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it is possible that nsl ~ t v  of the details wouhi not be known or would not
‘a

have been decided during the early desi gn stages. Build the engineering

description package tr im the data that is available. One example of an

engineering descri ption package can bo found in the 1974 Whalen and

Askren3 report. ‘l’he engineering descri ption package used in the Sauer

and Askren4 study (1978) is presented oti page 63.

‘a There is no set format for the engineering descri ptio n package .

Experience has shown that schematics , block diagrams , flow diagrams ,

‘a
drawings and other graphic aids were very hel pful to the technicians who

have used the packages. Technicians state that ~he use of ill ustra t ions
‘a

and diagrams should be about the same or increased relative to the

‘a number of illustrations contained in the engineering descriptive package

presented below. The length of the engineering package described below

‘a
is 10 pages (one slcI€’ ) Iii text and diagrams . Only a small percentage of

the technicians stated that this was too long. Most recommended that

the- length was about ri gh t  and some stated that it could have been

— longer.

N
N

N
The main cost of developing an engineering package will be the

engineering time necessary to collect , edit and compile the data in a

sing le document. Approximatel y 120 man—hours of engineering time was

— required to develop the Eng ineering Descript ion Package included below.

An additional 20 to 30 man—hours of technical drafting, technical

1WIialen and Ask r i -n , Op. cit., p . 57

t t,;iue r uund Ask  r u - I l , Op. i i t .  , p . 57
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t y p i n g  and techn i~- .iI c ’c l t t  ing %cc ’I~ t cq u i t u - t . i o t s  t o t  oh t i e r p u ~~k;Igi-s

will depend on the s~~ pt ’ oh t he par t i cu la r  s y s t e m  or t’om ponent and the

‘a avail ability 01 the r-n i~ulrcd data .
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DOPPl ER SIGNAl. PROCESSOR

FNt; I NI-:ERING DESCR I I’ !’ tON I1ACKACE

1NTRODIICT ION

The Dopp ler Signal Proe&’sso r (DSP) unit is designed I or e~pera ( ion III conj nut’—
tion with a Four—Beant hInd s , FM/CW Dopp ler Radar Navigation System to provide
continuous direct read lug 111(11 cat ions ot .il re ra  I t gi’oimdsjut ’ed mmnd d r i ft

- I 

__ ang le.

In order to provide an understanding of t 1w t une ’ t ton and tip c’rsl l ion of the
Dopp ler Signal Process-a u , it (S uen’ e’S I i I I Iv  to bt’ to f l y  out 11 ut’ the ovei tu  11

- I ‘a operat Ion C) I the Dopp 1 or R.td;t i Nay igut ion Sv uul i’m .

Four-Beam J a n u s  S,,y s- tem

‘a
The I our—beam “ janus’’ s - i V S  t ern dei’ Ives it namt ~ t rum an ant ’ lout Roman god who
was represented wi t h two oppo~ tt t ’  I aces.  ‘l’he’ ~e i i t  t’una s ’ . s t e m  emp loys one
transmit ted beam d i rected forward , and one t i’ausnuitted beam directed backward.
The ref lected signals silt’ samp led by the i- ece ’ t v l ng  antenna .i tternate l y from

S ~~~~ 
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‘a

t lit ’ i t gh i I — I rei l i t  Stu d 1 l ie’ I - I I Ii t - ‘ I cu ’S i ’ t  I lie .11 i~ i .it I • ,uul t I i i u i I lie ’ I c ’ i  t —
‘a I ront and the i i gli t i t  I i - h i  - ‘ ~ l tlit’ .1 t I u c l  I . A i ,‘~i I I ’’.c II I i t  I dil l  cit I lie’ I c u u i

be’ ,Illl }iIIlIlS 
~ Y~~

t t’lfl IS  (ii I i , I ~I~~ l in I (guil e’ I .

- 
‘ ‘a i)C)j lp It’ i Nicv tha t Ituit

l)cupplt’ t nay i ga I I ciii u t  I I I ‘ c ’s I he’ c icup~u it’ I e l  I c c l  wi s I e’h u s  u c ’liaugeu Ill (tie’

— 
euh~ e’ tv& ’ ci trequent’v u I  .i ~, lYe ’ I u a Ill , ch Ic ’ Ii i I c h a t  l’.,~ fl ic it h ilt betwc ’e ’ n I lie

I t’cj tle ’Itt’ V 50(11 c e ’ ~iti di I lie t t ’ s C’ (ye’ I . The’ ciii set  V i’d hi e’quene’ y is Iii glte u I han t it , ’
Scull l - i’ frequen t ’’.- wlii ’uu I l u ’  II si iii i - I c ’ t t ~- - c - i i  I h ut’ ~,~ ‘iut c c ’  j ute ! I l~ ’ t .‘e’t’t ’ .’t’t Is- i
de’ e’ l e ’ u s t t ug. I dili V CI~~,i ’ Iv  • c t t e ’ i i  I hic cI (s-; t I I lc t’ is lOc t easing, I in’ o hse ’ rv ~~d
I ic ’qcue ’ne - v Is  towe r I lusuut t t i c ’ os t i u c e ’ I uee

~ ule ’ luc V The sh itt I loin t rue I requie’iuc’ V
dt ’pt’ne 1~ on the speed , i l Id! ulI ~ i t ’  ol llioye’flue’uIt cu t  the source tt’lat lye’ ~~ i he
I Cc e’ jt’ e ’l anti Is dci (nod Is~ •i cu~

u
~u l e t  sit u I I,

ht c 1uu~ L e ’i R,lcl,uu N,~’.’ Iu~ ii i~~ il - ,  - i  c ull ~i’t~N~~)

t~ U oundspe’ t’d Measu t- cuio lit — W i t  It t e ’  I or c i te ’ 0 t e l  I” go t  c’ I mclv onion I cut I lie •i t i  (‘t I l t
— 

w i t h  ,t t orwart i ye lot ’ i t  ,IIi s - ;d-~, 1 Cici l l i l  I t ’  u oh i t t  in t he’ 1 C ’(’ (’ I vod signa l t i’e’quc’u —

It ’’, I t • t IIu l the t cirw ,utcl i i c l ,I t t t)e ’.liIIS . (lie ’ , cu uiiti h iteti deu 1i 1 lc ’t sht i I t cut the’ Iglut —

front (FRF) anti let  t ,it t 
~
1 I.A~ • 

dli lt’t ( I l o u t  (F’t,F’) anti r i gh t—af l  (FRA)
‘a beams is direct ly p illI c It I I cuna I t ci a I l e t  at  t h o  u t  zont a! groundspeed . B’.’

~‘onuti In I ng the dopp it ’ i sit lit I re In ti C II h , t 1w I cut-ward and at I beams • I nac e’urac ’ ics
due I ii  at ie ’t ’ai t 

~
i it  c i i  in c u t  I l e s i  I ye l i i i - II ‘.‘ ii e ci hin i tau t tnt

‘a

Lit it I Aug Ic’ Me iasurenuc ’ut t  - (It i t t  acig he ’ I lit ‘1 mat  t o n Is cut ’ t ,e I noel b’. ceunupat ’ I tig I he
ciopp te ’r shi f t  F 1 (F 1 = ~~~ -+ 1

~~A
) wit It I Itt ’ c !cupp let , slit It F’ (F ,~ — ElF’ + VgA )

‘a When the antenna is a I gne’ ci w i t  It the au c 1 .1 I t c i t  t e ’ c’ tiøn of mot ton (F’ I gtir e
F w III eqcua 1 F’~ .ini! no cli i I I etiot w i l l lie generaL ~ci . (‘tie •tng Ic bet ween
i t t  e r s u f  I heading antI al t t ij l  c i i t t ’c’i ton ut  not Ion Is t he iii I I I  augic ’. In

— F’I gurc ’ ‘ti , the dopp lc ’ u s - s t i l t  1 F~ Is - c gt’ e’ll ci’ thin I tie’ ti o t i u t  l e t  still I F’ - . The’
t i l t  I c u ’ c ’ ut ~- c’ be’ twt -~eut clopp l i - u si t I t  I ~‘ icial I-’ ‘ I - - s-’t ’n~ c’d t~’. I t ie ’  ileupp It’ t Si  gita I
P1 I d ’ s - - S I  LIU it  wh It - I t  l i lt  i t  u - -  I hue ’  t i l l  c ’ I lu l c t ~‘ ii I gti t h e ’  hut ’ , u i u u s - s ,ili iu( the a l t  ~~i ~ct

c h i t  ~~ t (t i l t  of mot ion t i  I d~i li I’ 5 , ‘i’Ii Is - i u I (slut i’ e h uI. i I i”. I t i c ’  elcip p lt’t i-cu t I t ~
I ‘ 1  and prtuv Ide ’ ’ ’ u I i iuc - c i i  It t ~t Iu r  ii ’ i lIe ’ ,isell t ’ ulut ’u i l  . Iii P1 geite ‘ti , ( lie’
hi( ’. i s i I i s - g  cu t the ’ ,i ( i s  u i i  Ii i t  huu ’ i ’ u i a l t  ci Oct t c u c ’ ’ u ’ u p i ’ u l s - . . i I  e I i  ( lie cit It I

~‘\ ‘ s - . t e ’m I i e ’~~ t’i t ill ion I I gut o I ‘,h I c IW’s-. ,j h uhc ic k cl I.j~~u .ini c i i I h ue s - Iic~pplet ’ Raci at
N.uvi g5t t h u iui Syst em. l iii’ I i  i i i s - , i u h t  I i i  ~~0I t t ill i l l t h e ’  t u ’c ’c’lv*’t /t r a u t s m t t  t t _ ’ t
gc ’ ll c ’I .11 (‘‘4 ii I t t ’ d L u I t ’ I t C  V iIiu i hii i - i t  i ’d , s W ~ I ~icI I s  i t  c ’ c Ic i t ’u ic ’V ~ih gwi l wh (t’hi is cotupled

