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WHERE SPACE
ISATA PREMIUM

STACKPOLE

NEW SUPER MIDGET
TONE CONTROL

WRITE for your sample Super Midget Control and Engineer-
ing data. One to four point tone switches are also available
in the super midget size.

STACKPOLE CARBON CO.

. MARYS, PENNA.

Man ufacturers of quality resistors, supressors,
switches, controls and tone switches
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Dealer Net

$43.9o

Model NN‘ETY-NINE R-f Signal Generatfor

V]

Have You Tested
These New Models?

Beat Frequency Audio Generator
MODEL 79-A  with greater spread on the
lower frequencies and new stability achieved
through improved circuit design and air trim-
ming capacitors. Has type 6E5 tube as zero
beat indicator. Uses low cost 6C5 metal
tubes. Dealer net, with tubes
Vacuum-Tube Voltmeter
MODEL 88 Combination Vacuum Tube Volt-
meter and Peak Voltmeter. Reads 0-1.2 volts
with input direct to tube grid (no shunts)
on 41/ inch fan type meter. Supplies bucking
voltage for peak voltage readings on scales
of 0-10 and 0-100 volts. Dealer net, with
tubes ... $42 .50
Constant Sweep Frequency Modulator
MODEL 8!-A employs the C-B "Inductor-
Sweep" to give plus and minus 20 ke wobble
for calibrated selectivity curves, when used
with any r-f signal generator. No alterations
necessary on your generator. Dealer net,
with tubes . ... .. ... .. .. L. $34.25
Cathode-Ray Oscillograph
MODEL CRA Cathode-Ray Oscillograph offers
full facilities for all laboratory applications of
this device. Built-in linear sweep with syn-
chronizing circuit, amplifiers for horizontal and
vertical inputs, and double the usual input
sensitivity, Dealer net, with all tubes ...$84.50
These or any other C-B Instruments will be
sent for your test and approval without any
obligation to purchase. Take advantage of this
easy way to determine the usefulness of
modern test instruments to your own laboratory.

Development of an improved r-f generating circuit with greater

stability and linearity of output,

now makes it possible for C-B to

offer the lowest priced instrument ever to achieve direct microvolt

calibration of r-f output. In addition, the MODEL 99 embodies

numerous other advances such as:

Variable Percentage of Modulation:
The depth of modulation, sine wave
at all times, may be controlled from
the panel, thus enabling the MODEL
99 to better meet the test require-
ments of modern a.v.c. and frequency
"pull-in" circuits.

Direct Reading Dial: Over 100 com-
mon i-f broadcast and short-wave test
frequencies are printed on the dial
and their exact settings ruled in by
hand, giving direct dial reading with
I of 1%, accuracy.

100 Ke to 60 Mc ou Fundamentals:
Divided between six ranges each hav-
ing a complete separate inductor
mounted on the rotating band change
unit which eliminates the contact
losses and multiplicity of wires neces-
sary for ordinary band chan ging
methods. Each band is tuned across

The CLOUGH

2811 W. I9th St

___f-._____.-'\ J-\,-\\__.-‘-.__'_.\__ R J""--"'\""'v'\f"\'

Cable Address: CEBECO

twenty-five inches of dial length, allow-
ing extreme accuracy of setting.

Calibrated Attenuator: All r-f ecir-
cuits are enclosed in both inner and
outer shielding cases, with the r-f out-
put being fed to cast aluminum
attenuator. Each attenuation sector or
range is contained in a completely
isolated cast segment. Thus no r-f
voltage carrying conductors are
exposed, and strays are reduced to
the low level necessary for testing
receivers of the highest sensitivity.

The MODEL 99 will be ready for
general delivery on or before Septem-
ber 1. Engineers desiring sample test
units are invited to take advantage
of the usual C-B test and approved
plan which will bring you any instru-
ment without obligation.

-BRENGLE CO

Chicago, U. S. A,

Sales Offices in all Principal U. S. and Foreign Cities
e e WS Tty N e e S R T IR e T L e S e el S S P Py e
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3 TIMES ACTUAL SIZE

ELECTRONICS

-

A iy,

Erie Insulated Resistors are
protected by a ceramic wall of
unvarying thickness. Made to
exacting specifications with tol-
erances as close as .005", these
ceramic cases insure the same

uniform insulation on
every Erie Resistor of
* this type.
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Laboratory tests show that
standard production Erie Insu-
lated Resistors will withstand
over 3,000 volts A. C. before in-
sulation breakdown occurs. This
provides a large margin of safety
against grounds and '

celiver installations.
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Of Course!
CELLOPHANE SEPARATORS

ETCHED ANODES
STITCHED ANODE LEADS

— Allrecent important improvements
pioneered or developed by Mallory —are in-
corporated in Mallory Condensers wherever

they add to quality and utility.

f Mallory
al cleanliness —
arantee freedom

Save

ProductionTime
with MALLORY Giandard

Dry Electrolytic Capacitors

A single new Mallory standard combination capacitor
(in a round metal can or a cardboard tube) will, in most
cases, complete your electrolytic capacitor requirements.

Obviate the necessity for several individual capacitors!
Dispense with punching extra chassis holes, buying or
making extra mounting brackets!

Save Chassis Material Cost!

A new Mallory standard combination unit will reduce
your capacitor expenditures by reason of a new method
of standardization with consequent lowered production
cost. Furthermore, extra cathode by-pass capacities may
be included at slight additional expense.

Save Chassis Space!

With new Mallory standard combination capacitors,
chassis space originally required for several units may
now be otherwise utilized —or the entire chassis size
may be reduced.
A Y - A Y

Mallory Capacitors provide extremely low RF impe-
dance with unusually high by- passing efficiency, because
of careful attention by Mallory engineers to internal
lead arrangements and inductance effects.

These new Mallory units include concentrically wound
combinations with as many as four sections. Special
production methods provide excellent characteristics,
more uniform performance—longer life. Capacity and
voltage combinations to fit your circuit.

Mallory engineers will gladly assist in selecting the
correct capacilors for your requirements.

MALLORY

DRY ELECTROLYTIC
CAPACITORS

P. R. MALLORY & CO., Inc. INDIANAPOLIS, INDIANA
Cable Address — PELMALLO
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» HAMS AT WASHINGTON . . . On
all sides we hear of the excellent pre-
sentation made at the FCC June UHF
meetings by the amateurs. This is but
natural. Most experienced of all users
of the frequencies above 1500 ke. the
amateur knows his stuff, and he con-
tributed much to clarify the extensive
loose talk at the meeting by those
whose desire for allocations was based
more on hope than on exact knowledge.

Most conservativa of all groups in re-
quest for additional ether space, the
amateurs want the harmonic band of
112 to 120 mec. and without shutting
cur eyes to the needs of other services,
especially new governmental services,
we believe the amateurs should get
their request. Having grown up as
amateurs through the coherer, Electro
Importing Company, spark and tube
days our hearts are with the amateurs
in spirit and practice. There is no more
avid experimenter, no greater producer
of concrete practical knowledge of
methods or apparatus, no pioneer more
eagerly looking for new frontiers than
the “ham”—and probably no more use-
ful citizen in case his experience and
capabilities are ever called upon by the
government.

» TUBE LIFE . . . In June we asked
for experience on tube life, especially
from industrial users. We quote below.
“In the Center Theater, Rockefeller
Center, Westinghouse installed a West-
inghouse Ward-Leonard Hysterset con-
trol theater switchboard. There were
186 individual circuits with a rectify-
ing tube in each circuit. These cir-
cuits were in use morning, noon and
night during months of rehearsals and
had been in service considerably over a
year. This means an average of 15 to
16 hours per day service. The total
cost of tube replacement for renewals
has been $30. In the Music Hall a
Hysterset control replaced storage bat-
teries and generator for telephone
service for over a year, on continual
service. There have been no tube
failures.”

Crosstalk

Dr. Paul Weiller, Welding Timer Cor-
poration (see Electronics May 1936)
states: “We have been making welding
control equipment for over a year and
a considerable number of our units
have been in operation for about that
long, a good proportion of them on
twenty-four hour service. Most of the
others are working about nine hours a
day continuously.

“Our timers are operated by two 27
tubes as control elements and two 80,
573 and 83 as rectifiers. In one year,
we have not had a single complaint
from customers or a request to furnish
new tubes. Several of the 83 tubes
have given out. Because of the low
cost and because failure can be easily
noticed without resorting to test equip-
ment, there has been no complaint. Of
the other tubes, we have never heard.

“I assume, therefore, that the simple
types of radio tubes made by prom-
inent manufacturers if used conserva-
tively have an actual life of several
thousand hours. In a shop working

Morris E. Leeds, D.Eng.
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KEITH HENNEY

Editor

twenty-four hours a day, five days a
week, five thousand hours are approxi-
mately a year’s service. Add to this in
a shop working only eight hours a day,
five thousand hours are approximately
three year’s service. This is more than
sufficient for radio tubes which can be
purchased anywhere at a low price.

“Conditions are not quite so favorable
when it comes to grid control rectifiers.
These seem to have a life of about
three thousand hours, occasional short
life tubes being covered by a guarantee.
The tube replacement cost of this type
is therefore rather high. This is not
very important for equipment control-
ling large powers. If there is three or
four hundred dollars worth of tube re-
placement on a total equipment cost of
say ten thousand dollars, this is not so
serious. A tube replacement cost of
sixty or one hundred dollars on equip-
ment controlling only a few kilowatts,
however, creates considerable sales re-
sistance. We have, therefore, a peculiar
condition that users of tube controlled
equipment do not frown on the cost of
the large tubes but seriously object to
the cost of the smaller tubes.

“It would be very desirable to make

the life of the mercury vapor types of
tubes fifteen or twenty thousand hours
even if their cost should be thereby in-
creased. This period of service would
approach the obsolescence period of the
equipment and would be sufficient for
all purposes.”
» HONORS Morris E. Leeds,
president of Leeds and Northrup, in-
ternationally known as manufacturers
of electrical measuring equipment, has
received two signal honors recently.
The Institute of Management gave him
its Gant Medal for “distinguished
achievement in industrial management”
and Polytechnic Institute of Brooklyn
made him Doctor of Engineering for
“great service to society.” A keen stu-
dent of relations in industry, Mr. Leeds
is widely known for his far-sighted
philosophy of the factors which under-
lie harmony between employer and
employee.
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DENMARK’S
LIGHTNING TOWER

Ten condensers, charged in
parallel and discharged in series,
provide 3 million volts for high tension

tests at the Porcellanfabrik Norden, Copenhagen.
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N AB_Win Convention

National Association of Broadcasters avoids membership split, votes money for

research, reappoints James W. Baldwin managing director, elects Charles W. Myers as

president, discusses superpower, frequency allocation, new wavebands

LOSING its annual meeting at
Chicago on July 8, the National
Association of Broadcasters may
sum up the results of its convention
as having stalled off an incipient
split within its membership over the
copyright (and other) questions, as
having reappointed James W. Bald-
win as managing director (at an in-
creased salary), as having elected
Charles (Chuck) W. Myers of KOIN
and KALE as the new president.
Matters of great interest to the
broadcast industry naturally were
discussed at this convention. The
following notes, augmented with
technical data furnished by engin-
eers closely associated with the art,
will indicate the trend of these dis-
cussions and outline the present
thinking of men identified with
broadcasting.

