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DETERMINATION O F  SOME  GEOMETRIC  RELATIONSHIPS 
PERTAINING TO COLLISION  FLIGHT  PATHS* 

SUMMARY 

A study  has  been  made  to  develop a basic   means,  In the  form of graphs  and  charts.  for 
permlttlng a better  understandmg of cockplt  vlsual  problems  and  alrcraft  consplculty  problems 
as they   a re   re la ted   to   mld-a l r   co l l~s~ons  

combmatlons of straight-and-level, cllmbxng,  descendmg,  and  turnmg  fllght conditions Usmg 
only  alrcraft  headlngs  and  speeds,  the  vlsual  angles  and distances between  alrcraft  at assumed 
Instances of t lme  prlor  to  coll lslon  may be determlned  from  these  charts It 1s also  posslble  to 
ohtaln  crltlcal  colhslon-course  headlngs  by  entermg  the  charts  wlth  the effective cockplt  cut-off 
vision angles  and  speeds 

Formulas  are  derlved  and  vlsual-angle  and  dlstance  charts  are  presented  for  certaln 

Tables  are  presented  showmg  actual  alrplane  att l tudes  durlng  f l lght 
Actual  fllght  paths  recorded  in  the  vlclnity of a l rports   are   presented  Some  performance 

parameters   used  In the  deslgn of the  vlsual-angle  charts  contamed  in  thls  report  were 
establlshed  from  these  fhght-path  data 

From  the  graphs  contamed In thls   report ,  It 1s evldent  that 

1  No apparent  motlon  from  pllotsl  vlewpornts  exlsts  between  two  alrcraft  whlch  are  flylng 
straight  and  level  on  colllslon  courses at constant  speeds 

2 The  most  severe  mld-alr  colllslon  hazard  from a vxsual-angle  standpolnt exlsts between 
alrcraf t   that  are flylng at small   d l f ferences of headlng  and  speed  Durlng  thls  condltion,  even 
when  the  closing  rates  are small and much  time IS avallable  for  evasive  maneuver, the visual-  
angle   res tnct lons of present-day  t ransport   a l rcraf t   do  not   permlt   the   pl lots   to   observe  each 
other 

vlsual  angles  may  be  requxred  durmg  many  colllslon  condltlons  However,  certain  mlnlmum 
vlsual  angles m alrcraft-cockplt   deslgn  wdl  tend  to  decrease  the  probablll ty of mid-air 
colllslons 

3 Mld-alr  colllslons  cannot  be  avolded  by use of the  wmdshleld  area  alone,   slnce  extreme 

INTRODUCTION 

The  danger of aircraft  collldlng In mld-alr  1s becommg  lncreaslngly  serlous as speeds 
nd  trafflc  densitles  Increase  Cockplt  vlslblllty  angles, o r  angles of vlslon  requlred  by  the 

pllot of one alrcraf t   to   see  another   a l rcraf t ,   and  pl lot   a ler tness   are  two maJor   factors  m 
mld-alr colllslons  Another  maJor  factor 1s the  consplculty of a n c r a f t  

Admlnlstratlon  commenced  an  lnvestlgatlon of the  cockplt-vlslblhty  problem  Slnce  that time, 
much work has  been  accompllsbed  and r e p o r t e d l ~ ~ . ~  In an  effort   to  arrlve at a basis   for  
establlshing  mlnlmum  cockplt-vlslbxllty  standards  for  alrcraft  and  thus  to  Improve the safe ty  
of a l rc raf t  

Durlng  1948,  the  Technlcal  Development  and Evaluation Center  of the  Clvll  Aeronautics 

*Manuscript submitted for  publlcatlon  December 1954 

'George L Plgman  and  Thomas M Edwards,  "Alrlme  Pllot  Questlonnalre  Study  on 
Cockplt  Vlslblllty  Problems," CAA Technical  Development  Report No 123, September 1950 

2Thornas M Edwards,  "Development of an  Instrument  for  Measurlng  Alrcraft   Cockplt  
Islblllty  Llrnits." CAA Technlcal  Development  Report  No 153. January  1952 

3Thornas M Edwards  and  Wayne D Howell, "A Study of Pllots'   Eye  Movements  Durlng 
Vlsual Fllght  Condltlons," CAA Technlcal  Development  Report No 179,  June  1952 
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Slnce  1938,  development  actlvltles  deslgned  for  the  Improvement of alrcraft  consplculty 
have  been In progress  To  date,   these have  chlefly  Involved  external  alrcraft  llghtlng  Two 
technical reports  coverlng  thls  work have  been  publlshed  4-5 

solution of equatlons  showmg  the  relatlonshlp  that  exlsts  among  the  fundamental  parameters of 
a l rc raf t  In fllght  on  colllslon  courses 

visual  angles  and  distance-tlme  separatlon  as  they  are  related  to  colllslon  courses  In  order 
to  accomphsh  thls  task.  a series of formulas was developed  From  these  formulas.  charts 
and  nomographs  were  deslgned  to  slrnphfy  and  facllltate  thelr  solut~ons 

Contlnued  work  in  these  flelds of cockplt  vlslblllty  and  alrcraft  consplculty  requlres  the 

The  ult lmate  ob~ectlve of thls   report  IS to  present a slmple  means of calculatmg  cockplt 

The  mformatlon  and  data of thls  report   are  presented  as  follows 

Colllslon Condltzon B - Stralght  Climb and Descent 
Colllsion Condltlon A - Straight-and-Level Fllght 

Colllslon Condltlon C - One  Alrcraft  Turning  and  One  Flymg  Stralght  and  Level 
Colllslon Condltlon D - Two  A-rcraft  Turnlng In Same  Dlrectlon 

Graphical presentatlons  coverlng two alrcraft  turnlng  In  opposlte  dlrectlons  were  found  to  vary 
over such  wlde  llmlts  that I t  was  preferable  to  achleve solutions by  the  use of the  equatlons 
rather  than  by  graphlcal  methods  These  equatlons  are  presented m the  Appendix 

followmg  outlme 
Each  colllslon  condltlon 15 discussed separately  and 1s presented  to  conform  to  the 

1 Descrlptlon 
2 Procedure  and  Formulas 
3 Sample  Solutlon 
4 Addltlonal  Conslderatlons 
5 Dlscusslon of Slgnlflcant  Trends 

The derlvatlon of the  formulas  and  the  actual  measured  fhght  paths I n  the  vlclnlty of 
a l rports   are   presented in the  Appendlx 

Thls   report  15 llmlted  to a study of colllslon  courses  It 1s primarily Intended  to  serve 
as  a baslc  tool  to  atd In the  solutlon of cockplt-vlslon  and  alrcraft-consplculty  problems  from 
the  standpomt of colllslon avoidance Its  Intended  utlllty  also  Includes investigations of 
mld-alr  colllslon  accldents 

GENERAL  PRESENTATION AND LIMITATIONS O F  BASIC  DATA 

Charts  were  drawn  to  facllltate  the  calculatlon  of  the  vlsual  angles  requlred  for  the  pllots 

to encompass a wlde  range of aircraft  speeds  and  collislon  approach  angles,and it 1s assumed 
of each of two alrcraft   on a collislon  course to see  the  other  alrcraft  The  charts  are  deslgned 

that  the  alrcraft   are  polnt  sources  I t  1s also  posslble  to  determme  the  dlstance  separatmg two 
airplanes a t  any  partlcular  Instant of t lme  pr ior  to  colllslon 

Charts  for  determlnlng  separatlon distances and vlsual  angles  were  drawn  for  the  most 
common  colllslon  courses  Slmple  charts  shown  in F lgs  1 ,  2,  and 3 cover  straight-and-level 
fllght  condltlons  Charts  for  cllmbing  and  descendlng conditions a r e  shown In Flgs  1, 2, 5, 
and 6 A more  compllcated  system of charts  1s presented  for  computatlon of dlstance of 

whlch 15 turnlng,and  also  from  alrcraft  which  are  both  turnlng  These  familles of char ts  a r e  
separatlon  and  visual  angles  from  aircraft,one of  whlch 15 flymg  stralght  and  level  and  one of 

shown m F l g s  10 through 2 1  and 28 through 82, respectively  In  all  cases,  sample  calculatlons 
showmg  the  manner in whlch  the  char ts   are   used  are   presented 

CAA Technlcal  Development  Report No 215, September 1953 
4Cec11  B Phillips and  Alan L Morse,  "A Review of Alrcraft  External  Llghtlng  Actlvlties, 

Technlcal  Development  Report No 248,  October  1954 
'Marvm J Anderson  and  Gecll B Philkps,"Development of Blade  Tlp  Llghtmg." CAA 
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It  was  possible  to  limlt  the  coverage of the  charts  for  straight-and-level,  cllmblng,  and 
descendmg  fllght by the  assumptlon of loglcal  llmits  for  the  data  However, it was  much  more 

turning  f l lght  were  therefore  establlshed  from  recordings of 250 fllght  paths of alrcraft  In  the 
dlfflcult  to  establlsh  practzcal  parameters  for  the  turnmg  condltlons of fllght  The  llmlts  for 

vlclnlty of alrports  These  f l lght-path  data  are shown  in  the  Appendix  The  collision  cases 
presented  In  thls  report   are  deslgned  around  the  assumptlon  that   the  alrplanes  are  f lylng  at  

turns,   as  these  condltlons  are applicable By necessity. the  colllslon  condlhons  covered  by 
constant  speeds,   constant  rates of chmb or descent. and constant  angles of bank  durlng  level 

‘ 5 report  constitute only a smal l   par t  of the  total  number  of  posslble  colllslon  cases 
In  using  thls  report   as a tool  for  determlnlng  the  vlsual  angles  requlred  for  the  pllot of 

one alrplane  to  see  the  other  alrplane  and  determmmg  the  dlstances  between  alrplanes,  the 
ccuracy of the  results  obtamed  wlll  sornetlmes  be  llmlted by  the authenticity of the  Input 

parameters   ra ther   than by  the  deslgn of the  charts  themselves If It 1s found  that  none  of  the 
colllslon  cases  represented In thls  report  apply  exactly  to  the  one  hemg  mvestlgated,  the 
selectlon of the  colllslon  case  that 1s most  slmllar  wlll  provlde  approxlmate  vlsual-angle 
requlrements 

STRAIGHT-AND-LEVEL FLIGHT 
COLLISION  CONDITION A 

Deecrlptlon 
Calculatlon of vlsual  angles  to  the  rleht  or  left  reaulred  for  the d o t s  of each  airulane  to 

I 

see  the  other  alrplane is  facllltated by the  use  of  the  charts  designed  for  the  stralght-and-level 
fllght condition These  charts  are  deslgned  around  the  hypothesls  that  two  alrplanes  are  flying 
along  stralght  llnes  and on  a colhslon  course In the  same  hormontal  plane  and  that  they  are 
approachmg  each  other  from  any  dlrectlon at any  relatlve  speed 

Procedure  and  Formulas 

char t s  I S  a s  follows 

I 

The  level-cruse  char ts   are   shown  In   Flgs   1 ,  2, and 3 The  procedure  for  using  these 

l rc raf t  A 1s simply  the  ratlo of the  speed of the  slower  airplane to the  speed of the  fas ter  
1 To determme  speed  relatlonshlp A, enter F l g  1 wlth  the  true  air  speeds of the two 

Irplane 
2 To  determlne  visual  angles 9 (for  the  faster  alrplane)  and q (for  the  slower  alrplane) 

t which I t  LS posslble  for  the  pllot of each  amcraf t   to   see  the  other   a l rcraf t ,   enter  F l g  2 wlth 
he  absolute  difference In the  true  headings $I, and the  value of A. 

colhslon.  enter F l g .  3 wlth  the  veloclty Vs of the  slower  alrplane,   t lme t before  colllsion.  the 
3 To  determme  the  dlstance Z between  the  alrplanes  at  any  Instant of t lme  prior  to 

’ ’ dlfference m true  heading $I, and  the  vlsual  angle 9 required  f rom  the  fas ter   a i rplane 
4 To determme  closmg  velocity  between  the two a i rc raf t ,   en te r  F i g  3 wlth  the  distance Z 

5 To  determine  the  blind  areas  caused by speclfic  cockplt  cutoff  angles of any two a i rc raf t ,  

rd   to   the  intersectmn of the  relatlve  speed A In  questloqand follow up the  diagonal  llne to 

’ tween  the  alrcraft  and  the  tlme t before  colllslon 

enter  the  chart  shown  In F l g  2 wlth  the  vlslblllty  cutoff  angle of the  slower  alrplane,  proceed 

$ absolute  dlfference  In  true  headmg  Thrs  value of L) m ~ l l  be  the  mlnimum  absolute  dlfference 
in  headlng of the  two  alrcraft  that will permlt  them  to be  visible  to  each  pllot 

reader  and IS constructed  to  permlt a speed  relatlonshlp  value  to  be  obtalned  for  any  speeds 
a s  long  as  the  same  scale IS used on  both  axes  Thls  chart  was  constructed  from  the  equatlon 

The  speed-relatlonshlp  chart  shown m F l g  1 1s presented  for  the  convenience of  the 

A = _  VS 

Vf 

Where 

A = Speed  relationshlp 
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V = Veloclty of slower  alrplane.   true  alr   speed, m mph 
S 

V - Veloclty of faster  alrplane,   true  alr   speed. In mph f -  

substltutmg  example  values  In  Equatlon (2 ) '  
The  vlsual-angle  chart  shown ln F l g  2 for straight-and-level flight  was  constructed by 

8 = arc s m  A s i n +  

t 1 - 2A cos $ 

and $3 = 180" - ( $  t 0 )  

Where 

e = Visual  angle  from  longltudmal ans   requl red   f rom  fas t   a i rp lane ,  In degrees 

q4 = v  lsual  angle  from  longltudlnal axis required  from  slow  amplane, In degrees 

A = Speed  relatlonshlp ( F l g  1 )  

=Ahsolute  difference In true  heading of two aircraf t .  In degrees  (always  180" or l ess )  

The dlstance-of-separation nomograph  shown In F l g  3 was  constructed by usmg 
Equatlon ( 3 )  

