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The sweep voltage generated was applied to an inverter driving the gride
of the push-pull output stage, Direct coupling was used throughout the
amplifier and sweep generator, meking the entire circuit indspendent of
a repetition rate. Considerable care was taken to obtain a high degree
of linearity-—(better than 1%) in the output circuits

3. The output circuit from the storagé tube had a high capacitance,
which in conjunction with tha low currents available for reading necessitated
a high input resistance to the video amplifier. In order to obtain satis-
factory reproduction of microsecond pulses, a capacity cancelling amplifier
was constructed along the liies of a similar circult developed at Radiation
laboratory. One of the several circuits developed is shown in Drawing
B-31193, This is a 2-stage amplifier with negative feedback for stabiliza-
tion and positive feedbtack to the input to reduce the apparent capacitance

of the storage tube signal plate at that point. A decrease in the apparent
input capacitance by a factor of 10 was observed.

Le A video amplifier [Drawing B-31194) having a gain of about 4O db
and a bandwidth of about 3 mc was built to drive the P-) synchroscope used
to observe the output =ignals,

5e Reading or writing was done by varying the beam current in the
tubte, Several circuits were tried in an effort to obtain independent control
! of current during reading and writing sweeps. The one actually ured is
_. shown in Drawing A-39051. Another circuit developed is shomm in Drawing
B=39179.

6. A number of incidental circuits such as gate inverters and mixers
and a frequency divider to provide triggers synchronized with the clock
pulses used for writing were developed. Circuits for some of these are
shown in Drawings A=-39053, B--39054, and A=-39050,

Ts The power supply system originelly planned included regulated
supplies for 4300, ~300, and -405 volts d.c., for operation of gate generzto:
amplifiers, and other low voltage equipment. These voltages were supplied
modified Wiestern Electric Type CW20AAE power supplies, It was later foun
that 4500 volts was needed for operation of some equipment., This was obta
from a Radiatlon Lab, P-1 pover supply acting as a booster on the +300 voll
circuit, With the addition of a +150 volt circuit regulated by a VR tubc
from the +300 volt line, thic system has proved completely satisfactory tc
rresent time,

8. For operation of electron guns, a high voltage supply was nece

A regulated 2000 volt supply with a capacity of 0.5 milliamperes was buils
used during tests with serial storage, Comnected to the high voltage (n
terminal of this supply was & variable (150 to 3C0 vclt) regulated sunpl
having a capacity of about 60 milliamperes. This was used to supply po
bias of the electron-gun control grid and for cperation of the intensiis
circuits,
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up our on t.ube-mk:lng facilitles, even though we were able to construct
tubes much faster using RIE Jacilitieas than we could have cbtained them
from a commercial concern. Soms of the difficulties encountered were
that considerable time was required to synchronize our tube construction
program with ths RLE program, and it was impossible to modify their
equipment to meet our specialized needs despite their excellent coopera-
tion. It was also desirable to examine new variables more quickly and
control processes more carefully, In view of these considerations the
declsion was made to obtain plass-worldng end vacuum equipment,

Although this ecuinment was diffienlt te procyme, o glasz
lathe and an RF bomber were obtainad from the War Asseta J’lrimnlﬂtratione
These pieces of equipment were repaired and modifijd to meet tne program.
A spot-welder was obtained and modified for tube work and zlass-working
facilities were set up, A vacuum system was designed that would process
large tubes to a high vacuum and could be modified later for gas data-
storage work and analysis woark with a spectograph. One of these systems
has been campleted. The seccnd system is under construction. An owven
was designed for amnealing glass and an analyzer was designed to exhibit
strains in glass, These last two items are under construction. Finally
a chemistry hood and bench wes set vp for general chemical work, electrc-
lysis,and anodizing,

Tube Construction Personnel:

One of the angineers on the project was experienced in tube
design and construction, Initislly, he designed and constructed all of
the experimental pulsed light scurces used in the data converter mentioned
earlier in this report. In collaboration with Professor Noltingham, who
had built numerous research cathods ray tubes, the techniques to be used
in cc-w...nct.ing and processing the first storage tubes, were worked out
Early in the construction program Dr, Hilary Moss of Electronic I‘ubea,
Ltd. in England, visited the '\rojcctq As one of the foremost authorities
in England on cathode ray tube construction and slectrostatic electron gun
deaig,n, he was able to give valuable assistance in the form of both
information and suggestions,

Professor Harris was consulted on evaporation techniques and
gave freely of his personnel and facilities, Professor Breckenridge was
consulted on the subject of dielectrics, Dr. Elsenstein gave ccnaidur'MJ
assistance on the subject of oxide-coated cathodes and ge rarul high vacuuw
techniques. The personnel of RLE's tube construction group gave valuable
assislance and loauwed their facilities and persormr’l llueraq.ly
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The objective was to construct these tubes under carefully
controlled and closely observed conditions, In the beginning the lack
of trained technician help in this field hampered the work to a considerable
degree since it required a great deal of staff time to train technicians,
Although this reduced the amount of basic research which might have been
done, this training improvec the design of equipment and eventually provided
well trained personnel, Fortunately, several months ago, a technician who
had ten years of tube expsrience and considerable glass-working ability was
obtained, Another engineer with considerable experience with high vacuum
systems also joined the staff, forming the nucleous for a very capable tube
corstruction group, Another highly qualified technician has been trained to
fabricate tube parts with the rsquisite care and skill, As mentioned in
¥-130 "With available equipment and personnel, tubes of any type required
for testing cen be constructed in 2 few days, The rate of advancement is
set by procurement and analysis of data, not by tube construction®.

Procurement of Components for Tube @onstruction:

Earlier storage tubes were fabricated with material from the stock
room of M,I,T, and the American Television Laboratory Vacuum Tube Research
Group, Now we have procured our own stock of camponents and have supplies
for most foresesable needs, although special frbrication of nonex and pyrex
is dependent on the Corning Company as the sole supplier.

i a, Electron Guns

At first, we constructed the electron guns with the help of A.T.L.
facilities to get the progran started, These were patterned efter the 5CI
type of gun because those coiponents were most readily available, However,
the focus and intemsity controls were not independent. Therefore a suppl:
of 5UF or type 5CP-A electroan guns was obtained from RCA, These guns have
an accelerating grid between the control grid and first anods, and were
designed for finer focus and higher beam current than the 5CP guns. Six
electron guns were also purchased from L. Crosser in England, upon the
recommendation of Dr. Moss., These guns are designed for very high intensity,
fine focus and low reflection of high velocity electrons from the gun it~~1¢
The British gun was designed to minimize the production of the secondary
electrons from the gun itsel?, as is characteristic in the 5CP guns. Teste
will be made on these guns in the near future.

The deaign of the 5UP gun was modified to meet the requirements
for a holding gun, The defloction plates were set farther apart and
several apertures were enlarged to permit high beam current at low accelera.
ting voltages,

In cooperation with the RLE group, we experimented with our own
oxide coated cathodes but foind RCA's cathodes adequate for the present
electron gun design, The grcup realizes that the design of a gun to meet
the specialized needs of the program is desirable, Since the 5UP guns meet

. our present research needs, the problem of gun dealgn has been postponed for
the moment,
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b. Glass

Procurement of blowvn bulbs was impossible for our early needs.
It was necessary to take stundard glass components and reworlk tnom, With
the help of S, W. Ryan of Ryan, Velluto, and Anderson, some satlsfactory
bulbs were prepared. Conventional nonex blown bulbs, used for constructing
five-inch cathode ray tubes were uzed, To these were added lengths of
50 mm nonex tubing as necks on the face of the tube, (See isometric
B-30311.,) The steme were nonex glass sealed directly to the necks. This
required the use of a glass lathe and careful annealing after assembly.
The large number of metal-to-glass seals and reworking of the glass requires
a high order of skill. The technicians are gradually taking over this
phase of the activities, originally carried on by an engineer. Conferences
with the Corning Company to clarify procurement of blown bulbs to the
required specifications are progressing.

Meanwhile, we have been able to obtain a supply of conventional
5=inch cathode ray tube pyrux bulbs. These can be reworked to new designs
with the addition of nonex stems because of the large number of metal-to-
glass seals, This requires the use of graded seals from the pyrex to tha
nonex. Uranium glass is used for the graded seal,

Tube Construction and High Vacuum Techniques:
K a. Fabrication of Metal Parts

The requisite supplies and technicians help for fabrication of
the metal parts is available. Constant effort is being made to construct
more effective assemblies. Representatives of Callite Tungsten have been
most helpful with this work. Dr. L, H, Delfald of M.I.T.'s Metal Processing
Laboratories has also given some assistance,

b, Coatings

Considerable effort was axpended in finding the best type of
coating to use on the glass envelopes, and satisfactory methods of upplica-
tion, It was desired to prcduce a good conducting coating having a low
secandary emission ratio which would process well under a vacuum and during
baking. Numerous concerns iénd groups were consulted on this subject,
Although we now have proces:ces satisfactory for our present needs, this
phase of our work is still ective, The procedure now used is described
below,

The envelopes are coated inside with a suepension of aguadag
containing a amall amount of sodium silicate. This coating is applied
with & brush as the envelope rotales in a glass laths. The coating is
air dried for several hours, then baked with a heating lamp. Finally it
is baked in an oven for several hours at 450°C with air circulating
through it,
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Methods of making connectione to thin conducting films on
dielectrics, and the production of these films were extensively studied.

Coating of phosphors on dielectric surfaces was performed by
precipitation. This method has been developed to give a uniform ccating
of any desired thickness.

The coating of phosphors on metal parts is done by spraying.
The metal parts are covered with a light "tacky" binder and them sprayed
with the phosphor., Excess ohosphor is blown off the metal,

Considerable atteition has been given to production of suitable
dielectrics for storage surfaces by spraying coatings of the dielectric,
by precipitation of the dielectric, by anodizing to form the dislectric,
and by evaporation.

¢, Evaporation

In the earlier phises of ow work we used the evaporation
facilities and techniques a’ Professor Harris, Later, similar facilities
were set up, These facilit les were nevsr pumped below a pressure of about
one micron and the material to be evaporated was heated in a helix of
tungsten wire, This method had certain disadvantages. Some materials

". melted before they evaporatod and kept falling out of the coil., Many
materials dissolved the coi., It was finally decided t~ do all the
evaporation in a very high racuum, We were also interested in producing
mosaic surfaces by masking .he surface with a wire mesh and evaporating
the mosaic material through it, Very clean surfaces were desired and
impurities from the material to be evaporated must be driven out. Our
final evaporaticn procedure is to prepare a small metal cup and mowunt it
on & stem. This stem is thon sealed in one end of a tube, The choice of
the metal for the cup depends on the material to be evaporated; e. g,
Tantalum is satisfactory fo-* evaporating beryllium, Since the targets
were small, cne cup was suf'icient, The target is sealed in the other
end of the tube, This tube is put on a high vacuum system., The metal
cup is heated by means of a RF Bomber., This system has numorous
advantages over the filament type of heating in our experience.

The target is clescned by a glow discharge. Cas in the tube

can then be ionized by the I'F Bomber if the pressure is about one micron.
After the target is cleaned with a glow discharge, the tube is baked at
about 450°C, and allowed to cool., Then the cup is heated slowly with the
bomber to drive all gas out of it and out of the material to be evaporated,
Finally, the cup is heated with the bomber until the material evaporates
It was found that several thin fi'ms thrown on the target at intervals

of several minutes will not creep under a mask as will one heavy layer

thrown on at one time.

