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A Hughes Aircraft Co. 21-inch Tonotron, a dlrect-view  storage  tube, 
was evaluated  as a radar plan  positlon  indicator  display unit. This tube 
was an early experlmental model and not a production &el. 

equivalent t o  800 t o  1,ooO televlsion  lines. Brii$htness r a g e d  from 40 t o  
180 foot-lamberts, dependmg upon storage mesh and new  screen  voltage. 
Writing speed i s  adequate for  display  ranges as small as 10 rmles. The 
Tonotron provides a bright radar presentation n t h  trail information under 

will operate  for an extended perlod of time at a fixed  erase-pulse  level 
a high incident  llght  level, The erase characteristics are good. The tube 

without loss  of picture  quality. Background level and target  trail can  be 
controlled by adjustment of erase-pulse amplitude and/or frequency. 

Heasurements show that the Tonotron i s  capable of a resolution 

Deficiencles  noted rn this tube me: (1) the   inabi l i t r   to   e rase  
heavily  written signals as rapidly as may be deslred under some conditions o f  
use, and (2)  excessive shadin@; of the picture 1n c e r t u  areas. 

Tonotron be  underhken, as it i s  believed tha t  shading problems can be re- 
It i s  refomended that -her development and evaluation of the 

duced and other xmprovements can be made. A plan  position  Indicator which 
cen accoiwncdate the Tonotron should  be b u i l t  for  operational _evaluation 
pm-poses. 

DJITRODUCTION 

to  disglay a rsdar or televislon (TV) plcture at a high l eve l  of brightness. 
It w a s  developed and built  in  the  research laboratories of  Hughes Alrcraft Go. 
Some of the development was supported by Llncoln  Laboratories of Massachusetts 
Ins t i tu te  of  Technology. The tube was tested t o  some extent i n   t he  Hughes 

loaned to   t he  FAA Technical Development Center (TIC) for  evaluation t o  
laboratories as a display  device  for slow-scan television. It then was 

determine i t s  possible  appllcation i n  a radar indicator  display unit. 

Tbe Hughes Tonotron 1 s  a direct-view  storage  tube which  can be used 
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Evaluatzon of t h i s  tube i s  a  part of a continued  efforb' by 
TDC t o  develop improved radar displ-JS for use i n  control towers and Air 
Route Traffic  Control (ARTC) Centers. In  these  meas,  the  high  level of 
ambient light necessary  for  the nsual operational procedures  renders normal 

with  persistent,  low-brightness phosphors, 
radar displays  unsatisfactory. These displays use  cathode-ray  tubes (CRT) 

D E S C I P T I Q N  

The Tonotron is  a glass, cathode-ray,  direct-view  storage  tube 

maxirrmm usable  dlameter  of the view screen i s  19 inches. 
which is  21  inches  in diameter. I t s  over-all length i s  22 inches and the 

The internal  construction i s  similar to  other  direct-dew  storage 
tubes of t h i s  type. It has two electron guns ,  a  writing gun, and a flood 
gun, and a  storage assembly consisting 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 i s  located  in  the  tube neck, 2 
inches o f f  center with I t s  BBS parallel  t o  the 4 s  of the  tube. 

The fine-mesh collector and storage  screens  are formed  by punching 
t o  have, as near as possible,  the same curvature  as  the  inner  face of the 
glass view screen.  Deposited on the  storage  screen is a thin  layer of in- 
sulating material (magnesium fluoride). The two screens  are mounted close 
to  the  inner  face of the  tube,  separated from it and emh  other by small 
insulating spacers. Connectlon to  the  collector,  storage, and view screens 
is made by meens of small metal studs in the  outer  edgeof  the  tube  face. 

THSORY OF OPFSATTON 

The radar information i s  written,  in  the form of electr ical  
charges, on an insulated  screen within the  tube.4 This screen is  constantly 

'Willism E. Miller, H. Yost, and David S. Grippen, 
"Evaluation of the DuMont SRD-1 B r l g h t - R a d a r  Display and Initial Study of 
Other Display  Techniques,"'Technical Development Report No. 288, October 1958. 

2Loren S. Foote, Arnold W. Grimes, Fred S. McIbight, William G. 
Covell, and Fred R. Ottersberg, "Initial Evduation of 'Rao B r i g h t  R a d a r  
Displays in  the  Indianapolis Tower," TecMcal  DeVelOgUent Report No. 339, 
February 1958. 

