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TELEVISION STUDENTS
LEARN BY MAKING
CATHODE-RAY TUBES .
Mr. Sanabria—the man who. in 1931, demonstrated 10-ft.-
square television images in Loew's State Theatre, New York

Cityl—tells you how the problem of " school-built" television
C-R. i'ubes is bemg solved. PART I
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TELEVISION STUDENTS
LEARN BY MAKING

CATHODE-RAY TUBES

This description of steps in making a practical television
receiving tube experimentally in a school laboratory is be-
lieved to be the first newsstand-magazine disclosure.

Fig. D. With szcreen fused-in, tube {1 cooled by

alogly  reducing flames.

U. A. SANABRIA R TIL

BLOWTORCH plays a rod-hot fame on the

end of a slowly-rotating glase tubo—tha

&lass =lowly softens—soon a glazed por-
colain appearance is obtainad and, prestol,
the step 1s finished' A telovizion cathode-cay«
tubo’ has taken a second step toward complo-
tion.

Last month we told you what materlals to use
for the sereen, how the sereen fluoresces, how the
tube “'blank” was obtxined, and the preparations
necessary prior to the operation, next to be des
scribed, of fusing the screen.

FUSING THE SCREEN

We found It best to put the flask on & horl-
zontal rotating machine and apply to it a large
blowtorch of the oxy-acetylens type but empkiy-
Ing. ordinnyy illuminsting gas and oxygen (in
order to oblain a large, low-temperature flame),
50 p4 to heat the glass to the softening tompera-
ture. See Pig. O.

Thia method worked very well and permitted
the glass to get snft while spinning, This allowed
the glass to maintain i85 shape and still bacome
warm enongh to be soft snd yot not sug, If
however the glass was heated too ot so s to
melt, it would run and spin away from the con-
ter toward the outside and apofl the flask by
muking it too thin; while at the same time
cracking the scréen and leaving large streaks.

Fig. C. A blowtorch helps fuse screen to siowly-ra-

a3 {lames
eat. It is
painting dopicts

volving talevision-tube_envelope; while

from all sides mainfain glass at even

this oparation which the cover
in colors.

It was thereforo nwecessary to apply exuctly the
right amount of Keap ‘ond #pin the bulb slowly.

We were then able to prolone the hesting 1o
several minutes, We soon found that it was best
to apply A very alizht sir prossure inside of the
spinning vessel through o' rubber tube connested
to the uperator's mouth W prass the crust of
screen miaterinl agninst the soft gluns nt the ond
of the bulb with & gentle enough pressure to
make 8 Just-visible distortion and rounding-out
of the glass,

After the screen wos completely fused with
glass, the tempersturo was graduslly reduced
over & period of several minutes while the bu'b
wus-spinning, This was to allow the pariially~
soft glass to gradually readivst itzelf to any new
distortions xo that, wpon eamplete cooling, all
bulb strains would be romoved, Ses Fig, D.

You can rerdily appreclite that if one past
co0ls und contracts gnd ancther port on the
opposite slde cools and contracts, that s straln
will exist betwoon the two parts tendine to
pull thy klass between them toward eich other.
If this glaes i3 heated warm enough to be bond-

(Continned on pagoe 358)

TELEVISION STUDENTS LEARN BY MAKING

CATHODE-RAY TUBES

(Continued from page 335)

ble and flexible, it will straighten out wwl atinst

:ul:lr ai it cock down, provided it is allowed 1o
vool zlowly, The gisss contracis slowly s the
temporature falle yo it must be allowed to
streteh evenly until it solldifies to where it will
not stretch any Jonger. If it contintes to cwol
and the extrwme portinnn of the bulb sre very
rigid, thew the glass will erack ‘becaure of the
tremendous  force exerted by the sehrioking,
therefore, it fs of the utmost it poriance to oo,ﬂc?\
the entire vicinity of the bulb where the glass is
heing “worked,” and then VERY SLOWLY re-
duce the heat from this “flexible” temperalure ta
thit of completely-ceiil glasa.

This process s called anscaling. The thicker
the glosy i, the more slowly It must be tnlsed
and lowered in femperature, Considersble ox-
porience s reanired to properly hamile the heat-
ing aud “working"™ of glass vessels.