" Helium can be introduced into the system and cleaning of surfaces
done by a glow discharge. Further research is planned to develop the
possibilities of this technique.
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d. Cleaning of Matal Parts

All metal parts are thoroughly cleaned and handled only with
gloves or tongs., Many of the metal parts are then heated in hydrogen
to remove surface contamination and displace other gasses absorbed or
adsorbed by the metal, This hydrogen comes off readily when the parts
are subsequently heatod in 1 vacuum with the RF Bomber, All components
under conetruction ara storad in a desicecator when not actually being
worked on, The utmos’ cleailiness must be maintained in the laboratory
at all times,

@, Processing of the Tube

It is common experience in the tube construction industry thit
to obtain satisfactory emlssion from an oxide-coated cathode the out-
gessing of the bulb and various parts inside it must be carried out in
a speclal order and the cor*ect pumping procedure has to be found for
each type of tube by a sepa-ate series of experiments, Apparently,
during outgassing, various ’actars are in operation, which afterwards
influence the emissicon prodiiced Ly the cathode, Different workers often
arrive at different procedw'es which give the same apparent results,
However, when components arc changed for each tube and different materials
are used, it is necessary to f{ix upon a procedure which will produce good

& average results, Later. whon the design of the tube has been fixed we will
conduct a series of experimonts to determine the best activation procedure,

After consultation with Profsssor Nottingham and Dr. Hilary Mozs,
and drawing on the experience of our own staff, we have arrived at the
following activatien and exdiauwst schedule: The tube is sealed to the
vacuum system as soon as po'sible after assembly, This reduces the effect
of harmful water vapor which collects in the bulb while being assembled,
This also permits the glass to be heated soon after being worked; thus
reducing the possibility of breakage from dangerous strains,

The exhavet tubulstion is a% the storage a2ssenbly end of the
tube so that the cathcdes w:ll not be contaminated by gases given off
while baking and durirg act:vation, After pumping has started the tube
is baked at 450°C. for two hours. The metal parts are then brought to a
dull red heat with the RF Bomber and them allowed to cool, Thie heating
cycle is repeated until no :pprecliable amount of gas is driven off, The
cathode is degassed by opercting the heater at 3 volts (normal voltage 6.3)
for five minutes and then ircrsasing it to 12 wolts in one-volt steps,
allowing two-minute irtervals at each voltage. The voltage is then reduced
to 7 volts in one-volt stepr lasting one minute sach., After being held at
7 voite for five minules Lix vollage ls slowly reduced Lo zero over a two-

minute psriod.
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After ocutgassing the cathode, the oven 1z brought up to 45C°C
and allowed to cool to 150011, Then liquid nitrogen ie put in the fresze-
out trap, Again all metal jaris are bombed t¢ remove gas, The heater
voltages used in outgomsing are then applied with the same schedule
axcept that when six volts s reached a poaitive grid voltags of four
and cne-half valts with respect to cathode is applied for the remainder
of the activition, After artivation, the cathode and first grid are
held st ground potential an¢ an accelerating potential of 250 welts is
applied to the second grid. The heaters are operated at seven and a
half volte until the amissicn current stabjilizes, This ageing proceas
may take as little as five ninutes or as much as a day. The tube is
operated at normal voltages to test besm current and focus, and is then
ready to be sealed off . The exhaust requirements for the storage tube
are severe. We have tried to keep the final seal-off pressure below
5x10~Tmm of mercury. After seal-off the tube is based with L, pin bases
which fit the test equipment,
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V1. BASIC RESEARCH

Many of the problems arising in the design, construction, and
testing of storage tubes haves necessitated basic research in chemistry
and physics, To cbtain a dielectric surface satisfactory for the storage
tube work, an extensive program of study of aluninum oxlde was under-
taken, The results of this study are given in Reports R-128 and R-131,
Many of these investigations required the construction of special tubes
for measurement of leakage resistance under high vacuum conditions.

Since the secondary electron redistribution problem was very
difficult to solve, it seemed necessary to get maps of the electric field
around, the storage tube electrodes, To this end, an electrolytic tank,
described in Memorandum ¥~56 and Report R=130, was corstructed, Different
electrode configurations were simulated and the potential field about
these electrodes was mapped. The results, among other things, showed the
feasibility of controlling the riald at the bottom of the pockets of the
griddle-type surface,

Careful search is being conducted to investigate all possible
materials that might have satisfactory characteristics as a storage
surface in our particular type of operation, Technique for producing
these surfaces are simultanecously belng investigated,

Much of the data on secondary emission from conductars and
insulators is contained in foreign technical articles., A translation of
the article "Secondary Emission of Solid Bodies" by R. Kollath, was
made from Physikaiische Zeitschrift, 1937, Pp. 202-224, Thie article
glves a detailed discussion of the energy distribution of the secondary
electrons, the anguler distribution of secondary electrons, secondary
emission in general &nd secordary emission from insulators, action of the
high velocity primary elsctir«ms, theorelical formulation oi the process
of release of secondary electrons, the industrlal significance of the
secondary electron, and a rather complete bibliography, Curves of the
secondary emission of a large number of materials with a discussion of
each are included.

An article by R. Wernecke entitled, "Secondary Emission of
Pure Metals", was translated from Le Journal de Physique et le Radium,
1936, volume 7, series 7, pp. 270-280, In this article the author gives
the secondary emission characteristics of different metals between O and
1,500 volts primary accelerating potential, By comparison he deduced
some considerations of the mechanism which seems principally to govern
the phenomenon, Data for the secondary emission of different materials
ere included as tabular resulis.
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An article entitled "A Method of Direct Measurement of
Secondary Electron Emission from Insulators" by W. Heimann and
K. Geyer was translated from Elektrische Nachrichtem Technik 17,
1940, pp 1=5. This article discusses the ‘echnique of measuring
secondary electron emission from insulators by stabilizing the
electric potential at the second crossover and switching the accelera-
4ing potential so that a transient measurement of the emission could
be obtained. "The Theary of Secondary Electron Emission from Metals®
by Herbert Frohlich was translated from Annalen der Physik, April,
1932, Vol 13, pp 29-248, This article treats theoretically the
phenomenon that the secondary elsctron emission velocity is to a large
extent independent of the primary electron velocity. "New Investigations
on the Electrolytic Vaglve Effect” by A. Guntherschulze and H. Betz was
translated in two parts frem Zeitschrift fur Physik, vol 37, 1931,
Pp 580-585 and pp 726~T34, Part 2 of this article discusses the axide
layer of Sb, Bu, W, Zr, Al, Zn, and Mg, This part of the article deals
with the formation of an insulating surface layer on a metal in a weak
electrolyte, Part 3 of this article is entitled "The Dielectric Constar
of the Alp03 Boundary Layer" and discusses the testing of an aluminum
oxide layer formed by methods outlined in part 2.

An article entitled "The Motion of the Ionic Lattice of

Insulators in Extreme Electric Field Intensities™ by A. Guntherschulze

. and H, Betz was translated [rom Zeitschrift fur Physik, vol. 92, 1934,
pp 367-3T74, This article discussed the subject of the relationship
between lattice conduction velocity and electric field intensity in
freshly formed layers of aluminum and tantalum oxide., "Electrolytically
Produced Oxide Protective Layers on Aluminum" by H. Rohrig was translated
fram Zeitschrift fur Elektrochemie} wol. 37, 1931, pp 721~T2L. This is a
survey of the methods of formation of aluminum oxide by various investi-
gators, ™On the Dielectric Constant of an Oxide, Hydroxide, and (xihydrate
by Oscar Glemser was translated from Zeitschrift fur Elektrochemie™, wol
45, 1939, pp 865-870. Measurements were made on aluminum, beryllium,
magnesium, zinc, and iron compounds, The results of these measurements
were analyzed in the articls,

From studies of these published data it was found that the
secondary emission characteristics of the same material varied widely
depending upon the investigator. This variation in the literature
indicated the n ity of measuring the secondary emission characteristics
of sturage surfaces under conditiona similar to those which would eventu
ally be encountered in the itorage tubes, To meet this requirement a thesis
was begun to study the secoardary emission life on several of the more prom’s
ing looking materials,

While work on ele:trostatic storage, which le surface storage was
progressing it was decided Lo investigate the possibilities of volume
storage, This is discussed in M-70. A thesis was started to investigate
the possibility of using glow discharges which might permlt three-dimersion)

' storage arrays to be compactly spaced,
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VII. CIRCUIT ASSOCIATED WITH THE STORAGE TUBE )N THE COMPUTER.

Durlng computer operaticn, it will be necessary Lo switch some
of the starage tube electrodss over a range of voltages of approximately
100 wolts. The capacitively coupled transienits from these switchings
must be suppressed at the output co that they vill not actuate the output
flip-flop. To do this it will be necessary to develop & clamping circui
The preliminary work done on this circult showe tliat it may involve quite
a long development program. It is plamned at the present time that this
development program will forn the basis for an Electrical Engineering
Master's Thesis.

SHBedld

TS Y A

e Youlhg=<_ o

' S 2

b Q,
_h__ffé-: 4?"*7":".‘?2 :

e e L - A —

¥. J. Folan, Jr.




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

i i } i
' "r; ; | .
Keonmaiad
1 I \ I A — 1 i
- AT ~ATIAG : — = il 1
wim P oAl PATE) |~ BT
}' -
I
‘ 1 I pr— ! T L
B
S - B e
. -— i 4 ’ “‘" 4
ECTEIL i
CIELECTRIC UG -4 SMELY = i
(RUBY AFR!ICAN 14 CO%8
.1»,41 e b i '-» = L -
v & % 8 R~ - e
1 i o
i x 1 =
] Bk /
) : & :l i - =t
LA | -~ - /)
N l | 3 ‘S’ - :‘. ’
J"‘r 3 1 p =
- 1
| e T4 e [
! : ' Lot
I::-_,—.._ = — === — “$ |
: ’J . - - _‘- -
P - ’
| < < -
e ; -
\ = w o )
: MICHEL SCREEN (\TIT) ' l 1 o ) T E U
B ——— v 1 SEMBLY 2
» '-‘-—'“".Cl Y
: | RolATOR
" " - . .
7 SL 2 B alal M
e B 1308/0



APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

— - e T
\‘.
-
-
- -
! -
i,
--:«\.'1 S
S
\l.‘
R : .
= am ey
R
== .
<



= 2 =

Ui

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

-

-

——

CONTROL

3R0. ANODE ~~

WIRE MESH _/
COLLECTOR




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

s #27C l
FINISHED
YET ?

ARITHMETIC |

§ ELEMENT <
-{? ’/) | .-‘?“

HERES PROBLEM ¢
#2718 JOE |

e

AR A 2AARAAN




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

"y

o-307920 ToLsmawcEs NOT OTHENsEE  BFECEED
- [————] PRAcTIONAL 1 i

c — S S S - S — (S ——
0L MED
+50 W B g A = S = ‘ e
e |
| SPRRE Ve |I 1 -
I, - - - - - - - - - - ll - - - - : - —

VL AT AT LY

| 3
!.I'-P I'l'.f (Weg [N ] LLLD trry (Lrh ’ T 1 e (41 4
| . ‘1 ]—0-- ..' ..I - ke 1 1 v 1. ’ -‘H [.. »
24 WET Kl W k3 | | ke | | ] |¥i ¥ !nl-- K KIT
150N L] K wr
| =
v W T
S 200N HaA
WRITE L | READ 'Q.':u:-n
| Jeco:
_— & * " + - ’ b 4300V
kR i 0 L 15y ¥ T s J o wie T T iR 1L ] T HEO R21 J S%‘;’J T R?E'] REG
0,000 0L 0 L > o < A0S ;0001 z2, y > 410 a v_...|.|| Y] L i e | SAEL, 41,00 < 47,000 11 12,000.02 M'EG'/, :“_«T,Ljuu\al',nou_n_
z ; c 5 e < - . . i . W l w5 LS ‘W < a_r:N ? aw

cin

o | | 3 A L, =)
10 - e ] JONES PLUG [Z
MARAY L e n ] | L -!',jl- (21°] E
ep0e?f] AT 9 o | S
| U P g {] [T | - = -
§ Y SE— 4 |
- 1 Ur™m A s art— W " =
. £33 T| = C L JLonEes ICKET ! J
. - —== e I b FR=
e el ' | W1 :I H W
| U nv ~ — o |
. e . P

u Kl HRE  PRICE L EE ML K1© WE | by
oM MIDH BhoSy sLE U-MzR

1 \I W < A ; : f i | L\ Gar
- ) {MES - ) t 4 ¥ NI
{ [ W 1 [ | ' f . '
|
— - - { " - 1 ]
| n I P 1. 1 : . ; | ] I’H
" o L ! WEAVOMICHARBES LABCRATOAT OF THE
it \ R - ® TTS INSTITUTE OF TECHNOLOG
< ! " N Wil l r IVISION OF INDUBTRIAL COOPERATION PWOJEET MG, b 1!
Lt 'w 4 el - 1
f : ¥ . " - = ] | B 30990
o wee | man s wew | ware ’ | v il




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

‘D

— = — ;o
I d ‘
7) niy) 3 :..
EA l.-l:: ‘ } ’ E: L)
1i? el | i,“‘i' 1 . ! =
{3 |
N e
18 ! |
\ /‘_ ai
t | }\'T'_{ T NAN—AAAAA l
§2 = uls 3
5 o LI
A —y

- .
e

|
3
[ |
[ '|
| |.: .
2 | | L
: |
Vv—
t -_|- 19
4
|
"y l
: 1 |
L l




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

B-20939
N - ——— —— ENpheiie e i s st s s e et e, S e B S . s, A, e | My (OSSO, | o Sy geE s . e S e
|~ CONTROL _1 1 +50V SWITCUHING - UNIT —]l — | IRAGE

- e e e ) SET! | 5 e i VUBE
| BOX | | L ‘ i l GRTE { ELfr |
| TRIG 1 0.5 SEC i T e . e e '
| WRITE { .l MV -—%_——H-- gt i E o ey —! | I
| .2 o [ A .| ] ., |
: ! | | = -t GATE ‘l— I |
i | i 1 ! ) _j

" L]

1 ; | { l i ! i
| | RN | |
! ] I " 1 | [_ — —

e 1 | pee o e B | sl | |
| - . e =l e v E
[ e e prv-stesi Jos it | .
| - S ! = — | —ao | i ! '
{ { | i i | i 1
i G O : | | | |
| | - cate | ) N e \ = |
I | ‘ - Ny Y I.._ —+ T * -i-.\D
| : 1 b= oo | |
| I {
e | | SN ! |
| ) i 1 | I l—& pp—— t sl p——— e A —— :
Ren
e A0 gy ™ g 5 B .
i | :,____ | 5 t = —
| RERD | 1, | MY lu <‘
i' — ‘e ' e —1 o &
——— o l = e — =
f s | ) : 1 e e = — T__._
s i e | 1 | -+ | —_ -_— -
] BEFL. | | A Fi !
':.r'.r N"'".."I Ihi\) K I | | T_ l —
S T B 69 - | T A
l . - — 7 — e
! ERASE |, - i ~ 1 |
1 SRR |
1944 T ..
' Y | | [V\DE ] ' 1
INDI = i) ! o - — S - .
| CATOR WL 1 1 | — aws \
| | [ = "
'g | | { POL | i ] SEAVOMECHANISMS LABORATORY OF THE
, | | — , MASSACHUSETTS INSTITUTE OF TECHNO
i | : { { ] DIVISION OF INDUSTRIAL COOPERATION PROJECT NO, (- LOGY
1 Wweh |} __J&ssc ] __.J- L
| CATOF gir 3 MV | T : \GH
O . L » R ‘_-i SCALE [DF v it S . S
T NN T T T ET e e— i G - ENG : CcK., App T B-
7Y 7 l




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

"]
A /N /l
f \.' ) f‘l
44 I
WA Y
A W1
\ |4 '




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

»
TR P OAN
-
, S RS .