TI-& Picture Transformer Eqmpment  and Notes on Television-Type Air Traffic 
Control  Displays,"  Technical Development Report No. 3@8, March 1959. 

%illism E. Miller and Willlam G. Covell,  "Evaluation of the 

View Storage Tube,ABu&es Research  Laboratories,  Technical Memorandun 
No. 496, A u g u a t  1957. 

4N. J. Kcda, N. H. Lehrer, R. D. Ketchpel, 'Twenty-One-Inch Mrect- 
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flooded by electrons from Lhe flood beam, and wherever a charge is  stored, 

picture. The resul t  1 s  a br3-z picture on the v i e w  screen. 
the flood electrons pass tEL-?.x@ to  s t r ike  the view screen and Lmprint the 

writlng  electron gun. This beam IS deflected, focused, and modulated by 
voltages and currents In the same  manner as the  electron beem of w y  standard 
CRT. The high beam veloclty 1s obtained by operating  the  writing cathode i n  
the neighborhood of 5,000 volts negative,  while  the  storage mesh i s  within 
a few volt6 of ground potential, 

The writing  fuactlon  results '?om a high-velocity beam  from the 

storage  screen, secondary ermssion i n  excess of B L : l  ratio  takes  place, 
leavmg a positive charge a t  th ls  point on the  storage mesh.  The secondary 
electrons from the  insulator  are  at tracted  to  the  collector screen which 1 s  
a t  a 200-volt positlve  potential and hence, do not fri l l  back on the insulator 

the  storage mesh insulator until neutralized by electmns from the  flood 
surface t o  cancel any of the  written charges. The written charges r-n on 

beam. 

Where the writing beam Impinges upon the msulathg materlal of the 

wlthin limits, by the  in$ensity of the  writing beam. This charge regulates 
the number of flood  electrons w h i c h  can penetrate  the  insulating  screen  to 
t ravel  on t o   t he  view screen and consequently, affects the brightness  of  the 
plcture element a 

The quantlty of charge  stored on the  msulator k e e n  i s  determined, 

The flood gun, c e n t r a y  located at the  rear of the tube, emits a 
dense beam of electrons (5 t o  10  milliamperes).  This beam i s  collimated by 
an electrostatic  lens and then  carried t o  the  front  of  the  tube by a small 
voltage  gradient. If the  flood  electrons approach the  storage mesh at a 
point where there i s  no written charge, most of them are  repelled back to   the 
collector  since  the  storage mesh potential is maintamed  near  the  cutoff 
Point.5 A few electrons  pass through and establish  the background brlghtness 

where a positive charge IS stcred, most of them pass through, are  accelerated 
of the  picture. When the flood e l e c t m s  approach the  insulator at a point 

by the  positive  high-voltage (4 t o  6 kelovolts) on the   new screen, end st r ike 

remmn on the  storage mesh wfth only a gradual  neutralization by those flood 
the phosphor with sufflcient energy to  release  l ight.  The written charges 

elec-ns tha t  do not  penetrate  the  storage  inmlator  entirely. It 1s nec- 

mesh insulator  to  control  the length of target trails and t o  prevent  confkion 
ess- t o  establlsh a method  of e r a s q  the information  stored on the  storage 

due t o  excessive  buildup of ground clutter,  precipitation  returns, and noise. 

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

defined as  that   potential  111 volts on the  Snsulator  surface of the  storage 
5 ~ h e  term "cutoff p o b t "  OP "cutoff  potential" in this report is 

mesh screen which wlll repel all the flood electrons back to   the  col lector  if 
there  are no:-tten charges. In the  cutoff  condition,  the view screen 1 s  
dark ezcept for written  areas. 
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insulator above the  cutoff  region. Flood electrons  then  are a t t racted  to  
screen and the insulator  surface, raises  the  potential of the storage mesh 

the  insula%or  surface where they  neutralize  the  positlve  charges. Thus, a 
positive  pulse of adJustable width, frequency, snd emplitude may be used t o  
o b t h  constant  controlled  erasure. Esch pulse p&idly  erases  the  picture. 
The mount of erasure a l s o  affecCs background brightness. 

will leave behind It a t r a i l   whch  decreases in brightness t o  the point 
where it is completely  erased o r  1s masked by residual background illumina- 
tion. By adjustment of erase-pulse  frequency,  width, and amplitude, the 
rate  of erasure can be varied and the  target trails can be lengthened or 
shortened t o  a certain  extent. 