FINAL INSPECTION OF SCREEN

Whan the bull is removed (rom the apinning
muchine, the end in examined We fouml that
this should show a gluzed-porcelain appearance
whare the crust cumes fn contact with the glass,

If it hax the nrual white appearance of the
sereen material, it showz that the material has

Ploase Say That You Saw It in RaDIO-CRAFT

not fused itself to the wiass, If uny spots are
white, {t means thiel thoee spols have not ndhqred
w0 the gluss, and the bulb must be again, puiwel
in temperatare and the flame blown vu:al:.w tho
gufl pixss once'more. Aftcr a litile practice, we
wore able to get the serecn properly adhered
every time.

The bulb is next pluced over m high-pressuea
wiasher where the excess xcréen materfnl is wnsbed
ol lraving just a sereen | vryetel thick and very
ovon! Such @ sercen his the highest Jumincus
eMefency.

Part 111 will continue this interesting dincumsion,
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His e es: ': n of sieps in makmg a prachcal television
iving rimentally in a school laboratory is be-
st newsstand-magazine disclosure.

U. A. SANABRIA rRART-ilk
LAST MONTH WE DESCRIBED

hanies of fusing the fluores-

gereen to the glass og ‘the

_cathqde-uy, tube. Now let's continue

wlﬂx ‘the story.

“After the screen is properly coated

| upon the mnerogfass'

- step is to provide a thin graphite. coat-
ing over the conical inner-surface.

THE GRAPHITE FUNNEL
The purpose of ‘this graphite coating
is to act as ul;rew electrode in the

discharging the accumy
'-on.‘the surface of the ‘screen, 'l‘hg “elac-
: woul th@g:?mstoa'e, after
accumnldhon
face, that

g3 L "', Akl Tt “1@;#’- from mikmg ‘the sereen at all. The

- graphite coating is normally deposited
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TELEVISION STUDENTS LEARN BY MAKING
CATHODE-RAY TUBES

(Continued from page 683)

and performance. (While it would be
ideal to huve adjustable elements i the
electron gui, no good solution which can
fie joined with present vacun technique
has been forthcaming.)

ELECTRON EMISSION

Onr experiments on obtaining the
most suitable electron emitter included
‘4 simple, pure-nickel filament coated
with barium and strontion carbonate
mixture. This coating was applied with
a spray or by dipping ina solution. The
solution consisted of 90 parts amyl
‘neetate and 10 parts of collodion with
.enough powder to form a fast-drying
“Ywhite paint.” When the coating was
thick and pebbly, like the snow on a
refrlgemtor pipe, the hest results were
obtained. If the coating was too thin,
which we found was recommended by.
some workers, it would wear away in
spots very quickly when in use; on the
‘other hand, if the coating was too thicek,
it would chip off during formation when
first heated up. We were unable to
measure the thickness of a good coatmg'
and simply resorted to using 8 spray
coatings with a uniform mixture, let-
ting the coating dry between each coat.
The thickness of the coating aﬁ’ccecd the
life more than the original emission.
Very thin coatings emitted as well as
‘the thick ones ‘during . the first few
“hours. (Emission, in this case, means
the current between cathode and plate,)

We found no difference in perform-
ance between the divect-heater type of
coated filament and the indirect type
(described in the preceding install
ment), but the heater-type ‘omitter was
far more durable and less subject to
burn-out. The emitter end was flat while
in the case of the divect-heater filament,
‘the shape was not quite so satisfactory.
‘The heater type also has the adyantage
of having a smaller alternating current
magnetic ficld to distort the cathode ray
or electrons leaving the surface. When
electrons move from the saurface of the
‘heated filament toward a positively-
chavged anode and move through a
magnetic field, they will follow the 3-
fingered “motor yule” for the motion of
a conductor passing a current through
a magnetie field (only, of course, using
the right hand for electron direction
instead of the left). If the magnetic
field is properly shaped, the clectrons:
will deseribe a cork-serew type of path
and converge at one point called the
focus, provided the magnetic field en-
circles the oleatnm beam coaxially as
shown in Fig. 4A. the electron
assumes a path o! least work and any
work done by it is returned to the sys-
tem, That is, the magnetic field simply
alters the motion of the electron, and
‘both the maznetxc field and the electron
work 50 that no energy is taken away.
from ither the movfng eloctron or the
‘magnetic field in bring about
‘the focusing tion. 'L'he electron spirals:
‘around any line of force whxch it ap-

%ease Say That }’ou Saw It in nmxo-CRAn

proaches at an angle when it enters the
magnetic fleld and econtinues to show
this corkscrew motion through it. When
it leaves the magnetic fleld, it travels
in a straight path like a ball thrown
from a wlm'hng wheel. Obviously, if
the magnetic field is not adjusted so as
ta focus all of the electrons at one point
in their corkserew motion, then, several
sections of the corkscrew will be visible
on the sereen as shown beyond the focus:
point.