‘a I o t bu t ’ .1111 enna c u d  I i u it’ ,u lu I l l  (‘ci III t he’ I c ’ l w ,i i c i and at I lut’ ,ims . Ci’ountl ret lee I i’d
o I gnats ,u re t’e’c’C lVc’ui liv I h ut ’ .uil e’utn ,i , ,u Ii 1 - 1 1 1 , 1  t c l v  I e’t 0. ~

‘ “ second Periods I toni
tie’ l 1gb t — front , let I a I t  cod It ’ll - I i- out , u t ght ‘it t beams . A ml xci In the

antenna onE t ml XC ’S I lit’ u ’  - e I ve’dI s-i I g LIa I s-u w (iii .1 samp It’ ot I lie’ I ransm I LIed
‘a 

I ri’queuut’v anti out puts h u tt c’t mcd i , i t e ’  I re’qule ’ utc ’ I c’s I t’eum the Ic’ It (side’ A) anci
i~I ght (ii I d c ’  B ’) beams . h ue ’s, ’ s I ~‘,iu , u Is-u ,ul e’ u lis-meuclu I • t t  eel iii ( lies- t ee’e’ tVe’t pot I I c ’fl

o l  t he t ’ e ’C lvei / I I . u u ~~’ s - Iu Ii I i i  i uu. h uut i i-~e’(j I l u , u n ta l u i t i ’ i  that cutiv I lie auel te l d~ipp let
‘a ‘ h i  u t  I u t ’chlIt’nc ’ h’s ,iIIIII u i  I I  t hi . ’  inp u t  t o  the iiopp lc ’ t  SI gn,t I Pt d ie t ’ s - i s - s o t  euni I

t h e ’ I ltulup I e’i sh II I I i a ’ i h l i i ’ IlI ’% ’ I ‘ - ,uc t ji,ul Iv ~i Hp.’ u I t u r n  ci t  I i c’ eh e l c ’ i lu  Ii’ S w i  h i t  the
ilopp ler oh It t  t c’ p i ’ c ’ ’ .i - u u l i i  ii . I l i i  c’t’itt ol I u t’qiie ’iic ’v . ‘) tii.~ hieupp l.’t Signa l
h i  c ’s e ’ s- , - , i l t’onutu Itu’ s , I u i u l  
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‘a

‘a g tt u tu utc l s - l I e ’ c SdI titta log s - s - v I t c - i u u  ‘.‘o i t  age I ut cli Iv tug l iii’ gro~indo~ue’ed I nil I 1 , 1 1 III

I lie t’Oflt ic i 1/1 UiJ (Cli t e u l  p il l.’ I . ‘Flie Iii ‘it ’ ossc’ i  ,i lou genc’ral c’s :1 ci t- I ll  er ro t
o I gua I for rotat ing anti Ill gut ng th e antenna wit lu tin’ a I t’ t ’ra f t  dl icc I t o ut  nI
mot Ion, A d,’t f t  ting le’ ;ut t . u 1 tug sv itehiro vu I I age h~~ genvr:i I t’d dl roe I lv by
ant e’ututt pus It tout t o j ’ I  ov 1~1,’ a di i t t  au g 11’ 1 utd I c a t  Ion on the e’llntro I / m d  I cat ni

patio I . I Ii add It iou I t s- l ii ‘~v hit tug m d l  e’at ions c ut gIotlutdspc ’ i’t l .mcl di i t t  angle’ ,
l iii ’ (‘till I reu 1/ m d It-a Ii’ u pa t ic ’ I pei’rn 11 ~ s lew I ug of grouncispoe’d title1 ant enna

‘a t ot si t  I ott lcl t test pui’pos--i e’s .-ind the select I on oh I,aitd , lii g Il Se’a or (ow  Se~
niotie’s t ’ t ope l’ .I t ton 101 ’ t I l e ’ Lt cs -p p it’ r Rttei a u Nit V h ~~~ I I on Sv ( i’m.

‘a
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h”Igut’ e I, 81 u s- i L  h i~ , l i~ l .1111 — Ll4 ’p~s- 1 u i  h-L u c h , c t N .tv I g.it I e s - Il S~’stent (DRNS)
‘a
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‘a

h’iut ’ (It i  I jie lSe’ 01 t lit ’ Ito j i t s -  I I - I S I g t t t t  I Is- i cs - u ’.’ ‘s i t u I (i)Si’) nut i t  is (ci e ’onveu I I iipttt

eIcij up I,’l I t eqeu (’lt c ’ It ’s ( , t u u d u s - h  t co t ’  i vc’ ei I ruin I he’ t’t’Ce’ I vet / I I- sins-t m II her on It h u t  o
— in tte’cuir,i I t’ s’.’nclti o ,nt,i 1 ~‘g v o l t  age c it groiuitci speed , an(I to mont tot- the

tint t’nna I iti&’k as (‘011111,1 i t ’d I cs- I Iii’ S i l i e  u- .iI t dii e’O Ii  Ofi u s - i  nlcs- L i  on, producing tin
0 t ’

~~ e s- I s - s I gn u I (di it I C I I I ’  I Wile ’ t O  I hi’ I wc s- I .t ii to oo I tic ide. Tb Is t’i rcu i signal
Is uist ’ cI I Ii s - i ll gn tll(’ ti~lt i’ Iiut.l w i t  Ii (lit’ s- il i’crnt I ti ti’ec’ l ion c’i motion. In
tile1 h i I tin to t h~ si’ hII’ lnl,ilv I t i t le I I otto , the 1)51’ utuu lt  hi.t s I lie I ol low tug st’condni-v

1 tu ic t  I ot i s - s  s t i t c h  c’ti~u , ih s - I I h i s - u ’ ’ ..

— I . t: res-undspeocl uih I s - I I I I nt .uii uu t i  I s - cl t ’w nuo.,Io , du ll’ i t ug whi t t’h I Ime’ I he
glu s -luIldis - ip oe’di h i d  ci i II I •;t ’t ’ VeI I c ’ d s -p s nt,c’.’ l’ s ’ fl lslultW II’.’ o h e’we’d t e ’  check
ci rent I i s -p t’i i i h i n t ,
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I he rc’ct’ I ‘.‘t’d I 111 111 1 ‘ c i  0 11,1 I , l iii ’ lIlt (‘1111,1 l u s - I c ul ’ s-~w Ii c ’ht t ug seq ucfl e’ t ’

s- inc h t itt ’ ii i I I i t  V c l i  I hu e’ ~ t c s - ulItCIs - 5 1 1 ’l,’d stit ci cii III e’ I I t ’ l l  lii’.’ to t rac k
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‘l’he Lock— d ice ’ k ulpe i. u I ion is 5ue OOIfl~ h o  heel by t u t u  etthui t ’ lug H~~flti1 ie’ t I i t  ,l I
errors to t he  Dopp ler Signal Processor and checking the reapemse to
thes e errors . Since the errors are of equal magnitude and of
oppos ite polar i ty,  t he overall e f f ec t  on the accuracy of the DSP is

‘a not

I. Memory operat iou , which I rts -e ’zes the groundapeeti and d r i f t  ci rc ’uit rv
‘a at their last valid outpuis should the lock—check c i rcui t ry detect

a failure.

4. Sea Operat It s - u t , wit 1db is capable’ ot being sw itched to three diE ft ’reuut
modes , depend I tug on t h e  c Ircumataitet’s as follows :
a. Sea Low (Marnua I) chaitgt’s ( lie’ grouttdspeed scale facto r  t ut low

(1 ylng over I a rgt’ bud it’s ol w.t II’!’ .
b , Sea Iii ( M,iiuti,u 1) change’s the’ I ut k—t’Itt’c k e ’ Xc ’ il i s - s  b u s  f o r  high

I ly t u g  t ’ v t ’ i  i . u u g & s -  bt idi s - o s  ol W,i t e’i’ .

c . Smoot hu at ’s - i  (Automat  Ic in Sc Si h u t eipei’at ion otu h v t i l t s  the
- -1 aiutennsi dt wut ws -t rd to prov ide’ I or acid lties - it , il I ee’ept  ion when

flying over large bed Lea cut  t o  ( a t  Ive’ly ca lm w .at er.

, The Doppler Signal Proe ’c’s- tso r unit is of reel angular des Igut anti is completely
enc losed by a case and t rout cover, ‘Flue uuiit Is approxImately 8 in. H ~8 in. W ~ 22.5 in. L and weighs 35 lb. An illustrat ion oh he DSP is shown
in Figure 4 along wi th  it mounting rack. The mount h u g  rack contains two

‘a connectors for Inter fat’ lug I he DSP vi Lii es-titer uuui I a in Liii’ i)opp Icr Radar
Nav igation System and two blower motors to provide coes - l it ig .ihr to the Dopp le’t-
Signal Processor.

‘a
The DSP Is densely packaged atid inc lude’s a t’h~ s~ ls w i t h  s - ii’V c ul ie’p lat’eable
p lug— in modules. The module’s coiut a itt all act I ye’ e’ I t’cct i I i  v v i  ttu iii the DSP.

— 
Fo llowing is a lis t of all modules in the Dopp ler Signa l Preucc’ssor (unit.

