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I.  IN TROD U CT I O N
Whenever an aircraft breaks up in the .tir , eit her comp leteR or in part , t he v.r e i  kage is

scattered over a relati v el y wi de area . Ihe numbe r of wreckage items w i l l  depend upon th e extent of
break-up which , in t urn , is dependen t upon the nature of th e damage -.usi, iine d h~ t he a i rc ra f t .  I or
exam pk. e\ te n s i ’ ~c break—up will norma ll~ resu lt f rom mid-air t . i l l i s i t ins , i nternal explosions ,
f use lage fa i lur es . etc ss h u e  ss ing fa i lure, engine d isu nteg rat LOll - it ma~ lead to on l\ a l imited
degree of break-up. In ntan in st ances an aircraf t ss ill sun ise l im i ted d egree of break-up such as
t hat associated ts uth f i n failure or engine separation I l t ’~se s c i , c’.en in t hi- si instance s it is nio~t
unusua l for the detached material to he Confined to a sing le n i  k age item -

I)uring any in~estigatio n into an ai rcraf t  acci dent it is i - i ist ,i i tl .ir ’, to plot the gt oiind la~ out of
the ~ rec kage as it is reco~ere d. I h is is insa r iah ls the ease ti hen mid-air hi i’ t k’up is suspected
I-ron, this ground layout it should he possible to determine cent t in p t ?  .1 t i e r Cr5  of the aircraft .
part icularls speed ,ind altitude, at the time of break—u p h~ ,i i& - i i la t  nt ’ t he r itec IlIr ues ‘~ se lected
t~ rec kage items and plotting these hack from the ground far out - I he pin it of intersect ion ,t! the
ca lculated ii aii’c t in es is then identif iable in space as the point i t t  b reak— t ip  If a succe ssion of
Intersections can he established , thes e will gi’ie an indication ol the break—u p sequence.

I his pape r g ises details of the approach adopted hr \ R I in the anai s s is  ‘‘I a i rcraf t
I ~~ k.it~e t ra t e c to r ics  t his approac h i~ based (in data obta ined f rom sari ous tr ials at \\ ‘ l i m i t  a

- \ i is t rali,i , and is confined to cases s~ here break—up occurs at a lt i t  tides of less than 3t)OOn) ( ( 1 ,000

2. TRAJF( TORY -~~~~~ &I Y SIS

In len t— st nd conditions , t he accelerat ion u t  a hnd~ in free fa ll is

ht ir i,onta llr - d cos I)

dt

s e r t t ,,it l r . d t ’. sin (I )
dt

speed
1/ = .ing le hct stecn the tangent to the .oc~ l - and t he horr,i’ntal

- t ime

flit .

b, ,ri,— ,t nt ,i1lr , ‘ F ci ’s m d Is i’os ~~ I I
dt

te rtu ca llv . mg — I sin 0 = a d i ’~ ~~n I:

st here iii = m iss of the hoif~
1 he u- ri  itS naniic drag. I - is ~ i t i -n hs

F = m k s
= 

‘
I S -\ ( 

~
,

st here -\ mi t t ,  presented i te, i  , t f  the hodr -

= act oth namuc drag toef t  icient -

I (lest- equations mar he used for ca lcu lat ing the t ra lecto r r  if m r  st reek.tge item h a s  ing the ‘. i t ~ i , i i
co nditions ‘i,, and 8,,. the accuracy of the results obtained will depend upon the .icciir ,ics iii the
input data and on the significance i t t  anr ef fec t  not included in the ana ls ’,is

the  .m n .i lvt i t t l  approach has .m numhci (0 inherent d i l t u  nines associated is ch it. the init ial
e locit r if some a. reck age items mar not hc the sank is  the a i r  er~~tt  s peed hut nias hasc some

a ddit io nal selocit~ input Ibis- ’ ,’ o hs muslr t rue of I I t  lung engine parts hut mas ,ils i’ app ls to
structura l items in the i-s ent  of internal & ‘sp l is i -‘i sesent ’ turbu le nce , cit.

-‘s more sei i’ rus d i f t i cu l t s  ii ises in the asses sm e nt i t t  ,icn tdr nanluc di i g  -\ piece of st r
ma~ fa ll in a stable or unstable mndc It mar st reaml ine.  ist i ll iti’ ~‘r tumble depending upon i t s
Tiia s s distribution and aerodynamic e h i t  t i t e r  s t i es  It f l i , i \  liii e more t han ‘Iii ’ st a hle mode