V s t  s m  J. 
60 s ln  e z =  

Where 

V = Velocity of slower  alrplane,   true  alr   speed, In mph 

t = Tlme of mvestlgatlon  before  colllslon.  in  mmutes 

$ =Absolute difference In true  headlng of two alrplanes.  In degrees 

9 = Vlsual  angle  requlred  from  faster  alrplane,  In degrees 

s 

Z = Dlstance  between  airplanes  at  tlme t of mvestlgatlon. In miles  

Sample  Solutlon 
It IS desired  to know the  visual  angles  that  are  requlred  for  the  pilots of each of two 

between  them  at a glven  time t Refer  to  Flg 4. In thls  case.   both  airplanes  are  f lymg  stral- '  
alrcraft   to  see  the  other  alrcraft   whlle  on a collision  course  and  to  determme  the  dlstance 

and  level 

Given 

V = 180 mph,  veloclty of slower  alrplane.   true  alr   speed 

Vf = 200 mph,  velocity of faster  alrplane.   true  alr   speed 

5 

* 
Equations ( 2 )  through (6). ( 8 )  through (14). (16), and (20)  through (29) have  thelr 

derlvatlons  in  the  Appendix. 
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$ = 45', absolute  dlfference  ln  true  headlng of two a n c r a f t  

n thls  case,   assume  that   the  slower  alrcraft  1s on  the  left of the  fas ter   a l rcraf t  

= 1 mlnute,  tlme of lnvestlgatlon  before  colllslon 

olutlon 

. = 0 9 0  
1 Enter  F l g  1 wlth V = 180  mph  and V = 200 mph  and  determlne  the  speed  relatlonshlp 

iown thls  dlagonal  llne  untll  an  mtersectlon 1s made  wlth  the  speed-relatlonshlp  curve A = 0 9 
2 Enter  the  chart  shown  In F l g  2 wlth  the  dlfference  In  true  headlng $I= 45"  and  follow 

requlred  for  the  pllot  of the  faster  alrplane  to  see  the  slower  alrplane Follow the  vertlcal 

5 f 

Follow  the horizontal line  from  thls  pomt  and  read  the  angle 8 = 60' Thls 1s the  angle 

ne from  thls  pomt  and  read  the  angle 9 = 75".  Thls I S  the  angle  requlred  for  the  pllot of the 
lower  airplane  to s e e  the  faster  airplane 

found  by uslng  the  nomograph  shown In F l g  3 

a Enter  nomograph  wlth V = 180  mph 

b Connect  180 t o t  = 1 mmute,  flnd T ' 

C. Connect T lntersectlon  wlth J/ = 45"  (absolute  dlfference  In  true  headlng)  and  fmd  T2 1 

d Connect T mtersectlon  wlth 8 = 60' (vlsual  angle  requlred from the  faster  airplane) 2 

e Read 2 = 2 5 miles   apar t  

3 The  distance  between  the  two  aircraft  at t = 1 mmute. o r  one  mmute  before collision, 1s 

5 

1 

4. The  closlng  veloclty  at t = 1, one mlnute  before  colllslon, IS found  by  usmg  the  nomograph 
hown  In F I g  3 

a Enter  nomograph  wlth Z = 2 5 mlles  

b Connect 2 5 t o t  = 1 mlnute 

c Read V = 220 feet  per  second, o r  150 rnph 
C 

%ddltlonal  Conslderatlons 
The  formulas  and  charts  are  designed  for  using  true  alr  speed  and  true  headlng of the 

lrcraft  In  the  event  that  the  ground  track and  ground  speeds  are  used, I t  1s necessary  to 
Iorrect   the  vlsual  angles by  addlng  or  subtracting  the  crab  angle  or  wind-drift  angle 

3lscussion of Slgnlflcant  Trends 

s grea tes t   a t   smal l  differences In headmg  and  at  small  differences In speed  These  are  the 
-onditions  that  make  the  chances of el ther   plot   seemg  the  other   a l rplane  very  small  

By mspectlng  the  curves  shown  In F l g   2 ,  I t  1s emdent  that  the  mld-alr  colllslon  problem 

Slnce  tlme 1s not  Involved  In  obtalnlng  visual  angles  from F l g  L, It 1s evident  that  as  the 
m e  from  colllslon  varles  the  vlsual  angles  obtamed  from  thls  chart m111 remaln  constant 

hroughout  the  speclflc  colllslon  course  being  mvestlgated If the  requlred  vlsual  angle  remalns 

:olllslon  course 
Ionstant,  there 1s no relative  motlon  between  the  alrplanes  flying on  a stralght-and-level 

would resul t  in a coll lslon,  the  vlsual  angle  requred  from  the  faster  alrplane wlll always  be 
F o r  any  posslhle  comblnatlon of speed  relatlonshlp  and  absolute  dlfference In headmg  that 

These  maxlmum  vlsual  angles do not  occur  at  the  same  tlme 
ess   than  90"  whlle  the  vlsual  angle  requlred  from  the  slower  alrplane  could  he  as  great  as  180' 

The  locus  lme  drawn  on F l g  2 mdlcates  that  the  maxlmum  wsual  angle  requlred  from  the 
85t-r airplane  occurs  when a 90" vlsual  angle 1s requlred  from  the  slower  airplane 
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F l g  4 Vector  Dlagram of Sample Solution far Level -Fhght  Colllslon  Condltlon 
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STRAIGHT CLIMB AND DESCENT 
COLLISION  CONDITION B 

Descrlptlon 

to see  the  other  alrcraft  1s faclhtated by the  use of the  charts  deslgned  for  the  chmb-and- 
descent  condltlon  These  charts  are  designed  around  the hypothesis that  two  alrplanes  are 
cllmbmg or descendmg  relatlve  to  one  another  and  that  they  are approaching each  other  on 
straight  courses  from  any  dlrectlon  at   any  relatlve  speed 

Procedure and Formulas  

these  char ts  1s as  follows 

Calculation of vlsual  angles  to  nght or l e f t  and  up o r  down for  the  pllots of each  a l rcraf t  

The  cllmb  and  descent  charts  are  shown In Flgs  1, 2 ,  5, and 6 The  procedure  for  using 

1 To  determlne  speed  relationshlp  A,  enter F l g  1 wlth  the  true airspeeds of the two 
a l r c r a f t  

2 To  determlne  horlzontal visual angles 8 and $. requlred  for  the  pllots  of  each  alrcraft  to 
see  the  other  alrcraft .   enter F l g  2 wlth  the  absolute  dlfference In true  headlng 9 and the  value 
of A 

enter F l g  5 wlth  horlzontal  vlsual  angle 0 requlred  from  faster  alrplane.   velocity V, of the 
3 To  determlne V ,  the  proJectlon  upon  the  horlzontal  plane of the  closing  veloclty ( F l g  a), 

slower  alrplane.  and  the  absolute  dlfference  ln  true  headlng $' 
opposite  from  each  alrplane),   enter F l g  6 with  the  algebralc  sum of the  rate of change of 
altitudes  between  the two alrcraf t  A 1 * A2 and V,  the  pro~ectron  upon  the  horlzontal   plane of 
the  closlng  veloclty 

5 To  determlne  the  true  vertical  vlsual  angle  requlred,  the  fuselage  attltude  wlth  respect 
to  the  horlzon  must  be  consldered  and  the correction must be apphed  to  the  vertlcal  angle p 
The  fuselage  attltude  wlth  respect  to  the  honzon  durlng  cllmb or descent  varies  wlth  different 
airplanes A l l s tmg  of amcraf t   a t t i tudes  durmg  chmb or descent.  as  complled from studies 
made  at  Indianapolis and  Chlcago  alrports,  may be  found  on Table I The  data  for  thls  table 
were  computed  from  photographs of the  fllght  paths  as  Illustrated  In F l g  7 These  data  are 
presented  in  order  to  obtain a sample of fuselage attitudes wlth  respect  to  the  horlzon  for 
different types of a l rc raf t  

6 To  determlne  the  dlstance Z between  the  alrplanes  at  any  mstant of t ime  pr lor   to  
collision, enter F l g  5 wlth time t before  colhslon,  the  vertlcal   angle p , and V. t h e   p r o ~ e c t ~ o n  
upon the  horlzontal  plane of the  closmg  veloclty 

Z between  aircraft  and t lme t before  colhslon 

In  determlnlng  the  veloclty V ,  the  quantlty  needed  for  entering  the  vertlcal-angle  chart ( F l g  6 ) ,  
the  nomograph6  shown  In  Flg 5 was  constructed by using  Equation (4) 

4 To  determlne  the  vertlcal  angle P (whlch IS measured  from  the  horlzon and 1s equal  and 

7 To determlne  the  closlng  veloclty  between  the two alrcraft ,   enter F l g  5 wlth  the  dlstance 

v =  
V 5  s m  J, 

sln e 

Where 

V = Vertlcal  proJectlon of the  closing  veloclty  upon  the  horlzontal  plane,  in  mph 

V = Velocity  of  the slower airplane,  In  mph 

9 = Absolute  difference  In  true  headlng of the  two  alrcraft ,  In degrees 

e = Horizontal   vlsual  angle  requlred  from  the  faster  alrplane,  In degrees 

s 

York, pp 33-43 ,  1952 
'Lee H Johnson,  "Nomography  and  Emplrlcal  Equations."  John  Wlley & Sons,  Inc , New 
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the  followlng  equatlon 
The  vertlcal-angle  chart,  shown In Flg 6 .  was  constructed  by  substltutlng  example  values Ln 

p = a r c   t a n  A,* A 2  

8 8V 
(5) 

Where 

A or 

A 1  

P 
V 

A, = Rate of cllmb o r  ra te  of descent of the  respectlve  alrplanes,  In feet   per  mmute 

A : The algebraic sum  of  the  rate of change of altltude  between  the  two  alrplanes. 
ln  feet  per  rnlnute (If both A 1 and A 2 a re   r a t e  of c l lmb  or  If both a r e  
ra te  of descent,  then a mmus sign 1s used,  for  any  other  combmatlon, a plus 
sign IS used ) 

=The  vertlcal   angle  measured  from  the  horlzon, 1n degrees  

=Verttcal  proJectlon of the  closlng  veloclty upon  the horizontal plane, In mph 

FOT determlnatlon of the  dlstance  between  the  alrcraft at tune  t. F lg  5 was  constructed  by 
usmg  Equatlon (6 )  

z =  vt 
60 cos  p 

Where 

V = Vertlcal  proJectlon of the  closlng  velocity upon  the honzontal   plane,  Ln mph 

t = Tlme of Investlgatlon  before  colltslon, In mlnutes 

p = Vertlcal  angle, In degrees 

Z = Dlstance  between  alrcraft   at   t lme of lnvestlgatlon. In miles 

Sample  Solutlon 
I t  1s d e s ~ r e d   t o  know the  vlsual  angles  that   are  requtred  for  the  pllots of each  a l rcraf t   to  

s e e  the  other  alrcraft  whlle  flymg  on a colllslon course and  to  determlne  the  dlstance  they  are 

descendmg 
apart  at a glven  tlme t Refer  to F1g 8 In  thls  case,  one  alrplane IS  cllmbmg  and  one 1s 

Vs = Z O O  mph,  the  veloclty  (true  alr  speed) of the slower alrplane,  whlch 1s chmblng 

A ,  = 1220 fpm.  the rate of c h m b  

Vf  = 220  mph,  the  veloclty  (true  alr  speed)  of  the faster alrplane,  whlch IS descendmg 

A = 2 0 0 0  fpm,  the rate of descent 

$' = 45'. the  absolute  dLfference In true  headmg of the  two a l r c ra f t  

In  thls  case,   the  cllmbmg  alrplane 1s approachmg  the  descendmg  alrplane  from  the  rlght 

t = 0 5 mlnute.  the  tlme  of  lnvestlgatlon  before  colhslon 
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Solutlon 

1 Enter   Flg 1 wlth Vs = 200 mph  and Vf z 220 mph.  and  read A 0 9 

2 Enter  horlzontal-vlsual-angle  chart,  Flg 2, wlth $ = 45" and A = 0 9 Read e = 60" 
rlght,  the  horlzontal  vlsual  angle  (measured  from  stralght  ahead of the  pllot-eye  posltlon) 
requlred  for  the  slower  alrplane  to  be  seen  from  the faster alrplane  Read 4 = 75" left,   the 
horlzontal   vlsual  angle  (measured  from  stralght  ahead of the  pllot-eye  positton)  requlred 
for  the  faster  alrplane  to be  seen  from  the  slower  alrplane 

V = 160 mph.  the  veloclty  needed  for  enterlng  the  vertlca  angle  chart 
3 Enter  nomograph,  Flg 5 ,  wlth 8 = 60". V, = 200 mph,  and $ = 45", and read 

4 Enter   F lg  6 ,  the vertical-angle chart ,   wlth t = 3220 feet  per  mlnute.  whlch 1s 1 
the  rate  of  change of altltude  added  algebralcally  between  the two aircraft, and V = 160 mph 
Read p = 13".  the  vertlcal  angle  (measured  from  the  horlzon)  requlred  for  elther  alrplane  to 
be seen  from  the  other  The  alrplane  descendmg  would  requlre  13" down from  the  horlzon. 
and  the  alrplane  cllmblng  would  requlre  13" up from  the  horlzon 

attltude  wlth  respect to  the  horlzon  must  be consldered 
5 To  determlne the  true  vertlcal   vlsual angle  requlred  from  each  alrplane.  the  fuselage 

up attitude, then  the  true  vertlcal   vlsual  angle  requlred  from  thls  alrplane  wlth  respect  to  the 
cockplt would  be  13" - 2 ' ,  or 11'  up  Also, If it 1s assumed  that  the  fuselage of the  airplane 
descendlng 1s In a 5 '  nose-down  attltude,  then  the  true  vertlcal  vlsual  angle  requlred  from 

varlety of attltudes  complled  from  photographlc  studles  made of actual  take-off  and  landlng- 
atrplane  with  respect t o  the  cockplt  would  be 13' - 5'. or 8" down Table I ,  whlch  shows a 

approach flxght paths  at  Indlanapolls  and  Chlcago  alrports, 1s presented  for  the  convenlence of 
the  reader  