Superpower

The anticipated increase in power
to 500 kw. by several cleared chan-
nel stations was opposed by many
other stations of all classifications.
The Texas representatives were par-
ticularly strong in their opposition.
A resolution to petition the Fed-
eral Communications Conmimission to
grant no more superpower licenses
was defeated in the Resolutions Com-
mittee and again in a general meet-
ing. Such a petition was consid-
ered outside the proper field of the
association, and many considered it
useless to fight the inevitable. The
situation resembled the bitter op-
position in a 1924 meeting to the
creation of high power stations,
which at that time meant 5 kw.

At a meeting of the cleared chan-
nel group it was decided to oppose
any limitation on the maximum
power of cleared channel stations. A
minimum power limit of 50 kw. was
urged. The date for the FCC hear-
ing on applications for 500 kw. has
been postponed from September to

ELECTRONICS — August 1936

after the October hearing on reallo-
cation. The stations known to be
considering 500 kw. include KDKA,
KFI, KNX, WBBM, WBZ, WGN,
WHAS, WHO, WIJR, WJZ, WOAI,
WOR, WSB, and WSM.

Reallocation

Reallocation of frequencies is the
next momentous technical question
confronting the industry. At the last
general reallocation in 1928, 90 per
cent of the stations were changed in
frequency. Since that date great
technical advances have been made
in radio, and it must now be deter-
mined whether public interest will
best be served by another general
reallocation.

Western Electric 316-A tube de-
scribed on page 8

Judge Sykes of the FCC addressed
the convention, explaining the Com-
mission’s plans. He said, ‘“The con-
stant effort of the Commission has
been to improve broadcast service
to the listening public. A great step
in this direction is through better-
ment of station broadcasting equip-
ment. The Commission has no juris-
diction over receiving sets and can
not prescribe standards for their
production. I am informed, by en-
gineers, that the transmission qual-

ity of broadcasting stations now sur-
passes the reception capability of a
majority of broadcast receiving sets.
I hope and believe that the set manu-
facturers will improve the fidelity of
receiving sets.”

A hearing on reallocation has been
called for October 5th, and is ex-
pected to last about ten days. This
hearing will deal with frequencies
between 550 and 1600 kec. and will
be similar in scope to the hearing
held in June on ultra high frequency
allocation. Subjects discussed in the
hearing will include the future sta-
tus of cleared channels, superpower,
horizontal increase in power of re-
gional stations, duplication of as-
signments, and possible opening of
new classifications of stations. The
Davis Amendment which has re-
quired the quota system in distribut-
ing radio facilities to states and
zones was repealed by the last ses-
sion of Congress, and the effects of
repeal on allocation are not yet
certain.

The most obvious improvement to
be expected from a reallocation at
this time is a better utilization of the
lower frequency end of the broad-
cast band for covering large areas.
The difference in the absorption of
the ground wave at the two ends of
the broadcast band is so great that
a 50-kw. station at the low frequency
end can serve an area many times as
large as a 50-kw. station at the high
frequency end. Within a few miles
of the transmitter, there is only a
slight difference in performance at
different frequencies. Since there
are large areas in the United States
which must rely for service on sta-
tions several hundred miles away.
it seems that the stations with loca-
tion, power, and desire to serve these
audiences should have the most fa-
vorable channels. This principle is
already partially applied in the con-
fining of local stations to frequencies

7
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between 1200 and 1500 ke. The cur-
rent plans to open broadcast chan-
nels above 25 mc. are an extreme
application of this principle, but
there is no prospect of these chan-
nels taking over any large part of
local broadcasting service for at least
three or four years.

The technical difficulties in putting
a reallocation into practice are quite
formidable; much more than they
were in 1928. Many vertical radia-
tors are in service, or will be by fall,
and when a station is changed to
such a high frequency that the ra-
diator becomes much more than one
half-wave-length long, it will not be
usable. Such radiators must be
shortened, or may be insulated and
loaded to convert them into Franklin
antennas. Where stations are as-
signed to lower frequencies, it is
probable that the more desirable
channels will be so welcome to the
managements that there will be
no objection to installing higher
radiators.

Engineering Committee Report

The Report of the Engineering
Committee was made by Chairman
DeWitt of WSM. The advantages of
a good antenna, which were stressed
both in Mr. DeWitt’s report and in
Judge Sykes’ talk were of particular
interest to many station owners and
managers, and lead to considerable
discussion of the value of half-wave
antennas, and means for determin-
ing whether a half-wave antenna is
economically justified for a particu-
lar station. Judge Sykes stated
that, based on the FCC survey, he
believed that 50 per cent of the sta-
tions, by an improvement in antenna,
could vastly expand their radio cov-
erage without increasing power.

Mr. DeWitt also called attention
to the fact that the improvement in
frequency stability required in 1932
and the improvement in modulation
performance being required this
year are equivalent to increase of
power of the station so far as serv-
ice to the listener is concerned.

Research Proposed

A proposal made by Church of
KMBC, as head of the Commercial
Committee, was considered to be of
great importance to the NAB. Mr.
Church recommended creation of a
cooperative bureau of radio research,
to compile data on station coverage
and listener habits. The proposed

8

project is to be a joint one between
the radio broadcasting industry,
radio advertisers, and advertising
agencies. The important feature is
that the findings are intended to be
such that all three groups will accept
them as authentic. It is intended
to get more complete and authorita-
tive data than is now available, and
to eliminate disagreements in exist-
ing data due either to variations in
methods of taking data or to per-
sonal interests of those for whom it
is compiled. The greater part of
the research will be of a commercial
nature, but some of it will involve
engineering. It is proposed that
the research be done in a university
for the sake of impartiality and
economy, and the University of
Pennsylvania is recommended for
the commercial portion of it. The
cost of the project is estimated to be
$50,000, which is half the annual
gross income of the NAB. Similar
work has already been begun with
funds supplied by NBC and CBS.

Numerous manufacturers  ex-
hibited broadcast station equipment.
Transcribed programs, transcription
libraries, and transcription equip-
ment are rapidly increasing in im-
portance to broadcasters. The new
studio equipment and transmitters
differed not so much in fundamentals
as in construction details and
appearance.

Apparatus Displayed

A Fairchild-Proctor recorder was
exhibited which makes records suit-
able for either immediate use or
duplicating. It uses a piezoelectric
cutting head, driven with about one
watt of audio energy.

The UV-892 shown at the conven-
tion is a new water cooled tube used
in 5 kw. transmitters. It has a
center tapped filament intended for
operating from two phase a.c.

New RCA speech equipment has
many novel features, the most con-
spicuous being modernistic design.
Individual meter lights are pro-
vided. Ventilation louvres have been
converted into chromium panel orna-
ments. The front panels are hinged
to give access to tubes, and the
chassis is hinged so that it can be
turned over to the rear for access to
other parts. A particularly desir-
able feature is the fact that all parts
are accessible without removing
power or disconnecting any circuits.
The volume indicator is designed to

www-americanradiohistorv com

give a very rapid rise and slow fall,
which is considered necessary for
proper control of level.

The most outstanding feature of
the WE-Graybar exhibit was the
demonstration and illustration with
meters and a cathode ray oscilloscope
of the new Doherty high-efficiency
linear power amplifier. In this cir-
cuit, two tubes are used, one carry-
ing no load when there is no modu-
lation. The signal to one of the
tubes is shifted 90 degrees ahead
before being applied to the grid, and
90 degrees back after leaving the
plate. Plate efficiencies of 60 to 65
per cent independent of modulation
are obtained.

Several new transmitting tubes
were shown. The 316A has a con-
struction comparable with ‘“acorn”
tubes. It delivers 6 watts at 500
megacycles. The 304B is intended
for operation between 30 and 300

me. The anode of this tube has
been changed from graphite to
metal. Graphite proves unsatisfac-

“tory at such frequencies because of

its high resistivity, and the fact that
the higher frequency currents are
confined more closely to the surface
by skin effect. The 305A is a 25
watt amplifier intended primarily
for police transmitters up to 60 mec.
Very short leads from the screen
and the center of the filament are
necessary for this service.

Type 22A remote pickup amplifier
and mixer shown weighs less than
fifteen pounds. It may be used with
either battery or a-c power supply.
The new 23A input equipment con-
tains everything necessary for a
local station with two studios, and is
constructed in a console for table
mounting.

Collins Radio Company exhibited
samples from their line of speech
input equipment, transmitters, and
transmitting tubes. Among their
new items were type 12F speech in-
put rack and a frequency control for
broadcast transmitters. Type
C-375A mercury vapor rectifier tube
is suitable for 5 kw. transmitters.
It can be used in many places where
the larger 869 has been necessary
heretofore.

The electron image tube and the
electron multiplier of Dr. Zworykin
described in Flectronics in January
1936 and November 1935 were
demonstrated at this NAB conven-
tion.
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Theory of Electron Oscillators

A review of the Barkhausen-Kurz and Gill-Morell circuits, and a new explanation

of their oscillating peculiarities, of timely interest because of their ability to generate

power at extremely high frequencies

N OSCILLATOR employing a

thermionic triode in which the
grid is highly positive with respect
to the cathode and the plate is at a
low potential, which may be nega-
tive, zero, or positive, is called an
electron oscillator. Such oscillators
are usually operated at ultra-high
frequencies. One of their character-
istic features is that the generated
frequency depends more on the grid
potential and on the tube structure
than on the impedance connected to
the tube for the purpose of deter-
mining the frequency.

The first electron oscillator was
brought out in 1920 by Barkhausen
and Kurz. The wavelength generat-
ed by this circuit varied from 43
to 200 centimeters, and it was found
to be related to the grid potential

BY J. E. ANDERSON

the generated wave was not inde-
pendent of the external impedence,
but that it varied somewhat as ex-
pected. However, at certain values
of the impedance the oscillation was
most intense, and at these intensity
maxima the generated wave was re-
lated to the grid potential in the
manner found by Barkhausen and
Kurz. Later Gill modified the for-
mula to the form ¥l,/(E,)%=k,
which reduces to the original for-
mula if the grid current, I,, varies
as the 3/2 power of E,. Both the
original and the modified formulas
depend on the assumption that the
plate potential is zero.

Fig. 1 (above) The circuit diagram
of a typical electron oscillator

by the relation 3°E,= k, where k is
a constant. Apparently, the wave-
length did not at all depend on the
external impedance connected to the
tube. An oscillator of this type will
be referred to hereafter as a B-K os-
cillator. In 1922, Gill and Morrell,
working with an oscillator similar
to that of Barkhausen and Kurz, but
covering a wavelength range from
200 to 500 centimeters, found that

ELECTRONICS — August 1936

An electron oscillator which be-
haves according to the findings of
Gill and Morrell is called a Gill-
Morrell (G-M oscillator). In this
paper, however, an oscillator of the
Barkhausen-Kurz form in which the
generated wave is independent of
the grid potential and dependent
only on the external impedence will
be referred to as a G-M oscillator.
As here defined, the B-K and the
G-M oscillators are opposite ex-
tremes. No actual oscillator can
belong exclusively to either type,
but must be a compromise between
the two, sometimes approaching one,
sometimes the other. The reason
for this is that the effects tending
to produce the two types co-exist in
every oscillator circuit. This will
be discussed later.

Since Gill and Morrell various in-
vestigators have reached different
conclusions regarding electron oscil-
lators. Thus in 1924, Scheibe report-
ed results similar to those of Bark-
hausen and Kurz, whereas in 1927,
Tonks reported the results of mathe-
matical investigations which sup-
ported the conclusions of Gill and
Morrell.