L. - - - 
~~~~~~~~~~~~~~~~~~ -. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _  

-- _ _ _ _  -~~~~~ -



\ t t c n l pts to gucss .i reasonable drag~ oi’ f f i i - i i - r i t  f o r  ind is idua l ssni ’c kagc te ms I t t ’ unl ikc ls  to i c su l t
in re liable est i mat es s ince te s ts  indicate that the di .ig coef f ic ien t  ol s isuallr s it i i i la r a. reL - kage it e t t i s
mat d i f fe r  hs a l it - ton 01 up to  10.

I \pc nimc nts cot iducted to dctcrmit ic the acrodr namic drag of selected a. ret kage items s uf ter
t he dit f ic ult r  that it is irnposs ihle to he sure that the mode of fall ex hibited during the ex periment s
is t lie same as that ss huch occurred d un ng the accident ‘si ount ing a a. rec kage item m i  hoi lout ~ul
st ind tut inel sti ll u lss a rs impose co nstraints a. hich n a r  gi’ nc t , i t c  atm ar t i f ic ia l mode of fa l l .
\i ’i c ’ c i  - the s t recka g e item under tes t is not ident i i . t I  ss~~h the item a. li eu fel l  during the acc ident
.i i icc it st i ll hat e  heeti niutd if i ed , to at least sott le ex tent . hr the i t t te r s e nur ig  ground impii t Free f a i l
e xpe rinte nts on a. rec kage items . m e  not reproduc ible for the sa nte I i’ , i s ll -\ series tt ‘- i t  h
cx peniilicttts cond tucted on .i sing le a. reckage ti’ ’ stil l t i-n d to  gi se  s a ria ble results s i f t  C t Itc
s i t  i’~ k.mc ’ c is coti ’- t .u i t ls  hcung modified hr groutid impact tf. im~uge .

\ fur t her d i f f i c i i l t r  ssoh this approach is that a fal l ing piece of si Ci k,i~ ’~ mar d es e l in
at ’t ‘is nanlit - l i f t .  i c the itet il mar he st i bt ected loan  mi-r i r ds n,i rn~ t u c e  notnia l t o t h e  d i r ij i t ri of
‘t i tu ’ n I his f i ’~ci’ is not included in the has iccqua l ions s n t ’c it is  i’’s treme ir d i f f i c u l t  i - ~ i’ ’ti li . l te i-s

r i i .mc ’ r i i t i~ fc m d  o u t — ot— p l.mne component a.hit’h , agnu . st i ll depentf upon the niotfc of fa l l
\rr ~ r t p t s  t o  measure ti- i  1 ’ifr mim ic l i f t  s t i f fe r  f rom the same d m f f i c u l t ~ ’~ is those , iss ,’ t i , i t ~ d st ub the

!iic .lsiuieiilt’nt of ,ii-t ,tif~ nanlic drag.

I he t i t i m I  d if f icu l t r  concerns ts itid dr i f t .  ‘\s st ated c i t  lit - i . eq i i _ i t ~~’ i is I i  and 12 i  re  ton  it-n , —
ts i t md ~itn d i t i ,ris hlost i-s er , these conditions rarelr , if e s e t  - ~- \ i s t  ul pia ct i t ’ea t id  t he ss uid pi ’ ir ’ it

t he act  dent ,irt - .i must he ktioss n if the calculated t ra le t ’t ,inics are to hi’ modified a. tb pt ei’is iil n

5,,me Ii\ c s t i c a t o t s . including - ‘ s R . I - -  base endcat oured to  use the mr ,i l s t i ~’ m l ippi i n  in tilt’
p. 1s t . e t her is tb or siith ,it it  an e ’s penlnlent i i  dcti ’ rn rinati , rr i icr  ~l\ t i , i l l i r c  l i f t  mud drag. us i r ie
se L- t’t cd a. iL’i kagc i tet t i s . In an e l ton to e i i i n i nm te  the utit - er t , mi t i t i cs  , issui . i i ’~- d a. i th ssrt t t - k igc i t i ’ t n s

a. hich i shihit 1 st. ih!c niitde of fa l l . some intt ’sr ic , i ! ’ r s  hate r e i ’cti ’d a ll su et , i te m s mm~
~ iti~i’ t i t r . i t c i t so lc lt  on ssre i- k,ige items a. hich f a l l  in an nst ,ihle mode I requm e nt lr . in an a t t t - t t i pt

iuit i i iiuse t he cf ccl ,it t i  ounit i i l lpict ,I,I r r _ ~~ - . .i r f t - t  io n is c,1m~~fll I. ,il t t t i Ii - 5. i i~C iL’rn’,

ts tu ic h hat e a lost terminal se l oe i t r .  It is argued that  t ile groutid i t t ipact  d,t ii.m gc to  si~~li i tems a.i!l
ix’ i t is igt i i f i r -ant I ic prt t h lcins s s i t h  this approat - Ii i t - c t h u  m Itlr ‘. icn i l i ,  m i  a.ni’c k_ ig c i tems iii’

s i it i p l’. t’ t i t i ’ t l and that  _ mt ten t i , i t l  ietlds to  be i’ iincent i i n - ti in ‘mill light it - rn ’ a. h~ ’h s , m t i ’ .l the
t hose tequ ini-n t et l ts . i’ ç i lunt itt i t im sk i r t . perspe ’s . t i h ’ cg i.iss etc Sui t ite ms .,rc lit ’a t i lr
r lii’:ii~i’d hr ts i ; md  d r i f t  and the pnirhlem tends t i  he do mit i . it c ’d hr the -c s t i n r . i t t i  it ss in d pnmi t i le
\ t , i t c , , s e r  - s it i c, ’ _ m i l s u c h  i tems lie d isi t issi nd f t ’nt t i ti’ b r e a k — u p  pt t u t i t .  the ~,ilcii l.in- ,l t r a i i ’ it , i ru’ s

ic ‘ ri ‘ t ieat .m s ing le s t r u t _ il plane st i th  t r a i ’ i t o t r  t i ter s c i l ill i’  c ’nlitii-d to  tb _ i t  f l i n t  t i t u s .
t l i r c ~ dimensional pr ibleni is t , m t - k led t ss o — di m i ’rn ,’ r , i~~t ti ll ,  a citnsequ cnt dci -e ,nt’ rn ‘ i i ,

hi Li- uc la 1 , t lii’si’ a t t t ’mpts I r a te  11,11 hi- i-ti p_ i r i t -u lanir s i c e e s s l  ul tine l i t  I c a .  lesel it t  cout iltili,’
ri t he results itht m i ne f

3. V.OO\IFR.t IRI,U- S

Si nec I 0S~ . \ R F. has ex.tt llitled the a. nec k.mgc of es err m a t  an t  t i r e ?  ml t ,t~’sr nor ed or j . i  r ig id

itt  missi le t r ia ls m t ‘s~oot 11eni. \1 ’st of t ilese t r ia l s  b i te  i ns t t l t ed  the imu— f l ig f l t  b r ea k—up i t  tilt’ t i  Li’ ?

.ur t r i l l  ‘\u fd i t io n ml  data mni - asa i lah lc f rot u some ta rget t leseiop ment tr ia ls s i t u  in hate tern unatet f
in t he t i—f l ig ht hnt- ak —u p v t t ile a i r c r a f t . In all ilses . the speed . f light path unda l t i tude of tht ’ n i

m i i c r a t t  a t e  kt toss tl to a high degree of .mt - t-ur mc r _ det a i led mete ’? li ’gi~ il d a t _ i  i t t ’ .isa iLi hit- at ld
,u ~iir i t t ’ gnituttd plots of ti le target is reckagc hate been e tnlpiled. In sottie case s . r i d,mr plots t t l .
.itt d rt-duced t u i j e v -to rv d i t i for , m io r  items ‘I s itci k,i~ e t i  i, is un l i b le  fo r  s,tme r t ie ait c i bre_ i k -

up mlth i uig h t bese data get icnimll r t t - r i l l l n m t e  hi_ - t o t e  ground inipit ’t I bus \~ l ’n l t - .t t n _ u s rt ’t i te

large hodr tt f d m t , i  su i t ih ie  ton  tile studr ot ,wt - t a t t  it reck .iai’ t t a l e c t ories I he ,1,mt ,i l i is t ’ i t - ,

ei’ i t ’ ra tc d tinder caret ulls controlled cot ,dit uons . t i c  highlr ,ict - I i t i tc itt d p n m h i h l r  UtliU ui ’

Ikf ore t hese data t’ati he used in the dese loptnt - tt t  ‘I gi’ r lcr il ,unu I r t i~ m l met f it ,ds ot entp it ta

procedures . it is r le c e s s u r \  to ex!tt lt i t le their .uppl icahi l it s to  the general f ie ld  it , u r r , i , i l t  . ic i i ,f t ’ t i t

inst ’s l i g m t i ri the  t a r g e t  a i rc ra f t  used It \\ , ,lt i it ’i a in c  unmt il ,ltlne d I i t t d us i ks , 51, - n , - - - -

( ‘ mn herras . Strut-i mir m f l r  - t hese , u i r ,  i t t  beli t ig I, V.tl m t  ti nt s he ter m ed the \~ odd ‘s~ ,mi ~
‘ g,’ri,- r  ,, ‘ , t r

of .urcraf t . t hat is , liii’s helltT ig to the gct icr .it io n ml , i i i e ’ ,i t t  h~us t ic iii r i r , - t , l~ ,ii utn im t i iu m ,t~ j l \

s t r uctures , t I nm setc d  t in hirt itft uf c l t t t s t r n t t i l i t l . out ,I i , ur  , t , t t ’ n sc il hs re la t ise l r  th i t i  ~ - n -  in
, i s s i ’ c i ! i t t t t l l  s t i t h h i - i t s  l i s t r e t c  s t n u i c f u i t . u i  e L- n i - n t ’  su c h is s t O it ’  s [ .us~ Ii’, l i t ’,- i n t e r  ‘ i s  t~t~

‘s t i n t  , m i r t t , i f t  cur r e n t ly  in t i t i t i u f ie ture , m t l t - l ud i t i g  niitst light ut. ill l i i  isit b it t  th us s t r u c t u i r .u l

