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EVALUATION OF THE TONOTRON
STORAGE TUBE FOR RADAR DISPLAY SYSTEMS

SUMMARY

A Hughes Alrcraft Co. 2l-inch Tonotron, a direct-view storage tube,
was evaluated a3 e radar plan position indiceator display unit. This tube
was an eerly experimental model and not a production model.

Measurements show that the Tonotron is capable of a resclution
equivalent to 800 to 1,000 television lines. Brightness ranged from 40 to
180 foot-lemberts, depending upon storage mesh and view screen voltage.
Writing speed is adequate for display ranges as small as 10 mles. The
Tonotron provides a bright radar presentation with trall information under
a high lncident laght level. The erase characteristics are good. The tube
will operste for an extended period of time at a fixed erase-pulse level
without logs of picture guality. Background level and target trail can be
controlled by adjustment of erase-pulse amplitude end/or freguency.

Deficiencies noted in this tube are: (1) the inability to erase
heavily written slgnals as rapidly as may be desired under some conditions of
use, and (2) excessive shading of the picture in certain areas.

It is recommended that further development and evaluation of the
Ponotron be undertsken, as it is believed that shading problems can be re-
duced and other amprovements csn be made. A plan position indicator which
can accommodete the Tonotron should be built for operational evalustion

DUTrposes.

INTRODUCTION

The Hughes Tonotron 1s s direct-view storage tube which can be used
to display a reder or television (TV) picture at a high level of brightness.
It was developed and built in the research lsboratories of Hughes Marceraft Co.
Some of the development was supported by Lincoln Laboratories of Massachusetts
Jnstitute of Technology. The tube was tested to some extent in the Hughes
leboratories as & dlsplay device for slow-scan television. It then was
loaned to the FAA Technical Development Center (TDC) for evaluation to
determine its possible applicetion in e radar indicator display unit.
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Evaluation of this tube is a part of a continued effortl 2 3 by
TDC to develop improved radar displays for use in control towers end Alr
Route Traffiec Control (ARTC) Centers. In these areas, the high level of
amblent light necessary for the usunal operational procedures renders normal
redar displays unsatisfactory. These displays use cathode-ray tubes (CRT)
with persistent, low-brightness phosphors,

DESCRTPTTON

The TPonotron 1s a glass, cathode-ray, direct-view storage tube
which is 21 inches in diameter. Its over-zll length is 22 inches and the
maximm msable diameter of the view screen 1s 19 inches.

The internel construction ls similer to other direct-view storage
tubes of this type. It has two electron guns, a writing gun, and a flood
gun, end a storage assembly conslsting of a collector screen, a storage
screen, and a view screen. The flood gun is centrally located at the rear
of the tube shell, while the writing gun is located 1n the tube neck, 2
inches off center with 1ts axis parallel to the exls of the tube.

The fine-mesh collector and storage screens are formed by punching
to have, as near as possible, the same curvaburs as the lomer face of the
glasa view screen., Deposited on the storage secreen is a thin layer of in-
sulating material (msgnesium fluoride). The two screens are mounted close
to the inner face of the tube, separated from it and each other by small
insulating spacers. Connection tc the collector, storage, and view screens
is made by means of small metal studs in the outer edge of the tube face.

THEORY OF OPERATION

The redar information is written, in the form of electrical
charges, on an insulated screen within the tube.% This screen is constently

IWilliam E. Miller, Mapvin H. Yost, end David S. Crippen,
"Evaluation of the DuMont SRD-1 Bright-Radar Display and Initial Study of
Other Display Techniques,™ Technical Development Report No. 288, October 1958.

2Loren S. Foote, Arnold W. Grimes, Fred S. McKnight, Williem G.
Covell, and Fred H. Ottersberg, "Initial Evaluation of Two Bright Rader
Displays 1n the Indianapolis Tower," Techniecal Development Report No. 339,
February 1958.

William E. Miller and William G. Covell, "Evaluation of the
TI-440 Plcture Transformer Equipment and Notes on Television-Type Air Traffic
Control Pisplays," Technical Development Report No. 388, March 1959.

kN. J. Koda, N. H. Lehrer, R. D. Ketchpel, "Twenty-One-Inch Direct-
2
View Storage Tube,"Hughes Research Laboretories, Technleal Memorandum
No. 496, August 1957.