Fig. 2 (below) The equivalent cir-
cuit of the electron oscillator in
Fig. 1
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An important paper on the behav-
ior of electron oscillators was
brought out in 1929 by Hollmann,
in which he showed that these oscil-
lators would follow the G-M pattern
for certain values of the external
impedance and the B-K pattern for
other values. The change from the
G-M type to the B-K type, on in-
creasing the length of the Lecher
wires, was gradual and continuous.
The change in the opposite direction,
that is, from B-K to G-M, was sud-
den and discontinuous. Several of
these discontinuities occurred along
the Lecher wires. The absolute
amount of the change in wavelength
at each break depended on the grid
potential and on the position along
the wire at which the break oc-
curred. The change in the wave-
length varied from about 20 to 50
centimeters. The wavelengths ob-
tained by Hollmann varied from 20
to 140 centimeters .

In order to explain the existence
of B-K oscillations investigators
usually return to first principles and
consider the forces acting on the
electrons inside the tube, the dis-
tances they have to travel, and the
dimensions of the elements. The
“time of transit of an electron’” from
the cathode to the plate is also a con-
sideration. The conclusion, as a

10

rule, is just the equation given by
Barkhausen and Kurz and also by
Gill and Morrell. That is, the wave-
length squared multiplied by the
grid potential is equal to a constant,
provided the plate potential is zero.

This formula explains B-K oscilla-
tions very well, but it fails to explain
the results of Gill and Morrell and
also those of Hollmann. The for-
mula does not admit any variations
in wavelength as a result of changes
in the external impedence. Neither
does the theory

Fig. 3—Computed curves giving

relation between length of

Lecher wires and the generated

wave in an Ultraudion with neg-

ligible effect of the grid and
plate resistances

modes of vibration by suitable im-
pulses, it cannot oscillate in any
but the first mode when it con-
stitutes the frequency-determin-
ing impedance of a self-excited oscil-
lator That is, it cannot oscillate in
any but the first mode unless there
is some constraint internally or ex-
ternally that forces it to oscillate in
one of the higher modes In the elec-
tron oscillators there is no external
constraint, unless one is deliberately
established, and therefore there must
be-an-external one. What is it?

In order to find this constraint, it
is necessary to return to the well-
known- theory of the conventional
feed-back oscillators; for that theory
suffices, provided only that no essen-
tial factors are omitted as being in-
consequential. It is customary to
omit the effects of the grid and plate
resistances, but in electron oscillators
their retention is imperative.

Aside from the fact that the or-
dinary oscillator theory leads to a
satisfactory qualitative explanation
of the behavior of electron oscilla-
tors, is there justification for apply-
ing this theory, approximate as it
must be at best? Well, the circuit
is the same as that of a conventional
oscillator, the tube used remains the
same even though the relative values
of the grid and plate potentials are
changed, and it should make no dif-
ference whether the power is sup-

plied in the grid

of the uniform ) s

transmission ~* 100 =
line explain the F
iterative behav- * 80
ior of an elec- R
[V
tron oscillator < %
as observed by .
Hollmann. If the <0
oscillations were .
purely of the 2045

G-M type, therc

a0: =7 B0 80 i)
tem . S

circuit or in the
plate circuit.
Along this line
it is interesting
to quote Llewel-
lyn.! After he
has considered
the forces act-
ing on the elec-
trons in a B-K
oscillator he

should be no
jumping from
cne mode of os-
cillation to an-
other but the
wavelength
should increase continuously as the
length of the line is increased.
While a transmission line can be
excited in any one of its natural
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Fig. 4—Computed curves giving re-
lation between length
wires and the generated wave when
the product of the grid and plate
resistances is low ~

comments in
conclusion: “It
is interesting to
note that . the
same kind  of
analysis - here
used to illustrate the workings of the
Barkhausen oscillator can be applied

of Lecher

* The Barkhausen Oscillator, Bell Labora-
tories Record, Vol. XIII, No. 12,
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to the well-known feedback oscilla-
tors operating with negative grid
and positive plate, and shows that
the two are not very different from
each other after all. . . .’ If that be
true, the converse should also be
true. That is, the theory ordinarily
applied to the feedback oscillator
should be applicable to the electron
oscillator.

The circuit of a typical electron
oscillator is given in Fig. 1. When
this has been stripped of strictly d-c
branches and when elements inherent
in the tube have been added, the
equivalent circuit may be represented
as in Fig. 2. Here Cy, Cu, and C,
are the usual tube capacities; and
they are assumed to be lumped at the
end of the transmission line, the
impedance of which is represented
by Z in shunt with C,. The grid-
cathode and plate-cathode resistances
are represented by r, and r,, respec-
tively. All other resistances will be
neglected. For convenience ‘the im-
pedance of Z and C), in parallel will
be denoted by Z,. Impedance sym-
bols will be retained for brevity until
reactances are needed.

It will be noticed that the equiva-
lent circuit is that of a simple Col-
pitts, or more particularly, the Ul-
traudion form of the Colpitts. Hence
any conclusions drawn from the
analysis of Fig. 2 will apply equally
well to any simple Colpitts. It is
understood that Z need not neces-
sarily be the impedance of a trans-
mission line.

The circuit can most easily be
solved by treating it as an amplifier
that feeds itself, and then computing
the amplification. As soon as the
steady state has been reached, the
amplification must be identically
unity, for there can neither be a
change in amplitude nor in phase.
On this basis the solution is readily
effected by solving for one of the as-
sumed currents, say I3, in terms of
itself and of the circuit parameters.

By summing up the voltage drops
in the three meshes we have:

- #[:srv = rpll + (11 _12) Zp

0= (12 - 11>Z» + Z-I'z + (12’—13>Z0
0= (13 — D)2, 4 r,];
m

The solution of these three simul-

taneous equations for I; yields, after

I, has been canceled out, the equa-

tion :

— wrolyl, = ('p + ZP)Z'(rV + Zv) +
r9ly(re + Zo) + 1.Zo(rp + Z5) (2)

This is the complex condition for
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oscillation in the circuit. The real
part is the amplitude condition and
the imaginary part the phase condi-
tion. They must be true simultan-
eously. Since all the impedances
have been assumed to be pure re-
actances, the two conditions may be
written : ‘
- Hrvzpzv == ?‘,,Z,Z. + "aZnZ~ + rprZv +
Folenlog. oo (3a)
roreZo + Zo + Zo) + ZaZaZo =0....(3b)

When reactances are inserted in
3a it reduces to,

rm=(rsCo 4+ r.Cp) New. . ............ (4)

in which rp =wr,+r,+r, and o
is the frequency of the oscillation in
radians per second. Since all the re-
sistances are positive, this equation

This w, is of prime importance in an
electron oscillator. By definition it
is the geometric mean of the time
constants of the end meshes of Fig.
2. By equations (4) and (5) it is
the lowest frequency at which the
circuit can oscillate, which holds for
any Colpitts. It is the frequency, in
radians, of the pure B-K oscillator
and the frequency at which the Gill
and Morrell circuit oscillates most
intensely. It is also the frequency
at which the Hollmann oscillator
jumped from the B-K type to the
G-M type. The condition w=w,, ob-
tained from (4) and (5), is the in-
ternal constraint that is necessary to
force the circuit to oscillate at the
higher modes.

The effect of w, is present in all

! o
L

3
&

Fig. 5—Curves similar to those in Fig. 4 but computed on the
assumption that the grid-to-plate capacity, C,,, is zero. The solid
lines represent regions of oscillation

can be satisfied only by positive val-
ues of X,. This means that oscilla-
tion can occur only if the impedance
between the grid and the plate is
inductive. This holds true for all
Colpitts oscillators. Whereas X, is
restricted only to positive values, X
is much more restricted. Since the
line reactor is in shunt with C,, we
have X; = X/(1— XwC,,). Thus X
is hemmed in by
0<X<1/Cho.

By introducing reactances in (3b)
it may be reduced to the form

1

N
w(Cw + K — Kot./o?)

in which K is the capacity of C, and

C, in series and o, is defined by the

equation

nnnnnnnn marioanradinhictarms ~nm

conditions

Colpitts oscillators, unless it should
happen that either », or 7, is infinite,
for then w, is zero. . However, in
most feedback oscillators the limit-
ing frequency is so low that it af-
fects the oscillation frequency, only
to a negligible extent. But when a
tube is operated so that for any rea-
son 7,7, is low, w, becomes high. It
may easily become higher than the
natural frequency of the tuned cir-
cuit that is supposed to determine
the frequency. In that case the cir-
cuit refuses to oscillate, except, per-
haps, at an ultra-high, “
frequency. The condenser in.the
tank circuit then merely acts as a
sAhoArt at the end of an accidental line,
just as C, acts as a short in Fig. 1.
The reason why Barkhausen and
Kurz on the one hand and Gill and

[Continued on page 46)
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The Cathode-Ray

Use of a fluorescent screen as an indicator for radio

direction finders overcomes many serious disadvantages of

other instruments, permits accurate night flying
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1 Fundamental

BY SAMUEL

circuit of the compass, showing how the loop and stationary
“mast” voltages are applied to deflecting plates

OSTROLENK

New York, N. Y.

ECENT aircraft disasters have

focused attention upon the se-
rious need of an absolutely reliable
and foolproof radio-directional guid-
ance for aircraft. Although the re-
liability of the loop antenna for di-
rectional indication is well-known,
the requirements for aircraft radio
directional apparatus differ vitally
from established land or marine
equipment.

One of the first developments of
an automatic on-course indicator for
the pilot was the A-N beacon system.
The disadvantages of the system are
well-known. If the beam is acci-
dentally lost, it is difficult to return
to the predetermined course. The
pilot has to depend upon special bea-
con stations and special courses of
flight.

In, the article “Flying the Pacific
by Radio™ (Blectronics, April 1936,
page 7) there is described an elab-
orate directional system employed by
the Pan American Airways for their
Clipper ships. Signals transmitted
by the aircraft are picked up by two
separate ground stations. The posi-
tion of the craft is calculated and
transmitted to the pilot at regular
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intervals to apprise him of his
course. Accurate determinations by
this system prove the reliability of
the null type direction finder.

However, very few planes can com-
mand such elaborate ground facilities
to guide their flight. The trend has
been toward a self-contained, light
weight equipment which automatical-
ly determines the direction toward
a radio station and automatically
indicates the deviation of the air-
craft to the right or to the left of
the on-course direction. The presen-
tation ‘“Aircraft Radio Compass”
(Electronics, Oct. 1935, page 7) de-
scribes the details of a radio com-
pass extensively used today. The
basic principle underlying these
devices, invented by Dieckman and
Hell in 1925, depends upon properly
phasing the received signals by a
loop and a non-directional antenna to
produce the cardioid reception pat-
terns (page 9) and actuate an indi-
cator to the right or left of a zero
null position in accordance with the
orientation of the loop antenna and
the signal wave front.

The fundamental faults of this
system are adequately summarized in

raricanradiohistery com

A. On course. The voltage from
the loop is zero

C. Circle image showing plane
directly over towers of station

2

a report of the Radio Technical Com-
mittee for Aeronautics, published on
pages 163-164 of Air Commerce Bul-
letin of January 15, 1936.
1. The indicated bearings of
a satisfactory radio direc-
tion finder should depend
upon the angular relation of
the loop with respect to the
transmitting station only
and should not depend upon
critical phasing of the elec-
trical circuits. We believe
that the lack of this feature
in the present equipment,
which requires accurate ad-
justment of circuits, is the
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D. Eliptical

showing
improper phase adjustment

pattern

principal disadvantage of
these units.