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

B-J0Z7
WO

BT DieEmwee BrecEEs
FracToaL § W

mn
FREED 13387

GND
-

< kil =
1IN Al - MO0 i . Slsan 9 W .
- Vi . = i i G
~ = ‘ﬁl 1824 I\-‘;:I:{I)Iv ) i  * 1, G000 G5 wmFo
2lls . :[ 9w 1000 V
"
pe M (VRIS pb——— |
e ( ! f )
y) |18 ¥ ' O e - 300V TD -200t
25 REGUL
FREED 19383
IW N B2 -MOD 2 p—— .
o35y il Loy 3%
K d - [selal o 1O AL
S 3 EW oW , 1%
— PR T LY FERSVYy SE K 2.1 T B —— = d
- — = W < HE
i RiA > 10,0000
- = & 3v 10,0000 -t B
o 1LSA f
| -
T 1 J
RE 2 Ri5
AR >0.1 MEG
<
=,
c3 4 L RET
SOMFD - ZOMFD - o 3?:\:5
ol 3SOV AEOV i I
- b R2z
o M LLE C.22 MEG
< | Sl R 58
- ) RB % <0 47 MEG o !*::;-‘-
o/ 11,6000 > O é I
F) I MERS - RS
C 3 - i R7O :.52\:&5
- R S 15,0000
. - L 1 ]
T4 T - T — - -10BV Rl
UTCS-0 sy l | TP MEGS
N BLMODE o o L
| I ¢ 2y 0.0
| =) . 5000V
Core = {
¢EAme by it [1:“;:'« > oy ; x
=3 5a L - 15,0001 Ry [ 5,00
ke -7 RTT < 41000 1
z b 18,0001 e +
" e
E Wi5
e . s i Cil l ? Ry GRSE
& v WEG ¥ i MFO | S0 MEG 4
| o - \ == = — e
- v / r
. CRI ,
RAYTWEDH s INAA ‘T t
UEITA L} .
bl —_— =T L
Fi o [l RIZ
&BO0O L
5 AwP - —
=~ S30V 2W
~0.0z1A _—
— - LEL]
0000 -
> R4 5 1% -
4509 gr:_mr_c. o0 r.‘-ku: by 47 ? alaels
L. | Lo 4 e 3 Zoa wes
— LALDOO.
: l I psov Ll
4 52 s ey
- / DPSY ! r
o w1 WTES
15,0000 Har ALL HESISTORS BHRE lP\N UMLESS OTHERMISE LSPECWIED
5 1ow 1MET <
f eW < R4 ALL COMDENMIERT ARE EOOV uMLLELD OTHERWISE SFECWIED
| < 19,0005 >
Hav AL < i L . L 1. W < =\50% T0-300Y
= <o, J X ) REGUL ATED
), - I ik '] QU4 MEC ; ] MFo - o
ol . B
= oh2 l ) R as0v
o L T MEG S
Cle ' ci1 Wk 3 [ oRse < - < T
~ BEOMED . EOWFD B i " "B € e G | i v LA
450V 450V ‘\ 17 T Q) MEG > R EORARISUS ——
¥ p. . . - LABORATORY OF THE
{ w < MASTACHUSETTS INSTITUTE OF TECH
W ] L ® BATMION OF IMBUNTRIAL COOFIAATION FROMEST MO. L 34 T
B4 "5 Rl L | ey © WIGH YELTHBE  SUPPLY
N 5w 5K . . Lol ULMONSTRITION UNIT
Hw HW HW oA .Ul -
VWA A i A — = —— = L A o - = D-31027
—_— — . wme | oare wan wre | nate A D -




R R R R R R R R R R R S e R i R i = e H R

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

D-Joas

eFoic-d’

. F ) T =3 1 RED

REFTHEON
JF -TH4AI-B

‘:.l_"g=‘25“. ARE Lw UNLESS OTHERWISE SPECIFIED LOW VOLTAGE SECTION
&
L CONDEWSERS BAE &GOOV UNLESS OTHERWISE 3IPECFIED
% STANCOR C-14i0
.

R AND BRE FTR SELENUNM RECTIFIERS 403026285 (1C0™a)

ACLDING GUN POWER SUPPLY

sg015-q




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

-~ 50S

3'd ANODE GURRENT

—_— T

2500 S 9 pa

o

SCREEN CURRENT

-

[0 4

o 02pa

@ ' =

0 -~ —
b - 2500 PS -

:;{ SIGNAL PLATE CURRENT

STORAGE TUBE MOD {
CURRENT WAVEFORMS

2110¢

| IWIN 104



APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

2500 PS ol
27pa
|
, 1
- 250 S
IWJN 105
3rd ANODE CURRENT
, =~ 100ps
BE !
. . |
4 ya I8 pa |
= | .
L g ~ 400yS
|
= - 2500 PS -
o
o
v SR Vo SCREEN CURRENT
uwy
p 3
z
——
o |
S - RISE TIME 5yS |
37 pa . |
o
Y
& - 400 PS
o SIGNAL PLATE CURRENT
o
P STORAGE TUBE MOD 1

at ik 1NA Pl oot Yo VM I EADAAS




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

l = 2500 PS
l 27pa
37pa
|
| 2%
e
|
- =-300ps
3rd ANODE GURRENT
—F ]
2pa 2500 Y5 ——=
! 18pa
| '
- |-—200ps
SCREEN CURRENT
o
T
(s
[—
&
& I - 25005+
i |
- ~ —-150ps
@ 5’ ) | IUa
a
z _ﬂﬂli,__\\ 1
@ 12pa 7o
3 L orpa
.'llr..’I p—
SECOND SWEEP
> SIGNAL PLATE CURRENT
=
a STORAGE TUBE MOD i

IWJN 105 CURRENT WAVEFORMS




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

|
26 pa
3 pa lP
| |
; !
- 150 S |
- 2500 PS o

37d ANODE GCURRENT

= 2500 S ...T

18 pa
SCREEN CURRENT
oJ
W
1 4
[
x
O
o
(1]
x
e}
% 0.25 pa
1

E ] |

- 2500 Y'S |
(»]
w
z SIGNAL PLATE CURRENT

STORAGE TUBE MOD 1
CURRENT WAVEFORMS

A—31105

IWJN 106




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

e o _‘
f 27 pa
| L
- ~ 100 S
3rd ANODE CURRENT
i
9 pa

- 100 PS

SCREEN CURRENT

IN 6345 REPORT R-—iI12

36pa

I
- le-s0ps

USED

SIGNAL PLATE CURRENT

STORAGE TUBE M™MOD 1
CURRENT WAVEFORMS

A— 31106

IWJN 106




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

1.

24 pa 27pa

30pa
' f"\ 1 $
r VvV 1
~ 205 .
e 500 s -

3rd ANODE CURRENT

& ke 500[S - =
x
SCREEN CURRENT
&
o
a
[VF)
(8 =
un
<
o]
o
z
i
§ €50 |\
- - 100pS
SIGNAL PLATE CURRENT
rq._
=
= STORAGE TUBE MOD 1
i CURRENT WAVEFORMS

IWJN 107




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

SIGNAL PLATE CURRENT
NEGATIVE CHARGING

— = 50S
1
3a
|5p0 l2pa e —— T
1 |
o
T L 2500 S -
ac
‘.._
o
(& ]
o
o SIGNAL PLATE CURRENT
& POSITIVE CHARGING
b= o
(o]
(Vo]
=
{ o |
(VW)
=S

STORAGE TUBE MOD 1
CURRENT WAVEFORMS

A-31108

IWJN 108



APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

2500 S o T

13pa

IBpa
1 p
t
|
- - 500|J5
SCREEN CURRENT
BEAM DISPLACED TO LEFT
2500 pS - |
I8pa
1
SCREEN CURRENT
o BEAM CENTERED
x
'_
v o
O
a
w
x
[y}
¢ - 2500 ps 12pa
o 19pa '
= |
a - ~— 500 PS
w
SCREEN CURRENT
BEAM DISPLACED TO RIGHT
[0)]
o
7—; 'STORAGE TUBE MOD 1
a CURRENT WAVEFORMS

| WLIN INAR




-APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

a)

[ haaite L 1LV

2500 S S

FIRST DIP

- =250 S

SCREEN  CURRENT
BEAM DISPLACED TO LEFT

STORAGE TUBE MOD1
CURRENT WAVEFORMS

USED IN 6345 REPORT R=—[I2

IWJN 108

A—31110




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

05 pa

1
t

I0 PULSES APPLIED

—=  —300S

1

100 PULSES APPLIED
2pa

I 1 o
~ =300 S

o
I
oc
- 1
oc
S 3pa Kmo PULSES APPLIED
LJ
— T
o
w
=
_ SIGNAL PLATE CURRENT
i - S
LaJ :
—

STORAGE TUBE M™MOD 1
= CURRENT WAVEFORMS
F’F,
<1 IW.IN INQ




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

I0 PULSES APPLIED

IYQV

— = 300pS

I00 PULSES APPLIED

e

R~

[

oc

S 1000 PULSES APPLIED
L)

= T

w

<r

)

(¥e) GUQ_

=

& !

2 - [~ -300ps

b SIGNAL PLATE GCURRENT

STORAGE TUBE MOD 1
= CURRENT WAVEFORMS
IWJN 109

_|
-



APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

IN 6345 REPORT R-—II2

USED

M

A-3I13

SIGNAL PLATE AT + 50 VOLTS
I000 PULSES APPLIED

15pa |/
* |

- ’--wops

.

SIGNAL PLATE AT + 50 VOLTS
, 3500 TO 10,000 PULSES APPLIED
1
2.2pa l/
i
~— = -300pS

SIGNAL PLATE AT GROUND
I000 PULSES APPLIED

1
lya L7
RY

~ = 300pS

SIGNAL PLATE AT GROUND
3500 TO 10,000 PULSES APPLIED

|
15pa |7
e

~ = 300ps

STORAGE TUBE MOD 1|

CURRENT WAVEFORMS
IWIN 110




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

A—31187

WA

2.5 ps 405;15 L-

READING NEGATIVE SIGNAL

2.5s o7ps

n

READING POSITIVE SIGNAL

STORAGE TUBE MOD 15
OUTPUT WAVEFORMS



APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

MOD. L STORAGE TUBE BEAM CURRENTS

o
(=]

3

D, L.O.
10-24-47

b
o

JONS PULSES

8 3

BEAM CURRENT IN )L AMPERES
)

1

10 20 30 30
DUTY CYCLE W o

-4

~
8-

n

STERDY STATE oC

BEAM CURRENT IN M AMPERES
~
v

o

© -5 a0 s -20 -8 ~30
CONTROL GRID BIRS —VOLTS

i83C3-G



'APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

MOD' 1 ~STORRGE TUBE ELELTRODE TURRENTS |

D.L.O. |
Q- 24-47

G345

MICROAMPERES
~
o

80 USED IN ©345 REPORT R-112

Iy AND I
" L Ip
-
-]

»
[<)

8

o

o
1
wn
-
o

-5 -20 -25

A-38304-G
o



APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

~
\.’.
-
L
>
: -
‘U
- -
e
+ I
e
. . .
o Q0
.
*
+
¢ —A 3.
' | | LS =
,+
. (09— +
‘;.  —




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

»

AOYHOLS

4..\ ri ~\.\
ct—t1-17 SO
A AA
TIOHAINGY ALISNILNI 39NL 39VMHOLG

; m— — ." 4v _.ul —_— s S
_ . _
|A0OO2 | \ \g M _,v _
Q4N 93N o Q4w <eaw  Sucock Qe OIN
== 1003 0 = o'l > .,A...l ro  Souol <o3IN

A

N > @ i < { ..c o f/. 4N 5g . ™ 51
“ .. _ 'O - H
. Alh _ _ ; S 'S— _ o T H)UOUN

HH4nL

1D

ILOo6¢C-

Y




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

-

wuOce -V

HIAYIW 31w
ALISNALNG 3a0L 39VvHOLS

h-u-1l QBT
MMA Y
- - —
]
adw 1702
ﬁ.Ol_I
o000l
- |'I.M~
" w ;|
asw | FPeNL > oaw ]
100 < L¥O
w4