I. Teat Pane l MdlduIe (1PM) -

2 . Ac id to Processes - i’ Moiclci its- (AI1M )
‘a ‘I . Signal Comp s-uratna’ h~1es-du les- (SCM )

4. Sequencer Modul e’ (SM)
u . Servo Control Amplif ier Module (SCAM )

_ 6, Analog Synchro Converter Module (ASI-’M)
7, Power Supply Module

Vacuum tube circuitry is used throughout the Dopp ler Signa l I’res-cesao r w i t h
‘a t he exception of the osc i l l a t o r s  located in the sequencer nies-dult’ which

Incorporate transi stor c i rc u i t s .  A h r h ef  de’oe ’rt pt tout of each of the modules
Is provided in the fol lowing paragraphs. A simp lified block diagram o f t he

‘a DSP is provided in Figure 5.

‘a

— 
Is-il
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Fi gure’ -i . Simpi II ted Block L)iagianu — lie s-p p ic - i ‘ hgtus - i h ~I c s- e ’ u ’ osc ’t

‘a l’e’ st Panel Mes -t iti 1 e ç~ I’l’~i

The’ Test Pats-e l Module’ I s noun C is- el e s -li I lie’ t i e s - u  t c s - i  ( lit’ lush’ c b s - s i  so i s .  lii i’ mis-em Ii’
p rt’v I des t eta lug ( c s - i  t u j s - c i t  Is - c s -wet’ t c ’ the (151’ bs - c ’w ct stu 1s - 1s - h v meclu he , au ci ,‘ipst’el
t ime ’ me’ Le’ r t or ri’t’ord I uug e s - I s -c’ I .u t lug I hu e ’ and a t ea  I aw It e’h Inch met er I es -c
e’ cs-nci it toning atud measut I ng ot gita I I i’ve Is s- u I c u - i t t  e’a 1 1s-ts- h iii s throughout the ’
Dejs-p le’ t’ Radar Navigat lout Svst  i’m. ‘the aw u t  c ’ht his-is eight Lest pus it its-na as

‘a Its - i hts-w~

— A XTAL CLIRREN I’ (Satuti’ I c’s s -s Ide ’ A c’ t v a t  a I ml xc i  current in
‘a liii ’ Auut e’utu -t ,u tuut i t ‘I

.‘ — it XTAL CIIRRFN I’ (Samp le ’s -s st ile’ lb e’ iv s t  .ul mixe s - u- e ui-rent in
thue ~ Aiut i’luu ua u n i t )

I — MOE) OSC (Samp les motieu ( ,t t es -i c s - se e’ i l l s - u t  es - i’ level its - t he’
Re’ t’e’ Ive r—T rat ism itt c’ i u n i t

‘a

— A IF 1EV (Sanqs- 1 i’s s- s - i de ’ -‘ , i t t e i  I t s -  I eve’ 1 cs-uI ot (tEal

at age’ e s - I  liii ’ 1~Si’ \eu ,l It’ h’ i ts- e’C$$Oi’ Mes-dtt Ic’
‘a

— lb IF LFV (Sami-’Ie’s ‘s ick’ It ,i( ic i ‘i s- I ov c ’ I e s -C it is - t  III St
at ago c s - i the is-SI’ Ac id C c ’ Is- u es- e ’ e ’SSc ’i Mts-dtule ’)

l’s- — COMP iN (Sans-p ies (i5)’ I uipc uh Its - b lu e ’ Si guua 1 Ccs-nupa 1 .11 c s -i

Module’ i to m (l ie ’ Auuel it s - Pt cs-CCS$(s -i’ Module ’)

— 7 — CAl I itRAIF ((1 st- cl ( c s - u  icy s - s - I  c’nu c . u h t h s - i  s - i t  I e s - i s - )

S (i)’h~(s-~’F~t’, ((hu ts- ct i es- I 00% mdi i Sr ~s- (i’m cs-perat I eu

‘a 7~)
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‘a

Anti i t s -  P u ’ ’ e ’essui Moc(ti Ii’ (Ai’M
‘a

Fl ue ’ I nut s -’ I its -it u t  t hue’ A nti Lu Is- i e s - c  e ’Ssc s -  i’ Modu It’ i s - ;  Ii’ i t ’e e’ I ‘ ‘ t ’ dot oct  ed s-cud to
de s- Is - I s -  It ’ t - I re-qulency spoo l !  - ‘  I g us -u 1 pa Ira , FRF. F1,,~ ;uus-d F~js-’ . F RA a l ternately
I ii ’un t lui ’ uoee  ivcr / t r .,iisuui i t  t c ’ t - t nt it euf t h e ’ 1’)RNS , .udd t he of  gs - u.u Is In e;uc ’lu is -air
. i t te t  e s - I t t  put t he counts- i ne -cl I r(’q(teuu( ’ it’s F , F-  ,u It er uu~u t c l v  fur periods of 0. 75
Se ’e e ’iuei S c .see~l u (F 

~ ~ 
l-~~,- ~ F1 ,~ , 

F’ - F~~ +

— 
[‘he modeu It’ has two I dcii t I c’ s- u I t’ it ,uuuus -el a for processing I lie- I ne uiut I ng signals whit
inc lude s-cu .trnp ii t~ I or . I s -  - ; t ’ 

~hs - I It o r , i s -i I ,utuced unoeltula (ci , t lit or , rec t i f ie r  anti
ACC amp l i t  icr. ACt ’ V t ’  I u a1, ‘c u t  c ’ t eel b,uc k to t lie f I r s t  st age’ simp lifier and to
IF amplit icr stage iuu ( lie ie ’ e - t ’tve ’ t-/transnuil ter unit of the DRNS.

A ( Is - i t  ci channel In t lit’ .\ I’M per I e s - i  us-a t lie ac Id it  I on of the’ s-~ i g us- si  la received in
etuc Ii pair atud m e ’ h ick’s t h t - c ’ C u  v s - s t  ,t I a I tud I v i  i luis - t  ( I  v s- ;c’ l e ’ e ’ t s-tb 1~ by a speed sw It v hs -
Is - s - e’,it t ’d iiu t he An,’ t le ’ ’ -~~ s - c s -  b u s -  s- s- u, s - - u c v c ’ u  t i ’ s -  ?‘lc’ejtiI i ’ , sun e s - s e  11 ( . 1 1 or , freqne’ncy dotu b l t— t

lit cc -s - , Is- ,u 1 .s - iuc~ s- I is - s - i t s -  I u t  c s - i  . s-- ;c luts -trc law cle ’ ( c ’ s- or ,uuutl e s - n t ( s - c I t  sunu pi if-her. This
channel ploy ides t ius -’ e s - s -n u t ’ s it ’d t i c s - p p  le ’u I r e e l s - i c - u s --v s-signal e s - t u t p t t t _  (F 1 s- F2 )  to the
Si gus-al Compara tor  Mes-d u s - I t  c I (lie’ liSP .

S1~ na1 Comparator Modi ul i ’ ( - ~
( ‘M ’)

Si gna Is  F I and F-’ suj ’~’ s - ’ u  I I i s - c , it  ( l ie Cs- I t t  put e s - i  Liii’ And to Processor Module are
s-u e t uus - t I Iv ,u opectruiii c s - i  I roq u uc ’ uus - - i ’ s  e ’t ’ r u C  t ’ru’d - u b o u ut F 1 cur F;’ . It is t l i t ’  f unc t i on
c s - I  t lie S I g ut s - u I Cornp .u t , s -  (a’ r ‘- I s - s - s - i  s - I c ’  t a elc ,t  C’ i s - s - s - i l  Is - ( I s - c’ s- ’x.uc’ t vs-u i ut’ cs-f F and F-s-
ThIs t i-c accomp lished ( it u s - c ’ SCM (lv mix lug F 1 s - s - i F,s- w i t h  5in accurately controlled
t re -qcut ’tu cy (F ~ E) gcs - i s -’ u u t  i’d by s - c ltiglu l v s - s - u i ts - ill zcs-d phuant.’ist rout osc illator.
(Note: In  oL’dei’ to s- I c l i i  cci i t t ’ w huc (bier t I s - c -  s- It s-p p Icr shl f t  frequency 18 above or
1’” i t s -v  tin’ etint rol l  i’d t i e q  u s - s -’ is-cv K , the s- ’ uus - t  s - e s - li e d frequency is varied sligh t ly
,thove and be low F by sin ,umount F at a S liz r,’tt o. ) The output of the mixer is
Iliots - equal t o  the ~h f  f t  c r c -us - - c t I re-queue -v . I” E — I”~ or F K — F2. The

‘a s- i ill i’ s -  c ’flc’ t’ f requenc - v is  (I s-ci t ;uiu~s- Ii fled , f II t e’rc’d stud rec t i l  led for further
s - O s - s -  c s -  iuuy ,  In t lit’ St~s-t s - c e ’ s - s -  s- i- Ms - s - e l s - u to ,us K s- s - u (’ 1’b ( F.s- = ret’ L i t  led F F — F

Kb r t ’ c t  i t Ic ’s-i F * K — 1-~

but’ S I gus- u I Colit is-s- irs- it e s - s -  Ms - s - s- i  - 1 -  ,u I s - s - s -s- cent s- i ins-c ,u ms-u e s - u -  pc’ ru t s - u at t h e  circuit u’y
s - i~~t’cI Is - u  per f orm i tig t hue’ I s - ’ it— c ’ht’s- ’ k fuus-~ 

j s- s -ui  out t lit’ system ,unel for s - u i  tering the
e~i s - ) L u u i c i o p t’t ’ei st’aling I ,t e - t  e s - i  when I Iy iuug cn’ e ’r w ide  cu res-a s c s - I  w.-uter s-ut low or
Ii I gh ui t i t eucles . ‘II, i s - s  e ’ I s -  c i i  I iv i uic ’ltIe be ’~ Ii s t u i s - s i  s - s - m s - e s - u’ t’c s - up I i tig, phase—sensitive
.uud elm l i t  —u ’e’ve’rs lug ( ‘ s - u t - s - u s -  i s - s - , ,t it d sw i I c - li t u g  ((‘ I . I V S .

