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single missi le can perform both funct ions, at  a somewhat
greater cost per missi le but with increased effect iveness
and perhaps reduced overal l  cost because of the reduced
force-mix t14pe of problems. As the development program
proceeds,  i t  shou ld  be  poss ib le  to  dec ide  be tween a  s ing le
miss i le  and two miss i les  fo r  th is  task .

3. The report  mentions the importance of ECM and other counterg

to  the  sur face- to -a i r  m iss i le ,  and t .Le  Board  w ishes  espec ia l l y
to stress the cr i t ical  nature of this problem. In addit ion, the
air battle between a number of our fighters and a number of
enemy fighters cannot be effectively handled from individual

aircraft ,  and adequate cornmunicat ions, AWACS, other theater
control  and tFF aie of great import .

With these comments, the DSB forwards the attached report .

ilttlw
Robert L.  Sproul l
Chairman,
Defense Sc ience Board
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MEMoRANDUM To CHAIRMAN, DEFEN'E scIENcE B.ARD

SUBJECT: Finar rReport of the DSB Task Force on Fighter Aircraft
As chairman of the DSB Task Force on Fighter Aircraft,  I  have thehonor of submitt ing the Finar i : : !  Force i,uport (sEcRET), as werl asan Executive Summary (CONFIDENTIAL). i fru report is concerned.largely with the next generation of f ighter aircraft for the Air Forceand the Navy. The report concludes that aircraft with the recom_
3:|j:3 :n:i:; i l-o- 

""o"ance' together with new high-perrormance
the exp ec r "d s;;:Iri ii,, ! l",fJ.T |! tr Tffi i?, ;:irt 

;p" "i",ity ove r

;* t" l t j l  
recommendations of t , .e Task Force, as taken from the re-

l  '  That a development program, fol l0wing the basic approachof prototype procurement and tesi ing, be i rr i r i "r"a now for a newf igh ter  a i rc ra f t .  An  IOC fo r  the  u" ; i  l9Z0s_ i .  e . ,  be fore  t975_should be sought.  'competi t ive 
prot",yp; demonstrat ion f l ight pro-grams should be pursued, separately for avionics, for air f rames,and for engines.

z .  The f i .gh ter  shou ld  be  des igned fo r  bo th  a i r - to_a i r  and a i r_to -ground opera t ions ,  w i th  the  pr im l . "y  a" " ig '  emphas is  on  a i r_ to -a i r  capab i r i t y .  The a i r - to -a i r  Lapab i l i t y  shourd  inc lude c rose_ incombat capab*i ty.  The air- to-ground capabi l i ty should be forpr imari ly v isual weapon del ivery with homing or area ord.nance in-so far  as  au tonomous a i rc ra f t  opera t ions  are  concerned. .

3 '  Gu ided ( i .  e . ,  s teerabre)  guns  and h igh ly -ag i le  miss i lesshou ld  be  prov ided fo r  fo rward-hemisphere  f i r ing ,  un less  f l igh ttes ts  revea l  bas ic  f laws in  the  concept .  M iss i le  seeker ,  p ropu ls ion ,air frame and target designat i-or,  "hoota pro*r iau for f i r ing missi lesa t  la rge  ang les  o f f  the  a i fc ra f t  nose.  R" " "_h .misphere  ordnanceshou ld  be  inves t iga ted ,  tes ted ,  a . ra  i r r "o rp" " " , .a  in  the  des ign  i ffound desirable on grounds of ut i l i ty " .rJ; ; ; ;""*"nce tradeoffs.

i/lf,df'r/'$$tri#?S E E R . E  T
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4. Head-coupled sights and display should be used to el im-.

inate tJre gunsight,  radar display, TV display, heads-up display,

etc. and provide at the same time flexible all-angle TV viewing

and target designat ion.

5. The avionics should incorporate a pulse-doppler radar

with low-PRF mode for ground map, but without either electron-

ic al ly-  s canned phas ed- ar ray or separ ate te rrain- fol lowing radar s.

A redundant central digital computer should couple the displays to

the weapons, manage stores and do the computat ions required for

flexible weapons deliverY.

6. DDR&E should review those development concept papers

for systerns which might be avai lable before or about 1975 to pro-

vide planning guidelines for synergistic systems rather than to

al low each 7-year advanced system to assume the environment as

it was at the beginning of the development cycle.

7. Urgent development commitments should be rnade to:

a. navigation
navigation

systems providing terrain avoidance by

i

.*r-irla

*  - - i i

b. single-frarne TV for remote target designat ion and

homing
c .  s imp le  h i t t ing  sur face- to -sur face  c ru ise  miss i les

d. art i l lery-emplaced, ground and airborne target

.  designat ing schemes for horning bombs'

e. directed, unmanned reconnaissance and target

designat ion
f.  ef fect ive and f lexible air- to-ground ordnance, such

as proximity-fuzed air-opening dispenser munit ions, cost-

reduced bomble t  land  mines ,  e tc .

8. Development should proceed immediately on a turbofan

engine of the zo,000 pound thrust c lass, with bypass rat io and

other design features to be joint ly determined by the Nawy and the

A i r  F o r c e .

The key to this f i .ghter capabi l i ty is the head-coupled avionics and

f lexible ordnance system discussed throughout the report .  Detai led

exarnples of i ts use are found in Appendix c of the main report .

SE E R,E T' {.iiNSLA$$tr/
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I want to call to youq attention also the extent to which our capability
and the effect iveness of even these aircraft  can be enhanced by the
provision of non-f ighterborne systems such as:

.  adequate theater control  and IFF (via AWACS),

.  theater-range cheap surface-to-surface target-hi t t ing
c r u i s e  m i s s i l e s ,

.  navigat ion and communicat ion aids, such as satel l i te sys-
tems or I .ORAN,

. adequate target-designat ing systems, such as laser target
des ignators  o r  a r t i l l e ry -emplaced beacons.

I  personal ly wish to emphasize the cr i t ical  threat that surface-to-air
missi les wi l l  pose and the necessity for an intensive and enl ightened
Program on penetrat ion aids and tact ics in order to counter these
m i s  s i l e s .

The Task Force is pleased to have had the opportunity to contr ibute by
i ts efforts.

'/n/t( t' -%<

Richard L. Garwin
Chairman,
DSB Task tr'orce on

Fighter Aircraft

)
I
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PREFACE

This  repor t  o f  the  Defense Sc ience Boardrs  Task  Force  on
Tact ica l  A i rc ra f t  i s  wr i t ten  in  response to  a  reques t  (see  Append ixA)
from the Director of Defense Research and Engineering for the Defense
Sc ience Board  to  examine the  tac t i ca l  a i r - to -a i r  m iss ions  and a i r - to -
ground missions for the Navy and the Air  Force. As a consequence of
the indicat ion that the air- to-air  problem should receive pr ior i ty,  the
Task Force ini t ia l ly submitted a draft  report  on this mission area
October  L96t .  A i r - to -ground miss ions  were  the  sub jec t  o f  a  fu r ther
dra f t  added 3  February  1968.  The present  repor t  supp lan ts  the  pre-
vious drafts,  without,  for the most part ,  major changes in conclusions
or  recommendat ions .

one note of caut ion-the Task Force has not drawn any overal l
judgment as to the attr i t ion that soviet missi les of the rgTs-19g5 t ime
frame might cause to tact ical  aircraft  nor as to the corresponding
tact ics and hardware that must be adopted by tact ical  aircraft  i f  they
are  to  surv ive  in  an  env i ronment  o f  advanced sur face : to -a i r  m iss i les .
Fur thermore ,  the  Task  Force  has  addressed on ly  the  charac ter is t i cs
of and the program to obtain an opt imum f ighter aircraft  for the I9?5+
per iod- the  necessary  number  o f  such a i rc ra f t  may be  a f fec ted  by
s t ra teg ic  and even po l i t i ca l  cons idera t ions .

A br ief  Execut ive Summary of this mater ial  is issued separately
as Volume I  of  this report .  Both the Execut ive Summary and this basic
repor t  were  accepted  by  the  Defense sc ience Board  on  8  May 1969.

Since the effect iveness as a f ighter is the most str ingent condit ion
for the aircraft ,  impl icat ions of this role on system design and develop-
ment  p rograms are  t rea ted  f i rs t .

' .  -- ' .." :.1

. - - * , {. . ' ' , : . .  .  I ,

- - . - -&- -4 ! ' . -  . -  - * , . . . "  . . . *
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I .  TASK DEFINITTON

In his direct ive memorandum def ining the work of the Defensesc ience Board  (DSB)  Task  Force  on  tac t i ca l  A i rc ra f t ,  the  D i rec tor  o fDefense Research  and Eng ineer ing  pu t  the  pr imary  ques t ion  fo r  a i r_ to_air  operat ions in t lee fo[" : ; ; terms:

wh ich  is  the  rou te  o f  g rea ter  p romise  fo r  ach iev ing
super io r i t y  over  the  sov ie t  un ion  in  a i r - to -a i r  com-bat-a) emphasis on speed and maneuverabir i ty in thea i rc ra f t ,  o r  b )  emphas is  on  maneuverab i l i t y  and f i re -power  in  the  miss i le?  cons idera t ion  shou ld  a lso  begiven to the ident i f icat ion problem, type(s) of weaponsand awion ics ,  deve lopment  cos ts  and r i sks  fo r  a r te rn_at ive approaches, and. the stabi l i ty of  any solut ion

against Soviet growth.

In examining these quest ions and in making i ts recommendations,thereon,  the  Task  Force  has  a lso  rev iewed the  pr inc ipar  miss ions  o fthe tact ical  air  forces of the united. states and the extent to which thesedif fer ing missions make di f ferent performance demand.s upon the air-craft  and upon the weapons. I t  is possibre that the missions are suf-f ic ient ly di f ferent (and separable) so that s.p"r" tu aircraft  designsshould be opt imized for each. I t  w'r  be of interest also to note in whatpart iculars, i f  any, the Task Force recommendations di f fer f rom theserv ices t  p roposars  fo r  FX and vFAx a i rc ra f t  ( the  nex t  genera t ionf ighter aircraft  proposed for the Air  Force and the Navy respect ivery).

l '  l  M iss ion  o f  the  un i ted  s ta tesr  Tac t icar  A i r  Forces

The missions of the Nawy and Air  Force tact ical  air  forces d.er ivefrom tJre u.s- commitment to a pol icy of col lect ive securi ty with i tsal l ies throughout the worrd. These same missions would be requiredin  any  un i la te ra l  in te rvent ion  as  we[ .  To  meet  these grobar  respons i -bi l i t ies, there is reguired an abir i l "  for quick deployment,  fol lowed bysustained operat ions, anywhere in the world.

l t  i s  genera l l y  accepted  tha t  the  pr inc ipa l  m iss ions  o f  the  tac t i ca la i r  fo rces  in  a  theater  o f  opera t ions  " " "  "o . r r , te ra i r  opera t ions ,

lriwA$$ff+atSEERET. '
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interdict ion and close air  aupport ,  the object ives of these missions
usual ly being stated in terms such as these:

The object ive of counterair  operat ions is to attain and
maintain air superiority by elirnination of interference by the opposing
a i r  f o r c e s .

. The obj,ective of interdiction is to reduce support for the
enemyrs mil i tary forces by destruction or disruption of l ines of supply
and commurrication.

The object ive of c lose air  support  operat ions is to provide
fire support to friendly ground forces that are engaging tJre enemy.

Attainment of the second and third object ives-and even the sur-
vival  of  our ent i re deployed force-may depend on the pr ior and con-
tinuing attainment of air superiority. By far the most efficient way to
destroy enemy aircraft  is general ly to str ike them at the air  base, but
we recognize the need for an air- to-air  combat capabi l i ty superior to
that of the expected threat in order that the opposing air power may be
rapidly suPpressed even i f  pol i t ical  constraints prevent our str ik ing
enerny air  bases, or in case act ive and passive defenses make such
attacks unprofitable. It should be evident that the possibility of these
constraints requires us to bui ld much larger air  forces than would be
required for str ikes at air f ie lds; and i t  is important to note that the
enemy controls the rate of encounters and thus the rate of destruct ion
of his own air  force, even i f  we have air  superior i ty.

L .  Z  A i r - to -A i r  Combat

A responsible reply to the air- to-air  quest ion requires careful
assessment of the probabi l i ty of  success of exist ing and achievable U. S.
aircraft  and air- to-air  weapons for the t ime period of concern, narnely,
1975-80+.  A i r - to -a i r  combat  tac t i cs r  p resent  and ex t rapo la ted ,  p rov ide
the frame for this assessment,  and the e>qperiences of Korea and
Southeast Asia provide useful  data which any reasonable evaluat ion
procedure  must  cons ider .

i
,l:"lr,.,t::.tn

Ai r - to -a i r  combat  may ber tc lose  in ' r  o r  a t  re la t i ve ly  long range,
depending upon the circumstances of detect ion, ident i f icat ion and the
charac ter is t i cs  o f  the  weapons.  I t  i s  impor tan t  to  know whether  c lose-
in combat could be ruled out for this t ime period, s ince a large fract ion
of the program cost for a new f ighter aircraft  could be due to provisions
for  c lose- in  combat .  Th is  i s  because combat  w i th  the  med ium-range
a i r - to -a i r  weapons a t_a i rc ra f t  separa t ions  o f  l0  to  ?O mi les  does  no t

l l l l r l . r .
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require the same high degree of aircraft  and ordnance agi l i ty demanded
by c lose- in  a i r - to -a i r  combat .

The Task  Forcers  s tudy  o f  a i rc ra f t  per fo rmance,  weapons per -
formance, air-combat tact ics and experience data from the war in
Southeast Asia and from other wars has led to the conclusion that a
need for both a close-in and midrange ( i .  e. ,  within visual and beyond
visual range) air  f ight ing capabi l i ty wi l t  exist  dur ing the foreseeable
future of tact ical  air  combat.

Even though the preferred method of destroying enemy air  power
may cont inue to be attacking aircraft  on the ground, we cannot be con-
f ident that air f ie ld attacks wi1l  always be feasible or adequate. Air-
f ie lds may enjoy poLit ical ly establ ished sanctuary in certain future wars,
as  has  been the  case in  cur ren t  and pas t  wars .  .  Fur thermore ,  i t
apPears technological ly and economical ly feasible for a nat ion to pro-
tect i ts aircraft  on the ground by var ious combinat ions of act ive and
pass ive  de f€nses  and a i rc ra f t  des ign  (e .  g . ,  v /sToL)  to  such an  ex ten t
that at tacks against them would be less prof i table. Recent experience
in attacks against prepared enemy bases in North vietnam appears to
indicate a trend in this direct ion.

sur face-based miss i les  and even guns  w i l l  p lay  an  impor tan t  and
perhaps  dominant  ro le  in  des t roy ing  a i rc ra f t  in  the  a i r ,  bu t  f igh ter  a i r -
craft  wi l l  cont inue to retain such advantages as al l -al t i tude capabi l i ty,
wide area coverage, rapidi ty of deployment,  sui tabi l i ty for escort  and
sweeps over  enemy te r r i to ry ,  and pro tec t ion  o f  suppor t  a i rc ra f t -e .  g . ,
tankers  and la rge  t ranspor ts - tha t  a re  opera t ing  over  sea or  land
areas  ou ts ide  o f  sur face-based weapon range.

A c lose- in  f igh t ing  capab i l i t y  w i l l  be  needed fo r  severa l  reasons .
Among them are  the  need ( in  some c i rcumstances)  fo r  v isua l  iden t i f i -
ca t ion ,  the  need to  d isc r im ina te  be tween c lose ly  spaced f r iend ly  and
enemy aircraft ,  and the need to f ight at  t imes frorn an ini t ia l  posi t ion
o f  d isadvantage.  In  many poss ib le  ba t t le  s i tua t ions  i t  w i l l  be  necessary
to  ident i f y  aer ia l  ta rge ts  pos i t i ve ly  be fore  a t tempt ing  to  des t roy  them.
I t  w i l l  be  necessary  to  d is t ingu ish  enemy a i rc ra f t  f rom neut ra l  as  we l l
as  f rom f r iend ly  a i rc ra f t .  Th is  may be  o f  c r i t i ca l  impor tance in  a
l im i ted  war  in  wh ich  commerc ia l  a i rc ra f t  o r  mi l i ta ry  a i rc ra f t  o f  non-
be l l igeren t  powers  may be  us ing  the  ba t t le  a i r  space.  The prob lem
may be compl ica ted  by  la rge  numbers  o f  a i rc ra f t  f rom a l l  four  a i r
serv ices  o f  the  Un i ted  Sta tes  and,  in  some cases ,  a i rc ra f t  f rom one or
more  Serv ices  o f  one or  rnore  na t ions  a l l ied  to  the  U.  S .  tak ing  par t  in
operat ions in the batt le area. To date no ful ly sat isfactory IFF equip-
ment  has  been adopted  to  per fo rm pos i t i ve  ide : r t i f i ca t ion  secure ly  and

{/rlilt|1,,$$/f+?,1? sEeREr
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rel iably,  and our overal l  air-superior i ty effect iveness is much dimig-

ished by this lack. The ideal 
'system 

should be di f f icul t  to jam, spoof,

dece ive  or  copy .  I t  shou ld  be  pass ive  to  permi t  i t s  use  in  s i tua t ions
where  ern iss ions  (such as  radar  t ransmiss ions)  cou ld  be  used by  the

enemy to detect and track our aircraft .  We bel ieve that cont inued re-

search on IFF systems, including such visual aids as stabi l ized opt ical

sys tems,  must  be  pursued v igorous ly .  However ,  we s t ress  tha t  much

could be done to instal l  less than ideal,  but st i l l  ef fect ive equipment.

We also conclude that approach to within visual ranges,I  for ident i f ica-

t ion purposes, wi l l  be required in many cases throughout the operat ional

l i fe of the next generat ion of aircraft .  (This is an observat ion, not a

statement of predest inat ion. )

Even though ident i f icat ion may be made at ranges beyond visual

range,  i t  may somet imes be  necessary  to  ho ld  f i re  un t i l  c lose  in  to

avoid hi t t ing fr iendly aircraft  f ly ing near the target.

A large fract ion of tact ical  air  engagernents begin witJr a surpr ise

attack from the rear.  I f  the attack is detected in t ime to avoid destruc-

t ion, or i f  the attack fai ls for some other reason, the airplane that is

under attack is very l ikely to become involved in a hard-maneuvering

engagernent,  parts of which may be at c lose quarters. Surpr ise attacks

and resutt ing close-in combat are by no means conf ined to environments

where one side has the advantage of warning and GCI (ground-control led

intercept),  however,  they are especial ly l ikely to occur in such environ-

ments. Thus, when our f ighters are operat ing over enemy terr i tory,

their  encounters with enemy f ighters are l ikely to begin with the enemy

pos i t ioned fo r  a  c los ing ,  rear -hemisphere  a t tack .