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

%
*¥0 O———————————— . P e . ? ’
l | | i - yoN7 | S
of | | 1_ < | <
Frx N D/‘EFE g [ | lf ‘1 2,000{2 ¢ ?‘1 _
& ? ’ & " T | @3pocaS : NES.
. ,' s Lo BN S T .- | )
= vEo N\ Seeny e
\{/ ] B bR N L | S6SN7 T’ — |
| ‘ Q) = L \ l ~ ‘ E } |
. ' el | |
INPUTS< [ o+ - ._f}*i[?il ma—— | l S ] ‘ | , & |
ol S Gt s B ¢ 0V NCEE | M |
] MFD | / e Yt I | | : 5
(o) S s | _, T
' AN Ny It = 1 | || : -
. il - / :1| { [ [ ‘ I 47000 470000 2
| | MFD | [ —— o || : I - ' >
( = o Ry U [ e # 2 ' ' - ' 5 i
N AN (= |’ [ | |
| L. |
| | | | .
| l | | (e
| ' il i l | MFD |
| = .
. I " . Leed B — ¢ - T
GALS —4 ¢ GALS o ¢+ OALS —¢ i ¢
/ | L_) { L \ L |
NS Sa300| || \T T
s 5 o« ]T - <oa7 047¢< 1 <o47
' ! (504 ! NMEGS [ SMEG MEG > | | SMEG
E xi T\1EG| < | . < < : | +
' | l- ! i _' ! oo i
L____ e, L.;_... o (o D) S eSO R O R e ¢
L

STORAGE TUBE SWEEP GATE MIXER

[ﬁsm"uuﬁu INATITUTE OF TRCHMOLDDN
PERVOMELCHAMIBME LANORATORY

UER. TR |- svs
a-T T B-3205%-2




—y —

WA AOdWY § HOLYHINID JIZIME dVINIT

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

> Mg

|
|
|

4

T QoS D089 TOZ
itoooe |

i |

TTOO0 LY DIWN
MO
Tro00'o2




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

'S — SEEEEEE Semn: meae cume >—=O +300
T REGULATE

i OUTPUT:
| care) | _
DELAYED
L 15 L [ | TRIGGER:
200083 \esT: 333 00318 | =
AW T — > :'I"n £6 :
VIA C—— —u:l '{ vze e ]
TRIGGER $GSNTGT toenzerls | leenrls [ |
INFPUT viB /. | g
( 9_[ —— ! — — 1] p—— ! --—+—-—-:—/DOUTPL;T
> \ m—— ) = ' P N
520 y & [ o r !
MWED S8 \E _ E
039 £33,0000 Secor) (I [1 [T |
MEG “p : e 2ezna| o4 _L 100
‘“—] - T SMES TMNFD .
3 e p———— e ‘ L Jt i
3_[_““”‘_"'_':.:: “"“’“"J T 2

FOUR~CIRCUIT, TWI-FOSITION GATE-TRIGGER 3WITCH
(SHOWMN IN CELAYED-TRIGGER POSITION)
== e s TN
RE GULATED

GATE GENERATOR OR DELAY BC

PC.G.
2139/4e

6345 B=3208|

USED IN &345 REPORTS R=112 £ R-120




e O L R S IR

i

C-390 -2

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

)
400 e e
2 D00l PSEC DEAAY | |
UINES IN PARALLE!L |
SN [ |
l s [ |
» FY T
T AR |
i 1 + K MII' o1
| ’ )
fﬁi"- | L—“'— I —— e e ——— o )ouTPUT &
200579 . , e
] | AT
e - | =y, |
T % i[ :‘s?er ———f e l | |
le] \ ! i 0% 1
] n i[ *71/ | T wmro |
o1 — 12 sl r-T"-' I o )JouTeuT B
e G | e ! | LRG-@2A) COAXIAL CABLE
1 aa || [Tde )
| | | 1
& _L+__ S 4 J I' F — -
= & J M 3 = 2 &
= | | ‘I|I*_:_E“im?ﬂff&!_'l =
11! L4 L S
| L O | - <
| o mes r R ..3,: RS WS ‘;:..5 .“; |
> FLATNE S 1| % ] 5 |
| ABIUSTMENT | | | $AAN 4 4AAN 4 AN & AAN
: | | | w2 | a | e i F e | |
] ]
-1m0 l | | [ | || IR
_ ._1 . L e - - - o 0 - |
b , MBI REREIN
. i —— —— —+—\-ol JOUTPUT C
LT |
t f | . = - - E— - |
il | o080 ATTOMATOR |
I I Ri.32201 2% Ra=IZTS02% !
[ 2:‘; SHIELD & Rz=S4%0'P?% w1001 1% |
{ = I R3= 7301 1% Ro=443012% |
. | [ ica . “ o & L
1oV ( I |
L \E/ ol
— o 4
' L oes -
VRISO | T~ MFD | —  TETTiere—= (ETIIIITE OF TPCHNOLOE

11 > 6345 :m/4'? SHO
LD | b ShD C- -30087-2

[ Two_ ¥  GAS-TURE Pl & GENFRATOR . T T




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

A o '-l“..llilll..l.ll 3
= e !
T T T T T - —y, —
—+ =
< ! . . - =4 =
05 Saem — T~ ) g
" & 3 N {g e ™ .\, " - :n 4 =
| L b :
\.Lﬁ‘ <.€x.w.| = T .
..... L % [ i
- v /T WA —_— — T— _
PP L |
_ _ [ 1 | _
S3am L10| rLDODE | |
LS ..._m | oim _qol_.. wrooo o.M Comin woootor | | | | %
; | } s 1 _ | .
| NimP ek
| DhiMOt.«..Mur.r | s | ?JM&)JI.U]V
:w..h vono‘22 A . /:...u .._\. § H =
o w Y B o ! | -
T 1 [ e, ¥ Vol el |
| | T
_ mﬁgi V _ ) i 7 H e |
] _ 7 | | e
| X | O L U - WOIMMLS L
| 1 H— LT T _ Tonsa> Sipek
Ry ~uNINER
..(.,\“.I.. — —— 7 | * | _ _ | |
— N | i i . | \ —-
[ L2 | | Aos | | LEnY, (-
_ . Wa.xuu.u..h " ﬁ T/ Ll
. DT e _..T. ,ﬂ. 2 ):m.MTA. _ L strml,\lw.\.n.-w.! Hn.__buvru“-.m.r ]
,m e LELY MJI Q_ |M.r..m.
— 4 | =4
Cu— e ] S
_ TN _ TIHJ K
e == | ST Ll | == .uv e —————— e — -
| - - +— B < ——
A | LRl
Fsv B =1
T X
1AM
E R
-




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

] e |
_ ) |  DELRY A A} pELAY ) _J DELAY | kb
———————— e » UNIT . UNTT - t _
1\&-‘: OB -1 T B-32031-
S PN
. L _/
A
ATE Y EQINP E g i S OGN
NOTE EQUIPMENT  SHC N ADDING
HERE U3SES REGULATED CIRGNT
POWER  SUPPLIES B-39054-2

\ i

W N~ R B :

] -
| 7S 23| SRTE | GATE
JIEV - | GENERATOR I. GENERATOR |
]. oL | B=3920n\-1 | . i B- 5'-1Ur.-.n-|J
— f.__. a-T-_.._—_ .
[ - =
]
BNMFD %
| 8 -
a T
el e i
aig | o= B PULSE
I - 331301 Lo z | GENERATOR
iL_ « : u A-3950817-)
I = = |
. S
Jl_n MFED
T
= -!Lﬁ_’ "._-‘ | TR AT
| e 'rr.-. ' ’ r“r“" | | cRID T4
V o b JCRY GUN
L___L- = J L REEMN . - ]
e JL_pyLse GeENERATGF
LF ¥ yPE 'f"t \f < e ouUuTERUT
UTE® 1 oNCLS R ERCW ! | 3
G aER RN ADR N Sty ATTENURTOR OUTPUT
o IMSTITY
e 3 = = R0, . ma-n PiAMIRM = g n;qp.,“
SLOCK DIAGRAM AF STORALE TUBE TEST Y'Q NN L NT f-. 4 I"-.U L0, X -T :- -
A A . K. =23~ 4& | = /
FOY -r 1 S\NITCHING F SCREEN. e ""“'"" W, (4]
\J P"U‘ J}\AP\ L R - J T - ) -~ ) 5 PP, — qq'_;;-'f;-—




e R S

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

"

i
i

_REEN —l SIGMAL
.

e PLATE
— . ]
R — T " \

! f a i |

bzl
REL ATOHER {E
EAM —ATCHER FPLATE
TERM MNOY FOIR 1A El. 1 STOF sE TUBE

(MASSATHMUSFTTS INSTITUTE OF TECHNELE

BERAVOMLL HANISM™ | ' B S ATORY
e e e . —————
| NS - oTS e TL

St 1/T8/4 /284
jom <= L A . ST




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

O

Ji ( r—*\ :

1t 4 S
OINDS Gy 1w
=1 =

<20
e

| _", 000N

il, ] sov |

~\ g
v

- 2

==

&345

-,r | :-__._‘_\b\..r:’.-‘\’:g_

[ e ™
1=13-47
B2\ 78




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

"y

1270000 +200V
[_ S — — - - N - ____I_ - - I ' T , — T _, ‘."'-'. }"“ _'4
_ QAE o A

T Soon g cong LT
Ty 1 | ] 3\

| i - |
— L |

4~

|
|
|
|

—
.
i
|
]

o |

N
< : >
N =5 &
g I > 1 S , < > > |
10 WV <I < ‘wl VY Pl ( | < <[ S | | =200V
P— f———*- - l + ' — 1 1 ' 4 |. — . ‘ {
\ —_— e —— | : ~ - - |
L s e °_ 31 | e |
-ll_--__- L L a . i R = | | |
6 SHELDED | oLz b Nt - Gre g B & L | | S smEgenl ous b L | |
INPUT CABLE | e 4 50 < ' eIt = 50 N . R el so < | |
= { L [ MEG MEC o NFEUT ABLE ME G < NEC > INFUT ABLE ME ) > | !
| =S =E\s - > AE » | - -~ | I
| aw < < DWW e | | g MEGe | |
‘ | | | | [ | !
. &l Ot ' ' se v T T ! ' o =1
220 = gy | ] | . Al ——g | |
-..---__ —T | ol et 108 — L | F | : 20 . | . i I |
MMFD | —AAN— | j MMFD N—4 | | . MAMED = VNN |
; 12000 Q | S — e, L e - - S = ——
| W Foe | 7,229 S || | raes
| 4 | MMED | ; ‘ . NMMF \’ | : | N F
| 2 ,3@‘5 g 12 0000 ' - L
| VYV I I ) W | ,. l ; | l' | J i
$- - bbb .. . . W R -
_—_-... ; ;

NOTE:
S1,52,53,¢ 94 ARE, SINGLE POLE-
THREE PQSITION. SWITCHES.
ALL HEATERS FROM 6.3V B.C. SUPPLY.




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

=
PALMER ELECTRIC CO. .
T FROM RAL ATION 1000 O 2100 0L
= POWER SUPPLY F2 SW SwW
- | = ! r— vy Y AYAVAVS ? 'Y : ’ |
<\ o —e—— i@ | &y | Ve SN ' | !
] | ! l = em ] : 5Y2 : i s i L B AL Q.\
| ~| e I VR-18D( | 0.2 < > = . - |
L 2 ? pia | ] o8 S — * ; \ . 2 Sa I MEG | | MEG
[ e ,—J‘ e | < i l | 1_', / Mt io : 'DUAL = o ’ DuUAL POT. T
A, ~| = / | —— i | e | / &
& | o ener T | . L ‘s | . P . WL S NP
| [y =" i | 2 3= s r s 'n'e < <
‘ r ) .\\ v | | _—I\-, T L 3 ~ :) T | - | — N - o | ‘ — A
s et Sl 0 (O | MED ©, VR-I05 ol ¥ - ' - -$ ¢ u‘ £
S P | 450V | \_ ¢ Caxeen o, | | | . (
| | 2B V T ’ | [ | |
‘r. - ! =" 4 b & 5. fe a2 I ' e " 1'
F i ! I ;20 | ! T J | | | 1l
| J: | - | i Vi -CE | ™ ‘ ; [ ] 4 ' I :
i - [ £, 3 | |
- s L, | 4
1OV l|“’b o) L . -— v - - . | » L

s I * o X { \ [E; . | - e [
o m ) ) M MFL MFD MFELC
? |e:BN I |
> l 1 - . * -
I! ~ l .':x i T .I ‘ C-FEC 311 =2 | |}
| — A | - |
| ——y V.82 M I . .r‘-_r_}“
[ % i .
> B.3Y L ‘
S I - - |
) | FTR 100-ma YOS TR e |
RS ELENIUM oo |"B- %006 CL
| - =ECZTIFIERSS 1+ - e . f‘_- \
> ‘:\,) . | '_. _— (A%, .{‘Uf. = -
A - > | | - + MY i N |
I\MEG < <t [ A - !l +' } s . . Te )‘-“H.‘Ll
> & NI [ | o = sl
1| —_ LAV || e A IS0 e | |
—~ - ‘. ‘-.. [ U (e - ] = |
RYES > > | - A 7 ]
' S SM | - 150 ¢ - o kS ? . 3
< “] | = — - . ' . \
- / FIL. TR/ ' 2 '
- = ‘ = - * v H * . 8 " 1 1
‘\./ i €3V, Za b A S0y
UTC S72 |0=7 THORDARZO!, . i | !

