
If, now, we
wish to find the corresponding vector for 12,
we merely substract the vector OE from the vector
OC by extending OE back through 0 to H such
that OH is equal in magnitude to OE, and then
add the vectors OH and OD getting vector OK for
12 . Repeating this forawhole range of values
or v we obtain a series of vectors for Il and
12.
Drawinga curve through the extremities of
the primary current vectors results in a curve
such as those in fig. 2c, and a similar procedure for the secondarycurrentvectors results
in a curve such as those in fig. 3c.

CONCLUSION:
We have chosen to emphasize the behavior of
coupled tuned circuits in terms of the less
complex phenomena of simple series tuned circuits.
In this view, the coupling is regarded
as increasing gradually from zero to large values accompanied, as we have described, in the
primary, by a smooth transition from simple
resonance at one frequency to simple resonance
at two widely separated frequencies, the current amplitude at resonance for each being half
the amplitude of the former, and, Lithe secondary, from zero current at all frequencies to
simple resonance at the same two widely separated
frequencies, the current amplitude at resonance
for each being the same as for the primary, in
phase at one resonant frequency and opposed at
the other. The curves in our figures are snapshots on the way. Most practical importance is
attached to a limited range in the midst of the
transition as, for instance, at and near critical coupling, where certain features of the
current versus frequency curve are found desirable, but it is interesting to think of this as
an intermediate stage
in the merging of two
cases of simple resonance.

It is instructive to consider our reasoning
about extreme values of m in the light of this
graphical construction.
When m = 0, for example, points D and F coincide, and, likewise,
vectors OC and OE, so that the curve traced out
by the extremities of Il is another circle of
twice
the diameter of the circle OCE, or a
single tuned circuit with the current at resonance equal to E/R. Since the vectors tobe subtractedto obtain 12 are always equal under the
condition m a 0, 12 is equal to zero for
all
values of v.
This is also apparent, of course,
by substituting m a 0 into equation (40).
On
the other hand,Inhenem come to look at the case
where m is large we see that points D and F are
widely separated for corresponding values of v.
Imagine DandF sliding downfromlarge negative
values of v, keeping a constant but large distance apart.
Line OF will be the first to cut
the circle to any great extent, and it will have
cut nearly all the way around the circumference
before line OD will beginto cut into the circle

MEETING NOTES
strations unusually difficult; notwithstanding
all of which, the demonstration of the equipment was thoroughly indicative of its interesting characteristics.
It was especially interesting to note how the tonal picture of the
music remained little unchanged as the general
level was lowered or raised, notwithstanding
the human ear's lack of sensitivity both to the
lower and extreme upper registers.

The meeting held on June 13, 1935 at Columbia University was devoted to papers prepared
by Messrs. D.E. Harnett, M.P. Case, and Walter
Lyons of the Hazeltine Service Corporation, and
demonstrations of two new developments inbroadcast radio receiver design, by these gentlemen.
The first of these to be shown was their automatic bass compensation system whereby an auxiliary audio-frequency amplifier effective only
in the lower register, is added to the conventional radio receiver, with such automatic control as makes it effective only at the lower
output levels, and, in fact, automatically makes
it increasingly effective as the output level
is lowered.

The second paper concerned itself with the
variable selectivity superheterodyne which was
demonstrated.
This system comprises an intermediate frequency-amplifying system in which
the frequency band width is controllable by
means of variation in the inter-circuit couplings. This demonstration also was highly successful, in that a great change in fidelity
possible through the variation of I F selectivity, as well as possibilities in the directionof avoiding adjacent channel interference,
were readily evident. ,

Operational demonstrations of any kind are
invariably difficult in a large meeting room
such as is used by the Club; and in this case
thé fact that the arrangements were effective
only at low receiver output levels made demon-
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25 Years of Radio
JAN ÇARY 2, 1909 the Junior ACM Club
of U. S.met at the Hotel Ansonia at the
instanie el I
X'. E. D. Stokes, Jr. to consider anew hobby, radio. The members
of this group, now the Radio Club of
America, were of gentle age—Mr. Stokes
was then 12.
Today these boys are
grown but their interest in wireless survives. The history of their club is the
history of radio in America.
In the Year Book will be found photos
of Louis Paceot and Harry Sadenwater
listening for signals from Europe, Armstrong's regenerative apparatus, radio
stations of E. V. Amy and others, Harry
Houck's home-made loose coupler, station IBCG which pumped 21:10 meter signals to Europe and caused M. I. Pupin
and David Sarnoff to vie, Greenwich.
Connecticut, to see what "the boys are
doing."
The entire book brings back memories
of the old and glamorous days. Evidently
the committer, under George Burghard.
is still amateur at heart. In the Book is a
history of each of the several hundred
members.
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Twenty-fifth Annwertary Year Book,
Radio Club of America, Incorporated. The
oldest radio dub in the world was 25 years
old in 1934.
In commemoration of the
event, the club has issued the Anniversary
Year Book. The greater part of this book
o devoted to a history of the club and its
members, richly dlustratel with reproductions of letters, newspaper clippings, pictures of apparatus and their constructors.
The first meeting was held on January
2, 5909 in the Hotel Ansonia of New York
City.
At that meeting there were five
members and the Club was then called
the -Junior Bartle. ('lub. Limited." The
president, Mr W E. I) Stokes, Jr, was
14 years old and had made his own wireless net
Apparently, the entrance requirements were that you had to make
your own set.
By 1911, the members had become sufficiently numerous to warrant issuing a
typewritten list.
At this time the name
of the Club was changed to "Radio Club
of America."
The Club fought for the
rights of amateurs and succeeded in preventing an unfavorable bill from being
passed in Washington.
Many members of the Club have become
important figures in the radio industry.
contributing many new ideas
A list of
papers read before the Club and a list of
members are included in the book. The
membership is now 320.

r,t
;7 ,
"»;?«
,t+:".:`‘`«:.
1::
e t
• î"11«:eiss\;":
;

.99•««t‘>

to
,ot.hi ellowship ated

s

se

"fte ` «

‘(

55
G''rege k:/tc '.fs'rriwr;11)
L°H.

'br
ot

ee«

t.'s
e
EAR eaL ,APV/vivER.
r 'et
'
ea t
—4
- Y. l'„ '
7 4':_h.e
°f Picia,
uro

ELECTRONICS

sw

tso

Sk vEie

ab
k `lo

e"7 'e

se'
e

tii

CLue .,

"ieÁ‘Di°
ir

be

e'

2d•

acestt'Veb
sioette

Copies •
sha çss'
X
0
aVt°
,I See
See°
feellte

,,...,1::;:;e2;erffel'srn'er..Y;e'56Ï:thrw;::°:
erg
ne

iji;i

esP
:
i
PCe7n
B
utt
o
bse
::

bdf7:::n•"'nthe

h

C4

c
be°
.
;;c
ir

At

i'
f"
/ej niga :It?o
d

or/ e
yirs

/

httent of pa
Of Of each
t

ee/
1n,n,a

c.:;.

_aitotnn:rn''

ire

ÉilnY'edwin

fe

•

e

0/ thhhs1).: Stela e . •

14000

n 'nnn.

k
f;inn
ee:',J:
44?
nZnit
Jos IA,
kOm

RADIO N awls

•

Sta

des,„,
nr.

EN
GINEElemis

A few copies still available

25 TH ANNIVERSARY
YEAR BOOK
A complete pictorial history of the Club and Radio.
Essential to all Libraries.

Of interest to all in radio.

•
To Members— $1.00

To Non-Members — $1.50
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THE
CATHODE RAY TUBE
IN TELEVISION RECEPTION
BY
I.

G. MALOFF*

Delivered before the Radio Club of America
September 18, 1935

The discoveries of the electron and of electron
emission and the development of means of controlling the electron emission, opened a wide way which
led to the present day radio broadcasting, sound
recording and communication systems in
general.
In exactly the same way the gradual development
of means for concentrating electron beams and especially the development of means for controlling
these beams in intensity and direction, are directly responsible for the present day television systems of high definition.

namely, height and width, into one dimension of
length.
In other words,we have to scan a picture
in order to transmit it, and moreover we have to
scan synchronously the picture at the receiver and
to vary the intensity of the spot at the receiver
in synchronism with the variation of brightness
under the scanning spot at the transmitter.
The only difference between television systems of
high and of low definition is in the degree of detail transmitted and received. The old mechanical
systems are satisfactory for televizing pictures
having definitions up to 100 lines and reach their
limit of definition somewhere between 100 and 200
lines. High definition systems employing electron
beams have hardly a limit to their capability of
definition.
The limitations on these are impobed
chieflyby the associated communication apparatus.

An electron beam is a narrow pencil of negatively
charged particles moving with great velocities of
the order of 30,000 miles per second. While electron beams were discovered and used as early as
the end of the last century, it is only in the
last decade that their properties were understood,
and means for their generation and control were
developed.

On Fig. lb a block diagram of a complete sound
communication system is shown. The only essential
difference between the two systemsis the fact that
a television system requires synchronizing arrangements while a sound system does not.
Outside of
that, the similarity is striking.

A television system of high definition, just as
any television system, rust have several component
parts.
Fig. la shows a block diagram of a practical television system.

True, the amplifiers have to pass frequency bands
of differing widths, but in all essentials the
systems are alike.
Both systems.pick up forces
affecting our senses and translate these forces
into electrical intensity vs. time variations; both
systems pick them up at low levels and have to use
vacuum tube amplifiers in order to bring them to
levels suitable for transmission over distance;
both systems nayormay not use carriers to transmit the intelligence over the distancebymeans of
either the air or cable.
On the receiving end,
both systems have to demodulate and amplify the
received signals to bring them to the required
power levels and then, by means of suitable transducers, reproduce the forces similarto those which
were originally picked up.

It has been shown time after time that in order to
transmit a picture over wires or radio it is neciessailrto split the picture having two dimensions,
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The microphone in the sound system corresponds to
the "Iconoscope" in television, and the power output stage and the loudspeaker similarly correspond
to the cathode ray tube with its electron gun and
fluorescent screen.
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While both the "Iconoscope" and the cathode ray
receiving tube, or the "Kinescope" employ electron
beams, the structure, operation and characteristics
of the two are widely different.
In this discussion we will deal with the "Kinescope" or the

Cam-
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The final electron accelerating potential is applied between the cathode and the second anode.

FIG .2.

The purpose of the first anode is to stop the beam
similarlytoan optical stop in a lens and to create
an axially symmetric electrostatic field
which
would start the initially divergent electrons of
the beans towardstheaxis. By adjusting the voltage on the first anode the fluorescent spot on the
screen can be brought to a minimum diameter.
The
voltage on the first anode for best focus is usually about 1/4 or
1/5 of that on the second anode.
FIG. 3.

cathode ray television receiving tube, with its
construction, characteristics and operation.

e.e>:•»:

THE "KINESCOPE"
A typical "Kinescope"

is

>Me«

shown on Fig. 2.

It consists essentially of five component parts:
first, a glass envelope, sealed for maintenance of
high vacuum; second, a cathode from which the cathode rays or, utilizing the modern term, the electrons are emitted; third, a device for concentrating, controlling end focusing of the electron
beam; fourth, an arrangement (either internal or
external) for deflecting the beam; and fifth, a
fluorescent screen on which the received image is
reproduced.

11,

An electromagnetic system of focusing is shown on
Fig. 3.
A short first anode and the second anode
are connected together to the source of the final
accelerating potential and the concentrating field
is produced by a multilayer solenoid coaxial with
the tube and the gun.

The envelope is usually made of glass, strong electrically and mechanically, and is designed to
withstand atmospheric pressure witha large margin
of safety. The tube during its processing is painstakingly baked and outgassed to maintain a very
high vacuum of the order of 10 -7 cm. of mercury.
The early tubes were partially gas filled andutilized for beam concentration the space charge resulting from collisions of electrons with gas molecules.
This so-called gas focusing is rather uncertain, since the gas pressure in any tube varies
with life.
If in a tube the focusing of the beam
is critically dependent on pressure, the useful
life of such a tube is short.
Most of the modern
cathode ray receiving tubes are of the high vacuum
type where the concentration of the electron beam
is accomplished by means of electric or magnetic
fields produced between electrodes and poles. The
vacuum treatment of the modern tubes is such that
even at the end of the tube's life, that is, when
the cathode emission has fallen off, the vacuum is
still sufficiently highso that collisions between
electrons and molecules of the residual gas seldom
occur.

The fluorescent screen is placed on the inner side
of the front face of the tube.
This face is usually as flat as mechanical strength permits.
The
material is usually either a sulphide or a silicate
of zinc and is deposited inavery thin translucent
layer.
OPERATION OF THE "KINESCOPE"
The operationofthe tube is as follows:
The electrostatic field created by the potential applied
to the first anode penetrates the grid opening and
draws the emitted electrons into a well defined
beam.
The grid is usually at a somewhat lower
potential than the cathode and in this way limits
the beam intensity.
By applying a more negative
potential to the grid the beam can be completely
cut off.
After entering the first anode, the beam
passes through a masking diaphragm which cuts off
some of the irregular peripheral portion of the
beam. Then the beam enters the region of the field
produced by the difference of potentials between
the first and second anodes.
In this field a
strong focusing action takes place, which gives
the electrons a radial component of velocity directed toward the axis of symmetry of the beam.
The radial momentum acquired by the electrons is
sufficient to bring them, after a flight through
the equipotential space of the main body of the
tube, to a focus at the screen.

The cathode is ofa tubular form with a flat emitting surface covered with a preparation of barium
oxide.
Only the flat end, facing the fluorescent
screen, is covered with the electron emitting material.
A tungsten heater, non-inductively wound
and insulated with a heat resisting material, is
located inside of the tubular cathode.

Some of the electrons originally drawn from the
cathode are cut off by the masking aperture. They
return to the emf source through the first anode
lead. The rest of the electrons strike the fluorescent screen.
They excite the screen and dissipate most of their kinetic energy there.
This
kinetic energy has been acquired by the electrons
through acceleration from the vervsmallvelocities
of emission to that corresponding to the second
anode voltage.

The electron gun, or the device for concentrating,
controlling and focusing of the electron beam,
consists of a grid sleeve, anda first anode. Sometimes it includes another electrode,usuallycalled
screen grid, not essential for operation and not
shown on the figure. The grid sleeve is of a tubular form with a disc parallel to the flat emitting
surface of the cathode.
A circular hole in the
center 'of the disc is coaxial with the cathode
sleeve. The first anode cylinder coaxial with the
rest of the system is usually mounted by means of
insulators on the grid sleeve.
It carries diaphragms or aperture discs on the inside for stopping or limiting the beam angle and for limiting
the penetration of electrostatic fields. The glass
envelope of the "Kinescope" carries a black conductive coatingon its inner side and hasa sealedin conductor leading to this coating.
The conductive coating forms the last orthe second anode.

Some 0f the energy of the beards transformed
into
light, some goes into heat raising the temperature
of the glass, while the rest is spent in knocking
out secondary electrons from the screen material.
These low velocity secondaries flow in a steady
stream to the conductive coatingof the second anode.
An equilibrium condition is quickly established, the conductive coating acquiring the high32
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est possible potential. with respect to the cathode
while the fluorescent screen slides a few score of
volts below the potential of the coating. The difference of potentials
between
the
fluorescent
screen and the conductive coating is such that it
draws the secondaries to the coating at exactly
the same rate as the primaries are arriving to the
screen.

cycle of such a projector is that, at the end of
each projection period, the projection light is
cut off bya"light cutter", the filmis then moved
and stoppedso that the succeeding frame registers
with the picture aperture; the light cutter then
opens, starting the next projection period.
This
is repeated for each frame - 24 per second. Since
projection at 24 light stoppages per second with
illumination levels used inmotion pictures causes
too great a flicker effect, the light is also cut
off at the middle of the projection periodforeach
frame for a time equivalent to the period that it
is cut off while the film is moved from one frame
to the next.
This results in projection at 24
frames per second with 48 equal and equally spaced
light impulses.
Such an arrangement provides a
satisfactory condition as regards flicker.
In
television we also may have a reproduced image at
24 frames per second, but because of the manner
in which the image is reconstructed, a continuous
scanning process, it is not practicable further to
break up the light impulses by means of a light
chopper in a manner similar to that used in the
projectionofmotion pictures. We, therefore, have
for the usual systems of television a flicker frequency which corresponds with the actual frame
frequency (24 per second, for example).
This is
satisfactory at very low levels of illumination
but becomes increasingly objectionable as the illumination is increased.

Just as soon as the beam leaves the first anode it
is subjected to the action of either magnetic or
electric fields for the purpose of deflecting the
beam in a predetermined manner.
This deflection
is scanning in television.
There are three ways of scanning, namely: first,
by.means of two electrostatic
fields
at
right
angles to each other; second, with two electromagnetic fields also at right angles to each other;
and third, with an electrostatic and an electromagnetic field parallel to each other.
It may be
remembered at this point that the electrostatic
field deflects electrons along the lines of force
and that an electromagnetic field deflects them
perpendicular to the lines of force.
The electrostatic deflecting plates are usually
placed inside of the glass envelope while theelectromagnetic deflecting coils are invariably outside the envelope.

It has been concluded that, in a television system, satisfactory flicker conditions exist If each
freine consists of two groups of alternate lines
and that there should be 24 or above of the complete double frames.
This so-called interlaced
scanning is equivalent to 48 or above frames per
second as far as flicker is concerned.

SCANNING REQUIREMENTS
Since most of the tube characteristics can be observed and measured only while actually scanning,
we will take up the scanning means first.
The
purpose and principle of scanning have been treated
at great length by many writers, so we will limit
ourselves to the recollection of scanning requirements in a high definition television system.

At 48 equivalent frames and with 60 cycles power
system, the effects of humorripple travel across
the reproduced image. The choice of 60 equivalent
frames or 30 interlaced frames per second provides
a complete solution to the visual requirements,
i.e., motion, flicker and ripple.

In our organization we have made a thorough study
of this subject and the following are some of the
conclusions reached.*
If we qualify and limit the ability to tell a desired story to specific conditions, the experience
we have had with television allows us tomake some
interesting approximate generalizations.
If we
take as a standard the Information and entertainment capabilities of sixteen-millimeter home movie
film and equipment, we may estimate the television
images in comparison.
60 scanning lines
120
If
it
180
ti
240
it
360
480

This
ment

ACCESSORY CIRCUITS
If we have to lay out a circuit to receive the
television picture we have to provide:
first, a
suitable "Kinescope" with suitable power supply;
second, a deflecting yoke for deflecting the beam
vertically and horizontally at, say, the just-mentioned frame and line frequencies; third, fordriving this yoke synchronously with the incoming signal, and fourth, an electric circuit to drive the
grid of the "Kinescope" to provide the gradations
of brightness on the screen.

entirely inadequate
hardly passable
minimum acceptable
satisfactory
excellent
equivalent for practical conditions.

The last item, of course, includes circuits for
demodulating, amplifying, etc. of the
incoming
signal.

comparison assumes advanced stages of developfor each of the line structures.

So farm have been discussing elementary generalities. Let us now consider somewhat in detail the
question of the accessory circuits and of the arrangements requiredby the output device of a television receiver.

he may say therefore that a number of scanning
lines in the immediate vicinity of 360, say 340,
will give a very good performance comparable with
16 mm home movie film.

The first item is: a suitable
suitable power supply.

In motion pictures the taking, or the camera frame
frequency determines how well the system will reproduce objects in motion.
This has been standardized at 24 frames per second. In television it
is assumed that we shall use a frame frequency of
24 per second or greater. Since this is satisfactory for motion pictures, it is also satisfactory
for television and this characteristic of frame
frequency will, therefore, not be considered further.

"Kinescope" with a

A typical setofcharacteristic curvesofa "Kinescope" are given on Figure 4.
It is very similar
to that of a four-electrode tube. Thesecondanode
current Ip2 is shown as a function of grid bias;
the current on the firstorthe auxiliary anode is
also shown.
But there are two quantities on the
characteristic which do not appear on that of an
ordinary vacuum tube. They are line width vs. grid
voltage and total light vs. grid voltage.

In the reproduced image there is another effect of
frame frequency. This is the effect of frame frequency on flicker. Motion picture projectors commonly used are of the intermittent type. The usual

The line width is measured by means of a microscope
with a scale focused on an isolated scanning line,
when a pattern is scanned at normal scanning rates.
The vertical deflection is increased until the adjacent lines separate by a centimeter or so.
The
total lightisneasured by means of a suitable illuminometer. The brightness units are rather con-

*See papers by E. W. Engstrom, IRE Proc. Vol. 22,
page 1241, Nov. 1934, and IRE Proo.Vol.23, page
295, April, 1935.
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and shape when deflected to the edges of the pattern; third, the pattern must not deviate from its
normal rectangular shape; and fourth, the system
must be capable of giving a high enough ratio of
the picture to return sweep.
The properties corresponding to these requirements are:

F1G.4.

Deflection sensitivity.
Freedom from defocusing of the luminous
Freedom from distortion of the pattern.
High enough overall frequency response.

/Pi

spot.

The above requirements apply to any system of de
flection, but the mechanics of magnetic and eleotrostatic deflection differ greatly.
Let us con
Alder magnetic deflection.

-40

40

-zo

The magnetic field for deflecting electron beams
is produced by combinations of coils , and poles
which are often called the magnetic deflecting circuit.
Since to supply power to such a combination
an electrical network or circuit is required, the
latter also has been called the magnetic deflecting circuit.
It sounds leasonable to call the
whole combination "magnetic deflecting system and
its component parts; magnetic driving circuit and
magnetic deflecting yoke".

-to

fusing, just as all the light units. It is not hard
to remember, however, that a perfectly diffusing
area of 1 square foot and having brightness of one
foot candle emits 1 lumen of luminous flux.
One
lumen of luminous flux froma flat surface is generated by a source whose intensity is 1/ff
candle
power.

While the magnetic field in which we are interested
is formed in air or vacuum rather, the magnetic
deflecting yoke often contains iron for the purpose
of confiningthe field and reducing reluctances of
return paths,
thereby reducing the total energy
stored in the field fora given deflecting effect.

The total light in most of the modern tubes is approximately proportional to the beam wattage or
beam current at a constant beam voltage, the coefficient of proportionality being between 1 and
2 c.p. per watt. The tube, the characteristics of
which are shown on Fig. 4, has a screen efficiency
of 1.5 c.p. per watt.

A magnetic field gives an electron an acceleration
at right angles to the direction inwhich it travels. Since it is always at right angles the electron cannot change its speed and can change only
the direction in which it travels.
The kinetic
energy of an electron moving in a magnetic field
is a constant quantity and therefore the radius
of curvature "R" of the orbit can be calculated
from the law of conservation of energy.
It cones
out as

Now let us see what kindofpicture we can produce
on this "Kinescope". Suppose it hasa screen large
enough to accommodate a 6" x 8" picture.
For 340
lines it should have aline width of 6/340 = .018",
or roughly .5 mm.
Experience, however, has taught us that the lines
canbe somewhat larger than this theoretical value
because the intensity of the luminous spot falls
rather rapidly as we go away from the center of
it.
A reasonable correction factor is about 1.6
times the theoretical value.
This means that we
may tolerate a line width up to .8 mm.
From the
characteristic curve we take the
corresponding
value of beam current: 86 microamperesat -14 volts
on the grid.
The cutoff we find to be -40 volts.
This means that a grid swing of 26 volt's peak to
peak will drive this tube from black to maximum
permissible high light.
From the

RN

R = eH
where ep m, v and H are charge, mass and velocity
of the electron and H is the intensity of the mar:netic field.
Reduced to practical units this expression becomes:
R = 3.36
where R is in cm., V is in practical volts, and H
is in Cuss or in Gilberts per cm.
Referring to
Fig. 5, let D be the gun screen distance,dbe the
length of the magnetic field.
The magnitude of
the deflection W comes out as follows.
Dd - R2
W = R

same set of curves we find that the total

light for this high light will be about .75 c.p.
Now if the picture is 6" x 8" and we have an entirely white picture, we willget .75 c.p. of total
light from 48 square inches. This amounts to 2.36
lumens from 1/3 of a square foot, equivalent to
7.1 foot candles.
So the maximum brightness of
the high lights in the received picture will be
7.1 foot candles. Now, remembering that the brightness of a picture in hone movies is of the order
of 10 to 20 foot candles, we may conclude that we
will have a picture of a brightness comparable with
that of home motion pictures.

If d is

small compared to D ve get:

W

Dd/R
FIGS

The useful information which we obtained from the
characteristic curve canbe summarized as follows:
The "Kinescope" under consideration will produce
a picture of detail corresponding to 340 scanning
lines and 30 interlaced frames with approximately
7 foot candles in high light and a grid swing of
26 volts peak to peak. The power supply will have
to provide 6000 and 1200 volts and have a sufficient
regulation for 80 microamperes. The adjustable or
automatic bias supply shoulCgo down to -40 volts.

Fqr a magnetic yoke of increasing length (d), with
the inductance kept at a constant value by corresponding reduction in the number of turns, the current required for a given deflection is proportional
to the square root of the reciprocal of the length
of the magnetic yoke.
The power required for a
given deflection and alsotheenergy stored in the
magnetic field comes out inversely proportional to
the lengthofthe deflecting yoke. This means that

DEFLECTING SYSTEM REQUIREMENTS
Four factors are important when considering a particular arrangement for deflecting or scanning.
First, the system must require not more than a
reasonable amount of power fora full size pattern;
second> the luminous spot must maintain its size
34
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if we can deflect a given beambymeans of two power tubes, doubling the length of the deflecting
yoke will require the use of only one tube to accomplish the same result.

FIG G

A measure of the sensitivity of a particular magnetic deflecting system is the amount of total
energy Estored in the magnetic field for a given
full deflection, from one edge of the tube to the
opposite edge.
Lo 12

2: -

D

2

HereE is in joules, Lo is in henries and I is in
amperes.
If the picture is repeated n times per
second and after each picture sweep this energy is
dissipated, then the output tube should be capable
of delivering nE watts to the yoke.
This value,
however,
is not as important as the product in
voltamperes of the voltage across the yoke during
picture sweep by the maximum current amplitude
thru the yoke.

electron beam of a circular cross-section with
electrons moving parallel to each other.
Such a
beam before it is deflected will produce a luminous
spot B on the screen. This spot will be of a circular shape.
Now let us deflect the beam to one
side of the screen by means of a magnetic field
produced by electromagnets:
C and Cl . Following
the right-handed screw rule the beam will be so
deflected that the spot will shift to D. The magnetic field produced by the two coaxial bar magnets
will be of a barrel shape form and will be the
densest in the middle.
The cylindrical electron
beam had initial direction toward the center of
this field, but when deflected it will miss the
axis.
The side of the beam which is closest to
the axis willbe deflected more. The side directly
opposite willbe deflected less.
The spot will be
compressed along the directior of deflection.
It
can be shown mathematically that any non-uniform
magnetic field possesses a certain curvature, which
is a function of the non-uniformity.

The ability of the power tube to supply a deflecting yoke has been treated in detail in one of the
earlier papers (1932) by the author, and will not
be repeated here.
DEFECTS

OF THE SCANNING PATTERN

There are two main forms of defects of the scanning pattern on the screen of cathode ray tubes.
The first is defocusing of the luminous spot, and
the second is the distortion of the scanning pattern. By defocusing of the luminous spot is meant
the change of the size of the spot when deflected.
By distortionofthe scanning pattern is meant the
deviation of the pattern from its normal rectangular shape.
The degree to which the above defects may be present in a particular deflecting system is determined
primarilyby the shapes and types of the deflecting
fields.
There are two more common defects caused
more or less by the deflecting circuit as a whole.
They are: non-uniform distribution of the scanning
pattern or non-linearity of the sweep, and the
crosstalk between the vertical and horizontal circuits.
For the first of these, the wave shape of
the magnetic driving circuit and the frequency
response of the yoke are responsible.
For the
second, either the coupling between corresponding
driving circuits orthe coupling betweenthe fields
of the yoke may be the cause.
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Boththe static andthenuagnetic deflecting systems
are subject to the defects enumerated above, and
the work on improving both types has been inprogress for several years. The early high definition
systems in this country employed magnetic deflection both ways, early foreign systems showed preferenceforthe electrostatic both ways. At present
most of the systems used in this country utilize
either a combination of static magnetic deflection
or the all-magnetic systems.

BEAM BOUNDARY

Fig. 7 shows a beamofcylindrical shape being deflected away from the center of a barrel shape
field.
Away from the plane of symmetry of the
field, the curvature of the field results ina component of the field parallel to the plane of symmetry.
These components, however, have opposite
directions on the opposite sides of the plane of
symmetry.
In the case shown the upper and the
lower parts of the beam will be stretched away
from the plane of symmetry in opposite directions.
This will change the shape of the spot from a circle to that of an ellipse with a major axis perpendicular to the direction of deflection. Therefore we may conclude that the non-uniformity of
the field and the curvature of it both act to change
the luminous spot into an ellipse with its major
axis perpendicular to the direction of deflection.
But this will hold only if the direction of deflection is away from the regionofthe field where it
is most concentrated.

The combined system provided only a partial solution, however. The main source of trouble in such
a combination is the defocusingofthe spot by the
electrostatic field.
A certain small amount of
similar defocusing shows itself even in the best
modern magnetic deflecting systems.
The old magnetic systems had an exceedingly large amount of
defocusing.
All-magnetic systems seem best from
the viewpoint of defocusing difficulties. Most of
what follows refers to all-magnetic
deflecting
system.
DEFOCUSING OF THE LUMINOUS SPOT
Magnetic defocusing is caused by two factors: first,
for a given non-uniform magnetic field it is a
function of the diameter of the beam while it is
under the action of the field, and second, for a
given cathode ray tube it is a function of the
non-uniformity of the field in the direction of
deflection.
The mechanism of defocusing will be
better understood by considering Fig. 6.
Take an

When a cylindrical beam is pulled into a field
towards the region where it is more concentrated,
the beam is stretched into an ellipse with its
major axis parallel to the direction of deflection.
We may look at the effects of non-uniform fields
from another angle.
A non-uniform field affects
a cylindrical beam as a divergent cylindrical lens.
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For deflection towards weaker regions of the field,
the axis of this lens is parallel to the plane in
which the direction of the deflection lies.
For
deflection toward stronger regions of the field,
the axis is perpendicular to this plane, and the
larger the beam diameter the larger the effect of
a given field.

to the requirements of a deflecting system that it
must be capable of responding to a frequency band
extending from the fundamental of the saw tooth
frequency to its tenth harmonic.
CROSS TALK

•

Frequently ina deflecting system, a serious cross
talk takes place between the horizontal and vertical circuits.
UsuAlly it is the horizontal impulse which finds its way into the vertical deflecting circuit and produces wavy zigzag scanning
lines instead of straight lines. It may be caused
by coupling of some sort between the driving circuits. This kind of cross talk is usually eliminated by electrically isolating and shielding the
respective circuits.
Often, however,
it
takes
place because of either electrostatic or magnetic
coupling between the coils of the deflecting yoke.
The type and degree of coupling is usually definitely connected with electric, magnetic and physical arrangements peculiar to this particular type.
It cannot be treated, therefore, in general, and
has to be studied individually with every particular type of deflecting system.

So far we considered only the cylindrical beams.
In practice we always have converging beams, which
are either focused, or underfocused, or overfocused.
It can be shown by reasoning similar to that just
given that ifa field stretches an overfocused beam
in a particular direction, a readjusting of the
focusing field to give an underfocused condition
will stretch the spot in a direction perpendicular
to the fontier.
DISTORTION OF TBE SCANNING PATTERN
By distortionof the scanning pattern is meant the
deviation of the pattern from its normal rectangular shape.
When all the four corners are pulled
away farther than they should be, we get a pincushioned pattern and when these corners are not
pulled far enough we get a barrel pattern.

As a rule, however, the cross talk can be eliminated by so arranging the coils on the yoke that
the undesired induced voltages and currents buck
each other out. Sometimes it calls for connecting
horizontal coils in parallel and vertical in series.
In other cases, both should be connected in parallel, while in some, no cross talk is produced under
any conditions.

Distortion as well as defocusing is caused by the
non-uniformity and the curvature of
deflecting
fields.
A combination of two magnetic deflecting
fields, each of which is of barrel shape distribution, causes a pincushion pattern. A combination
of two pincushion fields produces a barrel shape
pattern. The reason for these effects can be better understood by considering Fig. 8.

IRREGULAR DEFECTS
FIG 8

In our discussion of defects of the scanning pattern, we considered so far only the perfectly symmetrical yoke and a centrally located electron
beam.
If, however, for any reason either the beam
is not centrally located with respect to the yoke,
or the magnetic return legs of the yoke are not
symmetrical, or the coils are not symmetrically
located, the irregular defects of the scanning
pattern result.
If the deflecting field is sufficiently uniform, the position of the beam with
respect to the yoke is not as critical as in the
case of a non-uniform field.

Fig. 8A shows how the components of two pincushion
fields add togetherandgive a comparatively small
resultant forcorner deflection and a barrel shape
pattern.
Similarly the components of two barrel
shape fields add together as shown on Fig. 8B and
give a comparatively large resultant and a pincushion pattern.

Any non-symmetry in the yoke, however, ruins the
uniformity of the field and immediately shows itselfbyproducing defocusing in a part of the picture, stretching a corneror a side of the pattern
and usually producing serious cross talk.
symptoms of the irregular defects are such that
they are easily located and eliminated by tracing
defective coils and by checking the geometry of
the yoke and the cathode ray tube.

OVERALL FREQUENCY RESPONSE
To reproduce a saw tooth wave shape the magnetic
deflecting yoke should be capable of responding
tomanyharmonics of the saw tooth frequency. Other
ways of obtaining the same result have been suggested but so far have not proven sufficiently advantageous to warrant a treatment' here.
For an
infinite ratio of picture to return sweep the coefficients of successive harmonics are inversely
proportional to the order of the harmonic. If the
amplitude of the fundamental is 1, the second harmonic comes out as a half, and the third harmonic
as a third, and the tenth as a tenth.
Meaning
that the tenth harmonic is of an amplitude equal
to ten per cent of the fundamental.
Now this is
sort of high. Let us figure it out: 340 lines and
thirty frames - this makes 10,200 lines or sweeps
or cycles of the fundamental per second.
This
means that the tenth harmonic has a frequency of
102 kilocycles and contributes ten per cent to the
wave. Fortunatelywe synchronize the picture every
frame and every line.
For positive synchronizing
we have to take about 10 per cent of the time.
This permits us to have, say, a ten to one ratio.
Now for a nine to one ratio (which is easier to
compute than the 10:1 case) of the saw tooth wave,
if the amplitude of the fundamental is 1, the amplitude of the second harmonic comes out as .495,
the third .300, the fourth .187, the fifth .131,
and the tenth comes out negligible. So we may add

In conclusionletus consider a deflecting yoke of
the type shown in Fig. 9.
Two such yokes sufficiently spaced give a very good pattern for a 340line 30 interlaced frame picture.
It is balanced
to give a very uniform field along the directions
of deflection.
Along the beam it naturally gives
a wall of flux, soto speak, and a wall of uniform
height.

FIGS.
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PROBLEMS
OF ALL-WAVE
NOISE-REDUCING-ANTENNA DESIGN
BY

JULIUS G. ACEVES*
Delivered before the Radio Club of America
November 14, 1935
It is a common experience with radio engineers
and service men that what is good in one place
for interference elimination is bad in another.
Many engineers have found certain schemes that
promised unqualified success Lathe laboratory,
but as soon as they are put in practice they
fail miserably.
In fact, most of us have to
confess failure at some time or other in the
development of anti-noise circuits and apparatus. This has been due mainly to the fact that
interference has been assumed to be
just one
sort of an animal to be hunted down and annihilated while, in reality, there is whole species
to be exterminated.

The radio antenna is the gateway through which
come the signals to the radio receiver.
When
radio was in its infancy, problems of antenna
design were given detailed consideration; early'
text books were replete with the mathematics of
the theory of antennas; much experimentation
was done in the determination of their characteristics.
Then came, in rapid succession, a
series of inventions of apparatus and circuits
culminating in radio receivers of almost unbelievable sensitivity, while at the same time,
however, the antenna itself both figuratively
and literally was relegated to the attic. Meanwhile, other electrical apparatus performing
their usual function, continue also in their
production of high frequency energy radiated
through space or conducted along power lines.

The most deceiving circumstance is the multiplic ity of ways through vvhich interference enters
the radio receiver.
Accordingly, it may come
in - (1) By the antenna; (2) by the downlead;
(3) by the power line; (4) by the ground connection or by a combination of all these.

This has resulted in a veritable bedlam of noise
whenever stations other than the most powerful
locals were to be received and interference reduction has become a necessity.
As most radio
receivers possess more amplification than can
be used without undue noise,
it follows
that
noise reduction, evenat the expense ofa little
signal strength, is essential to the operation
of the receiver at full capacity.

(1) The only remedy is to place the antenna as
far above the roof as possible and some times
at right angles from the source of the strongest interference. Obviously, the most suitable
type of antenna for the wave lengths to be received should be selected, and experience has
shown that a horizontal wire about 60 or 70 feet
long with a gap in the middle so that it may
constitute a doublet, as well as T antenna in
conjunction with a transmission line downlead,
is the most practical form of all-wave antenna
from the standpoint of simplicity and facility
of erection. Improvements upon this may be secured by the use of "X" or "V" doublets, multiple
doublets, and other various forms of dipoles
well known to the radio art.

Antenna design underwent another radical change
with the advent of popular short wave broadcasting, especially from foreign countries. Whereas, a simple Marconi Type antenna was sufficient
for the 500-1500 K.C. band, it is inadequate for
the 6-20 M.C. band particularly from the interference standpoint, and the Hertz type dipole
or doublet largely superseded the simple Marconi
antenna for short waves.

TYPES

(2) The downlead is subject to electromagnetic
induction just the same as an antenna.
There
are two ways of preventing its effects - by
shielding it and by substituting for the downlead a balanced transmlssion line.
For practical reasons the second expedient is tobe preferred for short wave reception.

OF INTERFERENCE:

The purpose of this paper is to present some
facts concerning the nature of interference,
the remedies available, and
some
suggestions
concerning the antenna and transmission line
for best performance, not from purely theoretical
consideration but also from the practical viewpoint.
*Engineer,

Amy,

Aceves

& King,

Inc.,

N.

v.

The electrostatic coupling is by far the strong-
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est of the two components.
Schematically, the
circuits for signal and interference may be
represented as in Fig. 1, in which we substituted the open downlead by a balanced transmission line, with two transformers at each end.
We may represent the circuit of the interference by two equal capacities from the source G
to the two wires ofa twisted pair transmission
line.
Following the circuit from G through C,
CI to the lines TL, TL', and entering at opposite ends of the center tapped coil 6, 7, 8,.
the current will go to earth from the center 7,
to E and return to the generator G.

tenna coupling transformer is necessary.
In
Fig. 2, the signal voltage is derived from the
difference of potential between two wires of a
different effective height, that is, between an
antenna A and a counterpoise B. The latter may
be substituted in some cases by a ground connection, if such is available, or from a large
metallic surface so that it will act as an
effective ground rather than the surface of the
earth.
It must be free from other currents
traveling downwards towards earth.
In the event that the wave lengthof the signal
to be received is not much longer than twice
the length of the horizontal wire, the upper
coupling unit may be dispensed with, and the
two wires of the transmission line connected to
the center of the wire where a gap is opened,
thereby converting it into a Hertz doublet. In
this case all the considerations concerning the
paths of signal and interference currents just
discussed for long waves will still hold true,
except that currents traveling upwards from the
capacity coupled interference
source
cannot
bring back circulating currents.
A method of
combining in one horizontal wire (with a gap)
the Marconi or "T" antenna and the
Hertz or
doublet and a transmission line will be described
later.

If we make coil 6, 7, 8 so that there is unity
coupling between the two halves 6-7 and 7-8,
and that their mutual inductance to the secondary coil 9, 10 absolutely equal,noE.M.F. will
be induced therein by the passage of currents
through the circuit G,C and CI, L and LI, 6-7
and 8-7 to E, while the signaling current from
the antenna A through primary 1-2 will induce a
secondary E.M.F. across the transmission line
TL-TL' which will produce a current flowing down
one wire and up in the other at the same time,
and which we shall call "circulating current".
It will enter the primary at 6 and leave at 8,
inducing an E.M.F. across 9-10 which feeds the
radio set terminals a-g.
If nothing else happened, there would be a complete elimination of the interference from capacity coupling to the downlead. Unfortunately,
current fromthe generator G through capacities
C-C' will not only flow to earth but will also
flow upwards towards the antenna.
In so doing
it will traverse the primary 2-1 which will
thereby induce anE.M.F. across the transmission
line L-L'
and force circulating currents just
in the same manner as the signal in going to
earth through the primary 1-2.
This explains
why the interference is not totally eliminated,
unless the antenna impedance was infinite.
It
is fortunate, however,
that the impedance of
the branch from C-C' to earth is much smaller
than the reflected impedance of the antenna, and
this explains the success of the devices in the
market based upon this principle of operation.

(3) Interference introducedby the power supply
line.
Next to the lead-in pickup,
the power
line brings in the greatest amount of interference. To understand the modus operandi, let us
consider the circuit of Fig. 3 which
shows
schematicallya source of radio frequency voltage G' across the impedance Z' of the line to
earth.
Measurements show that this impedance
is extremely low at 60 cycles but at broadcast
frequencies it is one or more hundreds of ohms
depending upon frequency, distance to earth,
etc.
The impedance of the ground return of the
radio receiver is not negligibly small either;
let it be represented by Z in Fig. 3.
It is
obvious that the electromotive force of the
source GI will send a current through the radio
receiver (directly like in A.C.-D.C. sets, or
indirectly by capacity coupling in other sets)
and return to earth through the
impedance of
the ground connection Z which is common to the
antenna pickup circuit made of the antenna proper, A. the effective capacity of the aerial to

For a more complete reduction of interference,
the complete severance of the metallic connections between the transmission line and the an-
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ground, C, and earth, E.
This constitutes two
circuits with a common impedance, Z.
If the
distance from the radio set to earth is not very
small, return currents to earth from some other
sources of radio frequency disturbance such as
G will also introduce an interference in the
antenna pickup circuit. The existence of voltages in the ground return circuits,
such as
steam or water pipes, fire escapes and other
conductors can be demonstrated by the common
practice in many apartment houses to connect
the antenna post of the radio receiver to such
conductors leaving the ground post free, and
obtaining sufficient radio frequency voltage to
receive local as well as moderately distant
stations.

inate the capacity couplingby means of a Faraday screen or otlAr form of shielding.
Unfortunately, shielded transformers are not very
efficient because the presence of the shield
introduces magnetic leakage
and
distributed
capacity.
Another serious trouble arises from
unequal distributed capacity between the shield
and the two ends of the primary winding which
would result in an unbalanced flux for parallel
currents.
This effect is best illustrated by
the schematic diagram of Fig. 6, where the distributed capacity of the primary 6-8 to the
shield S is represented by condensers C, CI.
Assuming that C and CI are unequal, it will be
noted that more current flows in the first turns
of the winding 6-8 to ground through C than
through C' (if C is larger than C'), and hence
there will be more ampere-turns in one direction than in the opposite, and therefore, there
will be a resultant field inducing voltale in
the seconder: , 9-10.

The interference elimination circuit of Fig. I
will be found ineffective in totally reducing
this kind of interference.
In Fig. 4 we can
see how the
interference currents will follow
an upward path to the mntenne.
It will be apparent at once that the source G will force a
current upwards which
eventually
will
pass
through coil 1-2 and into the antenna.
Circulating currents will be immediately sent up and
down the transmission line and the interference
will appear as voltage across a-g. Hence, this
system will not eliminate altogether interference of this type.
We say altogether because
the impedance matching of the source of interference is not as good as that of the antenna
to the system, and hence there will be discrimination in favor of the signal. There is, however, a very simple way of stopping the passage
of interference currents upwards into the antenna, and it is the insertion of an "isolation"
transformer, as shown by windings 11, 12, 13,
14, in Fig. 5. It is of 1/1 ratio designed for
about 100 ohms input and output impedances, or
for some other value of the line impedance.
The windings should have as nearly 100% coupling as is possible so as to avoid appreciable
insertion losses, while the capacity between
windings should be kept very low to prevent substantial flow of current from the source G up
the transmission line and into the antenna.
Another way of producing the same results would
be to break the ground connection between the
primary center tap and the chassis, that is,
between '7 and 10 in Figs. 1, 2 and 4, and elim41
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by the E.M.F. across the a-g posts of
is made of the vectorial sum of the

the .set
induced

secondary voltage across 9-10 and the drop across
the impedance 1-r-c made of three variable units
so that the magnitude as well as the phase is
under control. In order to make it possible to
balance out any E.M.F. from the transmission
line wires TL, TL', a reversal of these lines
may be necessary so that the secondary voltage
always may be opposedby the drop across 1-r-c.
In practice, every satisfactory partial balance
may be secured by the use of resistance only in
lieu of the 1-r-c combination, and there are
coupling units
in the market made with this
arrangement.
PERFORMANCE ON SHORT WAVES:
When the antenna has such length that it is
possible to use the horizontal wire as a dipole,
the problem is considerably simplified.
The
signal voltage is obtained by virtue of a difference in phase of the electromagnetic wave at
the various points in the wire which tends to
send a circulating current into the transmission
line without the necess ity of introducing transformers such as those shown in Figs. 1 to 5.
Interference traveling upwards along the transmission line cannot bring back circulating cur-

The recent progress in the development of ferromagnetic substances suitable for cores of R.F.
transformers is going to simplify R.F. transformer design by providing a higher mutual inductance with a minimum of turns and distributed
capacity, and it is possible that a good isolation transformer maybe built with a shield between windings that will introduce a small attenuation for signalling currents.
Another expedient to prevent the passage of
currents from the ground connections upwards
consist in isolating the set from ground as far
as possible, and to effectively do so it is necessary to introduce R.F. chokes in the power
line leads and nc:, to connect the chassis to
earth. After all, the only voltage that eventually produces an appreciable sound in the loud
speaker is only the difference of potential between antenna and ground terminals of the radio
receiver, and the chassis of the set may be
consideredas ground as fares reception is concerned. In practice, it is very hard to predict
which is the best way to operatea radio receiver; grounded or not grounded, and if so,
to
what metallic bodies.
It has been found that
connection of the chassis to the "B.X." that
encloses the power lines in one instance was the
only remedy to stop severe interference from a
neon sign in the same building, while in some
other cases complete isolation was best.
When
an antenna is not in a completely "dead" field
for interference, it has been possible to balance out
induced interference in the antenna
by allowing the downlead to pickup interference
but in opposite polarity. At any given frequency
it has been possible in the Laboratory to balance out the interference as completely as it
is done in making measurements in a Wheatstone
Bridge. In Fig.7 is shown an arrangement where-

rents, and a simple transformer such as shown
in Fig. 8 will be found quite satisfactory.
Connection between 7 and 10 is necessary to
provide neutralization of capacitative coupling
between the primary winding and the "live" end
of the secondary.
The connection from 7 to
either 10 or the g post of the radio set must
be very short, as at high frequencies the inductance ofthe wire will introduce a considerable reactance between these points, the drop
across which will produce a voltage in series
with the
induced secondary voltage across the
secondary 9-10 and interference will thusly be
reintroduced into the radio set.
If the connection 7-10 is broken, a shield should be interposed between windings as
in Fig. 6, but
with some extra attenuation to signal currents
for the reasons discussed above in connection
with broadcast frequency reception.

COUPLING UNITS FOR

ALL-WAVE RECEPTION:

If it was possible to designa transformer that
would cover the whole frequency spectrum, the
lower coupling unit would be nothing else than
a single center-tapped
transformer
like
in
Fig. 1.

F/5. 7
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opposition to each other by using the correct
polaritiea.
Anti-resonant circuits may be inserted in series with the two transformers tuned
to frequencies in the border line, so as to make
the change-over more definite and avoid losses
due to phase opposition when both transformers
are operating at low efficiency on some frequency
near the limit.

The antenna coupler, however, has to be more
complicated because it is necessary to produce
circulating currents at low frequencies and at
the same time transfer the energy from the dipole at high frequencies without interference
from each other's operation.

e

In Fig. 9 it
is shown a magnetically coupled
R.F. unit consisting of the primary 1-2-3 between the two branches of the dipole, and a
split secondary 4-5, 6-7 across the transmission
line TL, TL'.
It includes a condenser C that
has low reactance forhigh frequencies but high
for low ones. The low frequency transformer is
similar to the one shown in Fig. 3 and the primary winding starts from the center of the primary winding of the H.F. unit and terminates in
the mid-tap of the secondary of the low frequency
unit, this latter windingbeingconnected across
the transmission line.