For reasons such as those l isted above, closure to within a few

miles of the target wi l l  be necessary to press an attack or i t  may be

forced on our planes by the enemy. Once closure to within visual

ident i f icat ion range has been made, a close-in air  combat capabi l i ty is

essent ia l .

A capabi l i ty for midrange combat2 wi l l  a lso be needed as an in-

tegral  part  of  the f ighter system design. The midrange ordnance wi l l

be essent ial  in si tuat ions where sat isfactory ident i f ie at ion can be

accompl ished a t  radar  l ine-o f -s igh t  ranges  and where  the  enemy is

----- IG.-".ral ly 
speaking, less than 5 mi les.
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equipped with medium - range ordnance.
medium-range ordnance should exceed.
a i r - t o - a i r  m i s s i l e  r a n g e .

1. 3 Mult imission Capabi l i ty

The maximum range for
the enemyrs est imated tact ical

l .  3.  I  Roles: In determining the appropriate role for a new
fighter " i t . "aSEl main consid.erat ion should be to achieve a force
structure with suff ic ient air- to-ground and air- to-air  capabi l i ty to
meet the expected enerny threat.  on this basis,  the major gap in the
approved force program for both the Navy and the Air  Force appears
to be in the area of air- to-air  combat,  al though some skept ic ism may
be in  o rder  a lso  as  to  the  cur ren t  e f fec t i veness  o f the  a i r - to -ground
opera t ions .  The lp75 approved program fo r  the  U.S.  A i r  Force  shows
about  800 ground-a t tack  a i rc ra f t  (F - l t IA  and A-?)  p rus  over  900 mul t i -
purpose a i rc ra f t  (F -4ClD and F-4E) .  The F-4Es are  ercpec ted  to  con-
st i tute an excel lent air- to-air  weapon by the standards of the late I960s.
They are l ikely to be outclassed by enemy f ighters in the mid- lp?Os,
part icular ly in close-in combat.  The approved Navy program f,or 1975
shows a total  of  over 700 attack aircraft  (A-4, A-6, A-?) plus about
150 a i r - to -a i r  f igh ters  (F-8  and F- r l IB) .  Both  o f  the  la t te r  two types
of f ighters would probably betnoncompeti t ive with Soviet f ighters of
the  mid-1970s in  c lose- in  tac t i ca l  a i r  combat .

The conclusion is inescapable that the new f ighter aircraft  should
provide a capability for air-to-air combat in quality and in quantity
su f f i c ien t  to  meet  the  enemy th rea t  o f  the  mid-19?0s.  The a i r - to -a i r
capabi l i ty should include, but not be restr icted to,  c lose-in f ight ing
abi l i ty superior to that of  the best enemy tact ical  f ighters.

conceptual ly,  the air- to-air  combat task can be handled by an
aircraft  designed as a mult ipurpose, i .  e. ,  ground attack plus air
f ight ing, airplane. In pract ice, one mission or the ot i rer must dom-
inate the design. I t  is instruct ive to note that our most successful  air
f ight ing machines have been designed pr imari ly for air  combat,  though
in some cases they later proved to have a useful  air- to-ground abi l i ty.
The F-51,  f ' -86  and F-4  exempl i f y  th is  po in t .

The Task Force bel ieves that the new airplane should be designed
primari ly for air- to-air  combat.  This wi l l  natural ly result  in a Iess
eff ic ient air- to-ground capabi l i ty,  but proper attent ion to this point can
give a very good attack performance without impairment of the pr imary
m i s s i o n .
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L.3 .2  S ta ted  Serv ice  Requ i rements :  The Navy  and the  A i r  Force

have stated s ts for a new fi'ghter. The

Nevy has ini t ia l ly placed more emphasis on the ground-attack mission,

the  A i r  t r 'o rce  more  emphas is  on  c lose- in  a i r - to -a i r  combat .  The

Navy sees a necessity for a close-in air- to-air  e apabi l i ty competi t ive

WitJ:  mid-1970s enemy f ighters, .but argues that the need to exercise

this abi l i ty is not cont inuous. They visual ize an ini t ia l  per iod of con-

te.sted. air  superior i ty,  fol lowed by decreasing air- to-air  act iv i ty and

increasing U. S. air- to-ground act iv i ty.  Because there is an absolute

l imit  on the space avai lable for aircraft  aboard a carr ier,  the Navy

argues that i t  cannot afford. to al locate space to aircraft  special ized for

air  combat.  Instead, i t  must have mult ipurpose f ighters that can be

used in  a i r  combat  on  some occas ions  and in  a i r - to -ground miss ions

on others, and the Navy comments that they wi l l  in any case so use

even a  spec ia l i zed  a i r - to -a i r  mach ine .  The a i r - to -ground requ i re -

rnent is stated not only in terms of a considerable range-payload

capabi l i ty,  but in terms of a sophist icated avionics package that is

supposed to provide a f i rst-class al l -weather ground-attack capabi l i ty.

The ground-attack radius requirement is stated to be 600 naut ical  mi les

{with a 4000-pound payload),  this radius being based on a survey of

required carr ier standoff  distances and land-target posi t ions.

The Air  t r 'orce requirement has been stated in terrns of a pr imary

air- to-air  capabi l i ty.  Range requirements appear to be a Z0O-naut ical

mi le radius for high-al t i tude cruise, plus a 70-naut ical  mi le dash

rad ius  a t  I0 ,000 fee t  a t  Mach =  0 .85  and 3  minu tes  o f  combat  a t  10 ,000

feet and Mach = 1.0. The equivalent air- to-ground mission range/

payload ability appears to be somewhat less than that asked for by the

Navy. However,  the Air  Force requirement also cal ls for an aII-

weather air -to - ground capability.

On examinat ion, i t  is di f f icul t  to see why there should be basic

di f ferences in the requirements of the Navy and the Air  Force. Both

Services would l ike to have a mult ipurPose f ighter,  provided that i t

would do the air- to-air  task adequately.  Both would l ike to reduce the

nurnber of aircraft  types. Al though the Air .Force does not have an

acute problem in providing parking space as does the Navy, srnal ler

aircraft  would help rel ieve congest ion on some crowded Air  Force

tact ical  bases and would be easier to shield in covered revetrnenf,s.

(The Task Force is unanimous in the opinion that shelters are needed

at forward tact ical  bases, but discussion of this subject l ies beyond the

scope of this report .  )  And, of course, the overal l  capabi l i ty within a

given budget may be greater i f  every aircraft  can be effect ive in both

a i r - to -a i r  and a i r - to -ground even i f  fewer  a i rc ra f t  a re  purchased,  than

S E E R E  T-r'[t SSIjf,II,t
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i f  a somewhat larger number of smal ler aircraft  could be used only
a i r - to -a i r  o r  on ly  a i r - to -ground.

The Navyrs need for air- to-ground abi l i ty is not c lear ly di f ferent
frorn that of  the Air  Force. The basic purpose of mi l i tary aircraft  is
to inf luence the ground batt le;  in tact ical  operat ions, the pr imary re-

quirement for f ighter/attack aircraft  is for weapon del ivery against
ground targets. Bot\  Services would l ike to improve their  al l -weather

bombing.capabi l i ty.  However,  i f  a supplement to the programed al l -
weather ground attack capabi l i ty for the Air  Force and Navy is needed,

i t  is hard to see why that capabi l i ty should be met with an air frame

capable of Mach 2.3 ot higher speed and with a high maneuvering and

accelerat ion potent ial .

The argument for a mult ipurpose aircraft ,  with air- to-air  char-

acter ist ics sornewhat degraded by the requirements for the air- to-

ground miss ion ,  on  the  bas is  o f  a  t ime-phased need fo r  a i r - to -a i r  com-

bat is open to ser ious quest ion. One of the important quest ions is:

whether an aircraft  compromised in i ts air- to-air  abi l i ty by demands
for the air- to-ground mission, might be unable to hold i ts own against
special ized high-performance enemy f ighters, so that the air-superior i ty

batt le might go badly for the mult ipurpose airplane-or,  at  best,  might

be prolonged? Also, the t iming and severi ty of the need for air- to-air

combat are quite dependent on the r tscenario.rr  The air-superior i ty

batt le may be fought br ief ly in the f i rst  days of the war,  as in the case

of the German attack on Poland or the Israeli attack on Egypt. Or it

may be a long, continuing battle as in the Battle of Britain, the defense

of Malta, the Al l ied air  of fensive against Gerrnany, the Korean War,

or the war in Vietnam.

I.  3.  3 Could One Aircraft  Do the Job? The requirements stated

by the Navy ifferent that it does not

appear desirable-or perhaps even feasible-to attempt to bui ld one

aircraft  to meet both requirements. Informal opinions exPressed by

government  and cont rac tor  personne l  a re  tha t  an  a i rc ra f t  possess ing

al l  the rnission capabi l i t ies asked for by both Services would weigh up-

wards of.65,000 pounds. An aircraft  of  this size would probably fai l

to meet the Navyts expressed need for a smal l  spott ing factor and

wou ld  be  undes i rab ly  la rge ,  i .  e . ,  too  easy  to  see and to  h i t ,  fo r  c lose-

in  a i r  combat .  I t  wou ld  sure ly  be  unnecessar i l y  expens ive .  However ,

i f  the Task Force argument stated above regarding the simi lar i ty of

ac tua l  needs  fo r  A i r  Force  and Navy  fo rces  is  cor rec t ,  then one a i r -

c ra f t  cou ld  indeed do  the  job- the  job  be ing  to  p rov ide  a  f i rs t -c lass

air- to-air  combat capabi l i ty,  including close-in comBat abi l i ty,  plus

a good visual U.t i ; . . r" I  air- to-ground capabi l i ty,  which could, however,
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be very effect ive with modern homing and area weapons, e. g. ,  Wal leye
and cBU-24, respect ively.  I f  range capabi l i ty adequate to provide
f ighter escort  and sweep operat ions out to the l imit  of  ground attack3
operat ions is bui l t  into the f ighters, there should be an excel lent
rr fal lout,  capabi l i ty for v isual ground attack with very l i t t le compromise
to  the  a i r  f igh t ing  charac ter is t i cs .o f  the  a i rp lane.  sec t ion  4 .3 .2
suggests techniques for obtaining al l -weather del ivery capabi l i ty with-
out dependence on a complex radar.

1 . 3 . 4  C r e w  S i z e :  F o r  t h e  m i s s i o n  d e s c r i b e d  a b o v e ,  a  s i n g l e -
place airplanEwouid=G preferable to a two-place airplane, provided
that the best avai lable techniques in controls,  switching and display are
incorporated in the design. The feasibi l i ty of  a one-man aircraft  should
be es tab l i shed by  the  program recommended in  the  nex t  sec t ion ,  L .4 ,
one of our chief concerns being the desirabi l i ty of  t raining a single
crew-espec ia l l y ,  a  s ing le  man to  do  bo th  the  a i r - to -a i r  and an  a i r - to -
ground job as contrasted with the better performance and survivabi l i ty
which might be obtained from special ized air- to-air  and air- to-ground
c r e w s .
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L . 4 Is  a  New Tact ica l  F igh ter  Needed by  the  A i r  Force  and/or Na
to  be  Opera t iona l  in  the  Ear ly  1970s?

As o f  I975 the  on ly  a i rc ra f t  p rogramed to  be  in  the  A i r  Force  or
Navy inventory (except f .or 24 F-8s) capable of maneuvering combat
within visua-I  detect ion and ident i f icat ion ranges wi l l  be the F-4. The
F-4  appears  to  be  compet i t i ve  w i th  the  F ishbed and indeed,  super io r  to
the  F ishbed c /E  mode ls  as  judged on  the  bas is  o f  combat  resu l t
against aircraft  f lown by North Vietnamese pi lots.  On the other hand,
approximate theoret ical  analyses of the accelerat ion and turning abi l i ty
o f  the  F-4  ind ica te  tha t  i t  i s  in fe r io r  in  those respec ts  to  bo th  F ishbed
and Fit ter throughout most of the f l ight envelope. However,  i t  is c lear
f rom recent  da ta  tha t  the  F ishbed CIE mode ls  su f fe r  f rom major  l im i t -
a t ions  in  cockp i t  layout ,  sw i tcho logy ,  eng ine  power  response,  v is ib i l i t y
f rom the  cockp i t ,  and hand l ing  charac ter is t i cs  dur ing  maneuver ing
fL igh t .  The F-4 's  capab i l i t y  aga ins t  la te r  mode ls  o f  the  F ishbed f lown
by more  h igh ty  sk i l led  p i lo ts  than the  Nor th  V ie tnamese is  s t i l l  open to
ques t ion .  The ordnance car r ied  by  the  F-4- in  par t i cu la r ,  the  F-4E
wi th  an  in te rna l  M-6 I  gun-appears  somewhat  super io r  to  tha t  o f  the
F ishbed and F i t te r ,  and migh t  counberba lance whatever  edge in  a i r -
f r a m e  p e r f o r m a n c e  m a y  b e  p o s s e s s e d  b y  t h e  l a t e s t  v e r s i o n s  o f  t h o s e
Sov ie t  f igh ters .

-3t]s i"g 
external fuel  pr ior to combat.
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U. S. intelligence organizations have' estimated that the Soviets

wiI I  deploy considerably more advanced tact ical  f ighters by the early
1970s. Their  technical  capabi l i ty to do so was evidenced at the 196?
Domodedovo air show. It appears like1y tJrat the I'-4, an airplane
represent ing  the  techno logy  o f  the  mid-195Os- f i rs t  { I igh t  was  in  1958-
wi l l  be ser iously outclassed in maneuvering combat against the Soviet
Unionrs tact ical  f ighters deployed as fol low-ons to the current gener-
at ion. On this basis,  we conclude that a new tact ical  f ighter with
super io r  c lose- in  a i r - to -a i r  per fo rmance to  the  to  the  F-4  is  needed by
the U. S. Air  Force\and U. S. Navy. In addit ion, the effect iveness of
the F-4 even at medium and long range, combat is far less than can be
obtained with the avionics sui t  and ordnance proposed here.
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Z. T'IGHTER SYSTEM DESIGN IMPLICATIONS OT' THE
AIR-TO-AIR MISSION

Z. L Ordnance-AJionics Impl icat ions

Impl ic i t  in the air-superior i ty role of the proposed f ighter air-
craft  is the necessity of a forward-hemisphere capabi l i ty to detect,
ident i fy and successful ly at tack host i le aircraft .  The ident i f icat ion
funct ion must dist inguish fr iend from nonfr iend in a "guns-freetr  environ-
ment and dist inguish host i les from other nonfr iends in a ' tguns-not-freetr

environment.  The forward-f i r ing air- to-air  ordnance for these respec-
t ive environments must include improved medium-range missi les
(over  5  rn i les )  as  we l l  as  improved shor t - range ordnance (under  5  mi les)
of both missi le and gun types.

SEA (Southeast Asia) e>rperience bears out the obvious deduct ion
that a fighter so formidably equipped to cope with hostile aircraft in the
forward hemisphere wi l l  i tsel f  most often be the object of  surpr ise
a t tacks  f rom the  unpro tec ted  rear .  There fore ,  these proposed a i r -
craft  must also have the abi l i ty to detect,  ident i fy and, i f  possible,
a t tack  success fu l l y  such rear -hemisphere  hos t i le  in t ruders .

The route of greatest promise in achieving air  superior i ty over
the Soviet air- to-air  threat appears to be the provision of greater agi l i ty
of tJ:e ordnance and improved performance of the associated avionics as
compared to the respect ive exist ing capabi l i t ies. Because of the
int imate dependence of ordnance effect iveness upon the avionic and
human elements of the system, automation techniques should be ex-
ploited to the maximum feasible extent to gain the tactical advantage of
inc reased sys tem ag i l i t y .

The Task Force bel ieves i t  technical ly feasible to provide the
same suit  of  awionics for Air  Force and Navy f ighters except that,  i f
one of those aircraft  should be found to reguire more complex avionics
than the other,  then the simpler avionics sui t  should be derived from
the more complex one by delet ions

With respect to the ordnance suit  and ordnance-related port ions
of avionics, the Task Force recommends that the elements and capa-
b i l i t ies  des ignated  as  Head-Coup led  Av ion ics /Weapons Sys tem be in -
vest igated with suff ic ient intensi ty that they be avai lable for incorpor-
at ion into the new generat ion of f ighters. Examples of the use of these
sys tems are  i l l us t ra ted  in  de ta i l  in  Append ix  C.

ll//|//s:A$$ff+#lSEER,ET
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The ordnarrce systems wi l l  be discussed f i rst .

Z. Z Ordnance Systems

Z. Z. L Guns: The aircraft  should have an integral  forward-f i r ing
gun syste*.  6rask Force feels that a major tact ical  advantage in

air- to-air  gun attack can be achieved i f  the gun is automatical ly direc-

ted !y computer-generated aiming signals based on input sensor data

including radar-derived range. I t  seems desirable to use an electro-

opt ical  t racker to assure very accurate target-angle inputs for the

computation. The gun guided by the computer aiming signals should be

trainable from about -2 degrees to *18 degrees in elevat ion and t2

degrees in yaw.

Whereas a fi.xed gun must be airned by maneuvering the aircraft

to sat isfy the computed lead-angle solut ion, the guided gun is aimed

automatically anywhere within its trainable limits and thus will sub-

stantially reduce the combat time required to bring the gun into firing

position. Consequently, rnany opportunities for gunfire that would be

lost with a fixed gun can become effective attacks with the guided gun.

A guided gun is now undelconsiderat ion for an Air  Force test

program. The Task Force strongly recommends that suff ic ient re-

sources be allocated. to establishihe feasibility and utility of a guided

gun by flight testing during this calendar year, using primarily off-the-

shelf components to provide a fully operating system for the test.

The guided gun, directed by the head-coupled sight descr ibed in

sect ion 2.3.2 should give these aircraf l  c lear superior i ty against

simi lar modern high-performance aircraft ,  but i t  is imperat ive that

the part icular version of this system to be specif ied for the aircraft  be

deterrnined by actual {light test of a fully operating demonstration sys-

tem to establ ish i ts feasibi l i ty and ut i l i ty.  In sect ion 3, we prescr ibe

a program which we hope wi l l  accornpl ish this.

