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Do radio listeners want

HiGH FIDELITY?

N all of the talk about improving the broadcast system, one question

remains unanswered, and points to a very fundamental problem. Do
radio listeners want wide-range tone transmission and reception ?

Transmission engineers believe that broadcast stations should handle
equally well all frequencies out to 7000 or 8000 cycles. Many of them feel
a reallocation of broadcast channels should be made on this basis.

SOME receiver engineers claim the average listener does not want such
wide-range transmission. They point to the fact that tone controls on
modern sets are nearly always turned as far as they will go toward the
bass, and away from high notes.

This difference of opinion is of vital importance. The cost of broadcast-
station equipment, cost of receivers, cost of telephone lines, cost of pre-
paring programs, the number of stations that can be put into the broadcast
spectrum, the musical appreciation of millions of youths growing up in
radio homes—all these matters are vitally concerned with the proper
settlement of this difference of opinion regarding high-quality broadcasting.

IF people do not like notes higher than 3000-4000 cycles, all the past
musical experience is wrong. To judge by the best of present day “high-
quality”’ receivers there is little use in transmitting much beyond 3500
cycles. But it is extremely difficult to believe this to be the fact. Certainly
the experience in sound pictures does not bear this out. Higher fidelity
has resulted in keener appreciation by the lay audience, and no one would
go back to the poor-quality reproduction of the early days.

If people like high notes in the original music but do not like them
from their radio, something must be wrong with the radio system. If the
trouble is static, higher power is the answer. If the trouble is distortion
products originating in transmitter or receiver and appearing in the higher
portions of the audible range, the answer is clear. If inter-station racket
or over-modulation is the trouble, the solution is evident.

UT before going much further in the discussion of improving the
B broadcast system, it seems imperative that a clear-cut answer be found
to the questions raised by proposing to widen the tone range. Do the
listeners want the high frequencies that make for high fidelity?



MPLIFIER UNITS FIND

Microphone,

pick-up

and loud-

speaker being put to diversified tasks

the phonograph pickup, arranged in their several

combinations, a variety of useful new tools are made
available for the general public and for industry,
although so far these have been used on a relatively lim-
ited scale. Plant superintendents, business men, engi-
neers and others have not yet realized the possible uses
of these amplifier circuits, and so have not yet found uses
for them in the many ways in which they can save time,
money, labor, and material.

With this versatile electronic tool, the boss can speak
at a distance to his whole factory crew, or he can listen
in on any department. He can automatically inspect
a machining operation, or his tester can quickly deter-
mine the performance of an engine or bearing. Faint
sounds can be amplified to override room noises, while
unwanted sounds are filtered out. New sanitary possi-
bilities are brought into food handling and food selling.
Operating rooms are made germ-proof while student
groups follow every movement of the surgeon’s knife
and lips. Parasites in fruit can be detected, and costly
blights eradicated. Wastes in water-supply mains can
be located and repaired with a minimum of excavation.

In fact, into almost every field of activity, where the
human voice, the human hearing, or the human sense
of feeling needs amplification, these new amplifier com-
binations are now penetrating, and giving a good ac-

IN the loudspeaker, the amplifier, the microphone and

For example, in an Ohio town, water supply records
showed that a million gallons of water were leaking
away daily at some point in the underground system. A
microphone-amplifier survey of the surface was begun,
and carried throughout the town, listening for any trace
of this leak. Finally, in the middle of Main Street, evi-
dences of a leak were found. The water could be plainly
heard gurgling there underground. But the water-supply
maps showed no mains whatever at this point.

Excavations were begun, and as the digging proceeded,
the sound of the leak became more distinct. At a depth
of fifteen feet below the surface, the workmen came
upon an old forgotten spur of the water-main system,
through which the leak was taking place. Thus the
microphone test ended a heavy continuing loss, and pre-
vented what might have been an almost endless series
of test excavations to locate this elusive leak that had
baffled the practical waterworks superintendent for
years.

In the Bank of Manhattan, New York City, a novel
installation of microphones permits detection of the
presence of any person in any of the vaults, whether
either accidentally imprisoned or intent on mischief.
When a vault is closed and locked, the “electric ear” or
carbon-button microphone in the vault, is automatically
connected to the outside loudspeaking telephone for one
minute, so that the chief of the guards may listen to

count of themselves.
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sounds within the vault.

DIVERSIFIED USES OF AMPLIFIER OUTFITS

Listening on interior of bank vaults.

Burglar alarms sound actuated.

Listening in on different rooms of
warehouses, for intruders.

Detecting leaks in water mains.

Detecting Mediterranean fruit fly in
oranges.

Listening to borers in timber.

Amplifying watch-ticks for diagnosis
and repair.

Amplifying clock chimes for use as
street chimes.

Tower chimes and carillons.

Surgical operating room with speakers
in glassed-in gallery.

“Musical anesthesia”—diversion of pa-
tient’s attention during operation
with local anesthetics.

Inspecting gas-engine performance, in-
ternal sounds, etc.

Inspecting bearings, with extraneous
frequencies filtered out.

Microphones at soda fountains, con-
necting with mixing clerks below.

Microphones in restaurants, connect-
ing with loud speakers in kitchen.

Announcing loud speakers in railroad
stations, bus depots, etc.

Calling system in department stores.

Conference loud speaker systems for
utility operating staffs, connecting
many plants, offices, shops, etc.

Directing traffic from police cars and
stationary speakers.

Rerouting traffic and clearing traffic
jams.

Sound trucks for political gatherings.

Detecting flow of water, air or other
fluids in pipes.

Aiding landing of dirigibles. Collect-
ing emergency landing crews.

Aiding docking of vessels.

Advertising from airplanes or diri-
gibles.

Superstethoscopes  for [istening to
heart, lungs, arteries and other in-
ternal organs.

Testing quality of papers, materials,
etc., by sounds when bent or torn.

Music for work rooms to speed up
production.

Talking electric signs—electric lighted

displays with sound
effects.

Background sound effects for theatrical
productions—mob  sounds, wind,
rain, Hamlet “ghost,” etc.

Detecting surface faults in materials by
passing under phonograph pick-up
needle.

“Automatic salesmen”—demonstrating
devices which give sales talk on
approach of customer.

Listening in on children’s room or
nursery.

Amplifying chorus singing and musi-
cal effects in stage shows.

Operating special relays and con-
tactors by inaudible frequencies.

Locating submarines and approaching
vessels in fog.

Detecting presence of icebergs by
echoes.

Locating obstructions in intestines.

Automatic depth measurements under
ship.

Fire-department loud speakers for giv-
ing commands at fire.

Noise-meters for traffic and machinery
surveys.

appropriate
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To determine whether the lis-



NEW USES IN INDUSTRY

Further expansion depends only on
understanding and ingenuity of users

tening circuits are working properly, a test chime-gong
sounds inside the vault during the minute and the attend-
ant receives the sound at his switchboard. The switch-
ing mechanism then proceeds to the other vaults in suc-
cession, to detect any unusual disturbance. The chief
of guards may listen in on any vault he wishes, at any
time, and for as long as he wishes, to study the cause
of any suspicious sounds. While the vaults are open
during business hours, the attendant at the control board
may listen to conditions within any vault, by turning
on its microphone. So sensitive are the mikes, that the
dropping of a penny in any corner of a vault, can be
heard distinctly in the guards’ quarters.