— Se ’c1cs-cncer Module (SM )

The I’ uuue I lout of t lie’ St’i (t i e ’uuct ’ l’ Mod~u It ’ I a it’ Fee ’ c - l v i ’ the rot C i t  ted (F 1 OE Fb)
‘5 a igna I t i - es- rn the S I gui,, I Cous - (s - suu ut or Modci It- ,uuud sw I tt ’h it in—js- liase wit h tlue

samp ling of the r igh t—forward , lef t—aft .its-d le f t—forward s- right—aft received
beams . The swi t chues - d csigu i , uI  Is theuu f i l te red and provides two outputs (F

~
,Fb)

Ie s -r coup ling to the Se’ rvc ’  Ccits -t rol Amjs-I l i te r  Me s-diule and further processing.
‘a

The’ Se’queuut’e’u Mes-du It ’ ,u I 5s -  C s~u ’ ui u ’ i t  C is- s--s the’ ‘s- 1hz t i nt  Itug I c s - i  vary itug the phantast r~s-n
In the SCM (s - v s-un ame s-til t u ‘1-’ , s -u s - s - cl t inting • Is - I .iuikl uug situd icy l t e ’iu I utg signals used

‘a In the I ock— cl ueck e l  r t ’ u u  i t s -  v .

‘a I’ l

_ _ _ _ _ _ _ _ _  
_ _
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__ Ci rcuitr y w ith it u the’ SM lii , - I u ~ Ie’s 4 es - se t ( l u t e s - l a s -, S i i l p— t i ts - i s -  c i c c u i t s , s-c re’ls-u v ,
an e Icc fru it it’ switch I ug s - u u , u L u Ix .uuuu,l 1 Li i  Lou s- I i  c ’t i ji S.

Sc’ t vc s- Cutit i t s -  L e~!~1iIl or M~ thu Ic (SCAM )

rIt e t itus-ct it’utu of flue Sc.’ u Vi ’ (‘es- n t r o l Amp ii f icr Module’ is It s - r e-c - c’ i ‘.‘c t lie’ two
s (guts - ci a F .1 ,uu us - l Fh f re s-ns- ( lie ’ S e q  eus-’ ue’e’u Modic 1 e s- its -el t’c s - uuVc ’  u t t l~u’in t cc ,u gi’ts-eu us-d—

— speed e’rrc’r a ignal I es-r Jr iv I ts - g s- u tao (es-I’— getters - ut or iii t lie’ Ansi I e.g Svnc ’lit’ es-
Coiuvert t’r Module anti s-u 11 ‘~u V s - ut’ d r i f t  motor signal I es- r s-i l igts- luug the ante’ntua
w ith the a i r c ra f t  dire ’c t i es - uu e s - I  nuts-Lle’n.

‘a
The’ SCAM also contaitus c i rcuit ry  fluat responds to the lock—check signals and
provides warus-ing siguia (s to flue DRNS cotut rc s-1 /1 ,uud it- .uto r t es- signa l returned
signal unreliability autti/or DRNS failures-. The Servo Amp i It icr Control Module

‘a circuitry contains a ms-iguut-t it ’ mc s-dui ates-u’, amp l It l er , hut for , drift ieve ’rsiuig
stage • 2 transformers , .‘ is- lt.ise’— se-us i t  i ye ’ s- let cc ten s -s , .‘ nt. ugu ic t i c’ ampi if icc’s and

4 relays.
‘a

Analts-~ Synchro Convert ci Me s - s - Iul *.’ S M

‘fhc.s- pr imary I cuts-ct ion es - i (lit’ Aus-~u les-g Svnc’luu - es- (:s-’uu ~’e-c’ t e’r Mes-deu It’ Is (c i  cts-nver t the
gres-undspee’el error signs- i I mc’e’t’ ived t ron liii ’ se rvts- centres-i Amp lIfi er Module
intei a three—wire svne’hro output ve s -E t age  for driving the grouus-dspeed Indicatot-
in the control/indicator unIt ci the DRNS.

‘a

Secondary functions ine-lucie the switching ot osc i l lator i- ry s t s - u is  in the Audio
Signal Processor Module and ces-ntrol ot the bs- hs -unts -ust ron e s -sc  i l is-utor  fre quency (F)

- in the Signal Coaparator Module.

The ASCM consists of 1—spe e’d cams w i th  switches , s-u sv t s -e’hi’ei t rauusniltter and
potentiometer , coupled by s - u c es-umuutm slu. ctt tel .i uuxs-tor—gcners-utoi’. The ground
speed error signal drives the motor-generates-I.

Powe’ r S,qpp~ly, Module (I’ S~1 1

Aire s- rs-t ft input vol tagt’ tic t Itt’ l’es-we r Supic lv Me’elii Ic ’ c c ’ s - i  -s - u - s t  a c s - i  28 Vdc s - m d
ii S Vs-cc / 400 I-hz / cuing 1.’ 3s -h , u ,s c ’  v ha t’use’s I t s - c u t  Ce1 I uu l iii ’ I’es I Panel Module.

— 
The Power Supply Modtu It’ t s -ui t put yes- it ages Lute ’ I us-It’;

Cs- . 1 V . i c ’ I Ii,) ~‘dc
18 V , ie .‘S() V e l e ’

‘a 
~t ’ V e t ’ ‘s- t s-I s- V c ie ’

11 ” V,u , - -ISO Vds --
28 Vs-Ic’ —425 Vttc

‘a

The Power Supply Module cotitains 2 multI-outp u t transformers , lb rectttier
diodes , 8 regulator tubes and .‘ re lays.

‘a 

- - “
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --- -— — — ___----~~~~~~ _ _ _
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~ v s - u t’ eccuu i cu ts - e’~ .eui el s-s- t u- sums t a t  s ’i S

‘a
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s- ’ t  (t u b s -c i t  S • test p i e s - Itt us - g • s-mel s- s-c s -’ m l  s - 1 i  tui~s-. s- s - I  v,u u s- c s - s - u  s - s i  ~‘,ui.u is (e s-i (c a t  purpose-; -
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‘a
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2 . s-’t u V i’\’i’i, }Ie ’t,s- h , ’ t  I - l’. u s - i s -s - . u u  ~l - * s - 1t s-1 s- s- s - s -  i’c h t u c V . t l t t t t

Mu It h u e s -i i- u , Iic ’ts - b , ’ t t  — l’.us - ’ (s-at  ci 5 ’  lii c s -i  c s - I s - u  t \ , u
- . .  l i c ’qece ’ uus- ’v ( c ’ s - s - i s - i  s- - u  . (li - cs - let  I ~h .ue k.u s- s-i s--s- ‘ ,~~ I ~s-~
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t’i es -’ .•es lc s - ls - ~~ t h e’ (.)1ie’s (  m s - ’ i i iu ,u m u  s- ’ . Its-c tIc’s- s- Is-s-pu s-tent e s - I tl i~ c b s - u t ’’. I u s - s - i s - u s - s - t i i  t’ I S

i process cs -h selectI ng th e ’ appres-priate question fo rmats tot the type ’s

ect  hitum s-c um ic - s ts -ec rt’ es- e ’ ’ s- t rn .u c ’ s- s-ii’s t i e s- c l .  It is rc- t’es-mmendc’tI (Its-u t ma Its-—

t e’ii .tiie ’t’ I ,isk SC e’t t .i  i s- s - ”  ~~~~ s it ”. ’ is-st ’s-I I s-r eat i rita C c ’s s- s- i ma b u s - i  t’n.ttic ’ts- t .us k

t ime’, crew size , ski II Ie-vei , .uuus-I task s- li lt ie’u ltv .  These se - e’narlos

descr t he the’ type’ ~s- us-i. e inC es-u i. tuis ’e’ .is -. t i t s - i t  I s-c keuu s- tis -ei t h e  ucvs tern or corn— 
•

pus-nen t invts- lved in the ’ sli t s - c s - f l . ‘st i i t t  es - u s - , l t i c t’ I cs -ca t ics-ut and t vpe cs -f

ma it s - its - c t j e lls- cs-tn ,u I s - s - es- Is -c ’ , t . I s - i , s- s - (  I c ’  (It IS 5 s -~ 
(‘ s - u . u u s - e s- . I’st t uu s - s - m t s- ’ S I es- r till —

( c s-ri - s -u t :s-s-.u iu ute ’ us -s - ine’e’ t .t ,k~s cs - c  I I ie ’s- (s - ul t • ‘ .e s - l i t I e i e ’u t s-st’ei s-s-ti i c s - . The s-s-nl~’

‘a

l imi t  ( ,s- t li e’ ntumht’i- es - t I ,u at s -- e ’Oul;I i’ tc s-s us - hi It ’ll Cs - t t t  1cc int’l udes- el w (ii he’ the

is-umber c s- i task t ime , c - u ow s- s i :c.’, skill levc’l , .mnd task ~ii I I Icul t s-,s-
‘a

es -st  im.tte’s des it es-I, Flue s- sauus-p Its- clu e’s t (es- us - Is -eu i re  oil pages- ‘ s- I l l ttst rates the

‘a use o f  s-s-ta L t i t c .’fl s - t i tC ts- ( . m a k  ss - - es -uu.i r is- s-S

