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Radio Vision Demonstrated
ih America

By H. WINFIELD SECOR

T MSIETIESIEICIEN R 00 R T i

FOR the past several years RADIO

NEWS has been describing various tele-
vision systems, all more or less in an in-
complete state. That described by Mr.
Secor, however, is a real development, by
means of which clear and recognizable
images are received. e are sure all our
readers will be interested in reading the de-
tails of its operation—EDITOR.
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PRIL 7, 1927, will always be a me-
morable day in the annals of science,
for on that day, before a group of
mvited guests, the experts of the
Bell Telephone Laboratories demonstrated
in New York the first, practically perfect
reproductions of the living image of Mr.
Herbert Hoover and other speakers at the
Washington end of a telephone circuit; and
secondly, similar images transmitted by radio
from Whippany, N. J, thirty miles away.
_ To make the subject more intcresting, it
is well to state at the outsct that at the
transmitting end of the circuit the image of
the moving object was reproduced in two
forms. In the smaller receiving instrument
the size of the image is about 2%4x2 inches,
and here the likeness was very perfect; Mr.
Hoover’s face appearing in a photographic
reproduction  against a rose-pink  back-
grommd. This color is due to the use of neon
gas in the glow-tube, which is placed behind
a revolving disk in the small machine. The
larger reproduction apparatus, used to show
the built-up image before the assembled
guests, had a screen approximately 24 niches
wide by 36 high. Here also the general
color of the background was pink, due to
2 grid of evacuated glass tubing containing
neon gas, which formed a surface on which
the picture was huilt up by means of 45,000

light-flashes sweeping over the screen every
second.
HOW IMAGE IS TRANSMITTED

Referring to the diagram (IHg. 1, A, B
and C), we shall first consider how a con-
centrated light-beam from an arc lamp is
caused to sweep across the object, a human
face for example, in a series of small spots
and at the rate of 900 light-flashes per scec-
and. The light from the arc is concentrated
through a condensing lens upon the baclk
af the rotating perforated disk shown in the
figure. There are 50 small holes drilled
through this disk, these being laid out in a
spiral; it rotates eighteen times per second,
or 1080 revolutions per minute. As the three
stages of the process, (Figs. 1A, B and C),
demonstrate, and thanks to the slit or dia-
phragm placed behind the disk, one hole only
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How the extreme positions of the succeeding

pencils of light explering the cbject at the

transmitter are enabled to pick up the whaole

image. The solid angle of vision is made up
of rapidly moving beams of light
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is permitted to pass a light beam at a time.
Look at Fig. 1A ; then note thatat B the sec-
ond hole in the spiral has reached the verti-
cal position and a small beam of light passes

A subject sitting before the transmitting mechanism,

1n the center cabinet are the 6G0-cycle

and 2,000 cycle A.C. motors which drive the perforated disk, The light from an arc in the cab-

inet at the rear passes through the holes in the revolving perforated disk and falls on the face of
the subject.

Photos courtesy of Bell Telephone Laboratories.
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Close-up of microphone and the three large

photo-clectric  cells behind grille doors. the

light rays coming through the square opening

between the latters. The apparatus in the

background comprises amplifiers and other de-
vices used in the transmission.

through and sweeps across the image in the
second lower position. Look at Fig. 1C, and
it becomes evident that No. 3 hole has
reached the vertical position, and the third
pencil of the beam sweeps across the image
imn the third position from the top nf the
face or other object at the transmitter.

This action is repeated, as becomes clear,
so that when the 50th or inmermost hole of
the spiral on the disls comes into nosition
before the diaphragm. a pencil of light pass
through, sweeping the bottom of the mage.
This is clear on inspection of Fig, 2.

It is well known that the motion picture
of today is possible only because of the re-
tention of wision by the human eye. That is,
sixteen slightly-different pictures are jerked,
one after another, in front of the lens
and flashed on the theatre screen everv sec-
ond. Due to the “lag” of the human eye. the
mdividual pictures overlap and give the il-
lusion of a perfect moving image. The same
thing occurs in this télevision system; but
instead of flashing each light across the face
sixteen times per second, the engineers who
developed this svstem of television in .the
Bell Telephone Laboratories cause the light-
beams to travel across the image at a speed
of eighteen times per second. As there are
fifty light-beams, due to the fifty perfora-
tions i the rotating disk at the transmitter,
there are 18 times 50, or 900 light-targets
traveling across the image every sccond!