11 . o 1!
A street-car company's 'conference circuit

In Cleveland, Ohio, the management of the local tran-
sit system has just installed a “conference circuit” by
means of which the executives of the street-car com-
pany, on short notice, can get into loudspeaker com-
munication with a large percentage of the operating and
maintenance personnel, scattered over ten car-operating
stations, two hus garages, the main shops, the way-main-
tenance department, the power plants, and the main
offices. Fifteen loudspeakers are fed from the master
mike in the office of the president of the railway.

Emergency landing of a big dirigible has always been
a problem, on account of the necessity of summoning
an emergency ground crew. Formerly a note had to be
dropped over a village, and landing delayed until the
note was picked up and the information spread to
enough men to handle the ship. But with a powerful
loadspeaker, the great airship can cruise over a town,
give directions that will be heard by thousands, and then
instruct such amateur groundsmen in the method of
handling their job.

A Forty-second Street candy store in New York, has
a soda fountain counter in an expensive location, but
by the use of microphones over which the clerks give
their orders, the actual soda faucets can be placed in
the basement, dumb-waiters carry the mixed drinks aloft,
and the entire first-floor space is used for serving. Sev-
eral restaurants use the same microphone principle for
communicating orders to the kitchen, with moving belts
to bring in the viands when ready.

Amplifying faint noises

An amplification plan under way for jewelers, con-
templates microphore outfits which will pick up the
chimes of small mantel clocks, amplify them tremen-
dously, aud send them echoing up and down the street
outside, riding high above the noise of traffic. This
scheme proposes to mark every jeweler’s store by an
audible signal on the hours, halves and quarters, and this
for a nominal expense which will go into amplifying
equipment.

Another aid to the jeweler and watchmaker is a mi-
crophone attachment on which a watch or clock can be
placed, so that the watch repairman hears the machinery
of the watch in greatly maguified fashion, and from the

ELECTRONTICS — February, 1934

Transcriptions and amplifier outfits used to provide
background sounds in stage productions. Mob-
scenes, storms, wind effects, choruses, “ghosts,” etc.,

can be presented in this way

Police-booth panel board controlling microphones

and amplifiers in large group of safe-deposit vaults.

Presence of anyone in any vault can be detected dut-

ing regular patrol sequence. For test purposes, gong

automatically sounds in each vault to make sure
amplifier circuits are working

35



clanking and pounding can diagnose the cause of the
trouble.

Phonograph pick-ups have proven a useful tool to de-
termine how smooth is a machined and polished surface,
by running the pick-up needle over this surface and com-
paring the resulting ground-noise with an allowable
standard. A system of this kind is in use at the Ford
factory and was demonstrated at the recent Ford Ex-
position of Progress in New York City.

Experiments have been conducted with loudspeaker
music in workrooms, to reduce errors and spoiled pieces,
and the results have been most encouraging, savings of
15 per cent or more being effected. Music from phono-
graph records has been used in this industrial applica-
tion. Experience in a Philadelphia factory has shown
that not only does music speed up the working pace
and reduce spoilage in departments where the work-
rooms are relatively quiet, but that even in noisy places
like the punch-press rooms, where dozens of big ma-
chines are stamping out parts, the presence of a melody
riding above the noise and clatter, seems to serve as an
anodyne for the nerves of the workers and improves
production.

Helping the surgeon in the operating room

“Musical anesthesia” has been applied with success
during surgical operations conducted while the patient
is under a local anesthetic. Instead of using chloroform,
ether, or other general anesthetic under which the patient
loses consciousness, it is now the modern practice to in-

Western Union messenger
delivers and operates the phonograph projector,
which displays “stills” printed on a motion-picture

An electronic salesman.

film. Pictures are changed by relay operated by
musical tone at appropriate points on record. The
outfit shown is E. W. Wood’s Visaphone
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ject a local anesthetic which renders insensitive that por-
tion of the anatomy on which the surgeon is to work.
As a result, the patient may have to undergo the ordeal
of lying on the operating table fully conscious, while
hearing the surgeons and nurses at work on an ampu-
tation. But with the new “musical anesthesia” devel-
oped by Dr. Erdman of Brooklyn, N. Y., comfortable
earphones are attached to the patient’s head, and he lis-
tens to music or interesting narratives, while the sounds
of the operating room, the sometimes inconsiderate con-
versation of surgeons and nurses, and other sounds, are
all shut out of his hearing.

Traffic control is another service in which loudspeaker
combinations have proven valuable. In certain instances
fixed speakers installed along the roadway, are used to
speed up or to redirect traffic. In other cases police
trucks have been fitted with microphones and speakers,
and these trucks are then moved into zones where jams
are expected. Loudspeaker units have also been of great
value to battalion chiefs in fighting serious fires. Re-
placing the former megaphones used by the fire cap-
tains, the new and powerful loudspeaker units enable
the commanding officer to give his men information and
instruction, despite the roar of the conflagration.

Some interesting possibilities of a portable “noise
microscope” or sound amplifier which can be carried in
a suitcase, are outlined by Dr. E. E. Free of New York,
who has developed this portable apparatus.

For example, a special microphone may be attached
to the outer wall of a locked safe or bank vault which
has failed to open on time and inside of which the time
clock may or may not be running. If the clock is run-
ning properly the faint ticking of its one or more move-
ments is transmitted through the safe wall to the micro-
phone, magnified millions of times and may be listened
to by the safe expert through a telephone receiver. The
trained ear of the expert then can decide whether a part
of the time-clock has stopped or whether anything else
has gone wrong with it.

Physicians can listen in the same way to faint sounds
produced inside human joints that are beginning to be
diseased, or to tiny sounds from the heart, lungs, ar-
teries or other internal organs, which sounds are too
faint to be distinguished through the ordinary stetho-
scope. Engineers can listen to the flow of steam or water
in pipes or inside pumps or engines. Watchmakers can
tell what is wrong with a damaged or worn-out time-
piece. The quality of tissue papers can be tested by
listening to the faint crackling sounds which they give
out when bent or crushed. Leather or catgut can be
tested in the same way by listening to a magnification
of its feeble “cry” when bent. Tiny faults in metal
objects, especially those which have been welded, can
be tested by the noise microscope in the same way in
which larger defects, such as cracks in wheels on rail-
way cars, have been detected for years by absence of the
ringing sound when struck.

Using earlier and more complicated listening devices,
inspectors have been able to detect shipworms inside
dock piling or other submerged timbers by hearing the
sound of these creatures boring in the wood. The new
amplifiers are expected to make possible the detection of
many similar infestations, such as weevils in grain,
worms in fruit, insects in furniture and so on. Activ-
ities of bees in beehives can be listened to. Even the
boiling of water in boilers, the cooking of food in ovens
or the bursting of bubbles on fermenting beer or wine
can be heard without opening the containers.
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Auto radio
Forges ahead

Sales records to be

broken again in 1934

PURRED on by the remarkable expansion in 1933
S of automobile radio sales, manufacturers look for-

ward with eagerness to the 1934 marlket. Reports
from Detroit of record-breaking orders for new cars
following the Automobile Show in New York and else-
where must be a sign of good omen to the radio industry,
although it was rather discouraging to see the small
turn-out of radio people at the New York Show and to
note the apathy of those actually in attendance.