3

flooded by electrons from vhe flood beam, snd wherever a charge is stored,
the flood electrons pass thirrazh to strike the view screen and imprint the
picture. The result 1s a brigut picture on the view screen,

The writing function results “rom a high-veloeity beam from the
writing electron gun. This beam 15 deflected, focused, and modulated by
voltages and currents in the same manner as the electron beem of any standard
CRT. The high beam velocity is obtained by cperating the writing cathode in
the neighborhood of 5,000 wolts negative, while the storage mesh is within
a few volts of ground potential.

Where the writing beam impinges upon the insulating materisl of the
storege screen, secondary emission in excess of & 1:1 ratlio takes place,
leavang a positive charge at thas point on the storage mesh., The secondary
electrons from the insulator are attracted toc the collector screen which as
at a 200-volt positive potentlsl and hence, do not fall back on the insulator
surface to cancel any of the written charges. The wriltten charges remsin on
the storage mesh insuwlator until neutralized by elections from the flood
beam.

The quantity of charge stored on the insulator screen is determined,
within limits, by the intensity of the writing beam. This charge regulates
the number of flood electrons which can penetrate the insulating screen to
travel on to the view screen and consequently, affects the brightness of the
Picture element.

The flood gun, centrally located at the rear of the tube, emits a
dense beam of electrons {5 to 10 millismperes). This beam is collimated by
an electrostatic lens and then carried to the front of the tube Dy a small
voltage gradient. If the flood electrons approach the storage mesh at a
point where there is no written charge, most of them are repelled back to the
collector since the storage mesh potentisl is meintained neax the cutoff
point.5 A few electrons pass through and establish the background brightuness
of the picture. When the flood electrons gpproach the lnsulaetor at a polnt
where a positive charge i1s stored, most of them pass through, are asccelerated
by the positive high-voltage (4 to 6 kilovelts) on the view screen, and strike
the phosphor with sufficient energy to release light. The written charges
remain on the storage mesh with only a gradusl neutrelization by those fleod
electrens that do not penetrate the storage insulator entirely. It 13 nec-
essary to establish a method of erasing the information stored on the storage
mesh inswlator to control the length of target trails and to prevent confusion
due to excessive buildup of ground clutter, precipitation returus, end noise.

Erasure may be accomplished by spplication of a positive voltage
to the storage mesh screen. This voltage, by capacitive coupling between the

>The term "cutoff point” or "cutoff potential” in this report is
defined as that potential in volts on the insulator surface of the storsge
mesh screen which will repel all the flood electrons back to the collector if
there are nolwyitten charges. In the cutoff condition, the view screen 1s
dark except for written areas.,
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screen and the insulator surface, raises the potential of the storage mesh
insulator sbove the cutoff region. Flood electrons then sre attracted to
the insulator surface where they neutralize the positive charges. Thus, s
positive pulse of adjustable width, frequency, and amplitude may be used to
obtain constent controlled erasure. REach pulse partially erases the plcture.
The amount of erasure also affecis background brightness.

Since erasure takes place at a wniform rate, a moving redar target
will leave behind 1% a trail whach decreases in brightness to the point
where it is completely erased or 1s masked by residusl background 11lumina-
tion. By adjustment of erase-pulse frequency, width, and amplitude, the
raete of erasure can be varied and the target trails can be lengthened or
shortened to a certaln extent.

Another method of controlling erasure is to connect the erase
pulse to the grid or cathode of the flood gun. With this particuler tube,
it was not feasible to pulse the flood gun cathode because 1t was connected
internaelly to one side of the filament. Pulsing the flood gun grid was
tried experimentally; however, no conclusive results were obtained.

INSTALLATTION AT TECHNICAL DEVELOPMENT CENTER

Before sn evalustion of the Tonotron could be started, it was
necesgary to obtalin a special mu metal shield to enclose the glass envelope
of the tube. According to the Hughes Laboratories engineers, good magnetic
shiglding 1s required to prevent the earth's magnetilc field, and/or stray
magnetic fields, from affecting collimation of the flood beam. This 1s
essential for proper operation of the Tonotron since any dilistmrbance of
collimgtion will affect picture wniformity and quality. Upon receipt of the
magnetic shield, the Tonotron was installed within it and securely fastemed
ip place by sponge rubber padding and wood supports. The entire assembly
then wes mounted in a wooden, cradle-like suuport and placed upon a table,
as shown in Fig. 1.