‘a
Fes- r c -St (mates t s -f  task maluttenance t ime It is recoimne’nded that the

tc’ t-hunie’ians consider three t .c s - u k t imes . To hel p technie’ inns estimate

average’ task t imes , have flues-us- a lso consider h ue  miuilmeum t ime and

ms-tx [mum t ime in wIt tchu a t .mak could he cons-p let eel . Do is -cs - t ask t he

t ed its- is - I .m i s- s- s to es - s t  im;mt is- rus- .mts -— hocir s . Maut—he s-tut’s u. ill he s-- s-c I t ’ s - s - i .ct ed duriis-g

I Is-c’ s-l.t t s-u .mn.m 1 vs is phut ses- tus i tug t’i’e’W si ;‘e ’ t ’S t  Ims-i t cs - c . Fc s - u ( Iii a reason ,

us- i’ t’W S t  :cs- c’s t ins -it t ’s ms-us C ts-.~ s-s- es- lice ted s I nut it . u i s- ct s -et s 1 us- es- i t  is- I .u sk I imt’

est imatt’ s-t .

i: l- e’W St  ~e es-St (m ,u t . ‘s s-- .uuu is -es - m .mde i t t IOu’ s - cu ss - c s -i the ’ pi ’ i s - ’ e’u ut age of

t ime’s a part icular t. us - s k w i l l  reqeut re ’ a crew of es -nC , two , three s-r ms-s-re

te’chuuic Is-is - i s . Presets-I (hue s- Is- s-’~~ 
its- h e,’ o res -u s i .’ e’s for s-c part Icular task and

~~~~ ________________ - ~~~~~-5- --~~- -—~~~~~~ - -———--—— -- -
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‘a

I lIe” I e’t ’hj t Ii’ u .us - s - s - , til~1 s- s - i l  t ’ it e ’s-~ t Is - ’ i , u  s- s- s- ’ u  ow ‘ s - u ,’ ,- ( i t t ’ l s -e ’ s - t ’ t u s - t  age s- s - I
‘a

t i s - s - cs -’ a thi s - c t s ize c rt’w wes-u itt ice ’ It s - c l u e  t i e ’s-I I s - ’ 
~~~~~ 

I s - s - tm I ti e’ sc - e ’ is- .t r s - C s -  m s - m i t t —

‘a t e’ its- if lCt’ t ,csk . Skill le’vt’ I eat Irs - s - s - m t es s- , mus - i s - c’ is -is -id e’ [us- u’s- s -ut mutt ’ C I s - s -ti w i t  It

s - u  s-’w s - s - I  ,‘ s- ’ s-s - s t j ifls-ut c’s. li t ’,’ 1’ I c ’ s- h i t s - u  s- ’ s -  , s - u u  s - s -  I t s - s - s - , t t e’ C I u ”  ak i 1 I I euc~ I s--’ I, t i u i c ~i~

I ‘s - u’ • ac ’vt’ti s- s-i - Fit tie s- ( e s - i  ( I ce ’ us - c e ’us-ul’ e ’ u  t, a s- s- s - I  t lie’ s - s - s -s-u. s- s I t lt~’’, ~‘ s - s - ( s - s - s - s - , e  It ’s-I

u.’c s - s -u Id is-c’ I’e-qn ire ’s-I i t s- Is- es- I s - s - i  t I l e s- s - mat  -

‘a

‘a l’ u~ k dl I I (c c i i i  v s- ’’~ i i s - s - s - . m t  e’s--, s- _ c s - c  ic e ’ s-cu ,ide ’ t s - ’ i c’.mu ’ It uut .u s - s - i t  e ’ u i , m u is -’t’ t uSk

5 s - is- ti ,i s - t e ’ , rc’c- I i imis ’ s- s - us -~ u s - I ,- Ihc ~ c hI t  t s - s - c s -~ t , s - s - t  th e ’ ns- ,c t i s - t e ’n u s - tc ’ ,’ t a s ks

‘a
s- s - i I Is-cs- propes-scs-d ccl etc Is-u s-s-t’us-t s- s -s - i s-c t u ak cii I t  i s - u i  ty  s--s c.u Its- I, I ilO us-us-ui 1 s-s-ng

w i t h verbs -cl anchot’s s-s - I  s - s -
s-,~~

s-
~ ‘s-’ i- isv ’’ I, (1  us-its-i ) , “A V s ,’rs-igt’ D I I I iou] tv ’’ Is- SO mm)

‘a

auid s - s - \~~ s-- v ~m if f t c  s-ui t (1 s- s - i )  u s -s-s- s - s - )  i s -’ juts-I it ’ s - ct c ( ( u s -  ci i  Fee I its - us -  s - s - i (Itt’ st’ s - t i e’ .

I’s-s- c’ lii’ , it’ l.utis w i l l  s - c s- u s  s - s - l e t  I is -i ’ 1s - , l s - s -  s- s - s - s - s - s - l i t  c ’ us - . t is - s -  0 t’x1 s- e’ r I c s - is - s-s- es- is -us- a (iii ii at

es- c bs - u I ~‘~ a’~~~ s - ms a ts- ,us i s I a s -  i..ut lug I itt’ d t I c i t it v s - s - I  t Is-es- iuu,-u i ts - I  enance

t s - us - s - k s for the pu -ap e ’s-se ’ s- i c ’q um i is -uus -eu s -t

‘a

C.m rc s- e’ r [ es - i st s- s - i - \l- Si’ i’S t i in s-u t c ’S is-cs- is- ct s- s-t i lv he’ msts -t o s- s -s - ice . It is

‘a ret’  es-nunue’is-tlt’d t b us-u t t bit s - s i’ s’s-st j s- s- i s- u I c’s- s be’ us-u .u s - I s-’ s - u t  ( c s - i  ( h u t s- ((s- s-s - I s - Is - it ’ i ,uis -s h s - s - t c e’

s- s- s- us-s- p le’t u’s-I th s- ts- eat u s-us-u t c ’s-s t cs-i’ (lie ’ vs-c r i s - s -s -cs - s s-s -c ,c I cut  c’s-hits-es- c’ I s - t a t  sc ’cncm r is -s-s . it

‘a
is tic.’ li’tui to [tie s-it Is - i  ‘s- I t s-c ’ gus - s - s - s - p  s- s - f s- - c u t  s - s ’ s - It  ,\ l-’SCs I s- e’uri wlu icit t ec-his- ic i .ms- s-s

u.s-s -u is- I ‘ s- ’s - s t  likes -i  y is- ,’ s - i s - s - s - s -s -s- i (s- c cs - s - al t - ut s -u s - t m (lie ’ ts-es-w s- ct’ s - s - I  es-s - i s- . its -  Is is- ’mfo rs - ts-s -m—

t i e s-i s- s- .mis - be’ ( c s- s-u s-s - s - I i s - u  t i c s - ’ s- s-s - i  u ul’ .u us - I’ I ,cs - - , s - s -  i t  i c’s- u t i s - s - c s -  licgtu I s - u t  s - s -s - us - , s-s-s-FR ~ -~— 1 . A

Se’t t.’s s-s- t quest t o t s - s  ‘ t i e ’ u- e’cois-tus-ui’is-clecl I s - ’ e’xt i t s - I ~u s - .  us-its - us -’ Ii t i c  I s -s - i us - s - s - mt s - s -s- ui t rots-u

I t s - c’ c ’ s-c t [malts-u’ s-s . e s - ;  I s - c s -s - I ’. s - I s - l i’ . Fi rs t  , s - m s - s -k i t  (lie’ riu.i it t t e ’uu , u u s - u e s- t t ’t’hus - ic u , ucs - s

wts-ucl sl s-’c s-me’ fres-m ts - ts - es- e s- i (lie ’ (s-la s-itt f t he’s-b Al-’Su ’s . I t  a c- es - ; ,us - u su. ’,s - u s - s  g l’c’e’ut ,

his -ire the’ ( e s- cs - Is - u t  It’ I ,i s - s - ’- i s- - ;  t s- s - s - . u  I s- ’ t h e ’ - up’ ’ s- s - I  it’ \i Ss- s- s - I  I Is-ui’ c s - , i i  u I  es-titu s - s -s- u’

t e s - t ’ htu t c fans.  it s - u us - ’ uuu s - s - i s -- ts -u is 5 ic - t ’c s- , ii,mu’ i’ th e ’ c S t  it s -s -s -u s- s - i  a c lues--k s- s- s- it’ s- ’(
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hi.

lout’ pus-as lb lilt ics “ , i  new AFSIs-’ , cm cons-b j u t s - u t  i t s -s - i  s - s - f  Al SI’s, a iuew sluredout

for  s-tn ex is t ing AFSC ts - r  expand the duties of an existing AFSC.

If additiona l s - n t  es-t ’m .u t its-i s - is do ss-u -es- s-I cs-n the impact of design

features ous- maintenant’c t usk s-u , s-mit open—ended response forma t is recoin—

mended ts - s - allow for s-u pc s - Le’ u u t i s - s - I l y  w ide  i- s - u s - s - ge e s - i  res ponses. This forma t

is s - i l  so appropriate it c’s-s t h us - s - s - te’s ss -t t u s - u i n i u u g Is-tel l i t  i e s / es -q u i pment is

‘a
s- Ic’s t rod.