Z . Z . Z  M i s s i l e s :  T h e ' m i s s i l e s  b e i n g  u s e d  b y  U . S .  f o r c e s  i n

SEA are e"silTffiT a L949 design and without exception were

original ly designed for at tacks against nonmaneuvering subsonic

bombers .  The AIM-9  was f i rs t  pu t  in  opera t iona l  serv ice  in  I955,  and

the Sparrow I I I ,  at  approximately the same t ime. These missi les have

gone through various modif i .cat ions which great ly improved their
lescent  o rd-
bought as a
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the aircrews
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using i t .  The AIM-p was also designed as a bomber ki l ler,  and the
l im i ted  success  i t  has  had aga ins t  maneuver ing  ta rge ts  i s ,  aga in ,  a
result  of  the training and self-discipl ine of the users und.er extreme
st ress .  These two miss i les ,  as  we l l  as  the  recent ly  in t roduced AIM-4 ,
have severe l imitat ions when f i red against strongly maneuvering targets.
They are simply not designed for this task.

The Task Force feels strongly that a new missi le is required to
cope with the short-""r . i " ,  highly maneuvering target.  (short  range
wil l  arbi trar i ly be taken as less than 5 mi les at al t i tude. )  The Task
Force is not doctr inaire as to choice of guidance, which could be infra-
rad (IR),  . le. t .o*pt icJln-ot or radat l  tn" consensu" U"- in-g that any
of  these is  feas ib le .  The shor t - range miss i le  must  be  op t im ized fo r
quick-react ion f i r ing and for shoot ing at targets which are at large
angles off  the nose of the f ighter-these specif icat ions are at least as
important as any other character ist ics of the missi le.  The most
capab le  sys tem wou ld  seem to  incorpora te  a  shor t - range semiac t ive
radar -homing miss i le ,  together  w i th  e i ther  an  E-o  or  IR  miss i le  in
case o f  countermeasures .  But  we s t ress  la te r  the  changes wh ich  must
be incorporated in the weapons control  system in order to laurrch
f lexibly at short  ranges. The Sparrow has been designed and opt imized
for the long-range head-on intercept role and could be retained for tJ lat
mission. I t  should also be modif ied with an adapt ive control  system so
that the transfer funct ions can be made variable to provide both long
range, which requires low induced drag, and also to take care of the
maneuvering or j inking target,  which requires quick missi le response
near the end of i ts intercept path. Modif icat ion to incorporate a closed.
hydraul ic system also appears desirable, and. this missi le,  too, should
benefit from our later recommendations to improve the flexibility of
launch.

z .  z .  3  Rearward-F i r ing  ordnance:  Rearward- f i r ing  ord .nance
would provide a great increase in capabi l i ty against the now prevalent
enemy a t tacks  f rom the  unpro tec ted  rear .  The Task  Force  recommend,s
strongly that suff ic ient resources be al located to ensure a wigorous in-
ves t iga t ion  o f  the  feas ib i l i t y  and des ign  charac ter is t i cs  o f  a  rearward-
f i r ing  gun and/or  a  rearward- f i r ing  miss i le .  The assoc ia ted  rear -
hemisphere  de tec t ion ,  iden t i f i ca t ion  and weapons cont ro l  a re  d . i scussed
in connect ion with avionics systems.

2 . 3  A v i o n i c s

2 .3 . I  D isp lay  and Cont ro l :  The A i r  Force  a i rc ra f t  i s  env is ioned-
as  a  one-man a i r -super io r i t y  f igh ter .  Because o f  the  in t imate  depend-
ence of ordnance effect iveness upon the avionic and human elements of
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the system, the displays and controls must be simpl i f ied and integrated

to a very high degree to reduce the pi lot ts work load, part icular ly in

times of combat. Autornation techniques should be e:cploited to the

maximum feasible extent to gain the tact ical  advantage of increased

overal l  agi l i ty dur ing close-in air  combat.  I t  appears that incorpor-

at ion of the head-coupled. display techniques, as discussed in sect ion

2.3 .2 ,  wou ld  make a  major  cont r ibu t ion  to  such a  Program'

z .  3 .  Z  Head-Coup led  E lec t ro -oPt ica l  Techn iques :  The Task  Force

was very fav status and prornise of

electro-opt ical  techniques. [n part icular,  the Army and other Programs

on helmet-mounted.,  or head-coupled, sights and displays are impres-

s ive .

The Task Force.bel ieves that these techniques could be appl ied in

the proposed f ighter aircraft  with important tact ic 'al  advantages, in that

rnany f leet ing opportunit ies to acquire targets that 'would be lost i f

convent ional t reid- in-cockpit  acquisi t ion techniques were used ( in ei ther

a one-man or two-rnan aircraft)  could instead becorne effect ive gunf ire

or missi le attacks. I t  also seems clear that a one-man aircraft  could

be effect ive for missions otherwise necessitat ing a two-man design;

short-range missi le attacks could be effected without interrupt ing radar

search, and the pi lot 's work load could be great ly reduced'

Incorporat ion of these techniques by means of a head-coupled

display (HcD) would result  in an integrated "head-coupled avionics and

weapons system.rt  For this systern, the Task'Force envisions advan-

tageous uses  in  a i r - to -a i r  and a i r - to -ground opera t ions ,  as  descr ibed

below, al l  in a head-up manner. ( t t lustrated examples are given in

Appendix C. ) :

For guided-gun attacks:

.  The opt ical  s ight funct ion of the head-coupted display

would be used to point the radar antenna for automatic

Iock onto a host i le aircraft  seen visual ly by the pi lot

but not yet seen bY the radar.

.  concurrent ly,  ei ther the coupl ing signals of the HCD or

the autotrack output signals of the radar would direct a

video contrast t racker for automatic lock onto the air-

craft  to obtain very accurate angle data for the guided

gun aiming comPutation.
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. The CRT display function of'the HCD would then be used
to present the pi lotrs steering port ion of the gun attack
solution.

For  shor t - range miss i le  a t tacks :

. The optical sight function of the HCD would point the
radar antenna for automatic lock-on just as in the gun
attack case, whereupon the autotrack output signals
would point the missi le seeker for lock onto the host i le
aircraft .

. Alternatively, the HGD coupling signals would be applied
direct ly to point the missi le seeker.

. Commands for the pilot, if any, for completion of the
missi le attack solut ion would then be presented via the
CRT display function of the HCD.

For midrange missi le attacks:

. The CRT display function of the HCD would be used for
viewing air- intercept-radar video in a i lvert ical  s i tuat iont l
type of presentat ion stabi l ized relat ive to the aircraft  and
for checking the IFF reply status of detected airborne
targets. (For viewing al l  radar- and TV-type video, a
shutter would be positioned automb.tically, or by a push
button, to preclude interference by light coming through
the combining glass of the HCD. )

. [,n a guns-free environment, while viewing the stabilized
vert ical-si tuat ion display, the pi lotrs head motion would
ini t iate radar autotrack lock-on by posit ioning a target-.
designat ion symbol on the radar target of a host i le air-
craft  as seen in the HCD. The autotrack output signals
of the radar would point the seeker of t .Le midrange ant i-
a i rc ra f t  m iss i le  (u .  g . ,  Spar row)  fo r  lock  on to  the  radar
i l luminat ion ref lected from the target aircraft .

.  In a guns-not-free environment (where visual recognit ion
must be rel ied on to dist inguish host i les from otJrer non-
fr iends),  upon ini t iat ing autotrack radar lock-on as
described above, the output signals would point a high-
magnifi.cation forward-looking TV unit toward the same
airgraft .  The CRT display funct ion of the HCD would

l - -
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then be used to view the video output of the TV unit,

thereby dist inguishing host i les from other nonfr iends at

ranges up to l0 t imes that possible by the unaided eye.

For  s tandof f  a i r - to -ground a t tack  (e .  g . ,  Wal leye) :

.  The CRT display funct ion of the HCD would be used to

view the stabi l ized-TV-type weapon video, and the pi lotrs

head motion would posit ion the weapon tracking gate for

lock onto a selected target.  Thereafter,  the HCD would

be used to monitor the weaPon video i f  required.

For routine and GCI flight control:

. The CRT display function of the HCD would give the pilot

the same HUD-type Presentat ion as is provided by con-

vent ional head-up displays. I t  would display vector ing

and warning information from AWACS or from other GCI

faci l i t ies.

I t  seems clear that the HCD could becorne the pr irnary display of

these f ighter aircraft  providing for al l  normal uses the head-up,

vert ical-si tuat ion, hor izontal-si tuat ion, and mult isensor display pre-

sentat ions. Al though one head-in-cockpit  uni t  might be retained as a

mult ipurpose backup display, the helmet-mounted display weighs only

a few ounces and operat ing spares could be carr ied in the cockpit .

The Task Force bel ieves that the head-coupled system can con-

tr ibute great ly in making possible an effect ive one-man air-superior i ty

aircraft .  I t  strongly recommends that the services al locate suff ic ient

resources-and ini t iate competi t ive contracts as soon as possible-to

intensively invest igate this head-coupled concept and to establ ish i ts

feasibi l i ty and ut i l i ty for the proposed new f ighters by actual f l ight test

in a ful ly operat ing demonstrat ion system.

2 . 3 . 3  R a d a r i  t o  a v o i d  v e r y  s e r i o u s  p e n a l t i e s  i n  p e r f o r m a n c e ,

weight " .rd . f f iEi l i ly,  the rad,ar-as wel l  as other avionics systems-

should represent a fresh start ,  not a modif icat ion of some exist ing

radar  sys tern  such as  the  APG-59 or  the  ASG-18.  As  such,  the  radar

should take advantage of the new components and techniques available,

such as the avai labi l i ty of  head-coupled CRT displays, to reduce

weight and bulk and to provide more f lexible aid to the human. Light-

weight,  s impl ic i ty of operat ion, low maintenance cost and rel iabi l i ty

are important considerat ions in the tradeoffs that must be made in any

systern. Given thes6gfesiderata, the radar must in al l  l ikel ihood have
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a 30-inch aperture, four- lobe monopulse, .at  Ieast I  k i lowatt  of  average
radiated power, and a substantial look-down capabiriry (which implies
coherent processing).  The radar must have a high degree of automation
in'acquisi t ion, bot l .  in the long-range search mode and the close-in
mode, wherein the antenna is pointed in angle by the pilot using the
head-coupled sight system. The radar must provide sui table i l lumin-
at ion for use with the Sparrow I I I 'missi le and for any other semiact ive
radar -gu ided miss i le .  The Task  Force  fee ls  tha t  X  band is  a  more
suitable frequency than Ku for this system and that,  for the mission-of
this aircraft ,  the increased weight,  complexi ty and high cost of  an
electronically scanned antenna would make it an unwise choice (albeit
feasible and capable).  This quest ion is discussed further in sect ion
4.3 .L ,  in  connect ion  w i th  the  a i r - to -ground opera t ions .

In connect ion with the vFAX program, the Navy proposed a hybrid
radar which combined mechanical  and electronic steering. The antenna
provides two beams, one for the radar and one for the cw sparrow
i l luminators. The radar beam is scanned electronical ly in elevat ion
and mechanically in azimuth and is horizontally polarized. The illumi-
nator beam is scanned electronical ly in azimuth and mechanical ly in
elevat ion and is vert ical ly polar ized. The concept is superf ic ial ly
appeal ing, in that the number o,f  phase shif ters required is great ly re-
duced from the number required for a ful I -phased array. On the other
hand, the system has l imitat ions and drawbacks that ser iously impair
its us efulne s s .

Although the radar and illuminator beam can in principle be
steered independent ly uf to 60 degrees from each other,  this independ-
ence is severely restr icted by the neces.si ty for the radar to supply
steering information for the i l luminator.  Further,  the system requires
I inear polar izat ion in order to create two beams, which precludes the
use of c ircular polar izat ion to combat precipi tat ion return. When we
consider that the scanning motion of the radar beam is st i t l  l imited by
mechanical  ef fects,  that i t  compounds the losses involved in the rotat ing
- joint  hardware (4 channels) with the losses and power-handl ing l imita-
t ion of high-power phase shif ters,  the added benef i t  of  the electronic
scan seems marginal at  best.  The Task Fo.rce is unanimous in the
opinion that the radar does not represent a desirable l ine of approach.

The A i r  t r -o rce  proposes  a  fu l l -phased-ar ray  radar .  Th is  i s  a
K-band radar using a ref lect ing array with about 3800 elements. Using
ful l  phase-phase steering i t  is capable of qui te versat i le mult imode
opera t ion  on  a  pu lse- to -pu lse  sequent ia l  bas is .  (The radar  de ta i l s  a re
out l ined in a Raytheon document.)  The Task I 'orce is convinced that a
radar of this t lpe can be made to perform approximately as indicated.
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Further,  we bel ieve that the ful l -phased-array radar is the most

promising approach toward providing the full multipurpose caPability

that would be needed in an airplane that does such diverse missions as

night interdict ion of f leet ing targets, using radar terrain avoidance or

terrain fol lowing, and air- to-air  combat.  On the other hand, we are

not convinced that it is the best solution for a fighter aircraft in which

the pr ime mission is air- to-air  combat and in which the air- to-ground

capability is limited to the type of mission that can be efficiently Per-
formed by a single-man, crew.

I t  is not possible at tJre present t ime to provide an exact est imate

of the weight and cost involved in providing true multipurPose capability

of the type provided by the phased-array radar, but we believe that they

would be of considerable proport ions. In the pure air- to-air  role,  this

capabi l i ty is not needed. Assuming fLight t imes of the order of I0 to

l5 seconds for a Sparrow-type missi le,  there is l i t t le penalty involved

in interrupt ing the search scan for this period. Consequent ly,  we

believe that a simple dish-type radar would be quite adequate. Furtirer,

there is a substant ial  spectrum of air- to-ground missions for which

the more sophist icated radar capabi l i ty is not required. These include

such things as dayt ime straf ing, dive bombing, etc. ,  as wel l  as l*re

del ivery of weapons such as Wal leye in which the sophist icat ion is

aboard the rnissi le.  For attack on f ixed targets an accurate navigat ion

system and for at tack on moving targets a simpler radar may do as wel l .

We recommend that the radar for an aircraft  opt imized for the

air- to-air  role should not be required to provide terrain avoidance,

terrain fol lowing, synthet ic aperture, and other sophist icated air- to-

ground modes. We do feel that a simple ground-mapping funct ion

should be provided, which would preclude a radar having only a high-

PRF pulsed doppler mode. No low-PRF radar equipped with airborne

MTI has yet proved to be adequate. Such a radar would also preclude

the recognit ion of turbine-blade signatures and may Provide less

probabi l i ty of  detect ion under certain condit ions. At present,  both

high and low PRF seem required. In ei ther case, we feel that a simple

dish-type antenna would be adequate for the air- to-air  role and for

these air- to-ground missions such as straf ing, dive bombing, and

del ivery of Wal leye-type missi les that do not put sophist icated demands

on the airplaners avionics.

our invest igat ion of tJre air- to-ground problem shows that a

f lexible navigat ion systern and computer can perforrn many of the

funct ions normal ly considered as belonging to a radar.

f,; S E E R E T
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2.3 .4  o ther  Av ion ics :  The o ther  subsys tems incorpora ted  in
t h e a i r c r " f t f @ t s o f l i g h t w e i g h t a n d s i m p l i c i t y o f o p e r a .
t ion and maintenance. The voice l ink should ut i l ize spread-spectrum
techniques to make i t  secure and relat ively immune to jamrning. For
clear-weather operat ion, i t  seems at f i rst  s ight that the navigat ion sys-
tem need only be adequate to br ing the aircraft  to within a couple of
mi les of a point to be attacked and then to return i t  to the general  direc-
t ion of i ts base. However,  i t  may Qe that c lear-weather operat ions can
be extended to a much larger port ion of the day and night by improve-
ments  in  nav iga t ion ,  and th is  i s  addressed in  the  a i r - to -ground sec-
t ion 4 which fol lows. Instrument landing capabi l i ty is required. The
Task Force does not feel  that solut ion of the IFF problem is a part  of
i ts charter,  but recognizes that the ut i l i ty of  the midrange missi le de-
pends heavi ly on the avai labi l i ty of  an adequate system. EcM equip-
ment and penetrat ion aids should be instal led so that they can be easi ly
changed as  the  requ i rements  change,  and the  present  EcM programs
must be further intensif ied in order to handle the threat.

EGM:  Sur face- to -a i r  m iss i les  a re  a  de termin ing  fac t  o f
Iife in Vietn6il]lt<orea and most of the rest of the world. With rrlon€)rr
hard experience, and luck, we have cont inued to f ly (al though in a
highly-constrained manner) through sA-2 terr i tory.  A home-on-jam
monopulse seeker could change al l  this,  and both sel f-contained and
stand-off  EcM must be given cont inuing high pr ior i ty for the l9z5+
per iod ,  fo r  a i r - to -a i r  as  we l l  as  fo r  a i r - to -ground miss ions .

-  ) t
The mult ipl ic i ty of antennas, knobs and black boxes in currert t  aircraft
for these funct ions is a ref lect ion of the gradual growth of these
funct ions as independent elements and subelements. Clearly i t  is past
t ime for an intensive conceptual and system design effort ,  not l imited
to the airborne equipment,  to obtain a proper return on the investment
in  f requency  spec t rum,  cockp i t  space,  and p i lo t  work  load represented .
by  the  CNI  func t ions .  We are  most  concerned t l :a t  d r ive  and resources
toward this end be made avai lable now so that an informed decision may
be made sev l ra l  years  hence as  to  what  fo rm the  ICNI  and assoc ia ted
nona i rc ra f t  sys tems shou ld  take .  Among the  la t te r ,  fo r  ins tance are
communicat ion- satel l i te faci l i t ies, satel l i te navigat ion and air- traf f ic
cont ro l ,  AWACS data  l ink ,  vo ice  encryp t ion ,  e tc . ,  and i t  i s  u rgent  to
have a  broad p lan ,  a t  leas t  a t  the  deve lopment  concept  paper  (DCP) ,
stage to achieve this infrastructure by the t ime the aircraft  is opera-
t ional.  St i l l ,  the cost of  introducing these systems should not be borne
ent irely by the new f ighter,  s ince the benef i ts wiI I  be widely shared
with other new and old aircraft .  on the other hand, i f  a new f ighter is
committed without an ICNI and i ts infrastructure, great di f f icul t ies wi l l

fllWLASS41:;#J s*e RE'
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arise in deploying such an advanced system-which at i ts incept ion wi l l
benef i t  no important group of aircraft .