2. A direction finder, to be
satisfactory, should be free
from course errors resulting
from interference by other
stations on adjacent chan-
nels.

The cardioid reception pattern ra-
dio compass system requires accu-
rate adjustment of the antenna cir-
cuits, particularly the phase rela-
tion between the loop and the non-
directional antenna. Periodic elec-
trical servicing of the equipment is
necessary and the pilot has no indi-
cation during flight that his radio

ELECTRONICS — August 1936
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Aircraft Compass

Lissajou figures formed by loop and stationary an-

tennas give course indications accurately. Phase errors imme-

diately detected and corrected
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compass circuits are in proper rela-
tion. Flight errors up to ten degrees
and more are attributable to mis-
phased conditions over which the
pilot has no control. When it is
realized that the electrical parame-
ters of the loop antenna do not re-
main constant, but change in accord-
ance with temperature, humidity and
mechanical vibration or shock, it will
be evident that the absolute reliabil-
ity of the cardioid system is impos-
sible. Temperature variations in
flight of two degrees Fahrenheit per
minute are usually incurred and
serve to destroy the phasing char-
acteristics for the cardioid reception
pattern and in turn destroy the ac-
curacy of the indications. A mis-
phased condition will prevent a
‘null’ indication when on-course.
Mistuning of the loop circuit is an-
other serious factor for misphasing
and the pilot generally has no means
for realizing this condition. Slight
mistuning errors cause directional
errors of two to four degrees.

A right-left indicating direction
finder, operating on a radically new
principle, for which patents are
pending, has been invented by Ed-
ward J. Hefele. This device employs
a cathode ray tube as a means of vis-
ual indication. Several models, manu-
factured by the Airplane and Marine
Direction Finder Corporation, of

PPN PN PN H H
omaarioanyadiohictorn, ~nm

which Mr. Hefele is Chief Radio En-
gineer, have been submitted to the
U. S. Coast Guard. This direction
finder has been tested extensively
under various flight conditions un-
der the supervision of Chief Radio
Electrician C. T. Solt of the Com-
munications Division, Coast Guard
Headquarters, Washington, D. C,,
which division functions under the
immediate jurisdiction of Com-
mander F. A. Zeusler, Chief Com-
munications Officer. Mr. Solt, ac-
companied by Coast Guard pilots J.
R. Orndorff and W. R. Durham con-
ducted numerous test flights over
bodies of water as well as over flat,
hilly and mountainous terrain during
daylight and darkness. During these
tests it was noted that night effect,
although evident by the character of
the cathode ray pattern, did not ma-
terially affect the directional ac-
curacy. Flights through heavy at-
mospheric disturbances, which would
preclude any other type of radio com-
pass have been made ‘blind’ by this
cathode ray right-left indicator with
excellent results.”

The basic improvement of the
Hefele system resides in combining
independently amplified directional
and non-directionally received signals
at the indicator, which is preferably
a cathode ray tube, in a manner
which continuously apprises the pilot

13
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of all
which he needs for reliable direc-
tional guidance.

Figure 1 is a simplified schematic
representation of the electrical cir-

the necessary information

cuit of this new radio compass. The
radio station is tuned in by means
of a common tuning control. The
non-directional antenna is preferably
a vertical mast located upon the ex-
terior of the aircraft. The mast sig-
nals are amplified by a corresponding
radio frequency amplifier, the output
of which is connected to the vertical
deflecting plates of a cathode ray
tube. The loop antenna is tuned by
the variable condenser C and is con-
nected to the input of the loop radio
frequency amplifier. The loop sig-
nals are connected to the horizontal
deflecting plates of the cathode ray
tube. Continuous aural reception is
feasible by closing switch S, connect-
ing the audio detector and amplifier
to the output of the non-directional
radio frequency amplifier.

The mast signals produce a ver-
tical image of predetermined amuvli-
tude upon the fluorescent screen. The
loop signals impréssed upon the hori-
zontal deflecting plate, being of the
same wave shape as the vertical plate
signals, act with the vertical image
to produce a resultant image (Lis-

14

The CR compass in the
Coast Guard plane. Note
vertical arrangement of
navigation instruments

Magnetic compass

Artificial Horizon

Directional gvro compass

sajou figure) upon the fluorescent
screen of the cathode ray tube ac-
cording to principles well known. The
deflection of the image from vertical
is dependent upon the relative inten-
sity of the loop or directional signal
component. A straight line image
results when the vertical and hori-
zontal deflecting plate signals are in
phase. Otherwise, an ellipse appéars
on the screen (see Fig. 2). Since
the wave shape of the component siié—
nals is the same, a stationary image
results. The ellipse shows evidence
of misphasing between the two com-
ponent signals. By adjusting the
vernier condenser C’ connected in
parallel across the loop antenna, the
relative phase o"f’ the loop signal is
changed and is brought into coinci-
dence at the cathode ray tube with
the vertical mast signals as evidenced
by the straight line image upon the
cathode ray screen. '

The horizontal component signals
impressed upon the cathode ray tube
due to the loop antenna causes the
null reference vertical indication to
deflect to the right or to the left as
illustrated in Fig. 2. The angle of
deviation depends upon the relative
intensity of the loop component.

If the plane of the loop is perpen-
dicular to the wave front of the re-

wwwW americanradiohistorv. com

ceived signal, a zero or null signal
condition exists therein. By position-
ing the plane of the loop perpendicu-
lar to the axis of the plane, a null
loop signal condition will provide
homing flying. If the plane deviates
to the left or to the right of the on-
course path, the loop antenna will
be impressed with corresponding sig-
nals to deflect the normal vertical
indication (due to the mast antenna
system) to the right or the left. The
angle of deviation depends upon the
sensitivity adjustment of the loop
amplifier and also upon the angle of
deviation of the aircraft from its
course.

The pilot tunes to a radio station
in the vicinity of his destination by
means of the audio unit, and main-
tains his flight directly towards the
station by manipulating his controls
to keep the deflecting fluorescent
image vertical. The vertical indica-
tion of a normally functioning in-
strument accurately determines when
the plan of the loop antenna is per-
pendicular to the wave front of the
received signals.

Failure of either amplifier unit is
immediately ascertained by the pilot
by absence of the corresponding com-
ponent of the indication image. The
bearing accuracy of the system de-
pends only upon the physical posi-
tion of the loop antenna with respect
to the transmitting station and is
independent of critical phasing or
amplification ratios of the electrical
equipment.

A misphased condition between
the directional and non-directional
antenna systems is immediately evi-

Stream-lined loop for the new compass
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dent as an elliptic image and can be
immediately corrected by the tuning
vernier C’. However, it is to be
noted that the automatic directional
indication is independent of the mis-
phased conditions, even though an
elliptic image is produced, since its
axis is deflected similarly to the cor-
responding straight line image.
The tuned radio frequency ampli-
fier system illustrated in Fig. 1
causes signals of corresponding radio
frequency to be impressed -upon the
cathode ray tube and special precau-
tions must be taken to avoid inter-

coupling reactions. Fig. 3 illustrates,
a more practical modification utiliz-’

ing- superheterodyne reception. A
common beat-frequency oscillator is
employed with independent antenna
r-f amplifier sections. The resilt-
ant intermediate frequency signals
are accordingly of identical fre-
quency and wave shape due to the
common beat-frequency oscillator.
The output of the i-f amplifiers are
impressed upon the corresponding de-
flecting plates of the cathode ray
tube. The principle of operation of
the superheterodyne modiﬁcaftion in
Fig. 3 is identi'cal'tio' that of Fig.
1 with the added advantage of higher
stable amplification and in arrange-
ment of circuits.

It is important for the pilot to
know whether he is flying towards
or away from the station even
though he is on-course on the beam.
The cathode ray tube direction finder
provides such automatic sense direc-
tions in the following manner: When
the plane deviates to the right of the
course, the deflection of the fluores-

. e
The drag is two pounds atr'2’00>_.m.p.h.
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Receiving unit installed
in the plane

Loop control wheel for
taking off-course bearings

Receiving control unit for
tuning, phase adjustment,
audio output

cent image will be to the left or .ve-
versed to the normal condition. This
reversed effect is due to the recipro-
cal or opposite position of the incom-
ing signal waves with respect to-the
predetermined orientation of .the
loop antenna. The signals are ac-
cordingly 180° out of phase and pro-
duce an inverted sense indication on
the indicator.

The pilot is immediately apprised
of reversed flying. When he deviates
to the right of on-course and the in-
dicator deflects to the left of the null
reference indication, the pilot nor-
mally believes himself to be flying
at an angle to the left of the beam.
He accordingly controls his plane to
turn more toward the right to bring
him from his apparent left position
to on-course. However, due to his
reversed bearing, the deflection will
deviate still more towards the left.
The pilot accordingly immediately
knows that he is flying away from
the beam. It may be sometimes con-
venient to fly on “reversed sense”
when flying away from a beacon or
transmitting station. This is accom-
plished by merely reversing the
terminals of the loop to the input of
its radio frequency amplifier by a
simple reversing switch.

This indicator will also give a

i
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direct indication when the aircraft
is directly over a transmitting an-
tenna. In flight over the “antenna,
the indicator sense will chaiﬁge from
normal to reversed. However, when
directly over the station, the vertical
indication broadens to-an ellipse and
then to a distinctly circular image
which moves slowly off center. When
the over-station position is* passed,
the vertical line on-course indication
returns but with reverse serse. Con-
tinued flying with proper -sense is
accomplished by the loop #reversal
switch. o
Hefele’s cathode ray right-left in-
dicator may be used to indicate the
direction of any type of-«radio sta-
tion, such as a broadcastings station,
radio beacon of the A—Nlity'pe and
commercial or telegraph stations.
ICW telegraph signals may’be read
directly on the indicator giwnce the
image line will appear and dfsappear
in accordance with the telegriph sig-
nals. However, the deflectio "-_o-f the
image is unaffected by the IQ;W and
accordingly the directional gg"curacy
is maintained. Continuous aural re-
ception of weather reports, flight in-
structions and the like are feasible
while maintaining continuous} direc-
tional indication on a cathole ray

Continned on page 43
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20-100 mc. Signal Generator

Allwave receivers now tune as high as 40 to 60 megacycles.

To engineer

and test them and other apparatus in the UHF region calls for a generator with

characteristics not found in the broadcast band

HE modern allwave receiver is a

pretty marvelous machine. Tun-
ing over the range from 0.5 to 20
mc., any frequency in that range
quickly and easily selected, sensitive
enough to reach noise level in most
locations, selective, and reproduced
in quantity at a surprisingly low
price, it presents a striking contrast
to the insensitive, hard-to-tune, un-
selective, expensive receiver of a few
years ago. Receiver design has gone
ahead at an amazing rate in the last
ten years, chiefly because we have
learned how to measure what we are
doing.

There never has been any sub-
stitute for a signal in receiver test-
ing. The most convenient source
of such signals is the signal genera-
tor. Placed on the bench in front
of the engineer, it is in effect a com-
plete distant transmitter, operating
with the type of transmission he
wants, at any hour of the day or
night, transmitting on any desired
frequency with any desired signal
strength, and with all of these fac-
tors under control. With it he can
make performance tests, compare
one receiver with another, trace
down defects, study the effect of de-
sign changes. Without its aid we
should still be a long way from the
perfected allwave receiver of today.