SiFice’ act-ui’s-cc ’,- at training times collected by the’ expert estimate

m et h o d  have thus far proven unsa t i sf ac to r y  it is not recommended that

e s t ima tes  at  trainicug times he co l lec ted .  s-

Ths-’ t ime necess,urv tcs - develop s- i ques tis-ns-nairt’ shos-tid range from ‘

betw een 20 to 40 hours dept-s- is-ding on hi s - e s - us-s-umber and type of estimates

j iuvo lved , This would include lime for uief fs-t i ng t ls-e maintenance task

scenarios and fits-me I s -cr typing and reproduction.
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s-e l i i - c s - u s - ,’ s- s- s - l u u u i s - s - c s - s -’utl - \ e s -u u cs-- i  l b  c - - I  I s - c s - I  i s- s - s - s - s - i s - u s -  ,- s - s - e ; us -  s- ’ s- s - , - t,’ ‘ s - I s - i’ s - ;

‘a

ms-u tu u t &’u u. ui te s- cs- (.m ak t ime ’s, .;b~ I I I  i s - c - ,’ Is - ; • Is - us - s - k ill I t  C c i i  I t s - , e i i i ’ s- s- I I l i b e l  .uui s - l

___ I i  .u luui s - t g s- O t i s - u i  i t s- It s - e s - i tt’s - I s - s - i  . s -  I s - u s - s - e s- i s - I s- s- s - i s - s - u s - l u t es - u s - i  s- ‘ t i l t ’s - b I I s - s -  ~I s - s-
~ s - s - ’  i s - s -u s-; u~~u s - , u  I

b I t s - s - c  i ’ ’  s -s - s -s - i  -

‘a

\‘ ts - u i c ’s - u t I is- s - s - il e s -s  s - s - I m ;u i u (s -s-s-s-~c s- u s - us - el I u a b s - s - i  h g ,  i s- s- s-~ u u i s - i s -us - s - i ’ s - i I s- s- I es-i t i s - c ’ s - I s -s - i s - i s -  I s - ’ u ‘s -I g u s - s - u  I

‘a

~s - u s -’s- s- s -’us -; s -’ s - s- s-s - u  l b  I s -e s -  ls- ss - s - -s - u s -s - b ‘ c s -  i s - i t s -s -s - s - s - s - a t u s -s - u s- e s - u s - i  ;s - C i t e s- tI us - u I ts - c s- ‘ r ug u s - s - s -s- i ’ s -  h u g  s - i c - - - ’  u i p t  I s - s - e s -

___ is- . ms - ’ k s - s - i’s- c ’ Is - i  O i s - . s - i  e s- el I s - s - i  I lu , s - 1 s - s - i s - i s -1 e s - u  s - s - 1 1,t s - s - s -  I ~‘t s- s- s - s -s - u ’ s - s -s - u  b i t e s- s - i s - b  s - s -i s - u s - s - i l  i,s - us - i t s- I t s - I’;

i’.s - s - ’ k s - e~~s- ’ i s - c  C s - i s - I c’s - m i s - s - I  I l u e ’ is - it s - i  s - c s - s - u t  I t s -lu s - s - s - t b  . u i ’ le ’ s - Is - i s - is - s - g C lue c s - u i  Iv s - u t s - s - g e’s- C i s - I

i’qtu ib s- u s - s - e’uit t le s -s i g u t  . Ph ,‘ .u ’ ;~ - u c s - i s - i  C is- i’ c ’ f l t  I t s - ’ es - I l l  i ls - ntc ’ s - s - t  s - I c ’ ’ ;, - u l u  C e s -ut ls -e ’I cs - Es - ’ ms- u k I utg

s-s - e s -s - I s - s- ’;( It s - s - s - ut c ’ s - s . Not is - I s - u t  v ts - u i  s - s - us - e s - ’  s - i s - I  i s - i  C s-’ C lue s- c s -us - p i s - s - is- c s - I b u t s -~ ,I~ s- u i  C b s - I I e s - m s -  u s - a s -  k . s - g s -s-

s - s - u  s - s - I t e s - t i  u ’ s- v s - s -s - u w i~~lu s - s - i s - s - i c ’  s - s - s - s - h b u s - i’, ‘s - s -s - u u u  c -s - s - I s- s - s - s - s - i c ’ s .

‘a

u s - i s - c ’ C~u u i $ s - s - u t i s - u i t  eIs-’slgui ,‘s - .s - ir s - u I  is - s - us - s - I s - s - i’ s - I It s - s - i s - s -s- i t s - ’ I’; s - b i v  1 , 1 , -s - b c u t s - ,’ I s - s - s - us - ‘ c ’s - i  Ii’s-u,. :

ti e i u s - t s -’ s - u , u s - s - s -’ ,s- s- b u s - i p e s - w s - s - i  Rs - - , 1 t u i i e s -us - s - s- - u s - C  s- s- , ~l s - u  u is - I  c ’uu. s - s - s - s - i s- I s -  s - i  u s - u  s - c ’ ,  Rc’ i~ ui i s - i s -s -I s - c — it t s - u , li.ti k 1s-’,s- s- s -ueu t ,I

s - u s - s - s - s - I ( vs - s - hu es - it Is - s -u s- s- s - i C lue I u i ~ ’ , l u s -c ’s- s -s - l u g  i s - , - .s- u~ s - t is- s - i s - I’ s - u t  ls- ;s-~ ’,,’ - i ’ I s - ’ ,c—s - c ’ s - c ’s - s - el Is-c’

‘a
I uu ’ ; I  s- c i ,  I I s - s -s-u . s- u s - u t s - u i  I s -  Is - c s - I , ‘i s- s- - ‘ u s - s - I s - i s -s- I I is -p u ’ . e s -  i s -  - - s - - I s - i s -us -. I ‘s- .s-iii~ s- I i ’ - , w i t  I bs- ’ Is -ui ’

V I c I s - s- s - I  iii s - s - i s - t i ’ s -  .s - I s- e s - s - i ’ ’  s- ’ I 1 I u s - ’ - I u c s -  i s- I is - c ’ i s - s -  ,‘I s - c ’u t s- s - s - b ’s- s- u s - s -_ c s -  C e ’ s- Is - ti li lcie’ , S l u c s -  c s-

I lic’ i is- u s - ;  i t s - i I i s-s-s-i’ I i i ’ s - I t  , i s - i . ’ u - - i s -  s - i s - s - u ’ s- u ’ i s - ’r c ’ s - s - s - lu c l t s - c ’ s- . s- s - s - s -s - I s - s - s - s - i u i s - s -s - i s- s- s - s - s - s -S . ’ s- s- lu s- - I  u u I ’,
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lii ~ h i s  Se’s - I  le)n es-I I Its-’ t.qcl (Is-its -cs-us-f eit’siguu e ’V ,u  I us-u lbs - s -u t  (It leat u s- is- its- i C re s- , y~s-eu wilt
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‘a Type Ma lfu s-s-ct ion:  Lock ous- Malfunction
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- - - ______
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____________
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c’ i t  e - u i s -s -s - s t , u us - c c s - s  (m is - u  i s - s - us - us - s - u I s - s -u k cons-p let  ( es - s - i  C Ins -c’) ,s - s - s - s - b  C s - s - I ’  e ’X I Ts- c ’un u’ Iv uus- f s-s -v cs-rable
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‘a Crew Size s - s - s - s - s - I S k ill Levoi

L i s t  es-I below arcs- t is-a I s - e s - S c  its- La s- row s I ;‘c’iu te ’ is -c r I i s -i s -u ls- t l ie s - s- s - I s- us -vt’ ma tnt i ’ s -s -s i nc e
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‘u (‘cc tin ic i s - s - u s - s - u
‘a

11)0
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‘a As - ’ c s - r s - i gc Camp i i i  I s - s - i s -  ‘I t s - s - s - a 
_______
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Maximum Ccs-mple’ l i t s -n Time 
—~~~~ - - -

(h ours s - ms - id nu intu i t s - s - - u )

*1)1) NOT ESTIMATE MAN—hIs -s-Ub~S . 11115 WILL BE COMPUTLI) BY MWs - 1’ IPLY ING YOUR TIME

ESTIMATES BY YOUR (:RI- : Si ,~b~ EST IMA L’E.
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— 
______ 

328X I — Special ty Sumns -s -s - ry — Ins t es - (Is , ms-i iu s-t s-u (us - s, trt uble—
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si te s-cs -i s- s- , s - is - us -i rc ’is-s- i its s--s -v let s - s - I c  a l e c t ro ts - i c’ s- u s-v I gaL ( s - is - c y s t  t’ms-s-ts
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- I ‘a
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________ 
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‘a

P1 u s - s - usa (dais- i it s- s - us - s - V s-l a s-u isis- I s-s-at ures wh t ots -  could inert’s- isis- ms - s - is - it  ens-s-is-ce
‘a

t ime .

‘a

Is-I es-us-se’ (d~ nti1y s - s - us - s - d e s- s i gin I t’s-ut cu r s-s- s wIt Cc ’h couu l d  ces-nt r [butt e t s-i

mautit,,’s-u s - mis - ts- s-_s- errs-s-I s-
II.

‘a

‘a

a.