Navigat ion for Air- to-Air :  Al though accurate navigat ion
may not seem important for air- to-air  combat,  this is misleading in at
leas t  one aspec t .  The a i rc ra f t  tha t  can  maneuver  in  th ree  d imens ions
near the ground<ven in part ial  c loud-without fear of col l is ion with the
terrain has a real advantage over his opponent.  A digi tal ly stored
ter ra in  mapr  together  w i th  a  computer -d i rec ted  or  computer -per fo rmed
pul lout,  can provide this advantage even during hard-maneuvering com-
bat.  Further,  the operat ional advantages offered by such a system,
which can br ing the aircraft  back al l  the way to the landing pattern with-
out requir ing a change to local navigat ion or control ,  s impl i fy the pi lot ts
job .

2 . 4  A i r f r a m e

As d iscussed in  sec t ion  3  on  deve lopment  s t ra tegy ,  i t  appears
desirable to defer decision on detai ls of  air f rame design pending the
results of further study and prototype test ing. [ t  is part icular ly,  the
pi lotrs react ions to var ious capabi l i t ies which are needed from such
tests;  open quest ions being the ut i l i ty of  maneuvering f laps, the combat
effect iveness of a guided gun, the relat ive desirabi l i ty of  var ious head-
coupled displays. The guided gun and the head-coupled avionics can be
tested in current aircraft ,  but s iz ing of maneuvering f laps, s iz ing
engines vs. fuel  f low, reduct ion of t r im drag, and, most important,  a
choice between equal ly plausible conf igurat ions on the basis of demon-
strated handl ing propert ies cal ls for a competi t ive prototype program.
The des ign  charac ter is t i cs  ou t l ined  in  the  present  sec t ion  are  on ly
intended to indicate what are current ly considered to be trends and
l ike ly  a reas  o f  cho ice  fo r  var ious  por t ions  o f  the  sys tem.  We have
tr ied to indicate where there may be important feedback from tests,
studies and subsystem development that have major effects on the total
sys tem.

2 . 4 . 1  A i r f r a m e  a n d  P r o p u l s i o n  P e r f o r m a n c e s :  T / W ,  W / S ,
S ize ,  Hand l ing ,  Range/Pay load:  The a i r f rame and propg ls ion  sys tem
should produce a high accelerat ion and maneuvering capabi l i ty and ex-
cel lent handl ing character ist ics.  For maximum maneuverabi l i ty,
th rus t - to -we igh t  ra t io  (T /W)  shou ld  be  h igh ,  and w ing  load ing  (W/S) ,
low.  The spec i f i c  va lues  o f  T /W and W/S shou ld  be  the  ob jec t  o f  in ten-
s ive  s tudy  and tes t ing  pr io r  to  the  f ina l  dec is ion  on  a i r f rame des ign .
In order to maintain equal maneuverabi l i ty,  for each addit ional pound
of  a rmamant  the  takeof f  g ross  we igh t  must  inc rease by  a  fac to r  tha t
may range f rom 5  to  l l  as  the  requ i red  main ta ined "spec i f i c  excess
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power ' r  inc reases  f rom 800 to  1000 fee t  per  second.4  Tenta t ive ly ,
an  a i r f rame/propu ls ion-sys tem combina t ion  w i th  a  T /W o f  the  order  o f
0 .9  (max imum thrus t ,  sea- leve l  s ta t i c  cond i t ion  a t  des ign  takeof f  g ross
weigh t )  and a  W/S o f  the  order  o f  80  pounds per  square  foo t  appears
desirable for a platform launching ordnance l ike that current ly avai lable
( i .  e.  ,  f ixed guns and missi les of the Sidewinder/  I .alcon/Sparrow gener-
at ion);  but the opt imum W/S maywel l  be higher for the improved ord.-
n a n c e  d i s c u s s e d  h e r e .  A n  a i r c r a f t  i n  t h e  4 0 , 0 0 0 -  t o  4 5 , 0 0 0 - p o u n d  s i z e
range would aPPear sui table to meet Navy and Air  Force requirements
for radius, spott ing factor and performance.

Since the agi l i ty required of the airplane in combat maneuvering
is,  to some extent,  a funct ion of the agi l i ty and f ield of I i re of the ord-
nance, and since beyond a certain point increased agi l i ty becomes very
cost ly,  the study of aircraft  performance requirements should take into
considerat ion the performance attainable with advanced design guns,
miss i les  and f i re -cont ro l  sys tems.  I t  i s  impor tan t  to  recogn ize  tha t  the
added system agi l i ty provided by f lexible ordnance may be a supplement
to, rather than a replacement for,  air f rame agi l i ty.  considerable
agi l i ty is necessary to close on an enemy or to avoid dangerous posit ions
with respect to enemy f ighters. However,  the f lexible ord.nance and
f i re -cont ro l  sys tem we propose w i l l  c rea te  an  a i rc ra f t  whose tac t i ca l
superior i ty is much more stable against the growth of Soviet air- to-air
capabi l i t ies than would be an aircraft  using normal displays and arma-
ments. I t  wi l l  be di f f icul t  to match the maneuvering capabi l i ty of  a
short-range Soviet f ighter in a U. S. f ighter that must f ight at  a distance
of hundreds of mi les from home base. However,  the maximum pract ical
degree of aircraft  agi l i ty that can be achieved in an aircraft  of  the pro-
posed size should be sought,  both to provide a sui table launch platform
for offensive ordnance and to permit  successful  defensive maneuvering
when under attack by enemy weapons. Final determinat ion of the
des i red  a i r f rame and propu ls ion  per fo rmance shou ld  be  based on  over -
al l  system performance in both offensive and defensive si tuat ions.

Among the  most  h igh ly  des i red  charac ter is t i c  o f  a  c lose- in  a i r -
to-air  f ighter is high turning rate at low speed. Since low wing loading
induces penalt ies in range and maximum speed, we feel that intensive
effort  should be placed on maneuvering f laps, rapidly deployable during
combat,  to permit  the aircraft  to benef i t  f rom high agi l i ty but not to
suffer,  to the normal extent,  a low wing-loading conf igurat ion at al l
t i m e s .

fee t  a l t i tude ,  I  g ,  and Mach 0 .9 .
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The ability of a combat aircraft to fully e:<ploit its acceleration
and maneuver potential in combat is critically dependent on its handling
character ist ics.  Unfortunately,  t ry ing to ensure good handl ing charac-
ter ist ics involves much more than select ing between features which can
be specif ied by thrust- to-weight rat ios or wing loadings or by the type
of data presented in prel iminary, designs or proposals.  Importance
must be attached to tJ:e past performance of design organizat ions in
this connection. In addition, it is important that the iterative sequence
of design, wind.-tunnel testing, ftight testing, and final design fteezirrg
allow for maximum handling performance to be achieved.

Range/payload performance should be based on the required radius
for f ighter sweep and escort  mission in an air- to-air  combat conf igur-
ation.S An unrefueled radius of 400 nautical miles on such missions is
a minimum; a longer radius would be desirable. The mission radius
required for air- to-ground operat ions by other f ighter-bombers or
attack aircraft  should provide the basis for determining mission radius
for this fighter, but there should be no design requirement for any
specif ic air- to-ground mission radius for the f ighter i tsel f .  The

. appropriate time allowance for fuel consumption at maximum thrust
during combat should be an object of detailed study, along with the
study of aircraft  and ordnance. systern performance.

2 .4 .2  A i r f rame and Propu ls ion  Per fo rmance:  Vmax:  A 'V- " *
capability of tactical air
combat si tuat ions. Speeds higher than this in f ighter aircraft  can only
be ach ieved a t  a l t i tudes  grea ter  than 35 ,  000 to  40 ,000 fee t .  Once com-
bat is jo ined in a close-in encounter,  speed and al t i tude tend to decrease
rapidly to transonic or high-subsonic speed and al t i tude, below 20,000
feet.  However,  a higher speed of,  salr  Mach 2.8, could be useful  in
si tuat ions where i t  is desired ei ther to force an engagement on, or to
disengage from, an enemy at high al t i tude. This is part icular ly true

i f  the  enemy has  a  Vmax o f  Mach 2 .7  o r  2 .  8 ,  as  has  been fo recas t  by

the Defense Intel l igence Agency for advanced Soviet tact ical  f ighters.

Start ing with a design possessing high maneuvering and accelera-

t ing  po ten t ia l  a t  speeds be tween Mach I .5  and 2 .0  the  changes requ i red

to  ra ise  the  top  speed to  Mach 2 .5  to  3 .0  migh t  no t  represent  a  la rge

relat ive increase in the total  system cost-provided that only tJre aero-

dynarnic and propulsion capability for sustained llight at the higher

speed range were added. Of the total  combat sort ies f lown, only a

- - - E " u l d a p p e a r a P p r o P r i a t e t o b a s e r a d i u s - p e r f o r m a n c e c a l c u 1 -

at ions on the assumpt- ion that external fuel  is used pr ior to combat.
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H.be necessary or desirauL to Jesign th.  " tr , r . iore for a high l imit  loadfactor at top speed, nor to designlngirre inie-ts of the sizJand sophist i -cat ion required for ef f ic iurr t  cr,r ise at top speed.

A high vmax shourd not be sought at the expense of features d,e-s i rab le  fo r  c lose_ in  combat  a t  speeds around Mach 1 .0  and less .  Suchfeatures as cockpit.i"t;i l ir" l"g:"rr.'rru"irg potential at rower speed.s,for example, should not be ""." i f i "ua. No" "ohorr ld the frontal  area re_quired for adequate radar antenna size and flexible gun installation becompromised' on the other hand, i t  wourd i"-" .""orrable to accept poorcruise eff ic iency and a lower l imit  load fact".  " ,  Vm"*. I t  would beuseful  to have a,study of the p.a.t icabi l i ty ani  iotar system costs_inc lud ing  poss ib le  c red i ts  ro i i i " . .ased cor ros ion  and fa t igue res is tanceof t i tanium structure over arumlnrrm-"f  "  ; tghte, a.sig. .ed for ef f ic ientair  combat operat ion up to Maci 2.3 but with anfor higher speed operat ion. 
'  t '  r  DUE with an emergency capabi l i ty

2 . 4 . 3  o t texcerlent "," ":l;"1.#ffi":Hli,l:_,.
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:l*:,ir'# "m jJ " m :: j5 ffi lTi"" :il" #pacing items for the_ orr""fU system. i fruy also agree, within a fair lyclose range, as-to the majo" Jrrgirr. "r.""".t". ist ics desirabre, namery,an engine with about 20,060 pounds of thrust ""a " bypass ratio of about
l;3""ti;31 .#;Jij:,i:*#ecognized that some risk or obtaining a
to ai rrr am e rinari z ation, b"; ;; iJ :;":'il'jt lrr" ; ir-. i: 
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great deal of  sophist icat ion should be employed in the design of controls,
switching arrangements, and displays to aid the pi lot  in his tasks of
f ly ing and f ight ing; and al l  subsystems should be careful ly engineered
for survivabi l i ty and for ease of maintenance, test,  replacements, and
repair  in the f ie ld.  The Department of Defense would be making a
tragic mistake i f  i t  d id not recognize that new weapons and a new type
of avionics integrat ion are essent iz l  to the success of a new f ighter.

A systems designer always has to balance the desire for some
residual weaPons effect iveness, when some damage or fai lure has been
suffered by the aircraft  or i ts system, against the di f f icul ty of t raining
the crew to operate in al l  k inds of degraded modes. The Task Force
recommends that no provision be made for mission complet ion in the
case o f  fa i lu re  o f  the  to ta l  computer  sys tem,  o r .o f  o ther  ma jor  damage,
but that great care be given to incorporate the abi l i ty to "get homerl
safely in case of almost any single (and most double) fai lures. The aim
is for the aircraft  funct ional ly to appear the same to the pi lot ,  so long
as he is expdcted to complete the mission, and for him to abort  the
mission in case of fai lure, rather than to cont inue with diminished
effectivene s s .

,,urr*,r,h j

t

2.5  Command and Cont ro l

It is likely that no completely adequate IFF will be available for
these f ighters at IOC. Experience in North Vietnam shows the tremen-
dous advantage occurr ing to the side with adequate IFF and GcI.  I f
AwAcs is to be committed to ful l -scale development,  the new f ighter
must be equipped with convenient,  secure voice and data l ink in order
to make use of the new capabi l i ty of  theater control  and to recover
some of the advantage which is provided to the enemy by his ground-
based radars and GCI. I t  is di f f icul t  to overstate the increase in
capabi l i ty which AWACS could provide in the absence of ef fect ive jam-
ming, not only as a result  of  i ts own radar but also by vir tue of i ts
serving as a tact ical  intel l igence and communicat ion center.  Granted
that the new f ighters wi l l  sometimes operate independent ly of AWACS,
they should be equipped to make good use of i ts avai labi l i ty.

/'sgf{fif,-t
T:i:.F S E E R E T



r:;ri$ftdffi

i
r:trr.,r,iia L.,,1

I

I" :TiE,l..f
T
'

-.-. .-, &

sEeREr [t\[Lhsrutll]

3.  STRUCTURE AND N4ANAGEMENT OF THE
DEVEI.OPMENT PROGRAM

ln order  to  min imize  program cos ts  and to  have a  h igh  assurance
of  meet ing  schedu les  and requ i rements ,  the  Task  Force  recommends a
cons iderab le  depar tu re  f rom recent  a i rc ra f t  deve lopment  p rocedures .
In  b r ie f ,  we recommend the  in i t ia t ion  o f  two or  more  compet i t i ve  a i r -
f rame demonst ra t ion  programs,  each o f  wh ich  is  in tended to  resu l t ,
a f te r  I8  to  24  months ,  in  the  ex is tence o f  th ree  demonst ra t ion  a i rc ra f t .
The Task Force notes that these aircraft  would have governrnent-
fu rn ishedpresent -genera t ion  eng ines  wh ich  cou ld  be  heav ie r  and la rger
than VFAX/ FX product ion engines; the air frames could be made with
trsoft t r  tool ing and would thus have a heavier structure than a product ion-
tooled air frame, but aerodynamical ly they could serve as a basel ine
for smal l  project ions by the contractor as to the performance of a ful l -
product ion new-generat ion f ighter.5 Engine/air frame matching is a
considerable problem in new aircraft ,  but the use of podded engine
des igns  can reduce th is  to  manageab le  p ropor t ions .

The Services should also fund three competi t ive ful l  head-coupled
avionics and weapons demonstrat ion programs using government-
furnished present-generat ion aircraft  so that a basel ine of technology
and of contractor capabi l i ty may be establ ished. After some 30 months,
the ful l  development and procurement select ion may be made among the
air frame and among the avionics contractors, for separate Air  Force
and Navy f ighters or for a single aircraft  in two variants;  but this selec-
t ion would be made on the basis of demonstrated performance and sl ight
extrapolat ion, and not on the basis of a paper proposal.

Assuming a  reasonab ly  competent  se lec t ion  mechan ism,  th is  p ro-
cedure has the further advantage of:

The contractors know that a ful l  development and procure-
ment  cont rac t  i s  l i ke ly  to  be  awarded on  the  bas is  o f  demonst ra ted

bPeople with extensive aircraft  experience have objected to the
Task Force that an air frame prototype cannot useful ly bi :  f lown with an
engine di f ferent from the one i t  eventual ly wi l l  carry.  We st i l l  do not
unders tand how,  on  the  cont ra ry ,  i t  i s  poss ib le  to  des ign  and produce
air frames to work with only the specif icat ions of the new engine and
a lso  how such a i r f rames then can accept  much d i f fe ren t ,  improved
engines. On the other hand, equal ly experienced people have supported
the thesis that air f rame prototype development and test can be done
very prof i tably witb _current- generat ion engines.

Ufu8ffi$$gffienginesS E E R , E T
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in air  performance and not on the basis of 'e i ther radical
p rorn ises  or  ex t reme conserva t ism in  the  paper  p roposa l .  Thus ,
the contractors wi l l  make every effort  to demonstrate their  per-
formance within schedule and to bui ld the very best system they
can during the ?-year period. They may understate tJreir  costs;
but,  even so, should themselves have a sound idea of the cost of
the fut l -scale p:ogram on which they wi l l  then bid.

We emphasize thatwe do not bel ieve that the usual 6- to 9-month
contract-def ini t ion phases give the contractors t i rne to demonstrate
with any confidence, even to themselves, what they will be able to do
and an honest contractor rvi l l  b id an unduly conservat ive system be-
cause of this ignorance. I f  this period is to require an air frame con-
tractor as prime to obtain commitments from avionics and weapons
contractors to a level of  assurance and detai l  suff ic ient for the pr ime
to commit himself  to the government,  then no improvement in avionics
and ordnance capability can be e>rpected, although there is in fact much
feas ib le  w i th  h igh  assurance on  a  L974-L975IOC t ime sca le .

SUGGESTED STRUCTURE OF PROPOSED

FIGHTER DEMONSTRATION AND DEVE]fPMENT PROGRAM

' June 1970 to
July  1968 March I97t  June l9?I  January 1974I

h,r' +r,r,iri"r 
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Airframe Let two or
rnore contracts,
each for three
flight demon-
strat ion
airc raft .

Engines Let two
contracts for
cornmon engine.

Avionics Let three
cont rac ts  fo r
full avionics
f l ight demon-
s t ra t ion  su i ts .

Tes t  demonst ra -
t ion aircraft .
P r e p a r e  s p e c i -
f icat ions and
b i d s .

Award Product ion
air frame aircraft
con t rac ts .  ava i lab le .

T e s t - f l y
avionic s .
P r e p a r e
f icat ions
bids

Award
avionic s
c o n t r a c t s .

Ful l  produc-
t ion engines
avai lable.

Early avionics
available. Full
product ion in

twentieth air-
craft ,  June
L 9 7 4 .

s p e c i -
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The proposed "f ly-before-buy. program is economical,  because

it allows iteration, modification and improvement of t;1e airframe in
the .soft- tooled rather than in the high-product ion phase. I t  combines
technical  and management aggressiveness on the part  of  the contractors
with assurance for the government,  s ince the program is a fai lure
only i f  al l  three of the air frame or.al l  three of the avionics programs
miss  the i r  ta rge ts ,  e .  g . ,  an  assurance o f  g9  percent  i f  a  s ing le  a i r_
frame-avionics-engine contractor were chosen from the bej inning.Z

ri*?.fl+t:l!ffi$,
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Further, we firmly believe that in this type
strat ion program the contra'ctor wi l l  keep his best

of competitive demon-
people on the job,
than for a paperand the evaluat ion wi l l  be easier and more rel iable

proposa l .