~~~~~~~~~ ~~~~~~~~~~~~~ ---- -—— -— —~~~ 
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ge nerat ion.  I he brea k-up i t t  mt i~ i i i c r , m t t  u t  this structur a l gt’ue m.u tim tn CJti  he et pe ,’t t ’d i m t  p tm d t ie e
si milar s t reck ia c .  i e. t he general ch it ,itlet st ies i t  a. reek ,ig,’ ar e ctimrnot i t i  .1 ‘ - t i  ni

gc nerat ion and tilde pendent t f  a i rc ra f t  t vpe . I his us a not her a. is of s i r i n g  t h i t  in gt’ n e t  a -

ss r t -c k.mgc items do not possess characterist ics a. hich arc pecu l iut to an a i rc r a f t  t r  pe.

I be upp lication of \~ oonlera tr ia ls data to ,i i rcrat t of d i f fenet i t  s t ruc tu ra l  L ine - u n  ‘us should
he i. oided. (‘ lean s - t ile a. r e c k i g e  produced hr a Meteor will he sers  d i f f e r en t  tr i m tt i ut produced
hs a I igcr ‘si t u ( t t p i e i l  of the I920’ s st rut ’ t t i r m l gcncr it i o t i i i i  t ’ i t i  1 1 1 1  t r i te s i n p c i s ~ ltiii

c ’ e t i s- n , i t i u ’ n i l . I he f _ met  that t inget a ime t . i l t  ire unmanned should n i t  m l t ce t  the is s u c  s lice si rec k in

e h.u ,ui.’t en ist ie s i i i  tao dcpcnth i-nt i t  the ,mtt ~’’ns of ii pi lot .