‘a

‘a

‘a

‘a
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‘a TRAINING REQUIREMENTS

In t his section of the expert opinion questionnaire , you will be requested

- 

s- 
to estimate training t ime , training type , training content , and special

- 
training facilities or equipment needed for maintenance on the Doppler

Signal Processor (DSP). You will be asked to make these estimates for

airme n with no avionics experience and for airmen with avionics experience.
‘a

When making your estimates assume that the inexperienced person is in his
‘a first enlistment , has )uust comple ted basic tra u ms-Ing , s-s-nd Is read y s-s-nd quali —

f ted for technical tra ining. Assume tha t the experienced person is currently

‘a a 5—level avionics tes-’cls -s-s-b-ia n . Your task is to specify tht’ amount of

training which will be required to qualif y these ind ividu al s to perform at
- a 5—level on the DSP.

j

‘a

‘a

‘a

‘a

‘a

‘a

us- ‘a
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-

Trainlt~g Requirements

The table below presets-is general training topics for three types of Air

Force tra ining. Your task is to estimate the number of hours of training
- - f or each top ic within eacis- type of training which would be necessary to

‘a br ing both its-experienced s-s-s-s-d experienced individua ls to 5—level proficiency

on the DSP. if you f t - s - s - I t I u s - u l  a to p Lu’ shut-old not be covered indicated this
‘a w i t h  a zero  in the s-u~s - i s - r e s - p r L s -s - s - t e  blank . You may refer to time engineering

description package s-s-s es - f t c ’ n  s- ms necessary w is- ( Ie making your estimates .

‘a

Training Topics ~ypes of ‘fraini~~

Resident OJT FTD

- 
- (It s -experienced) (Inexper ienced) (Experienced)

Basic Electronics 
______ -~~~

‘a

Equ ipmets-t Orientation
(Dopp ler Signal Processor) 

______ ______ __________

Theory of Operatious- 
______________ _____ - _____________

‘a (Dopp ler Signal Proces sor

— Maintenance 
______

(Dopp ler Signal Processor)

ha

(Other)

‘a

*40 ls - e s - t i t~ 
a 1 week

‘a

‘a

‘a

L 
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h. -

‘a Listed below are topics included in the general category of maintenance

training. Please estimate the amount of maintenance training t ime which

— should be devoted to vs -s-eli of these topics. Base these estimates on the

- 

- 
number of hours you estins-nuted above for maintenance witb u in eachu type of

‘a 
training.

For examp le , if you estimated that 100 hours of resident training should
‘a

be devoted to maintenance , your task would be to estimate how these 100

hours should be distributed over the specific maintenance topics listed
‘a be low. Follow the same’ procedure for OJT and FTD tralu s - t i s - g . l u s-d icate zero

if you feel a particular topic should not be covered . The values in each

‘a type of training column should equal the number of maintenance training

hours estimated above for that type of training ,

‘p
Matnten ance Training 

OJT FTD
(Inexperienced) (Inexperienced) (Experienced )

‘a

Remove 
______________ ______________

Replace/Install 
_____________ _____________ _____________

Bench Check 
_____________ _____________ _____________

Repair 
______________ ______________ ______________

‘a 
- Calibrate —____________ _____________

Adjust 
_____________ _____________ _____________

‘a Test /InspectlS.rvic. -_____________ _____________ _____________

Check 
_____________ ____________- _____________

a. Assemble 
_________ _________—- ___________

Disassemble 
______ ___________

‘a

Total Hours 
_____________ _____________

(Use number of hour.
estimated for maintenance
under each type of

‘a -  training)
— 0

‘a

‘a

- 1
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- -

‘a Training_Facil it ies/Eq9j~pnmets-t

What types of t raius - ing devices , training equipment , and trs-u iu s -ing aids

would be required to support the following training topics:

Basic Electronics 
__________

‘a Equipment Orientation 
-~~ ____________________ _____________—

Theory of Opcrs -s-t is -s-n 
- _________ __________ - - _______________

‘a Maintenan ce 
____________ _______

(Other)
‘a

‘a

‘a-

‘a

‘a

‘a

‘a

‘a

‘a

‘a

‘a

‘a

‘CM
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‘a

BACKGROUND DATA
‘a

- ‘ ‘a RANK AFSC 
_____ _____

‘a
Career Field Experience Years s- s - _Months

_______

Sys tems Experience

- ‘I ‘a (list current system f i r s t )

System Mont hs of Experience
‘p

_ _ _ _

‘a

Training History

Cour se Name Length of Course

‘a

‘a -— ----— —

‘a



— — - s - - ..s-s---s- — s------ — s- _s-’ s- a

‘a

‘a

Select Expert Ess- . iis-u,s -t eu s

‘a

__ Expert estimators should be selected primarily on the basis of

Us-d r systems experience. Research is-as shown tis-at it is desirable to

‘a select as estimators maintenance technicians with experience on equip—

meus- t or systems simi lar to the proposed equipment or system. Because of

the vs-urie v of ts-ew svstc uiu~ tunder development it is impossible to give

_ 
any more specific adv ice  on the ideal equipment or systems experience

necessary .

‘a

Once the initial group has beet~ identified, it is poss ible to
‘a

selec t specific raters. In terms of skill level, researclu on expert

estimators has not included three—level technicians. Therefore, it is -
‘a

recotuvus-ended that at least five—level technicians be selected as esti—

— stators. Research Is-as also siuown no differences in the accuracy of

estimates for groups differing in length of system experience.

The minimum recomnut’tudcd quantity of expert e-st imato rs is 10. If a

greater degree of accumracv is desired and if resources permit , the

— us-umber of estimators ms-s- v be increased to 20. Analyses of man—hour

estimates from groups of s- 10, and 20 Indicate s-Is-at the variability in

estimates decreases for groups of 10 and 20. There is less of a chance ,

t herefor e, of obtaius-its-g extremely high or low estimates w i t is -  the larger .

— ‘ groups. The interrater reliability coefficients for groups of 10 expert

— es t i mators range from . 7 7  to .79 while the coefficients for groups of 20

expert estimators range from .87 to .88.

• 100
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‘a

Is - s - u t  s - u  I l e s s - I  I on

‘a The data collection could he accomplished in two ways. Maintenance

- technic ians could bE’ brought to the engineering off ice responsible for
‘a

the analysis of the proposed equipment or data collection visits could

— 
be made to the maintenance technicians at their home base. Experience

to date is with data collection visi ts to the Air Force bases .

Arrangements si t es -old bu s- made to cou s-s-Iue- t  data  co i ls -s- c t  Lo is- vis i ts to the

bases where the selects-s-s-I estimators are assigned . Data collection

— 
sessions may need to be scheduled around the technicians ’ duty hours and

could be scheduled during any of the work shifts. Data collection

sessions can be conduc ted wi th technicians individually or in group

sett ings of from two to 20 tecls-nicians. This would depend , of course , on

technician availability and availability of a suitably sized room. Each

— 
te c hnician should bus- given s-u copy of t is -c eng its -ec ring description pac kage

and the questionnaire. A short briefing on th e purpose of the data

— collection should he conducted to motivate the technicians to complete

the questionnaires as carefully and accurately as possible. Technicians

shou ld be encouraged to refer to the engineering description package as

— 
often as necessary dur iis -g the session s- Although the ques tionnaire is

not a test, individual answers rather than a group consensus are required .

The cost and time involved in the data collection phase are affected

‘a -

by the geographical location of the base, the number of individuals sent

— 
to collect the data ats-d flue availability of the selected est imators. As

— 101
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— 
s - I s - es- s - l . u t  a a s - s - s - u  lv s- s-

~ 
\s-~ I t c ~ - ~fl s-s- s- s-ls-ip I s- s- 

~ s- s- s - t  ~~~ ~
s- I s - l e t s - u  I ult.I111s - us- s -h’t’ r Es-tu d

Is - c s - u i t s - I  es - e s - a I ls- s- es- s - l.It s- i s - I s -- i ’ s - - ; . c s - t e ’s-’is-cts-tnus-Is - iIe~ I s - u .  1 s -- s- es- p1 s- s- c s- i’s- lILi e s - s- s - I  e s- .ts -s - h
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— 
W s- I I s-s- i s - I s - I  s- I ttts-i11 is-s-s-u i e s -st 1 ~ \ .I s - c  t is - I - s - i s - es- s- s- i’ s- I t  c s - - s-I tis - .s - I u s - i  cus - .un u’e task.  Thu s-

I i t  — I  s t  es - p is-i to i s - I  i s  U Is - i t  s- I lie s- e s- s- I t ic s -at s- s- s-j n i_ s - us -—I s - s-s -e t c s- I s-s- e _ t s - l s -  us-us-ins- es-s-ance

— us- ;k . I s- s- s- Is-’ (Ii i s , s- li’ s -  s - l i ’ s -I i s - es- t I s - s- s- it s- is- s--i c -
. 

s-’ es-S t t Is - i _ c t cs-1 c s - s -  s - i s - s - i s -  I lik e’ Iv t s-’

s - s -s - s - , c  t i cs - ’ Its - _ i c c l i i  cs - c s - I s -- s- I s - c s - k .  l s - c s - t  t ; ’  l’s- i s - s -  I a s - s - k  I c s - s - s - s  s- s - \ s - I  s - i . 51 _ ‘e s - i ’
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s- it Is- Is- c s- s- s - s - t is - - s - c  C e ’s- I s - s - I  s- - k  t Ins- ’ is - . .~ . I-i
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‘a

— found s-ha t , on the s - t v e’r ugs -’s- man—bout’ us-st inuats-’s were 66 percent of

actus-s-l man—hours exp t s-nuh ts-d. Since the latter percentage was based us-n

‘a man—hour estimates it is ricconns-ends-s-d t h u s - s - I  th is value is-c used s-s-s a

correction factor .  rite-’ s-s -o rrec t ion f actor is applied to the  mean man—

is-os- it estimate for ~i ~dvcts- task to arrive s-ut s-i corrected mats -—is -our esti—

mate. The corres- s-- ts- ’~l ni.ut — Iuts -tur s-s-st its-ta le is dis - t e r mi ts - ed Is-v dividing the

meaps- e s- s t  titus-it ed man— hit s - cur is- b-is-’ . . if , For ex ;tmp Ic , s - is - c me.lts- est imat ed

— man—hours were 2. 47 , s - Is -us - c s - s - r ru ’s- s- t ed  man—ls-os-ur cs--c t im s- s-t us- s-s-s - s -s-s- pj 1 d (s-c 3. 7~e

Tls -e ana lysis el  is-st im.eted crew s ize ’  is somew hat less comp lex .