19F&|

[
s L. |
| = } ! , . |
~ [ \-.r_ . A { B 1 | . . 1} |

3| 5 FHONE TIPS TO : L L
-_.-\ B =E .'|-'Y".l“-"l "’,'f\] L'l : '/; : I M /J
B

EAN I -[_ . | ) ST ol

A0 N t Fr
."f' L (= ] »_;__EJ
4 - RN DED, o Zie4

=l
S [ o 11
Djgl o
r;}:,l o |
04 | o
A2l o

Lo
&
=~ )
AV |
1 -
by -— + y |
—to |
| |
| |
1
‘ |
T~
—
--’—.I-‘_i*.
U=

|
—_—d
LI =
,




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

o e o __*.c":._T__ rCRaE————— i
VAVAVA + AN/
te MEG | T =

OAMFD T J
N I s S

ElGND)

"\ A4
4
T
}
—
e
O T
-z
-1 i
|
"

-

’
a7,0000] ()4

|

H

|

w
= ooms R
-—ﬂ-

§
|
|
|
]
\
]
]
i+
<

?
OCZMEG] 0.1 MEG O MEG 82,0000
47,0¢ | } FOLE thgioBh g iy
VA —5 i r ] Wil H:. v-4Q2-AB
- - — e —— e—— | » A
| b 0 T4 c
| ;T
' < <
| [ S > C - i _I o _ P a4
1 l | POLE r_ FOLE CSMEL ~e— <IMI T MEG
4 / ePOS SWITCH \f PGS SWITCH | [ ‘ 1
E =) ] r_'.') \ 5 [ |
[ / [ ! }
| / \ i : = _J
| ,l ! “.I' . I < ‘ . —Ere e T ) il
3 L ooy | r : . V00(L
l“ T
S S
=2 I % AmA
VFO)__ x5 ’ . _}h MFT
] —=0:2 T 1T
fre- 37 & [WFE S B ]
| <01 — 005 CIOMEG 10 MMFT
| =T~ = T"
|| (rmv’«' MFD$ - — 9 i B
| | f‘.r“ 1 1
| T S &
{ | frj},‘.n :
1 l E?D =L O 00047 ‘5 [
B - | SIS W S O i ) fiel ol ) l
- L___ - =300V _
NA . OF TECHN
I e D0 f e
TL“I"_:" f :-‘I i-i 1 F -.“ . . ..--;1



APPROVED FOR PUBLIC RELEASE.

+ 300 V
_{_ . ' ' : I
247,300 47000
o S R §
9 89N7
S S
Ol e e o. 1
MEGS I T .f l ; MEG
a0 M1 oo T |
\ MFD MFD
S | r»—u |
§> ! 47 | \?‘ftzoccl SHIP00
% | | 4 | 3 0 > -
o) | |aw REY2
| | |
==& ol == |
| | MFD MFD | | \
| | |
| | |
| 1560002 >56, 4 |
| Lo 3 Lo [
M 3 &b | ‘
] B
-200V - | S
|
1 | G.R.BINDING POSTS
Q

33000<

~

ALL RESISTORS ARE I-WATT X10%
UNLESS OTHERWISE SPECIFIED.

| G.R. BINDING POSTS

_.(:-_"’ H ——
Pl A —
- I )-POLE, 6-POSITION,
NON-SHIZRTINA SWITCH
TC PIN JACK

NOTE: ADJUSTABLE VOLTAGES

OF FROM +190V TO =150V ARE

AVAILABLE AT EACH SWITCH
OSITION.

CASE 06-1104.

> 4
s o iy
eSN7 9 <
T T J
[ 1
ga—— - L____l___ﬁ _._<CI Q)
l K I —‘—l « MEG MEG S
| - < =
T 0.0 — o001 T | 7T
1 MFED | MFD ll 1
: T 1 +——— ;
i > | ! S | J 5 || | .,
. \ < | | G000 | >33000 290005 947_0(/)/_; f & 200C ')%
sl sl S Tag llagl S Cor
i oW 1‘ d\N; \ | 2W | LS 2w h
’ == O i 0. — = ‘ C.l ; l
MFD | MFD | | MFD ‘ MFD
. ' | | |
| |50 \t"i-,mr;i ' | 156,000, | PRS0 i
| > | p > [ > '
[ Lo < < ] S < | < L |
| \‘"—'N‘“ : EW | | ew € | | € ow |
{ 7 | f | !
| || | | ] R
B — -——L- 1 + ——g 4 == -—"-——‘r—+ ----- 1 —-L : l—&l— .
| -500 v

VOLTAGE S0OWWCE

, TR
i D RY W -
6245 -4y * |
| %o, B-39187 |'
| &



INPUT

~—
-l -
=)

————

Z0

L

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

"y

SEAVOMECHANISMS LABORATORY OF THE

MASSACHUSETTS INSTITUTE OF TECHNOLOGY

DIVISION OF INDUSTRIAL COOPERATION PROJECT NO. : = -

SCALE




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

s
+ 300 V.
o ? - - +300
4000 Q A 500
L ] . ™ AVATAT Y 10w
- \ ‘ \
_:'— B : . ' AN 4
- 2 00y ‘ 10 ¥
Lavak g L]
vy
= P 5¢C (VS|
B

L C \ . cL . * 4 .|

cT L -

AF U

-

. L] * L ] =0 )

o o ? e o ¢ e o ¢ b 4

L4 >
*
. L ] ’ ®
B 1 - 2170
- (R
= r L] : '.'.."- -~ &
M
K 0 . - B B “ - B - N - . . - . - - B

SERVOMECHANISMS LABORATORY OF THE
MASSACHUSETTS INSTITUTE OF TECHNOLOGY

DIVISION OF INDUSTRIAL COOPERATION PROJECT NO. &24E

VIDED AMPLIFIER

scaLe —J:" RJE -z - 4T] B-3”9‘4

(L cr APP




———

a5 | T
"“_’_“"“*——‘——'\’\.’V *-—9 o *

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

'y

STAC

< e W
=T - . - e e ————

v =ruF ' \ .

= —
5 ] N \ )
. J Mo
S WA As7



APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

%
INSALUTF < STEATITE TURING
S e
=N K M
(= e ¥
(OO MESH 002" e g A“ﬁ.m. -h—zt_ANom 'ED «
NICKEL WIRE :r . g_\];. L | ALUMINUM
REEN AN ' & 1 _I,-’ | GRIDDLE SURF
= ! | -} COATED WIT
‘ 4 WILLEMITE
015" BETWEEN [H8%e
© SCREFN AND s
[ ATF
@,
Li,? WELI
E i
%y NICKEL ROD:
K
) e
:; I'lj
w .'”
> i
: ¢
3 AL UTE L < _ _PYRE
Z ‘*l JADING CON
- ! COATED ON
a | | Y TERIOR U
wi |1 }
N 1 ..__L-‘. @ |’l‘-'\;‘;
o' _ i W o
‘ | FDGE

NOTE: THIS ASSEMBLY | ! MODI |
HAS 34" DIAMETER ) :

STORAGE AREA - ASSEMBLY

A-3.1%

A- 3194



APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

S
INSALUTE «_ STEATITE TURING
: JWELD
. ,,._"‘-.-___ : //?/ MK
5 L S L g
\J” T‘EL”I" i = g — & ?gl—nmoo.zfuz
fK::L\ l'll‘\F \‘ h - y ; i r' | ALL)M‘NUPA
s ' /[ | SIGNAL PLATE
| /| 41 COATED WITH
i WILLEMITE
0157 BETWEEN [RARASY.
SCREEN AND 4
I ATF
(e 1l [
o JE|
=
. S NICH )
Q
=
wl
b3
L
+
K
-9
INSALUTE @ <= Pyrex
§ LCADING CONE
COATED ON
o EXTERIOR WITH
Vo) AQUADAG L)1 H
= IN 4" OF AL
EDGES
NOTE: THIS ASSEMBLY !
. HAS 34“ DIAMETER ‘ MOD. 14
STORAGE AREA - ASSEMBLY

A-30198

A-31194



&

* . = U SE T
RE WC 4 %20 F =X, 82 TURNT
THORDAR \ SCCONDARY OLTPUT 10 VOLT
/Y EO &
5000\ 4§
QZ5W [ ENIWUNM RECTIFlE<
-— T4T. 9DEAKVI
\-.) "
<
A= X.L®
< L | DE:L »
KECT

| + & | iernvurn |+ | +
| + - OOMEU - ~
o L is00mFD —= oM™ L= N G.3)
,1\ Bl M /- ~ - T“'; . 7 T'ﬁ o v IJ_'_ ;—’—-a WV = A
i 50V - | I P - g % - 2
|
'S > — —-———f————-—————ﬁ—‘.———-‘——-.'—-_—&—--—o —



APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

)
TOLERANCES NOT OTHERWISE SPECIFIED:
DECIMAL t .005 FRACTIONAL + Y
p

r-......e..— wwr — p————— " 4
;,-.,T-.-_--- ety -

14

4 4 | |
3 1 = :
il | i
) ];j 3 “ A
o e »
| §7wn L R
. . - —
4 J SA-°
3A- 53
— 1 i
P G ) = gt > M B ECTRADE k3 A
N F ITEM MATERIAL - DESCRIPTION PART NO. | GuAT
” = SERVOMECHANISMS LABORATORY OF THE
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
L D DIVISION OF INDUSTRIAL COOPERATION PROJECT MU, , .
K C - A -
= £ KOl
4 B ——
SCALE: -~ ., | [Dl',-, VE i - O o
] A = Fin 1
TA. cK APP. B. S 1 Fay . [
WaSs APP DATE WAS APP. DATE *




—~ s TmuT Y rer “f 4
o AL Cre =
vy Sbe

ASSY AUV TIvNes
3dnl 3FovA0LS 2\ dONn

10CHA ADINZ ) B /
'Via OGC” ,fr...rrui-! L —

-

n

]

FAa3IH AQI3IM

{
N = NO S73C ,:\/ 4l Y= 10 ey a
. e w - .y WA CI V) M

awSIN 200 —F - )

{
-
A
— A |
T
| E——
/
b
N

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.



APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

M-130



APPROVED FOR PUBLIC RELEASE. CASE 06-1104.


file://l:/xt
http://plr.cn

7

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.



APPROVED FOR PUBLIC RELEASE. CASE 06-1104.



APPROVED FOR PUBLIC RELEASE. CASE 06-1104.



APPROVED FOR PUBLIC RELEASE. CASE 06-1104.



file:///lablo

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.



APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

SIGNAL

...:’ .:l'.. .'.' ..l..""lﬂ.ﬂ' ;
!il: 4’!: SESe iSRSt deasssss

T AL L I L L LA/
.---.-. .o -'--.l.----.l-.b----.' L7

MEMO M-102
ECTRIC SURFACE
SIGNAL ORID
STCHAGE TUER

-39 5

THIRD ANODF

FIG.

ELECTRHCS

TATIC

USED IN

A-308972




5 MEMO M- 1062

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

USED IN &7

A-30685

—~—SIGNAL

PLATE

( DIELECTRIC

SIGNAL GRID

SN \
NN /////
VAV Rk \
// ///,, // // \
//0// W
AR
NN //ﬂ
NN
N
N
RN
/M ﬂ /////
AN \ \
oz NN 2
z5 AN W a%
22 N g6
mm _ ///////// MP
35 ANNED
\a |

/,

-~

FIGURE &



A- 308686 VSED IN @315 MEMO M- i1o2

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

COMPARISON OF PRESENT STORAGE TUBE RESEARCH RESULTS
WITH FINAL OBJECTIVES

CHARACTER\ST\C [FNAL wHIRLWIND

PRESENT ML T,
STORAGE TURE

RESEARCHY RESLLTS
PARALLEL DIG\T STORAGE YES YES
. SIGNAL LEVEL
a. VOLTAGE DIVIS\ON C.100 VOLTS MIN. 0.200 VOLTS
b. CURRENT METHOD .Q80 VOLTS MIN. Q.100 NOLTS
WRITING SPEED Il TO 2 WMICROC SEC.

50 MICRO SEC,
READING SPEED

\ TO 2 MICRO SEC. \ TO 2 MICRO SEC.
. STORAGE TIME PERMANENT PERMANENT
o RELIABILITY EXCELLENT (Clelals]
. CHECKI\NG SI\GNAL YES NOT TRIED
. RESQLUTION, D\G\TS
PER \NCH FOR.

[[=] =
COMPUTER USE
STORAGE CAPACITY

1024 DIG\TS

\e (SWMALL TARGET)
). BOTH + ¢ - SIGNALS YES YES
. PICTORIAL DEFINITION PERHAPS NO
L. MUST GUN POTENTIAL

BE SWITCHED. ne ne

FIG- 3


http://PA.RM.LEL
file:///UCVA

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

&)

i *CAPACITY OF | TO 4 wmpufd
BETWEEN SIGNAL PLATE AND AREA
ON DIELECTRIC WHERE A SINGLE DQIG\T

— .