Since  erasure  takes  place a t  a uniform rate,  a moving radar target 

pulse  to  the grid or cathode of the flood gun. With this paxticular  tube, 
it was not  feasible  to  pulse the flood gun cathode  because it was connected 
internal ly   to  one side of the  filament.  pulsing  the flood gun grid was 
tried  experimentally; however,  no eonclrnsive results were obtained. 

Another method of controlling  erasure is t o  connect the  erase 

INS'EALLATION A!C TECHNICAL DEVELOPMENT CEmTER 

n e c e s s q   t o   o b t d n  a specid ma metal  shield  to  enclose  the g l a s s  envelope 
of the  tube. According to   t he  Hughes Laboratories  engineers, good magnetic 
shielding is required  to  prevent  the  earthus magnetic field,  &/or stray 
magnetic fields,  from affecting  eollimatfon of the  flood beam. This 1s 
essential for proper  operation  of  the Tonotron since any d i s -bce  of 
coLlimation will affect  picture  uniformity and quality. Upon receipt of the 
magnetic shield,  the Tonotron was installed  &thin it and securely  fastened 
in place by sponge rubber padding and m o d  suppol-ts. The entire assembly 
then was mounted i n  a wooden, cradle-llke suuport and placed upon a table, 
as shown in  Fig. 1. 

Before an evaluation  of  the Tonotron  could  be started, it was 

Several  regulated Ba power supplies, a regulated  hi&-voltage 
supply, and a nonremated hi&-voltage  supply were o b t u d  and mounted i n  
an equipment rack t o  pronde  operating  voltages  for  the  tube. A Hazeltine 

deflection  voltages, unblanldng, and video to   the Tonotron. Deflection 
Wversell  radar  indicator, Type AN/UE'A-35, was installed nearby t o  provide 

voltages from the WA-35 were brought  out to   the arms of tvro D m  switches. 
One s e t  of poles was connected to   the  def lect ion  coi l  of the UPA-35 and the 
other  set was connected t o  a fixed  deflectlon  coil which was used to   def lect  
the Tonotron writing beam. This provlded for   smtchng of deflection  voltages 
to   e i ther   the tube in   the  WA-35 indicator  or  the Tonotron tube. Focusing, 

which was comprised of a 1,200-ohm c o i l  wound on a permanent w e t .  One 
of the Tonotron writing beam was accomplished by using a TV f o w  coi l ,  

of the  regulated Bs power supplies was used t o  provide  focus coil  current. 

t o  obtain an erase  pulse which was vai.iable i n  width,  frequency, and 
Design and cons tmt lon  of an erase-pulse  generator were necessary 
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amplmtude. k l so ,  a voltage-droppmng network, t o  provide  voltages  for  the 
flood gun and storage mesh, 5,' s designed and b u l t .  

Prelirmnary  operation of the  tube  indicated  that some c i rc lu t  

required t o  obtain  equal d i t l n g  intensity from the  center  to  the  outer 
changes were necessary. F l r s t ,  range coqensation of the  writing beam was 

diameter of the  tube. Second, the various flood @n voltages  requred indi- 
vidual decoupling t o  decrease  lnteraction between voltages from current 

of  the radar writing was provided by coupllng  art of  the  deflettion saw- 
changes In  the  tube elements. To meet the first reqwfrenent, compensation 

tooth  voltage  into  the unblanking waveform. T h i s  caused the  writing  intensity 
t o  lnerease  in a l inear manner as the  writing beam was deflected fr&a the 
center  to  the  outer  diameter of the  tube  face. Secondly, the  flood gUtl Bh 
voltages were made  more stable by putting each element on a separate  dropping 
network or, i n  some instances, by providing  individual  electronic regulation 
f r o m  a regulated  primary  supQly.  Figure 2 i s  a ciroui t  diagram of the drapping 
network. The collector  screen was connected t o  a separate  regulated power 
SUPPlY. 

Another modification was necessary t o  incorporate  video ldtmg 

video gain t o  the  point where noise was bemng written  heavlly on the Tonotron 
in   t he  UPA-35 video amplifier. It was desirable t o  provide means t o  increase 

picture. Wlthout video limiting, when the  gain was brought up to  this  poiqt,  
the amplitude of targets  and other slgnals was so great as t o  cause  excessive 
" b l o w . "  By limiting peak slgnal emplitude t o  a value  approximately  twice 
the  noise  level, normal target  resolution could  be  obtained  while writing 
noise. 