I
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The air frame demonstrat ion programs could cost $60 mil l ion per
contractorr ?nd the avionics demonstrat ion programs, perhaps $30
mil l ion each, al though these est imates are at best a guess. The con-
tractors not selected for product ion wi l l  in any case prove to be a re_
source for the future, but even if the effectiveness of the aircraft built
is-  increased only 3 percent by this procedure, or i ts cost red.uced.
3 percent,  the demonstrat ion expenditures wi l l  have been ful ly recovered..

Unt i l  CY I970, there seems to be no fund.amenbal reason to gequire
separate Air  Force and Navy system project of f i .ces (spos),  but we

. frankly cannot see a mechanism to enable the Navy and tJre Air Force
to work effect ively together.  I t  wi l l  cost more but probably give better
results to have two air fralnes and two avionics d,emonstrat ion contracts
from each Service-with, however,  the possibi l i ty of  product ion for any
Service by any contractor.

I f  the Program ini t iat ion must be delayed because ei ther lack of
funds or lack of understanding of the place of new f ighter aircraft  in the
force structurer w€ plead the urgency to begin the avionics/ordnahce
competi t ive demonstrat ions, s ince this is the most cr i t ical  i tem and
since improvements here could also be avai lable to exist ing aircraft
P r o g r a m s .

There  is  a  ser ious  ques t ion  regard ing  the  in tegra t ion  o f  the  a i r -
frame, avionics and engine ful l -scare development programs. Three
possibi l i t ies are evident:  pr ime responsibi l i ty for such integrat ion
might vest with the government,  with the air frame or with the avionics

-;ming engine development programs with g0{e (each prob-
ab i l i t y  o f  success) .

{/iMI/t$$ff.Hs SEER,E l I
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contractor.  Probably the government is not a real ist ic possibi l i ty,
and choice between giving integrat ion responsibi l i ty to air f rame con-
tractor or avionics contractor could be made on the basis of their  bids
on a separate integrat ion contract.
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4.  THE NEW FTGHTER IN AIR-TO.GROUND OPERATIONS

4.L  The Spect rum o f  Targets  fo r  A t tack  by  A i r  
.

Experience shows that a new f ighter,  l ike most other types of air-
craft  in the past,  wi l l  be used to del iveJ ordnance on ground targets.
The r isks to aircraft  in this role and the result ing attr i t ion make i t
worthwhi le- i f  only even just for the preservat ion of our air- to-air
fo rces- to  inves t  as  much money as  is  use fu l  in  a i r - to -ground.  capab i l i t y
for these aircraft ,  provided that the overal l  air- to-air  ef fect iveness is
no t  s ign i f i can t ly  reduced.  S t i l l ,  there  is  no  reason to  waste  a  very
expensive f ighter aircraft  on a ground target which with some foresight
can better be attacked by.other means. A surpr is ingly large fract ion
of the targets do fal l  in this categoryr for example:

I .  F ixed ,  p rebr ie fed  ta rge ts - these can be  a t tacked by  a
low-alt i tude cruise missi le with accurate navigat ion and remote
opt ical  terminal guidance.

Z .  CIose-suppor t  ta rge ts -where  the  ground t roops  have
more accurate knowledge of enemy posit ions than does the pi lot ,
these can bes t  be  s t ruck  by  a  bomb or  ungu ided rocket  de l i vered
into a several-mi le acquisi t ion rrbasket ' r  at  high al t i tude; the
weapon then homes to  h i t  e i ther  a  laser - i l l umina ted  spot  o r  an
ar t i l l e ry -emplaced mic  rowave beacon.

A  p e r  s o r t i e  a t t r i t i o n  r a t e  o f  1 . 7  p e r c e n t - s u c h  a s  w e  a r e  e x -
periencing in attacks on Hanoi and Haiphong-on a $3-mil l ion aircraft ,
inc lud ing  a t t r i t ion  on  i t s  perhaps  $5  mi l l ion  l0  year  o&M in  case
at t r i t ion  a i rc raJ t  a re  bought  and main ta ined is  some $130,000 per
sort ie,  so that an advanced weapon l ike Wal leye could be wel l  worth i ts
cos t  in  reduced a t t r i t ion  even i f  i t  requ i red  as  many sor t ies  fo r  ta rge t
des t ruc t ion  as  d-o  i ron  bombs.  Thus ,  an  impor tan t  par t  o f  the  a i r - to -
ground effect iveness of a new f ighter wi l l  come from the foresight to
inc lude adequate  d isp lays ,  py lon  w i r ing ,  e tc . ,  to  use  the  most  e f fec t i ve
exist ing ordnance and to provide f lexibi t i ty to incorporate new ordnance
as i t  i s  deve loped dur ing  the  l i fe  o f  the  a i rc ra f t .  The inaccuracy  o f
g rav i ty  bombs is  a  c lass ica l  p rob lem:  Leve l  bombing  f rom h igh  a l t i tude
requires good navigat ion and a knowledge of bal l ist ic wind; low-alt i tude
Ieve l  bombing  requ i res  good ta rge t  loca t ion  (espec ia l l y  a l t i tude) ,  and is
l im i ted  by  the  need to  remain \A2,000 fee t  above the  ta rge t  to  avo id
bomb b las t ;  the  use  o f  low-a l t i tude  re ta rded bombs re in t roduces  w ind
er rors  and a t  p resent  cons t ra ins  the  a t tack  a l t i tude ;  d ive  bombing  is

=ir,:i,r
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l imited by the necessity to release at long slant Tanges in order that
the  a i rc ra f t  ach ieve \A 2 ,000- foo t  separa t ion  f rom the  ta rge t  (e .  g . ,  a t
500 knots, 3-g pul lout,  a slant range of more than 41 500 feet is
necessary),  thus introducing dispersion due to angular misal ignments,
etc.  A missi le guided to impact has no such long free-fau t ime to
magn i fy  the  in i t ia l  e r ro rs ,  and fo r  th is  reason we pu t  g rea t  s t ress  on
such horned miss i les  o r  bombs.

4. Z Other Urgent Developments

wi th  regard  to  the  FAX a i r - to -ground per fo rmance i t  i s  most  im-
portant to recognize (and act accordingly) that the z years or more
which are required to obtain this new aircraft  are ad,equate at the same
time to develop and produce those missi les and marking techniques and
systems that would provide al ternat ives of lower cost and greater effec-
t iveness than would be possible with convent ional aircraft  at tack.
These i tems can also contr ibute to the capabi l i ty of  the f ighter i tsel f .
These systems should be committed now and includ.e:

I .  A  genera l -purpose low-cos t  accura te  nav iga t ion  sys tem
-e i ther  range- range sa te l l i te  o r  r fRAN,  se l f -con ta ined or  re -
transmission for external computat ion- sui table for high-accuracy
c ruise- mis si le attack.

Z .  S ing le - f rame long- range TV re lay  f rom miss i le  to
direct ing craft  or center to al low a further unique target designa-
t ion within the few-hundred-foot accuracy obtainable from a high
accuracy navigat ion approach. with an accurate navigat ion system,
500 to  1000 l ines  o f  TV reso lu t ion  is  ample  fo r  ta rge t  recogn i t ion
and designat ion.

3. A hi t t ing, nonreusable cruise missi le taking advantage
of  (1 )  and (2 )  and w i th  emphas is  on  low cos t  and s imp l ic i t y  o f
u s e .  T h e  W o r l d  W a r  I I  V - I r s  p r o p u l s i o n  s h o u l d  b e  c o n s i d e r e d
among o thers .

4 .  A  l ine  o f  a r t i l l e ry -emplaced.  mic rowave beacons,
ground and a i rborne  laser  ta rge t  des ignators  shou ld  be  commi t ted
to development and product ion, as wel l  as a compatible set of
bomb-mounted sensors, guidance f ins and f lexible proximity
fuzes to be attached to exist ing and new bomb bodies as they enter
the inventory.

5 .  D i rec ted ,  unmanned reconna issance
t ion: Start ing with the present Navy SNOOpy

and ta rge t  des igna-
(DASH convers ion) ,
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a l ighter and cheaper hel icopter plat form mounting TV, single-
frame camera and laser target designator would immensely in-
crease the securi ty and effect iveness of our ground forces and
their  aer ial  support .

In addition, there will always be a demand for more kitl effective-
ness per sort ie,  and expanded development effort  wi l l  be r€c€ssarlr
e .9 . ,  on  prox imi ty - fuzed,  a i r -open ing  d ispensers  fo r  use  w i th  beacon-
or  laser -homed gu idance;  on  cos t - reduced bomble t  land  mines  fo r  in -
terdiction that effectively convert the rnrlnerable area of a truck on a
road from a few square meters to a str ip a few meters wide by a
hundred meters  long;  e tc .

The Task Force urges that these developments be committed.
our recommendations of the air- to-ground capabi l i t ies for a new
fighter and for i ts employment are based on the assumption that such
alternat ive systems wi l l  exist  and be used by the U. S. in the 19?5 t ime
period. Real ist ic,  and vigorous tact ical  test ing to guide development
and improvement  i s  necessary  in  a l l  these programs.  par t i cu la r ly
when there must be interact ion among di f ferent elements, as between
ground fo rces  and a i r  suppor t  in r td i rec t  a i r  suppor t "  o r  be tween recon-
naissance and str ike in prebriefed target attack, this l ink must be
real ist ical ly exercised and i ts performance monitored from a higher
level i f  the capabi l i ty is real ty to exist  in fact when i t  is needed..

4 .3  On-Board  Equ ipment

"llin:f.g

4,3 . I  Radar :  A t  p resent  i t  seems tha t  a  h igh-  and low-pRF
rad.ar is nucJJi f , for good MTI in the air- to-air  role,  but the cost,
weight and complexi ty of electronic scan hardly seems warranted for
air- to-air  alone, compared with a monopulse t in-dish, mechanical ly
scanned radar.  However,  i f  the aircraft  is to survive in a SAM host i le
environrnent and if it hopes to be undetected at night, it must be
equipped to f ly at  low, and ground-conforming al t i tude. Natural ly,
MTI  in  Sov ie t  g round radars  w i l l  become much more  common in  lp75* ,
and terrain masking may be the only benef i t  of  low f l ight.  Terrain
fol lowing is now done with success by the ,{-6.{  and the F-r l lA, in the
latter by the use of two ident ical  redundant radars. we recommend.
that the new air-superior i ty f ighter not be equipped. with a terrain-
fol lowing funct ion. I f  the new f ighter is even so, to have terrain-
fol lowing radar,  the Task Force agrees that this mode should be ob-
ta ined,  together  w i th  the  a i r - to -a i r  and a i r - to -ground modes,  f rom a
s ing le  e lec t ron ica l l y  scanned radar  (p robab ly  phase-phase)  wh ich
might,  however,  st i l l  be mounted in gimbals to achieve a cheap bias or,arger look ("*fmdi;$$/dffi r gain at rarge "";;;ilI;
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is  possible with an electronical ly scanned f lat-plate array f ixed to the

air frame

However,  terrain fol lowing radar is in our opinion neither the

only nor the best terrain following means, and we propose that the new

aircraft  programs consider the fol lowing systern-a-redundant,  high-

accuracy radio- inert ial  navigat ion system (Loran C-D for one radio

element and a satel l i te range-range systern for the other),  together

with i  stored terrain map of the ent ire theater of operat ions. At low

alt i tudes the sequence of radio-al t imeter readings, together with the

terrain tTr?pr provides ei ther conf irrnat ion or a third high-accuracy

navigat ion system ( l ike TERCOM), but the key point is that terrain

fol lowing can now be done passively-except for the radio al t imeter,

which i tsel f  is not necessary with a satel l i te navigat ion system giving

accurate altitude as well as position-and without the weight, sPace'

cost and ECM penalt ies of terrain-fol lowing radars. Considering
reasonable (say, 2-gl acceleration lirnitations in terrain following, as

wel l  as navigat ion accuracies r^ 200 feet,  an adequate terrain map could

wel l  consist  of  the maximum alt i tude in every 1r 000 square feet,  i .  e. ,

36 al t i tudes per square naut ical  mi le,  or on the order of 2 x 106

numbers for a country the size of Vietnam. Such a system would lend

a great deal more conf idence than.the terrain-fol lowing radars, and

the pilot would have continuing verifi.cation of its correctness but, it

would, of course, have to be supplemented by an adequate capability

for satel l i teborne or airborne radar terrain-mapping-an effort  that

seems wel l  worth the investment and could be completed on the same

( 1 9 7 5 - )  t i m e  s c a l e .

In sum, we recommend for a new f ighter a rnonopulse, Iow-

high-PRF, mechanical ly scanned t in-dish radar,  with terrain-fol lowing

implemented via the combinat ion of stored terrain rnapr redundant

radio- inert ial  navigat ion system and radio al t imeter.  I f ,  on the con-

trary,  terrain fol lowing by radar is chosen, then we bel ieve i t  would

be preferable to go to an electronical ly scanned array without separate

terrain- fol lowing radars.

As for the choice of radar frequency between X and Kg bands,

there  is  much more  to  ga in  by  appropr ia te  pu lse  comPress ion  and

doppler processing than by a simple dr ive toward shorter wavelength.

In  any  case,  c ross-  o r  reverse-c i rcu la r  po la r iza t ion  is  necessary  to

combat precipi tat ion return-and especial ly so in K-band. 
'W'e 

note,

however,  that the ground-map resolut ion usual ly desired is redundant

to good navigat ion and target- locat ion accuracy, and that these re-

sources can probably better be put into improved standoff  (synthet ic-

aper tu re ,  s ide- Io"k i?g  
_radar )  

reconna issance sensors '  e i ther
a ! - t F l t  -

sEe REr UNI;L/,$.f#?gn
v t t  P i l  i  t l

'^-r. '1..,' '  l t . - : ; L . ? - i

J:

--*.-::;-,- &



,:#-rfd'+1rilrttd4

sEeREr [t$Lh5rtttll]
satel l i teborne or high-al t i tude airborne, than into f ighterborne equip-
ment that repeatedly ver i f ies that the mountains or coast l ine have not
moved.  we are  fu r ther  led  to  comment  tha t ,  in  the  search  fo r  im-
proved MTI  aga ins t  e i ther  g round or  aer ia l  ta rge ts ,  pu lse  compress ion
s e e m s  t o  h a v e  b e e n  s o m e w h a t  n e g l e c t e d  a s  a  t o o l ,  y e i  p u l s e - c o m p r e s -
s ion  ra t ios  o f  I00  to  300 or  so  are  eas i l y  and cheap ly  ava i lab le  and . -
resu l t  in  an  improvement  in  subc lu t te r  v is ib i l i t y  by  some 20 db  or  more
in  compar ison w i th  the  uncompressed pu lse .  Natura l l y ,  th is  nar rower
effect ive pulse width requires more storage in the MTI f i l ter bank, but
such s to rage is  less  expens ive  now.

4. 3.  Z l l ryfggl i"" lgl4ir- to-Ground: As previously discussed
und.er Radar,  igat ion system al lows
automatic terrain fol lowing of a qual i ty previously unknown and at l i t t le
add i t iona l  cos t .  The te r ra in -avo idance fea ture ,  o f  courser  permi ts
f ly ing automatical ly on a prebriefed f l ight plan and leaves the pi lot  f ree
and a le r t  fo r  reconna issance,  se l f -de fense or  emergenc ies .  Fur ther ,
the  nav iga t ion  computer -cont ro l  sys tem Can beg in  a  .pop-up,  and even. ,
complete a bl ind del ivery against a prebriefed. target,  or against one
des ignated  on  radar ,  o r  by  a  f lex ib le ,  p robab ly  he lmet -  o r -eyeg lass-
mounted, sight al lowing bl ind del ivery accuracy of a few hundred fget,
with gravi ty bombs but,  more important ly,  putt ing the aircraft  and the
pi lot  in a posit ion to better def ine the target,  to take precise navigat ion

' f ixesr or to launch troming weapons upon i t .  I t  is no simple matter in
combat  to  t ime a  pu l l -up  and descent  so  tha t  there  is  any  proper  re -
Iease po in t  in  the  pu l lou t ;  and a  computer -d i rec ted  or  -per fo rmed
maneuver wiI I  make more sort ies count,  and with less t ime in the
t a r g e t  a r e a .  

:,U,r"t,rO* l.
I

The rad io - iner t ia l  nav iga t ion  sys tem
fol lowing role would have the accuracy and

proposed fo r  the  te r ra in
f lexibi l i ty to do these jobs.

4 . 3 . 3  w e a p o n s - D e l i v e r y  c o m p u t e r :  T h e  f u n c t i o n s  t o  b e  p e r -
formed by a @omputer seem not to be suff ic ient ly
di f ferent frorn those needed in the navigat ion control  computer to re-
qu i re  a  separa te  computer  o r  p rogram.  In  the  a i r - to -a i r  case the
computer wi l l  have to guide the gun to an aim point calculated irom the
navigat ion system and the tracking radar or opt ical  t racking data. Id
wou ld  s to re  and use ba l l i s t i cs  da ta  fo r  a i r - to -ground a t tack ,  compute
missi le f i r ing envelopes and guide the pi lot  to a posit ion within the
enve lope i f  he  f inds  h imse l f  ou ts ide  i t .  There  seems no requ i rement
f o r  a  s e p a r a t e  s t o r e s - m a n a g e m e n t  s y s t e m .

-=-.'=,!.o
'  ' ' r - L i

r

However ,  i t  wou ld .  be  foo lhardy ,  to  re ly  en t i re ly  on  a  s ing le ,  non-
redundant  compu[gr . -  Mean i ime be fore  fa i lu re  (MTBF)  i s  sure ly  no t

IIAIftt A r'-ao.,-'UHltl 
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an adequate measure of probabi l i ty of .  perfect performance in a single
mission, s ince internal redundancy, on- l ine spares and other concepts
can give a single computer with an MTBF of I  year much greater than
the sirnple 99.7-percent probabi l i ty of  f in ishing i ts f i rst  day without
fai lure. St i l l ,  a prudent course would be to plan to instal l  two ident ical
cornputers, one as a backup, with high reliability in each, until such a
point in t .Le Program at which i t  is demonstrated that a single computer,
and i ts associated maintenance plan, wi l l  provide adequate assurance.

The computer wi l l  a lso be required to serve as a f lexible exchange
between various tracking and slaving systems-else n such systems wi l l
require n2 interconnect ions, rather than the r t  n.ceslary i f  a central
exchange is  used.  For  ins tance,  he lmet -  o r -eyeg lass-s igh t  ang les  w i l l
have to be accepted by the computer and used to aim guns, direct the
radar,  aim a TV recognit ion system, or simply update a navigat ion
sys tem.