» - 1S STORED
£ OUTPUT SIGNAL PROPORTIONAL TO
_1Ce ca

|
|
I
—f
.{ | TOTAL CHARGE TRANSFERRED TWeu
i
|

% SLSTRAY AND DISTRIBUTED QUTPUT
- CAPAC\TANCE OF SOME 150 muputd

S\GNAL
PLATE

- BEAM FROM READING AND WRITING GUN

VOLTAGE  DWISICN  METHOD

|
i‘l P Cix
1 _,_1& OUTPUT SIGNAL PROPORTIONAL TO

. . DISPLACEMENT CURRENT THRUL ¢4

[ J |

| RE Tiugs

‘ ’ ; TIME CONSTANT  RC, SWUORT
l

|
| § COMPARED TO READING PULSE
= = LENGTH

CURRENT DETECTION MNMETHOD

OUTPUT !

“0‘;;‘;"3‘3 é o VOLTAGE DWISION METHOD
CONSTANT :
CURRENT |
THERU | — CURRENT DETECTION METHOD
~ e
A
). SR
|
PULSE
LENGTH

SIGNAL LEVEL DETECTION
FI1G. 4



APPROVED FOR PUBLIC RELEASE. CASE 06-1104.




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

2 o
aﬂ
g




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

STORAGE
ASSEMBLY
ELECTRODES

DEFLECTION TERMINALS
— e

READ AND WRITE GUN—/ —RING TYPE HOLDING CATHODE

FIGURE 7

FPOSSIBLE FINAL STORAGE TUBE DESIGN



N

- -

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

READ AND WRITE GUN

[N

HOLDING GUN

"'.J;-;.Et—.'—.

SSIBLE INTERMEDIATE STORAGE TUBE DESIGN

e T el

-2 IODRAGE
/35SEMBL..Y
ELECTRODES



APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

FB-197




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

2 JRM 132

USED IN 6345 REPORT NO.R-IZ8

ANODIZING APPARATUS

A-31117



APPROVED FOR PUBLIC RELEASE. CASE 06-1104.




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

oM

>
oy
(1 §)

Mg

U




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.




_________——————.——____—_-_

APPROVEBPFOR POBLIC REVEASE CARSE 06-1104.

&

o

10

FART

W

EMISS)

SECONDRAR Y

LECTRON NOLTS)

Vincioent (E

FiIc |19 SECONDARY EMISSION RATIO AS A
FUNCTION OF THE ENERGY OF INCIUENT

PRIMARY ELECTRONS.



file:///NC/UENT

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.



APPROVED FOR PUBLIC RELEASE. CASE 06-1104.




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

"' -
. [
Freeg Nepor y 9 "
] n ]
- % £ N
ne a a puria s Al : ng 1 y B
Wa 3 1 E i [ ¢ 1
nece higl 1 . al S
the envelupe of model B8 and designated o { 1 .
high vacuum in 1 Th S .1 " arfa
an ordinery cathocdes ra) ube el re B 3 fesnpte B geel t e
comparable elza which . ted b; A 1zl nvast or
and the commentin las r 11 Moon | ra pri A
coated envalcopoe } were unable to llow thip yeadnreg unti)
weére c
) t i X ol I { sl 8 has t» .
guns and T £ Al d f ta ¢
has been A orily EB r '8 s o
with all aveilable e T
a { Lr wn t y t T
e 1 re ratas t
seem 3 ] I 1 a ]
’ Necessary t LV te ¢ . o ks
sccalerations ha thy aur
¢ T f 11 2 & al.C higl
E s I 7 1 ]
1 1 1}
1 [ *® She | €
v ¥ ’ T -
8 B 1
£ nte sBCO -
utlor E i A * p.
"
LOT'E
" ’
3 1
est ¢ dev
" £ |
ile 1



http://ve.ro

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

i ‘
6.5
N Memorandum .96
4. Demonutratios Unlt f¢ : 52, IR b wil
designed by W. J. liclan in conpultation wit W. X 65 1 §
we will use as many ae pot gible of the e 1 t havy NI ¢ i
in our test work. Conetruction of de stration unit will be given t r
ountelde of the etorage tuhs group Testing eration of the unlt ¥
done by somecns within t Erovy
6. Mpdel 7 tubs will be netructed in a 2 Inch diameter glass
envelope with a shielded construction t wolate girey electrons rnd wi)
contain a flat AL U, dteleztric and perforated rlckel pheet with g aly
one-8ighth inch ﬁ?r-.“.e‘.sr hale This tube wi then bes usad
a detorminy the lenkage and emission characteriatio 1
and
b boerve shese characterist 8 g a life test
6. Stornge surfaces cther than Al_0, seem degirablo The phys
requirementa of such s surface ere: =
o high renlstivity
b high breakédown strength
. [ high secondary emipsl 1
d iw firsl creasover v B0
e. pn mgterial that n b 1 IT rall
- reliable exlegion ratic me a furstioy .
This requires g careful gearch ¢f gll materl r s at f
which mest the abuve requiremerina H H ing & eeminar
enlssion It wvap suggeetel iy h thealiy 1 h f
characteristic as a function of time of ns (7 €
surfaces
7 The high secondary emisslor 1 b ® i "
beryllium mogeic on J\‘LA_-‘_‘ The ovarvore 1 3 ¥ 1
to determine ity
E wat method ¢f proceor Ty
b cresgape
C uniformity
d ealintance
e reaction with A 0”2
There will be conel tpations with Frofes
3 the gubject The terature on the eubje




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

& .
B34
} " 3
. Hem i
J ny
1 e . :
to thi i
el
{ 7
the conductin c VAff \ " :
storage E ) \ p
cathode potential whi the o 1 | s at .
The negative dlslectric ar : '
areas
‘ L0 Anodls ing ot L
pletely in a serien e . i
coatinga magt be investigated later
11 Gas Detp Storpse at: . -
The ﬁl(l.'jtr,'. lans for furthox "
12 0 ¢ i . flo0
Barta Bulldl n 1¢ t N ;
supervigion of the mcving willl Lo ! lac} L achalel
Al Tayloris mar
L3 fpouuiy gyntom r o1 s
panpower ave ble waric o ol
to uge them nn! in 3 10 ‘\ ¢
pyaten will y assenblad b t { a1y .
and time pe a
r 11
14 \ f
' 1 i
f 4 1
1 10 i
ot i

@



http://rv.ua

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

'y

6345
Memorandum M--98 ) et

Agendy

In view of the above outlined ¢bj ivag, the folloving tae AL

nececsary

[

Model 10 Tube

1 Moasurementg of leakago reslstance bntween eleactireodep in the

storage assembly and guns

2: HMHeasrement of interelectrode capaclience for the storage
ansembly.

3: Use clamping circults to allow thservation of signals during
writing and reading wi:h holding boan on.

4, Teat for time required for writing and resolution

5 Evaluation of test results

6. Construction of all corpensnte
' 7. Assembly of tubs
B. FProgceselng of tube

9 Teating for satiefnctory operatione

mongtration Unit for Klectrostuticu Storage Tubens
L] 1 BEabIU otorage lube

10. Deslgn of the unit
1l. Development of new clrcuite
12. Supervision of construction

13 Testing of the unit

14 Processing of the tube

15 Outline of tests for model 7
16, Testing of model 7

Model 9 Tybe

17 Asgembly of tube

18. Proceuping of tube
. 19, Outline of tests for nodel 9
20 Teating of model 9




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

5 -
6346
' Meucrandun M-8 £ uguat 1E 1
Evsporation of Beryllium un Al,
23 ‘reperation and processing of Evaporatior Tube model 2  Thi
wvill havs a wire gcroes the open part of the mask
22, VPreparation and precensing of Evaporation Tubs nmodel 3. Thin
will have a screen across the open face of the fssk.
23, Freparation and processlng oo Xvaporation Tube model 4. Thilr
has a copper mesk over an anodized emboseed alunmlomun plate
24. Evaporate beryllium on six differently treated samples of AL.C
25. Congultation with Professor Herrie. Consultation with Profe:
Nottingham.
26. Survey of the literature tov ntudy evaporation teshnigues

Anodieing Investigations

2?7. Iovestigate method of mnodizing completely through ridges on
griddle surface
28. Measure anodiged thloknegs with 1/2 normal acié concentration
1/2 normal currant density and with 1/2 normal ecid and curren
‘ 29. Determine current versus voltage characterlaticn after differ
anodizing times to obtain estimates of boet anodizing condlt
30. Reslatance measuremsnte sn berylliva coated asamples 1o & higl
vecunn to determine ths eifactivensasg of different 21.(. soel
methods o
31. Apply insaluse %o anodized gurface %o observe reaction betwes
ingalute and .'.ZL.,-ZJ:5 in high vacuum.
32, Apply aquadag to anodized surfecs to obsorve rasction betwaer
aquadag and "1203 in hizh vacuun
: 33. Perform experiments similar fo items 31 and 32 for sllver pail:r

and sllver pnste

Insalute Tognhs
4.

To determine whether insalute supperis introduce unnecesear)

- ® pathn, a fow simple insalute gitructures sepled in a
1 1 -' « I ,I +

high vaguum envelope will bte tasted for leakage
Secondary Enxd sgion from Hetaly and Insulaftcrs
a5 Survey of the literaturs
36. Transglation of slgnifiocant foreign articles
&7. Sumarize pertinent remilte from all avall e sources in
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. Memorandun M- 9§ 7 pugugd
y othar A1,.0_
____*__(_0
38. Survey of possglble dlelsotiric wurfaces
39. Inveetigate methods of producing those surfaces
40. Investigate evaporation of quarts in form of a gridils surface
, on A1.0D, -
ué 3
4l. EBwvaluate different sizes and shapes of griddle pockets
Yaouom System Conastruction
42. Completion of ovens.
43. Completlon of frames
a4 Asgembly of Irames and wiring
45. Aspembly of glasg ayetem for high vacunm work
46. Tepting and calibration of ayatem for bhigh vacuum werc
47. Assembly of mecond glaas eystem
48. Testing and calibration of second gystem
. Tube Construntion ¥acilitloe
49. Power and wpter for ¥. Lombor
7 Induction loops for B.¥. Bomler

Bl. Jlexible leacds for R.F. Bomber.
62 Repair R.F. Bomber
E3. Set up Glass~¥orikiang banch

&4 Proouropente of tube componertme

Reyorts

E6. Memorgndum on models 2. 3, ard 4
EG. Hodel
57 Nedel &

68 Modal 6

69. Anodising procsduras

60. Measurement of high realatances and disleciric charactle
of .’;.-‘1.)_5 layoere
6l. Magnetic control for Secondery Mlestron Heldlstridution

. 62 Studies with an ileclrolytic Tans
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‘ Momorandum M-96 & ruguat L5,

Test Boulpment

63. Develupment of 1 us - 100 pe pulger
64. Supervision of the work in item 63

656, Supervision of tho modificetlon of the portable test
equipment .

66:. Supervialon of setting up tes® benches for holding-gzun
uperation.
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. Hemorandum M-121 Page 3 of

13, Joel Simmone will work on demonstrator,

14, P. Youts: Tube construction and design., Tube pro-
cesaing, Investigation and testing of new technigues- for ftube con-
struction and processing. Set up a vacuum system and tesi 1.
Search for new dielectrice., Give a limited amount of mssistance to

ges-data-storage program,

Erogress Report and Ougline of Storage Tube Projects

1. S.T, Mod 11A was cons‘ructed same es 5.7 Mod 10, aee
H-86, except the screen was moved 15 nils from the griddle suriac
aad second anodes of two guss not lnterconnected, Tests wers mad
on this tube, These tests indicate the following:

\
a. Operation of second =nodes of the two guna at
different potentiale ic not saticfactory.
b. Operation of tube very sensltive to veriations
in holding beem veloclty and current densit)
¢, lHriting tipe and resolution about tho seme as
Mod 10. (50 pe. 5 per inch)
. 2. 5.7, Mod 12 wes the same S.T, Mod 7, sec M-96, with gr

care to prevent willemite from falling on Llj Oz surface, This tube by
Yeen constructed.

3. S.T. Mod 13 1e plailar to Mod 9, see M-96, except with
different ty e of leads to the beryllium surface see drawing SA-J29354
This tube has been comstructed. There was gooud continuity belween
the ileads and beryllium,

4. S5.T. Mod 14A s similser to S.T. Mod 11A except it has
e flat Alelectric of A12 0, with willenite instead of a griddie surface
This tube ie being processed.