Several regulated Bs pover supplies, a regulated high-voltage
supply, and a nonregulated high-voltage supply were obtained and mounted in
en equipment rack to provide operating voltages for the tube. A Hazeltine
universal radar indicator, Type AN/UPA-35, was installed nearby to provade
deflection voltages, unblanking, and video to the Tonotron. Deflection
voltages from the UPA-35 were brought out to the arms of two DPDT swltches.
One set of poles was connected to the deflection coll of the UPA-35 and the
other set was connected to a fixed deflection coil which was used to deflect
the Tonotron writing beam. This provaided for switehing of deflection voltages
to either the tube 1p the UPA-35 indlcator or the Tonotron tube. Focusing
of the Tonotron writing besm was accomplished by using a TV fovus coil,
which was comprised of a 1,200~chm coil wound on a permanent magnet. One
of the regulated B+ power supplies was used to provide foeus coil current.

Design and comstruction of an ersse-puise generator were necessary
to obtain an erasge pulse which was vagiable in width, frequency, and
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amplatude. Also, a voltage-dropping network, to provide voltages for the
flood gun and storage mesh, v s designed and built.

Preliminary operation of the tube indicated that some circuit
changes were necessary. First, range coapensation of the writing beam was
required to obtain equal writing intensity from the center to the outer
diemeter of the tube. Second, the various flood gun voltages requared indi-
vidual decoupling to decresse ainteraction between voltages from current
changes 1n the tube elements. To meet the first regquirement, compensation
of the radar writing was provided by coupling part of the defleetlon saw-
tooth voltage into the unblanking waveform. This camsed the wrilting intensity
to i1nerease in a linear mgnner as the writing beem wes deflected from the
center to the outer diameter of the tube face. Secondly, the flood gun Bs
voltages were made more steble by putting each element on a separate dropping
network or, in some instances; by providing individual electronic regulation
from a regulated primary supply. Figure 2 is a cirewit diagram of the dropping
network. The collector screen was connected to a separate regulated power

supply.

Another modification was necessary to incorporaste video limiting
in the UPA-35 video amplifier. It wes desirable to provide means to lncreese
video gain to the point where noise was being written heavaly on the Tonotron
picture. Without video limiting, when the gain was brought up to this point,
the amplitude of targets and other signals was s0 great as to cause excessive
"blooming." By limiting peek signal amplitude to a value approximately twice
the noise level, normal target resolution could be obtained wblle writing
noise.

TECHNICAL EVALUATTION

Resolution.

A measurement of resolution was made by feedlng two puises from a
double-pulse generator into the writing video Input circuits and observing
them on the viewing screen. The spacing between the pulses was varied until
they were Just resolvable by am observer. This spacing was measured on an
oscilloscope and the number of spots per radisl was calculated. The resolu-
tion is expressed in TV lines by multiplying the spots per radial by four.

Figure 3 is a block diegrem of the test setup for making these
measurements. As shown, radar trigger was connected from the UPA-35 indicator
to a Rutherford pulse delay generator which in turn was connected to a
Beckman/Berkley double-pulse generator. The output of the double~-pulse gen-
erator was connected to the video input jack of the UPA-35 rader indicator.
These pulses were edjustable in width and separation. By using the pulse
delay generafor to trigger the double-pulse generstor, the range of the pulses
as displayed on the Tonotron could be varied by changing the amount of delay
in the delay generator. The resolution tests were made with the pulse width
of the double pulses adjusted to 1 microsecond, and with pulse amplitudes of
1 volt measured at the output of the pulse generater.
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The deuble pulses appeared on the Tonotron as two closely spaced
range rings. The writing signel o :litude was adjusted by means of the
video gain control on the UPA-35 indicator to write a solid, double ring
without blooming. Video limiting in the UPA-35 video amplifier was disabled
during this testa

Resolution tests were made with indicator range setiings of 100,
40, 30, and 10 miles. At each of these range settings, resolution checks
were made near the outer edge of the picture, nesr the center, end at sev-
eral Intermediate points. Average resclution near the center of the tube
was 1,000 TV lines while near the outer diameter it dropped off to about
800 TV lines. Figure 4 is a curve showing average resolution measured for
the tube in terms of TV lines. It indicates how the resolution varied from
the center of the tube outward.

Brightness.

A Luckiesh - Taylor brightness meter mounted on a tripod was used
to measure the light output of the tube. Measurements were made at the
center of the tube only, looking at an area where ground clutter from the
radar was peinted as a solid bright area. The brightness curves, Fig. 5,
show that a considerable increase in brightness i1s cbiained as the view-
screen voltage 1s ancreesed. A small increase in brightness results when
the storage mesh voltage is lncreased. No tests were made with a view-
screen voltage less than 4.0 kv because of the low level of brightness; nor
was it considered advisable to use view-screen voltages greater then 6.0 kv
because of the pessibhility of an are damaging the storage assembly. Under
normal operating condltions, uwsing a view-scereen voltage of about 5.0 kv
and the storage mesh at plus 2 volts, the brightness was about 120 foot-
lamberts.