4 .3 .4  D isp lays :  The Task  Force  no tes  the  cont inua l  con f l i c t  be-
tween field of rnG" a-.ta resolution, and observes that this con{lict is
eased i f  one has only a single such display, which can then be made
larger in subtended angle of the pi lotrs vis ion. This display must then
be switchable rapidly,  with memory of preset adjustments among i ts
various sensors and funct ions. Clearly,  at  least a scan converter is
required, but a single display presents vulnerabi l i ty and rel iabi l i ty
problems and st i l l  does not provide the natural  v is ion combinat ion of
Ia rge  f ie ld  o f  v iew (a t  leas t  J60  degrees) ,  good reso lu t ion  (p robab ly  L l  Z
mil l i radian in the fovea),  and convenient scan. As discussed under the
air- to-air  mission, the head-mounted display and coupler- i f  i t  can be
made suff ic ient ly convenient-wi l l  provide the resolut ion, per ipheral
vis ion and convenient target designat ion which are needed in a high-
performance aircraft .  Large display tubes can then be el iminated from
the cockpit ,  and spare helmet-mountable displays carr ied in order to
el iminate the possibi l i ty of  loss of display.

In the air ' - to-ground role, the display can be usedwith the high-
accuracy navigat ion system, the computer,  and the TV recognit ion
system slaved to tJre br iefed target posi t ion to al low the pi lot  to see the
target at greater ranges and with more magnif icat ion and contrast than
would be possible with the eye. For night at tack, a low-l ight- level TV
can supplement the TV recognit ion system; the navigat ion-computer
dr ive al lows compensat ion of aircraft  forward speed in the expected
reg ion  o f  the  ta rge t  and so  reduces  image smear  and loss  o f  con t ras t .

In  genera l ,  th is  a i r - to -a i r  f igh ter  cou ld  be  a  very  cons iderab le
air- to-ground machine for day and night work. I t  could fal l  short  of

:,. :[:5 SEER,ET fllwAssft:t{ft



s E e R, E o 
[t{$LhSitt 

tll!
the ideal air- to-ground aircraft  because of the substant ial ly greater
cost per pound of the highest performance aircraft and the penalty in
performance-hence, weight growth at constant performance-that
would be caused by the addit ion of f rontal  armor, etc. ,  to reduce
attr i t ion from smal l-arms f i re.
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5.  SUMMARY

If the new f ighters are designed with imaginat ion and foresight,
the incorporat ion of an excel lent penetrat ion and air- to-ground del ivery
capabi l i ty wi l l  cost very l i t t le beyond what is required for what we re-
gard  as  necessary  fo r  bes t  a i r - to -a i r  e f fec t i veness .  However ,  homing
miss i les ,  ta rge t -des ignat ion  beacons,  new area  mun i t ions ,  e f fec t i ve
land mines ,  e tc . ,  shou ld  compose the  pay load,  s ince  even an  0 .S-per -
cent attr i t ion on the aircraft  would be extremely painful ,  especial ly i f
i ts average sort ie did no effect ive damage. Further,  ser ious commit-
ment must be made to a head-coupled avionics system and display, i f
i t  proves feasible, and to advanced weapons to go with i t  for the air- to-
a i r  ro le ,  i f  we are  to  ach ieve  rea l  a i r  super io r i t y  over  enemy f igh ters .

A real problem we see in dual ut i l i ty of  the aircraft  ar ises from
our feel ing that air- to-air  t raining is a ful t - t ime job for the crew; and
they  e i ther  s l igh t  a i r - to -ground or  they  are  no t  so  super io r  a i r - to -a i r
as they might be against an enerny who cannot afford to train as much
as we can.  We regard  th is  as  a  very  ser ious  prob lem,  wh ich  wou ld  be
eased by  the  dev ices  proposed here .

i
I, ,  , . , : ,  y d  
f ,

I

The elements of the avionics and weapons system that the Task
I -o rce  proposes  fa l l  in to  two ca tegor ies :

A. Programs that we regard as already demonstrated in
hardware or by analysis to such an extent that we bel ieve that
f i rm planning can proceed to incorporate them into the f ighter
system. In this category fal l :

A- I .  The head-coup led  s igh t ,  to  wh ich  can be  s laved
both the radar i l luminator for the semi-act ive missi les and
the  miss i le  seekers  themse lves ,  radar ,  in f ra red  or  e lec t ro -
opt ical .

A-2 .  F lex ib le  miss i les ,  locked-on a t  la rge  o f f -ang les
before launch and not so simple that they boost to maximum
speed be fore  gu id ing .

Other  sys tems and ques t ions  fa l l  in to  Category  B :

B. Programs that have a less f i rm foundat ion in hard-
ware demonstrat ion or analysis,  but that we bel ieve are feasible
on the  new f igh ter -deve lopment  t ime sca le  and tha t  w i l l  inc rease

,i
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the system effect iveness by factors of z or more, Among these
Programs are :

"rdfi$fiq!6:i

B-I.  A forward-f i r ing guided gun, slaved via a
computer to the radar tracker or,  as desired, to the head-
coupled sight,  or to thb electro-opt ical ly t racking TV system.
This gun, guided in elevat ion to N +ZO degrees and in
azimuth perhaps tz degrees, could double the effect ive
maneuverabi l i ty of  the f ighter in offensive air- to-air
opera t ions .

B-2. A stabi l ized, electro-opt ical ly t racking Z- to
I0-power TV recognit ion system, ini t ia l ly s laved to the
radar tracker,  in order to do visual ident i f icat ion at longer
range and over a wider sol id angle than is possible with the
unaided eye.

B-3. The combat ut i l i ty of  Vq1a3 = ?.8 Mach rather
t h a n  2 .  3  o r  l .  8 .

B-4. The tradeoffs involved in the incorporat ion of
trans sonic maneuvering f laps.

B-5. The opt imum t ime al lowance for combat at
mi l i tary power or in afterburner,  taking into account the
expected performance of the avionics/weapons system
p r o p o s e d .

B-6. Ful l  head-coupled display, replacing head-up
display radar indicator,  TV display, hor izontar and vert ical
si tuat ion display and perhaps some I l ight- instrument in-
d i c a t o r s .

B-7 .  Rearward- f i r ing  gu ided guns .

B - 8 .  R e a r w a r d - f i r i n g  s e l f , d e f e n s e  m i s s i l e s .

B-9 .  Rearward- look ing  warn ing  and t rack ing  radar
to al low ant imissi le and ant i f ighter act ion.

B-10.  A  fu l l  inves t iga t ion  o f  the  feas ib i l i t y  o f  h igh-
qua l i t y  te r ra in  fo l low ing  by  prec is ion  LORAN- iner t ia l  o r
satel l i te radio- inert ial  navigat ion, coupled with a digi tal ly
s to red  te r ra in  map o f  the  theater  o f  opera t ions .

I
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In addition to these fighterborne equipments, the other urgent non-

aircraft  programs of sect ion 4 must be funded on the same t ime scale.
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6. OVERALL PROGRAM RECOMMENDATIONS

l.  [ t  is recommended that a development program, fol lowing the
basic approach of prototype procurement and test ing, be ini t iated now
for  a  new f igh ter  a i rc ra f t .  An  IOC fo r - the  ear ly  1970s- i .  e . ,  be fore
L975-should be sought.  Competi t ive prototype f l ight programs should
be pursued separately for avionics, for air f rames and for engines.

Z. The f ighter should be designed for both air- to-air  and air- to-
ground opera t ions ,  w i th  the  pr imary  des ign  emphas is  on  a i r - to -a i r
capabi l i ty.  The air- to-air  capabi l i ty should include close-in combat
capabi l i ty.  The air- to-g.round capabi l i ty should be for pr imari ly v isual
weaPon del ivery with homing or area ordnance insofar as autonomous
a i rc ra f t  opera t ions  are  concerned.

3 .  Gu ided( i .  e . ,  s teerab le )  guns  and h igh ly  ag i le  miss i les  shou ld
be provided for forward-hemisphere f i r ing, unless f l ight tests reveal
basic f laws in the concept.  Missi le seeker,  propursion, air f rame and
target designat ion should provide for f i r ing missi les at large angles off
the  a i rc ra f t  nose.  Rear -hemisphere  ordnance shou ld  be  inves t iga ted ,
tested, and incorporated in the design i f  found desirable on grounds of
ut i l i ty and performance tradeoffs.

4. Head-coupled sights and display should be used to el iminate
the gunsight,  radar display, TV display, heads-up display, etc. ,  and
to provide at the same t ime f lexible al l -angle TV viewing and target
designat ion.

5. The avionics should incorporate a pulse-doppler radar with
low-PRF mode for ground map, but without ei ther electronical ly
scanned phased-ar ray  or  separa te  te r ra in - fo l low ing  radars .  A  re -
dundant centratr digitat computer should couple the displays to the
weapons, manage stores, and do the computat ions required for f lexible
weapons del ivery.

6 .  DDR&E shou ld  rev iew those deve lopment  concept  papers  fo r
systems that might be avai lable before or about L975, to provide
planning guidel ines for synergist ic systems rather than to al low each
7 -yeat advanced system to assume the environment as i t  was at the
beginning of the development cycle.

i
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7. Urgent development commitments should be made to:

a. navigat ion systems providing terrain avoidance by
navigation,

b. s ingle-frame TV for remote target designat ion and
homiqg,

c .  s imp le ,  h i t t ing ,  sur face- to -  sur face  c ru ise  miss i les ,

d. art i l lery-emplaced ground and airborne target-
designat ing schemes for homing bombs,

e' 
i:::;: '"tol '*""ed 

reconnaissance and target-

r' 
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"-ground ordnance' as

8. Development should proceed immediately on a turbofan
engine of the 20,000-pound thrust c lass, with bypass rat io and other

design features to be joint ly determined by the Nalry and the Air  Force.
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APPENDIX A

DIRECTOR OF DEFENSE RESEARCH AND ENGTNEERING
'WASHINGTON. 

D. C.  20301

MEMORANDUM FOR THE CHAIRMAN,

l7  May  I t 67  :

DEFENSE SCIENCE BOARD

suBJEcT:  Defense sc ience Board  Task  Force :  Tac t ica l  A i rc ra f t

Both the Navy and the Air  Force have expressed. a need for new tact ical
aircraft  to meet the postulated threat and to f i l l  exist ing gaps in the
force  s t ruc tu re  re la t ing  to  a i r  super io r i t y  by  a i r - to -a i r  combat  an6 to
the  a i r - to -ground a t tack  miss ion .

I t  would be of value for the Board to examine both the air- to-air  and
the  a i r - to -ground miss ions .  Some spec i l i c  ques t ions  and comments
are given below, but the Board should not feel  l imited by them. The
a i r - to -a i r  p rob lem shou ld  rece ive  pr io r i t y .

l .  A i r - to -A i r :  The a i r - to -a i r  ques t ion  migh t  be  s imp ly  s ta ted  as
6110*":  ."hich is the route of greater promise for achieving
superior i ty over the soviet union in air- to-air  combat- a)
emphasis on speed and maneuverabi l i ty in the aircraft ,  or b)
emphasis on maneuverabi l i ty and f i repower in the missi le?
Considerat ion should also be given to the ident i f icat ion problem,
type(s) of weapons and awionics, development costs and r isks
for alternative approaches, and the stability of any solution
against Soviet growth.

z .  A i r - to -Ground:  Means o f  improv ing  the  a i r - to -ground miss ion
f f i o u 1 d b e c o n s i d . e r e d ' . o f p a r t i c u l a r i n t e r e s t i s
the balance between use of a sophist icated del ivery system for
convent ional ordnance and use of guided weapons. The study
should include analysis of the spectrum of ground targets to be
attacked and the most appropriate weapon to counter them. In
this regard i t  wi l l  be useful  to have a br ief  analysis of the
ach ievements  o f  our  a i r - to -ground opera t ions  in  v ie t  Nam.  The
recommendations should include a rough divis ion of development
and procurement  cos ts  be tween av ion ics ,  a i r f rame,  p ropu ls ion
and weapons.
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Gonsideration should be given the requirements for one man or two men
to accomplish both missions.

These problems are urgent and I  would appreciate as rapid a response
as practical. To be most useful your report should be submitted by
l5  September  1957.

I have asked Mr. Fowler to be the cognizant deputy, and he will mak€ r
avai lable whatever staff  support  is necessary.

l s l

John S. Foster, Jr.
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Date

APPENDIX B

Meeting schedules of DSB Task Force on Fighter Aircraft

t 3 - I 4  J u n e  1 9 6 7

T ime

l3  June  1967 0900-  0945
0945-1045

1 0 4 5 - I t 4 5

Lr45-1245
L245-1345

1345-1445

L445-1545
I545- I645

Subject

Execut ive Session
Ai r - to -A i r  and Ground-

to -A i r  Threat
Tac t ica l  A i rc  ra f t  Force

Structure
Lunch
Ai r - to -A i r  and A i r - to -

Ground Requirements
Advanced/ Engineering

Development Programs/
T e s t  P r o g r a m s

Study Subjects
A i r - to -A i r  and Ground- to -

Air  Threat

R esponsible

Navy

Navy

Navy

Navy
Navy

Ai r  Force

Force

Force

Force

F o r c e

ODDR&E

Air  Force,
Dr. Flax

Air  Force

USE ONLY

I
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l 4  J u n e  1 9 6 7  0 9 0 0 - 1 0 0 0  T a c t i c a l  A i r c r a f t  F o r c e
Structure

I 0 0 0 - 1 1 0 0  A i r - t o - A i r  a n d  A i r - t o -
Ground Requirements

l I00- I200 Advanced/  Eng ineer ing
Development Programs/
T e s t  P r o g r a m s

I 2 0 0 - I 3 0 0  L u n c h
1 3 0 0 - I 4 0 0  S t u d y  S u b j e c t s
t  400-  1600 Execut ive  Ses  s ion

l 1 - t Z  J u I y  1 9 5 7

I  I  Ju ly  1967 0800-0900 Reference mater ia l  made
available

Air

Ai r

Air

Ai r

0 9 0 0 - I 0 0 0  E x e c u t i v e  S e s s i o n
1 0 0 0 - 1 1 0 0  T a c t i c a l  A i r c r a f t

I  I 0 0 - 1 . 2 0 0  O n e - I \ r l a n  v s .  T w o - M e n
Concepts

I Z 0 0 - I 3 0 0  L u n c h
I  r t  t _ a  -
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Date

I  I  Ju ly  1967
(continued)

July  1957 0800- '0900

0 9 0 0 - r l 0 o

Meeting Schedules (  cont inued)

T i m e Subject

1 3 0 0 - 1 4 0 0  P e r f o r m a n c e  o f  F X /

VFAX/ AX
L4O0-L445 Engine Performance

I445 -L530 Engine'Performance

I 5 3 0 -  1 6 3 0  T a c t i c a l  M i s s i l e s

1 6 3 0 - 1 ? 3 0  A i r - t o - A i r  I F F  R e v i e w

Reference mater ia l  made

available '

RadarlAvionics Review

Respons ib le

NASA
Genera l

Electr ic
Pratt and

Whitney
Navy and

Ai r  Force
DSB, Navy

.and Air  Force

ODDR& E
Navy and

Ai r  I 'o rce ,
Mr. Longbrake
& Mr .  Franc is

Hughes Aircraft
Company

Navy,
D r .  F r o s c h

Raytheon Co.

OASD (Sys tems

Ana lys is  ) ,
M r .  S p r e y

Syracuse Un iv .
R e s e a r c h  C o r P .  ,
M r .  J .  R o d e n s

WSEG
The RAND Corp .  ,

M r .  R .  J o h n s o n

.i*iryHift-illi&,'il

- *,f.'o'  .  : ' i  ' . ' . . : . 1  j {

----. -', 1r.-.