Sales figures for 1933 indicate that between 600,000
and 700,000 auto-radio sets were sold for installation in
the nation’s cars during the year just passed. This is
a vast jump from the previous year and a great hurdle
over the most optimistic estimates of the 1933 market
made earlier in the year. Prognosticators, not to he
caught napping again, place their estimates for 1934
between one million and a figure half again as large.
What is even more encouraging is the fact that the
cheap sets, cheap in price and performance, will probably
disappear from the market in the coming months. Man-
ufacturers (and consumers) have found that the mini-
mum price for a good product is somewhat higher than
the figures used last year. Several of the low-priced
sets have already been discontinued.

From the standpoint of technical progress it is note-
worthy that receivers seen recently are much more
sturdy in construction than those of a year ago. These
sets are not only stronger physically hut easier to install,
more immune from vibration troubles, and in addition
easier to service when something goes wrong. Noblitt
Sparks has an outstanding example of the new type of
construction. The receiver is a case within a case and
either chassis or cover may be mounted in any one of
several positions with respect to each other or to the car.
Thus the outer case, forming a secondary shield, is
drilled so that the control knobs may project through

v

The guessing contest is on—what will be
auto-radio sales in 193472 This brightest
spot in the radio industry promises many
things this year—increased sales, higher
prices, and most important, better sets.

A
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in one of several positions making most versatile the
method of mounting not only the set to the car but the
chassis within the outer case, which is snapped on with
trunk locks.

There are few signs that radios will be installed where
they can be tuned directly ; the prevailing tendency being
toward remote tuning and volume control by meauns of
flexible shafting or its equivalent. The directly-con-
trolled models are neither so easy to install nor to oper-
ate and of course their possible location in the car 1s
much more limited. Control dials gravitate steadily

Radio controls move from the steering column to the dash
as this Packard instrument board indicates. A decorative
panel is used if car is not equipped with radio.

toward the dash and away from the steering column.
More and more automobile manufacturers make special
provision in the dash for the new accessory.

The remote oscillator types of tuning control are not
so plentiful ; they will probably pass out of the picture
completely in 1934. The number of cars in which the
radio is put in a glove or other compartment does not
increase; in fact the trend is not to use space for the
radio that was primarily designed for or useful for
other purposes.

The trend is still toward two-unit sets, the increased
flexibility in installation making it simpler to use than
the one-unit type, even though the latter would be less
expensive. Widespread use of mechanical vibrators for
producing the higher d.c. voltages required from the car
battery continues, although there seems to be some tend-
ency to use tube rectification rather than mechanical con-
version of a.c. to d.c.

At the New York Show no one seemed to be whoop-
ing up auto-radio to any extent. The automobile sales-
people scemed aware of the existence of radio sets for
cars, but the idea seemed to be that a radio was just
another accessory, increasing the battery drain, and not
very useful in selling cars to the public.

Automobile manufacturers are much more aware of
radio than are the automobile salesmen. Mechanical
and electrical problems produced by radio are being
handled in a manner that will be advantageous to hoth
radio and automotive industry. No manufacturer now
overlooks the possibility of a car owner wanting to have
a radio in his car. Many producers are making pro-
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vision for installation of sets especially engineered by
well-known radio companies in cars either by having spe-
cial dashes with removable medallions or in other and
more complicated ways.

Some of these radio sets will bear the automobile
maker’s name ; others will bear the name of the radio
set, and still others will have hyphenated names. Pack-
ard, Studebaker and Chrysler will actively sell radios
especially built for them. These will be installed by car
distributors or dealers usually employing a radio man in
the vicinity experienced at this job. These men will be
employed part time or on commission until sufficient
husiness develops to make it possible to take them on
full time.

Philco (Transitone) has been most active and suc-
cessful in this special market making receivers for 7
automobile people. These sets look different from re-
ceivers sold to the trade through dealers and distributors.
The other manufacturers, RCA Victor, Crosley, Zenith,
et al., have one or more special clients using receivers
made by them.

In still other ways the automotive engineers are recog-
nizing the radio problem. New ignition systems, new
disposition of car wiring and ignition apparatus and
even research to apply electron tubes to the distributor
problem—all are being worked out. Radio engineers
have contributed materially to the improvement in the
ignition problem by their study of what causes noise,
how much is produced, and how to remedy it. It is cur-
rently reported that a prominent automobile manufac-
turer is working with an electron tube distributor to get
away from the present sparking type which adds its
quota to the program interfering noise.

Resistors placed in the spark plug leads have come
down in value from early resistances of the order of
25,000 ohms to 10,000 or thereabouts. Battery drain still
bothers the industry. Studebaker has a special high-
rate charger which the car owner can have installed
cheaply if he has enough gadgets on his car to warrant
the extra charging rate. An automatic charging rate
device to lengthen the speed range over which the
charger operates has been put into Chevrolet and other
cars. Thus, at low speeds the rate is higher, and at
high speeds the charger does not go out of the circuit.

When will radio become standard equipment?

Automobile manufacturers are not keen to see any-
one break the ice on the matter of putting radios in
every car of a model or style. At present competition
in the lower-priced cars has forced manufacturers to
steer clear of increasing the cost of manufacture; the
margin is already low. But all realize that someone may
kick over the traces, put a radio in every car as it leaves
the factory and make the radio industry very happy, in-
deed. Hudson will undoubtedly continue auto radio as
standard equipment on the de luxe models. They will
be optional at additional cost in other models. This
receiver is made by Zenith.

Both radio and automotive people are keeping an eye
on the market for radios among the thousands of cars
now on the road. Thus the market is not limited to
new cars coming from the factories in 1934. As the
installation of sets becomes simpler, many of last year’s
cars may be equipped, and now that the public seems to
have been severely bitten by the auto-radio bug, no
doubt the 1934 sales figures will be pleasantly swelled by
these installations in cars now in active use.
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The question of who is to sell the public no longer
worries either automotive or radio outlets. There will
be plenty of business for both. Rather than try to dis-
courage the installation of radio as a stock item, the
radio trade should try to get this business by tying up
with local automotive dealers—so states one of the most
successful salesmen in this business. The auto-radio
field needs more sets in use, because every satisfied cus-
tomer passes the good word along to his friends. And
as yet the automotive market for radios is barely
scratched.

The very fact that perhaps one car in ten will be pur-
chased complete with radio is favorable to the radio
industry, especially the distribution end of the business.
Automotive salesmen will be quick to develop a tech-
nique which will expose the customer to the pleasure of
radio, but will not scare off the sale of the car by the
extra cost. Once exposed, the car owner will be good
hunting for the radio salesman. Half the sales job will
be done. Straight radio outlets will secure a good share
of the auto-radio business in 1934. Ultimately more of
it may go through the hands of the automotive people,
but there is no reason to cross this bridge until it is
reached.