It might be thought that such a strong
concentrated pencil of light, when it trav-
eled across the eyes, for instance, would
prove unbearable; but such is not the case.
The effect when looking toward the opening
i the transmitting machine is like looking
into a camera lens with a fairly strong light
behind it. The light beams change place so
fast that the final result is a slightly flicker-
ing bluish light which seems to bathe the
face or other object at the transmitter.

The next very important point to note is
that, as the light-beam (at Fig. 1A for in-
starice), moves across the top of the man's
face, a ray of light with a constantly-
changing angle of incidence is reflected [rom
the face and impinges on some part of the
three large photo-electric cells used in this
periected system of television.

Locking at Fig. 2 we see how the three
large photoelectric cells of new design are
arranged in front of the image. In the pic-
tures vou will note that these three photo-
clectric cells, each of which measures about
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Tig. 3. A comprehensive diagram of the entire radio television apparatus; the subject, an image of whose face is being transmitted by radio. ap«

pears at the left, while the person observing the transmitted and reproduced image appears at the right.
acrosz the face; the reflectinns fall on photo-electric cells, P.
these are amplified 5,000.000,000,000 times. The radio image signals are picked up by a standard receiving set. and

ing targets of light to swee;
minute electric currents, an

The light fluctuations are

The perforated disk causes rapidly mov-
thus transformed into

after amplification, the image signals pass into 2 neon glow-tube placed behind a second revolving disk, driven in exact synchronism with that

at the transmitter. The observer looking through the $mall aperture sees the image built up on a plane behind the whirling disk.

The voice

is transmitted and received in usual manner; while a third radic wave transmits synchronizing signals for the moters.

14 inches fong and 4 inches in diameter, are
placed inside three metal boxes provided
with wire-grille doors to protect them from
breakage. The doors are kept shut, cven
when the machine is in operation. These

photoelectric cells, which were devised un-
der the direction of Dr. Herbert E. Ives of
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Successive light beams issuing from the holes

in the whirling disk at the transmitter sweep

over the aobject; their movement is exag-
gerated here.

the Bell Telephone Laboratory staff, com-
prise a central clectrode running the Tength
of the tube, while the rear inside hali of
the tube all the way up is coated with a me-
tallic deposit. The tubes are then exhausted
and the proper gas introduced. These phato-
clectric cells have practically no lag what-
ever, and their action is therefore instantan-
enus.

As Tig. 2 shows, there is a coustant
solid angle of vision, filled with a con-
stantly-moving series of light-beams. As
becomes evident, the angles of the reflected
beams will be constantly changing as the in-

itial beams shoot forth from the apertures in
the rotating disk. This is one of the main
reasons why such large photoelectric cells
are required. These are undoubtedly the
largest cver used. The terminals of the cells
are comiected in parallel, so that their ac-
tion is all concentrated in ome circuit, as be-
comes clear from an inspection of the dia-
gram, Fig. 3.
RADIO TRANSMISSION OF IMAGE

Instead of wsing three telephone circuits,
in the radio transmission three different
wavelengths were utilized, as indicated in

the image at the receiving instrument, give
a very faithful reproduction of the image
at the transmitter.

A special vacuum-tube amplifier of several
stages serves to magnify the wvery minute
fluctuating currents coming from the photo-
electric cells five thousand, thousand, mil-
lion  (5,000,000,000,000) times. It is inter-
esting to note that this vacuwn-tube am-
plifier had to be designed to amplify all fre-
quencies from ten up to twenty thousand
cycles. The dmage-currents then enter a

Fig. 3. Looking at this
we see how a con-
centrated light beam
from the arc shoots
through one of the
holes in the revolving
disk, which 1s driven
by two syuchronous
motors; thence to the
face, from which the
light beams are re-
flected  progressively
upen one of the three
large photo-electric
cells. By the instan-
taneous action of the
photo-electric ¢ ells,
every gradation o f
tone or color upon the
face or other image
encountercd by the
spot of light as it
sweeps across the face
is transmitted to the
receiver. For this
reason the spots of
light, as they build up

ASTRTTIETRTETE IR I 0 e |

The glass screen and
front of the loud-speaker
horn  used. The large
image reproduced ap-
peared on the screen at
the top. Vacuum-tube
amplifier at right
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S-kilowatt standard radio transmitter of the
vacuum-tube type, and leap across the
thirty-mile gap between Whippany and New
York City on a wavelength of 191 meters.