TECHNICAL EVALUATION 

Resolution. 

double-pulse  generator into  the  writing  video  input  circvits and observing 
them on the viewing screen. The spa~ lng  between the  gulses was varied  until 
they were just  resolvable by an observer. This spacing w a s  measured on an 

t ion  is expressed i n  TV l ines  by multiplflng  the spots  per radial by four. 
oscilloscope and the number of spots per radial was calculated. The resolu- 

A measurement of resolution was made by feeding two pulses from a 

Figure 3 i s  a block diagram of the  test  setup  for making these 
measurements. As shown, radar tr igger was connected from the UPA-35 indicator 
t o  a Rutherford  pulse  delay  generator whlch i n  turn was connected t o  a 
Beckman/Berkley double-pulse  generator. The output  of the double-pulse gen- 
erator was connected t o  the video  input jack of the UPA-35 radar  indicator. 
These pulses were adjustable i n  width and separation. By using  the  pulse 
delay  generator to   t r igger   the double-pulse  generator,  the  range of the  pulses 
as displayed 09 the Tonotron could be varied by changing the amount of delsy 
i n   t h e   d e l q  generator. "he resolution  tests were made with the  pulse  mdth 
of the double pulses adjusted t o  1 mlcrosecond, and with pulse aq l i tudes   o f  
1 volt  measured a t   t h e  output of the  pulse  generator. 
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range riqs. Tbe  writing  signal L-Litude was adjusted  by  means  of  the 
video  gain  control on the  UPA-35  indicator  to  write a solid,  double  ring 
without  bloormng.  Video  limiting in the UPA-35 video  amplifier was disabled 
during  this  testb 

The  double  pulses  appeared  on  the  Tonotron  as  two  closely  spaced 

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

Brightness. 

to  measure the light  output of the  tube.  Measurements  were  made  at  the 
center of the  tube  only,  lookfng  at an area  where  ground  clutter from the 
radar  was  painted  as a solld  bright  area.  The  brightness  curvesJ  Fig. 5, 
show  that a considerable  lncrease  in  brightness 1s obtained  as  the  view- 
screen  voltage  is  increased. A small  increase  in  brightness  results  when 
the  storage  mesh  voltage  is  increased. No tests  were  made  with a view- 

was  it  considered  advisable  to  use  view-screen  voltages  greater  than 6.0 kv 
screen  voltage  less  than 4.0 kv because of the  low  level  of  brightness;  nor 

because  of  the  possibility of an arc  damaging  the  storage  assembly.  Under 
normal operating  conditlons, using a view-screen  voltage  of  about 5.0 k x  

lamberts. 
and  the  storage  mesh  at  plus 2 volts,  the  brightness  was  about 120 foot- 

A Luckiesh - Taylor  brightness  meter  mounted on a tripod  was U s e d  

Use of the  Luckiesh - Taylor  brlghtness  meter  depends upon visual 
matching  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 IS believed  that  these  figures  are 
indicative of the  capabilities of the  tube.  The  brightness  of  strong  tar- 
gets  and  areas  of  precipitation  appeared  to  the  eye  to  be  about  the sme as 
that  of  the  clutter  in  the  center  area. 

Erase  Characteristics. 

pulse  amplitude, or qrequency,  or  both.  There  is  little  buildup  of  back- 
to  control  the  background  intensity  and  target  trails  by varying the  erase- 

ground  brightness.  Blooming or spreadxng of strong  targets,  such  as  has 
been  experienced  in  other  tubes  of  thls  type,  is  practically  nonexistent. 

The  erase  characteristics of the  Tonotron w e  good. It is  possible 

characteristics of erase  pulse  have  been  set,  the  tube dl1 maintain  the 
same picture  quality for extended  periods of time. DurFng the  evaluation, 
the Tonotmn was  operated  without any adjustment  for  several  hours. D u r i q  
a 2-hour period,  there was a gredual change in background and shading  and 

The  stability of the  erase  functlon  is  such  that,  once  the 
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flood beam colllmation  at s h  end of the period.  Slight  adjustments of erase 
a slight  increase i n  erase-pulse  amplitude, which required a readjustment of 

were made at 1-how  intervds rslloxing the  2-hour period t o  maintam the 
desired ba&ground and trail. 