Use of the Luckiesh - Taylor braghtness meter depends uwpon visual
matehing by the operator of the brightness of the object being measured to
the brightness of an internal figure. Also, all readings were made in an
area of maximum brightness. However, it 1s believed that these figures are
Indicative of the capabilities of the tube. The brightness of strong tar-
gets and areas of precipitation sppeared to the eye to be aboult the same as
that of the clutter in the center ares.

Erase Characteristics,

The erase characteristics of the Tonotron are good. It is possible
to control the background intensity and target trails by varying the erase-
pulse amplitude, or frequency, or both. There is little buildup of back-
ground brightness. Blooming or spreading of strong targets, such as has
been experienced in other tubes of this type, is practically nonexlstent.

The stabllity of the erase function is such that, once the
characteristics of erase pulse have been set, the tube will maintein the
same picture quelity for extended periods of time. Durdng the evaluation,
the Tonotron was operated without any adjustment for several hours. During
a 2-hour period, there was a gradual change in background and shading and
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a slight increesse in erase-pulse amplitude, which required a reedjustment of
flood beam collimation at ©b 2znd of the peried. 8Slight adjustments of erase
were made et l-hour intervals following the 2-hour period to maintain the
desired background end trail.

A major deficiency in the erasing characteristic of the Tonotron
18 that it 1s diffieult to erase gquickly and completely the storage mesh
insulator in those areas where heavy ground clutter or precipitation has
been written solidly for several sweeps. This deficlency is most evident when
the indicator range or centering is changed. If these paremeters of the dis-
Pley remasin constant, then the ground elutter ares does not change and the
congtant erssure holds the btlghtness of this area at e fixed level. The
erasure of areas of precipitation is such that targets behind the storm area
are visible since movement of precipitetion 1s relatively slow. However, the
development of a method of quick erasure 1s needed to improve the flexibility
of operation of this tube 1n a radar display.

As with most sbersge tubes, the amount of storage is limited by
operational requirements. Erasing can be increased to the point where there
1s practically no storage and the targets sre erased almost as soon as they
are written. On the other hand, with proper collimstion, a strong target may be
maede to show e trail of 7 or 8 scans which represents a storage time of TO to
80 seconds for sn antenna rotation rate of & rpm. Decreasing the erase-pulse
ampiitude to obtain storage time in excess of 80 seconds usuelly allows the
beckground level to increase to a polnt where it is coblectionable to the
viewer snd the background partislly mssks the target trails.

Storage is affected also by collimation of the flood beam. Under
certain cenditions of beam collimetion, there¢ was little storage of targets
near the outer diameter of the view sereen, while targets written near the
center had long tralls. By adjusting collimation to =znother condition, good
over-all storage was obtained.

This difference of storage time at the outer diameter of the tube
probebly is due, to a large extent, to the angle at which flood electrons
approach the storage mesh surface. If the beam is well collimated, the angle
of incidence of the flood electrons to the storage mesh is zero or very near
zero over the entire area, and under this conditlon the electrons, attracted
to the storage mesh surface by = charge, are more likely to continue on
through to be post-accelersted to the view screen. Thus, the same number of
electrons will pess through a charge of the same megnitude near the outer
edge of a picture as near the center. Howevér, when the flood beam is colli-
meted so that the electrons approsch the outer edge of the storage mesh at an
angle of incidence that is not zero, the component of velocity normal to the
storage mesh is less, and more electrons remain on the dielectric surface of
the insuletor instead of going through to the view screen. Thus, the written
charged in this aresa are neutralized at a faster rate than those in the center,
This condition is pertly responsibtle for the shading which is apparent when
the storage mesh voltage approaches cutoff.
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Mathemetically thls may be expressed as follows:6 If the
velocity of the electrons arriving at the storage mesh is equal to Vq,
the normal component of veloeity V,, of an electron at the center and
one at the outer edge will differ by Vip - Vp cos 6, when @ = angle of
ilncidence. See Fig. 6A. From Fig. 6B

V, = Vp cos @ (1)

Assuming two different angles of lncidence for the electrons approaching

the storage imsulator, .. and gmin’ the normel component of velocity for

these two cases would be

Vo (max) = Vo cos Onjn (2)

Vn {(min) = Vp cos Opgy (3)

The totel veloelty of a flood electron traveling from cathode to c¢ollector
screen is (assuming initial velocity is zero) 7

Vp = - [$2SE (4)
m

vhere

E = collector screen potentisl

m mass of the electron

U

Q
Then, substituting for Vp

Vo (max) = - (E%E cos @ ;. (5)

and

Vn (min) = .f EEE cos @ oo (6)

Kinetic energy W = g Ve

charge of the electron

6Koda, Lehrer, and Ketchpel, op. cit.