4, 1 SF OF TR I.-% I,S I ) -% T . -~
\ s  mentione d in Section 2. -\.R .1 - ini t ta llr at t e n lp ted t ,,  us e \~ nut  1 ,1 t r , , os  tf .it .i in s i ipp’  ‘ i t

i t t  t he ina ls t i c a l  .mpproach I he mes u its obtai ned shosseth c, ,nisi l c , i h e  ii, ‘ r i — ’-t i ies - in ‘- i ’ t r lt - , as t ’ s

t n ,it i’et ’r\ m t t . m l s s i s  g i s t ’ good ie su l t s , in ot her cases t in ies ul ts  s t e t e  s e t ”  p ,r I n si t s  4 lear f ro nt

th is si n k  t hat it s t u s  it l lpi’ssii ’- iC to ,u t t ac h  ins ciinl,di’nii : to  the r - .- s u lt s , ihta itted and iht’ - s n  Si t s

aba tl ii tie d

Siu hse t iucnt lr - is 01 integr il punt  i t  tiler . i ’ -K~~. it a.,i~ ., - ~s , i s ‘ . ‘ u s c  s till, ‘i t h e  l i i i  to

dctct  illine tile ground mt npact po ints ~ t a i r c raf t  and t t l i s s i le  i t - ct K i n ,’ ,‘ I i , ’ s i i t ng  r i d- . i n i hte,i t op I’
si ts decided to desel i p a t’oiliparat is e pr ocedure hise it i - n  pi nc h inT t npi~u .ml ru les .i n I  t~ ris e t h i s

lin icei l it it ’ in pneteni’nce to t he a t i u l v t i c t l  approach I N’  -n ,‘, d uic  si t s  dci ’ - - t e l arid li.ts Si f t i ’

b-:e ist i t  - is i t t? i cccss - t or s i n  i ilUs ui—hoc t u s k s

5. t.R.I.. I’RO( 1:1)1 RI.

I lie \ R. I - procedure si ts dese lo ped mm iutid the ‘ h .  s n l \  that ill s i ree ’  - -  - - itenis art’ i l

i m portance intl i’ ic ti s i n  t l? ik i _’ s i ’ t l it’ contn ihut iot i  ii t in r i - m I  ‘ t i n. - t I n  ,nn,’ ns n t - s I

‘ic i t i re should hi.’ sn mt nsist t ’nt ,u t u d compatibl e s i r  l i l t  ssn i ~ K Cc t i  i s  th is  p h ’ iis - n u n s

t hat n I t - c  ,inn.i l s t i c , u l  uppr t ue h . ti s i r  k i n i c  f rom a te st st ’~s’s t e d item s ‘n i t . te i’ iI,d lit d ,s n , ’ i~,od t

t in- li ci idenst - iti d to  plait’ t ,to niut’il ri- li mtit ’e otl a s ru , i !  I t o t  i s  ‘I ten ts ii i nc h m i,  or r t n m s  ni ‘t

h.use been m t r ulr ncpneset ut it Lie s .mr ii ple

I ni ’ t t l  il l i t i sp ec t i t tl I t  tnt ’ tnu , m ls tt , tt , ,  i t si ms , l c .u n  th ,it ill s i ne , i,,,’ items , uld is1 - i n s u l i n  cit

t i ’ l irt ’t’ inn tips su! light . mc duutll and H i s  r I be cln,in u, t c t i s t u s  of t n -s - gt ‘‘ ps i n c  d iscuss -I  in
the lu if is s i tig s’~’s r ittn s

~.1 t i g ht \~ rt ’c kagc Item s

I gilt iteti ls i re , l n , i i , mcterus e d hi ,t ‘i a.eiit lit sunl it-c ‘ c i  t , t tRt m d  i ns is t  ~tt .u l u inuni ut m n

sht’i’t i t  e x t i  udt’d i l na le  m, iteri ,i l . perspi ’s li hregi uss , i t t .  I her lose dl t iteir f i t r s t . i T , t  5eh ’, i t \

s ho t t l i  . i i t e i  se p u . m r u l n  tu rn the . i i r ,  t i l t  itid the i r  t i t l e ,  rues t i c  e s s so , t , , d l s  tfi.-t i n n ’ . - ‘il si i ii ’is

hs st int] d mt t t  I hums ighl u t e l l i s  lie dita. nit nd It on? t hi- F’ c i  - n ip point hut , bccaus i’ of s t e i n  u s ’s ill

t n -  a. i t t d. t he s O t t ’ i t t e i e l  .iI’n’ut the uric of t u e  t iucan ss u tld i penuenee ii i’ sht ss tl u N i t  uN lig ht
mtet i i s  in , ’ iut’t~ ’i ull~ t t t t l t ui t tc d si i t i l lt t  .u st ’t i’~ ssi t t ipc\ _ t t  t he bre a k—up pu ur it .m n d ss mth an mpc\

n ’ ut ’ le of iii I be ‘ccli ii is located dt ,t,snsiit i d of the hr s’. i k — u p pu ’ i r it itld u ’ r  u , ’ i ’ i’it so t h i t  I t s  r- tn ntre
t ine us t-o ,nt - i dent s i l t  N the fine of t itt’ me.un a. m d  s i’ ’  1 ig I I his ~ ) s C e t  ii J,’tit itfs .uil il Nt ’ lig ht
in’:rns si hich s,- p . ir , mte i l it the Nre ,tk - uip point , anr light u r cn t  not , , i n i - , i u : ned  hr the ‘etnu st ’p ,mr u ct l
,it ~~ t nn ’ i t it,- n r t t l te  ( l,’;ii Is . i t  hi’ - ,i~ —ti p pn~~

_ s i t s in s t , m a e s  s u i , it that  iNs - c i t  s - n points ‘I si ucc t ’ s susu ’
p i n r .t l b re a k - t i p ,  t herl there s t i l l  he n s c , ? , ’ i s  e i i r n t ~spond i ng t ,  t l i -s ~ hrc_ u~ - p po nts , see I it: 2