The set coupler maybe made of a number of transformers with condensers in series of multiple,
as for example in the diagram of Fig. 11.
In
practice, however, only two units are found to
be required for ordinary all-wave reception.
Fig. 12 shows a unit consisting of a low frequency transformer with its primary center tapped
at 7 and grounded to the chassis of the radio
set g, the secondary grounded at 10.
The high
frequency transformer has condensers, C and C'
inserted in series with the primary winding 1112-13. The secondary 14-15 is connected in series witha small condenser and in parallel with
the other secondary; both of them feed the input
circuit a-g of the set.

In Fig. 10 is shown capacitative coupling between the dipole and the transmission line. The
frequency selection is accomplished by suitable
choice of the electrical constants of the circuits.

INTERFERENCE ELIMINATION TESTS:
There are many coupling units in the market intended tobe noise reducing outfits.
What criterion and by what means can we ascertain their
merits?

At frequencies bordering the low and high frequency bands both transformers will act to some
extent and the transition is very gradual, and
care must be taken so that they nevermay act in

TL

12.
43

November, 1935
At present there is great diversity of requirements and methods of measurement of interference
in the various countries, as was well pointed
out at the I.R.E. convention last year inRochester, N.Y. Various committees are working with
the object of submitting a set of standards of
performance as well as methods of testing noise
reducing devices and also radio receivers themselves.
Until we have something to go by, it
seems that the following method can give fairly
satisfactory guidance in measuring the comparative ability to pick up interference of two systems, one of which usually is an open downlead
and the other is a combination of coupling units
and their transmission line, connecting the same
length of horizontal antenna wire
in both instances, to a calibrated radio receiver.

to act in both as an ordinary "T" antenna and
open downlead and as a noise reducing sy3tem.
Fig. 13 shows the circuit schematically.
When
S and S' are thrown up, the antenna and transmission line actas a "T" antenna directly connected to the antenna post, a, of the set, and
with S and St
down, the units U and U' are
thrown into the circuit
for by the system.

in

the manner called

When making measurements with actual signals,
the output level should be observed first with
the system on, and immediately with the "T v antenna, using the same station, and noting the
signal strength difference, preferably in D.B.
A graph should be plotted with frequency as
nbscisae and D.B. differences as ordinates.

The method which has been used in the development
of noise reducing antenna systems will be described below. It involves the use ofa sinusoidal, single frequency interference, instead of
some artificial source of damped oscillations
produced by sparking apparatus. The assumption
is made that any pulsating current maybe decomposed into an infinite number of frequencies
very close together, according to Fourrier's
integral. It is also assumed that the receiver
is substantially unaffectedby disturbances the
frequencies of which are outside the narrow
band intended to be passed through the various
tuned circuits.
Cases of shock excitation may
be said to form an exception, but, even then,
the frequency that causes any response in the
speaker is within the band admitted by
the
tuners.
Consequently, if we can eliminate an
interfering sinusoidal oscillation (modulated
at some convenient audio frequency so as to
make it audible), it may be safely assumed that
all other forms of interference within reasonable magnitude will also be eliminated to the
same extent.

Then the source of interference is connected
in the manner to be selected; by means of two
small and equal capacities fromthemicrovolter
to the lines of the twisted transmission line
as in Fig. 2, or in series with the ground lead
acrossa low resistance as in Fig. 4, and readings of the output meter and attenuator taken
to determine the D.B. difference in output and
a second graph plotted as previously, this will
show how much interference reduction is there
and then the difference between the two graphs
will show the effective interference elimination properties of the system in D.B.
The details of the receiver are interesting.
The actual model used in the Laboratory is a
superhetrodynewithband pass filter input circuit of the inductively coupled antenna type.
In Fig. 14 only the essential parts of the circuit are shown.
The terminals a-g constitute
the input.
Across it there is a resistance R1
which represents the input impedance of the receiver and can be made of any value desired. A
potentiometer of much higher total resistance
serves as attenuator. In lieu of this potentiometer a better form of calibrated attenuator
should be used when very accurate measurements
are required.
Resistance R2 is large compared
to the effective impedance of the primary of
the first R.F. transformer T1, so that the potentiometer setting may be. almost independent
of its load and also that the band pass filter
of the set (not shown in Fig. 14) may not become inoperative. V2 is an R.F. or I.F. amplifier, and there are a number of such tubes in
the actual receiver. The I.F. stage immediately
preceding the detector tube is provided with
means for the modulation of the carrier of the
station being received by means of 60 cycles.
A low tension transformer such as bell ringing
transformer with its secondary in series with
the cathode of the last amplifier tube V2 will
modulate the R.F. or I.F. which, after it is
amplified, will be fed to the detector V3 of
the linear diode type so that the output shall
be proportional to input voltage as far as possible. In the output stage V4, an output transformer tuned to 60 cycles feeds a copper oxide
rectifier DR and a current indicator, M.A. The
advantage of modulatingtheI.F. is very great,
as the output current in the mili -ammeter will
be independent of the modulations in the programof the station and will be proportional to
the carrier which is modulated in the tube V.

A microvolter is used Ps source of interference
and it is connected to tile system in the various forms shown in Figures 1 to 8.
In order
to establish a direct comparison between an
open downlead without coupling units andasystem consisting of the same length of horizontal
antenna conductor with a switching arrangement
that will permit the same total length of wire

The tuned output transformer reinforces the GO
cycle modulation and reduces the modulations
f'rom the signal.
In this manner the signal
strength is easily measured by means of a commercialtype radio receiver equipped with little
extra apparatus and controls. It must be thoroughly shielded and isolated from the power
line connections bymeans of chokes. The A.V.C.
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Ft 9. /4must be rendered inoperative
biases or otherwise.

by

using

fixea

Starting with the last requirement, a dipole of
some form is necessary which will have no antiresonant frequencies within the specified short
wave band. Straight doublets are preferred for
the fulfilment of (a)and(b) but, if these requirements are not very stringent,
multiple
doublets, "X" doublets or cage
doublets
are

By means of this method, the antenna and transmission line characteristics may be
studied
experimentally.
ANTENNA DESIGNI

preferable. The "X" doublet of Fis. 15 has the
advantage over the straight doublet of the same
length, in that its impedance is more uniform
and can be used more efficiently at the longer
wave band of 49 meters. Characteristic resistance, impedance and power factor curves for this
type of antenna are also shown in Fig. 15 (by
courtesy of the Hazeltine Corporation).

We shall not attempt to cover this broad subject
from theoretical or statistical considerations;
this is obviously impossible.
From a commercial standpoint, an antenna should
be a. Easy to erect
b. Inconspicuous
c. Capable of picking up signals throughout
the all-wave bond
d. Particularly efficient
at
the
regular
broadcast band,
15, 19, 25, 31 and 49
meter bands.

3000
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Double doublets act much the same as double
transformers tuned to two frequencies near the
ends of the band to be covered. The well known
phase reversal ofa tuned circuit when the frequency passes from below to above the resonance
value, makes it necessary to reverse the doublets with respect to each other to avoid anti-
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nodes at some frequency between the
periods of the doublets.

a Wheatstone bridge, as shown in Fig. 16, consisting of a shielded transformer with an accurately center tapped bifilarly wound secondary, a non-reactive resistance R, the value of
which may be measured by an ohm meter after the
bridge is balanced, and the transmission line
terminated by a resistance II', also of the same
type as R.
When the bridge is balanced, R and
RI will be equal and R will be equal to N ri.

two natural

If we now use only one of the branches of each
of the two doublets, we have an assymetric
doublet.
It is used to some extent on account
of its simplicity and diversity factor, but as
a noise reducer it cannot be as good as a perfectly symmetrical doublet because when interference currents travel upwards on the transmission line, the currents in the two wires are
unequal and their difference may be considered
as
a circulating current which will enter the
set coupler just the same as a signal current,
as we have already shown in our discussion of
interference elimination.

When LG = CR, Z is likewise a pure resistance,
but in other cases Z will not be a pure resistance; then an approximate balance instead of
a dead zero will be obtained, but it is close
enough for the determination of Z within a few
percent.
Once Z is known, the attenuation of the line
may be measured by means of a linear radio receiver (one without AVC and linear detection)
and an output DB meter connected as in Fig. 17.

Any of the preceding doublets will act as a
flat-top antenna for the broadcast band by means
of any of the couplers previously discussed. A
pointer in design of these couplers: the leakage
reactance of the low frequency transformer, such
as 8-9-10-12 of Fig. 9, when the secondary is
attached to the line, should tune the capacity
reaction of the flat-top antenna at about the
niddle of the broadc-,st band, or at a point where
desirable signals come in weak.

It is interesting to know that transmission
lines of the twisted pair type shows a rather
low attenuation even at 15 M.C.
The following table shows insertion losses in
D.E. per hundred feet of twisted pairs having
seven strands of #32 copper wire with 1/32"
rubber insulation and cotton braid serving over
both conductors.

TRANSMISSION LINES:
The most

common forms of transmission line are:
pair cable and a parallel transposed
line.
The latter has much lower
insertion
losses, especially in damp weather, but it is
much less practical and more difficult to install.
With modern receivers of enormous sensitivities, a loss of 4 or 5 db., such as may
occur in the cable type line is not serious.
The greatest of the losses is ordinarily the
dielectric loss between conductors, but, at the
very low potentials used, is always small.

a twisted

The surge

impedance

Z

of

a transmission line

Frequency in M.C.:
D.B. per 100 ft.:

0.5
0.5

1.5
0.5

5
0.5

15
5.5

Moisture seems to have very little effect. With
some of the ordinary twisted pairs there is an
increase of 3 D.B. only at about 10 M.C. and
up.
The use of the transmission line is not limited
to operation of a single receiver. In apartment
houses where as many as twenty radio sets must
be fed from one antenna, a system of multiple
operation has been developed to couple radio
sets to the line and knownas the DOUBLET MULTICOUPLER SYSTEM.
Fig. 18 illustrates a typical
arrangement.
The only difference in design is
two-fold:
The ratio of transformation of the
couplers must be such that the reflected impedance of the twenty units may not be too low
that will nearly short circuit the line, or introduce abrupt changes in the continuity of the
line constants,
thereby originating
nodes or
loops by the formation of quasi-stationary waves
along the line.
The other feature is the insertion ofadecounling resistance bleach coup-

is

L + R
j(1)0+G

where L, R, C and G are respectively the inductance, resistance, capacity and conductance per
unit length. Lines used as downleads attenuate
so little that R and G are very small compared
too-) L and WC and therefore

and Z has unit power factor. This property enables us to measure Z very easily by means of

Trans/77/33ton Line

arld9e
Detector
1.7o4fion
Ti-orpofórrner =

E

fig. 17
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ler to limit impedance variations due to the
tuning of the receivers to various frequencies.
A decoupling reactance is not as satisfactory

020 .c'eubit t
'

because there is always the danger that some
radio set may be adjusted so as to give an equal
and opposite input reactance and ashort circuit
will occur at 'a certain frequency across the
transmission line.

Mete

I rpe...308.2

73

CONCLUSION:
The problem of radio interference is very complex.
A segregation of the various components
is necessary for its complete analysis.
Practical conditions limit the extent to which the
existing and proposed remedies may be applied.
The design of commercial units has to take all
these elements into consideration.
The conditions are so variable that experiments, even
though very elementary, should be performed in
each case to ascertain the choice of grounds.
The choice of antenna, its place of erection,
and the apparatus should be governed by the
relative importance of the various requirements.
In conclusion, the writer wishes to acknowledge
his sincere appreciation for valuable advice and
cooperation to Mr. E. V. Amy, and for experimental work and assistance in the preparation
of this paper to our assistant,
Mr.
Edward
Sieminski.
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SARY YEAR BOOK OF THE
RADIO CLUB OF AMERICA.
A group of schoolboys drawn to
gether by their common interest in
the then new art of radio formed
the Junior Wireless Club Limited on
January 2,1909. Out of that first
meeting has grown the Radio Club
of America comprising in Its membership every radio experimenter,
technician and engineer of importance in the industry today.
In
celebration of the first quarter century of its activities the club has
published this year hook which
contains photographs of early apparatus, members who were instrumental In promoting the club and
a complete history of the develop.
ruent of the organization.
An examination of the proceedings of the
club from its inception discloses
lhat the majqrity of the radio inventions which form the bulwark
of the modern radin receiver were
first divulged to the members. The
Anniversary Year Rook contains a
complete Who's Who of the roster
which now includes 320 members.
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A few copies still available

25 TH ANNIVERSARY
YEAR BOOK
A complete pictorial history of the Club and Radio.
Of interest to all in radio.
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•
To Members —$1.00

To Non-Members— $1.50

RADIO

CLUB

OF AMERICA

11 West 42nd Street,
New York City

APR181936
0C1B

e

2981.48

...
i
saKie

‘ NOV 131940

,.
,
Proceedings
of the

...., ,WS
'
SI

Radio Club of America
Incorporated
Copyright, 1936 Radio Club of America, Inc., All Rights Reserved

r•
lR
i
e,i

I,
1
1

February, 1936
Volume 13, No. 1

RADIO

CLUB

OF

11 West 42nd Street

.......

AMERICA,

Inc.

+ + New York City

February, 1936

The Radio Club of America, Inc.
11 West 42nd Street - New York City
TELEPHONE —LONGACRE 56622

OFFICERS FOR 1936
President
R. H. Langley
rice-President

Treasurer

J. H. Miller

J. J. Stantley

Corresponding Secretary

Recording Secretary

F. A. Klingenschmitt

J. K. Henney

DIRECTORS
E. V. Amy

H. W. Houck

E. H. Armstrong

Frank King

G. E. Burghard

H. M. Lewis

J. F. Farrington

Haraden Pratt

L. C. F. Hone

F. X. Rettenmeyer

C. W. Horn

A. F. Van Dyck
Lincoln Walsh

COMMITTEES
Membership—Albert R. Hodges

Publications—L. C. F. Horle

Affiliation—H. W. Houck

Entertainment—John Miller

Publicity—J. K. Henney

PROCEEDINGS

of the
RADIO CLUB OF AMERICA
February, 1936

Volume 13

No. 1

SOUNDPROOFING
APARTMENT HOUSES
FOR RADIO
BY

VESPER A. SCHLENKER
CONSULTING ENGINEER
Delivered before the Radio Club of America
February 13, 1936
INTRODUCTION

The type of building has dradually changed during
this period.
In the place of massive brick or
stone walls we now have thin, flexible walls.
In
the place of relatively soft thick lime plaster on
wood lath we have hard gypsum plaster on metal
lath.
For wood floors we often find concrete and
tile. For the wood doors in wood bucks we now have
metal clad doors in metal bucks.

One man's music may be another man's noise.
A
delightful radio programinmy apartment is transformed into a nuisance by simply leaking into the
next apartment.
It is apparent that the psychological factorsarealso very important in dealing
with sound control proble.m.

Practically all modern developments are improvements in heating, sanitation and fireproofing. It
is evident, however, that these developments have
in each case contributed to the magnification and
transmission of noise. The public is beginning to
recognize this deplorable condition.

SOUND PROOFING DEFINED
In this short discussion we shall confine our remarks very largely to the objective and physical
aspects.
The term "sound proofing" has been used
for a great many years.
The exact meaning is
somewhat indefinite and in some cases confusing.
Consequently, let us use the two terms "sound insulation"
and
"sound
absorption".
Both
terms
indicate the reduction of the transmissionofsound
from one point to another, but
the
respective
means for accomplishing this are different. Heavy
walls, ceiling, and floor act as good insulators
of a sound source in a room in reducing the transmission of smmuitoa point outside. Sound absorption applied to the interior surfaces cause
a
lowering of the acoustic intensity and hence adds
to the reduction in the transmission of sound. It
is apparent, then, that "insulation" and "absorption" are both means for sound proofing.

OUR NEXT DEVELOPMENT
We, as engineers, tenants, or owners are confronted
with the necessity of quieting the modern apartment
house, without giyingup the improvements in sanitation, ventilation, heating, and fireproofing.
It is also desirable to impose less restrictions
on the activity of tenants without annoyance
to
others.
PURPOSE OF THIS PAPER
It is no secret that very little has been done in
sound proofing apartment houses.
One of the purposes of this paper is to stimulate interest in
noise abatement and insulation in apartment houses.
Furthermore, as radio engineers, we are anxious
that the radio shall not become a nuisance due to
improper operation and lack of acoustic control.
Hence,asecond purpose is to indicate some of the
factors which determine when the radio is truly a
nuisance due to loudness.
A third purpose is to
indicate certain improvements which can be made in
apartments to provide more soundproofing.

SCOPE
We shall further limit this paper to radio loud
speakers as a sound source. Among the other sources
of sound in an apartment house are the following:
Musical instruments; piano; violin; drums, etc.
Singing and speaking voices;
Shouting
voices,
crying of children, barking of dogs, etc.
Footfalls; jumping; dancing, etc.
Rumbling of toys, bicycles, wagons, etc.
Sewing machines
Electric fans
Alarm clocks

AUDITORY CHART

- Vacuum cleaners - Typewriters
- Refrigerators - Kitchen aids-

In the last analysis a noise becomes a nuisance
only when it can be heard. When the intensity and
frequency of a sound falls within the hearing range
it can be indicated on the auditory chart.
(Fig
1-D)
This chart is now generally accepted as the
standard for average hearing.
The pitch or frequency extends from 25 cycles per second on the
left to 17,000 on the right.
The intensity and
loudnessextendvertigally. The horizontal straight
lines correspond to physical strength or power of
the sound in air.
The family of curved lines in-

Elevators, dumbwaiters,
Doors, windows, awnings.
Steam radiators and steam pipes.
incinerators.
Water pipes and plumb in
equipment.
BUILDING DEVELOPhENT
In this list of sources of sound there are many
which have been added within the last generation.
3
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Figure

dicate contours of equal loudness us sensed by the
average ear.
For example, a 200 cycle tone whose
intensity is 60 will be sensed as only 50 in loudness.
The zero loudness corresponds to minimum
audibility for each frequency. Hence the 200 cycle
tone would have to be reduced only 37 decibels in
order that it be placed at zero loudness which is
the threshold of audibility. If on the other hand
the tone has a pitch of 1000 cycles withan intensity level of 60 it would be sensed as 60 in loudness. This is 60 decibels above minimum audibility
It will be noted that at only two points do loudness and intensity level have the sane numerical
value, namely, 1000 cycles and 5000 to 6000 except
for the contours marked 110 and 120 where the
equivalence occurs at 6500 and 7500 respectively.

1-B

middle range tone to a higher level than that for
the high fidelity set.
TRANSMISSION THROUGH WALLS AND DOORS
In Fig. 1-Bisshown a solid curve which represents
an average spectrum of sound of a studio program.
After reproduction the curve becomes the dashed
line marked "HOME".
The absolute acoustic levels
are, of course, assumed. The "STUDIO" curve might
actually be much higher as in the case of an orchestra or it might be lower as in the case of a
singing voice up close to the microphone.
The
radio program may be adjusted in level at the will
of the listener as best suits his particular hearing conditions.

STREET NOISE

The "dash-dot-dot" curve corresponds to the resulting curve of the sound spectrum after transmission
to the air in the adjacent room when the door (or
window) is opened about 6 inches to give a net area
of 3 square feet.
These curves apply to average
apartments which are furnished, providing from 50
to 100 sabines of absorption.
When the door (or
window) is closed the transmitted curve drops to
a lower level as indicated. If the door is removed
entirely leaving a continuous wallthecurve drops
to the dotted curve marked "NO DOOR".

One of the factors which influence the acoustic
level at which the radio is adjusted is the noise
level in the listening room.
Among other sources
the most universal is street noise.
An average
curve for the intensity in the street is indicated
by the solid line, on the auditory chart.
If the
listener comes into the room next to the street
with the window closed the intensity drops to the
dotted line due to the attenuation of the outside
wall and closed window. It is characteristic that
the high frequencies are reduced much more than
the low frequencies.
It is quite usual in city
apartments to have a noise level of 30 to 40 decibels under these conditions. It is clear that the
area below the dotted line is subtracted from the
total area which representsthefUll hearing range.
RADIO CHARACTERISTICS
In "1-A" is shown representative characteristics
for the midget and high fidelity radio sets complete.
It will be noted that the range of the
high fidelity is almost an octave lower and extends almost an octave higher than that of the
midget. These curves are placed at a level between
70 and 80 decibels which is a very comfortable
loudness assuming that no abnormal noise is present.
Due to the limited frequency range it is
quite usual for a radio listener to adjust the
loudness of tl'e midget set for any
individual

F17,1re

1-C

Figure 1-C include curves fora midget radio which
correspond to the curves shown in the preceding
figure.
In the presence of 30 decibels of noise
it will be noted that the frequency range of the
midget is effectively reduced thereby impairing
its quality much more than a corresponding condition for the high quality radio.
TRANSMISSION
APARTMENT

CHARACTERISTICS

FOR

AN

AVERAGE

An average size apartment is shown in plan in
Figure 2-E.
The radio is located at position "B"
near the double windows which look out over an
open court. The acoustic spectrum of instrumental
music is given in Figure 2-B as reproduced
by
a
high fidelity radio set.
Figure

1-A

The curve of this spectrum drops to various levels
at positions "A", "D", "H", and "F"., of the other
4
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rooms of the apartment under two conditions--"all
doors open" and"alldoors closed" as noted on the
corresponding numbered figures.
The curves for
and "F"areapproximately equal since there is
only one door between them and the source.
The
rooms "A" and "D" have a much greater attenuation
because there are two doors and a hall between.
Taking 500 cycles per secondforexample, when the
loudness in room "B" is 70 it is 60 at "H", 42 at
"D", and 38 at "A", when all the doors are open.
If, however, all the doors are closed the loudness
drops to 43 at "H", 9 at "D", and 5 at "A".
In
the presence of a noise of 20 to 30 db. it is evident that the radio will be heard when the doors
are open but not when the doors are closed.
The
adjacent room "F" will have a loudness of 60 with
the door open and 42 with the door closed. Therefore, room "F" will notbe a suitable bedroomwhile
rooms "A" and "D" will be free from annoyance of
the radio when the doors are closed.
This illustrates the importance of arranging a room or hall
between the living room and bedrooms.

"D".
C c
able annoyance

from the radio.

c

slaer-

DOUBLE WALLS AND FLOORS
The effect of different wall and floor construction is illustrated in Figure 3.
The solid curve
again represents the source. The dotted curves in
3-A indicate the spectra after transmission throue
single continuous walls about 21 inches thick,
constructed of gypsum tile and plaster.
If now n
second wall similar to the first is built providing an air space of 2 inches the attenuation is
improved as is shown by the dashed curve.
Figure
3-B gives the corresponding spectra for the 41 inch
wall, single and double.
It is evident that in
the presence of a noise loudness of 20 that the 41
inch single wall will most probably be entirely
satisfactory whereas the 21 inch wall will permit
ton much transmission.
Tt is also interesting to
note that the double wall 21 inches thick is only
6 db. lower in transmission than the single wall
41 inch thick. It can be concluded that the double
4à- inch
' wall will be satisfactory even in the absence of masking noise for the given condition of
70 db. loudness of the source.

In like manner the loudness canbe determined from
the curves for the public hall "I", the east apartment "C" and the south apartment "G". In the case
of "C", the sourd travels through two windows and
the open court. This attenuation is approximately
equivalent to that for the pathbyway of the hall
"I" and the entrance doors. In the case of apartment "G" the sound must travel through continuous
walls.
It will be noted, then, that in the presence of 20 to 30 db. of noise that neither apartment
will be annoyed by the radio at "B" whether the
windows and doors are opened or closed. This would
not be true in the case of "C" if the intervening
court were closed on all sides.
In that event,
the curves for "C" would be similar to those for

SOUND ABSORPTION TREATMENT
The value of absorptive treatment for sound insulation is frequently assumed to be much greater
than it actually is in practice.
Figures 3-C and
3-D indicate the reduction in transmission for the
21 inch and the 41 inch walls previously considered.
The solid curve indicates the average spectrumofsound in the room if it were heavily treated
to prevent appreciable reverberation.
The dashed
curve represents the condition in the same room
5
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due to noticeable reverberation when the interior
has very little absorption, which results in a
sound level of about 7 decibels higher or 77 db.
The attenuation of the wall lowers this curve 30
db. but the reverberation of the receiving room
raises it another 7 db. resulting in a level of 54.

has been made in order to analyze the behavior of
speech transmission in auditorium surveys where
the effect of special acoustical treatments must
be determined. In this record the deflections are
proportional to the sound pressure impressed on
the microphone.
Hence a half deflection in pressure is 6 decibels below full amplitude.
In like
manner one fourth corresponds to 12 decibels below
since the energy of the sound is proportional to
the square of the pressure.
For average English

On the other hand, if both rooms are heavily treated
with absorption the resulting level will be approximately 40.
Therefore, if both rooms are treated
the insulation is 14 db. better than if both rooms
are reverberant.
Similar conditions are true for
other types of walls.
FLOORS AND CEILINGS
The previous considerations of walls are equally
true of floor and ceiling construction which corresponds in stiffness and mass. For example, a 4"
concrete slab with a plastered ceiling underneath
would have approximately the same characteristics
as that shown for 3-B. If a metal lathand plaster
ceiling were suspended below the slab the attenuation would, of course, be greater.
SOUND FROM IMPACTS
Since this discussion is limited to radio as a
source of sound the serious disturbances resulting
from percussion on the floor are not included in
the preceding considerations.
In other words, we
are assuming that the transmission is from air to
air.
VARIATIONS

Figure 4
speech the consonants are 14 decibels below the
level of the vowels.
Of course, this relationship
is widened when speech is transmitted through walls
and openings as is illustrated in the preceding
charts.
This accounts in part for the very low
articulation of speaking voices when heard through
a wall or door. The other important factor is the
parasitic reverberation and transients introduced
by multiple reflections and vibration of the wall
itself.

IN SPEECH INTENSITIES

In all the preceding characteristics the curves
represent average values in intensity.
In applying these charts to actual conditions it must be
remembered that the variations from the average
are usually plus or minus 10 db. andmay be as much
as plus or minus 20 db.
This fact is effectively
illustratedby a reproduction ofan actual oscillographic photograph of speech picked up by
the
microphone about 18 inches from the speaker.
The
speech is separated into three traces
recorded
simultaneously.
The upper trace are made up of
frequencies below 500 cycles which include the
rundamenuals of tne vowels. The cenuer trace consist of frequencies between 500 and 2000 cycles
which contain the harmonics and overtones of the
vowels.
The bottom trace record the
essential
frequencies of the consonants, which lie above 2000
cycles.
This division of the frequency spectrum

WINDOW VENTILATORS
It is quite evident from the preceding discussion
that windows and doors should be kept closed. The
outside noise must be effectively attenuated so
that the noise level in the listening room is low
as possible, certainly far below 40 db.
This is
important for comfortable listening and makes it
possible for the listener to adjust the acoustic
level of the radio output to a reasonably low level,
not higher than 70 db. or 80 db. at most.
If the
radio is adjusted to higher levels the transmission
to adjoining rooms and apartments will be raised
6
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in a corresponding amount,
thereby
causing
an
annoyance to neighbors in spite of substantially
built walls.
One of the first commercial window ventilators
which was placed on the market for the expressed
purpose of excluding the noise but not the air is
shown in Figure 5.
The explanation of its action
is also given to show how the manufacturer relied
on reflection to exclude the noise.
It is fairly
well appreciated now that only the higher frequencies have appreciable directional properties and
hence this ventilator is effective where the noise
has a substantial amount of its energy in the
middle and high frequencies.
A much more efficient (and costly) window unit has
been placed on the market in the last few years.
Figure 6 shows a phantom view which illustrates
how the air is brought in through a dust filter
and sound absorbing path by an adjustible speed
fan and electric motor.
The louvers are also adjustible in direction and area of opening.
The
reduction of outside noise through this unit is
approximately equal to that of the closed window,
which usually falls between 15 and 25 decibels of
reduction.
Later models offered by two leading manufacturers
are illustrated in Figure 7 and 8. These units do
not extend past the inside edge of the window sill
and hence do not interfere with curtains or take
up floor space.
These units can easily be lifted
out so that the windows may be cleaned in the
usual manner.

Figure 6

Figure

7

CONCLUSION
Some of the important factors for the improvement
of the apartment house can be summarized as follows:
1.
Provision for positively controlled ventilation with closed window conditions, acoustically.
2.
Provision
for
double
walls
and
suspended
ceilings below double floors between apartments
horizontally and vertically, respectively.
3.

Elimination of closed courts

4.
Provision for acoustical
halls, both inside and.outside

or

light walls.

treatment
of
of apartments.

all

5.
Provision for vibration isolators under radio
cabinets, pianos, etc.
6.
Arrangement of rooms so that closets are
ated between apartments along common walls.

situ-

From the standpoint of noise reduction it is always desirable to have all floors covered with
carpets or rugs laid over heavy cushion fabric or
mat. This provides acoustical absorption and also
reduces the impact noises transmitted to the room
below.
It is quite clear,'len, that the owner, engineer
and architect sould
in.,lude adequate provisions
for sound proofing throughout all stages in the
planning and building of a new apartment house.

Figure 8
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COSMIC CYCLES
AND RADIO TRANSMISSION
BY

HARLAN TRUE STETSON, PH. D.
Delivered before the Radio Club of America
June 3, 1936
Everyone connected with radio transmission knows that there

atmosphere that

makes

radio wave propagation possible, we can

are certain times when communication is superior and other times

see that anything

when it

character of solar radiation must inevitably produce correspond-

is much inferior.

Listeners to oroadcast programs are

aware of the fact that conditions change from time to time in the

ing results

which

influences

the quantity, duration, or

in the radio business.

behavior of receiving conditions quite beyond the control of the
receiving set.

Variations in the amount of static and periods

The results of studies carried on in the last decade indi-

of fading often exhibit themselves at longer and shorter inter-

cate that the

vals depending upon conditions in the upper atmosphere that are

years' duration has its counterpart

receiving an increasing amount of study.

As will be shown later, quantitative measurements of field in-

ing over

a decade

or

Investigations extend-

more leave little doubt

in the minds of

tensities appear to

scientists who have probed these problems that there are cosmic

activity

such

effects taking place in the ionosphere through which radio waves

large numbers

are propagated.

counteracted.

The study of these cosmic effects,

well

the cycles

known

solar

show

that during periods

as is generally indicated by
of

sunspots,

When one,

the

ticipating the prediction of long

not only
of

from

the scientific standpoint but from the point of

t

1

ditions

affecting

\

40

radio

0

wave communication is
that produced by the successive

passing

,on

Wen

Certain high frequencies

invari-

performance in darkness than in daylight.
range of broadcasting stations is

very

The increase in the

this diurnal cycle

the plane of its orbit

does

which

and

the

in

Stetson.

turn affects

cycles

upon

firmative.

summer and

the

ionizing power

of

solar radiation

the year.

changing

the possible effect

conditions

in

the

it is well

of

conductivity
are

cosmic
of

the

returned,

to examine various known sources of atmospheric

ion-

ization excluding those of terrestrial origin such as radio activity in the

of

There is, for

The same appears to be true of meteor-

earth's upper atmosphere from which radio waves

Company

source

to answer

this question in the af-

To approach the problem of

the axis of rotation to

darkness during

it already

The chang-

The radio operator who knows his communication

the principal

T.

safe

must be for the moment left open for question.

range must be provided with charts giving available ranges for
is

appears

Whether or not the planets can have any effect di-

different frequencies at different seasons ot
the sun

10'

indirectly through causing disturbances in the solar atmosphere

not perform

is, of course, directly responsible for

the inequality of daytime
winter seasons.

lam

rectly on the electrical condition of the earth's atmosphere or

ing declination of the sun due to the combination of the earth's
the inclination of

produce any ef-

example, what appears to

ic showers.

noticeable a few hours

nations due to seasonal effects of cosmic origin.
and

main

fect on the ionosphere.

the same day after day but is subject first of all to wide va-

orbital motion

time an-

be direct evidence that the moon as well as the sun has an ef-

The region

the radio spectrum known as the broadcast band shows better

Even so,

lann

Figure 1

ably give better performance by day than by night.

after sundown.

maon

'Reproduced from
Earth. Radio and The Stars by N.
McGrew. Hill Book Company, Inc..

lightanddarkness as the

of

Inon

Curve of sun-spot numbers and earth's magnetic activity.

earth rotates upon its axis.

sun

cation lines,

leinn

of day-

same

fect upon radio communi-

mumnea

laàn

the

forecasting of condi-

the

L

.3,

than

nomical bodies other than

08

80

more

When asked ifastroIl

120

riodic change in the con-

range

cni

AnGNE IM

try.
The most obvious pe-

is

tions in the ionosphere upon which radio communication depends.

the whole radio

and communication indus-

marked solar
appearance of

seasonal effect

cause of behavior of cosmic cycles he is at

likely to be of greatest importance

of

the

therefore, endeavors tosearch out the

field in science which

is

1/
4

in radio wave propagation.

which they undergo, and the ultimate causes, is a new and coming

view

Z.

cycle of approximately 11

Since

ionization of the earth's

of
11

has

earth's

crust.

Skellett of

the

Bell

Telephone

conveniently summarized extra terrestrial sources

ionization in the following

table)'

)

July, 1936
Energy Received by
the Earth, Ergs per
Square Centimeter
per Second

Sources of Ionization

Ultra-violet light from the sun
Meteors during meteoric shower (am.) up to . .
Ultra-violet light from the stars (approximate)
Cosmic rays
Meteors - average normal day:
am
pm
Ultra-violet light from the full moon

turns back the ordinary and the other the extraordinary wave resulting from the double refraction.
Anycosmic phenomena,

28.35
2.4
0.014
0.00031
0.00024

cess of the transmission of radio waves which depend upon the momentary constitution of the ionosphere.
gives us a new tool for exploring the

square

One

of these is the direct

reflection method such as has been used by Appleton and others

centimeter per

in England and at the United States Bureau of Standards, Cruft

Skellett estimates that meteors during thedates of par-

ticular showers takesecond place.

therefore,

atmosphere to the

Two different methods may be employed forgetting information concerning ionic variations.

light of the sun is by far the principal ionization agent to be
considered; amounting to 28.35 ergs per

The radio,
upper

height of 200 or 300 kilometers.

0.00012

0.000044

An.examination of this table indicates that the ultra-violet

second.

Lherefore, which cyclicly change the

degree of ionization or the electron density will affect thesuc-

Laboratory, and elsewhere in the United States.

It is perhaps a bit surpris-

Theelapsed time

from the time of emission of a radio impulse and its subsequent

ing to see the low value of the energy available for ionization

reception at an adjacent point is recorded on the oscillograph

that can be attributed to the high penetrative radiation of which

and gives a measure of the virtual height from which the trans-

we have heard so much, commonly called cosmic rays.

mitted wave is reflected or turned back to earth.

It should

These virtual

also be noted that the lowest value of all in the table iSattrib-

heights are, of course, calculated on the assumption that the ra-

uted to the ultra-violet light from the full moon.

dio wave is propagated with the velocity of light and cannot be

This is im-

portant to keep in mind inconnection with any explanation for a

taken as direct height on account of some uncertainty as to the

lunar effect on radio communication of which more will be said.

variation of velocity with the conditions encountered.

However,

these virtual heights which vary widely from day to night show a

If we view across section of the earth's atmosphere fromits
surface out, some to kilometers must be allowed for the tropo-

definite seasonal trend as thedegreeof ionization at the respec-

sphere with which classical meteorology is concerned.

Above this

tive levels from which known frequencies are reflected change with

troposphere lies the isothermal region with a temperatureof -55 °C.

the duration and intensity of sunlight on the upper atmosphere.

Here the stratosphere begins.

Judging from the latest scientific

Another method of utilizing radio for obtaining variations

results of Stevens and Anderson in Exploser II, it appears that

in layer heights is through the measurement of field intensities

in the lower regions of thestratosphere we encounter the begin-

at fixed points from the transmitting station since there is pre-

nings of the ozone level.

stuaablyan optimum height corresponding to maximum intensity for

Spectroscopic observations of sunlight

at Captain Steven's record altitude of 72, 395 feet above sea level

a given path distance and an assigned frequency.

indicated ['audit this altitude some 25 per cent of the total amount

Bureau of Standards

of ozone was below the observers.

field intensities secured in this country of European stations for

fore,

From this level up, there-

(2)

the amount of ozone must show considerable increase proba-

bly extending to the altitude of the ionized layers.

has

Austin at the

shown a definite relationship between

the transmission of long waves and the sun-spot cycle of

From so to

years.

8o kilometers the ionization of the atmosphere appears tobe suf-

11 1/2

Pickard, Kenrick, and others, including the writer, have

carried on series of measurements in the broadcast band covering

ficient to reflect very long waves and to this region has been

now nearly a complete sun-spot cycle.

ascribed the D-layer.

general increased solar activity during the last ten years has

From 8o to 120 kilometers we arrive at an

electron density great enough to turn back waves of broadcast fre-

been accompanied

quency.

scribed paths.

The mean height of this E-layer, commonly referred toas

the Kennelly-Heaviside layer in honor of our American and English

by

decreases in field intensities

pre-

between the broadcasting station fiBBM Chicago and receiving points

and from season toseason, as well as with the solar cycle or any

in thevicinityof Boston.

other cause that may affect the population or density of its elec-

This series was initially started by

Mr. G. W. Pickard at his private laboratory in Newton Center and

tron or ionic content.

was fora number of years continued by the author at Harvard Uni-

From 200 kilometers upward we arrive at

the region of the

ionosphere to which Appleton earlier called attention,
that is often designated as the F-layer.

versity, subsequently byG. W. Kenrickat Tufts College, and more

the one

recently at the Institute of Geographical Exploration in Cambridge

Since high frequency

and in his private laboratory in Newton by the author.

waves turned back from the F-layer suffer polarization with con-

ried on between

into two regions designated the F1 and the F2 layers, one of which

of the Perkins Observatory.
16
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Figure

A series

of measurements betweenWBBM Chicago and Delaware, Ohio,wascar-

sequent double refraction, this F-layer is for convenience split

April

over

The longest series of observations in the broadcast band is

engineers, will vary with the change fromday tonight conditions

March

It has been found that in

1929

and 1933 while the undersigned was director
Bothof these series as indicated in

\id\f

July
1926

Jan.

July
1927

Jan.

UPPER CURVE SHOWS INVERTED SUN-SPOT NUMBERS.
INTENSITY MEASUREMENTS.

RECEPTION.

Figure 3
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the graph have shown cyclical

fluctuations that appear to reflect

the degree of solar activity as measured by the number of sun-spots.
It has been found in the Chicago - Delaware series that if
he sun-spot numbers are restricted to the central zone, corresponding to the position of spots near the sun-earth line,a somewhat closer correspondence is found between the graph of radio
field intensities and solar activity than when spots for the whole
disc of the sun have been included.

This would appear to indi-

Curve of sun-spot numbers of the last solar cycle showing
effect upon radio reception.

cate that variations in the ultra-violet light are not alone responsible for the radio effects.

Figure

While reception fromadistance
planation.

of several hundred miles appears to vary inversely in its field
strength as compared with sun-spot numbers, the quality of recep-

tions and especially those in charge

tion at points nearby a broadcasting station may behave contra-

should cooperate with the Bureau of Standards inexpediting re-

rily.

This is usually explained on the grounds of

between the sky wave and the ground wave.

wide event or not.

With the continued acquisition of

it may happen that the sky wave is reflected so well that it in-

characteristics,

corresponding solar events.

reception.

With

accompanying

it will be possible to more readily correlate

thus seriously hampering good

The relatively definite cycle of solar activity makes it possible to make general predictions concerning radio transmission.

increasing solar activity,

the sky wave ceases to

It

thus we may ac-

is interesting to note that, as exhibited in the curve, many

secondary fluctuations in the sun-spot numbers are reflected in

tually get better reception within local areas at times of sun-

the performance of radio reception.

spot maxima than at times of sun-spot minima.

pointed out by the writer (5)

tance transmission in

the

broadcast band, and

to

even

riod in sun-spot activity is not yet known.

nighttime

band.

When we haveobtained

some evidence for the fundamental cause of these solar fluctuations, we shall

It seems

tion

highly desirable that more of the relatively inexpensive equipammeent for measuring field

The reason for thefifteen-

month period in solar fluctuations oreven for the 11 1/2-year pe-

long dis -

conditions at times of great solar activity simulate the usual
daytime reception in the broadcast

A period of fifteen months

has many times shown its counterpart

in the curve of field intensities.

In the case of distance reception, on the other hand, the
lower Kennelly-Heaviside layer is less conducive

of

informa-

the lowering of the Kennelly-Heaviside layer

interfere as effectively with the ground wave,

effects

continuous operations

tion as to these periods of remarkable change in communication

terferes at intervals with the ground wave at distances within
5o miles of the sending station,

of

ports of all such fade-outs whether it be suspected as a world-

interference

At times of sun-spot

minima with a consequent ascent of the Kennelly-Heaviside layer,

of

the

Meanwhile,

intensities be established at strate-

it

as

have gone along way to a more accurate predic-

cosmic

conditions affecting

is perhaps worthwhile

gic points throughout the country if we are to obtain more com-

potheses

plete data for studying cosmic effects upon transmission in the

fluctuations in the solar cycle.

broadcast band of the radio spectrum.

have been considered

to

as

the

reflect

radio industry.
upon

a possible basis

such hyof

the

Numerous attempts have been made from time to time to account

There is room for adifference in opinion concerning the ex-

for periodicities in the appearance of sun-spots on the basis of

act mechanism whereby sun-spots produce changes in the ionization

the various planetary periods. The sidereal period of Jupiter most

of the reflecting layers.

nearly approximates that of the fundamental cycle in solar activ-

another place

(3)

The author has discussed at length in

the relative merits of the hypotheses of ultra-

ity.

Jupiter's period, however, is

spot period of

ory that the spots themselves are centers of electronic or some

from constant as in certain instances the interval between maxima

vations made during

Thesun-spot period, however, is far

Obser-

has been as little as 8 years and in one case as long as 17 years.

times of total solar eclipses show the imme-

An exhaustive examinat ion by E. W. Brown (6) made 36 years ago sug-

diate screening effect of
reducing

11.25

years.

12 years and not the mean sun-

violet flares accompanying the formation of the spots and the the-

kind of corpuscular emission from the sun-spot centers.

the degree of

the

gested at that time that a combination of

sun's ultra violet radiation in

ionization at a given height or the ef-

with that of Saturn

the period of Jupiter

(29 1/2 years) showed a correlation with the

fective change in the Kennelly-Heaviside layer accompanying the

sun-spot period.

optical shadow as the moon passes in front of the sun.

Conflict-

same author's mind upon the validity of these earlierconclusions.

ing results give some evidence for a theory of ionization bycor-

One difficulty with all planetary theories for explaining the ap-

puscular radiation advanced by Chapman.

pearance of sun-spots is that the tidal action of the planets is

Evidence concerning this

has likewise been discussed at length elsewhere.

It would ap-

too small

Later, however, discrepancies cast doubt in the

to appear to be significant incausing eruptions in the

pear not improbable that superimposed upon the effects of ultra-

solar atmosphere on gravitational grounds.

violet radiation which may or may not be locally increased with

pose,

If one were to sup-

however, that the planets are at different electrical po-

the formation of sun-spot zones there is still room for a cor-

tentials,

puscular hypothesis which

sun-spot theory from the planetary viewpoint.

is used so effectively by Stormer in

brilliant studies of auroral forms.

4

It is most urgent that those engaged in radio opera-

then there is perhaps a fresh basis for attack on the

As has been pointed out by the writer

(5)

,the fifteen-month

The recent coincidences of eruptions in thesunobserved at

secondary period in solar activity coincides very closely with the

the Mount Wilson Observatory with tineofcomplete fade-outs of

combined periods of Mercury (88 days) and that of Venus (225days).

is at least corrob-

If electric charges on the planets exist, it is not easy to sep-

-eat ing evidence for an intimate relationship between particular

arate their effect from the gravitational effect since both would

events on the sun and prompt response in the ionosphere.

follow the inverse square law.

transoceanic reception noted by Dellinger

he

That the

There are only a few thinkable

period of fade-outs has in many instances indicated intervals of

instances where planetary perturbations would make it possible to

54-days or approximately

twice the synodic period of solar rota-

differentiate an assigned value for gravitational mass from asim-

tion at the equator is especially puzzling and so far without ex-

ilar valweconfused with a possible effect due to electro -static
13

July, 1936,
charges.

Some investigations are now being made to consider the

results of combining forced period oscillations withassumedval-

in the ionosphere might, therefore, be expected to be accompanied
with corresponding disturbances in the earth's magnetism.

ues of natural periods of oscillation of a solar atmosphere.

Herein also would appear to lie an explanation for a lunar

Current opinion among astrophysicists is against any planetary theory to account for solar activity.

Preference is being

period in terrestrial magnetic variations as has, been previously
hinted.

In

our

quantitative studies of radio reception which

given to periodic disturbances in the internal structure of the

show so unmistakably the effects of solar activity, considerable

sun that presumably give rise to disturbances in the outer atmos-

evidence exists for alunar tide in the ionosphere.

phere thus producing the sun-spots.

that correlate with the moon actually exist, the changed distri-

Application of the hydrody-

namic principles to the formation of solar vortices by Bjerknes

(7)

If such tides

bution of electrons with the position of the moon should result

have yielded some plausible explanations for the formation of sun-

in variations in the magnetism induced in the earth, hence the

spots at the extremities of tubular disturbances extending below

lunar cycle in both magnetic activity and radio field intensi-

the surface of the solar photosphere.

No explanation, however,

ties.

Curves

of

field

intensities

both

between

Chicago and

on such grounds has been forthcoming for eleven-year periodicity.

Boston, and Chicago and Delaware, Ohio, show systematic changes

Bjerknes shows, on the basis of his deductions, how spots may be

with the hour angle of the moon.

expected to migrate in latitude as the cycle progresses.

Through thecourtesy of Professor Mimno of the Craft Labo-

Notable correspondences between the occurrence of sun-spots

ratory at Harvard University it has been possible to examine the

and the disturbances in the earth's magnetic field have been on

percentage of reflection of waves of 3492.5 kilocycles frequen-

record for more than acentury.

cies

Investigations in the performance

of radio communication in recent years have shown disturbances
concomitant with magnetic storms.

Many radio engineers,

there-

from

the E-layer and as

has

been reported (8)

from about

10,000 hours of observations included in the material examined,
there was an increase in the percentage of the time of reflec-

fore, have supposed that investigation of cycles in radio trans-

tion from the E-layer from

mission with cycles in terrestrial magnetic activity is a more

from conjunction with the sun to a position alittle past full.

profitable field for exploration than the correlation of radio

Even making allowances for asuspected seasonal correction there

phenomena with solar activity.

remained an 8 percent increase of reflections in the E-layer as

It is the opinion of the author,

12 to 22

per cent as the moon passed

however, that solar disturbances are the primary cause for both

the difference between the hour angle of the sun and the moon in-

magnetic variations and radio disturbances.

creased from o hours to 14 hours.

Since any variations

A corresponding decrease in

in the sources of ionization of the upper atmosphere of the earth

the percentage of reflections accompanied the change in hour an-

would affect the ionic and electronic density of the ionosphere,

gle differences from 14 hours to 24 hours.

it is easy to see that the electrical currents due to the rota-

by saying that near full moon there is a tendency for an increase

tion of the ionosphere would correspondingly vary.

The current

We may summarize this

in ionic density on the night half of the earth's atmosphere thus

set up by motion of and in the ionosphere would immediately be re-

favoring increased numbers of reflections from the E-layer.

flected in changes in the magnetism induced in the earth by such

new moon,onthe other hand, any effect which the moon may have,

variations.

If we were to regard the ideal case of an ionosphere

At

has probably been lost in the solar effect on the daily half of

in equilibrium rotating with the earth, then the electric current

the earth's atmosphere.

produced by the motion of the electronic shell would induce mag-

or electronic density at a given level is due to gravitational

netism in the earth symmetrical about the geographical poles.

or other sources has not yet been determined.

