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A LIGaP GUN FOR RADAR HAND-OFF OF AIRCRAFT 
BETWEEN ALR TRAFFIC C O r n O I L E F S  

S m Y  

This report describes the  englneerlng  development  of an 
hoproved  light gun for radar hand-off of aircraft  between  two  air 
traffic  controllers.  The  light gun was designed  to  provide  improved 
resolution in selecting a target  through  three  Plexiglas  overlays, 
the  outer  surface  of  the  top  overlay  being 1 Inch from the  cathode- 
ray  tube  face.  The  light gun has a shutter  system to minimize  stray 
ambient  light from affecting  the  photomultzplier  pickup  tube, as well 
as a light  marker  for  posltive aMng at  the  target  selected for the 
hand-off 

INTRODUCTION 

The U, S. ALP  Force TRACALS Branch,  Wright Air Development 
Center,  developed a prototype  light gun  am^ associated  equipment1  for 
the  transfer of a.ircraf%  identlfication  between radar indicators  at a 
radar  approach:  dontrol  facility.  The  aircraft  identification mark is 
triggered  by  the  light  output  of  the  cathode-ray  tube (CRl') as the 
sweep  passes  through  the radar target. To evaluate  this  coordination 

the La Guardia Ai rpo r t  radar  approach  control facility (LFR room). 
device for  possible FAA application,  the  light gun waa evaluated  in 

Undesirable  features of t h i s  light gun as a hand-off  device 
are  listed by the La Grrardla  traffic  controllers  as  follows: 

1, 

2. 

3-  

4. 

Inadequate  resolution, radar targets  close togewr could not 
be  individually  selected. 

Difficulty fn alming  the gun at a selected  target. 

Frequent  adjustment  of  amplifier  sensitivity  controls  was 
required  due to blocking  of  the  photomultiplier  by  the 
ambient  light in the  room. 

The gm would not  operate  through  the  three  Plexiglas 

vlded on an ASR-3 mddicator. To use  the gun, these  had  to  be 
overlays  (one  of  whfch i s  a yellow  filter)  normally  pro- 

removed, 

Since  the  operational  use  of a light .gn as a hand-off  device 
was otherwise favorable, a new  light gtu~ was  designed to eliminate  the 
problems enmerated above. 

hechnical Mote 55-433$ A l r  Force TRACALS Branch,  Wright  Air 
Development  Center. 



2 

TEZHiTICAz, DESCRLXl’ION 

guns and assoclated equipment constructed at  the  Technical Development 
h g u r e  1 shows two models of the  expermental   l ight  

Center (TIC). FfgLlre 2 is a flmctlonal  block diagram fo r  u s i n g  two 
light guns between two radar mdicators.  The ga te   c i rcu i t s   a re  used t o  

t h e   a r c r a f t   t a r g e t  as fnbca ted  fn Fig. 3. It may be  desirable,  for 
generate  the marker b l ip  and t o  delay it a desirable distance  behind 

example, t o  denerate a marker blip 2 t o  5 miles  behind  the  target on 
a long-range  display, whereas on a short-range  display, 0.5 t o  3 miles 
may be  required.   Shi lar ly ,   the   length  of   the marker  can be  adjusted 
by the   con t ro l l e r   t o   bes t  s a t  operatzonal  conditions. The marker 

between two air  t r a f f i c   con t ro l l e r s  handmg-off a i r c r a f t   t o  a th l rd  
length adJustment f e a t w e  also can be  used as a means of   different la t jng 

control ler  by uslng  different marker lengths for  each control ler .  

Figure 4 1s a schematic wir- bagram o f  the light gun. The 

cu l t s  are t ransis tor ized.  A Ixa k n t  m e  R1451 photomultxpller was 
slgnal ampllfler  for  the photomsltipller and all gate-generating  cir- 

used i n   t h e  gun. Vacum tubes were used for   the radar ndeo  amplif i -  
cation, rmxmg, and output c l n u t s .  It was found necessary t o  pro- 
vide a signal voltage  gain  of  approxlmately 66 decibels (db) to   operate  
adequately  through  three  overlays  (inclnding a yellow f i l t e r )  1 inch 
f rom the  CRT face. 

of t he  gun easier,  (2) t o  prevent  stray  l lght from t r l g e r i n g   t h e  
marker > and (3)   to   obtafn improved resolution. The g m  uses a 35 mm 
lens  and a focusing  device to  plck up the  CRT signal and provide a 
sharp jmage on the  photomultiplier. The nozzle of the  gun is  adJust- 
able in length by means of the  threaded  barrel. When the   bar re l  is 
adJusted  properly and the  nozzle is placed against the  outer  CRT over- 
lay,  the phosphor ta rge t  image i s  focused on the  photomultiplier by 
the  35 mm lens and mirror no- 1. The nozzle has a very small apertuze, 
3/&-iach, t o  provide an optimnm  compromPse between spot  resolution and 
l x g h t  transrmssion.  Muror No. 2 is pushed  baek by t he   t r i gge r  during 
target  detectlon  tune, U o w i n g  light t o  pass  through the shutter.  

