


February 28, 1941

dr. B. J. Thompson
KCA Manufacturing Co.
Harrison, Hew Jersey

Dear Browder?

Thank you for your many letters, I have written
Glover again and hope that we will eventually receive a more
stable multiplier with a better slgnal-to-nolse ratio than
the present one,

Concerning Mr. Hocker, 7 would suggest that le makes
a very able technical assistant, He 4s capable of sarrying
through plans that are well formuleted,andinthenot too come
nlicated situations often contributes original and valuable
suggestions concerning the mechanical features, He is able
to build special circults skilfully and carry through the
"engineering plans" of working out constructional detalls very
satisfactorily.

You undoubtedly have all the information you need
concerning his formal academic training. I would be inclined
to say that he would be most useful in your laboratory &amp;s a
technical assistant to someone else who did practically all
of the original thinking and planning, leaving Hocker only
to £111 in the detalls for which he has sufficlent originality
to serve as a useful function. Le you know, it 1s a great
convenience to a man working - — =sarch to be able to sketch
out the vroad featur-s and le '» details up to someone
else, This is where he fits .. £

I hope this will be satisfactory

Jery sincerely yours,

mayne iB. Notti



RCA CS TMTTTRRING CGT ANY, INC.
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Vw Jersey

February 26, 1941

Professor Wayne Be. Nottingham,
Department of Physics,
Mass. Institute of Technology,
Cambridze, Massachusetts,

Dear Wavne:

When I was in Cambridge last you spoke to me about
electron multipliers, I discussed your requirements with George
Morton at Camden. He believes that Dr. Glover's multipliers
would be better than anything they have at Camden. I believe that
Dr. Glover plans to write you in an attempt to straighten out the
difficulties. Unless I hear from you further, I shall assume that
everything possible will be done,

Very sincerely yours,

(Snel.
(Bed « Thompson)

Research Lsboratories
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February 26, 1941

Professor Wayne B, Nottingham,
Department of Physics,
Mass. Institute of Technology,
Cambridge, Massachusetts.

Dear Wayne:

Yesterday your assistant, Mr, Hocker, visited ue in
connection with his application for a position in our laboratories.
Hocker believes that he would be most useful in engineering or
development work, but feels sure that he would be effective in the
research laboratories working with one of our more experienced men.
I should greatly appreciate hearing your opinion as to Hocker's
technical equipment, his present abilities, and his probable future
field of usefulness. It would be helpful if you could write me con-
cerning this in the next few days.

Vfery sincerely yours,

(Bede Thompson)
Regearch Laboratories
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-tarrison, New Jersey

January 16, 1941

Professor Wayne B. Nottingham
Massachusetts Institute of Technology
Department of Physics
Jembridee, Massachusetts

Dear Professor Nottingham:

At Mro B.J. Thompson's suggestion I am taking over the
correspondence relative to your request for electron guns. Re-
ferring to your letter of December 16th, I have been authorized
to quote you &amp; price of $25, each for special type 912 guns with
tungsten filament, completely assembled. For the second alter
native namely, to furnish you with a complete set of parts in-
cluding the stem, I have been authorized to quote you a price of
$7.50 each, Certain of the parts which can be furnished for this
price are already made up into sub-assemblies ready for the mount-
ing. Beceuss of our factory setup it would be more expensive to
eliminate these sub-assemblies and furnish each part individually.
In other words the price of $7.50 represents the lowest price we
can achiave.

With respect to your request for electron guns with ox-
ide coated cathodes, we will be able to furnish you with the type
12AP4 mounts completely essembled, ready to seal in for $7.30 each,
Parts for these mounts unassembled can be furnished for $6.10 each.
I personally feel that in this case the completely assembled mount
would be of more value to you inasmuch as it is our practise to
ship these mounts in partially evacuated tubing, thereby providing
greater protection for the cathodes during shipping.

Pertaining to the 912 mounts yourconclusion regarding the
thickness of the filament is correct. It is our practise to use
tungsten strip 001" rather than .004" thick as I originally stated.
Since there is usually considerable delay in securing this strip we
suggest that you obtain a supply direct from the manufacturer. The
price quoted does not include the tungsten filament. I em inclos-
ing a sketch showing the layout of the parts for the 912 mount which
I think will enable you to assemble the parts quite readily,

rm Ia kD 1 A A  T™T HH FR WA
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Professor Nottingham January 16, 1941

Should you decide to order the unassembled parts, it will
facilitate the handling of the matter if you will mail yourorder
directad to my attention.

Once again let me apologize for the delay in answering
your letter. Should there be any way we can be of further assist-
ance to you, do not hesitate to call upon us,

Yours very truly,

WHP:v
Enc.
Cs Mr. BsJ. Thompson

We. He Painter
Cathode Rey Engr. Laboratory
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December 16, 1940

Mr. ©. J. Thoapson
FCA Manufacturing Co.
Harrison, Hew Jersey

Dear Rrowder:

As vou no doubt know, Mr. Crawford sent out
coples of your reply to Vheeler ne for comments which
mizht be helpful. The enclosed ie copy of my comments in
this matter. I would be interes ~:Jd La ¥nowing vour re-
action to mv sucrestions.