The

compass needle at any given moment, therefore, would point in the
direction determined by the resultant of the permanent magnetic
field of

the

earth, whose

axis

lies in the direction

of

the

earth's magnetic poles, and the field due to the induced magnetism determined by the geographical poles.
Any cosmic effectt which

would

Perhaps one of the most striking results fromour investigations of variabilities in radio transmission is the apparent variation of time elapsed in the propagation of waves utilized for
the intercomparison

of

time

either side of the Atlantic.

change the degree of this

ionospheric shell would, therefore, vary the component due to the
induced magnetism.

Whether the lunar effect on the ionic

In this way a well known diurnal change in

signals

between observatories on

9)

After making all reasonable al-

lowances for variations in lag,

the actual computed times indi-

cate too per cent variation in the effective velocity of the 17
kilocycle waves between 1929 and 1934 over the Annapolis- Rugby

the declinationof the compass can be explained since the degree

path.

of ionization in the upper atmosphere is different for the illu-

pansons between Annapolis and Bordeaux, and Bordeaux and Rugby.

minated and unilluminated halves of the globe.

Any sudden dis-

While the assumed great circle routes over which the waves are

turbances on the sun which would upset the distribution of ions

propagated are not vastly different between the United States and

Similar but less drastic variations occur from intercom-
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France, as compared with England, the more northern route may be

dip are represented in the accompanying graphs.

subject to greater irregularities

of individual points is probably due chiefly to the fact that

mean magnetic latitude.

on

ac aunt

of

its

higher

The scattering
the

This has led toa careful study of all

great circle route between the points intercompared in many cases

available material which might show a relationship between the

does not correspond to the actual path pursued by the radio wave.

effective velocity of timesignalwaves and the routes over which

From the foregoing discussion, it appears that the relation

they are presumably propagated.

of cosmic phenomena tc)radio communication is to become asubject
of increasing importance.

Froma study of some 2o different inter-observatory compar-

That definite cycles in certain cos-

mic phenomena such as solar activity, the period of solar rota-

isons distributed throughout the world the mean effective veloc-

tion, and the period of the moon's revolution about the earth,

ity of propagation shows astriking correlation with the value of

exert their effects upon the characteristics of radio communica-

the horizontal intensity of the earth's magnetic field.
calculated velocities

have

The

tion appears to be established upon reasonable evidence.

been found to range from less than

As we

are able to discover the underlying cause of these cycles in cos-

km. per second for avalue of o.o8 to a velocityof 300.000

mic phenomena we may actually hope in the future to predict with

per second, approximately that of light, for values of H exceed-

some degree of accuracy the performance of radio communication

ing o.

over various paths at various frequencies through coming years.

200,000

20 .

Acorresponding study of propagation velocities and the

values of magnetic dip give consistent results,

the highest ve-

locity of 300,000 km. per second corresponding to a dip of 61
and

the

lowest velocity that of

200,000

Difficulties

km. for a dip of 83 ° .
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shall make evident the cure for the present maladies.
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IGNITION DISTURBANCES
BY

LESLIE F.CURTIS *

Delivered before the Radio Club of America
September 16, 1936

INTRODUCTION

In the case of an eight-cylindermotorrunning at 3600 r.p.m.,
only 240 ignition sparks per second are required, each one
of which persists for only a few microseconds.
Thus the
disturbance, which gives rise to the radio interference,
occurs within an extremely short portion of the ignition
cycle, often in the form of a single discreet impulse and
is thus wholly unlike the conventional spark transmitter.

This paper is a revision of one presented before theInstitute of Radio Engineers at Rochester, •New York, in November 1933, and explains indetail the origin of interference
in the circuits of a typical battery ignition system.
It
supplements the author's paper "Electrical Interference in
Motor Car Receivers," PRW. I.R.E., 2p,p.674; April, 1932.

With respect to the radio receiver itself, the time constant of the tuned antenna circuit may be of the order of

In discussing the suppression or reduction of ignition disturbances or interference in the operation of radio receivers it seems desirable to summarize what little is known or
surmised about the nature of these disturbances and their
sources.
While theoretical analysis unsupported by experimental evidence will not, in general, be found a complete
basis on which to proceed in the development of satisfactory means for the elimination of ignition interference,
the lack in the literature known to the writer of any detailed treatment of the problem seems to him to justify the
analysis which is here given.

io x io -6 sec.
sec.,

is

reduced to F
.

for all practical purposes,

mj

times its
zero.

It is reasonable to assume that no auxiliary car circuit,
such as a resonant wire, rod,or frame, has any greater time
constant than the above.
Therefore no circuit is likely to
be present in the field of the disturbance which will sustain oscillations until the next spark occurs.
Obviously,
at low engine speeds, the possibility of overlapping of the
effects of successive sparks is even further avoided.
In this case it is simpler to deal with the individual damped
wave trains than to resolve them into equivalent carrier
and side bands.

It has been customary to analyze the response of any tuned
antenna system to interference or strays in terms of the
selectivity of the system and its acceptance of a band of
frequencies falling within the side bands reproduced by the
complete receiver.

therefore discuss the theoretical nature of the wave
fronts produced by a typical
battery-ignition cycle,
and
then summarize
the
logical
Ro -row
methods of reducing the response in the receiver to these
impulses.

I shall

_
BA7:

However, with ignition interference, the ignition sparks
occur at such relatively infrequent intervals
that
the
disturbance from any one ignition cycle has disappeared
before the following one begins.
Chief Engineer,

Thus at the end of one ignition cycle,

disturbance

initial value, or,

GENERAL CONSIDERATIONS

Intheanalysis of the response
to aspark transmitter, either
as a desired or as an interfering signal, where the individual
wave
trains follow
each other at very short time
intervals, this procedure
yields useful results.

any

United American Bosch Corp.

CONTACTS

CAri

FIG. 1.

19

Figure i shows the portions
of a battery ignition circuit
which are usually considered
in a superficial explanation
of its operation.
The constants which determine the interference transients include
the obvious ones shown in the
figure plus
the distributed
andlumpedconstants of all the
wiring and
the voltage-cur-
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TAB
PHASE
r

CIRCUIT CONDITION

TRANSITION
Contacts close

1

Fig.

Primary current increases

Fig.

1.

Fig.

2.

Fig.

2.

Fig.

2.

Current transferred to
condenser

Fig.

2.

Steep L-T wave front

Fig.

2.

L-F oscillation

Fig. 6.
Fig. 8.

Rectangular H-T wave
front

Fig. 8.

L-F oscillation
H-F oscillation

Fig. 8.

Rectangular H-T wave
front

Fig. 8.

L-F oscillation
H-F oscillation

Fig.

8.

Rectangular H-T wave
front

Fig.

8.

H-f oscillation
H-T arc at plug

Fig. 8.
Fig. 12

Steep H-T wave front

Fig.

12.

H-F oscillation
L-F oscillation

Fig.

6.

Voltage increases across
Contacts
Contact spark

3
Spark out
4
Rotor gap
breaks down
5
Repetition of
above
5a
Plug gap
breaks down
6
H-T arc goes

DIAGRAM

Zero current

Contacts start
to open
2

El
PARAMETERS

CURVES

1.
Fixed

Variable K

Variable arc

Fixed

Fixed

Fixed

Variable arc

CAR-RADIO
INTERFERENCE

DISTANCE
INTERFERENCE

No

No

No

No

Fig.
Fig.

3.
5.

No

No

Fig.
Fig.

3.
5.

No

No

Fig.

5.

No

No

Fig. 4.
Fig. 5.

No

No

Fig.

5.

?

No

Fig.

7.

No

No

Fig. 9.

Yes

?

Fig.
Fig.

9.
10.

Yes

?

Fig.
Fig.

9.
lo.

Yes

?

Fig.
Fig.

9.
io.

Yes

1

Fig.

lo.

Great

?

Fig.

11.

Great

Yes

Fig.

II.

?

No

?

No

OUL

7

Fixed

End of
Fig. 7.

Contacts close
NOTE:-

L-T
L-F
H-F

Low-tension
High-tension
Low-Frequency
High-Frequency

rent characteristic of any arc or spark.
These will be discussed in detail for each portion of the complete ignition
cycle.

ductance and the resistance of the primary circuit alone.
The other phases may give rise to radio interference and
will, therefore, be discussed in some detail.

The analysis of the ignition cycle may be divided into separate periods or phases which follow each other in definite
sequence.
During two of these phases, the complete differential equations expressing the phenomena involve variable
parameters, and a general solution is not practical.
The
results may be approximated qualitatively, however, by segregating portions of the circuit and by assuming that the
audio, radio, and super-radio frequency components are confined to relatively simple parts of the complex circuit.

PHASE 2
Precisely how long phase 2 persists is rather uncertain
since we have insufficient data on the voltage necessary
to strike a spark across an exceedingly small gap thereby
initiating phase 3.
The explanation which is offered is,
therefore, largely speculative, but leads to definite conclusions with regard to the wave fronts associated with the
primary condenser circuit.

Having developed an approximate qualitative analysis, we
may then estimate the magnitude of the interfering components, -at least to the extent of predicting the most troublesoze ones.

L ic

IGNITION PHASES
In each complete ignition cycle there are eight distinct
phases, betweenwlichthecircuit parameters change abruptly.
During these phases the parameters may also change slowly,
as will be described.
At each abrupt change the approximate analysis is transferred to a different portion of the
circuit.
Table I summarizes these changes.

PHASE I

F -/G,

At the start of and during phase 1 no interference is produced since the primary current is then building up logarithmically at a relatively slow rate, limited by the in20

2.
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2

During phase
the current carried by the primary of the
coil may be assumed to be constant, since it does not have
time to change.
Attention is, therefore, confined to that
portion of the low-tension circuit between the coil and
ground as indicated in Figure 2.

and

-V4L(CCK

-

K)

- R2

2L

V4LK

- R2K2
211

and A and B, are constants of integration.
time is taken for each integration.

At the instant the contacts begin to separate, there is practically no voltage across them and before an arc or spark
can exist, the voltage must be built up to a critical value.
At the same instant all the coil current flows into the capacitance of the contacts and their mountings, as a displacement current, since the inherent inductance of the condenser circuit prevents an instantaneous building upof current in it.

A new zero of

The displacement current across the contacts is Io - ic or
làt
K=-7-sh7
sin w1t + 13, cos wit)j o

i IK

The voltage across the contacts is

eK -E

These currents and the contact voltage, until a spark passes, may be expected to approximate the form indicated in
Figure 3.

If we could have geometrically perfect contacts 0.4 Cm. in
diameter and separated by 0.0001 Cm., their capacitance
would be approximately loo mai.
As the gap is never uniform down to these small dimensions, the actual capacitance
is appreciably less, but still large enough to be a factor
in this study.
From the geometry of typical low-tension condenser circuits, it is estimated that their inductance may be between
20

is

X 10 -9

and 500 x 10 -9 henry.

Let it be assumed that it

100 x 10 -9 henry.

If the contacts were instantaneously opened until their capacitance was 100 mmf. and thereafter remained fixed, the
voltage across them would follow a damped radio-frequency
wave of angular velocity
w
,
1
316 x 10 6 radians/sec.
‘ Ihuo x ioo
x 10 - '
and f
x iou cycles/sec.

50

During this time the low-tension condenser would receive no
appreciable charge.
Actually, however, the capacitance of the contacts varies
from infinity, when they are closed, to a negligibly small
value, when they are opened an amount sufficient to prevent a spark, so that the oscillation starts at a relatively low frequency and rapidly but smoothly increases to a
very much higher frequency than indicated.

o
•0/

The initial rate of separation of the contacts will vary
from 2.0 10
Cm. /sec., depending on the engine speed
and the cam shape.
The capacitance between the contacts
will, therefore, vary inversely as these rates andinversely with the time measured from the beginning of the opening.

25.0

.0 2.

.03

1
,f Sec,

FIG. 3.

For a complete determination of the wave forms involved, a
step by step method is indicated, integrating over increments of time (at) during which the contact capacitance is

The interference, if any, produced by phase 2 will be discussed with that of phase 3, since it is of the same nature.

assumed constant.

As is sometimes the case, if the voltage across the contacts does not build up to the critical breakdown value,
depending on their separation, no primary spark occurs at
all.
Then the complete transfer of the current to the condenser circuit is accomplished as indicated in the figure.
The total time required may beof the order of 0.02 to
microsecond.
The major portion of the current is transferred in a fraction of this time withanexceedingly steep
wave front.
The following damped oscillation is at ultraradio frequency.

The terminology used is as follows:
R
effective radio-frequency resistance of condenser circuit.
L
effective radio-frequency inductance of condenser circuit.
C
effective radio-frequency capacitanceof condenser circuit.
variable capacitanceofcontactsandmountinga
To coil current.
ic condenser current.
ik displacement current to contacts.
t
time.
w
angular frequency.
m
attenuation constant.

0.05

K

Almost always, particularly at low engine speeds and with
non-abrupt cams, the voltage winsinits race with cam opening, and a spark passes between the contacts.
Phase 2 is
then terminated and phase 3 begins.

PHASE 3

The differential equation for the circuit is then:
1
di
,
K f (I 0 - i
c)dt = Ri c +
+C-j i
cdt

During phase 3, the contacts have usually opened to such an
extent that the contact capacitance is negligible, particularly in view of the fact that the voltage required to

di
d2i
1
1
10. R-dt
dt 2
C
K c
Integrating, the current in the condenser circuit is:
- IC
o
.
1
.a-mt( A1 sin wit + 13, cos wit) .
.r
ot
c
c
K

or

where

K

sustain an arc is less than that to strike it.
across the contacts is then determined by the

The voltage
arc charac-

teristics of the contact material.
For tungsten, which is
ordinarily used, Anderson and Kretchmar', give the voltage,
current and gap relations as in Figure £.

œ = --

2L

'University of Washington Research Papers.

21
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The complete solution is tedious but it is readily seen by
inspection that, as the condenser current and contact voltage increase, they do so at increasingly rapid rates.
The voltage required to sustain
amp. is in excess of too volts.

an

arc of less than 1.75

Therefore, the current in the arc is sucked out and the voltage rises steeply.
When this has occured the circuit oscillates as in phase 2 at a very high frequency determined
by the now small distributed capacitance of the contacts
and the inductance of the condenser circuit.
This is rapidly damped and the total primary current is finally established in the condenser circuit.
An attempt to represent (not to scale) the
and pre-spark phases is given in Figure 5.

o

.02

.0 /
C/61.

JeTi

(7.

.03

All of this lengthy explanation is preliminary to the statement that whether a contact spark occurs or not, the coil
current is finally transferred from the contacts to the lowtension condenser circuit with avery steep wave front. Any
oscillations are at high radio frequencies, certainly well
above the standard broadcast band. (o.5 to 1.6 M.C.)

.04

4

The voltage wave front is also steep, but since the contacts
are usually well shielded, and the maximum voltage is only
a few hundred volts, this seldom gives rise to interference.

.

At the start of phase 3 the contacts are already open a
small amount and a small current is flowing in the condenser circuit from phase 2. At a fixed engine speed the contact opening is approximately proportional to the time.
We
may, therefore, utilize Figure 4 drawn to a time scale for
the applied voltage.
The family of curves may also be i-

If, however, the condenser is not located within the distributor, the magnetic coupling of the condenser circuit
toother circuits in the car may produce disturbing voltages
as the result of the rapid change in current (say o to 4
amps.).
The whole arc phase may cover a total time of perhaps o.00t sec., but the most of the current is transferred
during the last few microseconds.
The voltage induced in

dentified by condenser currents rather than arc currents,
the sum of the two being equal to the coil current.
When the arc is struck we are at some point 0 on the diagram.
At a time àt later we may be at point A.
The vol-

any other circuit is, of course,

tage has increased at a rate-

where in is the mutual inductance of
loop and the circuit in question.

The differential equation for
the condenser current is

a step

by

step solution of

may

take increments of

Pt

small enough so that

di

e.

the condenser-contact

PHASE 4
During phase 2and 3 the coil current was assumed constant.
For phase 4 the effective circuit is as in Figure 6.

eg = E+ àE •t= Ri c +L--rdi
+--fi
1
cdt
tit
dt
C
We

complete spark

is

constant and the solution for the current in the condenser
is

jc = ()C +a -- t(A 2 sin w2 t + B2

where

= is as before, and

and

and

A2

B2

w2

cos

Or t
2
o

i 81
i
Li
I

"NALC - R2 C2

2LC
are the constants of integration.

Observing the initial conditions we may then solve for the
current at the assumed time.
If the calculated current
change is not as assumed, we must correct our diagram by
trial and error, but we may finally make an estimate of the
proper change in voltage and plot it against the correct
time on a curve.

E

I

i
i

(75-6
-6
-Mnruzn
L2
—

II

I
.
J

11 Ci≥
.
-

_J 1—

j
c
--/G.

6.

The primary current follows alogarithmically damped oscillation at an audio rate depending on the primary constants
and those reflected from the open secondary thru a very
high percentage of coupling between the windings.
Figure
7 represents the case where no secondary spark occurs.
The frequency of this oscillation is usually between 2000
and 4000 cycles per second.
The damping depends mainly on
the coil losses other than the ohmic resistance of the winding.
If the secondary lead to the distributor were open, the
secondary voltage would ordinarily rise to 30,000 or 40,000
volts, although at high cam speeds, which limit the time for
the primary current to build up, it is often considerably
less.
The effectofeven this high voltage is usually neg22
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in decreasing proportion.

—

ligible because of its low frequency.
Certainly there is
no radiation at this frequency. If the antenna were coupled
electrostatically to the high-tension terminal of the coil,
there might be a slight response due to the induced transient at the tuned frequency of the first circuit in the
receiver.
This is rather a remote possibility.
There is probably no interference from
to the current in the primary circuit.

The capacitance and inductance of open high-tension leads
spaced an average distance of two inches from ground ere
estimated to be
C = 4 x lo -12 f/ft.
and

magnetic coupling

L = 300 x io -9 h/ft.

PHASE 5

The lowest frequency of oscillation in
is
fi . 450 X 10 6

The portion of the circuit to be considered during •phase
5 is shown in Figure 8.
It includes the constants of the

The capacitanceandinductanceofshielded 7mm.
leads are estimated to be
C = 30 x io -12 f/ft.
and
L = 130 x lo -9 h/ft.

P'»Gi

of this sort

file cable connected to the coil would probably oscillate at
a lower frequency because of the added capacitance of the
secondary winding.
The cable between the spark plug and
the rotor would act practically by itself, with minor irregularities.

L4
U9121i

C4-

C3

cable

o

high-tension cables, rotor gap, and spark plug.
Actually
the cable constants may be distributed, but as a first approximation they are here considered lumped.

,ofL
e°

respectively.

L = 65 x io-9

Cs

h/ft.

(ungrounded)

As

soon

or

(grounded)

The fundamental frequencies for these
slightly lowered but not decreased in
because of the increased storage of
cable capacitance the resulting spark

F /G, 8.

high-tension

conditions would be
magnitude.
In fact,
energy in the larger
would be "fatter".

as the difference in voltage between e3 and e4 is

As the voltage rises at the secondary terminal of the coil
L2 , capacitances C2 and C3 are charged at an audio rate

again sufficient to break down the rotor gap, another spark
passes.
These cycles are continued until the voltage e5 is

with

large enough to jump the gap at the spark-plug electrodes.
Phase 5 is then terminated and phase 6 begins.

no

appreciable

drop

across the cable inductance L3 .

When the voltage reaches the breakdown value for the rotor
gap, (depending onitslength), a spark passes, partly discharging C3 and charging C4 to the same voltage.
Except
for the slight energy loss in the spark itself
be instantaneous.

this

e3

would

The circuits on both sides of the rotor gap respond
to
damped oscillations until the voltages are uniformly distributed at each end of the cables L3 and L4.
The wave
forms of the voltages across these several capacitances
are shown in Figure 9 with corresponding subscripts.

fi-o c

riG /0.

Had the lead inductances and capacitances been uniformly
distributed we should have had traveling waves along both
of the cables with reflections at the terminals.
During
these oscillations both coil and spark-plug cables would
be effectively open at each end, except for the slight
lumping of capacitance at the coil terminals.
Thus the
lowest frequency at which the individual cables would oscillate would be approximately

f, =

21c>"

where

lo

The voltages e3 and e5 (fundamental only)

are indicated in

Figure 10 for several successive rotor sparks terminated by
plug breakdown.

PHASE 6

is

the length corresponding to the formula for the familiar
half-wave oscillation.
In addition to this fundamental,
all its harmonics, both odd and even, would also be present

The spark at the plug almost short circuits it so that the
voltage at its terminal drops almost instantaneously from,
say, 6uoo volts to only a few volts.
During the first half
23
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the signal frequency is produced. The audio-frequency output of the receiver is determined by the envelope of the
signal-frequency wave and by the transient response of the
loud speaker.

cycle the rotor gap again breaks down and remains conducting, thereby making the circuit continuous from the plug to
the coil.
A damped oscillation is now produced in the system which is
much more violent than any of those preceeding it.
Insofar
as this oscillation is concerned, the cable is effectively
shorted at the plug end and open at the coil end.
Therefore, the frequencies present will be the fundamental
fl =

_1-al oVLC

Before the oscillating current at the plug dies away
the
energy stored in the magnetic field of the coil and in the
low-tension condenser establishes a comparatively steady
arc current in the secondary circuit thru the plug to ground.

and all of its odd harmonics.

The rate of current rise is limited by the leakage inductance of the coil but it is essentially slow. Energy is then
dissipated in all the circuits associated with this transfer and the current in the arc drops slowly and without interference components as indicated in the center portion of
Figure ii.

This oscillation isaccompanied by radiation fromthelength
of the cable and also by the steep wave front at the plug
which may be electrostatically coupled to radio circuits in
the car.

However, the arc at the plug has a negative current-voltage
characteristic, that is, the drop across the arc increases
with decreasing current.
The essential circuit diagram is
shown in Figure 12.

These effects are by far the most serious of any during the
ignition cycle.
The radiation may directly affect an antenna on the car or at a distance.
The steep wave front
may produce oscillation many auxiliary circuit on the car
such as a choke rod, battery lead, poorly grounded hood,
etc., to which it is coupled and which will radiate at the
frequency to which it is tuned.

La

Suppose a circuitoflumped constants R, L and C to be coupled to the disturbance.
The response is
i = e et (A sin Wt + B cos wt)
where

œ

R2

W =

----

4 2
and A and B are constants of integration.
These depend on
the coupling as well as upon the circuit constants.
The
circuit oscillates at the one frequency to which it is tuned.
2L

LC

If the circuit constants are uniformly distributed,
sponse to the same wave front is

R

the re-

i = sn e-xt (A n sin nt + Bn cos nuit)
where n depends on the type of oscillation, that is, half
or quarter wave, as fixed by open or grounded terminals.
Such circuits may then radiate to antennas on the car or at
a distance.

FIG. 12.
The secondary current dies out at an increasingly rapid rate
as indicated in the latter part of Figure ii.
The expres-R-r
sion for the current is
i = Ie-- --t where r is the ef4ec-

The response in the antenna circuit to one of the damped
oscillations, either in the high-tension cable or inan auxiliary circuit, is
i=a -et (A'n sin nuit +B ni cos nwt)+g -01. (M sin st +N cos st)

tive arc resistance which increases for small currents. Under certain plug conditions the current and voltage wave
fronts are quite steep but it is very probable that the effects in the cable system are minor compared to those during the formation of the spark.

where s is the angular frequency to which the receiver is
tuned.
The response in the car antenna

by

ling to the steep wave front is

i

virtue of direct coup-

a
--tm'

sin st

PHASE 7

Both of the above expressions have components at the signal
frequency to which the receiver will respond.
The damped
oscillationof the auxiliary circuit maynothave been within the usual side band region of the receiver, but because
of the transient character of the wave, antenna current at

When the high-tension arc goes out the cable is effectively open at plug, coil and rotor.
These separate cable sections oscillate at the frequencies and with the damping
found during rotor breakdown until the voltage is uniformly distributed along each section.
However, since the wave
front is not as steep as during breakdown, the effects can
not be as great in magnitude.
After the arc goes out the remaining energy in the complete coil system produces a low-frequency damped oscillation of the same nature as in phase a but at lower values
of current and voltage.
Since these oscillations are at
audio frequency, no further interference exists.
Following phase 7, phase i is repeated.

SUMMARY OF INTERFERENCE SOURCES
Table I summarizes the interference phases discussed and
gives references to the circuit diagrams and curves.
The
effects are important in the following order:I. Quarter-wave oscillations along the complete
high-tension cable producing radiation.
2. A rectangular wave front of voltage at the
spark plug which may induce oscillations in
car antenna or auxiliary circuits
coupled
thereto.

--->FIG. /
7 -2/%4E
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prevent direct coupling to the antenna. Inadequately grounded shielding of high-tension or car antenna cables may act
as auxiliary circuits and should be avoided.

3.

Half-wave oscillations along the separate plug
and coil cables producing radiation.
4. A rectangular wave front of voltage at the
rotor gap which may induce oscillations in
other circuits.
5. A steep wave front of current in the low-tension condenser circuit.

By-pass condensers with short sturdy leads may be used for
effectively grounding circuits which can not be directly
grounded.

IGNITION INTERFERENCE SUPPRESSION

The best method of interference reduction is the segregation of circuits.
If all the high-tension leads and the
distributor could be placed under a shield, well spaced from

The most common method of reducing ignition interference
is,ofcourse, the use of spark-plug and rotor resistor type
"suppressors".
These resistances slow up the initial discharge of capacitances associated with the gaps and thereby reduce but do not eliminate the steep wave fronts.
They
also reduce the value of the gap currents and more or less
effectively eliminate any oscillations in the high-tension
cables.

the leads, and well grounded at all its joints, radiation
and electrostatic coupling would both be eliminated.
Some progress has been made in the use of band-pass antenna
filters designed to prevent all voltages outside the desired
band of frequencies from reaching the tuned antenna coil of
the receiver.
These filters do not eliminate components
already existing in the pass band but reduce to some extent
the impulse excitation of the first tuned circuit in the
receiver.

If the car antenna or an auxiliary circuit is electrostatically coupled to the voltage at the spark plug, the suppressor is not a cure-all.
If the suppressor has appreciable capacitance, either between its own terminals or to
ground, there is still a sharp voltage wave front when the
plug fires and an additional possibility of interference
from the impulse discharge of the capacitance limited only
by the low resistance of the arc.
The resulting high current may be magnetically coupled to other circuits on the
car.

The satisfactory reduction of ignition interference obviously depends on the proximity of the antenna to the car
and the sensitivity of the receiver.
Suppressors are said
to be completely effective for reducing the radiation to
conventionally located antennas for home receivers.
Many
standard-band receivers have been installed on cars having
carefully located ignition systems where at the most only a
single suppressorinthedistributor lead was required. However, these same cars may have been bad radiators in the ultra short-wave bands. The final outcome, if all classes of
service are to be protected, is up to the car designer.

The interference may be kept low by reducing the coupling
from the sources of the disturbances to all other circuits
and semi-isolated masses of metal. It is not sufficient to

DISCU SSION
lion of the receiver operating conditions required to give
a known peak voltage within the receiver circuits when the
antenna of the radio system was placed within the interference field closely adjacent to the automobile.
In the case
of the data reported by Mr. Wheeler, which is reproduced in
Figure 13, the values there given are determined from the
degree of amplification in the radio receiver required to
give a certain fixed peak noise output voltage across the
speaker coil of the measuring receiver; while the data reported by Mr. Horle relates the high-frequency amplifier grid
bias and hence, something closely approximating the logarithm
of the amplification of the measuring receiver to the fre-

As was indicated briefly by Mr. ,
;urtis, the methods for reduction of the interference with radio reception commonly
used in automotive ignition apparatus might or might not
serve usefully to suppress interference in other frequency
bands than the American broadcast band.
Discussion on this
point has been provided by Mr. H. A. Wheeler and Mr. L. C.
F. Horle both of whom reported the making of measurements
of the tendency toward interference of automotive ignition
equipment in the high frequency and ultra-high frequency
bands up to 70 megacycles.
In both of the reported investigations in the high-frequency bands, the measurement of
the tendency toward interference was made by the determina-
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ready considerable aural broadcasting is being done in the
United States and in the upper reaches of which doubtless
far more will be done in the next few years.

quency of measurement for a given peak noise output at the
high-frequency amplifier output terminals.
This data is
shown in Figure 14. It is of interest to note in both cases
that the interfering field intensities appear to be far higher in the high-frequency band than in the usual broadcasting band.
This, it is believed, follows quite logically
from Mr. Curtis' analysis of the phenomena operating in
conventional ignitionsystems,and, most importantly, points
to the need for especially careful considerationof whatever
suppression means are to be employed if the frequencies

While no spacific data was offered to the point, it was reported that some, but limited, experience indicates that
the useof conventional resistance suppressors at the spark
plug terminals and distributor terminals, while being very
effective for the elimination of interference within the
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above the normal broadcasting band are to be protected from
ignition interference.
It will be observed from the Figures 13 and
ly the high frequency interference may be
ate against satisfactory radio reception in
monly used for international broadcasting.
also how relatively great is likely to be
experienced in the 30 to 42 megacycle band

broadcast band, serves most indifferently, if at all, for
the elimination of the interference in the higher frequency
bands; thus, further emphasizing the need for the careful
analysisof ignition circuits, such as are suggested in Mr.
Curtis' paper, in order that the tendency toward interference may be reduced at its source, and the possible need
also for the development of suppression devices which will
be effective in the high-frequency bands as well as the
low-frequency bands.

14 how definiteexpected to operthose bands cour
It will be noted
the interference
within which al-
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BOOK
MAKING

A

REVIEW

LIVING

IN

RADIO

by
Zeh Bouck

If "Making A Living In Radio" contributes nothing else than a removal of a veil of
hallucination enshrouding the field of radio, it is worthy of publication.
Radio
is shown to be a cold, hard, practical field of a highly competitive nature. in which
the bonanza fruits of its early inception are bygones and wherein only fruits of
difficult attainment remain-as in other stabilized, highly competitive industries.
Though the treatment is necessarily brief, the phases of servicing, operating, engineering, administration, sales, entertainment and writing are discussed with a
cold-blooded and calculating introspection.
The feeling of circumspection which it
leaves with the reader is such as to discourage any except those who are intensely
and genuinely interested.
Throughout the book the author stresses the fact that, as in any such competitive
field, the need for as good an education as personal circumstances will permit is
an ever growing one - regardless of what phase of radio the reader may contemplate
choosing for his vocation.
Certainly if one will heed its "road-markers" of circumspection, he will have traveled a long way towards "keeping his feet on the
ground".
Lloyd
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SOME ASPECTS OF INTERFERENCE
AND NOISE REDUCTION
IN COMMUNICATION TYPE RECEIVERS
BY

JAMES J. LAMB*
Delivered before the Radio Club of America
May 26, 1936
Only one of the fantastic features of radio communication
in its present state is the continual compounding of complications that it inflicts upon itself both as the price
of and as the resultof progress.
Each new technical advance that we make for the purpose of increasing the reliability and economy of operation of existing facilities
through the reduction of interference discloses new possibilities which attract more users and give rise to further expansion and thus increase the load on the available frequency spectrum and, of course,
threaten worse
interference than before.
This, then, requires further technical advances
which result in more uses
and more interferences and so around the circle.

selves being ungratefully bitten
and the like.

* Technical

Editor, QST

diathermy "shadows"

Viewed from this possibly pessimistic point of view, it
might seem that technical progress in our chosen field is
in the nature of a perpetual penance laid upon us, and
that we must needs run as fast as we can ina modern sort
of wonderland just to stay where we are.
The way of the
first pioneer may be hard; but sometimes we almost envy
the young Marconi in that he had only to break through
natural static, while
man-made "static" was
then still many years in
the future.
But then if there were no
complications such as
these, perfection would
have been too easily obtained and there would be
no need to-day for the
army of engineers, amateurs, experimenters and
research
workers
still

And, while we are thus
happilychasingourselves
in our own private vicious
circle,
the advances of
civilization in ot her
fields of
endeavor
are
busily concocting new
gadgets capable of bigger
and better noise interference, such as the newest type of electric razor which has such excellant coverage -- allwave and a block wide -and likely to go off at
hours of the day or night
all out of keeping with
normal shaving schedules.
Worse yet, we are not content with
complicating
life for ourselves in our
gml field but we also must
show outsiders how to use
radio frequency equipment
for purposes other than
communication, with the
result that we find our-

by

striving for furtherprogress.
And that would
make the lot of many of
us most unfortunate.
The problemsofinterferencefromman-made signal
and
noise
interference
concentrate in the amateur bands in a fashion
which needs no detailed
description.
Hence some
of
the practical
aids
which have been applied
in amateur communication
receivers
should be of
general interest.
Top viewof the silencer sectionot the receiver using
the circuit shown in Figure 9 on Page 35.
31

The general problem being
interference,whether

November, 1936
from undesired signals or noise, the attempts at solution
take the form of improvement in selectivity; that is, selectivity in the broad sense of discrimination against
everything but the desired signal.
While selectivity is
ordinarily considered as related only to the frequency
characteristic of the receiver, in this instance it will
be considered also in relation to the amplitude and phase
characteristics of the receiving system. It may bepermissible to distinguish three formsof selectivity: Frequency
selectivity, amplitude selectivity and phase selectivity.

output impedance to the series-resonance resistance
the crystal which is approximately 2500 ohms.

The crystal and rejection condenserinseries with it form
the other two arms of the bridge, the crystal providing
the coupling.

VARIABLE BAND -WIDTH ACTION
The equivalent series combination contains one half of
the input circuit (across one section of the symmetric
condenser) as well as the crystal and the primary of the
output transformer.
Series resonance occurs in this circuit when the capacitive and inductive reactances are
equal.
Reactance variation of RL remains negligible over

FRE QUENCY SELECTIVITY
Perhaps the most widely used device for obtaining controllable high selectivity in communication receivers is the
quartz crystal filter, used in the intermediate amplifier
of superheterodyne receivers of the single-signal type.
Two types of crystal-filter circuits are in general use,
one of fixed sharpness of resonance with controllable symmetry, and the other of variable sharpness of resonance,
also with controllable symmetry.
This latter variable
band-width type, which is adaptable to both c.w. telegraph
and 'phone reception„ will be discussed here.

HOW CRYSTAL

of

XL

XL

FILTERS WORK

xc

Figure 1 illustrates the actual and equivalent circuits of
a typical variable-selectivity quartz-crystal filter. (j)
The crystal resonator is connected ma
a bridge circuit as
shown in A, a two-section symmetric condenser forming two
arms of the bridge, in parallel with a variable condenser
which is used for adjustable tuning of the secondary of
the input transformer.
This arrangement gives an impedance stepdown of approximately 4 to 1 at the input.
The
primary of this transformer has approximately three times
the inductance of the secondary, to which it is closely
coupled, andisuntuned.
The primary of theoutput transformer isof such inductance and coupling as to match the
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the range of operation, so that the resonant frequency of
the complete circuit depends on the reactances of the crystal and Z.
The parallel-tuned circuit, 3, is therefore
the variable, tunable over a resonant frequency range near
the crystal's frequency by adjustment of the band-width
control.
This means that the reactance curves for the
parallel circuit, as shown in Figure 2, will be shifted along the frequency scale as the condenser is adjusted.
Now, since the crystal has an extremely high inductancecapacitance ratio as aseries circuit, its reactance curve
is very steep, asshown in Figure 2-B. Bence the resonance
frequency of the parallel circuit can be changed over a
considerable range with but negligible effect on the resonance frequency of the complete circuit, as illustrated
by the combined curves of A and B in Figure 2-C.
With the
reactance component of 0 tuned out by the opposite reactance of the crystal, the variation in tuning of the
parallel circuit by the band-width control will introduce, practically, only the varying resistance component

EQUIVALENT

A, actual circuit of variable band-width crystal

reactance

crystal;

(R)

circuit

reactance curve of

from resonance;

Figure

B—

8,

the crystal;

crystal;

thn parallel

+B

E

fil-

circuit

illustrating variable band-width action.
Figure 4.
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6

of parallel impedance in series with the crystal.
The
amount of this resistance determines the Q and, hence,
the selectivity of the series circuit.

5
The voltage applied to the amplifier following the filter
will depend on the current in the crystal series circuit.
With this circuit resonant, the input voltage and series
resistance will determine the current and, consequently,
the output voltage.
Now, both the input voltage and the
series resistance are dependent on adjustment of the parallel-tuned circuit.
Since the primary of the input
transformer is not resonant, the voltage induced in series
with the secondary will be comparatively constant over
the small range required.
Hence, the voltage applied to
the series circuit, across the secondary (0), depends on
the secondary impedance.
The impedance of the parallel
circuit as it is detuned will change as shown by Curve ï
of Figure 2-D, which curve also represents the voltage
applied to the complete series circuit.
Curve R of this
figure illustrates the variation in the resistance component of the parallel impedance 3.
The resonance current
through the complete series circuit is dependent on the
applied voltage and the total series resistance.
This
current, and hence the output voltage, will be represented
by the ratio of 0 to the total resistance of the series
circuit and will vary with adjustment of the band-width
control as illustrated in Figure 2-E.

o

10 20 30 40 50 60 70
Ealf/VALENT BAN°. W/D rri

-

80 90 100 HO 120
CYCLES/SEC

Variation In gatn ot the filter circuit with adjustment
of the band-width control.
(Cf E of Fig. 2)
Figure 4

It is evident that the maximum baud-width (minimum selectivity) and minimum gain occur simultaneously with the
input circuit tuned to resonance.
An intermediate value
of selectivity and maximum gain occur with the parallel
circuit slightly detuned.
This maximum gain condition
(which occurs where the resistance and reactance components of the parallel circuit are approximately equal) is
referred to as the adjustment for "optimum selectivity".

tivityisshown by the curve of Figure 4.
Data for these
curves were obtained by measurements on an early type
single-signal receiver using this filter circuit. (2)

REJECTION ACTION
As is well known from the equivalent circuit of thequartz
crystal, the crystal is normally anti-resonant for a frequency approximately 1/2-percent higher thanitsresonant

Minimum band-width (maximum selectivity) and alower value of gain occur with theparallel circuit detuned further
from resonance.
Experimental verification of the variation in selectivity by operation of the band-width control is shown is Figure 3.
Variation in gain with selec120.
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Experimental curve of the crystal-type S.S. receiver
showing variation in band-width with tuning of the
parallel circuit (Tuned to inductively reactive side
of resonance).
Figure 3

Illustrating the adjustable rejection action of the
crystal filter, as used to eliminate heterodyne interference.
Figure 5
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frequency.
This results from the reactance of the shunt
capacitance of the electrodes resonating with the inductive reactance of the crystal network at a frequency
slightly above the latter's natural frequency.
In the
bridge arrangement of the crystal filter, this normal behavior is modified to shift the anti-resonant or rejection frequency to different values, both above and below
resonance, within a limited range.
The operation is illustrated by Figure 5.

In addition to discriminating against undesired radio
signals, the high-selectivity crystal filter also discriminates against noise, especially noise of the "hiss"
type which consists of overlapping wave trains of noise
pulses which are of amplitude comparable to that of the
signal, orof smaller amplitude.
As has been shown, particularly by V. D. Landon ina paper presented at the annual convention of I. R. E. in May, 1936, the peak and
r.m.s. value of this type of noise varies as the square
root of the band-width in a particular receiver. That is,
the noise power is reduced in direct proportion to the
reduction in band-width, and the effective voltage sensitivity of a receiver for c.w. signals is, therefore,
increased as the square root of the ratio of reduction
in band-width.
Experimental verification of this improvementisshown in Figure 7, which is plotted from mea,

The diagram of this figure shows the filter circuit with
the crystal in its electrical equivalent form.
Voltage
is applied through the condenser Co in anti-phase to the
voltage operating on the crystal circuit.
This will be
recognized as similar to the neutralizing action for bridge
circuits.
Now it

might

appear that Co serves

C1. However,

only

in this instance Cn does

to balance out

2Q1

serve simply

t$

to neutralize the effect of the capacitance C1, and thus

,

to prevent unselective transmission past the crystal, but
rather, as Co is varied from minimum to larger capaci-

• Avozve noise equivalent withal/Iola/a/ fider
.

tance the anti-phase voltage serves to make the effective
shunting reactance of CI vary from its normal capacitive

.

value, through zero, to a slightly minus capacitive value,
when the effect is as if inductance were substituted for
CI. In the latter condition, the shunt reactance having
changed sign, the complete crystal network is effectively
in parallel resonance (or is anti-resonant) for a frequency below the crystal's natural frequency. Thus, while
having maximum response to the desired-signal frequency,
the circuit can be adjusted to reject an interfering signal having a carrier frequency in the range from several
kilocycles above to nearly the same amount below crystal
resonance.
The rejection is most pronounced with the
band-width control at optimum selectivity, but remains
highly effective at minimum selectivity, as shown by the
curves of Figure 6.
These curves are made from measurements on a standard HRO receiver using this type of variable band-width filter.
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As has been pointed out by V. D. Landon in the paper referred to above, the ratio of peak to effective values
for "hiss" noise voltage remains constant ata crest factorof approximately 3.4, regardless of the receiver bandwidth, both peak and effective values being reduced equally as the band-width becomes smaller.
When, however,
the noise excitation is of astaccato nature and the discrete noise pulses are of short duration as compared with
the time separation of successive pulses so that the wave
trains do An overlap, this peak-to-effective ratio or
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While the high-selectivity circuit discriminates against
"hiss" type noise in the manner just described, the behavior of the receiver is markedly different under the
influence of high-amplitude noise pulse excitation.
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sured data taken on an early "single signal" type receiver, the noise being that of the receiver itself.
The
upper mean curve is for conventional superheterodyne selectivity with equivalentc.w. band-width of approximately
6600 cycles.
The lower curve is for optimum crystal filter selectivity, the equivalent band-width being approximately so cycles.
The ratio of improvement in effective
voltage sensitivity is of the order of 20 db.
At maximum selectivity of the filter (band-width approximately
20 cycles) the improvement would be approximately 5o db,
while at the minimim filter selectivity (band-width of
approximately 120 cycles) the improvement would be around
15 db.
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crest factor varies with band-width, being greater for
large band-widths and becoming smaller as the band-width
decreases.
The explanation of this is, of course, that
the individual wave trains generated within the receiver
circuits by the noise pulses increase in duration and
thus, the effective value increases relative to the peak
value as the band-width is reduced through the improvement of circuit selectivity.

For accomplishing this, two different circuit arrangements (3 . 4) have been devised and are shown inFigures 8
and 9.
In both of these the desired silencer action is
obtained by providing several additional elements to an
otherwise conventional superheterodyne circuit.
Thus, a
special noise amplifier stage is employed including its
own noise rectifier which, in Figure 8, feeds a biasing
voltage to the silencer tube which itself is in the chain
of amplifier tubes between the second detector and the
intermediate frequency amplifier.
Normally it acts as a
portion of the I. F. amplifier but, on the impressing of
a noisepulseon thenoise amplifierandrectifier, becomes
momentarily inoperative and thus protects the second detector from the influence of the noise pulse.
It is, of
course, essential that the silencer operation occur for
only such values of noise pulse amplitude as exceed the
signal amplitude, lest the signal itself interfere with
its own free transmission through the system of the receiver.
To provide for thisrequirementthe"Noise Threshold Adjustment" is provided in the form of a manually
controllable bias onthenoise amplifier and on the noise
rectifier.

While high selectivity may perhaps be effective against
this intermittent type of noise so long as it is of relatively small amplitude as compared to the signal, it
becomes impotent when the action of the narrow-band filter circuit increases the duration of the individual wave
trains and thus raises the effective value of the noise
to a point where it becomes comparable with that of the
desired signal.
Incidentally, it is a happy fact that
"hiss" noise voltage at the receiver's input circuit is
generally of lowamplitude, while high-amplitude noise is
characteristically of the intermittent type.
Because of this, some means other than frequency selectivity must be employed in the case of noise pulses to bring
down the effective value of the noise relation to the signal.
And, in fact, the very characteristics of this type
of noise suggest the method of its amelioration.
Thus,
since this type of noise is characterized by the fact
that it occurs at relatively infrequent pulses - as compared with the frequency of other types of noise and as

Such an arrangement as this provides very effectively for
the reduction of the noise due to noise pulses of all
kinds, such as result from the operation of other electrical equipment in the region of the radio receiving
equipment.
It is highly effective in connection with all
radio telegraphic reception and for certain kinds of radio
telephone reception but it must be admitted that for truly
high fidelity radio transmission, its usefulness is markedly limited.
Where, however, intelligibility - as in
amateur and commercial non-public radio service - is the
primary requirement it serves most effectively to convert transmissions which would be otherwise quite unuseable to perfectly useable transmissions; and thus it provides much of value to many types of radio communication.

compared with the audio signal - the reduction of its effectiveness in interfering with the signal should result
from its elimination through making inoperative theentire
receiving system at the instant of its impingement.
Indeed, it would be most effective to make the receiving
system momentarily ineffective just before and during
the impact of the noise pulse; and, indeed, this may be
done by subjecting the signal to some delay in the receiving system while employing the noise pulse itself
without delay in making the output portions of the receiving system inoperative for just sufficient duration
as to wipe out the influence of the noise pulse.
In practice, however, it has been found sufficient to provide
for the effective reduction of the amplification of some
one element of the radio receiver to substantially zero
during all or part of the time during which the noise
pulse would otherwise make itself troublesome.

MOISE

NOISE AMP

The simultaneous use of these two methods of noise suppression, one useful in the reduction of the troublesome
effectiveness of the hiss type of noises and the other
useful in the reduction of the effectiveness of the pulse
type of noise at the same time, suggests itself immediately and, indeed, has been found of great usefulness.
It
is, however, to be noted that in order that both expedients may be effective, it is essential that the silencer

RECT
6H6

T4

Noese Ihresho

dAG!,

2.°.7

te
An1/0

2mo DET
6H6

C7

C,
ari
— i_

R5
Ce

R7

Av C
T
O RIF
F,

a
R,..(nw)
4. ,-----Lr-'
1F
R s

C.1

art Man
To ift F -•--T
Ga in
end IFCATtr ODLS

RI

,,,.....:ier e

—Ca

I
CIA

AM P

SW,
(A WC)
To C.tv
03C

—250 V +250 V

Noise-silencing circuit applied to second i.f.
of communication-type superhet receiver.

Silencing circuit applied between first detector and
crystal filter of a S. S. type receiver.

stage

Figure 9

Figure 8
35

November, 1936
arrangements precede the crystal filter in the chain of
amplification comprising the radio receiver since, if the
order is reversed, the noise pulse when impressed on the
crystal filter will, thus, be converted from its original form of that of a pulse of high amplitude and short
duration to one of long duration and only little decrement and thus give it something of the characteristics
of the signal itself and make it highly effective in interfering with the signal.
When used in the proper order,
however, in which the silencer circuit wipes out the noise
pulse before it can be offered to the crystal filter, a
most effective combination results.

which it will be evident how thoroughly effective these
circuits are in reduction of the impulse type of noise.
Figure loC shows, similarly, how relatively free of theimr
pulse type of noise is the signal as the result of the
operation of the silencer circuits.
On the other hand, it will be noted from Figure to, E and
F, and their comparison with A and B, how markedly the
crystal filter builds up the impulse noises so as to mask
the signal completely.
And in Figure loG and H is shown
the result of the operation of both the crystal filter
and the silencer circuits.
From these it will be noted
that not only does the silencer circuit almost completely
eliminate the influence of the impulse noise but the crystal filter does, to a surprising degree, fill in the
"hole" in the wave form made by the operation of the silencer circuit.

The circuits of such an arrangement are shown in Figure 9
in which the silencer circuits follow immediately on the
output of the first detector of a conventional superheterodyne type of receiver and in which the output of the
multifunction silencer-amplifier tube feeds the crystal
filter directly.