I r 0 0 - 1 2 0 0

I 2 0 0 - I 3 0 0
I  3 0 0 -  1 4 0 0

1 4 0 0 - I 5 0 0

I  5 0 0 - 1 6 0 0

1 6 0 0 - 1 7 0 0

L Z

Ai r - to -A i r  and A i r ' - to -

Ground Miss i les
Lunch
T act ical  Airc raft '

A i r - to -A i r  and A i r - to -

Ground Miss i les
Discuss ion  o f  mater ia l

p  re  s  en ted
Planning for next meeting

I  ?  -  l 8  A u g u s t  I 9 6 7

1 7  A u g  1 g 5 ?  0 8 0 0 - 0 9 0 0  E x e c u t i v e  s e s s i o n  t o  d i s c u s s

studY rePorls

0 9 0 O - 0 9 3 0  N A T O / W a r s a w  P a c t  S t u d Y

0 9 3 0 - f 0 3 0  L e s s o n  L e a r n e d  f r o m

A- 64'

1 0 3 0 - 1 1 3 0  P r o j e c t  " R e d  B a r o n i l

I  I  30 -  I  ZI 5 Airc raft  Vulnerabi l i ty

- StudY

FoR oFFrcrAL ",, JftY#l /t6fftt#
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Meeting Schedules (  cont inued)

T i m e Sub jec t

l 2 l 5 - I 3 0 0  L u n c h
I300-  I400 VFAX/ FX Design Study

Re sults
1400-  I500 VFAX/ FX Design Study

Resu l t s

l  5 0 0 -  r  5 0 0

r 5 0 0 - 1 ? 0 0

I 7 0 0 - 1 8 0 0

I  8 0 0 -  I  8 3 0

),
0 8 0 0 -  0 9 0 0
0 9 0 0 -  r  0 0 0

1 0 0 0 - I 0 3 0

1 0 3 0 - I l r 5
l l r 5 - r 2 0 0
lz00-1245
Lz45-1330
1 3 3 0 - 1 4 3 0

1 4 3 0 - 1 5 3 0

I 5 3 0 - 1 5 0 0

1 8  A u g  l t 6 7

25-26  Sep tember  1967

25  Sep t  l t 67  0800-1230  Rev iew  Dra f t  Repor t
I Z 3 0 - I 3 3 0  L u n c h

-  1330-1500  D iscuss ion  w i th  Dr .  La id law
1500- I800  Rew iew Dra f t  Repor t

Respons ib le

Lockheed and
LTV

Nor th  Amer ican
Aviation, Los
Angeles and
Columbus

Boe ing

Grumman

McDonnelI

Aerocouns e l ,
Mr .  Myers

Navy and
Ai r  Force

Ai r  Force
Army
Navy

A i r  F o r c e
Nary and

Ai r  Force
A i r  F o r c e

and Nawy
A i r  F o r c e

Date

I 7  A u g  1 9 6 7

"*-+f.tgt{ii6
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, i

VFAX/ FX Design Study
Resu l ts

VI 'AX/ FX Design Study
Resu l ts

VFAX/ FX Design Study
Re s ul ts

Just i f icat ion and Character
of the Fighter Airplane

Planning for next meeting
F igh ter -P i lo t  Pane l

Status Report  on Project
t rCombat  Hass le"

E lec t roopt ica l  Sys tems
El  ec t roopt ica l  Sys tems
Lunch
Elec t roopt ica l  Sys tems
VFAX/  FX Av ion ics

U .  S .  / F .  R .  G .  V / S T O L

O n e - M a n  v s .  T w o - M e n
Study

{#WLA,,$$I, l? FOR OFFTCIAL USE ONLY
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Meeting Schedules (cont inued)

Date T ime Subj ect

26  Sept  L967 0800-1200 Rev iew Dra f t  Repor t
t Z 0 0 - 1 3 0 0  L u n c h
1300-1400 Rev iew Dra f t  RePor t

, ; r i t1v-+:x*f f i  1400-1530 Discussion with Mr. Fowler,

Dr.  Flax and Dr. Frosch

1530-  I800 Rev iew Dra f t  RePor t

24-25  Oc tobe r  1967

Respons ib le

24 Oct  1967 0800-0900 Execut ive  Sess ion
0900-  f  030 Cur ren t /  Fu ture  A i r  - to -

Ground WeaPons NavY

1 0 3 0 - I 2 0 0  C u r r e n t /  F u t u r e  A i r - t o -

Ground WeaPons Air  Force

1 2 0 0 - 1 3 0 0  L u n c h
f  300-  1345 Cur ren t /  Fu ture  Nav iga t ion

Systerns NavY

1345-I43O Current /  Future Navigat ion

Sys tems A i r  Force

1430- I515 Cur ren t /Fu ture  Des ignat ion

Systems NavY

1515- I500 Cur ren t /Fu ture  Des ignat ion

Sys terns  A i r  Force

t  500-  1645 Cur ren t /  Fu ture  A i rc ra f t

sensors  NavY

1645-1730 Execut ive  Sess ion

25 Oct  L967 0800-0830 Execut ive  Sess ion
0 8 3 0 - 0 9 1 5  C u r r e n t / F u t u r e  A i r c r a f t

S e n s o r s  A i r  F o r c e

0 9 I 5 - 1 0 0 0  C u r r e n t /  F u t u r e  D i s p l a y s

and ComPuters NavY

1 0 0 0 - I 0 4 5  C u r r e n t / F u t u r e  D i s p l a y s
and ComPuters  A i r  Force

t 0 4 5 - 1 I 3 0  V F A X  A i r - t o - G r o u n d  N a v y

SYstems
t l 3 0 - I 2 1 5  F X  A i r - t o - G r o u n d  S y s t e m s  A i r  F o r c e

t Z I 5 - I 3 I 5  L u n c h
I 3 I 5 - I 3 4 5  T a c t i c a l  C o m m a n d  a n d  t h e

Host i le Environment NavY

I  345 -  1600 Execut ive  Ses  s ion

'ii::"f:i FoR oFFrcrAL rrlr&fr&d$$fiulm
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Meeting Schedules (  cont inued)

Date

28 Nov L967

29  Nov  1967

5  Jan  I958

6  Jan  1968

,ra14e;p$+ii.{

,, r.r,'.,,,,t,L,
I

Time

0 8 0 0  -  r 0 0 0

1 0 0 0 - 1 1 0 0
t l 0 0 - t 2 t 5
l z I 5 - t 3 1 5
l 3 t 5 - I 4 3 0
r 4 3 0 - r 5 1 5

0 8 0 0 - 0 9 0 0
0 9 0 0 -  r 0 3 0

I 0 3 0 - I 2 0 0
I  200 -  I  300
r 3 0 0 - I 6 0 0

0 8 3 0 - I 1 0 0
1 1 0 0 - I 2 3 0

I  2 3 0 -  I  3 0 0
I  3 0 0 -  1 4 3 0

I  4 3 0 -  I  5 3 0
1 5 3 0 - 1 6 3 0
1630-1730

0 8 3 0 -  I  0 0 0

1 0 0 0 - 1 0 3 0  E x e c u t i v e  S e s s i o n
1 0 3 0 -  I  I 3 0  L I T  p r o g r a m

Respons ib le

TAC,  Maj .  Gen.
Graham

Ai r  Force
Ai r  Force

Ai r  Force

Ai r  Force

Ai r  Force

Al1 Military
S e r v i c e s ,
O D D R & E

N".y

oASD(sA)

All Military
Serv ic  es ,
O D D R & E

Ai r  Force

?8-29 November L96Z

Subject

TAC Views on fX/AX/
U.  S .  .F .  R.  G.  V /STOL
F ' - I l l A  M a r k  I  R e s u l t s
Mark II Avionics
Lunch
AX Study Results
U.  S .  -F .  R.  G.  V /STOL

Phase I [  Results

Execut ive Session
Execut ive Session with

Mr. Fowler
Execut ive Session
Lunch
Execut ive  Sess ion

5-6  January  I968

Execut ive  Sess ion
Research and Development

for Southeast Asia
Lunch
U s e  o f  D r o n e s

Discuss ion  o f  SNOOpy
Execut ive  Ses  s ion
Defense o f  Europe

Mult isensor Aircraft

UNtI/,$$,r$i[I?
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Meeting Schedules (  cont inued)

28-29 February  I968

T ime

0 9 0 0 - r 2 3 0

I 2 3 0 - I 3 3 0
1 3 3 0 - r 6 0 0

0900-  I  230

r 2 3 0 - I 3 3 0
I  330 -  I  600

0 9 0 0 -  1 2 3 0

I  230 -  1400

t 4 0 0 - t 6 0 0

Date

28  Feb  1968

29  Feb  1968

l0  Ap r  1968

Subiect

Execut ive Session to review
and revise report

Lunch
Execut ive Session to review

and revise report

Execut ive Session to review
and revise report

Lunch
Execut ive Session to review

and revise report

I 0  A p r i l  I 9 5 8

Exec.utive Ses sion with
se lec ted  DSB members  to

d iscuss  Task  Force  rePor t

Luncheon with mernbers of

ODDR&E staff
Executive Session with

se lec ted  DSB members  to

d iscuss  Task  Force  repor t

Respons ib le

rir48ry#Wi
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Contributed by

Homer  Tasker

APPENDIX C'

DESGRIPTIVE SUPPLEMENT:

ILLUSTRATED EXAMPLES oF usE oF sysrElv{.s pRoposED

BY THE
DET'ENSE SCIENCE BOARD TASK F1CRCE

ON

T.IGHTER AIRCRAFT

29 March 1958
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Table I.  GUIDE TO WEAPONS AND SYSTEM ELEMENTS AND
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THE TACTICAL PARAMETERS OT' EXAMPLES

Ai rc ra f t  pos i t ion  is  seen v isua l l y ,  and ta rge t  des ignat ion  fo r
a t tack  is  e f fec ted  v isua l l y ,  i .  e . ,  w i thout  re fe rence to  a  radar
display.
A i rc ra f t  pos i t ion  is  seen as  a  radar  b l ip  and ta rge t  des ignat ion
for attack or recognit ion is effected by means of the radar
data ,  i .  e . ,  by  re fe rence to  the  radar  d isp lay  on ly .

N o t e s :
*V isua l :

Radar :

**HCS:

HCD:

***Nfef ss

t i ca l l y  p ro jec ted  re t i c le  bu t  no

lus CRT display capabi l i ty.

n  essence to  F igures  6  and 7 .

i z . o - ,
d  C  

- - Y  r { , L

rFJ6)J|NI IF 11 ID IE N T I A [.
l H Y i q i " u  u v r

opt

t p l

r ir:

$f,

u p l e d  s i g h t ,  i .  e . ,

PIay.
head-coup led  s igh

i l lus t ra ted ;  s im i la

H e a d - c o

CRT d is
Same as

para te ly

a
. -=--='$:, UWLA

System
Examole

Ini t ia l  Target
Posit ion Data*

Tac t ica l
Environment

F ig .
N o .

Appl icable Head-
Coup led  Techn iques**

Fixed-gun
attack

Guided-gun
attack

Ag i le  rn iss i le
attack

Radar  ta rge t
a t tack  des ig -
nation

Optical ly
augmented
recogn i t ion

Advanced
homing air- to
-ground weapon
( . . g . ,  W a l l e y e )

Visual

Visual

Visual
Vlsual

Radar

Radar

Radar/
Mi s si le

T V

Clos  e  - in  a i  r
combat

C l o s e - i n  a i r
combat

C I o s e - i n  a i r
combat

Long- range
a i r - t o - a i r
g u n s ' f r e e

Long- range
a i r - to -  a i r
not guns free

Ground attack

3
4
5

6
7

***
***

8

9
l 0
I I

T2

HCS
HCS

HCS

HCS

HCD
HCD
HCD

HCD
HCD

HCD
HCD

HCD

HCD
HCD
HCD

HCD
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SUMN4ARY

This appendix descr ibes in somewhat greater-detai l  than was

feasible in tJ:e main body of the repbrt the following systems, as Pro-
posed by the Task tr 'orce:

. Guided gun and control sYstem

, Agile missile and launch sYstem

. Optical ly augmented recognit ion system

. Head-coupled sight and display system

The discussion deals with these systems in an integrated combin.-

t ion cornpris ing the Task Force recommended head-coupled avionics

and weapon systern.

The wide range of appl icat ions envisioned by the Task Force for

these head-coupled techniques is discussed. Descript ions of specif ic

uses are pr imari ly in the form of i l lustrated exarnples. A condensed

guide to the weapons and system elernents and the tactical parameters

of these examples aPPears in Table I .

.  we real ize tJrat,  in the process of implementing a workable

system, many of the detai ls wi l l  be modif i .ed as more e:cperience is

gained with the human-engineering aspects. Nevertheless, the ex-

amples given witl i l lustrate the potential of such systems.
i

,
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l .  Task Forcers Observat ion of Head-Coupled Sights and Displays

The Task  Force  was very  favorab ly  impressed by  the  progress
reported by the Army and others in the development of head-coupled
sights and displays and by the tactical advantages that appear to be
attainable by incorporat ing,such techniques into a head-coupled avionics
and weapons system.

It  seems clear that,  with the head-coupled techniques, many
f leet ing opportunit ies to acquire targets that would be lost i f  conven-
t ional head-in-cockpit  acquisi t ion techniques were used could instead
become effect ive opportunit ies for gun or missi le attack. [ t  also seems
clear that head-coupled techniques would great ly reduce the pi lot fs
work load.

Among the advantageous uses envisioned in air- to-air  and air- to-
ground operat ions, al l  in a head-up manner, would be the fol lowing:

*rit.,,af *

.  Direct ing a video contrast t racker for automatic lock-onto
an aircraft  seen visual ly by the pi lot  (whether or not seen
by the radar) for such functions as aiming a guided gun.

.  D i rec t ing  the  seeker  o f  a  shor t - range a i r - to -a i r  m iss i le
( infrared or video contrast)  for automatic lock-onto an
aircraft  seen visual ly by the pi lot  whether or not seen by
the radar

. Pointing the radar antenna for automatic lock-onto an
aircraft seen visually by the pilot but not yet seen by tJ:e
radar .

Viewing through high-magnif icat ion forward- looking ( and
perhaps rearward- looking) TV units to ident i fy targets
visual ly.

Viewing air- intercept-radar '  v ideo, and making attack
des ignat ion  o f  a  se lec ted  ta rge t .

Viewing video ground-mapping presentat ions.

' .-=r.Lt
'  i  1 1 '  

l - ,
t",'

, - . . -  .  &. . ,

.  Viewing WaIIeye or other missi le video presentat ions,
and direct ing the missi le tracking gate for lock-onto a
se lec ted  ta rse t .

!  l i  -*Nr" 
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Viewing in a manner virtually identical to that of conven-

t ional head-up displays any of i ts usual presentat ions,

including gyro horizon, heading and other f l ight-control

da ta ,  dur ing  ground-cont ro l led  in te rcepts ,  a i r - to -a i r

gun or  miss i le  a t tacks ,  e tc .

As  the  d iscuss ion  proceeds,  i t  shou ld  become apparent  t .La t  head-

coupled techniques offer very wide lat i tude to the system designer.

The part icular embodiments i l lustrated, whi le not opt imized, should

give a general  indicat ion of the effect iveness of such techniques, both

in tact ical  advantages gained and in reduced pi lot  work load reduced.

Z .  Techn ica l  Descr i on of Head-Coupled Avionics a4q]ye stem

"Head-coupled avionics and weapon system" rneans the prowision

of a l ightweight,  helmet-mounted CRT display, plus devices to sense

helmet or ientat ion. Thus, the pi lot 's head movemeri ts are translated

into coupl ing signals sui table for radar antenna point ing, missi le-seeker

a iming ,  des ignat ion-cursor  pos i t ion ing ,  e tc .

These coupl ing signals may be appl ied to the helmet-mounted

CRT in such a way that information presented by the CRT display may

be posit ioned in accordance with the pi lot ts head movements so as to

be real ist ical ly superimposed on his central  f ie ld of v is ion as he looks

in var ious direct ions through the combining glass and windshield'

Because of such coupl ing from head and helmet to avionics and back to

the helrnet-rnounted displaY, the lat ter is referred to as a head-coupled

display, or HCD, during most of this discussion'

To  descr ibe  the  opera t ion  o f  the  proposed head-coup led  d isp lay ,

a comparison with the convent ional head-up display (HUD) may be use-

ful .  Figures I  and 2 i l lustrate the same presentat ion on a convent ional

head-up display and. on the head-coupled display, respect ively ' I  The

subject matter chosen for this comparison consists of basic f f  ight data

( i .  u.  ,  pi tch, ro11, heading, speed and al t i tude) plus data- l ink command

higfr t  data for a ground-control led intercept and computer-derived
rrsteering cursors" to faci l i tate f ly ing the command data'  Both HUD

and HCD presenta t ions  are  super imposed d i rec t l y  on  the  p i lo t ' s  fo r -

ward view, and both are held f ixed with respect to the air frame but by

quite di f ferent techniques.

'''"*"r*f,'

lA viewing distance of about 8 inches gives the proper scale to

thes e i l lustrat ions.
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The convent ional head-up display (Figure IA) effects presentat ion

in the pi lotrs forward l ine of s ight by means of opt ical  project ion from
a very high- intensity cathode-ray tube onto a combining glass. This
lat ter is mounted just above the instrument panel in the pi lot ts central
f ie ld of v is ion as he looks direct ly forward through the windshield. In
the  F- l l I  Mark  I I  av ion ics ,  the  combin ing  g lass  is  la rge  enough to
subtend horizontal  and vert ical  angles of approximately I0 degrees at
the pi lotrs viewing distance of approximately 26 inches, or roughly one-
half  of  that depicted in Figure IA.

For the most part ,  the display symbology of these and subsequent

i l lustrat ions has been adapted from Autonet icsr report ,  One Man Crew

Effect iveness Study for F-X, Contract 833657 -68-C-0I6?. The syrn-
nsidered representat ive of f l . ight c iata dis-

played on a convent ional head-up displayZ during a ground-control led
in te rcept

The proposed head-coup led  d isp lay ,  as  i l l us t ra ted  in  F igure  2 ,
is capable of functioning in place of a conventional HUD presenting

ZFor those unfamiliar with this symbology, Figure t B identifies
the pr incipal elements. The central  W-shaped sfmbol is the aircraft
reference symbol.  I t  remains in a f ixed posit ion on the combining glass
independent ly of aircraft  pi tch or bank. The horizon bars, on the other
hand, 'are al ignedwith the true horizon at al l  t imes and move relat ive
to the aircraft  reference symbol to register pi tch and bank. Thus, in
Figure IA the horizon bars indicate straight and Ievel f l ight,  whereas
in Figure lB they indicate a moderate up-pi tch and lef t-bank att i tude.
Two computer -genera ted  s teer ing  cursor  bars  p rov ide  s teer ing  gu id -
ance for f ly ing GCI f l ight commands received via data l ink. At the
bottom of the display is an expanded heading scale. The present heading
(2 I6  degrees)  appears  oppos i te  a  t r iangu lar  head ing  re fe rence symbol ,
wh i le  command head ing  (209 degrees)  i s  represented  by  a  rec tangu lar
rrbug'r  posi t ioned by the GCI data t ink. In l ike manner,  cal ibrated air-
speed and al t i tude data are presented on the scales at lef t  and r ight.
The head ing  da ta  requ i re  a  le f t  tu rn  o f  ZL6-209 =  7  degrees  f rom the
present  head ing .  [n  agreement ,  therewi th ,  the  ver t i ca l  s teer ing ,cursor
bar in Figure IA cal ls for a lef t  bank. simi lar ly,  command. al t i tude
requ i res  a  c l imb o f  800 fee t  and the  hor izon ta l  s teer ing  cursor  bar  o f
F igure  IA  cor responds by  ca l l ing  fo r  a  modera te  up  p i tch .  [n  F igure  lB ,
the aircraft  now has approximately the desired Ief t  bank and up pi tch.
when the result ing lef t  turn and cl imb have brought the command-
heading bug under the present-heading tr iangle and command-alt i tude
bug oppos i te  the  present -a l t i tude  t r iang le ,  the  s teer ing  cursor  bars  w i l l

- o'.i..u' " '  ' - l  *

be centered  on  t \q ,a i rc ra f t  re fe rence symbol .
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exact ly the same f l ight data in exact ly the same'posit ion. In this case,

however,  the combining glass, the opt ics and the GRT are al l  of  smal l

size and lightweight and are suPPorted by the helmet. The optics effec-

t ively focus the view screen of the CRT in t t re pi lot ts far f ie ld of v is ion

as seen through the combining glass, and thus the f l ight data are suPer-

imposed on his forward view. The combining glass, being mounted at

an angle, may be made oval in shape so as to present to the pi lot ts eye

a circular aperture of the desired magnitude, and the optics may be

designed so that this aperture closely matches the CRT view-screen

area.  The la rge  c i rc le  o f  F igure  2  represents  an  aper tu re  on  the  order

o f . 4 0  d e g r e e s .

The coupl ing signals corresponding to the pi lot ls head movements

are employed to make the presentation of Figure 2, Iike that of Figure

lA, appear f ixed, or I 'stat ionaryrr with respect to the aircraft .  There-

fore, a small head movement such as that shown by the dashed circle

in Figure Z makes no change in the Presentation.