Thug, a magnetic coil may be used to
focus the clectron stream, but any stray
magnetic field not properly shaped will
distort the path of the electrons, and
if an alternating current through the
heater cathode element is permitted to
develop a magnetic field it will distort
the path of the electrons at the start. A
directly-heated filament is more difficult
to properly design than the heater type
50 that the magnetic field does not inter-
fere with the electron path. We were,
therefore, very pleased to obseive that
we obtained as much emission from the
heater-type cmitter as from the dirvectly-
heated type of filament.

FORMING THE FILAMENT (EMITTER)

The process of “foming the filament,”
is important. The gas must be totally
exhausted from the vessel as well as
possible before formmg is started.
When the emitter is formed, it is
brought up to a temperature higher
than normal und then a potential dif-
ference of 20 wvolis is applied between
the emitter and the nearest anode which
is, of course, charged positively to de-
velop & small electron current. This
electron current increases steadily start-
ing from zero, and chemical combina-
tion between the mixture and the mckel
appears to take place. If any gus is
present in the tube, or the voltage is
raised h:gh enough to ionize the small
remaining gas which is usually present
until the pumping operation has been
entirely completed, then, the positive
molecules will bombard the ﬁlamqnt
surface and tear away large pieces of
the emitter materials.

The life of the filament is greatly
reduced and affected if this is permitted.
The longest life can be obtained by
forming the filament at low potentials
and with an absence of gas according
to our brief and incomplete observa-
tions. Howaever, these same cathodes,
once well formed, can emit powerful
electronic currents in the presence of
gas up to 20 millimeters or pore in
pressure and such emitters are used in
our powerful glow-discharge lomps.
The filament is most badly taxed when
the gas is at those extremely low pres-
sures which are low enough to permit
cathode rays to he formed and still high
enough to form a “glow discharge”
where the velocity. of the “positive mole-
cules is very hxgh. !l‘herefnre small
fraces of gas in & cathode-ray’ tube
shorten the filament life tremendonsly,



TELEVISION STUDENTS

LEARN BY MAKING

CATHODE-RAY TUBES

This Part concludes the series of articles—

published here for the first time in any
popular radio magazine—on constructing
experimental C.-R. tubes for ftelevision.

U. A. SANABRIA
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N preceding installments we deseribed the construction

of the clectron gun and various tests applied regarding

the brilliancy of the cathode-ray “spot’” and meéthods of

Toeusing same, We found that the spot could be focussed
fine enough for television purposes and that the intensity of
the beam could be varied to give sufficient contrast for a
television picture without changing the focus appreciably.
We now approach the final test (which will conclude this
séries of articles), namely, that of obtaining an elementary
trace on the screen. If a satisfactory trace is obtamed then
we know that the tube will he suitable for television
purpoEes.

OBTAINING HORIZONTAL BEAM-SWEEP i

First, we must have a horizontal sweep eircuit which will
swing the spot of light from one end of the tube to the other
and back again.

The first civenit with Which we experimented was thab
shown in Fig. 5. The glow lamp, G, had a striking potential
of 150 volts. That is, when the potential between the elec-
trodes becomes strong cnough to ionize the gas within the
tube, an arc would form between the electrodes and current
would continue to flow until the voltage dvopped to such a
value thal ionization within the fube ceased and the arc

TContinued on page T57)
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‘Fig. 5. The horizonial sweep circult finst wsed to Fig, &, Above—trace of the familiar sine wave
test the C..R, tube. Condenser C charges to ? the horizontal ircult di it OND '
150Y. “and then discharges through tha :oon n&bo. Fuiq“ 1."m‘8%‘i_~on$‘é:"iﬁi?§‘.‘up : “cm%'dl‘?;,'.s. ;
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