EDITOR'S NOTE

The effectiveness of this combination of noise suppression arrangements can, of course, be best appreciated by
listening to its operation in the reception of signals.
It has, however, been found possible to show by oscillographic analysis the wave forms resulting from its opera-

At this point in Mr. Lamb's dissertation, an extended
demonstration of the operation of his arrangements in the
reception of long distance short wave signals was made.
Locally generated interference was provided in the inter—
est of havinga constant and controllable source of noise;
and reception under the several conditions of noise sup —
Pression, as indicated in Figure /o, was accomplished. It
is to be retorted that Precisely as suggested by Mr.
Lamb's oscillograPhs, the overPowering intense impulse

tion and thus provide some visual evidence of its effectiveness.
rhis is indicated by the wave form reproduced
in Figure lo of which the four traces shown on the lefthand column are those of the combined signal and noise
under different conditions of noise suppression, while
those shown in the four traces in the right hand column
are those of the noise alone. Thus, in Figure io, Aand B,
are shown the untreated noise and noise-signals which are
characterized by the fact that the noise amplitude is not
only so great as to vastly exceed the signal amplitude
but so great as to cause actual overloading of the receiver circuits as indicated. In Figure loD is shown the
effect of the operation of the silencer circuits from
SIGNALANDNOME

tyke of noise was so far suPpressed by the action of the
silencer circuits as to make otherwise unintelligible
telegraph signals easily and comfortably readable. Simi—
/arty, it was noted how the action of the crystal filter
alone criverted the staccato noise
pulse
into clear,
rounded, bell—like tones that persisted for easily ap—
preciable Periods and thus even more completely masked
the signal than did the original noise itself.
And,
finally, it was shown how the combination of the silencer
circuits followed by the crystal filter resulted in sig—
nals which, as far as the ear of the auditor could tell,
were completely free of all of the originally overpower—
ing noises.
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DIVERSITY RECEPTION
In addition to its well-known ability to mitigate fading
effects, diversity reception also offers possibilities
for improving effective selectivity in reception, particularly for reducing heterodyne interference in the reception of amplitude modulated signals. This may be Considered as a species of phase selectivity, as has been
pointed out by the mathematical analysis of J. Robinson
("The Elimination of Inter-Station Interference", Wireless Engineer, April, 1935).
If two spaced antennas connected to separate receivers are used for the reception
of amplitude modulated waves and the audio-frequency outputs of the two receivers are combined,
the signal outputs from the two detectors will, in general, add up
arithmetically, but beat-frequency heterodyne products
from an interfering carrierwillau:ki upvectorally.
Hence,
heterodyne interference in even a simple diversity system will, at worst, be the same as in a single receiver
and may be reduced to zero when the beat note outputs of
the two final detectors are equal in amplitude and 180 0
different in phase.
This phase relationship may be controlled by the spacing and the directivity of the antennas
or perhaps by adjustable phase-shifting networks in the
receiver proper.
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While the writer has been occupied during the last year
in the development of a diversity receiving system of
this kind (5) and will doubtless have reports of its performance wmake some time in the not too distant future,
no specific report can be given at this time. It is felt,
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however, that this mode of interference reduction should
be here given mention.
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This brief discussion of methods for the reduction of
noise and interference would not, however, be complete
without some reference to at least one other method that
seems to have tremendous possibilities.
More specifically, it should be pointed out that in such methods as
are here discussed, the problem which is faced is that
of differentiating between the interfering noise and a
signal which are largely identical in characteristics and
thus give little latitude for differentiation:
so small
a latitude that minor operational improvements are viewed
as major technical accomplishments.
Indeed, as long as
the nature of the signal and the noise continue to be so
nearly identical, just so long will the solution of the
noise suppression problem be exceedingly difficult of attainment.
There are then, two general directions in which
further work in this direction may take: either the magnitude, nature of the noise, or both, may be so modified as
to improve the operation of radio systems; or the magnitude, nature of the signal, or both, must be so modified
as to bring about improved operation.
Much work is being
done by many in all of these directions.

possible, slowly but surely building the power level of
broadcasting stations upward against the noise level which
their signals encounter.
And, of course, such expedients as have been here described are contributing their share to the reduction of
the effect of noise interference.
There is thus left one major direction of this work as
yet little investigated and only recently brought to the
general attention of the technicians in the radio field.
That is, thepossibilities of oiler types of radio transmission in the interest of providing for the easier and
more effective differentiation between the noise and the
signal.
Outstanding in this direction is the recently
announced work of Major E. H. Armstrong in the development of a practical system of frequency modulation. (6)
The writer is as yet too unfamiliar with the work in this
direction to justify an opinion on its ultimate possibilities, but he can't resist the desire to point out that
perhaps, with the passing years, we will all come to view
the work here discussed and reported as having been of
far less importance than the mere facing of the fact that
since we can do so relatively little in changing the nature of the noise to which our radio signals are subjected,
we might best do all we can to change the nature of the
signal.

Those who are associated with the sources of interference, i.e., the electrical and automotive industries,
have become keenly conscious of their responsibility in
this matter and are achieving some success in the elimination of many sources of noise interference with radio.

Above all, engineers in our field must view new developments, no matter how radically they may transgress our
preconceived notions, with open minds.
If our present
methods are actually obsolete, and amplitude-modulated
transmissions are due ultimately to be thrown
"out the
window", we should be the first to realize the situation
and get into action.
Not to be the first to try, nor yet
the last to adopt, may be an adage satisfactory to the
philosophical way of thinking.
But an obstinate engineer
can never tell how long he can remain reactionary without missing the bus entirely.

The broadcast radio receiver manufacturers are recognizing the fact that carelessly installed antennas can be
expected to do little more than to invite noise interference and are, therefore, educating the radio-listening public to the advantages to be found in elevated antennas connected to the receiving set through transmission lines isolated from the sources of noise interference.
The operators of broadcasting stations are, to such a degree as economic and regulational considerations make it
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RADIO INTERFERENCE
BY

ALLEN W. HAWKINS*

Delivered before the Radio Club of America
April 9, 1936
"Radio Interference" is the term applied to all electrical
radiations which interfere with radio reception.
Radio
interference can be classified in three groups: interference resulting from atmospheric andother natural causes;
interference by radio transmitters; and interference arising from the operation of electrical equipment commonly
termed "man-made static". It is the purpose of this paper
to discuss the latter class, and to discuss it mainly from
a stand-point of locating the sources of interference.

From these figures we see that in 72% of the cases the
source of the interference was found and in the other 28%
the interference disappeared before a location of the
source could be made.
So let us consider only the cases
where the trouble was found.
Thus a new tabulation follows:
Electric power lines and equipment
Other utilities
Radio set defects
Complainants' equipment
Other appliances in neighborhood

The sources of "man-made static" can be classified in two
groups.
The first group includes high voltage or high
frequency apparatus such as x-ray equipment, diathermy
machines and vacuum tube bombarders.
The second group
includes all other equipment giving rise to interference
radiations through sparking and arcing.

The second class of interference sources, those arising
from the arcing and sparking can develope in any piece of
electrical apparatus or circuit wiring.
Thus unless we
retire to the wide open spaces, we are surrounded at all
times with potential sources of radio interference.
It
is no wonder, then, that most radio interference comes
from some sparking wire, motor commutator, oscillating
thermostat, or something else that makes an electrical
arc.
Since new types of appliances are constantly appearing on the market, there are always new sourcesof interference being called to the attention of the radio trouble-shooter.

Thus, the radio trouble-shooter should visit the complainant's house first.
If the interference is not in evidence at the time, he will be able to gain helpful information from the complainant regarding the disturbance.
The trouble-shooter should try to ascertain the approximate time of day the annoyance occurs, wave bands covered,
volume level and characteristics of the noise itself.
From this information he will know when to come back, what
sort of apparatus to bring with him and something about
the character of the interference.
Now that the trouble-shooter is well started on his job,
let us consider what sort of a problem he faces.

Quite a large proportion of these appliances are not inherently producers of interference.
It is only because
of loosened contacts, improper adjustment, or faulty installation that they become troublesome to the radio listener.

A spark discharge can, of itself, produce any and all
frequencies of the radio spectrum.
The circuits of conductors connected to it become the tank and antenna system.
The resonant characteristics of these conductors
determines the frequency or frequencies of interference.
The area of disturbance as well as the frequency depends
upon the size of this resonant network.
Resonance of this
network can be either broad or sharp although it is usually very broad.
This network can beof almost any size
since it may include building wiring and the vast extent
of power lines.
In spite of this threat to all radio reception in any large area the interference is usually
limited to an area of a city block or less.

It may be interesting to consider the actual figures of
radio interference found in a large portion of the State
of New Jersey.
This summary contains only cases where
complaints were made by individuals to the local power
company.
These figures areprobably typical for any other
geographical area of similar distribution of industrial,
residential, and rural areas.
The total numberof radio interference cases investigated
in 1935 was 1990 distributed as to the source of interference, as follows:

*Radio Investigator,
Public Service Electric and Gas Co. of N. J.

4%

29%
23%
28%

By adding the percentages of complaints due to radio set
defects, 29%, to those due to complainants' household
equipment, 23%, it is evident that the trouble-shooter
will find the trouble in the complainant's establishment
in about 52% of the cases he is called on to investigate.
In any case, adding 28% forother appliances in the neighborhood, the source of the trouble will be inor near the
complainant's house 70% of the time.

The first class of interference sources such as x-ray apparatus need not be discussed at any length because that
type of equipment is confined to relatively few areas and
because of high levels of such interference produced by it
the sources are easily located.

Electric power lines and equipment
Other Utilities (trolleys, telegraph, telephone,
traffic lights, railroad signals, etc.)
Radio set defects
Complainants' wiring & appliances
Other appliances in neighborhood
Unknown responsibility (noise disappeared)

16%

Interference usually leaves abuilding where it originates
through the electric service wires, in spite of the fact
that the iron service tube or pipe should bean excellent
radio frequency shield.
From tbeservice wires theinterference may pass along the street on the power lines and
be radiated therefrom.
It may pass through power transformers from secondary to primaryorvice versa.
The interference may be picked up on adjacent power circuits
and carried u)other areas. A noise originating on a power
line is usually of high intensity and covers large areas.

11%
3%
21%
17%
20%
28%
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In most cases the interference in power lines will be of
highest volume level near the source and for some distance
will be without apparent standing waves.
At sufficient

In these cases the noise may not be loudest at its source.
De-energizing a circuit may make the noise disappear in
certain locations, but only because the circuit network is

distance fromthesource, however, standing waves usually
occur, tapering off gradually at considerable distances
from the area of intense interference.

detuned by the switching operation.

Now let us consider

the method of locating the trouble.

The two most practical attacks on the problem are
"hot and cold method" and the "cut and try method".
In using the "hot

The radio trouble-shooter must be wary of these possibilities.
He should recheck himself continually to avoid
being led on awild goose chase.
Above all, the troubleshooter should not allow himself to form any premature
theories concerning the interference.
These theories are
apt to bias his observations to such an extent that his
location of the trouble will be difficult.

and

cold method",

it

is

the

assumed that

the interference is loudest near its source.
The troubleshooter simply makes a survey of the interference zone
from the standpoint of intensity, the point of
intensity indicating the location of the source.

Permit me my frankness when I say, that most radio engineers Ihave met have made incorrect judgments in cases of
radio interference because they have formed premature theories.

highest

The "cut and try method" is based on the theory that the
interference will vanish when the electrical potential
is taken off the source.
In using this method, all electrical circuits in the area of interference are de-energized one at a time.
When the circuit that feeds the
source is de-energized, the noise will disappear.
Parts
of this circuit can then bede-energized one at a time to
further localize the trouble.
This method is carried on
until the source itself is discovered.

The use of a loop antenna as a direction finder of the
source of interference is rarely effective.
The loop will
simply indicate the direction of the nearest conductor
of the interference.
The loop antenna is usually used,
however, because of its easy portability and to indicate
what wires are carrying the troublesome interference.
The character of the noise cannot be depended on to identify the source, because a variety of sources can produce
the same sort of interference.
However, a thermostatic
noise from a heating pad or a fish bowl heater can easily
be recognized by its regular intermittant character. Motor
commutation usually produces acycl ic noise which is recognizable.

rile "cut and cry method" is usually limited in use to one
building because it is not expedient to interrupt the
electric service to many consumers at once.
In the average case of radio interference both methods
are used.
The "hot and cold method" is used first to
locate the source of interference within a comparatively
small area, then the "cut and try method" is used tomore
definitely locate it.

By way of illustration let me take an actual case of radio
trouble-shooting.
Leaving the complainant's house, we walk north along the
street.
The noise falls off in intensity so we walk back
south, past the complainant's house.
As wecontinue south
the nbise increases and then falls off.
Thenwe return to
the point of maximum intensity and use the loop antenna
to pick out the electric service wire giving rise to the
greatest intensityof noise.
We enter the house to which
the service is attached.
The main switch is opened and
the noise disappears.
As the woman of the house is assuring us that no appliances are being used, the maid
suddenly departs to the attic and the noise stops.
When
the maid returns, she acknowledges that she had left a
heating pad operating in her bed.
And thus another source
of interference is discovered.

When the trouble is apparentlyon an overhead power line,
the vicinity of the interference is found by the "hot and
cold method".
Then a lineman is sent up to inspect the
suspected poles.
The greatest amount of noise interference will occur when he climbs the pole from which the
noise originates.
When the trouble is found by the "hot and cold method"
to be in a building, then the noise is located by deenergizing the building circuits one at a time.
These two methods usually suffice to locate sources of
radio interference.
In some cases, however, they fail.
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No. I

FACTORS
RELATING TO
FAITHFUL REPRODUCTION
BY

C. M. SINNETT*
Delivered before the Radio Club of America
October 15, 1936
no longer in balance and the music had a harsh or tinny
characteristic.
This effect could also beobtained at an
outdoor orchestral performance or band concert if one
were to change his position from one close to the instruments to a position a hundred feet removed from them. The
high frequency instruments will decrease in volume much
less rapidly than the tuba and other lowfrequency instruments.
The reasons for this phenomenon are very clearly
given in Dr. Fletcher's paper.

The subject of phonograph or radio reproduction is necessarily a very broad one.
For this reason the following
paper concerns itself only with aural compensation and
volume expansion as aids in obtaining the desired result.
Demonstrations will be given of various factors involved
and a very useful piece of laboratory equipment in connection with this work will bedescribedanddemonstrated.
Before discussing aural compensation as applied to an
electric phonograph or radio receiver, it would probably
be well to digress a moment and consider the general subject of sound and hearing.

Figure Mt illustrates the frequency response and intensity
range of the average human ear from the threshold of hearing to the threshold of feeling.
These two thresholds
were determined at different frequencies by means of pure
tones applied to head phones worn by the observers.
Many
different readings were taken at various fixed frequencies and for many different observers.
From these,
it
was possible to plot the lower curve which shows the tnreshold of hearing for the average individual.
It will be
noted that the curve is plotted wttn 1,000 cycles as tue
O d.b. level.
For reference purposes the input level to
the ear canal at this frequency was found to be to-16 watts
per square centimeter.
It is easily seen by reference
to the curve that for a frequencyof too cycles, thesame
intensity level in the ear
would require an input 35d. b.
higher thanfor 1,000 cycles.
Conversely, the input in the
3000 - q000 cycle rangewould
A.C11
need to be to d.b. less than
that at woo cycles to produce equivalent effect.
The
upper curve was determined
in much the same manner with
the exception that the limiting factor became the point
at which the observer felt
actual pain.
This curve,
which is called the threshold
of
feeling, represents
the
highest level
the average
individual can withstand for

A large amount of research work has been carried on by
different experimenters in connection with sound at different levels and its effect upon the human ear.
General
reference to books and papers on the subject gives one
the impression that although some discrepancies exist between results obtained by different experimenters, there
is, in the majority of cases, quite close agreement with
the work of Dr. Harvey Fletcher of the Bell Laboratories.
For this reason we have, in our work on aural compensation, used data presented by Dr. Fletcher on his paper
"Loudness,
Its
Definition,
MeasurementandCalculation" 1.
Listening carefully to the
radio set of a few years ago,
we have all undoubtedly noticed thata reduction involume from a rather loud level
to one which could be used in
the average apartment without
causing annoyance
to ones
neighbors was accompanied by
a change in musical balance.
At the louder level the low
frequency instrumentssuchas
the bass viol, bass drum and
tuba were in proper balance
with the middle and high frequency instruments.
At the
lowerlevel,however, the low
frequency instruments were

* Engineer, R. C. A. Victor Division, R. C. A. Manufacturing Co.,
3

Inc.
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any length of time without actually suffering pain as a
result.
It will be noticed in this case the input at loo
cycles need be only 5 d.b. higher than that at boo cycles
to produce the same result.
In other words at the threshold of feeling the curve of the average ear is essentially flat.

tion is approximately 70 d.b. above reference level or
threshold of hearing.
With this level as a basis and
assuming that a desirable sound characteristic has been
obtained at this level, it then becomes possible to plot
a new series of curves from those shown in Figure #2 and
which are shown in Figure #3.
For convenience, the 7o
d.b. level is shown as flat since we have already assumed
that the subject level was satisfactory and thus any irregularities in the curve must be carried through to the
other levels.
From this family of curves, we can readily
determine the amount of compensation necessary as the
sound level is changed above and below the 70 d.b. average level.
For instance, a decrease in average level of
to d.b. at woo cycles must be compensated for by a decrease of only 5 d.b. in response at too cycles.
Similarly, a decrease in average level of 20 d.b. at l000
cycles must be compensated for by a decrease of only to
d.b. at too cycles.
The higher frequencies are not affected as much but it is desirable that the response be
decreased only about 8 d.b. at to,000 cycles for each to
d.b. decrease in average level at woo cycles.
Conversely, an increase of to d.b. in average level above the
70 d.b. level at woo cycles must be accompanied by an
increase of only 6 d.b. in the too cycle level.
An increase of only about 2.d.b. at to,000 cycles should accompany this to d.b. increase inlevel.
These curves may
thus be used directly to determine the amount of compensation necessary at all levels above and below the average reference level of 70 d.b.

Between the two thresholds, it then became possible to
plot a family of curves representing the average characteristic at different levels. For convenience these curves
were determined in to d.b. steps at woo cycles beginning with the threshold of hearing and carrying up to the
threshold of feeling.
Figure #2 shows this family of

FEELING.

INTENSITY

LEVEL-D.B

.

Having determined that some form of compensation is necessary, and with curves available showing theamount required for the different levels, we are faced with the
requirement of finding ways and means of accomplishing
the desired result.

curves.
An observation of these curves indicates immediately that the range between 500 and 5cloo cycles is practically flat for almost any level but that for frequencies
below 5oo cycles, the input to the ear must be increased
over the 1000 cycle level to maintain proper balance.
These curves then show us that some form of low frequency
compensation is necessary if we are to maintain proper
balance over very wide changes in volume.
It is, of course
understood that the volume changes referred to are the
changes in average level from one value to another rather
than the normal variations in dynamic level which are
automatically taken care of by the conductor of the orchestra.

One method which has been used in the past with good results on low impedance phonograph input systems is shown
in Figure #4.
In this, the volume control, which is of

Li
R1

It has been indicated by Br. Fletcher's work and borne
out by tests with calibrated volume controls in observers'
homes, that the average listening level in a quiet loca-

A1ALCelrertilnen
iàeft Aaee,in

Crude :•
*le,

?liken" -

SIMPLE COMPENSATION CIRCUIT

FIG.4
the potentiometer type,

has an inductor L, connected be-

tween the slider and the high end of the volume control.
The size of the inductor will, of course, be determined
by the resistance of the volume control with which it is
used.
In the particular case illustrated, the value of
was approximately 30 millihenries and the volume control resistance was 6o ohms.
With these values,
the
shunting effect of 1, 1 is almost negligible at l000 cycles.
At ioo cycles, and at mid point on the volume control, the
shunting effect is approximately 2 toi or in other words,
we have a rising characteristic.6 d.b. higher at 100
4
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operation, this particular system has not had wide application in receivers enjoying quantity production.
A similar arrangement has been applied to the radio receivers
for restricting the amount of high frequency reproduction
with a decrease in antenna signal voltage.
60000

This covers briefly the subject of aural compensation and
some possible methods of accomplishing the desired results.
A short demonstration of this feature will follow as a
means of showing aurally exactly what this means to you
and me.

.025

2.5000

10000
<>12.000

i
0.25
HY.

0.05

The next portion of this discussion will center around
volume expansion as applied to both phonograph and radio

40000

reproduction.
When volume expansion is mentioned to the
average person, he immediately wants to know what advantage
a set employing this system has over one which is not so
equipped.
To better understand the reasons for the existance of volume expansion, and to point out its advantages,
let us consider changes in volume level of the orchestra,
limitations in the reproduction of these changes as introduced by the phonograph or radio systemand restoration
of the original by means of an automatic volume expansion
system.

0.25
KY.

TYPICAL COMPENSATED
FIG. 5

VOLUME

CONTROL

By extensive tests, it has been well established that a
large symphony orchestra has an available volume range of
approximately 70 d.b. from a soft pianissimo to a heavy

cycles than at moo cycles at mid volume setting.
This
method of compensation is not adequate for better grade
phonographs or radio receivers, but has been used with
considerable success' on lower priced instruments.

cresendo passage.
If we were to try and cover this volume
range on a phonograph record,
we would immediately be
faced with two definite limitations.
The cresendo passage would, of necessity, require maximum movement of the
cutter on the wax consistent with groove spacing and other
mechanical limitations.
With this as the top limit, the
movement of the cutter on pianissimo passages would be so
microscopic that when playeo pack, the only apparent resuit would be surface noise or record scratch.
Obviously, these passages must be brought above the surface noise
level, in order to be heard and the cresendo passage must
be limited as regard cutter travel, for the reasons outlined above.
In doing this, compression of the 70 d.b.
volume range occurs and we find a total volume range on
latest records of approximately 50 d.b.
When one considers that 20 d.b. difference represents a change in
voltage or needle velocity of ro to i and that 5o d.b.
is 320:1 and vo d.b. is 3200:1, I believe, it is readily
apparent why the expression the director tried so hard to
obtain during recording has been somewhat tempered by the
time it is reproduced on an ordinary instrument,
ro il-

The next method, shown in Figure #5, has been found quite
adequate for present day requirements.
It will be noted
in observing the diagram that there are two fixed taps
on theresistance element in addition to the slider.
These
taps are used in conjunction with the proper shunting networks to give the proper amount of low and high frequency
compensation for the different levels.
The value of total
resistance used is of necessity determined by the particular application.
The positions of the taps are determined by the gain of the amplifier following the control and bear such a relation to the total resistance
that normal listening level occurs at approximately the
first tap down from maximum volume setting taking into account the compensation networks.
The diagram indicates
the values used for one particular compensated control
which is being used in the instrument for demonstration.
The shunt networks may have values changed as required to
give the particular curve desired at normal level as well
as the degree of compensation needed to fulfill the curves
of Figure #3.
A smaller capacitor will have the effect of increasing the low frequency response with reference to too() cycles whereas a larger capacitor will
cause the opposite effect, other values remaining constant.
The control and its attendant circuits are designed such that the change in level between taps is zo
d.b.
When the slider has reached the second tap, no further compensation occurs.
A further improvement can be
shown by the addition of a third tap to the control, but
this can be applied only to the higher priced instruments.
The amount of high frequency compensation is determined
by the size of the inductors used.
Increasing the size

lustrate by figures just what these limitations are mechanically on a phonograph record, let us consider that
a recording is being made at about roo grooves per inch.
The maximum swing of the cutter point is thus limited to
less than .010 inch if the grooves are not to touch each
other.
Assuming we could take this distance on loud passages, then the pianissimo passage, 70 d.b., lower than
this would be approximately .000003 inch.
This is much
less than the microscopic structure of the record material
itself and even an increase in the pianissimo passage of
20 d.b. still allows a swing of only .00003 incn.
From
these figures, I believe it is readily apparent that we
are doing well
record alone.

of the inductor increases the high frequency response and
conversely decreasing its size decreases the amount of
tip upat the high frequency and as the volume is decreased.

to obtain the present volume range on the

Limitations 01 asimilar type are imposed by the broadcast
station except for the fact that in this case line noises,
hum and other extraneous disturbances require increasing
the level on pianissimo passages and the danger of over
modulation requires decreasing the level on cresendo passages.
Present day high grade stations are able to cover
a volume range of approximately 5o d.b.
This is seldom
used, however, since there is a definite desire on the
part of the station owners and operators as well as program sponsors to obtain maximum listener coverage at all

A third type of tone compensation, which has been used in
the past, is the automatic bass compensator.
In this
circuit, an amplifier system of the variable gain type
is employed in parallel with the regular audio channel.
By virtue of its variable gain characteristic and due to
the fact that its response is limited to frequencies below woo cycles, it can be made to increase the overall
low frequency response as the volume level is decreased.
Due to the added cost and nicety of balance required for
5
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times by maintaining as high an average level of modulation as possible.
Wide volume changes on present broadcast equipment would be satisfactory for people located
close to the transmitter, but appreciation of it would be
lacking by those located at some distance, particularly
when the pianissimo passages were pushed aside by bursts
of static.
The abovediscussion,1 believe, indicates the desirability
of obtaining some form of volume expansion as a means of
restoring this loss of 20 d.b. in volume range particularly if full enjoyment of symphonic programs is to result.
There are several ways of obtaining this result
and the use of any one type is dependent upon the amount
of expansion desired and cost permitted.
With any of the
systems which can be used at present, it is obvious that
the result is a compromise since monitoring for all recording and broadcasting is accomplished manually and expansion in the phonograph or radio must take place automatically.
Eventually, it may be possible to automatically compress the volume range during recording or broadcasting and so design the phonograph or receiver that its
expansion curve is the counterpart of the compression
curve.
When this bas been done, then the listener will
be able to enjoy to a much greater extent, the various
symphonic programs available.
Until that time, however,
we can obtain a great amount of pleasure even from the
present volume expansion systems as applied to standard
phonographs and broadcast receivers.

SYSTEM No.2
PUSH PULL TRIODE, VARIABLE. IMPEDANCE.
EXPANSI ON CIRCUIT

FIG.7
A second system, shown in Figure #7 consists of push-pull
triodes having transformer coupling in both input and output circuits.
The plate circuit of the tubes,
which
normally calls for a load impedance of go,000 ohms for
proper matching, is shunted to approximately moo ohms
by means of two soo ohm resistors connected across the
primaries of the coupling transformer.
A variable bias
system, dependent upon thestrength of the incoming signal
for its action, is connected to the common grid return
of the triodes.
In this type circuit, the transfer of
energy between these tubes and the next audio stage is
dependent upon the effective plate impedance of the tubes
and the resistance of the load.
Since the tube impedance
is dependent upon the grid bias, there is aproportionally
greater transfer of energy to the soo ohm circuit at low
grid bias than at high grid bias.
In this way it is possible to use this circuit for volume expansion with very
low distortion.
Its main disadvantage, as faras commercial phonographs or broadcast receivers are concerned is
its greater cost as compared with systems which do not
requireas many tubes and do not use transformer coupling.

TUNED TO
ABOUT 70.,

The third system, shown schematically in Figure #8, has
been used by RCA Victor for the past year for phonograph
reproduction.
Since this is the system to be demonstrated shortly, I believe it would be well to discuss the
functions of the various parts.
It will be noted that
the incoming audio signal branches at VC 1. One branch

SYSTEM No.1
BRIDGE- TYPE-

EXPANDER

CIRCUIT

Cl
0.1

FIG.6

0.1

R1
330 000

R12
22000

C3
10 ‘t

One relatively simple method, shown schematically inFigure #6, has been used the past year on acommercial broadcast receiver. 2 It employs low voltage electric lights
of special design in a balanced bridge circuit across the
output system.
At lowsignal levels, the bridge is nearly
in balance and very little signal gets through to the
loudspeaker.
As the audio signal increases, the resistance of the filaments in the lights changes and the bridge
is thrown out of balance.
This allows more than the direct increase in signal strength to be applied to the
voice coil of the loudspeaker resulting in a degree of
volume expansion dependent upon the strength of the applied signal.
Earlier forme of this device imposed power
output limitations upon the audio system but improvement
in thermal resistance characteristics of the filaments,
used has resulted in a system capable of 15 d.b. expansion without serious distortion due to change in load impedance across the output tubes.

"
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RCA VOLUME EXPANSION CIRCUIT

FIG. 8
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goes to the 01 grid of the 6L7 variable gain amplifier
tube and the other branch terminates in the degree of expansion control R3 . The 6L7 tube has previously been ad-

frequency resonance effect is the weight of wood used for
the cabinet.
If thin woods are employed with very little
bracing then at those frequencies where resonance occurs,
or close to them, vibration of the cabinet sides results
and undesirable responses occur.
Heavy sides and bracing
prevent this and as a result smoother reproduction of the
low frequency portion of the music and voice range isobtained.
If the depth of the cabinet is increased, cavity
resonance occurs ana even if the back is open there isan
open organ pipe effect and undesirable responses result.
For this reason it is highly desirable that the depth of
the cabinet be restricted as much as possible consistent
with good appearance.
A back on the cabinet may or may
not increase the resonance effect depending upon thecabinet design.
In general the effect of adding a back will
increase the undesired boominess unless special precautions are taken to acoustically ventilate the cavity.

justed by means of variable resistor R9 to operate on the
proper portion of its characteristic for the amount of
volume expansion and audio gain required.
In the particular circuit, the tube gain is about 2.5 and the plate
current is about 1 milliampere in the zero signal condition.
As signal is applied and With R3 Set SS maximum,
amplification of the signal occurs in the 6C5 and rectification takes place in the 6116.
This rectified voltage,
the value of which is determined by the strength of the
incoming signal appears across R 7 and is thus impressed
upon thé 03 grid of the 6L7 through the time delay circuit composed of R2 and C9 . The polarity of this voltage
is opposite to that which is already present on the 03
grid and serves to reduce the effective voltage on this
grid.
This increases the voltage gain in the 6L7 and a
variable gain amplifier results, the gain of which is entirely dependent upon the strength of the incoming signal.
This system provides a relatively cheap volume expander capable of increasing the volume range 15-18 d.b.
if so desired.
The amount of expansion is easily varied
by means of R3 and in this way the desired result can be
obtained on almost any type
gram.

of

There are many ways of overcoming this cavity effect to
almost any desired extent, depending upon the additional
cost of the apparatus.
Some of these methods employ the
back wave in the cabinet to advantage while others merely
are concerned with getting rid of certain undesired effects of the back wave.
In the absence of publications
certain representative patents bave been referred to where
necessary for the technical material contained therein.
One system for reducing cabinet resonance employs several
speaker cones or other forms of diaphragms flexibly suspended in openings in the front of the cabinet.
Early
work on this arrangement was done by Mr. W. D. LaRue at
the Victor Talking Machine Co. in Camden.
Later developments have been made by Dr. H. F. Olson * at the RCA Mfg.
Co.

phonograph or radio pro-

A dicussion of this subject must of necessity include
some mention of the.cabinet and its relation to the overall musical balance.
The broadcast type cone loudspeaker
radiates from both sides of the diaphragm.
When this
type speaker is mounted on a flat baffle and away from
corners of the room or other cavities, very little low
frequency resonance is present.
When, however, the flat
baffle is folded back to form a cabinet for the loudspeaker an immediate change takes place in the low frequency balance unless special precautions are taken.
The
cavity behind the loudspeaker cone serves directly in
reinforcing the lowfrequency response and "boomy" reproduction results.
To many people this type of reproduction
is entirely pleasing and unless some "boom"
is present
they feel the set is not properly designed.
To the music
lover, however, this "boom" is highly objectionable since
it is a type of musical balance, or unbalance, which never
occurs in an orchestra.

Another system employs an acoustical labyrinth passage in
the cabinet at the rear of the speaker for absorbing the
back wave without undesired reaction upon the low frequency response of the speaker.
In one form of apparatus the exit of the labyrinth has been employed to reenforce thelowfrequency waves although, in such a case,
best results bave been obtained by making the labyrinth
expand exponentially, thereby constituting a folded horn
loading the rear of the diaphragm.
Early work was done
on the labyrinth acoustic baffle by Mr. Julian High 5 at
Westinghouse Mfg. Co.
Later work with alabyrinth baffle
of the horn type loading the rear of the diaphragm has
been done by Dr. H. F. Olson 5 in connection with high
fidelity theatreinstallationsand broadcasting monitoring
speakers.

There are many factors which govern the amount of cabinet resonance reproduced, among which the more important
are: type of output system used; whether high or low impedance; frequency of resonance of cone suspension system; ruggedness and weight of wood used for the cabinet;
depth of cabinet from speaker baffle to back opening and
whether the back is open or closed.
A brief discussion
of each of these factors will enable us to understand more
fully their direct effect upon reproduction.

Still another system for overcoming cabinet resonance has
employed one or more absorption chambers or wave traps
tuned to the frequencies of troublesome resonant peaks.
Early work on this arrangement was done by Carlisle of
Westinghouse and later developments have been made by Dr.
Irving Wolff 7 at the RCA Mfg. Co.
Another system being used this season employs a solid
back on the cabinet and avery solid type of cabinet construction.
Acoustic ventilation and re-enforcement of
the low frequency end of the music and voice range is obtained by a series of pipes located in openings in the
bottom of the cabinet.
By determining the size and number of these pipes for a given cabinet, it is possible
to extend the low frequency response of the over-all sound
output one-half to three-fourths of an octave and at the
same time to reduce the response trois six to nine d.b.
at the low frequencies of the voice range, around loop to
ino cycles.
Reference is made to developments by Thuras 5
at the Bell Telephone Laboratories, and to more recent
work by C. O. Caulton of the RCA Mfg. Co.

If a high impedance output system is used, for instance
one employing pentodes, changes in impedance of the plate
load cause a proportional increase in voltage across the
load due to the constant current characteristics of these
tubes.
A cone loudspeaker at its suspension resonance
frequency presents a much higher impedance than at yoo
cycles.
For this reason it is desirable, if boominess is
to be decreased, that the cone resonance be located below
7o cycles.
Furthermore if a reduction in resonance voltage or output is desired at this frequency then a low
impedance output system should be used.
With either system the cone suspension resonance should never be located
above 8o cycles in a console model since average cabinet
resonance in this type cabinet occurs in the band between
loci and iso cycles depending upon the cabinet depth.

Further refinements for improving acoustic reproduction
consists in an inclined speaker baffle in a cabinet.
C.
R. Garrett') and I did some early work on this for the

Another factor directly connected with the amount of low
7
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purpose of reducing cabinet resonance.
Another refinement consists in a high frequency beam spreader in front
of the speaker cone,
developed by Dr. Irving Wolff.
For high fidelity work the double voice coil speaker,
developed by Ringel and Olson, has been used for extending the high end of the range to 8,000 and io,000 cycles.

7,000 cycles.
Listening tests on this instrument with
this setting indicated that surface noise from a commercial standpoint was highly objectionable.
As a result
the discriminator controls were readjusted to give the
curves shown in Figure #lo.
It will be noted that while

In the absence of technical publications on the above
material, reference has been made to patents for convenient reference by those interested in obtaining further details.
The next portion of the paper will deal with a piece of
laboratory equipment which has been very helpful in determining the desired audio frequency characteristics
for a given amplifier or input system to obtain pleasing
sound output.
It is called the audio frequency discriminator.
Fundamentally,
this device is a compound
filter and amplifier provided with a system of controls
which permit its frequency characteristics to be altered
to almost any desired extent.
This control of the frequency characteristic is effected by a division of the
audio range of the amplifier,
namely 20-10,000 cycles,
into eleven filter bands the gain in each band being individually under control.
The bands overlap at the sides
and are so phased at these points that the
combined
overall response may be made substantially flat if so
desired.
The individual bands are slightly less than
one octave in width at the overlap point and have a range
of amplitude control averaging 12 d.b. up and down from
the flat characteristic.
A switch is provided which permits the operator to quickly transfer from the normal
audio system to that which incorporates the discriminator.
In this way it is very easy to compare an audio system
which is being worked on with one having the desired
characteristic and in this way determine
the changes
that are necessary to correct the former.

the range remains essentially thesame there is adefinite
tendency toward a trailing off characteristic above 4,000
cycles.
The present recording system employed in Victor
records has aslightly rising characteristic in this range
and the overall result is one which is very pleasing from
a musical standpoint; yet the surface noise is not objectionable.
Having determined the desired characteristics, it then was necessary to provide the proper equalizing network to obtain similar performance without the

In addition to the eleven filter stages, the discriminator is provided with a continously variable high frequency cutoff filter.
This filter is in noway connected
with the band filters and allows a much finer control of
the upper limit of the tonal range than does the band
filter.
It has essentially a vertical cutoff over its
entire range from 3500 to 10,000 cycles.
This cutoff filter may be switched in and out of the circuit as desired.
Figure #o shows the overall electrical and sound curves
of the phonograph being demonstrated with the discriminator adjusted for essentially flat response from 6o to

discriminator. Figure #11 shows how closely it was possible
to duplicate results.
A brief demonstration of the use
of the discriminator will be given at this point.
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HIGH FIDELITY RADIO RECEPTION
BY

LINCOLN WALSH*
Delivered before the Radio Club of America
December 10, 1936
A high fidelity system might be defined as a system of
picking up sounds, transmitting them, and reproducing them
so that they sound to the ear precisely like the original
sounds. It can also be defined as asystemwhich picks up the
sounds, transmits and reproduces them, with all the original sinusoidal components present in their original proportion and phase relation but with the introduction of
no new components.
If the system does this, the reproduced sound duplicates the original and the system is an
ideal high fidelity system.
There remains, then the question of how closely apractical system must approach this
ideal in order to be satisfactory and this can be answered
only by the ear.

performance of their receivers, and yet those receivers
are turned on only for special programs while in homes
having receivers of better quality they operate almost
continuously.
Thus, while the ear is a highly uncritical
instrument, it quickly tires of listening to voice and
music which is distorted or lacking in important frequency
ranges.
The musical instruments of today have evolved thru.centuries of listening, and the test which determined their
survival was whether or not the tone was suitable as
judged by the ear.
These centuries of experience have
shown that sounds of all frequencies thruout the wide
frequency band of audibility are requisite for musical
expression and so,
when we as radio engineers design
radio broadcasting receivers so that they cut off orseri'ously attenuate frequencies below about loo
cycles and
frequencies above 4500 cycles,weare notonly undertaking
to give a new interpretation to music but we fly in the
very face of man's centuries of musical experience.

Perhaps more than any other sense, the sense of hearing
is influenced by suggestion.
If the listener has in his
mind the conviction that bis radio gives him an exact reproduction of the sound in the studio, his ear tells him
that there is nothing wrong with the fidelity of his radio.
But while the ear of such a listener tells him that all
is well with the sound to which he is listening, even when
he listens critically to judge thequality of reproduction,
an inquiring observer would
notice that the extent
to
....,...
.
which he listens casually to
his radio bears a direct relation to its quality of reproduction.
Actually, aperson will tire quickly of listening to a receiver of poor
tone quality, and yet not be
conscious of its poor quality. Conversely the same person listening to a receiver
of good quality may not be
conscious that the quality is
better, yet hewill listen to
it for much longer periods
without tiring.
It isa matter of common observation that
there are many homes having
midget receivers of obviously
poor quality,whose owners are
very proud of the quality and
'consulting Radio Engineer, Elizapeth, N. J.

The human voice is one sound to which we are always listening, and this experience
therefore provides an excellent basis for the readyevalnation of the fidelity of reproduction.
Even a receiver
of very poor fidelity gives
a high degree of understandability, because, as is well
known, a range of 300 to 3000
cycles is all that is necessary to give understandability.
But togivethenaturalness that is necessary if the
reproduction is to be untiring
to the listener, it isnecessary to reproduce the.entire
audible range.
A particular instance of the
importance of this is the reproduction of soprano voice.
We all know how often the re9
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accoustic labyrinths has pointed the way to improve low
frequency speaker response where only limited baffle area
is available.
An electrical resonance in the circuits,
or a mechanical resonance in the speaker - more commonly
the latter - is sometimes used to provide apeak at about
ioo to 130 cycles, which results in the "boom" of false
bass response.
In any program, there is always enough
energy in the region of this peak togive the low pitched
background which many consider to show good bass response.
But this causes listener fatigue to develop very quickly
and it is thus extremely undesirable to improve bass response by means of any such resonance, either electrical
or mechanical. If speaker resonance must be countenanced
it should occur at the lowest possible frequency, certainly below so cycles; the amplifier must be flat within
2 db down to 30 cycles;
the baffle must beof corresponding size, or a suitable labyrinth must be employed; and any
bass compensation that is employed must be entirely of
resistance-capacity type, to avoid any bass resonance.

production of the voice of a soprano as heard over the
radio is lacking in the qualities that make ita pleasure
to listen to the singer in person. This results from the
fact that the fundamental frequency is usually far higher
than that of average speech, and the harmonics which give
the voice its "color" are not reproduced by the receiver.
Yet on a high fidelity system all the overtones are present.and the reproduction is natural and pleasant.
It is a fact, however, that sometimes a program sounds
better if the highs are reduced by lowering the cutoff
at the high end.
This is invariably due to the presence
of distortion or to a high background noise level.
In
the absence of distortion and noise, any normal ear will
choose the highest available cutoff.
The ear like most human senses is subject to habit, and
if a person is accustomed by habit to listening to a receiver with a low cutoff, he may not immediately react
favorably to a high fidelity system.
A receiver having
a medium cutoff and a peak near that cutoff, may at first
sound to such a person as if it has more highs than a
truly high fidelity system, but, again, he will be found
to tire quickly of listening to the receiver with a peak.
But he will listen indefinitely to the high fidelity system without fatigue.

THE 'TWEETER'
For the high frequency portion of the audio range an especially built "tweeter", which is quite similar to a
standard 6 inch cone speaker has been found to supply the
best practical solution to the problem presented by the
need for efficient translation into acoustic energy of
the high audio frequencies.
Such a "tweeter" has been
included in the demonstration receiver.
It has a good
sound pressure response curve up to 14,000 cycles, and
it is not seriously down at 16,000 cycles.
This is secured thru the use of an extremely light voice coil, a
short tube connecting the voice coil to the cone, and a
light paper cone, of rather low damping.

A listener in a comparison test between a high fidelity
system,
and a system having a lower cutoff,
will very
often choose the lower cutoff at first but if he takes
time, sometimes as much as an hour or two of listening,
he will inevitably choose the high fidelity system.
Some
listeners when first hearing a high fidelity system by
itself think it tinny, some think it very bass, some think
it has too much bass and too much treble, and lacking in
middle registen because they are hearing tones they are
not accustomed to hear in radio reproduction.
But after
listening for an extended period to good program material
they like it.
And that is the final, and the only reliable test.

The "tweeter" is connected thruasmall condenser directly
across the plates of the push-pull output tubes, so that
it cuts in gradually above z000 cycles.
Experience indicates that it is better to have a gradual transition
from the low frequency speaker to the tweeter, than any
abrupt transition as results from the use of sharp cutoff filters.

These observations are the result of a systematic study
of listener reaction started by thewriter some nine years
ago.
They report the conclusions arrived at after astudy
of the reactions of something over one hundred listeners
only a relatively few of which were radio engineers or
serious students of music.
On the basis of these observations the writer long ago undertook to develop receiver
design details to supply the latent and all too little
recognized desire for a much closer approach to complete
fidelity in radio reproduction. The results of that work
have been incorporated ma receiver typical of the especial
arrangements which have been found necessary to meet this
need and the performance of that receiver will be demonstrated.
Before proceeding to the demonstration,
however, it will doubtless be of interest to describe something of the design details and their specific purposes
and functions.

While speakers can be built that respond well up to woo
cycles, the combination of a low frequency speaker and
a "tweeter" snows itself tote far superior to any single
speaker.
One reason for this doubtless resides in the
fact that the motion or a large cone diaphragm at high
frequencies is made up of two sets of waves radiating
out from the voice coil.
One wave is longitudinal with
respect to the paper of the cone while the other is a
lateral wave in the paper, the former travelling at considerably higher velocity that the latter.
Their propagation in the paper and their reflection at the edge of
the cone determines the high frequency response, and the
control of all of these factors is a far more complex and
difficult problem than making two speakers of distinctly
different proportions each with defini te and supplementary
characteristics.
Additionally where efficient response
up to 16,000 cycles is desired no single practical speaker
has been found to serve at all satisfactorily.

THE HIGH FIDELITY RADIO RECEIVER
From the standpoint of present broadcast receiver design
practise, high fidelity means extending the audio frequency range at both its ends.
It has long been known
that to have the tone balanced and most pleasant, the
audio range of a system must be centered somewhere between 'too and woo cycles.
If we extend one end of the
range, the other must also be extended for best effect.

ELIMINATION OF DISTORTION
Distortion is a very important factor about which volumes
could bewritten.
The problem starts at the RF amplifier.
The signal voltages at the grid of this tube must be held
low to prevent overload and harmonics that will modulate
the carrier.

THE LOUD SPEAKER

The converter in the demonstration receiver is a special
circuit which has a very low noise level.
The detector
delivers anauctio voltage only, and has norelation to the
AVC system which is separate.
The automatic volume control system holds the detector input voltage at 10 volts
for all normal signal inputs, in order to avoid the dis -

At the low end, it has been found desirable to extend the
range of the amplifier to below 30 cycles,not withstanding
the limited effectiveness of commonly available speakers
in that range.
To assist the speaker in this range the
largest possible baffle must be used.
Olney's work on
10
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transformer which feeds the detector is broadened, but
not enough to show double peaks.
The single peaked resonance curve of this latter transformer fills in the valley of the combined curves of the other transformers so
that the resultant overall curve of the IF system is flat
over a band of about 32 KC, thus permitting the unattenuated passage of sidebands corresponding to all audio
frequencies opto 16,000 cycles. A second step of coupling,
position B, is provided in the receiver in which similar
conditions exist, with, however the band width reduced to
about 16KC corresponding toan audio band of 8,000 cycles.
Positions C and D have band widths of 12 and 8 KC respectively, and the fifth position, E, is the position of
minimum coupling, and passes about 5 KC.
The audio bands
corresponding to these are, respectively, 6,000, µ,000,
and 2,500 cycles.

tortion which occurs in a diode when operated at low
voltage levels - within the "parabolic" range - and to
avoid distortion in the last IF tube due to overload.
which would occur if the diode had to be driven to high
voltages.
Additionally, of course, the AVC system holds signal voltages thruout the receiver at such values that will avoid
overloading any of the tubes such as the converter and
the IF tubes.
It is not, perhaps, commonly appreciated to what degree
the use of silicon steel in the interstage audio transformers introduces harmonics, particularly at low levels.
But because of this fact the audio signal is carried thru
resistance capacity coupled circuits, having no iron core
devices anywhere, up to the input of the push-pull output tubes.
At this point a push-pull
transformer of
special
design, including a core of high-permeability
alloy, wnich does not generate
harmonics is employed,
and which contributes greatly to the clean tone quality
of the receiver.

It might be well to point out in passing that the use of
variable inductive coupling as here employed has certain
advantages over other possible types of coupling that
might be employed, wholly aside from the obvious advantages of economy of production, ease of production adjustment etc.
It will,
of course,
be remembered that,
in general, the peaks in the transmission characteristic
of a pair of tuned and over-coupled circuits can be equal
only when there is no loss in the coupling element and
since mutual inductance is the one coupling element that
is loss free, it is thus especially suited to this purpose.
Another factor of interest here is that by varying
only the mutual by the motion of one of the coils, the
band width is varied while maintaining the midfrequency
fixed.

All the audio amplificationisprovided by the use of lowmu triodes, which are the only amplifiers sufficiently
free of distortion fora high fidelity system except, perhaps, as the newly developed degenerativecircuitarrangements may make the multi
element tube less unsuited to
this field.

THE I.

F. AMPLIFIER

The problems presented by the need for so designing the
selective high frequency amplifier stages as to provide
for high fidelity reception are basically impossible of
solution since, under the American scheme of broadcast
frequency allocation and assignment in which adjacent
assignments differ by only ten K.C. and practically all
frequencies so assigned are in simultaneous use, the requirement that interference-free reception be possible
on any assigned frequency at any time andplace,unavoidably
limits the audio band width of reception to something less
than five thousand cycles.
Under these limitations there
is little that the radio designer can do other than to
provide a relatively narrow band width and pray that it
will be found not too unacceptable.
And, indeed this is
precisely the direction in which the receiver designs of
recent years have gone.

R.

F. AMPLIFIER

The radio frequency system has as its primary function
the elimination of the image frequency, which in the demonstration receiver is µno KC higher than the signal frequency.
It serves also to eliminate such other signal
frequencies, as might be brought in thru beating with
harmonics of the oscillator.
The RF system may, therefore be made broad enough to suit the widest band passed
by the I. F. amplifier and need not be of variable band
width.
The antenna circuit of the demonstration receiver
is double tuned, and double peaked, with peaks separated
about 35 KC.
The RF amplifier is single tuned and is
broadened by the use of very fine wire in "the winding,
so that it just about fills in the valley of the double
peaked antenna system.
At the higher end of the broadcast band, the valley of the antenna circuit is less deep,
and the RF stage is less sharp, so that the RF system as
a whole is flat within i db over a band of about 35 KC.