( 2 Fl ea s V. recka~e item s

Ilt’ , m s s  u t e tn t s  m isc a hug h steiut ht sti mt , ie i’ , ur e , i  n .utuo ,intt i nsi s t of i’t?gini’ s , ha t n t ’ u ins

mini ft ’ r iounr i , ies ’ legs i-n c. l ilt’s ire l i t t l e  ,mt l e c ted  ~‘is ssin d di i t t  , tt i t t  t h e i r r n , u i c  l i t , ’ ’ tlt’pt’nt i prunlan Is
i i i t i ~ se l i e ’ n s  f the , i u i c r i t t  in the tu nic tt hu c , i k - t i p  ~ ni -h i tems ire r i’c , s i’ r e l  t r i ll? poin ts  s i n g

cl ose i t he  line of the e’,t~’t i dt’d t l ight p i t  Ii i f  the m m :  t i  Or Ik’5’au ise ttt ~m s s  itt’tl ut u r i s  i f ess -( ’p
s i m n t l i t i i  mmli  ,uet itds nm n i t c  Hi dui runm, i themr fa l l ,  s t r u t ’ n,inidont un i f\  n m m n t i i i  d i s pe r s i t t n  stu N ‘c:un

, m t af , on .u’ ,e n  ,ie, t he i tems st i l l  N’: ese nlr d i s t r i b u t e d  .mht ’ut tN t ’ t- x t e t u d e f  li ght path si~e I itt I
\‘. rat d r i f t  st i l l  i t i t n i t f uc , ’ s i l t ’ ’ ’ hi_ is t i  t hus t t i s t r th i i t i i t r t  hu t  tills is gemlc r u t l s  st ii,t ll m l  t’i r t l l p t n  i s , ’t i

sst th i i i  ‘,tsn an iii.- disb’tt’ t s i l l t i  u fun’ . - m r t ic , m n line t f t t u s t t u t b i t t ig fi t h e  groun d l lt lpuc t  p o i n t s  it h e i r
utet ns is m i l define the ex tended t l i g t t  p i t h  of the m i ? ’ . r i f t  ssi t h s u if t i t ~ierit , i c i i- it , i t \  I he l l e ms ~ t ,’ t  -

st’c t o r  st i ll h., p s i t u i nt ’ m t s s n l n n u e i i  s ills .uht’ut th us rile.ln t ine is i t h ,upt ’s ,it the i-i’ t ’ ,i~~—up i~’ ’ i t t t
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5.3 ‘~1ediurn ~~reckage Items
Medium items au ., t f a ise ss t iich has.,’ r t  , i i , s t u i t  it’s a. hi’.h itt n’ l ’ uii’ mut -e ’ .l. ii s _ m i s  t ug de~ u ci r’’.

h,tt h st int] t h ru f t and f s t m i s m md ‘c i i ’ ’.’ t t s  I bet st i l l  N’: ii, , mt t ’,l in , m si ’s n i ir sl tss russnuui i  i f  t he s’ ’ s t e r i i led

f light path and t i l l s i _ m i d  ill tint ’ h t c i k - up pit ur i t .  ‘si s b r t i s t n t  in 1 m g  I_ t his ss’ct i ’n is hu tundt ’d N. t N ,

t i ,: a.,itd limit it t  the lig ht ssi ~’~ k.i~ni’ ‘,‘it i ’? fiR’ ,ti it s ntiu n n ,l h ut n i t iii the lte mss s t i e s  k . t t t u  set’to r, uni t]

s i l l t i t  conc usc ‘.- u in is’ nt i t t t t i n u g bci st een the e.-t t ns ’nic h’.’ m s  int l light items

5.4 I)eterm inat ’ im of Break I p Point

Br app lsut i g  the s- o t is ’epts ‘.- ,‘n r r ,iined in tht ’ preceding si’c t l, una t he hr euk—i i p  pit ut ut i . u u n  hi

c m , ih lns bcd it ut h ne mso ni.ihle . i t t  mi m.li.’\ I he t l t rcc t iot t  ot the tnean 55 utld intl the l ius n iut  p i th  it t im e

uu t t ’ r u t t  m t break—tip still ,dsi ’ he esi uh ius hed. It? the process . a go ut idea st ilt N,- obtained i l  the

hre uk — u p  scquic t ut ’t’ it it i u t st ’qui et is ’e sias su f f r c ue n i lr pr isliunged for sirs ’, k a t e  to  hi.’ sc :itt en i ’,t u ser m

~n i,tnif ic ,uilt Ir gi i’ u t i ’i , i l e ,m t hat i  a.ouild base been the c uss ’ st ut h ins tmn i t .m l i c i i un ’  hn, ’ ,ik u p  see I ug
I h i t  is t o  s i t , ut is  getier al ls riot possible t i  i f ist it igiuish hetss t’et ? m n s t a t l t u t i i ’ i i s  br e ak— t ip  m iii sh im

period brea k—tip .i break—up sequicrict’ tilust e x tend 05 Cl .1 Ic I,it is t’ s long period t u n  lie sequent ’s- t ‘ -

he i detnr u l m ei t

‘s gmud e\ a r t rp lt ’ i t t  liii’ s t i r  ti sshiehi the t i im t i ’et m ds’ n i t i t us ’ u t u u u t  t I  t in- hnt’ . m k np sequence ‘ . i n i

hel p itete mn iune rIte i-oust ’ tat in ,uc ndci i t  is pn, s ideit hr ,Iitidis i. \ ‘t~ 4 11 a. i , , : :  H~ ’ t 5  up u,

m t \~ i’,’t ner i ott l’)t h 1-e hrutur ~ _ l~)h~ S plot ill the uiti tm n f , m \ , l u t  it t  the s i’ e~ Li,’ s t t i i m  t i t u s