Seve rd  unique  features were provided: (1) t o  make a- 

of the g u n o  The light source 1s a General Elec t r lc  m e  323 grain-of- 
A v i s ib l e   l i gh t  marker is provlded t o  perrmt  positive aiming 

wheat lamp. When the   t r l gge r  is pulled  through a small  portion of its 
travel,  the  gram-of-wheat lamp i g  energized  by  the  ssrltch  contact. 
Its filament i s  focused on the  CRT phosphor by the   l ens  and both mirrors. 
Since  the lamp fllament 1s used as a marker, only a very sm8J.l amount 
of light is  required. Thus, the  voltage on the  laup can  be reduced 
mth a cnnsequent  increase in the   operat ional   l i fe   of   the  lamp. When 
the trigger i s  pulled all the way back, the lamp is  deenergized and 
the  shat ter  above the   photoml t ip l ie r  i s  opened A detent is provided 
to   indicate   to   the  operator   pul l ing the t n g g e r  when the light will be 
deenergized aud the   shut ter  opened. 



FIG. 1 LIGHT  GUNS FOR RADAR HAND-OFF 
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transmt the  light from the  grain-of-wheat  lamp  to  the CRT phosphor 
as  is  employed  to  return  the  light  from  the  CRT  phosphor to the  pho- 
tomultiplier.  This  prevents any error  caused by either  optical 
misalignment  or  refraction  of  the  light  path  through  the  overlay. 

It  should  be  noted  that  the  same  light  path is used  to 

EQuIPMfmT mALuATIoil 

The  light guns a d  associated e q ~ p e n t  were  installed  in 
the IFB room  of  the  Washington  mational  Airport  control  tower.  See 
Fig. 6. No  difficulty was encountered i n  this  installation.  The 
equipment was operational from A w t  13 to  September 16, 1958, for 
a total  of 768 hours of continuous  operation. A m o r  equipment 
failure  was  reported  when a front-surface mirror in one of the  light 
guns came  loose.  It was cemented  with a better  adhesive  and no further 
difficulty  was  encountered. An operational  evaluatlon of this gun in 
the Washington IFR room  is  described  in a separate  reports2 

COITCLUSIONS 

design  over  the  original  prototype.  The  mechanical  and  electronic 
designs  have  been the-tested and  the gun was found to  be  stable  and 
reliable.  There  axe no aliment errors  between  the W g  marker  and 
the  detection  area.  The gran works  satisfactorily  through  three  Plexi- 
glas  overlays  (incl- a yellow filter) and is  not  adversely  affectea 
by  stray  ambient  light. 

The  light gun described  in  this  report is a m h  improwed 

report, many suggestions aad a considerable  amoant  of  assistance  were 
received.  The  author  wishes  to  thank  the  air  traffic  controllers  at 
La Guardia  tower,  New  York,  and  the TM: controllers  for  their many 
helpw suggestions.  For  the  final  design of the  light gun, credit 

%ineering  Services  Branch. For  the  excellent  machine and fabrica- 
goes  to Mr. John F. McGmley and Mrs. Jeannette L. Sharp of aK: 

tion  work on the  light guns, credit  goes  to Mr. Willard  W.  Qigerlch 
of the TDC Machine  Shop. 

To design and fabricate  the  light gan described  in  thls 

in  the  Washington  Na€ional Au-port IFR Room," FAA Technical  Development 
Report No. 383, January 1959. 

'Frederick H. Ottersberg,  "Evaluation of Radar Light  Guns 
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FIG. 3 LIGHT  GUN  MARKING  AN  AIRPLANE  TARGET  FOR  TRANSFER  TO 
ANOTHER SCOPE AT  WASHINGTON  NATIONAL  AIRPORT 
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NOTE NO 2 RADAR HAS DUPLICATE CIRCUITS 
~ - _ ~ ~ - _ _ - _  

FIG 4 SCHEMATIC DIAGRAM OF CIRCUITS FOR ONE LIGHT GUN 
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F I G  5 LIGHT GUN ASSEMBLY 