It is patently absurd, however, to so limit the fidelity
of receivers so that only such painfully low fidelity is
available to the listener who is located relatively close
to his local transmitter or who may be in the high field
strength area of a high powered transmitter and thus
largely free of adjacent channel interference and interference from noise sources.
And since the system under
which our radio receivers are distributed to the purchasing public requires so complete a universality of usefulness there is obviously no solution but to give the
receiver such variable selectivity as to provide, on the
one hand, so narrow a band width as will allow of distance
reception in areas of noise and interference and, on the
other hand, to provide so great a band width as will allow
of the reproduction of the entire audio range being broadcast by the best transmitting system.

This gives a system which will pass all frequencies up
to 16,000 without any attenuation.
When this system is
tried on the air, the tone quality is all that might be
expected.
But after sunset, when thedistant stations on
adjacent channels
begin to come in, lo KC whistles are
heard.
If a filter is put in circuit to cut out io KC,
the whistle disappears, but then the so called "monkey
chatter" is heard.
This chatter is the high pitched unintelligible sound which is due to the side bands of the
adjacent channel beating with the carrier of the desired
signal, in contradistinction to the more commonly experienced interference, known as "cross talk" which is
the result of the adjacent channel side bands beating
with their own carrier.
It is of interest to note that
in the receivers which have been built on the basis here
discussed, crosstalk from the adjacent channel has been
far less serious in creating interference than the adjacent channel chatter.
As a matter of experience, it
has been found that chatter is the ultimate limitation
on fidelity.

In the demonstration receiver this is accomplished in the
intermediate frequency amplifier since, as is usual in
the superheterodyne type of receiver here largely resides
the selectivity of the system. It has been found best to use
two IF stages, including three double tuned IF transformers, the coupling between the primary and secondary
circuits being varied by moving the secondary coil relative to the primary.
At the position of minimum coupling,
the coupling is considerably below critical, and the selectivity is at its highest.
At the position of maximum
coupling, position A in the figure, the resonance curve
of the first two transformers becomes double peaked, with
the peaks separated by about 35 kilocycles.
The third

It has been found however that, when receiving moderately
strong signals from local stations, practically all the
chatter can be eliminated by the ase of an extremely sharp
low pass filter, having its cutoff at about 7500 cycles.
11
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The reason for this is not hard to find if it is remembered that workers in the acoustics and telephone fields
have shown that most of the energy in speech and music
lies in the frequency range below 2000 cycles,
and that
the energy drops progressively as the frequency under
inspection increases.
Thus it is found that there is very
little energy in the region of 8000 cycles and higher
although that little energy is of great importance in
giving naturalness to the sound of which it is a part.
Similarly, then most of the energy in the sidebands of a
signal is in those frequencies differing by less than two
thousand cycles from their carrier and hence by more than
Boo° cycles from the carrier of the adjacent channel transmission.
Thus,
the resulting "monkey chatter" carries
most of its energy in the frequencies above Boo° cycles
and is thus subject to effective elimination thruthesuppression of all frequencies of that order or higher.

upper frequency limit of the equipment at such a high
value as to provide for truly high fidelity transmission.
It was found on inquiry, for example, that the studio and
transmitter equipment of WJZ and WEAF is good up to 16,000
cycles per second as is that of WABC and WOR.
The telephone lines connecting the studios and the transmitters
of these several stations are reportedly not as good as
the equipment.
Thus, the line to the WEAF transmitter
is reported to cut off at 7000, the WABC line, at 85oo,
the WJZ line at 10,000 and the WOR line at ii,000.
These
latter data on thecutoff frequency of the telephone lines
are not to be viewed as inherently limiting the broadcasting system since, they doubtless result largely from
economic and not technical factors, and canand doubtless
will be raised as the demand for such improvement developes.
It must, however, be admitted that there is little incentive for any broadcaster to assume the added burdens
of cost and maintainance required by any further expansion of the band width of his transmission until and unless the receivers in the audience to his transmissions
are capable of taking full advantage of that transmission.

THE AUDIO FILTER
To eliminate both the chatter and the whistle in the demonstration receiver, there is used a 4 section Campbell
type filter, having II elements; 4 series inductances, 5
shunt capacities, and 2 mutual inductances.
This filter
is flat up to 72.00 cycles, and is down approximately 30
db at B000, 5o db at woo, and 7o db at io,000 cycles.
These values of attenuation have been found necessary to
receive local signals without chatter in the 75oo cycle
setting of the fidelity control.

Thus, once again we have arrived at the stage in the development of broadcasting where the transmitter leads the
receiver and now awaits being overtaken.
Thruout the
history of broadcasting, first the receiver and then the
transmitter has been the more thoroughly developed element
of the system and in each step in the sixteen years of
progress in radio broadcasting each improvement in the
lagging element has placed it so markedly in advance of
the other as to provide the incentive for major improvement in the other which in turn prompted further improvement in the first, and so on and so on around the widening spiral of progress.

By means of the fidelity control in the demonstration receiver, the band width of the I.P. is varied and thru a
simple mechanical linkage with the audio filter, the cutoff of the audio system is simultaneously changed to provide a cut off just below the cutoff of the IF system.
This gives the highest possible audio band width for a
given selectivity.

It seems quite reasonable, therefore, to believe that not
only will the next move in this continued progress be
made by the receiver designer-in the direction here described in detail - and with the agreement of his comr
mercially minded associates, of course - but that that
next step will leave the broadcaster lagging once again
only, however, to have him soon moving again in the direction of the ultimate perfection of broadcasting.

In practical ase it has been found possible to receive
signals as low as io millivolts without chatter on the
75oo cycle setting, but with all the superior fidelity
implied by that high cutoff as compared with conventional
receivers.
Weaker signals may require that the cutoff be
set at 5500 cycles, which provides better than usual fidelity.
When very high selectivity isdesireJ as in cases
of high noise levels and in the reception of distant stations, the band is narrowed tolffl000revento2500 cycles.
This latter band width appears pointlessly narrow but it
must be remembered that many listeners want high selectivity and the ability to get distant signals for ashort
period after they buy their receiver and these circuit
arrangements make that possible.
Happily, however, after
they experience the pleasure of good programs they want
little more than the nearby stations, and these they may
receive on the high fidelity ranges free of chatter or
noise and with highest fidelity consistent with the conditions of transmission and reception.

EDITOR'S NOTE
In the course of the delivery of Mr. Walsh's paper demr
onstrations were made in connection with a special program for the Club from radio station WQXR under the direction of Mr. John V. L. Hogan.
This program included
a variety of broadcasting material designed to show the
superior effectiveness of
the
high fidelity reception
through the transmission of a wide range of tones and
special musical transmissions both with and without the
use of cut off filters at the transmitting station.
It
can be reported that any cut off at the transmitter that
tended to reduce its transmission band width below the
maximum possible was quite easily evident in the reception

Experience indicates that in daylight the local stations
can usually be heard without whistles, chatter, or any
noise on the 16,000 cycle setting, and indeed many stations are transmitting programs of a quality which shows
a definite improvement when the cutoff is raised from the
7500 to the 16,000 cycle position.
Especially well does
this type of receiver operate when receiving the high
fidelity stations which have 20 KC channel separation,
and good lines and amplifiers, and which are therefore
best listened to on the widest band.

as heard by those in attendance and it was of especial
interest for most of the members of the club present to
make comparisons between the reproduction of Mr. Hogan's
'voice and their memory of it as it so often when Mr.
Hogan attends in person.
The demonstration left nodoubt
as to the need for the transmission of the entire band
width of the receiver andthetransmitter where completely
satisfactory fidelity is the aim.
Additionally itshould
be pointed out that while this demonstration was made at
Ravemeter Hall,
Columbia University at which previous
experience has shown that the noise level is always objectionably high, the installation ofa noise suppression
antenna system, through the kindness of Messrs Amy and
Aceves and King, left little
noise interference to detract from the demonstration or from the enjoyment of the
special musical program that was transmitted.

FIDELITY OF BROADCAST TRANSMITTERS
It is often argued that the broadcasting stations themselves do not supply programs with such frequency band
widths as to justify the use of high fidelity receivers.
With this in mind the writer sometime ago made casual
investigation as to the upper cut-off of the higher powered
transmitters in the New York area and hewas happily surprised to noLe the care which has been taken in the design
of much of the broadcasting equipment to maintain the
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no longer in balance and the music had a harsh or tinny
characteristic.
This effect could also be obtained at an
outdoor orchestral performance or band concert if one
were to change his position from one close to the instruments to a position a hundred feet removed from them. The
high frequency instruments will decrease in volume much
less rapidly than the tuba and other low frequency instruments.
The reasons for this phenomenon are very clearly
given in Dr. Fletcher's paper.

The subject of phonograph or radio reproduction is necessarily a very broad one.
For this reason the following
paper concerns itself only with aural compensation and
volume expansion as aids in obtaining the desired result.
Demonstrations will be given of various factors involved
and a very useful piece of laboratory equipment in connection with this work will be described and demonstrated.
Before discussing aural compensation as applied to an
electric phonograph or radio receiver, it would probably
be well to digress a moment and consider the general subject of sound and hearing.
A large amount of research work has been carried on by
different experimenters in connection with sound at different levels and its effect upon the human ear.
General
reference to books and papers on the subject gives one
the impression that although some discrepancies exist between results obtained by different experimenters, there
is, in the majority of cases, quite close agreement with
the work of Dr. Harvey Fletcher of the Bell Laboratories.
For this reason we have, in our work on aural compensation, used data presented by Dr. Fletcher on his paper
"Loudness,
Its
Definition,
MeasurementandCalculation" 1.

-

Listening
carefully to the
radio setofa few years ago,
we have all undoubtedly noticed tha ta reduction in volume from a rather loud level
to one which could be used in
the average apartment without
causing
annoyance
to
ones
neighbors was accompanied by
a change in musical balance.
At the louder level the low
frequency instruments such as
the bass viol, bass drum and
tuba were in proper balance
with the middle and high frequency instruments.
At the
lower level, however, the low
frequency
instruments
were
* Engineer,
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Figure WIillustrates the frequency response and intensity
range of the average human ear from the threshold of hearing to the threshold of feeling.
These two thresholds
were determined at different frequencies by means of pure
tones applied to head phones worn by the observers.
Many
different readings were taken at various fixed frequencies and for many different observers.
From these,
it
was possible to plot the lower curve which shows the tnreshold of hearing for the average individual.
It will be
noted that the curve is plotted witn 1,000 cycles as tue
O d.b. level. For reference purposes the input level to
the ear canal at this frequency was found to be io-16 watts
per square centimeter.
It is easily seen by reference
to the curve that for 6. frequencyofloo cycles, the same
intensity level in the ear
would require an input 35d.b.
higher than for 1,000 cycles.
Conversely, the input in the
3000 - µ000 cycle range would
Ace.
need to be io d.b. less than
that at 1000 cycles to produce equivalent effect.
The
upper
curve was determined
in much the same manner with
the exception that the limiting factor became the point
at
which the observer felt
actual
pain.
This
curve,
which is called the threshold
of
feeling, represents
the
highest
level
the
average
individual can withstand for

Manufacturing Co.,
3

Inc.
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any length of time without actually suffering pain as a
result.
It will be noticed in this case the input at loo
cycles need be only 5 d.b. higher than that at i000 cycles
to produce the same result.
In other words at the threshold of feeling the curve of the average ear is essentially flat.

tion is approximately 70 d.b. above reference level or
threshold of hearing.
With this level as a basis and
assuming that a desirable sound characteristic has been
obtained at this level, it then becomes possible to plot
a new series of curves from those shown in Figure #2 and
which are shown in Figure #3.
For convenience, the 70
d.b. level is shown as flat since we have already assumed
that the subject level was satisfactory and thus any irregularities in the curve must be carried through to the
other levels.
From this family of curves, we can readily
determine the amount of compensation necessary as the
sound level is changed above and below the 70 d.b. average level.
For instance, a decrease in average level of
lo d.b. at moo cycles must be compensated for by a decrease of only 5 d.b. in response at ioo cycles.
Similarly, a decrease in average level of 20 d.b. at 1000
cycles must be compensated for by a decrease of only io
d.b. at loo cycles.
The higher frequencies are not affected as much but it is desirable that the response be
decreased only about 8 d.b. at 20,000 cycles for each 10
d.b. decrease in average level at i000 cycles.
Conversely, an increase of io d.b. in average level above the
70 d.b. level at woo cycles must be accompanied by an
increase of only 6 d.b. in the ioo cycle level.
An increase of only about 2.d.b. at lo,000 cycles should accompany this lo d.b. increase inlevel.
These curves may
thus be used directly to determine the amount of compensation necessary at all levels above and below the average reference level of 70 d.b.

Between the two thresholds, it then became possible to
plot a family of curves representing the average characteristic at different levels. For convenience these curves
were determined in io d.b. steps at woo cycles beginning with the threshold of hearing and carrying up to the
threshold of feeling.
Figure #2 shows this family of
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Having determined that some form of compensation is necessary, and with curves available showing the amount required for the different levels, we are faced with the
requirement of finding ways and means of accomplishing
the desired result.

curves.
An observation of these curves indicates immediately that the range between 50o and s000 cycles ispractically flat for almost any level but that for frequencies
below 5po cycles, the input to the ear must be increased
over the 1000 cycle level to maintain proper balance.
These curves then show us that some form of low frequency
compensation is necessary if we are to maintain proper
balance over very wide changes in volume.
It is, of course
understood that the volume changes referred to are the
changes in average level from one value to another rather
than the normal variations in dynamic level which are
automatically taken care of by the conductor of the orchestra.

One method which has been used in the past with good results on low impedance phonograph input systems is shown
in Figure #4.
In this, the volume control, which is of

Ll
R1

It has been indicated by Br. Fletcher's work and borne
out by tests with calibrated volume controls in observers'
homes, that the average listening level in a quiet loca-

SI
MPLE COMPENSATION CIR CUIT
FIG .4

the potentiometer type,

has an inductor L1 connected be-

tween the slider and the high end of the volume control.
rile size of the inductor will, of course, be determined
by the resistance of the volume control with which it is
used.
In the particular case illustrated, the value of
LI was approximately 30 millihenries and the volume control resistance was 6o ohms.
With these values,
the
shunting effect of LI is almost negligible at i000 cycles.
At loo cycles, and at mid point on the volume control, the
shunting effect is approximately 2 toi or in other words,
we have a rising characteristic-6 d.b. higher at loo
4
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operation, this particular systemhasnot had wide application in receivers enjoying quantity production.
A similar arrangement has been applied to the radio receivers
for restricting the amountof high frequency reproduction
with a decrease in antenna signal voltage.
This covers briefly the subject of aural compensation and
some possible methods of accomplishing the desired results.
A short demonstration of this feature will follow as a
means of showing aurally exactly what this means to you
and me.

TYPICAL COMPENSATED
FIG. 5

The next portion of this discussion will center around
volume expansion as applied to both phonograph and radio
reproduction.
When volume expansion is mentioned to the
average person, he immediately wants to know what advantage
a set employing this system has over one which is not so
equipped.
To better understand the reasons for the existance of volume expansion, and to point out its advantages,
let us consider changes in volume level of the orchestra,
limitations in the reproduction of these changes as introduced by the phonographor radio systemand restoration
of the original by means of an automatic volume expansion

VOLUME CONTROL

system.
By extensive tests, it has been well established that a
large symphony orchestra has an available volume range of
approximately 70 d.b. from a soft pianissimo to a heavy

cycles than at woo cycles at mid volume setting.
This
method of compensation is not adequate for better grade
phonographs or radio receivers, but has been used with
considerable success on lower priced instruments.

cresendo passage.
If we were to try and cover this volume
range on a phonograph record,
we would immediately be
faced with two definite limitations.
The cresendo passage would, of necessity, require maximum movement of the
cutter on the wax consistent with groove spacing and other
mechanical limitations.
With this as the top limit, the
movement of the cutter on pianissimo passages would be so
microscopic that when playeo Pack, the only apparent re-_
sult would be surface noise or record scratch.
Obviously, these passages must be brought above the surface noise
level, in order to be heard and the cresendo passage must
be limited as regard cutter travel, for the reasons outlined above.
In doing this, compression of the 7o d.b.
volume range occurs and we find a total volume range on
latest records of approximately 50 d.b.
When one considers that 20 d.b. difference represents a change in
voltage or needle velocity of io to 1 and that 5o d.b.
is 320:1 and 70 d.b. is 3200:1, I believe, it is readily
apparent why the expression the director tried so hard to
obtain during recording has been somewhat tempered by the
time it is reproduced on an ordinary instrument.
To illustrate by figures just what these limitations are mechanically on a phonograph record, let us consider that
a recording is being made at about ioo grooves per inch.
The maximum swing of the cutter point is thus limited to
less than .olo inch if the grooves are not to touch each
other.
Assuming we could take this distance on loud passages, then the pianissimo passage, 70 d.b., lower than
this would be approximately .000003 inch.
This is much
less than the microscopic structure of the record material
itself and even an increase in the pianissimo passage of
2o d.b. still allows a swing of only .00003 inch.
Flom
these figures, I believe it is readily apparent that we
are doing well to obtain the present volume range on the
record alone.

The next method, shown in Figure #5, has been found quite
adequate for present day requirements.
It will be noted
in observing the diagram that there are two fixed taps
on the resistance element in addition to the slider.
These
taps are used in conjunction with theproper shunting networks to give the proper amount of low and high frequency
compensation for the different levels.
The value of total
resistance used is of necessity determined by the particular application.
The positions of the taps are determined by the gain of the amplifier following the control and bear such a relation to the total resistance
that normal listening level occurs at approximately the
first tap down from maximum volume setting taking into account the compensation networks.
The diagram indicates
the values used for one particular compensated control
which is being used in the instrument for demonstration.
The shunt networks may have values changed as required to
give the particular curve desired at normal level as wel 1
as the degree of compensation needed to fulfill the curves
of Figure #3.
A smaller capacitor will have the effect of increasing the low frequency response with reference to l000 cycles whereas a larger capacitor will
cause the opposite effect, other values remaining constant.
The control and its attendant circuits are designed such that the change in level between taps is 20
d.b.
When the slider has reached the second tap, no further compensation occurs.
A further improvement can be
shown by the addition of a third tap to the control, but
this can beapplied only to the higher priced instruments.
The amount of high frequency compensation is determined
by the size of the inductors used.
Increasing the size
of the inductor increases the high frequency response and
conversely decreasing its size decreases the amount of
tip upat the high frequency and as the volume is decreased.

Limitations °I asimilar type are imposed by the broadcast
station except for the fact that in this case line noises,

A third type of tone compensation, which has been used in
the past, is the automatic bass compensator.
In this
circuit, an amplifier system of the variable gain type
is employed in parallel with the regular audio channel.
By virtue of its variable gain characteristic and due to
the fact that its response is limited to frequencies below moo cycles, it can be made to increase the overall
low frequency response as the volume level is decreased.
Due to the added cost and nicety of balance required for

hum and other extraneous disturbances require increasing
the level on pianissimo passages and the danger of over
modulation requires decreasing the level on cresendo passages.
Present day high grade stations are able to cover
a volume range of approximately 5o d.b.
This is seldom
used, however, since there is a definite desire on the
part of the station owners and operators as well as program sponsors to obtain maximum listener coverage at all
5
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times by maintaining as high an average level of modulation as possible.
Wide volume changes on present broadcast equipment would be satisfactory for people located
close to the transmitter, but appreciation of it would be
lacking by those located at some distance, particularly
when the pianissimo passages were pushed aside by bursts
of static.
The abavediscussion,Ibelieve, indicates the desirability
of obtaining some form of volume expansion as a means of
restoring this loss of 20 d.b. in volume range particularly if full enjoyment of symphonic programs is to result.
There are several ways of obtaining this result
and the use of any one type is dependent upon the amount
of expansion desired and cost permitted.
With anyof the
systems which can be used at present, it is obvious that
the result is a compromise since monitoring for all recording and broadcasting is accomplished manually and expansion in the phonograph or radio must take place automatically.
Eventually, it may be possible to automatically compress the volume range during recording or broadcasting and so design the phonograph or receiver that its
expansion curve is the counterpart of the compression
curve.
When this has been done, then the listener will
be able to enjoy to a much greater extent, the various
symphonic programs available.
Until that time, however,
we can obtain a great amount of pleasure even from the
present volume expansion systems as applied to standard
phonographs and broadcast receivers.

SYSTEM No2
PUSH PULL TRIODE., VARIABLE IMPEDANCEEXPANSI ON CIRCUIT

FIG.7
A second system, shown inFigure #7 consists of push-pull
triodes having transformer coupling in both input and output circuits.' The plate circuit of the tubes,
which
normally calls for a load impedance of go,000 ohms for
proper matching, is shunted to approximately l000 ohms
by means of two soo ohm resistors connected across the
primaries of the coupling transformer.
A variable bias
system, dependent upon thestrength of the incoming signal
for its action, is connected to the common grid return
of the triodes.
In this type circuit, the transfer of
energy between these tubes and the next audio stage is
dependent upon the effective plate impedance of the tubes
and the resistance of the load.
Since the tube impedance
is dependent upon the grid bias, there is aproportionally
greater transfer of energy to the 5oo ohm circuit at low
grid bias than at high grid bias.
In this way it is possible to use this circuit for volume expansion with very
low distortion.
Its main disadvantage, as far as commercial phonographs or broadcast receivers are concerned is
its greater cost as compared with systems which do not
requireasmany tubes and do not use transformer coupling.

TUNED TO
ABOUT 70,..

The third system, shown schematically in Figure #8, has
been used by RCA Victor for the past year for phonograph
reproduction.
Since this is the system to be demonstrated shortly, I believe it would be well to discuss the
functions of the various parts.
It will be noted that
the incoming audio signal branches at VC,.
One branch

SYSCILNI No.1
BRIDGE. TYPE_

EXPANDER

CIRCUIT

FIG.6

0.1
VC'

Al
330 000
C3

I

C4

One relatively simple method, shown schematically in Figure #6, has been used the past year on acommercial broadcast receiver. 2 It employs low voltage electric lights
of special design in a balanced bridge circuit across the
output system.
At low signal levels, the bridge is nearly
in balance and very little signal gets through to the
loudspeaker.
As the audio signal increases, the resistance of the filaments in the lights changes and the bridge
is thrown out of balance.
This allows more than the direct increase in signal strength to be applied to the
voice coil of the loudspeaker resulting in a degree of
volume expansion dependent upon the strength of the applied signal.
Earlier forma of this device imposed power
output limitations upon the audio system but improvement
in thermal resistance characteristics of the filaments
used has resulted in a system capable of 15 d.b. expansion without serious distortion due tochange in load impedance across the output tubes.
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R2

=.F
33000

560 000
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RCA VOLUME. EXPANSION CIRCUIT

FIG. 8
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goes to the Ni grid of the 6L7 variable gain amplifier
tube and the other branch terminates in the degree of expansion control R3 . The 6L7 tubehaspreviously been ad-

frequency resonance effect is the weight of wood used for
the cabinet.
If thin woods are employed with very little
bracing then at those frequencies where resonance occurs,
or close to them, vibration of the cabinet sides results
and undesirable responses occur.
Heavy sides and bracing
prevent this and as a result smoother reproduction of the
low frequency portion of the music and voice range isobtained.
If the depth of the cabinet is increased, cavity
resonance occurs ana even if the back is open there isan
open organ pipe effect and undesirable responses result.
For this reason it is highly desirable that the depth of
the cabinet be restricted as much as possible consistent
with good appearance.
A back on the cabinet may or may
not increase the resonance effect depending upon the cabinet design.
In general the effect of adding a back will
increase the undesired boominess unless special precautions are taken to acoustically ventilate the cavity.

justed by means of variable resistor R9 to operate on the
proper portion of its characteristic for the amount of
volume expansion and audio gain required.
In the particular circuit, the tube gain is about 2.5 and the plate
current is about i milliampere in the zero signal condition.
As signal is applied and with R3 set as maximum,
amplification of the signal occurs in the 6C5 and rectification takes place in the 6H6.
This rectified voltage,
the value of which is determined by the strength of the
incoming signal appears across R2 and is thus impressed
upon thé 03 grid of the 6L7 through the time delay circuit composed of R2 and C9 . The polarity of this voltage
is opposite to that which is already present on the 03
grid and serves to reduce the effective voltage on this
grid.
This increases the voltage gain in the 6L7 and a
variable gain amplifier results, the gain of which is entirely dependent upon the strength of the incoming signal.
This system provides a relatively cheap volume expander capable of increasing the volume range 15-18 d.b.
if so desired.
The amount of expansion is easily varied
by means of R3 and in this way the desired result can be
obtained on almost any type
gram.

of

There are many ways of overcoming this cavity effect to
almost any desired extent, depending upon the additional
cost of the apparatus.
Some of these methods employ the
back wave in the cabinet to advantage while others merely
are concerned with getting rid of certain undesired effects of the back wave.
In the absence of publications
certain representative patents have been referred to where
necessary for the technical material contained therein.
One system for reducing cabinet resonance employs several
speaker cones or other forms of diaphragms flexibly suspended in openings in the front of the cabinet.
Early
work on this arrangement was done by Mr. W. D. LaRue at
the Victor Talking Machine Co. in Camden.
Later developments have been made by Dr. H. F. Olson' at the RCA Mtg.

phonograph or radio pro-

A discussion of this subject must of necessity include
some mention of the-cabinet and its relation to the overall musical balance.
The broadcast type cone loudspeaker
radiates from both sides of the diaphragm.
When this
type speaker is mounted on a flat baffle and away from
corners of the room or other cavities, very little low
frequency resonance is present.
When, however, the flat
baffle is folded back to form a cabinet for the loudspeaker an immediate change takes place in the low frequency balance unless special precautions are taken.
The
cavity behind the loudspeaker cone serves directly in
reinforcing the low frequency response and "boomy" reproduction results.
To many people this type of reproduction
is entirely pleasing and unless some
"boom"
is present
they feel the set is not properly designed.
To the music
lover, however, this "boom" is highly objectionable since
it is a type of musical balance, or unbalance, which never
occurs in an orchestra.

Co.
Another system employs an acoustical labyrinth passage in
the cabinet at the rear of the speaker for absorbing the
back wave without undesired reaction upon the low frequency response of the speaker.
In one form of
apparatus the exit of the labyrinth has been employed to reenforce thelowfrequency waves although, in such a case,
best results have been obtained by making the labyrinth
expand exponentially, thereby constituting a folded horn
loading the rear of the diaphragm.
Early work was done
on the labyrinth acoustic baffle by Mt. Julian High 5 at
Westinghouse Mfg. Co.
Later work with alabyrinth baffle
of the horn type loading the rear of the diaphragm has
been done by Dr. H. F. Olson 9 in connection with high
fidelity theatre installations and broadcasting monitoring
speakers.

There are many factors which govern the amount of cabinet resonance reproduced, among which the more important
are: type of output system used; whether high or low impedance; frequency of resonance of cone suspension system; ruggedness and weight of wood used for the cabinet;
depth of cabinet from speaker baffle to back opening and
whether the back is open or closed.
A brief discussion
of each of these factors will enable us to understand more
fully their direct effect upon reproduction.

Still another system for overcoming cabinet resonance has
employed one or more absorption chambers or wave traps
tuned to the frequencies of troublesome resonant peaks.
Early work on this arrangement was done by Carlisle of
Westinghouse and later developments have been made by Dr.
Irving Wolff 7 at the RCA Mfg. Co.
Another system being used this season employs a solid
back on the cabinet and a very solid type of cabinet construction.
Acoustic ventilation and re-enforcement of
the low frequency end of the music and voice range isotr
tained by a series of pipes located in openings in the
bottom of the cabinet.
By determining the size and number of these pipes for a given cabinet, it is possible
to extend thelowfrequency responseof the over-all sound
output one-half to three-fourths of an octave and at the
same time to reduce the response trom six to nine d.b.
at the low frequencies of the voice range, around loo to
120 cycles.
Reference is made to developments by Thuras 9
at the Bell Telephone Laboratories, and to more recent
work by C. O. Caulton of the RCA Mfg. Co.

If a high impedance output system is used, for instance
one employing pentodes, changes in impedance of the plate
load cause a proportional increase in voltage across the
load due to the constant current characteristics of these
tubes.
A cone loudspeaker at its suspension resonance
frequency presents a much higher impedance than at ¡too
cycles.
For this reason it is desirable, if boominess is
to be decreased, that the cone resonance be located below
70 cycles.
Furthermore if a reduction in resonance voltage or output is desired at this frequency then a low
impedance output system should be used.
With either system the cone suspension resonance should never be located
above 8o cycles in a console model since average cabinet
resonance in this type cabinet occurs in the band between
ioo and 15o cycles depending upon the cabinet depth.

Further refinements for improving acoustic reproduction
consists in an inclined speaker baffle in a cabinet.
C.
R. Garrett 9 and I did some early work on this for the

Another factor directly connected with the amount of low
7
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purpose of reducing cabinet resonance.
Another refinement consists in a high frequency beam spreader in front
of the speaker cone,
developed by Dr. Irving Wolff.
For high fidelity work the double voice coil speaker,
developed by Ringel and Olson, has been used for extending the high end of the range to 8,000 and io,000 cycles.

7,000 cycles.
Listening tests on this instrument with
this setting indicated that surface noise from a commercial standpoint was highly objectionable.
As a result
the discriminator controls were readjusted to give the
curves shown in Figure #1o.
It will be noted that while

In the absence of technical publications on the above
material, reference has been made to patents for convenient reference by those interested in obtaining further details.

I

The next portion of the paper will deal with a piece of
laboratory equipment which has been very helpful in determining the desired audio frequency characteristics
for a given amplifier or input system to obtain pleasing
sound output.
It is called the audio frequency discriminator.
Fundamentally,
this device is a compound
filter and amplifier provided with a system of controls
which permit its frequency characteristics to be altered
to almost any desired extent.
This control of the frequency characteristic is effected by a division of the
audio range of the amplifier,
namely 20-10,000 cycles,
into eleven filter bands the gain in each band being individually under control.
The bands overlap at the sides
and are so phased at these points that the
combined
overall response may be made substantially flat if so
desired.
The individual bands are slightly less than
one octave in width at the overlap point and have a range
of amplitude control averaging 12 d.b. up and down from
the flat characteristic.
A switch is provided which permits the operator to quickly transfer from the normal
audio system to that which incorporates the discriminator.
In this way it is very easy to compare an audio system
which is being worked on with one having the desired
characteristic and in this way determine
the changes
that are necessary to correct the former.

/
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the range remains essentially the same there is adefinite
tendency toward a trailing off characteristic above 9.000
cycles.
The present recording system employed in Victor
records has aslightly rising characteristic inthisrange
and the overall result is one which is very pleasing from
a musical standpoint; yet the surface noise is not objectionable.
Having determined the desired characteristics, it then was necessary to provide the proper equalizing network to obtain similar performance without the

In addition to the eleven filter stages, the discriminator is provided with a continously variable high frequency cutoff filter.
This filter is in noway connected
with the band filters and allows a much finer control of
the upper limit of the tonal range than does the band
filter.
It has essentially a vertical cutoff over its
entire range from 3500 to io,000 cycles.
This cutoff filter may be switched in and out of the circuit as desired.
Figure #9 shows the overall electrical and sound curves
of the phonograph being demonstrated withthediscriminator adjusted for essentially flat response from 6o to
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discriminator. Figure #11 shows how closely it was possible
to duplicate results.
A brief demonstration of the use
of the discriminator will be given at this point.
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HIGH FIDELITY RADIO RECEPTION
BY

LINCOLN WALSH*
Delivered before the Radio Club of Americo
December 10, 1936
performance of their receivers, and yet those receivers
are turned on only for special programs while in homes
having receivers of better quality they operate almost
continuously.
Thus, while the ear is a highly uncritical
instrument, it quickly tires of listening to voice and
music which is distorted or lacking in important frequency
ranges.

A high fidelity system might be defined as a system of
picking up sounds, transmitting them, and reproducing them
so that they sound to the ear precisely like the original
sounds. It can also be defined as asystemwhich picks up the
sounds, transmits and reproduces them, with all the original sinusoidal components present in their original proportion and phase relation but with the introduction of
no new components.
If the system does this, the reproduced sound duplicates the original and the system is an
ideal high fidelity system.
There remains, then thequestion of how closely apractical system must approach this
ideal in order to be satisfactory and this can be answered

The musical instruments of today have evolved thru.centuries of listening, and the test which determined their
survival was whether or not the tone was suitable as
judged by the ear.
These centuries of experience have
shown that sounds of all frequencies thruout the wide
frequency band of audibility are requisite for musical
expression and so,
when we as radio engineers design
radio broadcasting receivers so that they cut off orseriously attenuate frequencies below about ioo
cycles and
frequencies above zoo cycles,wearenotonly undertaking
to give a new interpretation to music but we fly in the
very face of man's centuries of musical experience.

only by the ear.
Perhaps more than any other sense, the sense of hearing
is influenced by suggestion.
If the listener has in his
mind the conviction that his radio gives him an exact reproduction of the sound in the studio, his ear tells him
that there is nothing wrong with the fidelity of his radio.
But while the ear of such a listener tells him that all
is well with the sound to which he is listening, even when
he listens critically to judge the quality of reproduction,
an inquiring observer would
notice that the extent
to
which he listens casually to
his radio bears a direct relation to its quality of reproduction.
Actually, aperson will tire quickly of listening to a receiver of poor
tone quality, and yet not be
conscious of its poor quality. Conversely the same person listening to a receiver
of good quality may not be
conscious that the quality is
better, yet he will listen to
it for much longer periods
without tiring.
It isa matter of common observation that
Il
there are many homes having
midget receivers of obviously
poor quality,whose owners are
very proud of the quality and
*Consulting Radio Engineer, Elizaoeth, N. J.

The human voice is one sound to which we are always listening, and this experience
therefore provides an excellent basis for the ready evaluation of the fidelity of reproduction.
Even a receiver
of very poor fidelity gives
a high degree of understandability, because, as is well
known, a range of 300 to 3000
cycles is all that is necessary to give understandability.
But to give the naturalness that is necessary if the
reproduction is to be untiring
to the listener, it is necessary to reproduce the.entire
audible range.
A particular instance of the
importance of this is the reproduction of soprano voice.
We all know how often the re9
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production of the voice of a soprano as heard over the
radio is lacking in the qualities that make ita pleasure
to listen to the singer in person. This results from the
fact that the fundamental frequency is usually farhigher
than that of average speech, and the harmonics which give
the voice its "color" are not reproduced by the receiver.
Yet on a high fidelity system all the overtones are present and the reproduction is natural and pleasant.

accoustic labyrinths has pointed the way to improve low
frequency speaker response where only limited baffle area
is available.
An electrical resonance in the circuits,
or a mechanical resonance in the speaker - more commonly
the latter - is sometimes used to provide apeak at about
too to 130 cycles, which results in the "boom" of false
bass response.
In any program, there is always enough
energy in the region of this peak to give the low pitched
background which many consider to show good bass response.
But this causes listener fatigue to develop very quickly
and it is thus extremely undesirable to improve bass response by means of any such resonance, either electrical
or mechanical. If speaker resonance must be countenanced
it should occur at the lowest possible frequency, certainly below so cycles; the amplifier must be flat within
2 db down to 30 cycles;
the baffle must beof corresponding size, or a suitable labyrinth must be employed; andany
bass compensation that is employed must be entirely of
resistance-capacity type, to avoid any bass resonance.

It is a fact, however, that sometimes a program sounds
better if the highs are reduced by lowering the cutoff
at the high end.
This is invariably due to the presence
of distortion or to a high background noise level.
In
the absence of distortion and noise, any normal ear will
choose the highest available cutoff.
The ear like most human senses is subject to habit, and
if a person is accustomed by habit to listening to a receiver with a low cutoff, he may not immediately react
favorably to a high fidelity system.
A receiver having
a medium cutoff and a peak near that cutoff, may at first
sound to such a person as if it has more highs than a
truly high fidelity system, but, again, he will be found
to tire quickly of listening to the receiver with a peak.
But he will listen indefinitely to the high fidelity system without fatigue.

THE 'TWEETER'
For the high frequency portion of the audio range an especially built "tweeter", which is quite similar to a
standard 6 inch cone speaker has been found to supply the
best practical solution to the problem presented by the
need for efficient translation into acoustic energy of
the high audio frequencies.
Such a "tweeter" has been
included in the demonstration receiver.
It has a good
sound pressure response curve up to 1µ,000 cycles, and
it is not seriously down at 16,000 cycles.
This is secured thru the use of an extremely light voice coil, a
short tube connecting the voice coil to the cone, and a
light paper cone, of rather low damping.

A listener in a comparison test between a high fidelity
system,
and a system having a lower cutoff,
will very
often choose the lower cutoff at first but if he takes
time, sometimes as much as an hour or two of listening,
he will inevitably choosethehigh fidelity system.
Some
listeners when first hearing a high fidelity system by
itself think it tinny, some think itvery bass, some think
it has too much bass and too much treble, and lacking in
middle register, because they are hearing tones they are
not accustomed to hear in radio reproduction.
But after
listening for an extended period to good program material
they like it.
And that is the final, and the only reliable test.

The "tweeter" is connected thruasmall condenser directly
across the plates of the push-pull output tubes, so that
it cuts in gradually above z000 cycles.
Experience indicates that it is better to have a gradual transition
from the low frequency speaker to the tweeter, than any
abrupt transition as results from the use of sharp cutoff filters.

These observations are the result of a systematic study
of listener reaction started by thewriter some nine years
ago.
They report the conclusions arrived at after astudy
of the reactions of something over one hundred listeners
only a relatively few of which were radio engineers or
serious students of music.
On the basis of these observations the writer long ago undertook to develop receiver
design details to supply the latent and all too little
recognized desire for a much closer approach to complete
fidelity in radio reproduction. The results of that work
have been incorporated ma receiver typical of the especial
arrangements which have been found necessary to meet this
need and the performance of that receiver will be demonstrated.
Before proceeding to the demonstration,
however, it will doubtless be of interest to describe something of the design details and their specific purposes
and functions.

While speakers can be built that respond well up to g000
cycles, the combination of a low frequency speaker and
a "tweeter" snows itself to be far superior to any single
speaker.
One reason for this doubtless resides in the
fact that the motion of a large cone diaphragm at high
frequencies is made up of two sets of waves radiating
out from the voice coil.
One wave is longitudinal with
respect to the paper of the cone while the other is a
lateral wave in the paper, the former travelling at considerably higher velocity that the latter.
Their propagation in the paper and their reflection at the edge of
the cone determines the high frequency response, and the
control of all of these factors is a farmore complex and
difficult problem than making two speakers of distinctly
different proportions each with defini te and supplementary
characteristics.
Additionally where efficient response
up to 16,000 cycles is desired no single practical speaker
has been found to serve at all satisfactorily.

THE HIGH FIDELITY RADIO RECEIVER
From the standpoint of present broadcast receiver design
practise, high fidelity means extending the audio frequency range at both its ends.
It has long been known
that to have the tone balanced and most pleasant, the
audio range of a system must be centered somewhere between aoo and t000 cycles.
If we extend one end of the
range, the other must also be extended for best effect.

ELIMINATION OF DISTORTION
Distortion isa very important factor about which volumes
could be written.
The problem starts at the RF amplifier.
The signal voltages at the grid of this tube must be held
low to prevent overload and harmonics that will modulate
the carrier.

THE LOUD SPEAKER

The converter in the demonstration receiver is a special
circuit which has a very low noise level.
The detector
delivers anaudio voltage only, and has no relation to the
AVC system which is separate.
The automatic volume control system holds the detector input voltage at to volts
for all normal signal inputs, in order to avoid the dis-

At the low end, it has been found desirable to extend the
range of the amplifier to below 30 cycles,not withstanding
the limited effectiveness of commonly available speakers
in that range.
To assist the speaker in this range the
largest possible baffle must be used.
Olney's work on
10
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tortion which occurs in a diode when operated at low
voltage levels - within the "parabolic" range - and to
avoid distortion in the last IF tube due to overload,
which would occur if the diode had to be driven to high
voltages.

transformer which feeds the detector is broadened, but
not enough to show double peaks.
The single peaked resonance curve of this latter transformer fills in the valley of the combined curves of the other transformers so
that the resultant overall curve of the IF system is flat
over a band of about 32 KC, thus permitting the unattenuated passage of sidebands corresponding to all audio
frequencies upto 16,000 cycles. A second step of coupling,
position B, is provided in the receiver in which similar
conditions exist, with, however the band width reduced to
about 16 KC corresponding uoan audio band of8,000 cycles.
Positions C and D have band widths of 12 and 8 KC respectively, and the fifth position, E, is the position of
minimum coupling, and passes about 5 KC.
The audio bands
corresponding to these are, respectively, 6,000, 4,000,
and 2,500 cycles.

Additionally, of course, the AVC system holds signal voltages thruout the receiver at such values that will avoid
overloading any of the tubes such as the converter and
the IF tubes.
It is not, perhaps, commonly appreciated to what degree
the use of silicon steel in the interstage audio transformers introduces harmonics, particularly at low levels.
But because of this fact the audio signal is carried thru
resistance capacity coupled circuits, having no iron core
devices anywhere, up to the input of the push-pull output tubes.
At this point a push-pull
transformer of
special design, including a core of high-permeability
alloy, wnich does not generate
harmonics is employed,
and which contributes greatly to the clean tone quality
of the receiver.

It might be well to point out in passing that the use of
variable inductive coupling as here employed has certain
advantages over other possible types of coupling that
might be employed, wholly aside from the obvious advantages of economy of production, ease of production adjustment etc.
It will,
of course,
be remembered that,
in general, the peaks in the transmission characteristic
of a pair of tuned and over-coupled circuits canbeequal
only when there is no loss in the coupling element and
since mutual inductance is the one coupling element that
is loss free, it is thus especially suited to this purpose.
Another factor of interest here is that by varying
only the mutual by the motion of one of the coils, the
band width is varied while maintaining the midfrequency
fixed.

All the audio amplification is provided by the use of lowmu triodes, which are the only amplifiers sufficiently
free of distortion fora high fidelity system except, perhaps, as the newly developed degenerative circuit arrangements may make the multi
element tube less unsuited to
this field.

THE

I.

F. AMPLIFIER

The problems presented by the need for so designing the
selective high frequency amplifier stages as to provide
for high fidelity reception are basically impossible of
solution since, under the American scheme of broadcast
frequency allocation and assignment in which adjacent
assignments differ by only ten K.C. and practically all
frequencies so assigned are in simultaneous use, the requirement that interference-free reception be possible
on any assigned frequency at any time and place, unavoidably
limits the audio band width of reception to something less
than five thousand cycles.
Under these limitations there
is little that the radio designer can do other than to
provide a relatively narrow band width and pray that it
will be found not too unacceptable.
And, indeed this is
precisely the direction in which the receiver designs of
recent years have gone.

R.

F. AMPLIFIER

The radio frequency system has as its primary function
the elimination of the image frequency, which in the demonstration receiver is 940 KC higher than the signal frequency.
It serves also to eliminate such other signal
frequencies, as might be brought in thru beating with
harmonics of the oscillator.
The RF system may, therefore be made broad enough to suit the widest band passed
by the I. F. amplifier and need not be of variable band
width.
The antenna circuit of the demonstration receiver
is double tuned, and double peaked, with peaks separated
about 35 KC.
The RF amplifier is single tuned and is
broadened by the use of very fine wire in the winding,
so that it just about fills in the valley of the double
peaked antenna system.
At the higher end of the broadcast band, the valley of the antenna circuit is less deep,
and the RF stage is less sharp, so that the RF system as
a whole is flat within 1 db over a band of about 35 KC.

It is patently absurd, however, to so limit the fidelity
of receivers so that only such painfully low fidelity is
available to the listener who is located relatively close
to his local transmitter or who may be in the high field
strength area of a high
powered transmitter and thus
largely free of adjacent channel interference and interference from noise sources.
And since the system under
which our radio receivers are distributed to the purchasing public requires so complete a universality of usefulness there is obviously no solution but to give the
receiver such variable selectivity as to provide, on the
one hand, so narrow a band width as will allow of distance
reception in areas of noise and interference and, on the
other hand, to provide so great a band width as will allow
of the reproduction of the entire audio range being broadcast by the best transmitting system.

This gives a system which will pass all frequencies up
to 16,000 without any attenuation.
When this system is
tried on the air, the tone quality is all that might be
expected.
But after sunset, when thedistant stations on
adjacent channels
begin to come in, lo KC whistles are
heard.
If a filter is put in circuit to cut out io KC,
the whistle disappears, but then the so called "monkey
chatter" is heard.
This chatter is the high pitched unintelligible sound which is due to the side bands of the
adjacent channel beating with the carrier of the desired
signal, in contradistinction to the more commonly experienced interference, known as "cross talk" which is
the result of the adjacent channel side bands beating
with their own carrier.
It is of interest to note that
in the receivers which have been built on the basis here
discussed, crosstalk from the adjacent channel has been
far less serious in creating interference than the adjacent channel chatter.
As a matter of experience, it
has been found that chatter is the ultimate limitation
on fidelity.

In the demonstration receiver this is accomplished in the
intermediate frequency amplifier since, as is usual in
the superheterodyne type of receiver here largely resides
the selectivity of the system. It has been found best to use
two IF stages, including three double tuned IF transformers, the coupling between the primary and secondary
circuits being varied by moving the secondary coil relative to the primary.
At the position of minimum coupling,
the coupling is considerably below critical, and the selectivity is at its highest.
At the position of maximum
coupling, position A in the figure, the resonance curve
of the first two transformers becomes double peaked, with
the peaks separated by about 35 kilocycles.
The third

It has been found however that, when receiving moderately
strong signals from local stations, practically all the
chatter can be eliminated by the use of an extremely sharp
low pass filter, having its cutoff at about 7500 cycles.
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upper frequency limit of the equipment at such a high
value as to provide for truly high fidelity transmission.
It was found on inquiry, for example, that the studio and
transmitter equipment of WJZ and WEAF is good up to 16,000
cycles per second as is that of WABC and WOR.
The telephone lines connecting the studios and the transmitters
of these several stations are reportedly not as good as
the equipment.
Thus, the line to the WEAF transmitter
is reported to cut off at 7000, the WABC line, at 85oo,
the WJZ line at lo,000 and the WOR line at ii,000.
These
latter data on the cutoff frequency of the telephone lines
are not to be viewed as inherently limiting the broadcasting system since, they doubtless result largely from
economic and not technical factors, and canand doubtless
will be raised as the demand for such improvement developes.
It must, however, be admitted that there is little incentive for any broadcaster to assume the added burdens
of cost and maintainance required by any further expansion of the band width of his transmission until and unless the receivers in the audience to his transmissions
are capable of taking full advantage of that transmission.

The reason for this is not hard to find if it is remembered that workers in the acoustics and telephone fields
have shown that most of the energy in speech and music
lies in the frequency range below 2000 cycles,
and that
the energy drops progressively as the frequency under
inspection increases.
Thus it is found that there is very
little energy in the region of B000 cycles and higher
although that little energy is of great importance in
giving naturalness to the sound of which it is a part.
Similarly, then most of the energy in the sidebands of a
signal is in those frequencies differing by less than two
thousand cycles from their carrier and hence by more than
Boo° cycles from the carrier of the adjacent channel transmission.
Thus,
the resulting "monkey chatter" carries
most of its energy in the frequencies above Boo° cycles
and is thus subject to effective elimination thru the suppression of all frequencies of that order or higher.

THE AUDIO FILTER
To eliminate both the chatter and the whistle in the demonstration receiver, there is used a 4 section Campbell
type filter, having ii elements; 4 series inductances, 5
shunt capacities, and 2 mutual inductances.
This filter
is flat up to 7200 cycles, and is down approximately 30
db at B000, 5o db at 9000, and 70 db at io,000 cycles.
These values of attenuation have been found necessary to
receive local signals without chatter in the 7500 cycle

Thus, once again we have arrived at the stage in the development of broadcasting where the transmitter leads the
receiver and now awaits being overtaken.
Thruout the
history of broadcasting, first the receiver and then the
transmitter has been the more thoroughly developed element
of the system and in each step in the sixteen years of
progress in radio broadcasting each improvement in the
lagging element has placed it so markedly in advance of
the other as to provide the incentive for major improvement in the other which in turn prompted further improvement in the first, and so on and so on around the widening spiral of progress.

setting of the fidelity control.
By means of the fidelity control in the demonstration receiver, the band width of the I.F. is varied and thru a
simple mechanical linkage with the audio filter, the cutoff of the audio system is simultaneously changed to provide a cut off just below the cutoff of the IF system.
This gives the highest possible audio band width for a
given selectivity.