First , determine the mean percentage us- f t ime a part icculs -ur crew size

would be required to perform a given maintenance task . Fo r examp le ,

— tec hnicians may est imate that for a remove and replace’ t.isk a two—man

crew would be requir ed 7~s- percent of tis-e tins-c and a three—mats - crew would

be required 25 percent s - f  the t ime , if the purpose of the survey is to

— determ ine only the mis-st likely crew sire , s-Is-en s-is-c Investi gator , using

t he examp le above , would s-s- cps -s -u- t t hat a two—mats- crew we s-uul e l be most l ikely

— to perform this ts-s-s k.

I f  it is desl us- e s- el to  kts-ow is-ow u s - I s - i s - n  s- rew sizes w i l l  vary in per—

— 
fe rns -s -s- is -ce of that ts -us k , cor rect  is-s-n facts-s-rs must he s-s-pp 1 f e - s - h .  Researc h has

. determined that techuni c is-ins tend to undercs t is-nate the percentage s-
s-s - f  t ime

a part icular crew size s- is required . melt- t ints- estimates are , on the

average , ~h3 percent s-’t~ the ac tu a l values. To es -i s -s- s - s - i n  is - ø t t s -’~~~te’d  va lues

— - 
divide the estimates- I js - e s -r Ce I s - ts - s - ge by s - 9 3~ If it was est imated that a two ’s-

ms-s-n crew was requ I res-ci S pe’s-- u- cut ~s - f  s-hue time , .is i is- s- is -c examp le above ,

C hic ’ c u s - t r e’is - I  es- el perru-n i u i ~~s- s- s-s -- s- s - o l d  Is - e s -  $0 . Is - .

(UI
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‘a

i s - s - s -  s - I l ls- I l’s - s - I  15 s- s - I  t s - i - - s - k  i 1 1 It s - v  ci is - S t  Is - i s - s - I l  c ’s-  i s - i ce I ~ s- s - s -I s - s - I  s- s - c  is - i t u tug I is-es-

I t s- s- ’s-~tue p s - s - ’s-s- s - s - I  t’es -s1s - s - i c i -.i - - - I s - s - c  e s- s - c s - h i  s- Is I I 1 1 us-vt’ I is- I- s- i s - i s - s - I ’  c i i i I i - s - i c  s - s - i  s - ; k i 11

— I s - c  s- - i  s - s -  s - i l  I Is - i s- ( s- s - u
- s- - s - s - c  I s - s - s - i  s- c i s - u s - i t s - i e ’,s- ccie -c lc I s - s - s- t s- s- . [ I s - s - - s - k I I I s -  - s- s - I  s--c

I s - s- s - e s- s - y  u us -~ , I is -us- hi gilt-s I us - c u ts - i ts - es- I s - s - I  I s- ’S~~OIs- .- s - s -- s wcs-u Is-i s - s -s-Is- Is- e s -st - Is - I I Is - e s- p r t s - d i s -s- s-ed

~‘~ ‘s - L~’ I Is - s - s -s-s- us- Is ne’cs-s-s s- -s - s - c  V t s - ’r t h~ ps-l C t i c c h l s - 1 1  I s - c s - s - k .

A S itts - I Is-ar ana l v s--c u s - ;  ws-s -c.s- Id ~s-5 I s- ’s-~ It ii s - s - i  s- s- i’ J e t s - s - p u s - i t s - i  Its t he’ is-red i us-ted

— s l i t s - C t  t it s -I d/AF~ c . I l i l t ’ s- s- h c~ s- s - F  II v s - s - I I s - s - u’ es- s - i s - us - i s - i s - i c s - S e s- - s - i  i s - s - s - it c that s-s-i s -c
s-
i- i

_

ei t he ce u tre’t s- t AFSi ’ s-; It s - I s - I -s- s- s- s - e s - u s - i s - ;  t Ics -’ a p p c s - s - I s - r  c s - Il us- 
~ i s - r n L s - j p u s - s -C Is - s -ti c s - f ski u s

ai s - s - I I t s - I l l s- iU5 tot I i c s - s- s - c s -s-~ s -s- ’ s - s - s -s- s - i s - s - v s - 1  cm , t ics - -us -  that AI~~~’s -s- i s--i tI cs -’ ts-rs - s- d Icted

AF s - S C t cs -I the nets- svs I s - -tn . i t  s-u I s-i is Is-s-s - I t its -’ cs -s - se, t I s -e’ts- s-I detailed

s- s - v s - s -i us-It is - s-cu s- s - f  t he s- s-ti ler i- c Is - us-lu sts-s us- is- e’s - Is  t s- s- is- c tts-s-id e . ‘ [ i c e s--ce responses

‘a cs-- s-s-u Id Its-s-i ics-s-te wis-e I lieu ’ t cs- s- s- s - s - u s-~j s-s-i s-s ts -ece mncu’t s-d s- is -us- crea t is-s- is - s - s - I  a totall y

i’ s- is - AF S(  cons-h ins-I I iota s - ’ t  u s -x i s s - i t s - s  A FS - s - - , t is-ti is- re’s- i t ion s - s - f  s-i new shred-

s-s- It t fs- s-i an exist ics - s -~ .-\i -~~c s- ’t  Its-i’ s- ’x3s- .iu s - s- -Iieii s- s - I  s - hi t ies - et s - I ts -  is - x i s t  ing AFSC.

1~s- c s- ;L s - l i t  f Ic c i i i  i s- ‘ s - s - I i t s - c u t s - s - s  s - l i e s- s-
j

s - I  Is -s - i s - I s -It s-s-d Is-v us i cs-n s- i  I OUts-tin scale to

— s- s- s- ’c ’s- vs -s-r t Iiis-s- marks us - us - t ic s -’ s - l i f t  is -s- t ilt V ss-- s - c l  is- I s -  s - s - s - s -’t is - ;  . At icr calculat ing

t hus -- ms-s- s - e li task s - l i l t  i s - s - u s-v s - s -s- s- s - i t  i s - s - i  s-u js- s- irt i s - -i c Lit ’ task a s- s - e r r s -’ us - t j i s - f l

s i t s - s - u h f  bus- applied. I s - i s - s -i iouu s- -u c’ s-s-si’s - ct cli ls-s-as s-s - is -own th is -at  t u ’ c l s - e s - s - s -  iacs-s tend to

us -s-s-Is-s-res t ins-s-etc the degrt - e’ s- s - I s - i t t  I is -- t ilt ‘1s- s-- i t Ins-u i n s -  e ca t s - ces- i s - s -ski-i On s-hi’

is- I s -s - i s - s -s-si - s- I s - s -v stem, t h i s - i t  is . Its-i- cs-is-is- is -- is-s- us-s i s - a t e’s-d t Is-c ms -u itt  t s- ’ls-~ IPlCC ( s - a s - s - k s  s-s-fl

— (lie ~s-r s- s-~’s- s-s s- s- s-I svs ti’s-’’ - Is - I s- s- s- I ts - g I e s- s--cs- ; di  I l l s -s - I l ls - t ls- .eci t itu s - ~ i’ i t s - s - r i . s -  is - s - s - s -k

ih i l l  I s - c s - i t ’s- I I I  tts -gs -i I s - s- c I c s - s -  l s - 1i5 I i-s -ks . I s -  i s - I s - t s - c  s - u t s - u s-s - e s -  Is- es -- I e’d task

— 
d i i i  i s - - t u l t i s -  es - s t i m a t e’ s- ii i’s - s - s - I s -’ the il l s- s- s- s -ti s - s - s - s b  s - h t f u s -’iu it v  e s - s - d i m s --s- t i’ by .74.

Fs -s- r e’ xs - i i t s - i ’  it ’, if s - hs -s- s - s - s - Ic c - s - I  u rns- i I t s- s- i Ia sk s - lit i c s - s - i s - i ’  scout’ is ~ S , the

~~s- ’ t  It ’s - s - c’s-i s - Is -- s- s -I - C is - s -  . -

— 
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u s  lis-~ s- Ice ’ 1~xi)er t 
I - s- s-.t Ins -s - u s- cs-;

s - h I s - c ’  re s-us- t mjis-s-s-s-ueh s - l i s - s - s - i s  p re s s - s - s - i l  es - el L e t  s - i s - i s  ps-s- i uut s- Ills- Is- I’ s - i s - ;  s - i  i’esul I of

rests-arcs-it on t I s-e vc’iI I d i t v s - m d  reliability of expert est Im s- utes of human
‘a

resources data for new systems. L i t t le’ , if any, reses-s- rc lu has been

d i r  us -s -- ted toward del its- ing the ways Its - w Is- lels- s-tie estimates can be used .

Iiees-mimse of this lack of research tIs- is i rototyPe guide can only reconv~end

— the methods fo r  oht s- p i t t  j og  ;uu’Cl u rs-’I t us- ,ins-1 I
s-
u’ i~l cub l,eI est lnitIc ’s . Al , t boughs -

readers are advised s-es - i rncecd w i t h  caut lots- , It seems tIs-at tiuere are a

s-s-tins-her us-i vs - u i  Id w;s-vs-s- i t , us-uh f cli the eat inuis-tes cs - n rs - be used . Ails-il tious-al

resea rch wi ll be s-w cesss - mry to totally define these applications.
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