A bird’s eye survey

Graham has a model with the RCA Victor radio in-
stalled in a drop-front ash receiver compartment on the
dash. Studebaker has a Philco with controls in the
dummy glove compartment. Ford puts its single-unit
radio (Majestic) behind the dash with controls coming
through. Auburn has a center-dash medallion for a
Crosley receiver. Nash puts the radio in a compartment
provided for the purpose. Chrysler has a dash medallion
which can be removed for the radio when installed. So
does Lafayette. RCA Victor has an “arm-rest” auto
set with controls so located that the driver will have
difficulty in “playing” the radio for his own amusement.
Perhaps this is a safety feature to aid the driver in
keeping his mind on his driving.

Introduction of batteries into the auto radio to boost
the voltage applied to power and amplifier tubes without
drawing excessive power from the battery will be at-
tempted. The idea is to provide C bias for the power
tubes from this battery. Thus the vibrator system need
not put out so much voltage and need only take care of
the requirements of plate circuit power. It is now rec-
ognized that from 2 to 2.5 watts power is necessary for
satisfaction, despite the lowering of noise in the car to a
matter of perhaps 70 db., compared to much higher
figures a few years ago. Street traffic and the noise of
tires on road coupled with high absorption of sound
by the upholstery necessitates plenty of loud speaker
power.

Coupled with this requirement is the poor electrical
pick-up on present cars, a matter of a few microvolts at
best. Therefore the voltage gain in the radio system
must be higher than is required in a home receiver. The
a.v.c. system must cover a range of voltages of 40 db.
at least and better if possible. And although the space
limitations seem to work in a direction opposite to the
clectrical requirements—radio engineers are clever at
getting themselves out of such nasty technical and me-
chanical problems as this.

The distributing system will have better auto radios
to sell in 1934, there will be much less g.rief, fewer re-
turned sets, and prices will be higher.
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The new
music of

e|ectrons

New degrees of tone,

volume, and timbre are

now possible through

applications of amplify-

ing tubes and photo-
cells

The “electrolin” ot electronic violin, and the electronic viola developed by the

Allencraft Laboratories, Orange, N. J. Mounted on the bridge of each instrument

is an electro-magnetic pickup, which converts the vibrations of the strings into electrical

oscillations which can then be amplified to any volume and heard through the loud-
speaker. Electronic mandolins, guitars, etc., are also available.

An electro-static pick-up is used on this electronic quitar The "Polly-tone’ is an organ-like instrument employing

produced by C. L. Beach, C. J. Noel, and H. A. Yeider, alf photo-cells and was developed by Frederick M. Sammis,

of Grand Rapids, Mich. The electrostatic principle has also formerly of RCA-Photophone, Hollywood, Cal. By means

been applied by them to violins, violas and other string of light-shutters and a revolving ”pitch-dis‘(," tones of any
instruments. wave-form can be produced.
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Emergency

acoustic treatment

of the world's largest
auditorium, for
sound presentation

‘ N Y HAT was perhaps the largest stage spectacle ever

attempted was “The Romance of a People,” a
dramatic spectacle of light and sound depicting
in various episodes 4,000 years of Jewish history.

The pageant was enacted before a scenic background
300 feet long and rising to a height of 100 feet. In front
of this background was a circular stage 150 feet in di-
ameter with a super-imposed stage, circular in form, 75
feet in diameter. The original plan called for three or
four outdoor performances in the Polo Grounds. The
stage and scenery, together with the lighting and sound
apparatus, was set up and made ready for a rehearsal

An idea of the size of the acoustic problem can be had from this photo.

on the day previous to its intended opening. However,
in the midst of this rehearsal, a storm came on and high
winds wrecked the scenery. The accompanying deluge
of rain lasted three days. Owing to the fact that the lease
on the Polo Grounds expired within a few days, it was
impractical to hold the pageant in this location. How-
ever, the 258th Field Artillery Armory at Kingsbridge
Road and Jerome Ave., Bronx, N. Y., was made avail-
able. The drill hall of this Armory is the largest in the
world, having a free space of 300 feet wide, 600 feet long
and 104 feet high, without columns or other obstructions.
After preliminary tests, T. F. Bludworth, engineer in
charge, advised the Pageant Committee that the acousti-
cal conditions of the Armory precluded the possibility of
presenting the spectacle there without major acoustical
corrections. It has been known for years that the Arm-
ory has an exceptionally long reverberation period—ap-
proximately 20 seconds. Troops cannot march to music
on the drill floor, and speech is unintelligible 50 feet away
from the source. Another factor militating against the
use of the Armory was that the elevated section of the
subway at Jerome Ave. runs across the end of the build-
ing, introducing a tremendous amount of noise.
Acoustic control has never been attempted in an audi-
torium of such proportions. Consequently, it was doubt-
ful if specifications based on standard mathematical
equations would satisfy the conditions. To reduce the
reverberation period to a tolerable value, calculations in-
dicated the need for approximately 150,000 square feet
of one-inch hair felt. Aside from the material cost and
cost of installation, this quantity of hair felt exceeded the
combined stocks east of the Mississippi River, and its

The insert shows (enlarged) the loud-

speaker outlets
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installation in the conventional manner would require
several weeks. Notices had been published that the show
would open in the Armory within one week and tickets
were being exchanged on that schedule.

After securing an appropriation sufficient to cover the
estimated cost, a contractor was found who would under-
take to hang the felt on edge from the trusses within the
time specified and the American Felt Company was in-
duced to discontinue all other production and work 24
hours per day in one of their plants until the necessary
quantity of felt was manufactured. The erection of the
felt began immediately and a pronounced effect became
very evident after a few girders had been covered in the
marked diminution of the noise of carpenters’ hammers
and saws and that from the subway. This preliminary
evidence was very comforting and proved a splendid
“nerve tonic” for those responsible for the rather large
expenditure. Actually, 112,000 square feet of felt were
used, and the last piece was being placed in position as
the audience arrived for the first show. The most re-
markable effect was the almost complete elimination of
the terrific subway noise. The reduction of reverbera-
tion was greater than that anticipated by calculation.

In the meantime, the amplifiers, wiring, sound projec-
tors, etc., had been installed. The show went on without
a single rehearsal or test and the effects produced were
amazing in spite of the extraordinary size of the audito-
rium. Available records indicate that the interior treated
is the largest auditorium in the world (19,000,000 cubic
feet). The sound projector took the form of a large
wood baffle 18 feet high, 34 ft. long, erected in the face
of the “temple” at one end of the auditorium.

Observations during the first performance showed that
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the voice was very natural and clearly understood in
every part of the auditorium, even in the most remote
seats, 600 feet from the sound projector. The source or
pick-up of all sound was located on the roof in the
officers’ dining room, which was acoustically treated for
the pageant as a live end—dead end sound studio. In
this room a 23-piece orchestra was placed in the live end,
with an 18-voice chorus, four soloists and a reader or
narrator. The musical director and the microphones were
located in the dead end, as well as a glass enclosed sound-
proof studio mixer control booth in which the mixing
panels were located. It was not possible to see the stage
or audience from the studio or mixer control room. The
amplifiers were located in an amplifier room in the web-
bing of one of the center trusses at the floor level in the
auditorium with the master control platform in the same
truss forty feet above the floor with an excellent view
of the stage and audience.