6 Enter  nomograph,  Flg 5, wlth V = 160 mph,  prevtously  determlned In Step 3 In  thls 
case ,  t = 0 5 mlnute and p = 13' Read Z = 1 40 mlles, the  dlstance  between  the  alrplanes  at 
tlme = 0 5 mmute  Note  There  can  be slmllar solutlons for  other  condltlons  such  as  both air- 

craft  cllmblng.  both  atrcraft  descendmg, one airplane  flymg  level and  one  cllmblng. or   one 
alrplane  flylng  level  and  one  descendlng 

the  vlsual  angles  requlred  from  elther  airplane  wlll  be  in  the  vertlcal  plane  only  Thls  condl- 
tlon.  then,  becomes  the  same as Condltlon A ,  except  that In thls  case  the  relatlve  motton 
occurs  In the  vertlcal  plane  whde In Condltlon A the  relatlve  motlon  occurs In the  horlzontal 
plane  If  the  verttcal  plane 1s rotated 904 It becomes  comcldent  wlth  the  horlzontal  plane, 
therefore,  Condltlon B becomes  hypothetlcally  the  same as Condltlon A and  the visual-angle 
chart  deslgned  for  Condltlon A can  be  used  In  uslng  thls  chart,  the  dlfference In headmg In 
thls  condltlon IS determlned  by  the  angle of cllmb  or  descent of each  alrplane 

F o r  example, If I t  IS assumed  that  the  fuselage  of  the  alrplane  cllmblng IS In a 2"  nose- 

If the  alrplanes are cllmblng  or  descendmg  on a dlfference m headlng  equal  to 0" o r  180', 

Addltlonal  Conslderatlons 

to  thls  colllslon  condltlon 
The  same  addltlonal considerations that   were  dlscussed m Condltlon A apply similarly 

Dlscusslon of S1gnlftcant  Trends 

headlng  and  small  dlfferences  In  speed 
vertlcal-vlsual-angle  requlrements  from  both  airplanes  are  greatest  at  small  dlfferences In 

The  trends  dlscussed Ln Condltlon A apply  slmllarly  to  thrs  colllslon  condltlon  The 
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TABLE I 

TYPICAL  FLIGHT-PATH  ANGLES AND FUSELAGE- 
LONGITUDINAL-AXIS ATTITUDES 

Alrcraft   Fhght-Path  Angle 
Type  Relatlve  to  Horizon 

Takeoff Landlng 
(degrees) (degrees) 

Martm  404 t 7  - 5 25 
6 - 8 0  
4 5  - 5 0  
5 25 - 4 0  
4 - 5 0  
4 75 - 7 5  
5 - 8 25 
7 

5 
6 

5 
Average 5 41 - 6 14 

Convair 240 11 -10 
6 2 5  
1 50 

- 4  
- 5  

5 0  
Average 5 94 

- 5 75 - 6 19 

Douglas  DC-3 

Average 

Constellatlons 
Lockheed 

Average 

Douglas  DC-4 

Douglas  DC-6 

Average 

Beech D-1ES 

Average 

Relative  to  Fllght- 
Fuselage  Attltude 

Pa th  Angle 

(degrees)  (degrees) 

-6 t o  75 

-4 5 
-3 

-4  25 
-3  75 

- 3  25 
-2 5 

-3 0 

-4 5 
-4 0 
-8 0 

-4 - 3  5 

-4 5 
0 

Takeoff  Landlng 

t 2  5 
+2 5 
-2 48 -3  68  

t 1  t 1  
t l  

0 
-1 
t l  

1 0  56 
t o  25 

t o  25 
0 

4 5  
5 25 

- 4 0  0 - 6 0  
1 5  - 5 5  -0 5 

0 

4 0  - 6 0  
4 0  

0 - 5 5  -2 0 

4 0  
4 5  - 5  

- 5  
-3 
t 3  

2 0   - 5  *3 5 
4 0  
3 75 - 5 3  

2 5  
0 39 

t 3  - 5  
t 4  - 5 5  t 1  

-2 5 

t 5  
t 6  t 2  5 

0 

t 4 5  - 5 25 t o  25 

5 5  $1 a 

4 
3 5  0 

3 5  
t 3 7   t 1  7 

t 5 0  - 4  
3 

-5 0 
0 

t 4  - 4  - 2  5 

t 1  5 
t2 0 

2 75 
0 
0 
0 

f 2  
1 5  

t1  22 

-1 0 
-6 0 

-3 5 

-2 

-2  

Relatlve  to Horlzon 
Fuselage Attltude 

Takeoff Landlng 
(degrees) (degrees, 

t 1  
+ 3  

- 4 50 

0 
-11 75 

t 2  
- 9 25 - 7 0  

t 1 5  - 9 0  
t 0 25 
t l  

-15 5 

t 7  
-11 75 

t 1 5  
t 7 5  
t 7 5  

2 93 - 9 82 

12 
7 25 

- 9  
- 5  

1 5  
5 25 

- 4  

6 50 
- 5 75  - 5 94 

4 5  
5 25 

- 2 5  
- 4  

1 0  
4 0  

- 2 75 

2 0  
- 6  - 5 5  

5 5  - 3 5  
6 5  

t 4  14 - 4 03 

t o  5 - 6 0  
t 5  -11 5 
t 5  
t 8  5 

4 75 - a 75 

4 5  

3 5  

t 5  5 
7 5  

0 - 6 0  
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Fig b Vertical  Angle,  Measured From Horlwn,  Requrred F r o m  Two Airplanes for Cllmb-and- 
Descent  Collisron  Condltlon 



F l g  7 Example of Fllght-Path  Attltude  Analysts 

F l g  8 Vector  Dlagram of Sample Solutmn fo r  Clnnb-and-Descent  Colllslon  Condltlons 



ONE  AIRPLANE TURNING AND ONE  FLYING  STRAIGHT AND LEVEL 
COLLISION  COURSE C 

Descrlptlon 

each  alrplane  to  see  the  other  alrplane 1s facllltated  by  the  use of the  charts  designed  for one 
airplane  turnlng  left  and  one  alrplane  flying  stralght  and  level  For  the  solutlon of a condltlon 
lnvolvlng a rlght  turn,   see  page 22 

one  alrplane 1s flylng  stralght and level  whde  another  alrplane IS maklng a left  turn  and  both 

any  relatlve  speed  from  any  dlrectlon 
a r e  on a colllslon  course,  flymg In the  same  horlzontal  plane,  and  approachmg  each  other a t  

Procedure and Formulas  

procedure  for  uslng  these  charts 1s as follows 

Calculatlon of the  vlsual  angles  to  the  rlght o r  left whlch are requlred for the  pllots of 

The  turnmg-and-level-fllght  vlsual-angle  charts are deslgned  around  the  hypothesls  that 

The  turnlng  and  stralght-and-level  charts are shown In F lgs  1 and 9 through 25 The 

a l rc raf t  

enter Fxg  25 wlth  the  angle of bank x of  the  turnmg  alrplane,  the  veloclty VT of the  turnmg 
alrplane,  and  the tlme t of investlgatlon  before collrsLon 

3 To determme  horlzontal   vlsual  angles Q and p (where Q =the  vlsual  angle  for  the at=- 
plane  flylng  stralght  and  level  and p = the  vlsual  angle  for  the  turnxng  alrplane)  requlred  for  the 
pllots of each  alrcraft   to  see  the  other  alrcraft .   select   from  Flgs I O  through 21  the  horlzontal- 
vlsual-angle  chart  that  applles  to  the  absolute difference In headlng  between  the two a l rc raf t   a t  
colllslon  polnts  Enter  thls  chart  wlth  the  trme  value t o  and  the  speed  relatlonshlp A 

the 2 0  table  located  on  the  same  horlzontal-vlsual-angle  chart  that  was  selected In Step  C-3 
4 To  determlne  the  dlstance  factor 20, enter  wlth  speed  relatlonshlp A and  tlme  value to 

enter   Flg 24 wlth  dlstance  factor 20 and  radlus of turn RT If the  radlus  of  turn IS not  known, 
5 To determlne  actual  dlstance  separatlon Z between  alrcraft  at any  tlme  prlor  to  collrston, 

enter   Ftg 23 wlth  the  angle of bank A and  the  veloclty In turn VT 
6 To  determme  the  vertlcal  vlsual  angle p as affected  by  the  angle of bank A , enter   F lg  22 

wlth  the  angle of bank x and  the  horlzontal  vlsual  angle f l  

1 To  determme  speed  relatlonshlp A. enter  F l g  1 wlth  the  true aLr speeds  of  the two 

2 To  determme  the time value t o  requlred  for  enterlng  the horizontal-vlsual-angle char t s ,  

The  speed-relatlonshlp  chart,  deslgned  for  Condltlons A and B and  shown In F t g  1, 1s 
used  to  obtaln  the  speed  relatlonshlp A In  thls  case,  however, 

v 
A 

VT 

Where 

V c  = Veloclty of the  alrplane  f lymg  stralght  and  level,  In mph 

VT = V e  x l t y  of  the  alrplane  turnlng. rn mph 

Ths t o  nomograph  shown In F l g  25 was  constructed  by  uslng  the  equatlon 

t =  0 
209 2 tan x t 

VT 

Where 

VT = Veloclty of the  turnlng  alrplane, In mph 

=Angle of bank  of  turnmg  alrplane, In degrees  

t = Actual  tlme of lnvestlgatlon  before  colllsxon,  in  mlnutes 
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to = Requlred  tlme  value  for  enterlng  vlsual-angle  charts, In manutes 

The  quantlty to 1s a relatlve  tlme  value  determlned  by  proportlonal  analysls  as described In  the 
Appendix 

The  vlsual-angle  charts  shown In F lgs  10 through 21 were  constructed by substituting 
example  values In the  followmg  equatlons 

a = a r c  tan- Y 

X 

Where 

(1 =the  horlzontal  vlsual  angle  that 1s needed  from  stralght  ahead  for  the  turnmg  alrplane  to be 
seen  from  the  alrplane  flylng  stralght  and  level, ln degrees 

p =the  horlzontal  vlsual  angle  that 1s needed  from  stralght  ahead for the  alrplane  flymg 
stralght and  level  to be seen  from  the  turnlng  alrplane, In degrees 

2 = Dlstance  between  the  arrcraft  at  tlme t ,  In  feet 

t = Tlme  before  colllslon. In minutes 

Vc = Veloclty (true  alr  speed)  of  alrplane  flymg  stralght  and  level, In feet  per  mmute 

RT = Radlus of fllght  path of turning  alrcraft ,  In feet 

K = Rate of turn  of  the  turnmg  aircraft .  In degrees  per  mlnute 

, # ,  X, and Y are  I l lustrated m F l g  86 of the  Appendlx 

Note In case I t  IS necessary  to  calculate  vlsual  angles by uslng  the  formulas,  use of Table I1 
wlll  be necessary  to  determlne  that   value of $I whlch  corresponds  to  the  absolute  dlfference In 
headmg at  colllslon  pomt 

plane,  whlch  slmulates  the  plane of the  horleon,  through a rlght  cyllnder  at  dlfferent  bankangles 
The  vertlcal-vrsual-angle  chart  shown m Fxg 22 was  constructed  by  passmg a horlzontal 

whlch  both  aircraft  are  flylng,  therefore,  the  pllot  flylng  elther  alrcraft  must  look  to  the  horlzon 
and  then  plottlng  the  polnts of lntersectlon  The  plane of the  horlzon 1s the  horlzontal  plane In 

to see  the  other   a l rcraf t  



+ 
(degrees) 

0 

30 

60 

9 0  

120 

150 

1 80 

210 

240 

270 

300 

330 

TABLE I1 

RELATIONSHIP  BETWEEN $ AND ACTUAL HEADING DIFFERENCE 

Dlfference  In  Headlng 
at  Colhslon  Polnt 

(degrees) 

90 

60 

30 

0 

30 

60  

90 

1 2 0  

150 

1 BO 

150 

120 

C ondltlon 

Wlth  turning  alrplane  on  the  left of 
crulslng  alrplane  at  collision  pomt 

Wlth  turnmg  alrplane  on  the  left of 
crulslng  alrplane  at  colllsion  polnt 

Wlth  turnlng  alrplane  on  the  left of 
crulslng  airplane  at  colhslon  polnt 

Both  alrplanes  heading  In  the  same 
dlrectlon 

Wlth  turnlng  alrplane  on  the  rlght of 
crulsmg  alrplane  at  colllslon p o d  

Wlth  turning  airplane  on  the  rlght of 
crmslng  amplane  at  colllslon  point 

Wlth  turnlng  alrplane  on  the  rlght of 
crulsmg  alrplane  at  colllslon  polnt 

Wlth  turnlng  alrplane  on  the  rlght of 
crulslng  alrplane  at  colllslon  pomt 

Wlth  turnlng  alrplane  on  the  rlght of 
crulsmg  alrplane  at  collislon  polnt 

Head on 

Wlth  turnlng  alrplane on the  left of 
crluslng  alrplane at collislon  polnt 

Wlth  turnlng  airplane  on  the  left of 
crulsmg  alrplane  at  colllsion  polnt 

in  the  equatlon7 
The  radius-of-turn  chart  shown  in  Fig 23 was  constructed  by  substltutrng  example  values 

0 067 VT 2 

tan X = t 15) 
RT 

Where 

A =Angle of bank,  m  degrees 

V - Veloclty of turnlng  airplane.  in  mph 

R = Radius of turn,  In feet  

T- 

T 

'Bradley  Jones,  "Elements of Practlcal  Aerodynamlcs."  Eqn  (22 2 1) p 365, John  Wiley 
br Sons,  Inc , New York. 1950 
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equatlon 
The  dlstance  chart  shown In F l g  24 was  constructed by substltutlng  values In the 

z =- ORT 

2801 1 

Where 

Z =Actual  dlstance  between  alrcraft   at   t lme t before  colllslon.  in  feet 