In New York a standard receiving set
picks up the 191-meter image-signal, and
after amplifyving it suthciently, passes it into
a neon tube, placed directly behind a second
revolving disk having the same speed and
number of perforations as the disk at the
transmitter station. The person at the re-
ceiver simply looks through a small aper-
ture at the swiftly-moving pulses of light
as they become visible through the whirling
holes n the spinning disk. He sees the real
image build up apparently at the position of
the disk, while the virtual image is of course
considerably behind the disk, as the drawing
shows.

mitter and receiver, this motor being de-
signed for a frequency of 2,000 cycles per
second. As will be seen, a slight variation at
this frequency is much less noticeable than
it would be at 60 cycles; and so, between
the two motors, the synchronous speed is
maintained practically wiform at all times.

Note particularly how the 2,000-cycle al-
ternating current supply is connected in

I8 TIMES EACH SECDND, ARM EWERGIIES
S0 SERMENTS ACROSS OME ROW
2500 SEGMENTS EXCITED 18 TIMES EtW
SECOMD  GIVES 45000 LIGHT

At the right: The large
exhibition screen, built up
of a continugus length of
glass tubing, along the
rear walls of which are
cemented 2,500 tin-foil
segments. The tube is
filled with neon gas;
light spots appear op-
posite each segment when
electrically energized.

IMAGES FER SECOND .

TNO SYH.
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ceiving set, and then passed into a loud
speaker placed alongside of the picture-re-
production mechanism.

REPRODUCTION OF IMAGE

Sufficient has been said to give an insight
as to how the image is reconstructed or
built up by light pulses, rapidly following
one another at the receiving instrument.

N

LIGHT PULSE
1l
SEGMENT

TRANSMITTER RECEIWVER “RECONSTRUCTED
1 RECEIVING MAGE
ANTENNA ONDY CURRENTY,
1 ANTEHNA, WUPLER
SPECIAL HIGH VOLTAGE ONLY ™ y lﬁ) (_ 3 oo
FIVTERS. ™\ ? - To SYH. CRCUT WIRE
STANDARD RADIG % A 5 i 750 CONVOLUTIONS OF
TRANSMITTER ™, \\ i ! I l[ NEDM GAS FILLED TUBE
r
Hih 4 — -
— / 1| SYN. CURRENY ATHCOMMG “MAGE SIGNALS POTENTIAL  SUFFICIENT T0
CURRENT - H :m rutm - ELELTRIC CAUSE MEOW GAS T0 GlOW
w R..
3 DIFTERENT WAE  APERIOOIC PRUA. /3 SECONDARIES st FIG.5
LGTHS TRANS . COL EKCITING __» :\::It:‘ 10 *:u Left: Simplified  system,
MITTED SIMULTA® 3 QR - Wt whereby three transmitters, Referring to Fig. 3 once more, we
m‘““ musﬂ‘vm SECONDARIES.. LMETHS. % tuncd fo  difarent wave. e g o ';sb o ]nore that
Wi ENNA,, lengehs, 'ace JAGed. fa A neon glow-tube, placed behind the re-
common antenna through “01_}'!“1-7 Pfl‘iﬂfatcfl disk, is about _the size _Of
FIG. 4 suitable filters. a 75-watt cleetric light bulb; it containg
:&:‘m two flat metal plates a short distance apart.

HOW SYNCHRONISM IS ESTABLISHED

Tt required much speeial research work
and clever designing of the synchronizing
circuit and motors used for this perfected
television scheme : and to Mr. H. M. Stoller
is due the credit for the special synchroniz-
ing means fnally adopted.

This very important part of the system of
television has several new aspects. Due to
the high speed of the light-image transmis-
sion and reception, quite necessary to pro-
duce a practically periect imiage at the re-
ceiving end of the line, it was soon found
that ordinary G60-cvecle synchronous motors
would not do. Synchrenous motors, as is
well known, have the habit of humting; that
is, they will swing a little below or a little
above their true normal speed at times. To
reduce the degree of this variation result-
ing from hmting. a second syuchronous A.C.
motor was placed on the same shaft that
drives the rotating disk, at both the trans-

Dr. Herbert E. Ives is shown holding one of

the giant photo-electric tubes. At his lefr,

the screen on which the large television image
was reproduced.

parallel to the 60-cycle A.C. supply circuit.
Suitable filters made up of inductances, re-
sistances and condensers are placed in each
pair of leads rumning to the symchronous mo-
ters, as Fig. 3 shows. \Where television
tales place over three telephone circuits, the
aciion is quite simple; while with radio
transmission, the insertion of a standard
transmitter of the vacuum-tube type is
necessary to transmit the synchronizing sig-
nals to the receiving instrument.