Assume now that the pilot turns his head still farther away--for

example, to get a quick glance at another aircraft .  Part  of  the Pre-
sentation will momentarily disappear from his view but will reaPPear

when he looks back. I t  is as tJrough the CRT view screen were a round

window through which the flight data are fully seen when centered, or

nearly centered, but are partly occluded as tJ:e window rnoves farther

off  center.  I f  we now imagine a smal l  c irc le to be f ixed in the center

of tl1e round window so as to move with the windo*', and if, by head

movement,  w€ superimpose the smal l  c irc le on an aircraft  as seen by

either eye (or both),  the result ing helmet-coupl ing signals wi l l  provide

a capability to initiate gun or close-in missile attacks on an aircraft

seen visual ly by the pi lot ,  whether or not i t  is seen by the radar.

This concept,  as implemented by the head-coupled avionics and

weapon system, can have a great tact ical  advantage. Several  examples

of i ts use are i l lustrated in sect ion 3 of this appendix.  In Figures 2

through lZ, subst i tut ion of the HCD for the convent ional HUD is assumed,

and the usuaL vert ical  s i tuat ion display is shown uPPermost on the in-

strument panel in these f igures. Actual f l ight experience with the HCD

will allow a decision as to whether the vertical situation display and

certain other instrurnents might be replaced by the HCD. The HGD

itsel f  is smal l  enough that several  can be carr ied for redundancy.

,r,"r*,r.Uf
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3. Tactical Applications of Head-Goupled Avionics and Weapon System

3. I Attack Designation of Visual Targets

Situations of the type illustrated in Figure 3 frequently occur
during a dogf ight type of air- to-air  combat,  v iz. ,  wherein a host i le air-
craft. is seen by the pilot, although it is not presently seen by tJre radar.
Accurate aiming of an air- to-air  gun requires a director-type solut ion
in which the computer inputs include very accurate range and angle
coordinates of the host i le aircraft .  Whi le more accurate angle data
can be obtained by a video contrast t racker,  the range data mugt be
radar derived, and radar angle data can be valuable for positioning a
video contrast t racker pr ior to lock-on.

Unfortunately, in existing tactical aircraft, crucially important
t ime (on tJre order of I0 to 20 seconds) can be lost by the head-in-cockpit
techniques of radar-antenna scan switching and slewing to get a rrsearchrt

radar presentation of the hostile target before attack designation can
be .made, acquisition and tracking initiated, and computing of the gun-
attack solution begun. In fact, the hostile aircraft may oflen be lost
in the process; tJre pilot may not be able to reacquire it visually, and
thus the attack opportunity may be lost.

In marked contrast,  the pi lot  using the head-coupled display does
not lose tJre target aircraft  because he keeps his eye glued on i t ;  he
does not miss a maneuverr. because his head is out of the cockpit; and
he loses very little crucial time because his whole operation of attack
target designation and initiation of automatic tracking (whether radar
or video contrast,  or both) takes a second or two at most.

Exarnples of HCD Attack Designation of Visual Target

Case I-Designation and. Computer Solution for Fixed-Gun Attack
( r igu
just caught sight of the MIG at upper left in his peripheral vision field
but has not yet turned his head to look directly'at the MIG. Assume that

he selects the gun attack mode on his weapons-control  panel because of
the evidently close range of the hostile aircraft. The pilot then makes
the attack target designation in two simple steps as follows:

I

:xn,[:l

.  . - ,  t "-

l .  Momentar i ly Looks Direct ly at the Host i le Aircraft .
The pi lotrs gun mode select ion has caused a dashed circle to
appear which remains centered in his head-coupled display re-
gardless of head motion. His natural head movement in looking
directlv at the aircraft enables him in a quick and almost effortless

{/tWft$$ff+pi? c o N F" r D E N r r ̂ A r.
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manner to superimpose the dashed circle on al l  or a port ion of
the host i le aircraft ,  as i l lustrated in Figure 4. The diameter
of the dashed circle corresponds to the acquisi t ion area of the
v ideo cont ras t  o r  radar  t racker , .as  the  case may be .  The
coupling signals from the pilotts helmet have slewed the radar
(and the video contrast t racker,  i f  provided) to the dashed-circle
posit ion; hence, they are ready for automatic acquisi t ion and
tracking as soon as step 2 has occurred.

Z. Presses the TRACK Rutton. In response to this aci ion
(which c" the logic circuitry initiates
automatic acquisi t ion and tracking of the host i le aircraft .  Track
initiation is confirmed to the pilot by a square designation symbol
surrounding tl:e target, whictr.'rs also shown in Figure 4. Im-
mediately thereafter,  the computer suppl ies a f ixed-gun attack
solut ion in the head-coupled display.

The es t imated t ime is :

Pi lot  ef fort- less than I  second

Overal l  t ime to appearance of at tack solut ion- l  to 3 seconds

A powerful  new means of present ing a gun attack solut ion is pro-
vided by the head-coupled display. Instead of having to glance back
and forth between the synthetic target position on a conventional HUD
(or VSD) and the real aircraft  in space, the pi lot  can now keep his eye
continuously on the real aircraft and the attack solution can be brought
conveniently to him.

One form of such a presentat ion is i l lustrated in Figure 5. Radar
boresight has superimposed the synthet ic target posi t ion (viz. ,  the
smal l  c irc le at the intersect ion of the two steering cursor bars) sol idly
on  the  rea l  a i rc ra f t  as  observed in  space by  the  p i lo t rs  eyes .  The com-
puter steering solut ion places the aircraft  reference symbol in the
proper  pos i t ion  re la t i ve  to  the  s teer ing  cursor  bars .  Thus ,  the  cor rec t
in i t ia l  p i lo t  response ' in  th is  Case I ,  as  i l l us t ra ted  in  t r ' i gure  5 ,  i s  to
left bank and up pitch.

Case I I-Designat ion and Computer Solut ion for Guided-Gun
Attac of
the f ixed-gun attack solut ion (as just descr ibed in Case I) ,  ,has a very
substant ial  remaining task - to maneuver his aircraft  into the proper
lead-f i r ing posit ion as directed by the displayed attack solut ion. To
achieve this firing pqligi_o5r typically requires much maneuvering and

e o N F r E E N dfrm,4$$frr-p:*l-  v l l  P t . t  t  i l
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rnany seconds at I000 pounds or more of fuel  per minute. Even with
very high pi lot  ski l ls,  f i r ing posit ion wi l l  of ten not be achieved before
extraust ion of the combat fuel  reserve. Therefore, the guided gun, as
recommended by the Task Force, provides a major tact ical  advantage
in air-superior i ty operat ions as compared to f ixed guns. In the part ic-
ular combat si tuat ion of Case I ,  i t  would great ly reduce the excess fuel
consumed, the t ime elapsed and the test of  pi lot  ski l ls,  as wi l l  be made
evident by this Case II example, which applies the guided gun to the
Case I  s i tuat ion.

The gun is assumed to be trainable through tZ degrees in azimuth
and from -2 degrees to +18 degrees in elevat ion. The pi lot  ef fects
attack designat ion of the host i le aircraft  exact ly as in Case I .  However,
the computer-generated gun attack solut ion, as i l lustpated in Figute 6,
is much di f ferent.  Instead of the very smal l  steer ing cursor circ le of
Figure 5, there is now a large, rectangular al lowable steering error
rrsymbol."  I t  is ohly necessary that t t re pi lot  br ing the host i le air-
craft ,  or i ts radar bl ip,  within this rectangle. The obvious maneuver
(shown also by the computer-generated steering cursora in this f igure)
is a bank to the lef t  of  about 45 degrees. Complet ion of this maneuve!,
displayed to the pilot as in tr' igure 7, can bring the hostile aircraft with-
in the al lowable-steering-error symbol in an overal l  t ime of.2to 4
seconds. The guided gun wi l l  f i re automatical ly whenever i t  is on
targe t .

Case I I I -Desi iSnat ion and Computer Solut ion for Short-Range Air-
to -e i r

@ compared to fixed guns, should be attained in
close-in "dogf ight" IR missi les as a result  of  planned improvement

P r o g r a m s .

Whereas, Air  Force launchings of Sidewinder in Southeast Asia
have required boresight steering of the aircraft  almost as r igorous as
that for f ixed guns, the future conl igurat ions of short-range air- to-air
missi les wi l l  permit  seeker lock-on at gimbal angles as high as 50
degrees  o f f  bores igh t .

The launching system must be capable of providing target-angle
signals to al ign the seeker.  I f  obtained from the radar with present
d isp lay  techn iques ,  the  same cruc ia l  t ime loss  o f  l0  to  20  seconds o f
head-in-cockpit  techniques is imposed upon the pi lot .  The head-coupled
display employed as in Cases I  and I I ,  removes this l imitat ion by quick
po in t ing  o f  the  radar .  I t  can  go  fu r ther  and prov ide  miss i le -seeker
al ignment on the target aircraft  without use of the radar-for example,
whi le maintaining radar survei l lance of another sector of space. For

- , . [ . ,. - t-..
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th is purpose, the pi lot 's procedure would be unchanged, but t .Le helmet-

coupled signals would be appl ied direct ly for missi le-seeker al ignment

without intervention of the radar.

The cornputer-generated attack solut ion for these missi les wi l l

include an even larger al lowable-steering-error symbol than that of

the guided gun (shown in Figures 6 and 7).

3 .2  A t tack  Des ignat ion  o f  Radar  Targets  (F igure  8)

An aircraft whose radar replies have sufficient amplitude may be
automatical ly detected by the computer,  be interrogated for IFF re-
sponse,  and,  i f  se lec ted  c r i te r ia  a re  met ,  can  be  ca l led  to  the  p i lo t rs
attention by an audible alert, t1ryically while stil l beyond visual range.

I ts radar reply,  or bl ip,  may appear on the head-coupled display as
either synthet ic or standardized radar video.

Assume that the sol id dot at  far r ight in Figure 8 is such a target,
determined to be host i le for lack of IFF response in a gunsfree environ-
ment. The pilot may quickly make attack designation of this target
using the same procedure as in Case I ,  [ I  or I I I ,  respect ively,  except
that now his head movement wi l l  superirnpose the dashed circle on the
radar bl ip of the host i le aircraft  as seen in the HCD rather than on the

aircraft  i tsel f  as seen visual ly in space in the previous examples.

In case the detected aircraft  coordinates are beyond the angular

coverage of the HCD when the computer gives the audible alert ,  i t  can
provide a special  symbol,  such as the open circle and arrow seen near

the solid dot in Figure 8. This informs the pilot that' uPon swinging
his head to the r ight,  the target in quest ion wi l l  come into view.

3:3 Optical ly Augmented Visual Recognit ion

The Task Force has observed that a crucial  ident i f icat ion gap

ex is ts  in  a i r - to -a i r  opera t ions  when a  guns f ree  cond i t ion  does  no t  ex is t .

Despite the values of exist ing IFF and the long-range detect ion capabi l i ty

o f  a i rborne- in te rcept  radars ,  hos t i les  cannot  be  d is t ingu ished f rom

other r tnonfr iends" unt i l  they come within visual ident i f icat ion range.

Due to l imitat ions of the unaided eye, visual ident i f icat ion of a host i le

wi l l  usual ly occur at such short  ranges that the potent ial  advantage of

Iong- range a i r - to -a i r  m iss i le  a t tack  is  los t  and the  f r iend ly  a i rc ra f t  i s

ser ious ly  d isadvantaged in  the  ensu ing  combat .  There fore ,  the  Task

Force  recommends incorpora t ion  o f  a  sys tem fo r  v isua l  recogn i t ion
that wi l l  increase the range of v isual ident i f icat ion to 5 or l0 t imes

I
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beyond that of  the unaided eye. One possible implementat ion of such a
system rnight be based on ATARS. The systern would then comprise:

.  TV camera, plus gimbaled high-magnif icat ion opt ics,

.  v ideo contrast- tracking circui try for on--target stabi l i ty,
and

.  p i lo t ts  TV d isp lay .

'Whereas 
the smal l  f ie ld of v iew of the ATARS precludes i ts use

for general  search and target acquisi t ion, the intercept radar readi ly
suppl ies the def ic i€nclr  and the head-mounted display readi ly provides
the pi lot ts TV display, plus coupl ing interface, as may be seen in the
following illustrated example:

Example of Augrnented Visual ldent i f icat ion (Figures 9, 10, I l ) :
Assume that the radar blip shown high and to the right in Figure 9 is a
new nonfr iend target that has been detected just as in the preceding
example, except that a gunsfree environment does not 'exist .  Visual
ident i f icat ion is then necessary to classi fy the target as neutral  or
host i le.  Frequent ly the range of tJ le target when f i rst  detected by radar
wi l l  be too great for unaided-eye ident i f icat ion, or even detect ion. In
al l  such cases, the pi lot  can act ivate the ATARS in two simple steps as
fol lows:

l .  Momentar i ly Looks Direct ly at One of the Targets. As
in the attack designat ion of a radar target,  the pi lot ts natural
head movement in looking direct ly at the selected target enables
him quickly and easi ly to superimpose the dashed circle on al l
or part  of  that target,  as i l lustrated in Figure 10. As before, t t re
coupl ing signals from the pi lotrs helmet concurrent ly slew the
radar antenna boresight with the dashed circle in readiness for
automatic acquisi t ion and tracking per step 2.

2 .  Presses  the  TRACK But ton .  In  response to  th is  ac t ion
(which "att the logic circuitry activates
automatic acquisi t ion and tracking of the selected radar target.
As in prewious examples, t rack ini t iat ion is conf irmed to the
pi lot  by the sol id square surrounding the target,  as shown in
Figur e I  0.

In this case, however,  the logic circui try act ivates a video-
contrast search-and-track feature of the ATARS to scan the srnal l
area represent ing radar coordinates uncertainty.  As soon as
Iock-on has occurred, the pi lotrs display wi l l  automatical ly switch

t
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to the ATARS video presentat ion.3 To'prevent deter iorat ion of

irrr" "r;* by light coming through the cornbining glass, a srnall

shutter is autornatically positioned'

The es t imated t ime is :

Pilot effort-less than I 
.second

o v e r a l l t i m e t o a p p e a r a n c e o f A T A R S p i c t u r e - l t o 4
seconds. (This assumes adequate slew rates for the

ATARS gimbats'  )

The resulting ATARS presentation is il lustrated by an example

in Figure l I  showing a MIG at5.5 mi les, which i l lustrates approxi-

mately the quality oI image obtainable from as few as 12 lines of the

TV raster. ny tiris means, visual identification can be effected at

r a n g e s u p t o l 0 t i m e s t h e u n a i d e d e y e ' s r a n g e . M e a n w h i l e t h e r a d a r
can return to i ts previous search-scan condit ion'  s ince the video con-

trast tracking circuitry of the ATARS will hold the TV camera optics

on target until released by the pilot'

T h e h e a d . c o u p l e d d i s p l a y c a n f u n c t i o n i n l i k e m a n n e r w i t h t h e
r e c o m r n e n d e d t a i l . w a r n i n g r a d a r , a n d a r e a r w a r d - l o o k i n g A T A R S . A
zoorrr feature should be evaluated for ATARS' the amount of zoom

possibly being controlled by radar range' when available'

3.4 Attack Designation-9f Gr.oirld Taf ggts for Advanced Homing

@ e ( r i g u t t 1 2 )

W h e r e a s a l l o f t h e r a d a r p r e s e n t a t i o n s d i s c u s s e d a b o v e a r e
p r o d ' u c e d b y T V r a s t e r s o b t a i n e d f r o m s c a n c o n v e r t e r s ( s u c h a s t h o s e
employed in the F-r1l  Mark I I  avionics system), the target.viewing

s i g n a l s o f t h e W a l l e y e m i s s i l e ( l i k e t h o s e o f A T A R S ) a r e a l r e a d y i n T V
r a s t e r f o r m . H e n c e , t h e y m a y b e a p p l i e d d i r e c t l y t o t h e h e a d . c o u P l . q -
display without scan conversion. In t}r is case, as with ATARS, a smal l

shutter is automatically positioned to preclude interference by light

coming through the combining glass'

i l lustrated in Figure 12, target designat ion for rnissi les of

consists of placing a tracking gate symbol on the selected '  -
seen in the TV pi- ture. Essent ial ly '  the symbol consists of

tracking gate, or designat ion cursor '  with extensions of t t re

I
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As
this type
target as
a square

- ;head-cp-upled disptay can accept TV raster data direct ly '
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sides of the square to aid the pi lot  in fol lowing i ts motion. when the
pi lot  turns the selector switch to display Wal leye-missi le vid.eo in the
HCD, the logic circui try wi l l  cause this cursor to fol low t tre pi lotrs
head motion as he views the picture and then looks direct ly ai  a selected
target point.  when he has thus posit ioned the designat ion cursor,  he
presses the TRACK button. This act ivates the rrval leye tracking
circui try.  He may cont inue to monitor i ts operat ion by viewing the
Walleye TV presentat ion.

4. Navigation-Update Designation Functions

In making a navigation update, the pilot must designate the co-
ordinates of a checkpoint to the computer.  The rts lew st ickrr or t 'de-
signat ion st ick" funct ion of posi t ioning cursors on the checkpoint in the
navigat ion display can be performed even more effect ively by the head-
coupled display. The techniques are essent ial ly the same as those
descr ibed in  connect ion  w i th  F igures  8 ,  l0  and Iz .  The genera l
appl icabi l i ty of  these techniques is evident.

5. Radar and TV Video Viewing

ln connect ion with viewing ATARS and wal leye presentat ions, i t
was noted that a smal l  shutter could be automatical ly posi t ioned to pre-
clude interference by l ight coming through the combining glass. Al ter-
nately,  the shutter could be push-button control led by th1 puot.
W'hether act ivated automatical ly or manual ly,  i t  should also be bene-
f ic ial  dur ing dayl ight operat ions when making attack-target designat ion
in a vert ical  s i tuat ion radar presentat ion such as Figure g, when
viewing ground map video and in 1ike appl icat ions.

6. Approach and Landing

There  is  ev idence o f  much cur ren t  in te res t  in  a  head-up presen_
tat ion of f l ight data during approach and landing. For this appl icat ion
the head-coupled display is wel l  sui ted. on the other hand,,  for
approaches during semidark condit ions, i t  may be desirable not only
to turn off  the f l ight-data presentat ion but even to remove the com-
bining glass of the HcD, being much smal ler than that of  the conven-
t ional HUD, can easi ly be t i l ted out of the way und.er push-button control .
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