But the “allwave” receiver is not
truly all-wave. It goes up to per-

Setup for Fig.
2 on page 18

By C. J. FRANKS

Ferrig Instrument Corporation
Boonton, N. J.

haps 20 mc.; some go higher, but
not very satisfactorily. Now we
know that above 20 mec. is a region
of great potential usefulness. Trans-
mission characteristics are begin-
ning to be known, antenna design is
well advanced, and transmitters can
be built for almost any desired
amount of power at frequencies up
to perhaps 100 mec. And there is an
enormous number of channels avail-
able—yet this frequency region is
little used. Why?

Largely because we have no satis-
factory receivers for use on the
higher frequencies. For proof look
at the number of freakish, unsatis-
factory attempts which have been
made and still are being made to
design ultra-high-frequency receiv-
ers. There is always the old stand-
by, the superregenerator, but that is
gcarcely a solution.

The superheterodyne is a usable
circuit, but to realize the possibilities
of this type a good signal generator
is required. Even the mere aligning
and tracking of a UHF superhetero-
dyne is almost impossible without at
least a test signal of some sort.

The difficulty of building a good
and useful UHF generator does not,
strangely enough, lie in the internal
design of the instrument itself, al-
though such a generator is much
more difficult to build than one for
use at lower frequencies. The first
generators for the high frequencies
were built several years ago, and the
model described here differs only
slightly from those earlier models.
The real difference lies in the method
used to connect the generator to the
receiver to be measured. The prin-
cipal difficulty with earlier gener-
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ators, and one which kept them from
being usable, was the lack of proper
provision for this connection. Al-
though the correct microvoltage
might actually appear at the output
terminals of the instrument, there
wasn’t any way of making use of it.
When the usual connecting means
were used, strange and unaccount-
able things happened, and measure-
ments didn’t mean anything. When
a pair of leads bezomes comparable
in length to one-quarter of a wave-
length, which can easily happen
above 30 mc., the voltage at one end
usually bears very little relation to
that at the other end, sometimes be-
ing ten times as much, and some-
times as little as one-tenth.

The magnitude of the lead step-
up effect and the surprisingly low
frequencies at which it can become
important are shown by the curves
of Fig. 1 taken on a typical setup,
the generator and receiver being
connected by leads three feet long.
The termination at the receiver end
was a tube grid. The largest error
shown on the curves is only 8 to 1,
but in some special cases errors as
large as 25 to 1 have been found in
the same frequency region. Since a
slight change of load capacitance,
load power factor, or lead configura-
tion will produce large changes of
step-up at the critical frequencies,
measurements can seldom be repeat-
ed or checked and the engineer ends
up with a hopeless feeling and a com-
plete loss of confidence in signal
generators.

On going to higher frequencies
the natural thing is to shorten leads,
to eliminate errors, but this usually
proves disappointing. In the case
shown in Fig. 1, shortening the leads
to six inches raised the resonant fre-
quency to only 55 mec., due to the
residual self-inductance of about 0.1
microhenry within the signal-gener-
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ator proper. To be successful at fre-
quencies above about 50 me. it is
essential not only to reduce the resi-
dual inductance of the generator to
the vanishing point, but to reduce
the connecting leads to something
under about two inches in length.
1t is not too difficult to accomplish
the first requirement—that is only
a design problem—but the second is
harder. Leads less than about a foot
long seriously cramp the style of the
user, yet these are too long for ac-
curacy. Next was tried a setup of
an experimental signal generator
and an experimental superheterodyne
receiver, both covering the range 50
to 75 megacycles. They were placed
on the test bench as close together
as was possible and connected with a
ground lead six inches long and a
high potential lead twelve inches
long. Figure 2 shows the results of
measurements made with this setup.
The measurement is that of antenna
circuit voltage gain, made in the
usual manner by determining the
microvolts input for standard output
with the generator connected alter-
nately to antenna terminals and to
the first grid, the ratio of these
values being the voltage gain. Curves
A and A’ were taken with the setup
shown. Of course it is highly im-
probable that such curves could be
correct, particularly the one of volt-
age on the grid (A’) which
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ought to be nearly flat. The trouble
turns out to be mostly in the ground
lead, for when this is shorted out, by
moving the receiver until its chassis
contacts the signal generator case,
the largest bumps disappear and the
curves B and B’ are obtained. How-
ever, this is still not the correct re-
sult, for when the leads are reduced
to about one half-inch in length, by
dint of great effort, the curves C and
C’ are obtained. These are proved
to be correct when further effort at
shortening and rearranging the
leads fails to produce any appre-
ciable change.

In this and many similar tests the
ground lead was the worst offender,
since it put entirely unexplainable
bumps and holes in the curves. The
high lead was bad enough, but at
least it behaved according to reason-
able theory, while the ground lead

IR ZC PN P iohi
ricanradinhictans cam

under test

apparently made its own rules. There
seemed to be unpredictable reso-
nances in the complex circuit made
up of the generator, receiver, their
capacitances to ground, the induc-
tances of the leads, the power sup-
ply cords, and the wiring under the

test bench. Measurements could
never be relied upon or repeated un-
til the ground lead was eliminated
and the receiver chassis brought to -
the same potential as the case of the
generator. However it was appar-
ent that until this limitation could
be overcome, and the necessity for
propping apparatus up at crazy
angles to shorten leads could be
eliminated, the whole thing was fan-
tastic and impossible from a com-
mercial standpoint.

The use of a properly terminated
transmission line on the output of
the generator finally solved the prob-
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Fig. 1—Effect of leads on gain measurements

lem. A three-foot section of flexible
concentric line was used, its outer
end terminated in a resistor of the
proper value, and the whole output
system arranged so that the indi-
cated microvoltage appeared across
the resistor. This resistor was
housed in a very small box which
also served as a mounting for the
output binding posts, the whole as-
sembly being small enough to permit
its insertion into almost any part
of a receiver into which the voltage
was to be introduced. In many cases
it was possible to clamp the “ground”
terminal directly onto some portion
of the receiver shielding, eliminating
the ground lead entirely. Now, ob-
taining leads short enough to elim-
inate resonances became easy, in-
stead of calling for ingenuity and
gymnastic ability of a high order.
The use of the transmission line
placed unusual requirements upon
the remainder of the output (attenu-
ator) system. This was finally
worked out to provide proper at-
tenuation, to terminate the line prop-
erly under all conditions and all set-
tings of controls, to compensate for
the shunting effect of the line upon
the attenuator, and to correct for the
transmission loss of the line so that
the correct voltage would actually
appear at the end of the line. There
was no more trouble with unexplain-
able bumps in the curves, measure-
ments could be made and repeated
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without difficulty, and work on re-
ceivers in the ultra-high-frequency
region became almost as easy and
reliable as in the now familiar lower-
frequency bands.

The next step was to employ the
new transmission line output system
in a generator which would embody
those features of ease of control and
convenience of operation which we
have become accustomed to expect of
modern generators. Line operation,
cutput metering, direct-reading out-
put controls, were all easy enough.
Self-contained coils for band-switch-
ing looked harder, and the unde-
sirable plug-in coil seemed inevitable.
But a trial oscillator built with the
coils mounted in a rotating drum
proved unexpectedly successful and
was adopted. The use of the acorn
triode tube, small components, and
short leads gave satisfactory opera-
tion at frequencies up to 100 mec. and
fairly good results up to 150 me. At
this point, however, practically all
of the inductance is in the leads and
contacts and very little is left for
the coil itself, so that 150 mec. is
about the practical limit for this type
of construction. Frequency modula-
tion was held down to a point where
the modulated signal could be re-
ceived on a superheterodyne of the
selective communications type with
out difficulty or mushiness in the
audio tone.

The voltmeter which indicates the

waany amaricanradinohictan, como

output of the oscillator is of the
diode type, provided with a bucking
circuit to allow compensation for
varying cathode temperatures due to
varying line voltage. This meter
indicates the voltage set up by the
oscillator across a single turn of
heavy brass strip which forms the
first, continuously variable, portion
of the attenuator system. Provision
is made to adjust the output of the
oscillator to permit bringing this
voltage to the correct value. Any
desired portion of the voltage exist-
ing across the single turn is picked
up by a moving arm contact, the
position of the arm being shown on
a panel control calibrated directly
in microvolts output. This, together
with the customary multi-position
ladder type resistance attenuator
network permits the customary
values of output microvoltage to be
obtained. The inductive type of po-
tentiometer has proven reliable in
service and should give longer life
than the resistive type, although the
chief reason for abandoning the re-
sistive potentiometer was the fact
that no design suitable for use at
high frequencies was available.

On page 17 is shown a preliminary
model of a 20 to 100 mc. generator
connected to a receiver for measur-
ing sensitivity showing the manner
in which the transmission line per-
mits the output voltage to be in-
serted into the receiver. The ground
terminal of the output box is clamped
on the shielding of the receiver,
while the high lead is only about an
inch long.

& ST
Permlinaly

Megocycles

Fig. 2—Measurements made with
setup described
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Remote Receiver
Tuning at KDYL

Tuning a short-wave receiver over a phantomed line

John M. Baldwin describes a solution

to a short-wave press service problem

TATION KDYL, subscribing to

one of the short wave press
services, has found it necessary to
install the receiver at the trans-
mitting terminal, to obtain more
reliable reception than would be
obtained at the studios, located in
a center of high noise level. The
output of the receiving equipment
is transmitted to the studios through
a telephone line, where it is copied
by an operator. Using this system,
two men are normally required—
one to keep the receiver in tune and
the other to copy. In practice, fre-
quent retuning of the receiver is
necessary during a news transmis-
sion, and the operator at the ter-
minal has a double duty to perform
—to watch the press receiver and
monitor the broadcast program.
This has its obvious disadvantages,
and so a remote control system has
been designed to enable the copyist
to tune the receiver from the studios.
Inasmuch as there are a few novel
features in this control system, a
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description is given below, so that
other stations confronted with the
same problem may avail themselves
of it.

An inspection of the circuit dia-
gram, shows the equipment to be
merely a vacuum tube polarized re-
lay, actuated by changes in grid bias,
controlled from the studio news
room and in turn operating a spe-
cially constructed electromagnetic
switch, which controls the starting,
stopping and direction of rotation of
a small commutator type motor,
driving a vernier condenser through
an 800 to 1 reduction gear. This
vernier condenser is a three gang
unit and is connected in parallel
with the three gang tuning con-
denser in the receiver, which tunes
the first r-f, detector, and oscillator
circuits respectively, in an ACR 136
receiver.

At the studio end of the line, a
small lever type switch is so connect-
ed that in the center position there
is no potential difference between

\ApaAnAr faayataral H H
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the phantomed line and ground. In
the other two positions of the switch,
however, the phantomed line is bi-
ased either positive or negative in
respect to ground, and controls the
plate currents of the two sections of
the type 53 double triode control
tube. The switch itself is a WE
control key, such as used for ringer
service on telephone switchboards,
and connected as shown. In the nor-
mal (no bias) position of the con-
trol key, the two plate circuits of
the 53 control tube pass about 20
ma. When the switch is thrown in
either position however, one grid
goes positive and the other negative.
This unbalances the plate currents
so that one plate draws 100 ma.
and the other drops to zero. This
causes the electromagnetic switch to
throw off center position, closing the
motor start and field polarity con-
tacts and causing the vernier con-
denser to rotate slowly as long as
the control switch is held closed.
The windings of the electromag-
netic switch consist of 6000 turns
each of number 34 enameled wire.
Although this size wire is not rated
to carry 100 ma. continuously with-
out heating, the intermittent use to
which it is put prevents any diffi-
[Continued on page 31]
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HE development of any engi-

neering activity or process is
characterized by increasingly rigor-
ous test and measurement technique.
Indeed, tests and measurements
occupy a very prominent part in
soundly establishing the application
of any new principle. This is justi-
fied, not only in widening existing
knowledge regarding a particular
activity or process, but also eco-
nomically in minimizing empirical
factors in application, with the gen-
eral consequence of increased yield
or efficiency per unit cost. As appli-
cation increases, refinement of
processes and methods occurs, re-
quiring more and more precise
production control.