i s  that it i s  difficult  to  erase  quickly and completely the  storage mesh 
insulator  in  those  areas where  heavy  ground clutter  or  precipitation has 
been written solidly for  several sweeps. This deficiency i s  most evident when 
the  indicator range or  centering is chmged. If these parameters of the  dis- 
play remain constant,  then  the ground clutter  mea does not change and the 
constant  erasure  holds  the  bplghtness  of  this  area at a fixed  level. The 
erasure of  areas of precipitation i s  such that  tasgets behind the storm area 
are  visible  since movement of predf l ta t ion  is relatively slow. However, the 
development of a method of quick  erasure i s  needed t o  improve the  f lexibi l i ty  
of  operation of this tube III a radar  display. 

A major deficiency i n  the  eras=  characterlstic of the Tonotron 

As with most stmrage tubes,  the amount of storage i s  limited by 
operational  requirements.  Erasing can be increased t o  the  point where there 
i s   p r a c t l c d l y  no storage and the  targets  are  erased almost as soon as  they 
are  written. On the  other hand, with proper coll%mation,  a strong target may k 
made to  show a trail of 7 or 8 scans which represents a storage  time of 70 t o  
80 seconds for an antenna rotation  rate of 6 rpm. Decreasing the  erase-pulse 
amplitude t o  obtain  storage  time i n  excess of 80 skconds usually  allows  the 
background level  to  increase t o  a point where it i s  objectionable  to  the 
viewer and the background par t ie l lymsks  the  target  t ra l s .  

Storage is affected  also by collimation of the flood beam.  Under 
certain  conditions of beam collimation,  there was l i t t l e  storage of targets 
near  the  outer  diameter of the view screen,  while texgets written  near  the 
center had long trails. By adjusting  collimation t o  another  condition, good 
over-all  storage  vas  obtdned. 

This difference of storage  time at   the  outer diameter of the  tube 
probably i s  due, t o  a large  extent,  to  the angle a t  w8ich flood electrons 
approach the storage mesh surface.  If  the beam i s  w e l l  collimated,  the  angle 
of incidence of the  flood  electrons to  the  storage mesh is  zero  or  very  near 

to  the  storage mesh surface by a  charge, axe &re  l ikely t o  contlnue on 
zero  over the ent i re  area, and under t h i s  condition  the electrons,  attraeted 

through t o  be post-acceler6.ted t o  the view screen. Thus, the same  number of 
electrons will pass  through a charge  of the same magnitnde near  the  outer 
edae of a picture  as neax the  center. However, *en the  flood beam i s   c o l l i -  
mated so that  the  electrons approach the  outer eQe of the  storage mesh a t  an 
angle of incidence  that i s  not  zero,  the component of velocity normal t o   t he  
storage mesh is less,  and  more electrons remain on the  dielectric  surface of 
the  insulator  instkad of going  through to   the view screen. Thus, the  written 
charges in  this  area  are  neutralized  at  a faster   ra te  than those 1~ the  center. 
y s  condition is partly  responsible  for  the shading which i s  apparent when 
the  storage mesh voltage approaches cutoff. 



8 

Mathematicdly t h i s  may be expressed as If the 
velocity of the  electrons arriving at the  storage mesh is  equal t o  VT, 
the normal component of velocity Vn of an electron at the  center and ' 
one at  the  outer edge will di f fe r  by V, - V, Cos 0 ,  when 8 = angle of 
incidence. See  Fig. 6A. F m m  Fig. 6B 

vn = v, cos 8 

Assuming two different  angles of incidence for the electrons approaching 

these two cases would be 
the  storage  insulator, emax and Qu, the normal companent of velocity for 

The t o t d  velocity of a fled electron  traveling from cathode to   col lector  
screen is (as su~~~ng  initid velocity i s  zero) 7 

where 

E = collector  screen  potentid 

m = IPBSG of the  electron 

Q = chaxge of the  electron 

Then, substituting for VT 

aad 

m e t i c  energy w = E v2 
2 

h a ,  Lehrer, and Ketchpel, op. c i t .  