Another met’ ine our attention at
the present moment and vith the electron
guns which we need in t° an of secondary emls~
sion on tungsten. The Woman 0ns are actively under
way by Messrs. Co Ue Huel.~» ma ha. Helay. They both hove
concluded that some flexibil®ty would be added to thelr work
if they could use 912 guns with © tungsten cathode insted
of the oxide cathode, You have replied to &amp; request for
information concerning this made Ry Mueller. It seems as
rhoush there are three pos=zible solutions to this nroblem.

The fire+t would be that we use the parts of
certain 912 guns vh.ch have and reassemble them over a
tungsten ribbon cathode,

The second possibility would be that you
furnish us with the unmounted gun, that is, the cylinders and
control parts before they are finally attached to the lead-in
wires, and that we mount that assembled unit over a tungsten
ribbon filament according to the specifications in terms of
the location of the tibbon with respect to the first electrode
that vou misht specify.

The other alternative would
sorenare a 912 mount on a Pyrex flare, as

be that you would
vou have in the past,



dr. 3. J. Thompson Dec mber 16, 19.40

except that instead of putting in an oxide indirectly heated
cathode, you install &amp; ribbon filament.

The first of these plans could be carried
through 1° ~u were to give me information as to the spacing
requireme~us, so that we could reassemble certain of our
resent 9a&lt; guns according to the standard requirements. The
second pllan would depend upon your being willing to furnish
1s with these assembled parts, and the third plan, of course
yuts the heaviest demand upon vou and asks you to do all the
50TH.

You hs
in the past at nc
you could give us tC iN
re could contribute atv ore most about

sonstruction. I know that this amount w
the cost.

oe.  vy ~tandard guns
4 2%. If
an, I think

 wm toward thelr
gardly cover

In Mr Myael?-r mention was made
&gt;f certain gun ng rivbon fila-
nent tungsten. Jhi Riv wf this tungsten
kas O04" and won -umow why the thinner ribbon
«ould not be bette: s1m. i am sure that we could obtain
suitable tungsten sisip from the Mallory Co. which is only
,001%" in thickness. If you do not have such strip and would
like to have me get it for you and have it bent in the proper
form at the Mallory Co., I am reasonably certain that I could
zet just what you need there.

I hope that it will be convenient to advise me
in this matter quite soon.

Sincerely vours,

cayne B. Nottingham
hkssociote Brofezzor of Phy:zies

EETINY o YAYBoM: W



RCA MANUFACTURING COMPANY, INC.

A RADIO CORPORATION OF AMERICA SUBSIDIARY

Alareison, New Tersew

November 27, 1940

Mr. Charles Mueller,
Room 6-210,
Kass. Institute of Technology,
Cembridge, Massachusetts,

Dear Mr, Mueller:

In response to your letter of November 23, I am quoting
the following comments from Mr. WeHes Peinter concerning the use of =
ungsten filament in the type-012 electron gun:

"We have supplied to customers type 90U guns with
fungsten filaments instead of oxide-coated cathodes. The 904 ig similar
to the 912 except that it is designed for lower voltage work, i.e., it
loes not have the special shielding and polishing of the 912, I know of
no reason why the same idea would not work in the 912.

"This type of filament will not deliver as much current
58 the oxide cathode, It is necessary to increase the diameter of the
grid and screen apertures to 100 mils, which in turn requires an in
crease in grid bias for current cutoff. It also results in sn increase
In spot diameter, As I recall, the last ones we made in 904 guns had
about the following characteristics:

Epo = 3,000 volts
Ey; = 650 volte approx.
Beco = 150 volts
Beal for current cutoff = 90 volts aporox,.
Iyp at zero bias = 170 microamps
Line width at zero bias (60-cycle scanning)

= 1/8 in, approx.

Of course, with higher volteges, higher currents and possibly some ime.
crovement in focus can be expected.

” 5
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RCA MANUFACTURING COMPANY, INC.

A RADIO CORPORATION OF AMERICA SUBSIDIARY

Aree. JA ! : Tevsey

"A further feature worthy of note is that the center
2 ine. of the screen is quite brightly lighted by light rsdisted from
the filement. I know of no simple way to overcome this.

"To make the filament, tungsten ribbon about Y-mils
thick and l-mm wide was bent into a rectangular U with a 3-mm flat end
and two 6-mm legs. The heating current is high, of course, so two stem
leads were used in parallel for esch filament leg.!

fe trust that this information will meet your requirements; if not, we
should be happy to give you such other assistance as we can.

Umer

LNA vv

(Bed « (Thompson)
Research Laboratories

BJT /ML
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RCA PMMANUFACTURING COMPANY, INC.

A RADIO CORPORATION OF AMERICA SUBSIDIARY

Aarelor, ow Jersey

October 3, 1940

Dr. Wayne B., Nottingham,
Department of Physics,
Masse. Institute of Technology,
Cambridge, Massachusetts,

Dear Wayne:

As you may know, we have employed very few engineers or
physicists in the last few years in our research laboratories, While
there has been no considerable change in our immediate prospects, I,
personally, feel that it 1s quite likely that seversl openings may
jevelop in the next few months. I should greatly appreciate, therefore,
your calling to my attention any good men whom you know to be availa-
ble.