Radio is no exception to this
general rule, and its increasing
economic and social importance has
brought with it a need for more
precise information on its abilities
and limitations. The need is further
emphasized where a specialized
technical service is intimately asso-
ciated with the lay public as in the
case of broadcasting. Varying opin-
ions are bound to exist with more
or less knowledge of the technical
considerations involved. Such opin-
ions can only be justified by facts,
and unfortunately the facts are all
too frequently rather obscure. It is
the purpose of this article to discuss
some general considerations involved
in one of the less well known, but
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basically important phases of radio
transmission—the measurement of
the electro-magnetic field of a radio
transmitting station. Its significance
is appreciated with the realization
that it is the strength of this field
which determines whether or not the
transmitting station can be heard at
any given receiving point. In other
words, the strength of this field de-
termines the area throughout which
a given radio station can render
service, The discussion in this paper
will be confined to broadcasting sta-
tions and frequencies. The same
general considerations apply to the
other radio services, though the
requirements and methods may vary
greatly.

Theoretical investigation indicates
that the field intensity of any radio
station, expressed in terms of the
voltage induced in a conductor ex-
posed to that field, is given by the
relation,

KHI
E=——XS8
Ad

where E = volts induced per meter

of receiving conductor; usually
known as ‘““field intensity”

K = a number dependent on HI/A

H = transmitting antenna height

I = transmitting antenna current

A = transmitter wave length.

d = distance from transmitter to
receiving point

www americanradiohistory com

By H. M. SMITH

Engineering Division,
Canadian Radio Broadcasting
Commission

Map of boundaries of various
grades of broadcast service

S = a reduction factor known as the
“attenuation factor.” S is
always less than 1.

A rigorous analysis of antenna
radiation indicates the presence of
another field, known as the “induc-
tion field.” It can be shown to vary
as 1/d*> and is 90 degrees out of
phase with the field under considera-
tion. Its effect is not significant at
distances greater than 4 or 5 wave
lengths from the transmitting an-
tenna, and it will not be considered
further here.

As shown above, the relation be-
tween field intensity and antenna
height, current, wave length and dis-
tance is a simple one. The term
HI/A may be replaced by k'vVw
representing the radiated component
of the antenna power input.

The factor S, however, cannot be
passed over so lightly. It is an
extremely complex function of wave
length, distance, ground conductivity
and earth’s dielectric constant. At-
tempts have been made to evaluate it
by several investigators, both theo-
retically and empirically, with vary-
ing degrees of success. Any such
process, of necessity, must be of lim-
ited value for the evaluation of S
can only be accurate over flat terrain
having constant ground conductivity
and this condition is extremely rare
in nature. Irregularities such as
hills, cities or towns, and variations
of ground conductivity with strata
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Field Strength Measurements

The days in which stations are rated by antenna power as a measure of their

effectiveness are, fortunately, coming to a close.

criteria of performance than argument

Exact measurements prove to be better

of various depths all operate to
defeat even approximate calculation
of S. It is obvious that S must be
determined precisely if there is to be
any accurate prediction of radio
coverage in a given area.

Measurement of field strength per-
mits the S for any territory to be
determined readily. If measurements
are made at intervals along a radial
line from the transmitter the data
may be plotted in the form E, vs. d.
It is apparent, from the relation
given, that if S were equal to unity
the product EXd would be a con-
stant (for a given frequency and
antenna power). For constant fre-
quency and ground conductivity it
can be shown that S is a variable
function of d, decreasing as d in-
creases.’* In addition, hills and
other changes in topography and
subsoil conditions further contribute
to variations in S so that its value,
always less than unity, will vary
widely along one radial and, very
frequently, in different directions
from the transmitter.

With the measurement data plotted
in the form noted above, the value
of S8 in any region may be deter-
mined, and when broken down yields
the value of the ground conductivity
in that region. Once the ground
conductivity is known, fairly simple
calculations permit the prediction,
with fair accuracy, of field strength
from a station of any power and
frequency at any point within the
area investigated.

Measurement Avoids Conjecture

Applications of the general prob-
lem, as outlined above, are many and
varied. It is readily apparent that
with measured values available,
there is no valid ground for conjec-
ture regarding the grade of service
rendered by a station in any particu-
lar area. This usually requires a
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complete survey of the area covered
by a station. The data is plotted on
a map and equal signal contours
drawn to indicate the boundaries of
the various classes of service ren-
dered by that station; these, of ne-
cessity, will vary widely. Examples
are shown above. For example, a
field intensity which would be unsuit-
able in the business section of a city,
due to artificial interference pro-
duced by elevators, street cars, de-
fective electric signs, etc., might be
capable of rendering good service
over many square miles of rural
area where the artificial noise level
is very low.

Due to the necessity of allocating
a large number of stations to com-
paratively few channels, interfer-
ence is often a problem. The

Canadian Radio Commission asses-
each Canadian
area.

station with
This will

ses

a fair service

hictaon, oons

vary with the station’s power
and efficiency and is determined by
field strength measurements. An
endeavour is made to protect each
station against radio interference
within its fair service area. The
Commission has had recourse to field
strength measurements on many
occasions to determine whether or
not such interference occurred within
the fair service area of the plaintiff.

A transmitting antenna propagates
a field in practically all directions in
a vertical plane above ground. The
component of the transmitted field
included in the angle formed by the
earth’s surface and a line 10 degrees
above the horizon, with the transmit-
ting antenna as origin, will be desig-
nated, for this discussion, as “ground
wave” ; the remainder, propagated in
directions making an angle from 10
to 90 degrees above the horizon, will
be termed “high angle radiation” or

Portable field strength

measuring equipment

. T
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“sky wave.” It is apparent that the
ground wave is most useful in areas
adjacent to the station. This ground
wave, however, is subject to rapid
attenuation, due to the factor S
discussed above and the fact that
even without attenuation the field
would decrease inversely with the
distance from the station. At some
distance then, its value becomes so
low as to be of no further use in pro-
ducing suitable reception because of
artificial noise level, limitations in
receiver sensitivity, or both. Let us
call this limiting distance d! miles.
The high angle radiation is almost
completely absorbed in daylight; this
does not occur during darkness, and
at broadcast wave lengths it is effec-
tively reflected from the ionosphere
located some 60 to 70 miles above the
earth’s surface. Depending upon the
angle of propagation this reflected
component returns to the earth at
varying distances from the transmit-
ter. The combined action of the
ground and sky wave components
then produces the voltage in the re-
ceiving antenna. If the sky wave
component is of the same order of
magnitude as the ground wave, fad-
ing of various types usually exists,
due to amplitude and phase varia-
tions of the reflected component to-
gether with polarization. There is
always some distance d!t miles from
the transmitter at which these re-
flected components become appreci-
able as compared with the amplitude
of the ground wave at that point and
where amplitude and phase varia-
tions of the resultant defeat the use-
fulness of automatic volume control
systems in the receiver. This region

is known as the ‘“zone of first
fading.”

If d is greater than dt, as is fre-
quently the case with stations of low
power, fading becomes a minor prob-
lem within the fair service area of
the station. If, however, d! is
greater than d!' the night service
area of the station becomes less than
the 'day area. Since broadcasting is
useful to a greater number of listen-
ers during the evening hours than at
any other time of the day, this point
becomes of serious importance in the
case of stations of medium and high
power. The sky wave and ground
wave components are both increased
in the same proportion as the trans-
mitter power is increased; the zone
of first fading is therefore independ-
ent of transmitting power and power
increases alone would appear to pre-
sent no proper economic solution to
the problem.

Chart below shows the night field
strength of a station measured at a
point 150 miles from the station.
A daytime measurement would indi-
cate a steady field strength showing
the absence of reflected components.
The night measurements show the
wide variations of field intensity
which may be encountered. Record-
ings of this type are useful from
several practical standpoints. Analy-
sis of the record shows the actual
time, during a given period of re-
cording, in which the signal exceeds
certain specified values; in this way
the exact amount of valid interfer-
ence is determined for a given set of
conditions, throwing the light of fact
upon what may or may not be
reasonable claims. Another obvious
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use is to show to what degree auto-
matic volume control in commercial
receivers will permit a fading pro-
gram to render useful service.

The proportion of ground wave to
sky wave can be controlled to some
extent by the physical height of a
transmitting antenna for a given
wave length. The costs of antenna
structures depend on a factor which
varies roughly between the square
and the cube of the height so it is
readily apparent that the economics
of such moves warrant reasonably
close consideration, particularly since
the increase in service area and the
reduction in fading which can be
effected in this manner are limited.

This immediately suggests that
transmitter efficiency, or more prop-
erly antenna efficiency, must contain,
in addition to factors determining its
electrical efficiency, a term which spe-
cifies the degree to which high angle
radiation is suppressed. Any ex-
pression of this nature is extremely
involved and radiation theory is not
yvet sufficiently clarified to permit
such an expression to be generally
useful. One can, however, calculate
with reasonable accuracy the field
strength which would be obtained
from a perfect antenna with a given
power at any point. From the meas-
ured value of field strength at such a
point, together with a knowledge of
S, a measure of antenna efficiency in
terms of the ideal can be obtained.
This is very useful in practice and
provides an excellent index regarding
the degree of usefulness of any sta-
tion in terms of the best performance
possible for a given power and wave
length.

Field Measurements

It hardly needs to be pointed out
that a survey of a given area, using
a low power portable transmitter,
supplies very valuable information
(which could not otherwise be ob-
tained) for use in the most efficient
location of a new station. In this
case S is evaluated, as discussed pre-
viously, to provide the range of
ground conductivities existing within
the region under consideration. From
this the best site, as determined by
coverage vs. economics, may be ob-
tained. Experience has indicated
that it is unwise to take liberties in
predicting coverage of a projected
station beyond the region investi-

[Continued on page 38]
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Modulation Measurement

Which to use—peak voltmeter, r.m.s. meter, or average-value meter? A diode

rectifier followed by a linear d-c amplifier is the solution offered in this design article

T~
Y M\

/ \

R-F signal

N

After rectification

Fig. 1—Relation beiween modulated and
rectified currents

N making quantitative measure-
ments with modulated r-f cur-

rents, the degree of modulation,
usually expressed in per cent of the
average r-f amplitude, is of tanta-
mount importance with the r-f am-
plitude itself.

Modulation percentage is deter-
mined by subjecting a portion of the
signal to linear rectification, and
then comparing the magnitudes of
the d-c and a-c components of the
current developed by the rectifica-
tion. The d-c¢c component is propor-
tional to the average r-f amplitude.
Superimposed on this is an a-c com-
ponent having the same wave form
as the imaginary line connecting suc-
cessive peaks of like sign of the im-
pressed r. f., and bearing the same
amplitude relation to the d-c com-
ponent as the imaginary line bears
to the average r-f amplitude. This
is illustrated in Fig. 1. The per-
cent-modulation meter must measure
the minimum-peak, average, and
maximum-peak values of the cur-
rent passed by the rectifier. Know-
ing these values, the modulation per
cent is given by:
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Ima.t_lmin X 100 (1)

% modulation = 5X]
av

But sometimes the modulation per-
centage as thus determined is not
the most valid coefficient. This is
the case, for instance, in production
gain-testing of radio receivers—and
in most "laboratory tests of similar
nature—because almost invariably in
this work output meters are used
which indicate more nearly r. m. s.
than peak amplitudes. When an r. m. 8,
output meter is used and the signal
modulation is other than sine wave
shape, an error is introduced if the
modulation percentage is determined
by the standard method outlined
above, that is, with a peak meter.
Substituting an r. m. s. meter for the
peak meter, the “effective” modula-
tion per cent becomes:

1.41 I a-c

% modulation = T de

X 100 (2)

Rectifier type meters are widely
used for evaluating
radio receiver out-
put. The indica-
tion of this type
of meter is most
nearly proportional
to the average cur-
rent, but the cali-

Rectifier

By C. G. SERIGHT

Radio Products Company

wave types were chosen for better
illustration.