_ i t - s’udent us shitss ti u~ i in fri the mu ra l _ u cc mde i i t  u r i s t ’s nsn, i in ’ t m .  Ret I t In’ ~‘ ui t  S i n s  ‘tn t e u p n e n ei l us

i n d is.inuiig that hi e _ m k— u p si ms n i t ra ted  hs f im lu i re ‘t f i t s ’ t i n  s u tn c i ’ Si n :s~~ nin e i te ms fur thest  f rot h t ime

so t itt flig h t pit it isert ’ p c ’~~’’’ itt the u n .

the mt i scs t i g a t l i i t i  i l l  s u ih set t t t e r?t  . t m n d i su k  m~ ~u,I . i t s  si l I m  s n n n u ,li l e u l u m n s n s neil ii ’ , m

n’, - c s l u a , m t i t l t t  i t  the ut’i utfs’rm t t i  l indus ik \ ‘H -? I t \\ F i le hi l l t lss in ig the S R I  ‘t ’ec d uu rc.  it si ts

.ippr et’iated t hat be t indenising fa in it ig is is t he f i rs t  te rn  to  st ’ ps i i  Inc II m t t r t  the nm ~ i _ il t m i d  that this
ii,- i- u , r i s ’d sonic S t o  4 O seco nds before genera l hne . mk—tu p For t h e  t u i t t t l g t o s e p m r a t e  in this s i m s  -

m~t uss fet let ’t ii ni of t Nt’ t ui s el ,mmi c ri ht’ndr t ig ms re qu i m t cu t  I hts u t i l s i  111 15 hi t s’ i t ’s-u nrest is s u n s u I t  t i

t t t t t t i ’ t ari d f lu m u te r  i ta s  ,t,ls ,in rt ’ed is tlit ’ fi st Ii ke lr cause ot t in - c ,uecid i ’nl S s u u hss’qm iet t t  ,mti u l s sus  ol
t ire hints treedot i i l it i t t t ’r I t o  , i e m e t  i s t i , s  ‘I the l mt l i t is  ik . u t t e i , m t t  e i it lt n t iis’d t iu nn , - is  t he c , u un s ,  ‘i the
i t t  u t ’ nit -

i’i. ‘~O\1F P R O B l EM S
It us s i t r t hs t h u l e , mt t hus s u m a c , t i ’  nler lt u it t i  s ’ille it t i’i’ pni hit ’ t im s a. hich ritsir be ,-m u , .lunu ert’d in

u t c l e t  r ntut ni n un r ite break- imp pomt it Some sit i ’ c k , m e ’,’ it m ,~tli s t i l l s  he re’.’ m tsere d f n i i n r  pi sutm o ns a.h uch as ’ ,

ap pu t e t i t l i  , incom pat ible siub ins rc m s i t r lm h l e  put t mu s ’5 innJ, f i t s  he dest ’lutpi’d. 1k-f i r e  ittet iupul ng
t i  ni outi t s t tic pus’ tu nt’. such itcrrts should he i’x , m t t t i r ie d s a t s ’ tu lhs Ii) ms s ’ent uurl st hit’t het s in’:
u l h i t i t u u l n t , I I  l , m s ’ tm t r  nua~ he inso ise d  in t fe t e rn in n t i r ~,c’ t hin f i n a l  location. I her ru ms hose reeetst ’d

si tile . iddi t iut ns u l impetus is ii resuult u’ f  iuite nt ial i-x p losm u’t i . en gine dms in t cam m t i u i n i , co lh isu on ,  i r e S i

e \ ,it ilplc ill thus inf lect Is pros uded hi t hi.’ s’m r t l us u i ’ r i  bet steet a missile m d  Meteor \ ~~‘ l i ” ut

\~ i t’t lter.i m n  1 5 t h .  \oset n her, t9 ’ l t h e  \ t s su l e  s t n t i s ’k t he pu nt s’ ngm nu e of th e a i m s ’ u , u l t  and . us

tes u i l t  of thi’ im petus t her u e s - t-i sc il du unrnt g I he collusion, pieces i f  the port engune rul t m n i , i t e lr  landed
in a tt ’e ion k-hunt] the t i n  act hr s -a k—u ip p i m r t t , h i m  4

- \ n it h t -n i’’satnple is p n isude d  hr 1 ) 1 1  I ? u , s t ’ S I l — S ’ s  S I  sshi.,’hi broke tip i t r , ’ n t- ir l l mt t u t t g  s t i t h

I’mp t - n Its in ( ‘uini i,utic hit ’ \ ‘ Ih -W \ ’s ’ B i t ?  11t H \ i,o ,h , I ‘Y’ 4 ( he Itotl pmopt- I le i ‘ 1 ‘ lii Iii ri

lht sm nc h e se pi rs ut t ’t f t nu r t i i  the i-nu gi n e intl sis is n e c i s c n e d  f rom .i p m t s l t lu tn i  siell to the left , i,i.’