In the demonstration recently conducted.
these synchronizing signals were transnntted
to the receiving station by a one-kilowatt
transmitter, on a wavelength of 1.600 meters.
It should be noted at this point that no such
high power is necessary. and all of the units
were operated at considerably less than
normal capacity. The reason that these par-
ticular transmitters were used is the fact
that they happened to be available and handy
at the experimental station.

In radio transmission of the television
image, the sychronizing signals were picked
up on a standard receiving set fitted with
suitable inductances and condensers for tun-
ing at 1,600 meters; and the amplified
synchronizing signals were then fed into the
circuit supplving the G0-cycle and 2,000-
cycle A.C. to the two synchronous motors
driving the revolving disk in the receiving
instrument.

HOW VOICE WAS TRANSMITTED

Referring to Fig. 3, we see that the voice
of the subject before the tclevision trans-
mitter at the receiving station was picked
up by a standard microphone. fed into a
standard radiophone transmitter (a 50-kw.
set was here used at greatly reduced power),
from whence it leaped across the 30-mile gap
to New York on a wavelength of 207 me-
ters.

The wavelengths used were purely ar-
hitrary and chosen because of their freedom
from interference at this time. Any wave-
lengths available can be used, so long as
the three are sufficiently separated to be
tuned in clearly and without any overlappin:
at the receiving station.

The radio waves carrving the voice were
picked up on a third and independent an-
tenna amplified by means of a standard re-

wiww americanradiohistory com

The detail sketch in the upper right-hand
corner of Iig. 3 shows the rclative position
of the exve, the perforated disk and the neon
glow-tube when viewed from the top. Usu-
ally a curtain i1s drawn around the person
looking through the aperture. The remark-
able thing is that no screen of any kind is
here usegl,_mui we might say the person at

the receiving instrument sces the likeness
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How the image on the large receiving screen
is built up. 45.000 light pulses flash across it
every second.

of the person at the transmitter actually re-
constructed in the air.

The image at the receiving instrument is
built up by reproducing the same number of
light pulses per second, as those flashed
across the face or otlier object at the trans-
mitter. That is, the eyes of the person gaz-
ing threugh the aperture at the receiver
witness 900 flashes of light per second, each
of which carries the proper tone of some
part of the image. The revolving perforated
disk at the receiver rotates at the samc
speed as that at the transmitter, and like it
has also ffty perforations. One of the
wonderful things accomplished at this junc-
ture is the perfection of the synchronization
between the two revolving disks. Another
very important contribution to the science
of television is of course the special photo-
electric cells used at the transmitting instru-
ment.

SIMPLIFIED RADIO TRANSMISSION

VWhere the picture is transmitted and re-
ceived over telephone circuits, four circuits
would ordinarily be required; but, thanks ta
the ingenuity of the scientists who worked
on this problem in the Bell Telephone Lab-
oratories, this has been reduced to three
circuits by combining the 60-cycle and 2,000-

(Continned on page 1480)
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Radio Vision Demon-
stratedin America

(Continued from page 1426)
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cycle alternating current circuits feeding the
synchronous motors. Where regular wire
circuits are to be used, there can be a still
further reduction to one full-metallic circuit
of two wires; as it is periectly feasible now
to transmit the three distinct currents for
the image, for synchronism, and for the
voice, by utilizing three carrier-frequencies,
These must have a value above an audible
frequency, in order not to interfere with
the voice transmission. With voice trans-
mission over special telephone circuits, the
engineers have for several vears been able ta
transmit six telephone currents over one
circuit simultancously, by using carrier-cur-
rents of different frequencies: in the case
of multiplex telegraphy they are now trans-
mitting ten different signals over a two-wire
circuit simultaneously by the use of suitably
graduated carrier-currents:

Looking at Fig. 4 we see how it is pos-
sible to simplify the radio transmission oi
picture images by this or any other systern,
and where three different wavelengths have
to be transmitted simultaneously for the im-
age, synchronism and voice transmissioi.
As pointed out in an interview of the writer
with one of the scientists of the Bell Tele-
phone Laboratories, who is familiar with
this remarkable achievement by their en-
gineers, it is possible, if occasion required
it, to comnect the three standard radio trans-
mitters shown in Fig. 3 to a single antenna
as shown in Fig. 4. This can be accom-
plished by connecting special, high-voltage
filters  comprising  suitable  inductances,
condensers and resistances, in series with
the respective radio transmitters and the
commeon aerial and ground. In the recent
demonstration and tests leading to it, it was
found much cheaper and more convenient to
use three separate transmission antennas and
also three separate and independent receiv-
ing antennas. These special filters required
where three radio transmitters are to be con-
nected to one antenna, are quite expensive,
and ordinarily it deoes not pay to use them.

There are several ways in which the three
wavelengths being transmitted simnltaneons-
Iy can be picked up and passed into the three
independent circuits, for the image, syn-
chironism and voice cireuits. One of the
simplest ways of picking up and sharply
tuning the three desired wavelenoths iz
shown in diagram at Fig. 4 Here an aperi-
odic primary winding on a special coupler
transfers the aerial energy to three or more
independently tuned secondary windings. All
the operator has to do is to tune the respec-
tive secondary circuits to the desired wave-
lengths. This is the system used for recep-
tion of transatlantic radio telegraph mes-
sages. The more elaborate system of Dr,
A. Hoyt Taylor of the Navy (sce page
1421) can be used; as well as numerous
others which have been patented and de-
scribed in the technical press.

DETAILS OF LARGE-IMAGE SCREEN

These details have probably made fairly
comprehensible how at last it has become
possible for a person at one end of a tele-
phone or radio circuit, to actually see the
moving image of the person at the other
end, but the mind fairly staggers at the re-
sults obtained in reproducing a larger tele-
vision image on a screen measuring two by
three feet, such as that demonstrated before
the andience which attended the introduction
of this system of television.

Imagine for a moment what a problem
the engineers had to solve, when it became
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When vou
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Do you actually
feel the low
notes of the
‘cello or is your
imagination again supplying the
notes your set looses?

Simply because S-M audio and
output transiormers installed in
any set ellmmate the necessity for
“imagining” good réproduct;on—-
because they actually give it—you'll
find them in almost all of the bet-
ter circuits.

That's why Sargent and Rayment
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because they knew of no better
guarantee of perfect tone quality.
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each, respectively.
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volt tap. And, all adjustments are auto-
matic!

You can put it together in a few hours
on the living room table, hook it to your
set and enjoy reception with B troubles at
an end, for the 652 iz a veritable reservoir
of ample, constant, reserve power.

All parts ready to assemble. less CX-313
and CX-374 tubes, price $34.50.

SILVER-MARSHALL, Inc.
848 W, Jackson Blvd.
Chicago, U. S. A.

evident that to properly build up the image
of a face for example, on a screen as large
as two by three feet, that not less than
45,000 light images or pulses per second,
must occur! This meant, for one thing,
that the syuchronism between the two ro-
tating elements at the transmitter and re-
ceiver must not be out of step by more than
one ninety-thousandth of a sccond. As one
of the scientists connected with this work
pointed out to the writer, if either one of
‘the revelving elements slipped out of
synchronism by one-half a cycle, it would
result in a wmegative image being received
instcad of a positive. In other WOrds, you
woull sec a white man with a black face
and white hair. This problem, therzfore,
was one of the hardest ever placed before
electrical engineers.

Other phases of the research problem
were encountered in the development, by Dr.
F. Gray, of the large neon tube used for
the production of an image large enough to
be viewed by a considerable audience. The
development and use of such a tube, with
its present total of 2,300 external electrodes,
reguired the construction of a current-dis-
tributor from which 2,500 wires, like a
gigantic optic nerve, extended to the tube,
When the front of this tube is observed, its
whole area appears to glow at once; so rap-
idly does the instantanecus spot travel from
one electrode to another that the eye does
not appreciate its successive positions.