It seems quite reasonable, therefore, to believe that not
only will the next move in this continued progress be
made by the receiver designer-in the direction here described in detail - and with the agreement of his commercially minded associates, of course - but that that
next step will leave the broadcaster lagging once again
only, however, to have him soon moving again in the direction of the ultimate perfection of broadcasting.

In practical use it has been found possible to receive
signals as low as io millivolts without chatter on the
7500 cycle setting, but with all the superior fidelity
implied by that high cutoff as compared with conventional
receivers.
Weaker signals may require that the cutoff be
set at 55oo cycles, which provides better than usual fidelity.
When very high selectivity isdesireJ as in cases
of high noise levels and in the reception of distant stations, the band is narrowed to 4000 or even to2500 cycles.
This latter band width appears pointlessly narrow but it
must be remembered that many listeners want high selectivity and the ability to get distant signals for ashort
period after they buy their receiver and these circuit
arrangements make that possible.
Happily, however, after
they experience the pleasure of good programs they want
little more than the nearby stations, and these they may
receive on the high fidelity ranges free of chatter or
noise and with highest fidelity consistent with the conditions of

EDITOR'S NOTE
In the course of the delivery of Mr. Walsh's paper dearonstrations were made in connection with a special program for the Club from radio station WQXR under the direction of Mr. John V. L. Hogan.
This program included
a variety of broadcasting material designed to show the
superior effectiveness of
the
high fidelity reception
through the transmission of a wide range of tones and
special musical transmissions both with and without the
use of cut off filters at the transmitting station.
It
can be reported that any cut off at the transmitter that
tended to reduce its transmission band width below the
maximum possible was quite easily evident in the reception

transmission and reception.

Experience indicates that in daylight the local stations
can usually be heard without whistles, chatter, or any

as heard by those in attendance and it was of especial
interest for most of the members of the club present to
make comparisons between the reproduction of Mr. Hogan's
'voice and their memory of it as it so often when Mr.
Hogan attends in person.
The demonstration left no doubt
as to the need for the transmission of the entire band
width of the receiver and the transmitter where completely
satisfactory fidelity is the aim.
Additionally it should
be pointed out that while this demonstration was made at
Havemeter Hall,
Columbia University at which previous
experience has shown that the noise level is always ob—
jectionably high, the installation of a noise suppression
antenna system, through the kindness of Messrs Amy and
Aceves and King, left little
noise interference to detract from the demonstration or from the enjoyment of the
special musical program that was transmitted.

noise on the 16.000 cycle setting, and indeed many stations are transmitting programs of a quality which shows
a definite improvement when the cutoff is raised from the
7500 to the 16,000 cycle position.
Especially well does
this type of receiver operate when receiving the high
fidelity stations which have 20 KC channel separation,
and good lines and amplifiers, and which are therefore
best listened to on the widest band.

FIDELITY OF BROADCAST TRANSMITTERS
It is often argued that the broadcasting stations themselves do not supply programs with such frequency band
widths as to justify the use of high fidelity receivers.
With this in mind the writer sometime ago made casual
investigation as to the upper cut-off of the higher powered
transmitters in the New York area and he was happily surprised to note the care which has been taken in the design
of much of the broadcasting equipment to maintain the
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THE SURFACE WAVE
IN RADIO PROPAGATION
BY

CHARLES R. BURROWS*
Delivered before the Radio Club of America
February II, 1937

was generally accepted.

Mr. Burrows ,opened his paper with a discussion of the
concept of the surface wave and its relation to radio
propagation.
He pointed out that by surface wave is
meant a wave that is guided by a surface in generally
the same manner that a wave is guided by apair of wires
or by a concentric tube transmission line or even by a
hollow pipe.
These were given as examples of what is
termed one dimensional surface waves.
A twodimensional
surface wave can be thought of as that which would result from transmission between a pair of planes.
In
the one dimensional case, the energy is attenuated exponentially by absorption and thus results in the familiar expression of attenuation in decibels per mile.
In the two dimensional case, however, in addition to
the exponential attenuation factor,
due to power absorption there is a decrease in the energy density in
the wave as a result of the spreading of the wave over
an ever increasing area as it advances.
This reduces
the energy density inversely with the distance and the
field strength therefore varies inversely with the square
root for the distance.

Two years later Sommerfeld considered the problem of
the spreading of electromagnetic waves from a short
doublet antenna located in the interface between earth
and air.
He expressed his result as thesum oftwocomponents, one of which he identified as a cylindrical
surface wave which at great distances was equal to Zenneck's surface wave.
This theoretical work of Sommerfeld seemed to prove that the surface wave was an important component of the radiation from an antenna on
the surface of the earth.
Ten years later Weyl reconsidered the problem and obtained an expression for the radiation from an antenna
on the surface of the earth which did not explicitly
contain the surface wave.
From this he concluded that
the separation of the field by Sommerfeld into two components, one of which was called the surface wave, was
merely mathematical fiction and had no physical counterpart. He was, however, apparently of the opinion that
his results agreed numerically with those of Sommerfeld.

The concept of the surface wave was introduced into
studies of radio propagation
140
over the surface of the earth
a
in 1907 when Zenneck showed
uo
that the interface between
earth and air could support
7
a plane surface wave that, poo
was exponentially attenuated
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Mr. Burrows here pointed out
that acareful comparison of
the results of the work of
Weyl and of Sommerfeld shows
that theydifferbyprecisely
the surface wave component
in question which was the
subject of his paper.
The
comparison of the formulas
of Sommerfeld and Weyl are
indicated by Figure i where
the fieldstrength isplotted
as a function of distance
both scales being on logarithmic.
From this figure
it was pointed out that for
transmission over aperfectly conducting plane the field
strength varies
inversely
with the distance as shown
by curve 1.
Curve 2 was de-
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scribed as a plot of Weyl's formula for transmission
over a dielectric plane.
This shows the field strength
varying inversely with the square of thedistanceatthe
greater distance.
Curve 3 is aplot of the surface wave
for propagation over a perfect dielectric showing the
field strength varying inversely with the square root
of the distance at the greater distances.
Where thedielectric is not perfect but has appreciable conductivity
the surface wave decreases exponentially with distance
as indicated by curve 4.
Curves 5, 6, and 7 having been
plotted for increasing values ofconductivity show that
as the conductivity is increased the marked influence of
the exponential factor sets in at shorter and shorter
distances. The Sommerfeld-Rolfcurveresults from adding
the surface wave component to the Weyl curve.
The interference of these two components produces oscillations
in the curves where the two components are approximately
equal.
Under the condition where these two components
are equal and out of phase at the same distance the
theory of Sommerfeld predicts zero field strength at a
finite distance as pointed out by Rolf.

tom of the lake.
and receiver was
tension.

The distance between the transmitter
measured by a fishline under a fixed

For distances between receiver and transmitter greater
than 150 meters, it was necessary to alter the experimental procedure.
For these distances the receiver was
located at the end of a pier at Hector Falls and the

Thus, Mr. Burrows stated, resort to experiment was indicated as being desirable in order to decide which of
these two curves is correct.
In making such an experimental investigation,
however it is highly desirable
to make transmission tests under conditions where the
received field strength predicted by these two formulas
differ greatly.
This occurs for propagation over a
perfect dielectric and since fresh water is the nearest
approach to aperfect dielectric available insufficient
volume and area for a test of this kind the locale of
making the tests was largely determined by this fact.
The departure of these two formulas from one another
increases also with the frequency so that a most revealing test would comprise a determination of the variation of the field strength with distance over fresh
water in ultra high frequency transmission.
Thus a
frequency of two meters was chosen as a convenient and
useful frequency for the work reported by Mr. Burrows.

Fig. 3
Map of part of Seneca Lake showing the location
of the experiment.
Path 1 shows the location of
the two-boat experiment. Path 2 the one-boat experiment.
Locations 3 and 4 indicate the positions of the terminals for the variable height
test.
transmitter was located in the motor boat which was
driven along path 2 of Figure 3.
This, of course, introduced considerable difficulty in measuring the distance between receiver and transmitter.
To minimize
the error in this measurement, it was reported by Mr.
Burrows that three independent methods were used. First,
the motor boat was driven at constant speed in a fixed
direction between two points a known separation.
Second, the distance between the transmitter and the receiver was measured by means of a transit located at
the receiver and astadia red carried by the boat. Third,
a sextant was used to measure the angle subtended at
the boat by two poles located on the shore, one near
and the other at the receiver.
To complete the measurement the angle between the line joining the two poles
and the direction of the boat was measured by the transit.

Fig. 2
Experimental arrangement for determining the variation of the received field strength with distance.

Figure 4 shows the experimental data so obtained.
The
solid circles represent data obtained when using the
two boats and the open circles those obtained when the
receiver was located on the end of the pier.
Curve i
shows the inverse distance variation that would result
from transmission over a perfectly conducting plane.
Curve 2 is a plot of the Weyl's formula for transmission calculated for water of the characteristics of that
of Seneca Lake.
Curve 3 is aplot of Sommerfeld's formula for transmission over Seneca Lake water.
Curve 4
is a plot of Sommerfeld's formula for transmission over
a perfect dielectric.

During the summer of 1936, Messers Burrows, Decino and
Hunt took some two meter measuring equipment to Seneca
Lake, New York State and there made these tests.
Figure
2 shows apicture of the experimental arrangements.
The
transmitter was carried in a rowboat towed by a motor
boat containing the receiver.
The antennas were loaded
quarter wave doublets whose midpoints were a quarter
wave-length above the water's surface.
The experimental procedure was to drive these boats along path i of
the Figure 3 at a fixed distance apart for asufficient
length of time to make certain that there was no fading
such as might be produced by reflections from the bot-

It will be noted that the experimental data is in goad
agreement with values calculated by Weyl 's formula which
as Mr. Burrows reiterated does not contain the surface
wave component.
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temperature.
Ihe conductivity was determined by laboratory measurements of samples of the water.

140
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Then,leavingthematterofthevariationoffieldstrength
with distance, Mr. Burrows pointed out that there is
another property of a surface wave that might, with interest, be observed experimentally.
This is the variation of thefield strengthwithheight above the earth's
surface.
That is, if the field strength is measured
over a range of antenna elevations at distances where
the surface wave, if any, would be large as compared
with the remaining component, there is afforded additional experimental information indicating whether or
not thesurface wave exists.
Accordingly, portable antenna masts were erected at opposite sides of Seneca
Lake.
The received field strength was detereined as a
function of the antenna height for two antenna heights
at the other terminal as shown in Figure 6.
The solid
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The values shown by the theoretical curves depend, of
course, upon the distance, wavelength, dielectric constant and conductivity allofwhich, therefore required
evaluation.
The methods used in measuring the distance
between transmitter and receiver have already been described.
The measurement of the wavelength with the
required precision introduced no difficulty and since
the dielectric constant of water is a known function
of its temperature the evaluation of the dielectric
constant required, simply, the measuring of the water
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Fig. 6
Variationofreceived field strength with antenna
height.
circles represent data taken on horizontal polarization
with one antenna at 24.8 meters above the surface of
the water.
Since there is no uncertainty in the formula for the field strength with horizontal antennas
these points may be used asacalibration of the equipment.
Curve 3 is a plot of the formula for the received field strength with horizontal antennas.
When
this curve is made to fit the experimental data the
locations of curves 1, 2, 4 and 5 are fixed.
Curves
and 2 show the variation of received field strength
with vertical antennas that would result if there were
no surface waveforthetwotransmittingantennaheights.
Curves 4 and 5 are plots of the surface wave for these
two conditions.
It will be notedthatthere is no semblance of agreement between that data and curves 4 and
5.
The experimental data does,
however,
agree with
that of curves i and 2.
These latter are, of course
valid only if there is no surface wave component either
in absolute magnitude or in the variation of magnitude
with antenna heights.

Fig. 5

Mr. Burrows called attention to the fact that the oscillations in the experimental data are presumably due
to reflections fromthehills and cliffs which line the

Picture of transmitting site at "4" of Figure 3,
showing the portable 25-meter mast and transmitting antenna.
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Lake and from trees near the receiving antenqa.
He
pointed further that this experimental evidence proves
conclusively that simple antennas do not generate a
surface wave and therefore the Sommerfeld-Roll formulae
and curves require revision for all conditions where
the dielectric constant cannot be neglected.

When the conduction current is equal to the dielectric
current (Q = 1) the Sommerfeld formula indicates an attenuation factor greater than unity up to a certain
distance, while according to the Weyl formula the attenuation factor is somewhat less than that for the
conductivity case.
For transmission over aperfect dielectric (Q = oo) the Sommerfeld formula indicates that
the attenuation factor isalways greater than unity and
increases indefinitely with increase in distance, while
the Weyl formula indicates the attenuation factor is
only slightly less (up to about lo db.) than that for
the conductivity case.

To further indicate the departure between the two sets
of concepts discussed by him, Mr. Burrows showed figure 7 which compares the Sommerfeld-Rolf curves with
...
•

In conclusion Mr. Burrows stated that the validity of
the Weyl formula has been unquestionably established
by the work reported in his paper as against the previously generally accepted Sommerfeld formula.

0..
SOMMERFELD
a
O• I
0-0_
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The discussion that followed the reading of the paper
brought to light much that was of interest to the membership.
It was the first reaction of those in attendance that it was to be assumed from Mr. Burrow's conclusions that the concept of the radio wave as being a
wave moving forward with its "feet in the ground" would
have to be abandoned and it was quite evident from the
comments that the attendants were by no means completely
willing to abandon this old and generally useful concept unless something more useful could be supplied in
its stead.
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No alternate concept was offered and, indeed, it was not
insisted that this simple concept need beabandoned even
in view of the apparent need forabandoning the conclusions usually drawn from the Sommerfeld formulae.
Instead it was repeated that the important aspect of the
conclusions from the work reported by Mr. Burrows concerns itself with the magnitudes of the field strengths
to be expected under practical operating conditions as
compared with those to be expected under the Sommerfeld
formula.

Fig. 7
Comparison

of

Sommerfeld -Rolf
curves
Weyl -Norton curves.

with the

the new Weyl-Norton curves the validity of which were
established bytheexperimental work which he described.
The attenuation factor is plotted against the relative
distance.
In this the attenuation factor is defined
as the factor by which the field strength that would
result from transmission over a perfectly conducting
plane must be multiplied to give the field strength
under the conditions of interest.

Of major importance in this is the fact that this abandonment of the Sommerfeld formula brings with it the
realization that the field strength of any transmitting
station is less effected by theQ of the ground than had
heretofore been supposed and that, in fact, there is no
great advantage in transmission over a perfect dielectric
as has long been assumed to be fact.

For transmission over an imperfect conductor in which
the conduction current is large compared with the dielectric amount the two formulas agree as indicated by
the curve marked Q = O.
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EXPERIMENTS IN GENERATION, DETECTION AND
MEASUREMENT AT ONE METER WAVELENGTHS
BY

PAUL ZOTTU
Delivered before the Radio Club of America
March I1, 1937
Mr. Zottu introduced the subject of his paper by point-

Figure i indicates the magnitude of both the purely resistive end-impedance and the Q of open wire lines of
optimum dimensions.
From this it appeared that Q's of
about one thousand and end impedances of several hundreds of thousands are readily possible at loo M. C.
when using open wire lines.

ing out that the problem of developing oscillators,
amplifiers and the like for use at extremely high frequencies - below a wavelength of one meter - is commonly thought of as being largely one involving the development of circuit elements which will provide impedances of sufficiently high value.
Thus, the first step
in the development of ultra-uhf equipment is the development of high impedance couplin2 circuits. He disposed
of the possible usefulness of conventional types of tuned
circuits by pointing out that while they held considerable promise, at the moment the use of lines of various
types recommends itself as being the obviously and immediately useful type of arrangement foroscillatoristabilization, etc.
He limited his further discussion to
the closed quarter wave line as being the obviously useful type for providing high impedances and high Q for
tube couplings.
In this he defined the Q of a quarter
wave resonator as F. E. Terman defihes it in his article
of July 1934 in Electrical Engineering,
that is,
by
analogy with the Q of a lumped circuit.
This gives an
expression for the Q of such a line as
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Mr. Zottu then proceeded to a discussion of the theoretical factors operating in the choice of dimensions
of both open wire and concentric lines for maximum or
optimum end impedance and Q.
These provide certain optimum dimensional proportions,
the optimum relationship between conductor spacing, diameter andwavelength
in the case of open lines and the ratio of conductor
diameters and wave length in the concentric lines being
only approximately equal for maximum end impedance and
for maximum Q.
In this it was suggested that some difference of opinion exists between the speaker as the
result of his experimental work and other workers in
this field as the result of their analytical work, as
to the influence of radiation resistance on these optimum relationships in the case of concentric lines.
There was much discussion of this point after the paper,
which might well be mentioned here:
the point being
that while it was obvious that in the case of open wire
lines radiation must be taken into consideration since,
as the lines are spaced further and further apart in
order to get higher surge impedance and lower attenuation, the radiation resistance increases as a result
of the increasing amount of power lost through radiation as the spacing is increased, so that one comes
ultimately toa spacing between conductors beyond which
the increase in power loss through radiation more than
offsets the increase of surge impedance and reduction
of assymetrical current distribution in the conductor,
i.e. skin effect.
'Engineer, R. C. A. Manufacturing Co.,
Harrison, N. J.

1

Similar reasoning, including the consideration of radiation loss, if any, provided the basis for thedetermination of optimum proportions for concentric lines.
Figure 2 shows the maximum end impedance and maximum Q over
a wide range of frequencies -1. to zoo. M. C. -for optimum proportions.
This indicates that end-impedances
and Q's are about ten times as great as those of open
lines.
On the matter of radiation loss within aclosed
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concentric line,
the later discussion,
as invited by
Mr. Zottu's comment, waxed hot and heavy:
the point
being that Mr. Zottu had limited his analytical work
to such dimensions of conductors that the radiation factor proposed by certain other unnamed workers in arriving at the optimum relationship was negligible notwithstanding the fact that he was unconvinced of the
rationality of the assumptions basic to this point.
The
point at issue here appearing to reside in the fact
that as the ratio of the diameters of the conductors
of a concentric line gets great and as the difference
between them gets to be an appreciable portion of the
wavelength, the assumption of the instantaneity of the
building up of the radial flux within the line introduces an increasing error and one which would doubtless
limit the ratio of diameters to some finite value if
valid correction is made for it.
Mr. Zottu felt that
such correction as proposed does not however meet the
needs of the problem.

Fig. 3
The second form which was shown, Figure 3, is a concentric line in which the inner conductor consisted,
not of a simple cylindrical member, but of a spiralled
conductor of rectangular section; this, in the interest
of raising the surge impedance, decreasing the axial
velocity of propagation and hence, making aquarter wave
line short enough to be useful.
Because of its greater
complexity this type of line was not much used.

It might here be pointed out in passing that from the
purely analytical viewpoint the lack of instantaneity
of development of flux within aconcentric line results
in a departure from the precise in-phase or quadrature
relations indicated by the analysis of the properties
of loss-free lines and thus probably contributes tothe
characteristics of the line under consideration precisely as does the presence of losses in the line.
Whether
such a loss-like relationship in the properties of the
lines discussed by Mr.
Zottu actually means loss by
radiation or otherwise appeared of only academic importance.
The influence of this factor on the endimpedance and on the Q of the line is,however, of major
practical importance from theview point of Mr. Zottu's
paper but, unfortunately, was not completely included
in his presentation of the problem.

drib
Fig.

It was brought out in a later section of Mr. Zottu's
paper that in the case of an oscillator including a
concentric line closed at both ends and including within itself all circuit elements including the tube, he
was able tofind no evidence of radiation orother fields
external to the line.

4

Samples of a number of different sizes and types of
these several forms of shortened lines as shown in Figure 4 were available for inspection after delivery of
the paper.
In these forms of circuit construction provision has to
be made for the coupling to the tubes orassociated circuits.
Such coupling was necessarily made variable so
that "matching" would be readily possible.
In general,
this was accomplished by providing slots in the outer
conductor near the low potential end through which conductors terminating on the inner conductor could pass
for connection to the tube or other circuits.
Where
used with tubes this provided either for"back-coupling"
of grid and plate circuits in the case of oscillators
or plate-circuit-to-grid circuit coupling in the case
of amplifier arrangements.
In these practically useful
forms of short lines provision for tuning was in each
case made by an adjustment knob at the low potential
end either for shorting portions of the spiralled inner
conductor or varying the capacity at the remote end of
the line, or for varying the effective length of the
line itself as is shown in the figures.

Mr. Zottu next proceeded to a discussion of the application of the relations shown by his graphs.
He indicated that a quarter wave line at any but the highest
frequencies requires far more space than is likely to
be available under practical conditions.
Thus, as he
pointed out, in the broadcast band for nearly optimum
dimensions something like apair of smoke stacks, something over three hundred feet high, would be required
for the stabilizing of abroadcast transmitter by means
of an "open wire line" while a pipe, sixty feet in diameter and three hundred feet long, would be required
to serve as the outer conductor of a suitable concentric line.
This pointed the obvious limitations of
simple quarter wave lines and introduced the compromises
that he has foUnd he could make and still get the desired high impedances and high Q. In general, this was
accomplished bytwodifferent means.
The firstandmnst
useful appears to have been the use of a line of approximately optimum cross sectional dimensions but of
only a small fraction of a quarter wave length termin-

After anextended discussion of these details, Mr. Zottu
showed an oscillator consisting of eight tubes arranged
radially on a circular metal plate, each tube carrying
its own plate and grid circuits each consisting of a
single loop of wire and coupled into a rather unusual
form of short concentric line.
This line consisted of
an inner conductor of what was termed aconcentric line,
lacking however, the outer concentric conductor;
the
latter being replaced by three cylindrical standards
of small diameter supporting the end plates of the line,
one of the end plates comprising one of the plates of
the line terminating condenser.
The connections between the tube circuits and the line which acted as a
single tank circuit for all eight tube circuits being

ating in a capacity.
The capacity required for this
purpose is secured by putting acap over the end of the
line and terminating the inner conductor in a large
flange and makingthecap movable relative to the flange
for purposes of "tuning".
It was not pointed out by
Mr. Zottu, but it is in fact a moot question whether
such a structure consisting of an extremely short line
and terminating in a capacity is really a "line" or
whether it is merely an extremely low loss and conveniently constructible inductor and a capacitor.
At any rate, the short line with capacity termination
was one fonnthatMr. Zottu's circuit arrangements took
in order tosecunehighimpedance forthetube couplings.

provided by taps on the innerconductorconnected through
coupling condensers - either adjustable or fixed - to
the single loop plate or grid circuits of each tube.
20
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"universal" choke coil the operating range of which was
from about two meters down to one half a meter.
It
consisted of a single layer solenoidal coil of small
diameter - about half an inch in diameter - and about
four to six inches long wound with a single layer of
wire, of either copper or higher resistance material.
The theory of its usefulness being that a coil of a
sufficient number of wavelengths long and of sufficient
attenuation will provide so little reflection from the
receiving end back to the transmitting end that, as
viewed from the transmitting end, it would offer only
its own surge impedance at all frequencies.
In addition, other fonnsoflines of use as chokes were shown,
amongst them simple adjustable lines comprised of a
small channel section astheouter conductor and having
a concentric wire as the inner conductor and a slider
to provide H. F. short-circuiting of the line to the
channel section and thus to provide the adjustability
necessary for making the end impedance oftheline high
and largely resistive.
These as shown in Figures 5A
and 5B and other similar devices were found necessary
in oscillator and amplifier designs to maintain filaments and other elements requiring D.C. excitation at
potentials determined by the H. F. requirements of the
circuit and independent of the potential ofthecurrent
and voltage sources.

Fig. 5A
This was reported to give a power output of the order
of 8o watts at about one meter.
Mr. Zottu explained at some length how this radially
symmetrical structure might be extended by the use of
a line tank circuit not so greatly foreshortened so as
to provide for its being fed by a number of levels of
radial tube generators andsuggested further extensions
of this scheme of symmetrical layout in the interest
of making it possible to use tubes as oscillators at
frequencies near the upper limit imposed on theiroperation by their individual impedances and thus, avoiding
the paralleling of their capacities and impedance and
the consequent limitation on the upper frequency of
their operation.
It was pointed out that one could, by
the arrangements shown, operate an almost unlimited
number of tubes all feeding into asingle tank and thence
to a single dissipator at the same high frequency as
that at which the tubes would operate individually.
Mr. Zottu then reviewed the acorn tube oscillators,
shown in the B. J. Thompson papers of sometime ago.
In
this he brought out a distinction between the original
Thompson tubes and the now commercially available acorn
tubes - the 955, etc. - by referring to the original
and still experimental tubes, as "shoe button" tubes.

Several other forms of oscillator were shown:
amongst
them one, shown in Figures 6A and 6B in which an acorn
tube was mounted within the concentric line and provision made for changing the coupling of the line to
the tube through the shifting of the line as a whole
relative to the tube and for tuning the line by means
of a break in the inner conductor which was closed
through a dielectric adjustable as to capacity from
outside the closed line.

This portion of the paper stressed some of the details
of the design of circuit elements such as the inclusion within the tube mounting of the required bypassing
capacities by thesimple expedient of mounting the socket elements on separate metal plates which were separated
from the datum metal plate base of the assembly by thin
dielectric in the interest of getting high bypassing
capacity.
Additionally,
various combination current
and voltage supply leads were shown in which thin sheets
of dielectric were used between the strip or thin plate
leads in the interest of getting by-passing.

Mr. Zottu then proceeded to a discussion of such measuring methods and devices as had been devised for work
in this field.
It was pointed out that with the means
for measuring voltage and power available, most desired
characteristic data couldbesecured. There were,therefore, two general types of measuring instrumentalities
devised.
The first to be described was the thermocouple type of watt meter and the second was the diode
rectifier type of peak voltmeter.
Of these the first
took the form of a number of different types of vacuum

In addit ion to bypasses , Mr. Zottu showed an interest ing

Fig. 6A

Fig. 66
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Fig. 76
Fig. 7A

able through the provision of a sliding member within
the line contacting both the inner and the outer conductors with amoving scale carried along with the sliding member and itself sliding under an indicator external to one end of the line, thus indicating wave
length directly on the linear scale; the entire assembly being provided with a removable end so that it might
act as an open or shorted line, thus providing for two
wave length ranges.

type thermocouples in which all theavailable power was
dissipated in a heater and the resulting thermoelectric
voltage read externally on a conventional indicating
instrument, the arrangements of the heater and couple
elements and terminal arrangements being such as to
minimize the coupling between the heater and the couple
circuits.
In order to provide for rather unusually
high heater temperatures the heater itself was made of
extremely fine tungsten wire, while the nature of the
couple conductors was undescribed.
Calibration curves
of several typical thermocouples were shown indicating
that for themost sensitive thermocouple watt meter the
system gave full scale deflection at about do milliwatts while for the least sensitive couple maximum power
indication was gotten at about µ0 watts.

Mr. Zottu then proceeded to adiscussion of the adaptation of these types of structure to selective receiver
circuits in conjunction with acorn tubes.
He showed
illustrations of several types of receivers already
shown on previous occasions, notably in connection with
the Thompson IRE papers in which conventional tuning
arrangements of small size were used and pointed out
that the gains per stage gotten by these means were
small even at the lowest of the high frequencies at
which the receiver operated; and, indeed, were never in
excess of four per stage.
This low gain appears to have
provided the impetus required for the attempts to adapt
the "line" type of tuned circuit to receiver uses and
resulted in a three line receiver which was shown both
in slides and "in the flesh" after the reading of the
paper and is here shown in Figure 8.
The problem tobe

Photographs of a number of diodes devised for use as
diode peak voltmeters were shown.
These were all characterized by extremely small anodes and filaments with
microscopic clearances between them. Thus, the smallest
of the diodes shown included a cylindrical anode six
mils in outer diameter enclosing afilament of unspecified diameter.
The circuits used with these diodes are
quite conventional in that the diode output circuit comprises a condenser which ischarged by the unidirectional electron current to such apotential as to reduce the
electron current to anegligible amount. It was pointed
out that the minute clearances were made essential by
the influence of theelectron transit time upon utility
of the diode for this purpose.
Even the smallest of
the diodes shown required correction for frequency at
the extremely high frequencies at which they were used.
Thus, a calibration curve for this diode was shown in
which the 6o cycle calibration departed little from the
calibration at one meter.
A brief discussion of the relation between electron
transit time - or the phase shift of the diode current
and voltage due to transit time-and the current flowing in the diode served to indicate the procedure followed in making the frequency corrections to the diode
voltmeter characteristics.
A third type of measuring instrument was shown in the
slides;
this, of the wave meter type.
Two spechic
types were indicated and are here shown in Figures 7A
and 7B.
One of them consisted of a few turns of wire
connected to a variable condenser of the Remler type
presumably in order to secure complete symmetry to ground
in the tuned circuit and to maintain a low minimum capacity, the LC combination was mounted at the end of a
long dielectric rod or tube with the control and scale
mounted at the end remote from the inductive elements.
No resonance indicator was included in this type of
wavemeter; thus, it was useful only for "absorption"
measurements.

Fig. 8

•

faced in the design of the receiver was reported to have
been one of providing such a wide range of adjustability as to accommodate a wide and apriori unknown range
of tube impedances and such a wide frequency range as
would determine the ultimate limits of the receiver's
effectiveness.
Thus, not only were the lines made adjustable as to length for a wide range of frequency
variation but adjustable with respect to the point of
connection along their lengths to the tube elements.
Each of the three assemblies consisted of a yoke carrying a sliding line the tube being mounted on the former
while a sliding member within each line provided for
the adjustment of the effective length of each of the

The second type consisted of aconcentric line in which
the effective length of the conductors was made van22
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circuits and even
grid circuits.

three lines to suit the desired frequency of operation.
Thus, the tube in each one of the three assemblies comprising an amplifier stage could be connected to its
own line on the plate side at the proper point along
the length of the line by the sliding of the line within its yoke and to the adjacent line at the proper point
along the length of that line by the sliding of the
adjacent assembly, including the yoke and all and, in
addition, the frequency of operation of each of the three
stages was adjusted byslidingtheshort circuiting member within the line housing.
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Mr. Zottu's conclusion to his most interesting and instructive paper indicated that the solution to the problems that so seriously limit the development of suitable radio receivers, oscillators and other radio devices employing vacuum tubes for use at extremely high
frequencies has been shown by the work reported in this
paper not to reside in the design or construction of
the circuit elements but rather in the design and production of vacuum tubes.
Indeed, one understood from
the paper, that further progress in the field reported
on by Mr. Zottu was unquestionably and completely dependent on the development of new and suitable types of
vacuum tubes.
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It was pointed out that the unhappily low input impedance
was notdue, as is sometimes suggested, to the capacitive
reactance of the tube input but in large measure to the
low value of the input resistance -or high conductance which, in turn is due to the relatively high ratio of
the electron transit time to the period of the circuits.
In fact, it was shown that at a point in the range of
the receiver not close to the upper limit of its frequency
range, the input resistance of the tubes became so low
that the gain of the receiver was reduced to unity.

Mr. Zottu pointed out that, as was to be expected, when
coupling the tube plate circuit tosuch a high impedance
as was provided by the line, it was found necessary to
make the plate-to-line connection relatively close to
the low potential end of the line in order to secure
low enough coupling to give the desired selectivity of
operation but, as was not so definitely expected, it
was found necessary to make the grid-to-line connection
also near the low potential end and, even less expectedly, found necessary to make this connection even nearer
the low potential end than the plate connection if anything approximating a desirable degree of selectivity
was to be obtained.
Thus the tuned R. F. receiver comprising the tubes and lines consisted of three sharply
tuned circuits coupled loosely out of the tube plate
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THE SURFACE WAVE
IN RADIO PROPAGATION
BY

CHARLES R. BURROWS*
Delivered before the Radio Club of America
February 11,

Mr. Burrows opened his paper with a discussion of the
concept of the surface wave and its relation to radio
propagation.
He pointed out that by surface wave is
meant a wave that is guided by a surface in generally
the same manner that a wave is guided by apair of wires
or by a concentric tube transmission line or even by a
hollow pipe.
These were given as examples of what is
termed one dimensional surface waves.
A veodimensional
surface wave can be thought of as that which would result from transmission between a pair of planes.
In
the one dimensional case, the energy is attenuated exponentially by absorption and thus results in the familiar expression of attenuation in decibels per mile.
In the two dimensional case, however, in addition to
the exponential attenuation factor,
due to power absorption there is a decrease in the energy density in
the wave as a result of the spreading of the wave over
an ever increasing area as it advances.
This reduces
the energy density inversely with the distance and the
field strength therefore varies inversely with the square
root for the distance.
The concept of the surface wave
studies of radio propagation
over thesurface of the earth
in 1907 when Zenneck showed
that the interface between
earth and air could support
a plane surface wave that,
was exponentially attenuated
in thedirection of propagation and decreased exponentially with increase in distance from the surface both
upwards and downwards.
Zenneck did not show that an
antenna could generate such
a surface wave but because
it offered a plausible explanation of radio transmission to great distances it

was

1937

was generally accepted.
Two years later Sommerfeld considered the problem of
the spreading of electromagnetic waves from a short
doublet antenna located in the interface between earth
and air.
He expressed his result as thesum oftwocomponents, one of which he identified as a cylindrical
surface wave which at great distances was equal to Zenneck's surface wave.
This theoretical work of Sommerfeld seemed to prove that the surface wave was an important component of the radiation from an antenna on
the surface of the earth.
Ten years later Weyl reconsidered the problem and obtained an expression for the radiation from an antenna
on the surface of the earth which did not explicitly
contain the surface wave.
From this he concluded that
the separation of the field by Sommerfeld into two components, one of which was called the surface wave, was
merely mathematical fiction and had no physical counterpart.
He was, however, apparently of the opinion that
his results agreed numerically with those of Sommerfeld.
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Mr. Burrows here pointed out
that acareful comparison of
the results of the work of
Weyl and of Sommerfeld shows
that they differ by precisely
the surface wave component
in question which was the
subject of his paper.
The
comparison of the formulas
of Sommerfeld and Weyl are
indicated by Figure i where
the field strength is plotted
as a function of distance
both scales being on logarithmic.
From this figure
it was pointed out that for
transmission over aperfectly conducting plane the field
strength varies
inversely
with the distance as shown
by curve 1.
Curve 2was de-
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tom of the lake.
and receiver was
tension.

scribed as a plot of Weyl's formula for transmission
over a dielectric plane.
This shows the field strength
varying inversely with the square of thedistance at the
greater distance.
Curve 3 is aplot of the surface wave
for propagation over a perfect dielectric showing the
field strength varying inversely with the square root
of the distance at the greater distances.
Where the dielectric is not perfect but has appreciable conductivity
the surface wave decreases exponentially with distance
as indicated bycurve 4.
Curves 5, 6, aed 7 having been
plotted for increasing values of conductivity show that
as the conductivity is increased themarked influence of
the exponential factor sets in at shorter and shorter
distances. The Sommerfeld -Rolf curve results from adding
the surface wave component to the Weyl curve.
The interference of these two components produces oscillations
in the curves where the two components are approximately
equal.
Under the condition where these two components
are equal and out of phase at the same distance the
theory of Sommerfeld predicts zero field strength at a
finite distance as pointed out by Rolf.

The distance between the transmitter
measured by a fishline under a fixed

For distances between receiver and transmitter greater
than 150 meters, it was necessary to alter the experimental procedure.
For these distances the receiver was
located at the end of a pier at Hector Falls and the

Thus, Mr. Burrows stated, resort to experiment was indicated as being desirable in order to decide which of
these two curves is correct.
In making such an experimental investigation,
however it is highly desirable
to make transmission tests under conditions where the
received field strength predicted by these two formulas
differ greatly.
This occurs for propagation over a
perfect dielectric and since fresh water is the nearest
approach to aperfect dielectric available insufficient
volume and area for a test of this kind the locale of
making the tests was largely determined by this fact.
The departure of these two formulas from one another
increases also with the frequency so that a most revealing test would comprise a determination of the variation of the field strength with distance over fresh
water in ultra high frequency transmission.
Thus a
frequency of two meters was chosen as a convenient and
useful frequency for the work reported by Mr. Burrows.

Fig. 3
Map of part of Seneca Lake showing the location
of the experiment.
Path 1 shows the location of
the two-boat experiment. Path 2 the one-boat experiment.
Locations 3 and 4 indicate the positions of the terminals for the variable height
test.
transmitter was located in the motor boat which was
driven along path 2 of Figure 3.
This, of course, introduced considerable difficulty in measuring the distance between receiver and transmitter.
To minimize
the error in this measurement, it was reported by Mr.
Burrows that three independent methods were used. First,
the motor boat was driven at constant speed in a fixed
direction between two points a known separation.
Second, the distance between the transmitter and the receiver was measured by means of a transit located at
the receiver and astadia rod carried by the boat. Third,
a sextant was used to measure the angle subtended at
the boat by two poles located on the shore, one near
and theother at the receiver.
To complete the measurement the angle between the line joining the two poles
and the direction of the boat was measured by the transit.

Fig. 2
Experimental arrangement for determining the variation of the received field strength with distance.

Figure 4 shows the experimental data so obtained.
The
solid circles represent data obtained when using the
two boats and the open circles those obtained when the
receiver was located on the end of the pier.
Curve 1
shows the inverse distance variation that would result
from transmission over a perfectly conducting plane.
Curve 2 is a plot of the Weyl's formula for transmission calculated forwater of the characteristics of that
of Seneca Lake.
Curve 3 is aplot of Sommerfeld's formula for transmission over Seneca Lake water.
Curve 4
is a plot of Sommerfeld's formula for transmission over
a perfect dielectric.

During the summer of 1936, Messers Burrows, Decino and
Hunt took some two meter measuring equipment to Seneca
Lake, New York State and there made these tests.
Figure
2 shows apicture of the experimental arrangements.
The
transmitter was carried in a rowboat towed by a motor
boat containing the receiver.
The antennas were loaded
quarter wave doublets whose midpoints were a quarter
wave-length above the water's surface.
The experimental procedure was to drive these boats along path 1 of
the Figure 3 at a fixed distance apart for asufficient
length of time to make certain that there was no fading
such as might be produced by reflections from the bot-

It will be noted that the experimental data is in good
agreement with values calculated byWeyl's formula which
as Mr. Burrows reiterated does not contain the surface
wave component.
16

PROCEEDINGS OF THE RADIO CLUB OF AMERICA, INC.
150

temperature.
The conductivity was determined by laboratory measurements of samples of the water.
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Then,leaving the matter of the variation of fieldstrength
with distance, Mr. Burrows pointed out that there is
another property of a surface wave that might, with interest, be observed experimentally.
This is the variation of thefield strength withheight above theearth's
surface.
That is, if the field
strength is measured
over a range of antenna elevations at distances where
the surface wave, if any, would be large as compared
with the remaining component, there is afforded additional experimental information indicating whether or
not thesurface wave exists.
Accordingly, portable antenna masts were erected at opposite sides of Seneca
Lake.
The received field strength was determined as a
function of the antenna height for two antenna heights
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The values shown by the theoretical curves depend, of
course, upon the distance, wavelength, dielectric constant and conductivity all ofwhich, therefore required
evaluation.
The methods used in measuring the distance
between transmitter and receiver have already been described.
The measurement of the wavelength with the
required precision introduced no difficulty and since
the dielectric constant of water is a known function
of its temperature the evaluation of the dielectric
constant required, simply, the measuring of the water
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Fig. 6
Variation of received field strength with antenna
height.
circles represent data taken on horizontal polarization
with one antenna at 24.8 meters above the surface of
the water.
Since there is no uncertainty in the formula for the field strength with horizontal antennas
these points may be used as acalioration of the equipment.
Curve 3 is a plot of the formula for the received field strength with horizontal antennas.
When
this curve is made to fit the experimental data the
locations of curves 1, 2, 4 and 5 are fixed.
Curves i
and 2 show the variation of received field strength
with vertical antennas that would result if there were
no surface wave for the two transmitting antenna heights.
Curves 4 and 5 are plots of the surface wave for these
two conditions.
It will be noted that there is no semblance of agreement between that data and curves 4 and
5.
The experimental data does,
however,
agree with
that of curves
and 2.
These latter are, of course
valid only if there is no surface wave component either
in absolute magnitude or in the variation of magnitude
with antenna heights.

Fig. 5
Picture of transmitting site at "4" of Figure 3,
showing the portable 25-meter mast and transmitting antenna.

Mr. Burrows called attention to the fact that the oscillations in the experimental data are presumably due
to reflections from the hills and cliffs which line the
17
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Lake and from trees near the receiving antenna.
He
pointed further that this experimental evidence proves
conclusively that simple antennas do not generate a
surface wave and therefore the Sommerfeld -Roll formulae
and curves require revision for all conditions where
the dielectric constant cannot be neglected.

When the conduction current is equal to the dielectric
current (Q = 1) the Sommerfeld formula indicates an attenuation factor greater than unity up to a certain
distance, while according to the Weyl formula the attenuation factor is somewhat less than that for the
conductivity case.
For transmission over aperfect dielectric (Q = oo) the Sommerfeld formula indicates that
the attenuation factor isalways greater than unity and
increases indefinitely with increase in distance, while
the Weyl formula indicates the attenuation factor is
only slightly less (up to about 10 db.) than that for
the conductivity case.

To further indicate the departure between the two sets
of concepts discussed by him, Mr. Burrows showed figure 7 which compares the Sommerfeld -Rolf curves with

é

In conclusion Mr. Burrows stated that the validity of
the Weyl formula has been unquestionably established
by the work reported in his paper as against the previously generally accepted Sommerfeld formula.
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The discussion that followed the reading of the paper
brought to light much that was of interest to the membership.
It was the first reaction of those in attendance that it was to be assumed from Mr. Burrow's conclusions that the concept of the radio wave as being a
wave moving forward with its "feet in the ground" would
have to be abandoned and it was quite evident from the
comments that the attendants were by no means completely
willing to abandon this old and generally useful concept unless something more useful could be supplied in
its stead.
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No alternate concept was offered and, indeed, it was not
insisted that this simple concept need beabandoned even
in view of the apparent need for abandoning the conclusions usually drawn from the Sommerfeld formulae.
Instead it was repeated that the important aspect of the
conclusions from the work reported by Mr. Burrows concerns itself with the magnitudes of the field strengths
to be expected under practical operating conditions as
compared with those to be expected under the Sommerfeld
formula.

Fig. 7
Comparison

of

Sonrerfeld-Rolf curves
Weyl -Norton curves.

with the

the new Weyl-Norton curves the validity of which were
established bytheexperimental work which hedescribed.
The attenuation factor is plotted against the relative
distance.
In this the attenuation factor is defined
as the factor by which the field strength that would
result from transmission over a perfectly conducting
plane must be multiplied to give the field strength
under the conditions of interest.

Of major importance in this is the fact that this abandonment of the Sommerfeld formula brings with it the
realization that the field strength of any transmitting
station is less effected by theQ of the ground than had
heretofore been supposed and that, in fact, there is no
great advantage in transmission overa perfect dielectric
as has long been assumed to be fact.

For transmission over an imperfect conductor in which
the conduction current is large compared with the dielectric amount the two formulas agree as indicated by
the curve marked Q = O.
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EXPERIMENTS IN GENERATION, DETECTION AND
MEASUREMENT AT ONE METER WAVELENGTHS
BY

PAUL ZOTTU
Delivered before the Radio Club of America
March IL 1937
Mr. Zottu introduced the subject of his paper by point-

Figure z indicates the magnitude of both the purely resistive end-impedance and the Q of open wire lines of
optimum dimensions.
From this it appeared that Q's of
about one thousand and end impedances of several hundreds of thousands are readily possible at zoo M. C.
when using open wire lines.

ing out that the problem of developing oscillators,
amplifiers and the like for use at extremely high frequencies - below a wavelength of one meter - is commonly thought of as being largely one involving the development of circuit elements which will provide impedances of sufficiently high value.
Thus, the first step
in the development of ultra-uhf equipment is the development of high impedance coupling circuits. He disposed
of the possible usefulness of conventional types of tuned
circuits by pointing out that while they held considerable promise, at the moment the use of lines of various
types recommends itself as being the obviously and immediately useful type of arrangement for oscillator stabilization, etc.
He limited his further discussion to
the closed quarter wave line as being the obviously useful type for providing high impedances and high Q for
tube couplings.
In this he defined the Q of a quarter
wave resonatoras F. E. Terman defifies it in his article
of July 1934 in Electrical Engineering,
that is,
by
analogy with the Q of a lumped circuit.
This gives an
expression for the Q of such a line as
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Mr. Zottu then proceeded to a discussion of the theoretical factors operating in the choice of dimensions
of both open wire and concentric lines for maximum or
optimum end impedance andQ.
These provide certain optimum dimensional proportions,
the optimum relationship between conductor spacing, diameter andwavelength
in the case of open lines and the ratio of conductor
diameters and wave length in the concentric lines being
only approximately equal for maximum end impedance and
for maximum Q.
In this it was suggested that some difference of opinion exists between the speaker as the
result of his experimental work and other workers in
this field as the result of their analytical work, as
to the influence of radiation resistance on these optimum relationships in the case of concentric lines.
There was much discussion of this point after the paper,
which might well be mentioned here:
the point being
that while it was obvious that in the case of open wire
lines radiation must be taken into consideration since,
as the lines are spaced further and further apart in
order to get higher surge impedance and lower attenuation, the radiation resistance increases as a result
of the increasing amount of power lost through radiation as the spacing is increased, so that one comes
ultimately toa spacing between conductors beyond which
the increase in power loss through radiation more than
offsets the increase of surge impedance and reduction
of assymetrical current distribution in the conductor,
i.e. skin effect.
'Engineer, R. C. A. Manufacturing Co.,
Harrison, N. J.

I

Similar reasoning, including the consideration of radiation loss, if any, provided the basis for the determination of optimum proportions for concentric lines.
Figure 2 shows the maximum end impedance and maximum Q over
a wide range of frequencies-1. to zoo. M. C. -for optimum proportions.
This indicates that end-impedances
and Q's are about ten times as great as those of open
lines.
On the matter of radiation loss within aclosed
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concentric line,
the later discussion,
as invited by
Mr. Zottu's comment, waxed hot and heavy:
the point
being that Mr. Zottu had limited his analytical work
to such dimensions of conductors that the radiation factor proposed by certain other unnamed workers in arriving at the optimum relationship was negligible notwithstanding the fact that he was unconvinced of the
rationality of the assumptions basic to this point.
The
point at issue here appearing to reside in the fact
that as the ratio of the diameters of the conductors
of a concentric

line gets great and

as

the difference

between them gets to be an appreciable portion of the
wavelength, the assumption of the instantaneity of the
building up of the radial flux within the line introduces an increasing error and one which would doubtless
limit the ratio of diameters to some finite value if
valid correction is made for it.
Mr. Zottu felt that
such correction as proposed does not however meet the
needs of the problem.

Fig. 3
The second form which was shown, Figure 3, is a concentric line in which the inner conductor consisted,
not of a simple cylindrical member, but of a spiralled
conductor of rectangular section; this, in the interest
of raising the surge impedance, decreasing the axial
velocity of propagation and hence, making aquarter wave

It might here be pointed out in passing that from the
purely analytical viewpoint the lack of instantaneity
of development of flux within aconcentric line results
in a departure from the precise in-phase or quadrature
relations indicated by the analysis of the properties
of loss-free lines and thus probably contributes to the
characteristics of the line under consideration precisely as does the presence of losses in the line.
Whether
such a loss-like relationship in the properties of the
lines discussed by Mr.
Zottu actually means loss by
radiation or otherwise appeared of only academic importance.
The influence of this factor on the endimpedance and on the Q of the line is,however, of major
practical importance from the view point of Mr. Zottu's
paper but, unfortunately, was not completely included
in his presentation of the problem.

line short enough to be useful.

Because of its greater

complexity this type of line was not much used.