ui psturi d. i f  t he t’ ’s t t ’ t t ded flig ht path i f  the , iuri - t , i lt , I- ia  ~ S ro ta t in g propel ler st i l l  s t i l l  desdi p

ti l t  mi s t , i t i t ’r st’b’t ,o,utiittl and stilt tend it s its to left  oi nug ht dept’nn’ .f in g ui pm i n u i t s  direction ill I

h r  e l Ick s ius e nu t , u t u i n, it bct t sue s s~ d t r i m t h e  rear , t he d m r e s t m o n i  of s its sti l l  h i_ t i the lef t  s utid t ics ’
sen s u l r is i ’s l i g , i t u i in i  c itt it irnieil t it mt t he propelle rs i t t  t ile I s t un ( ‘irt it itle he n t t m t e in .i el t ts ’ ks t iss ’
dni’ s t or? ari d the m p p . in e tut  rnci rt it patrh i lu l ’. si ts nt-si l ted ,

I st u t fur ther  pniuhlemn s ne st’s’il i l l u s t ra ted  hr the m n t — t h i g ht hteuk ’up it Sa Nt e  \~ — t- t ’ s 5o t 1  I t ut f i

\ t i tnu i s t  19W) , I it it I he f inal  p i t sut io t i  of .i rec itse re d mie r t l mat not hi.’ ndent rcal a. f l i t  i t s  gt uttind

um p ict pt rn t t  since it mar hotinice , i I t s ’r itil pact Sonic ite m s , p.mn t r c mi lun is  sthee ls, mis hi ’uris ,

su rp nm s i ng lr long Si ms . i t t t ’t n i ipm ct is m l l t i s t ru te i f  hs I m a I’ isht ich nidit ’ , m tt ’s t Int - p s i- i n u I

sihe cl a. his - h t i nt u l l r  e tt ile t m  nest sortie l4flt ii ( I  ~li ~ if s  I ta int  i t s  Li l i m n m d  impost p u n t  ~ t ht en ,l.,’n)s

t i nts h~ rec usc re d Ironi p is i t i l i n l s  is hich. t p p u r t ’ t t t ls - de ts rat ional es_ p t utl ut iot l I he n s’ t r l ’ n  t i ’ ut

p it si n i i ln t m t  m u  , m u lt ’no ni , i n m t r i t l  rod until , m t , i u l  t in piece shoss nt ri I- mit (u , mr e  c-o nl i’ ’ s , mr i t ple - - I n I ,  m
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hcse reported p i t sm t I u ris reflect on d it lsm r r hi t i m  n u erro r , or t he pieces is crc urn ’s intl t i l t  heir nepui rt ed
pu ls u n m m nts hr some ex ternal  mai ns- s I )e mup ut c a. u~t e puh lucit s t i  t lie c iunt i .t m - peop le st i l l  hate ,u
ten i detics to puck uip u ufd pueces u t ss ni’c ks uge a nid t t i c , m r r s  tf ieni , i ro tin t d l u  a ts hui e hef im r i - d i se , im , l i n i g
lie r h ,

7. 1)ETFRMl~~.4’t I O N OF .- S I . f t l ’ t DE
7 .1  l ight Wreckage Items

t - x pt ’niniients hsm se indicated th s mt lig ht ss’res- kag i .’ us-ms t , m l l  s t u rh ns ’rtnina t se los - i t ie s in t he n i-mine
nn s ( t f ) — ~ () f _ p _ s  ). I t  us com rllutn lr held than nmin s t st ri-c kage items base te nrn una l s r t i t cu t i s ’s of

ls ’ ss than IS ni s ( S O t p s I ,  Ret , 2, I bus is s- s I uu sst ienlt to  s ni r ing that m i s t  a . t s ’,k,t s ’ e u t e n t t s , t t e  s i r : , , . ;
and light sthieh , in genera l, is tr ue Hossever , th is  s hirm ild rut  hi.’ utile ! printed to m s - in t h.mr the
ri la mo nut of t he aur e natt  a. reckage is contai tied u ni snumil l I ug hn items s i  net- these itents , a lt boug h
nut iterous . genen mu lls muccou nut for less than lIt ’ of t he 4 mmrcr sm t t  s’ .cial :t

I he dr i f t  ill lig ht items , i s- . t heir distance tron r i the hne , i k  up point ni ics ms t ine s f ,m lo t i i -  t i , -  l int ,’ tnt
he r ri e sm r u ss nd. flutist he ,u f u n c t i o n  m l  their ter m inal seh ot ’ utus ’ s It  t h e  penn,iul . 1  initial ,is-ct’iei mt t m ?  is

uL’nuil red intl all rents sure assuniied to  ta l l  ~it t heir e u n nsrs mt i t  ten l i i i ,  st ’ lu nc utu es f t  u nit bnes m~ - up. berm
s ln i t t  is ma crn hr .

itt i t t  ,,,‘ss

Si lid ,- S s i l t m t  udt’ imt brea k—u p
s ,, rtt enm n a. nu t sel m it ,,’it r
i - ts’t mm rai l se l in t ’i t

f he s’or lst .unt I \s  , t is ds’t ,’rtuine d hr assignina m u t i’ rmi ns m l ~c l i em t s  i t  i n i  si Ii p. s i t un t N t ’ mu st

,l us t,mni t uter i ? arid _‘4 nl s ( 5 h } t , p  s i t i - t he item? ns-smn s ’st Ii: h n e . i k — i i p  p uu i t n t .  Isa s m ul ui es ot I - ‘ss .. i . i ic
t hus , ‘.htai t t e d antd m m tuiearu s_ d ue us usual ls’ sm c ce ptm uh le hut some sss ’ u nnlu i n g trait he ails usa ble i tn

c c r t , u u n c .msc s . I here c , ms es iru s’lutle tllo s ,’ a. hire tile t v u i ,  s.ilut ’s , as determine d t n ’  sent tint tereni t  -