7 A r t h ~  B. Bronwell and Robert E. Beam, "Theory and Application 
of Micrmves," McGrav-Hill Book Co., k c . ,  1947, pp. ll-40. 
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The normal  component of kinetic energy is 

= QE  COS^ e e 

By the same reasoning 

The difference between  them 

If we assume that   the  beam is col lka ted  so tha t  min = 0 
then cos2 0 min = 1 

The cutoff  voltage at the  collector E for a set  value of storage mesh blas 
will vary v i th   t h l s  change in kinetlc energy. Thus 

constant,  the  angle of incidence of the  flood  electrons  to  storege mesh m- 
sulator will determine whether the  electron  genetrates t o  the view screen or 
returns  to  the  collector.  Differences i n  the -le of incidence  cause shad- 
of the vlew screen. 

Conversely, where storage mesh and col lector   gotent id   are  held 
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The shading of the Tonotron tube  tested appeared t o  be, t o  a 
great  extent, due t o  physical  parameters built into  the  tube.  Certain 

then the  over-all background illumination, and adjustment  of  collimation, 
areas of the view screen al-s were a l i t t l e  darker or a l i t t l e   b r igh te r  

whlle it had an effect, never elhabated  these  areas completely. This type 
of fixed shading vas more pronoulced than any other. It is believed  that 

mesh and view screen o r  between the  storage mesh and collector  screen. If 
this   effect  i s  caused by a slight  variation of spacbg between the  storage 

particular  deficiency. This shading of the Tonotron pieture, although 
this is the  case,  better  spacing accuracy  should -rove or ellininate this 

If the background intensity were the same over the  entire  face of the view 
slight, still is a major dzawback in obtaining  the  best  picture  quality. 

screen,  the storage mesh screen  voltage and erase  pulse  could be adjusted 
to  obtain  the  desired  target trail characteristics and bacJsground illmi- 
nation for all areas  of  the view screen; but since the background is 
sl ight ly  shaded, a cmromlse adjustment must be made v l t h  the  resul t  that 
cert-tain &Tea of the  picture  are  too far into  the black region 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  dark  areas while 
target trails UIPJ be Wed part ly  by the  bac-ound of the light areas. 

Backgrouud brightness i s  controlled by the  erase  pulse and the 
storage mesh voltage. When  no signals axe written,  the background for a 

pulse amplitude,  frequency, and vidth. When signals are written, en in- 
given  storage mesh setting may be estabhshed by adjustment of the  erase- 

crease of erase-pulse  amplitude may be required if much noise i s  written, 
since this will tend to  increase  the background level.  Increasing  the 
storage mesh voltage to a more positive  value will increase over-dl 
brightness and generally  requires an increase  in  erasing  to  regain  the 
same backgroond level. Shading becomes  more notxeable  at’the  higher 

picture  obtained at a storage mesh voltage of plus 6 volts. 
storage  screen  voltages.  Figure 9 shows background shading and the type of 

Writing Speed. 

about 20,000 inches  per second. For the Tonotron with an effective 
diemeter of approximately 18 inches, this corresponds t o  a radar sweep 
range of approximately 36 nautical  miles (450-microsecond radius).  Pre- 
liminary  tests, awing which information from au ASR-2 radar was displgyed 
on a  l5-mile range scale, did not  give m y  visual indication of writing 
speed deficiency. 

!be e s t h t e  of writin@; speed given by the mauufacturer was 

devised! 
As a farther check of writing speed, the following t e s t  vas 

1. w e  external  sweep gate f r o m  a Tektronix 512 oscilloscope was 
differentiated and used to  furnish a tr igger of adjustable  prf t o  the 
radar indicator. 

2. The  sweep of the radar indicator was  a;Uowed t o  continue  rotation 
at 6 rpm. 
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3.. With the  indicator sweep generator  triggered  at a very low ra te ,  

pulses from the double-pulse  generator were connected t o  the  indicator video 
so t h a t  only 4 t o  6 sweeps  were written duriag one cmle te   ro t a t ion ,  delayed 

amplifier wd adjusted  to  write on the Tonotron. These pulses were 1 
murosecord  vlde and appeared as two dots of hght on each sweep strobe. 

4. The writing  intensity was adjusted very carerWly until the  strobe 
was barely  visible, 

until the  pulses were distimgrishable. The amplitude of the  double pulses 
was recorded for  10- and 100-&le display rmges. 

5. The amplitude of the double pulses  into  the  indicator wa6 adjusted 

6. The amplitude of the  double pulses was increased to   wri te   a t  normal 
brightness on the Tonotron and observed on the 10- and 100-mile ranges. 