14'

e
Fig. 4

It was brought out in a later section of Mr. Zottu's
paper that in the case of an oscillator including a
concentric line closed at both ends and including within itself all circuit elements including the tube, he
was able tofind no evidence of radiation orother fields
external to the line.

Samples

of

a number

of

different sizes

and

types of

these several forms of shortened lines as shown in Figure 4 were available for inspection after delivery of
the paper.
In these forms of circuit construction provision has to
be made for the coupling to the tubes orassociated circuits.
Such coupling was necessarily made variable so
that "matching" would be readily possible.
In general,
this was accomplished by providing slots in the outer
conductor near the low potential end through which conductors terminating on the inner conductor could pass

Mr. Zottu next proceeded to a discussion of the application of the relations shown by his graphs.
He indicated that a quarter wave line at any but the highest
frequencies requires far more space than is likely to
be available under practical conditions.
Thus, as he
pointed out, in the broadcast band for nearly optimum
dimensions something like apair of smoke stacks, something over three hundred feet high, would be required
for the stabilizing of a broadcast transmitter by means
of an "open wire line" while a pipe, sixty feet in diameter and three hundred feet long, would be required

for connection to the tube or other circuits.
Where
used with tubes this provided either for"back-coupling"
of grid and plate circuits in the case of oscillators
or plate-circuit-to-grid circuit coupling in the case
of amplifier arrangements.
In these practically useful
forms of short lines provision for tuning was in each
case made by an adjustment knob at the low potential
end either for shorting portions of the spiralled inner
conductor or varying the capacity at the remote end of
the line, or for varying the effective length of the
line itself as is shown in the figures.

to serve as the outer conductor of a suitable concentric line.
This pointed the obvious limitations of
simple quarter wave lines and introduced the compromises
that he has fund he could make and still get the desired high impedances and high Q. In general, this was
accomplished by twodifferent means.
The first andmost
useful appears to have been the use of a line of approximately optimum cross sectional dimensions but of
only a small fraction of a quarter wave length terminating in a capacity.
The capacity required for this
purpose is secured by putting acap over the end of the
line and terminating the inner conductor in a large
flange and makingthecap movable relative totheflange
for purposes of "tuning".
It was not pointed out by
Mr. Zottu, but it is in fact a moot question whether

After anextended discussion of these details, Mr. Zottu
showed an oscillator consisting of eight tubes arranged
radially on a circular metal plate, each tube carrying
its own plate
single loop of

and grid circuits each consisting of a
wire and coupled into a rather unusual

form of short concentric line.
This line consisted of
an inner conductor ofwhat was termed aconcentric line,
lacking however, the outer concentric conductor;
the
latter being replaced by three cylindrical standards
of small diameter supporting the end plates of the line,
one of the end plates comprising one of the plates of
the line terminating condenser.
The connections between the tube circuits and the line which acted as a
single tank circuit for all eight tube circuits being
provided by taps on the inner conductorconnected through

such a structure consisting of an extremely short line
and terminating in a capacity is really a "line" or
whether it is merely an extremely low loss and conveniently constructible inductor and a capacitor.
At any rate, the short line with capacity termination
was one fonnthatMr. Zottu's circuit arrangements took
in order tosecurehighimpedance forthetube couplings.

coupling condensers - either adjustable or fixed - to
the single loop plate or grid circuits of each tube.
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"universal" choke coil the operating range of which was
from about two meters down to one half a meter.
It
consisted of a single layer solenoidal coil of small
diameter - about half an inch in diameter - and about
four to six inches long wound with a single layer of
wire, of either copper or higher resistance material.
The theory of its usefulness being that a coil of a
sufficient number of wavelengths long and of sufficient
attenuation will provide so little reflection from the
receiving end back to the transmitting end that, as
viewed from the transmitting end, it would offer only
its own surge impedance at all frequencies.
In addition, other fonrsoflines of use as chokes were shown,
amongst them simple adjustable lines comprised of a
small channel section ast he outer conductor and having
a concentric wire as the inner conductor and a slider
to provide H. F. short-circuiting of the line to the
channel section and thus to provide the adjustability
necessary for making the end impedance of the line high
and largely resistive.
These as shown in Figures 5A
and 5B and other similar devices were found necessary
in oscillator and amplifier designs to maintain filaments and other elements requiring D.C. excitation at
potentials determined by the H. F. requirements of the
circuit and independent of the potential of the current
and voltage sources.

5A

This was reported to give a power output of the order
of 8o watts at about one meter.
Mr. Zottu explained at some length how this radially
symmetrical structure might be extended by the use of
a line tank circuit not so greatly foreshortened so as
to provide for its being fed by a number of levels of
radial tube generators andsuggested further extensions
of this scheme of symmetrical layout in the interest
of making it possible to use tubes as oscillators at
frequencies neartheupper limit imposed on theiroperation by their individual impedances and thus, avoiding
the paralleling of their capacities and impedance and
the consequent limitation on the upper frequency of
their operation.
It was pointed out that one could, by
the arrangements shown, operate an almost unlimited
numberof tubes all feeding into asingle tankandthence
to a single dissipator at the same high frequency as
that at which the tubes would operate individually.
Mr. Zottu then reviewed the acorn tube oscillators,
shown in the B. J. Thompson papers of sometime ago.
In
this he brought out a distinction between the original
Thompson tubes and the now commercially available acorn
tubes - the 955, etc. - by referring to the original
and still experimental tubes, as "shoe button" tubes.

Several other forms of oscillator were shown:
amongst
them one, shown in Figures 6A and 6B in which an acorn
tube was mounted within the concentric line and provision made for changing the coupling of the line to
the tube through the shifting of the line as a whole
relative to the tube and for tuning the line by means
of a break in the inner conductor which was closed
through a dielectric adjustable as to capacity from
outside the closed line.

This portion of the paper stressed some of the details
of the design of circuit elements such as the inclusion within the tube mounting of the required bypassing
capacities by thesimple expedient of mounting the socket elements onseparatemetalplateswhichwere separated
from the datum metal plate base of the assembly by thin
dielectric in the interest of getting high bypassing
capacity.
Additionally,
various combination current
and voltage supply leads were shown inwhichthinsheets
of dielectric were used between the strip or thin plate
leads in the interest of getting by-passing.

Mr. Zottu then proceeded to a discussion of such measuring methods and devicesas had been devised for work
in this field.
It was pointed out that with the means
for measuring voltage and power available, most desired
characteristic data couldbesecured. There were,therefore, two general types of measuring instrumentalities
devised.
The first to be described was the thermocouple type of watt meter and the second was the diode
rectifier type of peak voltmeter.
Of these the first
took the form of a number of different types of vacuum

In addition tobypasses, Mr. Zottu showedaninteresting
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Fig. 7B
Fig. 7A

able through the provision of a sliding member within
the line contacting both the inner and the outer conductors with amoving scale carried along with the sliding member and itself sliding under an indicator external to one end of the line, thus indicating wave
length directly on the linear scale; the entire assembly being provided with a removable end so that it might
act as an open or shorted line, thus providing for two
wave length ranges.

type thermocouples in which all theavailable power was
dissipated in a heater and the resulting thermoelectric
voltage read externally on a conventional indicating
instrument, the arrangements of the heater and couple
elements and terminal arrangements being such as to
minimize the coupling between the heater and the couple
circuits.
In order to provide for rather unusually
high heater temperatures the heater itself was made of
extremely fine tungsten wire, while the nature of the
couple conductors was undescribed.
Calibration curves
of several typical thermocouples were shown indicating
that for themost sensitive thermocouple watt meter the
system gave full scale deflection at about 4o milliwatts while for the least sensitive couplemaximum power
indication was gotten at about 4o watts.

Mr. Zottu then proceeded to adiscussion of the adaptation of these types of structure to selective receiver
circuits in conjunction with acorn tubes.
He showed
illustrations of several types of receivers already
shown on previous occasions, notably in connection with
the Thompson IRE papers in which conventional tuning
arrangements of small size were used and pointed out
that the gains per stage gotten by these means were
small even at the lowest of the high frequencies at
which the receiver operated; and, indeed, were never in
excess of four per stage.
This low gain appears to have
provided the impetus required for the attempts to adapt
the "line" type of tuned circuit to receiver uses and
resulted in a three line receiver which was shown both
in slides and "in the flesh" after the reading of the
paper and is here shown in Figure 8.
The problem to be

Photographs of a number of diodes devised for use as
diode peak voltmeters were shown.
These were all characterized by extremely small anodes and filaments with
microscopic clearances between them. Thus, the smallest
of the diodes shown included a cylindrical anode six
mils in outer diameter enclosing a filament of unspecified diameter.
The circuits used with these diodes are
quite conventional in that the diode output circuit comprises a condenser which is charged by the unidirectional electron current tosuch apotential as to reduce the
electron current to anegligible amount. It was pointed
out that the minute clearances were made essential by
the influence of the electron transit time upon utility
of the diode for this purpose.
Even the smallest of
the diodes shown required correction for frequency at
the extremely high frequencies at which they were used.
Thus, a calibration curve for this diode was shown in
which the 6o cycle calibration departed little from the
calibration at one meter.
A brief discussion of the relation between electron
transit time - or the phase shift of the diode current
and voltage due to transit time-and the current flowing in the diode served to indicate the procedure followed in making the frequency corrections to the diode
voltmeter characteristics.
A third type of measuring instrument was shown in the
slides;
this, of the wave meter type.
Two specitic
types were indicated and are here shown in Figures 7A
and 7B.
One of them consisted of a few turns of wire
connected to a variable condenser of the Remler type
presumably in order to secure complete symmetry to ground
in the tuned circuit and to maintain a low minimum capacity, the LC combination was mounted at the end of a
long dielectric rod or tube with the control and scale
mounted at the end remote from the inductive elements.
No resonance indicator was included in this type of
wavemeter; thus, it was useful only for "absorption"
measurements.

Fig. 8
faced in the design of the receiver was reported to have
been one of providing such a wide range of adjustability as to accommodate a wide and apriori unknown range
of tube impedances and such a wide frequency range as
would determine the ultimate limits of the receiver's
effectiveness.
Thus, not only were the lines made adjustable as to length for a wide range of frequency
variation but adjustable with respect to the point of
connection along their lengths to the tube elements.
Each of the three assemblies consisted of a yoke carrying a sliding line the tube being mounted on the former
while a sliding member within each line provided for
the adjustment of the effective length of each of the

The second type consisted of aconcentric line in which
the effective length of the conductors was made van22
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three lines to suit the desired frequency of operation.
Thus, the tube in each one of the three assemblies comprising an amplifier stage could be connected to its
own line on the plate side at the proper point along
the length of the line by the sliding of the line within its yoke and to the adjacent line at the proper point
along the length of that line by the sliding of the
adjacent assembly, including the yoke and all and, in
addition, the frequency of operation of each of the three
stages was adjusted by sliding theshort circuiting member within the line housing.

circuits and even
grid circuits.
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Mr. Zottu's conclusion to his most interesting and instructive paper indicated that the solution to the problems that so seriously limit the development of suitable tadio receivers, oscillators and °thet radio devices employing vacuum tubes for use at extremely high
frequencies has been shown by the work reported in this
paper not to reside in the design or construction of
the circuit elements but rather in the design and production of vacuum tubes.
Indeed, one understood from
the paper, that further progress in the field reported
on by Mr. Zottu was unquestionably and completely dependent on the development of now and suitable types of
vacuum tubes.

Aceves, Julius G.
132 Nassau Street

% Purdue University
Lafayette, Indiana

tse

It was pointed out that the unhappily low input impedance
was notdue, as is sometimes suggested, to the capacitive
reactance of the tube input but in large measure to the
low value of the input resistance -or high conductance which, in turn is due to the relatively high ratio of
the electron transit time tothe period of thecircuits.
In fact, it was shown that at a point in the range of
the receiver not close to the upper limit of its frequency
range, the input resistance of the tubes became so low
that the gain of the receiver was reduced to unity.

Mr. Zottu pointed out that, as was tobe expected, when
coupling the tube plate circuit tosuch a high impedance
as was provided by the line, it was found necessary to
make the plate-to-line connection relatively close to
the low potential end of the line in order to secure
low enough coupling to give the desired selectivity of
operation but, as was not so definitely expected, it
was found necessary to make the grid-to-line connection
also near the low potential end and, even less expectedly, found necessary to make this connection even nearer
the low potential end than the plate connection if anything approximating a desirable degree of selectivity
was to be obtained.
Thus the tuned R. F. receiver comprising the tubes and lines consisted of three sharply
tuned circuits coupled loosely out of the tube plate

MEMBERSHIP

more loosely coupled into

Beverage, Harold H.

66 Broad Street

Albert K.

41-50 Landing Road
Little Neck, New York

23

LM

August, 1937
Cahill, William J.
409 Colonial Road
Ridgewood, New York
Callahan, John L.
45 Ogston Terrace
Malverne, Long Island
Campbell, Augustus G.
325 29th Street
North Bergen, New Jersey
Campbell, Gifford C.
101 Warwick Street
Bloomfield, New Jersey
Canavaciol, Frank E.
7119 Juno Street
Forest Hills, New York

Craggs, Herbert H.
North Road
Eastwood
New South Wales, Australia

M

Crosley, Powel, Jr.
% The Crosley Radio Corporation
Cincinnati, Ohio
Cummings, B. Ray
234 Jefferson Avenue
Haddonfield, New Jersey

Duttera, William S.
35 Hampton Place
Rockville Center, Long Island

Dart, Harry F.
33 Burnett Street
Glen Ridge, New Jersey
Day, Howard B.
2107 West Livingston Street
Allentown, Pennsylvania

Carini, Louis F. B.
246 Wolcott Hill Road
Wethersfield, Connecticut

Dean, Charles E.
333 West 52nd Street
New York, New York

Carpenter, Glenn W.
% P. R. Mallory, Inc.
Indianapolis, Indiana

Delage, Georges C.
32 West Putnam Avenue
Greenwich, Connecticut

Case, Nelson P.
3Radnor Road
Great Neck, New York

DeMedeiros, Lauro A.
Rua Ipu 16, Real Grandeza
Rio de Janeiro, Brazil

Chesley, Arthur D.
1801 Morton Street
Falls City, Nebraska

Dickey, Edward T.
4632 Walnut Street
Philadelphia, Pennsylvania

Clarke, A. S.
1306 Sheridan Street, N. W.
Washington, D. C.

Dietrich, Frederick
1136 Fifth Avenue
New York, New York

Clement, lewis M.
RCA Manufacturing Company
Camden, New Jersey

Dorf, William C.
2297 Sedgwick Avenue
Bronx, New York

Cobb, Howard L.
250 Rockaway Avenue
Boonton, New Jersey

Dornhofer, L. J.
3477 Seymour Avenue
Bronx, New York

Cockaday, Laurence M.
461 8th Avenue
New York, New York

Dowie, James A.
Washington Avenue
North Braddock
Alexandria, Virginia

Collison, Perce B.
245 East 72nd Street
New York, New York

Drew, Charles E.
#2 Alida Street
Scarsdale, New York

Connor, George C.
35-64 84th Street
Jackson Heights, Long Island

Dreyer, John F., Jr.
1845 East 47th Street
Brooklyn, New York

Cornelius, L. W.
Box 331,
Baytown, Texas

Dubilier, WM.
10 East 40th Street
New York, New York
24

Dunham, Nelson
308 South 2nd Avenue
Highland Park
New Brunswick, New Jersey
Dunn, Gano
80 Broad Street
New York, New York

Curtis, Leslie F.
American Bosch Magneto Corp.
Springfield, Massachusetts

Capen, William H.
67 Broad Street
New York, New York

DuMont, Allen B.
9Bradford Parkway
Upper Montclair, New Jersey

Eastham, Melville
30 State Street
Cambridge, Massachusetts
Emanuel, John H.
181 Linden Avenue
Englewood, New Jersey
Engle, Karl D.
798 East 40th Street
Brooklyn, New York
Espenschied, Lloyd
463 West Street
New York, New York
Evans, Charles P.
1675 Cornelia Street
Ridgewood, New York
Evans, John
24 East Greenwood Avenue
Oaklyn, New Jersey
Fahnestock, Harris, Jr.
162 Coolidge Hill
Cambridge, Massachusetts
Farrand, C. I.
35 West 45th Street
New York, New York
Farrington, John F.
4360 170th Street
Flushing, New York
Felix, Edgar H.
32 Rockland Place
New Rochelle, New York
Fener, Alfred
154 Rockaway Parkway
Brooklyn, New York
Ferris, Malcolm
130 Fairview Avenue
Boonton, New Jersey
F

Finch, Wm. G. W.
37 West 57th Street
New York, New York

PROCEEDINGS OF THE RADIO CLUB OF AMERICA, INC.
Fink, Donald G.
130 Grand Avenue
Englewood, New Jersey

Guggenheim, Dr. Sigmund
Pelikanstrasse 8
Zurich, Switzerland

M

Hopfenberg, Joseph A.
729 Seventh Avenue
New York, New York

Franks, C. J.
211 Cornelia Street
Boonton, New Jersey

Guilfoyle, Thomas J.
% G. P. O. Kingston
Jamaica, British West Indies

F

Horle, L. C. F.
90 West Street
New York, New York

Freed, Joseph D. R.
Linden House
Riverdale, New York
Fried, Joseph A.
112 Fourth Avenue
Haddon Heights, New Jersey

LM

F

Funke, Louis
232 Sanford Street
East Orange, New Jersey
Geddes, Bond
1317 F Street
Washington, D. C.

Ghirardi, Alfred A.
45 Astor Place
New York, New York
Glauber, John J.
151 North 12th Street
Newark, New Jersey

Goldsmith, Dr. Alfred N.
233 Broadway
New York, New York

Hackbusch, Ralph A.
Stromberg-Carlson Telephone
Manufacturing Company
Toronto 4, Canada

F

Hanley, John F.
57 Elliott Place
Rutherford, New Jersey

M

•

HM

Jarvis, Kenneth W.
20 Highwood Avenue
Larchmont, New York

Hartnett, Daniel E.
209-71 26th Avenue
Bayside, Long Island

F

Jones, Cary B.
40 Flatbush Avenue Ext.
Brooklyn, New York

Hazeltine, Alan
Colonial House
Castle Point
Hoboken, New Jersey

•

Jones, Walter R.
334 East Alleganey Avenue
Emporium, Pennsylvania

Hebert, Arthur A.
87 Ballard Drive
West Hartford, Connecticut

F

Kennedy, Thomas R., Jr.
229 West 43rd Street
New York, New York

•

Kilmer, T. Wendell, Jr.
310 Hempstead Turnpike
West Hempstead, Long Island

•

Goulden, S. W.
Garden Court Plaza
47th and Pine Streets
Philadelphia, Pennsylvania

•

Henney, J. K.
111 Fifth Street
Garden City, New York

Gruetzke, Charles P., Jr.
107 Essex Avenue
Boonton, New Jersey

King, Frank
125 East 74th Street
New York, New York
Kishpaugh, A. W.
463 West Street
New York, New York

Hetenyi, Paul
325 West 86th Street
New York, New York

Grinan, John F.
P. O. Box 5,
Kingston, Jamaica
British West Indies

Hinners, Frank A.
233 Raymond Street
Rockville Centre, New York

•

Klingenschmitt, Fred. A.
518 Ft. Washington Avenue
New York, New York

Hodges, Albert R.
183 Union Street
Ridgewood, New Jersey

M

Knapp, Joseph F.
580 5th Avenue
New York, New York
Kranz, Fred W.
% Sonotone Corporation
Elmsford, New York

Hoffman, Karl B.
Buffalo Broadcasting Corp.
Buffalo, New York
M

Inc.

M

Goudy, C. F.
3215 North 17th Street
Flushing, New York

Grim, W. Manning
136 Davis Avenue
White Plains, New York

Inman, W. P.
30 Rockefeller Plaza
New York, New York

Harley, John B.
68-04 Burns Street
Forest Hills, Long Island

Heising, R. A.
232 Oak Ridge Avenue
Summit, New Jersey

Graham, Virgil M.
Hygrade Sylvania Corporation
Emporium, Pennsylvania

Houck, Harry W.
1087 Flushing Avenue
Brooklyn, New York

James, Wallace M.
RCA Radiotron Company,
Harrison, New Jersey

Hardwick, Ambrose H.
40 Hermon Street
Newark, New Jersey

Gernsback, H.
180 Riverside Drive
New York, New York

Godley, Paul F.
10 Marion Road
Upper Montclair, New Jersey

Horn, C. W.
30 Rockefeller Plaza
New York, New York

Haas, John G.
630 William Street
Boonton, New Jersey

Hogan, John V. L.
41 Park Row
New York, New York
25

HM

Langley, Ralph H.
165 Broadway
New York, New York

LM

August, 1937
LeBel, C. J.
440 Riverside Drive
New York, New York

Marriott, Robert H.
1470 East 18th Street
Brooklyn, New York

Lemon, Walter S.
Tidecrest
Riverside, Connecticut

Mayer, Wm. G.
253 West 72nd Street
New York, New York

Lescarboura, Austin C.
Croton-On-Hudson
New York

F

McAinsh, Neville J.
% General Electric Company,Ltd.
Stoke, Coventry, England

Lewis, George
67 Broad Street
New York, New York

McCoy, Daniel C.
1381 Kumler Avenue
Dayton, Ohio

Lewis, Harold M.
15 Florence Street
Great Neck, New York

F

Miessner, Benj. F.
Short Hills, New Jersey
Inc.

Loughren, A. V.
333 West 52nd Street
New York, New York

Peebles, N. A.
20 North 8th Street
Wilmington, North Carolina

Picone, John B.
2012 West 8th Street
Brooklyn, New York

Meyerink, Kors G.
9Orchard Place
Cos Cob, Connecticut

Loftin, Edward H.
1406 G Street, N. W.
Washington, D. C.

Parker, Oliver B.
46-07 260th Street
Great Neck, Long Island

Pickard, Greenleaf W.
Perikon Cottage
Seabrook Beach, New Hampshire

McMann, Renville H.
12 Warren Street
New York, New York

Lindsay, W. W., Jr.
1539 Ensley Avenue
Los Angeles, California

Paine, Robert C.
Ferris Instrument Corporation
Boonton, New Jersey
Palmer, Charles W.
81 Franklin Road
West Englewood, New Jersey

Mayhew, Benjamin A.
21 Ravine Road
Tenafly, New Jersey

Lewis, Elmer H.
1812 Clay Avenue
New York, New York

Olesen, Harold L.
40 Walker Road
West Orange, New Jersey
Pacent, L. Gerard
79 Madison Avenue
New York, New York

Martin, Edwin M.
333 West 52nd Street
New York, New York

Leonard, A. Adair
150 Sylvania Avenue
Glenside, Pennsylvania

Loughlin, W. D.
Radio Frequency Labs.,
Boonton, New Jersey

11M

Pike, Robert G.
50 Main Street
Norway, Maine

Miller, John H.
614 Frelinghuysen Avenue
Newark, New Jersey

Pittenger, Arthur W.
804 Main Street
Boonton, New Jersey

Morelock, O. James
11 Woodland Road
Short Hills, New Jersey

Polydoruff, W. J.
301 18th Street
Wilmette, Illinois
Potts, John H.
1564 Taylor Avenue
New York, New York

Mackay, John R.
Wallace & Tiernan Products,Inc.
Belleville, New Jersey

Morris, Donald C.
812 Cottage Avenue
Columbus, Indiana

MacDonald, WM. Robert, Jr.
88 Bell Street
Valley Stream, New York

Morton, Alfred H.
M
30 Rockefeller Plaza, Room 404
New York, New York

Pratt, Haraden
67 Broad Street
New York, New York

Muller, Fred
Hillside Avenue
Monsey, New York

Preston, John E.
380 Landing Road
South Rochester, New York

M

Maloney, Joseph T.
65 Seaman Avenue
New York, New York
Manson, Ray H.
373 Beresford Road
Rochester, New York

F

Maps, Charles E.
6117 Tyndall Avenue
New York, New York

F

Nichols, Leroy C.
50 Church Street
New York, New York

Redington, John H.
324 Cornelia Street
Boonton, New Jersey

Markell, Max E.
160 Fenimore Street
Brooklyn, New York

M

Offenhauser, WM, H., Jr.
117 East 24th Street
New York, New York

Replogle, Delbert E.
443 Meadowbrook Avenue
Ridgewood, New Jersey

Nicholas, E. A.
RCA Victor Company,
Camden, New Jersey

26

Inc.

Ranger, R. H.
574 Parker Street
Newark, New Jersey

PROCEEDINGS OF THE RADIO CLUB OF AMERICA, INC.
Rettenmeyer, F. X.
RCA Manufacturing Company
Camden, New Jersey

Shepard, Francis H., Jr.
230 Feronia Way
Rutherford, New Jersey

Rettenmeyer, Ray D.
55 Hanson Place
Brooklyn, New York
Rider, John F.
1440 Broadway
New York, New York
Rosenthal, Leon W.
17 West 60th Street
New York, New York
Runyon, C. R., Jr.
544 North Broadway
Yonkers, New York
Russell, Wm. T.
62 Farragut Avenue
Hastings-on-the-Hudson, New York
Sadenwater, Harry
RCA Victor Company,
Camden, New Jersey

Inc.

Sara, Joseph
123 Liberty Street
New York, New York
Sarnoff, David
233 Broadway
New York, New York

HM

Schnoll, Nathan
750 Pelham Parkway
New York, New York
Schumacker, Allan L.
1917 54th Street
Brooklyn, New York
Schwarz, B. A.
Apartment #4, Windsor Court
Apartments
718 W. Mulberry Street
Kokomo, Indiana
Secor, Harry W.
99 Hudson Street
New York, New York
Seger, Ludwig
1751 Fillmore Street
New York, New York
Shannon, Richard C.,
14 Winter Street
Waterville, Maine
Shea, Richard F.
8961 212th Place
Bellaire, Long Island

II

Stone, John Stone
1636 Torrence Street
San Diego, California

Siemens, R. H.
103-06 117th Street
Richmond Hill, Long Island

Stutz, Eugene J.
114 Larch Avenue
Bogota, New Jersey

Sieminski, Edward
504 West 112th Street
New York, New York

Styles, Harry J.
1602 North Normandie
Los Angeles, California

Sievers, Edward S.
50 Church Street
New York, New York

Styles, Thomas J.
160-01 84th Drive
Jamaica, New York

Silver, McMurdo
6401 West 65th Street
Chicago, Illinois

Suydam, C. H.
200 Mt. Pleasant Avenue
Newark, New Jersey

Singleton, Harold C.
2005 North East 28th Avenue
Portland, Oregon

Swanson, John W.
65 Vernon Parkway
Mount Vernon, New Jersey

Slack, Walter J.
128 Post Avenue
New York, New York

Sands, William Francis
739 Noble Street
Norristown, Pennsylvania

M

Tatarsky, Morris
544 East 6th Street
New York, New York

Smith, J. E.
1536 U Street, N. W.
Washington, D. C.

Taubert, W. Howland
Corning Glass Works
Corning, New York

Smith, Myron T.
90 West Street, Room 1504
New York, New York

Taussig, Charles W.
120 Wall Street
New York, New York

Srebroff, Charles M.
186-24 Jordan Avenue
Hollis, Long Island

Taylor, Willis H., Jr.
165 Broadway, Room 2614
New York, New York

Stantley, Joseph J.
686 Maywood Avenue
Maywood, New Jersey

Thomas, Leslie G.
148 Westervelt Avenue
Tenafly, New Jersey

Stansfield, Joseph Q.
501 McLachlen Building
Washington, D. C.

Thompson, Sylvester T.
34-01 Parsons Boulevard
Flushing, Long Island

Steinbarge, Wayne L.
2565 Grand Concourse
New York, New York

Tubbs, E. A.
4514 43rd Street
Long Island City, New York

Stevens, Archie McDonald
Defensa 143
Buenos Aires, South America

Tuckerman, L. P.
3518 Farragut Road
Brooklyn, New York

Stokes, W. E. D., Jr.
41 Broad Street
New York, New York

Tyler, Edmond B.
1087 Flushing Avenue
Brooklyn, New York

Stone, Clarence G.
304 South First Avenue
Mount Vernon, New York
Stone, G. E.
212 William Street
Boonton, New Jersey
27

Ulrich, Vinton K.
480 Lexington Avenue
New York, New York
Van Den Meersche, A. J.
22 St. Pieters Aalststraat
Ghent, Belgium

HM

LM

August, 1937
Van Dyck, Arthur F.
711 Fifth Avenue
New York, New York
Van Sant, F. R.
Sparta, New Jersey
Von Baudissin, Josef
546 Ovington Avenue
Brooklyn, New York
Walsh, Lincoln
34 DeHart Place
Elizabeth, New Jersey
Ware, Paul
410 Meridian Street
Indianapolis, Indiana
Watson, Paul G.
27 Price Street
West Chester, Pennsylvania
Way, Donald D.
820 West End Avenue
New York, New York

F

Weare, John
22 Farrar Street
Cambridge, Massachusetts

M

Werman, N. A.
2500 University Avenue
New York, New York

M

Woolley, Charles H., Jr.
8912 161st Street
Jamaica, Long Island

Wheeler, Harold A.
18 Melbourne Road
Great Neck, New York

Worthen, Charles E.
30 State Street
Cambridge, Massachusetts

White, S. Young
24-00 40th Avenue
Long Island City, New York

28

Winterbottom, William A.
66 Broad Street
New York, New York
Wise, Roger M.
Sylvania Products Company
Emporium, Pennsylvania

Weiner, Paul G.
6Roswell Terrace
Glen Ridge, New Jersey

Whitman, Vernon E.
209-71 26th Avenue
Bayside, New York

Williams, Roger
41 Park Row, Room 706
New York, New York

Yocum, Charles H.
Room #2081, 50 Church Street
New York, New York
M

Zenneck, Prof. Jonathan
Technische Hochschule
Munich, Germany

HM

0 11

6

t
i
NOV 13194()
,•,)

Proceeding\§%,
of the

Radio Club of America
Incorporated
Copyright, 1937 Radio Club of America, Inc., All Rights Reserved

R

December, 1937
Volume 14, No. 3

RADIO

CLUB

OF

11 West 42nd Street

.

AMERICA,

Inc.

+ + New York City

I

December, 1937

The Radio Club oF America, Inc.
11 West 42nd Street - New York City
TELEPHONE —LONGACRE 56622

OFFICERS FOR 1937
President
J. H. Miller
rice-President

Treasurer

J. F. Farrington

J. J. Stantley

Corresponding Secretary

Recording Secretary

F. A. Klingenschmitt

J. K. Henney

DIRECTORS
J. G. Aceves

C. W. Horn

E. V. Amy

H. W. Houck

E. H. Armstrong

R. H. Langley

G. E. Burghard

H. M. Lewis

John F. Dreyer, Jr.

A. V. Loughren

L. C. F. Hone

R. H. McMann
Haraden Pratt

COMMITTEES
Membership—A. V. Loughren

Publications—L. C. F. Hone

Affiliation—C. W. Horn

Entertainment—H. W. Houck

Publicity—J. K. Henney

Papers—J. F. Farrington

Year Book—E. V. Amy

PROCEEDINGS

of the
RADIO CLUB OF AMERICA
Volume 14

December, 1937

No. 3

THE APPLICATION OF THE
BROAD BAND CRYSTAL FILTER
TO BROADCAST RECEIVERS
BY

ALEXIS GUERBILSKY*
Delivered before the Radio Club of America
December 9,

Let us now discuss a solution of the problem making it
possible to obtain a single crystal with a practically
uniform response for any desired band of frequencies,
while, at the same time providing a response abruptly
decreasing at the limits of the band.
This solution is,
primarily, the use of a crystal of non-uniform thickness.

The piezo-electric crystals are known to have a very
sharp resonance and are used either to control one single frequency with a sharp definition as, for instance,
in radio transmitters or to resonate for a very narrow
band as used for telegraphic, so called single frequency
receptions, where they function as filters.
There are
however exceptions, for instance, in ultra-sonic sea signaling where the crystal is dampted by the radiated energy.
In such applications the selectivity of the crystal is of no importance and the energy producing the
damping is precisely the energy which is used.
But, if
we try to damp the crystal artificially in most applications its resonance curve will be less sharp, but it will
still provide a characteristic not unlike that of a simple tuned electrical
tuned circuit.
For some other
applications, as for instance, for optical relays, such
artificially dampted crystals require too much energy for
their operation and thus lose most of their valuable
qualities.

CRYSTAL OF NON UNIFORM THICKNESS.
EARLY YEARS

OF

TELEVISION.

When about 1926 the first steps had been taken in practical television, one of the greatest difficulties had
been that of synchronization, this difficulty increasing
with the number of the picture elements per image, i.e.,
definition.
The idea of operating the scanning at the
receiving station by the scanning system at the transmitting station seems to have been first suggested by
Prof. Rosing in the early years of the century.
This
method makes the synchronization independent from the
speed of scanning.
To make this method practical it is
possible to perform the television by using two parameters of a radio wave, its amplitude and its frequency;
the amplitude corresponding to the luminosity of the
transmitted picture element and the frequency to its sequential position.

It has long been obvious that crystals which would resonate over a broad band of frequencies would be extremely
useful and, indeed, attempts have been made to obtain
such crystals.
The first thought was to artificially
damp the crystal, but as explained above this method is
in many cases unsuitable because it destroys the very
characteristics of the crystal which make it especially
useful.

-,

1937

Let us, in order to
mission of only one
second scanning, at
other already known

The second thought was to use several crystals connected
in parallel, the frequency of the several crystals differing from one another so as to cover the desired band.
The difficulty in this expedient is that between the two
frequencies corresponding to two successive crystals
there is always one at which the two crystals vibrate in
opposite phase, one crystal
being operated below resonance and the other one above.
This results in the fact
that the electrical resonance curve has a sharp minimumapproaching zero - which makes the arrangement generally
unsatisfactory.

make it simpler, consider the transline of the image supposing that the
relatively low speed, can be made by
methods.

At the transmitting station a rotating optical scanning
device is mechanically coupled to a rotatable, variable
condenser which determines the frequency of the transmitted wave.
To every position of the scanning device there corresponds a frequency determined by the variable condenser
and while the amplitude as determined conventionally by
a photo-electric cell, corresponds to the luminosity of
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the transmitted picture element.
At the receiving station we have then only to make the position of light spot
correspond to the frequency of the received signal and
its luminosity to the signal amplitude.
The first idea
was to use for this purpose a series of crystals of different frequencies corresponding to the received band
width, each of these crystals constituting an electro optical relay passing light when it is operated to the
corresponding position.
Its amplitude which is a function of the amplitude of the received signal determines
the luminosity of the projected light.
For this purpose
the crystals have been disposed in a system of polarized
light,
their vibrations modifying the polarization and
thus modulating the intensity of the light.
Later this
series of crystals were replaced by single crystal of a
thickness varying from place to place to cover continuously the entire band of frequencies,
every frequency
determining a localized resonance in the portion of the
corresponding thickness. As an example, a crystal of 10
cm. long and resonating over a band around 80 meters gave
a localization of resonance of about 1 mm.
The width of
the band was about 300 kc.

modulated practically without distortion up to 90%.
The
luminosity is very good.
In one set of equipment, when
the Eastman sound negative is used, with a gamma of 0.5,
the density is 0.5 for an A.C. voltage across the crystal of about 100 volts.
SOME OTHER APPLICATIONS OF THE NEW CRYSTALS
In all its applications these crystals are intended to
vibrate either simultaneously or successively for a band
of frequencies, as in sound recording and television.
Amongst other applications and before discussing the
band-pass filters, which is the main object of the present paper, we will only mention two.
First, the control
of a transmitter, the frequency of which it may be desired to vary to avoid possible interferencies; and second the use as microphone.
To control a transmitter a wedge shaped crystal can be
used, one of the electrodes being a narrow plate sliding
along its surface, the portion of the crystal positioned
between the electrodes determining the frequency.

SOUND RECORDING SYSTEM.
The next use of the crystals has been
for photographic sound recordings.

as

In its use as a microphone,
the crystal vibrates at a
high frequency and its impedence which depends largely
on the damping determines the useful microphonic current.

a light valve

Qt

Q
Figure 1
Figure 1 illustrates this application.
The crystal, Q,
is traversed by a beam of polarized light produced by
source, S, a lens, L, and the polarizer, P.
On its way
the light traverses the portions of crystal of the different thicknesses.
In the absence of any vibration of
the crystal, the system is compensated by the compensator, Q% and the analyzer, A, at extinction. The crystal
is excited by an oscillator of a frequency, f, corresponding to its middle portion, a.
The generator is modulated by the microphonic current.

As a matter of fact the damping varies according to the
density of the air around the crystal which density is
modulated by the sound.
The same idea was used by Prof. Riabouchinsky and myself
to make a dynamo-meter for aerodynamic measurements and
recordings, the wedge shaped crystals making it possible
to record rapid variations of air density or pressure.
The two last methods are schematically shown in fig.

If the microphonic current is of a frequency F, there
will be three portions of the crystal a,b,c, simultaneously
set into vibrations corresponding to the frequencies f,
f+F, f-F.
The action on the polarization by the leformations of these three portions will be recomposed with
conservation of phase and the luminosity of light correctly modulated for the whole band determined by the
thicknesses of the crystal.

o

ir

„
00000
I

Volts
Figure 2

The curve giving the luminosity as function of the voltage across the crystal is shown in fig. 2. This curve
has an important linear portion and the light can be

Figure 3
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The corresponding elongation will also produce elongations in perpendicular direction the importance of which
depends on the value of Poisson's modulus for the particular orientation of the crystal with respect to its axis.
These latter elongations produce a wave propagated along
the crystal in all directions. The edges of the crystal,
such as the edge B, reflects a wave returning in â with
a phase depending from the distance to B.
When f varies
the phase varies and the electrical effect will have as
many maxima and minima as the varying phase. To avoid
the reflections on the edges it is practically sufficient
to dispose on these edges some absorbent material such as
Canada balsam or any similarly viscous material.
This
will produce only useful damping, without markedly affecting the localized vibrations of the portion a.

Figure 5

Figure 4

VIBRATION OF THE CRYSTAL.
In all the above discussion it has been assumed that the
localized vibrations in the crystal travel continuously
from one end to the other when the frequency varies.
It
is not however always so.
If we record the resonance
curve,
this curve presents many irregularities. One of
such curves cante seen on the fig. 4 which is an oscillogram of the voltage as function of frequency, of a circuit such as is shown in fig. 5, the "crevasse" of fig.
4 showing the resonance curve of the crystal.
To explain this curve and show how to correct the irregularities let us examine what occurs in the crystal when
it is submitted to the action of an electric field of
frequency varying between corresponding limits.

N

J Pqr

PC

Figure 10

Figure 9

The oscillogram of voltage as a function of frequency
fig. 9 shows the characteristic of the crystal after the
edge reflections have been attenuated as suggested above.
There are still many maxima and minima due now to the
coupling of the main mode of vibration with other resonators such as the harmonic resonances along the length, of
flexion,
torsion etc. These resonances are well understood and can be eliminated by localized damping. The
curve resulting from such treatment as this is shown in
fig. 10.

S

"K O
Figure 6

Let us consider first a usual crystal of uniform thickness. This crystal can be represented by the equivalent
cell shown on the fig. 6, the inductance N, resistance S
and capacities K and Ko depending on the dimensions of
the crystal. The corresponding resonance curve is shown
in fig. 7. The sharp rise a corresponds to the resonance
of the circuit NKS and the point b to the parallel resonance of the complete cell.

The curve of fig. 4 is of an X cut crystal as has been
shown to illustrate better the different phenomenae.
In
the modern cut crystals, such as AT, AC, etc., the couplings and consequently the irregularities in the characteristic are greatly reduced and the corrections to be
made are much easier and, when less uniformity is required, may be completely unnecessary.

Figure 7

If now the crystal is of non-uniform thickness,
it is
represented by an infinity of small crystals of different thicknesses coupled together and the equivalent cell
will be an infinity of elemental cells connected in parallel and coupled in sucha way as to prevent any important shift of phase between any two adjacent cells. This
condition corresponds to the mechanical realities of the
crystal structure.

Figure 11

Now, assuming that all the spurious oscillations have
been eliminated the crystal is fully represented by the
equivalent cell of the fig. 11,
(where the above discussed couplings between adjacent cells have been however omitted). The construction of the resonance curve
is similar to the construction of the curve on the fig.
4. When the frequency reaches the value corresponding
to the resonance of the first elemental cell, the current
increases to the point A on the fig. 12 and then remains
constant because of the identity of different elemental
cells,
until the antiresonance of the first cell is
reached.
At this point the current decreases to the
point B and remains constant until at C the resonance of
the last cell ceases.
Then the anti-resonance of the

The resonance curve will be broad and will include all
the frequencies of the band of the crystal, but to determine its shape we must not neglect all the phenomena
which may occur.
Firstofall when the crystal is subjected to a frequency
f a portion a, Fig. 8,
is set in resonance vibration.
lee

cici—prpfrr
Figure 8
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When a crystal must be made for a predetermined frequency with a predetermined band it must be determined
what is the value of the localization of the resonance,
either theoretically,
by considering the elastic constants of the crystal, usually quarz,
or experimentally
by analyzing the vibrating crystal in polarized light and
by gradually changing the angle between faces.
I.
D
Figure

If we compensate the parallel capacity of the crystal by
a bridge circuit,
the current in the absence of resonance will be zero and any variation of the impedance
will produce an increase of the current. The curve on
fig. 12 will obviously become the curve on the fig. 13.

The circuit used for IF transformers is very much like
the crystal transformers used in amateur so called single
signal receivers, but Ihave tried to make them as simple
as possible, because the price is in a radio receiver of
a great importance. The circuit is represented on the

13

We see that this curve has three steps,
but the importance of the height and width of the steps depends on
the ratio of the portion of the crystal simultaneously
vibrating to the whole of tie crystal, or the number of
elemental cells sinultaneously resonating to the ensemble
of cells.
It means that by differently choosing the dimensions of the crystal, its length,
thickness, slope,
very different curves can be obtained which can be easily
compared to the curve on the fig. 13. Some of such examples are shown by the oscillograms on the fig. 14. 15,
16.

Figure

1.1

Figure

Figure

Figure

18

fig. 18.
The anode circuit is tuned but the secondary
circuit is not tuned.
It comprises two coils connected
in series and wound on the same bakelite tube as the
primary coil, and arranged symetrically with respect to
the primary. These two coils constitute two branches of
the bridge,
the connection between them being grounded.
The two other branches of the bridge are the crystal with
its electrodes and the neutralizing condenser, which may
be the conventional trimmer.
The junction of the two
condensers is connected to the grid of the following
tube. To fix the potential of the grid I use instead of
the usual resistor, a tuned circuit. A simple resistor
in this circuit arrangement would considerably reduce
the gain of the stage because the effective input impedance of the tube must be large as compared with the
coupling impedance which in this arrangement is practically the impedance of the vibrating crystal. The Q of
this tuned grid circuit may be low and the coil may be
made of solid wire because its resonant impedance must
be of importance only as compared with the resonant impedance of the crystal which cannot be in any case more
than a few thousand ohms. The important point, here, is
to obtain high attenuation outside the crystal band.
It
means that the bridge must be perfectly balanced for a
very broad frequency band, at least 40 to 50 KC. Theoretically,
the balance of the bridge can be kept independent of the frequency only if the two coils are identical as well as the two condensers.
In this case the
ratio of the coil impedances as well as the ratio of the
capacities is equal to 1 and independent of the frequency. Practically the two coils are never precisely equal,

15

16

Furthermore, if the slope is too small the vibrating portion will be an important part of the crystal, as seen
on the fig. 17 and for a small variation of frequency
this portion will decrease and the corresponding curve
will have no flat top and will resemble the usual curve
of an electric tuned circuit. While if the slope of the
crystal is too large the resulting damping may become
seriously important.

Figure

TRANSFORMERS

The above described features of wedge shaped crystals
make it possible to use the crystals to improve the response of pass-band filters and especially IF transformers. As a matter of fact,
these crystals can be made
for frequency bands as desired,
the sharpness of the
skirts of the resonance curve,
being practically independent from the band width. Furthermore, the transformers using those crystals will have the selectivity practically independent from their frequency which can be,
for example, as effective for 470 KC as for 1,500 KC or
higher.

12

last cells produces a decrease of the current to the
point D which corresponds to the point b on the fig. 4.
The last anti-resonance ceases at the point E.

Figure

F.
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especially because it is not only their self inductance
which must consider,
but also their mutual inductances
with the primary coil.
If we call Lthe equivalent inductance of the first coil,
R its resistance, L +A L and R + AR the corresponding
values for the second coil, and Aw its range of variation,
V the potential across the two coils; then the
voltage on the grid due to the variation of the frequency which as the result of lack of balance of the bridge
will be given by
eg
+ AL) V
w\R
L
This value is obviously always negligible even
coils are only approximately identical.

if

This is true, of course, only if we may assume that
is very large as compared to wL, that
systemisoperated at frequencies remote
frequencies of the individual coils.
pression for the coil impedance instead
1
will become

the

—
L
wc

is,
if the coil
from the natural
If not,
the exof being \bo2L2e2

I
R
2" 2212

VR 2 +(wL -

1,2

wC
and R is then of importance as compared to (wL -

U0C

In this C is the capacity across the coil which is the
distributed capacity plus the capacity due to the connections and the like.
à

Consequently it is suitable to be as far as possible from
the resonance for every individual coil and have a Q
reasonably high.

Figure

?de
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To obtain a variable selectivity it would be sufficient
to provide a switch disconnecting the crystal.
In this
case the balance of the bridge will be destroyed and the
resulting curve will be the curve of the electric circuit.

The balance of the bridge in the receiver which I am demonstrating is obtained by a variable balancing condenser and the two coils of the bridge are fixed.
However
it is possible to use a fixed balancing condenser, constituted by a plate of glass or mica, the balancing of
the bridge being obtained either by varying the inductance of one of the coils or merely by changing its position relatively to the primary coil.
The only element
which must be adjusted with precision is the element determining the balance,
because other circuits must not
be sharp,
the selectivity resulting largely from the
crystal.
Indeed their sharpness may spoil the curve.
Consequently it is very important to choose all the elements on which the balance of the bridge depends so that
they do not change with temperature or any other condition.

When the circuits in the receiver, other than the crystal
transformer, are too sharp, it may be desirable to compensate the sharpness by giving to the resonance curve
of the crystal the appropriate shape instead of the shape
with a flat top.
In fact the response for some frequencies can be increased and for some other frequencies attenuated by giving to the crystal a shape which would
make the portions of the thicknesses corresponding to
the frequencies to favor larger than the other portions.
FILTERS BY ABSORPTIONS

The crystal inthedemonstration receiver is silver plated
and the holder is a metal plate on which the crystal
rests and which provides one of the contacts, the second
contact being provided by a spring pressing upon the opposite face of the crystal.

When a crystal is connected in parallel with a condenser
of a tuned circuit the impedance of the latter decreases
at the frequencies at which the crystal resonates.
If
we connect two crystals resonating for the whole band of
the circuit except a band to transmit,
all the frequencies outside the latter band will be greatly attenuated.
The maximum thickness of the thinner crystal will be
smaller than the minimum thickness of thicker crystal,
the difference corresponding to the transmission band.
This method can be applied in cases when the price is of
no importance, because the crystal must be much larger
covering much broader band.
Furthermore,
they must be
much more active,
the attenuation depending upon the
variation of the impedance.

The curve 1 on the fig. 19 represents the response of
the demonstration receiver comprising a RF stage, a
crystal transformer operating at 475 KC and a second and
almost a periodic transformer. The curve 2 is the response of the same receiver with the same RF,
but with
two good iron core transformers. The gain in both cases
is approximately the same.
In this case the flat top is
of about 7KC wide to obtain avery great selectivity, but
it is of course possible to make it as broad as desirable. The same crystal without the RF gives a flat top
of 8KC.

I wish now to express my profound gratitude to Mr. H. W.
Houck for all his valuable advice and all the assistance
he has given in the work here reported.