Z o  = Proportlonal  dlstance  between  alrcraft as obtalned  from  vlsual-angle  chart, In feet 

R T  = Radlus of tu rn  of turmng  alrplane, In feet 

Sample  Solutlon 

the  other  alrcraft  whlle  on a colllslon  course  and  to  determlne  the  dlstance  they  are  apart  at a 

alrplane IS turnlng  left 
given  t lme  Refer  to F l g  9 In  thls  case,  one  alrplane 1s flymg  stralght  and  level  and one 

Vc, the  veloclty of the  alrplane  crulslng  stralght  and  level, = 250 mph.  true alr speed 

V T s  the  veloclty of the  turnlng  alrplane, = 100 mph,   t rue alr  speed 

x , the  angle of bank of the  turnmg  alrplane, = 20' 

t. the  tlme  before  colllslon  to  be Investigated. = 0 5 mlnute 

absolute  dlfference  In  headmg  at   colhslon  polnt = 90" 

I t  1s deslred  to know what  vlsual  angles are requlred  for  the  pllots of each  a l rcraf t   to   see 

Solutlon 

2 Enter  F l g  25 wlth x = 2 0 ° ,  t = 0 5 mlnute.  and VT = 100 mph,  and  read t o  = 0 38 
1 Enter F l g  1 wlth V, = 250 mph and VT = 100 mph.  and  read A = 2 5 

3 Slnce  the  absolute  dlfference  In  headmg  at  colllslon is 90" wlth the  turnmg  alrplane on the 
left  at  colllslon  polnt, F l g  13 of the  horlzontal-vlsual-angle  charts 1s selected  Enter  thls 
chart  wlth to  = 0 38  and A = 2 5, and  read 0 , whlch IS the  horlzontal  vlsual  angle  requlred 
from  the  alrplane  f lymg  stralght  and  level,   equal  to  4"  left ,   also  read , whlch 1s the 
horlzontal  vlsual  angle  required  from  the  turnmg  aLrplane.  equal  to  52"  left 

F l g  13  wlth A equal  to 2 5 and to  equal  to 0 38 No value of t o  equal  to 0 38  appears, 
therefore.  the following mterpolatlon 1s made 

To flnd  the  dlstance  between  the  alrcraft  at 0 5-minute  separatlon,  enter  the 20 table  on 

A - 2 5  to = 0 40 Z o  = 22,727 

A = 2 5  to = 0 30 Zo = 17,076 

5,651 = Difference 

Slnce 0 38 1s 0 8 of the  Interval  between 0 30 and 0 40, 0 8 x 5651 = 4521 f o r  to  = 0 38  and 
A = 2 5 ,  Z o  = 17,076 t 4521 = 21,597 feet, or approxlmately 21.600 feet  Thls 1s not a t rue  

dlstance 
dlstance  but a proportlonal  dlstance  whlch  wlll be used m Step 5 to  determlne 2, the   t rue 

the  charts,  then a slmllar  lnterpolatlon  between  charts IS necessary  

equal  to 2;f' and VT equal  to  100  mph.  and  read R equal  to 1840 fee t  

If the  absolute  dxfference  In  headlng  at  colhslon  does  not  exactly  correspond  to one of 

4 If R the  radlus of tu rn  of the   tu rnmg  a l rc raf t  1s not known, F t g  23 1s entered  wlth x 
T 
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5 Enter F l g  24 wlth Z o  equal  to 21.600 feet,  prevlously  determmed.  and R T  equal  to 
1840  feet  Read 2 = 14.000  feet 

whlle I t  1s ln a 20- bank, enter  Flg 22 wvlth x equal  to 20" and  equal  to 52' left  and read 
6 T o  fmd  the  vertlcal  vlsual  angle p ,  requrred  at  0 5 rnlnute from  the  turnmg  axrcraft 

vertlcal  vlsual  angle  requlred  equal to 16'  up 

Addltlonal  Conslderatlons 

alrcraft  In  the  event  that  ground  track  and  ground  speeds  are  used, It 1s necessary to correct  
the  visual  angles by addlng  or  subtractmg  the  crab  angle  or  the wulnd-drlft angle 

alrplane  makmg a nght   turn  Instead of a left   turn by uslng  the  followrng  procedure 

Glven 
The  absolute  dlfference  in  headlng  at  colllslon  polnt 1s equal  to 150' wlth  the  turnlng  airplane 
on  the  rlght of the  crulslng  alrplane  at  the  colllslon  polnt  and  maklng a rlght  turn 

The  formulas  and  charts  are  deslgned  for  uslng  true  am  speed and true  headmg of the 

Vlsual  angles  may be  determmed  from  one  alrplane  flylng  straight  and  level  and one 

polnt  equal  to  150'  and  wlth  the  alrplane  maklng a turn  on  the  left of the  alrplane  flylng  stralght 
and  level  at  the  colllslon  pomt Thls chart  1s entered  wlth  the  parameters  determlned by the 
glven  condltlon.  the  only  dlfference  bemg  that  left 1s substltuted  for  rlght In usmg  the  charts 
as  related  to  headlng  at  colllslon  pomt 

2 In  readlng Q and P I  the  magnitudes of the  angles  are  correct  but  the  dlrectlons of the 
angles  need  to be reversed to  apply  correctly  to  the  glven  condltlon 

3 The  dlstance  between  the  alrplanes  at a speclfled  tlme  before  colllslon  and  the  vertlcal 
visual  angles  are  determmed  In  the  same  manner  as described for one  alrplane  flymg  stralght 
and  level  and one alrplane  maklng a lef t   turn 

Dlscusslon of Slgnlficant  Trends 

crulse  1s greatest  when  the  veloclty of the  turnlng  alrplane 1s the  greater of the two 

greatest   and  varles  over  the  widest   range  when  the  veloclty of the  alrplane  flylng at l e v e l   c r u s e  
1s the  greater of the  two 

vlsual  angle  requlred  from  the  turnlng  airplane 1s generally  greater  than  that  of the  alrplane 
f ly lng   a t   l eve l   c ruse  

alrplane,  It 1s a mlnlmum for the  other  alrplane 

all curves cross a t  one  common  intersectlon  pomt  then  the  turnlng  alrplane 1s dlrectly  ahead 
or  dlrectly  behind  the  alrplane  flylng  stralght  and  level 

1 Enter  the  horlzontal-vlsual-angle  chart  designed for a dlfference In heading  at  colllslon 

The  rate of change of the  horizontal  visual  angle  requzred  from  the  alrplane  flying  at  level 

The  rate of change of the  horlzontal  vlsual  angle  requlred  from  the  turning  alrplane 1s 

When  both  alrplanes  are  travellng  at  the  same  speed,  the  rate of change of the  horlzontal 

When the  rate of change of the  horlzontal  vlsual  angle  requlred IS the  greatest  from  one 

In  analyzlng  all  horlzontal-vlsual-angle  charts  for  Condltlon C ,  I t  will be  noted  that  when 
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The  followlng  charts  are  designed  for the  determination of horizontal-vlsual-angle  requirements 
and dlstance  factors  for  one  airplane  turnlng and one  alrplane  flying  straight and level 
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Fig 1 0  A t  Coll ls lon Polnt.  the  Dlfference ln Headlng = 0' and the Turnlng Alrplane IS on the 
Left of the  Alrplane  Flylng  Stralght and Level 
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14117 

16753 

19627 

24743 

34989 

6576h 

F l g  1 1  At Colllslon Point,  the  Difference In Headlng = 30' and the Turnlng  Amplane 1s on the 
Left of the Amplane Flymg Stralght and Level 
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< 

Flg 12 At  Colhsion  Point,  the  Dlfference in Headmg = 60' and the Turning  Airplane is on the 
Left of the Atrplane F l r n g  Stralght and Level 
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0 2  

0 4  

0 6  

0 8  

< l o  

1 25 

1 67 

2 5  

5 0  

* 
6363 

7336 

8328 

9335 

10601 

127W 

1746 

30185 

Flg 1 3  At  Colllslon Polnt, the Dlfference In Headlng = 90" and the  Turning  Alrplane 1s on  the 
Left of the  Alrplane  Flymg  Stralght and Level 
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Flg 14 At Colllslon  Polnt,  the  Dlfference In Headrng = 120" and the Turnlng  Alrplane 1s on  the 
Left of the  Airplane  Flying  Stralght and Level 
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2 0 5 M  

30659 
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F l g  15  At Colhslon  Polnt,  the  Difference  m  Headmg = 150' and the  Turning  Alrplane 1s on the 
Left of the  Alrplane  Flying  Straight and Level 
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0 h 2411 

0 6 2755 
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1 2 5  3883 

167 hhll 

2 5 640 

5 0 1oLa 

Flg 16  At  Collision  Polnt, the Dlfference In Heading = 180" and the  Turning  Airplane 1s on the 
Rlght of the  Alrplane Flymg Stralght and Level 
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Fig 17 At  Collision Pomt, the  Dlfference  in  Headlng = 150" and  the  Turnlng  Alrplane is on the 
Rlght  of  the  Airplane  Flying  Straight and Level 
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Fig 18 At Colllslon Pomt, the  Difference  in  Headmg = 120' and the  Turnlng  Alrplane 1s on the 
Rlght of the Alrplane  Flying  Straight and Level 
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Flg  19 At Golllslon Point, the  Difference in Heading = 90' and the  Turning  Airplane is on the 
Rlght of  the  Alrplane F l r n g  Stralght and Level 



Flg. 20 At  Collision Point, the  Difference 1n Headlng = 60. and the Turning Airplane i s  on the 
Right  of  the  Amplane Flylng Straight and Level 
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F i g  21 At  Colllslon Point, the  Dlfference in Heading = 30' and the Turnlug  Alrplane is on the 
Right of the  Airplane  Flylng Straight and  Level 
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z w 
4 

I eo 165 150 
L E F T  OR RIGHT 

EXAMPLE 

AHEAD OF P l L O  

45 
135 

VISUAL 
1. HORl  

120 105 

ZONTAL VISUAL  ANGLE 
ANGLE FROM  STRAIGHT 

ASSUME A'EOD LEFT  AND  VISIBILITY  ANGLE. 52' L E F T  
ENTER GRAPH ALONG LINE OF LEFT  VISIBILITY  ANGLE'52'  
U N T I L  A.20' IS INTERSECTED AT THIS  POINT,  FOLLOW 
HORIZONTAL  L INE OVER TO UP  VISIBILITY  ANGLE'16' 
FROM  LATERAL  AXIS  OF  AIRPLANE 

Flg 22 Determination of Verhcal  Visual Angle  During  Turnlng Collisaon Conditions 
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Fzg 23 Determination of Turnmg  Radius 



Flg 24 Determlnatlon of Dtstance of Separatlon for One Alrplane  Turnlng 
and  One Alrplane  Flymg  Stralght and Level  
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Fig.  25 Deternunahon of t Value for Turrung Colllmlon Condrbons 0 
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TWO AIRPLANES TURNING IN THE SAME  DIRECTION 
COLLISION CONDITION D 

Descrlptlon 
The calculation of vlsual  angles  requlred  to  the  nght or left  for  the  pllot of each  alrplane 

to see the  other  alrplane IS facdltated by the use of the  charts  deslgned  for  two  alrplanes 
turnlng  In  the  same  dlrectlon  The  turmng-vlsual-angle  charts  are  deslgned  around  the  hypoth- 
e s ~ s  that  both  alrplanes  are  rnaklng a turn  to  the  left   on a colllslon  course,  flymg In the  same 
horlzontal  plane,  and  approachlng  each  other  at  any  relatlve  speed  and  dlrectlon 

Procedure  and  Formulas  

usmg  these  char ts  1s as follows 
The  turnlng  charts  are  shown In F lgs  23, 25, 26 ,  and  28  through 83 The  procedure  for 

Solutlon 1 

R/A 5 1 o 

Where 

R = Ratlo of turmng rad11 

A = Ratlo  of  speeds  (speed  relatlonshlp) 

1 To  determme  the  turnmg rad11 R2  and R3. enter F l g  23 wlth  the  turnlng  velocltles VT 
and V and  with  the  angles of bank A and A 

velocltles  R/A.  enter  Flg 26 wlth  the  turnlng  velocltles VT and V T ~  and  wlth  the  turnlng 

for Solutxon 2 
r a d u  R 2  and R3 See  notes on F l g  26 Note If R / A  is less than  one,  follow  the  procedure 

2 

T3 
2 To  determlne  speed  relatlonshlp  A,  ratlo of r a d n  R ,  and  ratlo of rad,,  to  ratlo of 

2 

3 To  determlne  the  tlme  value to  requlred  for  entermg  the  horlzontal-vlsual-angle  charts, 

veloclty V T ~  of the  alrplane  turnmg on the  smaller  clrcle,   and  the  actual  t lme t of lnvestlgatlon 
‘ fore colllslon 

whlch  applles  to  the  absolute  dlfference In headlng  between  the  two  alrcraft at colllslon  polnt 
to s e e  the  other  alrcraft.  select  that  horlzontal-vlsual-angle  chart  from  Flg 28 through 82 

and  the R/A value as determmed In Step 6 Enter  thls  chart   wlth  t lme  value t o  and  wlth  the 

r Flg  25 wlth  the  angle of bank A 2 of the  alrplane  turning  on  the  smaller  clrcle,  the 

4 To  determlne  the  horlzontal  vlsual  angles Q and p requlred  for  the  pllot of each  a l rcraf t  

peed  relatlonshlp A 

value  to,  the 20 table  located  on  the  same horizontal-vlsual-angle chart   that   was  selected  ln 
Step 4 

‘Istance  factor 20 and  wlth  the  smaller  turnlng  radlus R2 

alrplanes,   enter   Flg 2 2  wlth  the  angles of bank 1 2 and x 3 and wLth thelr  respective vlsual 