Our greatest interest would be in physicists or electrical
engineers with some experience in ultra-high-frequency work. Any
promising young electrical engineer or physicist with a keen interest in
experimental work of the general type which we do would be a possibility
from our viewpoint, We may be interested in both Ph.D's and men with
less training. A man who could work effectively under close supervision
would be useful in some of the jobs which may develop.

We should be especially interested, of course, in men
with whom you have had direct contact, for your ovinion would carry
creat weight with us. Any help you can give us will be greatly appreci-
ated.

Very sincerely yours,

)
»

a Sa

Vy -
(B+J+ Thompson)

Research Laboratories

BJT ML
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RCA PIAANUFACTURING COMIPAYY, INC.

A RADIO CORPORATION OF AMERICA SUBSIDIARY

Alison, New Jexsey

January 10, 1940

Professor Wayne B. Nottingham,
Department of Physics,
Mass. Institute of Technology,
Cambridge, Massachusetts.

Dear Wayne:

I referred the circuit diagram of a sweep circuit
enclosed with your letter of November 29 to Mr. Burnett and
Mr. Richards, of our organization. These gentlemen have had much
nore experience with ‘such matters than I have. I am enclosing
ir. Richards's penciled comments, which I hope will be of some
value to you.

It appears that your circuit is very good indeed.
I should think it would be very good to publish your paper con-
rerning it in Electronics. I can suggest no better journal for
the purpose.

I am afraid I have done a very slow job in replying
to your letter, I hope that this will not bring me into too
serious ill favor with you, for I am beginning to get my desk
rleaned off again and hope to be able to do better in the future.

Very sincerely yours,

{Sree
(B.J+ Thompson)

Research and Engineering Department

BJT [ML
Enc.
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November 29, 1939,

Mr. B, J. Thompson
RCA Manufacturing Co.
Harrison, New Jersey

lear Browder:

I am enclosing &amp; circuit ¢iepram of
the development of which I have Jus frfehr
thls circuit sre that the range cov bo
cles and the egplitude 1a 400 volt- |
The system ®locks in" very ezsily r-
when not lock=sd in. The &amp;npllifll
giving a goin of sbout 1500 when
connected in, and is flat from ror
with a decrecse in gain of a facto:
without the "decoupling® condensers
flat from less than 10 cycles out tL

oy—

* sweep circuit
The festures of

© to 20,000 cy-
¢1ly no distortion.

ha very stable even
independently,

17% condensers cre
to necrly 0 KC,
n ¥B0 and 200 KC.

v8 &amp;bout 330 and 1s
1 KC.

As fr pa rv experience goss, thls sweep circuit with
its amplifier 1: tr=2 yeot one that T hove seen capable of giving
 ge linesr sweep of 8s great an amplitude as 400 volts, You may
have seen sore better ones, or you may see sone obvious inmprove-
ment which I night be able to make in this one, If you do, I
would apprecizte vour suprestions or criticiens,

I em co “*ng submitting a&amp; paper showings the detrils
of this devsiopment uv» ELECTRONICE. Would you consider this the

ext place to pu sh bis type of paperbezt place t blish “hia ¢ ~ ?

A few days ago I sent vou &amp; copy of Edgerton's new book,
FLASH; I hope 1t was not lost Ia the mail. If you did not re-
ceive 1t, plescse let ne know so that I can try to trace it.

Sincerely vours

ftayne DD. Hottinrsham
VBW



RCA PIANURFACTURING CORIMIPANY, INTC.

A RADIO CORPORATION OF AMERICA SUBSIDIARY

Alareison, im Jersey

November 21, 1939

Professor Wayne B. Nottingham,
Department of Physics,
Masses Institute of Technology,
cambridge, Massachusetts.

Dear Wayne:

In response to your letter of November 13, I am enclosing
a sheet which describes the factory exhaust procedure for the type-912
cathode-ray tube, I presume from this you can abstract enough infor
nation to be of assistence to vou in exhaust and sctivstion.

I am unable to give you any useful information concerning
focusing electrodes beyond what was included with my last letter. If you
run into trouble, I shall try further to dig up something which might
nelp.

Very sincerely yours,
7
\

 sy ~~
(Bad's Thompson)

Research and Engineering Department

Pat” Cr
+

i

BJT /ML
Enc.
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ARC LELUAT LU!

Equipment

The equipment consists of one manifold with one position connected to a mer-
cury pump backed by a small Kinney pump. Also an Ionization gauge on manifold.

Schedule

1. Put heat on mercury pump and raise liquid air trap
2. Before sealing on tubes, close stop cock. o
3. Seal tube on manifold so that the deflection plates stand approximately 45

with a vertical plane (front to back ofposition) thru the manifold and
so that the mount will be centered in the mount coil when coil is raised,

4, Open stop cock slowly and test for leaks by applying spark coil to manifold
only. Care must be taken not to allow any red glow to appear in the tubes

Oo. Place heating element around stem and pull oven down. Set regulator oven
atw 5400 C.

5. When temperature of oven reaches approximately 400°C, lower liquid air,
Raise liquid air after trap has become approximately room temperature.