Results, 
Minimum pulse  amplitude: 

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

Normal brightness  test. No discernible  difference i n  brightness 
between pulses  written  at 10-mile or  100-idle  ranges. 

of writing speed. However, they  indicate  that  the Tonotron i s  capable of a 
These tests  are  not conclusive  since  there was no exact measurement 

writing speed of a t   l ea s t  73,000 inches  per second when used as a radar indi- 
cator.  This i s  equvalent t o  a 10-mile display range. 

Halfione  Writing. 
Capabilities f o r  half tone  wit ing  are  shown i n  Fig. 8. The three 

closely spaced rings were writ ten  at   levels of 5, 12, and 17 volts,  respec- 

background. 
tively, f r o m  the  center  out.  This  indicates  three  steps of grey  plus  the 

Operational Notes. 
Figures 10 and 11 are  block diegrams of various  voltage  conuections 

to   the  Tonotron. High-voltage supplies  for writing and for  the view screen 

electronically  regulated  but a regulated supply for the view screen was not 
should be regulated. For t h i s  evaluation,  the Tonotron writing supply was 

view screen  current,  the view screen  high  voltage changed, and it was nec- 
readily  available. Consequently, whenever a change m s  tude which affected 

voltage to   re turn   to  normal value. The Bt bias and focus current power 
essary t o  wait for  the  condition  to  stabillze and for the view screen  hlgh 

supplies  also should be regulated. 

should be thoroughly decoupled. It is believed  that  the  best approach would 
The dropping network providing  the  various  flood gun voltsges 
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be t o  provide  individual  electronic  regulation  for  the  voltage t o  each 
element. The collector  screen  requires a well-regulated  voltage  source. 

shielding of the  deflection and focus coi ls  from the f lood  beam should be 
provided. During the foregoing tes t s ,  it was noted that  a d l  periodic 
change i n  collimation appeared to   resu l t  In synchronism with  the  antenna 
rotation  rate. 

In addition  to  the  special ruu metal  shield around the  tube  shell, 

coNcLusIoNs 

The Tonotron evaluation  has demonstrated that this tube has 

It has brightness  eufflcient for  via i n  a Ugh ambient l ight  level,  
several  characteristics whxh are  very  desirable  for  use In a radar dieplay. 

and the necessaxy storage  required  for  presentation of trail informstion. 
Storage is variable f r o m  a few seconds up t o  1 1/2 minutes. It was pos- 

Improvement is  needed t o  decrease shading and obtain a more uniform storage 
Eible t o  obtein good writing sweep linearity.  Collimatfon was adequate but 

over  the  faee of the  tube. Although no limitation  to  picture  quality due 
to  writ ing speed characteristics could be observed when the  display range 
was reduced t o  10 miles, it i s  believed  that  the writin@; speed is marginal. 
Writing speed  should be increased t o  provide  for  shorter  radar  ranges an8 
Tv scanning. The erase  characteristic was such that erasing e d d  be 

amplitude and frequency. 
accomplished and controlled by use of a continuous  erase pulse of variable 

m a ~ o I P s  
In  view of the  favorable  results  obtalned vlth this   ear ly  model 

Tonotron, and the  possibility that refinements and iqmovments can be 
made i n  l a t e r  models, consideration should be given to  the  possible  use of 
t h i s  tube as 8 radar diapley i n  control tarers or  other  areas of high 
ambient l ight .  

For -her evaluation in sn operational  enrtroumnt, it i s  
believed  that a spacial  indicator equipment is necessary  for t h i s  tube. 
Because additional element voltages are required and becauee of i t s  p h p -  
i c d  eize, it 1s not  practicel   to mod23 an existin@; indicator  to accom- 
modate it. Therefore, a development  program t o  design and baild a radar 
indicator ut i l iz ing  an improved 21-inch  Tonotron as  the  dieplag  tube 
should be considered. 



FIG. 1 TONOTRON WITH UPA-35 INDICATOR AND ASSOCIATED  EQUIPMENT 
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FIG 7 TONOTRON  PICTURE O F  INDIANAPOLIS ARSR-1 RADAR 
A T  80-MILE RANGE 



FIG 8 TONOTRON SHOWING "TONAL" WRITING 
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FIG 9 TONOTRON  PICTURE OF INDIANAPOLIS ASR-2 RADAR 

AT  40-MILE  RANGE 
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FIG 1 1  TONOTRON FLOOD GUN  AND  STORAGE  ASSEMBLY BLOCK DIAGRAM 