5 To  determme  the  dlstance  factor 2.0, enter,  wlth  speed  relatlonshlp A and wlth  the  tlme 

6 To  determme  actual  dlstance of separatlon Z between  alrcraft ,   enter F l g  83 wlth 

7 To  determlne  the  vertlcal   vlsual  angle k, as affected  by  the  angles  of  bank of the  turnlng 

Lngles a and f i  
Solutlon 2 

R / A  < 1 o 

The  procedure  for  Solutlon 2 1s the same as that  for  Solutlon 1 except  that  the  values  whlch 

turmng  on  the  larger clrcle when  all  charts  designed  for  thls  condltlon are entered 
?ply  to  the  alrplane  turnlng  on  the  smaller  clrcle  are substituted for  the  values of the  alrplane 

The  chart  shown  in  Flg 26 1s constructed  In  the same manner as the  speed-relatlonshtp 
chart  used  In  Condltlons A ,  B. and  C,  but  wlth  the  change In nomenclature  shown In Equatton  (17) 
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A =- vT3 

5 2  

Where 

vT3 
= Veloclty of alrplane  turnlng on larger  clrcle,   In  mph 

= Velocity of  alrplane  turning on smal le r   c l rc le ,  m mph 

Where 

R 3  = Radlus of the la rger   c l rc le ,  1n feet 

R = Radlus of the  smaller  clrcle,  In feet 

Therefore,  

2 

 or determlnatlon of to,  the  same  four-parallel-scale  nomograph  constructed for Condltmn C. 
Flg   25wl l l  be used  The  formula  remalns  the  same 

t =  0 
2 0 9  2 tan x t 

VT 

Where 

v T 2  = VT = Veloclty of the  alrplane  turnlng  on  the  smaller  clrcle, In mph 

x 2 = x =Angle  of  bank of the  alrplane  turnmg on the  smaller  clrcle. In degrees 

t = Actual time of lnvestlgatlon  before  colhslon, In mlnutes 

to = Requlred  tame  value  for  enterlng  vlsual-angle  charts,  In  mlnutes 

The  vlsual-angle  charts  shown  In  Flgs 2 8  through 82 were  constructed  for  thls  condltlon by 
substltutlng  example  values 1n the  followlng  equatlons  See F l g  8 9  In  the  Appendlx 

Q = w - 8 - 9 0 "  

,f3 = w - e t 9 0 0  
0 

1 

(20 

(21  
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To  solve  these equations, the  followlng  must  be known 

Y 1  = R1(sm J/ - s m  wl) 

w 1  = K l t  - $ 

Yo = -Ro s1n W o  

W o  = Kot  

8 = arc   t an  y1 - y o  
x. - x 

1 

Where 

a = The  horlzontal  vlsual  angle  (from  stralght  ahead)  needed  for  the  alrplane  turnlng on the 
larger   c l rc le  to  be seen  from  the  alrplane  turnlng on the  smaller  clrcle,  In degrees 

p = The  horlzontal  vlsual  angle  (from  stralght  ahead)  needed for the  alrplane  turnlng  on  the 
smaller   c l rc le   to  be seen  f rom  the  a l rplane  turnmg on the  larger   c l rc le ,  In degrees 

Z The  dlstance  between  the  alrcraft  at  tlme t,  In  feet 

R1 = The  turnlng  radtus of the  alrplane  flylng on the  larger   c l rc le ,  In fee t  

R o  = The  turmng  radlus of the  a l rplane  f lylng  on  the  smaller   c~rcle ,  In feet 

t = The  tlme  before  collrsmn.  In  mlnutes 

K 1  = The  rate of turn of the  alrplane  flylng  on  the  larger  clrcle,  In  degrees  per  mmute 

K = The  rate of turn of the  alrplane  flylng on the  smaller  clrcle,  In degrees  per  mlnute 0 

' P In case It IS necessary to calculate  vlsual  angles by means of the  formulas,  use of Table 111 
wl l l  be necessary  to determine the  relatlonshlp  between $ and  the  absolute  dxfference Ln headmg 
t colllston  pomt w o, w 1, Xo, Yo. Y , and B are   l l lustrated In Flg 89 of Appmdlx I 

The  chart  shown  ln F l g  83 was  constructed by substltutlng  values In the  equatxon 

Z o k z  z =  
1400 56 

(30) 

Where 

Z = The  actual  dlstance  between  alrcraft  at  tlme t before  colhston, In fee t  

Z o  = The  proportlonal  dlstance  between  alrcraft   as  obtalned  from  the  vlsual-angle  chart .  In  feet 

R = The  radlus of turn of the  alrplane  flylng  on  the  smaller  clrcle. In feet  2 
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TABLE 111 

RELATIONSHIP  BETWEEN $ A N D  ACTUAL HEADING DIFFERENCE 

J, 
(degrees) 

0 

45 

90 

135 

1 BO 

225 

270 

315 

Dlfference In Headmg 
a t  Collision Point 

(degrees) 

C o n d ~ t ~ o n  

0 Headlng  m same  dlrectlon 

45 

90 

135 

Wlth  airplane  turning on the  larger  
circle  on  the  rlght of alrplane  turning 
on  smaller  clrcle  at   coll lsron  pomt 

Wlth  alrplane  turnlng  on  the  larger 
circle  on  the  rlght of airplane  turnlng 
on smal le r   c l rc le  at collision  point 

Wlth  alrplane  turnmg  on  the  larger 
clrcle  on  the  rlght  of  alrplane  turnlng 
on  smaller  clrcle  at  collision  point 

180  Head  on 

135 

9 0  

45 

Wlth  alrplane  turning on the  larger  
clrcle  on  the  left of alrplane  turning 
on  smaller  clrcle  at  colllslon  polnt 

Wlth  airplane  turnlng on the  larger  
clrcle  on  the l e f t  of alrplane  turnmg 
on  smaller   c l rc le  at colllslon  point 

With  airplane  turnlng  on  the  larger 

on smaller  circle  at  collision  point 
c l rc le  on the left of alrplane  turnmg 

Sample  Solutlon 

see  the  other  aircraft  while on a collision  course  and to determine  the  separatlon of the  a i rcraf t  
I t  IS desired  to know what  visual  angles  are  requlred  for  the  pllots of each  a l rcraf t  to 

a t  a glven  time  Refer  to F l g  27  In  thls  case,   both  alrplanes  are  turnlng ~n the  same  dlrection 

Solutlon 1 

L e t  

VT, , the  velocity of the  airplane  flylng  on  the  smaller  circle, = 100  mph.  true alr speed. 
' x 2 ,  the  angle of hank of the  airplane  turnmg on the  smaller  circle,= 15'. 

VT3 
, the  veloclty of the  alrplane  flymg on the  larger  circle, .  100  mph,  true  alr  speed. 

x 3, the  angle of bank of the  alrplane  turnlng  on  the  larger circle,= 7 5". 

t, the  tlme  before  the  collision  to  he  mvestlgated,- 1 minute 
The  absolute  dlfference  in  heading  at  collision  pomt = 45'  wlth  the  airplane  that 1s turnlng on 
the  larger  clrcle  on  the  r lght of the  alrplane  turning on the   smal le r   c l rc le  

1 Enter  F l g  23 wlth V T ~  = 100  mph  and  with x = IS*, and read A2  = 2500 feet   Also  enter 

with VT = 100  mph  and wlth x ,  = 7 5'.  and  read  R3 = 5000 feet  

2 Enter   Flg 26 wlth  VT2 = 100  mph  and  wlth V T ~  = 100  mph,  and  read A = 1 0. enter  wlth 
3 
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R2 = 2500 feet  and  wlth  R3 = 5000 feet,  and  read R = 2 0. then  enter  wlth R = 2 0 and  wlth 

A = 1 0. and read R/A = 2 0 Note If R/A  becomes  less  than 1 0, use  Solutlon 2 
3 Enter  F l g  25 wlth x 2 = 15'. V T ~  = 100 mph.  and t = 1 mlnute,  and  read t - 0 56 mlnute 

4 Slnce  the  absolute  dlfference In headlng  at  colllslon  polnt = 45' and R/A = 2 0 and smce  
the  alrplane  turnlng  on  larger  clrcle 1s on  the  rlght of the  alrplane  turnlng  on  the  smaller 
c l rc le ,  F l g  36 of the  vlsual-angle  charts IS selected  and IS entered  wlth A = 1 0 and to = 0 56 
Read (I, whlch 1s the  horlzontal  vlsual  angle  requlred  from  the  alrplane  turmng  on  the  smaller 
clrcle.  equal  to  46"  left,  also  read , whlch 1s the  horlzontal  vlsual  angle  requlred  from  the 
alrplane  turnlng  on  the  larger a r c  P e ,  equal  to 80" left If the  dlstance  between  the  alrcraft   at  
1 mlnute 1s also  deslred,   then  enter  the Z 0 chart  on the  same  flgure  wlth A = 1 0 and t = 0 56 
No value of to equal  to 0 56 appears,  therefore,  the  followmg  lnterpolatlon IS made 

A = 1 0  to  = 0 60 Z o  = 5620 

A = 1 0  to = 0 50 Z o  = 4872 

0 -  

0 

- 
748 = Dlfference 

Slnce 0 56 1s 0 6 of the  Interval  between 0 50 and 0 60,  then 0 6 x 748 = 448 8 or approxlmately 
449 

F o r  

t = 0 56 and A = 1 0. Z = 4872 t 449 5321 feet ,   or  approxlmately 5300 feet  

Thls 1s not a true  dlstance  but i s  a proportlonal  dlstance  and is used In the  followmg  step 

0 0 

5 Enter  F l g  83 wlth Z o  = 5300 feet  and R 2  = 2500 feet,  and  read Z = 9400 feet 

plane  turning  on  the  smaller  circle  at a  15'  bank angle,  enter F l g  22 wvlth h 2 = 15'  and a = 46" 
6 To find  the  vertlcal  vlsual  angle p a t  1 mlnute  before  colllslon  requlred  from  the  alr- 

left   and  read  requlred  vertlcal   vlsual  angle p = 11'  up  Also,  to  fmd  the  vertlcal  vlsual  angle 

F l g  22  wlth 1 = 7 5"  and B = 80" lef t   and  read  requred  ver t lcal   v lsual   angle  p = 7 5'  up 
a t  1 mlnute  prlor  to  colhslon  requmed  from  the  alrplane  turning  on  the  larger  clrcle,   enter 

Solutlon 2 

If  the  R/A  value IS computed  to be less   than 1 0 by  uslng  procedures  outllned In sample 
Solutlon 1. then  the  followmg  process 1s to be used In computmg  the  vlsual  angles  requlred 
f r o m  two alrplanes  maklng a left  turn 

Glven  (Reference Fzg  27) 

V T 2 .  the  veloclty of the  alrplane  flylng on the  smaller  circle,  = 100  mph,  true alr speed 

k 2 ,  the  angle of bank of the  alrplane  turnlng on the sma l l e r  circle,= 5' 

V T ~ ,  the  veloczty of an  alrplane  flylng  on  the  larger  circle,= 250 mph,  true  alr   speed 

A , the  angle of bank of the  alrplane  turnmg  on  the  larger  clrcle,  = 2 2 q  

t, the  tlme  before  colllslon  to be mvestlgated,= 1 mlnute 
The  absolute  dlfference  In  headlng  at  colllslon  polnt = 45". wlth the  alrplane  turnmg on the 
la rger   c l rc le  on the right of the  alrplane  turnlng on the  smaller  clrcle 

3 

1 Enter  F l g  23 wlth V T ~  = 100 mph  and h 2 = 5 ' .  and read R 2  = 8000 feet   Also  enter 

V T ~  = 250 mph  and x = 2 2 ' .  and read R 3  = 10,000 feet 

2 Enter F l g  26 wlth V T ~  = 100 mph  and VT = 250 mph,  and  read A = 2 5, then  also  enter 3 
wlth R = 8000 fee t  and R = 10,000  feet,  and  read R = 1 25, then  enter  wlth R = 1 25 and 

A = 2 5,  and read R/A = 0 5 
2 3 

Since  there  are  no  vlsual-angle  charts  deslgned  for  an R/A value  less  than 1 0, the  followmg 

V T ~  = 250 mph  instead of 100  mph  and V T ~  = 100  mph  Instead of 250 mph  and  read A = 0 40 
procedure 1s to  be  followed  The  ratlos R. A, and R/A are  Inverted,   that  IS, enter F l g  26 wlth 
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Also  enter  wlth  R2 = 10,000  feet  mstead of 8000 feet  and R3 = 8000 feet  Instead of 10,000 feet, 

and  read R = 0 8 Then  enterlng  Flg 26 wlth R = 0 8 and A = 0 4,  read  R/A = 2 0 
3 En te rF lg  2 5  wlth x = 2 2 " ,  V T ~  = 250 mph,  and t = 1 mmute,  and  read t - 0 34 

4 The  absolute  dlfference In headmg  at  colllslon  polnt = 45",  wlth  the  alrplane  turnlng  on 
the   l a rger   c l rc le  at the  rlght of the  alrplane  turnmg  on  the smaller clrcle  at colllslon  pomt 
For  thls  sltuatlon.  however, 1s selected  the horizontal-vlsual-angle chart   that  mas deslgned  for 
an  absolute  dlfference In headlng at colllslon  pomt = 45' hut  mlth  the  alrplane  turnlng  on  the 

Smce R/A = 2 0, F lg  77 1s selected  and 1s entered  wlth A = 0 4 and to = 0 34  Read (2, whlch 
la rger   c l rc le  at the left of the  airplane  turmng  on  the  smaller  clrcle  at   coll lslon  pomt 

1s the  horleontal  vxsual  angle  requlred  from  the  alrplane  turmng  on  the  larger  clrcle,  equal to 
74"  left  Also  read P I  whzch 1s the  hormontal   vlsual  angle  requlred  from  the  alrplane  turnlng 

Normally, (1 1s the  vlsual  angle  requlred  from  the  airplane  turnmg  on  the  smaller  clrcle,   and 
on  the  smaller  circle,   equal  to  123"  r lght 

p 1s the  vlsual  angle  requlred  from  the  alrplane  turnlng  on  the  larger  clrcle.   but,  as tlLe  note 
on F lg  77 mdlcates,  when  enterlng  wlth  an A value less than 0 5 ,  Q becomes  the  vlsual  angle 

from  the  alrplane  turmng  on  the  smaller  clrcle 
requlred  f rom  the  a l rplane  turnlng  on  the  larger   c l rc le   andp  becomes  the  vlsual   angle   required 

5 In  determlnlng  the  dlstance  between  the  aircraft at 1 mlnute,  the 2 0  table  on  Fig 77 is  
entered  wlth t o  = 0 34  and A = 0 4 No  value of to equal  to 0 34  appears.  therefore,  the  followlng 
InterpolatIan I S  made 

0 -  

A . 0 4  to = 0 40 Z o  = 1383 

A . 0 4  to = 0 30 Z o  = 1346 - 
37 = Dlfference 

Slnce 0 34 IS 0 4 of the  interval  between 0 30 and 0 40, 0 4 x 37 = 14 8, or  approximately  15 
Then.  because to = 0 34  and A = 0 4 ,  2 0  = 1346 t 15 = 1361  feet 
Thls 1s not a true  dlstance  but 1s a proportlonal  dlstance  and 15 used m the  followlng  step 

R2,  the  radlus of the  smaller   c l rc le ,  1s used  In  enterlng  Flg 83, but for  thls  solutlon  R3,  the 
radlus of the  larger  clrcle, ls   used 

Step 6 

Addlt  lonal  Conslderatlons 

both  rnaklng a left  turn  by  uslng  the  followmg  procedure. 