Referring to Fig. 5 we see that, instead
of the revolving disk previously used for
reproducing the mmage, we here use the two
synchranous motors on a common shaft to
rotate a commutator arm, and this arm pass-
es over no less than 2,500 compactly-ar-
ranged metal segments, cemented along the
rear walls of the 50 convolutions of the
neon tube. These are correctly and pro-
gressively energized.  Note that the in-
coming image signals, instead of passing
into a single glow-tube, as in the simple ap-
paratus for the small image, are now am-
plified to a suafficiently high potential to
cause' the neon gas in the large grid-tube to
glow at the spot corresponding to any one
of the 2,500 tinfoil electrades.

The man who built the commutator needed
Iots of patence, a good hot saldering iron,
and also plenty of time. He had to connect
the 2,500 insulated wires running from as
many tinfoil segments, cemented on the back
of the meon tube, in exact order to their
respective segments around the stationary
commutator frame. When he had connected
50 wires from the 50 segments along the top
glass arm for example, he then repeated
this with the 50 wires coming from the 50
tinfoil segments along the second leg of the
neon tube, etc. The action taking place in
the magnified image on this large exhibition
screen is made a little clearer perhaps by
looking at the mechanically analogous dia-
gram in Fig. 6.

Referring to Fig. 6 for the moment, let
us note that as one of the fifty pencils of
light at the transmitter sweeps across the
face for example, it, by analogy, causes a
mechanical arm, corresponding to the com-
mutator brush, to sweep across the ffty
metal segments, and has therefore caused
fifty spots of light of varying intensity or
tone to sweep across this top leg of the glass
neon tube. As the commutator has 2,500
segments, it will be seen that, while the
fifty light beams passing through the trans-
mitter disk cause 900 spots of light to
traverse the face or other cobject each sec-
ond, the number of light pulses, all proper-
Iy graduated reproduced on the large glass
tube screen will be 45,000, In other words.
2500 light pulses appear 18 times every sec-
ond on the 2 x 3-foot exhibition screen; this
is sufficient to give a satisfactory image,
owing to the retention-of vision by the hu-
man eye, as described in the first part of
this article.
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29 SOCKET POWER UNIT

One switech controls everything.
with your house current and
constant, dependable flow of **

Connects
gives you a
A & B power.

e —

Gives match-
less service.
Compact
May be used
with any set.

Comes East
ready to Only $ aof ?‘u:
operates at '_' Rockies

Ask your dealer or jobber or write us for information
on our eative line.

THE ACME ELECTRI ( & MFG. CO..
1412 Hamilton Ave., Cleveland, O.

To get the utmost from
those new High-Mu tubes

ESIGNED to official specifica-
tions for use with the new Radi-
otron and Cunningham Resist-

ance-coupled High-Mu tubes, the new
Lynch Metallized Resistance. Coupled
Amplifier Kit will give you perfect tone
with full volume. May be used with any
receiver. At all good dealers, or by
mail, prepaid $9. Whrite for lllelature.

ARTHUR H. LYNCH, INC.,
Member RMA
250 West 57th St., New York, N. Y.

| Read thiz interesting pam-
phlet and learn how you
can easily Luild a  ziaot
1 3 foot Cone Spegker, equal
to faetory made, that re
firoduces  all  frequencies,
works  with  any  set  that
will operate o Towd speaker.
1 Build Your Own
e —_— 3-ft. Cone Speaker
PENN €. B Unit and PENXY Tarts recom.
mended by Ieading radie authovities. TFrom

vour dealer: if he cannot sppply  vou, order
direet, fol. Complete  part-
DOTRLE 2-ft. Cone Speaker. oaly $14.15.

Pamphlet-; sent fer [(0c., epin or stamps,
ENN RADID EALES CO.
1od Flttll Ave,, Suite 2401, New York City.

Radio Transformers

é For All Purposes é
g 3
Thordarson Electric Mfg. Co. e
iz 500 W. Huron Street =
Chicago, Il (3311)

EQUALIZORS

ELKA)

specified as “ballast™ for the Inter-Balanced Regon-
erotive Receiver are made by The Langbein-Kauf-
gﬂ_«m Ttadio Co. (Dept. N), 62 Franklin St., New

uvell Conn.  Write for prices and tables of

HORN and CONE Loudspeakers

WINDSOR and Loudspeaker Consoles

WINDSOR FURNITURE COMPANY

1410 Carroll Avenue, Chicago, [llincis
Los Angeles Branch, 917 Maple Ave.