If broader band isdesired the selectivity will of course
decrease,
but the attenuation at the ends of the band
remains practically the same.
:15
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DEMONSTRATION

On the completion of the delivery of Mr. Guerbilsky's paper he showed a typical application
of his broad band crystal filter
to broadcast
receivers by demonstrating a typical radio receiver
in which the commonly used multistage
I.F. amplifier had been replaced by a crystal
filter of the type he described in his paper.
In brief, this comprised a bridge circuit including
the crystal working out of
the converter
tube and
into an I. F. amplifier tube
which,
in turn,
was coupled to the diode detector through a single tuned circuit.
While no quantitative demonstration of the selectivity nor the fidelity of the receiver was
possible, it could be observed by the manipulation of the frequency control dial of the
receiver that
it had a high degree of selectivity and still acceptable fidelity.
Especially was this evident as
the receiver was
tuned first
to WOR operating on 710 K.C. and
then
to WLW operating on 700 K. C.
with no
marked interference between the
two signals.
To more definitely indicate the characteristics
of
the crystal filter,
the crystal was then
quickly, successively,
and repeatedly removed
and replaced and,
when removed,
left the receiver with little selectivity.
After the close of the formal portion of the
meeting,
those
in attendence were given opportunity to operate the receiver themselves
and to note its operating characteristics.
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THE APPLICATION OF THE
BROAD BAND CRYSTAL FILTER
TO BROADCAST RECEIVERS
BY

ALEXIS GUERBILSKY*
Delivered before the Radio Club of

December 9,

The piezo-electric crystals are known to have a very
sharp resonance and are used either to control one single frequency with a sharp definition as, for instance,
in radio transmitters or to resonate for a very narrow
band as used for telegraphic, so called single frequency
receptions, where they function as filters.
There are
however exceptions, for instance, in ultra-sonic sea signaling where the crystal is dampted by the radiated energy.
In such applications the selectivity of the crystal is of no importance and the energy producing the
damping is precisely the energy which is used.
But, if
we try to damp the crystal artificially in most applications its resonance curve will be less sharp, but it will
still provide a characteristic not unlike that of a simple tuned electrical
tuned circuit.
For some other
applications, as for instance, for optical relays, such
artificially dampted crystals require too much energy for
their operation and thus lose most of their valuable
qualities.

America

1937

Let us now discuss a solution of the problem making it
possible to obtain a single crystal with a practically
uniform response for any desired band of frequencies,
while, at the same time providing a response abruptly
decreasing at the limits of the band.
This solution is,
primarily, the use of a crystal of non-uniform thickness.
CRYSTAL OF NON UNIFORM THICKNESS.
EARLY YEARS

OF

TELEVISION.

When about 1926 the first steps had been taken in practical television, one of the greatest difficulties had
been that of synchronization, this difficulty increasing
with the number of the picture elements per image, i.e.,
definition.
The idea of operating the scanning at the
receiving station by the scanning system at the transmitting station seems to have been first suggested by
Prof. Rosing in the early years of the century.
This
method makes the synchronization independent from the
speed of scanning.
To make this method practical it is
possible to perform the television by using two parameters of a radio wave, its amplitude and its frequency;
the amplitude corresponding to the luminosity of the
transmitted picture element and the frequency to its sequential position.

It has long been obvious that crystals which would resonate over a broad band of frequencies would be extremely
useful and, indeed, attempts have been made to obtain
such crystals.
The first thought was to artificially
damp the crystal, but as explained above this method is
in many cases unsuitable because it destroys the very
characteristics of the «crystal which make it especially
useful.

Let us, in order to
mission of only one
second scanning, at
other already known

The second thought was to use several crystals connected
in parallel, the frequency of the several crystals differing from one another so as to cover the desired band.
The difficulty in this expedient is that between the two
frequencies corresponding to two successive crystals
there is always one at which the two crystals vibrate in
opposite phase, one crystal
being operated below resonance and the other one above.
This results in the fact
that the electrical resonance curve has a sharp minimumapproaching zero - which makes the arrangement generally
unsatisfactory.

make it simpler, consider the transline of the image supposing that the
relatively low speed, can be made by
methods.

At the transmitting station a rotating optical scanning
device is mechanically coupled to a rotatable, variable
condenser which determines the frequency of the transmitted wave.
To every position of the scanning device there corresponds a frequency determined by the variable condenser
and while the amplitude as determined conventionally by
a photo-electric cell, corresponds to the luminosity of

ai
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modulated practically without distortion up to 90%.
The
luminosity is very good.
In one set of equipment, when
the Eastman sound negative is used, with a gamma of 0.5,
the density is 0.5 for an A.C. voltage across the crystal of about 100 volts.

the transmitted picture element.
At the receiving station we have then only to make the position of light spot
correspond to the frequency of the received signal and
its luminosity to the signal amplitude.
The first idea
was to use for this purpose a series of crystals of different frequencies corresponding to the received band
width, each of these crystals constituting an electrooptical relay passing light when it is operated to the
corresponding position.
Its amplitude which is a function of the amplitude of the received signal determines
the luminosity of the projected light.
For this purpose
the crystals have been disposed in a system of polarized
light,
their vibrations modifying the polarization and
thus modulating the intensity of the light.
Later this
series of crystals were replaced by single crystal of a
thickness varying from place to place to cover continuously the entire band of frequencies,
every frequency
determining a localized resonance in the portion of the
corresponding thickness.
As an example, a crystal of 10
cm. long and resonating over a band around 80 meters gave
a localization of resonance of about 1 mm.
The width of
the band was about 300 kc.

SOME OTHER APPLICATIONS OF THE NEW CRYSTALS
In all its applications these crystals are intended to
vibrate either simultaneously or successively for a band
of frequencies, as in sound recording and television.
Amongst other applications and before discussing the
band-pass filters, which is the main object of the present paper, we will only mention two.
First, the control
of a transmitter, the frequency of which it may be desired to vary to avoid possible interferencies; and second the use as microphone.
To control a transmitter a wedge shaped crystal can be
used, one of the electrodes being a narrow plate sliding
along its surface, the portion of the crystal positioned
between the electrodes determining the frequency.

SOUND RECORDING SYSTEM.
The next use of the crystals has been
for photographic sound recordings.

I
L

as

In its use as a microphone,
the crystal vibrates at a
high frequency and its impedence which depends largely
on the damping determines the useful microphonic current.

a light valve

A

e

7
Figure 1

As a matter of fact the damping varies according to the
density of the air around the crystal which density is
modulated by the sound.

Figure 1 illustrates this application.
The crystal, 8,
is traversed by a beam of polarized light produced by
source, S, a lens, L, and the polarizer, P. On its way
the light traverses the portions of crystal of the different thicknesses.
In the absence of any vibration of
the crystal, the system is compensated by the compensator, V, and the analyzer, A, at extinction. The crystal
is excited by an oscillator of a frequency, f, corresponding to its middle portion, a.
The generator is modulated by the microphonic current.

The same idea was used by Prof. Riabouchinsky and myself
to make a dynamo-meter for aerodynamic measurements and
recordings, the wedge shaped crystals making it possible
to record rapid variations of air density or pressure.
The two last methods are schematically shown in fig.

If the microphonic current is of a frequency F, there
will be three portions of the crystal a,b,c, simultaneously
set into vibrations corresponding to the frequencies f,
f+F, f-F.
The action on the polarization by the leformations of these three portions will be recomposed with
conservation of phase and the luminosity of light correctly modulated for the whole band determined by the
thicknesses of the crystal.

#.1

Yolts
Figure 2
The curve giving the luminosity as function of the voltage across the crystal is shown in fig. 2. This curve
has an important linear portion and the light can be

Figure 3
32
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The corresponding elongation will also produce elongations in perpendicular direction the importance of which
depends on the value of Poisson's modulus for the particular orientation of the crystal with respect to its axis.
These latter elongations produce a wave propagated along
the crystal in all directions. The edges of the crystal,
such as the edge B, reflects a wave returning in a, with
a phase depending from the distance to B.
When f varies
the phase varies and the electrical effect will have as
many maxima and minima as the varying phase. To avoid
the reflections on the edges it is practically sufficient
to dispose on these edges some absorbent material such as
Canada balsam or any similarly viscous material.
This
will produce only useful damping,
without markedly affecting the localized vibrations of the portion a.

Figure 5

Figure 4

VIBRATION OF THE CRYSTAL.
In all the above discussion it has been assumed that the
localized vibrations in the crystal travel continuously
from one end to the other when the frequency varies.
It
is not however always so.
If we record the resonance
curve,
this curve presents many irregularities. One of
such curves cante seen on the fig. 4 which is an oscillogram of the voltage as function of frequency, of a circuit such as is shown in fig. 5, the "crevasse" of fig.
4 showing the resonance curve of the crystal.
To explain this curve and show how to correct the irregularities let us examine what occurs in the crystal when
it is submitted to the action of an electric field of
frequency varying between corresponding limits.
N

K

Figure 9

Figure 10

The oscillogram of voltage as a function of frequency
fig. 9 shows the characteristic of the crystal after the
edge reflections have been attenuated as suggested above.
There are still many maxima and minima due now to the
coupling of the main mode of vibration with other resonators such as the harmonic resonances along the length, of
flexion,
torsion etc. These resonances are well understood and can be eliminated by localized damping.
The
curve resulting from such treatment as this is shown in
fig. 10.

S
\" \A'
Al

IK

Figure 6

Let us consider first a usual crystal of uniform thickness. This crystal can be represented by the equivalent
cell shown on the fig. 6, the inductance N, resistance S
and capacities K and Ko depending on the dimensions of
the crystal. The corresponding resonance curve is shown
in fig. 7. The sharp rise a corresponds to the resonance
of the circuit NKS and the point 12 to the parallel resonance of the complete cell.

The curve of fig. 4 is of an X cut crystal as has been
shown to illustrate better the different phenomenae.
In
the modern cut crystals, such as AT, AC, etc., the couplings and consequently the irregularities in the characteristic are greatly reduced and the corrections to be
made are much easier and, when less uniformity is required, may be completely unnecessary.

Figure 7

If now the crystal is of non-uniform thickness,
it is
represented by an infinity of small crystals of different thicknesses coupled together and the equivalent cell
will be an infinity of elemental cells connected in parallel and coupled in such away as to prevent any important shift of phase between any two adjacent cells. This
condition corresponds to the mechanical realities of the
crystal structure.

Figure 11

Now, assuming that all the spurious oscillations have
been eliminated the crystal is fully represented by the
equivalent cell of the fig. 11,
(where the above discussed couplings between adjacent cells have been however omitted). The construction of the resonance curve
is similar to the construction of the curve on the fig.
4. When the frequency reaches the value corresponding
to the resonance of the first elemental cell, the current
increases to the point A on the fig. 12 and then remains
constant because of the identity of different elemental
cells,
until the antiresonance of the first cell is
reached.
At this point the current decreases to the
point B and remains constant until at C the resonance of
the last cell ceases.
Then the anti-resonance of the

The resonance curve will be broad and will include all
the frequencies of the band of the crystal,
but to determine its shape we must not neglect all the phenomena
which may occur.
First of all when the crystal is subjected to a frequency
f a portion a,
Fig. 8,
is set in resonance vibration.

1-117
a
FTWEn 8

Figure 8

33

December, 1937
When a crystal must be made for a predetermined frequency with a predetermined band it must be determined
what is the value of the localization of the resonance,
either theoretically,
by considering the elastic constants of the crystal, usually quarz,
or experimentally
by analyzing the vibrating crystal in polarized light and
by gradually changing the angle between faces.
I.
D
Figure

12

If we compensate the parallel capacity of the crystal by
a bridge circuit,
the current in the absence of resonance will be zero and any variation of the impedance
will produce an increase of the current. The curve on
fig. 12 will obviously become the curve on the fig. 13.

The circuit used for IF transformers is very much like
the crystal transformers used in amateur so called single
signal receivers, butI have tried to make them as simple
as possible, because the price is in a radio receiver of
a great importance. The circuit is represented on the

13

We see that this curve has three steps,
but the importance of the height and width of the steps depends on
the ratio of the portion of the crystal simultaneously
vibrating to the whole of the crystal, or the number of
elemental cells sinultaneously resonatingtothe ensemble
of cells.
It means that by differently choosing the dimensions of the crystal, its length,
thickness, slope,
very different curves canbeobtained which can be easily
compared to the curve on the fig. 13. Some of such examples are shown by the oscillograms on the fig. 14, 15,
16.

Figure

16

Furthermore, if the slope is too small the vibrating portion will be an important part of the crystal, as seen
on the fig. 17 and for a small variation of frequency
this portion will decrease and the corresponding curve
will have no flat top and will resemble the usual curve
of an electric tuned circuit. While if the slope of the
crystal is too large the resulting damping may become
seriously important.

Figure

18

fig. 18.
The anode circuit is tuned but the secondary
circuit is not tuned.
It comprises two coils connected
in series and wound on the same bakelite tube as the
primary coil, and arranged symetrically with respect to
the primary. These two coils constitute two branches of
the bridge,
the connection between them being grounded.
The two other branches of the bridge are the crystal with
its electrodes and the neutralizing condenser, which may
be the conventional trimmer.
The junction of the two
condensers is connected to the grid of the following
tube. To fix the potential of the grid I use instead of
the usual resistor, a tuned circuit. A simple resistor
in this circuit arrangement would considerably reduce
the gain of the stage because the effective input impedance of the tube must be large as compared with the
coupling impedance which in this arrangement is practically the impedance of the vibrating crystal. The El of
this tuned grid circuit may be low and the coil may be
made of solid wire because its resonant impedance must
be of importance only as compared with the resonant impedance of the crystal which cannot be in any case more
than a few thousand ohms. The important point, here, is
to obtain high attenuation outside the crystal band.
It
means that the bridge must be perfectly balanced for a
very broad frequency band, at least 40 to 50 KC. Theoretically,
the balance of the bridge can be kept independent of the frequency only if the two coils are identical as well as the two condensers.
In this case the
ratio of the coil impedances as well as the ratio of the
capacities is equal to 1 and independent of the frequency. Practically the two coils are never precisely equal,

Figure 15

Figure 14

Figure

TRANSFORMERS

The above described features of wedge shaped crystals
make it possible to use the crystals to improve the response of pass-band filters and especially IF transformers. As a matter of fact,
these crystals can be made
for frequency bands as desired,
the sharpness of the
skirts of the resonance curve,
being practically independent from the band width.
Furthermore, the transformers using those crystals will have the selectivity practically independent from their frequency which can be,
for example, as effective for 470 KC as for 1,500 KC or
higher.

last cells produces a decrease of the current to the
point D which corresponds to the point b on the fig. 4.
The last anti-resonance ceases at the point E.

Figure

F.
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especially because it is not only their self inductance
which must consider,
but also their mutual inductances
with the primary coil.
If we call Lthe equivalent inductance of the first coil,
R its resistance, L t
L and R + AIR the corresponding
values for the second coil, and Cilw its range of variation,
V the potential across the two coils;
then the
voltage on the grid due to the variation of the frequency which as the result of lack of balance of the bridge
will be given by
= Au)(AR +

wlR

AL) V
L

This value is obviously always negligible even
coils are only approximately identical.

if

the

This is true, of course, only if we may assume that -1wC
is very large as compared to wL, that
system is operated at frequencies remote
frequencies of the individual coils.
pression for the coil impedance instead
w

is,
if the coil
from the natural
If not,
the exof beingi(21,2e2

1
iR 2 +w 2L2

will become

V R 2+ (
wL _ 1 )
u)C
and R is then of importance as compared to (coL2

u)C

In this C is the capacity across the coil which is the
distributed capacity plus the capacity due to the connections and the like.
Consequently it is suitable to be as far as possible from
the resonance for every individual coil and have a
reasonably high.

Figure 19

The balance of the bridge in the receiver which I am demonstrating is obtained by a variable balancing condenser and the two coils of the bridge are fixed.
However
it is possible to use a fixed balancing condenser, constituted by a plate of glass or mica, the balancing of
the bridge being obtained either by varying the inductance of one of the coils or merely by changing its position relatively to the primary coil.
The only element
which must be adjusted with precision is the element determining the balance,
because other circuits must not
be sharp,
the selectivity resulting largely from the
crystal.
Indeed their sharpness may spoil the curve.
Consequently it is very important to choose all the elements on which the balance of the bridge depends so that
they do not change with temperature or any other condition.

To obtain a variable selectivity it would be sufficient
to provide a switch disconnecting the crystal.
In this
case the balance of the bridge will be destroyed and the
resulting curve will be the curve of the electric circuit.
When the circuits in the receiver, other than the crystal
transformer, are too sharp, it may be desirable to compensate the sharpness by giving to the resonance curve
of the crystal the appropriate shape instead of the shape
with a flat top.
In fact the response for some frequencies can be increased and for some other frequencies attenuated by giving to the crystal a shape which would
make the portions of the thicknesses corresponding to
the frequencies to favor larger than the other portions.
FILTERS BY ABSORPTIONS

The crystal inthedemonstration receiver is silver plated
and the holder is a metal plate on which the crystal
rests and which provides one of the contacts, the second
contact being provided by a spring pressing upon the opposite face of the crystal.

When a crystal is connected in parallel with a condenser
of a tuned circuit the impedance of the latter decreases
at the frequencies at which the crystal resonates.
If
we connect two crystals resonating for the whole band of
the circuit except a band to transmit,
all the frequencies outside the latter band will be greatly attenuated.
The maximum thickness of the thinner crystal will be
smaller than the minimum thickness of thicker crystal,
the difference corresponding to the transmission band.
This method can be applied in cases when the price is of
no importance, because the crystal must be much larger
covering much broader band.
Furthermore,
they must be
much more active,
the attenuation depending upon the
variation of the impedance.

The curve I. on the fig. 19 represents the response of
the demOnstration receiver comprising a RF stage,
a
crystal transformer operating at 475 KC and a second and
almost a periodic transformer.
The curve 2 is the response of the same receiver with the same RF,
but with
two good iron core transformers.
The gain in both cases
is approximately the same.
In this case the flat top is
of about 7KC wide to obtain avery great selectivity, but
it is of course possible to make it as broad as desirable.
The same crystal without the RF gives a flat top
of 8KC.
If broader band is desired the selectivity will of course
decrease,
but the attenuation at the ends of the band
remains practically the same.

I wish now to express my profound gratitude to Mr. H. W.
Houck for all his valuable advice and all the assistance
he has given in the work here reported.
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DEMONSTRAT ION
On the completion of the delivery of Mr. Guerbilsky's paper he showed a typical application
of his broad band crystal filter to broadcast
receivers by demonstrating a typical radio receiver
in which the commonly used multistage
I.F. amplifier had been replaced by a crystal
filter of the type he described in his paper.
In brief, this comprised a bridge circuit including the crystal working out of the converter tube and
into an I. F. amplifier tube
which,
in turn,
was coupled to the diode detector through a single tuned circuit.
While no quantitative demonstration of the selectivity nor the fidelity of the receiver was
possible, it could be observed by the manipulation of the frequency control dial of the
receiver that
it had a high degree of selectivity and still acceptable fidelity.
Especially was this evident as the receiver was
tuned first to WOR operating on 710 K.C. and
then to WLW operating on 700 K. C.
with no
marked interference between the
two signals.
To more definitely indicate the characteristics
of the crystal filter,
the crystal was then
quickly, successively,
and repeatedly removed
and replaced and,
when removed,
left the receiver with little selectivity.
After the close of the formal portion of the
meeting,
those in attendence were given opportunity to operate the receiver themselves
and to note its operating characteristics.
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Economic considerations are involved

in all apparatus designed formess production and sold
frequency

;

MODEL

.J. : i. _

involved in increasing the

frequency and volume ranges are of course translated
to increased cost.

•
•
,

or a

To build linear reproducing

this tremendous range

possible today.
tical

involved

The ear in the middle frequency band has

range of

trillion to one
apparatus

is another factor

in

TREONENCY

IN

CYCLES

PER

SECOND

10000

The relation between the volume and
and

the

cost

illustrated by the data of Fig.

of
1.

radio

receivers

Graphs A,

is

8, C, and

D depict table-model and console receivers as sold today.
'RCA Manufacturing Company,

Inc.,

Camden,

Fig. I-Frequency and volume ranges of radio receivers,
and of music, speech, and residence room noise.
0 db

N.J.
- 1-

0.0002 dynes per sq. cm.

JANUARY,

quency

interval fromf to f +Af. The curve

a plot

in decibels of the noise

range.

The

intensity level

quencies is obtained by

per

for

is therefore

cycle of the audio

a finite

band

desired frequency limits.

The value

in decibels

obtainable as 10 times the common logarithm.
much of the spectrum—level curve of Fig.
low the audibility curve, and

yet

is then

In this way

1—G can be be—

represent noise that

is easily heard under the usual conditions.
tial

of fre—

integration of.e1.14.f between the

The essen—

1941

a receiver
cases

with

a limited frequency range

it actually enhances

the

—

reproduction.

a wide—range high—f idel ity radio receiver should exhibit
good transient
will

be

ranges

response.

seen that

increase

lems manifold.

the

the
It

From the above discussion it
additional volume and frequency

complexity of

the

technical

prob—

is the purpose of this paper to out—

line some of the factors
of loud speakers used

involved

in extending the range

in radio receivers.

fact is that each point onthe audibility curve rep—

resents asingle tone which

is the only sound present at

the observation, while the noise curve
trum,
audio

range

triple arrow head

is active

integration of t./.
/Pf over the entire

yields

the

intensity

in Fig.

Factors

Involved Inthe High-Frequency Range

is a power spec—

of which a considerable frequency range

simultaneously. An

level

shown

by

the

The simple dynamic loud speaker consists
cone driven by avoice coil
The efficiency of
in

1—H.

an

located

of

frequency and

volume

ranges

agree with those of other observers;
tive performance is the significant
It

is

interesting

Fig.

may not

i

this

system in percent, when mounted

infinite baffle,

in terms of the resistivity and

however, the rela—

mass reactance,
density,

information shown in

the figure, and this should agree
of others.

in

with

to

the radiation resistance, and

Another

100 82 rim mc

p

is the large sales

(1)
K (X mit — Xpc —

X MD )

these

performance

sufficient

is

ranges

art iculat ion, or almost

in

speech.

reproduced sound quality

table model

K = resistivity

From these receivers the volume and fre—
increase

steadily

with

in

the

The frequency and volume ranges of a proposed

re—

ceiver which will cover practically

increase

the

full

speech and orchestral music are shown in Fig.

xMA — mechanical
cone,

mechanical

of

the average console

are

considerable at

An

increase

in the volume and frequency ranges of the

taining the

proper

directional

pattern,

low

nonlinear

distortion, and suitable transient response. The direc—
tional characteristics

of

the

conventional

direct—ra—

diator loud speaker are quite adequate for the frequency
range of the present—day broadcast receivers.
when the high—frequency
two octaves,

range

the directional

is

increased

one

to

pattern becomes quite nar—

ohms

per il,.

reactance of the air load upon the
ohms;

reactance of the coil, in mechanical
reactance of the cone, inmechanical

it

is desirable

to

make Xmo the mechanical

reactance of the cone, and therefore the mass of the cone,
as small as possible.
efficiency

occurs

For a particular cone the maximum

when

the

mass of

the

voice coil

equal to the air—load mass plus the cone mass.
fill

this

condition is not practical

save

at

is

To ful—
the high

frequenc ies.

However,
by

in

This equation shows that from the standpoint of maximum
efficiency

loud speaker multiplies the problems connected with ob—

coil,

ohms.

will be seen that the added frequency and volume ranges
over those

in grams per cc,

voice

ohms; and
X
MD

It

both the ends of the frequency band.

the

in mechanical

Xmc = mechanical

ranges of
i—F.

of

centimeter cube;

is not good on speech and very

poor on music.

in grams;

= density of the conductor,

The

quency ranges
cost.

mc = mass of the voice coil,

However, the

intelligibility.

in gausses;

r
= mechanical resistance of the air load upon the
MA
cone, in mechanical ohms;

to give 90 percent syllable

perfect

2x10 9

where 8 = flux density in the air gap,

in spite of the poor quality.

The frequency and volume range of the small
does not cover

flux

the conclusions

note that the volume

interesting fact

in the lower price brackets

the air—
the

is given by

frequency range of a radio receiver is a function of

the cost.

a paper

in a magnetic field.

density of the voice coil, the mass of the cone,
The

and

in some
However,

The

impedance andeff iciency characteristicsi of loud

speakers with cones
meter are shown

of

16—inch, 4—inch and i—inch dia—

in Fig.

2. The weights of the cones and

row and some consideration must begiven to this problem.

voice coils of the 16—inch and n—inch cones are typical

The problem of nonlinear distortion is mult ipl ied several

of good loud speakers of these sizes

times by the addition of one or two octaves.

flux density

tional

volume

range

of

of nonlinear distortion.
transient

response

The addi—

course complicates the problem
It

has been

is not objectionable

found

that poor

in the case

of

is the upper limit

in use today.

in use today.

The

The con—

stants of

the

mately the

same efficiency as the large cones at the low

frequencies.

—2—

i—inch cone were chosen to give approxi—
A comparison of the characteristics shows
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that

it

is

possible to obtain efficiency comparable to

that of a large cone over a wide range by using a small

voice coil
The

cone and coil.

is

inversely proportional to the

shown inFig. 3.
coil
A

s

C

4
40

4
•

OM

3.
11ne•
01AACTCA, NOLI
1AASi Of CO“C, GRAM!
wASS C4 Wet COIL GAMS
VOICC-004. my( MAL
•11.-Ç.Al• 'Lux, CALMICS

the

In the

rapid

case

of

increase of the

a large,

ving force.

4

heavy voice

impedance at the higher

frequencies causes acorresponding reduction

1

impedance.

impedance characteristics 2 ofseveral voice coilsare

in the dri-

To maintain constant driving force at the

higher frequencies requires a relatively low ratio of the

0:3•141,£0, 40,1••••••••4
Ko,,,,
1
0000
Ic000

inductance tothe resistance which,
of the resistance,

is equivalent

for a constant value
to a reduction in the

mass of the voice coil.

40

Bo

à

701

107

3
10
1
.13COUC
o4

40

100

lb

• •.
0 ,

1

bOO

1

3

•

TNEQUENCY

• • .•
IN CYCLES

PER

3

•

•

•

•

be

•

SECOND

Fig. 3 - Impedance-frequency characteristics of
1

coils

of

I.5-inch diameter and

voice

140, 70, and 16 turns;

all have 10 ohms d-c resistance.

w.

*

0

•

4
/
1

,•

•

4)
/
1

MOUChrf

Equation j shows that the efficiency is proportional

Fig. 2 - Impedance-frequency characteristics of three
loud speakers having I-inch, 4-inch and I6-inch cone

to the square
of

the

loud

the flux density.

To reduce the cost
in

the

average

diameters, and the efficiency-frequency characteristics

structure has been decreased from several

of the three loud speakers:

than a pound

Xmc = mechanical reactance

in the last few years.

of the cone and coil; XmA • mechanical reactance of the
air load; r
mA = mechanical
resistance due to the air

amplifier

load; and p . efficiency.

complish this,

The curves of Fig.

2 show that a mass-controlled sys-

tem delivers constant output below the point of constant
radiation resistance,

rmA .

To deliver constant output

in the range where the resistance

is aconstant, the

im-

pedance of the entire system must be

independent of the

frequency.

of the

By suitable

possible to reduce the
cies.

In any case there

diaphragm

at

reduces the

processing

cone

it

is

impedance at the higher frequenis some wave propagation in the

the higher frequencies

which,

in effect,

loss

in

has

The
in

the

voice

coil,

in

combination

with

the

power output

increased.

produced

by

power output systems have been used which
is

so large that

the voice

coil

the

In some cases the
magnetomotive force

is comparable

of the

tive effect of these nonlinear distortions does not appear to be of much consequence.
operation,

However,

directional
are

characteristics

low frequencies, where
small compared

of

are

generally designed
indesend-

to

the

dimensions

the wavelength,

characteristics of a cone 5 inches
loud speaker) are shown in Fig.
5000 cycles

input of the power stage. Therefore,

However, above

the current

in the

.4•1•7'

-3 -

the

directional
5000

M.

of

cone

At the

the cone are

the system is nondi-

At the higher frequencies

ent of the frequency for constant voltage applied to the

a dynamic

a function of the frequency.

rectional.

Power amplifiers

for wide-range

such output systems cannot be tolerated.

pattern becomes progressively sharper.

frequencies.

the mag-

For a moderate frequency range the subjec-

duce the response

so that the voltage across the loud speaker is

to

interaction between these two fields is nonlinear

distortion.

vacuum-tube driving system, are other factors which rein a dynamic loud speaker at the higher

of the
To ac-

netomotive force produced by the field coil. The result

The

existing

To make up for the

inherently possess high distortion.

impedance of the vibrating system.

inductance, skin effect, and magnetic hysteresis

been correspondingly

field

pounds to less

acoustic power output, the power output

loud speaker

•

of

speaker, the copper

the

directional

The directional

in diameter

(10-inch

For the range up to

pattern

is

satisfactory.

cycles the directional

pattern be-
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comes quite sharp. The characteristics can be broadened
in this range by corrugating the cone, a procedure which
reduces the effective diameter of the cone at the higher
frequencies.

The characteristics can also be broadened

by using a distributor, as shown
of a distributor 3
and 6.

may

in Fig.

5.

The effect

be obtained by comparing Figs. 4

Reducing the diameter of the cone also broadens

the directional

pattern as shown by the characteristics

for a 2-inch cone
increased

it

is

in Fig.
quite

7.

As the frequency range

important

to

maintain

is

a broad

directional pattern.

Fig. 6-The directional characterist ics of the cone loud
speaker of Fig. 4 with distributor of Fig. 5.

Fig. 4 - The

directional

characteristics

of an 5-inch

cone loud speaker at various frequencies.

Fig. 7 - The
----

directional

characteristics

of a 2-inch

cone loud speaker at various frequencies.

PHASE
CONTOURS

The

transient

response

at

the

high

frequencies

usually quite good when the response characteristic
SECTIONAL

VIEW

mcmwriTAL

smooth.

SECTION

A

sient
VERTICAL

Fig. 5 - High-frequency sound distributors
radiator loud speakers:
a plain cone;

is
is

In the case of sharp peaks and dips, the tran-

response will

usually be poor, acond it ion wh ich is

subject ively manifested as fuzzy or unclean reproduct ion.

SECTION

Factors

for direct-

B - Horizontal cross-sectional view of a

C - Vertical cross-sectional view of a cone with a vane
distributor.

In the

Low-Frequency Range

A - Contour of equal phase for

cone with vane distributor and the contour of equal phase;

Involved

The

inefficiency

of

at the low frequencies
diation resistance.
that

a direct-radiation loud speaker

is primarily due to the small

Referring to Fig.

2,

up toacertain frequency the mechanical

is proportional

ra-

it will be seen
resistance

to the square of the frequency.

In this

range the velocity must be inversely proportional to the
The nonlinear distortion
usually quite low

is

frequency to obtain uniform acoustic output with respect

in well designed and carefully built

at

the high frequencies

to frequency. The output as a function of the frequency

loud speakers, because the amplitude of motion is quite

for the I6-inch cone of Fig. 2 when

small

mass,

and

the forces developed

in

the system are well

within the linear characteristic of the materials.

resistance,

and

stiffness,

it

is controlled by

is shown

in

Fig.

8.

This shows that the system should be mass-controlled at

-4-
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Fig.

2
1

..,.•
100
FREQUENCY

25

10 -Res ponse -f requency characterist ics of adirect-

rad iator loud-speaker mechan ism with a20-cycle resonant

I li: .

IN

500
CYCLES

1000
PER
SECOND

frequency, mounted inopen-back cabinets of three sizes.

3000

Fig. 9-The response of aI6-inch cone for various types
of control:
I - Mass control;
3 - Stiffness control.

2 - Resistance control;

The power output of adirect-radiator loud speaker at
the lower frequencies
tance

is another factor of great

in wide-range systems.

frequency 4 of vibrating pistons
the low frequencies to obta in uniform response.
more,

the

fundamental

,esunance

lower limit of reproduction.
8 are for an

must

Further-

be placed at the

The characteristics of Fig.

infinite baffle.

1-inch diameter,

mounted

watt of sound output,

is

of

in an

16-inch, 4-inch and

infinite baffle,

shown

in Fig.

excursion of the diaphragm is limited,

ii.

is required to

baffle the system is an acoustic doublet at the low fre-

deliver adequate power at the lower frequencies.

quencies where the dimensions are small compared to the

dition

wavelength.

At the high frequencies, where the dimen-

sions of the baffle are large compared tothe wavelength,
the two
sound.
changes

sides

of the

In a finite

cone
baffle

act

as

the

from the fourth power

separate sources of

radiation

of

resistance

a relatively heavy cone

is required

prevent generation of harmonics due
tions of the large surfaces.

for one

Since the

these character-

istics show that a relatively large cone

In the case of a finite

impor-

The peak amplitude versus

to

In ad-

in order to

spuriouS vibra-

The construction must be

rugged so that the forces will be kept within the elast ic
1imits of the materials.

the frequency to the

second power at the transition from doublet

to singlet

operation. The response of a mass-controlled system for
various sizes of baffle

is shown

in Fig.

9.

It will be
IIBUB000•IMB111511•1130111115

seen that the output falls off 6db per octave below the
transition point
performance of

from doublet to singlet operation.

a mass-controlled unit

quite similar, as shown in Fig.
being due to Cabinet

in a cabinet
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SUM
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Fig.

t.

FREQUENCY

(50

00
FREQUENCY

500

20 cycles, mounted in baffles of three sizes.

loud speaker is mounted

amplitude-frequency

characteristics

of

finite wall, for one watt output on one side.

Fig. 9-Response-frequency characteristics of a directradiator loud speaker mecnanism with aresonant frequency
of

II - The

vibrating pistons of various diameters mounted in an in-

The

off center to reduce selective-

interference effects due to interaction between the two
sides of the cone.

Nonlinear distortion occurs when .a nonlinear element
is present

in

the vibrating system.

The outside dia-

phragm suspension is an example of a nonlinear element.
The stiffness is not a constant but is a funct ion of the
amplitude and,
in general, increases for larger ampl i-

-5-
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tudes. A .convent ional dynamic loud speaker and the equivalent electrical circuit

are

shown in Fig.

12.

Above

the fundamental-resonance frequency 5 the velocity is not
appreciably affected
actance

of

impedance

by

the suspension because the re-

the compliance Cms
of

the remainder

is small compared to the

of

the system.

Below the

resonant frequency the reactance of the compl iance is the
controlling

impedance.

characteristics
The curves

of

of
Fig.

5, and 10 watts

of

the

nonlinear

Fig.

13 -Cross-sectional view of a direct-radiator loud-

speaker mechanism with a folded suspension system.

The distor-

resonance of this

loud speaker

It will be seen that the distortion

small above

influence
due to

the

be most marked.

input and with decrease of the fre-

The fundamental

very

range

input to the loud speaker.

occurs at 80 cycles.
is

this

12 show the total distortion for 2.

tion increases with
quency.

In

the suspension will

the

resonant

the compliance

suspension

may

is small.

The distortion

be obviated

fundamental-resonance frequency

zo

frequency, where the

of

by

placing the

the loudspeaker

at
B

the lower limit of the reproduction range.

100

1000

FREQUENCY

Fig.
(A)

IL;

M

CYCLES

F'ER

SECOND

- Distortion-frequency

characteristics

folded suspens ion system; and (B)

with

standard suspension

system.
EQUIVALENT

CIFICulT
FREQUENCY

M

CYCLES

RER

SECOND

20
Fig.
of

12 - Cross-sectional view
a 10-inch dynamic

baffle.

speaker

mounted

for

inputs

to

the voice coil

in a large

of 2,

5 and

/

AIR

10

LENGTH

If the stiffness of the conventional suspension system is reduced so that
the result

GAP

AXIAL

respectively.

tained,

Y

X

the vibrating system

The graph shows the distort ion-f requency charac-

teristics
watts,

loud

of

is

a low resonant

frequency

0
4

is ob-

-.2

AXIAL

0

bining

ruggedness and small st iffness has been developed.

shown in Fig.

13.

this

new folded suspension

This suspension reduces

the

.4

i

a very fragile vibrating system.

To obviate this diff iculty a new type of suspension comA loud speaker employing

.2

LENGTH— INCHES

is

radial

constraining forces which arise inthe conventional suspension, and thus reduces the stiffness.
this

suspension

presents

greater amplitude range.
acteristics
structure,

of

a constant

In addition,

stiffness

over a

The nonlinear distortion char-

Fig.

two loud speakers having the same field

voice

coil,

and

cone diameter,

one

with

shows

a

15 - Flux and voice coils
the

flux distribution

sketches show:

(A)

- Typical

in the air gap.
in

an air gap.

distribution of the flux

conventional suspensionandthe other with a folded sus-

lines

pension,

voice coil longer than the air gap;

are

shown

in

Fig.

lit.

These results

large reduct ion in nonlinear distortion.

showa

in the air gap:

with voice coil

- 8-

(B)

The plot
The other

- Arrangement of parts with
and

(C) -Arrangement

shorter than the air gap.

PROCEEDINGS OF THE RADIO CLUB OF AMERICA, Inc.

Inhomogeneity of the flux density 6 ,through which the
voice coil moves,

is another source of distortion. This

may be seen from the plot and Sketch A of Fig.
rc•.sult

of

inhomogeneity

15.

The

is that the driving force does

in

influencing the transient

response.

force for various val-

ues of mechanical

shown

correlate with

resistance

the

is

pedance-frequency characteristics

in theelectrical driving system.

included. These characteristics

tional

impedance

type of

is a function of the amplitude.

distortion

gap

of

all

times

can be eliminated

such dimensions
in

the

that

by

as

shown

This

making an air

the voice coil

a uniform field,

mo-

remains at

in Fig.

15-C.

coupled

to

pedance.

in Fig.

16.

response of other systems,

not correspond tothe voltage developed by the generator
Furthermore

The response of

a 12-inch loud speaker to a unit

a generator

with

for

are

each

the

To
im-

system are

for a loud speaker

a very high

For this type of operation it

internal

im-

is customary to

provide a large mechanical resistance r
MS
lower conditions of Fig. 16.

'

the middleand

This type of distortion can alsobeeliminated by making
the voice coil

In Fig. 17 there

longer than the air gap so that the sum-

is shown the effect

mation of the products of each turn and the flux density

of the vacuum tube upon the trans ient

is

speaker.

independent

shown in Fig.

of

the amplitude;

this

construction is

In this

case

the loud speaker

first to a very high resistance,

15-8.

of the

impedance

response of a loudis

connected

then to a generator of

one-half the resistance of the loud speaker, and finally
to

Transient Performance
The

sounds

of

speech

and music

are

a generator of

very

low

impedance.

Fig.

17 shows

that the damping exerted by the electrical system is of
of a transient

consequence.

rather than of a steady-state character. Therefore practically all sounds which are reproduced

in radio may be
r
t‘ •oa

considered to be of a transient character, and the transient

response of a loud speaker is an

in sound reproduction.

important

factor

The performance of a loud speaker

in this respect may bedetermined by means of a suddenly
applied voltage. 7
speaker is poorest

The transient performance
at

the fundamental

loud speaker and cabinet.
resistance

of

the loud speaker

internal

Fig.

•1

0.05

o.

mechani-

is the major factor

0.05
IN
SECONDS

0.1

17 -The transient response of aI2-inch loud speaker

to a unit force for various generators.

«
r

40

0.1

resonance of the

TIME

!
1

0.05

a loud

When a loud speaker operates

frana high-impedance vacuum tube, the
cal

of

a
100

0.1

0.05

300O1J

1.0

Experimental

09

the transient

eo

Fig.
100

results on the transient

rious systems are shown inFig.

300

0-

0.05

reponse of a small

18-8 shows the tranFiAnt

ceiver with

18.

response of va-

Here Fig.

table-model

18-A shows
receiver;

response of a console re-

a high-impedance output system;

Fig.

18-C

shows aconsole receiver with a low-impedance output sys—

tem;

20

Fig.

18-D shows the trans ient

response of a comb ino-

tion horn and direct-radiator loud speaker.

The effect

of the high radiation resistance of the horn in provid300
rREQUE

0
TIME

0.09
IN
SECONDS

0

ing damping

Fig. 16 -The unit-force response of a loud speaker coupled
to a generator

of very high resistance,

for different

values of the internal mechanical resistance.

The im-

is quite evident.

A number of invest igat ors have stated that square waves
cannot be obtained from acoustic systems.
of

The response

a combination horn and direct-radiator loud speaker

pedance-f requency characteristics indicate the degree of

to square waves of various frequencies

internal damping.

19.

The response

of

this

is shown

loud speaker

in Fig.

i ‘_-ssenti:111,

JANUARY,

19 4 1

coil.

On

the

other hand,

to

obtain

adequate

power-

handling capac ty at the lower frequencies requi re acone
of relatively large area.

To

insure operation below the

elast ic 1imits of the materials, acone of large area must
be of sturdy construction. A large cone of this type must
A

Fig.

D

18 -Oscillograms showing the transient

a loud speaker
model

loud

to

a unit voltage:

speaker;

fundamental

high-impedance driver.
fundamental

resonance

(C) -Console-model
damental

(A)

be driven by a relatively large coil to obtain tolerable

response of

- Small table-

resonance

(B) -Console-model

170

cycles;

loud speaker;

HO cycles; high-impedancedriver.

receiver;

low-impedance driver;

resonance 100 cycles.

(D)

and direct-radiator loud speaker;

efficiency.

fun-

horn
driver.

- Combination

low impedance

It

follows that the efficiency of

frequency

single-coil

range

arrangements.

I'rIwrI

AmPltf IF It

loud

sists

a heavy coil

for the re-

a small-diameter

a light coil, and a filter for dividing
in Fig.

20-A.

the

two speakers;

The second arrangement con-

small-diameter cones

enough construction
2000

OF

of

a

is an arrangement of a

The first of these

production of the low-frequency range,

is shown

employing

two different

in

sufficient

number to

sat isfy the low-frequency power requirements and of light

1000
OUT PUT

in

speaker

large-diameter cone driven by

this

riflf

by

may be obtained

single-cone

the frequency range properly between
OF

a

Adequate power-handling capacity and response over a
wide

cone driven by
OUTPUT

such

system must be low in the high-frequency range.

M I,' ROPHONE

to

satisfy

sponse requirements; this

4000 •-•

,,

the

is shown

high-frequency re-

in Fig.

20-B.

AMPLIF IER

Al\J j\fl J\A /\f\J
1.100

Fig-

4000

19 -Oscillograms showing the shape of square waves

after passing through
speaker,

and

microphone,
1000,

:. 000 •••

2000,

after passing
and

through

pre-amplifier,

uniform over the range from 60
response

of

the

loud

for frequencies of 500,

to

the amplifier feeding
19.

12,000 cycles.
the

The transient

The

loud speaker is

Fig.

19 shows

that square waves canbe obtained fromacoustic systems.

Systems

for Wide-Range Reproduction

The preceding sections have been concerned withadiscussion of the factors

involved

in the design of a loud

speaker for radio reception which will exhibit the following characteristics: wide frequency range,

A

VIEW

SIDE

V1
CW

FRONT

B SIDE VIEW

VIEW

Fig.

20 -Multiple single-cone single-coil

(A)

- Large

unit,

low-frequency unit,

and filter system;

nected

(B)

small

loud speaker;

high-frequency

- Seven small

units con-

in parallel.

The double-coil double-cone loud speaker 8 consists of
a light coil

coupled

to

a small cone, connected

compliance toa heavy coil and large cone. This
in Fig.

21.

tained by

In this system an
reducing

the diaphragm

at

the

increase

impedance

of

a

in range

is ob-

both the coil and

the high frequencies.

Both parts of

the voice coil are used at the low frequencies;
gap flux

by

is shown

is wasted as would be the case

no air-

if two separate

units were used.

large vol-

ume range, low nonlinear distortion,

uniform direct

characterist ics,

response.

and good transient

FRONT

response of this

loud speaker is quite comparable to that of other audio
elements covering this frequency range.

AMPLIFIER

speaker,

and 4000 cycles.

also shown in Fig.

TO

a power amplifier feeding a loud

It

ional

is the

In the

above

systems the response

is

maintained to

the higher frequencies by reducing the effective mass of

purpose of this sect ion to illustrate some of the systems

the vibrating system with

suitable for wide-range radio reproduction.

directional

increase

in frequency. A wide

pattern is maintained as the high frequencies

by reducing the effective diameter of the vibrating sysThe characteristics of Fig.

2 show that the law-fre-

tem with

increase

in frequency.

quency eff iciency maybe maintained to the high-frequency
ranges by employing

a small,

relatively light cone and

As

- 8-

indicated

by

Fig.

10,

to maintain good response,
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efficiency, and power-handling capacity down to30 cycles
requires a relatively large cabinet.
low-frequency efficiency

can

the following: an acoustic phase
Fig.
or

22; an acoustical

improvement

inverter 9 , as shown

labyrinthl°, as shown inFig.

a combination horn

in Fig.

An

and

Conclusion

in

be obtained by the use of

direct

in

b;

An examination of the multiple vibrating systems and
the low-frequency

radiatcril, as shown

24.

systems

described

above

shows

convention

single-unit

speaker mounted

in

must be exercised

single-coil

single-cone

a conventional cabinet.

tion below

40

in both the design and manufacture to

cycles requires

gardless of the system.
cycles

with

cabinets
those

would

interested

in

very

Reproduc-

large ca,inets

Good reproduction down

any of the

which

loud

Great care

hold the nonlinear distortion to a low level.

Fig. 21 - Cross-sectional view of the double-cone loud
speaker, the equivalenycircuit of the mechanical system,
and the voice-coil circuit.

that

their cost will be considerably greater than that of the

systems

not

known today

re-

to

20

results in

be tolerated by anyone, save

reproduction

regardless

In this case good reproduction over this

of

size.

range does not

imply a response down 20decibels at the extreme ends of
the frequency range.
At the present time it appears that the problem of extending the frequency and volume ranges
tent economic
lined

rather

than

in this paper, much technical

proving the performance
FRONT VIEW

SECTION AA:
CAs

riffiu\
H

MA

I
-1

000 \-YVVV— t—t 000
I
i
;el —

EQUIVALENT

Fig. 22

or in some
.

2

3

known.

out-

As

in the past,

some

instances with a reduction

in cost.

However,

progress along these lines

is,

fect

in the performance of a radio

a

major improvement

in general, slow. To ef-

rece iver at the present time by an extension of the vol-

CIRCUIT

- Phase-inverter loud speaker.

is

as

information for im-

improvements will eventual ly be made without added cost,

r
AT

rAA

is to a large ex-

technical, because,

ume and frequency

After Dickey,

Caulton and Perry.

course,

ranges

if wide-range

the public andsold
ferential
mercial
will

in

will

radio

increase

receivers

the cost.
are

Of

accepted by

in considerable quantities, the dif-

cost between wide-range and existing com-

reproducers can be reduced to the point where it

not be a detrimental sales factor.
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10 Olney,
P.

'ka.,
c,

A-A

104,

Caulton and Perry,
P.

104,

Benj.,

RADIO ENGINEERING,

Vol.

8,

Vol. 8, No.

2,

1936.
JOUR.

ACOUS.

SOC.

AMER.,

1936.

z„.
11

Olson
No.

SECTION

2,

SECTION

B-Ei

EQUIVALENT

ELECTRICAL

GIRL°, T
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Fellow Members of The Radio Club of America:

The Radio Club of America is the pioneer radio society in the United
States.
This fact is known to the "Old Timers" and we hope to those who have
recently joined the Club.
Don't keep it to yourself - tell others about it.
Another point which should be known and practiced by all concerned is that
the Club is "dedicated to the free interchange of ideas among all radio
enthusiasts".
We are rightfully proud of the papers presented at our monthly
meetings and the free and open discussion which follows.
New members are essential if the Club is to continue through the
coming years to render maximum service to those interested in the radio art.
Our past record is an excellent one, requiring special effort to equal or
better it.
Every member should consider himself a membership committee of
one and proceed to sell the Club to associates who are not members.
Ask
for' several copies of the Club membership folder.
Become acquainted with
the contents, pass the word along, and bring in the applications.
Our meetings are too good to miss.
Mark the second Thursday of
each month on your calendar as a "Must Date" at Columbia University and
follow through.
If you become accustomed to attending, the effort will be
repaid many times over.
The dinner get-togethers in John Jay Hall prior
to the meetings provide an excellent opportunity to meet "the gang" don't miss it.
The questionnaire recently sent to the members has made available
a wealth of suggestions regarding Club activities.
We are endeavoring to
reduce them to practice, and trust you will continue to keep the Club in
mind and turn in suggestions as they occur to you.
The Officers and Directors appreciate the honor and responsibility
you have conferred upon us, and with your help will endeavor to make 1941
a banner year for the Club.

.(1£,_
L. Callahan
President