5. S.T7. Mod 15 1is similar ¢o S.T. Mod 14A except 1t hus
storage surface of a 40 meseh mosaic of berylliun on -\12 U;S instead

willemite. It bas & 100 mesh screen with random alignment. (AlL com-
vonents rre prepared for thic tube),

6. S5.T. Mod 16 is similar to S.T, Mod 15 except it has
100 mesh mosaic of beryllium on Alg Og. It has & 100 mesh screen
the hoies ia the mesh over beryllium spote. One set of components
been orenared for this tube. We might attenpt to get a better mo:

7. S,T, Mod 17 &
surfsce is nct covered with
. of the pockets,

Mod 1lA except the pri¢
we beryllium in the botto

8. 5.7, Mod 18 is axzctly like S.T. Mod 1lA, This is in
tended as & replacement so that there wili alwaye be avallable a
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orksble storage tube for the demonstrator Componente ar
™t the tube will not be ansenbled and processed wnless it 3

9, S.T, Modl9 ie exactly like 5.7, Mod 12, It ips:
a¢ & research tube to be used in the life test rack to check cpewition
of 5.7, Mod 12 and simulate operation of the helding gun in n r
tube instead of the writing gun,

10, 5.7, Nod 20 is exactly like 5.7, Moc 13. This wiil be
operated in 1life test rack to simulate operation of the holding gun ir
a storage tube., Note: (It is hoped thlat the teeting program will kes
pecc with the tube comstruction program. 7The data should be araliued
socon enough to forestall construction of any of these Moas, if
testing program ehould so indicate. However there nas been a higl
mortality among the two neck tubes lately. This has been occeslons=d
by the truining of new personnel. Therefore tube construction has
alwaye been pushed because seversl accldents have plways befnllen each
tube. Whenever any significent test results are obtained the r
the progran will be examined in the light cf these results.)

11l. X,S.T, Demonstrator.

a., Test focilities vill bDe uvsed as s demonstration unti
. demonstrator is completed.

b. All circuit schematics have been complated

¢, Layouts for the control tox and the gate-delay unit¢
ars complete. Others still in process.

d, Control box constructed sad gate-delay circuils
being coastructed,

12, CGacs data storage etudies will be roormed where thoy we
stopped last summer. The gas-data-storage Dench will be set up wi
fore purp and the slphatron, This study will require coastructl
four more tubes,

o

13. Anodiszing of alumirum invest!zations were compiets
written up in & serlee of reporte and memoranda by J.R., Macdorel
M.I. Florencourt has taken over this work. She bhas anodized e
to check her own procedure and the equipmens. Also she is checlis
of J.R. Macdonsld's tests. No further test work is contemplated 1
tests on the storage tubes indicate the necessily

4 E

14, Test Progran to Study Storage Surflaces,

a. H.L. Aeydt with assistance from M.I. Floersncecur

will study emiegion from Mods 7 snd & to acgual

. themgelves wilk the pult echalques and oquipn
They can obtein prelinminsry informaticn on ry

W.J, Nolan will superv
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. b Provide & temporary test set up for life teals
using present power supplles of benchee 1 an

1

vith extension cAbles, will
new equipment.

]
“
@

..1
-
‘

c. Mods 12, 13, 19, 20 and other mods may be tentoel
in this equipment, -

15. Teut Program to ptudy storage operation of the dilfarant
electrostetic storage tubee, Mod 11A was tested on benches 1 anc 2
Mode 14A, 15, 16, 17, will also be tested in this set-up, This can '
also be used for cemonstretions 1f reescnable notice of vieits Lo pglven

The circuite used in this testing are being modified in sn
att mpt to get more reliable operation,

16, Test Lquipment,
a, Pulser will be constructed and tested,

b, Two extra gate and delay four-circuit units will be
built along with the demonstrator bty an outside vendor

¢. When time permits more euitable equipment will. e
constructed for life tests outlined in 14D,

17. BReports and Memos.

v

a. Mod 1 report substantially complete, W.J, Nolen
supervising the Llssulng of drawlngs.

b. Memo on Mod 5 is spproximately one-half complefed

c. Memo on Mods 2,3,4 (one memo on all) not yet star

d, Mod € report will be started duriag thie period,

e. Reports on Mods 10 and 11A cannot be started durins
thie period,

18. R#¥ Bomber.

Construction work has been practically complete for sone

time. Actual use is dependent upon the errival ol K¥
and eome small parts, and possible operating troudles
first turned on. An estimate of time on thie le very
difficult,

19. Construction Work in Vacuam Tube Room,
a, Moet of the heavy construction work has

. b. Consicerable work must be cons on the glast
it 1s useful fo,: glass work
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o Gas datea storage bench munt b et up and

d One un syetem will be completed the e

October 28, 29, 30, This system will be

time permits., This syotenm can be used to

tubes by the time the r-f bomber ie ready

Plans for an
the hands of H. !

‘onsing,

20

Storage Surface Material,

analyzer and an aoncalling oven ar

The type of electrostatic storsge tube novw belng col
requires for its satisfectory operztion a storage surface hevipg
following characterintics

a. Low firet crossover potential 30 to 50 velte dee!

b High eecondary emliseion ratio and hlgh seccnd c

A secondary eminslion ratio greater than two up to .
KV would be desiradle
High insulation reasistance to becking or sigausl

& and between storags elemonts

d Stability and long life under elzctron bombardm

3. Capaclty to signal te of about 75 yuf per

f. Poesibillity of belag § zriddloe

if a griddle surface ¢ equired

All tecte and eo in the 14 |
will not fulfill these requiremen he first c 1
imum secondary emission ratio is low

In the present serles cf tubes
oxlde moseic on Al, O,, Mutter and 3reckenridege hss ' o
beryllium oxide which indicate it liez many of the i« nropel
that Al, O, lacke. Under investigntion are method: ring
Deryllium %xide surfacee. There are two methods C¢ t
One is to evaporate a film of the metal over a dieleclric a L
in the presence of a stream of oxygea. (There is rome queetid hie
a layer of oxide cen be obtalned in th manner) be gacon
to anodlze berylilium Theee studies 1iecs the ad
series of tubes using deryllium oxidas i r 18
enitier

If a phosphor > 1avi t §

i sharacteriastics it would have th pan vizual ing {

storngs wod light output eff! o nece yecnus
low enerzy of the hisldlngs beam T ted o search |
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. 345 Page 2 of 2
Memorancum M-112

Lifting is being csused in televielon tubes by high current density or nipgh
volteage gradient.

We have been glven a sample of 154 dag which is graphite in alcohol.
This must be diluted with alcohol, acetone, carton Letrachloride etec. Do mnotb
use petroleum solvents or wvater. Ws have a sample of thie deg which i¢
advantageous for faster drying time and 1s need espoclelly in machine e3sembl)
Thie wvas brought by Mr. Sentner as he was not eure wvhother our problen in
volved nachines or not.

5. Recommendations

Aquadag should be odersd in cartons of 172, iwo oz. Jars, Fircl,
because the small jars will prevent excessive deterioration which woulc come
with the mumerous openings of a larger supply. Secondly, becsuse the price !
reduced by 50% when ordering by the carton. Ordere should be limited tc =
maximum of one yeare supply, mach less 1f posolble,

Dilution

Aquadag for brushing should be diluted 2 or 3 to 1 wilh distilled
water dependipg on the deeired consletency. Only & very small amount of
Sodium Silicate should be added for good adhesior, say from % te 2%. Sodlum
Silicate tends to increamse the reelstance of the coatlng,

Surface Preparation

The surfaces to which aquadag is to be epplied should be wvery clemnn
Glass should be chromic escid cleaned 1f necessarcy.

Drying

Before baking, the coating should be well air dried, After thie frrin
bake at 400-500°C for 3 - 4 hre. with air circulating as at present. 7h
baking and air circulation removes the vapors present during the breakrovn
the orgsnic aquadag binder.

Application

! Avoid thick coats. Apply with a soft brush,

JLongh

Signed __ }3 C'Q:'?‘_

TFC/ ep
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WENORANDUM NO. 4-46
TO J. V. Forrestor, . R, Boyd, K, L. Browm, 6345
¥. H. Caswell, A. R, Curties, 5, f. Dodd, Page 1

P. Youts, J. 0. Hy, R, R. Everatt,
H. Fahneatock, W. J. Nolap, A. J. Taylor

FROM: J. R. Macdonald

SUBJLCT: Freparation of Hetelllc Coatings fer Grid
Structures

DATE: December 18, 1946

As Pl tinum Conting of Mice

Several mica plotes were partislly coater with platinum pal
to ser s as sigual plates in the grid structures of utornge %tubseg unds
consiruction. The peint ueed was ligsuid Brignt Platimumn(colloidel)

No. OF, manufactured by the Hanovia Chemicel esnd !‘snufacturing Company
Newark, New Jersey. The procedure in applying and bukizg the coating
as followe:

1) Apply light coat on desired area with a small camel's hailr

. brush. Fske for thirty miputes under the infra red la
o . pm I
- 2) Place sarple in electric furnace at 400" f. Leave doo:

farnace elightly open for ten mimutes to allow fumes ot
escape,

\ . D
3] Close door and adjust temperaturs fo: 500 f.

4) Aifter ten minutes increase temperature to BOC-850 degracs
Allow szmple to remgin at this tempersture for 30 nminut
to an hour to drfive out all residusl molsture,

5) Apply another coat of paint end repent sbove procedure
If it to desired to have a neavy layesr of platinum, two
goats may be spplied with caly drylog under tho hea% L
between spplicntions. Thig saves bal:ing time. The twe
coate ere then baked as zbeve.

6) The nickel contact luge are bent intc poeition on the
after the second or third coat hns beoen baked Then,
lugs are nainted over with platinun paint to ineure pgood
contact, and the ecample im heated =nd baked once pooin
above,

B,__Silver Jonting of Miga

' The silver paint used was Liguid Silver, No, 122-J arufactn
by the Hanovia Chemical znd Manufacturing Compaany. “hs application and he

treatrent of the sllvor palnt 13 the game ps that sbove for the platin:
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ths t-1lowving exceptions
1) The eliver paolnt ig more vliscous and 4w 2ppie:x

2) The coating is thicker, ec %hat %wo, rather than ths
coats glve o thick snouch layer

3) The final phase of the beking con be carried out b
900-1000° . Unlike the platimunm the silver ia perou
enounzh to allow any water of hydration from the mica I«
pass thru 1t without bulging ani btubbling. Tempernturcs
greater then 1000° f should not be applied to the mica
any perisd of time sxcesding flve minutes or the micu
pernanently deterioratac.

In eddition to the silver coating spplied gver & lerge n:
the surface of several of the mica sm nles, silver was also
spots or "ielande”. Theas wers positined to fall (irectl;
in the nickel grid structure. After t n coate were npplied to each
the bakling carried s>ut, fine molybdenu vi.res ware securely asteched . FIT
sdge of the sample with small nickel 1 #a, and one and of each wire pain:
down to a silver ipland

After laking, these connect sns were found to have considoe

. mechanical rigidity == T mica sample
'IN ; molybdema wire
_—_'_; o o— h " -
| \\L
Vi, Seism e e "~ sllver islend

It was four! that cinnections te ' silver could be mpde
had considerably less risistance than any poss\ile with the platinum r
is due principally to t:ethinne:s of tho platiiv cooting. Minimum resd e
between terminals obtaliabls wit. the platinmum ¢ itlog waa 3 obme with th
evor:ge after three cos's belng o wout 6 ohme; w. * Yas, that obteined
the elliver paint was usially less than .1 ohm

Dus to the case with which the silver 1 be applied, the
continulty and conductivity of a silver surface, o1. the hipgher tsmmerato
ut which 1t can be bakid, 1t is recommendol thet f1tare signal platses
soated with sllver rotlier than with platinum.

It 18 furtiier recommended tha: teets 1 wvacuum be carriesd
to determine the relative behavior of silver and 31 tinum coatings i
an regards occluded giees, evaporation, and parm ne ce

JiM has M ﬁc-i ; 1_[1

¢.¢. Dr. Brown
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The tank iteelf wes conpbruzted

minum eolrl

corrv e of the tank afier forming wars ala ] I
at 1 carnera conted with _.’1106;.& to insure watar 18 M.n
coefr of nlexd 'k tar paint were sonlied to the L 3 0 ety
pair® never zotvs completely hord, so a thin shest o rubba /ne pls
roet of the innmlde bottom surface to ksep objescts pl.nsed in the it
aticiing to the Bottom. The tank doss nol leak nd &} 5 tannce '
the s ecctrolyte and the outeide cf the tank ie of the ordor of one

A wooden arm pantograph Le amploved 1a conjun ritl

1tial 1

for wse Lin moving the probe to detormine pointe on on equ
to rucord the positlon ¢f the nointe scourntely

Agsociated squipment conelste of
geaerator model 205AG, two Fellertine model
dietribution control panel.

The electrolytic tank is, in effect, zn znalogy type com:
machiie. Scanled electrodes representin;: the electraden of ! e
struciure are placed in the tank in correct roelativa position
molntzined at certain gpecific petentials by ceonnceslon to the
tribution circult Static flelds are sot up by tliese potent
electrolyte which fills the tank, and the velue of -

o poslction batweon the eirctrodes Lis diractly pr

' which would be caused W' -the samo relative pot
the etorage tubde.