7. Bake at«glQo0C for a minimum of 2 hours or more if necessary to bring gas
pressure below 2 [ua on ionization gauge,

3. Raise oven and inspect fluorescent screen for spots and smears. If smeared
or spotty remove tube from pumps.

J. Remove heating element from around stem and with regulator set at 300°C keep
oven raised only sufficiently to allow H.F. treatment of parts.
cautions When treating parts with H,F. be sure all leads of tube are

separated and shielded from touching coil,
10, Heat deflection plates at approximately 900°C for 4 minutes.
11, Degasify getter assembly, flashing a slight amount of getter to prove thoro

degassing of assembly,
12. Heat mount at 700°C (as indicated by carton lamp temperature indicator) for

a minimum of 30 minutes or longer if necessary to reduce pressure below
2.0 microamps on ionization gauge.
Caution: (Use brass ring inside H.F. coil to prevent nickel bell shield

on mount from getting hotter than 900°C. Keep brass ring shield
from touching coil and tube neck.

13 Heat control grid to »9OK00C for 3 minutes before beginning to
activate,

[ime
20 seconds =

20
20
20
20
20
20
20

1
L
1
1

HF, off,
rn grid voltage to 10 volts and raise Ie to 3.0 amps for 45 seconds,

 an ph wiA ral Pama als



SCEEDULE (Cont'd)

lb. With If = 2.1 and 250 v. on No. 1 and No. 2 anodes tied together, and with
No. 1 grid tied to the cathode, read anode current, Current must be LOO
microamps or more. If current does not reach LOO microamps after a
slight aging, tube is rejected.

15. Check Emission,
16. If Emission is below 2 Ma repeat steps 13 to 15 inclusive.
17. Degasify getter assemblies and flash one getter.
18, When pressure is ,2 Ma or less, tip off.
19. Turn stop cock off in preparation for next tube.

**Note: Temperature tolerance = 30°C
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High-Voltage, High-Yacuum Electrostatic Type

The 912 is a high-vacuum cathode-ray tube with a fluorescent-
viewing screen five inches in diameter. This tube, designed for
oscillographic applications, is provided with two sets of electro-
static plates for deflection of the electron beam. The 0Ol2 produces
a brilliant, luminous spot having a greenish hue, and is suitable for
the observation and photography of recurrent and transient phenomena,
This cathode-ray tube is especially suited for the photography of
high-speed transient phenomena and for the observation or photography
of high-speed recurrent phenomena, because the high voltages at which
it is designed to operate permit the use of an unusually high power
input to the fluorescent screen during the short interval of screen
pXC itation.

The electron source of the 912 is a substantial cathode in-

directly heated. The cathode, control electrode (grid No.!), and
focusing electrodes which function also as accelerating electrodes,
constitute an electron gun for projecting a beam of electrons upon
the fluorescent screen. The resulting luminous spot, easily visible
in a brightly-lighted room, canbe regulated as to size and intensity
by suitable choice of electrode voltages.

The two sets of electrostatic plates located within the apex of
the bulb cone produce fields at right angles to each other, and
consequentlydeflectionsat right angles. One set serves to repro-
duce the phenomena under observation; the other is used for the time
sweepbD

The 912 is not only very useful for the recording of extremely

high-speed phenomena, but also, due to its coated-type anode No.2,
is particularly suited for investigations where it is desirable to
minimize the loading effect of the deflecting-plate resistors on ex-
ternal circuits.

CHARACTERISTICS

HEATER VOLTAGE (A.C. or D.C.)
HEATER CURRENT
FLUORESCENT-SCREEN MATERIAL
PATTERN COLOR
DIRECT INTERELECTRODE CAPACITANCES:

Control Electrode to All Other Electrodes 14 max. ppf
Defiecting Plate Dy) to Deflecting Plate Dy 3 max. pf
Deflecting Plate D3 to Deflecting Plate Dy 1.5 wax. ppf

OVERALL LENGTH I7-15716" + 3/8"
MAXIMUM DIAMETER 5-6/16"
BULB (For dimensions, see page 12)
ANODE No.2 CAP
DEFLECT ING-PLATE CAPS (Four)
BASE (For connections, see page 12)

2.5 Volts

2.1 Amperes
Phosphor No.l

Greenish

J-42
Medium Metal
Smail Metal

Medium B=-Pin Ceramic

Copyright, 1936,
RCA Manufacturing Co., Inc. Al 2dailT7



MAXIMUM RATINGS and TYPICAL OPERATING CONDITIONS

HIGH~VOLTAGE ELECTRODE (Anode No.2) VOLTAGE 15000 max. Volts
FOCUSING ELECTRODE (Anode No.l) VOLTAGE 4500 max. Volts
ACCELERATING ELECTRODE (Grid No.2) VOLTAGE 250 max. Volts
CONTROL ELECTRODE (Grid No.l) VOLTAGE Never Positive
GRID VOLTAGE FOR CURRENT CUT-OFF * -125 approx.Volts
PEAK VOLTAGE BETWEEN ANODE No.2 AND

ANY DEFLECTING PLATE
FLUORESCENT-SCREEN INPUT POWER PER SQ CM
TYPICAL OPERATION:

Heater Voltage an 2.5 2.5 Volts
Anode No.2 Voltage 5000 10000 15000 Volts

Anode No.! Voltage(Approx.)10002000 3000 Volts
Grid No.2 Voltage 250 250 250 Volts
Grid No.! Voltage Adjusted to give suitable luminous spot
Deflection Sensitivity:

Plates D; and Dy 0.083 0.041 0.028 Mm/Volt D.C.
Plates Dy and Dy 0.102 0.05! 0.034 Mm/Volt D.C,

* with maximum voltage applied to Grid No.2, Anode No.l, and Anode No.2.