The inference to be drawn from
the foregoing discussion is that ex-
cept for such uses as determining
over-modulation, an r. m. s. or recti-

Measured Peaked Obtuse
by Sinusoid wave  wave
Peak meter....100% 100%  100%
R.M.S. meter...100% 71%  110%
Rectifier meter.100% 61% 112%

fier type meter will frequently give
a more legitimate indication of mod-
ulation per cent than can be ob-
tained with a peak meter. It must
be understood, however, that the
writer does not overestimate the im-
portance of the point. The modula-
tion of signals used in measurements
usually approaches sine wave form,
in which case all of the meter types
discussed give equivalent indications.
Furthermore, the
error in measure-
ment of modulation
per cent is in near-
ly all cases over-
shadowed by great-
er errors in meas-
urement of small

Impedance
equalizer

bration is in terms
of r.m.s. of cur-
rent of sine wave
form. Substituting a rectifier type
meter in the circuit of Fig. 2 and
again obtaining the modulation per-
centage from Eq. (2), we find that
for a departure from sine wave mod-
ulation a different percentage will be
indicated than with either a peak or
r.m.s. meter. The percentage of
modulation indicated by peak, r.m.s.,
and rectifier type meters on signals
modulated as shown in Fig. 3 are
tabulated below. The figures are
approximate, and neglect the effects
of frequency discrimination and non-
linear rectification in the rectifier
type meter. Greatly exaggerated
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Fig. 2—High energy meler.

signal voltages. On
the other hand,
there are probably
cases in which precautions need
to be taken to insure the most
valid determination of modulation
percentage.

The circuit of Fig. 2 would be
suitable only for high energy sources,
such as transmitters. Even with the
substitution of a rectifier type a-c
meter, the load imposed on the meas-
ured circuit would in many instances
be greater than could be tolerated.
An r-f amplifier between the meas-
ured and measuring circuits would
introduce a probability of large er-
rors. The alternative is a linear d-c
amplifier following the rectifier. A
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Fig. 3.—Types of waveforms encountered

circuit worked out by the writer in
connection with the development of
a production gain-testing system is
diagrammed in Fig. 4.

The diodes of an 85 tube are
coupled to the circuit carrying the
signal to be analyzed. A portion of
the rectified voltage is impressed on
the grid. The plate circuit contains
the indicating meters, a ballast re-
sistance, and a filter to separate the
a-c and d-c components of the plate
current. A rheostat and bucking
battery around the d-c meter enable
setting its needle to the end of the
scale when the r-f input is reduced
to zero. The a-¢c meter has a range
of 1 ma,, r. m. s. If the input is
increased from nil by an amount
sufficient to produce an increment
of 1.4 ma. in the d-c meter reading,
and the a-c meter then reads full
scale, the indication is 1009% modula-

sion scale, and correspondingly indi-
cates fractional modulation directly
in per cent.

Inasmuch as rectifier meters have
a non-uniformly-divided scale, and
this departure from linearity is a
function of the resistance in series
with the meter, the a-¢c meter should
be equipped with a scale compensated
for a multiplier approximately equal
in resistance to the total plate cir-
cuit a-c impedance. A 100 v. scale
was used in the writer’s meter, but
a 25 or 50 v. scale would have been
slightly more accurate in measure-
ment of low percentages. Also, the
a-c meter scale could be calibrated
up to 125 or 1509% (and a corre-
sponding compensation made in the
d-c meter increment) so as to read
“effective” modulation in excess of
100%.

The load imposed on the measured

the resistance in the diode circuit. A
high resistance potentiometer is
therefore to be preferred. An r-f
filter is advisable between this poten-
tiometer and the grid. The capaci-
tance of this filter, plus that of the
diode input condenser, must be low
enough in relation to the potentiome-
ter resistance that the modulation
component of the rectified signal is
not attenuated.

The plate supply potential need be
only sufficient to accommodate a
plate current change of slightly more
than twice the required d-c incre-
ment on the straight portion of the
Ec-Ib curve. 200 volts is a satis-
factory value.

For accurate measurement, a cor-
rection must be made in the d-c in-
cremental reading. To make this
calibration, the d-c meter is adjusted
to the end of the scale by means of
the bucking circuit. Then a small
d-c voltage is introduced in series
with the grid bias battery. A smaller
sine wave a-c potential of accurately
known magnitude is also connected
in series in the grid circuit. The a-c
potential is adjusted to a value that
gives some convenient reading, say
50, on the plate a-c meter. The d-
voltage is then adjusted to:

1.41 X a-c grid volts (r.m.s.)
Ede=
% reading of plate a-c meter

(3)

whereupon the d-c increment is read.
This increment is subsequently used
in liew of 1.4 ma. in per cent
measurements.

Push-button switches as shown

add greatly to the convenience of
[Continued on page 38)

tion. The a-c meter has a 100 divi- circuit is inversely proportional to
o-—it- - A —
|
1
Coup/ea’-.y: 3
o - -
signel ,/ |
I
L L
- 45 =
volts -
10,000 7o
100,000 200
total ohms
Pusbutton
switches
— Bottom makes 100 ohms
s before fop breaks
Fig. 4—Modulation measurement circuit used in production testing

MOANLL S0 Ay Ny

110 volts
a.c.
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Mean Level

GEORGE H. LOGAN

Sound Department, M. G. M. Studio
Culver City, California

HEN the relative energy out-
Wput of a source (such as a
speaker gystem, for example) is ob-
tained on a high speed level
recorder, the chart in general ap-
pears as standing waves which vary
in amplitude about some unknown
mean energy level. Figure 1 repre-
sents such a chart, with decibel
ordinates, and frequency abscissae.
To study the system characteristic,
it is desirable to plot the mean level
in decibels against log frequency.

It must be remembered that the
energy level, when recorded in de-
cibels, does not vary arithmetically
but changes logarithmically. The
correct procedure, then, is to read
from the chart the maximum and
minimum decibel values for a par-
ticular frequency, convert these to
corresponding power ratios, average
the power ratios, and finally convert
this average power ratio to de-
cibels. In this manner is found the
true average level for a specific fre-
quency. Finding a number of such
points throughout the frequency
range, and connecting them with a
smooth curve produces the true mean
level curve.

In deriving the mean level equa-
tion, let D, and D, be the maximum
and minimum recorded levels at a
given frequency.

sly

= 10 logio PRor PR = (10)?
At the extremes D, and D,—
Dl

PR, = (10)7°; PR; = (10)70

]
»

Hence the average power ratio is—

2y Dy
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2
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Fig. 2—Unusual form of power ratio-decibel chart from which values
for formulas may be secured

To convert to average decibel
values—

D.... = lOloglo PR....
Dl D2
1079 4 1010
e IOIogm
D D

1 2

10logyo [1070 4 1070 ] — 10logo 2
D1 D2

10logio| antilog— + antilog—
10 10

—3.010

]

Therefore, to compute the mean
decibel level at a certain frequency,
the extremes D, and D, are read from
the chart, substituted above, and the
equation solved for Dg,.

Fig. 1—Response curve for demonstrating average level determination
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To illustrate use of the formula,
solution for mean level at 50 cycles
is given.

Reading D, and D,, Figure 1—

D, =9 D; =6
9 6
D.... = 10logio| antilog—- + antilog—
10 10
—3.010
= 10logio [7.943 + 3.981] — 3.010
= 10logio[11.924] — 3.010
= 10[1.0764]) — 3.010
= 10.764 — 3.010
= 7.754 decibels
In practice it will be found satis-

factory and appreciably faster to
obtain Dg, using Figure 2. Taking
D, and D, at 50 cycles, Figure 1—

D, =9 fromFig.2, PR, = 7.7
D, =6 fromFig.2, PR, = 3.9
7.7+ 3.9
PRy = — = 5.3
2

from Fig. 2, Da... = 7.8 decibels
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By DANIEL E. NOBLE

Assistant Professor of Engineering

Connecticut State College

Limited Impulse & Delay Relays

Many circuits using tubes for relays have been devised; Professor Noble

contributes his share in a class room bell timer, and a photographic printing time

control.

They operate from a.c.

HE widely used electronic relays

are either designed for d-c oper-
ation or for a-c use with a rectifier
system in the unit. While no claims
of startling originality are made by
the author the relays described below
operate on a.c. without a rectifier
system and offer a simplicity of de-
sign which will appeal to the engi-
neer or scientist concerned with con-
trol problems.

The limited impulse relay so-called

because the impulse may be limited
to any fraction of the original con-
tact time, will find many uses in
process timing. In the author’s lab-
oratory, two such units are in use.
One is connected to an electric clock,
as shown above, for the purpose
of timing classes. When the hour
hand brushes the insulated contact
at ten minutes to the hour, the relay
closes to ring the class-ending bell
and on the hour the relay again

closes to ring the class-starting bell.
The electron relay has these charac-
teristics:

1. The contact sparking current
is negligible since the contacts
operate in series with a half
million ohm resistor.

2. The ringing time of the bells
is limited (in this case to three
seconds) to a predetermined
impulse. The slowly moving
minute hand may move errati-

Switch Positions®
1-Lamp off
2 - Larnp onfor exposure defermined by Rg

«kgo) (0000000
e, (77000000}

Relay contacts

-D—E—._ Enlarging

or printing
lamp
\

Y

1&3-Lomp on. Manvol control

2 Photographic printing light control
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3 Twin triode limited impulse circuit
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cally over the contact for a half
minute or more without affect-
ing the bells beyond the length
of the original pulse.

In the second unit in the laboratory,
the resistance R, is a variable unit
equipped with a dial calibrated in
seconds (Fig. 2). The lamp circuit
of either a photograph contact print-
er or enlarger is connected through
the relay circuit., Used in this way,
the device is a magnificent saver of
time and patience. The photog-
rapher places his paper in position,
gets the dial for proper exposure
and throws the switch. The relay
then turns on the light for the ex-
posure and automatically turns it
off at the end of the predetermined
exposure period. The unit is espe-
cially valuable when a large number

of duplicate prints are to be made.

The operation of the limited im-
pulse relay depends upon the well-
known condenser charging principle.
When switch S (Fig. 2) is thrown
to Position 2, the condenser C,
charges through R,. The charging
voltage is the drop across the relay
circuit. The grid bias before the
switch is thrown is also equal to
the voltage across the relay circuit
but at the instant the switch makes
contact the condenser charging cur-
rent is a maximum. The grid bias
is then equal to the drop across
the relay circuit minus the drop
across Ry, As the charging of the
condenser proceeds, the current
through R, decreases resulting in an
increase in the negative grid bias.
When the condenser is fully charged,
the grid bias is again approximately

—_—l———

1 Limited ring impulse clock timer

equal to the drop across the relay
circuit. Therefore, when the switch
is closed, the plate current rises to
close the relay and then falls to open
the relay when the grid condenser
has charged sufficiently.