Glven 

The  absolute  dlfference  In  headlng at colllslon  pomt 1s equal  to  45",  wlth  the  alrplane  turmng on 
the  larger   c l rc le  on the  rlght of the  airplane  turnlng  on  the  smaller  clrcle at the  polnt of 
colllslon  and "nth  both  alrplanes  maklng  rlght  turns 

6 En te r   F lg  83 wlth Z o  = 1361 feet and  R3 = 10,000 feet,  and  read Z = 9800 feet   Normally,  

7 The  ver t lcal   v isual   angles   are   determlned In the same manner  as  descrlbed  In  Solutlon  1, 

Visual  angles  may  be  determined  from  two  alrplanes  maklng a rlght  turn  Instead of f rom 

polnt  equal  to 45' wlth  the  alrplane  that 1s turning  on  the  larger  clrcle  on  the  left of the alr-  
plane  turnlng  on  the  smaller  clrcle at  the  colllslon  polnt  Thls  chart 1s entered  wlth  the 
parameters   determlned by the  glven  condltlon.  the  only  dlfference  belng  that In usmg  the  charts 
left le substltuted  for r1 ht as related  to  the  colhslon  pomt 

2 In readlng (I and ,h, the magnitudes of the  angles  are  correct  but  the  dlrectlons of the 
angles  need  to be reversed  to  apply  correctly  to  the  glven  condltlon 

3 The  dlstance  between  the  alrplanes at a speclfled  time  before collision and  the  vertlcal 
vlsual  angles  are  determlned In the  same  manner as  descrlbed  for two alrplanes  maklng  left 
tu rns  

4 Addltlonal  conslderatlons  mentloned In Gll ls lon  Gndit ion C apply  slmllarly  to  thls 
condltlon 
Visual  angles  for two alrplanes  turmng  In  opposlte  dlrectxons  may be determlned as Lndlcated 
in  the  Appendlx 

1 Enter  the  horlzontal-vlsuzl-angle  chart  deslgned  for a dlfference In headlng at  colllslon 
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Dtscusslon  of  Slgnlflcant  Trends 

turning  on  the smaller c l rc le  

the  two  turnlng  alrplanes  and  the  colllslon  pomt  at  that  Instant of tlme before  colllslon 

The  rate of change  of  the horizontal vlsual  angle 1s general ly   greater   f rom the alrplane 

In a condlblon where  the  curves cross, It mdlcates  that a stralght  lme  can he drawn  through 
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Fig 26 Deterrnmatlon of A, R, and R/A for Two  Turnlng  Alrplanes 



47 

ABSOLUTE 

I N  HEADING 

Flg 27  Vector  Dlagram of Sample  Solutlon for Two Alrplanes  Turnmg Left 



The followlng  charts are deslgned  for  the  deterrnlnatlon of horlzontal-vlsual-angle  requlrernents 
and  distance  factor  for  two airplanes turnlng  In  same  dlrectlon 
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Flg  28 At  Colllsmn  Polnt,  the  Difference m Heading = O‘, R/A = 1 0,and  the  Alrplane  Turnmg 
on t h e  Large r   C l r c l e  is on  the  Right of the  Airplane  Turmng  on the Smaller C l r c l e  
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Flg 29 At  Colllslon  Polnt, the Dlfference in Headmg = 0'. R/A = 2 0,and  the  Alrplane  Turning 
on the Larger  Circle is on the  Right of the  Airplane  Turnlng on the Smaller  Clrcle 



5 1  

Fig 30 At Collision Point, the Dlfference in Headmg = On, R/A = 2 5,and the  Airplane Turning 
on  the  Larger  Circle is  on  the  Right of the  Alrplane  Turning  on the Smaller  Clrcle 
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F l g  3 1  At  Colllsion  Polnt,  the  Dlfference In Headlng = O", R/A = 3 0,and the  Alrplane  Turnlng 
on  the  Larger  Circle 1s on  the  Rlght of the  Alrplane  Turnlng on the  Smaller  Clrcle 



5 3  

F l g  3 2  At  Colllslon  Polnt,  the  Dlfference In Headlng = O n ,  RIA = 4 0,and the Alrplane  Turnlng 
on the  Larger  Circle 1s on the  Rlght of the Alrplane  Turnlng  on  the  Smaller  Clrcle 
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F i g  3 3  At  Colllslon  Polnt. the  Dlfference In Headlng = 0'. R/A = 6 0,and  the  Alrplane  Turmng 
on the  Larger  Clrcle is  on the  Right of the  Alrplane  Turnlng on the  Smaller Clrcle 
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Flg  34 At  Colhsion  Pomt,  the  Dlfference  in  Headlng = 0'. R/A = 10  0,and  the  Alrplane  Turnlng 
on  the  Larger  Clrcle 1s on the  Rlght of the  Alrplane  Turnlng  on  the  Smaller  Clrcle 
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F l g  35 At Collision Polnt, the Dlfference In Headlng = 45'. R/A = 1 0,and the Alrplane  Turnlng 
on the  Larger Circle IS  on the  Rlght of the  Alrplane  Turning on the  Smaller  Clrcle 
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Flg 36 At  Colllsion Pomnt, the  Dlfference 1n Headlng = 45'. R/A = 2 0,and  the  Alrplane  Turnlng 
on the Larger  Clrcle IS on the Rlght of the  Alrplane  Turnlng  on  the  Smaller  Clrcle 
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Flg 37  At  Collismn  Pomt, the Dlfference In Headlng = 45', R/A = 2 5,and  the  Alrplane  Turnmg 
on  the  Larger  CIrcle 1s on  the  Rlght of the  Alrplane  Turnlng  on  the  Smaller  Clrcle 
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Flg  3 8  At  Colllslon  Polnt.  the  Difference In Headlng = 45', R/A = 3 0,and the Alrplane  Turnlng 
on  the  Larger  Glrcle 1s on  the  Rlght of the Alrplane  Turnlng  on the Smaller  Clrcle 
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F i g  39 At  Collision Point, the Difference In Headlng = 45". R/A = 4 0,and the  Airplane  Turnlng 
on the Larger  Clrcle IS on the  Rlght of  the Alrplane  Turnlng  on  the  Smaller  Circle 
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. 

Flg 40 At  Colllsion  Pomt. the Dltference 1n Headlng = 45', R/A = 6 O.and the Alrplane  Turnlng 
on the Larger Circle IS on the Right of the Airplane Turning on the Smaller Circle 
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Fig 41 At Colllsion Polnt, the  Dlfference  in  Heading = 45', R/A = 10 0,and the  Amplane  Turnlng 
on  the  Larger  Clrcle IS on the  Rlght of the  Airplane  Turning on the  Smaller  Clrcle 
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Flg 42 At Colllslon  Polnt.  the  Dxfference in Headmg = 90'. RjA s 1 0,and the ~ 1 ~ p l - e  Turning 
on the Larger  Circle IS on the Right of the Amplane Turnmg on the  Smaller  Circle 
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F l g  43  At  Colllslon  Point,  the  Difference In Headlng = 90 ' .  RIA = 2 0,and the Alrplane  Turnlng 
on the  Larger  Circle is  on the Right of the  Airplane Turnlng on the  Smaller  Clrcle 
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Flg 44 At Collision Point.  the Difference an Heading = 90 ' .  X/A = 2 5,and  the  Alrplane  Turning 
on the Larger  Circle is an the  Right of the  Airplane TUrPiPg on the Smaller Circle 



66 

0 2  

O b  

0 6  

n e  

7 1 0  

1 25 

1 67 

2 5  

5 0  

Fig 45 At Collision Point, the DLfference  in  Headlng = 90 ' .  R/A = 3 and the Amplane  Turning 
on the Larger Circle ie on the Right of the Airplane  Turning  the  Smaller  Circle 
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W g  46 At Collmlon  Polnt,  the  Dlfference m Heading = 90'. R/A = 4 0,and the  Alrplane  Turnlng 
on the Larger  Clrcle 1s on the Rlght of the Airplane  Turnrng on the Smaller  Circle 
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FIg 47 At Colllslon Pomt. the Dlfference In Heading = 90'.  R/A = 6 0,and the Alrplane  Turning 
on  the  Larger  Circle I s  on  the Rlght of the  Aarplane  Turnlng on the Smaller Clrcle  
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Flg 48  At Collision Polnt,  the  Dlfference In Heading = 90'. R/A = 10 O,and the  Airplane Turmng 
on the Larger  Clrcle is on the  Right of the  Airplane  Turning on the Smaller  Circle 
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Fig  49 At Colllslon  Polnt. the Difference an Hea&ng = 135'. R/A E 1 0,and the  Alrplane Turrung 
on the  Larger  Clrcle  is on the  Right of the  Airplane  Turnlng on the Smaller  Circle 
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Flg 50  At  Colhslon  Pomt,  the  Dlfference In Headmg = 135'. R/A a 2 0,and the Alrplane  Turnlng 
on  the  Larger  Clrcle 1s on the Rlght of the  Alrplane  Turning  on  the  Smaller  Clrcle 
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F i g  5 1  At  Colllslon  Polnt. the Ddference m Headlng = 135'. R/A = 2 5,and  the  Axrplane  Turnlng 
on the Larger  Clrcle 15 on the Rlght of the Amplane  Turnlng on the Smaller  Clrcle 
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Flg  54 At Colllslon Pomnt, the  Dlfference In Headmg = 135'. R/A = 10 0,and the Amrplane Turnlng 
on the Larger  Clrcle IS on the R q h t  of the  Airplane  Turnmg on the  Smaller  Cxrcle 
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Flg 55 At  Colllslon  Polnt,  the Difference In Headmg = 180'. R/A = 1 0,and  the Airplane Turning 
on the  Larger  Clrcle 1s on the  Left of the  Alrplane Turnlng on the  Smaller Circle 

r-0 61761Z.11 
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F i g  56 At  Colllsion  Polnt,  the  Difference ln Headmg = 180", R/A = 2 0,and  the  Alrplane  Turning 
on the  Larger  Clrcle 1s on the Left of the  Alrplane  Turnmg  on  the  Smaller  Circle 
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Flg 57 At  Colllslon  Pomt. the Difference 1n Headlng = 180', R/A = 2 5,and the Alrplane  Turrung 
on the Larger  Clrcle 1s on the Left of the  Alrplane  Turnlng  on  the  Smaller  Clrcle 
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F i g  58  At Collision Polnt, the Dlfference m Headlng = 180'. R/A = 3 0,and  the  Alrplane  Turnmg 
on  the  Larger  Circle IS on the  Left of the  Alrplane  Turnlng on the  Smaller  CIrcle 
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F i g  5 9  At Colllslon Polnt. the  Dlfference In Headlng = 180'. R/A = 4 0,and  the  Alrplane  Turnlng 
on  the  Larger  Clrcle I S  on the  Left of the  Alrplane  Turnlng  on  the  Smaller  Clrcle 



F l g  60 At  Colllslon  Pork. the  Difference  in  Heading = 180', R/A = 6 0,and  the  Alrplane  Turnlng 
on the Larger  Clrcle I S  on the Left of the  Alrplane  Turnlng  on  the  Smaller  Clrcle 
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Flg 61 At  Colllslon  Polnt. the Dlfference IP Heading = 180'.  R/A = 10 0,and the  Alrplane  Turnlng 
on  the  Larger  Circle 1s on the Left of the Alrplane  Turnlng on the Smaller Clrcle 
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Flg 6 2  At Colllslon  Polnt,  the  Dlfference In Headlng 135e, R IA  = 1 0,and the Airplane Turning 
an the Larger  Circle 1s on the  Left of the  Amplane Turnlng on the Smaller  Circle 
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F l g  63  At  Colhslon  Polnt, the Dlfference In Headmg = 135". R/A = 2 0,and  the Alrplane Turnlng 
on  the  Larger  Clrcle 1s on  the  Left of the  Airplane  Turning  on the Smaller Circle 



Flg 64 At  Colhslon  Polnt.  the  Dlfference In Headlng = 135". R/A = 2 5,and  the  Alrplane  Turnmg 
on the Larger  Circle 1s on the  Left of the  Airplane  Turnlng on the  Smaller  Circle 



Flg 65 At Collision Pornt. the Drfference In Headlng = 135'. R/A = ).?,and the Airplane  Turning 
on the Larger  Circle is on  the  Left of the Arrplane  Turning a the Smaller Circle 