INSTALLATION

The base pins of the 912 fit a standard, five-contact socket,
the mounting of which should preferably be made adjustable, The
socket can be installed for the operation of the tube in any position,
It is especially important that it should be made of good insulating
mater ial; a type of socket having insulating baffles between contacts
provides an additional factor of safety. Base connections and es-
sential dimensions of the 912 are given on page 12.

The bulb of this tube, except for the screen surface, should be
enclosed in a grounded metal case. If an iron or steel case is em-

ployed to minimize the effect of extraneous fields on tube operation,
care should be taken in its construction to insure that the case is

completely demagnetized. Anode No.2 consists of a conductive coating
on the inner surface of the conical portion of the bulb, This coat-
ing provides some electrostatic shielding and has even more important
advantages, as explained in the fifth paragraph under APPL |CATION.

The heater is designed to operate at 2.5 volts. The transformer
winding supplying the heater power should be designed to operate the
heater at the rated voltage under average line—voitage conditions,
In the usual circuit where the design is such as to cause a high
potential difference between the heater winding and ground, the heater
winding should be adequately insulated to withstand the maximum high
voltace that will be addlied.

The cathode is connected within the tube to one side of the
heater. The terminal for this common connection is base pin No.5, to
which grid and anode returns should be made.

The fluorescent screen employed in the 912 is of the phosphor
No.| (medium persistence) type. It has good visual and photographic
properties as well as high luminous efficiency.

The d~c supply voltages for the electrodes may be conveniently
obtained froma high-voltage, vacuum-tube rectifier. Since a cathode~
ray tube requires very little current, the rectifier system can be
of either the half-wave or the voltage-doubler type, although the
latter will usually provide a more economical design. For the same
reason, the filter requirements are simple. A 0.25 to {.0 uf con-
denser will ordinarily provide sufficient filtering. If this is in-
adequate for a particular application, a pi filter is recommended.

Two sets of electrostatic plates, producing fields at right
angles, are located within the apex of the bulb cone to provide for
def lection of the electron beam. The electrostatic field of each
pair of deflecting plates deflects the beam parallel to the axis of
the field; therefore, the deflections produced by the two fields are
at right angles. in order to maintain each set of plates at essen-
tially the d-c potential of anode No.2, each plate of each set should
be connected through a resistor of two to fifty megohms (depending
upon the application) to the anode No.2 terminal cap (ordinarily
jrounded). This arrangement, when suitable resistor values are
chosen, assists in preventing the pattern on the viewing screen from
&gt;eing distorted by d-c potentials built up on the deflecting plates.
In general, the resistance of the deflecting-plate resistors should
»e as low as external circuit conditions will permit. if, during
operation, the zero axis should be permanently deflected, it is
usually because the beam current is too high for the resistors used.
rhe beam current should ordinarily be kept low. when it is necessary
lo use a high value, as may be required for some photographic work,
the value of the deflecting—plate resistors should bereduced so that

the zero-axis shift will be minimized. If desired, the deflecting=-
plate resistors can be connected to avariabie d-c voltage to compen
sate for the shift, or to provide a pattern-centering adjustment.

The deflection sensitivity of each set of plates for typical
anode No.2 voltages is given under MAXIMUM RATINGS and TYPICAL OPER-
AT ING CONDITIONS.

The high voltages at which the 912 is operated are very danger-
ous. Great care should be taken in the design of apparatus to pre-
vent the operator from coming in contact with these high voltages.
Precautions include the enclosing of high-potential terminals and
the use of "interlock" switches to break the primary circuit of the
high-voltage power supply when access to the apparatus is required.
In most installations it is recommended that the positive high-volt-
age terminal be grounded, rather than the cathode terminal. with
this method, which places the cathode and heater at a high negative
potential with respect to ground, the dangerous voltages can more
easily be made inaccessible.

In the use of cathode-ray tubes, it should always be remembered



that high voltages may appear at normally low—potential points in
the circuit, due to condenser breakdown or to incorrect circuit con-
nections. Therefore, before any part of a cathode-ray tube circuit
or its assoclated circuit is touched, the power-supply switch should
he turned off and both terminals of any charged condensers grounded.

APPLICATION

The cathode~ray oscillograph is an instrument adaptable to a
wide variety of applications, An oscillograph employing the 912 is
particularly useful in certain special oscillographic applications
where the unusual design features of the 912 are fully utilized.
Among these are the photography of extremely high-speed transient
phenomena and the investigation of high-impedance circuits where
loading due to the deflecting—plate resistors and where beam distor-
tion due to d-c potentials built up on the deflecting plates must
both be minimized.