On a d-c supply there are no spe-
cial problems to be solved for satis-
factory operation of the relay. When
used with a. c. the design must com-
pensate for the fact that current
will flow in the plate circuit of the
tube only during positive plate half
cycle. Fortunately, a power factor
adjustment of the relay circuit can
be made which will eliminate en-
tirely the chattering of the relay
and the unstable timing. Since the
values of R, and C, will depend upon
the characteristics of the relay, no
general values can be assigned but
in the unit built by the author C,
was 8 pf and R, 5,000 ohms for a
rugged relay which closed on ap-
proximately 10 m.a. For the same
unit, By equals 250,000 ohms and Cy,
8 uf for a three second impulse. The
time can be altered several hundred
per cent by changing the relay
spring tension. This should make
it clear that the relay characteristics
must be considered together with the
product R,C, when determining the
time factor for the relay.

Where rapid recycling is not re-
quired, a resistance of 5 megohms
or more may be placed across C,.
For rapid recycling the arrangement
shown in Fig. 2 may be used.

2
14
Relay 3
contacts

:

Lamps

Hov.

4 Limited impulse relay as flasher control
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Limited Impulse

Time Delay

7 Production of impulses above (A) and below (B) certain duration Limits

The author has found that the unit
is reliable and free from relay chat-
tering. The relay may be adjusted
for any impulse period between one-
twentieth of a second and three min-
utes and will maintain the timing
of the impulse within five per cent
if the supply voltage is constant.

Figure 3 shows the circuit used
with a 6A6 twin triode for full-
wave gelf-rectification. This circuit
permits the use of a very rugged
relay since a large current change
may be produced when the switch
is moved to Position 1. The elim-
ination of relay chatter is also sim-
plified by the full-wave rectification.

Another use of the limited impulse
relay is shown in Fig. 4. A single
tube is shown but a 6 A6 twin triode
would serve as in Fig. 8. The ac-
tion is as follows:

Lever 1 in Position 8 with zero
bias on the grid controls a current
through the relay large enough to
pull it closed. The lever then con-
tacts 2 and C1 begins to charge. The
grid bias equals the drop across the
relay minus the drop across B,. As
C, charges the drop across R, de-
creases and the bias approaches the
drop across the relay. This bias is
great enough to open the relay and
the lever drops back to Position 3.
C, now discharges through R1 and
R, until the bias reduces to a point
where the relay will be closed again
and the cycle repeated. R, and R,
may be selected to provide a wide
range of time on to time off ratios.
Extra contacts operate the light cir-
cuit. For more complex flasher sys-
tems several limited impulse relays
may be connected in cascade. Re-
lays which close on currents from
20 to 40 ma. may be used in the
twin triode circuit, thus providing

30

a rugged reliable unit.

The time relay relay will also
function properly as a single tube or
twin triode tube ac operated circuit.

Figure 5 shows a circuit that has
operated very satisfactorily 'in the
author’s laboratory. When the
switch is placed in Position 2, the
condenser C,; begins to charge
through E,. During the charging
process the current through R, pro-
duces a drop between the cathode
and grid negative toward the grid.
While the charging continues, this
negative grid bias prevents the relay
from closing. When the charging
process is complete, the grid will be
zero in respect to the cathode and
the relay will close. By adjusting
the values of R, and Cy the delay
can be varied from a fraction of a
second to several minutes. R, and
C; are essential to the operation of
the circuit. Their function is to
filter the fluctuations from the charg-
ing voltage. Without the filter the
ripple voltage will pass through C,
to produce a continuous fluctuating
bias on the grid resulting in no
time delay action. Again, the twin
triode 6A6 circuit shown in Fig. 6
is somewhat more reliable. In each
case the resistance shown across C,
is there to bias the grid negative
before the charging operation starts.
The magnitude of the resistance
across Cy should be much larger than
R,. Five or ten megohm leaks may
be used in the position.

The two relays may be combined
into a very interesting circuit which
will produce impulses only within
certain predetermined limits. Fig-
ure 7 shows one version. Two tri-
odes could be used with a single
transformer to produce similar re-
sults. Since circuit A will operate

waann amaricanradiohistory. com

for a limited part of the contact
time, the upper limit of the impulse
can be determined by setting the
condenser and resistor values of A.
B will not respond to impulses un-
less they are of longer duration
than a predetermined minimum.
Thus, short impulses applied to the
switch at A will not operate the
relay at B and long impulses will
operate B only for a period equal to
the difference between the A timing
and the B timing. B must always
be adjusted to a shorter time than
A if any impulses are to be allowed
to operate B.

Tolerance Relays

The arrangement shown in Fig. 7
could be used for the automatic sort-
ing or checking of resistors or con-
densers within set tolerances. Cir-
cuit A would then be arranged for
the insertion of either a condenser
or a resistance into the operating
position depending upon which was
to be tested. Two B or time delay
circuits would be connected to the
A circuit. With one adjusted for a
required delay and the other ad-
justed for a slightly shorter delay
the circuit would operate in this
manner:

If the condensers are to be tested,
each condenser will be inserted in
the operating position in place of
C,. The size of the condenser will
determine the length of the impulse.
If the impulse is too short, neither
time delay relay will operate and
the condenser is rejected as under
capacity. If the condenser capacity
is correct, the short delay relay will
operate and light a signal light or
start an automatic selector, but the
second time delay relay will not have
time to operate with the limited im-
pulse. If the condenser is oversize,
the impulse will be long enough to
operate both time delay relays and
light a rejection light or start a re-
jection lever. The tolerance could
be set for each size condenser or
resistance as closely as desired. The
accuracy of the system and all the
other systems described is largely
a function of design. For extreme
accuracy an automatically regulated
constant voltage d-c supply should
be used instead of a.c. but for many
applications the a.c. circuit is suffi-
ciently accurate.
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Remote Tuning at

[Continued from page 19]

culty from this source. The contact
points are made of coin silver, and
so arranged that a slight wiping
action occurs when the contacts
close. Ford coil contact points
should be even more suitable than
coin silver ones, and would make
a more lasting job. The contacts
are mounted on spring brass arms
long enough to insure a good spring-
ing action without being too stiff.
Close fitting is essential in construct-
ing this relay, as it is the most crit-
ical item in the entire assembly.
Commercial relays capable of per-
forming the same functions should
be easily obtainable, but as the con-
trol unit was an experimental one,
the expense of specially constructed
relays was not felt justifiable.
The motor is a six volt commutator
type, originally used on an automo-
bile horn. The field connections
were changed from series to shunt,
and although the result is a woefully
inefficient motor, at least it has a
good starting torque and plenty of
power. No trouble has been experi-
enced from commutator noise and
the motor runs very well on a-c sup-
ply. Although the control unit is
mounted immediately adjacent to the
receiver, no precautions have been
necessary to eliminate operating
noises, because there just aren’t
any. All sorts of dire forebodings
were felt before actual test of the

KDYL

equipment, and it was a distinct re-
lief to find that all the anticipated
troubles were non-existant.

The gear reduction consists of a
combination of worm and ring gears
giving a reduction of 800 to 1. This
is ample, as the vernier condenser
rotates so slowly that the capacity
change is small enough to enable
close tuning. The output of the gear
reduction box is coupled to the con-
denser with a section of speedometer
shaft and two universal joint coupl-
ings. No mechanical noise is trans-
mitted to the receiver, and the flexi-

Mechanism as installed at transmitter build-
ing where receiver is located

bility of the speedometer shaft en-

ables the control unit to be placed

in the most convenient location.
The vernier condenser is a three

gang unit, specially constructed to fit
on top of the main tuning gang. The
plates are about 1 inch in diameter
and spaced about % inch. The
capacity range is small enough to
give a frequency control of about
5000 cycles at 8000 kc. and about
20,000 cycles at 16000 kc. At the
beginning of a press schedule, the
plates are meshed about % of their
range, and the controlling operator
has a plus or minus variation avail-
able by proper manipulation of his
control key.

Trouble with leakage ground cur-
rents was expected before the appa-
ratus was installed, but to our grat-
ification none was encountered, al-
though no common ground connec-
tion was obtainable, other than that
furnished by the city wiring system.
It was found necessary to use a
small r-f choke in the lead from the
phantomed line transformer to elim-
inate pickup of the intense r-f field
in the vicinity of the transmitter
building.

In case any readers of this de-
scription wish to build up a control
unit similar to this, we will be glad
to give further information, pro-
vided a stamped envelope is included
for reply. This control unit has
been in steady operation now for some
months, and given completely reliable
service. The transmitter operators
check the tuning at the beginning
of each schedule and from then on
give it no further attention. It is
indeed a labor-saving device and
well worth the trouble of building.

Book Review

The New Acoustics

By N. W. McLACHLAN. Ozford Uni-
versity Press, New York City. A sur-
vey of modern development in acous-
tical engineering (Five tables, 111
figures. Price $2.75).

THIS IS AN INTERESTING ACCOUNT of
the contributions of “The New Acous-
tics.” There is a brief review of the
background provided for these con-
tributions by the classical theories.

The author considers that the World
War, with its need for navigation, sub-
marine and aircraft detection devices,
gave the first impetus to recent devel-
opments. The second big impetus was
given by popular broadecasting.

The evolution of loud speaker, micro-
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phones and the electrical phonograph
is given in some detail. Although the
author’s principle contributions have
been in the field of loud speakers, the
sections covering these devices are not
out of proportion to the rest of the
work. There are also chapters deal-
ing briefly with telephone receivers, the
measurement of frequency, analysis of
sounds, behavior of the ear, auditorium
acoustics, sound absorption, and one
describing a number of deaf aids. The
contributions which circuit theory had
made to the design of the various
devices is discussed.

While an effort has been made to
reach “scientists, engineers and gen-
eral readers”, the value of the book to
the last of these is restricted by inade-
quate definitions of many technical

wWir-arereanradiohicstaornv—com

terms and by sketchy descriptions of
the principle of operation of the various
devices. The book should be of con-
siderable interest to readers of the
other two groups who have a scientific
background but are not posted on the
present state of the acoustic art. The
value of the book to the more serious
student is limited by the non-mathe-
matical treatment, the paucity of ref-
erences and by the fact that the author
has been handicapped in his choice of
illustrative material by an attempt to
describe British apparatus. Since
most of the contributions in this field
have come from the United States and
Germany, the author might have made
the book of more general interest by
making additional references to prog-
ress in these countries.
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TUBES AT WORK

ONSTRUCTIONAL details of a VT voltmeter using the
954 acorn pentode, a microwave link for WNYC, photo-
tubes for auto-race timing and mine-door control, and a tube

for generating kilomegacycles.

A Highly Flexible
VT Voltmeter

By H. G. BoyLE
Delco Radio Division, General Motors

OF THE MANY electronic tools available
to the development engineer the
vacuum tube voltmeter can be of tre-
mendous value for routine checks.
Most of these units as normally con-
structed are bulky, awkward, and have
banks of associated batteries. Usu-

A lamp socket houses the 954

ally the input capacity is high, and
changeable, and the shielding is inade-
quate at high r-f frequencies.

All of these facts assist in producing
the attitude that the work can be car-
ried to a tube voltmeter as a last re-
sort. Actually it should be regarded
as indispensable as an d-c voltmeter.

The unit described here was devel-
oped for general use in measuring gain
and selectivity, and, with the assis-