£

The electrolyte ueged in ter wit 31 ®
adde Ite roeslstance ne mea aan 11 im ?
orde= of 500-2000 ohms

In practice the plotting of equipoteniial lines
folluwe A cartoin equipotential line is determinei ur 3
volteie set to the value of 1ts potential It can oo 0
probs ie at a position in the taml: which alpo has thig 3
be no current flow bstwi.en tenk and probe ]
mec.euring the current, or actunlly o volt se propo
Bgllaotine woltneter aad moving the probe ir tl
is obtained on the wmltmeter. After a potint hos 2
cordel on the adjolinlng paper, the prode la m
(tircction of the equlpotential 1line znd anether poiat detearmir iz
;he probe at right mglea to the equipotential around clbing
poirt until another mininmum poeltion is 'hua the
equipotertial line coneists of a number ecoced experiment:
deternined polnts

Alternating current 1z used with the tpak to minimis ylectrols
effects which would cause the principal woltoiyse drop 0E®

- the gurface of the slectrodes, and would hance disto
- frequency of aboul 280 .P-8 wWa3l nolepks n minimt ftm =t
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picitp. Meximum volta-e avallabls acrose slectrodes is four volte
systen {s grounded and all wires shiolded, huti initially conslderabl
troutle was caueed by 60 cycle piclkup which maeterinlly rednced the
sensltivity of the device. The effect of this condlition was practi
elim!nnted by putting a high pans filter in the circuit between the prohe

and the pull-reading voltmeter. Thias filter wae deslgned to have en
Anfinite rejection characteristic at 60 c.p.e. and was accurately tomed
to this frequency. te nominal cut off is 100 c.o.e. Through its uee
gsensitivities of the order of a ratio of 1 to a 1000 betvean minimum
meximum readings have been easily attalned.

The voltage distribution ciroult consists of a number of 50 ~ohm
wire-wound potentiometers so connected that se many as five inatantanscualy
positive separate voltnges and five instantuneously negntive wvoltages can be
obtalned as outputs for use in adjusting electrods potentiale. The probe
1s connected so0 that 1t can easily ba adjusted to eisher a positive or
negotive voltage with respect te the arbitrarily designated positive elils
the two phase line. The probe iteelf consicts of a short plece of 24~ganze
stainlesy steel wire nnd is sdjusted in length =0 that from a 1/8 to = 1/4
of an inch of 1t is immersed in the slactrolyte during plotting. Farther
detalls cf the circuits of the voltaze distributer and filter can de found ino
1FHCE9-90.

. This tank hos thus far been used vith several different elsctrods
configuretions, and the equipotential lines plotted for each for severa.
differsnt values of electrode pctentials. Eesulis of considerable intereel
have been obtcined cnd the tank promises to afford mich information cen-
ceraing electron behavior in the storage tube. A simple configuration of
electrodes and equipotential lines i3 glven below.
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SUBJECT; POTENTIAL PLOTTING WIJH AN TLSCTROLYTIC TARK

Written by: J. Rose Macdonald

Date: September 22nd, 1947

Purpose of Potential Plotting

An electrolytic tank was constructed to allow the follow.‘. ng exveri-
mental investigations to be carried out:

a) A determination of the equinntential lines between a simulated
storage-tube grid structure and charged snots on a dielectric
surface

b) A determination of the venetration of slectric flelds into vpockets
and the effect of differences in potential between nocket walls

. and bottoms.
- Introduction

The electrolytic tank 1s, in effect, an analogy-tyve computing machine.
Scaled electrodes representing the electrodes of an actual electron tube are
placed in the tank in correct relative positions and are maintained at specific
potentials by connection to a voltage distribution circuit. A etatic two-
dimensional field 1s set up in the electrolyte by the potentials of the electrodes,
end the value of the potential at any position between the electrodes is directly
proportional to the potential which would be caused by the same rela-ive potentials
on the electrodes of the electron tube. By means of & movable probe rttached to a
pantogranh the equipotential lines may be plotted and so the character of the field
determined.

Degcription of Apparatus

The layout of the complerte a'maratus used to plot enuipotential lines
is shown in Drawing A-30911. The source of volta e is a Rewley-Packard Signal
Generator, Model 205-AG. The voltage distribution panel shown in Drawing A-30911
1s used to adjust the voltages of as many as ten different electrondes in the tank,
The circuit of this panel is shown in Drawing A-Z091Z. One Ballantine Model
300 a=c voltmeter (V,) is used to adjust electrode voltages while the other (1'2)
is employed as a nul}—re.ﬂ.ding meter to position the vrobe accurately-

L
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. The tank used wae made of l4-gauge sheet aluminum, After forming, the

. corners of the tank were aluminum soldered and the ineide of the corners coated
with plicene to ensure water-tightness, TFinally, four coats of plexiblack tar
paint were a-nlied to the inside of the tank. Since this vpaint never becomes
completely hard, a thin sheet of rubber was placed over most of the ineide bottom
surface to keep objects rlaced ln the tenk from sticking to the bottom. 1t was
found that the tank did not leak, and the reslst-nce between the elactrolyte end
the metal of the tank was of the order of one megohm. The electrolyte used wes
plain tav-water with a very emall amount of salt added. Ite resistance measured
between small immersed wires was of the order of 500 to 2000 ohms.

The pantograph shown on Drawing A-30911 was constructed with wooden arms,
A nencil ig placed at one end, while the metal nrobe, which dips about one-quarter
of an inch into the slectrolyte, 1s at the other end. Thus, motions of the probe
are duplicated at and recorded by the pencil on the recording naner. Alternating
current is used with the tank to minimize the electrolysis effects of direct
current, which would cause the princinal voltage drop to occur closa to the elec-
trodes and would hence distort the field pattern. A frequency of 250 cycles was
selected to minimize phase shifte and vet be high enourh above line frequency so
that signal voltage could be effectively separrted from line nick-un voltage.
The maximum voltage available between electrodes was four volte. Although all
connecting wires were ghielded, considerable 60-cycle nick-ur wag initially en-
countered. Throurh the addition of the filter shown in Drawing A-70912, the effect
of nick-un was practically eliminated, however, snd a sensitivity of 1000 to 1
between maximum and minimum readings of the null-.reading meter was rttained.

. Operation of the Tank

In practice, the nlotting of equipotentiial lines is carried nut ae follows:
a certain equipotential line 1s selected for nlotting and the nrobe voltage set to
its potential. When the probe is nlaced in 2 noeition in the tank vhich is also of
thies noteatial, there will be no current flow between tank and vrobe and the null-
reading meter will read gzero (neglecting noise and pick-up voltages). However, for
any nosition of the vrobe In the tank which is not at orobe notential, a current
will flow, ceusing the null-reading meter to read dif‘erent from gero. After a
point in the alectrolyte has been found which is at nrote potentisl, the probe is
moved slightly in the exnected direction of the equipotential line aad a minimum
(or zero) reading obtained by moving the probe back and forth at right angles to
the equipotential line. This process is repesntad until the commlete equivotential
line has been nlotted. Then, the nrobe wvoltage 1= changed and other equivctential
lines determined in like manner. The final eauinotential lines so found consist
of & large number of closely svaced points which can easily be jJoined by smooth
curves.

Simleted Storage-Tube Grid Structures

In ac ordance with the first obJective on nage 1, the tank was firet
employed to plot equipotential lines for simulnted grid structures. Some of the
results of this investigation =are given in Drawings B-70939 and B-30938.
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Both electrodes and equinotential lines are marked with their reemective
potentials. However, the notentiale shown in these drawings are 100 times
greater than those actually used in the electrolvtic tank. The drawinge
themsglves are reduced by a factor of two from the original size of the
plots on the recording paper.

Both Drawing B-30939 and B-30938 renresent the cage in which two
neighboring spots on the dielectric are charged negatively and vositively
resoectively. The spots are senarated on either glde by uncharged (sero
votential) reglons. The signal grid is negative since this is the condition
when mont secondary electron redistribution takes nlace. In Drawinz B-70979
the electrodes are effectively one-dimensional, whereae in Drawing 2-30938
some account is taken of the finite thickne=s of the signal grid on an electron

. size scale.

The lines of electric flux can be derived from the equipotential
lines by drawing in a network of lines everywhere orthogonal to the eoui-
potential lines. Finally, electron trajectorics can he determined hy any of
several succeseive annroximstion methods described on nages 78 to B3 of
Reference 1. The determin=tion of neither flux lines nor trejectories haes
been carried out, however, becaunse of the only annrogxim- te correspondence between
the potential lines shown here and the actual aguilpotentials in a storage tube.
There are two main causes of this lack of commlete corresnondence: first, the
scaling down of the electrode configuration 1s only aporoximate, and second,

. the use of equivotential charged recions on the "dielectric* surface is only a
: rough arnroximation of the actual apace dietribution of potential o7 a charged
soot on a dielectric hrving small but finite conductivity.

Since an electron's path will roughly follow electric flux lines in
the direction of increasing motential, the apnroximate nath of an electron can
easlly be seen on Drawinge B-30939 and B-30938, Secondary electron redistri-
bution mainly occurs during charging of a snot negntively. Therefore, it can
be seen that redistribution electrons will leave the spot being charged as it
becomes more and more negative, will travel apnroximately perpendicular to the
equipotential lines, and will either reach the uncharged reglon between spots
or finally reach the adjoining positive spot and gradually dischargs it. Thus,
these two drawings graphically illustrate the redistribution phenomsena and show
ite deleterious effects.

The Penetration of Fields into Pockets

The penetration of electric fields inio nockete is illustrated in
Drawings A-30914 through A-~-30920. The electrode configuration employed is
illustrated on each of these graphs. It coneists basically of a pocket made
up of five metal plates which can be mnved relstive to each other so that the
depth of the pocket and the overhang or closure of the nlates at the top of the
nocket can be varied independently. For each of these curves, the potential was
meagured along the center line, x, from the back plate out to the outside of the
nocket. Curves are given for different values of the ratio d/w, different top
closures, and differeni plate potentials.

i
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The actual field at any noint on the center line, x, may be derived from
. thsgvcurvu by taking the negative of the slope of a curve at the desired point,
x
= ———— where the factor d must be introduced because of the normalization of
(A x/d)a
the abacisgae of the curves. For example, using a wvalue of 0.04 centimeters for
d, the field at x/d = O for curve B of Drawing A-30914 is:

By B o et ﬂ = -Eg = 10° volts/cm
[._25- 0f x .04 10

’anﬂer. the absolute value of the field is not of most intereet, since it depends
‘upon the potentials used on the metal nlates of the pocket of the model. It is
the change in the field with different pocket configurations and different plate
potentials that ies most important. The three small inset curves on Drawings
A-30914, A-50915, and A-30916 give the slope of the curvee A, B, C, Dat x/d = 0
as a function of the difference in potential between the bottom and side plates
of the pockets for three different porket configuratione. The sloves vplotted are
the tangents of the actual angles on the granhe obtained by direct measurement
for the different curves at x/d = O and are hence proportional to the negative of
the electric field (i.e., the force on an electron) at this voint. These three
curves ghow the effect of static chargee on the sides of the vockets unon the
field at the bottom. As might be expected, the notential of the sides, &and n-t
the potential at the top of the pockets, is the determining factor, although the
degree of plote closure at the too and the retio d/W may also have an annreciable
effect on the field. Although the use of metal nleatee, rather than a charged
dielectric surface &s in an actual pocket, caueses the different parts of the pockets
. to be equipotentials, the degree of approximation is still adequate for general
conclusions to be drawn from the grachs.

Drawing A-30917 shows the effect of increasing the closur~ upon the
potential distribution along the center line of the nocket. The notential of
the sides and bottom are the same, since this is the condition which would obtain
when a vocket was first being charged up. In the region of interest within the
pocket, O x/d < 1, there is surprieingly little difference between the three
curves, And the difference between half and comnlete closure is negligible in this
region. The degree of closure is thus nmot & very important parameter whem d/¥W = 1

In Drawing A-30918, the effects of varying both d/W and the closure are
compared for the same plate notential conditions 28 in Drawing A-30917. The insget
curves give the initlal slope obtoined for these different conditions as a function
of d/W and of closure. Thege few noints can indicate only a trend; however, it can
be seen from the spacing of the two peirs of straight lines thot decreasing d/W
increasss the initial field much more than does increasing the closure. HNevertheless,
the effect of incremsing closure increages as d/V is decreased. Finally, Drawings
A=30919 and A-30920 indicate the effect of a mositive external nlnte, or anode, in
front of the pocket unon the center-line votential distribution. Inside the nocket,
the effect 1s practically negligible for the relative potentiales congidered.

The orincinal conclusions to be drawn from these granhe are: first, that
adenuate penetration of an electric field into a nocket when walles and bottom are
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‘ nt the same notential can be achieved by drsirning the nockets so that d/W< 1
and so that there is some ton closure, and second, that the above doaign
materially decreases the ghlelding effect of static charges on the wvalls of
the pocket. In an actual annlication, the effect of almost complets closure
would be obtained because the wires of the signal grid would nass over the top
of each nocket ns well ag make electric contact with the tons of tho walls of
the pocket. However, these electrolytic tank studies show that the shielding
effect produced by having the walls of a pocket at a different potential from
the bottom may inhibit fields external to the pocket from penetrating to the
bottom. In oractice, however, the notentials of walls and bottom will usually
not differ greatly because both onrimary and secondary electrons will strike the
walle and will therefore charge them un at a rate only slightly different from
that of the bottom, provided walls and bottom are of the same material. There-
fore, as long 2e the relation d/W<l is maintsined, the actual configuration of
the pocket can be determined from other coneideratinnsg than the limitatlions
imposed by inadequate field venetration (within wide limits).
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1. Zworykin, V.K. and Morton, G.A., Television (New York:
John Wiley and Sons, Inc., 1940)

2, Hacdonald, J. R., "Construction and operation of an
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