A circuit illustrating the use of the 912 in an oscillograph is
shown on page 7. The electrode voltages are obtained from a bieeder

circuit connected across the high-voltage supply. A bleeder current

of two to five milliamperes is usually satisfactory; values sub-
stantially larger may require the use of more filtering than that
provided by a single condenser shunted across the d-c supply. With
small bleeder currents, a single condenser filter is usually ade-
quate. A varjable d-c voltage for the control electrode, for grid
No.2, and for anode No.l! can be obtained from potentiometers in the
bYleeder circuit. One set of electrostatic deflecting plates is used
for the phenomena under observation; the other set, for the time
sweep which serves to spread the tracing across the fluorescent
screen.

The 912 possesses a number of unusual possibilities as a result
of the very high voltages at which it is designed to operate. It is
particularly well suited for the observation or photography of ex-
tremely high-speed recurrent phenomena and for the photography of
high-speed (in the order ofafewmicro-seconds)transientphenomena.
In applications of the latter type, a relatively high input to the
fluorescent screen can be obtained for the short interval required
for the recording. The high anode No.2 voltage produces a high-speed
electron beam, which in turn is capable of producing on the fluo-
rescent screen a relatively high-intensity spot of small size.

The high speed of the electrons makes their transit time between
the two sets of electrostatic deflecting plates very short. This
makes the 6|2 suitable for use at much higher frequencies than |ower-
voltage cathode-~ray tubes-

Due to the coated type of anode No.2 employed in the 912, most
of the electrons returning from the viewing screen are collected by
this anode and do not reach the deflecting plates. Therefore, a
large beam current can be used with high-impedance deflecting-plate

circuits without appreciable beam distortion due to d-c potentials
built up on the deflecting plates.

The 912 is designed to provide as high a current in the elec-
tron beam as is consistent with good focusing qualities, This high=-
current capability is adistinct advantage for obtaining high bright-
ness of patterns covering considerable area, but must be used with
caution when the spot traverses slowly any portion of alarge pattern
or when the pattern size is small. [In such cases, particularly when
recurrent phenomena are involved, a pattern, or some portion of it,
having too high a power input per unit area may exceed the rating of
the screen. A "slowly moving spot" is tentatively defined as a spot
which is traveling slowly enough to be seen as a spot, rather than
as a trace or line. With patterns of this type, the power input to
the fluorescent screen should be limited as in the case of astation-

ary spot.

It is important to note that the maximum input power to the
fluorescent screen should not exceed |0 mw per sq cm, except for
short-interval operation as explained in the paragraph on high-speed
photographic work. The use of screen-input power in excess of this
value will adversely affect the fluorescent coating, depending on
the magnitude and the duration of the power input. The resultant
injury to the screen may be a temporary loss of sensitivity, or a
permanent destruction of the active screen material.

A high-intensity spot should be kept in motion by means of an
a-c voltage applied to the deflecting system, in order not to exceed
the maximum fluorescent-screen input rating. Until this voltage is
applied, the screen-input power shouid be kept low, either by the
application of a high negative control-electrode (grid No.l!) bias or
by removal of the voltage from anode No,2.

Focusing of the fluorescent spot produced by the beam is con=-
trolled by adjustment of the ratio of anode No.2 voltage to anode
No.l voitage. Ordinarily, focusing is accomplished by adjustment of
anode No.l voltage; in special cases, adjustment of the grid No.2
voltage may be desirabie.

Regulation of spot size and intensity can be accomplished by
varying the anode No.2 current or voltage. The current to anode No.2
can be increased by decreasing the bias voltage applied to the con-
trol electrode (grid No.l). An increase in anode No.2 current in-
creases the size and intensity of the spot. An increase in the volt-

age applied to anodeNo.2increasesthespeedoftheelectrons,which
increases spot intensity and decreases spot size. When any of these
ad justments are made, consideration should be given to the limiting
voltage and power ratings shown under MAXIMUM RATINGS and TYPICAL
OPERATING CONDITIONS.

In applications involving extremely accurate measurements, the
anode No.2 current should be reduced to the minimum value consistent

with the desired brilliance of pattern. Where high brightness is an
important consideration, the voltage applied to anode No.2 may be
increased to the maximum rated value. This procedure, however, is



not always desirable, because the greater speed of the electrons in
the beam causes reduced deflection sensitivity. The use of a suit-

able hood around the viewing screen will help to eliminate extraneous
light and, other conditions being equal, will increase the effective
brightness of the pattern.

Photographs of phenomena appearing on the viewing screen of the
912 can be made with an ordinary camera, The photographing is done
preferably in subdued light in order to obtain as much contrast as
possible between the fluorescent pattern and the background. The
time of exposure will depend on the speed of the camera lens, the
kind of filmor plate emulsion used, the magnification of the pattern,
and the brightness of the pattern. Where transients are to be photo-
graphed, maximum brightness and a short exposure are required; where

recurrent waveforms (suitably synchronized with the time-sweep fre-
quency) are to be photographed, low brightness of pattern can easily
be compensated for by longer exposure. Tne use of panchromatic film
may be preferable due to its greater sensitivity at the longer wave-
lengths of the spectrum of the fluorescent screen, although veri-
chrome film gives excellent results.