Flg 66 At  Colllslon  Polnt,  the  Dlfference m Headlng = 135‘.  RIA = 4 0,and the Alrplane  Turning 
on  the  Larger  Clrcle is on  the  Left of the  Alrplane  Turning on the Smaller  Circle 
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Plg 67 At  Colllsion  Point,  the  Dlfference 1n Headmg = 1 3 5 ' ,  R/A = 6 0,and the  Airplane Turnmg 
on the Larger  Clrcle 1s on the Left  of  the  Alrplane  Turnlng  on the Smaller Clrcle 
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F1g 68 At Colllslon Polnt, the  Dlfference In Headlng = 135’, R/A = 10 &and the  Alrplane  Turning 
on  the Larger  Clrcle IS on  the  Left of the  Alrplane  Turnmg  on  the  Smaller  Clrcle 
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F l g  69 At  Colhslon  Polnt,  the  Difference  m  Heading = 90’. R/A = 1 0,and the  Amplane  Turnlng 
on the  Larger  Circle 1s on the Left  of  the  Amplane  Turnlng  on  the  Smaller  Circle 
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Flg 70 At Colllsion  Polnt, the Difference  in  Headlng = 90'. R/A = 2 O,,and the  Amplane Turning 
on  the  Larger  Clrcle 16 on the Left of the  Alrplane  Turning on the Smaller  Circle 
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Flg 7 1  At  Colllslon  Polnt,  the  Dlfference  in  Headlng = 90'. R/A = 2 5,and  the  Airplane  Turnlng 
on the  Larger  Clrcle is on the Left of the Alrplane  Turnlng  on  the  Smaller  Circle 

O P O  B l , b l J  -7 
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FLg 72 At  Collision  Polnt.  the  Difference In Headlng = 90'. R/A = 3 5,and the Alrplane  Turnlng 
on the  Larger  Circle 1s on the Left of the  Alrplane  Turnlng  on the Smaller  Clrcle 



94 

Fig 73 At Collision Pomt, the Dlfference in Heading = 90 ' .  R/A = 4 0,and the Airplane  Turning 
on the Larger  Circle 1s on the  Left of the Alrplane  Tnrnlng on the Smaller  Circle 
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Flg  74 At  Colllslon Pomnt, the  Dlfference m  Headmg = 90'. R/A = 6 0,and  the  Axrplane  Turning 
on the Larger  Clrcle 1s on  the  Left of the  Alrplane  Turnlng  on  the  Smaller  Clrcle 
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Flg 75 At  Collislon  Point, the Dlfference in Headlng = 9 0 ' ,  R/A = 10 O.and the Airplane  Turnlng 
on the ,arger  Clrcle is on  the  Left of the  Alrplane  Turnlng on the Smaller  Circle 
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F q  76 At  Colllslon  Polnt, the Dlfference In Headlng = 45', R/A = 1 0,and the Alrplane  Turnir 
on the Larger Clrcle  1s on the Left of the  Alrplane  Turning  on the Smaller  Clrcle 
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77 At  Colllsion Pomnt. the  Difference in Heading = 45', R/A = 2 0,and  the  Airplane  Turn] 
on  the  Larger  Clrcle is on  the  Left of the  Alrplane  Turning  on  the  Smaller  Circle 

mg 
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Fig 7 8  At  Colllslon Pomnt, the  Dlfference  in  Headlng = 45'. R/A = 2 5,and the  Alrplane  Turning 
on  the  Larger  Circle 1s on  the  Left of the  Alrplane  Turning  on  the  Smaller  Cxrcle 

1 
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Flg 79 At Golllslon Pomt, the  Dlfference 1n Heading = 45'. RIA = 3 0,and  the  Alrplane  Turnlng 
on the  Larger  Circle 1s on the Left of the  Alrplane  Turnlng on the  Smaller  Clrcle 

L 
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F ig  80 A t  Collision  Polnt.  the  Dliference In Heading = 45', R/A I 4 %and the Alrplane Turulng 
on the  Larger  Circle is on the  Left of the  Alrplane  Turnlng  on  the  Smaller  Circle 
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Flg 81 At  Collislon  Pornt.  the  Drfference In Headlng I 45'. R/A = 6 0,and the Airplane Turning 
on  the  Larger  Clrcle 1s on the  Left  of the Alrplane  Turnmg  on  the  Smaller  Clrcle 
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Flg 82 At Collision  Pomt,  the  Dlfference m Headmg = 45" .  R/A = 10 0,and  the  Airplane  Turning 
on the Larger  Circle is on  the Left of the Airplane  Turnlng  on  the  Smaller  Clrcle 



Flg 83 Deterrnmatlon of Dlstance of Separatmn for Two Airplanes Turnlng 
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CONCLUSIONS 

It IS necessary  for  a pllot  to be able  to  see o r  detect  the  approach of alrcraft   from  any  dlrection 
Smce  thls  cannot be accompllshed by addlng  wmdshleld  area  alone, It must  be done  by  other 
means 

2 Slnce  the  vlsual  angle  does  not  change  durlng  Colllslon  mndltlons A  and B,  there 1s no 

alrcraf t   are   f lying on straight  courses  and  at  constant  speeds  The  closlng  speeds  also  remaln 
apparent  motlon  of  the  other  alrcraft  to be observed  by  elther  pllot  Thls 1s t rue  only If both 

constant 
3 Thls  study  has  polnted  out  that a severe  col l ls lon  hazard  exis ts   where  a l rcraf t   are   f lymg 

In the  same  general  dlrection  and  at  apprommately  the  same  speeds  It  must  also be  polnted 
out,  however.  that  durmg  thls  crlttcal  condltlon  the  closmg  rate 1s small   and, If an  auxlliary 
means of viewing  thls  area  were available. the  pllots  would  have  sufflclent  tlme  to  execute 
evaslve  maneuvers  In  tlme  to  avold  colllslon 

constantly  varylng Under  these  clrcumstances. there  IS apparent relatlve  motlon  between  the 
4 In the  turning colllslon  condltlons,  both  the vlsual  angles  and the  closlng  rate  are 

alrcraft  wblch  wlll  tend  to  Increase  the  notlceablllty  In  the  perlpherlal  fleld of vlslon  When 
the alrplane IS turnlng,  however. I t  is posslble  for  the  cockplt  structure  to  completely  block 
out  the  horlzon  and,  consequently,  to  block out another  alrcraft  at  the  same  altltude  even  though 
the area  was  cleared  as  carefully  as  posslble  prior  to  the  turn  I t  1s noteworthy  that  maxlmum 

to  thelr   rear   pr lor   to  a turn In elther dlrectlon 
collislon  protectlon  can be obtamed  In present-day  alrplanes  only If both  pllots  clear  the  area 

both  damaged  alrcraft ,   when  measured  from  the  longltudmal  axs,   are  the  same  as  the  vlsual-  
angle  requlrements of each  aircraft  to  see  the  other  Immediately  prlor  to  the  colllslon  In 
making  thls  statement, It 1s assumed  that   nel ther   a l rcraf t  1s deflected  or  bumped  from Its 
orlglnal  heading  durlng  the  colllslon  impact 

1 It IS apparent  from  studymg  the  vlsual-angle  curves  that,  to  prevent  all  mld-alr  colhslons, 

5 In  the  event of a mld-alr  collislon,  the  scratch  angle  or  the  angle of physical   marks  on 
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APPENDIX I 

DERIVATION O F  FORMULAS  FOR COLLISION  CONDITION A 

For  thls  condltlon. two a l rp lanes   a re   assumed to be on a colllslon  course,  flymg  on 

at any  relatlve  speed  Flgure 84 shows  the  physlcal  slgnlflcance of the  horlzontal  vlsual  angles 
s t ra lght   courses   In  the same  horlzontal   plane,   and  approachmg  each  other from any  dlrectlon 

and  dlstances  lnvolved 

Uslng  the law of sines 

Solving  for V from  the  law of cosmes 
C 

v =  JV, 2 + Vf - 2 vs Vf cos  JI 

Substltutlng  Equatlon  (32) In Equatlon  (31) 

v S  s m $  
s m  0 = 

JVs2  t Vf2 - 2 vs Vf c o s  $ 

Smce A = -, Equa.tlon (33)  may be written 
vs  
v f 

0 = arc sln A sln $ 
A 2 t 1 - 2 A c o s $  

From  the   geometry  of F l g  84, 

(33 )  

Solvlng  for rhe dlstance  between  the  alrplanes a t  t lme t mlnutes  before  colllslon. we have,  uslng 
the law of s ines ,  

z =  
vS t sm J I  
60 s m  e ( 3 )  

where 60 1s the  factor for changing  mph  to  mpm 
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Fig 84 Vector  Dlagram for Derivation of Formulas  for  Level-Flight  Colllslon Conhtron 



DERIVATION O F  FORMULAS  FOR COLLISION  CONDITION B 

plane  cllmbtng  and  one  alrplane  descendlng,  wlth  both  airplanes  cllmbmg,or  wlth  both  alrplanes 
descendlng,  also,  one  alrplane  can  be  flylng  at  level c r u ~ s e  and  the  other  one  elther  cllrnblng o r  
descendlng  Flgure 85 shows  the  physlcal  slgnlflcance of the  vlsual  angles  and  of  the  dl5tances 
lnvolved In thls  condltlon 

zontal  vlsual  angles  required  from  the  cllmbmg  and  descendlng  alrplanes, VcL , the  vertlcal  

p r o ~ e c t ~ o n  of  the  chmblng  veloclty  onto  the  horizontal  plane  passlng  through  the  colllslon  pomt, 
and V D ~ ,  the  vertlcal  prolectlon of the  descendmg  veloclty  onto  the  horlzontal  plane  passlng 

through  the  colllslon  polnt.  should be detcrmmed,  however.  for  slmpllclty  the  values of VCL 

and V D  a r e   u s e d  In usmg VcL and VD Instead of V and V , very   l l t t l e   e r ror  1s Intro- 

duced  Into  the  wsual  angles  obtamed  slnce  the  angles  at  whlch  alrplanes  cllrnb  and  descend  are 

VCL and V C L ~  or VD and V D ~  Consequently, VCL and VD, el ther  of whrch  can be entered 
relatively small ,  and small  climb  and  descent  angles  make  the  dlfference  very  small  between 

as slower o r  faster,   and $ , whlch IS  the  absolute  dlfference In headmg,  can  be  used In F lg  2 
for  determlnlng  the  horlzontal  vlsual  angles  wlth a relatlve  degree of accuracy 

F o r  thLs condltlon.  two  alrplanes  are  assumed  to  be on a coll lslon course  wlth one a l r -  

In  order  to  use  the  vlsual-angle  chart  deslgned  for Condition A In determlnmg  the  horl- 

H 

C L H  DH 

Refer rmgtoFlg  85 and  uslng  the  law of sines 

v =  
v5 s ln  9 

s1n e 

V,. the  veloclty of the  slower  alrplane,  1s VD in the  figure 

alrplane. 
Solvlng  for p , the  vertlcal   angle  measured  from  the  honeon  and  requzred  from  elther 

descendlng  and  one 1s cllmbmg.  then  the  dlfference  between 1 and A 1s used 

slght, 

If both  alrplanes are descendlng or chmblng,  then A 1 and A are added,  and If one IS 

Solvmg  for Z ,  the  dlstance  between  the  arrplanes  at  tlme t measured  along  the  hne of 

z = Vt 
60 cos p 

The  factor 60 1s used  to  change  mph  to  mpm 
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Flg. 85 Vector  Dlagrarn for Derivation of Formulas for Chmb-andaescent  Conditions 
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DERIVATION OF FORMULAS FOR COLLISION  CONDITION C 

For thls  condltlon. two alrplanes  are   assumed to  be on a colllslon  course,  one  flylng 
stralght and  level  (crulslng)  and  the  other  maklng a left   turn  Ftgure 86 shows  the  physlcal 

Horlzontal   vlsual  angles  are  measured  from  strarght  ahead of the  pllot  at  the  tlme of 
slgnlflcance of the  horlzontal  vlsual  angles  and of the  dlstances  tnvolved  In  thls  condltlon 

Locatlng  the  center of the  clrcle of the  turnlng  airplane  wlth  respect  to  the  crulsrng  airplane 
lnvestlgatlon 

(the  orlgln of the X and Y a n s )  

a = R~ s m  $I (34)  

Dlstance  traveled,  from time t to  collxslon, 

D = V  t 

E = R cos T $  

b = D + E  

Then 

b = V  t + R T  cos j I  
C 

If K = rate of turn,  In  degrees  per  mlnute, 

Then 

Also 

Therefore 

The  co-ordmates of the  turning  airplane  wlth  respect  to  the  crulslng  alrplane  at  time t before 
colllslon  are  then  given by. 

X = b - X ,  
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A l s o  

X 1  = R cos W T 

Substltutmg for b,  Equatlon (35). and  X1 

X = V c t  t R T ( c o s  $ - C O S  W ) 

Y = a t Y 1  

Also 

Y l  = R T  sln W 

Substltutlng for a,  Equatlon (34).  and Y1 

Y = RT(sln $ t s m  W ) 

Solvlng for  the  horlzontal  wsual  angle a , measured  from  stralght  ahead  of  the  cruising 
alrplane. 

Y a = a r c   t a n -  
X 

Substitutlng  in  Equatlon (12)  and  Equatlon  (13) 

RT(sm $ + slnW ) 

V,t t RT(cos $ - cos  w ) 
a = arc tan 

F r o m  the  geometry  of F l g  86 the  horlzontal  vlsual  angle f l  , measured  from  stralght  ahead of 
the  turning  alrplane. 1s 

After  developmg  the  formulas, r t  was  noted  that  several  vlsual-angle  charts  would be requlred  to  
represent  all  posstble  combmatlons  that  could occur between  the  varrables  mvolved  ln  thls 

the  varlables.  the  law  of  geometrlc  szmllarlty  was  applled  Figurer 87 and 88 are   geometr lcal ly  
condltlon  To  construct a mlnlmum  number of charts  that  represent  all  posslble  combmations of 
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s lmtlar   Therefore ,   the   correspondlng  angles   are   equal   and  the  correspondlng  s ldes   are  
proportlonal 

V T ~ ,  Vc0, to, R T ~ .  and $ These  parameters   are   shown In F l g  87 The  actual  case  to be 
The  charts for Condltlon C were  developed  wlth  the  use of assumed  speclflc  values of 

Investtgated 1s represented by Flg  88 I t  IS necessary,   then,  for  the  reader to  establlsh  the 

actual  case  shown In Flg 88 In o rde r  to enter  the  charts 
correct  proportlon  between  the  parameters  shown  in  Flg 87 and  the  parameters  used III the 

slmllarlty  between Flgs 87 and 88 

~~ 

To  establlsh  these  proportlons.  the  followmg  formulas  are  obtamed  from  the geometric 

a0  = a  

Also 

The  parameters  needed  for  enterlng  the  wsual-angle  charts  are  A,  the  absolute  dlfference In 
headlng  at  colllslon  as  related to $ , and to, the  tlme  before  colllslon 

R o m   F l g s  87 and 88. eo = KOtO  and 9 = Kt,  where K o r  KO = ra te  of turn,  In degrees  per 

mmute  Slnce eo = 8, then 

to  = KO 
Kt  

If VT LS In mph  and K ( r a t e  of turn) 1s In degrees  per  mlnute. 