Three special resistance-coupled, three-register ampli-
fiers were used, with a combined undistorted output of
about 200 watts. Two were in constant service with one
standby unit. In fact, the entire installation was prac-
tically in duplicate, to take care of possible failure, for
a breakdown of only one minute at any time during the
two-and-a-half hour performance would have destroyed
the continuity. It so happened that there were no inter-
ruptions and the standby unit was not used.

The sound projector was an 18 ft. by 34 ft. tilted non-
directional baffle serving the audience, and two 30 by 30
inch directional baffles directed at the stage from 60 feet
above the floor. In the flat bafle two special 20-in. bass
units, developed by Stromberg-Carlson, ten 8-in. middle

[Please turn to page 59|

41



A study of

super-regeneration

NCREASING interest in ultra-short waves, 10
Imeters and below has focussed attention on the

super-regenerative circuit first described by Arm-
strong,! used by amateurs since that time, but neglected
by circuit students. The following data on the circuit
are based on a report of David Grimes and W. S. Barden
of the RCA License Laboratory. The material is based

on a study of the free oscillation in a serics resonant
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Fig. 1-—Simple circuit and effect on it of negative
resistance

circuit having a negative resistance. This resistance is
produced by a dynatron, as a convenient example, and the
report gives considerable data on this form of oscillator.
A rectangular wave of quench frequency is assumed.
Free oscillation is considered with a minimum of
confusion by examining a case where there is no forced
oscillation. ~Noting the circuit at the top of Fig. 1, let
C be charged to E, before closing S. Close S. When R
is positive and small compared to wL a decadent wave
train results in the circuit. When R is zero, the wave
train loses no energy from cycle to cycle and continues
in the steady state as a perfectly continuous wave train.
When R is negative, the wave train grows expotentially.
These modes of free oscillation are shown on Fig. L.
In such a series circuit the well-known expression
defines the situation,
di
¢ =L —
dt
As far as the present purpose is concerned, an exact
solution of (1}, as carried out in various popular texts,
can be greatly simplified with only a very slight departure
from fact, by using '

+ 1R+ g/c (1)

1 1 R
—— instead of 8 = ]— —a* wherea =
VLC LC 2L

and by retaining only the highly predominant term con-
taining €% as its coefficient. There then results the
following close approximation:
Rt
e¢=E.tiL COs wt (2)

where ¢, is the voltage across C at any time ¢t aiter clos-
ing S, E. is the potential across C at the instant of
closing S, etc.

C does not appear in the coefficient of (2) ; hence the

Kt

contour E.<*L is the same whatever value of capacity
be used: e.g., C = 20 puf charged to 1 pv, or C =
50 wuf charged to 1 pv, will result in the same contour
of wave train, C affects only the periodic function
cos wt: i.e. C affects only the time per cycle under the
envelope.

— Rt

Only the factor e is of immediate interest, since
it alone determines the extent of growth or decay. It is
plotted against time on Fig. 1 for several values of
R, using L = % ph—a suitable value of inductance for

5-meter reception.
R

When R is negative ¢°L becomes an amplifying
factor, and th wave train will build up to infinity 1f
allowed to do so.

For the particular 5-meter circuit on Fig. 1 (L =
L uh), the growth factor grows from 1 to approximately
20 when R = — .1 ohm is maintained for 20 p seconds
__the time of one-half cycle at 25,000 cycles; hence an
initial potential across € of 1 pv. grows to 20 pv. across
Cin 20 u sec. An initial potential of 1 volt would grow
to 20 volts in 20 p sec.

Note the rapid rise of the contour curve for R = —.5
ohm, or for R = —.1 ohm. When R — —.5 ohm, the
growth factor increases from 1 to 3,375,000 in 20 p sec-
onds. An initial 1 uv. across C would grow to 3.375
volts in 20 p seconds.

It is evident that a little negative resistance is ex-
tremely important when such a small inductance (% ph.)
is used. The potency of the growth factor, in a given
time ¢, is due to R/L. If L be increased, R must be
numerically increased proportionately. Thus, if L =
100 ph., K must be equal to 300 X —.5 ohm = 150
ohms to accomplish in a given time ¢ the growth yielded
by 4 ph. and —.5 ohm. This is an indication that the
efficacy of super-regeneration is likely to be greater
for short waves than for long waves, since smaller
inductances are used for short waves. The indication
contains no basis for prohibiting very high values of
negative resistance at long waves. Very high values of
negative resistance, however, Jead to very poor selec-
tivity at long waves. '

Super-regeneration can be explained as a succession
of growth trains. Each growth train must be damped
to a negligible residue before the next growth train can

Le—— 1 = 20 u seC ——-—>1<f——'t=20/u.sec e
_.a-‘tl———> —-»‘tz——b
d
Ec£ 3Lt Acfth

!
i l "—i;,{wbs €8
T ¥ Cc ~C

Fig. 2—Growth and decay in super-regenerative circuit
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be properly “touched off” by the received signal.

For any growth train on Fig. 1, at the end of 20 u
seconds let the negative resistarice be suddenly changed
to a posilive resistance, so that during the mext 20 p
seconds the ensuing damped oscillation will decay to 4 of
1 per cent of the initial potential E, (Fig. 2). Then,

L.-"T' o-;"' = F, e (3)
If L = 4 ph. and ¢ 20 u sec. Then (3) yields:
d = R 4 ¢

To leave not more than 4 of 1 per cent of the cause
E., with equal epochs for growth and decay, for any
value of E,, and for any value of negative resistance—
ary degree of “build up”—the positive resistance d must
be at least § ohm greater than the numerical value of
the negative resistance. This calculation applies only
to the circuit of Fig. 1, of course. A value of —.5 ohm
for growth requires =.7 ohm for decay to the very
small residue considered. Were the foregoing to be
carried out experimentally, the positive resistance of any
typical § ph. coil would be found to be several ohms—
pleaty of natural damping at 5 meters. A 3-ohm coil
would require that a tube provide —3.5 ohms in order
that the growth be determined by —.5 ohm. That
amount of resistance is feadily obtainable at 5 meters.

An analysis of a case where spaced excitations of
unlike amplitude shows the strength to which a growth
train contour builds up is directly proportional to the
strength of its excitation. Likewise, the area enveloped
by an individual contour (growth and decay) is directly
proportional to the strength of the excitation. There-
fore, were the voltage applied to a linear detector the
a-f output would be a faithful reproduction of the mod-
ulation represented by the variable excitations. The a-f
output would be a faithful reproduction of a “program”
when there are a large number of excitations per a-f
cycle. The distortion due to a square law detector would
be the same as though a standard form of modulated
signal were applied to the detector.

In Fig. 3, the variation of series resistance is caused
by a variation of the mutual conductance due to a
“querich frequency” emf. applied in the control grid
analysis. Detection is obtained from curvature in the
ly vs. E, characteristic.