For high-speed photographic work involving non-recurring phe-
nomena, it is permissible to exceed the rated maximum fluorescent—
screen input power per square centimeter for the short interval re-
quired to make the exposure. The extent to which the anode No,2

current may be increased without harming the screen is adirect func-
tion of the rate of beam travel and of pattern size, and an inverse
function of time. Short-interval operation with increased input can
be obtained by means of a temporary decrease in the control-electrode

voltage, A switching arrangement should be provided to switch the
controi-eiectrode voltage rapidly between two different negative
values. The exposure is made while the voltage is at the less nega-
tive value, The use of suitable condensers across sections of the
bleeder (note Cz and C, in the circuit on page 7) is helpful in ob-
taining good voltage regulation when grid-bias switchingisemployed.
Condensers maintain good regulation because relatively large anode
currents flow only during the short time interval necessary for the
exposure.

5
'YPICAL OSCILLOGRAPH CIRCUIT USING THE 912

WITH VOLTAGE -DOUBLING POWER SUPPLY
Hs v,

60 ~~

I

“0

Eg

. -® D2
Dg

Cy, C2= 0.5 Jf, 10000 V. R3=0.55 MEGOHM, 20-WATT a = ANODE N22

C3 = 1.0 Jf, 5000 V. R4= 50000 OHMS, 2-WATT Jo = ANODE N21

Ca=16 uf, 200 V. R5= 35000 OHMS, 2~WATT C =GRID N22

Ry = 2.5 MEGOHMS, 75-WATT  Rg,R7,Rg; Rg=2 TO 50 MEGOHMS  d = GRID N2 |

2 = 0.2 MEGOHM, I0-WATT R10= 100 OHMS, 600- WATT

NOTE: AS THE TOTAL VOLTAGE ACROSS THE BLEEDER tS REDUCED BY MEANS OF R,,, THE ELECTRODE
VOLTAGES ARE REDUCED (N CORRECT PROPORTION, EXCEPT FOR GRID NO.2 VOLTAGE; THIS MAY

HAVE TO BE READJUSTED BY THE USE OF DIFFERENT VALUES FOR R, AND R,, THEIR TOTAL
RESISTANCE BEING KEPT THE SAME. CONDENSERS C, AND C, CAN BE OMITTED IF GRID=VOLT~
AGE SWITCHING (FOR HIGH-SPEED PHOTOGRAPHY) 1S NOT CONTEMPLATED, FILAMENT WINDINGS
NOS. 1 and 2 SHOULD BE INSULATED FOR 20000 VOLTS.

i»

J[4

meeeAeetreeeeeeeeee rere“7 the purchaser of tubes appears in the License Notice accompanying them. Informa-
tion contained herein is furnished without assuming any obligations.
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Novembor 13, 1939.

Mr, B., J. Thompson
RCA Manufacturing Co.
Harrison, New Jercey

Ty desr Browder:

The three 912 electron rung wvhi~™ vou sent nme lest
veek errived in rood condition. I worid eppreciate it 1f you
vould send me the sctivation schedule which you use, and also
information - : to the nature of the additional electrodes
wich we mir’ need to use for focusing over a wlde rence of
roltere aj ‘4velv short distance from the end of the gun
structure #¢  ‘rnished by you. By a relatively chort distance
I mean about  CmS.

~op neeyious worm v0 wead two ad itlonal electrodes
A th wpe cooaa the 109, elretrode mounted on the gun,
[ vom nt, had experince thet would tell us the best
IP ranTems)y loctrode lensth and disphraga elze, we can use
bhp same soizes ss we used before, since these worked out success-
"uily for our provious application.

Again I thank vou for sending us this material.

Sincerely TOUTS

sryne DB. Nottingham

HEN VW



RCA PIANUFRFACTIURING COMPANY, HNC.

A RADIO CORPORATION OF AMERICA SUBSIDIARY

Aavetsen, Sew Jevsey

November 13, 1939

Professor Wayne B, Nottingham,
Department of Physics,
Masses Institute of Technology,
cambridge, Massachusetts.

Dear Wayne:

The requirements outlined in your letter of October 28
indicate that our type-912 oscillogrsph-~tube gun ig the ore which you
need. We are sending you three of these mounted on Pyrex stems.

I am enclosing two copies of a technical bulletin on the
J12. This bulletin gives you information concerning the gun which may
be of value to you. You will note that on page 12 of one of the copies
she position of the end of the gun is indicated, In the 912 oscillograph
ube the second anode is 2 conductive coating on the bulb which begins
right at the end of the gun. I am informed that this coating must extend
for at least an inch and a half toward the screen. You may find it more
convenient to make your second anode of a nonmagnetic metallic cylinder
rather than to deposit a conductive coating on the bulb.

I hope that these guns arrive in good shape and that you
find them satisfactory for your purvoses. If you run into any trouble
he gure to let me know.

¥ith all good wishes, I am

Very sincerely yours,

_gliie

y Co
(EeJ+« Thompson)

Research and Encineering Department

rr

BJT [ML
Enc.
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is
RCA Radiotron Division

RCA Manufacturing Company, Inc.
JSTOMER’'S
RDER NO. RES. &amp; ENG. DF

415 S. FIFTH ST. FAPRISON ~.J.
__No. _

SHOP
ORDER NO.