5042 03VT 
K =  

RT 

(37) 



and 

0 067VT 2 
tan X = 

RT 

Substltutlng  Equatlon  (15)  ln  Equatlon (38) ,  

K =  75.254 18  tan x 
VT 

Substltutlng EquatLon (39)  and  Equatlon (37 ) .  

t -  75,254 18  tan X t 

KOVT 
0 -  

(39) 

In computing the  polnts  necessary  for  drawmg  the  curves,   the  followng  values of the  parameters 
were  used 

KO = 360 degrees   per   mmute.  R o  = 2801 13 feet,  and VTo = 200 mph 

The  followlng  values of the  Independent variables used 

$ o  = 0 "  to 360' in  30"  Intervals 

vC 0 

vTO 

- 1s used Instead of V, 
0 

=0 - _  - 0 2 , 0 4 , 0 6 . 0 8 . 1 0 , 1 2 5 , 1 6 7 . 2 5 . 5 0 , ~  

t 0 = 0 . 0 1 . 0 2 .  0 3 ,  0 4 ,  0 5 ,   0 6 ,   0 7 ,  O B ,  0 9 ,  I O  

Smce  the  value KO = 360 degrees  per  mznute  was  held  constant,  then  Equatmn (40) becornes 

to = 209 2 tan x t 

VT 

Slnce  the  value R o  = 2801 1 feet  was  held  constant,  then 

'ORT z =- 
2801 1 
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r b 

A 

F l g  86 Vector  Diagram  for  Derlvatlon of Formulas   for  One  Airplane  Turning Left 
and One Airplane  Flylng  Stralght  and  Level 

Flg 87 Vector  Dlagram Showing Similarity to  Flg  88 Vector  Diagram  Showmg  Sinularlty 
to   F ig  87 for Derlvatlon of Formu- 
las for One  Alrplane  Turning Left 
and  One  Alrplane  Flymg  Straight 
and  Level 

Flg 88 lor Derivation of Formulas  
for One Airplane  Turrung Left and 
One  Amplane  Flymg  Stralght  and 
Level 
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DERIVATION O F  FORMULAS FOR COLLISION CONDITION D 

For  thls  condltlon,  two  alrplanes are assumed to  be on a colllsLon course,  both air- 

planes  makmg a left turn  Flgure 89 shows  the  physlcal  slgnlflcance of the  horizontal 
vlsual  angles  and of the distances mvolved In thls  condltlon  The  horlzontal  vtsual  angles 
a re   measured   f rom  s t ra lght   anead  of the  pllot at the  tlme of lnvestlgatlon 

orlgln of the X and Y axls 
Locatmg the  center of the  larger  clrcle  wlth  respect  to  the  polnt of colllslon or the 

a = R ~ S I ~  J/ 

b =R1cos  I# 

W O = K  t 0 

Where 

K = the  rate of tu rn  of the  alrplane  turnmg  on  the  smaller  clrcle.  In degrees  per  mlnute 0 

t = tlme of mvestlgatlon  before  colllston,  ln  mlnutes 

Also 

Where 

K = the  rate  of  turn of the alrplane  turnlng  on  the  larger  clrcle,   In  degrees  per  mlnute 
1 

t = the tlme of  mvest1gatlon  before  colllslon,  In  mlnutes 

The  co-ordlnates of the  alrplane  turnmg  on  the  smaller  clrcle,   wlth  respect  to  the  alrplane 
turnmg  on  the  larger  clrcle at tlme t, are  then  glven  by 

x. = R o  (1 - cos w ) 0 

Y = - Ro sm W 0 0 

And the  co-ordmates of the  alrplane  turnlng  on  the  larger  clrcle are  
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X1 = b - R1 COS W 1 

When  Equatlon (42)  15 substltuted  for b, 

X1 = R1 (cos - C O S  W 1) 

Y 1  = a  - R1 s m  W 1  

When  Equatlon  (41) is substltuted  for  a, 

y1  = R ~  ( s m  $ -  s m  w l )  

When  these  co-ordmates  are  used,  the  followmg IS derlved 

tan 0 = 
Y1 - Y 

x. - x 
0 

1 

I3 = arc   t an  
R~ (sin $-  sin ul) t R sln w 

R, (1 - cos  U0)  - R1 (cos $ - c o s  W 1) 

0 0 

(43) 

In  solvlng  for a ,  the  horizontal  visual  angle  measured  from  stralght  ahead of the  alrplane 
turnlng on the   smal le r   c l rc le ,  

a = w ,  - e - 90- (20) 

In solvlng  for p,  the  horlzontal  visual  angle  measured  from  stralght  ahead of the  alrplane 
turnmg on the larger   c l rc le ,  

,Q = w 1  - e t 9 o -  (21) 

The  dlrtance  between  amplanes  at  tune t 1s as  follows- 

2 = (X, - xl )  t (Y1 - Yo)  2 2 

To  construct a mlnlmumnumber of msual-angle  charts  to  represent  the  variables  mvolved ~n 
thls  condltlon,  the  same  law of geornetrlc  slmilarlty 1s apphed  as   was explained m detall m  the 
derlvatlon of formulas  for  Colllslon  Condltlon C In thls  case  the  slmllarlty  between F lgs  90 
and 91 1s used 

t =  0 
209 2 tan 1 t 

VT 
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Where 

x = x 2  
Also 

z =- R2 zo 
1400 56 

were  used 
In computlng  the  polnts  necessary  for  drawlng  the  curves,  the following values of the   parameters  

Held  constant KO = 360 degrees  per  mlnute,  R x 1400 56 feet, V = 100 mph 

The  followlng  values of the  independent  varlables  were  used 

'# = O", 45". 9 0 ' ,  135',  180".  225",  270". 315' 

0 T O  

vT 1 

vTO 

A = - = O , O 2 , O 4 , O 6 , O 8 , 1 0 , 1 2 5 , 1 6 7 . 5 0 , ~  

t 0 = 0 , 0 1 . 0 2 . 0 3 . 0 4 , 0 5 , 0 6 . 0 7 , 0 8 , 0 9 , 1 0  

R / A = l O , 2 0 , 2 5 , 3 0 , 3 5 , 4 0 , 6 , 8 , i 0  

" h 0  Note R/A = - 

Formulas  Needed to Determine  Vlsual  Angles  and Distances for  Two  Alrplanes on a Collision 

Slmilar  to  Two  Alrplanes  Turning  in  Same  Dlrectzon) 
Course  While F l y m g  in  the  Horlzontal  Plane  and  Turning  in  Opposlte  Dlrectlons  (Derlvation is 

W o  = - K O  t (44) 

w = '#+ K1 t (45) 
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z =- X 

s in  t3 

Where 

R1 = Radlus of the  larger  turnlng  clrcle,   ln  feet  

Ro = Radlus of the  smaller   turnmg  c l rc le .  In feet  

KO = R a t e  of tu rn  of the  alrplane  on  the  smaller  clrcle,  In  degrees  per  mmute 

K = Rate of tu rn  of the  alrplane  on  the  larger  clrcle,  In degrees  per  mlnute 

t = Tlme of lnvestlgatlon  prlor to colllsion, In mlnutes 

a = Vlsual  angle  requlred  from  the  alrplane  f lylng  on  the  smaller  clrcle  to see the  alrplane 

1 

on  the  larger   c l rc le  at tlme t, In degrees  

p = Vlsual  angle  requlred  from  the  alrcraft   f lylng  on  the  larger clrcle t o  see  the  alrplane 
flylng  on  the smaller c l rc le   a t  tlme t, m degrees  

2 = Dlstance  between  the  alrplanes at  t lme t, m feet 

J/ = Dlfference m headmg  at collision polnt as estabhshed  in  Table IV 

TABLE IV 

RELATIONSHIP BETWEEN *AND THE ABSOLUTE DIFFERENCE IN HEADING 
AT COLLISION  POINT FOR TWO AIRPLANES TURNING IN OPPOSITE  DIRECTION 

Dlfference m Headmg 
at  Colllslon 

Condition  Value of J, 

(degrees)   (degrees)  
In  Formulas 

180 

90 

0 

90 

W Ith  the  alrplane  turnlng 
on  the  larger circle on  the 
left of the  airplane  turnmg 
on  the smaller c i rc le  at 
colllslon  point 

Wlth  the  alrplane  turnmg 
on  the  larger  clrcle  on the 
right of the alrplane  turnlng 
on  the  smaller   c l rc le  at 
collision polnt. 

0 

90 

1 80 

270 
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Flg 89 Vector  Dlagram  for  Derlvatlon  of  Formulas 
for  Two  Axrplanes  Turnlng  Left 

F l g  90  Vector  Dlagram  Showlng  Slrnllarlty  Flg 91 Vector  Dlagram  Showmg  Slmllarlty 
to  F l g  91 far  Derlvatlon of Form- 
ulas  for  Two  Alrplanes  Turmng 
Left 

to  Flg  90  for  Derlvatlon of Formulas 
for Two Alrplanes  Turnlng  Left 
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APPENDIX 11 

FLIGHT-PATH ANALYSIS 

flight  paths of most  types of a l rcraf t   They  were  made s o  that a better  understandmg of aLr- 
craft  fllght  paths In the  vlcmlty of alrports  would be posslble  Day  and  nlght  fhghts  were 
recorded 

The  Indlanapolls Welr  Cook  Munlclpal  Alrport  was  consldered  to  be  the  average  alrport  wlth 
Flgures  92 through 96 show  fllght  paths  that  were  recorded at Indlanapolls,  Indlana 

respect  to  trafflc  and  terram  condltlons 

pal  Alrport  at Blrmlngham,  Alabama  Thls  alrport   was  selected  because of Its rough  terram 

on  the  alrport   Flgure 110 shows  the  mountalnous  terraln at Blrmlngham  Alrport  
immediately surroundlng  the  alrport A 20-foot-lncrement elevation-contour g n d  IS overlayed 

Chlcago,  Illlnols  Thls  alrport  was  selected  because of the  large  number of a l rcraf t   that  use 
I t  

The  fllght  paths  that  are  shown In Flgs  92 through 108 are   actual   samples  of the  typlcal 

Flgures  97 through 101 show  fllght  paths  that  were  recorded  at  the  Blrmlngham Munlcl-  

Flgures  102 through 108 show  fltght  paths  recorded  at  the  Chlcago  Mldway  Alrport  at 

RECORDING  PROCEDURE 

Three  slghtlng  statlons  were  employed  to  record  the  alrcraft  flrght  paths  Each  slghtlng 
statlon  was  equlpped  wlth a Davld  Whlte  Company  Theodollte  Model  No  6061,  one  two-way 
radlo,  one  stop  watch.  and two personnel  to  man  the  statlon A typlcal  slghtlng  statlon 1s 
shown In  F.g  109 

mmnnum)  and  as  near  the  formatlon of an  equllateral   tr langle  as  terraln  and  obstructlons 

trlangulatlon  readlngs  and  altltude  lnformatlon  The  theodolltes  were  leveled  and  the  azlmuth 
permltted  In  all  cases,  each  slghtlng  statlon  was  vlslhle  from  the  others  to  permlt  azlmuth 

scale  was  zeroed on a pomt  that  was  vlslble  from all three  statlons  Thls  pomt In most   cases  
was  the  control  tower  on  the  alrport  Each  statlon  recorded  elevatlon and azlmuth locations 
of another  common  pomt In order  to obtam  further  reference  for  accurately  locatmg  the 
slghting  statlons 

Upon slghtlng  an  approachlng alrcraft. rad10 contan  wlth  the  other  two  statlons  was  made 
and  stop  watches  were  synchronlzed  Azlmuth  and  elevation  readlngs of the  alrcraft   were  made 
at 15-second  Intervals  Later,  these  pornts  were  plotted  and  the  curves  were  drawn 

The  slghtlng  statlons  were  located  on  each  alrport as far apar t  as posstble  (3000-foot 
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Fig  92  Typlcal  Flight Paths in the Vicinity of Airports 
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Flg 93 Typlcal Flight  Paths in the Viclmty of Airports 
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Flg 94 Typical Flight Poths in the Vicbdty of Airports 
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Fig 95 Typical Flight Paths m the YIcinity of Airports 
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Fig 96 Typical  Fllght  Paths in the Vicinity of Airports 
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Fig 9 8  Typical Fl@+ Paths In the Vlclnlty of Amports 



Fig 99 Typical Flight  Paths 1n the V ~ c ~ n i t y  of Airports 
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Flg 100 Typlcal  Fllght  Paths In the  Vlclnlty of Alrports 
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F i g  102 Typical Flight Paths in the Vicinlty of Airports 
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Flg 103 Typical  Fllght  Paths 1n the  Viclnlty of Airports 
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Fig 104 Typical Flight Paths in the Vlclnlty of Amports 
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Flg  105 Typlcal Fllght  Paths in the Vlcinlty of Airports 
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Flg 106 Typlcal Flight Paths m the Vlcinity oi Alrports 
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Fig 107 Typical Fkght Paths in the Ylcimty of Airports 
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Flg 108 Typlcal Fhght  Paths ~n the Vlclnlty of Alrports 
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Fig  109 Typlcal  Fllght-Path Recordmg Statlon 

F lg  110 Blrrnznghw Municipal Alrport 