Other forms of detection, or resistance variation, or
type of tube than shown here may be used. This circuit
is representative and the effects obtained with it will
probably hold for other combinations or circuit elements

Before applying the principles discussed ahove to
Fig. 3, it is necessary to distinguish clearly between
regeneration and super-regencration. Let there be no
Q.F. emf,, and let M be so adjusted that R = (P-N\)
= +40.1 ohm. L being § ph. and C being 21 ppf., Q
12,600. Hence the amplification and selectivity are both
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great. By increasing M until R is “almost zero” but
still positive, the amplification and selectivity become
enormous for a weak signal at the antenna, approaching
infinity as R approaches zero. This is straightforward
regeneration.

With the system adjusted for this high degree of
simple regeneration, introduce a very small Q.F. emf.,
such that the amplification is made as great as possible
without self-oscillation or unmanageable instability. Of
the resulting amplification a large part is due to simple
regeneration, and the principles of strictly free oscilla-
tion do not apply. This impractical case—variable
“nearly critical” regeneration—requires that M be de-
creased and.the Q.F. emf. strengthened. As this proc-
ess is carried out, the amplication remains very great,
and then when the Q.F. emf. is removed the amplifi-
cation drops enormously.

Then without a received signal apply the Q.F. emf.
and gradually increase it, so that R goes negative. The
criterion of the consequent high degree of amplification
is the tube noise, amplified from perhaps less than a
microvolt, up to a volt or more, thus becoming plainly
audible in the phones.

As an experiment, Fig. 3 was tuned to 30 meters,
dummy antenna and signal generator were used, feed
back and Q.F. emf. so adjusted that unquestionably
stable operation was realized. A 30 per cent modulated
15 pv. signal was reproduced (400-cycle tone) with a
strength which was roughly equal to the tube noise.

For Fig. 3 to yield noise-free response when a 30 per
cent modulated 15 pv. signal is applied, it is desirable to
add a-f gain = 10 or 20, and decrease the amount of
super-regenerative amplification. The signal-to-noise
ratio then becomes as favorable as for typical receivers.

As another experiment the Q.F. emf. was removed.
Feed-back was adjusted for a high degree of straight
regeneration. A sufficiently strong signal was applied (a
few hundred pv.) to obtain suitable audibility. The
Q.F. emf. was then gradually increased. Of course the
audibility increased. The applied signal strength was
then decreased as the Q.F. emf. was increased, to main-
tain a suitable signal level at the phones. This process
was continued until instability was reached ; then the Q.F.
was slightly decreased to obtain definite stability.
Now the antenna signal was very weak, and the super-
regenetative amplification many times greater than the
simple regeneration for which the feed-back was adjusted
and then fixed.

Virtues of low quench frequency

By such an adjustment the side responses may be en-
tirely eliminated. With 5,000 cycles, it is found easier
to eliminate the side responses than when using a higher
frequency, such as 25,000 cycles. To obtain a certain
sensitivity, the strength of the emf. at 5,000 cycles is
found to be far less than when using 25,000 cycles.
And, for a given strength of Q.F. emf. and a given
and fixed amount of feed-back the system becomes more
sensitive as the quench frequently is decreased. A low
quench frequency favors high amplification. With the
systemm adjusted for suitable amplification (and negli-
gible side responses) when the quench frequency is
25,000 cycles, the selectivity is definitely improved
judged by tuning, by decreasing the quench frequency to
5,000 or 10,000 cycles and decreasing the Q.F. emf. to
restore the former sensitivity. A low quench frequency
favors both amplification and selectivity.

Super-regeneration is no more effective at short
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waves than at long waves in a strictly technical sense. LC
may be made to oscillate in the steady state at either long or
short waves, with an ordinary tube. This is nearly the same
as saying that the amplification may be made as great at
long as at short waves. It is correct, however, to state that
super-regeneration is the only known practical method

%=2QMS%‘ %=4Qusm
For any wove length (Q.F.= 25,000 cy) (QF.=12,500 cy)
—— —A ———— ~— —A —k =~
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Fig. 4—Summary of super-regenerative effects show-
ing virtues of circuit at high frequencies

of obtaining enormously great amplification (50,000
with case) at short waves, with a single stage. Super-
regeneration is the only method of realizing from a
single stage any worthwhile degree of amplification at
wavelengths of 5 meters.

Selectivity and amplification

As regards sclectivity, assume a convenient value of
L (say 200 ph.) at 300 meters, and a convenient value
of L (say 4 ph.) at 5 meters. With the same quench
frequency, and the same amplification in each case, the
300-meter system will be less selective, and the 5-meter
circuit will be more selective, than could be realized with
the coils and their inherent resistances. In a typical
case at 300 meters, super-regeneration may decrease Q
from 100 to 10 or 20, whereas at 5 meters super-regener-
ation may increase Q from 10 or 20 to 500 or 1,000.
O = 1,000 at 5 meters results in a band width of 60 ke.
for 70.7 per cent response. Practical super-regenerative
circuits at 5 meters, as evolved to date, do not allow
even a remote approach to 10 kc. separation of carriers.

The voltage amplification in a super-regenerator cir-
cuit is not far from equal to

Wl Afes RT
- wherea = - 4)
R a 2L

The values of the factors in this equation over a real-
izable range of values at 5 meters (or at any wave-
length) may- be calculated and other wavelength data
reasoned therefrom, etc. Or, at a given wavelength, the
table may be used to study the effect of —R, T, L.
Such a table is given in Fig. 4.

As shown in Fig. 4, the amplification and selectivity
are much greater than could be achieved by means of
simple coil design at 5 meters, and are far greater than
could be practiced without unmanageably critical adjust-
ments of simple regeneration.

Fig. 4 shows another group of data based on Q.F.
— 12,500, with R ranging from 0.075 to 0.175. This
halving of R and doubling of T holds a constant, but
doubles the selectivity and amplification.

For a given value of w and T, and for a given ampli-
fication, if L be changed R must be changed propor-
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tionately, and both amplification and selectivity will re-
main at the same when L/R is held constant. Also L
may be determined by the amount of capacity required
to tune it to the desired wavelength. Then the ampli-
fication and selectivity are made maximum by decreas-
ing R and increasing T (lowering the quench frequency)
until the quench frequency is as low as can be tolerated.

It is well worth while to use as low a quench frequency
as tolerable. @ is directly proportional to 7. Noting
Fig. 4,let ¢ — 9, and R — 0.15. Halve the quench fre-
quency, and holding R = 0.15, e becomes 18. The
amplification increases from 8,400 to 190,000. The se-
lectivity remains the same, because L/R is not changed.

It is to be noted that the amplification I /e is proportional
to . With suitable values of L, R and T for 5 meters
to realize a certain amplification and selectivity, let o be
decreased to a case of 300 meters. Holding T constant,

and L/R constant as L is increased the quantity

Pt
a

remains constant. But o has decreased 60 fold; hence
the amplification has decreased 60 fold. Q has decreased
60 fold. To restore the amplification to the value at 5
meters, T being as great as tolerable in the first place, R
must be increased. This will still further decrease the
value of Q at 300 meters. The result is poor selectivity
at long waves. As an example, consider ¢ — 12, and
R = 2, at 5 meters, note Fig. 4. The amplification is
21,000, and Q = 630. For the same T and R at 300
meters (L sufficiently increased from its 5-meter value)
the amplification is very low. Increase R until L/R has
its former value (at 5 meters), and the 300-meter Q =
630/60 = 10.5, which becomes further decreased when R
is increased to restore the amplification to 21,000.