“11/9/39
CHARGE TO

Below " Sm_a603

SHIP TO Wayne B. Nottingham
Assoc. Prof. of Physics
Massachusetts Inst. of Technology
Department of Physics
Jambridge, Mass.

DATE SHIPPED FROM

11/9/39
OW SHIPPED AND. Ne
ROUTE LAP PPD VAL

PPD. OR PPD
. COLL.

Harrison
WEIGHT

NO. OF PKGS. QUANTITY DESCRIPTION OF MATERIAL
UNIT

ACCOUNT DISTRIBUTION

ACCOUNT VALUE

COT

TOTAL.

r BILLING

UNIT TOTAL

312 suns (experimental)

SYS

MEMORANDUM OF SHIPMENT



RCA PAANUFACTURING COMPANY, INC.

A RADIO CORPORATION OF AMERICA SUBSIDIARY

hvison, New Jersey

October 26, 1939

Professor Wayne B. Nottingham,
Department of Physics,
Mass. Institute of Technology,
Cambridge, Massachusetts.

Dear Wayne:

I find that we shall be 2tle to furnish you three electron
guns, 8s you request in your letter of October 24. These can be mounted
on Pyrex stems. There are severel matters which might affect your choice
of the various electron guns which we have available. If you wish to use
electrostatic deflection you will, no doubt, prefer one of the oscillograph-
tube guns with the deflection plates mounted on the stem, If you can use
magnetic deflection there will te a wider variety of guns to choose from,
In the best Kinescope guns the second anode consists of a conducting
coating on the bult, In some of the smaller tubes the second anode is
mounted on the stem. Do you have a preference in this respect? I believe
that we once sent you some 912 and 914 guns. Were either of these satis-
factory for your present purposes? If you will indicate your preferences
in these metters, we shall be 2ble to get the guns off to you very soon.

I appreciate your comments on the electronics conference.
I have passed them on to Mr. Lack, and I believe that I can report that
he was pleased to hear your comments.

Very sincerely yours,

-7
)
~

” Cg—

z v |

(BoJ. Thompson)
Research and Engineering Department

BIT /ML

[ J R
oe

\ A T H E  WwW



Jetover 28, 1939.

Mr. ©, Je Thompson
ACL Manulacturing Co.
Jarvison. New Jersey

Dear Browder:

I am glad to hesr thet vou will be alle to furnish
13 with three electron runs, but unfortunztely I cannot be
really certain as to vhat we want. Perhaps vou cen declée
~otter than I can.

We do not ned Ceflection plates ~ince ve expect to
shoot the been preetlically straight down fhe tube end make
minor edjuctment~ In ite direction by extcrnel magnetic flelds.
Ye want to bo p'T to focus the spot to a size of the order of
! mm. dlemeter « sess if demanded, znd use it over zg vide a
renge a voltar © vossible: that is, as low as about 100 volts
snd as high es Lu cor 15,000, The distance from the gun to the
target should ote shorter 17 possible than usually used in the
£inescope,

One ~~ m stader’ , Coones) used one of
your guns in sv ~n CRON : vd end found it perfectly
satisfactory, but i cannot find resent any records to tell
me exactly what type you furnlshad him, I used the 912 gun
for my Schenectady work and found it satisfactory ia that cone
nection. If there is any cholce between the 212 snd 3514
nich could be decided In terms of what I have clven vou above,
[I wish vou would choose accordirgly,

~If further information 1s needed, please tell me
ore about thad-properties of the guns so that we can attYnpt to
shoes for ourser-e

Je truly vours,

Kayne 5. Nottinchan
Lassoce Prof. of Physics

YONIY



Jetober 24, 1939.

fr. B, J+ Thompson
Rediotron Lilvision
HCA Manufacturing Co.
Terrison, New Jersey

“en Browder:

First, I want t= c¢ =~ and the other members
»f your committee for the vor -~ Conference which
FOU staged, In many resnec’ » {&gt; hest one wg have
aver had. I was disa~noint~ no attend the session
over which you presided, but ¥ wee tha place I was needed most,
From the standpoint ¢f my atode “in the session on secondory
smission end photenslectric effec’, oirce we have some resesrches
mder wey which de:1with both cf those suipdects.

2h
thet is: we
ties of elther
standard type, vi
From metals and 7

~end point of this letter,,znd
re to look into the possiblili-

ue three electron guns of the
C use for studies of secondary enission

ators?a Len

“Mirls “ha nossibllities
are sufficise~’" gr-~i to warrent your c ov
axtent, but i. tha! provass to be impractles
pay for the guns, If these could be mounts
sould bo to our adventage; on the other hand.
itent, we can mske our own Pyrex-to-lionex seal

cs vrlucble results
ompting ye to tris

'n1l Le rlac to
+ Pyrex flzoir, it

 thle do nat convene

I would appreciate knowing what you can cdo for us in this
~onnection at vour esrliest convenlence,

Very cincarely Tours )

Vayne B. Nottingham
Azsoc. Prof. of Physics

ey . &amp;Ta ALE 9 BY
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