TArtbur B. Bronwell and Robert E. Beam, "Theory and Application
of Mlerowaves," McGrew-Hill Book Co., Inc., 1947, pp. 11-40.
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The normal component of kinetic energy is
W =D 2@ cos @
n (max) =35 |\\/ = min
= GE cos® @ min (7)
By the same reasoning
W = QE cos® © (8)
n (min) max

The difference between them

AWy, = Wy (mex) - ¥n (min) = QE cos® @ . - QF cos® @ p.y
If we mssume that the beam is collimated so that @ min = 0
then cos? 0 o3, = 1

A Wn = QE (1-cos® @ pox) = GQF sin® @ max (10)

The cutoff voltage at the collector E for a set value of storage mesh bias
will vary with this change in kinetic energy. Thus

AE =E sin® @ (11)
If © mex is assumed to be smell, thus

62 = sin” @

and

AE=E 62 max (12)

Conversely, vhere storage mesh and collector potential are held
constant, the angle of Ineidence of the flood electrons to storege mesh 1n-
sulator will determine whether the electron penetrates to the view screen or
returns to the collector. Differences 1n the angle of ilncidence cause shading
of the view screen.
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The shading of the Tonotron tube tested appeared to be, to a
great extent, due to physical parameters built into the tube. Certain
areas of the view screen alweys were a little darker or a little brighter
thm the over-sll background illumination, and sdJustment of collimation,
while it had an effect, never eliminated these areas completely. This type
of fixed shading was more pronownced than any other. It is believed that
this effect 1s ceused by a slight variation of spacing between the storage
mesh and view screen or between the storage mesh and collector screen. If
this is the case, better spacing accuracy should Improve or eliminate this
particular deficiency. This shading of the Tonctron picture, although
slight, still 1s e major drawback in obtaining the best pleture quality.

If the beckground Intensily were the same over the entire face of the view
screen, the storege mesh screen voltage and erase pulse could be adjusted
to obtain the desired target trall characterlstics and background 111umi-
nation for ell ereas of the view screen; but since the background is
slightly shaded, a compromise adjustment must be made with the result that
certain areas of the picture are too far into the black reglon whereas other
areas are too bright. This shading is depicted in Figs. 7 and 8. As a
result, weak targets and noise may not be written in the derk areas whille
target tralls mey be masked partly by the background of the light areas.

Background brightness is controlled by the erase pulse and the
storage mesh voltage. When no signals are written, the background for a
given storege mesh setting may be esteblished by sdjustment of the erase-
Pulse amplitude, frequency, and width. When signels are written, asnr in-
crease of erase-pulse amplitude may be required if much nolase is written,
slnce this will tend to increase the background level. Inereasing the
storage mesh voltage to a more positive value will inerease over-all
brightness and generally requires an increase in erasing to regain the
same background level. Shading becomes more noticeable at: the hlgher
storage screen voltsges. Figure 9 shows background shadlng and the type of
plcture obtained at a storage mesh voltage of plus 6 volts.

Writing Speed.

The estimate of writing speed given by the manufacturer was
about 20,000 inches per second. For the Tonotron with en effective
diemeter of approximately 18 inches, this corresponds to a radsr sweep
range of spproximetely 36 nautical miles (450-microsecond radius). Pre-
liminary tests, during which information from sn ASR-2 reder was displayed
on a 15-mile range acale, did not give any visuel indication of writing
speed deficiency.