It is usually a fact that experiment is the mother of a
successful design. Stable operation, freedom from side
responses, simplicity of adjustment, are chief concerns
whose ultimate appreciation is a matter of experimental
development. These results can be realized at short
waves with markedly less difficulty than at long waves.
At any wavelength it is important to have plenty of
positive resistance. It should not be assumed that the
coil resistance is great enough, although at less than 20
meters it is found that ordinary small coils have suffi-
cient positive resistance.

Thirty meters is a suitable starting point for develop-
ment work. With Fig. 3 adjusted for encouragingly
“smooth” operation at 30 meters, 20,000 ohms was
placed in shunt with L. (The tuned impedance of LC
was 10,000 ohms.) Upon re-adjusting the circuit for
the former amplification, it was found that the feed-back
was less critical, and that the Q.F. emf. was less critical.
Finally, 10,000 ohms was placed in shunt with L. Upon
re-adjusting for the former amplification it was found
that the selectivity had not decreased.

When using an audible quench frequency, and upon
applying an unmodulated carrier, it is noted that the
audibility of the Q.F. tone increases when the signal is
applied. This is because the signal itself becomes modu-
lated at the quench frequency, and this modulation is
detected, of course, adding itself to the applied Q.F.
emf. The quench frequency tone can be balanced out
by using two super-regenerative tubes in push-pull, ex-
cept when a signal is applied. Further decrease of the
quench frequency tone requires that a Q.F. emf. be ap-
plied in the a-f system, with proper phase, and with
adjustable strength—depending upon the signal level, etc.

1vgSome New Developments of Regenerative Circuits,” Proc.
I. R. E. August, 1922, -
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Measuring
resistance

of broadcast
antennas

By SCOTT HELT

Plant Engineer, Station WKBF
Indianapolis, Indiana.

T is of infinite importance that the resistance of a

broadcast station antenna system be a matter of

definite knowledge to the operating personnel, for it
is the determining factor in calculating the power radi-
ated.  Without this knowledge the efficiency of an an-
tenna system is unknown. Tt is likewise helpful in solv-
g various other problems incident to the proper adjust-
ment and operation of the equipment, and must always
be known before a transmission line can be properly ter-
minated. It is discouraging to note, therefore, that so
many broadcasting stations have no knowledge whatso-
ever of this important information, and continue to cal-
culate the station’s output by the indirect method, 1.e.,

Operating power = E, X I, X F
when E, = Total plate voltage of the last radio stage.
I, = Total plate current of the last radio stage.
F = Factor to be used in determining the operat-
ing power from the plate input power to
the final stage.

The indirect method for calculating power is, of course,
acceptable to the Commission, as is, also, the method
arrived at through computation from feld intensity
measurements. However, the indirect measurement of
power output is only an approximation since the general
efficiency of the antenna system as a radiator does not
enter, and is an unknown load into which the transmitter
works.  The radiated power, as computed from field
strength measurements, may be accepted in lieu of an-
tenna input power, provided sufficient measurements are
Mmade to insure acquracy, and an analysis of the antenna
system is submitted to the Commission indicating the
relative distribution of the rachation, i.e., ground and sky
wave radiation. The latter method is.the most efficient ;
it is also the most expensive. Consequently, it is often
beyond the means of the average radio station, the costs
involved in taking such measurements proving prohibi-
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tive. We therefore resort to the direct method for cal-
culating radiated power which involves measurement of
the antenna resistance. This method is both efficient and
relatively inexpensive. However, so many unsuspected
sources of error are apt to enter, it is not an easy matter
to secure accurate measurements, and great care should
be exercised by the engineer.

When the resistance of the antenna is definitely estab-
lished, then the operating power of the station may be
calculated through use of the simple equation :

IPXR=W
when, / = Antenna current at the base or current anti-node of
the antenna, at the operating frequency.
R = Resistance of the antenna.
W = Operating power.

There are several elements of the total antenna resist-
ance of which the only useful part is the radiation re-
sistance, defined by Morecroft as a fictitious resistance.
the value of which will absorb the same power as is
radiated by the antenna. The other resistance compo-
nents represent wasted power since energy consumed in
heating these resistances is not radiated into space. The
total antenna resistance, however, absorbs power, and a
measurement of this total resistance is important. In a
well designed antenna the radiation resistance represents
the major part of this total resistance.

The writer will describe apparatus and methods for
measuring the antenna resistance. An antenna resistance
measuring set, while not part of the standard equipment
of a broadcast station, is of great value. It can be assem-
bled by the operating staff.

The apparatus involved consists essentially of a
shielded r-f oscillator capable of covering the broadcast
spectrum (550-1500 kc.), and having a power output of
approximately ten watts. This oscillator is described in
Fig. 1. It is used to induce an r-f voltage of known
frequency into the pick-up inductance L2. The oscillator
should be thoroughly shielded so that it will induce
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Fig. 1—Antenna resistance measuring set used in
the added resistance method

voltage into the antenna measuring circuit at one point
only, and will not induce spurious energy into the an-
tenna or other components of the measuring circuit.
The coupling between the oscillator and pick-up induct-
ance should be fairly loose so as to limit the transfer of
energy between these two circuits as to avoid any notice-
able reaction on the performance of the r-f oscillator. If
the coupling is not loose, the adjustment of the decade
resistance box when taking measurements may greatly
affect the loading and output of the oscillator. If this
condition is apparent and experimentation with the
coupling involved does not eliminate the difficulty, the
engineer may connect an r-f ammeter in series with the
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oscillator output or tank inductance, or the output may
be held constant through the use of a rheostat in the
oscillator circuit. The r-i ammeter in series with the
output inductance will indicate any variation in the
oscillator output, and it can therefore be compensated for.

Some station engineers attempt to excite the antenna
and measuring circuit from one of the lower power
stages of the transmitter, such as one of the buffer
stages, but this practice is to be discouraged inasmuch
as many errors are apt to arise. ~Also, measurements
should be taken not only at the assigned frequency, but at
other {requencies throughout the broadcast spectrum.
With this information, a curve may be plotted, as in
Fig. 2, the smoothness and slope of which give an indi-
cation of the accuracy of the measurements taken. The
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Fig. 2—Typical antenna resistance curve. This

antenna was operated at 1410 kc.

Federal Radio Commission desires that such a curve be
submitted when an antenna resistance measurement is
submitted to it for acceptance.

An accurately calibrated wavemeter such as the General
Radio Precision Type 22+L is also required for deter-
mining the wave length of the r-i oscillator at various
adjustments within the broadcast spectrum, as measure-
ments are taken. Care should be taken that the wave-
meter is accurate, and is reliably calibrated. A statement
of the accuracy of all the apparatus involved should be
secured from the various manufacturers of the equip-
ment, as the Federal Radio Conumission may not accept
antenna measurements unless a definite statement of the
accuracy of the various components is submitted along
with the measurements. Also, so many errors are apt
to present themselves when inefficient equipment is used,
that the sum total might introduce sufficient error to dis-
turb the entire measurement.