I his could ins f icsi t t ’ than rio lug ht i tems isut f i  .m teni ninmi l  sc l os ’ it r  of .~4 in ’ s i S f i l  ç’ . s . t , untae ~ ,e~ mts ted
on t ir,ut , ht’csuiisi ’ oh ,i m u g s - s c a t t s ’r i f  a. n s ’,’ k , m c’e . rh~’ t u r t h,’n Ni i u : t l d a rs  , l  he light tents s t a s t ot

pn inpi-n lr determined. I he tr t ’at nts ’nit i t t  t hcse i- miss - s is  largeR m m t in , i t ts ’r if ps- rsor mmi l u~dgt-rnent at iu l
c \ pe nie t us e ,urid it us d u f t n e t i l t  t i n  hun ts tile hmu rd mind fast  ru les

u n ,  e ,m s s m l tm e ‘b 55 , I i t s  been cstah l ishe it ,  t In ,’ni ,u st ilt ’ i t t  ter thlmnlmui s eh i , u ’ m ts  t i n  hi .uss i g ni s ’ if to
i f ru f t  ‘ni,’ , m su i r e , t m ul un u g the uin s ’,i t i sand iii, ’ I sing th is  si- n i le a t e r m i n a l  s e l m c u t r  ca t :  be assigned to
i r IS s inumn le l ig ht i tem . I h i m  us . ui s t ,’ .md ill e i tde _ isot i n in ig t o  nrn c ,usu ns ’ t he tenn im na l teIi ’tm.’ it \  of ,ilit

mr ’ u disi . ,tu. ml ‘,u, n lin item , it us possmh le t i est im ate sshs tt  i t s  lii n : t m i u , i I  si’iius ’u tr nnust hose ht- s’nt hr
n-I rs -ru es ’ tm ’ i t s  posutu ’ i m a lm u n i g t l i e dnu f t  l i ne .  Ik’ca mis , ’ of s , m a o n u s -s in rh., sand, t t t is  p u u l s s ’ss in u m n h u k e l s
n i  he ,u’.-c m m m . i t s ’ ; sl nrhte inl d i snd umuh tennis s i ul l  base ts ’nni inmu l s e l l s  r ues a.ell m i t t s - inn hs’i iss m i i ,,~,-
s- 5 tm rrnsm u5 - d. Ir iste s ud, it i s  hetten m u  ,‘ ,l n is l t f s ’r t he lig ht uter u s in gr ut ups ,und t o e s t i m i t e , tint eac h grou p,
m m t c r n n i u r n . u i  s ,’ Im ne i- s ts luich us tIne . m s e r n l c s  t in ’  r i te m i n i l u i p  us ,, sshole ti n e l i eet , ,‘,uc in ,- u u l t u  us nep I .~~ed
hs a hr pot m d  icitl tent lit ii ice k ,m it, ’ ti ui,  in, tn tenth ?’- ot d m 1  n and tennuit ai s s -l oct 15 , nt-presents t he
i-n ip us ,i it hinfe. Br th i s  tll c5t ti s . t he s5 m ut , l r m , ’s , ms so s ’ m ,u t , ’ d s iuth the tr m u t ec uur r r  it t suns ’ n t i s  mdu .mI Iu mnl n n
tent .m r s-  m u st u u ded it hule each item makes an equal cc tnitru hu it uon its thin lnnmui s’.u le u i latuor u

I re qu t en ut l s  the gr inuips i re  s e l f — d e f i n e d ,  u,, there ms ,i ti , ut t i r sm l tende ner iou s it ,’, k, m c ’ e  tern’ t i n  he
us’ ‘ s i l t  ci t mn an ‘ im p s  S’s m e r e  t k-se nat tuna groups ire il l—d int m e d . a s i t  s t  is i i i  s .m pprtsmus ’ t l u s to
f m s  if s ’ t he u f n m t n  Im u t un unto imi tersa l s  m inI t o  t- innsn d s m the Ite uu s i t t  cu t s -h r i - i n  ‘- m l  i s a  gi i tu up I he i f us  su n :

is , i i h n r n , i n t  i- n u t se l,’ ,m, ’ ul so is  to eater f i n n ’ s u i s h u  nat u ra l gni nui pmn ig i s  din,’’ ,- \ i ’ t

s ing equ.i t u i n n l  I ~i. an d m i s s umn i liutit the st unt ]  se hiu.,’ It r us kni ss nu inne ,‘s t :n ln , im , ’ i t t  a l tn t u id c  is

u th n s mune d ton s i t u grou p .mn i&f ,ur l ~‘xmimii p I e is  e i n rt t 5uiniesf in I ug —‘ antI I uN.- I I in N m - u k  -up ~ut , ‘s~

. m l n u m u ude_ m itt’s.,’ i’s t u m i i 5 u t i -s t r ios hi’ i- t r ies - r i - ut i f  u fesure u f , it mi l lutis t i f f  the ps I m i t t ]  ill u t u u u : , i l  ,us ’u - t’ lc m , i t  in
ht ,i — , u i Ir ru the espt ’ r t r n i s ’ rtt u l d at , m ot Ret 3. m u u s e f u l  i um l s - — u t t - t humlih s o n r c m t u , u n n  us i i h ta mr i i ’1t Nt

s u uht m ,ms ’ t i mug t r i m t im t’ mi ls’ui l5utc d a l t i t ud e  an ,mmu nun it s-qua il to the di st, in is ,’ s’os u ’ t , ’d ri i n c  si ’ s i- rid ii
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