As a further check of writing speed, the following test wes
deviged:

1. The externsl sweep gate from a Tektronix 512 oscllloseope was
differentiated and used to furnish a trigger of adjusteble prf to the
reder indicator.

p 2, The gweep of the radsxr indicator was allowed to eontinue rotation
at Tph.
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3. With the indicator sweep generator triggered at a very low rate,
so that only 4 to 6 sweeps were written during one complete rotetion, delayed
pulses from the double-pulse generator were connected to the indicator video
amplifier and adjusted to write on the Tonotron. These pulses were 1
microgecond wide and appeared as two dots of light on each sweep strobe,

4. The writing intensity was adjusted very carefully until the strobe
wes berely visible,

5. The amplitude of the double pulses intc the indicator was adjusted
until the pulses were distinguisheble. The emplitude of the double pulses
was recorded for 10- and 100-mile display renges.

6. The amplitude of the double pulses was increesed to write at normal
brightness on the Tonotron and obeserved on the 10- and 100-mile ranges.

Results,
Minimum pulse amplitude:

10-mile range - 20 volts
100-mile range - 20 volts

Normel brightness test. No discernible difference in brightness
between Dulses written at 10-mile or 100-mile ranges.

These tesgts are not conclusive since there was no exact measurement
of writing speed. However, they indlcete that the Tonotron is capsble of a
writlng speed of et least 73,000 inches per second vwhen used as a radsxy indl-
¢ator. This 1s equavelent to a 10-mile display range.

Halftone Writing.

Capabilities for halftone wrilting are shown in Fig. 8. The three
closely spaced rings were written at levels of 5, 12, end 17 volts, respec-
tively, from the center out. This indicates three steps of grey plus the
background.

Operational Notes.

Figures 10 and 11 are block dliagrams of various voltage connections
to the Tonotron. High-voltage supplles for writing and for the view screen
should be reguleted. For this evaluation, the Tonotron writing supply was
electronlcally regulated but a regulated supply for the view screen was not
readlly aveilable. Consequently, whenever a change was mede which affected
view screen current, the view screen hlgh voltage chenged, and it was nec-
essary to walt for the condition to stebilize and for the vlew screen high
voltege to return to normsl value. The Bs bims and focus current power
supplies also should be regulated.

The dropping network providing the verlous flood gun voltages
should be thoroughly decoupled. It is believed that the best aepproach would
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be to provide individual electronic regulation for the voltage to each
element. The collector screen requires a well-regulated voltage source.

In addition to the special mu metal shield around the tube shell,
shielding of the deflection and foecus coils from the flood beam should be
provided. During the foregoing tests, it was noted that a small pericdic
change in collimation appeasred to result in synchronism with the antenna
rotetion rate.

CONCLUSIONS

The Tonotron evaluation has demonstrated that this tube has
several characteristlcs which are very desirable for use 1n a radar displsy.
It has brightness sufficlent for viewing in = high smbient light level,
and the necessary storage required for presentation of trail information.
Storage is varlable from & few seconds up to 1 1/2 minutes. It was pos-
sible to obtain good writing sweep linearity. Collimation was adequate but
improvement is needed to decrease shading and obteln a more wniform storage
over the face of the tube. Although no limitation to piciure gquallty due
to writing speed cheracteristics could he observed when the display range
wag reduced to 10 miles, a1t is belleved that the writing speed 1s marginal.
¥Writing speed should be increased to provide for shorter radar ranges and
TV scenning. The erase characteristic was such that erasing could be
accomplished and controlled by use of a contlnuwous erase pulse of varisble
amplitude snd freguency.

RECOMMENDATIONS

In view of the favorahle results obtained with this early model
Tonotron, and the possibility that refinements end improvements can be
mede in later models, consideration should be given to the possible usze of
this tube as 2 radsr display in control towers or other areas of high
amblent light.

For further evaluetion in an operational environment, it is
belleved that a speclal indicator equipment is necessary for this tube.
Because additional element voltages are required and beceuse of its phys-
i¢al size, 1t 13 not practiecel to modify an existing indicator to accom-
modate it. Therefore, a development program to design and bulld a radar
indicator utilizing an improved 2l-inch Tonotron as the display tube
should be considered.
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FIG.1 TONOTRON WITH UPA-35 INDICATOR AND ASSOCIATED EQUIPMENT
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FIG 6 DIAGRAMS INDICATING VARIATION OF ANGLE OF INCIDENCE AT
STORAGE MESH AND VARIATION IN VELOCITY NORMAL TO
STORAGE MESH



FIG 7 TONOTRON PICTURE OF INDIANAPQLIS ARSR-1 RADAR
AT 80-MILE RANGE



FIG 8 TONOTRCN SHOWING "TONAL" WRITING
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FIG 9 TONOTRON PICTURE OF I
NDIANAPOLI -
AT 40-MILE RANGE S ASR-2 RADAR
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