Referring to Fig. 1, we find that various other mis-
cellaneous equipment is required. A laboratory type
variable condenser, C;, similar to the G. R. Type 239-H
(min. cap. 25 ppi., max cap. 1,000 upf.) ; a variable re-
sistance of negligible inductance throughout the broad-
cast band, similar to the G. R. 102-K (0-1111 ohms) and
having an accuracy of approximately 1 per cent; a ther-
mo-galvanometer similar to the Weston model 425 cur-
rent squared galvanometer, logarithmic scale 0-115 mils,
of accurate calibration; and, in some instances, a vari-
ometer of known inductance and resistance. The
particular type of galvanometer mentioned should be
used, because an instrument of this design has little re-
sistance and relatively high efficiency.

The apparatus is connected as in Fig. 1, some suit-
able high frequency cable, such as that made by Pack-
ard or Belden, being used to reduce resistance losses
within the circuit itself, thereby improving the efficiency
of the set-up.

In taking the measurements, the oscillator is first ad-
justed to a frequency considerably lower than the station
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operating frequency, the resistance in the decade box
being set at zero. The antenna under measurement 1s then
tuned to resonance with the oscillator, this condition
being indicated by maximum deflection of the thermo-
galvanometer. If it is impossible to tune the antenna,
this may mean that the antenna will not tune to resonance
at the irequency being supplied by the oscillator since it
is lower than the natural period of the antenna. It is
them necessary to insert a variable inductance, Ly, in
series with the antenna instead of the variable capacity,
C,, in order to load the antenna to the resonance point.
The coupling between the oscillator tank inductance
L, should now be adjusted in relation to the pick-up
inductance Lo until a convenient deflection of the thermo-
galvanometer 3/, is secured. It must be made certain
now that the osciilator output is not being too heavily
loaded. This can be determined through rotating the
capacity Cy through 180 degrees and varying resistance
Ry, and noting if any deflection is observed in the scale
of an ammeter located in series with the output of the
oscillator. This can usually be corrected by loosening
coupling, but some control of the oscillator output may
be necessary as has already been described. If the oscil-
Jator output is found to be constant, the antenna is again
carefully tuned to resonance with the oscillator through
adjustment of the capacity Ci. Now, the resistance in
decade resistance box Ry should be slowly increased from
sero until the current entering the antenna, as indicated
by the thermo-galvanometer, is exactly one half of the
value fotnd when tuned to resonance. The resistance
then present in the decade box is equivalent to the an-
tenna resistance at the particular frequency at which
the measurement was taken, plus the resistances of Lo,
M,, Cy, and the wiring in the measuring circuit. If the
equipment used has been purchased {rom a reliable manu-
facturer, he will have furnished the purchaser with a
statement of the resistances of this apparatus, or this
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Fig. 3—Substitution method of measuring antenna
resistance

information can be secured for the asking. The resist-
ance of these components must be subtracted from the
value of R;, the balance being the antenna resistance at
the frequency at which it was measured.

The theory behind this measurement is simple. Thus,
when the circuit is resonant, only resistance limits the
flow of current, and the system follows Ohm’s law.
Therefore, if a non-reactive resistor is inserted in series
with the circuit the decrease in current will follow this
law. If the total resistance of the circuit is doubled, the
current will be halved. Therefore, in practice, sufficient
non-reactive resistance is added to reduce the antenna

February, 1934 — ELECTRONICS



current to one-half its value with no resistance inserted.

The value of resistance required to halve the current
is the antenna resistance plus the resistance of the
measuring apparatus.

Reactance variation method

In the method just described a variation of series re-
sistance leads to the value of the antenna resistance. The
resistance can be obtained, also, by varying a reactive
element in the antenna circuit, for example, by varying
the tuning capacity.

The theory behind this method will be found in most
text-books on radio: Hugh A. Brown in Radio Fre-
quency Measurements has a good account. The reson-
ance value of a capacity plus another value of C and the
corresponding currents may be used. A simpler method
consists in using two values of tuning capacity, C; and
Cs, one on either side of the resonant capacity, which give
the same values of current. The value of current at
resonance is also needed. Then the resistance may be
obtained from the expression,

1 /C.— G 1.2
g e \/ A
2w Czcl 123*112

In either the resistance variation or the reactance vari-
ation methods the value of the resistance of the measur-
ing apparatus must be subtracted from the total measured
resistance to get the antenna resistance. If the resistance
of the individual elements is not known the value may be
obtained by disconnecting the antenna from the measur-
ing circuit, and connecting the antenna side of C 1 to the
ground system of the station through a high quality im-
pedance Z;. This impedance should be so efficient as to
not greatly add more resistance to the circuit, and its
reactance should be such as to approximate that of the
antenna so as not to disturb the setting of Cy, and so this
capacitance will not have to be greatly changed. One of
the antenna capacitors, or one of the inductors supplied
as a part of the regular antenna equipment of the trans-
mitter, may be used for Z;.

Now, the resistance of R, is again adjusted until the
reading of M, is reduced to one half its former value.
The resistance then present in the decade box is equal to
the total resistance of the equipment and connections in
the measuring circuit. This equipment resistance will be
found a very low value, usually.

Where to insert the resistance

In taking resistance measurements of the antenna the
apparatus should be inserted at the base or current anti-
node of thesantenna and the transmission line terminat-
ing equipment, if used, or the tank circuit of the trans-
mitter must be short circuited so as not to affect the
performance of the measuring set, or the measurements
taken. Whether this practice is correct in securing a
perfect measurement of true antenna resistance is highly
controversial. The Federal Radio Commission holds,
however, that it is only interested in power actually
entering the antenna, and does not want the antenna
coupling and tuning equipment included in the circuit.
The I.R.E. Standards Committee holds that the resist-
ance of this equipment should be included. Few engineers
agree on the subject and many expressions have been
heard one way or the other.

Personally, the writer thinks that it should be included,
for any inductance or capacity in series with the antenna
is a part and parcel of the antenna circuit and affects the
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general constants which determine the true resistance
of the antenna circuit. However, the Commission holds
otherwise, so this equipment must not be included, and
the transmitter should therefore be tuned so as to deliver
the licensed power to the antenna terminal regardless of
any losses which are most surely present in the antenna
tuning circuit.

A substitution method

Another method for securing antenna resistance
measurements is known as the substitution or earthed-
antenna total resistance method. Its principle was de-
scribed by L. W. Austin as early as 1912, Tt is termed
the substitution method, since the antenna constants may
be determined by comparison with a dummy antenna, the
constants of which are similar to those of the antenna
being measured (i.e., substituted for the antenna). The
circuit is shown in Fig. 3, and the parts included are the
same components as were used in finding the antenna
resistance by the method described above, great care being
exercised to insure accuracy of the measurements taken,

The r-f oscillator is first tuned to resonance with the
antenna at the frequency at which the antenna is to be
measured, the switch sw. being in such position as to
connect the antenna, the thermo-galvanometer, and the
pick-up coil in series with the output of the oscillator and
ground. When resonance is arrived at, this being in-
dicated by maximum deflection of the me<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>